L m&gm@yw

An electronic cogyﬂof this document is available on the SCSI Bulletin Board

NOTE: Copies of this document may be purchased from: X379.2/86-109
Global Engineering Documents, 2805 McGaw, [rvine, CA 92714 fevision 10b
3800) 854-7179 or (714) 261-1455, Please refer to X379/89-042
ocument X3.131-198%.

draft proposed
American National Standard
for information systems -

SMALL COMPUTER SYSTEM INTERFACE - 2
(SC51-2)

August 22, 1989

Secretariat
Computer and Business Equipment Manufacturers Association

Abstract: This standard defines mechanical, electrical, and functional )
requirements for attaching Ehysica]]y small computers with each other and with
intelligent peripherals such as rigid disks, flexible disks, ‘magnetic tape
devices, printers, optical disks, and scamners. The resulting interface
facilitates the interconnection of physically small computers and intelligent
peripherals and thus provides a comman interface specification for both
systems integrators and suppliers of intelligent peripherals.

This is a draft proposed Amerjcan National Standard of Accredited Standards
Committee X3. As such, this is not a completed standard. The X3T9 Technical
Comnittee may modify this document as a result of comments received during the
public review and its approval as a standard.

COPYRIGHT NOTICE: This draft proﬁosed standard is based upon ANSI X3.131-
1986, a document which is copyrignted bﬁ the American National Standards
Institute (ANSI). In accordance with the usual ANSI policy on the revision of
standards, this draft standard may be reproduced, for the purpose of review
and comment only, without further permission, provided this motice is
included. All other rights are reserved.

POINTS OF CONTACT:

John B. tohmeyer (X379.2 Chair) 1. Dal Allan (X379.2 Vice-Chair)
NCR Corporation ENDL

3718 N. Rock Road 14426 Black Malnut Court
Wichita, KS 67226 Saratoga, CA 95070

{316} 636-8703 (308) B67-6630

System {316-636-8700).
The current editorial assignments are:

Lawrence J. Lamers {Technical Editor)
Maxtor Corporation

211 River Jaks Parkway

San Jose, CA 95134

(408) 432-4341

Elizabeth A. Stephens (Technical Editor)
Ogtlmem
297 North Bernardo Avenue

Mountain View, CA 94043
(415) 9B1-1800

SC51-2 Horking Draft Proposal 0-2

8/22/89

Revision 10b

LIt 121



8/22/89 8/22/89

TABLE OF CONTENTS 4,7.15. Reset Hold Time .......c..onun.
4.7.16. Selection Abort Time ,........
L. OBt vuannaansocuusonnsnssnnnanssassnnsssnmnareansasnabarrevtvsting 1-1 4.7.17. Selection Time-out Delay ..
. 4,7.18. Transfer Period ...........
2. Referenced Standards and OrganizationS........cocviiiiriviverasnsennan, 2-1 4.8. Fast Synchronous Transfer Option
4.8.1. Fast Assertion Period ..uevueiiiinnnrnsncnansnneriannnnss 4 32
3. Glossary and Conventions. . ... uiveieaveasacsrrnssasosssesasaasscnanss 3-1 1.8.2. Fast Cable Skew DElay .ovevvvvrrrvennnnssanssasssanannas 4-32
3. GO AIY aeenaecmsnnnanaianaatararsassannsrasasssrasanaasonssanns 3-1 4.8.3. Fast Deskew Delay vovevvasceiiiiiviivnssssnssssssncnnnans 4-32
3.2. Editorial Conventions......coiiiiiiiiiiiiiiiiiiniiiiiinancnaaeans 3-4 4.8.4, Fast Hold Time .uyeunrucncnenenrnenencnncaiarannciensnass 4-32
4.8.5. Fast Negation Period ..uesvesavnnnieecninaacoscannannnana 4-32
4, Phy51ca1 CharacteriSticS. i sieruocasossssncnssseasnnsarannnnsrennsn 4-1 :
g51ca1 Description. oo it ittt it aaa e 4.1 5., Logical Characteristics. i iaiirriieiiiiisastasiansiessocnnnnanaenans 5.1
4 2 Cable REQUITEMBALS o .cuicrienaeni et reicaiasasansanannss 4-1 5.1, SCSI BuSs PhaseS.ceueaiunssonnncssossssnsranssnassssanracnsnnrsnns 5-1
§.2.1. S1n$le ~Ended Cable.. ..o iiiiiieeriiercasiicnitansnssasns 4.2 5.1.1. BUS FREE PHaSB..uiiiuusrervasannnsssnsancsannnnssnanannens 5-1
4,2.2. Differential Cable. . iiviivviiirisseiinnrsroonssransanannns 4.2 5.1.2. ARBITRATION PRasSe. . cuvrrnr e i i i i i i e ece i rartsnssnnnnsnans 5-2
4.2.3. Cable Requirements for fast Synchronous Pata Transfer..... 4-2 5.1.3. SELECTION Phase......ccvicveeciicniareseansnsanasncennsnss 5-3
4.3. Connector RequirementS..csseessesseererrarraissasasicanernnnenes 4.3 5.1.3.}. SELECTION Time-out Procedure.....eciveevsracmennns 5-4
4.3.1. Nonshielded Connector Requirements..........ovviusiasanens 4.3 5.1.4. RESELECTION Phase..veevsvevisssanaivissnsarassnsansannsacen 5-4
4,3.1.1. Nonshielded Conmector Alternative 1 - A Cable....4-3 5.1.4. . RESELECTION  oo.evrir e iiiiiseseenrannann 5-4
4,3.1.2. Nonshielded Connector Alterpative 2 - A Cable....4-3 5.1.4.2. RESELECTION Time-out Procedure......cceeerecanans 8-5
4,3.1.3. Nonshielded Connector - B Cable....cvvviinninaan. 4-4 5.1.5, Information Transfer PhHasesS.....cccvreccrrrrnsasosnsnannes 5.5
4.3.2. Shielded Connector Requirements....ceeesceeesrssssnncacnns 1-4 5.1.5.1. Asynchronous Information Tramsfer.............c.. 5-6
4.3.2.1. Shielded Connector Alterpative 1 - A Cable....... 4-4 5.1.5.2. Synchronous Data Transfer........c.ociaveinancens 5.7
4,3.2. 2 Shielded Connector Alternative 2 - A Lable....... 4-5 5,1.5.3, Wide Data Transfer
£.3.2.3. Shielded Connector - B Cable 5.1.6. COMMAND P ase ...............
4.3.3. Connector Contact Assigmments.........civvans 5.1.7. Data Ph ................
4.4, Electrical Description...ve.eiviviinnnnnnnnnnnss : 5.1.7.1 DATA IN Phase....
4.4.1. Single-Ended Alternative.....vvvvecnrcanann 5.1.7.2. DATA OUT Phase...
4.471.1. Qutput Characteristics............ 5.1.8. STATUS Phase ..............
4.4.1.2. Input Characteristics....veesen.a.. 5.1.9. Message Phase...ciivesunas
4,4,2. Differential Alternative.....cccviimaeannns 5.1.9.1. HESSAGE IN Phase..
4,4,2.1, Output Characteristics............ 5.1.0.2, MESSAGE OUT PRGSE..nxrvusnnnnsssssnnneennnnneen 5-11
4.4.2.2. Input Characteristics...coviecinnunas 5.1.10. Signal Restrictions Between Phases......cvevvnvnrennenns 5-12
4.4.3. Terminator PoWer..covoirenrevurvvisisrrssnnasrssssansnns B.2. SCSI Bus Conditions..ccceeecacinsriansrsrssosnssnnsnanaassaannsa 5-12
4.4.4. RESERVED LimBSesscurnersaruoonnrncaacsanncasssaseasnnnsnnos 5.2.1. Attention Condition. . cccceieniiniiiiiiiirennanansennas 5-12
A5, SCSI BUS.uuvesssnrnnnssnssnrnnasnscnssarassnsansasssnvsvsnnsnaanns 5.2.2. Reset Cnnd1t1 .......................................... 5-13
4,6, SCST Bus Signals..ceeceiiiineriicincenisnrnsansannannesrsnnnnes 5.2.2.1. Hard Reset Alternative. . oern oo iiiiiiiiinnans 5-14
4.6.1. Signal Values.....oviiiiiiinnneiin e ea et 5.2.3.2. Soft Reset Alternative............c.eoiviinanans 5-14
4.6.2. OR-Tied Signals.. e iiiinniir it iiinstssvnnnunannas 4-27 5.3, SC5I Bus Phase SequUenCeS......veicvieirrnasssenrascannncnasaasns
4.6.3. Signal SOUMCES..u.iiciiieiaraneiraritanneanaratsacnaanas 4-28 5.8, SCSI POINLerSeeeueeaeceeessacracstarcesatusrssnssonasnanoraannnn
4.7. SCST Bus THMHME. covuuoviivauanaannssanserssanssserarsraasaansnss 4.29 5.5, Message System Description....ccoiiiiiiiiiiiiniiienniieinanna.
4.7.1. Arbitration Delay .....cviiiimniieniieennnrnnnrnnrannanns 4-29 B0, HESSaA0BS. ouvannnnnaasevssnissrasisrannasssansosasnasnsssssvsnne
4.7.2. Assertion Period ..cuicieeiiiaiaseiinavesnnasisraannnnans 4-29 5.6.1. ABORT ....................................................
4.7.3, Bus Clear Delay vveerierrccatrnsacinssaronnsnsssassaanncs 5.6.2. B it uieceeananerasenesancom s b r st san
4.7.8. Bus Free Delay coivieevevenrcraenssccanoassssanassssnsnnnns 5.6.3. BUS DEVICE RESET..niiisiiiiiinnerrerornnansnrsnncnnsnnas
4.7.5. Bus 561 DElay .euvivericanrnnennsasnansnnssnsansnnnennarnsn 5.6.4. CLEAR QUEDE. .. .uueieserannnsreosnasssnnnvnsnrsnnsannsnne
4.7.6. Bus Settle Delay ........................................ 5.6.5. COMMAND COMPEETE. ...ciiiinii i iisisssnsasnsssnsnnnnnnnns
4.7.7. Cable Skew DElAY .vvieninaninsnnenrsacuneanannnraasssnnes B.6.6. DISCONNECT. . iiniiiiiaa e iiaiicnannnnnns
4.7.8. Data Release Delay ...cccireaieiocisrsrsassnssnannsaasanns 5.6.7. IDENTIFY..ciiiaicncnanas
4.7.9. Deskew Delay voueieeeaianoiiiiiiiaiaiaiaiaia it 5.6.8. IGNORE WIDE RESIDUE.......
4.7.10. Disconnection Delay ..eccuvvivansnosonnns 5.6.9, INITIATE RECOVERY.........
4.7.11. Hold Time .....cvuvinnes. 5.6.10. INITIATOR DETECTED ERRQR..
4.7.12. Negation Period 5.6.11. LINKED COMMAND COMPLETE...............
4,7.13. Power-0n to Selection Time 5.6.12. LINKED COMMAND COMPLETE (WITH ven
4.7.14. Reset to Selection TiME ..oviviirirerecorasscnavacanns 5.6.13. MESSAGE PARITY ERROR.....cvuuuninneeincnsrsnnrsnnsans
SCSI-2 Working Draft Proposal 0-3 Revision 10b SCSI-2 Working Draft Proposal 0-4 Revision 10b

FITHEL A% 5



8/22/89

5.6.14. MESSAGE REJECT. i .cuctueeeinrnsrneenrennrnencensaacnsones 5-25
5.6.15. HODIFY DATA POINTER MESSa08. .. 0.veneeveucseceunssrssnenn 5.26
9.0.16. NO OPERATION. . vue it i it vnrvanennncanncaannns 5-26
5.6.17. gueue Tag Hessages ...................................... 5-27
<6.17.1, HEAD OF QUEUE TAG.w.cosssvusinrnennrrrnnneenan 5-28
5.6.17.2. ORDERED QUEUE TAG...ecnusssveennrnennaneenannn 5-28
5.6,17.3. SIMPLE QUEUE TAG.....ceeeeenaerannnnssnsnnnnns 5-28
5.6.18. RELEASE RECOUERY. . .c.uinsirirerannonnsansnnnssncsacnens 5-28
5.6.19. RESTORE POTHTERS. .. ostierinnsrnerrnnnsnonnrnnncnnnress 5-28
5.6.20. SAVE DATA POINTER. 't ecansusacnranessnsscnresnssenss 5-28
5.6.21. SYNCHRONOUS DATA TRANSFER REQUEST MeS5age......evevuen.. 5-29
5.0.22. TERMINATE 1/0 PROCESS, «.iuurernssvsrumanncnsanannennanns 5-32
5.6.23. WIDE DATA TRANSFER REQUEST Message
6. SCSI Commands and Status....ceveniecvsurnrennnsnesacraceosennns 6-1
6.1. Conmand Implementation Regquirements 6-1
6.1.1. Reserved......iviiiiiiinrinnnraennann 6-1
6.1.2. Operation Code TyPES. . .ueeeerenuroansnseneennennn. 6-1
6.2. Command Descriptor BIock....cuurineirvrerenearnnnnsnnnnns ..6-2
6.2.1. Operation Code.......ciuuiiiiiiiuissnnrneenaercanrnnnrennn 6-4
6.2.2. Logical Unit Number........c.oviiiuieraanreanenennnnnnnns 6-5
6.2.3. Logical Block AddressS. . v iuieiinesviscerneeecnncsannseens 6-5
G2 4, Transfer Length. . erseneeeeneereeceanveracsnrnnnnsnonns 6-5
6.2.5. Parameter List Length..uevviiiirnninnsssans wersasssasrass 6-6
6.2.6. Allocation Length. .. eeonsriiesnineerccaaaessnrnnnnnnns 6-6
6.2.7. Comtral Field. cuuoeiinesrrrnaraerncsnmnanessesnonnranns 6-7
O T - 6-8
6.4, Command EXamples. . v ueeunesniiesuairieeeessassnssnnsncsnsesnnnn 6-9
6.4.1. Single Command ExXample. . .cieeeynrresseneenrencesnecnsnnnns 6-9
£.4.2. Disconnect EXamDIe. . .uueueeorarerserereennsnsenencnannes 6-10
6.4.3, Linked Command Example........i.vveeniiiisninrernnanannnn 6-11
6.5. Command Prccessin? Considerations and Exception Conditions ..... 6-11-
6.5.1. Programmable Operating Definition.......eevevrcvinenennns 6-11
6.5.2. Incorrect Initiator COMMECEION....yvevevanrrerensansenans 6-12
6.5.3. Selection of an Invalid Logical Unit....oeceennneennnnn. 6-13
6.5.4. Parameter Rounding........c.veenvnnnns 6-13
6.5.5, Asynchronous Event Notification ...... 6-14
6.6. Contingent Allegiance Condition,.......eee... 6-16
§.7. Extended Contingent Allegiance Condition 6-16
6.8. gueued I/0 ProCeSSeS. o e eernrnscanansnnnnns 6-17
B.1. Untagged QUeting. . vievevneeeennnnarean 6-17
6.8.2. Tagged (Ueling. . .u.uscseeeceeerennurnresenononennasnnenes 6-18
6.8.3, Examgle Of Queued 1/0 ProCESS. . cueeeccrnnrnerrorsnncenns 6-20
6.8.3.1. Typical Sequences for Tagged Quewing............ 6-20
6.8,3.2. Example of Tagged QUeuing .....ceveevuieeevnvnnn. 6-20
6.9, Unit Attention Condition......ou.eun s ninneeennsssssarrnnenns 6-22
7o AT DeviCe TYPBS . 41 uesreasernsensstiaiaeierareanecnrsansasssnennnens 7-1
7.1, Model for AlT Device TypeS. . vuinarn i i arerireceearanaanannnns 7-1
701,01, 50T AdOrESSES .t syt irrcnnnranseearncnneeecanccrnrssnnnens 7-1
7.1.1.1. SCSI Device AddresS...c.veseeenereerencenesaennnns 7-1
7.1.1.2. Logical Units. e ueeoiinnsnunernnaseannoeennnen 7-1
7.1.1.3. Target Routines.. ..o ceveeeseonnennneeancesanenen 7-1
7.1.2. Commands Impiemented by all SCSI Devices.................. 7-2
7.1.2.1. Using the INQUIRY Command.............cveevuene.. 7-2
SCSI-2 Working Draft Proposal 0-5 Revision 10b

7.2.

7.3.

SC51-2 Working Draf

8/22/89
7.1.2.2. Using the REQUEST SENSE Command......veeeeeecennn 7-2
7.1.2.3. Using the SEND DIAGNOSTIC Command ved=2
7.1.2.4. lUsing the TEST UNIT READY Command oa7-2
Commands for A1l Deuice TyPES. .ty aviearnrerennencsnaaaansenernrns 7-3
7.2.1. CHANGE DEFTNITION COMMANE. ¢ ceneernensenncencrnnasncennnes 7-4
7.2.2. COMPARE Commant.....uvueeeueensveseassonscencensannnansens 7-7
7.2.3. COPY COMIAN. v see et esnersensnseeeueenrnnenssoaroannnnens 7-8
7.2.3.1. Errors Detected by the Managing SCSI Device..... 7-10
7.2.3.2. Errors Detected by a Target...oeserveeevecennnn. 7-11
7.2.3.3, COPY Function Code O0h and 0lh....eusneennrnnn.. 7-11
7.2.3.4, COPY Function Code 02h..eeuseeenrerecncennnnenns 7-13
7.2.3.5. COPY Function Code B3R, .uernceenenneneannnnens 7-14
7.2.3.6. COPY Function Code B4h.....ovviiiiivnvnsnrnrnnns 7-15
7.2.3.7. Copies With Unequal Block Lengths......o..nvu... 7-16
7.2.4. COPY AND VERIFY Command.......oeveeeecencencncennenennnnns 7-17
2.5, INSUIRY L0 T 7-18
7.2.5.1, Standard INQUIRY Datd....c.eevenceronrerannennss 7-19
7.2.5.2, Vital Product Data....vieveeeueenrnsanrnnnannss 7-24
7.2.6. LOG SELECT COMMANA. . uuennuesunsnennsecansnesasnroneanns 7-25
7.2.7. LOG SENSE COMMANG. « vt cvesnsesimenrnneeeanoeesasernsenens 7-28
7.2.8. MODE SELECT(6) Command... 7-30
7.2.9. MODE SELECT(10)} Command.. 7-32
7.2.10, MODE SENSE(6) Command... Cr et anasareaaaanaas 7-33
7.2.10.1. Current Values. . veennreire e ieeesaeenneennnns 7-34
7.2.10.2. Changeabie Values...cooeueureeonriranenennnnes 7-34
7:2.10.3. Default ValueS ..o reseeeinecrniatannannanns 7-35
7.2.10.4, Saved Values.....ovvvnrnennnn, 7-35
7.2.10,56, Initial REespOnSeS.eeeeescecnercaransenrnnens 7-35
7.2.11. MODE SENSE(10) COMMBRO. .. eumseneerneceneenansanannnrnnns 7-36
702,120 READ BUFFER . ¢y ususrasnsusssacsriasssvarasanasasnnsnrsas 7-37
7.2.12.1. Combined Header and Data Mode (000b).......... 7-38
7.2.12.2. Vendor-Specific Mode {0D1b)......0veeeeeennnnn 7-38
7.2.12.3. Data Mode {010D). ... c.vuennceneennenneannsnnns 7-38
7.2.12.4, Descriptor Hode (011B)...ueceiirnnennrennennans 7-39
7.2.13. RECEIVE DIAGNOSTIC RESULTS Command.......seeveenenenennes 7-40
7.2.14, REQUEST SENSE COMMANG. .. uvvueevennsnssnsssenrranneennnns 7-41
7.2.14.1. Sense-Key SpecifiC.cucevenanvenacnnnnnsnsnnan 7-46
7.2.18. 2. Deferred ErTorS ... eeeesseceeenceasesseonnnnan 7-48
7.2.15, SEND DIAGNOSTIC COMBANG. . cvusuvvurnrnnrnnaneecnneannsens 7-56
7.2.16. TEST UNIT READY COMmANG. ccvvuneeiierennnennenennernnsens 7-58
7.2.17. WRITE BUFFER COMMAN. . .eceenurnrrannnnenerenmsanesnnennn 7-60
7.2.17.1. Combined Header and Data Mode (000b).......... 7-61
7.2.17.2. Vendor-Specific Mode {001b)........ovvvurn.... 7-61
7.2.17.3. Data Mode {010D)....vuiesuenracnanenerennnenan
7.2.17.4. Download Microcode Mode (100b
7.2,17.9. Download Microcode and Save Made {101b)
Parameters for All Device TYPES c.icvivivvennrnnnenne
7.3.1. Diagnostic Parameters .....c,vv.eeneeennnncnnns

7
7.3.2. %o LA o T

7.3.2.2. Error Counter Pages

7.3.2.3. Last n Error Events Page......eveecereesennnnens 7-72
7.3.2.4. Hon-Medium Error Page L.....eeeeeverrenresncenns 7-72
7.3.2.5. Supported Log PaGes....cvvieevnrnsennninsasnans 7-73

t Proposal 0-6 Revision 10h

ANIRE £



B/22/89 8/22/89

7.3.3. Mode Paramelers .uuueeeeieeeeneeennnnnaasacssnccaasannnna 7-73 8.2.15. SEEK(6) and SEEK(10) CoOmmMandS......veveeenevunnesvenanens 8-46
7.3.3.1. Control Mode Page.......vvonumcnininnnnnnnnanes 7-78 8.2.16. SET LIMITS Command....c.eeviiiienriannnsnsennaonnsnnann 8-47
7.3.3.2. Disconnect-Reconnect Page.....cceevvveensnnncnen 1-81 8.2.17. START STOP HNIT COmmand.......cceeevaeonannnncnsssancans 8-48
7.3.3.3. Peripheral Device Page......ccccecvrcnnnsnnnanan 7-83 8.2.18, SYNCHRONIZE CACHE Command.........eeeveesceeasnsacencans 8-49

7.3.4, Vital Product Data Parameters......ceeeeeccccneccnnasanns 7-84 8.2.10. VERIFY Command. .. vvieeieciseninnccresrncannaasaresnnnns 8-50
7.3.4.1. ASCII Implemented Operating Definition Page..... 7-85 8.2.20. HRITE{E& L0 11 1T 8-51
7.3.4.2. ASCIT Information Page....veeesssscrvaissaseanas 7-86 8.2.21. WRITE{10) Command......cccucvecnncranrnanannsnanacnranss 8-52
7.3.4.3. Implemented Operating Definition Page........... 7-87 8.2.22. WRITE AND VERIFY Command..... Cemmsaaanr e eraannitaanas 8-53
7.3.4.4. Supported Vital Product Data Pages.............. 7-88 8.2.23. WRITE LONG Command......cuouiuveeeviinnccnnnanannnnnnnnnns 8-54
7.3.4.5. Unit Serial Number Page 7-88 8.2.24. WRITE SAME Command......cccieiviiinicnunnnnnnnnnnnnnanns 8-55

8.3. Parameters for Direct-Access DevicCesS.....iiceriienrnnancnananess 8-56
8. Direct-Access Devices......cuvieunnnns 8-1 8.3.1, Diagnostic Parameters...veuseescsssrssnssnssssssnsannsann 8-56
B.1. Direct-Access Device Model -1 8.3.1.1, Translate Address Page - SEND DIAGNOSTIC ....... 8.-56

8.1.1. Removable Medium........ -1 8 3.1.2, Translate Address Page - RECEIVE DIAGNOSTIC ....8-57

8.1.2. Logical Blocks.....euuus .8-2 8.3.2. L 1111 = o 8-59

8.1.3. Ready State............... 8-2 8.3.3 e Parameters .........

B.1.4, Init1alization. .o ieeinaeiinnnr i it irarnnnrrranassansnonas 8-2 8 3.3.1. faching Page ....

8.1.5. Medium Defects..cuiiiiiieaiianninsirionssssasiraiaaanessas 8-3 8.3.3. 2 Flexible Disk Page

B.1.6. Data Cache.ecesiinianiiieeininennarsnccnsnnnessrnsannnnss 8-3 8.3.3.3. Format Device Page

e T N I 8-5 8.3.3.4. Medium Types Sugported Page. . cieiin i 8-74

B.1.8. Seek and REzer0..ccceeieieeicieeirirernssoncanasnaraannarens B-& 8.3.3.5. Notch and Partition Page.......ccovviiiannnn... 8-75

8.1.9. Hotched Drives...eiieiiieerrniasrnenereosnrenaccannssranas 8-6 8.3.3.6. Read-Write Error Recouery PAOB.curecnmrannnanans a8-77

8.1.10. Relative Addressing...........ciiviriineiinininnnnnannnns 8-7 8.3.3.7. Rigid Disk Drive Geometry Pade.................. 8-85

8.1.11. Error Reporting...cveveeerisvesesestescncasnsannnsasannnas 8-7 8.3.3.8, Verify Error Recovery Page........covvinvnnnans 8-88

81,12, EXAmMPTES. s cineurarestsastossstiatassanasnncanneanaannanns 8-8 8.4, Glossary for Direct-Access DeviceS...eesenveeens Cerreerarieaaas 8-89

B.1.12.1. Rotating Media.......cocvmaiiiiiinaianeniiia, 8-8

B.1.12.2. Sequential Medideeessvresssvuiesiniiaonnaacnnas 8-9 9. Sequential-Access DevicBS. it ieiinaaareaaiiiianaataaasnrnonnsrrannss 9-1

8.1.12.3, Memory Media,...oirveisavavasinaisinaianonnanans 8-9 9.1. Sequentla] ~Access Device Model. oo iinerirnainsnenvannrassavias 9-1
8.2. Commands for Direct-AcCess DeVviCBS..e.usccnecnncancnsnnnsoananss 8-10 0.1.1. Physical Elements. ccueeeneiiiiiieneoianarvennnsannnnnnnns 9-1

8.2.1. FORMAT URIT Command......c.ueceeqacasasncncsnnasnosssnnne 8-12 9.1.2. Data Storage Characteristics..iviieieiainiiiariinainnnaa, 9-2
8.2.1.1. Initialization Pattern Option.......ccceeucunn.. 8-17 9.1.3, Partitions within a Volume.....cvvciernesnrnarvnncsannanas 9.4
B.2.1.2, Defect List Formats....eveieeieneannnaacacaanas 8-19 9.1.4. Logical Elements within a Partition.......cooiiiannninnnn, 9.6

B.2.2. LOCK UNLOCK CACHE Command. ..ooiiiiiii it 0.1.5. Data Buffering..ccovsssussnsassransssivesasancnnsarnnannns 9-7

8.2.3. PRE-FETCH COMMANd, 4 0vusnsusnosarssonasssnsssennnsanasnnnan 9.1.6. Recorded Object Descriptors (Block Identifiers)........... 9-8

8.2.4. PREVENT ALLDH MEDIUH REMOVAL Command 0.1.7. Direction and Position Definitions.....cciiiiiiiinnnnnnnns 9-9

8.2.5. READ 6& Command........... 9.1.8. Error Reporting....cccieiesiaieiiinnensacrannnnanennnnns 9-10

8.2.6. READ(10)} Command.......... 9.2. Command Descriptions Tor Sequential-Access DeviceS.............. 9.12

8.2.7. READ CAPACITY Command..... 9.2.1. ERASE COMRANG. s sseuussarasanrnennrsnnsrsncnnanacsscancans §-13

8.,2.8. READ DEFECT DATA Command.. 0.2.2. LOAD UNLOAD Command....suevassnonssnussssnsssssnrssasansa 9-14

8.2.9, READ LONG Command......... 9.2.3. LOCATE Command....ccueeeuieucnsnansarosnsssnsssossscasancs 9-16

8.2.10. REASSIGN BLOCKS Command. . 9.2.4. READ Command. . ..ceeeseeroasanssensssnsssneccnaansssannnen g-17

8.,2.11, RELEASE COMMANT. .44 ssvsesanatiesnsasasoncseantananannens §.2.5. READ BLOCK LIMITS Command......ccveerencncananncnsssncann 9-20
8.2.11.1. Logical Unit Release (Mandatory).......c.v...- 8-35 9,2.6. READ POSITION Command.....oeeevrecaennansaensnnnnanasncnns 9.21
8.2.11. 2 Extent Release {Optional)......covocveeunnaas, 8-36 9.2.7. READ REVERSE Command.......cccceeenneanccnsnaencacnnanns 9.23
8.2.11.3. Third-Party Release (Mandatory).......ccc.o... 8-36 4.2.8. RECOVER BUFFERED DATA Command......civeeivneavasivnnnnnes 9-24

B8.2.12. RESERVE COMMANG. .. 0usssennnveessesesnnnnannnneneonnnnnns 8-37 9.2.5. RELEASE UNIT COmMand...,eeeevveinvesrernncasnacnennnnaras 8-26
8.2.12.1. Logtcal Unit Reservation (Mandatory).......... 8-37 9.2.9.1. Third-Party RETeaSe ....vuirenunvnovnornnsncnnes 9-26
8.2.12.2. Extent Reservation (Optional)................. 8-38 9.2.10. RESERVE HNIT COMMANG.4 4400 ursriinrenrnnneiarennsnnnsnnes 9.27
8.2.12.3. Thlrd Party Reservation (Mandatory)........... 8-40 9.2.10.1. Third-Party Reservation....ecevsnnssarussesees 9-28
8.2.12.4. Eersedlng Reservations (Mandatory).......... 8-41 9.2.10. 2 Superseding Reservalions....iesiievenernenciens 9-28

8.2.13, REZERD UNIT COmMMand....vevivaurenenrsrsanrsnnrnsorananes 8-41 G.2.11. REWIND Command........uececcenreancrancarcaanrancanccans 929

8.2,14. SEARCH DATA COMMAROS. .4 sevsveurssottnrsaersnnnnsornsancs 8-42 9,2.12. SPACE COMMAN. .. .ueeiinecaacearaanasnanasranncsaaacoaaas 9-30
8.2.14.1. SEARCH DATA EQUAL Command......oevuvvvsnvnncsas 8-45 0.2.13. VERIFY Command. ....cunuuninieiiiiiiinnaarasnsnsssnannsns 9-13
8.2.14.2. SEARCH DATA HIGH Command......seevesmnenenasss 8-45 9.2.14., HRITE Command......uoieeeececareanessnncrrasnrssoecacases 9-34
8.2.14.3. SEARCH DATA LOW Command......ccoeuveeonncaccans B-45 9,2.15. WRITE FILEMARKS Command.......veieeinenerecnncraernannas 9-36

SCSI-2 Horking Draft Proposal 0-7 Revision 10b SCSI-2 Horking Draft Proposal 0-8 Revision 10b

gar Ll



10.

11.

12.

13.

SCSE-2 Working Draft Proposal 0-9

8/22/88

9.3. Parameters for Sequential-Access DeviceS...cuveeverereseeranerns
9.3.1. Diagnostic Parameters...........

9.3.2. Log Parameters...voveeeeaeesrnann

9.3.3. Mode Parameters.......ccvu ven.nn

9.3.3.1. Device Configuration Page

9.3.3.2. Hedium Partition Page{l .

9.3.3.3. Hedium Partition Page{2-4)}..............
9.3.3.4. Read-Write Error Recovery Page .e-

9.4. Glossary for Sequential Access Devices.. . .iveiveernneeceaneenns 9-52
Commands for Printer DeVICES .. .cueocarririerenrenuenesensannsnsssans 10-1
10.1. Model for Printer DeviCes ..uiveeiiceseeessenaeenesnrasssearans 10-1
10.2. Comands for Printer DeviceS.....uesssseeeneanscassssnannnnnnns 10-2
10.2.1. FORMAT Command. . .....o.cceresreeennrnsnnsscancsacnnnsnes 10-3
10.2.2. PRINT COMMBRAO. e et vueeeeevreseuasrossssaenncnnncassnnnns 10-4
10.2.3. RECOVER BUFFERED DATA Command....v.vveeeesecooonnsonnens 10-5
10.2.4. SLEW AND PRINT Command......veeeirunnnucnsssssssncnanns 10-6
10.2.5. STOP PRINT Commant. .....eeeveeeeneernnnnrscssssnnarcess 10-7
10.2.5. SYNCHRONIZE BUFFER Command.......c.veiieevnnunnnassonena 10-8
10.3. Parameters for Printer DeviceS. v.ue e ereeeceeeeerssanssrsnvnns 10-9
10.3.7. Diagnostic ParameierS.ss e esiencnrerersarnnensnnessnns 10-9
10.3.2. Log L0 ] ) o A 10-9

10.3.3. Hode Parameters. s v e eceienueeesussennnsenessannnrnsnes 10-
10.3.3.1. Parallel Printer Interface Parameters Page..10-11
10.3.3.2. Printer Options PAge....usvevuicerrarraneans 10-13
10.3.3.3. Serial Printer interface Parameters Page....10-15
ProCesSor DeviceS .t ii i r e iiiieirannrneoncanennnras -1
11.1. Model for Processor Devices,......oesceeesupen -1
11.1.1. Host to Host Communication, SEND Only -2
11.1.2. Host to Host Communication, SEND and .o 11-2
11.1.3. Host to Special Qutput Peripheral.....eeeieeererccnensns -2
11.1.4. Host to Special Input Peripheral.......ccocoeiininnenn.. -3
11.2. Commands for ProCessor DeviC@S. . aueessceeeeenasnsvessssnnrannnss -4
11.2.1. RECETVE Command....cvsseesvieeeecensnecanneracansnanoea -5
11.2.2. SEND Command. ..oueeueeressoesurranesnocasanracannsonees -5
11.3. Parameters for Processor DeviCeS..u..ecrurtrienncerenneneannnas -7
11.3.1. Diagnostic ParameterS. e e e rsuseeneenscascnnsnnnen -7
11.3.2. LG Paramet IS, v eeeesseneeennsannnsssnaseasnneannes -7
11.4. Glossary for Processor DeviceS. . veeuiieeiecernssseenneernnaeen -8
Hr it ONCE DEV i L8, v ittt e ieeysaastrrnsnasnenssnsnnensenssrsosnrnnes -1
12.1. Model for Write-0nce DeviCBS .. e snrss resennnconsressennnnns -1
12.1.1. Logical Blocks..vuounnsviiiiiiiioe i aiiin i ianaaa -1
12,12, TN i Al izt 0N e ettt e v s i ianssssssnrennceananenes -1
12.1.3. Physical Medium Defects. . ueiieiiiontrennnnncesnsenens -1
12,14, Error Reporting.ieeeeeeeeeeesosesaescrnsreessnnsansanas -1
12.2. Commands for Write-0nce Devices.uuvens e s ienisernnrennnnnnes -3
12.3. Parameters for Write-0nce DeviCeS. e een e eesucranrsenrrnrnnns -4
12.4. Glossary for Hrite-0nce DeviCes. v eeieeennacsroereronannnnnas |
CD-ROM DBV CES . o e v eerncvnnsrnnnsassusssnsocacnnnesnn -1
13.1. Model for CD-ROM Devices....veeecsiniereenns -1
13.1.1. CD-ROM Media Organization............. -1
13.1.2. CD-ROM Physical Data Format -4

Revision 10b

14.

15.

SCSI-2 Horking Draft Proposal

8/22/89
13.1.2.1. Frame Format for AUdio...eveeeeenrennnnnneens 13-4
13.1.2.2. Sector Format for Datd....ceeceeerrrnnennanans 13-4
13.1.2.3. Sub-channel Information FOrmatsS........eee... 13-5
13.1.3. €D Audio Error Reportinﬂ ............................... 13-6
13.1.4. CD-ROM Ready Condition/Not Ready Condition............. 13-6
13.1.5. CD-ROM Address Reporting Formats (MSF Bit)............. 13-6
13.1.6. Sensing Support for CD-Audic Commands. «..u..evesvesen. 13.7
13.5.7, Error Reporting...veveseeeuesasnsensanseccenerscoannnn
13.2. Commands for CD-ROM Devices...eocvevee..
13.2.1. PAUSE RESUME Command............
13.2.2. PLAY AUDIO{10) Command..........
13.2.3. PLAY AUDIO(12) Command .........
13.2.4. PLAY AUDIO MSF Command..........
13.2.5. PLAY AUDIO TRACK INDEX Conmand
13.2.6. PLAY AUDIO TRACK RELATIVEEIO Command
13.2.7. PLAY AUDIO TRACK RELATIVE(12) Command
13.2.8. READ CD-ROM CAPACTTY Command......eeveeeeesvnnrncennns
13.2.9. READ HEADER Command......uuissvuenesenassnneennarannns
13.2.10. READ SUB-CHANNEL COmmMand.....vveseeecencnrnsesesnonns 13-26
13.2.11. READ TOC ComMand. ......ucvvneeeeennnnnnncencannmannns 13-34
13.3. Parameters for CD-ROM Davices......oviiiviinenuranecnennencann 13-36
3.1, Diagnostic Parameters.. .. e e cveiirinrnrnarnnescnvanana 13-36
13.3.2. Log P A M S .t tiiiianaanenternnnnnnnsnsscnnannnnne 13-36
13.3.3. Hode Parameters..uueycescnrersncesornsrssosrernnrnanas 13-37
13.3.3.1. CD-ROM Audio Control Parameters............. 13-40
13.3.3.2. CD-ROM Device PArameters ....ceeeeeeveeneeees 13-42
13.3.3.3. Read Error Recovery Parameters ............. 13-44
13.3.3.4. Verify Error Recovery Parameters............ 13-52
13.4. Glossary for CD-ROM DeuiCBS ..o svenensuenunnsrnnssisnsorennns 13-53
SCARNET DEYT OB, 1 it i it e crseearsannsrrenransoncosancennsasssosanens 14-1
14.1. Model FOr SCanner DeviCeS....uvveueseeeenneecnnrenecnnrrerenens 14-1
14.2. Commands for SCANNer DeuiCeS. ... eunssenonsennnnaneesennnnns 14-2
14.2.1. GET DATA BUFFER STATUS Command....vewseesvsnncococnceasa 14-4
14,2,2. GET HWINDOW COmMand. .....eueeenennsnesceccocerancosnannn 14-6
14.2.3. DBJECT POSITION Command.. 14-12
14.2.4, READ Command........... 14-14
14.2.5, SCAN Command........vvenunnsnvsrnnnnen 14-16
14.2.6. SEND Command....c.cvvvvrsveencsrenansanes 14-17
14.2.7. SET WINDOW Command......oeeeereencnnmsssossascnnaacnns 14-18
14,3, Parameters for Scanner DeviceS....uueriiieeeerruecssnacennnssn 14-19
14.3.1. Diagnostic Parameters.....ueueiicenrencannssverneennns 14-19
14,3, 2, LOog ParamelerS . . eneeeanerrsinnnnnennnannnsonnonnnns 14-20
14.3.3, Mode Parameters. . cuvecsvrreerunsensnnnnssesscannrrnn 14-20
14.3.3.1. Measurement Units Page......vvecenennnennnnn 14-21
14.4. Glossary for SCanner DeviCeS.....vveeessnsterereaonecnansenen 14-22
Ugticai Memory DeviCes. ... .uurei ettt iiiai et reeraraaraaanas 15-1
15.1. Model for Optical Memory Devices.....veueieeressnncussenriennen 15-1
15.1.1. Error Reportifg. . oveeeseerueeuinierisssrssssrnarnannna 15.2
15.2. Conmands for Optical MEMOrY DeviCeS...eeeeenrennneennnansannens 15-4
15.2.1. £RASE{10 00131171 15-6
15.2.2. ERASE(12) Command. ... ... cuuumneeeesneennesnrrsersoneas 15-7
16.2.3, MEDIUM SCAN Command....veusvesnininnennnnunscnnnnnanens 15-8
15.2.4, READ{12) COMMANG «ounevrennsinninenrrnancncanneanneans 15-11

0-16 Revision 10b

Lttt L1



,_.
n
sttt
RIRIMI PSRRI R RS A3 RS
P i At At gt A
bt bt ot b 403 00 ~d D LN
b

SEARCH DATA

READ DEFECT DATA(12) Command
READ GENERATION Command
READ UPDATED BLOCK{10) Command
12) Commands..

8/22/89

. SET LIMITS(12) Command ...
15 0. UPDATE BLOCK Command...
15 1. UERIFY{IO Command
15 2. VERIFY(12) Command..esseeviiicrenncnncanancenancnanen 15-20
156.2.13. HRITE(IO) Command.....cvceeencanuncnnanrrnnnnssssoone 15-21
15 4, WRITE{12) Command....c.eceuseinnsssicsssanccossnsanans 15-22
156.2.15. WRITE AN VERIFY%IO} ......................... 15-23
15.2.16. WRITE AND VERIFY(12) Command........ccvevncsrannannes 15-24
15.3. Parameters for Optical Hemory DeviceS..........eviviniininans, 15-25
15.3.1. Diagnostic Parameters. ... iiennnnscnnnnnnnnnaaas 15-25
15.3.2. Log ParamEterS .. i iiiisaineetrnrnsnsrrasasnaansssenaen 15-25
15.3.3. Mode Parameters. .. vicaiiiriiieriiinneenreanaranannnas 15-26
15.3.3.1. Optical Memory Page.....ecevveerincrnnannns 15-28
15.4. Glossary for Optical Memory Devices. . iiiiiciianeeccrrnnnnaans 15-30
16. Medium Changer DeviCeS. . ... eeeeeeeeearennsersosesssensnsnnnsnnnnnns 16-1
16.1. Medium Changer Device Model....... .. o iiiiiiiaiiiiininnneanes 16-1
16.1.1. Medium Changer Elements......cvvvrecsonooranesrasnacnes 16-1
16.1.1.1. Médium Transport Elements.......ccveivvnnnnnes 16-2
16.1,1.2. Storage Elements.....ccociniinrinarsssnannsas 16-2
16.1.1.3. Import Export Elements.....ccveviiiancannnnn. 15-2
16,1.1.4. Data Transfer Element ......ciiviiinuiennnnn. 16-3
16.1.2. SCSI Addressing of Medium Changer Devices ............. 16-3
16.1.3. Data Access Operations Using a Medium Changer Device ..16-3
16.1.4. Element Status Maintenance 16-4
16.1.5. Yolume TagS..eeesesrscssvvissanasencnnannan 16-4
16.1.5.1. Volume Tag FOrmat .....vseevesrsssssssvuavnes 16-4
16.1.5.2. Primary and A]ternate Volume Tag Information.16~g
16.2. Commands for Medium Changer DevicesS......ieiciisionasaaansnnaas 16-
16.2.1. EACHANGE MEDIUM Command. ........ccceeeinnnnconnancnnnan 16-7
16.2.2. INITIALIZE ELEMENT STATUS Command..u.vscsvevcoaconnnens 16-9
16.2.3. MOVE MEDIUM Command......vessssssssssscssssesaseninnes 16-10
16.2.4. POSITION TO ELEMENT Command.......ccccessvnnnannssncas 16-11
16.2.5. READ ELEMERT STATUS Command......ccceiiiicciannnanaas 16-12
16.2.5.1. Element Status Datd ...svseesecsssssasaannea 16-13
16.2.5.2. Element Status Page ......ceviiiececcnnnnn.. 16-16
16.2.5.3. Medium Tramsport Element Descriptor......... 16-17
16.2.5.4. Storage Element Descriptor....ccevieeeceaess 16-19
16.2.5.5. Import Export Element Descriptor............ 16-20
16.2.5.6. Data Transfer Element Descriptor............ 16-22
16.2.6. REQUEST VOLUME ELEMENT ADDRESS Command................ 16-24
16.2.7. RELEASE Command.......coeerueinaenasasnrosansnssananss 16-27
16.2.7.1. Logical Unit Release....cvvviiiinnnnnnnananns 16-27
16.2.7.2. Element Release (Optional).................. 16-27
16.2.7.3. Third Party Reledse ....ceescevireneneeneans 16-27
16.2.8. RESERVE Command. ... .ceueeeiiensurscasscrsnnnnennannes 16-28
16.2.8.1. Logical Unit Reservation........ccecunueannn 16-28
16.2.8.2. Element Reservation (Optional) .............. 16-.20

16.2.8.3. Third Party Reservation
4, Superseding Reservations

16.2.8.
16.2.9. SEND VOLUME TAG Command

SCSi-2 Working Draft Proposal

0-11

-------------------------------

Revision 10b

16.3. Parameters for Medium Changer Devices
16.3.1. Diagnostic Parameters
16.3.2. Log Parameters

e

8/22/89

16.3.3. Mode Parameters......cveeccnuncnnnnnasssnnnnacnnannsuns 16-35
16.3.3.1. Device Capabilities Page 16-36

16.3.3.2. Element Address Assignment Page.... 16-38

16.3.3.3, Transport Geometry Parameters Page.......... 16-40

16.4. Glossary for Medium Changer Devices...uiveeererressnenssccenns 16-41
17. Communications DeviCes...uuie vreeennnsnsnsssservroreeeennnnannans 17-1
17.1. Communications Device Model....o.iunrriiiiniiinnnsnnnnevennnns 17-1
1. Implementation Examples.....uccvneerrnovsrcorrsnnanncnn 17-3

17.1.1.1. Host to Host Communications ........c.couvvven. 17-3

17.1.1.2. Host to Device Communications .......ceevvune 17-3

17.1.1.3, Muitiple Role Communications ................ 17-3

17.2. Command Descriptions for Communications DeviceS..u.ieeeseeeeenn 17-4
17.2.1. GET MESSAGE Commant, . coueivveinaaiinrannncacncanneans 17-5
17.2.2. GET MESSAGE Command., .. ..o irere i irecrrrenrnnnnaes 17-6
17.2.3. GEY MESSAGE Command. .ovveevsvsaresssnsarantnnnennns 17-7
17.2.4. SEND MESSAG Command, ..cooevveiinnnaretensnncenncnas 17-8
17.2.5. SEND MESSAGE Command....oseneennsssssvssvvasennnena 17-9
17.2.6. SEND MESSAGE Command, coovevevesarensvsnsnnnnnnnnna 17-10

17.3. Parameters for Communication DeviceS....cicievnsnnenensnocnnns 17-11
17.3.1. DHagnostic Paramelers.....vvnncnnnneocsssesvoverenns 17-11
17.3.2. Log a1 o) o 17-11
17.3.3. Mode Parameters...cuceeesrerernieresntararnrnrnrnsnenes 17-12

17.4. Glossary for Communications DeviCeS..uwes e eenreaenanccnsnnss 17-13

LEST OF FIGHRES

4-1: 50/68-Contact Nonshielded High-Density SCSI Device Connector......... 4-6
4-2: 50/68-Caontact Nonshielded High-Density Cable Conmector.... A7
4-3: 50-Contact Nonshielded Low-Density SCSI Device Connector.. 4-8
4-4: 50-Contact Nonshielded Low-Density Cable Connector oo 49
4.5: 50/68-Contact Shielded High-density SCSI Device Connector........... 4-10
4-6: 50/68-Contact Shielded High-density Cable Connector..svivseiiasanees 4-11
4.7: 50-Contact Shielded Low-Density S Device Connector......cicvineen 4-12
4-8: 50-Contact Shielded Low-Density Cable Connector.................... 4-13
4-9: Termination for Single-Ended Devices.........coviiiienciannaanannnn 4-22
4-10: Termination for Ditferential DeviceS.........vviivenninnanniaias 4-23
4-11: Differential Driver Protection Circuit...iiviiiiiiiiiiivicinnninnns 4-23
4-121 SCST ID BifS.suusuuunssonirrsossosvsrssoussnsntnesirannsanannsssans 4-24
4-13: Sample SCSI Configurations..ceeeeiceieiaenenerrennssrnnaasacannans 4-25
5-1: Wide SCSI Byte Ordering......oiiniiiiniiiiiannsavnnersnrsrsannnanes 5-0
§-2: Phase SBQUENCES. .. .eeeeeeirnerasiasaeesaasessanranasnnsnasannsnnnee 5-16
5-3; Simplified SCSI System s eiiiiiiaiieiiaiiiiareeacrannaranncerannn 5-16
0-1: Typical Volume Layout....uueeueeuresronannnsnarensssrnsssssssnnnnannn 9-2
9-2: Typical Medium Track Layouf.......ovieeeriorniinnerianncnrnnrnnrannes 9.2
9-3: Serpentine Recordlng EXBIMPIE 4nattivassressinsnesarsevssnnrsosnsnans 9-3
9-4: Parallel Recording Example....oeviniiiiiiniiiininiiniiieivisenssnnnas 9-3
§-5: Helical Scan Recording Example.......eiciiorevsusrossnancassanassnaas 9-
9-6: Early-Warning Exam?le ................................................ 9-4
9-7: Partitioning Example - One Partition per Track Group...........c.o... -

SCSI-2 Morking Draft Proposal

0-12

Revision 10b

LI L



8/22/89

9-8: Partitioning Example - One Partition per Two Track Groups............ 9-5
8-9: Partitioning Example - Two Partitions per Track Group. cvveiinnnanen. 9-5
10-1: SCSI Primter Model. ... ieireur e i iiiassernrenrneeanesnenneaneens 10-1
16-1: IMlustration of Element Status Data SErUCEUTe. ...vereeeerersnvnens 16-14
LIST OF TABLES
4-1: Cross-Reference to Conmector COntact ASSigmments.......eeeeeesesnse. 4-14
4.2: Single-Ended Contact Assignments - A Cable.......ovivmerovnrononnnis 4-15
4-3: Single-Enqed Contact Assignments - B Cable.....ovceeenneinrinnnnness 4-16
4-4: Differential Contact Assignments - A Cable......ccvvvrerennnnnonnonn, 4-17
4-5: Differential Contact Assigaments - B Cable..iiiisiiiirnnnrnnenecncns 4-1
4-G; Signal B o ol 4-28
4-7: SCST Bus Timing Values. .. seeesninracauenennnasessasnenenesesonnnnes 4-29
S-lc Information TransSfer Phases. . .ou.ue e isisisroenoecannansnnssncncnnns 5-6
5-2: Hessage 0 5-18
5-3: Extended Message FOrMAt..uu.u. e eeeeeesesnsisonreneecennnenenennnns 5-19
5-4: Extended Message CodeS....oiueiiureeeeerereenrnrevorreneesonnniin, 5-19
5-5: IDENTIFY Hessage 1T 3 5-22
5-6: IGNORE WIDE RESIDUE Message FOrmat.....uevevercesresevoronnremnnnnns 5-23
3-7: MODIFY DATA POINTER. . vvetensneunsnanrnraseneannntonensnennsronnnn, 5-26
5-8: Queue Tag Message FOrmat. ....uueeeeeeresssenmnneannancrsseesnnenon. 5-27
5-9: SYNCHRONOUS DATA TRANSFER REQUEST...uvseneeeeereeenamnrenrnnnnnnns 5-29
5-10: HIDE DATA TRANSFER MESSAGE ... enrnviresreeninrnennnnns . 5-33
6-1: Typical Command Descripter Block for Six-byte Commands............... 6-2
6-2: Typical Command Descriptor Block for Ten-byte Commands............... 6-3
6-3: Typical Command Descriptor Block for Twelve-byte Commands............ §-4

6-4: Operation Code............

6-5: Control Field.............

6-6: Status Byte.............

6-7: Status Byte Code

6-8: Commands in Qrder Received by Target ...0-21
6-9; Commands in Order of Execution............... .o B-21
6-10; Hodified by HEAR OF QUEUE TAG Message 6-22
7-1: Commands FOr All Device Ty oS . v e et sssseneeneacenanansnrernenes 7-3
7-2: CHANGE DEFTNITION Command........ueeeueenenronruraronmmmnnneononnin, 7-4
7-3: Definition Parameter Field.....ooouieiiiassniseneroreoncnnennrnenons 7-4
7-4: COMPARE COMMANT. o v ussaaeesernernesnesnsannsoenenensscasareonnrnonns 7-
7-00 COPY Command. ... uuern st iiiin s eenrnnnsncnsaacnnsenemesnnnns 7-8
7-62 COPY Parameter LiSt....eeeeeeseeraeesenennenrnnenensonsornniiis 7-9
7=70 COPY FUNCEiON CO0BS -t nee s orsarsyennnrsennsaceneansssensrasnnes 7-10
7-8: Segment Descriptor for COPY Function Codes 00h and 01R.............. 7-12
7-9: Seqment Descriptor for COPY Function Code 02h............eueeeoon... 7-13
7-10: Segment Descriptor for COPY Function Code 03h.....oeuvneeennonnnnn. 7-14
7-11: Segment Descriptor for COPY Function Code OM.....vveveeinrinnnnnn. 7-15
7-12: Pad and Cat Bit Befimition. . cee.eis e e iisesenenenenenesonnnnn, 7-16
7-13: COPY AND VERIFY COMMANG. . .uuuneieeseeessneiininnrannensnnnnnnnnns 7-17
7-14: THQUIRY Command. .. ...neoronenrnunrnenenenencacnanonnrnmnninnans 7-18
7-15: Standard INQUIRY Data FOPMAt........ccueuuieernsnnneennsennennnnnns 7-20
7-16: Peripheral Gualifier. .. . uuee e e iner e cmme i 7-21
5CSI-2 Working Draft Proposal 0-13 Revision 10b

8/22/88
7-17: Peripheral Device TyPe. . csiieiraeieiisereereeanssanaaannaannns 7-21
7-18: ANSI—AEEroved VS T 0Nt a s s uatean e tnsannsanenssanasscenncaannnnes 7-22
7-19: LOG SELECT Command...c.eerernnnsineeanarcansnsnnsmm ™ 7-25
7-20: Page Control Field..couenarannnei e sieee e rensavansnn e 7-26
7-21: LOG SENSE COMBANG. «vnn et ir et e vresnrnsns oo 7-28
7-22: MODE SELECT 6& 11 o 7-30
7-23: MODE SELECT{1 % (0w 7-32
7-24: MODE SENSE{6) Command, .. ...cvuiveoenereinrereeossoenrensannis 7-313
7-251 Page Control Field. .o ionnsiiiinreeinraeinsecarnnrnneniiii™™” 7-13
7-26: Page Code Usage for ATl DBVICES vuuevrreenerereoonrnmnresnrnmnnins 7-34
7-27: HODE SENSE(10) COMMANt.....cveeeuinronrmmnosnsssnnnamimmr e 7-36
7-28: READ BUFFER COMMANG. Lo seeeisnsvneencecanncensonssnnsanmm s 7-37
7-29: READ BUFFER Mode Fielf...uvuvereinrensonrrnsnsnsmmsmiii o 7-37
7-30: READ BUFFER Heator.uu. e cveieeernrnssssonrnrnsnsnrnnmiiiiiiin™ " 7-38
7=-31: READ BUFFER DeSCriPtOr . e eneesoenacnsarnennrnnensnoennnii o™ 7-39
7-32: Buffer Offset Boundary.........oeeee... 7-39
7-33: RECEIVE DIAGNOSTIC RESULTS Command.... 7-40
7-34: REQUEST SENSE Command.......eeeeeveeernns 7-41
7-35: Error Codes 70h and 71h Sense Data FOMMat. . oveevsnsnovnsoonninnns 7-43
7-36: Field Pointer Bytes..ivvieeresiorccnnnnns 7-46
7-37: Actual Retry Count ByleS.....vvveverenreneunrnnnsonsmm 7-47
7-38: Format Progress Indication Bytes.... 747
7-39; Sense Key [0h-7h Descriptions........ ...7-50
7-40: Sense Key {Bh-Fh) Descriptions..uueeeeereeeeeernoenes v 7-581
7-41: ASC and AS g ASSTONMENLS, vt reieeeesceacannennnnanasanens 71-52
7-42: SEND DIAGNOSTIC COMMANG. v v .vaueesoreuinennnresencnessnensnemmnens 756
7-43: TEST UNIT READY COMMANA. oo uunnsnnrnnereeeenranrsrrnrsmnmmiiiii ™" 7-58
7-44: Preferred TEST UNIT READY RESPONSES...euuenenssroncnensnnensnnrnrs 7-59
7-45: WRITE BUFFER Command.......oeeenusa. C e retseseennantveurann aennna 7-60
7-46: HRITE BUFFER Mode Field. . u.nronrunsis i iieeeenmsinonmii 7-60
7-47: DiagnoStic Page FOrmat. . .ueeeeeeeeaeenernesnreessnrsmsnnrsnns 7-63
7-48: Diagnostic Page (0085, . uuurereeninrsinnsunenrneneemeammmeie i 7-63
7-49: Supported Diagnostic PAGRS.uu..ureeerirennenessenrnmsneeinninns 7-64
7-50: LOG Page FOrMAT.ueaeneneeenrsusssinnnsaceeeansnsnsscotnmennannennon 7-65
Py I B - DR 7-66
7-521 Threshold Met Criterid...uune e ceenceeeiecenrensesenearsmnii, 767
7-53: Log Page Co0eS. cuvn et rnsae ot areneiitaiinatarennrannne s 7-69
7-54: Parameter Code Field for Buffer Over-Run/Under-Run Counters........ 7-10
7-55: Count Basis Definition....uuieissiueeeeneecnesecennsasoncesnsnmnonn 7-70
7-56: Cause Field Defimition....ccciiiuuininnnnnns 7-71
7-57: Parameter Codes for Error Counter Pages... . 1-71
7-5B: Non-Medium Error Event Parameter Codes.... 7-72
7-80: Supported Log Pages.........oovoiaiiiiaan, 7-73
7-60: Mode Parameter List..,.,.eveveveeescenanns L1-74
7-61: Mode Parameter Header(6}..........eccvunurn. .7-74
7-62: Mode Parameter Header(10).......cveeevuncn.. .7-75
7-063: Hode Parameter Block Descriptor............... 7-76
7-064: Hode Page Format......ooueeessruseereenenencnsnersesrernsnnns J-77
7-65: Mode Page Codes.....ucriirnienr e iacrasenran s, ..7-78
7-00: Control Mode Page. ..cuenureearsssvnrnnseensenessceransennnnnnns 7-78
7-67: Queue Algorithm Hodifier. ... .o uivs it 7-79
7-68: Disconnect-Reconnect Pa%e .......................................... 7-81
7-69: Data Transfer Disconnect Control.....cveeeieenrnrennnveminioinnns 7-83
7-70: Peripheral Device PagR.....ueeueeveraraseneensensnnnsennnsonnneanns 7-83
7-71: Interface Identifier COOBS. . .uuunne et en e resrneennrennsonnnnins 7-84
SC5I-2 Working Draft Proposal 0-14 Revision 10b

1Higde L



8/22/89

: Vital Product Data Page CodeS.....cvceceverinccansnsrssarasarannnns 7-84
: ASCII Implemented Operating Befinition ......cooiciniinanaaaiian, 7-85
2 ASCIT Information PAge....ccuvvrecenrerncenronsonasnasssenossnnnras 7-B6
: Implemented Operating Definition Page.....ciiveeincinnnnreaaiiiians 7-87
: Supported Vital Product Data Pages..........oceiiiiiinnnnnnannieans 7-88
: Unit Serial Number Page......ievirrriimenninninncccsannnssvnnsnnns 7-89

e e S ) Sy e
3

S e e T Sy ey

S LT S L N

¢ Commands for Direct-Access Devices{ }

Commands for Direct-Access Devices(Z)...iiiiiiieiininnisrnannsnnannns 8-11
FORMAT UNLT COmmMand....cereeivesrarssanncsnranncsaassasannnnasncnnns 8-12
FORMAT UNIT Parameter List....i.eeiiiieiiiiiiroinrcaasnrssarunassnsnns 8-14
FORMAT UNIT Defect Descriptor Format and Requirements............... 8-16
Initialization Pattern Modifier......oiiviiiuiinnannnas
Initialization Pattern Type. ...ttt i s saannnnnes 8-19
Defect Descriptor - Block Format.......ovivesrscanrsarnneannaeieans 8-20
Defect Descriptor - Bytes From Index Format............c..coooooooan. 8-20
: Defect Descriptor - Physical Sector Format.....c.civevivinsenannnnns §-21
1 LOCK UNLOCK CACHE Command........c..oommnennneccccnccasannsssnanas 8-22
2 PRE-FETCH Command. .oovuevevenenouesasancsscronnnessnscnanssssnnnnans 8-23
¢ PREVENT ALLOW MEDIUM REMOVAL COomMEnd.....cceeeveeevursiinsecannnnas 8-24
READEﬁg COMMAND. s a s vsscnrnsanssnsasassansssnnnnssannsnssasnsnnnsnns 8-25
READ({1 g COMMANG. « o esueurerucensncsoccesecsssnsasnansassaannsnsnans 8-26
READ CAPACTTY Command. ....ccemmnin i aaanniatntnnnnnassans 8-28
READ CAPACTTY Data.s.ceerevennnccnnensssscnnssscssscannsannnsrennns 8-29
: READ DEFECT DATA Conmant. .eueeesuvssuvssssnssssssnnnannssnnnnsssnnes

: READ DEFECT DATA Defect List...uoiiicviiiiiiniionsncnsssnnnsnnnsas

: READ LONG COMMANG. . issnnnnnsanannssssncsnccanansnnns eeeeaasaaaa

: REASSIGN BLOCKS Command.,......... e e et essasaasananenntaenararanan

: REASSIGN BLOCKS Defect List....oi oieeroiiirinnessacnvscannnnonns

3 RELEASE Command. .ucuivesssnesranssassnmnesmaaanssoansnensnnnnnnsas

2 RESERVE Command......veeticviesnussnnnnnasssanananassacssansannnsns

: Data Format of Extent Descriptors..
: REZERD UKIT Command................
: SEARCH DATA Conmands......eevunsaan
: SEARCH DATA Parameter List.........
: SEEKEBA Command, . ..cocerennnnnnnnn-
10) Command......

: SET LIMITS Command....
: START STOP UNIT Command......ccouvieeisiaiansvesnnnssnsnansnnananana
: SYNCHRONIZE CACHE Command.........cciiiininniinivsssarnaavanrsnsana
T VERIFY COMMAaNt. . uvevensuasaarassasnarannsssscasasnnansssnnnsanaasss
NRITE{B& 0011 T+ 1«
WRITE(10) COmMAna. c .o veinieenrecennuasonnsssansnsasanscsnannsrnans
WRITE AND VERIFY Command.....ceeeieeeouniiiiiiiniasanasansassnanas
WRITE LONG Command......ccvescnasosansecaseansnsasarssassassssnnnss
HRITE SAME Command......eeveuiunensssannsnesnssanacanssssnnnesennns
: Diagnostic Page Codes. .. ueiiennnrenraaranurnssaravusasssnnasnanen
: Translate Address Page - SEND DIAGNOSTIC .....ovviiiiiiicinnannnnas
: Translate Address Page - RECEIVE DIAGNOSTIC

: Log Page Co0eS..useevaesvesesrnnssssnanneesnenannsasnnnnnnannnsanss
: Direct-Access Medium-Type Codes....ovuuniiiinninnrniiirnnnnnnannnns
: Device Specific Parameler...uvieevnienuernrosansiassnosnsannnnnnsns
: Mode Page Codes .oonnnioinii ittt nciaiisianssanarrnns
: Caching Page................ feverngataaeseeataaaasinataataanenannan
: Demand Read and Write Retention Priority....cccvviiriiniiennincnnnns

[ P |

1
TAIIND N N3 T b e et st ek b o bt ot ot £33 X3 d €51 LI o2kt N bt
AT YT

~JEPLA R LN DD O~ SN SN = SOOI S AN = OIS I~ TN S LS PIF= (D ed e ee o
. . TR '] -

I 1 3 B 01 11
RYREn

[ R

1

[ R e e

]
o s P P (LoD DO L L LR L Gl L B DI P PR

Y
o=}

SC5I-2 Horking Draft Proposal 0-15

Revision 10b

B/f22/89

:+ flexible Disk Page {Bytes D-19) s annnennscarrcssnssnraraecnsresannes
Flexible Disk Page (Bytes 20-31).i.uuiieiariiiirnriarrrnnnranncccnens

Format Device Page...veeusssseccvecasasssssnnnansnsnanasssscnsnanans

Medium Types Supported Page......ceeccsrransrarcrnsartascanssnnsnas

NOTCR PagB. s eeiierii it iiaieetiiiatresatansatsassansssnnsasansanes

Read-Hrite Error Recnuer¥ Page

Error Recovery Bit Definitions

Combined Error Recovery Parameter Descr1pt1ons{1

1

k
chohShinnuthnonnnin s

Combined Error Recovery Parameter Descriptions(2}.
Combined Error Recovery Parameter Descriptions(3
ﬂmbIned Error Recovery Parameter Descriptions

%1d Bisk Drive Geometry Page.....eeesirenenaniirncsararannananans
ational Position Locking....cveiieuseinsrnaarnencrcnsensannennas
Uerlfy Error Recovery Page...cvveuiiensssecinsasionnssnnsensnnnnnnns

P et DD OO I ON LN L LOR = SO0

: Commands for Sequential-Access Devices.......coonvvnnn teserraeeaeeas 9-12
s ERASE Command.....covirieinnaiiisisiasusaassussavisssssasssnansnnans 9-13
: LOAD UNLOAD Command. ...cceuereeinnccaacssntssasnnansscsssonnsassvnns
t LOCATE COMMand. ceeeusssvauiainsnrossssacnasssnssanerssssnssanssasssnns
: READ ComMand. .. ..ueuuiascuceneevissessassissvassssusessssavosnanonsas
: READ BLOCK LIMITS Commantd....oieieenersrnsnnsrsansansaannansnnasancs
: READ BLOCK LIMITS Data.....cuivvusevssanssuinsaransssssnnnnannnnnnsas
: READ POSITION CoOMMAN. . s aasnencnsancasssansserssseacsanecasassnannn
READ POSITION Data FOrmat..uavsnrasercsrccsnsaracscannsascrncannnenas
: READ REVERSE CoOMMan......uccseseseensnnsssnasrnansasassasonsrasasnas
s RECOVER BUFFERED DATA COMMANG. - nvvvversssssnnanaaessmaneenaaanns
: RELEASE UNIT Command......ueiecieccrnrresinsssvaranssransassnssnnas
: RESERVE UNIT Compand.....cousiececncannencnsnssnassanstsssssronnonas
: REWIND Command....uocvisiuaausunoansssannsnnnssnancsssracarsansnnsas
2 SPACE Command.....ccvuereoiuiaveassnvanneonnnnnnnssssansacransncnan
: VERIFY Ccnnmnd ........................................
3 HRITE Command. ,vovssvansonsnannranacans
: WRITE FILEMARKS Command.
: Diagnostic Page Codes...
: Log Page CodeS.uvvevuuue
: Device-Specific Paramefer ......eeeen
Sequential-Access Density Codes
Mode Page CO0ES...uunseeeacceneienscanescnsacannansannasnansannnns

(I T B

]

t
NNNN.—.—.—.—,—-u.—n—u—-n—-mmummbwmw

mmwcmmwmm.&-wmn—ao
.

Ty

R

mmwmmmmmmmmmmmmmmmwmmmmc ecoamcocon oz codn oo

1
ha
.3:-
e

DEvice CONTiQUration PAgB. .. nnmeeesnmmmmnnmmaeeeesssesenseereeses
9-25: Medium Partition Page(l)..ceeecinneriirinaeincinccranssnnssnnnnens
9-26: Medium Partition Page(Z-4) ... cciciviiciernossnsansancrnsssnsannnanns
9.27: Read-Hrite Error ReCOVEry Page.....cuveviivrernsuvivrraranssanssnne

10-1: Commands for Printer Devices...ciivereceiinansosnassanernosnsannanss
10-2: FORMAT CoMmand. .ccvecaeeeaeerasoasnosnnsnansrassnanosnrnsnsnasnsens
10-32 PRINT COMMAND. «ccuueseccieeceannsncsscasstunnssascssnsncnaansananans
10-4: RECOVER BUFFERED DATA Command. coveeeieninrrcnsnnscenansnisanssananss
10-5: SLEW AND PRINT Command........coveeeeivuncannrnnnonnassaannasnnnnasns
10-52 STOP PRINT COMMANG. « 1 2vnssnssnnnnnnansssssnnaneesnsnrsassaananneans
10-7: SYNCHRONIZE BUFFER Command.........oeeviavenccsnnacannnossnsansnanss
10-8: Diagnostic Page Codes...vveiiiiniiiiniiiinnnierasnnstsnsenernsannans
10-9: Log Page CodeS. ... neiemiennssnnasrrtssssssiosrnssssssacnanasnas
10-10: Printer Device Specific Parameler. .. vuviecirnsssineracniocnnccans 10-10
10-11: Mode Page CO0eS. .. civenenventnsivisroniisanssssionmnsesannnnannarnns 10-10
10-12: Parallel Printer Interface Parameters.........cceeeiiiiiiinennnnns 0-11

SCST-2 Working Draft Proposal 0-16

Revision 10b

AHIude LT



8/22/89

10-13: Printer OptionS. . et ieeeeeeetiiesstinrsiieereenssanirrrannnesnnnen 10-13
10-14: Serial Printer Interface Parametars. ......oceeervenersomnomsnnnns 10-16
11-1: Comands for Processor DeviceS. ...y e eeneeeeneeecosonseanseneeennns 11-4
11-2: RECEIVE Command.......eovvenncerenens

11-3: SEHD Command. ...v.uvervrensnennennanen

11-4: SEHD Command - AEN Data Format 6
11-5: Diagnostic Page Codes 1-7
11-6: Log Page CodeS...uuvinnernnnnennanruan 1-7
12-1; Commands for Write-Once Deuices{l} .................................. 12-3
12-2: Commands for Write-Once Bevices{?) ... iviiirnreeeeoerneemennnnnns 12-4
1312 MSF AdUresS FOrmMat. e ssyuraerrsnenenanenrncnenneneeesenassasssssnsn 13-7
13-2: Example Mixed Mode CD-ROM DiSC LAYOUL.euunerrreneraremsnnnrsnnonnnn, 13-8
13-3: Commands for CD-ROM Deuices!l} ..................................... 13-11
13-4: Commands for CD-ROM Devices)? ). .o e ineneeaesnrinisi i 13-12
13-5: PAUSE RESUME COMMIANG. . e e verieernsensnensansoennrssseenonne s 13-13
13-6: PLAY AUDID{lB COMRANG oo vietiiiee e rinrnercennarancsasnneennnns 13-14
13-7: PLAY AUDIO(12) COMMANA v veueuencsvnssnrnnncnencnnnnsnnenoimnns 13-16
13-8: PLAY AUDIO MSF COMMANG. v uveveeransessersusnrensesonsnnrrsni " 13-17
13-9: PLAY AUDID TRACK INDEX COMMANC. « v ersssesnmenenen o csmenson s 13-18
13-10: PLAY AUDIO TRACK RELATIVE{IU Command. ....oveeciinenuneinnsnnnnns 13-20
13-11: PLAY AUDID TRACK RELATIVE{1Z) Commantd.....eeeeeeeeveoennnnonnnnn, 13-21
13-12: READ CD-ROM CAPACITY COMMANGL .10 e e eeneeeenranrrnennnmnrnnnos
13-13: READ CAPACITY Data FOPMat...suuuevneanuencensnrsserenrnnensnnnnnos
13-14: READ HEADER COMMANG. . s veecnsnnesnvnnnnsenncennnnnss i eeecameeann
13-15: READ HEADER Data Format.......uussineoenseencnncrsnnsennn s
13-16: CD-ROM Data Mode Codes.......

13-17: READ SUB-CHANNEL Command.......

13-18: Sub-channel Data Format Codes..

: Sub-¢ Channel Data Format.....
: Audio Status Codes...........
: ADR Sub-channel @ Field........
¢ Sub-channel § Control BitsS...vveieeeneiinnne..
: CD-ROM Current Postion Data Format
! Media Catalog Number Data FOrmat.....cveeuvsiincnerennneens
+ Track International Standard Recording Code Data Format

13-26: READ TOC Command. . ....ucueeensnsnsmonnnsasoancennsosanenssnnmnos 13-34
13-27: READ TOC Data Format ............ e eeemseseatissacitaranaanaeenn 13-35
13-28: Diagnostic Page COOBS. . cunvuivesienvueenemmeeanaeannanniis 13-36
13-29: LOU PA08 COUBS .. v uusneruenenracanssnrenennsneessenesssmii™” 13-37
13-30: CO-ROM Medium Type CO0eS..uunceneencrenernuennsronnnsonnnrnonsnns 13-37
13-31: CD-ROM Device Specific Parameter. ... . vevesssncervevnrnsnsnennnnens 13-38
13-32: CO-ROM Bensity COOes. . vuun et e eeee e ter e 13-38
13-33: Hode Page COde. i rararseseasenneeenrnraassonenssnnsnnnensns 13-39
13-34: CD-ROM Audio Control Parameters Page.....veveeereccnrnvnronnnnnen. 13-40
13-35: Quiput Port Channe]l SeleCtioN....uesevevereresesssenrnrnsnsnnenenns 13-42
13-36: CD-RON Parameters Page.. ... cceeesesvneueansnsen o, 13-42
13-37: Inactivity Timer MuTEiplier Values. . vvuereeee e envenonnnonnnnnns 13-43
13-38: Read Error Recovery Parameters Page........eeeeeveesonssesssnnnnss 13-44
13-39: Error Recovery Parameter Bit Settanﬁs ............................. 13-45
13-40; CD-RCM Error Recovery Parameters 00 - 08h......ooeeeeennrnnonnnn. 13-47
13-41: CD-ROM Error Recovery Procedures 058 - 07Mue. e eeeeeeecnnnnnnnn, 13-48
13-42: CD-ROM Error Recovery Procedures 10h - 15h...esevnssnsneoniitt 13-49
5C5I-2 Working Braft Proposal 0-17 Revision 10b

8/22/88
13-43: CD-ROM Error Recovery Procedures 20h - 280, . .ceeeeeenrnsennrnnns 13-50
13-44: CD-ROM Error Recovery Procedures 250 - 270..ceeserverncrnnionn, 13.51
13-45: CD-ROM Error Recovery Procedures 300 - 350..u.enenrnrnnnsnoennnnis 13-52
13-46: Verify Error Recovery Parameters [ T = 13-52
14-1: Commands Tor SCanner DeviCes., . uuueveneeeeeeerssussnenraneannennnns 14-3
14-2; GET DATA BUFFER STATUS COMTAND. c v evsvneenrnnvonsonnino e 14-4
14-3: Data Buffer Status FOrmat......ccevueninrernrnnenoeononneor s 14-5
14-4: GET WINDOW COMMANG. « ot s s urraneennnoenennsniencennneesosnosnnnans 14-6
18-5: Get Hindow Data Header. . ... e.eeeen s rernseinnernneesessorsnn s, 14-7
14-6: Hindow Descriptor Bytes {1-23)...eeeenveenrnrnernoeenrornnmonnniis 14-8
14-7: Window Descriptor Bytes {24 - 30)......oiiirireiviinrrnnnnnnnnnnns, 14-9
14-8: Image Composition COOBS. . urursenuuenuenansneenenesonrnenonnsonnnns 14-11
18- Padaing TYPES s at ettt tiiittsiieaenaesananaenseennnsnnneennnns 11-11
14-10: CumEre551un Tgﬁes and Arguments...........
14-11; QBJECT POSITION Command........ccvuuvnssn
14-12: Position FUNCtion.....eviivineneecerrenens
14-13: READ Command......covviuiernnnranncennnnnees
14-14: Data Type C008S.cerene s riiienncncarsnncns
14-15: SCAN Command.....ceenoernrennneennnenns
14-16: SEND Command. ...cueeeerineossuncnncnnnenns

14-17: SET WINDOW COMMANd. « o cvennsnnnrrennnnnennnas

14-18: Set Window Data Header.......v.ieeeveveciairecnnrrannennss .
14-19: Diagnostic Page CO0BS...uuneursrernnnnncceenncanrnrensnnrsesnnnns
14-20: Log Page CO0BS. vt rsiairnneeeanncennenstnennsnentonacennonnaness 14-20
14-71: Mode PaGE COUBS. . uiuiiinrereunenenrarssennroresnensnsnennreinns 14-21
14-22: Measurement Units Page........iciuiiiieiirrasnnnneennnesennnnnnnns 14-21
14-23: Basic Measurement Units. ... en s eeeseessnrnnernssnnennosnnnn, 14-22
15-1: Commands for QOptical Memory Devjcesfl .............................. 15-4
15-2: Conmands for Optical Memory Devices{Z) .....vveevenrommmenn, 15-5
15-3: ERASE(10) COMMANG. s v e vanaesenneennsaseennesssssaneenenessonnennnns 15-6
15-4: ERASE(22) COMMANG. « v vaaneeranensensnaeanrrasoerncenseesorenennnnnn, 15-7
15-5: HEDIUM SCAN COMMAN. . o . v itrerennreneananicansonsnsecensnnsesonannns 15-
15-6: MEDIUM SCAN Parameter LiSke.euuus e seencenceesaronnerssmnmosnnns 15-10
15-7: READ(IZ} COMMANG, . vttt iseannaeesessaasnncaneeesansnannsssesnrnnnnns 15-11
15-8: READ DEFECT DATAElzg O 12 L« 15-12
15-9: READ DEFECT DATA(12} LIST HEADER.. 15-13
15-10: READ GENERATION Conmand........ 15-14
15-11: Maximum Generation Data Block.. 15-14
15-12: READ UPDATED BLOCK(10) Command. 15-15
15-13: SEARCH DATA(12) Commands....... 15-16
15-14: SET LIMITSélZ% Command........... 15-17
15-151 UPDATE BLOCK Command ......vvevvnencnsnvveennnnn 15-18
15-16: VERIFY CoMMand. .. .veueeeuseeeesnneeessncsannessonn 15-19
15-17: VERIFY%IE} 01 ) 15-20
15-18: WRITE(ID]} Command. . ou e onseenssneeeneansenssrosesnnnannnsennnns 15-21
15-19: WRITE(IZ2) COMMANa. .. c i titiaeiseseneressrasensnencarannonnrnnnns 15-22
15-20: WRITE AND VERIFY{10) COMMANG. s e esnneneneecneansnsnrsmennnsnonns 15-23
15-21: WRITE AND VERIFY (12} COMMANG. ¢ e vemneseeeenseranrssrrnrennennnnnnns 15-24
15-22: Diagnostic Page COdBS. . uu.rasevusnrnnereeneenennaanssenninnnrnnnns 15-25
I5-23: Lo Page o085, iuuruceeesenerneeeneeenneeneencnronsssnsensonnnnnns 15-25
15-24: Optical Memory Medium-Type CodBS....uuvenesienrenrrnnennennnnunn. 15-26
15-25: Optical Memory Device Specific Parameter.....oeeeeeereeeeenannnen. 15-26
15-26: Optical Memory Density COOBS.....ueeeennsrerensnsnsnernrnninnns 15-28
SCSI-2 Morking Draft Proposal 0-18 Revision 10b

JINEE g VTl



16-27:
15-28:

[
ey
"

e amd ot et b it i pd sk
DRI M b
e a8 ae ee a3 w2

17-0:
17-10:

: Element Type Code......
: Element Status Data....
: Element Status Page .
: Medium Transport Element Descriptor..
: Storage Element Descriplor...cceceieriiiiiiocnanrenannacanenians
: Import Export Element i
: Data Transfer Element Descriplor..... oo iiiiiiiiinencnnnss
< REQUEST VOLUME ELEMENT ADDRESS Command.......ceceeeaiiiivosonnnnss
: Volume Element Address Header Format........ceievinnnsscrnnncncnns
s RELEASE Command.....oivieeeonsinsencnaseecsiassssassasssnsnnasnnns
: RESERVE Command....ocveecacacniancnsastsvssirsrasancsansnnssssnass
+ Data Format of Element List Descriptors......covvivnniincennnaaanas
< SEND VOLUME TAG Command. .....uvvievrsnsnnnccsssanaannnssscsaacsnns
3 Send Volume Tag Action Lodes.......vuviviiiiiinnnanannnnsncanennanss
: Send Volume Tag Parameters Format.....c.cvviiiieiinnnceananonanaa
: Diagnostic Page Codes..iviaivrsiarenisinancsssiessrssnnnnnansassas
: Log Page CO0BS.cuiinnanncnnansnnnccesssrsannssnncncnan eeasesranrun
: Mode

: Device
: Element Address Assignment Page......eeeevveeecasrvvvovassasasnnns
+ Transpori Geometry Parameters Page......ccvveenncicansaninananncss

1 GET MESSAGE
: GET MESSAGE
+ SEND MESSAGE(6

: SEND MESSAGE(10) Command
: SEND MESSAGE

: Diagnostic Page Codes...........

8/22/89

Hode Page (0dES..ceriiiirrrviisinsrrasicrassnsssnrrnccannsssssaanss 15-29
Optical Memory Page...eeirerevieaanannesnsnaneersnaasascanssnanns 15-29

Volume Ta$ Information FOrmat...oovvivivessiirionsenncncncnnarnnnns
Commands for Medium Changer Devices....iiiiiiiieieconnnassaarsnsanes
EXCHANGE MEDIUM COMMANG. s s s eneeecennasrasasnanancsssasssnsscsnsnnns
INITIALIZE ELEMENT STATUS Command........ceeveeneneenaas

HOVE MEDEUM Command.....cccoeveaencacen
POSITION TO ELEMENT Command.........
READ ELEMENT STATUS Command.........

--------
.........

oooooooooo

LEL o4 ] 2 I

Page [O0BS. suureaveuararnsaririsaitantitaniianaraaiaiiaans
apabilities PAgE....cvviieenrseiiaceacrasinnosnnsasnasnnns

: Cormands for Communications Devicés .................................
s GET MESSAGEE?& COMMANG. ¢ v vnnsancnrrraanonncasnnnnn .

Command.........
12

12) Command

Log Page CodeS.vvvirrvanrecnneans
Mode Page Codes.......ouivusssisaarranneesasnnanssscecnoescsnnsann

LIST OF APPENDIXES

TABLE OF CONTENTS

A. SCSI Signal Sequence EXample....ooiiiiseneeennnnneenaioiinsrssnnnnnns A-1
B. Typical Bus Phase SeguenCe......uvsvecammracenresnrinisssnsnnannssses 8-1
C. SCSI System Dperation.......csvssssssssssnnnsssnsstssnsnnnnnsnsesssass C-1
C.1. Host Memory, Host Adapter, SCSI Target Relationship.............. €-1
C.2. SCSI READ Command Example. ...eeusiiiinnresesacnannannsssasasanns C-2
C.3. I/0 Channel Concept.....eeeieelneerniinerenaniaeesncennanvaannnns C-4

SCSI-Z Horking Draft Proposal

Revision 10h

B/22/89

D. Additional Medium Type and Density Code Standards...............ooon. D-1

E. Data Integrity and I/0 Process QUEUING....cevevsnsnnnccnnnecacaneancas E-1

E.l. Glossary E-1
O 1 =13 1

F. Power On Protocols - Recommended Initialization Procedure............. F-1

F.l. System Initialization. e seserrrcacecneccecsanacannaasmransaanss F-1

F.2. General Procedure for Initializing Devices.....ccevsnvnnsnnnnnannn F-2

F.2.1. General Procedure Executed by Initiators.....cciviiviinnes F-2

F.2.2. Procedure Executed by Temporary Initiators................ F-3

F.2.3. Verify State Test....oeeeeecrereceaanninvosossssssassannan F-3

F.3. Pirect-Access Device Initialization Procedure....ccciviveninnann. F-h

F.3.1. Boot Device Initialization Procedure....ccvvericnniianenns F-5

F.3.2. General Direct-Access Device Initialization Procedure..... F-G

F.3.3. Dirvect-Access Device Medium Ipitialization Procedure...... F-8

F.4. Sequential Access Device Imitialization Procedure...........oen. F-10

F.4.1. General Sequential-Access Device Initialjzation.......... F-10

F.5. Asynchronous Event Notification Initialization Procedure........ F-11

G. FASt SCSI SKeW TIiMB. .. e eevonnnnacassnssaaasencosnsavissssnsnannanas G-1

H. Other SCSI Standardization ACtivities......c..ieiiiviannrsscaannennans H-1

H.1. SCSI-3 Standards Project.....ceveaecesnaasacsesrusossnosnananssans H-1

H.2. Digita] Data Exchange for Color Electronic Prepress Systems...... H-1

Ho3. FiBer Chamnel .. seeoiceeeiisauistssonassrnsasacnssscnnnnsmarnenns H-1

I. Bumeric Order CodesS...uueissnaasecenronsnnansanssaroonnnasssannssrnaas i-1

J. Vendor Identification..seecenreiriiiiicieiannannnarnserancnrervarseens J-1

LIST OF FIGURES

A-1: SCSI Signal Sequence Example. .. vviiecaaiiiinrrusnnsesnnennnnsntosass A-2

C-1: Snapshot Prior to Initial Selectiof.....ccviieriinniiiinnnnncacnaanns C-5

C-2: Snapshot Prior to Data Transfer.......oviiviirrinrneaciiiaiiiaians C-6

F-1t VErify SEAte TeSt..eviveeevssssssssesnessnsnasasasasessessoseraessessn F-4

G-1: Fast SCSI Jitter Budget..cueeiiieriiieiieanninsnnsnervsaacsvssssanas G-1

G-2: Mapping of Jitter to S0SI.iarrinriin i it it ecnei e 6-2

LIST OF TABLES

8-1: Typical READ Command Phase SeqUENCe......iveeesaseennsrssarcsnncensns B-1

B-2: Typical READ {ommand Phase Sequence {Continued)............cccooieles B-2

D-1: Direct-Access Medium-Type Codes.....oeeunimiiiiiiiianniiiiiaiiniiaa, D-2

D-2: Sequential-Access Density Codes....o.ovuviieimiiiiiniiiiiiiainiannss D-3

I-1: ASC and ASCO AsSigmments. . cus it iciisiaceiainsessancaansssrnassssnsnn 1-1

[-2: SCSI-2 Operation Lodes....cuviiiiiriinriiiennerreneresanssnvrssannnes -7

J-1: Vendor Identification List.....civiiiuniiinninnesasnvsssanannnssnnsns J-1

SCSI-2 Working Draft Proposal

Revision 10b

13114dt £



Scope 8/22/89
1. Scope

This American National Standard defines an input/output bus for
intercunnecting computers and peripheral devices. The standard defines
extensions to the Small Computer System Interface (X3.131-19B6}, referred to
herein as SCSI-1. [t also provides more complete standardization of the
previously defined command sets. The document includes the necessary
sgecification of the mechanical, electrical, angd functional characteristics of
the interface to allow inter-operability of devices meeting the standard.

This stapdard is referred to herein as SCSI-2. The term SCSI is used wherever
it is not necessary to distinguish between the two versions of SCSI.

SCSI is a local 1/0 bus that can be operated over a wide range of data
rates. The primary ohjective of the interface is to ?rovide_host computers
with device independence within a class of devices. Thus, different disk
drives, taﬁe drives, printers, optical media drives, and other devices can be
added to the host computers without reguir1ng modifications to generic system
hardware or software. Provision is made for the addition of special features
and functions through the use of vendor unique fields and codes. Reserved
fields and codes are provided for future standardjzation.

A second key objective of SCSI-2 is to provide compatibility with those
SCSI-1 devices that support bus parity and that meet conformance level ? of
SCSI-1. While some Brevious]y vendor unique commands and parameters have been
defined by the SCSI-Z standard, devices meeting SCSI-1 and SCSI-2 cam co-exist
on the same bus. It is intended that those opérating systems providing
support for hoth command sets be able to ngerate in environments mixing SCSI-1
and SCSI-2 devices. Properly conforming SCSI-I1 devices, both initiators and
targets, should respond in an acceptable manner to reject SCSI-2 protoco]
extensions. A1l SCSI-2 ?rotocu] extensions are designed to be permissive of
such rejections and to allow the SCSI-1 device to continue operation without

requiring the use of the extension. -

A third ke¥ objective of SCSI-2 is to move device-dependent intelligence out
to the 5CSI-Z devices. This requires the definition of a command set that
allows a sophisticated uperatinE system to obtain all required initialization
information from the attached 5(SI-2 devices. The formalized sequence of
requests identify the type of attached SCSI-2 device, the characteristics of
the device, and all the changeable parameters supﬁorted by the device.
Further requests can determine the readiness of the device to operate, the
types of media_supported by the device, and all other pertinent system
information, Those parameters not required by the operating system for
operation, initialization, or Sﬁstem tuning are not exposed to the SCSI-2
interface, but are managed by the SCSI-2 device itself.

The interface uses logical rather than ?hygical addressing for all data
blocks. For direct-access devices, each logical unit may bé interrogated to
determine how many blocks it contains. A logical unit may coincide with all
or part of a peripheral device.
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The interface protocol includes provision for the connection of multi?ie
initiators §SCSI devicas ca?able of initiating an operation) and multiple
targets (SCSI devices capable of responding to a request to perform an
operation). Distributed arbitration (i.e., bus-contention logic) is built
into the architecture of SCSI. A priority system awards interface control to
the highest priority SCSI device that is contending for use of the bus. The
time to complete arbitration is independent of the number of devices that are
contending and can be completed in less than 10 microseconds.

The physical characteristics are described in Section 4. There are two
electrical alternatives: single-ended and differential. Single-ended and
diffegential devices are electrically different and should not be mixed on the
same bus.

Provision is made for cable lengths up to 25 meters using differential
drivers and receivers. A single-énded driver and receiver configuration is
defined for cable lengths of up to 6 meters and is primarily intended for
applications within a cabinet.

section 5 describes the logical characteristics of the interface.
Arbitration is defined to permit multiple initiators and to permit concurrent
I‘O aperations. Al1 SCST devices are required to be capable of operating with
the defined asynchronous transfer protocol. In addition, an optional
synchronous transfer protoce] is defined. Section 5 also specifies a message
pratocol for contro] of the interface. In most cases, messages are not

directly apparent to the host computer software.

The SCSI command and status structure is specified in Section 6. Commands
are classified as mandatory (M), optional (0), or vendor unique (V). SCSI
devices are requirved to implement a]l mandatory commands defined for the
appropriate device type and ‘may im?lement other commands as well. SCSI
devices contain commands that facilitate the writing of self-configuring
software drivers that can "discover" all necessary attributes without prior
knowledge of specific peripheral characteristics (such as storage capac1§¥).

Many commands also implement a very large logical block address space {2
blocks), although some commands implement a Somewhat smaller logical bhlock

1 N
blocks).

Section 7 specifies those commands that have a consistent meaning for all
device types.

address space (2

Sections 8 through 17 contain commands for direct-access {e.q., magnetic
disk), sequential-access (e.g., magnetic tape), printer, processor, write-once
(e.g.. OHtical disk), CO-ROM devices, scanner devices, optical memorg devices,
medium changer devices, and communications devices, respectively. The
commands in each of these sections are unique to the device type, or they have
interpretations, fields, or features that are specific for the device type.
Thus, for example, althuugh the WRITE command is used for several device
types, it has a somewhat different form for each type, with different
parameters and meanings. Therefore, it is specified separately for each
device type.
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Appendixes A through C provide examples of SCSI signal sequences, timing,
and phase sequences. Appendix D contains information on other standards
related to medium types and density codes for flexible disks and magnetic
tapes. Agpendlx_E describes data integrit{ in command queuing environments.
Appendix ¥ describes normal procedures fol owing a power-on condition.
Appendix G describes the worst case skew times for a fast SCSI implementation.
Appendix H contains information on other SCS{ standardizaticon activities.
Appendix_I contains the additional sense codes and operation codes in
numerical order. Appendix J contains the vendor identification codes as of
%Rg da%e gf Ehis document. However, the appendixes are not a required part of

is standard.

(This page is intentionatly blank.)
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2. Referenced Stardards and Organizations

The requirements of IS0 B482:1987, "Information Processing - twisted pair
multi-point intercopnection data communication™ apply to the use of
differential drivers and recejvers.

American National Standard Small Computer System Interface, X3.131-1986, may
a}sgcg? useful to achieve compatibility with devices that conform to version 1
0 .

The medium catalog numbers in the CD-ROM section (13) are controlled by the
Uniform Product Code Council, 8163 01d Yankee Road, Suite J, Da ton, Ohio
45450, U.5.A. and the European Article Humber Council, Rue des Lolonies, 54-
BTEB, 1000 Brussels, Belgium.
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3. Glossary and Conventions
3.1. Glossary

This section contains a glossary of special terms used in this standard,
Also see the glossaries for each device type in sections B.4, 9.4, ..., 17.4.

active 1/0 process. An I/0 process that is presently in execution (not
queued).

AEM. Asynchronous event notification (see 6.5.5).

AYG. American Wire Gauge.

byte. In this standard, this term indicates an 8-bit {octet) construct.
CA. Contingent Allegiance (see 6.6).

command descriptor bleck (CDB). The structure used to communicate commands
from an initiator to a target.

command queue. This term refers to the dueue used to store the tagged I/0
processes (see 6.8.2).

connect. The initiator function that selects a target to establish a nexus
and totgtart an 1/0 process. The connection that results is an initial
connection. :

commection. An initial connection or reconnection. A connection can only
occur hetween one initiator and one target.

contact. The electrically-conductive portion of & connector associated with a
single conductor in a cable.

gurrent 1/0 process. The I/0 process that is presently connected on the SCSI
us.

disconnect. The action that occurs when an SCSI device releases control of
the SCSI bus, allowing it to go to the BUS FREE phase.

ECA. [Lxtended Contingent Allegiance (see 6.7).

field. A group of one or more contiguous bits. Fields containing only one
bit are usually referred to as the xx bit instead of the xx field.

host adapter. A device which connects between a host system and the SCSI bus.
The device usually performs the lawer layers of the SCSI protocol and normally

operates in the initiator role. This function may be integrated into the host

system.

initial conpection. An initial connection is the result of a connect and it
exists from the assertion of the BSY signal in a SELECTION phase until the
next BUS FREE phase occurs.
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initiator. An SCSI device (usually a host system) that requests an I1/0
process to be performed by another SCSI device (a target).

invalid. An illegal (reserved) or unsupported bit, field, or code value.

1/0 process. An 1/0 ?rocess consists of cne initial connection and zero or
more reconnections, all pertaining to a single command or a group of linked
commands. More specifically, the connection(s) pertain to a nexus as defined
below in which zero or more command descriptor blocks are transferred. An I/0
process begins with the estah]ishment of a nexus. An I/0 process normally
ends with the BUS FREE phase following successful transfer of a COMMAND
COMPLETE or a RELEASE RECOVERY message. An I/0 process also ends with the

BUS FREE phase fol]owinﬂ an ABORT, ABORT TAG, BUS DEVICE RESET, or CLEAR QUEUE
message or when a hard RESET condition or an unexpected disconnect occurs.

I_T nexus. A nexus which exists between an initiator and a target.

I T L nexus. A nexus which exists between an initiator, a target, and a
18gical unit. This relationship replaces the prior I_T nexus.

I_T R mexus, A nexus which exists between an initiator, a target, and a
target routine. This retationship replaces the prior I_T nexus.

I_T_x mexus, A nexus which is either an I_T L or I_T_R nexus.

1T L Qnexus. A nexus between an initiator, a target, a logical unit, and a

%ueue tag following the successful receipt of one of the queue tag messages.
his relationship replaces the prior [_T_L nexus.

I_T x_y nexus. A nexus which is either an I_T xor I_T_L Q.

logical block. A unit of data supplied or reguested by an initiator.

lagic?i unit., A physical or virtual peripheral device addressable through a
arget.

logical unit mmber. An encoded three-bit identifier for the logical unit.
LSB. Least significant bit.

LUN. Logical unit number.

m. Millimeter.

ms. Millisecond.

HSB. HMost significant bit.

nexus. A relationship that begins with the establishment of an initial
connection and ends with the completion of the I/0 process. The relationship
may be restricted to specify a single logical unit or target routine by the
successful transfer of an IDENTIFY message. The relationship may be further

restricted by the successful transfer of a queue tag message.
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ns. Nanosecond.
one. A true signal value or a true condition of a variable.

page. Several commands use regular parameter structures that are referred to
as pages. These pages are identified with a value known as a page code.

parameter. A structure containing one or mere fields.

Eeripheral device. A physical peripheral device that can be attached to an
CS] device, which connects te the SCSI bus. The ?eripheral device and the
SCST device {peripheral controtlier) may be physically packaged together.

Often there is a one-to-one mapping between peripheral devices and logical
units, but this is not required. Examples of peripheral devices are: magretic
disks, printers, optical disks, and magnetic tapes.

gueye tag. The value associated with an I{O process that uniquely identifies
it from other queued 1/0 processes on the logical unit for the same initiator.

queued 1/0 process. An I/0 process that is in the command queue and has not
begun execution.

reconnect. The act of reviving a nexus to continue an I/0 process. A target
reconnects to an initiator b using the RESELECTION and MESSAGE IN phases
after winning arbitratioh. An initiator reconnects to a target by using the
SELECTION and MESSAGE OUT phases after winning arbitration (see 6.5.2).

recopnection. A reconnection js the result of a reconnect and it exists from
the assertion of the BSY signal in a SELECTION or RESELECTION phase until the
next BUS FREE phase occurs.

reserved. The term used for bits, fields, and code values that are set aside
for future standardization.

SCSI. Either SCSI-1 or SCSI-Z2.

SC51-1. The Small Computer System Interface (X3.131-1986).

SCSI-2. The Small Computer System Interface - 2 (X3.131-198X).

SCSI address. The octal representation of the unique address 50—7) @ssigned
to an 5CSI device. This address would normally be assigned and set in the
5CSI device during system installation.

SCSI ID. The bit-significant representation of the SCSI address referring to
one of the signal lines DB(7-0).

SCSI device. A host adapter or a target controller that can be attached to
the SCSI bus.
signal asseriion. The act of driving a signal to the true state.

signal negation. The act of driving a signal to the faise state or allowing
the cable terminators to bias the signal to the false state (by placing the
driver in the high impedance condition).
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signal release. The act of allowing the cabie terminators to bias the signal
to the false state {by placing the driver in the high impedance COHdIthﬂ?.

status. One byte of information sent from a target to an inftiator upon
completion of each command.

target. An SCSI device that performs an operation requested by an initiator.

target routine. A target routine is an 1/0 process directed to a target, and
not to a logical wnit.

third-party. When used in reference to COPY commands, third-party means a
COPY command issued to one device to perform a copy operation between two
other devices. When used in reference to RESERVE, or RELEASE comnands, third-
party means a reservation made on behalf of another device ge.g., A processor
device requests that a direct-access device reserve itself for exclusive use
by a sequential-access device).

unexpected discopnect. A disconnection that occurs as a result of a protocol
error (see 5.1.1).

us. Microsecond.

vendor specific (VSA. Something (e.g., a bit, field, code value, etc.) that
is not defined by this standard and may be used differently in various
implementations.

xX. MNumbers that are not immediately followed by lower-case "b" or "h" are
decimal valugs. large Numbers are not separated by commas or spaces {e.g.,
12345; not 12,345 or 12 345).

xxb. Numbers immediately followed by lower-case "b" are binary values.
xxh. Humbers immediately followed by lower-case "h" are hexadecimal values.

zero. A false signal value or a false condition of a variable.

+

3.2. Editorial Conventions

Certain words and terms used in this standard have a specific meaning beyond
the normal English meaning. These words and terms are defined either in the
glossary ésee 3.1 and 8.4, 9.4, ..., 17.4) or in the text where they first
appear. Names of signals, phases, messages, commands, statuses, sense kays,
additional sense codes, and additional sense code qualifiers are in all
upper-case {e.d., REQUEST SENSE). Lower-case is used for words having the
normal English meaning.
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4, Physical Characteristics

This section contains the physical definition of SCSI-2. The connectors,
cables, signals, terminators, and bus timing values needed to implement the
interface are covered.

4.1. Physical Description

SCSI devices are daisy-chained together using a common 50-conductor A cable
and._optional]¥ & 68-conductor B cable., Both ends of each cable are
terminated. All signals are common between all SCSI devices on the A cahle.
In systems that employ the wide 5C3I option, wide SCSI devices additionally
connect to the B cable. Various width SCSI devices may be mixed.

Two driver/receiver alternatives are specified:

(1) Single-ended drivers and receivers, which allow a maximum cable length
of six mefers (primarily for conmection within a cabinet).

(2% Differential drivers and receivers, which allow a maximum cable length
of 25 meters (primarily for connection outside of a cabinet).

Thetsingle-ended and differential alternatives are mutuvally exclusive within
a system.

IMPLEMENTORS NOTE: Use of single-ended drivers and receivers with the fast
synchronous data transfer option is not recommended.

4.2. Cable Requirements

An idea] impedance match with cable terminators implies a cable
characteristic impedance of 132 ohms (singled-ended option) or 122 ohms
{differential optian}. The cable characteristic impedance shall be no less
than 90 ohms and no greater tham 140 chms. It is recommended that the cable _
characteristic impedance be greater than 100 ehms for all cable types. See
4,2.3 for cable requirements when implementing the fast synchronous data
transfer option.

A minimum_conductor size of 0.08042 square mm (28 ANG} should be used to
minimize noise effects and ensure proper distribution of terminator power.

IMPLEMENTORS HOTES:

(1) To minimize discontinuities and signal reflections, cables of different
impedances should not be used in the same bus. Implementations m?y require
trade-offs in shielding effectiveness, cable length, the number of loads,
transfer rates, and cost to achieve satisfactory system operation.

(2} To minimize discontinuities dve to local impedance variation, a flat
cable should be spaced at least 1.27 mm {0.050 ini from other cables, any
other conductor, or the cable itself when the cable is folded.

(3} Regulatory agencies may require use of larger wire size.
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4.2.1. Single-Ended Cable

A 50-conductor flat cable or 25~signa] twisted-pair cable shall be used for
the A cable. A 6B-conductor flat cable or 34-signal twisted-pair_cable shall
be used for the B cable if the wide SCSI option is impiemented. The maximum
cumulative cable length shall be 6.0 meters. [If twis edu?air cables are used,
then twisted pairs in the cable shall be wired to physically opposing contacts
in the connector.

8/22/89

. A stub Tength of no more than 0.1 meters is allowed off the mainline
interconnection within any connected equipment or from any connected point.

IMPLEMENTORS NOTE: Stub clustering should be avoided. Stubs should be
spaced at least 0.3 meters apart.

SC3T bus termination shall be at each end of the cable and may be internal
to the SCSI devices that are at the ends of the cable.

4.2.2. Differential Cable

A 50-conductor flat cable or 25-signal twisted-pair cable shall be used for
the A cable. A 6B8-copductor flat cable or 34-signal twisted-pair cable shall
be used for the B cable if the wide SCSI option is implemented. The maximum
cumtlative cable length shall be 25 meters, If twisted-pair cables are used,
then twisted pairs in the cable shall be wived to physically opposing contacts
in the connector.

. A stub length of no mere than 0.2 meters is allowed off the mainline
interconnection within any connected equipment or from any connacted point.

SCST bus termination shall be at each end of the cable and may be internal
to the SCSI devices that are at the ends of the cable.

[HPLEMENTORS NOTE: The use of twisted pair cable (either twisted-flat or
discrete wire twisted pairs) is strongly recommended. Without twisted
pairs, even at slow data rates and very short distances, crosstalk between
adjacent signals causes spurious pulses with differential signals.

4.2.3. Cable Requirements for Fast Synchroneus Data Transfer

In systems which use the fast synchronous data transfer option (see 4.8),
the A and B cables should meet the conductor size recommendation in 4.2. The
cable ihou]d have an overall shield suitable for termination in a shielded
connector.
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In such systems, the cables shall have the following electrical
characteristics:
Characteristic Impedance: 90 to 132 ohms
Signal Attenuation: 0.095 dB maxjmun per meter at 5 MHz
Pair-to-Pair Progagat1on Delay Delta: 0.20 ns maximum per meter
DC Resistance: 0.230 ohms maximum per meter at 20 degrees
4.3. Connector Requirements
Two t{pes of comnectors are defined: nonshielded and shielded. The
nonshielded connectors are typically used far in-cabinet apglications.
Shielded connectors are tYplca!1y used for external applications where
electromagnetic compatibility (EMC) and electrostatic discharge éESD)
protection may be required. "Either type of connector may be used with the

singte-ended or differential drivers,
4.3.1. Nonshielded Conpector Requirements

Two nonshielded connector alternatives are specified for the A cable and one
nonshielded connector is specified for the B cable.

4.3.1.1. Nonshielded Connector Alternative 1 - A Cable

The alternative 1 nonshielded high-density SCSI device comnector for the A
cable (Figure 4-1) shall be a 50-conductor comnectgr consisting of two rows of
25 female contacts with adjacent contacts 1.27 mm $0.05 in) apart, The
nonmating portion of the connector is shown for reference only.

The atternative 1 nonshielded high-density cable connector for the A cable
(Figure 4-2) shail be a 50-conductor connector consisting of two rows of 25
male contacts with ad%acent contacts 1,27 mm (0.05 in) apart. The nonmating
portien of the connector is shown for reference only.

4.3.1.2. Honshielded Connector Alternative 2 - A Cable

The alternative ? nonshielded low-density SCSI device connector for the A
cable (Figure 4-3) shall be a 50-conductor connector consisting of two rows of
25 male pins with adjacent pins 2.54 mm {0.1 in} apart. A shroud and header
body should be used. The nommating portion of the connector is shown for
reference only.

The alfernative 2 nonshielded low-density cable connector for the A cable
gFigure 4-4) shall be a 50-conductor connector consisting of two rows of 25
emale contacts with adjacent contacts 2.54 mm (0.1 in) apart. It is
reconmended that keyed connectors be used.
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4.3.1.3. Honshielded Connector - B Cable

The nonshielded high-density SCSI device connector for the 8 cable (Fi?ure
4-1) shall be a 6B-conductor connector consisting of two raws of 34 female
contacts with adjacemt contacts 1.27 mm gﬂ.ﬁﬁ in) apart. The nonmating
portion of the connector is shown for reference oniy.
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The nonshielded high-density cable connector for the B cable (Figure 4—2%
shall be a 6B-conductor connettor consisting of twe rows of 34 male contacts
with adjacent contacts 1.27 mm (0.05 in) apart. The nonmating portion of the
connector is shown for reference only.

4.3.2. Shielded Connector Requirements

Two shielded connector alternatives are specified for the A cable and one
shielded connector is specified for the B cable, The connector shielding
Sﬁ?t&m should provide a dc resistance of less than 10 milliokms from the cable
shield at its termination point to the SCSI device enclosure.

In order to support daisy-chain connections, SCSI devices that use shielded
connectors should provide two shielded device connectors on the device
enclosure. These two connectors may be wired “one-to-one™ with a stub to the
SCST device's drivers and receivers provided the maximum stub length is not
violated. Alternatively, two cables may be run from the two shielded
connectors to the drivers and receivers so that the maximum stub length is not
violated. The ]ength of the cable within the device enclosure is included
when catculating the total cable length of the SCSI bus.

IMPLEMENTORS NOTE: SCSI-1 defined three shielded cennector systems in an
appendix. The alternative 1 shielded connector of SCSI-1 has been replaced
by a high-density connector in this standard. The alternative ? shielded
connector remains unchanged. The EUROCARD Boxes shielded connector system
of 5CSI-1 has been deleted in this standard.

4.3.2.1. Shielded Connector Alternative 1 - A Cable

The shielded high-density SCSI device connector for the A cable {Figure 4-5)
is a 50-conductor cannector ‘consisting of two rows of 25 female contacts with
adjacent contacts 1,27 nm {0.05 in) apart. The nonmating portion of the
connector is shown for reference only.

The shielded high-density cable connector for the A cable (Figure_Q-ﬁ) is a
50-conductor connector econsisting of two rows of 25 male contacts with
adjacent contacts 1.27 mm (0.05 in) apart. The nonmating portion of the
connector is shown for reference only.

SC51-2 Horking Draft Proposal 4-4 Revision 10b
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Physical Characteristics B/22/89

4.3.2.2. Shielded Connector Alternative 2 - A Cable

The shielded low-density device connector far the A cable (Figure 4-7) is a
50-conductor connector consisting of two rows of ribbon contacts spaced 2.16
amm {0.085 1ni apart. The nonmating portion of the connector is shown for

y .

reference on

The shielded low-density cable connector for the A cable (Figure 4-8) is a
50-conductor connector consisting of two rows of ribhon contacts spaced 2.16
mm (0.085 in) apart. The nonmating portion of the cannector is shown for

reference only.
4.3.2.3. Shielded Connector - B Cable

The shielded high-density SCS] device connector for the B cable (Figure 4-5)
is a B8-conductor connector consisting of two rows of 34 female contacts with
adjacent contacts 1,27 mm (0.05 in} apart. The nonmating portion of the
connector is shown for reference only.

The shielded high-density cable connector for the B cable (Figure_ﬁ-ﬁ) is a
68-conductor connector consisting of two rows of 34 maie contacts with
adjacent contacts 1.27 mm (0.05 in) apart. The nommating partion of the
connector is shown for reference onty.

SCSI-2 Horking Draft Proposal 4-5
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UNSHIELDED RECEPTACLE

(BOARD VERSION)
-

/ 3

BY g

SOCKET X

Revision 10b

HOTE: Dimensions B8 and BID

a14
{TO CONTACT POINT?
are the opentng in the

dielectric. The socket .
coftacts {nol shown) fit * ' —P—
within this opening, ;——_-_-—_—i T mia .
50 FOSITION 68 POSITION
DIMENSIONS "o I CiHETERST  INCWES | WILLTHETEAS] _ INCHES |
Bt 34, 70 1.366 45.13 1. 8185
B2 ] E.54
B3 [2.54] [.1ag) [z.54 {100]
B4 .27 [050] [1.27) [Los0]
85 30, 48 1. 200]
86 (=7 5] (151 {14
a7 1.00 R
B8 D, E1#.05 0243 D02 0.61%.05 . 024%, 002
a9 0.15 . ODS 0.15 . OGS
810 0.86x. 10 D34s. 004 0.864. 10 0342, 004
[ o_i5 . 006 6. 15 006
2 0.05 . D02 0.08 Lop2
E] 5, 00%.13 1972, 005 5,002,133 . 1874 . 005
4 1.75 HAX 088 HAX 1.75 MAK . G6E_HAX
SOCKET X . 25 34
SOCKET Y 26 35
SOCKET 2 50 58

Figure 4-1: 50/68-Contact Nonshielded High-Density SCSI Device Connector
(A Cable/B Cabie) ’
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Physical Characteristics

UNSHIELDED PLUG
" (CABLE VERSION)

8/22/89

—

2 |
7

Y% , '

>
[
»
ot
»
>
143
Y
]
T e e
~

Ag
NG G LG | "
PIN 1
1/ e

_//‘\—As
PIN X
4””_‘—43

A1Q - - ) \ T
HIMIOMIAGHG Ba|(|m e m e
- ‘h—————— ————7l _— Az
. mm e m s ll ’/
-..v_

. " =
PIN ¥ —/ —a] g ™ \ -
PIN 2
A7
AS

90 PGSITIGN 68 _POSITION
DIMENSIONS 1T RETERS] — TNCHES [RILLIRETERS] — THerES
At 34. 85 fi.372] 4628 .822]
Az
A3 ] [ 254 [100]
A4
AS [30. 48] 1,200 41.91
A8 [151 [1s9 bs9 | [E) |
A7 [T.04 R 1.04 B) 04T R
Ag 0,40+.010 |.,0156x, ODD4 0.40+. 010 |. 01562, 0004
A 0,23 . g0 0.23 yafe)
ATD 0.50+.03 D241, 001 0.650+.03 . 024%. 001
Al 0.23 - G0g 0.23 i
A12 0,45 . 002 0.5 . GO2
Al3 T.15x%.15 203+, O0E 5.15+,15 203+, 006
Ald 4,38 MHAX 173 MAX 4.35 MAX 173 MHAX
AlS 3.02 MIN 118 MiN 2.02 MIN 119 HIN
PIN X 25 34
PIN Y 25 35
PIN Z 50 &8

Figure 4-2: 50/68-Contact Nonshielded Hi h-Density Cable Conpector
A Cable/B Cabie[),
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D7
[Jfﬂ O)h[

Note: Stralght

\°! L 1 through header
f ___I |_.,\ D8 { may also be
used,
- - b2 e
Pin 49\ h& /Pln i 19
_L 133 1 . P

- _V_ u: —r
D4 1 ~{[~D3 X Ncrcen-A

Pin 50 f“-SEE‘ Note 1 Shrouded Header
Pin 2— (Recommendec)
5 Section X-X
Dimension Millimeters Inches Comments
D1 2.54 0.100
na2 82.80 3.260 Reference Only
D3 2.54 0.1e0
D4 8.89 0.350 Reference [nly
D5 7264 2.860 Reference [nly
16 7874 3.100 Reference Only
n7 13.94 0.549 Reference [nly
Jj2) 4.19£0.25 0.16510.01
bs 6.09 8.240
B10 6.60 t.e6l Reference Only
NOTE S:

(1> Two rows of twenty five cantocts on 2.54-mm
(0.100~inch) spacing = 60.96 mm (2.400 inch).

(&) Toleronces #0127 mm (0.005 inch) noncumuiative,
unless specified otherwise,

figure 4-3: 50-Contact Nonshieided Low-Densi ty SCSI Device Connector
(A Cable) '
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Back view

Contacts for even
pins are not shown.

Fhsee rote 1—*t‘///

SUEERERESY LS lillll!bi!_'

I
] —~— C5

Side wiew

Front view

#
cs 1

Pin ©
limensions Mitlime ters Inche:i_s:uMl;gmpgnig“ ]
C1 2.540 0.100
; ce &0.960 2.400
; C3 ) 2.540 0.100
! C4 3.302 0.130
! CS 32.385 1.275
Ct " RB.OT7E 2.680
c7 5096 0.240
C8 7.620 0.300 Mo ximum
NOTE &:

() Fifty contacts on L27-mm (0.05-inch? staggered
spocing = 62.23 mm (2.450 inck) [reference onlyl

(2) Tolerances 0127 mm (0.009) noncumulctive,
unless specified otherwise.

(3> Connector cover and strain relief ore optional

Figure 4-4: 50-Contact Nonshielded Low-Density Cable Conmector
(A Cable)
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SHIELDED RECEPTACLE
(BOARD VERSION) =~

51— &
. _ E=h-] S —8OCRET 1
mensions B3 and B10
are the opening in the SOCKET X
dielectric, The socket
contacts {not shown) Fit { =
wilthin this cpening. .
- 5 Y Y ) l‘ f
B 55 (HIP [V EI ) & 2 &2
i H ' 1
JATIR EANEARN y
L]

e 5 e/

BTO—-

mmnnama o5

815
CTO CONTACT POINTI
m\l; g7 5
™ , [ ]
% § R
B13 ¥ P omis e

£\ SEATING PLANE

S0 FOSITION 68 POSITION
DIMENSIONS [or e yERe | INCHES | MILLTREYERS | [NCAES
81 94, 70 fi 368 48,13 * -
B2 E.54] 554
B3
84
85 1,200
85 5% ] [151 (157
87 1.00 R
fE 0,6t2. 05 . 024, 002 0.611.05 . D24z . 002
55 5.5 005 L 805
0.88+.10 O34x.004 0.86.10 . 034x. 004
.15 . 006 0.15 QoG
&.05 . P03 0.05 . QD2
8i3 108,05 | .201%.002 | E.10%.08 Fo12, 602
Bi4 S 00,13 | 189:. 605 | 5. 0% 13 197,005
815 1.85 MAX LO?3 HaX 1.85 HAX 073 HAX
H16 1.504.03 .055%.001 1.504.03 Q059%. 001
#i7 5350 | 7. 6658, 004 | 53,722,106 | 2, 115z, 004
SOCKEYT X 25 34
SOCKET ¥ 286 35
SOCKET 2 o &6

Figure 4-5: 50/68-Contact Shieided High-density SCSI Devi
A Cable/B Eable) Y viee Cmmector
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Physical Characteristics B8/22/89
SHIELDED PLUG
(CABLE VERSION) ‘ .
b= £

i
. ' 1[I - A
| P w1

E7
“ SF PIN | i
s] : : PIN 25 e~ E& ———-.-/
=TT O )| \ ‘
A_\ I . {ff[l- m E9 _._} £8
AF4- —ArS \ prrinnnng

Al
a /—PIN y HE Dfm M E3 J r ! . *
A8 ﬁ l. .’ I } { - [~ I — —
CRCROHIOLIO = (1@ mndfmmad — .

]
-~
H

"~ PIN 26

i my|pmmm e T
- - ———f . A2 .
&uu--n T f 3 l £5
| ekt % Rjm=
4 ok Et2
Al0 | v
BT ATV on ,// V| N ) .
. A7 Aga] am Dimensions  Milimeters Inches
5 PLANE Fl 56,39 Mipimum 2220 Minimum
A seatine o 4= . £ (3) 262 Mnimum 0103 Minimum A——
DIHENSIGNS 50 _POSIFION 68 POSITION | £3 3.99 MWinimum 0157 Minioum
HILL EHETERS TNCHES MILLTHETERS INCHES E4 584 Mumum  0.230 Minimum
l [-373] [4E. 28] 1,822 Fs Jags Y 5947 ; /
A2 . 324 E& 64.29 Maxtmum 2.931 Moximum ;
A3 100 E7w 8306 3.270
ad 1.27 127 050 EBr  15.24 0.630 B
; = = E9 12.04 Maximum 0,474 Maximum
x5 ) Ei0 578 Maximam 0385 Haximum e
AS (157 15" [157] [iz7) Eil 216 0.085 —
A7 1.04 A [Lo41 /] 1.04 R/ o471 A Eig i5* + 2° 157 ¢ 2
A8 D.40%.010 | .01562,.5004 | 0.402.010 |.0156%, 0004
AS 0.23 . 009 0.23 , 008
AlD 0.60x. 03 024, 001 0. 60+, 03 - 024%. DD1 NOTES:
ATl 0.23 008 0.23 008 ] {1} Tolerances % 0127 mm (0.005 Inch)
Al2 D.05 - H02 .05 -002 asncumuiative, unless specified
Al3 4,90+, 10 - 193+, 004 4.90%, 10 - 193+, 004 otherwise,
ATd 4. 27 MAX 168 MAX 4.27 MAX 168 HAX
A1S 2. 64 HIN 104 HIN D.64 HIN 104 MIN (2) Dimenstons listed with ns'tlerlsks
AlE 0,25+, 13 .010%. 005 0. 252,13 .0102. 005 are shown for reference only,
£18 X 28 3 (33 Dimension E2 to accemodate
PIN ¥ 25 -
PN 2 50 7] 4-40 ar 6-32 threoded screws.

Figure 4-6: 50/68-Contact Shielded High-density Cable C ct . -7 50- - onne
(A Cable/B Cable) y Labie Lonnector Figure 4-7: 50-Contact Shielded Low-Density SCSI Device C ctor
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Physical Characteristics B/22/89 Physical Characteristics © gf22/80
4.3.3. Connector Contact Assigmments

T"“""‘TL%"“"JJT‘—"“""T The connector contact ass1ﬁnments are defined in Tables 4-1 through 4-5.
Table 4-1 defines which of t

e gther four tables to use¢ and which set of

Fig i Fa contact assignments to use.
Lad 3 . ,
* Table 4-1: Cross-Reference to Connector Contact Assigmments
. Fla Driver/ Contact
| : Receiver Connector Assignment Contact
Connector Type Type Cable Figure Table Set
-——— F2 = Nonshielded Alterpative 1 Single-Ended A 4-1 & 4-2 4-2 2
Honshielded Alternative 1 Single-Ended 8  4-1 & 4-2 4-3
i Fl — Nonshielded Alternatjve 1 Differential A 4.1 & 4-2 4-4 2
= PIN 1 PIN 25 ’ Honshielded Alternative | Differential 8 4-1 8% 4.2 4.5 :
+ l /r —\ * | Honshielded Alternative 2 . Single-Ended A 4-3 & 4-4 4-2 1
L VE— { ST — O Honshielded Alternative 2 Differential A  4-3 & 4-4 4-4 1
—'———:':.::ﬁq
F3 T8 F3 = Shielded Alternative 1 Single-Ended A 4-5 & 4-6 4.2 2
i w—— L\ }! | | - Shielded Alternative 1 Single-Ended B  4-5 & 4-6 4-3
Fbed Fe — Shielded Alternative 1  Differential A  4-5 & 4-6 4-3 2
PIN 26 PIN SO Shielded Alternative 1 Differential B 4-5 & 4-6 4-5
A 4-7 & 4-8 4.2 2
A 4-7 & 4-8 4-4 2

Shielded Alternative 2 Single-Ended
Shielded Alternative 2 Differential
F10 ==
[
Dimensians  Millimeters Inches
Fl 56.26 Moximum 2.213 Maximum )

2 64.29 Minimum 2,53t Minimun

Fax 15,24 0.600

Fa4 7.29 Minimum 0,287 Minimun

F3x .02 0.048 J/i +
F& 4.09 Moximum 1161 Moaximum LS

F7n 5.408 0.200

Fom &6.10 0.240

F3 12.04 Hinimum 0.474 Minimun

Flom 6B.45 2.695

F11 15 = 2 15+ 2°

Figws 76.71 3.020

13 2.16 B 0.0BS

—rrige] juy—
NOTES: 13

(1) Tolerances % 0.127 mm (D.G03 Inch)
nongumutative, untess specified
otherwise.

(2) Dimenstions listed with osterisks
are shown for reference only,

Figure 4-8: 50-Contact Shielded Low-Density Cable Connector
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Physical Characteristics 8/22/89
Table 4-2: Single-Ended Contact Assignments - A Cable
Connector Cahble Connector
Signal Contact Number Conductor Contact Number Signal
Name Set 2 Set 1 Number Set 1 Set 2 Name
GROUND 1 1 1 2 2 26 -D8{0
GROUND 2 3 4 4 27 -0B(1
GROUND 3 5 5 6 6 28 -DB(2
GROUND 4 7 7 8 8 29 -DB(3
GROUND 5 g 8¢ 10 10 30 -DB(4
GROUND 6 11 11| 12 12 31 -DBL5
GROUND 7 13 13} 14 14 32 -DB{6
GROUND 8 15 15[ 16 16 13 ~DB{7
GROUNE g 17 17 | 18 18 3 -DB(P
GROUND 10 i9 19 | 20 20 35 GROUN
GROUND 11 21 21 | 22 22 36 GROUND
RESERVED 12 23 231 24 24 37 RESERVED
OPEN 13 25 25 | 26 26 8 TERHPHR
RESERVED 14 27 27 | 28 28 39 RESERVED
GROUND 15 29 29 1 30 30 40 GROUND
GROUND 16 k)1 31| 32 32 41 ~-ATN
GROUND 17 13 331 34 34 42 GROUKD
GROUND 18 35 35 | 36 36 43 -BSY
GROUND 19 37 37| 38 38 44 -ACK
GROUND 20 38 3% | 40 10 45 -RST
GROUND 21 4] 41 1 42 42 a6 -MSG
GROUKD 22 43 43 | 44 44 47 -SEL
GROUND 23 45 45 | 46 16 18 -C/D
GROUND 24 LY 47 | 48 48 49 -RE
GROUND 25 49 49 | 50 50 50 -1/ .

HOTES:
21] The minus sign next to a signal indicates active low. o
2] The conductor number refers to the conductor position when using 0.050-
inch centerline flat ribhon cable with a low-density connector or when using
0.025-inch centerline flat ribbon cable with a high-density comnector. Other
cable types may be used to implement equivalent contact assignments.
{3) Two sets of contact assignments are shown. Refer to Table 4-1 to
determine which set of contacls applies to each conmector,

See 4.4.4 for a definition of the RESERVED lines.

SCSE-2 Working Draft Proposal 4-15 Revision 10b
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Table 4-3: Single-Ended Contact Assigmments - B Cable
Connector Cable Connector
Signat Contact Conductor Contact Signal
Name Number Number Number Name
GROUND 1 1 2 35 GROUND
GROUND 2 3 4 36 -DB(8
GROUND 3 5 g 7 -DB(9
GROUKD 4 7 8 38 -DB(1
GROUND 5 8 (10 39 -DB{11
GROUND ) 11 | 12 40 -DB(12
GROUND 7 13 | 14 4] -DB(13
GROUND 8 15| 16 42 -DB(14
GROUND g 17 | 18 43 -pB({15
GROUND 10 19 | 20 44 -DB(P1
GROUND 11 21 | 22 15 ~ACKB
GROUKD 12 23 | 24 16 GROUND
GROUND 13 25 | 26 47 -REQB
GROUND 14 27 | 28 48 -0B(16
GROUND 15 29 | 30 49 -DB(17
GROUNHD 16 31 32 50 -DB{18
TERMPYRB 17 331 34 51 TERMPHRB
TERMPWRB 18 35 ¢ 36 52 TERMPWRB
GROUND 19 371 38 53 -DB{19
GROUND 20 3B 40 54 ~pB(20
GROUND 21 41 | 42 55 -DB(21
GROUND 22 43 | 44 56 -DB({22
GROUND 23 45 | 46 57 -DB({23
GROUNE 24 47 | 48 58 -DB{p2
GROUND 25 49 | 50 59 -DR{24
GROUND 26 bl | 52 60 -DB(25
GROUND 27 53 | 54 61 ~-DB(26
GROUND 28 55 | 56 62 -DB(27
GROUND 29 57 | 5B 63 -DB(28
GROUND 30 59 | &0 64 -DB(29
GROUHD ) 6l | 62 65 -DB(30
GROUND 32 63 | o4 66 -DB(31
GROUND 33 65 | 66 67 -DB(P3
GROUHD 34 67 | 68 68 GROUND

NOTES:
El} The minus sign next to a signal indicates active low.
2) The conductor number refers to the conductor position when asing 0.025-
inch centerline flat ribbon cable.

Other cable types may be used to implement
equivalent contact assignments.

SC51-2 Horking Draft Proposal 1-16 Revision 10b

INldde L3l



Physical Characteristics 8/22/89 Physical Characteristics B/22/89
Table 4-4: Differential Contact Assigmments - A Cable Table §-5: Differential Contact Assigmments - B Cable
Connector Cable Connector Connector Cable Connector
Signal Contact Number Conductor Contact Number Signal Signal Contact Conductor Contact Signal
Name Set 2 Set 1 Number Set 1 Set 2 Hame Name Number Number Number Name
GROUND 1 1 1 2 2 26 GROUND GROUND i 1 2 35 GROUND
+DB(0 2 3 i 4 4 27 -DB{0 +DB(8 2 3 4 36 -DB(8
+DB(1 3 5 51 6 6 28 ~DB{1 +DB(9 3 51 6 37 -DB(9
+DB(2 4 7 7 8 8 29 -DB(2 +DB(1 4 7 8 38 -DB(1
+DB(3 5 9 9110 10 30 -DB{(3 +DB(11 5 9110 19 -DB{11
+DB(4 6 11 11 } 12 12 31 -DB{4 +DB(12 6 11 | 12 40 -DB{12
+DB(5 7 13 131 14 14 32 -DB{5 +DB(13 7 13 ] 14 41 -DB(13
+DB(6 8 15 15116 16 33 -DB{& +DB(14 8 15 1 16 42 ~DB({14
+DB(7 9 17 17 t 18 18 34 -DB(7 +DB(15 9 17 | 18 13 -DB(15
+DB(P 10 19 19 | 20 20 35 -0B{P +DB(P1 10 19 | 20 44 -DB(P1
DIFFSENS 11 21 21t 22 22 36 GROUND +ACKB 11 21 | 22 45 ~ACKB
RESERVED 12 23 23 1 24 24 37 RESERVED GROUND i2 23 | 24 15 DIFFSENS
TERMPHR 13 25 25 | 28 26 38 TERMPWR +REQB 13 25 | 26 47 ~-REQB
RESERVED 14 27 27 | 28 28 39 RESERVED +DB(16 14 27 | 28 18 -DB(16
+ATN 15 29 29 + 30 30 40 -ATN +DB(17 15 29 | 30 49 -DB{17
GROUND 16 31 31 32 32 41 GROUKND +DB(18 16 31| 32 50 -DB(18
+BSY 17 33 331 34 34 42 -BSY TERHPHRB 17 33| 34 51 TERMPWRE
+ACK 18 35 35} 36 36 43 ~ACK TERHPHRB 18 35| 36 52 TERMPWRE
+RST 19 37 7138 38 44 -RST +DB(19 19 37 | 38 53 -DB(19
+MS6 20 39 39 | a0 40 45 -H3G +DB(20 20 39 | 40 54 -DB(20
+SEL 21 41 41 | 42 42 46 -SEL +DB(21 21 41 | 42 55 -DB(21
+C/D 22 43 43 | 44 44 a7 -C/n +0B(22 22 43 | 44 56 -DB(22
+RE 23 45 45 | 46 46 48 -RE +0B(23 23 45 | 46 57 -DB(23
+1/ 24 47 47 | 48 48 49 -1/ +DB(P2 24 47 | 48 58 -DB(P2
GROUND 25 45 49 | 50 50 50 GROUND - +DB(24 25 19 | 50 59 -DB(24
+DB(25 26 81 | 52 60 -DB(25
+DB(28 27 53 | 54 61 -DB{26
NOTES: +B(27 28 55 | 56 G2 -DB(27
(1) The conductor number refers to the conductor position when using 0.050- +0B(28 29 57 | 58 63 -BB(28
inch centertine flat ribbon cable with a low-density connector or when using +DB(29 30 59 { a0 64 -BB(29
0.025-inch centerline flat ribbon cable with a high-density connector. Other +DB{ 30 i . 61 | 62 65 -DB(30
cable types may be used to implement equivalent contact assignments. +DB(31 32 63 | 64 66 -DB{31
Two sets of contact assigmments are shown. Refer to Table 4-1 to +DB(P3 i3 65 | 66 67 -DB(P3
determine which set of contacts applies to each connector. GROUND 34 67 | a8 68 GROUND
{3) See 4.4.4 for a definition of the RESERVED lines. o
NOTE: The conductor number refers to the conductor position when using 0.025-

SCSI1-2 Working Draft Proposal 4-17
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equivalent contact assignments.
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Physical Characteristics
4.4. Electrical Description

8/22/89

For the measurements in this section, 5CSI bus termination is assumed to be
external to the SCSI device. See 4.4.1 for the terminating re?uirements for
the RESERVED lines. SCSI devices may have the provision for a lowing optional
internal termination.

4.4.1. Single-Ended Alternative

All signals not defined as_RESERVED, GROUND, or TERMPWR shall be terminated
at both ends of the cable. The implementor may choose one of the fallowing
two methods to terminate each end (see Figure 4-9):

(lg The termination of each si%nal shall consist of 220 ohms (+5%l to the
TERMPHR 1ine and 330 ohms (+5%) fo ground. Using resistors with™*1% tolerance
improves noise margins, .

The_termination of each signal shall meet these reguirements:

&) The terminators shall each supply a characteristic impedance between
100 and 132 ohms.

b} The terminators shall be powered bﬁ the TERMPHR 1ine and may receive
additional power from other sources but shall not reguire such additional
power fur proper opgration (see 4.4.3).

(C? The current available to any 51gnal line driver shall not exceed
48 milliamps when the driver asserts the line and pulls it te 0.5 volts dc.
Only 44.8 mA of this current shall be available from the two terminators.
(d) The voltage on all released signal lines shall be at teast 2.5 volts
dc when the TERMPWR line is within spacified values (see 4.4.3).
(e) These conditions shall be met with any iegal configuration of targets
and initiators as long as at least one device is supplying TERMPHR.

The first termination method above is the same as in SCSI-1. The second
termination method is recommended for better signal quality.
4.4.1.1, Qutput Characteristics

All signals shall use open-cellector or three-state drivers. Each signal

driven by an SCSI device shall have the following output characteristics when
measured at the SCSI device's connector:
VOL {Low-Tevel output voltage) = 0.0 to 0.5 volts dc at 48 mA sinking

(signal assertion) )
VBH (High-Tevel output voltage) = 2.5 to 5.25 volts dc (signal negation)

4.4.1.2. Input Characteristics
SCSI devices with power on shall meet the following electrical
characteristics on each signal {including both receivers and passive drivers):
VIL (Low-level input voltage) = 0.0 o 0.8 volts dc (signa! true)
UIH (High-Tevel input voltage) = 2.0 to 5.25 volts dc (signal false)
iIL (Low-Tevel input current) = -0.4 to 0.0 mA at ¥ = 0.5 volts dc

I
IIH (High-level input current) = 0.0 to 0.1 mA at V[ 2.7 volts dc

Minimum input hysteresis = 0.2 volts dc .

Maximum input capacitance = 25 pf (measured at the device connector closest
to the stub, if any, within the device)

It is recomvended that SCSI devices with power off also meet the above IIL

and II electrical characteristics on each signal.
H
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To achieve maximum noise immunity and to assure proper operation with
complex cable confiquratjons, it is recommended that the nominal switching
threshold be approximately 1.4 volts.

4.4.2. Differential Alternative

All signals consist of two lines denoted +SIGNAL and -SIGNAL. A signal is
true when +SIGNAL is more positive than -SIGNAL, and a signal is false when
~-SIGNAL is more positive than +SIGHAL. A1l assigned signals of the A and B
cables described in 4.6 shal] be terminated at each end of the cable with a
terminator network as shown in Figure 4-10. Resistor tolerances in the
terminator network shall be +5% or less.

The DIFFSENS signg] of the connector is used as an active high enable for
the differential drivers. If a s1n?le-ended device or terminator is
inadvertently connected, this signa
drivers (see Figure 4-11).

4.4.2.1. Output Characteristics

Each signal driven by an SCSI device shall have the following output
characteristics when measured at the SCSI device's connectar:

VOL (Low-level output voltage) = 1.7 V maximum at IUL {Low-level output

current) = 55 mA.
UUH (High-level output voltage) = 2.7 V minimum at I

current) = -55 mA,
VOD (Differential output voitage) = 1.0 V minimum with common-mode voltage

is grounded, disabling the differential

(High-level output

ranges from -7 to +12 volts dc.
V and V
0L

device's logic ground reference.

shall be as measured between the output terminal and the SCSI

The output characteristics shall additionally comform to IS0 8482.

4,4.2.2. Input Characteristics
SCSI devices shall meet the following electrical characteristics on each
si?nal (inctuding both receivers and passive drivers):
. {Input current on either input) = + 2.0 mA maximum.

Maximum input capacitance = 28 pF.

The II requirement shall be met with the input voltage varying between -7
and +12 valts dc, with power on or off, and with the hysteresis egualing 35
millivolts, minimum.

The input characteristics shall additionally conform to [SD 84872,
4.4.3. Terminator Power

SCSI initiators shall suggl¥ terminator power to the TERMPWR contact(s) and,
if it implements the wide SCS] option, to the TERMPWRB contacts. This power
shall be supplied through a diode or similar semiconductor that prevents
backflow of power to the SCSI device. Targets and SCSI devices that become
temporary initiators (e.g., targets which implement the COPY command or
asynchronous event notiflcat10n§ are not required to supply terminator power.
Any SCSI device may supply terminator power. Interface error rates are lower
if the termination voltage is maintained at the extreme ends of the cable,
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All terminators independent of location shall be powered from the TERMPHR
and TERMPWRB cnntact(s?. The use of keved connectors is recommended in SCSI
devices that provide terminator power to prevent accidental grounding or
miscennection of terminator power.

IMPLEMENTORS NOTE: Regu]atury agencies ma¥ require limiting maximum (short
circuit) current to the terminator power lines. Recommended current

timiting is 1.5 amperes for TERMPWR and 2 amperes for TERMPHRE. For systems
utitizing multiple initiators, the initiators may be configured with option

straps or current limiting devices. Maximum available current should not
exceed 5 amperes,

SC5I devices shall sink no more than 1.0 mA from TERMPYR and no more than
1.0 mA from TERHMPWRB except to power an optional internal terminator.

Single-ended SCST devices providing terminator power on cable A shall have
the following characteristics:
¥ = 4.25 to 5.25 volts dc

800 mA minimum source drive capability

Term

Differential SCSI devices providing terminator power on cable A shall have
thﬁ following characteristics:

= 4.0} to 5.25 volts dc
Term
600 mA minimun source drive capability

Single-ended SCSI devices providing terminator power on cable B shall have
the fo Iowing characteristics:
) = 4,25 to 5.25 volts dc _
Term
1500 mA minimuem source drive capability

Differential SCSI devices providing terminator power on cable B shall have
the followina characteristics:

¥ = 4.0 to 5.25 volts dc

Term

1000 mA minimum source drive capability
IMPLEMENTORS NOTE: It is recommended that the terminator power lines be

decoupled at each terminator with at least a 2.2 microfarad high-frequency
capacitor to improve signal quality.
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TERMINATOR POWER
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Alternative 1 Termination
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Alternative 2 Termination
figure 4-9: Termination for Single-Ended Devices
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4.5. SCSI Bus

Compunication on the SCSI bus is allowed between only two SCSI devices at
330 © any given time. There i3 a maximum of eight SCSI devices. Fach SCSI device
has an SCSI ID bit assigned as shown in Figure 4-12. Three sample system
configurations are shown in Figure 4-13,

TERMINATOR POWER

-3 GNAL

When two SCSI devices communicate on the SCSI biss, one acts as an initiator
150 & and the other acts as a target. The initiator originates an operation and the
;ar%gt performs the operation. An S5CSI device usually has a fixed role as an

initiator or target, but some devices may be able to assume either role.

+STONAL

An initiator may address up to eight ?eri heral devices that are connected
330 R to a target. The target ma¥ be physically housed within the peripheral device
in which case the peripheral device is referred to as an embedded SCSI device.

DB(7) DB(6) DB(5) DB{4) DB(3) DB(Z) DB(1) DB{L) <-- DATA BUS

GROUND

AN S AN

fi*—o

CSI ID =0
Figure 4-10: Termination for Differential Devices
CSt 1D =1
CSI 1D = 2
+5 V. (nomina ) CSI ID = 3
—._ Siicon Diode ' SCSI 1D = 4
51 D=4
- > , ) SCSI ID = ¢
- 1 X8 Chypicaly - 6
: , _ $CSE 10 - 7
1 © Dirwver Cnaile
L Rl
IR \Af_rv‘b .
tHighd

Figure 4-12: SCSI 1D Bits,

Figure 4-11: Differential Driver Protection Circuit
4.4.4. RESERVED Lines

The lines labeled RESERVED in the A cable contact assignment tables (Table
4-2 and Tabie 4-4) shall be cannected to ground in the bus terminator
assemblies or in the end devices on the SCSI cable. The RESERVED 1ines should
be open in the other SCSI devices, but may be connected to ground.
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Peripheral devices such ag
magnetic—disks, printers,
optical~disks, and mognetic-
topes,

[
yubdd —

ComPUTER | BE SCS1 BUS  fontrouer
AN—=2=2 B

50

SINGLE INITIATOR, SINGLE TARGET

A B

ﬂcwurm 'Ejg SCS! BUS  Jontraller

5

Controller

50

SINGLE INITIATOR, MULTIPLE TARGET

| S
S C SI BUS Contralle

COHPUTER

HOST
ADAPTER

—

-

|
l’l COMPUTER | 1

58

i K ontrolie

L}
ADAFTER

ontraller]

Controlier

x S— L.t

-

CDHPiﬂERiQ:; Controller
é ——————y

3
4
e
4

O O O O

MULTIPLE INITIATOR,. MULTIPLE TARGET

Figure 4-13: Sample SCSI Configurations
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Ogg to eight SCSI devices can be supported on the SCSI bus. They can be any
combination of initiators and targets provided there is at least one of each.

Certain SCSI bus functions are assigned to the initiator and certain SCSI
bus functions are assigned to the target. The initiator may arbitrate for the
SCSI bus and select a Barticu!ar target. The target may request the transfer
of COMMAND, DATA, STATUS, or other information on the DATA 15, and in some
cases it may arbitrate for the SCSI bus and reselect an initiator for the
purpose of continuing an operation.

Information transfers on the DATA BUS are asynchronous and follow a defined
REQAKCK handshake protocol,. 0One byte of information may be transferred with
each handshake on the A cable and,” if the wide data transfer option is
implemented, one or three bytes of information may be transferred with each
handshake on the 8 cable. An option is defined for synchronous data transfer.

4.6. SCSI Bus Signals

There are a total of 18 signals on the A cable and 29 signals on the B
cable. A total of 11 si%nals are used for control and 36 are used for data
Smessa es, commands, status, and data), including parity. These signals are

escribed as foliows:

BSY (BUSY). An "OR-tied" signal that indicates that the bus is being used.

SEL (SELECY). An "OR-tied" si%nal used by an initiator to select a target or
by a target to reselect an initiator.

IMPLEMENTORS NOTE: The SEL signai was not defined as "OR-tied" in SCSi-1.
It has been defined as "OR-tied" in SCSI-2 in anticipation of needing e
another "OR-tied” signal for future standardization. This does not cause an
operational problem in mixing SCSI-1 and SCS1-2 devices. .

c/D 5CDHTROLIDATA). A signal driven by a target that indicates whether
CONTRUL. or DATA information is on the DATA BUS. True indicates CONTROL.

/O {18PUT/OUTPUTY. A signa],driven by a target that controls the direction
of data movement on the DATA BUS with res?ect to an injtiator, True indicates
input to the initjator. This signal is also used to distinguish between
SELECTION and RESELECTION phases. .

HSG (MESSAGE). A signal driven by a target during the MESSAGE phase.

REQ (REQUEST). A siﬁnal driven by a target on the A cable to indicate a
request for a REQ/ACK data transfer handshake.

REQS (REQUEST). A signal driven by a target on the B cable to-indicate a
request for a REQB/ACKB data transfer handshake.

ACK (ACKNOWLEDGE). A siﬂnal driven by an initiator on the A cable to indicate
an acknowledgment for a REQ/ACK data transfer handshake.

ACKB (ACKNOWLEDGE). A signal driven by an initiator on the B cable to
indicate an agknowledgment for a REQB/ACKB data transfer handshake.
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ATH (ATTENTION).
condition.

RST (RESET). An "OR-tied" signal that indicates the RESET condition.

DB(7-0,P) (DATA BUS%. Eight data-bit signals, plus a parity-bit signal that
form a DATA BUS. DB(7) is the most significant bit and has the highest
priority during the ARBITRATION phase.” Bit number, significance, and priority
decrease downward to DB(0). A data bit is defined as one when the signal
value is true and is defined as zero when the signal value is false. Data
parity DB(P} shall be odd. Parity is undefined during the ARBITRATION phase.

DB(31—8,P1,P2,P3{ {DATA BUS). Twenty-four data-bit signals, plus three
parity-bit signals that form an extension to the DATA BUS. B(P1,P2,P3) are
parity bits for DB(15-8), DB{23-16), and DB(31-24) respectively. A data hit
is defined as one when the signal value is true and is defined as zero when
the signal value is false. Data parity DB(Px) shall be odd.

8/22/89
A signal driven by an initiator to indicate the ATTENTION

4.6.1. Signal Values

Signals may assume true or false values.
these signrals. In both cases, the signal shall be actively driven true, or
asserted. In the case of OR-tied drivers, the driver does not drive the
si?nal to the false state, rather the bias circuitrﬁ of the bus terminators
pulls the signal false whenever it is released by the drivers at every SC5SI
device. If any driver is asserted, then the signa] is true. In the case of
non-0R-tied drivers, the signal may be actively driven false.- In this
standard, wherever the term negated is used, it means that the siﬁnal may be
actively driven false, or may be simply released (in which case the bias
circuitry pulls it false), at the option of the implementor. The advantage to
actively driving signals false during information transfer is that the

There are two methods of driving

transition from true to false occurs more quick}g‘and the noise margin is much -
i

higher than if the signal is simply released. This facilitates reliable data
transfer at_high rates, especiaily at the longer cable Tengths used with
differential drivers.

4.6.2, OR-Tied Signals

The BSY, SEL, and RST signals shall be OR-tied only. In the ordinary
operation of the bus, the BSY and RST signals mag be simultaneously driven
true by several drivers. No signals other than BSY, RST, and DB(P) are
simultaneously driven by two or more drivers, and any signal other than BSY,
SEL, and RST may empioy OR-tied or non-OR-tied drivers. DB(P) shall not be
driven false during the ARBITRATION phase but may be driven false in other
phases. There is no operational problem in mixing OR-tied and non-OR-tied
drivers on signals other than BSY and RST.
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4.6.3. Signal Sources

Table
signal.

4-6 indicates which type of SCSI device is allowed to source each
o attempt is made to show if the source is driving asserted, driving

negated, or is passive. All SCSI device drivers that are not active sources
shall be in the passive state. The RST signal may be asserted by any SCSI
device at any time.
Table 4-6; Signal Sources
A Cable Signals B Cable Signals
"""""""" c/D, o ST

1/0,

MSG, ACK, DB{?—O) DB{BI-B%.
Bus Phase BSY SEL REG ATN DB{P) REQB ACKB DB(PL1,PZ,P3)
BUS FREE None None MNone ﬁane None None MNone uSBé
ARBITRATION All  Win HNone MNone S ID None HNone Hone
SELECTION 1&7 Init fone Init Init None HNone Hone
RESELECTTON I&T Targ Targ Init Tar None HNone MNone
COMMAND Targ HNone Targ Init Ini None Home HNone
DATA IN Targ None Targ Init Targ Targ Init Targ
DATA OUT Targ Hone Targ Init Init Targ Init Init
STATUS Targ Hone Targ Init Targ Honé MNone HNone
MESSAGE IN Targ HNome Targ Init Tar None MNone None
MESSAGE OUT Targ MHone Targ Init Ini Hone MNone HNone

All: The signal shall be driven by all SCST devices that are actively
arbitrating.

S IB: A unigue data bit (the SCSI ID) shall be driven by each SCSI device
that is actively arbitrating; the other seven data bits shall be
released (i.e., not driven) by this SCSI device. The parity bit
(DB(P)) may be released or driven to the true state, but shall never
be driven to the false state during this phase.

IAT: The signal shall be driven by the imitiator, target, or both, as
specified in the SELECTION phase and RESELECTION phase.

Init: If driven, this signal shall be driven only by the active initiator.

Nome: The signal shall be released; that is, not be driven b¥ any 5CSI
device, The bias circuitry of the bus terminators pulls the signal to
the false state.

Hin: The signal shall be driven by the one SCSI device that wins
arbitration.

Targ: If the signal is driven, it shall be driven only by the active target.
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4,7. SCSI Bus Timing

Unless otherwise indicated, the delay-time measurements for each SCSI
device, shown in Table 4-7, shall be calculated from signal conditions
existing at that 5C5! device's own SCSI bus connection. Thus, these
measurements {except cable skew delay) can be made without considering delays
in the cable. The timing characteristics of each signal are described in the
following paragraphs.

Table 4-7: 5CSI Bus Timing Values

Arbitration Delay . . . . 2.4 microseconds

Assertion Period . . . . . .. . 90 nanoseconds
Bus Clear Delay . . . . . . . . . 800 nanoseconds
Bus Free Detay . .. ... ... B00 nanoseconds
Bus Set Delay . . . . . . .. . « 1.8 microseconds
Bus Settle Delay .. ... ... 400 nanoseconds
Cable Skew Delay . . ... . .. 10 nanoseconds
Data Release Delay . . . .. .. 400 nanoseconds
Deskew Delay . . . . . . . . .. 45 npanoseconds
Disconnection Delay . . . . . . . 200 microseconds
Hold Time . . . . . ... .... 45 nanoseconds

fiegation Period . . . . . 90 nanoseconds

Power-On to Selection Time . . . 10 seconds recommended
Reset to Selection Time . . . . . 250 milliseconds recommended
Reset Hold Time . . . . . . v  « 25 microseconds

Selection Abort Time . ... .. 200 microseconds

selection Time-out Delay . . . . 250 milliseconds recommended
Transfer Pericd . . . . . . . .. set during an SDTR message
Fast Assertion Period . . . . . . 30 nanoseconds -
Fast Cable Skew Delay . . . . . . 5 nanoseconds

Fast Deskew Delay . . . . . + « « 20 nanoseconds

Fast Hold Time . . . . . . . .. 10 nanoseconds

Fast Negation Peried . . . . .. 30 nanoseconds

4.7.1. Arbitration Delay

The minimum time an SCS1 device shall wajt from asserting BSY for
arbitration until the DATA BUS can be examined to see if arbitration has been
won. There is no maximum time.

4.,7.2. Assertion Period

The minimum time that a target shall assert REQ (or REQB) while using
synchronous data transfers. Also, the minimum time that an initiator shall
assert ACK {or ACKB) while using synchronous data fransfers. REQB and ACKB
timings only apply to optional wide data transfers.
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The maximum time for an SCSI device to stop driving all bus signals after:
51] The BUS FREE phase is detected (BSY and SEL hoth false for a bus settle
a

elay
22} SEL is recejved from another SCSI device during the ARBITRATION phase
3) The transition of RST to true.

For the first condition above, the maximum time for an SCSI device to clear
the bus is 1200 nanoseconds from BSY and SEL first becoming both false. If an
SCSI device requires more than a bus settle delay to detect BUS FREE phase, it
shall clear the bus within a bus clear delay minus the excess tima.

4.7.4. Bus Free Delay

The minimum time that an SCSI device shall wait from its detection of the
BUS FREE phase (BSY and SEL both false for a bus settle delay) until its
assertion of BSY when going to the ARBITRATION phase.
4.7.5. Bus Set Delay

The maximum time for an SCSI device to assert BSY and its SCSI ID bit on the
DATA BUS after it detects BUS FREE phase (BSY and SEL both false for a bus
settle delay) for the purpose of entering the ARBITRATION phase.
4.7.6. Bus Settle Delay ’

The minimum time to wait for the bus to settle after changing certain
control signals as called out in the protocol definitions.

4.7.7. Cable Skew Delay

_The maximum difference in prupagation time allowed between any two SCSI bus
signals measured between any two 5CSI devices.

4.7.8. Data Release Delay

The maximum time for an inttiator to release the DATA BUS signals following
the transition of the I1/0 signal from false to true,

4.7.9. Deskew Delay
The minimum time required for deskew of certain signals.
4.7.10. Disconnection Delay
The minimum time that a target shall wait after re]easingNBSY before

participating in an ARBITRATION phase when honoring a DISCONNECT message from
the initiator,
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4.7.11. Hold Time

The minimum time added between the assertion of REQ (or REQB} or ACK {or
ACKB) and the changing of the data lines to provide hold time in the initiator
or target while u51ng synchronous data transfers, REQB and ACKB timings only
apply to optional wide data transfers.

4.7.12. Negation Period

The minimum time that a target shall negate REQ (or REQB) while using
synchronous data transfers., Also, the minimum time that an initiator shall
negate ACK (or ACKB) while using synchronous data transfers. REQB and ACKB
timings onty apply to optional wide data transfers.

5.7.13. Power-On to Selection Time

The recommended maximum time from power application until am SCSI target is
able to respond with agﬁropriate status and sense data to the TEST UNIT READY,
INQUIRY, and REQUEST SENSE commands.

4,7.14. Reset to Selection Time

The recommended maximum time after a hard RESET condition until an SCSI
tar?et is able to respond with apgro riate status and sense data to the TEST
UNIT READY, INQUIRY, and REQUEST SENSE commands.

4.7.15. Reset Hold Time

The minimum time for which RST is asserted.
4.7.16. Selection Abort Time

The maximum time that a target {or initiator) shall take from its most
recent detection of heing selected (or reselected) until asserting a BSY
response. This time-out is required to ensure that a target (or initiator)
does not assert BSY after a SELECTION {or RESELECTION{ phase has been aborted.
This_is naot the selection time-out period; see 5.1.3.1 and 5.1.4.2 for a
complete description.
4.7.17. Selection Time-out Delay

The minimum time that an initiator éor tarﬁet) should wait for a BSY
response during the SELECTION (or RESELECTION) phase before starting the time-
out procedure. Note that this is only a recommended time period.

4,7.18. Transfer Period

There is no maximum time.

The Transfer Period specifies the minimum time altowed between the Teading
edges of successive RE? pulses and of successive ACK pulses while using
synchronous data transfers. ({See 5.1.5.2 and 5.6.21.?
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4.8. Fast Synchronous Transfer Option

Yhen devices negotiate a synchronous data transfer period between 100 ns and
200 ns they are said to be using "fast 5¥nchrongus data transfers”. Devices
which negotiate a synchronous data transfer period greater than 200 ns use
timing parameters specified in 4.7. When a fast synchronous data transfer
period is negotiated. those specific times redefined in this section are used:
those not redefined remain the same. The minimum synchronous data transfer
period is 100 ns.

4.8.1. Fast Assertion Period

This value is the minimum time that a target shall assert REQ (or REQB)
while using fast synchronous data transfers. Also, the minimum time that an
initiator shall assert ACK (or ACKB) while using fast synchronous data
transfers, REQB and ACKB timings only apply to optional wide data transfers.

4.8.2. Fast Cable Skew Delay

This value is the maximum difference in propagation time allowed between any
two SCSI bus signals measured hetween any two SCSI devices while using fast
synchronous data transfers.

4.8.3, Fast Deskew Delay

This value is the minimum time required for deskew of certain signals while
using fast synchronous data transfers.

4.8.4, fast Hold Time

This value is the minimum time added hetween the assertion of REQ (or REQB)
or ACK (or ACKB) and the changing of the data lines to provide hold time in
the initiator or target, respectively, while using fast synchronous data
transfers. REQB and ACKB timings only apply to optional wide data transfers.

4.8.5. Fast Wegation Period

This value is the minimum *ime that a target shall negate REQ (or REQB
while using fast synchronous data transfers. Also, the minimum time that an
initiator shall negate ACK {or ACKB) while using fast synchronous data

transfers. REQB and ACKB timings only apply to optional wide data transfers.
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5. Logical Characteristics
5.1. SCSI Bus Phases

The SCSI architecture includes eight distinct phases:

BUS FREE phase

ARBITRATION phase

SELECTION phase

RESELECTION phase

COMMAND phase \

DATA phase ) These phases are collectively termed the

STATUS phase information transfer phases.

MESSAGE phase

In the

The SCSI bus can never be in more than ane phase at anﬁ ?iuen time.
following descriptions, signals that are not mentioned shall not be asserted.

5.1.1. BUS FREE Phase

The BUS FREE phase is used to indicate that no SCSI device is actively using
the SCSI bus and that it is available. In some cases a target reverts to BUS
FREE phase_to indicate an error condition that it has no other way to handle.
This is called as an unexpected disconnect.

SC57 devices shall detect the BUS FREE phase after the SEL and BSY signals
are hoth false for at least a bus settle delay. .

SCSI devices shall release all SCST bus signals within a bus clear delay
after the BSY and SEL signals become continuousiy false for a bus settle
delay. If an SC5SI device requires more_ than a bus settle delay to detect the
BUS FREE phase then it shall release all SCSI bus sigrals within a bus clear -
delay minus the excess time to detect the BUS FREEL ? ase. The total time to
ctear the SCSI bus shall not exceed a bus settie delay plus a bus clear defay.

Initiators normally do not expect BUS FREE phase to begin because of the
target's release of the BSY signal except after one of the following
occurrences:

1} after a reset condition is detected.

2} after an ABORT messaEe is successfully received by a target.

3) after a BUS DEVICE RESET message is successfully received by a target.
( 4 Sagtgg a DISCONNECT message is successfully transmitted from a target
see 5.6.

(5) after a COMMAND COMPLETE message is successfully transmitted from a
target §see 5.6.5).

after a RELEASE RECOVERY message is successfully received by a target.
7) after an ABORT TAG message is successfu11¥ received bg a target.
§) after a CLEAR QUEUE message is successfully received by a target.

The BUS FREE phase may also be entered after an unsuccessful selection or
reselection, although in this case it is the release of the SEL signal rather
than the release of the BSY signal that first establishes the BUS FREE phase.

If an initiator detects the release of the BSY si%naf by the ;ar%gt at an¥
other time, the target is indicating an error condition to the initiator. The
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target may perform this transition to the BUS FREE phase independent of the
state of the ATN signal. The initiator shall manage this condition as an
unsuccessful I/0 process termination. The target terminates the 1/0 process
by clearing all pending data and status information for the affected logical
unit or target routine. The target may optionaily prepare sense data that may
be retrieved by a REQUEST SENSE command. When an initiator detects an
unexpected disconnect, it is recommended that a REQUEST SENSE command be
attempted to obtain any valid sense data that may be available,

5.1.2. ARBITRATION Phase

The ARBITRATION phase allows one SCSI device to gain control of the SCSI bus
so that it can initiate or resume an I/0 process.

¢ ;?e procedure for an SCSI device to obtain control of the SCSI bus is as
0] 1ows:

gl) The SCST device shall first wait for the BUS FREE phase to occur. The
BUS FREE phase is detected whenever both the BSY and SEL signals are
simultaneously and continuously false for & minimum of a bus settle delay.

IMPLEMENTORS NOTE: This bus settle delay is necessary because a
transmission Tine phencmenon known as a "wired-0R glitch" may cause the BSY
signal o briefly appear false, even though it is being driven true.

(2& The SCSI device shall wait a minimum of a bus free delay after detection
of the BUS FREE phase (i.e. after the BSY and SEL signals are both false for a
bus settle delay) before dr1u1n? any signal,

(3) Following the bus free delay in Step (2), the SCSI device may arbitrate
for the SCSI bus by asserting both the BSY signal and its own SCST ID, however
the SCSI device shall not arbitrate (i.e. assert the BSY siﬂnal and its SCSI
Eg) if gore than a bus set delay has passed since the BUS FREE phase was last
observed.

IMPLEMENTORS NOTE: There is no maximum delay before asserting the BSY
signal and the 5CSI ID following the bus free delay in Step (2) as long as
the bus remains in the BUS FREE ?hase. However, SCSI devices that de]a¥
longer than a bus settle delay plus a bus set delay from the time when the
BSY and SEL signals first.become false mag fail _to participate in
arbitration when competing with faster SCSI devices.

(4) After waiting at least an arbitration delay (measured from its assertion

of the BSY signal) the SCSI device shall examine the DATA BUS. If a higher
riority SCSI ID bit is true on the DATA BHS gDB(?) is the highest), then the
CSI device has lost the arbitration and the SC3I device may release its
signals and return to Steg (1). If no higher priority SCSI ID bit is true on
the DATA BUS, then the 3CSI device has won the arbitration and it shall assert
the SEL signal. Anx SCSI device other than the winner has lost the
arbitratjon and shall release the BSY signal and its SCSI ID bit within a bus
clear delay after the SEL signal becomes true. An 5CSI device that loses
arbitration may return to Step (1).

IMPLEMENTORS NOTE: It is recommended that new implementations wait for the
SEL signal to become true before releasing the BSY signal and SCSI ID bit
when arbitration is lost.
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{5) The 5CSI device that wins arbitration shall wait at least a bus clear
de]aylp]u? a bus settle delay after asserting the SEL signal before changing
any signals.

NOTE: The SCSI ID bit is a single bhit on the DATA BUS that corresponds to
the SCST device's unique SCSI address. All other seven DATA BUS bits shall
be released by the SCSI device. Parity is not valid during the ARBITRATION
phase. ODuring the ARBITRATION ?hase, DB(P) may be released or asserted, but
shall not be actively driven false.

5.1.3. SELECTION Phase

The SELECTION phase allows an initiator to select a target for the purpose
of initiating some target function (e.%.. READ or WRITE command)., During the
SELECTION Ehase the I/0 signal is negafed so that this phase can be
distinguished from the RESELECTION phase.

The SCSI device that wor the arbitration has both the BSY and SEL signals
asserted and has delayed at Teast a bus clear delay plus a hus settle deiay
before ending the ARBITRATION phase. The SCSI device that won the arbitration
becomes an initiator by not asserting the I/0 signal.

The initiator shall set the DATA BUS to a value which is the OR of its SCSi
ID bit and the target's SCSI ID bit and it shall assert the ATN signal
{indicating that a WESSAGE OUT phase is to follow the SELECTION phase)., The
initiator_shall then wait at least two deskew deiags and release the BSY
signai. The initiator shall then wait at least a bus settle -delay before
looking for a response from the target,

The target shall determine that it is sejected when the SEL signal and its
SCSI ID bit are_true and the BSY and 1/0 signals are false for af least a bus
settle delaﬁ. The selected tar?et may examine the DATA BUS in order to
determine the SCSI ID of the se
then assert the BSY signal within a selection abort time of its most recent
detection of being selected; this is required for correct operation of the
selection time-out procedure.

The target shall not res?ond to a selection if bad Earit is detected,
Also, if more_ than two SCSI ID bits are on the DATA BUS, the target shall not
respond to selection.

IMPLEMENTORS NOTE: If a target chooses to support the single tnitiator

aption of 3CSI-1, it should not be an error to have only the target ID bit
gregent during selection. In this case the target may respond as an SCSI-1
evice.

No less than two deskew delays after the initiator detects the BSY signal is
true, it shall release the SEL signal and may change the DATA BUS. The target
shaij wait until the SEL signal 15 false hefore asserting the REQ signal to
enter an information transfer phase.
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5.1.3.1. SELECTION Time-out Procedure

Iwo optional selection time-out procedures are specified for clearing the
SCSI bus if the initiator waits a minimum of a selection time-out delay and
there has been no BSY signal response from the target:

El Optionally, the initiator shall assert the RST signal (see 5.2.7).

2 0ptional]¥ the initiator shall continue asserting the SEL and ATN
signals and shall release the DATA BUS. If the initiator has not detected the
BSY signal to be true after at least a selection abort time plus two deskew
delays, the initiator. shall release the SEL and ATN signals allowing the SCSI
bus to go to the BUS FREE phase. SCSI devices shall ensure that when
responding to selection that the selection was still valid within a selection
abort time of their assertion of the BSY signa). Failure to comply with this
requirement could result in an improper seléction (two targets connected to
the same initiator, wrong target connected to an initiator, or a target
connected to no imtiator).

5.1.4. RESELECTION Phase

RESELECTION is an optional phase that allows a target fo reconnect to an
initiator for the purpose of continuing some operation that was previously
started by the initiator but was suspended by the target, (i.e., the target
disc?ngegted by allowing a BUS FREE phase to occur before the aperation was
complete).

8/22/8%

5.1.4.1. RESELECTION

Upon comf1eting the ARBITRATION phase, the winning SCSI device has both the
BSY and SEL signals asserted and has de]ayed at teaSt a bus clear delay plus a
bus settie delay. The winning SCSI device becomes a target hﬁ asserting the
1/0 signal. The winning SCSI device shall also set the DATA BUS to a value
that is the ]o?ica1 OR of its SCSI ID bit and the initiator's SCSI ID bit.
The target shall wait at least two deskew de]a¥s and release the BSY signal.
The target shall then wait at least a bus settle delay before looking for a
response from the initiator.

The initiator shall determine that it is reselected when the SEL and I/0
signa]s and its SCSI ID bit are true and the BSY signal is false for at least
a bus settle delay. The reselected initiator may examine the DATA BUS in
order to determine the SCSI,ID of the reselecting target. The reselected
initiator shall then assert the BSY signal within a sélection abort time of
its most recent detection of being reselected; this is required for correct
OEeration of the time-out procedure. The initiator shall not respond to a
RESELECTION phase if bad parity is detected. Also, the initiator shall not
Eﬁgpond to a RESELECTION phase if other than two SCSI ID bits are on the DATA

After the target detects the BSY signal is true, it shall also assert the
BSY signa] and wait at least two deskew delays and then release the SEL
signal. The target may then chan%e the I/0 signal and the DATA BUS. After
the reselected initiator detects the SEL signal is false, it shall release the
B3Y signal. The tar?et shall continue asserting the BSY signal until it
relinquishes the SCST bus.

NOTE: When the target is asserting the 8SY signal, a transmission line
%henumenon known as’a "wired-OR glitch" may cause the BSY signal to appear
alse for up to a round-trip propagation delay following the release of the
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BSY signal by the initiator. This is the reason why the BUS FREE phase is
recognized only after both the BSY and SEL signals are continuocusly false
for & minimum of a bus settle delay. Cables Tonger than 25 meters should
not be used even if the chosen driver, receiver, and cable provide adequate
noise mar?ins, because they increase the duration of the ﬁhtch and could
cause SCSI devices to inadvertently detect the BUS FREE phase.

5.1.4.2. RESELECTION Time-out Procedure

Two optional RESELECTION time-out procedures are specified for clearing the
SCSI bus during a RESELECTION Bhase if the target waits a minimum of a
selection time-out delay and there has been no BSY signal response from the
initjator:

1} Optionally, the target shall assert the RST signal (see 5.2.2).

2) Optionatly, the tarﬂet shall continue asserting the SEL and 1/0 signals
and shall release all DATA BUS signals. If the targét has not detected the
BSY signal to be true after at Teast a_selection abort time plus two deskew
delays, the target shall release the SEL and I/0 signals al]owing the SCSI bus
to go to the BUS FREE phase. SCSI devices that respond to the RESELECTION
phase shall ensure that the reselection was stjtl valid within a selection
abort time of their assertion of the BSY signal. Failure to comply with this
requirement could result in an improper reselection (two initiators connected
to the same target or the wrong initiator connected to a target}.

5.1.5. Information Transfer Phases

NOTE: The COMMAND, DATA, STATUS, and MESSAGE phases are all grouped
together as the information transfer phases because they are all used to
transfer data or control information via the DATA BUS. The actual content
of the informatiocn is beyond the scope of this section.

The C/D, 1/0, and MSG signals are used to distinguish between the different
information transfer phases {see Table 5-1)}. The target drives these thres _
signals and therefore controls all changes from one phase to another. The
initiator can request a MESSAGE OUT phase by assertin% the ATN signal, while
§g$ tgrge} can cause the BUS FREE phase by releasing the MSG, ¢/D, 1/0, and

signals.

The information transfer phases use one or more REQ‘ACK handshakes to
control the information transfer. Each REQ/ACK handshake allows the transfer
of one byte of information. DurinE the information transfer phases the BSY
signal shall remain irue and the SEL signal shall remain false. Additionalty,
during the information transfer phases, the target shall continuously envelope
the REQ/ACK handshake(s) with the /D, 1/G, and MSG signals in such a manner
that these contro] signals are valid for a bus settle delay before the
assertion of the REQ signal of the first handshake and remain valid until
after the negation of the ACK signal at the end of the handshake of the last
transfer of the phase.
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IMPLEMENTORS NOTES:

(1) After the negation of the ACK signal of the last transfer of the phase,
the target may prepare for a new phase hy asserting or neﬁating the C/D,
I/0, and MSG signais. These signals may be changed together or
individually. They may be changed in any order and may be changed more than
once, It is desirable that each line change nniﬁ once. A new phase does
ngt begin until the REQ signal is asserted for the first byte of the new
phase.

{(2) A phase is defined as ending when the C/D, I/0, or MSG signals change
after the negation of the ACK signal. The time between the end of a phase
and the assertjon of the REQ signal beginning a new phase is undefined. An
ipitiator is allowed to anticipate a new phase based on the previous phase,
the expected new phase, and early information provided by changes in_the
C/D, 1/0, and MSG signals. However, the anticipated phase is not valid
until the REQ signal is asserted at the beginning of a the next phase.

8/22/89

Table 5-1: Information Transfer Phases

Signat

MSG C/D 1/0  Phase Name Direction OF Transfer Comment
0 0 0  DATA OUT Initiator to target ) Data

¢ 0 1 DATAIN Initiator from target Phase

0 1 0  COMMAND Initiator to target

g0 1 1 STATUS Initiator from target

1 40 40 *

1 0 1 *

i 1 0 MESSAGE QUT Initiator to target ) Message
1 1 1 MESSAGE IN Initiator from target Phase

Key: 0 = False, 1 = True, * = Reserved for future standardization.

5.1.5.1. Asynchronous Information Transfer .

The target shall control the direction of information transfer by means of
the I/0 signal. When the {/0 signal is true, infermation shall be transferred
from the target to the initiator. When the I/0 signal is false, information
shall be transferred from the initiator to the target.

If the 1/0 signal is true (transfer to the ipitiator}, the target shall
first drive the DB(7-0,P} signals to their desired values, delay at least one
deskew delay plus a cable skew delay, then assert the REG signal. The DB(7-
0,P) signals shall remain valid unt1] the ACK signal is true at the target,
The jpitiator shall read the DB(7-0,P) signals after the RE8 signal is true,
then indicate its acceptance of the data by asserting the ACK signal. WHhen
the ACK signal becomes true at the target, the target may change or release
the DB{7-0,P) signals and shall negate the REQ signal. After the REQ signal
is false the initiator shall then negate the ACK signal. After the ACK signal
is false the target may continue the transfer by driving the DB(7-0,P) signals
and asserting the REQ signal, as described above.

If the I/0 signal is false étransfer to the targgt) the target shall reguest
information by asserting the REQ signal. The inifiator shali drive the DB{7-
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O.P% signals to their desired values, delay at least one deskew delay plus a
cable skew de]ag and assert the ACK signal. The jritiator shall continue to
drive the DB(7-0,P) signals until the REQ signal is false. When the ACK
signal becomes true at the target, the targef shall read the DB(7-0,P),
signals then negate the REQ siﬁna . When the REQ signal becomes false’at the
initiator, the initiator _may change or release the DE(7-0,P) signals and shall
negate the ACK signal. The target may continue the transfer by asserting the
REE signal, as described above.

Logical Characteristics

5.1.5.2. Synchronous Data Transfer

S{nchronous data transfer s optional and is only ysed in data phases. It
shall be used in a data Ehase if_a synchronous data transfer agreement has
been established $see 5.6.21). The agreement specifies the REQ/ACK offset and
the minimum transfer period.

The REQAACK offset specifies the maximum number of REQ pulses that can be
sent by the targe; in advance of the number of ACK pulses received from the
initiator, esta l1shing a pacing mechanism, If the number of REQ pulses
exceeds the number of ACK gulses by the REQ/ACK offset, the target shall not
assert the REQ signal until after the 1eadin? edge of the next ACK pulse is
received. A regu:rement for successful completion of the data phase is that
the number of ACK and REQ pulses be equal.

The target shall assert the REQ sigpal for a minimum of an assertion peried.
The target shall then wait at least the greater of a transfer period from the
last transition of the REQ siﬁnal to true or a minimum of a negation period
from the last transition of the REQ signal to false before again asserting the

REQ signal.

The initiator shall send one pulse on the ACK sigmal for each RES pulse
received. The ACK signal mag be asserted as soon as the leading edge of the
corresponding REQ pulse has been received. The initiator shall assert the ACK
signal for a minimum of an assertion period. The initiator shall wait at
least the greater of a transfer period from the last transition of the ACK
signal to true or for a minimum of & negation period from the tast transition
of the ACK signal to false before asserting the ACK signal.

If the 1/0 signal is true (transfer to the initiator), the target shall
first drive the BB(?—O.P% signals to their desired values, wait at least one
deskew delay plus one cable Skew delay, then assert the REQ siEnals. The
DB(7-0,P} signals shall be held valid for a minimum of one deskew delay plus
one cabie skew delay plus one hold time after the assertion of the REQ signal.
The target shall assert the REQ signal for a minimum of an assertion Beriod.
The target imay then negate the RES signal and change or release the DB(7-0,P)
signals. The ipitiator shall read thé value on thé DB(7—0.P} signals within
one_hold time of the transition of the REQ signal to true.
shall then respond with an ACK pulse.

he jnitiator

If the [/0 signal is false (transfer to the target), the initiator shall
transfer one byte for each REQ pulse received. After receiving the leading
edge of a RES pulse, the initiator shall first drive the DB(7- .Pg signals to
their desired values, delay at least one deskew delay plus one cable skew
delay, then assert the ACK signal. The initiator shall hold the DB{7-0,P)
signals valid for at least one deskew dela¥ plus one cable skew de]a¥ plus one
hold time after the assertion of the ACK signal. The initiator shall assert
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the ACK signal for a minimum of an assertion period. The initiator may then
negate the ACK signal and may change or release the DB{7-0,P) signals.. The
target shall read the value of the DB(7-0,P) signals within one hold time of
the transition of the ACK signal to true.

IMPLEMENTORS MOTE: The description in SCSI-1 allowed some implementors to
presume that the leading edge of the first REQ pulse beyond the REQ/ACK
offset agreement would not occur until after_the trailing edge of the last
ACK pulse within the agreement. BDevices implemented with this understanding
may be subject to data desiruction when in synchronous data transfer mode
with devices that issue the leading edge of the next REQ pulse, at the
boundary of the agreement, as soan as the leading edge of the last ACK pulse
within the agreement is received. Implementors using devices of the former
type in initiator designs may insure data integrity ﬁ restricting the
synchranous offset agreement to values smaller than the maximum nominally
offered by their device.

5.1.5.3. Hide Data Transfer ‘

Wide data transfer is optional and may be used in the DATA phase only if a
nonzero wide data transfer aﬁreement is in effect {see WIDE DATA TRANSFER
REQUEST message, 5.6,23}. The messages determine the use of wide mode by both
SC51 devices and establish a data path width to be used during the DATA phase.

Logical Characteristics

Wide data transfers of 16- or 32-bits may be established. Although not
mandatory, it is recommended that targets and initiators that suggﬂrt 32-bit
wide transfers also support 16-bit wide transfers as well. A1l 5CSI devices
shall support 8-bit data transfers.

During 16-bit wide data transfers, the first logical data byte for each data
phase shall be transferred across the DB(7-0,P) signais on the A cable and the
second logical data byte shall he transferred across the DB(15-8,P1) signais
on the 8 cable. Subsequent pairs of data bytes are likewise transferred in
parallel across the A and B cables (see Figure 5-1).

Durinﬁ 32.-bit wide data transfers, the first logical data byte for each data
phase shall be transferred across the DB(?-O,P% signals on the A cable and the
second, third, and fourth Togical data bytes shall be transferred across the
DB(lS-B,Plg. DB(23-16,P2}, and DB(31-24,P3) signals, respectively, on the B
cable, Subsequent groups of four data bytes are likewise transferred in
parallel across the A and B cables {see Figure 5-1).
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When transferring bytes W, X, ¥ and % across the three bus widths,
they are transferred as shown below: .

Hand-  @-bit 16-bit 32-hit

4 A Cable B Cable A Cable / B Cable ——— A Cable
] W X W Lz T v [ x | w ]
2 X z Y 31...24 23...16 15....8 7..... 0
3 ¥ 15,...8 7..... 0 Bit Number

4 Z Bit Number

Teunrs 0
Bit Number

NOTE: This figure does not represent how these bytes are stored in
the initiator‘s memory, which may be different.

Figure 5-1: Wide SCSI Byte Ordering

If the last data byte transferred for a command does not fall on the DB(15-

8,P1) signals for a 16-bit wide transfer or the DB(31-24,P3) signals for a 32- _

bit wide transfer, then the values of the remaining higher-numbered bits are
undefined. However, parity bits for these undefined bytes shall be valid for
whatever data is placed on the bus.

To ensure proper data integrity, certain sequence requirements shall be met
bﬁtwgen ﬁ?e EQ/ACK handshakes on the A cable and the RFQB/ACKB handshakes on
the B cable:

{1) The REQB and ACKB signals shall only be asserted durin? data phases
while a nonzero wide data transfer agreement is in effect. 1hese signais
shall not be asserted during other phases.

(2} The same information_transfer mede {asynchronous or synchronous) shall
be used for both the A cable and the B cable. If synchronous data transfer
mode is in effect, the same REQ/ACK offset and transfer period shall be used
for both cables.

{3) The information transfer Brucedures defined in 5.1.5,1 and 5.1.5.2 for
the A cable (the REQ, ACK, and DB{7-0,P) signals) shall also a ply to the B
cable (the REQB, ACKB, and 0B(31- PLP ,P3§ signals). The only means
available for a target to manage the timing relationship between the signals
on the two cables is its mana%ement of the REQ and REQB signals. Similarly,
the only means for the initiafor to manage the timing between the two cables
is its management of the ACK and ACKB signals,
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(4) The target shall ensure that the number of REQ/ACK handshakes and the
number of REQB/ACKB handshakes in a data phase are equal before it changes to
another phase, The target shall not change the phase until the ACK and ACKB

signals nave both become false for the last REQ/ACK handshake and the last
RE(B/ACKB handshake.

IMPLEMENTORS NOTE: If any violations of these rules are detected by the
target, the target may attempt to end the data phase and return CHECK
CONDITION status. If it is 1mgossrbte to correctly terminate the data
phase, the tar?et may abnormally terminate the I/0 process by an unexpected
discomnect. IF any violations of these rules are detected by the initiator,
the initiator may attempt to send an INITIATOR DETECTED ERROR message to the
target. If the initiator is unable to terminate the 1/0 process normally,
it may generate the reset condition. .

5.1.6. COMMAND Phase
) I?g EOMMAND phase allows the target to request command information from the
initiator,

The target shall assert the C/D siﬁna¥ and negate the I/0 and MSG signals
during the REQ/ACK handshake{s) of this phase,

5.1.7. Data Phase

The data phase is a term that encompasses both the DATA IN phase and the
DATA OUT phase.

5.1.7.1. DATA I¥ Phase .

The DATA IN phase allows the target to request that data be sent to the
initiator from the target.

The target shall assert the 1/0 signal and negate the C/D and MSG signals
during the REQ/ACK handshake(s) of this phase.

5.1.7.2. DATA OUT Phase ' ' :
The DATA OUT phase allows the target to request that data be sent from the
initiator to the target.

The target shail negate the C/D, I/0, and HSG signals during the REQ/ACK
handshake?s) of this phase, .

5.1.8. STATUS Phase

The STATUS phase allows the target to request that status information be
sent from the target to the initiator.

The target shall assert the C/D and 1/0 signals and negate the MSG signal
during the REQ/ACK handshake of this phase.
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5.1.9. Message Phase

The message phase is a term that references either a MESSAGE IN, or a
MESSAGE OUT phase. Multiple messages may be sent during either phase. The
first byte transferred in either of these phases shall be either a single-byte
message or the first byte of a multiple-byte message. Multiple-byte messages
shall "be whoily contained within a single message phase.

5.1.9.1. HESSAGE IH Phase
The MESSAGE IN phase allows the target to request that message(s) be sent to
the initiator from the target.

The target shall assert the C/D, 1/0, and MSG signals during the REQ/ACK
handshake?s) of this phase.

5.1.9.2. MESSAGE OUT Phase
The MESSAGE OUT phase allows the target to request that message(s) be sent
from the initiator to the target. The target invokes this Eh?ie in response

to the attention condition created by the initiator (see 5

The target shall assert the C/D and HSG signals and negate the 1/0 signal
during the REQ/ACK handshake(s) of this phase. The target shall handshake
byte(s) in this phase until the ATN signal is negated, except when rejecting a
message.

IT the target detects one or more parity error(s) on the message byte(s)
received, i1 may indicate its desire to retry the message(s) by asserting the
REQ signal after detecting the ATN signal has ggne false and prior to changing
to any other ﬁhase. The initiator, upon detecting this condition, shall re-
send all of the previous message byte(s) in the same order as previously sent
during this phase. When re-sending more than one message byte, the initiator
shall assert the ATN signal at least two deskew detaxs prior to asserting the _
ACK signal on the first byte and shail maintain the ATH signal asserted until
the l1ast byte is sent as described in 5.2.1.

The target may act on messages as received as long as no parity error is
detected and may ignore all remaining messages sent under one ATH condition
after a paritg error is detected. When a sequence of messages is re-sent by
an initiator because of a target detected parity error, the target shall not
act on any wessage which it acted on the first time received.

If the target receives all of the message byte(s) successfully (i.e., no
parity errors), it shall indicate that it does not wish to retry by changing
to any information transfer phase other than the HESSAGE OUT phase and
transfer at Teast one byte. The target mag also indicate that it has
successfully received the messa?e byte(s) by changing to the BUS FREE phase
(e.g., ABORT or BUS DEVICE RESET messages).
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5.1.10. Signal Restrictions Between Phases

When the SCSI bus is between two information transfer phases, the following
restrictions shall aEEly to the SCSI bus signals:

1} The BSY, SEL, REQ, RESB, ACK and ACKB signals shall not change.

2) The C/D, 1/0, MSG, and DATA BUS signals may change. When switching the
DATA BUS direction from out (initiator driving) to in ztarget driving?, he
target shall delay driving the DATA BUS by at Teast a data release de a¥ plus
a bus settle delay after asserting the 1/0 signal and the initiator shall
retease the DATA BUS no later than a data release delay after the transition
of the I/0 signal te true. When switching the DATA BUS direction from in
étarget driving) to out (initjator driving), the tar?et shall release the DATA

US nie_later than a deskew delay after negatin? the 1/0 signal.
{3) The ATN and RST signals may change as defined under the descriptions for
the attention condition {see 5.2.1) and reset condition (see 5.2.2).

5.2. SCSI Bus Conditions

The SCSI bus has two_asynchronous conditions; the attention condition and
the reset condition. These conditions cause the SCSI device to perform
certain actions and can alter the phase sequence.

Furthermore, an SCSI device may not all be powered on at the same time.
This standard does not address power sequencing issues. However, each SCSI
device, as it is powered on, should perform appropriate internal reset
operations and internal test operations, It is recommended that following a
power-on to selection time after power is applied, SCSI tarﬂets be able to
respond with aE ropriate status and sense data to the TEST ONIT READY,
INQUIRY, and R BUE T SENSE comands.

5.2.1. Attention Condition

The attention condition allows an initiator to inform a target that the
initiator has a message ready. The target may get this message by performing
a MESSAGE OUT phase.

The initiator creates the attention condition hy asserting ATN at any time
except during the ARBITRATION or BUS FREE phases.

The initiator shall assert the ATN signal at least two deskew delays before
negating the ACK signal for the last byte transferred in a bus phase for the
attention condition to be honored before tramsition to a new bus phasa,
Asserting the ATN signal later might not be honored untit a later bus phase
and then'may not result in the expected action. The initiator shall negate
the ATN signal at least two deskew delays before asserting the ACK signa|
while transferring the last byte of the messages indicated with a "Yes" in
Table 5-2, If the target detects that the initiator failed to meet this
requirement, then the target shall go to BUS FREE phase {see unexpected
disconnect, 5.1.1).

A tar$et shall respond with MESSAGE OUT phase as follows:

(1} IT the ATH siﬁnai becomes frue during a COMMAND phase, the target shall
enter MESSAGE OUT phase after transferring part or all of the coman
descriptor block bytes.
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(2) If the ATN signal becomes true during a DATA phase, the target shall
enter MESSAGE OUT phase at the target's earliest convenience §often, but not
necessarily on a logical block boundary). The initiator shall continue
RE?/ACK handshakes until it detects the phase change.

3) If the ATN signal becomes true during a STATHES phase, the target shall
gngﬁf ?ESSAGE OUT phase after the status byte has been acknowledged by the
initiator.

(4{ If the ATH signa] becomes true during a MESSAGE IN phase, the target
shall enter MESSAGE OUT phase before it sends another message. This permits a
MESSAGE PARITY ERROR message from the inittator to be associated with the
appropriate message.

_ {5) If the ATN signal becomes true during a SELECTION phase and before the
initiator releases the BSY signal, the target shall enter MESSAGE OHT phase
immediate]% after that SELECTION phase.

{6) IT the ATH signal becomes true during a RESELECTION phase, the target
shall enter MESSAGE OUT phase after the target has sent its IDENTIFY message
for that RESELECTION phase.

The initiator shall keep the ATN signal asserted if more than one byte is to
be transferred. The initiator may negate the ATN signal at any time except it
shall not negate the ATN signal while the ACK signal is asserted durin? a
MESSAGE OUT phase. Normally, the injtjator negates the ATH signal while the
REQ signal is true and the ACK signal is false during the last REQ/ACK
handshake of the MESSAGE OUT phase.

5.2.2. Reset Condition

The reset condition is used to immediately clear all SCSI devices from the
bus. This condition shall take precedence over all other phases and
conditions. Any SCSI device may create the reset condition by asserting the
R5T signal for a minimum of a reset hold time. ODuring the reset conditien,
the state of all SCSI hus signals other than the RST signal is not defined.

(AT SCST devices shall release all SCST bus signals (except the RST signal)
within a bus clear delay of the transition of the RST signal to true. The BUS
FREE phase always follows the reset condition.

The effect of the reset condition on I/0 processes which have not completed,
SCSI device reservations, and SCSI device operating modes is determined by
whether the SCSI device has implemented the hard reset alternative or the soft
reset alternative {one of which shall be implemented) as defined in 5.2.2.1
and 5.2.2.2. The hard and soft reset alternatives are mutually exclusive
within a system. A facility for targets to report which reset alternative is
implemented is provided in the SftRe'bit of the INQUIRY data {7.2.5).

IMPLEMENTORS NOTE:; Environmental conditions {e.q., static dischargez may
gengrate brief glitches on the RST signal. It is recommended that SCSI
evices not react to these ?litches. The manner of rejecting glitches is
vendor specific. The bus clear delay following a RST signal transition to
true is measured from the original trapsition of the RST signal, not from
the time that the signal has been confirmed. This limits the time to
confirm the RST signal to a maximum of a bus clear delay.
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SCSI devices that implement the hard reset alternative, upon detection of
the reset condition, shall:
1) Clear all I/0 processes including queued I/0 processes.
2) Release all SCSI device reservations.

Return any SCS] device operating modes to their appropriate initial
conditions, similar to those conditions that would be found after a normal
power-on reset. MWODE SELECT conditions shall be restored to their last saved
values if saved values have been established. MODE SELECT conditions for
which no vaiues have been saved shall be returned to their default values.

(4) Unit attention condition shail be set {See 6.9}.

It is recommended that following a reset to selection time after a hard
reset condition ends, SCSI tar?ets be able to respond with agEro riate status
and sense data to the TEST UNIT READY, INQUIRY, and REQHEST SENSE commands.

5.2.2.2. Soft Reset Alternative

SCSI devices that implement the soft reset alternmative, upon detection of
the reset condition, shall:

(1) Attempt to complete any I/0 processes which have not completed and that
were fully identified

2} Preserve all SCS] device reservations

3) Preserve any SCSI device operating modes (MODE SELECT, PREVENT/ALLOM
MEDIUM REMOVAL commands, etc.)

4} Preserve all the information required to continue normal dispatching of
I/0 processes queued prior to the reset conditien.

The soft reset alternative allows an initiator to reset the SCSI bus with
minimum disruption to the operation of other initiators in a multiple
;niti:tar system. To ensure proper operation the following conditions shall

e met:

(;? An initiator shall not consider an I/0 process to be fully identified
until the IDENTIFY message (and queue tag message, if any) is sent to the
target and the target responds by changing to any other information transfer
phase and requests that at least one byte be transferred.

{2) A target shall consider an I/0 process to be fully identified when it
successfully receives the IDENTIFY message and any queue tag message and the
initiator negates the ATN signal,

3) IT an Initiator selects a Jogical unit for which there already is an
active I/0 process with the same queue tag (if any) for the same initiator,
the target shall clear the original 1/0 process and perform the new I1/0
pracess.

(4) If a tarﬁet reselects an initiator to continue an [/0 process for which
the initiator has no record, the initiator shall abort that [/0 process by
sending the ABORT or ABORT TAG message, depending on whether the reselecting
1/0 process is a tagﬁed 1/0 procass.

(5} An initiator shall consider an I1/0 Brocess to be completed when it
ne?ates ACK for a successfully received COMMAND COMPLETE message.

6} A target shall consider an 1/0 process to he completed when it detects
the tya?sitlon of ACK to false for the COMMAND COMPLETE message with the ATN
signal false.

%7) An initiator shall not negate the ACK signal for the SAVE DATA POINTER
message until it has actually saved the data pointer for the I/0 process.
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{B) A target shall consider the data pointer to be saved when it detects the
transition of the ACK signal to false for the SAVE DATA POINTER message with
the ATN signal false.

{9) 1f the reset condition occurs betwsen the time that the target asserts
the REQ signal for the SAVE DATA POINTER message and it detects the transition
of the ACK signal to false, the target shall terminate the 1/0 Rrocess with
CHECK CONDITION status. The target shall set the semse key to ABORTED
COMMAND. This is necessary because the target cannot determine whether the
data pointer has actually been saved.

NOTE: If the ATN signal is true in conditions {5) or (8), the target would
normally switch to MESSAGE OHT phase and attempt to transfer a message byte.
If the reset condition occurs before the target successfully receives the
messase byte, it mag assume that the initiator has mot successfully received
the COMMAND COMPLETE message or the SAVE DATA POINTER message. In the case
of COMMAND COMPLETE messaae, the target may reseject the initiator and
attempt to send the COMMARD COMPLETE message again. in the case of the SAVE
DATA POINTER message, the target may reselect the initiator and terminate
the I/0 process as described in condition (9).

5.3. SCSI Bus Phase Sequences

The order in which phases are used on the SCSI bus follows a prescribed
sequence.

The reset condition cap abort any phase and is always followed by the BUS
FREE phase. Also any other phase can be followed by the BUS FREE phase but
many such instances are error conditions (see unexpected disconnect, 5.1.1}.

the additional allowable sequences shall be as shown in Figure 5-2, The
normal progression is from the BUS FREE Ehase to ARBITRATION, from ARBITRATION_
to SELECTION or MESELECTION, and from SELECTION or RESELECTION to ofe or more
of the information transfer ﬁhases (COMMAND, DATA, STATUS, or MESSAGE}. The
final information transfer E ase is normally the MESSAGE IN phase where a
?éEEUNQECT, or COMMAND COMPLETE message is transferred, followed by the BUS
phase.
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Figure 5-2: Phase Sequences

5.4, SCSI Pointers

Consider the Sﬁstem shown in Figure 5-3 in which an initiator and target
communicate on the 3CSI bus in order to execute an 1/0 process.

Function Initiator|----meauoomae Tar et- Function
 Origin SCSI Bus SCST 8us SCST Bus Execution
Control  |-ccemmeem Control .
Initiator Target

Figure 5-3: Simpliffied SCSI System
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The SCSI architecture provides for a set of three pointers for each [/0

process, called the saved pointers

. The set of three
for the command, one for the data, and one for the status.

ointers consist of one

process becomes active, its three saved pointers are copied into the
initiator's set of three active pointers,
pointers in each initiator. The active pointers point to the next command,

data, or status byte to be transferred between the initiator's memory and the

target. The saved and active pointers reside in the initiator.

The saved command pointer a1waﬁs ?
e

descriptor biock {see 6.2) for t

/0 process.

There is only one set of active

oints to the start of the command
The saved status pointer
always points to the start of the status area for the I/0 process.

The saved

data Bointer ﬂnints to the start of the data area until the target sends a

SAVE DATA POI

TER message {see 5.6.20) for the I/0 process.

In response to the SAVE DATA POINTER message, the initiator stores the value

of the active data pointer into the saved data

The tar?et may restore the active
active 1/0 process by sending a RE

ointer for that 1/0 process.

ointers to the saved pointer values for the

ETORE POINTERS message {

) to the

initiator. The initiator then copies the set of saved pointers into the set
of active pointers. Whenever a target disconnects from the bus, only the set
?olnters is restored from

of saved pointers are retained. The set of active
the set of saved pointers upon reconnection of the

/0 process.

IMPLEMENTORS NOTE: Since the data pointer value may be modified by the
target before the [/0 process ends, it should not be used to test for actual

transfer length.

5.5. Message System Description

The message system allows communication between an initjator and target for
the purpose of interface management. . :
bztes in length. One or more messages may be sent during a single MESSAG
p

ase, but a message mag not he SE
required to end the MESSAGE GUT pl
messages identified in Table 5-2.

One-byte, Two-byte, and extended message formats are defined.
byte of the message determines the forma

1#t over MESSAGE
ase (by negating

Message Format

hases.

A message may be one, two, or mu tiEIe

The initiator is

TN) when it sends certain

as follows:

00h One-Byte Message (COMMAND COMPLETE)
O1k Extended Messages

02h - 1Fh One-Byte Messages

20h - 2Fh  Two-Byte Hessages

30h - 7Fh Reserve

d

80h - FFh One-Byte Message {IDENTIFY)

One-byte messages consist of a single byte transferred during a MESSAGE
phase. The value of the byte determines which message is to bé performed as

defined in Table 5-2.
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Table 5-2: Message Codes
Code Sggport Message Name Direction Negate ATH
Init Targ Before Tast ACK
06h 0 H ABORT Qut Yes
0bh 0 ] ABORT TAG (Note 1) Qut Yes
och O H BUS DEVICE RESET Out Yes
OEh O 0 CLEAR QUEUE (Note 1) Out Yes
00h M H COMMAND COMPLETE In -—-
a4h 0 0 DISCONNECT In _—
04h O 0 DISCONNECT Out Yes
80h+ M g IDENTIFY In —
80h+ M | IDENTIFY Out No
23h 0O 0 IGHORE WIDE RESIDUE (Two Bytes) In —
OFh O 0 INITIATE RECOVERY In -
OFh O 0 INITIATE RECOVERY {Note 2) Out Yes
05h M # INITIATOR DETECTED ERROR Qut Yes
0Ah O 0 LINKED COMMAND COMPLETE In ——
0Bh O 0 LINKED COMMAND COMPLETE (WITH FLAG) In -—=
09h H MESSAGE PARITY ERROR Qut Yes
07h M H MESSAGE REJECT In  Out Yes
*kx () 0 HODIFY DATA POINTER In -—=
08h M M NO OPERATION Out Yes
Queue Tag Messages (Two Bytes)
21h O 0 HEAD OF QUEUL TAG Qut No
22h O 0 ORBERED QUEUE TAG Qut No
200 0O 0 SIMPLE QUEUE TAG In  Qut No
10h 0§ 0 RELEASE RECOVERY Out Yes
03h 0 0 RESTORE POINTERS In -—
02h 0§ 0 SAVE DATA POINTER In -—-
xEw ) 0 SYNCHRONOUS DATA TRANSFER REQUEST In  Out Yes
*ak ) 0 WIDE DATA TRANSFER REQUEST In  Qut Yes
11h 0§ 0 TERMINATE 1/0 PROCESS Out Yes
12h - 1Fh Reserved
24k - 2FH Reserved for two-byte messages
I0h - 7Fh Reserved .
Key: M = Mandatory support, 0 = Optional support.
In = Target to inggiator, Out = Initiator to target.
Yes = Initiator shall negate ATN before last ACK of message.
No = Initiator may or may not negate ACK before last ACK of message.
&see attention condition, 5.2.1.)
--- = Hot Applicabie
#*x* - Extended message {see Tables 5-3 and 5-4}
80h+ = 209?5 80h through FFh are used for IDENTIFY messages (see Table

NOTES:
{1) The ABORT TAG and CLEAR QUFUE messages are required if tagged queuing

is implemented.

t
(?2) Outbound INETIATE RECOVERY messa?es are only valid during the

asynchronous event notification protoco
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Two-byte messa?es consist of two consecutive bytes transferred during a
MESSAGE phase. The value of the first hyte determines which message is to he
performed as defined in Table 5-2. The second byte is a parameter hyte which
s used as defined in the message description (see 5.6).

A value of one in the first hyte of a message indicates the beginning of a
muttiple-byte extended messa?e. The minimum Aumber of bytes sent for an
extended message is three. The extended message format and the extended
message codes are shown in Tables 5-3 and 5-4, respectively.

Table 5-3: Extended Message Format

Byte f Value | Pescription
=E6_ 01h Extended message )
I T Extended message length T TTTTTTTTT
__5 ——————————— ; ________ E;iéﬁaed message Eode ST
3ol | x Extended message arguments 7T

P —— e

The extended message length specifies the length in b{tes of the extended
message code plus the extended message arﬁuments to follow. " Therefore, the
total Ien?th of the message is equal to the extended message tength
A value of zero for the extended message length indicates 256 byfes

lus two.
ollow.

The extended message codes are listed in Table 5-4. The extended message

arguments are specified within the extended message descriptions, -

Table 5-4: Extended Hessage Codes

Code (y} Description

02h Reserved (See Note&

00h MODIFY DATA POINTE

O1h SYNCHRONOUS DATA TRANSFER REQUEST
03h WIDE DATA TRANSFER REQUEST

04h - 7Fh Reserved

8Ch - FFh

Vendor Unique

NOTEESI£TtendEd message code 0Zh was used for the EXTENDED IDENTIFY message
in -1.

The first messa%e sent by the initiator after the SELECTION phase shall he
an IDENTIFY, ABORY, or BUS DEVICE RESET message. If a target receives any

gthe{)message it shall go to BUS FREE phase (iee unexpected disconnect,
L1.1).
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If the first message is an IDENTIFY message, then it may be immediately
followed bg other messages, such as the first of a pair of SYNCHRONOUS DATA
TRANSFER REQUEST messages. IF tagged queuing is used the queue ta message
immediately follows the IDENTIFY message (see 5,6.7). The IDENTIFY message
establishes a logical connection between the initiator and the specified
lo?ica] unit or target routine within the target known as an I T L nexus or
[ T R nexus. After the RESELECTION phase, the target's first MeSsage shall be
IDERTIFY. ~ This allows the I T L nexus or I T R nexus to be re-established.
Only one logical unit or target routine shaTli be identified for any
connection; if a target receives a second IDENTIFY message with a different
logical unit npumber or target routine number durin? d connection, it shall go
to BUS FREEL phase (see unexpected discopnect, 5.1.1}. The treatment of other
Togical unit addressing errors is described in 6.5.

All initiators shall img!ement the mandator¥ messages tabulated in the
"Init"™ column of Table 5-2. All targets shall implement the mandatory
messages tabulated in the "Targ" column of Table 5-2.

Whenever an 1 T L nexus or I_T R nexus is established by an initiator that
is a]iowing disCofinection, the ilitiator shal] ensure that the active pointers
are equal fo the saved pointers for that particutar logical unit or target
routine. An implied restore pointers operation shall sccur as a result of a
reconnection.

5.6. Messages
The SCSI messages are defined in this section.
5.6.1. ABORT

The ABORT message is sent from the initiator to the target to clear the
present 1/0 process ﬁlus an]\g Eueued 1/0 ?rocgss for the 1T x nexus. The
target shall go to the BUS FREE phase fo lowing successfuT receipt of this
message,  Pen ing data, status, and queued /0 processes for any other [ T x
nexus shall not be cleared.

0 to the BUS

If only an I T nexus has been established, the target shall
1/0 process

FREE phase. NG status or message shall be sent for the curren
ant no other I/0 process shall be affected.

It is not an error te issue this message to an I T _x nexus that does not
have an active or queued 1/0 process,

Previously established conditions, including MODE SELECT parameters,
reservations, and extended contingent allegiance shall not he changed by the
ABORT message.

IMPLEMENTORS NOTES: The BUS DEVICE RESET, CLEAR QUEUE, ABORT, and ABORT TAG
messages provide a means to clear one or more I/0 procésses prior to normal
termination. The BUS DEVICE RESET message clears all I/0 processes for all
initiators on alt legical units and all arget routines of the target. The
CLEAR QUEUE message clears atl 1/0 processes for all initiators on the
s?ecified logical unit ar target routine of the target. The ABORT message
clears all I/0 processes for the selecting initiator on the specified
Togical unit or target routine of the target. The ABORT TAG message clears
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the aetiVe R/O process only.
LAy i
5.6.2. ABORT TAG

The ABORT TAG message shall be implemented if tagged queuing is implemented,
The target shall go to the BUS FREE phase follaowing successful receipt of this
message. The target shall clear the current 1/0 process. If the target has
already started execution of the I/0 process, the execution shall be halted.
The medium contents may have been modified before the execution was halted.
in either case, any pending status or data for the I/0 process shall be
cteared and no status or ending message shall be sent to the initiator,
Pending status, data, and commands for other active or queued 1/0 processes
shali not be affected. Execution of other I/0 processes gueued for the I T x
nexus shall pot be aborted. -

8/22/89

Previously established conditions, including MODE SELECT Earameters.
reservations, and extended contingent allegiance shall net be changed by the
ABDRT TAG message.

5.6.3. BUS DEVICE RESET

The BUS DEVICE RESET message is sent from an_initiator to direct a target to
clear all 1/0 processes on that SCSI device. This message forces a hard reset
condition to the selected SCSI device. The target shall go to the BUS FREE
phase following successful receipt of this message. The target shall create a
unit attention condition for all initiators (see 6.9).

5.6.4. CLEAR QUEUE

The CLEAR QUEUE message shall be jmplemented if tagged gqueuing is
implemented and may be lmglemented if untagged queuing is implemented. The
target shall go to the BUS FREE phase following successful receipt of this
message, The target shall perform an action eguivalent to receiving a series
of ABORT messages from each initiator. All I/0 processes, from all™
initiators, in the queue for the specified logical unit or target routine
shall be cleared from the queue. All active I/0 processes shall be
terminated. The medium may have been altered by partially executed commands.
All pending status and data for that logical unit or target routine for all
initiators shall be cleared. HNo status or message shall be sent for anY of
the I/0 processes. A unit attention condition shall be generated for all
other initiators with 1/0 processes that either were active or were gueued for
that logical unit or target routine. When reporting the unit attention
condition the additional sense code shail be set to COMMANDS CLEARED 8Y
ANOTHER INIVIATOR.

Previously established conditions, including MODE SELECT
reservations, and extended contingent allegiance shall not
CLEAR QUEUE message.

5.6.5. COMMARD COMPLETE

The COMMAND COMPLETE message is sent from a target to an initiator to
indicate that the execution of an [/0 process has completed and that valid
status has been sept to the initiator. After successfully sending this
message, the target shall go to the BUS FREE phase by releasing the BSY
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signal. The tar%et shall consider the message transmission to be successful
when it detects the negation of ACK for the COMMAND COMPLETE message with the
ATH signal false.

THPLEMENTORS KOTE: The 1/0 process may have completed successfully or
unsuccessfully as indicated in the status.

5.6.5. DISCOHNECT

The DISCONNECT message is sent from a target to inform an initiator that the
present connection is guing to be broken (the target plans to disconnect by
releasing the BSY signal), but that a later reconnect will be required in
order to compiete the current I1/0 process. This message shall not cause the
initiator to save the data Eointer. After successfully sending this message,
the target shall go to the BUS FREE phase by releasing the BSY signal. The
target shall consider the message transmission to be Successful when it
dgtec%sft?e negation of the ACK signat for the DISCONHECT message with the ATN
signal false.

Logical Characteristics

Targets which break data transfers into multiple connections shall end each
successful connection (except possibly the last) with a SAVE DATA POINTER -
DISCONNECT message sequence.

This message may also be sent from an ipitiator to a target to instruct the
target fo disconnect from the SCSI bus. If this option is supported, and
after the OTSCONNECT message is received, the target shall switch to MESSAGE
IN phase, send the DISCONHECT message to the initiator (possibl¥ preceded by
SAVE DATA POINTER mgssa?e). and then disconnect by releasing BSY. After
releasing the BSY signal, the target shall not participate in another
ARBITRATION phase for at least a disconnection delay. If this option is not
suggorted or the target cannot disconmect at the time when it receives the
DISCONNECT message from the initiator, the target shall respond by sending a
MESSAGE REJECT message to the imitiator.

5.6.7. IDENTIFY

The IDENTIFY message {Table 5-5) is sent by either the initiator or the
target to establish an I_T_L nexus or ar I_T_R nexus.

IMPLEMENTORS NOTE: Use of the IDENTIFY message to establish an I T R nmexus
allows connection to ane of up to eight target routines or functions in the
target itself. These target routines are expected to be used for
maintenance and diagnostic purposes.

Table 5-5: IDENTIFY Message Format

Bit 7 I 6 ‘ 5 I 4 ] 3 \ 2 i 1 I ]
Byte
0 |identify|DiscPriv| LUNTAR |Reserved|Reserved]

LUNTRN |

The identify bit shall be set toc one to specify that this is an IDENTIFY
message.
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A disconnect privilege (DiscPriv) bit of one specifies that the initiator
has granted the target the ﬁr1v11ege of disconnecting. A DiscPriv bit of zero
5ﬁec1fies that the target shall not disconnect, This bit is not defined and
shall be set to zero when an IDENTIFY message is sent by a target.

A Togical unit target {LUNTAR) bit of zero sgecifies that the 1/0 Erocess is
directed to or from a logical unit. A LUNTAR bit of one specifies that the
I/0 process is directed to or from a target routine.

The logical unit number target routine number (LUNTRN) field specifies a
lagical unit number if the LUNTAR bit is zero. The LUNTRN field specifies a
target routine number if the LUNTAR bit is one. The response to an invalid
value in the LUNTRN field is described in 6.5.3. Only the INQUIRY and REQUEST
SENSE commands are valid for target routines. If a target receives any other
comnand for a target routine, it shall return CHECK CONDITION status and shall
set the sense key to ILLEGAL REQUEST.

An IDENTIFY message is invalid if a reserved bit is set to one or if the
LUNTAR bit is set to one and the target does not implement target routines. A
device may respond to an invalid IDENTIFY message by immediately sending a
MESSAGE REJECT message or by returning CHECK CORDITION status. ~If a CHECK
CONDITION status is returned, the senSe key shall be set to ILLEGAL REQUEST
??gLéhe additional sense code shall be set to INVALID BITS IN IDENTIFY MESSAGE

Only one logical unit number or target routine number shall be identified
per 1/0 process. The initiator may send one or more IDENTIFY messages during
& connection. A second IDENTIFY message with a different value in either the
LUNTAR bit or LUNTRN field shall not be issued before a BUS FREE phase has
occurred; if a target receives a second IBENTIFY message with a di fferent
value in either of these fields,
disconnect, 5.1.1}. Thus an initiator may change the DiscPriv bit, but may
not attempt to switch to another I{D process. ?See the DTDC field of the
disconnect-reconnect page (7.3.3.2) for additional controls over
disconnection.)

An implied RESTORE POINTERS message shall be performed by the initiator
?rior to the assertion of the ACK signal on the next phase for an inbound
DENTIFY message sent during reconnection.
5.6.8. IGNORE WIDE RESIDUE

Table 5-6: IGNORE WIDE RESIDUE Message Format

Bit 7 I 6 | 5 I 4 I 3 | 2 | 1 i 0
Byte

0 Message Code (23h) l
—i ________________________ Igno;e o
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, The IGNORE WIDE RESIDUE message (Table 5-6) shall be sent from a target to
indicate that the number of valid bytes sent during the last REQ/ACK handshake
and REQB/ACKB handshake of a DATA IN phase is less than the negotiated
transfer width. The ignore field indicates the number of invalid data bytes

transferred. This messa%e shall be sent immediately following the DATA TN
gh??e and prior to any other messages. The ignore ¥ield is defined as
ollows:

Invalid Data Bits

Ignore 32-bit Transfers 16-bit Transfers
00h Reserved Reserved
01h 0B 31-24; DB(15-8)
0zZh DB(31-16 Reserved
03h pB{31-8) Reserved
04h to FFh Reserved Reserved

Even though a byte is invalid its corresponding garity bit shall be valid
for the value transferred. For 16-bit transfers, DB(31-16) are always invalid
and the corresponding parity bits are also invalid.

5.6.9. INITIATE RECOVERY

A target that supports extended contingent allegiance shall inform the
initiator it is enterln? this condition S sending an INITIATE RECOVERY
message immediately following a CHECK CONDITION or COMMAND TERMINATED status.
The extended contingent allegiance condition remains in effect until
terminated as described in 6.7.

If an asynchronous event occurs, the target may enter an extended contingent
al!e?iance condition by becoming a temporary ipitiator and sending the
INTTIATE RECOVERY message following the IDENTIFY message and any queue tag
message and before the COMMAND phase of the SEND command that is used tp
perform the asynchronous event notification (see 6.5.5). The successful
transmission of this message establishes the extended contingent allegiance
condition which remains in effect until terminated as described in 6.7.

IMPLEMENTORS NOTE: If the‘target notifies mu]ti?le initiators of the
asynchronous event, it should include the INITIATE RECOVERY message in only
one of the notifications.

A MESSAGE REJECT res€onse to an INITIATE RECOVERY message indicates that an
extended contingent allegiance condition shall not be established. The
enabled or disabled state of an extended continﬁent allegiance (see the DQue
bit of the control mode page, 7.3.3.1) is not changed by the rejection of an
INITIATE RECOVERY message.

5.6.10. INITIATOR DETECTED ERROR

The INITIATOR DETECTED ERROR message is sent from an initiator to inform a
target that an error has occurred that does not preclude the target from
retrying the operation. The source of the error may either be related to
previous activities on the SCSI bus or may be internal to the initiator and
unrelated to any previous SCSI bus activity. Although present peinter
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integrity is not asswured, a RESTORE POINTERS message or a disconnect followed
b¥ g reconnect, shall cause the pointers to be restored to their defined prior
state.

5.6.11. LEINKED COMHAND COMPLETE

The LINKED COMMAND COMPLETE message is sent from a target to an initiator to
jndicate that the execution of a linked command has completed and that status
has been sent. The initiator shall then set the pointers to the initial state
for the next linked command.

5.6.12. LINKED COMHAHD COMPLETE (WITH FLAG)

. The LINKED COMMAND COMPLETE (WITH FLAG) message is sent from a target to an
initiator to indicate that the execution of a linked command (with the flag
bit set to one) has completed and that status has beep sent. The initiator
shall then set the pointers to the initial state of the next linked command.
Typically this message would be used to cause an interrupt in the initiator
between two linked ccrmands.

5.6.13. MESSAGE PARITY ERROR

The MESSAGE PARITY ERROR message is seat from the initiator to the target to
indicate that the last message byte it received had a parity error.

Logical Characteristics

In order to indicate its intentions of sending this message, the initiator
shall assert the ATN signal prior to its release of the ACK aignal for the
REQ/ACK handshake of the message byte that has the parity error. This
provides an interlock so fhat the target can determine which message byte has
the parity error. I the target receives this message under any other
circumstance, it shall signal a catastrophic error condition by releasing the
BSY signal without any further information trapsfer attempt (see 5.1.1).

If the target returns to the MESSAGE IN phase before switching to some other
phase, after receiving the MESSAGE PARITY ERROR message, the target shall
re-send the entire message that had the parity error.

5.6.14. MESSAGE REJECT

The MESSAGE REJECT message is sent from either the initiator or target to
indicate that the last message or message byte it received was inappropriate
or has not been implemented.

In order to indicate its intentions of sending this message, the initiator
shall assert the ATN signal prior to its release of the ACK signal for the
REQ/ACK handshake of the message bgte that is to be rejectad. If the target
receives this message under any other circumstance, it shall reject this
message.

When a target sends this message, it shall change to ME3SAGE IN phase and
send this message prior to requesting additional message bytes from the
initiator. This provides an interlock so that the initiator can determine
which message byte is rejected.

After a target sends a MESSAGE REJECT message and if the ATN signal is still
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asserted, then it shall return to the MESSAGE OUT phase. The subsequent
MESSAGE QUT phase shall begin with the first byte of a message.

5.6.15. MODIFY DATA POINTER Message
Table 5-7: MODIFY DATA POINTER

Byte | Value | Description |
0 01h Extended message ) 1
1 05 |  Extended message lemgth
2 00k MODIFY DATA POINTER code
3 X Argurent (Most Significant Byte)
3 x Argunent T
5 X Arquoent T

5 | x| Argument (Least Significant Byte)

The MODIFY DATA POINTER message {Table 5-7) is sent from the target to the
initiator and requests that the signed argument be added (two's complement) to
the value of the current data pointer.

5.6.16. KO OPERATION

The NO OPERATION message is sent from an initiator in response to a target's
re?gest for a message when the initiator does not currently have any other
valid message to send.

For example, if the target does not respond to the attention condjtion until
a later phase and at that tiEe the original message is no lenger valid the
éﬂ%tigtor may send the NO OPERATION message when the target enters the MESSAGE
phase.
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5.6.17. Quewe Tag Hessages

Table 5-8: Queue Tag Message Format

Bit 7 [ 5 4 3 2 1 0
BT T
0 Message Code (20h or 21h or 22h)
'i"'l """""""""""""""""""""" Queve Tag TR ‘

Table 5-8 defines the format for the queue tag messages. If the target
implements tagﬂed ueuinE. a2ll of the gueue taE messages_are mandatory: HEAD
OF QUEUE TAG, ORDERED QUEUE TAG, and SIMPLE QUEUE TAG. Tagged queuing is only
defined for logical units, not target routines.

If a target does not implement tagged queuing and a gueue tag message is
recefved or if a gueue tag message 1S received for a target routine, it shall
regponddwith a MESSAGE REJECT message and accept the /0 process as if it were
untagged.

The queue tag messages are used to sgecifﬁ an identifier, called a queue
e

tag, for an [/0 process which establishes the I T L  nexus. The queue tag
field is an 8-bit unsigned integer assigned by Th& Tnitiator -during an initial
Eonnegticm. The queue tag for every 1/0 process for each I T L nexus should
e unique.

If the target receives a 3ueue tag that is currently in use for
the I T L nexus, then it shall respond as defined in 6.5.2. A queue tag
becomgs~availabie for re-assi?nment when the I/0 process ends. The numéric
value of a queue tag has no effect on the order of execution. -

IMPLEMENTORS NOTE: For each logical unit on each target, each initiator has
up to 256 queue tags to assign to 1/0 processes. Thus a target with eight
logical units coul have.ug to 14336 I/0 processes concurrently in existence
if there were seven initiators on the bus.

Whenever an initiator connects to a target, the aﬁ$ro¢riate queue tag
message shall be sent immediately following the IDENTIFY message and within
the same MESSAGE OUT phase to establish the I 1 L O nexus for the 1/0 process.
Only one I T L {} nexus may be established during 3 connection, if a ?ueue tag
message 1s not sent, then only an 1_T x nexus is established for the 1/0
process {untagged command).

Whenever a target reconnects to an initiator to continue a tag$ed 1/0
?rocess. the SIMPLE QUEUE TAG wessage shall be sent immediately Tollowing the
DENTIFY messa?e and within the same MESSAGE IN phase to revive the T T L Q
nexus for the I/0 process. Only one I T b 0 nexus may be revived during ? T
n X

reconnection, If the SIMPLE QUEUE TAG mesSage is mot sent, then only a
nexus is revived for the 1/0 process (untagged command).

If a target attempts to reconnect usinﬂ an invalid queue tag, then the
initiator should respond with an ABORT TAG message.
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5.6.17.1. HEAD OF QUEUE TAG

, the HEAD OF QUEUE TAG message specifies that the 1/0 ?rocess be placed first
in that Tegical upit's command queve. An I/D process a ready being executed
by the target shall not be pre-empted. A subsequent 1/0 process received with
a HEAD OF BUEUE TAG message shall be placed at the head of the command queue
for execution in last-in, first-out order.

5.6.17.2. ORDERED QUEUE TAG

The ORDERED QUEUE TAG message specifies that the I/0 process be placed in
that Io?ica! unit's command queue for execution in the order received. All
queued 1/0 processes for the logical unit received prior to this 1/0 process
shall be executed before this I?O process is executed. All queved 1/0
processes received after this I/0 process shall be executed after this 1/0
process, except for /0 processes received with a HEAD OF QUEUE TAG message.

5.6.17.3. SIMPLE QUEUE TAG
The SIHPLE QUEUE TAG message specifies that the 1/0 process be placed in
Ehgt logical unit's command queue. The order of execution is described in

8/22/89

5.6.18. RELEASE RECOVERY

The RELEASE RECOVERY message is sent from an initiator to a target to
terminate an extended contingent allegiance condition previously established
by an INITIATE RECOVERY message. This message shall be sent immediately
following the IDENTIFY message in the same MESSAGE OUT phase. The extended
continﬂent allegiance condition ends upon successful receipt of the RELEASE
RECOVERY message. the target shall go to the BUS FREE phase following
successful receipt of this message.

If & RELEASE RECOVERY message is received by a target that jmplements
extended contingent allegiance when no extended contingent allegiance
condition is active, the message shall not be rejected and the arget shall go
to the BUS FREE phase.

5.6.19. RESTORE POINTERS

The RESTORE POINTERS message is sent from a target to direct the initiator
to capy the most recently saved command, data, and status pointers for the 1/0
process to the corresponding active pointers. The conmand and status pointers
shall be restored to the beginning of the present command and status areas.
The data Eointer shall be restored to the value at the beginning of the data
area in the absepce of a SAVE DATA POINTER message or to the value at the
point at which the last SAVE DATA POINTER message occurred for that nexus.

5.6.20. SAVE DATA POINTER
The SAVE DATA POINTER message is sent from a target to direct the initiator

to copy the active data pointér to the saved data pointer for the current 1/0
process. {See 5.4 for a definition of pointers.)
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5.6.21. SYNCHRONCUS DATA TRANSFER REQUEST Hessage

Table 5-9: SYNCHRONOUS DATA TRANSFER REQUEST

Byte | Value | Description

] 01k Extended message -

T 03h |  Extended message lemgth
P 0lh |  SYNCHRONOUS DATA TRANSFER REQUEST code
3 no | Transfer period (W times 4 namoseconds)
7 ) x| Reqsack offset T

A SYNCHRONOUS DATA TRANSFER REQUEST (SDTR) message (Table 5-0) exchange
shall be initiated by an SC3I device whenever a previously-arranged data
transfer agreement may have become invalid. The agreement becomes invalid
after any condition which may leave the data transfer agreement in an
indeterminate state such as:

1) after a hard reset condition
2) after a BUS DEVICE RESET message and
3) after a power cycle.

In addition, an SCSI device may initiate an SDTR message exchange whenever
it is appropriate to negotiate a new data trapsfer agreement (either
synchronous or asynchronous). SCSI devices that are capable of synchronous
data transfers shall not respond to an SDTR message with a MESSAGE REJECT
message. -

IMPLEMENTORS NOTES:

(1} Re-negotiation at every selection is not recommended, since a
significant Eerformance impact is likely.

{2} Due to historical problems with early host adapters that could not
accept an SDTR message, some targets may not initjate synchronous
negotiation after a power cycle as required by this standard. Host adapters
that support synchronous mode may avoid the ensuing failure modes when the
target is iﬂde?endently power cycled by initiating a synchronous negotiation
on each REQUEST SENSE and INQUIRY command.

The SDTR message exchange establishes the permissible transfer periods and
the RE(/ACK offsets for all logical units and target routines on the two
devices. This agreement only applies to data phases.

The transfer period is the minimum time allowed between leading edges of
successive REQ pulses and of successive ACK pulses to meet the device
requirements for successful reception of data.

The REQ/ACK offset is the maximum number of REQ pulses z]lowed to be .
outstanding before the leading edge of its corresponding ACK pulse is received
at the target. This value is chosen to prevent overflow conditions in the
device's reception buffer and offset counter. A REQ/ACK offset value of zero
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shall indicate asynchronous data transfer mode; a value of FFh shall indicate
unlimited REQ/ACK offset.

The originatiqg device (the device that sends the first of the pair of SDIR
messages) sets_its values according to the rules above to permit it to receive
data successfully. If the responding device can also receive data
successfu]lg with these values (or smaller transfer periods or larger REQ/ACK
offsets or both), it returns the same values in its SDTR message. If it
requires a larger transfer period, a smaller REQ/ACK offset, or both in order
to receive data successfully, it substitutes values in its SDTR message as
required, returning unchanged any value not required to be changed. ach
device when transmitting data shall respect the limits set by the other's SDTR
message, but it is permitted to transfer data with larger transfer periods,
smaller REQ/ACK offsets, or both than specified in the other's SDTR message.
Thefs?fcessfu! completion of an exchange of SDTR messages implies an agreement
as follows:

togical Characteristics

Responding Device SDTR response

(1) Non-zero REG/ACK offset

Implied Agreement

Each device transmits data with a transfer
eriod equal to or greater than and a
EQ/ACK offset equal to or tess than the
values received in the other device's SDTR

message,

{2) REQ/ACK offset equal to zero
(3) MESSAGE REJECT message

If the initiator recognizes that negotiation is required, it asserts the ATN
signal and sends a SDTR message to heﬂin the negotiat1ng process. After
successfuilg completing the MESSAGE OUT phase, the target shall respond with
the proper SDTR message. If an abnormal condition ?reuents the target from
returning an appropriate response, both devices shall ge to asynchronous data
transfer mode for data transfers between the two devices.

Asynchronous transfer

Asynchronous transfer

Following target response 51) above, the implied agreement for synchronous
operation shall be considered to be negated by both the initiator and the
target if the initiator asserts the ATN signal and the first message out is
either MESSAGE PARITY ERROR or MESSAGE REJECT. In this case, both devices
shall go to asynchronous data transfer mode for data transfers between the two
devices. For the MESSAGE PARITY ERROR case, the implied agreement shall be
reinstated if a re-transmittal of the second of the pair of messages is
successfully accomplished. After a vendor-specific number of reiry attempts
(greater than zero), if the target receives a MESSAGE PARITY ERROR message, it
shall terminate the retry activity. This may be done either by changing to
any other information transfer ghase and transferring at least one byte of
information or bﬁ going to the BUS FREF phase {see 5.1.1). The initiator
action as abortmg the negotiation, and both devices shall

e

shall accept suc
for data transfers between the two

go to asynchronous data transfer mo
evices.

If the target recognizes that negotiation is required, it sends an SDTR
message to the initiator. Prior to reIea$in%_the ACK signal on the last byte
of the SDTR message from the target, the inifiator shali assert the ATN signal
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and res?ond with its SDTR message or with a
condition prevents the initia

abnorma
response, both devices shall

transfers between the two dev

Following an initiator's res [
s%nchronous operation shall not be considered to
the MESSAGE OUT phase, indicating that the targe
negotiation. After a vendor-specific number o
zero%, if the target has not received the i

all go to the BUS FREE phase without a

it s

HESSAGE REJECT message.
tor from returning an appropriate
o to asynchronous data transfer mode for data

8/22/89
If an

ponding SDTR message, an implied agreement for
exist until the target leaves
t has accepted the

retry attempts (greater than
nitiator's responding SDTR message,
ny further information transfer

attempt (see 5.1.1). This indicates that a catastrophic error condition has
occurred. Both devices shall go to asynchronous data transfer mode for data

transfers between the two devices.

If, following an initiator's responding SDTR message,
MESSAGE IN Ehase and the first message in is MESSAGE REJ
all be considered to he

asynchronous data transfer mode for

agreement s

dat

the target shifts to
ECT, the implied

ated and both devices shall
a transfers between the two devices.

o to

The implied synchronous agreement shall remain in effect until a BUS DEVICE

RESET message is recejved, until
CSI devices elects to
transfer mode is asynchronous data transfer mo

of the two

modify the a

a hard reset condition occurs, or until one
The default data
The default data transfer

mode is entered at power on, after a BUS DEVICE RESET message, or after a hard

reset condition.
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5.6.22. TERMINATE 1/0 PROCESS

The TERMINATE I/0 PROCESS message is sent from the initiator to the target
to advise the target to terminate the current 1/0 process without corrupting
the medium, Uponsuccessful receipt of this message the target shall
terminate the current I/0 process as soon as possible and refurn COMMAND
TERMINATED status. The sense key shall set to HO SENSE and the additional
sense code and aualifier shall be set todL/0 PROCESS TERMINATE The
TERMINATE /0 PROCESS message shall not affect pending status, data, and
commands for other queued or executing 1/0 processes. However, continued
execution and status of other I/0 processes queued for the | T x nexus may be
?ffec;eg gylghe queue error recovery option specified in the control mode page

see 7.3.3.1).

8/22/89

If the I/0 process that is being terminated has a data transfer associated
with it (i.e., DATA [N or DATA OU pbase}, the valid bit in the sense data
shall be set to one and the information field shall be set as follows:

(1) If the command dgscrigtor block specifies an allocation length ar
parameter 1ist length in bytes, the information field shall be sef to the
difference (residue} between the transfer length and the number of bytes
successfully transferred.

. (2) If the command descriptor block specifies a trapsfer length field, the
information field shall be set as defined in the REQUEST SENSE command tsee

Y 4 .

If the [/0 process being terminated has no data transfer associated with it
the target shall set the valid bit in the sense data to zero and terminate the
1/0 Erocess with COMMAND TERMINATED status. The sense key shall be set to NO
%Egaluﬂ¥gﬂthe additional sense code and qualifier shall be set to I/0 PROCESS

When any error condition is detected for an I/0 process the target sha]l
ignore the TERMINATE 1/0 PROCESS message and terminate the [/0 process with
the appropriate error status and sense data for the error condition.

If the target completes all processing for a command (i.e., all data has
been read, written, ar processed} and a TERMINATE 1/0 PROCESS message is
received before the 1/0 process is terminated, the target shall ignore the
TERMINATE /0 PROCESS message and terminate the 170 process in the normal
manner.

I the taryet receives a TERMINATE I/0 PROCESS message before the command
descriptor block is transferred (i.e., before the COMMAND phase} or the
message is isswed to an I T x nexus that does not have an active or queued [/0
process, the tarﬂet shall™s€t the valid bit in the sense data to zero and
terminate the I1/0 process with COMMAND TERMINATED status, The sense key shall
be set to NO SENSE and the additional sense code and qualifier shall be set to
I/0 PROCESS TERMINATED.

If the current 1/0 process is in the command gueue {1_T_x nexus for untagged
i has not Started execution,
the tar%et sfhiali either terminate the I/0 process immediately or disconnect
and wait until the command is at the head of the queue (started executing)
then terminate the 1/0 ﬁrocess. In either case, the target shall terminate
the [/0 process with COMMAND TERMINATED status. The sense key shall be set to
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NO SENSE and the additional sense code and qualifier shall be set to I/0
PROCESS TERMINATED. The valid bit shall be set to zero.

If the target does not support this message or is unable to stog the current
1/0 process for the 1 T _x nexus, it shall respond by sending a MESSAGE REJECT
message to the initiafer and continuing the 1/0 process in a normal manner,

IMPLEMENTORS NOTE: The TERMINATE I/0 PROCESS message provides a means for
the initiator to request the target to reduce the transfer length of the
current command to the amount that has already been transferred. The
initiator can use the sense data to determine the actuai number of bytes or
blocks that have been transferred. This message is normally used by the
initiator to stop a iengthg read, write, or verify operation when a higher-
priority command is available to be executed., It is up to the imitiator to
complete the terminated command at a later time, if required.

5.6.23. WIDE DATA TRANSFER REQUEST Message
Table 5-10: WIDE DATA TRANSFER MESSAGE

Logical Characteristics

E;te | Vvalue | Description

0 01h Extended messgée

R ozh | Extended message length
"2 7| 03h | WIDE DATA TRANSFER REQUEST code T
3 | m | Transfer Width (2*m bytes)

A WIDE DATA TRANSFER REQUEST (WDTR) message (Table 5-10) exchange shall be
initiated by an SCSI device whenever a previously-arranged transfer width
agreement may have become invalid. The agreement becomes invalid after any
condition which may leave the data transfer agreement in an indeterminate
state such as:

1} after a hard reset condition
2) after a BUS DEVICE RESET message and
3} after a power cycle.

In addition, an SCSI device may initiate an WDTR message exchange whenever
it is appropriate to negotiate a new transfer width agreement, S5C3! devices
that are capable of widé data transfers {greater than eight bits} shall not
respond to an WOTR message with a MESSAGE REJECT message.

IMPLEMENTORS NOTE: Re-negotiation at ever
since a significant performance itmpact is

selection is not recommended,
ikely.

The WDTR message exchange establishes an agreement between two SCSI devices
on the width of the data path to be used for DATA phase transfers hetween the
two devices. This agreement applies to DATA IN and DATA OUT phases only. All
other information transfer phases shall use an eight-bit data path.
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If an SCSI device implements both wide data transfer option and synchronous
data transfer option, then it shall negotiate the wide data transfer agreement

prior fo negotiating the synchronous data transfer agreement. I a
synchronous data transfer agreement is in effect, then an SCSI device that
aCEEpts & WOTR message shall reset the synchronous agreement to asynchronous
mode.

The transfer width that is established apBEies to all logical units on both
SCST devices. Valid transfer widths are 8 bits (m = 00h), 16 bits {m = 01h),
and 32 bits (m = 02h}. Values of m greater than 02h are reserved.

The originating SCSI device (the SCSI device that sends the first of the
pair of WOTR messages) sets its transfer width value to the maximum data path
width it elects to accommodate. If the responding SCSI device can also
accommodate this transfer width, it returns the same value in its WOTR
message. If it requires a smaller transfer width, it substitutes the smaller
value in its WDTR message. The successful completion of an exchange of WDIR
messages implies an agreement as follows:

Responding Device WOTR Response

Implied Agreement

Each device transmits and receives data
with a transfer width egual to the
responding SCSI device's transfer width.
Eight-bit Data Transfer

Eight-bit Data Transfer

{1} Non-zero transfer width

{2} Transfer width equal to zero
(3) MESSAGE REJECT message

If the initiator recognizes that negotiation is required, it asserts the ATN
signal and sends a WDTR message to begin the negotiating process. After
successfuilﬁ completing the MESSAGE OUT phase, the target shall respond with
the proper WDTR message. [T an abnormal condition prevents the target from
returning an appropriate respense, both devices shall go to eight-bit data
transfer mode for data transfers between the two devices.

Following target response {1) above, the implied agreement for wide data
transfers shall be considered, to be neqated by both the initiator and the
target if the initiator asserts ATH and the first message out is either
MESSAGE PARITY ERROR or MESSAGE REJECT. In this case, both devices shall go
to eight-bit data transfer mode for data transfers beiween the two devices.
For tﬁe MESSAGE PARITY ERROR case, the implied agreement shall be reinstated
if a re-transmittal of the second of the pair of messages is successfully
accompl ished. After a vendor-specific number of retry attempts (greater than
zero), if the target receives a WESSAGE PARITY ERROR message, it shall
terminate the retry activity. This may be done either by changin% to any
other information transfer phase and transferring at least one byte of
information or bg going to the BUS FREE phase (see 5.1.1). The initiator
shall accept such action as ahorting the negotiation, and both devices shall
go to eight-bit data transfer mode for data transfers between the two devices.
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If the tarﬁet recoghizes that negotiation is reqguired, it sends a WDTR
message to the imitiator. Prior to re]easig% the ACK signal on the last byte
of the WDTR message from the target, the initiator shall assert the ATN signal
and res?ond with 1ts WDTR message or with a MESSAGE REJECT message. If an
abnormal condition prevents the initiator from returnin? an appropriate
response, both devices shall go to eight-bit data transfe
transfers between the two devices.

r mode for data

Following an initiator's resEQnding WDTR message, an implied agreement for
wide data transfer oﬂeration shall not be considered to exist until the target
leaves the HESSAGE OUT phase, indicating that the target has accepted the
negotiation. After a vendor-specific number of retry attempts (greater than
zero}, if the target has not received the initiator's responding WDTR message,
it shall go to the BUS FREE phase without any further information trapsfer
attempt {See 5.1.1), This indicates that a catastrophic error condition has
accurred. Both devices shall go to eight-bit data transfer mode for data
transfers between the two devices.

[f, following an initiator's responding WDTR message, the target shifts to
MESSAGE N Ehase and the first message in is MESSAGE REJECT, the implied
agreement snall be considered to be negated and both devices shall go to
etght-bit data transfer mode for data fransfers between the two devices.

The implied transfer width agreement shall remain in effect until a BUS
DEVICE RESET message is received, until a hard reset condition occurs, or
until one of the two SCS] devices elects to modify the agreement. The defauilt
data transfer width is eight-bit data transfer mode. The default data
transfer mode is entered at power on, after a BUS DEVICE RESET message, or
after a hard reset condition.
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SCSI Commands and Status
6. SCSI Cosmands and Status

8/22/89

This_section defines the SCSI cowmand and status structures and gives
several examples.

By keeping to a minimun the functions essential to communicate via this
protocel, a wide range of peripheral devices of varying capability can operate
in the same environment. Because subsets of the full architecture may be
implemented, optional functions are noted.

6.1. Command Implementation Requirementis

The first byte of all SCSI commands shall-contain ap operation code as
defined in this standard. Targets shall implement all commands with a
mandatory operation code (see 6.1.2) both in section 7 and in the appropriate
section for their device type.

6.1.1. Reserved

Reserved bits, fields, bytes, and code values are set aside for future
standardization. Their use and interpretation mag be specified by future
extensions to this standard. A reserved bit, field, or byte shall be set to
zero, or in accordance with a future extension to this standard. A target
that receives a reserved bit, field, or byte that is not rero or receives a
reserved code value shall termipate the command with CHECK CONDITION status
and the sense key shall be set to ILLEGAL REQUEST. It shall also be
acceptable for a target te interpret a bit, field, byte, or code value in
aceordance with a future extension to this standard.

6.1.2. Operation Code Types

Operation
Code Type Description

M Mandatory - Commands so designated shall be implemented in order to
meet the minimum requirement of this standard.

0 Optional - Commands so designated, if implemented, shall be
implemented as defined in this standard.

) Vendor specific - Operation codes so designated are available for
vendor defined commands. See the vendor specifications where
compatibility is desired.

R Reserved - Operation codes so designated shall not be used. They
are reserved for future extensions to this standard.
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6.2. Command Descriptor Block
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A command is communicated by sending a command descri?tor block to the
target. For several commands, the command descriptor biock is accompanied by
a 1ist of parameters sent during the DATA OUT phase. See the specific
commands for detailed information.

The command descriptor block always has an operation code as its first hyte
and a control byte as its last byte.

For all commands, if there is an invalid parameter in the command descriptor

h1ggk. then the target shall terminate the command without altering the
medium,

Jable 6-1: Typical Command Descriptor Block for Six-byte Commands

Bit 7 6 5 4 3 2 1 ]
Byte
0 Operation Code
1 Logical Unit Number | {M58)
2 Logical Block Address (if required)
3 {LsB)
Transfer Length (if required)
4 Parameter List Length ?if required)
Allocation Length {if required)
5 ) Control
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Table 6-2: Typical Command Descriptor Block for Ten-byte Commands
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Table 6-3: Typical Command Descriptor Block for Twelve-byte Commands

Bit 7 6 5 4 3 2 1 0 Bit 7 6 5 4 3 2 1 i
Byte Byte
_6 _____ Operation Code 0 Operation Code
1 | logical Unit Mumber | Reserved ) 1 | Logical tnit Number | Reserved
2 | msey TR - B2 T
5| — il e —
i Logical Block Address (if required) -— il Logical Block Address {if required) ——
T wsti|  E|T oy
5T Reserved T N
7 (MSB) B ) Transfer LengEhﬂ(Ef re uireai- o 7 Transfer Length (if reguired) )
————— . Parameter List Length (if required) e et Parameter List Length ?1f requirved} ——
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6.2.1. Operation Code

The operation code (Table 6-4) of the command descriptor block has a group
code field and a command code field. The three-hit group code field provides
for eight groups of command codes. The five-bit conmand code field provides
for thirty-two command codes in each group. Thus, a total of 256 possible
operation codes exist. Operation codes are defiped in the subsequent Sections
of this document.

The group code specifies one of the following groups:

Group 0 - six-byte commands (see Table 6-1
Group 1 - ten-byte commands {see Table 6-2
Group 2 - ten-byte commands {see Table 6-2
Group 3 - reserved

Group 4 - reserved

Group 5 - twelve-byte commands (see Table 6-3)
Group 6 - vendor specific

Group 7 - vendor specific
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Table 6-4: Operation Code

Bitf 7 | 6 | 5 | 4 | 3 | 2 | 1 | o |

======= ey

| Group Code | Command Code |

6.2.2. Logical Unit Humber

The logical unit number is defined in the IDENTIFY message (5.6.7). The
target shall ignore the 1nﬂ1ca1 unit mumber specified within the command
descriptor block if an IDENTIFY message was received. If is recommended that
the logical unit number in the command descriptor block be set to zero.

HOTICE: The iogicg] unit mesber field is included in the command descriptor
block for compatibility with some 5C5I-1 devices. This field may be
reclaimed ip SCSI-3. Hew implementations should use the outbound IDENTEFY
message, which is mandatory in 5CSI-2, to establish the I_T_L nexus.

6.2.3. Logical Block Address

The logical block address on logical units or within a partition on device
volumes shall begin with block zerc and be contiguous up to the last logical
block on that logical unit or within that partition. .

A six-byte command descriptor block contains a 21-bit logical block address.
The ten-byte and the twelve-byte command descriptor blocks contain 32-bit
logical block addresses. Logical block addresses in additional parameter data
have their length specified for each occurrence. See the specific command
descriptions.

6.2.4. Transfer Length

The transfer length field specifies the amount of data to be transferred,
usually the number of blocks. For several commands the transfer length
indicates the requested number of bytes to be sent as defined in the command
description. For these commands the transfer length field may be jdentified
by a different name. See the following descriptions and the individual
command descriptions for further information.

Commands that use one byte for the transfer length allow up to 256 blocks of
data to be transferred bg one command. A transfer length value of 1 to 255
indicates the number of blocks that shall be transferred. A value of zero
indicates 256 blocks.

In commands that use multipie bytes for the transfer length, a transfer
length of zero indicates that no data transfer shall take place. A value of
one or greater indicates the number of blocks that shall be transferred.

Refer to the specific command description for further information.
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The parameter 1ist length is used to specify the number of bytes sent during
the DATA QUT phase. This field is typically used in command descriptor blocks
for parameters that are sent to a target {e.g., mode Rarameters. diagnostic
parameters, 1og parameters, etc.g. A parameter length of zero indicates that
no data shall be transferred. This condition shall net be considered as an
error,

6.2.6. Allocation Length

The allocation length field specifies the maximum number of bytes that an
initiator has allocated for returned data. An allocation length of zero
indicates that no data shall be transferred. This condition shall not be
considered as an error. The target shall terminate the DATA IN phase when
altocation length bytes have heen transferred or when ail available data have
been transferred to the initiator, whichever is less.

The allocation length is used to limit the maximum amount of data (e.q.,
geg%g gata, mode data, log data, diagnostic data, etc.) returned to an
initiator.
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6.2.7. Control Field

The control field is the last byte of every command descriptor block. The
control field is defined in Table 6-5.

Tabie 6-5: Control Field

8/22/89

Bit] 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Flag | Link |

| Vendor specific | Reserved |

The flag bit specifies which message the target shall return to the
initiator if the Tink bit is one and the command completes without error.
Implementation of the flag bit is optional.

The f]a% bit should be set to zero if the link bit is zero. If 1ink bit is
zero and the flag bit is one, the target shall return CHECK CONDITION status.
The sense key shall be set to ILLEGAL REQUEST.

If the flag bit is zero and the link bit is one, and if the command
completes successfully, the target shall send the LINKED COMMAND COMPLEYE
message. If the flag bit is ope and the link bit is one, and iT the command
com?letes successfully, the target shall send the LINKED COMMAND COMPLETE
(WITH FLAG) message. .

IMPLEMENTORS NOTE: The fiag hit is typically used to cause an interrupt in
the initiator between linked commands.

The link bit is used to continue the /0 process across muitiple commands.
Implementation of the link bit is optional.

A link bit of one indicates that the initiator requests a continuation of
the 1/0 process and that the target should enter the command phase upon
successful completion of the current command.

If the link bit is ope, and if the command completes successfully, the
target shall return INTERMEDIATE or INTERMEDIATE-COMDITION MET statos and
shall then send one of the two messages defined by the flag bit.

If either of the Tink and f!aﬁ bits are set to one, and the target does not
implement linked commwands, it shall return CHECK CONDITION status. The sense
key shall be set to [LLEGAL RFQUEST.
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The status byte and status byte code are specified in Tables 6-6 and 6-7. A
status byte shall be sent from the target to the initiator during the STATUS
phase at the completion of each command unless the command is tefminated hy
ane of the following events:
an ABORT message
an_ABORT TAG message
a BUS DEVICE RESET message
a CLEAR QUEUE message
a hard reset condition
an unexpected disconnect {see 5.1.1)

[

chnds Lohs

The STATUS phase normally occurs at the end of a command but in some case
may occur prior to transferring the command descriptor block.

Table 6-6; Status Byte

Bit| 7 | 6 | 5 | 4 | 3 | 2 | 1 i 0
Status Byte Code

] Reserved |

| Reserved |

Table 6-7: Status Byte Code

/7 6 5 4 3 2 1 0 Status
R R 0 0 0 0 0 n 600D
R R 0 0 0 0 1 R CHECK CONDITION
R R 0 0 0 &t 0 R CONDITION MET
R R 0 0 1 0 0 R BusSY
R R 0 1 0 0 0 R INTERMEDIATE
R R 0 1 0 1 06 R INTERHMEDIATE-CONDITION MET
R R 6 1 1 0 ¢ R RESERVATION CONFLICT
R R 1 0 0 0 1 R COMMAND TERMINATED
R R 1 0 1 0 0 & QUEUE FULL
All Other Codes Reserved

Key: R - Reserved bit
A definition of the status byte codes is given below.

GO0D.
command .

CHECK CONDITION. This status indicates that a contingent allegiance
condition has occurred (see 6.6).

This status indicates that the target has successfully completed the
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CONDITION MET. This status or INTERMEDIATE-CONDITION MET is returned
whenever the requested operation is satisfied (see the SEARCH DATA and PRE-
FETCH commands).

BUSY. This status indicates that the target is busy. This status shall be
returned whenever a target is unable to accept the command from an otherwise
acceptable initiator {i-e., no reservation conflicts). The recommended
initiator recovery action is to issue the command again at a later time.

INTERMEDIATE. This status or INTERMEDIATE-CONDITION MET shall be returned
for every successfully completed command in a series of linked commands
éexce t the last conmand%, unless the command is terminated with CHECK
ONDITION, RESERVATION CONFLICT, or COMMAND TERMINATED status. If
INTERMEDIATE or INTERMEDIATE-CONDITION HET status is not returned, the series
of linked commands is terminated and the [/0 process is ended.

INTERMEDIATE-CONDITION MET. This status is the combination of the CONDITION
MET and INTERMEDIATE statuses.

RESERVATION CONFLICT. This status shail be returned whenever an initiator
attempts to access a logical unit or an extent within a loE1ca1 upit that is
reserved with a conflicting reservation fype for another SLSI device (see the
RESERVE and RESERVE UNIT comands). The recommended initiator recovery action
is to issue the command again at a later time.

COMMAND TERMINATED. This status shall be returned whenever the target
terminates the current [/0 process after receiving a TERMINATE 1/0 PROCESS
message {see 5.6.22). This status also indicates that a contingent allegiance
condition has occurred {see 6.6).

8/22/89

QUEUE FULL. This status shall be implemented if tagged ueying is
implemented. This status is returned when a SIMPLE QUEUE TAG, ORDERED (QUEUE
TAG, or HEAD OF QUEUE TAG message is received and the command gqueue is full.
The 1/0 process is not placed in the command queue.

6.4. Command Examples

The fo]lowing sections give examples of typical command processing in the
SCSI envircnment.

6.4.1. Single Command Example .

An I/0 process containing one untagged READ command is used in this section
to itlustrate a simple 1/0 process on the SCSI bus. This example does not
inciude error or exception conditions.

The initiater has one set of active pointers that includes a command
pointer, a data pointer, and a status pointer. In addition, the initiator has
one set of saved pointers for each 1/0 process that it is able to concurrently
manage. The initiator sets up the saved pointers to point to the appropriate
bytes for the [/0 process and copies the saved pointers to the active
pointers. It then arbitrates for the SCST bus, and upon winning arbitration,
selects the target. Once the target is selected, the target assumes control
of the I/0 process.
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During the SELECTION phase, the initiator asserts the AIN signal to inform
the target that the initiator wishes to send a message. The target enters_the
MESSAGE "0UT phase and transfers the IDENTIFY message from the initiator. This

message informs the target of which logical unit is to be used. At this
point, an I T L nexus has been established for the 1/0 process. This nexus
associates The initiator's pointers with the I/0 process.

The target switches to the COMMAND phase and transfers the command
descriptor block from the initiator. 1In this case, the command descriptor
block contains a READ command. The target intarprets the command and switches
to the DATA IN phase, transfers the data, switches to STATUS phase, sends GOOD
status, switches to MESSAGE IN phase, and transfers a COMMAND COMPLETE
message. After successfullt sending the COMMAND COMPLETE message, the target
gugs to the BUS FREE phase by releasing the BSY signal and the 1/0 process
ends.

6.4.2. Disconnect Example

In the above single command example, the length of time necessary to obtain
the data may require a tlme-consum1ng ph¥51cal positjoning operation. In
order to improve system throughput, the target may disconnect from the
initiator, thereby freeing the SCSI bus to allow other I/0 process to occur.

After the target has received the READ command Eand has determined that
there will be a delay), it disconnects from the SCSI bus by sending a
DISCONNECT message and by going to the BUS FREE phase.

After the target retrieves the requested data from the geripheral device it
arbitrates for the 5CS{ bus, Upon winning arbitration, it reselects the
initiator and sends an IDENTIFY message to the injtiator via the MESSAGE IN
phase. This revives the I T L nexus 3o that the initiator can retrieve the
correct set of pointers for The 1/0 process. The initiator restores the
active pointers to their most recent saved values (which, in this case, are
the initial values) and the target continues (as in the single command
example) to finish the I/0 process.

If target wishes to disconnect after transferring part of the data {e.g.,
while crossing a cylinder boﬂndary). it may do so by sending a SAVE DATA
POINTER message and a DISCONNECT message to the inittator and then .
discomnnecting. WHhen reconnection is completed, the current data pointer is
restored to its value immediately prior to the SAVE DATA POINTER message.

On those occasions when an error or exception condition occurs and the
target elects to repeat the information transfer, the target may repeat the
transfer by either rssuin? a RESTORE POINTERS message or by discennecting
without issuing a SAVE DATA POINTER message. When reconnection is completed,
the most recent saved pointer values are restored.
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6.4.3. Linked Command Example

An_1/0 process may contain multiple commands "1inked" together. Upon
comp!etin? a linked command successfully, the target automatically proceeds to
the next Tinked command for the 1/0 process. All commands in a series of
linked commands are addressed to the same nexus and are part of a single I/D
process.

8/22/89

The comnands are not entirely independent. When using the relative address
bit (see B.1.10}, the address of the last Ingical block accessed by one of the
conmands is available to the next command. Thus one can search for a
Barticu]ar data pattern usin% a SEARCH DATA command and then read the logical

Jock containtng the data paltern with a READ command Pinked to the SEARCH
DATA command. {One can also read a lugical black at a specified displacement
from the block containing the data pattern.

A LINKED COMMAND COMPLETE or LINKED COMMAND COMPLETE (WITH FLAG) message is
sent from the target to the initiator to indicate that a |inked command
completed. The initiator then uﬁdates the saved pointers for the nexus so
that subsequent transfers from the target reference the next command of the
series. Command processing of linked and single commands is similar except
that relative addressing i5 permitted in linked commands.

For example, a successful completion of a SEARCH DATA EQUAL command causes
the target te continue with the linked READ command from the initiator. If
the relative address bit in the READ command has been set to one, and the
address field of the READ command is set to zero, the target transfers the
successfully searched block to the initiator.

6.5, Cosmand Processing Considerations and Exception Conditions

The_fo]luwjnﬁ sections describe some exception conditions and errors
associated with command processing and the sequencing of commands. -

6.5.1. Programmable Operating Definition

Some applications require that the operating definition of a logical unit be
modified to meet the special requirements of a particular initiator. The
program-controlied modification of the ogeratinﬁ definition is typically
provided to allow operating systems to change the operatin definition of a
more recently developed targets to one which is more compatible with the
operating system. This abi itg requires that the system comply with the Tow-
tevel hardware definitions of SCSI-2.

The parameters that can be changed by modifying the operating definition of
a lo?ical unit include the vendor tdentification, the device type, the device
moded, the SCSI compliance level, the SCSI specification level, the command
set, and other parameters. The low-level hardware parameters including signa)
timing and parity definitions cannot be changed by modifying the operating
definttion. The present operating definition of a logical init with respect
to an initiator can be determined at any time hy execution of an INQUIRY
command. [n some uendor—sBecific cases, it may also be necessary to perform
other commands including MODE SENSE and READ CAPACITY.
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fach logical unit begins at a particular operating definition. If the
logical unit sugports the CHANGE DEFINETION cowmand, the present operatin%
definition can be changed to an{ other operating definition supported by the
togical unit. The actiral detajls of the operating definition of a logical
unit are vendor-specific. If the o?erating definition is changed to one that
does not include the CHANGE DEFINITION command, the target should centinue to
accept the CHANGE DEFINITION command.

If an error gccurs during execution of a CHANGE DEFINITION command, the
original operating definition remains in effect after the command is executed.
The new operating definition becomes active only after successful execution of
the CHANGE DEFINITION command.

Since new operating definitions may preclude the execution of 1/0 processes
that are already in progress, the target may disconnect to allow completion of
any 1/0 processes that are in ?rogress. Dgeratinﬁ definition changes that may
cause conflicts with the normal operation from other initiators shall be
indicated to those initiators by generating a unit attention condition for
each other initiator. The additional sensé code shall be set to CHANGED
OPERATING DEFINITION.

An initiator may request a Tist of the operating definitions that the target
supyorgs and descriptive text for each operating definition using the INQUIRY
conmand.

6.5.2. Incorrect Initiator Connection

An incorrect initiator connection occurs on a reconnection if:
1) an initiator atfempts to reconnect to an 1/0 process, and
2) a soft reset condition has not occurred, and
3) the initiator does not send an ABORT, ABORT TAG, BUS DEVICE RESET, CLEAR
QUEUE, or TERMINATE 1/0 PROCESS message during the same MESSAGE OUT phase as
the IDENTIFY message.

An incorrect initiator connection also occurs on an initial connection when
an initiator: .

(1) attempts to establish an I T_L_Q nexus when an I_T L nexus already
exists from a previous connection, of

(2} attempts to establish ‘an I_T L nexus when an I_T L 0 nexus already
exists unless there is a contingent allegiance or exfefidéd contingent
allegiance condition present for the logical unit or target routine.

A target that detects an incorrect initiator connection shall abort ail [/0
processes for the initiator on the logical unit or target routine and shafl
return CHECK COMNDITION status. The sense key shall be set to ABORTED COMMAND
and the additional sense code shall be set to OVERLAPPED COMMANDS ATTEMPTED.

If an initiator reconnects to ap 1/0 process and a soft reset condition has
occurred, the target shall meet the requirements of 5.2.2.2.

IMPLEMENTORS NOTES:

An incorrect initiator connection may be indicative of a serigus error
and, if not detected, could resuit in an I/0 process operating with a wrong
set of pointers. This is considered a catastrophic failure on the part of
the initiator. Therefore, vender-specific error recovery procedures may be
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required to guarantee the data integrity on the medium. The target may
return additional sense data to aid in this error recovery procedure (e.g.,
sequential-access devices may return the residue of blocks remaining to be
written or read at the time the second command was received).

{2} Some targets may not detect an incorrect initiator connection until
after the command descriptor block has been received.

6.5.3. Selection of an Invalid Logical Unit

The target's response to selection of a logical unit which is not valid is
described in the following paragraphs.

The logical unit may not be valid because:

%1) the target does not support the logical unit (e.g., some targets support
only one peripheral device), In resEQnse to an INQUIRY command the target
shall return the INQUIRY data with the peripheral qualifier set to the value
required in Table 7-16. In response to ang other command except REQUEST SENSE
the target shall terminate the command with CHECK CONDITION status. In
response to a REQUEST SENSE command the target shall return sense data. The
sense key shall be set to TLLEGAL REQUEST and the additional sense code shall
be set to LOGICAL UNIT NOY SUPPORTED,

(2) the target supports the togical unit, but the peripheral device is not
currentlﬁ attached to the target. In response to an INQUIRY command the
target shall return the INQUIRY data with the peripheral gualifier set to the
value required in Table 7-16. In response to an% other command except REQUEST
SENSE the target shall terminate the command with CHECK CONDITION status. In
response t0 a REQUEST SENSE command the target shall return sense data. The
sense key shall be set to ILLEGAL REQUEST and the additiomal sense code shall
be set to LOGICAL UNIT NOT SUPPORTED.

3) the target supports the logical unit and the Eeriﬁhera] device is
attached, but not operational. In response to an INQUIRY command the target
shall return the INQUIRY data with the peripheral qualifier set to the value -
required in Table 7-16. The target's respopse to any command other than
IRQUIRY and REQUEST SENSE is vendor specific.

4) the tar?et supports the ]ogical unit but is inca?ab}e of determining if
the periphera or is not operational when it is not ready.
In resRonse to an INQUIRY command the target shall return the INQUIRY data
with the peripheral $uallfier set to the value required in Table 7-16. In
response to a REQUEST SENSE command the target shall return the REQUEST SENSE
data with a sense key of NO SENSE unless a prior error condition exists. The
target's response to any other command is vendor specific.

device is attache

6.5.4. Parameter Rounding

Certain parameters sent to a target with various commands contain a range of
values. Targets may choose to implement only selected values from this range.
When the target receives a value that it does not suEEort, it either rejects
the command {CHECK CONDITION status with ILLEGAL REQUEST sense key) or it
rounds the value recejved to a supported value. The target shall reject
unsupported values unless rounding is permitted in the description of the
parameter.

Roundin% of parameter values, when ?ermitted, shall be performed as follows:
A target that receives a parameter value that is not an exact supported value
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shaii adjust the value to one that it sugﬁorts and shall return CHECK
CONDITION status with a sense key of RECOVERED ERROR. The additional sense
code shall be set to ROUNDED PARAMETER. The initiator is responsible to issue
an appropriate comnand to learn what value the target has selected.

IMPLEMENTORS NOTE: Generally, the target should adjust maximum-value fields
down to the next lower supported value than the one specified by the
initiator. Minimum-value fields should be rounded up to the next higher
supported value than the ane specified by the initiator, In some cases, the
tﬁpe of rounding {up or down) is explicitiy specified in the description of
the parameter.

6.5.5. Asynchronous Event Notification

Implementation of asynchronous event notification is optional. This

ﬁrotocol can be used to inform processor devices that an asynchronous event

as occurred. A SEND command with an AEN bit of one is issued to a processor
device with a subseguent data phase that inciudes the REQUEST SENSE
information. SCSI devices that respond to an INQUIRY command as & processor
device type with asynchronous event notification capability may be notified of
asynchronous events using this protocol. An SCSI device has to be capable of
acting as an initiator in order to perform asynchronous event notification.

IMPLEMENTORS NOTE: Asynchronous‘eyent notification cannot be used with a
device that acts as a temporary initiator (e.q., devices executing COPY
commands} since they are not identified as a processor device.

Parameters affecting the use of asynchronous event notification are
contained in the control mode page (see 7.3.3.1).

The four uses of asynchronous event notification are:
(li informing a processor of an error condition encountered after command
e

Comgtiﬂﬂ. . -
(.% informing all processor devices that a newly initialized device is
available

{3} informing all processor devices of other unit attention conditions
4} informing all processor devices of other asynchrornous events.

Qther uses of asynchronous event notification are not prohibited, however
this protocol is not intended to be used while an I T L or I T L O nexus
exists between the processor device (i.e., the ipnit7afor of IhE Tiexus) and the
other SCSI device (i.e., the target of the mexus). Asynchronous event
?o%igiaation ;s not intended for use with target routines {i.e., an I_T R or

nexus}.

An example of the first case above is a device that 1mglements a write
cache. If the target is unable to write cached data to the medium, it may use
an asynchronous event notification to inform the initiator of the failure. An
extended contingent allegiance condition may also be established during the
same I_T L nexus used for the asynchronous event notification (see 5.6.9}.

An example of the third case above is a device that supports removable
media. Asynchronous event notification may be used to inform an initiator of
a not-ready-to-ready transition {(medium changed) or of an operator initiated
event {e.g., activating a write protect switfh or activating a start or stop
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switch).

An example of the fourth case above is a sequential-access device performing
a REWIND command with the immediate bit set to one. Asynchronous event
notification may be used to inform an initiator that the be inning of medium
has heen reached. Completion of a CD-ROM AUDIO PLAY command started in the
immediate mode is another example of this case.

Notification of an asynchronous event is performed using the SEND command
with the AEN bit set to one. The information identifying the condition being
reported shall be returned during the DATA OUT phase of the SEND command (see
11.2.2.). The data sent is shown in Table 11-4.

An error condition or unit attention condition shall be reported once per
accurrence of the event causing it. The target may choose to use an
asgnchronous event notification or to return CHECK CONDITION status on a
subsequent command, but not both. MNotification of command-related error
conditions shall be sent only to the processor that initiated the 1/0 process.

The asynchronous event notification protocal can be used to notifz processar
devices that a system resource has become available. I a target chooses to
use this method, the sense keK in the sense data sent to the processor device
shall he set to UNIT ATTENTION.

The asynchronous event notification protacol shall be used only to SCS{
devices that return processor device type with an AENC bit of ane in response
to an INQUIRY command, The INQUIRY command should be issued -to logical unit
zero of each SCSI device respondinﬁ to selection. This procedure shall be
conducted EFIOT to the first asynchronous event motification and shall be
repeated whenever the device deems it appropriate or when an event occurs that
may invalidate the current information. (See 5.6.21, SYNCHRONOUS DATA
TRANSFER REQUEST message, for examples of these events.) -

Each SCSI device_that returns Brucessor device type with an AENC bit of one
shall be issued a TEST UNIT READY command to determine that the SCSI device is
read* to receive an asynchronous event notification. An SCSI device returning
CHECK CONDITION status is issued a REQUEST SENSE command. This clears any
pending unit attention condition. An SESI device that returns processor
device tyEe with an AENC bit of one and returns GOOD status when issued a TEST
UNIT READY conmmand shall accept a SEND command with an AEN bit of one.

[MPLEMENTORS NOTE: An SCSI device which can use asynchronous event
notification at initialization time should provide means to defeat these
notifications. This can be done with a switch or Jjumper wire. Devices
which implement saved parameters may alternatively save the asynchronous
event noiification permissions either on a per SCSI device basis or as a
system wide aption. In anﬁ case, a device conducts a survey with INQUIRY
commands to be sure that the devices on the SCSI bus are agpropriate
destinations for SEMD commands with an AEN bit of one. (The devices on the
bus or the SCSI ID assignments may have changed.)

SC5I-2 Working Draft Proposal 6-15 Revision 10b

SCSI Commands and Status B/22/89

6.6. Contingent Allegiance Condition

The cuntin?ent allegiance condition shall exist following the return of
CHECK CONDITION or COMMAND TERMINATED status and may optionaily exist
following an unexpected disconnect. The contingent allegiance condition shall
be preserved for the 1 T x nexus until it is cleared. The contingent
allegiance condition shall be cleared qun the generation of a hard reset
condition, or by an ABORY message, a BU DEVICE RESET message, or any
subsequent command for the I T x nexus. While the contingent allegiance
condition exists the target Shall preserve the sense data for the initiator.

While the contingent allegiance condition exists, if the target is unable to
maintain separate sense data, the target shall respond to any Other requests
for access to the logical unit or target routine from another initiator with a
BUSY status. Execution of queved commands for the logical umit or target
routine for which the contingent allegiance condition exists shall be
suspended until the contingent allegiance condition is cleared.

6.7. Extended Contingent Allegiance Condition

Implementation of extended contingent allegiance is optional. The extended
contingent allegiance condition extends the contingent altegiance condition
for an I T x nexus. This condition is generated by the target sending an
INITIAYE_ RECOVERY message to the initiafor following CHECK CONDITION or
COMMAND TERMINATED statos and prior to the COMMAND COMPLETE message. This
condition shall be Ereserved until it is cleared by a BUS DEVICE RESET
message, & RELEASE RECOVERY message, or a hard reset condition.

While the extended contingent allegiance condition exists the target shall
respond to ang other request for access to the logical unit from another
initiator with BUSY status. FExecution of queued Commands for the logical unit
for which the extended cuntingent allegiance condition exists shall be
suspended until the RELEASE RECOVERY message is received hy the target.

IMPLEMENTORS WOTES:

It is not required to generate an extended contingent allegiance
condition for every CHECK CONDITION or COMMAND TERMINATED status that .
occurs.  Simple errors not:requiring an extended recovery may be dealt with
bg using the contingent allegiance protocol. .

(2) Durgng the existence of the extended contingent allegiance condition,
appropriate error recovery sequences may be executed. Such commands can
correct data, modify or delete queued commands, perform LOG SENSE commands
and obtain diagnostic information. Extended contingent allegiance is
recommended for error conditions that may require execution of multiple-step
error-recovery protocols without interference from other initiators.

An extended contingent allegiance condition may also be generated using an
asynchranous event notification protocol, When the event is detected, the bus
device which detected the event assumes the initiator role and transmits a
SEND command with an AEN bit of one to the appropriate device(s) (see 11.2.2).

If the device wishes to generate an extended contingent a!le?iance condition
during an asynchronous event notification, it shall send an INITIATE RECOVERY
message following the IDENTIFY message éand following any queue tag message)
and prior to the COMMAND phase of the SEMD command. An extended contingent
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allegiance condition can be generated for only one I T L nexus at a time. The
extended contingent allegiance condition is cleared when a RELEASE RECOVERY
message is received from the device to which the INITIATE RECOVERY message was
sent. The generation of a hard reset condition, or recei?t of a BUS DEVICE
RESET message shall also clear the extended contingent allegiance condition.

During an extended contingent allegiance only untagged 1/0 processes from
the SCSI device to which the INITIATE RECOVERY message was sent shall be
executed by the target. If the initiator sends a queue tag message the target
shall respond with QUEUE FULL status. After the extended contingent
a]]e?iance condition is cieared any commands remaining in the command queue
shall be executed.

6.8. Queued I/0 Processes

The implementation of quewing for 1/0 processes is optional. Queuing of I/0
?rucesses allows a target to accept multipie I/0 processes for execution at a
ater time.

There are two methods for implementation of queuing, tagged and untagged.
Tagoed queuing allows a target to accept multiple I/0) processes from each
initiator for each logical unit or target routine. Untagged queuing allgws a
target to accept one 1/0 Erocess from each initiator for each logical unit. A
tzrgeg.may be capable of both methods queuing, but only one method may be used
at a time.

Untagged queuing may be supported by SCSI-1 or SCSI-2 devices.
queuing is new in SCSI-Z.

6.8.1. Untagged Queuing
Unta?ged queuing allows a target to accept a command from an initiator for a.

logical unit or target routine while a command from another initiator is being
executed.

Tagued

Only one command for each I_T x nexus shall be accepted at a time.

An 1/0 process may be initiated any time the BUS FREE phase exists even if
an I/0 process from a different initiator is active. If the disconnect
privilege is not granted in the IDENTIFY message of the new I/0 process, the
target fay either suspend the active 1/0 process or it may return BUSY status
to the new I/0 process.

The I T x nexus sufficiently specifies the relationship so that the target
can reconhect to the initiator to restore the pointers for 1/0 process as long
as only one 1/0 process per I T x nexus is issued. It is the responsibility
of the initiator to assure that only one such I/0 process is issued at any
time (see §.5.2).
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6.8.2. Tagged Queuing

Tagged queuing allows a target to accept multiple [/0 processes from the
same or different initiators until the logical unit's command queue is full,
If an I/0 process is received and the command queue is full, the target shall
terminate the I/0 process with QUEUE FULL status.

The command queue is setup by the target for each supported Iogicai unit and
target routine. Initiators may add or delete I/0 processes to the ?ueue.
When adding an /0 process, the initiator may specify fixed order o
execution, allow the target to define the order of execution, or specify that
the 1/0 process is to be executed next.

if the disconnect ﬁrivilege is not granted in the IDENTIFY message for a
tagged 1/0 process the target shall return BUSY status.

The queue tag messages (see 5.6.17% allow the initiator to establish a
unique I T L Q nexus to identify each I/0 process. The I T L { nexus allows
the target it reconnect to a specific I/0 process and allows the initiator to
restore the set of pointers for that [/O process. An ipitiator may have
several /0 ?rncesses ongoing to the same or different logical units or target
routines as long as each has a unique nexus.

If onlty SIMPLE QUEUE TAG messages are used, the target may execute the
cormands in any order that is deémed desirabie within the constraints of the
queue management algorithm specified in the control mode page (see 7.3.3.1).

If ORDERED QUEUE TAG messages are used, the target shall execute the
commands in the order received with respect to other commands received with
ORDERED QUEVE TAG messages. A1l commands received with an SIMPLE QUEUE TAG
message prior to a command received with an ORDERED QUEUE TAG message,
reaar less of initiator, shall be executed before that command with the
ORDERED QUEUE TAG message. Al commands received with an SIMPLE QUEUE TAG
message after a command received with an ORDERED QUEUE TAG message, regard]ess
of initiator, shall be executed after that command with the ORDERED QUEUE TAG
message.

A command received with a HEAD OF QUEUE TAG message is placed first in the
queue, to be executed next. A command received with a HEAD OF QUEUE TAG
message shall not suspend an 1/0 process for which the target has begun
execution. Consecutive commands received with HEAD OF QUEUE TAG messages are
executed in a last-in-first-out order.

An /0 Brocess received without a queue tag message while there are any
tagged 1/0 commands in the command queue is_an incorrect initiator connection
(see 6.5.2) unless there is a contingent allegiance or extended contingent
allegiance condition.

A series of linked conmands are a single I/0 process, and are assigned the
ﬁueue taq established in the initial connection. A command received with a

EAD OF 8UEUE TAG message shall not suspend a series of linked commands for
which the target has begun execution.
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The RESERVE and RELEASE commands should be sent with an ORDERED QUEUE TAG
message. Use of the HEAD OF QUEUE TAG message with these commands could
result in reservation conflicts with previously issued commands.

The TEST UNIT READY and INQUIRY commands are often seht with a HEAD OF QUEUE
TAG message, since the information returned has no effect on the condition of
the Togical unit.

Two error recovery options are allowed. The error recovery option o be
used is specified in the control mode page (see 7.3.3.1).

The first post-recovery option is to continue execution of commands in the
queue after the contingent allegiance or extended contingent atlegiance
condition has cleared, The target returns BUSY status to other initiators
while the contingent allegiance or extended contingent allegiance condition
exists. Durin? this time all commands in_the queue are suspended. All
commands used for recovery operations shall be untagged commands. The queue
may be modified by removing all or selected commands in the queue as part of
the recovery procedure.

If commands are combined by the queuing algorithm such that the error
affects more than one command, then a contingent allegiance condition shalt be
generated for all affected commands.

The second recovery option clears the queue after the contingent allegiance
or extended contingent allegiance condition has been cleared. khen the queue
is cleared because of this recovery option, a unit attention -condition shall
be generated for all other injtiators and the additional sense code shall be
set to COMMANDS CLEARED BY ANOTHER INITIATOR.

Ueferred errors are normally related to a command that has a]read¥
completed. As such, there is no attempt to return the queue tag value
assigned to the original command.

A device that does not support tagged queuing for any reason (e.g., not
implemented, disabled by the DQue bif in the control mode page, or it has been
switched te an operating definition that does not include tagged queuin?
shall respond to any queue tag message with a MESSAGE REJECT message. e
target shall continue the 1/0 process as if it was an untagged 1/0 process.

Tagged queuing may also be temporarily disabled internal to the SCSI device
during certain initialization periods or to control internal resource
utilization. During these periods the target may elect to return QUEUE FULL
status or it may reSpond to any queue tag message with a MESSAGE REJECT
message,

Several messages may he used to clear gart or all of the command ﬂueue.

Please refer to the ABORT, ABORT TAG, BUS DEVICE RESET, and CLFAR QUEUE
nessages in Section 5 for details.
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6.8.3. Example of Queuved I/0 Process

An example of /0 process queuing benefits from the consideration of the
execution of a number of commands. After each command, the state of the queue
kept in the target is shown to indicate the function actually performed by the
queuing.

6.8.3.1. Typical Sequences for Tagged Queuinﬁ

An I/0 process using tag$ed queu1q% uses the following sequences for normal
execution, The initiator Tirst arbifrates for the SCSI bus, and after
successfully obtaining the SCSI bus, selects the appropriate SCSI device. The
ATN signal 1s asserted during the SELECTION phase to indicate that a MESSAGE
OUT phase is requested by the initiator. The first message byte transferred
is an IDENTIFY message.  The ATN signal continues to be aSserted during the
MESSAGE OUT phase to indicate that the initiator has apother message. The
second message byte transferred is the first byte of the appropriate queue tag
message, in this case a SIMPLE QUEUE TAG message. The third and Tast message
byte s transmitted containing the second byte of the queue tag message, the
gueue tag. As it is transferred, the ATN signal is negated to indicale that
no more message bytes are available. The target then transfers the command
descriptor block.” Assuming the command requires disconnection, the target
transmits a DISCONNECT message to the initiator and then enters the BHS FREE
phase. The target places the command, identified by the I T L Q nexus, at the
appropriate place in the command queue.

8/22/89

When the target removes 1/0 processes from the queue for execution, a
physical latency period may occur. At the end of this period, when the target
is prepared to itransfer the appropriate data, the target begins an ARBITRATION
phase and, upon winning, enters a RESELECTION phase, After a successful
reselection, the target sends the IDENTIFY message foflowed by a SIMPLE QUEUE
TAG message with the queue tag value originalig sent by the initiator. The
initiator uses the I T L  nexus to identify the correct set of pointers and
control hlocks assoctated with the 1/0 process and to establish the necessary
conditions for data transfer. The target begins data transfer. When the data
transfer is successfully completed, the targét returns GOOD status and
terminates the I/0 process with a COMMAND COMPLETE message.

6.8.3.2. Example of Tagged deuin?

An exampie of the executioh of Five queued I/0 processes is described to
demonstrate how tagged ?ueuing o?erates. A11_ta?ged 1/0 processes are from
one initiator to a single logical unit of a single target. The five [/0
processes are defined in Table §-8. The target is a direct-access device. At
the time the I/0 processes are first being executed, it is assumed that the
actuator ts in position to access logical block 10000.
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Table 6-8: Commands in Order Received by Target

(Jueue togical

Tag Block Transfer
Command Queue Tag Message Valie Address Length Status
READ SIMPLE a1h 16000 1000 ueued
READ SIHPLE 0Zh 100 1 ueued
READ ORDERED 03h 1000 1000 Leued
READ SIMPLE 0dh 10000 1 gueued
READ SIMPLE 05h 2000 1000 ueued

The optimum order would require that those blocks close to the actuator
position be the first blocks accessed, followed by those increasingly far from
the actuator position. However, the command with queue tag 03h is an ordered
1/0 process, so that all simple 1/0 Brocesses transferred previously must be
executed before, while all SIm?le 1/0 processes transferred after the ordered
1/0 process must be executed after the ordered 1/0 process.

If a target supports an optimizing algorithm the actual order in which the
I/0 processes are executed could be as Shown in Table 6-9.

Table 6-9: Commands in Order of Execution

Queue Logical

Tag Block Transfer
Command Queue Tag Message Valie Address Length Status
READ SIMPLE G1lh 10000 1009 ueted
READ SIMPLE 02h 100 1 ueued
READ QRDERED 03h 1000 1000 ueued
READ SIMPLE 05h 2000 1000 8ueued
READ SIMPLE 04h 10000 ueued

1/0 processes with queue tag values 01h and 0Zh are executed in the order
received since the actuator i§ already in Bosition to execute I/0 process 01lh.
I/0 process 02h must be executed before 1/0 process 04h or 05h because the
ardered 1/0 process 03h was transmitted after I/0 processes 0lh and 02h but
before I/0 processes 04h and 05h. I/0 process 03h is then executed after 1/0
process 02h. The I/0 processes 04h and 05h are executed after the ordered I/0
process 03h. [/0 process 05h is executed before /0 process 04h because the
actuator is in position to access block 2000 after executing 1/0 process 03h.
1/0 process 04h is executed last.

As an example of the operation of the HEAD OF QUEUE TAG I/0 process,
consider that a new I/0 process, identified by a HEAD OF QUEUE TAG messa?e
with a queue tag of 08h, is transmitted to the target while the ordered (/0
process 03h is being executed. The I/0 process 03h continues execution, but
the new HEAD OF QUEUE TAG [/0 process is placed in the queue for execution
before al} subseﬂuent I/0 processes. In this case, the queue for execution
aftgr the ordersd 1/0 process 03h was executed would appear as shown in Table
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Table 6-10: Modified by HEAD OF QUEDE TAG Message
Queue Lu?icat
a Block Transfer
Command (ueue Tag Message Value Address Length Status
READ ORDERED ~ 03h 1000 1000 Executing
READ HEAD OF QUEUE 08h 0 a uayed
READ SIMPLE 05h 2000 1000 ueued
READ SIMPLE 0dh 10000 1 ueued

. To obtain maximum performance gains using tagged queuing requires careful
implementation of the queuing algorithms in the tar?et. n aadition,
initiators should allow a maximum number of simple T/0 processes to be
executed with a minimum number of ordered I/0 processes. RESERVE and RELEASE
commands, SET LIMITS commands, and appropriate software locking conventions
should be used to guarantee the proper relationship between the commnands
executed and the data stored on the peripheral devices. These conventions are
not defined by this standard.

6.9, Unit Attention Condition

The target shall generate a unit attention condition for each initiator on
each valid logical unit whenever the target has been reset by a BUS DEVICE
RESET message, a hard reset condition, or by a power-on reset. The target
shall also generate a unit attention condition on the affected logical unit(s)
for each initiator whenever one of the following events occurs:
{1 A removable medium may have been changed.
2) The mode parameters in effect for this initiator have been changed by
another initiator.
3) The version or level of microcode has been changed.
4 t?a ged commands queued for this initiator were cleared by another
tnitiator.
EE} INQUIRY data has been changed.
6) The mode parameters in effect for this initiator have been restored from
non-volatile memory.
E?g A change in the condition of a synchronized spindle.
8) Any other event occurs fhat requires the attention of the initiator.

IMPLEMENTORS NOTES:

(1} Targets may queue unit attention conditions on logical units. After
the first unit attention condition is cleared, another unit attention
condition may exist (e.g., a power on condition followed by a microcode
change condition). The initiator can clear all gending unit attention
conditions by repeatedly sending the REQUEST SENSE command until a sense key
other than UNIT ATTENTION is returned by the target. . . .

(2)t See 6.5.3 for requirements concerning selection of an invalid logical
unit.

The unit attention condition shall persist on the logical unit for each

initiator until that initiator clears the condition as described in the
following paragraphs.
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If an INQUIRY command is received from an initiator to a logical unit with a
pending unit attention condition (before the target generates the contingent
aliegiance condition), the target shall perform the INQUIRY command and shall
not clear the unit attention condition. If the INQUIRY command is received
after the target has generated the contingent allegiance condition for a
?enqin? unit attention condition, then the unit atfention condition on the

og1cad unit shall be cleared, and the target shall perform the INQUIRY
command.

If any other command is received after the target has gemerated the
contingent allegiance condition for a ?ending unit attention condition, the
unit attention condition on the legical unit sha}l be cleared, and if no other
unit attention condition is pending the target shall perform the command. If
another unit attention condition is pending the target shall not perform the
command and shall generate another contingent allegiance condition.

If a REQUEST SENSE command is received from an initiator with a pending unit
attention condition (before the target generates the contingent allegiance
condition), then the target may either:

(1& report any pending sense data and preserve the unit attention condition
on the logical unit or

_52) report the unit attention condition, may discard any pending sense data,
and clear the unit attention condition on the logical unit for that initiator.

If the target has already generated the contingent allegiance condition for
fhetugitbattentlon condition, the target shall perform the second action
isted above. .

If an initiator issues a command other than INQUIRY or REQUEST SENSE while a
unit attention condition exists for that initiator (prior to gemerating the
contingent allegiance condition for the unit attention condition), the target
shall not perform the command and shall report CHECK CONDITION status unless a -
EEgEEEA¥riority status as defined by the target is also pending {e.g., BUSY or

ION CONFLICT).

If after generating the contingent allegiance condition for a pendin% unit
attention condition, the next command received from that imitiator on the
Togical unit is not REQUEST SENSE, then that conmand shall he performed and
the unit attention condition shali be cleared for that initiatér on the
logical unit and the sense data is lost (see 6.6).

If a target becomes a temporary initiator to issue a SEND cotmand with an
AEN bit of one, which informs the initiator (temporary target} of the unit
attention condjtion, and the SEND command completes with GOOD status, then the
target shall clear the unit attention condition for that initiator on the
logical unit (see 6.5.5).
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7. All Device Types
7.1. Model for All Device Types

This model describes some of the general characteristics expected of most
SCST devices. It is not intended to define any requirements nor is it
intended to alter any reguirements defined elsewhere in this standard.
Section 6 of this standard also contains model information pertaining to all
device types.

7.1.1. SCSI Addresses

There are two levels of addresses within the SCS! architecture; the SCSI
device address and the logical unit number or target routine number,

7.1.1.1. SCSI Device Address

SCSE devices occupy (i.e., respond to} one address on the SCSI bus.
Generally the SCSI device provides a means (e.g.. switches, jumpers) to select
one of the eight available addresses {0 through 7). This address is used
during bus arbitration and selection or reseléection of SCSI devices. Fach
device on the SCSI bus is assigned an unique address.

. Normally, the SCSI device address is set when the system is configured and
it remains static thereafter. Some systems and devices provide vendor-
specific means to alter this address at other times.

7.1.1.2. Logical Units .

Each target has one or more logical units, beginning with logical unit_zero.
There is a maximum of giﬁht logical units. These logical units are usually
mapped directly to peripheral devices, but they may be a portion of a
peripheral device or may comprise multiple peripheral devices.

An initiator can determine whether a target implements a logical umit by
issuing an INQUIRY command and examining the returned peripheral gqualifier and
peripheral device type.

The concept of a logical unit is not defined for an initiator.
device may implement both the initiator role and the target role.
case logical unit(s) are defined only for the target role.}

7.1.1.3. Target Routines

An optional feature of the SCSI1 architecture permits each target to _have one
or more target routines, beginning with target routine number zero. There is
a maximum of eight target routines. These target routines are processes that
execute directly on the target and are not associated with a particular
10ﬁica1 unit or perigharal evice. Target routines are addressed using the
LUNTAR bit of the IBENTIFY message (see 5.6.7).

Target routines are ?rincipally intended to return information about the
target and the only valid conmands are INQUIRY and REQUEST SENSE.

{An SCSI
In this
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7.1.2. Comnmands Implemenied by all SCSI Devices

This standard defines four commands that all SCSI-2 targets implement:
INQUIRY, REQUEST SENSE, SEND OIAGNOSTIC, and TEST UNIT READY. These commands
are used to configure the system, to test targets, and to return important
information concerning errors and exception conditions.

7.1.2.1, Using the INQUIRY Command .

The INQUIRY command may be used by a system to determine the configuration
of the SCSI bus. Target devices respond with information that includes their
type and standard level and may include the vendor's identification, model
number and other useful information. [t is recommended that SCSI targets be
capable of returning this information {or whateyer part of it that is
gvattable) upon completing power-on initialization. An SCSI device may take
longer to get certain portions of this information, especially if it retrieves
the information from the medium.

7.1.2.2, Using the REQUEST SENSE Command

Whenever a contingent allegiance condition (6.6) is established, the
initiator that received the error should issue a REQUEST SENSE command to
recejve the sense data describing what caused the contingent allegiance
?ungitiun. If the initiator issues some other command, the sense data is
ost.

7.1.2.3. Using the SEND DIAGNOSTIC Command

The SEND DIAGNOSTIC command provides a means to re?uest the target to
perform a self test, Hhile the test is target specific, the means of
re?uestin? the test is standardized and the response is simply GOOD status if
all is well or CHECK CONDITION status if the test fails.

B/22/89

The SEND DIAGNQSTIC command also provides other powerful features when used
in conjunction with the RECEIVE DIAGNOSTIC RESULTS command, but this
capabiqity is optional.

7.1.2.4. Usin? the TEST UNIT READY Command )

The TEST UNIT READY command is useful in that it allows an initiator to poll
a logical unit unti] it is ready without the need to allocate space for .
returned data. [t is especially useful to check cartridge status of logical
units with removable media. Targets are expected to respond promptly to
indicate the current status of the device {i.e., a target should avoid lengthy
disconnections in an attempt to respond with 600D statis).
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7.2. Comands for A11 Bevice Types

8/22/89

The operation codes for conmands that apply to all device types are 1isted

in Table 7-1.
Table 7-1: Commands for A1l Device Types
Operation

Command Name Code Type Section
CHANGE DEFINETION 40h 0 7.2.1
COMPARE 3%h 0 7.2.2

0Py 18h 1] 7.2.3
COPY AND VERIFY 3Ah 0 7.2.4

INQUIRY 12h H 7.2.5

LOG SELECT 4Ch 0 7.2.6

L0G SENSE 4Dh 0 1.2.7

MODE SELECT 6& 15h I 7.2.8
MODE SELECT(10) 5&h z 7.2.9
MODE SENSE 1Ah z 7.2.10
MODE SENSE{10) 5Ah z 7.2.11
READ BUFFE 3Ch 0 7.2.12
RECEIVE DIAGNOSTIC RESULTS 1Ch 0 7.2.13
REQUEST SENSE 03h H 7.2.14
SEND DIAGNOSTIC 1Dh 4] 7.2.15
TEST UNIT READY 00h M 7.2:16
WRITE BUFFER 3Bh 0 7.2.17

Key: M = Command implementation is mandatory.

0 = Command implementation is optional.
Z = Command implementation is device type specific.
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7.2.1. CHAKGE DEFIMITION Command

Table 7-2: CHANGE DEFIMITION Command
N ‘ AR [ B T ’ 0 I
yte
0 ) Operaticn Code {40h) T
1| togical Unit Number | Reserved
2 | Reserved | Ssave
3 ﬁééé;;éé] _______________ Definitionnaé;;meter ————————————————
’E ---------------------------- Reserved
_é-__ ------------------------- Reserve& --------------------------
- Reserved 7
2 Reserved o
R Parameter Data Length T
o | T Control i

The CHANGE DEFINITION command (Table 7-2% modifies the operating definition
of the selected logical unit or target with respect to commands from the
selecting initiator or for all initiators.

A save control bit (Save) of zero indicates that the target shall not save
the operating definition. "A Save bit of one indicates that the target shall
save the operating definition to non-velatile memory.

The definition parameter field is defined in Table 7-3.

Table 7-3: Definition Parameter Field

Value Meaning of Definition Parameter
'666" ﬁ;;—Eu;rent Ogergg;ﬁé-ﬁefinitgaa
0lh SCSI X3.131-1986 Operating Definition
02h CCS Operating Definition
a3h SCSE-2 X3.131-188X Operating Definition
04-3Fh Reserved
40-7Fh Yendor Specific
SCSI-2 Working Draft Proposal 7-4 Revision 10b
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IMPLEMENTORS NOTE: The current operating definition parameter values
establish operating definitions compatible with the appropriate SCSI
specification. Vendor-specific values are available gor hose applications
where more complex operation definition changes are required, Definitions
supported by a device are returned in the implemented operating definition
page (see 7.3.4.3}.

The parameter data ]en?th field specifies the length in bytes of the
parameter data that shall be transferred from the initiator to the target. A
?arameter_dgta length of zero indicates that no data shall be transferred.

his condition shall not he considered as an error. Parameter data tengths
great?r thgn zero indicate the number of bytes of parameter data that shall be
ransferred.

The parameter data is vendor specific.

IMPLEMENTORS NOTE: The Earameter data may be used to specify a password to
validate an operating definition change.

The CHANGE BEFINITION command causes cne of the operating definition
modifications listed below:

(1) Change the operating definition of a logical unit relative to the
initiator that issued the command. In this case, the target is capable of
maintaining an unique operating definition for each logical unit relative to
each initiator in the system.

(2)‘Change the operating definition of the target relative to the initiator
that issued the command. ~In this case, the targei is capable of maintaining
an upigue operatin% definition, for each initiator in the system, that applies
to all logical units of the target.

{3) The operating definition of a lagical upit relative to all initiators in
the system. In this case, the target is capable of maintainin% an unique
opegating definition for each logical unit relative to all initiators in the -
system.

(4) The operating defipition of the target relative to all ipitiators in the
3y?tem. In this case, the target is capable of maintaining only one operating

efinition.

IMPLEMENTORS MOTE: . . )

(1) This standard does not provide a direct means to determine which of the
above four methods has been implemented by the target. An indirect means of
determining which method is impiemented exists in that the target is
required to inform affected initiators of operating definition changes via
the unit attention condition.

(2% Cases (3) and (4), above, may result in incompatibilities if there are
other initiators in the system operated below the SCSI-2 level.

The operating definition is modified after successful completion of the
comand. A target shall consider the command successfu]]g completed when it
detects the assertion of the ACK signal for the COMMAND COMPLETE message. The
initiator should verify the new operatin% definition by issuing an INQUIRY
comand requesting the implemented operating definition page {See Table 7-75).

It is permissible for an SCSI-2 device that has its definition changed to an
SCSI-1 device to accept a CHANGE DEFINITION command.
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IMPLEMENTORS NOTE: The method of changing the operating definition is
implementation dependent. Some implementations may require the target's
operating mode be re-initialized as if a power-up or hard-reset had
occurred, Other implementations may modify only those operating definitions
that are affected by the CHANGE DEFINITION command.

If the CHANGE DEFINTTION command is not executed successfully for any
reason, the ugerating definition shall remain the same as it was hefore the
CHANGE DEFINITION command was attempted. If it is impossible to return to the
Ereggoug operating definition, an unit attention condition shall be generated

y the target.

TMPLEMENTORS NOTE: The present operatina definition of the target may
always be interrogated through the INQUIRY command. A change in the
operating definition way change the vendor identifier, the device type, the
device model, the SCSI implementation level, the command set, and any other
operating characteristics. The logical unit responds to any command
according to the requirements of ifs present operating definition.

After a power-on condition or a hard RESET condition, the target shall set
its initia operating definition to the last saved value, if saving is
implemented, or its default value, if saving is not implemented.
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7.2.2. COMPARE Command 7.2.3. COPY Command
Table 7-4: COMPARE Command Table 7-5: COPY Command

Bit] 7 6 5 1] 3 2 1 0 Bit| 7 6 5 2 3 2 1 0
Byte Byte

0 Operation Code {39h) ] Operation Code (18h)

1 Logical Unit Number | Reserved | Pad 1 Logical Unit Number i " Reserved o iqnﬁad

2 Reserved 2 EMSB) T e
———————————————————————————————————————————————————————————————————————————— -] - Parameter List Length - -
3 {MsB) g (LsB)
- - =] - Parameter List Length - - et

5 {LSB) 5 Control

b
- -]- - Reserved - -

8 The COPY command (Table 7-5) provides a means to co?y data from one logical

e e e e e et e e et e e e unit to another or the same logical unit. The logical unit that receives and
9 Control performs the COPY command is called the ca?y manager. The copy manager is
ca

The COMPARE command (Table 7-4) provides the means to compare data from one
ég 3ca! unlg with another or the same logical unit in a manner similar to the
command.

This command functions in the same manner as the COPY command, except that
the data from the source is compared on a byte-by-hyte basis with the data -
from the destination. The parameter list transferred to the target is the
same as for the COPY command. This parameter 1ist contains the information te
identify the logical units invelved in the comparison and the length of the

comparison. (See 7.2.3 for additional information about the COPY command.)

If the comparison is unsuccessful, the command shall be terminated with
CHECK CONDITION status and the sense key shall be set to MISCOMPARE. The
remainéng fields in the sense data shal¥ be set as documented in the COPY
command .

SCSI-2 Morking Draft Proposal 7-7 Revision 10b

responsible for copying data from a logi unit (source device) to a Iogical

unit (destination device). These_logica] units may reside on different %CSI

devices or the same SCSI device (in fact all three may be the same logical
unit). Some SCSI devices that implement this command may not support copies

fo or from another SCSI device, or may not support third party copies (i.e.,

gotb th? source and the destination logical units reside on other SCSI
evices).

The pad bit (7.2.3.7) is used in conjunction with the Cat bit (7.2.3.7) in
the segment descripiors to define what action should be taken when a sequent
of the copy does net fit exactt¥ into an integer number of destination blocks.

The garameter list length field specifies_the lenath in bytes of the
parameters that shall be sent during the DATA OUT phase of the command. A
?arameter_fist length of zero indicates that no data shall be transferred.

his condition shall not be ‘considered as an error.

The COPY parameter list (Table 7-6) begins with a four-byte header that
contains the COPY function code and priority. Following the header is one or
more segment descriptors.

5CS1-2 Morking Draft Proposal 7-8 Revision 10b
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Table 7-6: COPY Parameter List
o T N A
0 COPY Function Code ! Priority
R Vendor Specific
FRE - Reserved
3 Reserved
! Segment Descriptor(s) i
4 - [ Segment Descriptor 0
X% (See specific table for length.)
oo | o “Segment Descripter n
XX " (See specific table for length.)

==

The COPY function code field defines a specific format for the segment
descriptors. The COPY function codes are defined in Table 7-7. A target need
not support all function codes for its device type.

The prioritg field of the COPY parameter list establishes the relative
priority of this COPY command to other commands being executed by the same
target. All other commands are assumed fo_have a priority of 1. Priority O
is the highest priority with increasing values indicating lower priorities.

The segment descriptor formats are determined by the COPY function code.
The segment descriptor format used for write-once devices, CD-ROM devices, and
optical-memory devices shall be the same as for direct-access devices. The
segment descriptor format used for printer devices, communications, and
grucessor devices, shall be the same as for sequential-access devices.
0PY from a write-once device to a printer device uses the same segment
descriptor format as for a COPY from a direct-access device to a sequential-
access device (see Table 7-7}. The segment descriptor formats are cescribed
in Tables 7-8 through 7-11. A maximum of 256 segment descriptors are
ermitted. The segment descriptors are identified by ascending numbers
eginning with zero.

Thus a
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Table 7-7: COPY Function Codes
Peripheral Device Type CoPY Segment
______________________ Function Descriptor
Source Destination Code Table Comments
Direct-Access Sequential-Access 0 7-8
(0.4.5.7} 2.3,
S%?ugngga -Access Direct-Access 1 7-8
Direct-Access Direct-Access Z 7-9
(Gl4l5l7} ¥ [
Sequential-Access S?%ugnglal—ﬁccess 3 7-10
S??eeﬁt1al~Access uenti 4 7-11 Image Copy

%iquentia -Access

; I?? numbers in parenthesis are the peripheral device type codes (see Table

COPY function code: 00h Direct-access to sequential-access

01h Seguential-access to writable direct-access
0zh Direct-access to writable direct-access

03h Sequential-access to sequential-access

04h Sequential-access image copy

05h - OFh Reserved
10h - 1Fh Vendor specific

For the COMPARE command the destination direct-access device does not have
to be a writable device.

7.2.3.1. Errors Detected by the Managing SCSI Device

Two classes of exce?tion conditions may occur during execution of a COPY
command. The first class consists of those exception conditions detected by
the 5CSI device that received the COPY command and is managing the execution
of the command. These conditions include parity errors while transferring the
COPY conmand and status byie, invalid garameters in the COPY command, invalid
seqment descriptors, and inability of the SCSI device controlling the COPY
functicgns to continue operating. In the event of such an exception condition,
the SCSI device managing the COPY shall:

1} Terminate the COPY command with CHECK CONDITION status,

2} The valid bit in the sense data shall be set to one. The segment number
shall contain the number of the segment descriptor bein? processed at the time
the exception condition is detected. The sense key shall contain the sense
key code describing the exception condition (i.e., not COPY ABORTED}. The
information field shall contain the difference between the number of blocks
field in the se?ment descriptor being processed at the time of the failure and
the number of blocks successfully copied. This number is the residue of
unprocessed blocks remaining for the segment descriptor.

SCSI-2 vorking Draft Proposal 7-10 Revision 10b
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7.2.3.2. Errors Detected by a Target

The second class of errors consists of exception conditions detected by the
3CS1 device transferring data at the request of the SCSI device managing the
transfer. The SCSI device managing the COPY command detects exception
conditions by recetving CHECK CONDITION status from ome of the SCSI devices it
is managing. It then shall recover the sense data associated with the
exception condition.

8/22/89

The SCS1 device managing the COPY command may also be the source or
destination SCSI device 50r both). It shall distinguish between a failure of
the mapagement of the COPY and a failure of the data transfer being requested.
[t shall then create the appropriate sense data internaily.

After recoyering the sense data associated with the detected error, the SCSI
device managing the COPY command shall:

1} Terminate the COPY command with CHECK CONDITION status.

2) The valid bit in the sense data shall be set to one. The segment number
shall contain the number of the segment descriptor bein? processed at the time
the exception condition is detected, The sense key shall be set to COBY
ABORTED. The information field shall comtain the difference between the
number of blocks field in the segment descriptor being processed at the time
of the failure and the number of blocks successfully copied. This number is
the residue of unprocessed blocks remaining for the segment descriptor.

The first byte of the command-specific information field shall specify the
starting byte number, relative to the first byte of sense data, of an area
that contains (unchanged) the source logical unit's status byteé and sense
data. A zero value indicates that no status byte or sense data is being
returned for the source logical unit.

The secand byte of the command-specific information field shal) specify the
starting hyte number, relative to the first byte of sense data, of an area -
that contains (unchanged) the destination logical unit's status byte and sense
data. A zero value indicates that no status byte or sense data is being
returned for the destination logical unit.

7.2.3.3. COPY Function Code 0Dh and Olh

The format for the segment descriptors for COPY transfers between direct-
access and sequential-access devices is specified in Table 7-8. This format
is required for COPY function codes 00h or 01lh. The segment descriptor may be
repeated up to 256 times within the parameter list length specified in the
command descriptor hlock.
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Bit 7 b 5 4 i 2 1 0
Byte

0 Source Address |Reserved| Cat | Source LUN

1 Destination Address _T" Reserved | Destination LUN

7 1 Y
----- --- Sequential-Access Device Block Length -

(LsB}

4 | (HSB) i e
e Direct-Access Device Number of Blocks - -
7 (LS8)
B {MsB) o i N T
- === - Direct-Access Device Logical Block Address - -
11 : (LsR)

The source address and source LUN fields specify the SCSI bus ID and iogical
unit of the device fo copy the data from for this segment of the COPY command.
The destination address and destination LUN fields specify the SCSI bus ID and
}OE]C&‘ unit to copy the data to for this sequent of the COPY command. Some
SCSI devices may not support third-party COPY in which the copying SCSI device
is not the source or destination device. Some SCST devices only support COPY
within the SCSI device and not to other SCSI devices. [f an unsupported COPY
operation is requested, the command shall be terminated with CHEC CONDITION
status and the sense key shall be set to ILLEGAL REQUEST with an additional
sense code of INVALID FIELD IN PARAMETER LIST (see 7.2.3.1).

A catenate {Cat) hit (ogtional% of one indicates that the COPY manager shall
catenate the last source block of a segment with the first source hlock of the
next segment if the last source block does not end exactly at the end of the
destination block. The definition of a cat bit of zero depends an the setting
of the pad bt in the command descriptor block (see 7.2.3.7).

The sequential-access device block-length field specifies the block length
to be used on the sequential-access logical unit during this segment of the
COPY command. If the SCSI device managing the COPY knows this block length is
not supported, the command shail be terminated with CHECK CONDITION status and
the sense key shall be set to I1LEGAL REQUEST with an additional sense code of
INVALID FIELD IN PARAMETER LIST . IF the block length is found to be invalid
while executing a read or write ogeratian 1o _the sequential-access device, the
command shall be terminated with CHECK CONDEYION status and the sense key
shall be set to COPY ABORTED (see 7.2.3.2).
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The direct-access device number of blocks field specifies the number of
blocks in the current segment to be copied. A value of zero indicates that no
blecks shall be transferred in this segment,

The direct-access device logical block address field specifies the starting
logical block address on the Togical unit for this segment.

7.2.3.4. COPY Function Code 0Zh

The format for the se?ment_descriptors for COPY transfers among direct-
access devices is specified in Table 7-9. This format is required for COPY
function code 02Zh. The se?ment descriptor may be repeated up to 256 times
within the parameter list length specified in the command descriptor block.

Table 7-9: Segment Descriptor for COPY Function Code 02h

Bit 7 ] 5 4 3 2 1 ¢
Byte

0 Source Address ] boC | Cat | Source LUN

1 Destination Address | Reserved | Destination LUN )
2 Reserved

3 Reserved

4 (MSB)
- --l-- Number of Blocks -

7 {LSB)
8 (MsB)
S Source Logical Block Address - -
i1 {LSB)
12 (MsB)
- - -l-- Destination Logical Block Address - -
15 (LSB)

See 7.2.3.3 for definitions of the source address, the source LUN, the
destination address, the destination LUN, and CAT fieids.

A destination count (DC) bit of zero indicates that the number of blocks
field refers to the source logical unit, A DC bit of one indicates that the
number of blocks field refers to the destination logical unit.

The number of blocks field specifies the number of blocks to be transferred
to or from (depending on the DC bit) the device during this segmemt. A value
of zero indicates that no blocks shall be transferred.

The source logical block address field specifies the starting logical block
address on the source device.
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The destination logical block address field specifies the starting togical
block address on the destination device.

7.2.3.5. COPY Function Code 03h

The format for the segment descriptors for COPY transfers among sequential-
access devices is specified by Table 7-10. This format is required for COPY
function code 03h. The segment descriptor may be repeated up to 256 times
within the parameter list Temgth specified in the command descriptor block.

Table 7-10: Segwent Descriptor for COPY Function Code 03k

Bit 7 6 5 4 3 2 1 i

Byte
H Source Address | bC | Cat | Source LUN
1 Destination Address ] Reserved '1'6EEEEEEEEBE'EEN ----------
2 Reserved
3 Reserved
4 (MS8)

_____ —— Source Block Length —==
5 {LSB)
] (MSB)

,,,,, —— Destination Block Length e
7 (LSB)
B (MSB)

N P tlumber of Blocks - -

11 (LSB)

See 7.2.3.3 for definitions of the source address, the source LUN, the
destination address, the destination LUN, and CAT fields.

A destination count (DC) bit of zero indicates that the number of blocks
field refers to the source logical unit. A DC bit of one indicates that the
number of blocks field refers to the destination legical unit.

The source block length field SBecifies the block-length of the source
device for this segment of the COPY. A zero in this field indicates variable
block-length. For non-zero values, this field shall match the logical unit's
actual block-length.

If block-length mismatches are detected Erior to the beginning of the read
operation by the SCSI device managing the COPY, the command shall be
terminated with CHECK CONDITION status. The sense key shall be set to ILLEGAL
REQUEST and the additional sense code shall be set to INVALID FIELD IN
PARAMETER LIST {see 7.2.3.1).
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If the mismatches are detected during the read operation by the COPY The image mode COPY command copies an exact image of the source device
manager, the command shall be terminated with CHECK CONDITIO statys, The medium o the destination device medium, beginning at their current positions.
sense key shal] be set to COPY ABORTED (see 7.2.3.2). and the additional The copy function terminates when the source device:
sense code shall he set to INVALID FIELD IN PARAMETER LIST. 1) encounters an end-of-partition as defined by the source device

2) encounters an end-of-data as defined by the source device (i.e., BLANK

The destination block—Ten%th field specifies the block length to be used on CHECK sense key)
the destipation Iugical unit during the COPY. Destination block length (3) has copied the number of consecutive filemarks specified in the count
mismatches are handled in an analogous manner as source block length field from the source device to the destination device
mismatches. {(4) has copied the number of consecutive setmarks specified in the count

field from the source device to the destination device, if the RSmk bit in the

The number of blocks field sEecifies the number of blocks to be transferred device configuration page (see 9.3.3.1) is one.
to or from (degending on the DC bit) the device during this segment. A value
of zero indicates that no btocks shall be transferred. A count field of zero indicates that the COPY command shall not terminate

) due to any number of comsecutive filemarks or setmarks. Other error or
7.2.3.6. COPY Function Code 04h exception conditions {e.g., early-warning end-of-partition on the destinatien

The format for the segment descriptors for image COPY_transfers hetween device) may cause the COPY command to terminate prior to completion. In such
sequential-access devices is specified in Table 7-11. This format is required cases, it i1s not possible to calculate a residue, so the information field in
for COPY function code 04h. The segment descriptor may be repeated up to 256 the sense data shall be set to zero.
times within the parameter list length specified in the command descriptor
black. 7.2.3.7. Copies With Unequal Block Lengths

Hhen copying data between two devices with unequal block len?ths, it is
Tabte 7-11: Segment Descriptor for COPY Function Code 04h Enssib]e for the last source block to not completely fi1l the last destination
lock for one or more segments in the COPY command.” Two optional bits are
= defined to assist in controlling the copy manager's actions in this
Bit 7 b - 5 4 3 2 1 0 circumstance. The Pad bit {in the comand descriptor block) and the Cat bit
Byte (in each applicable segment descriptor) are defined in Table 7-12.

0 Source Address | Reserved | Source LUN Table 7-12: Pad and Cat Bit Definition

1 . | Destination Address | Reserved | Destination LUN == EEEms s mAanEesssmsoSSSSESE S s=mms=a=
----------------------------------- forsommmmmT e - - Pad Cat COPY Manager's Action

2 ount e e e e

———————————————————————————————————— - e - 6 0 On inexact sagments, it is device specific whether the COPY manager
3 rejects the COPY command with CHECK CONDITION status and 1LLEGAL
RE&UEST sense key, the COPY manager writes or accepts short blocks
7 (variable-btock made on sequential-access devices), or the COPY
= e [ e e e e e manager adds pad characters (00h) to the destination block or
8 strips pad characters from the source block.
N Vendor Specific - -
1 I 0 On inexact segments. the COPY manager shall add ?ad characters
mm==== mws == (Dﬂh} to the destination block to comp]eteig fill the block or it
shall strip pad characters from the source hlock, always stopping
at the end of a complete block.

See 7.2.3.3 for definitions of the source address, the source LUN, the .
destination address, the destination LUN, and CAT fields. F O | The COPY wanager shall always write or read complete blocks, On
inexact segments, the remainder of the block contains data from the
next segment. This code is not valid in the last segment of the
COPY command.

IMPLEMENTORS NOTE: Use of pad characters is intended to assist in managing
COPY commands between devices of different block ]enEths where parttal-block
residues may occur. The initiator which issued the COPY command is

responsible for management of these pad areas (i.e., remembering where they
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are). (ne possible method is to write the COPY Barameter 1ist information
to the destination medium prior to issuing the COPY command for backup and
to read this information prior to issuing the COPY command for restore.

7.2.4. COPY AND VERIFY Command

Table 7-13: COPY AND VERIFY Command

Bit 7 i 5 1 3 2 1 0

Byte

0 Operation Code (3Ah}

1 Logical Unit Humber | "~ Reserved | BytChk | Pad
2 Reserved h
30| msey T
- - === Parameter List Length - -
5 (L58)
- - -
ISR PR, Reserved - -
8

9 Control o B

The COPY AND VERIFY command (Table 7-13)} performs the same function as the
COPY command, except that a verification of the data written to the -
destination logical unit is performed after the data is written. The
garameter list transferred to the target is the same as for the COPY command.
his parameter iist contains the information to identify the logical units
See 7.2.3 for additional

involved in the Cﬂpﬁ and the length of the copy.
information about the COPY command.

A byte check (BytChk) bit of zero causes a medium verification ta be
performed with no data comparison. A BytChk bit of one causes a byte-by-byte
compare of data written on the destination medium and the data transferred
from the source medium. If the comgare is unsuccessful for any reason, the
cog¥ manager shall return CHECK CONDITION status with the sense key set to
MISCOMPARE. The remaining fields in the sense data shall be set as documented
in the COPY command.
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7.2.5. INQUIRY Cosmand

Table 7-14: INQUIRY Command

Bit 7 6 5 4 3 2 1 0

Byte ] I ’ \ | | | i
] Operation Code (12h)
"1 | Logical Gnit Number | Reserved | EVPD
"E ------------------------------ Eage Code
—5—__ ) T Reserved
-;-—- T Allocation Length
R Control T

The INQUIRY command {Table 7-14) requests that information regarding
parameters of the target and its attached peripheral device(s) be sent to_the
initiator. An option allows the initiator to request additional information
about the target or logical unit (see 7.2.5.2).

An enable vital product data (EVPD) bit of one specifies that the target
shall return the optional vital product data specified by the page code field,
If the target does not suﬁEort vital product data and this bit is set to one,
the target shall return CHECK CONDITION status with the sense key set to
TLLEGAL REQUEST and an additional sense code of INVALID FIELD IN CDB.

An EVPD bit of zero specifies that the target shall return the standard
INQUIRY data. If the page code field is not zero, the tarEet shall return
CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and an
additional sense code of INyALID FIELD IN CDB.

The page code field specifies which page of vital product data information
the target shall return (see 7.3.4).

The INQUIRY command shall return CHECK CONDITION status only when the target
cannot return the requested INQUIRY data.

IMPLEMENTORS NOTE: It ts recommended that the INQUIRY data be returned even
though the peripheral device may not be ready for other commands.

If an INQUIRY command is received from an initjator with a ﬁendin unit
attention condition §i.e., hefore the target reports CHECK CONDITION status),
the target shall perform the INQUIRY command and shall not clear the unit
attention condition {see 6.9).
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IMPLEMENTORS NOTES:

(1) The INQUIRY command is typically used by the initiator after a reset or
aner-up condition to determine the device types for system configuration.
o minimize deiays after a reset or power-up condition the standard I??UIRY

8/22/89

data should be available without incurring any media access delays. the
target does store some of the INQUIRY data on the device it.mag return zeros
gr ASCIT spaces (20h} in these fields until the data is available from the
evice.

{2) The INQUIRY data may change as the target executes its initialization
sequefnice or in response to a CHANGE DEFINITION command. For example, the
targe; may contain a minimum command set in its non-volatile memory and may
load its final firmware from the device when it becomes ready. After it has
loaded the firmware it may support more options and therefore return
different supported options information in the INQUIRY data.

7.2.5.1. Standard INQUIRY Data

The standard INQUIRY data {Tabie 7-15) contains 36 required bytes, followed
by a variable number of vendor-specific parameters. Bytes 56 through 95, if
returned, are reserved for future standardization.

The standard INQUIRY data format is shown in Table 7-15.
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Table 7-15: Standard INQUIRY Data Format
N B A I I N

0 Peripheral Qualifier | " Peripheral Device Type

1T ﬁﬂé—__f """"" Device~T;5e Modifier
2| IS0 Version ] ECMA Version | ANSI-Approved Version
3 | AENC | TrmlOP | | Reserved | Response Data Format
ra “Additional Length (n-4)
5T ﬁé;erved N
-é ------------------ Reserved

15 {LSB)
o mmr ] e o e e e —~——— -
16 (M5B}
I O Product Identification
K} {LSB)
_____ -+..____...............___...._....____.....-....___.._..__..-...__...-_....____..__....-___........_-....___.__
32 (MSB)
e O Product Revision Level - -
35 (LSB)
_____ -t .y ey —————
36 .
- - =~ - Vendor Specific - -
55
_____ [ U A —_———— p——
56
I Reserved - =
95
| Vendor-Specific Parameters [
96 ta Vendor-Specific
n Parameter Bytes

The peripheral quatifier and ﬁeripheral deuice-t¥pe fields identify the
device currently connected to the logical unit. IT the tar?et 15 not capable
of suprorting a device on this logical unit, this field shall be set ta /Fh
{peripheral qualifier set to 011lb and ?eripherai device type set to 1Fh). The
peripheral gualifier is_defined in Table 7-16 and the peripheral device type
is defined in Table 7-17.
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Table 7-16: Peripheral Qualifier

Qualifier Description

“ooob ?E;”;H;cified 5ériphera1 device type iswza;;ent]y connected to

this logical unit.

Note: This peripheral qualifier does no

If the target cannot determine whether or
not a physical device is currently connected it shall also use
this peripheral qualifier when returning the INQUIRY data.

is ready for access by the initiator.

imply that the device

001b The.target is caﬁgble of supportinﬁ the specified peripheral
device type on this logical unit, however the physical device is
not currently connected te this logical unit.

010b Reserved

011b The target is not capable of supporting a physical device on

this logical unit.

device type shall be set to 1

or

this Eeriphera ﬂuallfier the peripheral

h to provi

e compatibility with

previous versions of SCSI. A1l other ?eripheraI device type

values are reserved for this periphera

1X3b Vendor specific

qualifier.

Table 7-17: Peripheral Device Type

Code Description

00h Direct-access device (e.g., magnetic disk)

aih Sequential-access device {e.g., magnetic tape)
02h Printer device

03h Processor device

04h Hrite-once read-multiple device (e.g., some optical disks)
Q5h CD-ROM device

06h Scanner device .

a7h Optical memory device {e.g., some optical disks)
08h Hedium Changer device (e.g., jukeboxes)

08h Communications device

0Ah - OBh Defined by ASC IT8 (Graphiq{ Pre-Press Devices)

aCh - 1Eh Reserved

1Fh Unknown or no device type fif%%

A removable medium (RMB) bit of zero indicates that the medium is not
removable. A RMB bit of one indicates that the medium is removable.
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The device-type modifier field was defined in SCSI-1 to permit vendor-
specific ?ua]if1cation codes of the device type. This field is retained for
compatibility with SCSI-1. Targets that do not support this field should
return a value of zero.

The ysage of non-zero code values in the 150 version and ECMA version fields
are defined by the International Organization for Standardization and the
gur0ﬁean Computer Manufacturers Association, respectively, A zero code value
in these fields shall indicate that the target does not claim compiiance to
the IS0 version of SCSI (IS0 IS 9316} or the ECMA version of SCS1 (ECMA-111).
It is possible to claim compliance to more than one of these SCSI standards.

The ANSI-approved version field indicates the finplemented version of this
standard and is defined in Table 7-18.

Table 7-18: ANSI-Approved Version

Code Description
Oh The device might or might not comply to an AN%EZQBBFBGQR"EEEEHEFET"
1h The device complies to ANSI X3.131-1986 éSCS[wi .
2h The device complies to this version of SCSI. This code is reserved

to designate this standard upon approval by ANSI,
3h - 7h Reserged P PP 4

The asynchronous event notification capability (AENC) bit indicates that the
gegice supports the asynchronous event notification capability as defined in

(1) Processor device-type definition: An AENC bit of one indicates that the
processor device is capable of accepting asynchronous event notifications.
An AENC bit of zero indicates that the processor device does not support
asynchronous event notifications. .

{2) All other device-types: This bit is reserved.

A terminate [/0 Brocess {TrmEOP} bit of one indicates that the device
supports the TERMINATE [/0 PROCESS message as defined in 5.6.22. A value of
zero indicates that the device does not support the TERMINATE 1/0 PROCESS
message.

A response data format value of zero indicates the INQUIRY data format is as
specified in SCSI-1. A response data format value of one indicates
compatibility with some products that were desiﬁned prior to the development
of this standard %i.e., CSA. A response data format value of two indicates
that the data shall be in the format specified in this standard. Response
data format values greater than two are reserved.

The additional length field shall specif% the 1ength in bytes of the
parameters. if the allocation length of the command descriptor block is too
small to transfer all of the parameters, the additional lemgth shall not be
adjusted to reflect the truncation.
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A relative addressing (RelAdr) bit of one indicates that the device supports
the relative addressing mode for this logical unit. If this hit is set to one
the linked command (Linked) bit shall ailso be set to one since refative
addressing can only he used with linked commands. A RelAdr bit of zero
inqicates the device does not support relative addressing for this logical
unit.

A wide bus 32 {WBus32) bit of one indicates that the device supports 32-hit
wide data transfers. A value of zero indicates that the device does not
support 32-bit wide data transfars.

A wide bus 16 (WBusi6) bit of ane indicates that the device supports 16-bit
wide data transfers. A'value of zero indicates that the device does not
support 16-bit wide data transfers.

NOTE: If the values of both the WBusl6 and WBus32 bits are zero the device
only supports B-bit wide data transfers.

A synchronous transfer (Sync) bit of one indicates that the device supports
synchronous data transfer. A value of zero indicates the device does not
support synchronous data transfer.

A linked command (Linked) bit of one indicates that the device suRpurts
linked commands for this logical unit, A value of zero indicates the device
does not support linked commands for this logical unit.

A command queving (CmdQue) bit of one indicates that the device supports
tagged command quening for this logical unit. A value of zero indicates the
device does not support tagged command queuing for this logical unit.

A soft reset (SftRe) bit of zero indicates that the device responds to the
RESET condition with the hard RESET alternative gsee 5.2.2,1). A SftRe bit of
one indicates that the device responds to the RESET condition with the soft
RESET alternative (see 5.2.2.2).

ASCIT data fields shall contain only ?ra?hic codes {i.e., code values 20h
through 7Eh%. Left-aligned fields shall place any unused bytes at the end of
the field (highest offset) and the unused bytes shall be filled with space
characters (20h). Right-aligned fields shall place any unused bytes at the
start of the field (lowest oifset) and the unused bytes shall be filled with
space characters (20h).

The vendor identification field contains eight bytes of ASCII data .
iﬁent}fy}gg the vendor of the product. The data shall be left aligned within
this field:

NOTE: It is intended that this field provide a unique vendor identification
of the manufacturer of the SCSI device. In the absence of a formal
registration procedure, X319.2 maintains a list of vendor identification
coges in use. Vendors are reguested to voluntarily submit their .
3§entification codes to X3T9.Z to prevent duplication of codes (see Appendix

SC31-2 Working Draft Proposal 7-23 Revision 10b

All Device Types 8/22/89
The product identification field contains sixteen bytes of ASCII data as
defined by the vendor. The data shall be left-atigned within this field.

The product revision level field contains four bytes of ASCII data as
defined by the vendor. The data shall be left-aligned within this field.

7.2.5,2. Vital Product Data

Implementation of vital product data is optional, The information returned
consists of configuration data (e.g., vendor identification, product
identification, model, serial numberg manufacturing data {e.g., plant and
date of manufacture), field replaceable unit data and other vendor- or device-
specific data.

The initiator reguests the vital product data information by setting the
EVPD bit to one and specifying the page code of the desired vital product data
(see_Table 7~72E. If the target does not impiement the reguested page it
shall return CHECK CONDITION Status. The a sense key shall be set to ILLEGAL
REQUEST and the additional sense code shall be set to INVALID FIELD IN COB.

IMPLEMENTORS NOTES: .
[t is recommended that the target have the ability to execute the

NQUIRY command even when a device error occurs which prohibits normal
command execution. In such a case, CHECK CONDITION status would be returned
for commands other than TNQUIRY or REQUEST SENSE. The sense data returned
may contain the field replaceable unit code. The vital product data would
be obtained for the failing device using the INQUIRY command. o

(2% This standard defines a format which allows device-independent initiator
software to display the vital product data returned by the INQUIRY command.
For example, the initiator may display the data associated for the field
replaceable unit returned in the sense data. The contents of the data may
he vendor-specific; therefore it may not be usable without detailed
information about the device. : )

(3) This standard does not define the location or method of storing the
vital product data. The retrieval of the data may require completion of
initialization o?erations within the device which may induce delays before
the data is available to the initiator. Time-critical requirements are an
implementation consideration and are not addressed in this standard.

+
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1.2.6. LOG SELECT Command

Table 7-19: LOG SELECT Command
I A B A
“6“ ) Operation Code (4Ch)
1 | logical Unit Number | " Reserved | PR | S
2 PC | Reserved
R Reserved
—&___ D Reser;;a _________ i T
5 | T Reserved - T
s T Reserved
A N )
_é___ -— Parameter List Length (LSESH
| “Control )

The LOG SELECT command (Table 7-19) provides a meaps for the initiator to
manage statistical information maintained by the device about the device or
its Togical wnits. Targets that implement the LOG SELECT command shall also
implement the LOG SENSE command. Structures in the form of 10? paramaters
within log p@ges are defined as a way to mapage the log data. The LOG SELECT
command provides for sending zero or more log pages during a DATA OUT phase.
This standard defines the format of the log pages, but does not define the
exact conditions and events which are logged.

A ?arameter code reset (PCR) bit of one and a parameter list length of zero
shall cause all implemented parameters to be set to the target-defined default
values {e.q., zerog. If the PCR bit is one and a the parameter list length is
greater than zero the command is terminated with CHECK CONDITION status. The
sense key shall be set to ILLEGAL REQUEST and the additional sense code shall
be set ta [NVALID FIELD TN CDB. A PCR bit of zero specifies that the log
parameters shall not be reset.

A save parameters (SP) bit of one indicates that after performin? the
5€ecified LOG SELECT operation the target shall save to non-volatile memory
all garameters identified as savable by the DS bit in the log Eage {see
7.3.2). A SP bit of zero specifies that parameters shall not be saved.

Saving of 10% parameters is aptional and indicated for each log parameter by
the DS bit in the page. Log parameters may be saved at vendor-specific times
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subject to the TSD bit (see 7.3.2) in the log parameter. If the target does
not implement saved ?arameters_for any log parameter and the 5P bit_is set to
one, the command shall be terminated with CHECK CONDITION status. The sense
key shail be set to ILLEGAL REQUEST, and the additional sense code set to
INVALID FIELD IN CDB.

It is not an error to set the SP bit to one and to set the DS bit of a log
parameter to one. In this case, the parameter value for that log parameter is

not saved.
The page control (PC) field defines the type of Barameter values to bhe
selected, The page control field is defined in Table 7-20.
Table 7-20: Page Control Field
Type of Parameter Values
Value LOG SENS LOG SELECT

00k Current Threshold Values
01lb Current Cumulative Values
10b Default Threshold Values
11b Default Cumulative Values

Threshold Values
Cumulative Values
Default Threshold Values
Default Cumulative Values

The current cumulative values may be updated by the target or by the
initiator using the 10G SELECT command to reflect the cumuilative number of
events exgerienced by the target. Fields in the parameter control byte
(7.3.2) of each log parameter control the updating and saving of the current
cumulative parameters.

The target shall set the current threshold parameters to the default
threshold values in response to a LOG SELECT command with the PC field set to
10b and the parameter 1ist length field set to zero.

The target shall set all cumulative parameters to their default values in
response o a LOG SELECT command with the PC field set to 11ib and the
parameter list length field set to zero.

The current thresheld value can anly be modified by the initiator via the
LOG SELECT command, If the initiator attempts to change current threshold
values that are not available or not implemented for that log parameter, then
the target shall terminate the LOG SELECT command with CHECK CONDITION status,
the sense key set to ILLEGAL REQUEST, and the additional sense code set to
INVALID FIELD IN PARAMETER LIST. The saving of current threshold parameters
and the criteria for the current threshold being met are controlled by bits in
the parameter control byte (7.3.2).

IMPLEMENTORS NOTE: Pages or log parameters that are not available may become
avatlable at some later time (e.g., after the device has become ready).
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The parameter list 1en?th field specifies the length in bytes of the
parameter 1ist that shall be transferred from the initiator to the target
during the DATA OUT phase. A parameter list Ien?th of zero indicates that no
?ages shall be transferred. Tiis condition shall not be considered an error.
fthe initiator sends page codes or Barameter codes within the parameter list
that are reserved or not lmplemented the target, the target shall terminate
the LOG SELECT command with CHECK CONDITION stafus. The sefise key shall be
gﬁﬁArﬁgTé]ﬁLE?glf REQUEST and the additional sense code set to INVALID FIFLD IN

If a parameter list length resuits in the truncation of any log parameter,
the tar?et shall terminate the command with CHECK CONDITION status. The sense
key shall be set to ILLEGAL REQUEST and the additional sense code set to
INVALID FIELD IN CDB.

The initiator should send pages in ascending order by page code value if
multiple pages are sent during a DATA OUT phase. If muitiple 103 Earameters
within a page are sent during the DATA OUT phase then they should be sent in
ascending order by parameter code value. The target shall return CHECK
CONDITION status if the initiator sends pages out of order or parameter codes
out of order. The sense key shall be set te ILLEGAL REQUEST and the
additional sense code set to INVALID FIELD IN PARAMETER LIST.

IMPLEMENTORS NOTE: Initiators should issue E0G SENSE commands prior to
issuing LOG SELECT commands to determine supported pages and page lengths.

The target maﬁ provide independent sets of log parameters for each logical
unit or for each combination of logical units and initiators, If the target
does not support independent sets of ]Dﬁ parameters and any log parameters are
changed that affect other initiators, then the target shal generdte an unit
attention condition for all initiators except the one that i$sued the L0G
SELECT command (see 6.9). This unit attention condition is returned with an
additional sense code of LOG PARAMETERS CHANGED.

If the initiator sends a log parameter that is not su??orted by the target,
the target shall terminate the command with CHECK CONMDITION status, set the
sense key to ILLEGAL REQUEST, and set the additional sense code to INVALID
FIELD IN PARAMETER LIST.
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7.2.7. LOG SENSE Command
Table 7-21: LOG SENSE Command

Bit| 7 6 5 | 4 3 2 1 0
Byte

] Operation Code {4Dh)

1 Logical Unit Number | Reserved | peC ] sP

2 pC | Page Code
3 ) Reserved
3 i " Reserved T
5 |mswy T
..... - Parameter Painter ==
6 (LSB)
P2 5 Y
_____ —— Allocation Length -==
8 (L58)
9 Control ) )

The LOG SENSE command (Table 7-21) provides a means for the initiater ta
retrieve statistical information maintained by the device about the device or
tts logical units. It is a complementary command to the LOG SELECT command.

The parameter ﬁointer control (PPC) bit controls the type of parameters
reguested from the target:

?1) A PPC bit of one indicates that the target shall return a fag paﬂe with
Earameter code values which have changed since the last LOG SELECT or LOG

ENSE command. The target shall return only those parameter codes following
the parameter pointer field. (See 7.3.2 for a description of the time
grgering of list parameters.) The number returned shall be a 16-hit unsigned
integer,

(2] A PPC bit of zero indicates that the log parameter requested from the
tar?et shall begin with the parameter code specified in the parameter ﬁointer
field and return the number of bytes specified by the allocation length field
in ascending order of parameter CTodes from the specified 10? page. PPC bit
of zero and a parameter pointer field of zero shall cause all available log
parameters for the specified log Eage to be returned to the initiator subject
to the specified allocation length.
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Sauing parameters is an optional function of the LOG SENSE command. If the

target does not imﬁ!ement saving log ?arameters and if the save parameters

(SP) bit is one, then the targef shall return CHECK CONDITIOM status, set the

??EES %ﬁycsg ILLEGAL REQUEST, and set the additional sense code to INVALID

A SP bit of zero indicates the target shall perform the specified LOG SENSE
command and shall not save any log parameters., If sauinﬁ log parameters is
impiemented, a SP bit of one indicates that the target shall perform the
specified LOG SENSE command and shall save all log parameters identified as
savable by the DS bit (7.3.2) to a non-volatile vendor-specific lecation.

The page control (PC) field defines the tﬁpe of parameter values to he
selected (see 7.2.6 for the definition of the page control field). The
parameter values returned by a LOG SENSE command are determined as follows:

(1% The sBecified parameter values at the last update (ip response to a LOG
SE%E T or L0G SENSE command or done automatically by the target for cumulative
values).

{?) The saved values if an update has not occurred since the last power-on,
bar? RES%Tdcondition. or BUS DEVICE RESET message and saved parameters are
implemented.

(3% The default values if an update has not occurred since the last power-
on, hard RESET condition, or BUS DEVICE RESET message and saved values are not
available or not impiemented.

The ?age code field identifies which page of data is being requested (see
Table 7-53}. If the page code is reserved or not jmplemented, the target
shall terminate the command with CHECK CONDITION status. The sense key shall
?ﬁ ESE to TLLEGAL REQUEST with the additional sense code set to INVALID FIELD

The parameter pointer field allows the initiator to request parameter data _
beginning from a specific parameter code to the maximum allocation length or
the maximum parameter code supported by the tar%et. whichever is less, If the
value of the parameter pointer field is larger than the largest available
parameter code that can be returned by the target on the specified page, the
target shall terminate the command with CHECK CONDITION status. The sense key
shall be set to ILLEGAL REQUESY and the additional sense code shall be set to
INVALID FIELD IN CDB.

Log parameters within the specified log page shall be transferred in
ascending order according to parameier code.
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7.2.8. MODE SELECT(6) Command

Table 7-22: MODE SELECT(6) Command
S N
0 Operation {ode {15h)
1| Logical Unit Mumber | PF | Reserved | s
F Reserved
R Reserved T
“3 ---------------------------- Paré&é%é;_tist Length
- Control o

The MODE SELECT(G} command (Table 7-22) provides a means for the initiator
to specify medium, logical unit, or Eer1 heral device parameters to the
target. Targets that implement the MODE SELECT command shall also implement
the MOBE SENSE command. Initiators should issue MODE SENSE prior to WMODE
SELECT to determine supported pages, page lengths, and other parameters.

If a target supports saved pages, It ma¥ save only one copy of the page for
each logical wnit and have it apply to all initiators or it may save separate
copies for each initiator for each logical unit. I[f separate copies_are
saved, the target shall maintain separate current values for each I_T L nexus.
Pages which are common to all initiators are not required to have multiple
copies.

If an initiator sends a MODE SELECT command that changes any parameters that
apply to other initiators, the target shall generate a unit attention
condition for all initiators excepi the one that issued the MODE SELECT
comnand &see 6.9%. The target shall set the additional sense code to MODE
PARAMETERS CHANGED.

The target wmay provide for independent sets of parameters for each attached
Iogicaf unit or for each combination of logical unit and initiator.
independent sets of parameters are implemented, and a third ?arty reservation
is requested the target transfers the set of parameters in effect for the
initiator of the RESERVE command to the parameters used for commands from the
third party device (see 8.2.12.3 and 9.2.10.1).

A page format §PF} bit of zero indicates that the MODE SELECT parameters are
as specified in SCSI-1 (i.e., all parameters after the block descriptors are
vendor-specific. A PF bit of one indicates that the MODE SELECT parameters
following the header and block descriptor(s) are structured as pages of
related parameters and are as specified tn this standard.
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A save pages §SP) bit of zero indicates the target shall perform the
specified MODE SELECT operation, and shall not save any A 5P bit of

ages.,
one indjcates that the target shall perform the specif1e§ HGDE SELECT
operation, and shall save o a non-volatile vendor-specific location all the
savable pages inc]uding any sent during the DATA OUT phase. The SP hit is
optional, even when mode Bages are supgarted by the target. Pages which are
saved are identified by the PS hit that is returned in the page header by the
MODE SENSE command (see 7.2.10.4). If the target does not implement saved
Eaﬁes and the SP bit is set to one, the command shal] be terminated with CHECK
ORDITION status. The sense key shall be set to ILLEGAL REQUEST, and the
additional sense code shall be set to INVALID FIELD IN CDB.

The parameter 1ist length field specifies the length in bytes of the MODE
SELECY parameter 1ist that shalt be transferred from the initiatar to the
target during the DATA OUT phase. A parameter list length of zero indicates
that no data shall be transferred. This condition shall not be considered as
an error. A parameter 1ist length that results in the truncation of an
descriptor, header or page of parameters shall cause the target to terminate
the command with CHECK CONDITION status. The sense key shall be set to
E%hg%ﬂLEEE HEST, and the additional sense code shall be set to PARAMETER LIST

The parameter list for the MODE SELECT and MODE SENSE commands is defined in
1.3.3. Parts of each parameter list are uniquely defined for each device-
ype.

IMPLEMENTORS NOTE: In some situations where there is a conflict between the
information in the command descriptor block and the information in the
parameter 1ist, one of several additional sense codes may apply. As a )
%uide, INVALID FIELD IN CDB or PARAMETER LIST LENGTH ERRDR s ould be used if
he error is detected Error to any operations that alter the logical unit's
mode parameters. INVALID FIELD IN PARAMETER LIST should be used if the -
legical unit's mode parameters have been altered.

The target shall terminate the MODE SELECT command with CHECK CONDITION
status, set the sense keﬁ to TLLEGAL REQUEST and set the additional sense code
to INVALID FIELD IN PARAMETER LIST for the following conditions:

(1) If the initiator attempts to change any field that is not changeable as
reportgd by the target. In this case, no parameters shall be changed by this
command.

{2) If the initiator attempts to send an unsupported value or a non-zero
ua]uehtoda reserved field in the MODE SELECT header, block descriptor, or any
page header.

%3) If an initiator attempts to send a page with a ]ength not equal to the
parameter length veported for that page hy the MODE SENSE command.

(4) If the initiator attemgts to send a value for a parameter that is
outside the range supported by the target and rounding is not implemented for
that parameter.
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[t the initiator sends a value for a parameter that is outside the range
supported by the target and rounding is implemented for that parameter, the
tar?et may either:

(1) round the paraweter to an acceptable value and terminate the command as
described in 6.5.4,

(2) terminate the command with CHECK CONDITION status, the sense key set to
gkkﬁME%EQEE?E%T, and the additional sense code set to INVALID FIELD 1

7.2.9. HODE SELECT{10) Command

Table 7-23: MODE SELECT{10) Command

S I R U U N e e
0 Operation Code {55R) -

R Logical Unit Number -| PF ] Reserved _Tqmgﬁ-"ud
FEE Reserved T
_5 -------------- Reserved T
N Reserved T
5 T Reserved 77"
N _—Reservad o

7| (HsB) ST o

-é--— - Parameter List Length (LSﬁj_
9 | Control TTTTTC

The MODE SELECT(10) command (Table 7-23% provides a means for the initiator
to specif§ medium, logical unit. or peripheral device parameters to the
target. See the MODE SELECT(H) command {7.2.8) for a description of the
fields in this command. Initiators should issue MODE SENSE prior to MODE
SELECT to determine supported pages, page lengths, and other parameters.

Targets that implement the MODE SELECT(10) command shall also implement the
MODE SENSE{10) command.
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7.2.10. HODE SENSE(6) Command
Table 7-24: MODE SENSE(6) Command

Bit] 7 R P 2 1 0
oyt I R R T T R I
0 Operation Code (1Ah)
‘I | Logical Unit Number  |Reserved| DBD | Reserved
2| T Page Code
3T o Reserved
[ Allocation Length
R Contrel 7

The MODE SENSE(6) command (Table 7-24) provides a means for a target to
report garameters to the initiator. It is a compiementary command fo the WODE
SELECT(B} command.

A disable block descriEtors (DBD) hit of zero indicates that the target may
return zero or more block descriptors in the returned MODE SENSE data {see
7.3.3), at the target's discretion. A DBD bit of one specifies that the
target shall not réturn any block descriptors in the returned MODE SENSE data.

The page control (PC) field defines the type of parameter values to be
returned. The page control field is defined in Table 7-25.

Table 7-25: Page Control Field

Bit 7 Bit 6 Type of Parameter Values Section

0 0 Current Values 7.2.10.1
] 1 Changeable Values 7.2.10.2
1 0 Default Values 7.2,10.3
1 1 Saved Values 7.2.10.4
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The page code specifies which page or pages to return. Page code usage is
defineg ?n Table g-ZG. g

Table 7-26: Page Code Usage for All Devices

Page Code Description

00h Vendor Specific (does not require page format)
O0ih - 1Fh  See specific device-types
20h - 3Eh  Vendor S?ecific {page” format required}

3Fh Return all pages

An initiator may reguest anﬁ one or all of the supported pages of a target.
If an initiator attempts a MODE SENSE command with a Ea e code value not
impiemented by the target, the target shall return CHECK CONDITION status and
shall set the sense key to ILLEGAL REQUEST and the additional sense code to
INVALID FIELD IN CDB.

A page code of 3Fh indicates that all pa?es implemented by the target shall
be returped to the initiator. Page 00h, i implemented, shall be returned
after all other pages. Targets that implement more than 256 bytes of mode
page parameter data and block descriptors shall retyrn CHECK CONDITION status
to a MODE SENSEA&) reHuest of 3Fh in the pa?e code field. The sense key shall
be set to TLLEGAL REQUEST and the additional sense code shall he set tao
INVALID FIELD IN CDB.

IMPLEMENTORS NOTE: Targets that sup?ort more than 256 bytes of block
descriptors and Barameter ?a es should consider implementing the MODE
SELECT(10} and MODE SENSE(10) commands.

mode page as defined in this standard.
returne

Targets might not support an entire
Typically, the mode pages are
in ascending order (except for page Oﬂhy.

The parameter 1ist for HODE SELECT and MODE SENSE is defined in 7.3.3.
Parts of the parameter lists are specifically defined for each device type.

7.2.10.1. Current Values
A PC field value of Oh requests the target to return the current parameter
values for the specified page code for thé logical unit. The current values
returned are:
1) The parameters sef in the last successful HOBE SELECT command.
2) The saved values if a MODE SELECT command has not been executed since
the last power-on, hard RESET condition, or BUS DEVICE RESET message.
(3} The default values if saved values are not available or not supported.

7.2.10.2. Changeable Values

A PC field value of lh requests the target to return the changeable
parameter mask for the page code specified. The page requested shall be
returned containing information that indicates whic ?arameters are
changeable. All bits of parameters that are changeable shall be set to one.
All bits of Rarameters that are target defined {not changeable by the
initiator) shall be set to zero.
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NOTE: An attempt to change a target-defiped parameter (via MODE SELECT)
results in an error condition (see 7.2.8}.

[MPLEMENTORS NOTE: The initiator should issue a MODE SENSE command with the
PC field set to lh and the page code field set to 3Fh to determine which
pages are supported, which ﬁarameterg within the pages are changeable. and
the supported length of each page prior to issuing any MODE SELECT commands.
7.2.10.3. Default Values

A PC field value of 2h requests the target return the default values for the
page code specified. The page requested shall be returned with each supported
parameter set to its default value. Parameters not supported by the target
shall be set to zero.

7.2.10.4, Saved Values

A PC field value of 3h requests the target return the saved values for the

age code specified, Implementation of saved page parameters is aptional.

ne page requested shall be returned with the parameters set to their saved
vaiues. Parameters not supported bﬁ the target shal) be set to zero. If
saved values are not implemented, the command shall be terminated with CHECK
CONDITION status with the sense key set to ILLEGAL REQUEST and the additional
sense code set to SAVING PARAMETERS NOT SUPPORTED.

IMPLEMENTORS NOTE: The method of saving parameters is vendor-specific. The
parameters are preserved in such a manner that they are retained when the
target is powered down. All savable Eages can be considered saved when a
MODE SELECT command issued with the SP bit set to one has returned a GOOD
status or after the successful completion of a FORMAT UNIT command,

7.2.10.5. Initial Responses
After a power-up condition or hard reset condition, the target shall respond
in the following manner: -

1} If defaytt values are requested, report the default values.

2} 1f saved values are requested, report valid restored parameters, or
restore the parameters and report them. [f the saved parameters are not able
to be accessed from the non-volatile vendor-specific tocation, terminate the
command with CHECK CONDITION status and the sense key set to NOT READY. If
saved ?arameters are not implemented respond as defined in 7.2.10.4,

(3) If current values are reguested and current values have not been sent by
the inftiator (via a WODE SELECT t
default or saved parameters {if lmplementedg. as defined above.
values have been sent, the current values shall be reported.

T command), the target may return either the
If current
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7.2.11. MODE SEWSE(10) Command
Table 7-27: HODE SENSE(10) Command

Bit 7 6 5 4 3 2 1 0
eyie e EE RN
0 Operation Code (5Ah) T
‘1| Logical Unit Number  |Reserved| DED | Reserved
2 PC [ P;ge Code
3T Reserved o
N Reserved T
I Reserved 7
e | T CReserved T
e -EMSB) ------- ) o i o
----- - Allocation Length -
8 {158)
e tontrol T

The MODE SENSE(10) command {Table 7-27) provides a means for a target to
reEort ?arameters to the initiator. It is a complementary command to the MODE
SELECT(10) command. If the MODE SELECT{10) command is implemented the MODE
SENSE(10) command shall be implemented. See the MODE SEN E{6) command for a
description of the fields in this command.

+
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7.2.12. READ BUFFER
Table 7-28: READ BUFFER Command
Bit| 7 5 5 3 3 ? 1 0

Byte

0 Operation Code {3Ch)

1 Logical Unit Number [ Reserved | Mode
2 Buffer 10

3 Vwsey T
SN S Buffer Offset “ -
5 (LSB8)
& | (MSB) T
- - - - Altocation Length - -
8 (LSB)
9 ) control

The READ BUFFER command (Table 7-28) is used in conjunction with the WRITE
BUFFER command as a diagnostic function for testing target memory and the SCSI
bus integrity. This command shall not alter the medium.

The function of this command and the meaning of fields within the command

descriptor block depend on the contents of the mode field.
defined in Table 7-29.

Table 7-29: READ BUFFER Mode Field

Hode Description Type

000b Combined header and data Optional
001b Vendor-specific Vendor specific

010b Bata Optional
011b Descriptor Optional
100b Reserved fleserved
101b Reserved Rteserved
110b Reserved Reserved

Reserved

111b Reserved

IMPLEMENTORS WOTE: Modes 000b and 001b are included for compatibility with
products that were designed prior to the generation of this standard. Some
products that were designed Eriur to the generation of this standard
restrict the available Tength to to 65535 bytes.
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7.2.12.1. Combined Header and Data Mode (000Db)

_ In this mode, a four-byte header followed by data bytes are returned to the
initiator during the DATA IN phase. The buifer ID and the buffer offset
fields are reserved.

The four-byte READ BUFFER header (Table 7-30) is followed by data bytes from
the target's data buffer.

Table 7-30: READ BUFFER Header

8/22/89

gx?ét 7 | 4] l 5 | 4 ]_ 3 | 2 | 1 | 0
R Reserved
-;~ - _(?SB) Buffer Capacity (LSé}_

The buffer capacity field specifies the total number of data bytes that are
available in the target's data buffer. This number is not reduced to reflect
the allocation length nor is it reduced to reflect the actual number of bytes
written using the WRITE BUFFER command. Following the READ BUFFER header, the
target shall transfer data from its data buffer. The target terminates the
DATA IN phase when allocation length bytes of header plus data have been
transferred or when all available header and buffer data have been transferred
to the initiator, whichever is less.

7.2.12.2. Vendor-Specific Hode (001b)
In this mode, the meaning of the buffer ID, buffer offset, and allocation
length fields are not specified by this standard.

7.2.12.3. Data Mode GlOb} ,

In this mode, the DATA IN phase contains buffer data. The buffer ID field
identifies a specific buffer within the target from which data shall be
transferred. The vendor assigns buffer ID codes to buffers within the target.
Buffer ID zero shall be supported. If more than one buffer is supported,
additional buffer 1D codes shall be assianed cont:guouslﬁ. beglnn1ng with ane.
Buffer ID code assignments for the READ BUFFER command shall be the same as
for the WRITE BUFFER command. If an upsupported buffer 10 code is selected,
the target shall return CHECK CONDITION status, shall set the sense key to
TLLEGAL REQUEST and set the additional sense code to ILLEGAL FIELD IN {DB.

The target terminates the DATA IN Ehase when allocation Ienﬁth bytes have been
transferred or when all the avaiiable data from the buffer has been
transferred to the initiator, whichever is less.

The buffer offset field contains the byte offset within the specified buffer
where data shall be transferred from. The initiator should conform to the
offset boundary requirements returned in the READ BUFFER descri?tor see
7.2.12.4). If the target is unable to accept the specified buffer offset, it
shall return CHECK CONDITION status, shall set the sense key to ILLEGAL
REQUEST and set the additicnal sense code to [LLEGAL FIELD IN CDB.

Revision 10b
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7.2.12.4. Descriptor Mode (Glib)

In this mode, a maximum of four bytes of RFAD BUFFER descriptor information
are returned, The target shall return the descriptor information for the
buffer specified by the buffer ID (see the description of the buffer ID in
7.2.12.32. If there is no buffer associated with the specified buffer ID, the
target shall return all zeros in the READ BUFFER descriptor. The buffer
offset field is reserved in this mode. The allocation length should be set to
four or greater. The tarEet shall transfer the lesser of the allocation
length or four bytes of READ BUFFER descriptor. The READ BUFFER descriptor is
defined as shown in Table 7-3t.

Table 7-31: READ BUFFER Descripior

8/22/89

Bit 7 1 6 5 4 3 2 1 0
Byte

] ) Offset Boundary

1| (wsey T
_____ Buffer Capacity -
3 (LSB)

The offset boundary field returns the boundary aligmment within the selected
buffer for subsequent WRITE BUFFER and READ BUFFER commands. The value
contained in the offset boundary field shall be interpreted as a power of two,

The value contained in the buffer offset field of subsequent WRITE RUFFER
offset boundary

and READ BUFFER commands should be a multipie of 2 as shown in
Table 7-32.
Table 7-32: Buffer Offset Boundary )
Offset_ ) h o
Offset Boundary
Boundary 2 Buffer Offsets
______________ e
0 21 =1 Byte boundaries
1 22 =2 Even-byte boundaries
2 23 =4 Four-byte boundaries
3 24 =8 Eight-byte boundaries
4 2

= 16 16-byte boundaries

FFh Not App]%cab]e 0 is the only supported buffer offset.

The buffer capacity field shall return the size of the selected buffer in

bgtes. ]
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IMPLEMENTORS NOTE: In a multi-tasking system, a buffer may be altered
between the WRITE BUFFER and READ BUFFER commands by another task. Buffer
testing applications may wish to insure that only a single task is active.
Use of reservations (to all logical units on the deuice? or tinked commands
may a!go be helpful in avoiding buffer alteration between these two
commands.

7.2.13. RECEIVE DIAGNOSTIC RESULTS Command

Table 7-33: RECEIVE DIAGNOSTIC RESULTS Command

Bit 7 6 5 1 ‘ 3 2 1 0
Byte
0 Gperation Code (1Ch)
1 | Logical Unit Mumber | Reserved
2 | T Reserved T
O {:
_____ - Allocation Length ===
q {LSB)
5 | T Control

The RECEIVE DIAGNOSTIC RESULTS command (Table 7-33) reguests analysis data
be sent to the initiator after completion of a SEND DIAGNOSTIC command (see
7.2.158). If the target suB?urts the optional page format the page code field
segt indtgetprevious SEND DIAGNOSTIC command specifies the format of the
returned data.

IMPLEMENTORS NOTES:

(1) Yo insure that the diagnostic comnand information is not destroyed by a
command sent from another Initiator, the SEND DIAGNOSTIC command should
either be 1inked to the RECEIVE DIAGNDSTIC RESULTS command or the logical
unit should be reserved.

(2) Although diagnostic software is generally device-specific, this command
and the SEND DIAGNOSTIC command provide a means to isolate the operating
system software from the device-specific diagnostic software. Hence the )
operating system can remain device-independeft. This also allows diagnostic
software to be more easily transferred to other operating systems.

See 7.3.1 for RECEIVE DIAGNOSTIC RESULTS page format definitions.
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7.2.14. REQUEST SEHSE Command
Table 7-34: REQUEST SENSE Command

Bit| 7 6 | & 1 3 2 1 0
syte IR I U T T I
0 o Operation Code {03h)
I | Logical Unit Number | 7 Reserved
-5 --------------------------- Re;;rved - o )
_5 -------------------------- R;;erved T
P Allocation Length T i
5T Control N N )

The REQUEST SENSE command (Table 7-34) requests that the target transfer
sense data to the initiator.

The sense data: :

(1) shall be available if the previous command to the specified 1I_T x nexus
terminated with CHECK CONDITION or COMMAND TERMINATED status T

{2) shall be avajiable if other information {e.g., medium position) is
available in any field

3) may be available if the Rrevious command to the specified I 7 x nexus
ended with an unexpected BUS FREE error (5.1.1). -

If the target has no sense data available to return, it shall return a sense
¥§ ogﬁAg?oﬁE SE and an additional sense code of NO ADDITIONAL SENSE

The sense data shall be Ereserved by the target for the initiator until
retrieved by the REQUEST SENSE command or until the receiﬁt of any other
command for the same I T x nexus {see 6.6). Sense data shall be cleared upon
receipt of any subsequént command (including REQUEST SENSE) to the same 1 T x
nexus.

IMPLEMENTORS NOTE: Some target imElementatiuns do not update sense data

except on copmands that retyrn CHECK CONDITION or COMMAND TERMINATED status.

Thus' when pollinﬂ for a logical unit to become ready, the initiator shouid

issue TEST UMIT READY commands until GOOD status is returned. I[f desired,

the initiator may issue REQUEST SENSE commands after the TEST UNIT READY

ggmnands tsa% return CHECK CONDITION or COMMAND TERMINATED status to obtain
e sense data.

SCSI-2 Working Draft Proposal 7-4
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The target shall return CHECK CONDITION status for a REQUEST SENSE command
onl{ to report errors specific to the command itself. For example:
2

All Device Types

A non-zero reserved bit is detected in the command descriptor block.
An unrecovered parity error is detected on the data bus.
3} A target malfunction prevents return of the sense data.

If a recovered error occurs during the execution of the REQUEST SENSE
command, the tarﬁet shall return the sense data with GOOD status. If a target
getgrnslggECK CONDITION status for a REQUEST SENSE command the sense data may

e invalid.

IMPLEMENTORS NOTE: The sense data apgropriate to the selection of an
invalid logical unit is defined in 6.5.3.

Tarﬂets shall be capable of returning eighteen bytes of data in response to
a REQUEST SENSE command. If the allocation length is eighteen or greater and
a target returns less than eighteen bytes of dafa the initiator should assume
that the bytes not {ransferred would have been zeros had the target returned
those bytes. [Initiators can determine how much sense data has beem returned
by examining the allocation length parameter in the command descriptor block
and the additional sense length in the sense data. Targets shall not adjust
the additional sense length to reflect truncation if the allocation length is
less than the sense data available.
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Table 7-35: Error Codes 70h and 71h Sense Data Format
Bit|] 7 | 6 5 1 3 2 1 0

Byte
] valid | Error Code (70h or 71h)

[ Seguent Mumber "
2 |Filemark| EOM | ILI  [Reserved| Sense Key
I <

- - =|- - Information - -
6 {LSB)
7 ) Additiopal Senseuiength (5:5) o
S {5

e Command-Specific Information
11 (LSB)

_Ié ------------- Additgaaéi Sense Code
13 | T Additional Semse Code Qualifier
w | T T T Hield neplaceable Unit Coda-

R S R

- = = |mmmm————— - Sense-Key Specific - -
i7

8 to| T ST )

- - - Additional Sense Bytes - -
n

A valid bit of zero indicates that the information field is not as defined
in this standard, A valid bit of one indicates the information field contains
ua%ig gnformation as defined in this standard, Targets shall implement the
vali it.

The sense data format for error codes 70h (current errors% and 71h (deferred
errors) are defined in Table 7-35. Error code values of 720 to 7Eh are
reserved. Error code 7Fh is for a vendor-specific sense data format. Targets
shall implement error code 70h; implementation of error code 71h is optional.
Error code values of 00h to 6Fh are not defined by this standard and their use
is not recommended.

The segment number field contains the number of the current segment
descriptor if the REQUEST SENSE command is in response to a COPY, COMPARE, or
COPY AND VERIFY command. Up to 256 segments are supported beginning with
segment zero.
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The filemark bit is mandatory for sequential-access devices and this bit is
reserved for all other device types. A filemark bit of one indicates that the
current command has read a filemark or setmark, The additional sense code

field may be used to indicate whether a filemark or setmark was read.
Reporting of setmarks is optional and indicated by the RSmk bit for
sequential-access devices in the configuration parameters page (see 9.3.3).

The end-of-medium {EOM) bit is mandatory for sequential-access and printer
devices and this hit is reserved for all other device types. An EOM bit of
one indicates that an end-of-medium condition (end-of-partition, beginning-of-
Eart1t10n. out-uf-paﬁer. ete.) exists. For sequential-access devices, this

it Indicates that the unit is at or past the early-warning if the direction
was forward or that the command could not be complated because beginning-of-
partition was encountered if the direction was reverse.

An incorrect Tength indicator (ILl) bit of one usug]]¥ indicates that the
requested logical block length did not match the Togical hlock length of the
data on the medium.

The sense key, additional semse code and additiona] sense code gualifier
provide a hierarchy of information. The intention of the hierarchy is to
grovide a top-down approach for an initiator to determine information relating

o the error and exception conditions. The sense key provides generic
categories in which error and exception conditions can be reported.
Initiators would typically use sense keys for hzﬁh tevel error recovery
procedures., Additional sense codes provide further detail describinﬁ the
sense key. Additional sense code gualifiers add further detail to the
additional sense code. The additional sense code and additional sense code
qualifier can be used hy initiators where sophisticated ervor recovery
pr‘oﬁeggres require detailed information describing the error and exception
conditions.

The sense key field is mandatory and indicates generic information .
describing an error or exception condition. The Sense keys are defined in
Tabtes 7-39 and 7-40.

The contents of the information field is device-type or command specific and
is defined within the a?propriate section for the device tyﬂe or command of
interest. Targets shall implement the information field. ~lUnless specified
otherwise, this field contains:

(1) The unsigned logical block address associated with the sense key, for
direct-access devices (Device Type 0), write-once devices (Device Type 4), CD-
ROM devices %Device Type 5), and optical memory devices (Device Type 7).

{2) The difference (residue) of the requested length minus the actua length
in either bytes or blocks, as determined by the command, for sequential-access
devices %Deuice Type 1), printer devices (Device Type 2), processor devices
EDevice ype 3) and some direct access device commands, except as defined for

4} below. (Negative values are indicated by two's camplement notation.)

(3) The difference (residue) of the requested number of blocks minus the
actual number of blocks coeied or comeared for the current segment descriptor
of a COPY, COMPARE, or COPY AND VERIFY command.

(4) For sequential-access devices oEerating in buffered modes lh or Zh that
detect an unrecoverable write error when unwritten data blocks, filemarks, or
setmarks remain in the buffer, the value of the information field for atl
conmands shall be:
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ga) the total number of data blocks, filemarks, and setmarks in the

buffer if the device is in fixed block mode (block length field of the MODE

SENSE block descriptor is non-zero and the fixed bit of the WRITE command is

ne}.

b} the mumber of bytes in the buffer, including filemarks and setmarks,
if t?e device is in variable mode {the fixed bit of the WRITE command is
zero).

The additional sense length field indicates the number of additional sense
bytes to follaw. If the allecation length of the command descriptor block is
too small to transfer all of the additional sense bytes, the additional sense
length is not adjusted to reflect the truncation,

The command-specific information field contains information that depends on
the command which was executed. Further meaning for this field is defined
within the command description. The command—s?ecific information field is
mandatory if the target suggnrts any of the fo ]owing commands: COPY,
COMPARE, COPY AND VERIFY, SEARCH DATA, and REASSIGN BLOCKS.

The additional sense code field indicates further information related to the
error or exception condition reported in the sense key field. Targets shall
suppori the additiomal sense code field., Support of the additional sense
codes not explicitly required bg this standard is optional. A list of
additional sense codes is in Table 7-41, [If the target does not have further
information related to the error or exception condition, the additional sense
code is set to NO ADDITIONAL SENSE INFORMATION.

The additional sense code qualifier indicates detailed information related
to the additional sense code. The additional sense code qualifier is
opticnal. TIf the error or exception condition_is reportable by the device the
value returned shall be as specified in Table 7-41. "If the target does not
have detailed information related to the error or exception condition, the
additional sense code gualifier is set to zero.

Non-zero values in the field replaceable unit code field are used to define
a device-specific mechanism or unit that has failed. A value of zero in this
field shall indicate that no specific mechanism or unit has been identified to
have failed or that the data is not available, The field replaceable unit
code field is optional. The format of this information is not specified by
this standard. Additional information about the field replaceable unit may be
%vailibie in the ASCII information page (see 7.3.4.2), if supported by the
arget.

The sense-key specific bytes are described in 7.2.14.1, below.
The additional sense bytes field may contain command specific data,

peripheral device SPBCifIC data, or vendor-specific data that further defines
the nature of the CHECK CONDITION status.
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7.2.14.1. Sense-Key Specific

The sense-key specific field is defined by this_standard when the value of
the sense-key specific valid {SKSV} bit is one. The sense-key specific valid
bit and sense-key specific field are optional, The definition of this field
is determined by the value of the sense key field. This field is reserved for
sense keys not described below. An SKSV value of zero indicates that this
field is not defined by this standard.

IT the sense key field is set to ILLEGAL REQUEST and the SKSV bit is set to
one, the sense-key specific field shall be defined as shown in Table 7-36.
These Field Pointer field indicates which iTlegal parameters in command
descriptor blocks or data parameters are in error.

Table 7-36: Field Pointer Bytes

Bit 7 ] 5 ] 3 2 1 0
Byte
15 SKSV | €/D  |Reserved|Reserved| BPV | Bit Pointer
16 (M5B)
-------- Field Pointer —mm
17 (L58)

A command data {C/D) bit of one indicates that the illegal parameter is in
the command descriptor block. A C/D bit of zero ipdicates that the illegal
pﬁrameter ts in the data parameters sent by the initiator during the DATA OUT
phase.

A bit gqinter valid (BPV) bit of zero indicates that the value in the bit
pointer field is not valid. A BPY bit of one indicates that the bit pointer
field specifies which bit of the.b¥te degignated by the field pointer field is
in error. When & multiple-bit field is in error, the bit pointer field shall
point to the most-significant (left-most) bit of the field.

The field pointer field indicates which byte of the command descriptor block
or of the parameter data was in error. Bytes are mumbered starting from zero,
as_shown in the tables describing the commands and parameters. When a
multiple-byte field is in error, the pointer shall point to the most-
significant {left-most) byte of the field.

FMPLEMENTORS NOTE: Bytes identified as bein% in error are not necessartly
the piace that has to be changed to correct the problem.

If the sense key is RECOVERED ERROR, HARDWARE ERROR or MEDIUM ERROR and if
%hEISK§U3?it is one, the sense-key specific field shall be defined as shown in
able 7-37.

SCS1-2 Working Braft Proposal 7-48 Revision 10b

LHEkde L]



A1l Device Types 8/22/89
Table 7-37: Actual Retry Count Bytes

Bit 7 , 6 ‘ 5 ! 4 f 3 f 2 ’ 1 l 0 i
Byte

15 | SKSY | ) Reserved
IR
________ Actual Retry Count —m-
17 (LSB)

The actual retry count field returns implementation-specific information on
the actual number of retries of the recovery algorithm used in attempting to
recover an error or exception condition.

IMPLEMENTORS NOTE: It is recommended that this field relate to the retry
count fields within the error recovery page of the MODE SELECT command.

If the sense key is NOT READY and the SKSV bit is one, the sense-key
specific field shall be defined as shown in Table 7-38. These fields are only
defined for the FORMAT UNIT command with the Immed bit set to one.

Tabte 7-38: Format Progress Indication Bytes

Bit 7 f 5 4 3 2 1 0
Byte
15 SKSV | Reserved -
16 | (uspy T

The progress indication field is a Rercent complete indication in which the
returned value is the numerator that has 65536 (10000h) as its dencminator.
The progress indication shall be an based upon the total format operation
including any certification or initializatian operations.

IMPLEMENTORS NOTE: [t is intended that the progress indication be time
related. However, since format time varies with the number of defects
encountered, etc., it is reasonable for the target to assign values to
various steﬁs within the process, The granularity of these steps should be
small enougn to provide reasonable assurances to the initiator that progress
is being made.
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7.2.14.2. Deferred Errors

Error code 70h indicates that the CHECK CONDITION or COMMAND TERMINATED
status returned is the result of an error or exception condition on the
command that returned the CHECK CONDITION or COMMAND TERMINATED status or an
unexpected bus free condition. This includes errors generated during
execution of the command by the actual execution process. It also includes
errors not related to any command that are first observed during execution of
a command. Examples of this latter type of error include disk servo-mechanism
off-track errors and power-up test errors.

Error Code 71h (deferred error) indicates that the CHECK CONDITION status
returned is the result of an error or exception condition that occurred during
execution of a previous command for which GOOD status has already been
returned. Such commands are associated with use of the immediate bit, with
some forms of caching, and with multiple command buffering, Targets that
implement these features are required to implement deferred error reporting.

B/22/89

The deferred error indication may be sent at a time selected by the target
through the asynchronous event notification process (see 6.5.5) 1f AEN is
supported by both the initiator and target.

Lf AEN is not supported, the deferred error may be indicated by returning
CHECK CONDITION status to the the ag roErlate initiator as described below.
The subsequent execution of a REQUEST SENSE command shall return the deferred
error sense information.

If CHECK CONDITION status for a deferred error is returned, the current
comand has not performed any storage operations or output operations to the
media. After the target detects a deferred error condition on a logical unit,
it shall return a deferred error according to the rules described below:

(1) If a deferred error cam be recoverad with no external systenm
intervention, a deferred error indication shall not be posted unless required
by the error handlin? parameters of the MODE SELECT command. The occurrence
af the error may be Togged if statistical or error logging is supported. )

If a deferred errdr can be associated with a causing initiator and with
a particular function or a garticu]ar subset of data, and the error is either
unrecovered or required to be reported by the mode parameters, a deferred
error indication shall be returned to the causing initiator. If an initiator
other than the causing initiator attempts access to the particular function or
subset of data associated with the deferred error, a BUS status shall be
returned to that initiator in response to the comand attempting the access.

NOTE: Not all devices may be sufficiently sophisticated to iﬁentifﬁ the
function or data that has failed. Those that cannot should treat the error
in the following manner.

(3) If a deferred error cannot he associated with a causing initiator or
with a particular subset of data, a deferred error indication shall be
returned on behalf of the failing logical unit to each initiator. If multiple
deferred errors have accumulated for some initiators, only the last error
shall be returned.

(4% If a deferred error cannot be associated with a particular logical unit,
it shall be returped to the appropriate initiator for all logical units
supported by the target.
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(5) If a current command has not yet started executing, and a deferred error
occurs, the command shall be terminated with CHECK CONDITION status and
deferred error information posted in the sense data. By convention, the
current command is considered to have started execution if the farget has
changed phase from the COMMAND phase to the next normal phase of the command
sequence. If a deferred error occurs while a current command is executing and
the current command has been affected by the error, the command shall be
terminated by CHECK CONDITION status and current error information shall be
returned in the sense data. In this case, if the current error information
does not adequately define the deferred error condition, a deferred error may
be returned after the current error information has been recovered. If a
deferred error occurs while a current command is executing and the current
command completes successfully, the target may choose to return the deferred
error information after the completion of the current command.

IMPLEMENTORS NOTE: Deferred errors may indicate that an operation was
upsuccessful Tong after the command performing the data transfer returned
GOOD status, If data that canmot be replicated or recovered from other
sources is being stored using such buffered write operations,
synchronization commands should De performed before the critical data is
destroyed in the host initiator. This is necessary to be sure that recovery
actions can be taken if deferred errors do occur in the storing of the data.
If AEN is not implemented, the synchronizing Brocess should provide the
necessary commands to allow return1n$ CHECK CONDITEION status and subsequent
returning of deferred error sense information after all buffered operations
are guaranteed to be complete.

All Device Types

SCSI-2 Working Draft Proposal 7-45 Revision 10b

All Device Types 8/22/89

Table 7-39: Sense Key (0h-7h)} Descriptions

Sense Key Description

Oh HO SENSE, Indicates that there js no specific sense key
information to be reported for the designated logical unit. This
would be the case for a successful command or a command that
received CHECK CONDITION or COMMAND TERMINATED status because one
of the filemark, EOM, or ILI bits !s set to one.

1h RECOVERED ERROR. Indicates that the last command comg]eted
successfully with some recovery action performed by the target.
Details may be determinable by examining the additional sense bytes
and the information field, When multiple recovered errors occur
during one command, the choice of which error to report {first,
last, ‘most severe, etc.) is device specific.

2h NOT READY. Indicates that the logical unit addressed cannot be
accessed. Operator intervention may be reguired to correct this
condition.

3h MEDIUM ERROR. Indicates that the command terminated with a non-

recovered error condition that was probabl¥ caused by a flaw in the
medium or an error in the recorded data. This sense key may also
be returned ¥ the targef js unable to distinguish between a flaw
in the mediwn and a specific hardware failure (sense key 4h).

4h HARDWARE ERROR. Indicates that the target detected a non-
recoverable hardware failure (for example, contro]ler failure,
device failure, parity error, etc.) while performing the command or
during a self test.

5h ILLEGAL REQUEST. Indicates that there was an illegal parameter in
the command descriptor block or in the additional parameters
supplied as data for some commands (FORMAT UNIT, SEARCH DATA,
etc.). If the target detects an invalid parameter in the comand
descriptor block, then it shall terminate the command without .
altering the medium. If the target detects ap invalid parameter in
the additional parameters supplied as data, then the target may
have already altered the medium. This sense key may also indicate
that an invalid IDENTIFY message was received (5.6.7).

6h UNIT ATTENTION. Indicates that the removable medium may have been
changed gr the target has been reset. See £.9 for more detailed
information about the unit attention condition.

7h DATA PROTECT, Indicates that a command that reads or writes the
medium was attempted on a block that is protected from this
operation. The read or write operation is not performed.

=zmme
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Table 7-40: Sense Key (8h-Fh} Descriptions

Sense Key Description

Ah

Bh

Ch

Bh

Eh

Fh

BLANK CHECK. Indicates that a write-ance device or a sequential-
access device encountered blank medium or format-defined end-of-
data indication while reading or a write-once device encountered a
non-blank medium while writing.

Vendor Specific. This sense key
specific conditions.

COPY ABORTED. Indicates a COPY, COMPARE, or COPY AND VERIFY
conmand was aborted due to an errer condition on the source device,
the destination device, or both. (See 7.2.3.2 for additional
information about this sense key.)

ABORTED COMMAND. Indicates that the target aborted the command.
The initiater may be able to recover by trying the command again.

EQUAL. Indicates a SEARCH DATA command has satisfied an equal
comparison.

VOLUME OVERFLOW. 1Indicates that a buffered peripheral device has
reached the end-of-partition and data may remain in the buffer that
has not been written to the medium. A RECOVER BUFFERED DATA
gu??and(s) may be issued to read the unwritten data from the

uffer.

is available for reporting vendor

MISCOMPARE. Indicates that the source data did not match the data
read from the mediwn.
RESERVED,
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Table 7-41: ASE and ASEQ Assigmments
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DIRECT ACCESS DEVICE

SEQUENTIAL ACCESS DEVICE
PRINTER DEVICE

PROCESSOR DEVICE

WRITE ONCE READ MULTIPLE DEVICE
READ ONLY (CD-ROM) DEVICE
SCANNER DEVICE

OPTICAL MEMORY DEVICE

MEDIA CHANGER DEVICE
COMMUNICATION DEVICE

DESCRIPTION

Enoana

Itononon

COMMENTS

ADDRESS MARK NOT FOUND FOR DATA FIELD
ADDRESS MARK NOT FOUND FOR ID FIELD
AUDIO PLAY OPERATION TN PROGRESS
AUDIO PLAY OPERATION PAUSED
AUBIO PLAY OPERATION STOPPED DUE TO ERROR
AUDIO PLAY QPERATION SUCCESSFULLY COMPLETED
BEGINNING-OF-PARTITION/MEDIUM DETECTED
BLOCK SEQUENCE ERROR
CANNOT READ MEDIHM - INCOMPATIBLE FORMAT
CANNOT READ MEDIUM - UNKNOWN FORMAT
CARTRIDGE FAULT
CHANGED OPERATING DEFINITION
CIRC UNRECOVERED ERROR
CLEANING CARTRIDGE INSTALLED
COMMAND PHASE ERROR
COMMANB SEOUENCE ERROR
COPY CANNOT EXECUTE SINCE HOST CANNOT DISCONNECT
DATA PATH FAILURE SHOULD USE 40 BN
DATA PHASE ERROR
DATA RESYCHRONIZATION ERROR
DATA SYNCHROKIZATION MARK ERROR
DEFECT LIST,ERROR
DEFECT LIST ERROR IN GROWN LIST
DEFECT EIST ERROR IN PRIMARY LIST
DEFECT LIST NOT AVAILABLE
DEFECT LIST NOT FOUND
DEFECT LIST UPDATE FAILURE
DIAGNOSTIC FAILURE ON COMPOMENT MM (BGH—FFHA
USE ASCQ CODES 80H-FFH

END OF USER AREA ENCOUNTERED ON THIS TRACK
END-OF-DATA DETECTED

END-OF-DATA dOT FOUND

END-OF -PARTITION/MEDTUM DETECTED

ERASE FAILURE

{L-EC UNAVAILABLE OR OFF)
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Table 7-41: ASC and ASCG Assigmments (continued)

DA 00 DTLPNRSUMC
2 DT WSO

H
30 00 D¥ HR OH

48 00 DTLPWRSOMC
3F 03 DTLPHRSOME
44 00 DTLPWRSOME
30 00 DTLPWRSOME

S
20 00 DTLPHRSOMC

[y
24 00 DTLPHRSOMC
26 00 DTLPHRSOMC

49 00 DTLPHRSOMC
WR O

5
5B 02 DTLPHRSOM
5B 00 DTLPHRSOM
5B 03 DTLPWRSOM
2A 02 DTL WRSOMC
21 00 DT WR OH
08 00 DTL WRSOMC
08 02 DTL WRSOMC
08 01 DTL WRSOHC
05 00 DTL WRSOMC
4C 60 DTLPHWRSOMC
3E 00 DYLPHRSOMC
04 01 DTLPHRSOMC

04 00 DTLPWRSOWC

DTL Y
04 02 DTLPWRSOMC
04 03 DTLPHRSOMC
25 00 DTEPWRSOMC
15 01 DTL WRSOM
53 00 DTL WRSOH

ERROR LOG OVERFLOW
ERROR TOO LONG TO CORRECT
EXCESSIVE WRITE ERRORS
FAILED 70 SENSE BOTTOM-QF-FORM
FAILED TO SENSE TOP-OF-FORM
FILEMARK DETECTED
FILEMARK OR SETMARK NOT FOURND
FOCUS SERVO FATLURE
FORMAT COMMAND FAILED
GENERATION DOES NOT EXIST
GROWN DEFECT LIST NOT FOUND
ID CRC OR ECC ERROR
ILLEGAL FUNCTION FOR DEVICE TYPE
SHOULD USE 20 00, 24 00, OR 26 00
FLLEGAL MODE FOR THIS TRACK
IMPORT / EXPORT ELEMENT ACCESSED
INCOMPATIBLE MEDIUM INSTALLED
INCOMPLETE BLOCK READ (POSTAMBLE NOT FOUND)
INITIATOR DETECTED ERROR MESSAGE RECEIVED
INQUIRY DATA HAS CHANGED
INTERNAL TARGET FAILURE
INVALID BITS IN IDENTIFY MESSAGE
INVALID COMBINATION OF WINDOWS SPECIFIED
IHVALID COMMAND OPERATION CODE
INVALID ELEMENT ADDRESS
INVALID FIELD IN CDB CHECK FIELD POINTER IN SENSE DATA
INVALID FIELD IN PARAMETER LIST
CHECK FTELD POINTER IN SENSE DATA
INVALID MESSAGE ERROR

L-EC UNCDRRECTABLE ERROR
LAMP FAILURE

L0G COUNTER AT MAXIMUM
LOG EXCEPTION

LOG LIST CODES EXHAUSTED
LOG PARAMETERS CHANGED
LOGICAL BLOCK ADDRESS OUT OF RANGE

LOGICAL UNIT COMMUNICATION FAILURE

LOGICAL UNIT COMMUNICATION PARITY ERROR

LOGICAL UNIT COMMUNEICATION TIME-OUT

LOGICAL UNIT DOES HOT RESPOMD TO SELECTION

LOGICAL UNET FAILED SELF-CONFIGURATION

LOGICAL UNET HAS NOT SELF-CONFIGURED YET

LOGICAL UNIT 15 IN PROCESS OF BECOMING READY

LOGICAL UNIT NOT READY, CAUSE NOT REPORTABLE

LOGICAL UNIT NOT READY, FORMAT IN PROGRESS

LOGICAL UNIT NOT READY, IMITIALIZING COMMAND REQUIRED
LOGICAL UNIT NOT READY, MANUAL INTERVENTION REQUIRED
LOGICAL UNIT NOT SUPPORTED

MECHANICAL POSITIONING ERROR

MEDIA LOAD/EJECT FAILED

Revision 10b
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Table 7-41: ASC and ASCOQ Assignments (continued)

3B 0D |
31 00DT W O
JA 00 DTL HRSOM
02 DT WR OM

E H
43 00 DTLPYRSOMC
3F 01 DTLPHRSGHC

0D W O

11 0A DT 0
2A 01 DTL WRSOMC
07 00 DTL WRSOM
11 03 DT W SO
00 Og DTLPNESUMC

32000 W O
1109 7

p1oap WO
06 00D WR OM
02 00 B WR OM

1T
28 00 DTLPWRSOMC
DT WR OM
5A 00 DTLPWRSOM
BT ¥ 0
5A 0% BT ¥ SO
4E 00 BTLPWRSOMC
0 T
5 L
1A 00 DTLPHRSOMC
26 01 DTEPHRSOMC
26 02 DTEPHRSOMC

2A 00 DTL HRSOMC
03 00 DTL o gO

20T WR O
29 Dg 8TLPHRSUHC
1C 01 D 0
0D
15 00 DTL HREDM
S
11 01 DT o SO

14 0} DT WR O
14 00 DTL WRSO

MEDIUM DESTINATION ELEMENT FULL

MEDIUM FORMAT CORRUPTED

MEDIUM NOT PRESENT

MEDIUM REMOUAL PREVENTED

MEDIUM SOURCE ELEMENT EMPTY

MESSAGE ERROR T
MICROCODE HAS BEEN CHANGED '
MISCOMPARE DURING VERIFY OPERATION

MISCORRECTED ERROR

MODE PARAMETERS CHANGED

MULTIPLE PERIPHERAL DEVICES SELECTED

MULTIPLE READ ERRORS

NO ADDITIONAL SENSE INFORMATION

NO CURRENT AUDIO STATUS TO RETURN
NO DEFECT SPARE LOCATION AVAILABLE
NO GAP FOUND

H0 INDEX/SECTOR SIGNAL

NO REFERENCE POSITION FOUND

N0 SEEK COMPLETE

H0 WRITE CURRENT

NOT READY TO READY TRANSITION MEDIUM MAY HAVE CHANGED
OPERATOR MEDIUM REMOVAL REQUEST

OPERATOR REQUEST OR STATE CHANGE INPUT (UNSPECIFIED})

OPERATOR SELECTED WRITE PERMIT

OPERATOR SELECTED WRITE PROTECT

OUT OF FOCUS

OVERLAPPED COMMANDS ATTEMPTED

OVERMRITE ERROR ON UPDATE IN PLACE

PAPER JAM

PARAMETER LIST LENGTH ERROR
PARAMETER NOT SUPPORTED CHECK FIELD POI
PARAMETER VALUE IRVALID CHECK FIELD POI
PARAMETERS CHANGED

PERIPHERAL DEVICE WRITE FAULT

POSITION PAST BEGINNING OF MEDIUM

POSITION PAST END OF MEDIUM

POSITIONING ERROR DETECTED BY READ OF MEDIUM
POWER ON, RESET, OR BUS DEVICE RESET OCCURRED
POWER-ON OR SELF-TEST FAILURE

PRIMARY DEFECT LIST NOT FOUND

RAM FAILURE

RANDOM POSITIONING ERROR

READ PAST BEGINNING OF MEDIUM

READ PAST END OF MEDIUM

READ RETRIES EXHAUSTED

RECORD NOT FOUND

RECORDED ENTITY NOT FOUND

(TRACK ZERO OR EQUIVALENT)

TER IN SENSE DATA
TER IN SENSE DATA

=

SHOULD USE 40 KN
SHOULD USE 40 HM
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Table 7-41: ASC and ASCQ Assignments (continued)
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Table 7-41: ASC and ASCQ Assignments (comtinued)

17 05D WR O RECOVERED DATA USING PREVIOUS SECTOR ID

18 03 R RECOVERED DATA WITH CIRC

18020 MR O RECOVERED DATA WITH ECC AND/OR RETRIES. DATA AUTO-REALLOCATED
1801 0 WR O RECOVERED DATA WITH ERROR CORRECTION AND RETRIES APPLIED
18 00 DT WR 0  RECOVERED DATA WITH ERROR CORRECTION APPLIED

18 04 R RECOVERED DATA WITH LEC

17 03 DT HWR O  RECOVERED DATA WITH NEGATIVE HEAD OFFSEY

17 00 DT WRSO  RECOVERED DATA WITH NO ERROR CORRECTION APPLIED

17 02 BT WR O  RECOVERED DATA WITH POSITIVE HEAD OFFSET

17 01 BT HRSO  RECOVERED DATA WITH RETRIES

17 04 HR O RECOVERED DATA WITH RETRIES AND/OR CIRC APPLIED

17060 W O RECOVERED DATA WITHOUT ECC. DATA AUTO-REALLOCATED.
IE00D_ W O RECOVERED ID WITH ECC CORRECTION

gg 88 T REPOSITION ERROR

L RIBBON/ENK/TONER FATLURE
37 00 DTL WRSOMC ROUNDED PARAMETER
D 0 RPL STATUS CHANGE
39 00 DTL WRSOMC SAVING PARAMETERS KOT SUPPORTED
Y SCAN HEAD POSITIONING ERROR
47 00 DTLPWRSOMC SCSI PARITY ERROR

54 00 P 5CSI TO. HOST SYSTEM INTERFACE FAILHRE
45 00 DTLPWRSOMC SELECT/RESELECT FAILURE

38 00 TL SEQUENTIAL POSITIONING ERROR

0003 T SETMARK DETECTED

3B o4 L SLEW FATLURE

09 03 WR O  SPINDLE SERVO FAILURE

€ 02D Q  SPINDLES HOT SYNCHRONIZED
5C 01 SPINDLES SYNCHRONIZED

D 0
18 00 DTLPHRSOMC SYNCHRONOWS DATA TRANSFER ERROR i -
p SYSTEM RESOURCE FAILURE P

2F 00 DTLPHRSOMC COMMANDS CLEARED BY ANOTHER INITIATOR

T TAPE LENGTH ERROR

3803 L TAPE OR ELECTRONIC VERTICAL FORMS UNIT NOT READY
oL T TAPE POSITION ERROR AT BEGINNING-QF-MEDIUM
3B 02 TAPE POSITION ERROR AT END-QF-MEDIUM

i
3F 00 DTLPHRSOMC TARGET OPERATING COMDITIONS HAVE CHANGED
aB 01 DTLPWRSOM THRESHOLD CONDITION MET
26 03 DTLPWRSOMC THRESHOLD PARAMETERS NOT SUPPORTED

T POSITION ERROR RELATED TO TIMING

2¢ 01 5 TOD MANY WINDOWS SPECTFIED

09 00 BT WR O  TRACK FOLLOMING ERROR

09 01 HR 0 TRACKING SERVO FAILURE

61 01 S UKABLE TO ACQUIRE VIDEO

57 00 R URABLE TO RECOVER TABLE-OF-CONTENTS
530 T UNLOAD TAPE FAILURE

11 00 DT HRSQ  UNRECOVERED READ ERROR

11 04D W 0 UNRECOVERED READ ERROR - AUTO REALLOCATE FAILED
46 00 DTLPWRSOMC UNSUCCESSFUL SOFT RESET

59 00 0 UPDATED BLOCK READ

61 00 S VIDEG ACGUISITION ERROR
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B 00 T WRITE APPEND ERROR
5001 7 WRITE APPEND POSITION ERROR
0C 00 T S  HRITE ERROR SENSE KEY SAYS WHETHER RECOVERED
0C 02D # 0 WRITE ERROR - AUTO REALLOCATION FAILED
OCOLB W 0 WRITE ERROR RECOVERED WITH AUTO REALLOCATION
2700 DT ¥ 0 WRITE PROTECTED
BO XX 3
THROUGH > VENDOR UMIQUE.
XX /
80 \ :
THRgEGH /> VENDOR UNIGUE QUALIFICATION OF STANDARD ASC.

ALL CODES NOT SHOMN ARE RESERVED.

7.2.15. SEND DIAGNOSTIC Command

Table 7-42: SEND DIAGHOSTIC Command

Bit 7 ’ 6 ! 5 ’ 4 | 3 ! 2 ‘ 1 I o
Byte o

] Operation Code (1Dh)
1 Logicalqﬁnit Number | PF [ﬁéserved[SelfTest] DevOfL | Uni tOfL
R Reserved
BT
----- - * Parameter List Length -
4 {LSB)
R gontrol T

The SEND DIAGNOSTIC command gTable 7-42) requests the target to perform
diagnostic operations on itself, on the logical unit, or on both. The only
mandatory implementation of this command is the self-test feature with the
parameter list length of zero. ExceEt when the self-test bit is one, this
command is usuvally followed by a RECEIVE DIAGNOSTIC RESULTS command.
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A page format (PF)} bit of one specifies that the SEND DIAGNOSTIC parameters
conform to the page structure as specified in this standard. e
implementation of the PF bit is optional. See 7.3.1 for the definition of
diagnostic pages. A PF bit of zero indicates that the SEND DIAGNOSTIC
param$§e§s are as specified in SCSI-1 (i.e., all parameters are vendor
specific).

A self-test (SelfTest) bit of one directs the target to complete its default
self-test. If the self-test successfully passes, the command shall be
terminated with GOOD status; otherwise, the command shall be terminated with
CHECK CONDITION status and the sense key shall be set to HARDWARE ERROR.

A self-test bit of zero requests that the target perform the diagnostic
operation specified in the parameter list. The dia§nnstic operation might or
might not reguire a target to return data which confains diagnostic results.
If"the return of data is not reguired, the return of GOOD status indicates
successful completion of the diagnostic operation. If the return of data is
required the target shall either:

?1) perform the requested diagnostic operation, prepare the data to be
returned and indicate com?letion b returnin% GOOD status. The initiator
issues a RECEIVE DIAGNOSTIC RESULTS command to recover the data.

(2) accept the parameter_list and if no errors are detected in the parameter
list retuwrn GOOD status., The requested diagnostic operation and the
Bre aration of the data to be returned is performed upon receipt of a RECEIVE

TAGNOSTIC RESULTS command.

IMPLEMENTORS NOTE: To insure that the diagnostic command information is not
destroyed by a command sent from another initiator, the SEND DIAGNOSTIC

command should either be linked to the RECEIVE DIAGNOSTIC RESULTS command or
the togical unit should be reserved. :

The device off-line (DevOfL) and unit off-line (UnitOfL) bits are generally
set by operating system software, while the parameter list is prepared by
diagnustic agpl1catiun software. These bits %rant permission to perform
vendor-specific diagnostic operations on the target which may be visible to
attached initiators. Thus, by preuentin% operations that are not enabled by
these bits, the target assists the operafing system in protecting its
resources.

A UnitDfL bit of one grants permission to the target to Rerform diagnostic
operations that may affect the user accessible medium on the logical unit,
e.g., write operations to the user accessible medium, or repositionin? of the
medium on seguential access devices. The imptementaticn of the UnitOfl bit is
optional. A UnitOfl bit of zero prohibits any diagnostic operations that may
be detected by subsequent [/0 processes.

A DevOft bit of one grants ?ermission to the target to perform diagnostic,
operations that may affect all the logical units_on a target, e,q., alteration
of reservations, log ?arameters, or sense data. The implemenfation of the
DevOfl bit is optional. A DevOfL bit of zero prohibits diagnostic operations
that may be detected by subsequent 1/0 processes.
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The parameter list len?th field specifies the length in hytes of the
parameter 1ist that shall be transferved from the initiator tothe target. A
garameter_]lst Tength of zero indicates that mo data shall be transferred.

his condition shall not be considered as an error. If the specified
parameter list length results in the truncation of one or more pages {PF bit
set to one& the target shall return CHECK CONDITION status with a sense key of
ILLEGAL REQUEST and an additional sense code of INVALID FIELD IN CDB.

ge?athe implementors note under the RECEIVE DIAGNOSTIC RESULTS command in

7.2.16. TEST UNIT READY Command

Table 7-43: TEST UNIT READY Command

O N T T P A T e
0 “Operation Code (00R)

1 | Logical Unit Humber | Reserved
. | Reserved
O Reserved T
PR Reserved o

- Control

The TEST UNIT READY command (Table 7-43) provides a means to check if the
logical unit is ready. This is not a request for a self-test. If the logical
unit would accept an appropriate medium-access command without returning CHECK
CONDITION status, this command shall return a GOOD status. [f the logical
unit cannot become operational or is in a state such that an initiator action
(e.q., START UNIT command) is required to make the unit ready the target shall
return CHECK CONDITION status with a sense key of NOT READY.

Table 7-44 defipes the preferred responses to the TEST UNIT READY command.
Higher-paiority responses {e.g., BUSY or RESERVATION CONFLICY) are also
permitted,
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Table 7-44: Preferred TEST UNIT READY Responses

8/22/8%

Status

CHECK CONDITION
CHECK CONDITION
CHECK CONDITION
CHECK CONDITION
CHECK CONDITION
CHECK CONDITION

CHECK CONDITION
CHECK CONDITION

Sense Key

ND SENSE

ILLEGAL REQUEST
NOT READY
NOT READY
NOT READY
NOT READY
NOT READY

NOT READY
NOT READY

Additional Sense Code and

Additional Sense Code Qualifier

NO ADDITIONAL SENSE INFORMATION or other
valid additional sense code.

LOGICAL UNIT NOT SUPPORTED

LOGICAL UNIT DOES NOT RESPOND TO SELECTION
MEDIUM NOT PRESENT

LOGICAL UNIT HOT READY, CAUSE MOT REPORTABLE
LOGICAL UNIT IS IN PROCESS OF BECOMING READY
LOGICAL UNIT NOT READY, INITIALIZING COMMAND

REEUIRED
LOGICAL UNIT NOT READY, MANUAL INTERVENTION
RESUIRED
LOGICAL UNIT NOT READY, FORMAT IN PROGRESS
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7.2.17. HRITE BUFFER Command
Table 7-45: WRITE BUFFER Command

Bit| 7 I 6 ‘ 5 ] 4 | 3 I 2 I 1 , 0
Byte | . e oo

0 Operation Code (3Bh)

1 Logical Unit Number | Reserved | Mode

2 T Buffer 10 T

30 | sy T
R Buffer Dffset -

5 (LSB)
6 | (sBy TS
R Parameter List Length -
8 (LSB)
9 - Control o ) o

The WRITE BUFFER command (Table 7-45) is used im conjunction with the READ
BUFFER command as a diagnostic for testing target memory and the SCSI bus
inte?rity. Additional modes are provided for downloading microcode and for
downToading and saving microcode.

This command shall not alter any medium of the target when the data mode or
the combined header and data mode” is specified.

The function of this commapd and the meaning of fields within the command
descriptor block depend on the contents of the mode field. 7The mode field s
defined in Table 7-46. *

Table 7-46: WRITE BUFFER Mode Field

Implementation
Hode Description Requirements
000b  Write combined header and data Optional
00ib  Vendor specific Vendar specific
010b  Write data Optional
O0llb  Reserved Reserved
100b  Download Micracode Optiona)
101h  Download Microcode and Save Optional
110b  Reserved Reserved
111b  Reserved Reserved
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IMPLEMENTORS NOTE: Modes 000b and 001b are included for compatibility with
CCS products that were designed prior to the generation of this standard.
These products restrict the maximum transfer lTength to 65535 bytes.

7.2.17.1. Combined Header and Data Mode (000b)

In this mode, data to be transferred is greceded by a four-byte header. The
four-byte header consists of all reserved bytes. The buffer ID and the buffer
offset fields shall be zero. The parameter list length field specifies the
maximum number of bytes that shall be trapsferred durin? the DATA OUT phase.
This number includes four bytes of header, so the data en?th to be stored in
the target's buffer is parameter list length minus four. The initiator should
attempt to ensure that the parameter list length is not Ereater than four plus
the available length that is returned in the header of the READ BUFFER command
(mode 00b). If the ?arameter 1ist length exceeds the available length plus
tour, the target shall return CHECK CONDITION status and shall set the sense
key to IELEGAL REQUEST.

7.2.17.2. Vendor-Specific Mode (001b)
In this mode, the meaning of the buffer ID, buffer offset, and parameter
1ist length fields are not specified by this standard.

7.2.17.3. Data Mode (Dlﬂhg

In this mode, the DATA OUT phase contains buffer data. The buffer ID field
identifies a specific buffer within the target. The vendor assigns buffer ID
codes to buffers within the target. Buffer ID zero shall be suRported. If
more than one buffer is supported, additional buffer ID codes shall be
assigned cuntiguous]y, begunning with one. If an unsupported huffer ID code
is sélected, the target shall return CHECK CONDITION status and shall set the
ESHSE key to ILLEGAL REQUEST with an additional sense code of INVALID FIELD [N

Data is written to_the target buffer starting at the location specified by
the buffer offset. The initiator should conform to the offset boundary
requirements returned in the READ BUFFER descriptor. If the target is unable
to accept the specified buffer offset, it shall returp CHECK CONDITION status
and it shall set the sense key to ILLEGAL REQUEST with an additional sense
code of INVALID FIELD IN CHA.

The parameter list length specifies the maxiwmum number of bytes that shall
be transferred durin$ the DATA OUT phase to he stored in the specified buffer
beginning at the buffer offset. The initiator should attempt to ensure that
the Earameter list length plus the buffer offset does not exceed the capacit
of the specified buffer. (The capacitE of the buffer can be determined by the
buffer capacit¥ field in the READ BUFFER descriptor.) [f the buffer offset
and parameter list length fields specify a transfer that would exceed the
buffer capacity, the target shall return CHECK CONDITION status and shall set
E?ELSe?ﬁecgﬁy to ILLEGAL REQUEST with an additional sense code of INVALID
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7.2.17.4. Download Microcode Mode (100b)

In this mode, vendor-specific microcode or control information shall be
transferred to the control memory space of the target. After a power-cycle or
reset, the device operation shall revert to a vendor-specific condition. The
meanings of the buffer ID, buffer offset, and parameter list length fields are
not specified by this standard and are not required to be zero-filled. When
the microcode download has completed successfully the target shall generate a
unit attention condition for all initiators except the one that issued the
WRITE BUFFER command (see 6.9). The additional sense code shall he set to
MICROCODE HAS BEEM CHANGED.

7.2.17.5. Download Hicrocode and Save Mode (101b)

In this mode, vendor-specific microcode or control information shall be
transferred to the target and, if the WRITE BUFFER command is completed
successtully, also shall be saved in a non-volatile memor¥ space
(semiconductor, disk, or other). The downloaded code shall then be effective
after each power—cycie and reset until it is supﬁianted in another download
microcode and save operation. The meanings of the buffer ID, buffer offset,
and parameter list tength fields are not specified by this standard and are
not required to be zero-filied. HWhen the downlead microcede and save command
has completed successfully the target shall generate a unit attention
condition for all initiators except the one that issued the WRITE BUFFER
command.  When reportiﬂg the unit attention condition, the target shall set
the additional sense code to MICROCODE HAS BEEN CHANGED.

B/22/89

7.3. Parameters for All Device Types
7.3.1. Diagnostic Parameters

This section describes the diagnostic page structure and the diagnostic
pages that are applicable to all SCSI devices. Pages specific to each device
gyge Srg deicr;hed in the third subsection of each device-type section (i.e.,
.3, 8.3, etc.).

A SEND DYAGNOSTIC command with a PF bit of one specifies that the SEND
DIAGNOSTIC parameter 1ist consists of zero or more diagnostic pages and that
the data returned by the subsequent RECEIVE DIAGNOSTIC RESULTS cammand shall
use the diagnostic page format (Table 7-47) described in this standard.

Each diagnostic page defines a function or operation that the target shall
perfarm. The page contains a page header followed by the analysis data which
is formatted according to the page code specified in the previous SEND
DIAGNOSTIC command.

Targets that implement diagnostic pages are only requirved to accept a single
diagnostic page per command.
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Table 7-47: Diagnostic Page Format Table 7-49: Supported Diagnostic Pages

Bit 7 l 6 , 5 4 ’ 3 2 1 a Bit 7 6 5 4 ) 2 1 ]
Byte Byte '

] Page Code ] Page Code {00h)
| T Reserved T [ Reserved - )
R T R 2 |Twsey T o h
----- —-- Page Length (n-3) —— mmmre | e Page Length (n-3) ——
3 {LsB) 3 (LsB)
] R ' .
S Diagnostic Parameters - - - - |- - Supported Page List - -
n n

The page code field identifies which diagnostic gage is being sent or
returned. The page codes are defined in Table 7-48.

The page length field 5ﬁecifies the length in bytes of the diagnostic
parameters which follow tnis field. If the initiator sends a page length that
results in the truncation of any parameter, the target shall terminate the
command with CHECK CONDITION status., The sense key shall be set to ILLEGAL
REQUEST with the additional sense code set to INVALID FIELD iN PARAMETER LIST.

The diagnostic parameters are defined for each age code. The diagnostic
parameters within a Ea?e may be defined differently in a SEND DIAGNOSTIC
command than in a RECEIVE DIAGNOSTIC RESULTS command.

Table 7-48: Diagnostic Page Codes

mom TS EE TN

Page Code Description Section
00h Supported Diagnostics Pages 7.3.1.1

0lh - 3fh Reserved gfor all device type pages)

40h - 7Fh See spacific device type for definition

80h - FFh Vendor specific pages

7.3.1.1. Supported Diagnostic Pages . )

The supported diagnostics page {Table 7-49) returns the Tist of diagnostic
pages implemented by the target. This paae shall be implemented if the target
implements the page format option of the SEND DIAGNOSTIC and RECEIVE
DIAGNOSTIC RESULTS commands.
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The definition of this paﬁe for the SEND DIAGNDSTIC command includes only
the first four bytes. If the page length field is not zero, the tar?et shall
terminate the SEND DIAGNOSTIC command with CHECK CONDITION status. The sense
key shall be set to ILLEGAL REQUEST with an additional sense code of INVALID
FIELD IN PARAMETER LIST. This page instructs the target to make available the
1ist of ail suBfﬂrted diagnostic pages to be returned by a subsequent RECEIVE
DIAGNOSTIC RESULTS command.

The definition of this page for the RECEIVE DIAGNOSTIC RESULTS command
inctudes the Tist of diagnostic pages supported by the target.

The page iength field specifies the lTength in bytes of the following

supported page list.
The sup?orted page list field shall contain a list of all diagnostic page
nges implemented by the target in ascending order beginning with page code
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7.3.2. Log Parameters

This section describes the log Bage structure and the log pages that are
applicable to all SCSI devices. Pages specific to each device type are
described in the third subsection of each device-type section (i.e., 8.3.2,
9.3.2, etc.). The LOG SELECY command suEports the ability to send zero or
more iag pages. The LOG SENSE command shall return a single ]UE page
§€?Cifi6d in the page code field of the command descriptor block {see Table 7-

Each log page begins with a four-byte page header followed by zero or more
variable-Tength log Barameters defined for that page. The log page format is
defined in Table 7-50.

Table 7-5@: Log Page Format

git} 7 | i I 5 I 4 | 3 | 2 | 1 | 0
Byte
0 fleserved | __—__Page Code
1| T Reserved i
2| (msB) T

Page Length {n-3) ——
3 J g : (LSB)

| [5& Parameters(s) |

===

4 - Log Parameter (First)

x+3 (Length x)

-y | 7 iog parameter (Last)
n Y (Lgngth y) ( )

The page code field identifies which log page is being transferred.

The page Ien$th field specifies the length in bytes of the following log
parameters. TF the initiator sends a gage length that results in the
truncaticn of any parameter, the target shall ferminate the command with CHECK
CONDITION status. The sense key shall be set to ILLEGAL RE?UEST with the
additional sense code set to INVALID FIELD IN PARAMETER LISY.

Most log pages contain one or more special data structures called 103
parameters (see Table 7-51}. Log parameters may be data counters which record
a count of a particular event {or events) or log parameters may be list
parameters (strings) which contain a description of a particular event.
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Table 7-51: Log Parameter
Bit 7 ] 6 [ 5 ‘ 4 | 3 | 2 | 1 | 0
Byte
0 (MS8)
»»»»» —— Parameter Code -
1 (LSB)
2 | o] oS jtse | EXW | THE “|Reserved| LP
3 " parameter tength (n-3)
_E __________________________________________________________________________
R Parameter Value - -
n

tach Iog parameter (Table 7-51) begins with a four-byte parameter header
followed by one or more bytes of parameter value data.

The parameter code field identifies which log parameter is being transferred
for that log page.

The DY, DS, TSD, ETC, TMC, and LP fields are collectively referred to as the
parameter control byte. These fields are described below.

For_cumulative ]OE parameter values (indicated by the PC field of the LOG
SELECT and LOG SENSE command descriptor block), the disable update (DU) bit is
defined as follows:

1)} A zerc value indicates that the target :hall update the log parameter
valug to reflect all events that should be noted by that parameter.

(2) A one value indicates that the target shall not update the log parameter
value except in response to a LOG SELECT command that specifies a new value
for the parameter.

IMPLEMENTORS NOTE: When updating cumulative log ?arameter values, a target
may use volatiie memory to hold these values until a LOG SELECT or L0G SENSE
command is received with an SP bit of one (or a target-defined event
occurs). Thus the updated cumulative log parameter values may be lost if a
power cycle occurs.

The DU bit is not defined for threshold values (indicated by the PC field of
the 1.0G SENSE command descri?tor block) nor for list parameters (indicated b

the 1P bit). The target shall ignore the value of any DU bits in a LOG SELECT
command.
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A disable save (DS) bit of zero indicates that the target sup?orts sauinﬁ
for that log parameter. The target shall save the current cumulative or the
current thresheld parameter value (depending on the value in the PC field of
the command descriptor block) in response to a LOG SELECT or LOG SENSE command
with a SP bit of one. A DS bit of one indicates that the target does not
support saving that log parameter in response to a LOG SELECT or LOG SENSE
command with a SP bit of one.

A target save disable (TSD) bit of zero indicates that the target provides a
target-defined method for savfn% log parameters. This implicit Saving
operation shall be done frequenfly enough to insure that the cumulative
parameter values retain statistical significance (i.e., across power cycles).
A TSD bit of one indicates that either the target doss not provide a target-
defined method for saving 10? parameters or the target-defined method has been
disabled by the initiator. IFf the initiator sets bath the DS and the TSD bits
set to one, the target shall terminate the command with CHECK CONDITION
status. The sense key shall be set to ILLEGAL REQUEST with the additional
sense code set to INVALID FIELD IN PARAMETER LIST.

An enable threshold comparisen (ETC% bit of one indjcates that a comparison
to the threshold value is performed whenever the cumuiative value is updated.
An ETC bit of zero indicates that a_comparison is not performed.
the ETC bit is the same for cumulative and threshold parameters.

The threshold met criteria (THC)} field STabIe 7-52) defipes the basis for
comparison of the cumutative and threshold values. The TMC Field is valid
only if the ETC bit is one. The value of the THC field is the same for
cumulative and threshold parameters.

The value of

If the ETC bit is one and the result of the comparison is true, a unit
attention condition shall be generated for all initiators. When regort1ng the
unit attention condition, the target shall set The sense keS shall be set to -
UNIT ATTENTION; the additional sense code shall he set to LDG EXCEPTION; and
the additional sense code qualiffer set to THRESHOLD CONDITION MET.

Table 7-52: Threshold Met Criteria

00b Ever{ update of the cumulative value

0lb  Cumulative value equal threshold value
10b  Cumulative value not equal threshold value
11b Cumulative value greater than threshold value

The list parameter (LP) bit indicates the format of the log parapeter. If
an initiator attemﬁts to set the value of the LP bit to a value other than the
one returned for the same parameter in the LOG SENSE command, the tar?et shall
terminate the command with CHECK CONDITION status. The sense key shall be set
to TELEGAL R£9UEST with the additional sense code set to INVALID FIELD IN
PARAMETER LIST.
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An LP bit of zero indicates that the parameter is a data counter. Data
counters are associated with one of more events. The data counter is updated
whenever ane of these events occurs by incrementing of the counter value
provided the DU bit is zero. Each data counter has associated with it a
target-defined maximum value. Upon reaching this maximum value, the data
counter shall not be incremented (i.e., it does not wrap). When a data
counter reaches its maximum value, the target shall set the associated DU bit
to one. If the data counter is at or reaches its maximum value during the
execution of a command, the target shall complete the command. If the command
completes correctly {except for the data counter being at its maximum value)
and if the RLEC hit of the control mode Eage (7.3.3.1Z is set to one, then the
target shall terminate the command with CHECK CONDITION status and set the
i?"ﬁﬁx?ﬁﬁntU RECOVERED ERROR with the additiomal sense code set to LOG COUNTER

An LP bit of one indicates that the ﬁarameter is a list parameter. List
parameters are not counters and thus the ET and TMC fields shall be set to
zero. A list ﬁarameter is a string of ASCII graphic codes {i.e., code values
20h through 7Eh).

If more than one list parameter is defined in a single log page, the
following rules apply to assigning parameter codes:

(1) The parameter updated last shall have a higher parameter code than the
previous parameter, except as defined in rule (2?.
{2% khen the maximum ?arameter code value supported by the target is
redched, the target shall assign the lowest parameter code value to the next
log ?arameter (i.e., wrap-around garameter codes). If the associated command
compietes correctly {except for the parameter code bejng at its maximum value)
and if the RLEC bit of the control mode Eage (7.3.3.1& 1s set to one, then the
target shall terminate the command with CHECK CONDITION status and set the
Egggg ég AEgTEgCGVERED ERROR with the additional sense code set to LOG LIST

IMPLEMERTORS NOTE: List parameters can be used to store the locations of
defective blocks in the following manner, When a defective block is
identified, a list ﬁarameter is updated to reflect the location and cause of
the defect, When the next defect is encountered, the list parameter with
the next higher parameter code is updated to record this defect. _The size
of the page can be made target specific to accommodate memory limitations.
It is recommended that one or more data counter parameters be defined for
the pa%e to keep track of the number of valid list parameters and the
parameter code of the parameter with the oldest recorded defect. This
technique can be adapted to record other types of information.

The parameter Ien$th field specifies the length in bytes of the following
parameter value. [i the initiator sends a ﬁarameter length value that results
in the truncation of the parameter value, the target shall terminate the
comand with CHECK CONDITION status. The sense key shall be set to ILLEGAL
REQUEST with the additional sense code set to INVALID FIELD IM PARAMETER LIST.
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If the initiator sends a log parameter value that is outside the range
supported by the target and rounding is implemented for that parameter, the
tar?et may either: -

6 % round to an acceptable value and terminate the command as described in

(2& terminate the command with CHECK CONDITION status, set the sense key to
5kk§M§%EEEE¥§%T with the additional sense code set to INVALID FIELD IN

When any counter in a log page reaches its maximum value, incrementing of
all counters in that lo ?age ghall cease until re-initialized by the
initiator via a LOG SELECT command. If the RLEC bit of the control mode page
;s3ogei then the target shall report the exception condition as described in

All Device Types

The page code assignments for the log pages are listed in Table 7-53.
Table 7-53: Log Page Codes

Page Code Pescription Section
0th Buffer Over-Run/Under-Run Page 7.3.2.1
03h Error Counter Page {Read) Page 7.3.2.2
04h Error Counter Page {Read Reverse) Page 7.3.2.2
05h Error Counter Page {Verify) Page . 7.3.2.2
02h Error Counter Page {Write) Page 7.3.2.2
07h Last n Error Events Page 7.3.2.3
06h Non-Hedium Error Page 7.3.2.4
00 Supported lLog Pages 7.3.2.5

08h - 2Fh Reserved
3Fh Reserved -

30h - 3Eh Vendor Specific

7.3.2.1. 8uffer Over-Run/Under-Run Page

The buffer over-run/under-run page ?page code 0lh) defines 24 data counters
that may be used to record the number of buffer over-runs or under-runs for
the logical unit. A target that implements this page may implement one or
more of the defined data counters.

A buffer over-run or under-run can occur when an initiator does not transmit
data to or from the target's buffer fast enou?h to keep up with readin% or
writing the media. This can be caused by a slow transfer rate across the SCSI
bus or by a hi?h SCSI bus utilization that prevents reconnection by the
target. A buffer over-run condition can occur during a read operation when a
buffer full condition prevents comtinued transfer of data from the media to
the buffer. A buffer under-run condition can occur during a write operation
when a buffer emptﬁ condition prevents continued transfer of data to the wedia
from the buffer. Most devices incur a delay at this point while the media is
repositioned.
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Table 7-54 defines the parameter code field for the buffer over-run/under-
run counters.

Table 7-54; Parameter Code Field for Buffer Over-Run/Under-Run Counters

All Device Types

Bit 7 6 5 4 3 2 1 0
Byte

] Reserved

1 Count Basis | Cause | Type

The parameter code field for buffer over-run/under-run counters is a lb-bit
value comprised of eight reserved bits, a three-bit count basis field (Table
7-58), a four-hit cause field (Table 7-56;, and a one-bit type field. These
are concatenated to determine the value of the parameter code for that log

arameter. for example, a Barameter code value of 0023h specifies a count
asis of 00lb, a cause of 0001b, and a type of 1b which is a counter that is
éngremgnted once per command that experiences an over-run due to the SCSI bus
eing busy.

The count basis field defines the criteria for incrementing the counter.
The following criteria are defined:

Table 7-55: Count Basis Definition

Count Basis Description

000b Indefined

0¢1lh Per Command

010b Per Failed Reconnect

011b Per Unit of Time
100b~111b Reserved

IMPLEMENTORS NOTE: The per unit of time count basis is device type
specific. Direct-access devices typically use a latency period {i.e., one
revolution of the medium) as the unit of time.

The cause field indjcates the reason that the over-run or under-run
occurred. The following causes are defined:
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Table 7-56: Cause Field Definition

Cause Description
on Undefined

th SCSI Bus Busy

Z2h Transfer Rate Too Slow
3h-Fh Reserved

The type field indicates whether the counter recerds under-runs or over-
runs. A value of zero specifies a byffer under-run condition and a value of
one specifies a buffer over-run condition.

The counters contain the total nuwmber of times buffer over-run or under- run
conditions have occurred since the last time the counter was cleared. The
counter shall be incremented for each occurrence of an under-run or over-run
condition and can be incremented more than once for multiple occurrences
during the execution of a single command.

7.3.2.2. Error Counter Pages

This section defines the optional error counter pages for write errors (page
cade 02h), read errors (page code 03h), read reverse errors (page code 04h?
and verify errors (page code 05h). Table 7-50 defines the page format for
these pages. A page Can return one or more log parameters which record events
defined by the parameter codes (Table 7-57}.

Table 7-57 defines the parameter codes for the error counter pages.

Support
of each log parameter is optional.

Table 7-57: Parameter Codes for Error Counter Pages

Parameter
Code Description
0000h Errors corrected without substantial delay
0001h Errors corrected with possible delays
0002h Total {e.g., re-writes or re-reads)
0003h Total errors corrected
B004h Tota] times correction algorithm processed
00605h Tota] bytes processed
(006h Total uncorrected errors

0007-7FFFh Reserved
8000-FFFFh  Vendor specific

IMPLEMENTORS NOTE: The exact definition of the error counters is not part
of this standard. These counters should not be used to compare products
because the products may define errors differently.
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7.3.2.3. last n Error Events Page

Log page (07h) provides for a number of error-event records using the list
parameter format of the log page. The number of these error-event records
supported, n, is device-specific, Each error-event record contains device-
sgeciflc diagnostic information for a single error encountered hy the device.
Tne parameter code associated with errpr-event record indicates the relative
time at which the error occurred. A higher parameter code indicates that the
error event occurred later in time.
arameter is an ASCII

The content of the Rarameter value field of each log
The exact contents of

character string which may describe the error event.
the character string is not defined by this standard.

When the last supported parameter code is used by an error-event record, the
recording on this page of all subsequent error information shall cease until
one or more of the 1ist Earamegers with the highest parameter codes have been
re-initialized, If the RLEC bit of the common mode (7.3.3.1) is set to one,
the tarEet shall return CHECK CONDITION status with the sense keﬁ set to
RECOVERED ERROR and the additional sense code set to L0G LIST CODES EXHAUSTED.
Alternatively, the target may report this condition via asynchronous event
notification (see 6.5.h).

7.3.2.4. Non-Medium Error Page

This pa?e {page code 06h) provides for summing the cccurrences of
recoverable error events other than write, read, or verify failures. No
discrimjnation among the varjous types of events is provided by parameter code
(Table 7-58). Vendor-specific discrimination may be provided through the
vendor-specific parameter codes.

Table 7-58: Hon-Hedium Error Event Parameter Codes

Parameter Code Description

0000h Non-Medium EFEBF"EBEEE ________
0001h - 7FFFh  Reserved
BOOOh - FFFFh  Vendor-Specific Error Counts
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7.3.2.5. Supported Log Pages Table 7-60: Mode Parameter List

The supported log. page ?Table 7-59) returns the list of ]oE Eages
implemented by the target. Targets that implement the LOG SENSE command shall
implement this log page. 8 ?it 7 | 6 l 5 I 4 ‘ 3 l 2 | 1 | 0

yie
Table 7-59: Supported Log Pages
09 749 0 - n| Mode Parameter Header
CBit] 7 6 5 4 3 2 1 0 0 - nl Block Descriptor(s) |
Byte e
=== memmaSES 0 - n| Page(s)

0 Reserved H Page Code (OOh) | =escoscsoooooooomocomooooosomsmssSmmSoSSSsssSLsEsssssss S SsEESRERSSD

1 T Reser;e&—— )
————— o —— s m————— The six-byte command descriptor block ?arameter header is defined in Table
2 (MSB) 7-61. The ten-byte command descriptor block parameter header is defimed in
~§~~~ o Page Length {n-3) (LSéi“ Tahle 7-62.
R o 1 ot et e —— - Table 7-61: Hode Parameter Header(6)
-=--[-- Supperted Page List - - == oo

n Bit 7 6 5 4 3 2 1 ¢

sase = Byte
) 0 Mode Data Length

This page is not defined for the LOG SELECT command. This 10g page returfs  comoo oo o oo oo e
the list of supported log pages for the specified Togical unit. 1 Medium Type

The page length field specifies the length in bytes of the following P Device-Specific Parameter
supported page Tist. 7T e e e e

3 Block Descriptor Length

The suppoerted ﬁage list field shall contain a list of al} log page codes -
implemented by the target in ascending order beginning with page code 0Ch.

7.3.3. Mode Parameters

This section describes the block descriptors and the pages used with MODE
SELECT and MODE SENSE commands that are applicable to all SCSI devices. Pages
specific to each device type are described in the third subsection of each
device-type section {i.e., 8.3, 8.3, etc.).

The mode parameter 1ist shown in Table 7-60 contains a header, followed by
zero or more block descriptors, followed by zero or more uariabie—length
pages. Parameter 1ists are defined for each device type.
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The block length specifies the length in bytes of each logical biock
described by the block descriptor. For sequential-access devices, a block
tength of zero indicates that the logical block size written to the medium is
Spgc;fieg Byzt?g)transfer length field in the command descriptor block (see

.2.5 and 9.2,

The mode page format is defined in Table 7-64.
Table 7-64: HMode Page format

Bit| 7 b 5 4 3 2 1 0
ST T T e e e
0 Ps [Res;;ved| Page Code T
ER Page Length T
2 -9 T Mode Parameters

Each mode paﬁe contains a page code, a pa?e length, and a set of mode
parameters. The page codes are defined in Table 7-65 and in the mode
parameter sub-sections of the specific device type.

Hhen usinﬁ the MODE SENSE command, a parameters savable (P$) bit of one
indicates that the mode page can be saved hy the target in a non-volatile,
vendor-specific Tocation. “A PS bit of zero indicates that the supparted
parametgrs cannot be saved. When using the MODE SELECT command, the PS bit is
reserved.

The page code field identifies the format and parameters defined for that
mode page. Some page codes are defined as applying Lo all device types (Table
7-65) and other page caodes are defined for the Specific device type.

Hhen using the MODE SENSE command, if page code 00h (vendor-specific page)
is implemented, the target shall return that paﬁe tast in response to a
request to return all pages {page code 3Fh). Wien using the MODE SELECT
command, this page should be sent last.

The pa?e tength field specifies the length in bytes of the mode parameters
that folTaw. If the initiator does not set this value to the value thaf is
returned for the Eage b{ the MODE SENSE command, the target shall terminate
the command with CHECK CONDITION status. The sense key shall be set to to
TLLEGAL REQUEST with the additional sense code set to INVALID FIFLD IN
PARAMETER LIST. The tarﬁet is permitted to implement a mode page that is less
than the full page length defined hy this standard, provided no field 1s
truncated and the page length field correctly specifies the actual length
implemented.

The mode parameters for each pagg are defined in the following sub-sections
or in the mode parameters sub-section for the sEec1fic device type. Mode
parameters not tmplemented by the target shall be set to zero.
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Table 7-65 defines the mode pages that are applicable te all device types
that include the MODE SELECT and MOBE SENSE commands.

Table 7-65: Hode Page Codes

Page Code Description Section
0Ah Control Mode Page 7.3.3.1
02h Disconnect-Reconnect Page 7.3.3.2
09h Peripheral Device Page 7.3.3.3
01h See specific device type

03h - 08h See specific device type

0Bh - 1Fh See specific device type
00h endor specific Edoes not require page format)

20h_- 3Eh  Vendor specific {page format require &

h Return all pages (valid only for the HODE SENSE command)

7.3.3.1. Control Mode Page
Table 7-66: Control Hode Page

Bit 7 6 5 4 3 2 1 0

i I I I N U T P
0 PS  |Reservedj - Page Code (0Ah)
"""""""""""""""""""""""" Page Length (06n)

2 Reserved T e
ER 6a;aéﬂgigarithm ModiFier | Reserved "E"'ééEF"i_—ﬁﬁﬁé"
4| EECA | Reserved | RAENP | UAAENP | EAENP
—g """""""" T Reserve& ————————————————————————————————————
. o ettt e e 6 e e e e e
—;-—— --- Ready AEN Holdoff Period -

The control mede page (Table 7~66? provides controls over several SCSI-2
features which are ap?1icgh1e to all device types such as tagged gueuing,
extended contingent allegiance, asynchronous event notification, and error

logging.

A report ]o? exception condition (RLEC) bit of one s?ecifies that the target
shall report Tog exception conditions as described in 7.3.2. A RLEC bit of
zero specifies that the target shall not report log exception conditions.
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The queue algorithm modifier field (Table 7-67) specifies restrictions on
the a1$0rithm used for re-ordering commands that are tagged with the SIMPLE
QUEUE TAG message.

Table 7-67: Queue Algoritim Modifier

Value Definition

0h Guaranteed data integrity

ih Unrestricted re-ordering allowed
2h - 7h Reserved
8h - Fh Vendor Specific

A value of zero in this field specifies that the target shall order the
actual execution sequence of the queued commands such that data integrity is
guaranteed at any time. This means that, if the transmission of new commands
was halted at an¥ time, the final value of all data observable on the medium
shall have exactly the same value as it would have if the commands had been
executed in the same received sequence without tagged queuing. The guaranteed
data integrity value shall be the default value.

A value of one in this field specifies that the target may re-order the
actual execution seguence of the queued commands in any manner it selects.
Any data integrity exposures related to command sequence order are explicitly
handied by thé initiator through the selection of appropriaté commands and
queue tag messages.

A queue error management (QErr) bit of zero specifies that those commands
still queued after the target has entered the contingent altegiance or

extended contin%ent allegiance conditions shall continue execution in a normal .
manner when that condition has terminated (see 6.8). A QErr bit of one
specifies that those commands still queued afier tne target has entered the
contingent allegiance or extended contingent allegiance condittans shall be
aborted when that condition has ferminated. A unit attention condition shall
be generated for each initiator which had conmands in the queue except the
initiator that received the original INITIATE RECOVERY message. When

reporting the unit attention condition, the target shall set the additional
sense code to TAGGED COMMANDS CLEARED BY ANOTHER IRITIATOR.

A disable queuing (DQue) bit of zero specifies that tag%ed queuing shall be
enabled if the target su?pcrts tag?ed queuying. A Due bit of one specifies
that taﬁged gueuing shall be disabled. Any queued commands for that I T x
nexus shall be aborted. Any subsequent queue tag message received shaTl be
rejected with a MESSAGE REJECT message and the I?D process shall be executed
as an untagged command (see 6.8.1).

An enable extended contingent allegiance (EECA) bit of one specifies that
extended contingent allegiance is enabled (see 6.7). An EECA bit of zero
specifies that extended contingent allegiance is disabled.

The RAENP, UAAENP, and EAENP bits enable specific events to be reported via
the asynchronous event notification protocol. bhen all three bits are zero,
the target shall not create asynchronous event notifications.
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A ready AFN Eermission {RAENP) bit of ane specifies that the target may
issue an asynchronous event notification upon completing its initialization
sequence instead of generating a unit attention condition. A RAENP bit of
zero specifies that the target shall not issue an asynchronous event
notification upon completing its initialization sequence.

IMPLEMENTORS NOTE: If the target's default value for the RAENPF bit is one
and it does not implement saved parameters or include a hardware switch,
then it may not be possible to disable the initialization sequence
asynchronous event notification.

A unit attention AEN permission (UAAENP) bit of one specifies that the
target may issue an asynchronous event notification instead of creatin? a unit
attention conditiopn uwpon detecting an event which would cause a unit attention
condition {other than qun completing an initialization sequence). A UAAENP
bit of zero specifies that the target shall not isswe an asynchronous event
notification instead of creating a unit attention condition.

An error AEN permission (EAEMP% bit of one specifies that the target may
issue an asynchronous event notification upon detecting a deferred error
condition instead of waiting to report the deferred error on the next command.
An EAENP bit of zero specifies that the target shall not report deferred error
conditions via an asynchronous event notification.

The ready AEN holdoff period field specifies the minimum time in
milliseconds after the target starts its initialization sequence that it shall
delay before attempting to issue an aS%nchrnnuus event notification. This
value may be rounded up as defiped in 6.5.4.
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Table 7-62: Mode Parameter Header(10)
Bit]| 7 § 1 5 4 3 2 | 1 | 0

Byte
0| (MSB)

_____ _— Mode Data Length -—=
1 {LSB)
2 | T Hedium Type

_5 ____________________ Device—Spéngic ParameE;; ___________________

2 Reserved T

_Q ________________________ Rese;aéd _________________________________

ER R T

_____ —— Btack Descriptor Length “e—
7 (LSB)

e L L B ==maas s

When using the MODE SENSE command, the mode data length field specifies the
length in bytes of the following data that is available to be transferred.
The mode data length does not include itself. Hhen using the MODE SELECT
comnand, this field is reserved.

IMPLEMENTORS NOTE: Targets that support mare than 256 hytes of block
descriptors and pages may need to implement ten-byte mode comnands. The

mode data Een%th field in the six-byte command descriptor block header -
limits the refurned data to 256 bytes.

Medium types are unique for each device type. fefer to the mode parameters
section of the specific device type for definition of these values. Some
device types reserve this field,

The device specific parameter is unique for each device type. Refer to the
made parameters section of the specific device type for definition of this
field. Some device types reserve all or part of this field.

The block descriptor length specifies the 1enEth in bytes of all the block
descriptors. 1t is equal to the number of black descriptors times eight and
does not include pages or vendor-sEecific parameters, if any, that may follow
the last block descriptor, A block descriptor length of zero indicates that
no block descriptors are included in the mode parameter 1ist. This condition
shall not be considered an error.

The wode parameter block descriptor is shown in Table 7-63.
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Table 7-63: Hode Parameter Block Descriptor

Bit 7 6 5 4 mmﬁm==§==== 2HEW“__ —1—--====mz _____
wee'] T L
o Density Code
S
"5“—_ o Numher of Blocks o
EF (LSB)
N Reserved T
N N N )
"é-ud o Block Length o
7T (LSB)

Block descriptors specify some of the medium characteristics for all or part
of a logical unit. Support for block descriptors is optional. Each hlock
descriptor contains a density cede field, a number of blocks field, and a
block length field. Block descriptor values are always current (i.e., saving
is not sug?orted). A unit attention condition (see 6.9) shall be generated
when any block descriptor values are changed.

The density code field is unique for each device type. Refer to the wmode
Earameters section of the s¥eci ic device type for definition of this field.
ome device types reserve atl or part of this Field.

The number of blocks field specifias the number of logical blocks on the
medium to which the density code and hlock Tength fields apply. A value of
zero indicates that all of the remaining lggica] blocks of the logical unit
shall have the medium characteristics specified.

IMPLEMENTORS NOTES:

(1) There may be implicit association between parameters defined in the
pages and block descriptors. For direct-access devices, the block length
affects the optimum values (the values that achieve best Eerformance) ar
the sectors per track, bytes per physical sector, track skew factor, and
cglinder skew factor fields in the format parameters page. In this case,
the target may change parameters not explicitly sent with the MODE SELECT
command. A subsequent MODE SENSE command would reflect these changes.
EZ) The number of remaining Togical blocks may be unknown for some device
ypes.
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7.3.3.2. Disconnect-Reconnect Page

Table 7-68: Disconnect-Reconnect Page

[}

A1l Device Types 8/22/89Y

The buffer full and buffer empty ratios are numerators of a fractional
multiplier that has 256 as its denominator. A value of zero indicates that
the target determines when to initjate reselection consistent with the
disconnect time limit parameter. These parameters are advisory to the target.

Bit 7 6 5 4 2 IMPLEMENTORS NOTE: As an example, consider a target with ten 512-hyte
Byte buffers and a specified buffer full ratio of 3Fh. The formula is:
: Gt L L L L == INTEGER( (ratin/256)*number of buffers}. Thus INTEGER({3Fh/256)*10) = 2.

0 PS  {Reserved| Page Coda (02h} The target should attempt to reselect the initiator on read operations
———————————————————————————————————————————————————————————————————— whenever two or more buffers are full.

1 Page Length (CEh)
mrm | e e e e e _ The bus inactivjty limit field indicates the maximum time in 100 microsecond
2 Buffer Full Ratio increments that the target is permitted to assert the BSY sigpnal without a
---------------------------------------------------------------------------- REQ/ACK handshake. If the bus inactivity limit is exceeded the target shatl

3 Buffer Empty Ratio attempt to disconnect if the initiator has ted the disconnect privilege
««««« e 0 5 100l 00 e e e see 5.6.7) and it is not restricted by DD This value may be rounded as

14 (HSB) ) efined in 6.5.4. A value of zero indicates that there is no bus inactivity
----- —_— Bus Inactivity Limit -—= Timit.

5 (L5B)
———————————————————————————————————————————————————————————————————— .The disconnect time limit field indicates the minimum time in 100

f (HSB) micrasecond increments that the target shall wait after releasing the SCSI bus

_____ ——— Disconnect Time Limit

before attempting reselection., This value may be rounded as defined in 6.5.4.

7 A value of zero indicates that there is no discompect time limit.
_____ T g g gLt gy gy g L g g g g g S gy

5 {MSB) The connect time limit field indicates the maximum time in 100 microsecond
————— - Connect Time Limit increments that the target is allowed to use the SCSI bus before disconnecting
9 if the initiator has granted the disconnect privilege ésee 5.6.7) and it is
.................................................................... not restricted by DTDC. This value may be rounded as defined in 6.5.4.

10 (MSB) value of zero indicates that there is no connect time limit.
————— --- Maximum Burst Size -—=

i1 (LSB) The maximum burst size field indicates the maximum amount of data that the
---------------------------------------------------------------------------- _ target shall transfer during a data phase before disconnecting if the

12 Reserved DToC initiator has granted the disconnect privilege. This value is expressed in
---------------------------------------------------------------------------- increments of 512 bytes (e.g., a value of one means 512 bytes, two means 1024
13 Reserved hytes, etc.). A value of zero indicates there is no 1imit an the amount of
———————————————————————————————————————————————————————————————————————————— data trapsferred per connection.

14 Reserved
———————————————————————————————————————————————————————————————————————————— The data transfer disconnect control (0TDC) field (Tabie 7-69) defines

15 Reserved further restrictions on when a disconnect is permitted.

The disconnect-reconngct page {Table 7-68} provides the initiator the means
to tune the perforiance of the SCSI bus.

The buffer full ratio field indicates to the target, on read operations, how
full the buffer should be prior to attempting a reselection. Targets that do
not implement the reguested ratio should round down to the nearest implemented
ratio as defined in 6.5.4.

The buffer empty ratio field indicates to the target, on write operations,
how empty the buffer should be prior to attempting a reselection. Targets
that do not implement the requested ratio should round down to the nearest
implemented ratio as defined in 6.5.4.
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Table 7-69: Data Transfer Disconnect Control

i e L ey Ty m=E=moome

00b  Data transfer disconnect control is mot used. Disconnect is
controlied by the other fields in this page.

0lb A target shall not attem?t to disconnect once the data transfer of a
comnand has started until all data the command is to transfer has been
transferred. The connect time limit and bus inactivity limit are
ignored during the data transfer.

10b  Reserved

11b A target shall not attem?t to disconnect once the data transfer of a
conmand has started until the comwand is complete. The connect time

Fimit Snd bus inactivity limit are ignored once data transfer has

started.

If DTDC is nonzerc and the maximum burst size is nonzero the target shall
return CHECK COMDITION status. The sense key shall be set to ILLEGAL REQUEST
and the additional sense code set to TLLEGAL FIFLD IN PARAMETER LIST.
7.3.3.3. Peripheral Device Page

Table 7-70: Peripheral Device Page

Bit 7 6 5 4 3 P 1 0
Byte
0 _Pgmn |Reserved| __ﬁéée_tude Eﬁéﬁi o
WE _________________ Paéé_iength Ea—l) ———————————
2| (msp) ) )

----- ——— Interface Identifier e
3 {LS8)
_____ _+__________,m_______________mﬁ______-______w““_______-_____"--_____-__

4 Reserved
I Reserved T
| T Reserved TR
AR Reserved T

_____ ..+_____....______.........____..-_.._____.,,..“.._.___.._....———-...«..---........-———......‘.ﬁ______-

8
————— - - Vendor Specific - -

n
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The peripheral device page (Table 7-70) is used to pass vendor-specific
information between an initiator and a ﬁeri?heral interface below the target
gl.cg., between the tarﬁet and the peripheral device). This standard does not

efine the format of this data, except.to provide a standard header.

Interface identifier codes are defined fn the Tabte 7-7i,

Table 7-71: Interface Identifier Codes

______ = == Emmmmssoo oo

Reference
Code Value Interface Standard
0000h small Computer System Interface X3.131
000th Storage Modute Interface X3.91M-1987
000Zh Enhanced Small Device Interface X3.170
0003h IPy-2 X3.130-1986; X3T19,3/87-002
0004h 1P1-3 X3.132.1987; X3.147-1988

0005h-7FFFh  Reserved
B00Ch-FFFFh  Vendor Specific

mEssm=m e o e e e

7.3.4. Vital Product Data Parameters

Thig section describes the o?tiunal vital product data pa?e structure and
the vital product data pages (Table 7-72) that are ap?licab e to all SCSI
devices, These pages are optionally returned by the NQUIRY comnmand (7.2.5)
and contain vendor-specific product” information about a target or logica?
unit. The vital product data may include vendor identtfication, product
identification, unit serial numbers, device operating definitions,
manufacturing data, field replaceable unit information, and other vendor-
specific information. This standard defines the structure of the vital
product data, but not the contents.

Table 7-72: vital Product Data Page Codes

R, [ ———

Page Code Description ) T _____'“—_§ZEE¥SE” )
e ASCIT Implemented Operating Definition Page  7.3.4.1
01h - 7Fh ASCIT Information Page 7.3.4.2
8th Implemented Operating Definitions Page 7.3.4.3
00h supported Vital Product Data Pages 7.3.4.4
80n Unit Serial Number Page 7.3.4.5
83h - BFh Reserved
COh - FFh Vendor Specific
SC51~2 Horking Draft Proposal 7-84 Revision 10b
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7.3.4.1. ASCII Implemented Operating Definition Page 7.3.4.2. ASCII Information Page
Table 7-73: ASCII Implemented Operating Definition Table 7-74: ASCII Infermation Page

aat7|5|5T4‘3|2l1|uI AN N R R
Gl S S S byte |

0 Peripheral Qualifier ] Peripheral Device Type 0 Peripheral Qualifier ! Peripheral Device Type

1 Page Code (82h) 1 i page Code (01n - 7Pm)
I Reserved | 2 | T Reserved
3 Page Length (n-3) 3| “page Length (n-3)
4 ASCII Operating Definition Description Length (m-4) N REEEEHEEEEEE‘E&:ES ““““““““““““““““““““““““““
] B el I e
---- - ASCiE Operating Definition Description Data - - R ASCII Information - -
m m
el | T e mel |
- - -|- - Vendor-Specific Description Data - - i Vendor-Specific Information - -
n n

——————————— =@

This page {Table 7-73) contains aperatinﬁ definition description data for
all operating definitions implemented by the target. The contents of this
data is not defined by this standard.

The peripheral qualifier field is defined in Tahle 7-16 and the peripheral B
device type field is defined in Table 7-17.

The ?age tength field specifies the length of the following page data. If
the allocation length is less than the length of the data to be returned the
page length shall not be adjusted to reflect the truncation.

The ASCI] o eratin? definition description length field specifies the length
in bytes of the ASCIT operating definition description data that follows. If
the atlocation length is Tess than the length of data to be returned, the
ASCIT operating definition description length shall not be adjusted to reflect
the truncaticn. A value of zero in this field indicates that no ASCII
operating definition description data is available.

The ASCIL operating definition description data field contains the ASCII
operatin% definition description data for the fargei or logical unit. The
data in this field shall be formatted in Iines {or character strings). Fach
line shall contain only graﬁhic codes (i.e., code values 20h through 7&h) and
shall be terminated with a HULL (00h) character.

SCS1-2 Horking Draft Proposal 7-85 Revision 10b
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The ASCII information page (F¥able 7-74) returns information for the field
replaceable unit code returned in the REQUEST SENSE sense data (see 7.2.14).

The periphera] qualifier field_is defined in Table 7-16 and the peripheral
device type field is defined in Table 7-17.

The page code field contains the same value as in the page code field of the
INQUIRY command descriptor block (see 7.2.5% and is associated with the field
replaceable unit code returned by the REQUEST SENSE command.

IMPLEMENTORS NOTE: The Field replaceable unit field in the sense data
provides for 255 possible codes, while the page code field ?rovides for only
127 possible codes. Thus it is not possible to return ASCIT information
pages for the upper code values.

The ?age length field specifies the length of the following page data. If
the allocation length of the command descriptor block is too small to transfer
all of the page, the page length shall not be adjusted to reflect the
truncation.

The ASCII length field specifies the length im bytes of the ASCII
information that follows. If the allocation length is less than the length of
the data to be returned the ASCII length shall not be adjusted to reflect the
truncation. A value of zerp in this field indicates that no ASCII information
is available for the specified page code.

SCSI-2 Working Draft Proposal 7-86 Revision 10b
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The ASCIT information field contains ASCII information concerning the field
replaceable unit identified by the page code. The data in this field shall be

formatted in one or more lines (or character strings). Each line shall
contain only graphic codes gi.e.. code values 20h through 7Fh) and shall be
terminated with a NHLL (0Ch} character.

The contents of the vendor-specific information field is not defined in this
standard.

7.3.4,3. Implemented Operating Definition Page
Table 7-75: Implemented Operating Definition Page

O O A N
_5—__w Peripheral Q;;;;%;;;n___—Iﬁ— ] Peripheral Device T;p;e~

P Page Code (81H)
-5 _____________________ _—ﬁeserved __________________________________
3 T Page Length (n-3)

5 Savimp | Default Operating Definition

6 Savimp | .

----- - - Supported Operating Definition List - -

n Savimp | -

The implemented operating definition page éTable 7-75) defines the current
operating definition, the defawlt operating definition, and which operating
definitions are implemented by the target. These operating definition values
are specified in the CHANGE DEFINITION command (see 7.2.1).

The peripheral gualifier field is defined in Table 7-16 and the peripheral
device type field is defined in Table 7-17.

The page len?th field specifies the length of the following operating
definitions. If the allocation tength of the command descriptor hlock is too
small to transfer all of the page, the page length shall not be adjusted to
reflect the truncation,

For each operating definition there is an associated save implemented
éSau{mp) bit. A SavIimp bit of zero indicates that the corresponding 0ﬁerating
efinition parameter cannot be saved. A Savimp bit of one indicates that the

corresponding operating definition parameter can be saved.
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All returned operating definitions use the codes defined in Table 7-3. The
current operating definition field returns the value of the present operating
definition. The default operating definition field returns the value of the
operating definition the target uSes when power is applied if no operating
definition is saved. The supported operating definition list returns one ar
more operating definitions implemented by the target.

7.3.4.4. Supported Vital Product Data Pages
Table 7-76: Supported Vital Product Data Pages

Bit 7 ) 5 4 3 2 i 0
Byte

0| Peripheral Qualifier ] Peripheral Device Type

1 Page Code (00h)

2 Reserved

3 Page Length {n-3)

| e
_____ - - Supported Page List - -
n

The supported vital product data pages are shown in Table 7-76.

The peripheral qualifier field is defined in Table 7-16 and the peripheral
device type field is defined in Tahle 7-17.

The Eage cade field shall be set to the value of the page code field in the
THQUIRY command descriptor block (see 7.2.5).

The ?age length field specifies the length of the supﬁorted pa%e list, If
the allocation length is too small to transfer all of the page, fhe page
tength shall not he adjusted to reflect the truncation.

The supported page 1ist field shatl contalp a Tist of all wital product data
age codes 1mﬁ1emented for the target or togical unit in ascending order
eginning with page code 00h.

SC51-2 Working Draft Proposal 7-88 Revision 10b
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7.3.4.5. Unit Serial Number Page
Table 7-77: Unit Serial Number Page
Bit| 7 5 5 1 3 2 1 0

Byte I T T T T e
0 Peripheral Qualifier | Peripheral Device Type
1o h Page Code (80h) T
2 | 7 Reserved 7
ER Page Length (n-3)
B
Sl Product ‘Serial Number - -

This page (Table 7-77) provides a product serial number for the target or
togical unit. .

The peripheral gualifier field is defined in Table 7-16 and the peripheral
device type field is defined in Table 7-17. :

The ?age length field specifies the length of the product serial number. If
the allocation length is too small to transfer all of the page, the page
length shall not be adjusted to reflect the truncation.

The product serial number field contains ASCII data that is vendor specific.
The ieast significant ASCII character of the serial number shall apEear as the
Tast bgte of "a successful data transfer. If the Bruduct serial number is not
available, the target shall return ASCII spaces (20h) in this field.

SCS1-2 Working Draft Proposal 7-89 Revision 10b
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8. Direct-Access Devices
8.1. Direct-Access Device Model

Direct-access devices store blocks of data far later retrjeval. Each block
of data is stored at a unique IUEical block address., An initiator issues
WRITE commands to store the hlocks of data (write operations) and READ
comands to retrieve the blocks of data (read operations}. Other commands
issued by the initiator to may also cause write and read operatiens to occur.
A write operation causes a bhlock of data to be written on the medium. A read
operation causes a block of data to be read from the medium. A verif
operation causes a block of data to be verified that it can be read without
errcr from the medium.

Blocks of data are stored by a ﬁrocess that causes localized changes or
transitions within the medium. The chan%es made to the medium to store the
blocks of data may be volatile (i.e., nof retained through power cycles) or
non-volatile (retained throu%h Bower cycles). The medium has may be divided
in parts that are used to dafa blocks, parts that are reserved as spares for
defect handh‘n%, and parts that are reserved for use by the controller for the
wmanagement of the device.

8.1.1. Removable Medium

The medium may be removable {i.e.. a typically used in a floppy disk drive)
or non-removable (j.e,, typicalily used in a hard disk drive). Removable
medium is contained within a cartridge {or jacket) to prevent damage to the
re?ording surfaces. The comhination af medium and cartridge is often calied a
volume. '

A volume has an attribute of being mounted or demounted on a suitable
transgort mechanism. A volume is mounted when the direct-access device is
capable of performing write or read operations to the medium. A mounted
volume may be not be accessible by an initiator if it by is reserved by
another initiator. A volume is demounted at any other time {e.g., during
loading, unloading, or storage).

An initiator méy check whether a volume is mounted bﬁ issuinﬂ a TEST UNIT
READY command. A volume that is loaded may need a START/STOP ONIT command
issued to become accessible for write or read operations,

The PREVENT/ALLOW MEDIUM REMOVAL command allows an initiator to restrict the
demounting of the volume. This is useful in maintaining system integrit{. If
the direct-access device implements cache memory, it must ensure that al .
logical blocks of the medium contajn the most recent data prior to germittlng
demngntin% of the volume. 1f the initiator issues a START/STOP UNIT command
to eject the cartridge, and the direct-access device is prevented from
demaunt ing bg the PREVENT/ALLOW MEDTUM REMOVAL command, the START/STOP command
is rejected by the direct-access device.
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Blocks of data are stored on the medium along with additiona) information
that the controller uses to manage the storage and retrieval, The format of
the additional information is unique and is hidden from the initiator during
normal read or write o?erations. This additional information is often used to
identify the physical location of the blocks of data, the address of the
logical block, and to provide protection against the Tass of the user data.

The address of the first logical block is zero. The address of the last
logical block is [n-1], where [n] is the number of logical blocks available on
the medium. A READ CAPACITY command may be issued to determine the value of
[n-1}. If a command is issued which requests access to a logical block not
g&ﬁg}?lgﬁe capacity of the medium the command is terminated with CHECK

The number of bytes of data contained ip a logical block is kaown as the
block length, Each Iq$ical block has a block length associated with it. The
block Tength may be different for each logical block on the medium. However,
in a typical device onlg one block length is used at a time. The block
descriptor in the HODE SENSE data describes the block lengths that are used on
the medium, An WODE SELECT command can be used to setup extents, An extent
is a_specified number of logical blocks that have the specified block Tength.
The FORMAT UNIT command is typically required to change the block length of
devices Ehat support variable block lengths and make the extents that were
setup active,

The Tocation of a logical block on the medium does not have a relationship
to the location of any other logical block. However, in a typical device the
logical blocks are located in an ascending order. The time to access the
Togical block at address [x] and then the logical block at address x+1% may
not be less than time to access {x} and then [x+100]. The READ CAPACITY with
a PMI bit of ene is useful in defermining where longer access times occur.
8.1.3. Ready State

A direct-access device is readg when medium access access commands can be
executed. A device using removable media is usualig not ready until a volume
is mounted. Such a_device normally returns CHECK COMDITION status and sets
the sense key to NOT READY.

A direct-access device may aiso be switched between the ready state and the
not ready state by using the START/STOP UNIT command. An initiator may need
to issue a START UNIT to switch them to the ready state.

8.1.4. Initialization

Many direct-access devices must be initialized prior to write or read
oﬁerations occurring. This initjalization is uswally performed by a FORMAT
UNIT conmand. Parameters related to the geometry and performance
characteristics can be set with the MODE SELECT command prior to the format
operation. Some devices will be initialized by means not specified in this
standard, The time at which this occurs is specific to the implementation of
the direct-access device.

SCSI-2 Horking Draft Proposal B-2 Revision 10b
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Devices using non-volatile medium typically save the parameters and only
need to be initjalized once. However, some mode parameters maY need to he
initialized after each power-on and reset. A catastrophic failure of the
direct-access device may require the FORMAT UNIT command to be reissued.

Direct-Access [evices

Devices using volatile medium may need to be initialized at each power-on
c¥cle prior read or write operations being performed. Mode parameters may
also need initialization.

8.1.5. Medium Pefects

Any medium has the potential for defects which can cause user data to be
lost. Therefore, each logical block may contain information which allows the
detection of changes to the user data caused by defects in the medium or other
phenomena, and may also allow the data to be reconstructed following the
detection of such a change. On some devices, the initiator has some coptrol
some through use of the mode parameters. Some devices may allow the initiator
to examine and modify the additiopal information by using the READ LONG and
WRITE LONG commands. Some media having a very low probability of defects in
may not require these structures.

Defects may also be detected and managed during execution of the FORMAT UNIT
command. The FORMAT UNIT command defines four sources of defect information.

These defects may.be reassigned or avoided during the initialization process
s0 that they do not appear in a logical block.

Jefects may also be avoided after initialization, The initiator issues a
REASSIGN BLOTKS command to request that the specified logical block address be
reassigned to a different part of the medium. This operation can be repeated
if a new defect appears at a ltater time, The total number of defects tnat may
be handled in this manner can be specified in the mode parameters.

8.1.6. bata Cache

Some direct-access devices implement some form of cache memory. A cache
memory is usually an area of temporary storage on the direct-access with a
fast access time that is used to enhance the performance of the device. It
exists separately from the blocks of data stored and is normally not directly
accessible by the initiator. Use of the cache memory for write or read
operations typicall¥ reduces the access time to a logical block and can
increase the overall data throughput.

During read operations the direct-access device uses the cache memory to
keep blocks of data that the initiator may request at some future time. The
algorithm used to manage the cache memory is not part of this standard.
However, there are parameters provided by which the initiator may advise the
direct-access device about its future requests, or restrict the use of cache
memory for a particular reguest.

During write operations the direct-access deyvice uses the cache memory to
buffer data for later storage on the medium. This is ty?icafly called a
write-hack cachin% algorithm. Thus the command may complete prior to blocks
of data being written to the medium. As a result of using write-back caching
there is a period of time during which the blocks of data way be lost due fo a
power or hardware failure. There is altso the possibility of an error
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occurring during the write operation. If an error occurred during the write,
it may be reported as a deferred error on a later command. However, there are
parameters ﬁravided by which the the initiator may request the use of write-
through caching thereby preventing these circumstances from arising.

When the cache memory fills up with blocks of data that are being kept for
possible future access, new blocks of data that are to be kept must replace
those currently in cache memory. The disable page out {DPO} bit is used to
control replacement of logical blocks in the cache. For write operations,
setting this bit to one advises the direct-access device to not replace
existing blocks in the cache memory with the write data. For read operations,
setting this bit to one causes blocks of data that are being read to not
replace existing ones in the cache memory.

Sometimes the initiator may wish to have the blocks of data read from the
medium instead of from the cache memory. The force unit access (FUA) bit is
used to indicate that the direct-access device shall access the physical
medium. For a write operation, setting FUA to one causes the direct-access
device to complete the data write to the Bhysical medium before completing the
command. For a read operation, setting FUA to one causes the logical blocks
to be retrieved from the physical medium.

Note that when the DPO and FUA bits are both set to one, write and read
operations bypass the cache memory.

For the VERIFY command, an FUA is img]ied, since the btocks of data stored
on the medium are being verified. Further, a SYNCHRONIZE CACHE operation (see
below) is_also implied to flush an unwritten blocks of data still in the cache
memory. These blocks of data must be stored on the medium before the verify
operation can begin. The DPO bit is still provided since_the VERIFY_command
may still cause the replacement of blocks in the cache. The above also
applies to the WRITE AND VERIFY command.

Certain special commands ma* be implemented by the direct-access device that
allow the initiator to control other behavior of the cache memor¥: .

- LOCK/UNLOCK CACHE controls whether certain logical blocks will be held in
the data cache for future use. LOCklnE a logical block prevents its
replacement by a future-access. Unlocking a iogical block exposes it to
Bossib]e replacement by a future access. ~(See 8.2.2)

RE-FETCH causes a set of logical blocks requested by the initiator to he
read into the data cache for possible future access. The blocks fetched
are subﬁect to later replacement uniess they are locked (see B,2.3)

- SYNCHROWRIZE CACHE forces any pending write data in the requested set of
togical blocks to be stored in the physical medium. This command can be
used to ensure that the data was written and any errors reported. {see

8.2.18
- The MO&E SELECT command defines a page for the control of cache behavior
gnd handles certain basic elements of cache replacement algorithms (see

ade .
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The access enabled or access disabled state determines when an initiator may
store user data blocks in, and/or retrieve user data blocks from part or all
of the physical medium. Access may be restricied for read operations, write
operations, or both. This attribute may be controlled by an external
mechanism or by the RESERVE and RELEASE commands (see 8.2.17 and 8.2.11).

The RESERVE and RELEASE commands define how djfferent types of restricted
access may be achieved, and to whom the access is restricted. This section
will describe how commands behave relative to the jnitiator that has a
reservation, and to the initiator({s) that are restricted.

In general, the initiator uses reservatjons to gain a mode of access to
extents of Togical blocks or the entire direct-access device. The initiator

expects this mode to be retained

until i

t is released by whatever mechanism

that occurs. The direct-access device behaves in such a way as to ensure that
the initiator with the reservation is able to access the reserved media with
the operating parameters established by that initiator.

Unless otherwise noted below, if an initiator issues ang command to a
"oy

direct-access device that has a logical unit reservatio

a reservation conflict will occur.

another initiator,

CHANGE DEFINITION: If any initiator has an extent reservation on a direct-

access device, no other initiato
initiator by use of this command

r may af
. If th

fect the operating definition of that
e direct-access device allows

different operating definitions for each initiator, then there is no conflict:
otherwise, a reservation conflict occurs.

COMPARE, COPY, COPY AND VERIFY: When a direct-access device is requested to
copy to or from itself, those write and
were normal write and read operations. For

reservation conflict as if they
example, if a COPY is issued to
device to copy from logical unit
nust atso be evaluated for confl

logicai
0 to lo
ict.

read accesses are evaluated for

unit 0 that requests the direct-access
gical unit 1, access to logical unit 1

FORMAT UNIT, PREVENT/ALLOW MEDIUM REMOVAL, REZERO UNIT, STARY/STOP UNIT: If
any initiator has an extent reservation on a direct-access device, any of
these commands from another initiater will result in a reservation conflict.

INQUIRY and REQUEST SENSE are mot affected by any kind of reservation.
L.OG SELECT, LOG SENSE, MODE SENSE, TEST UNIT READY, READ CAPRACITY %PHI sat

to zero), READ BUFFER, WRITE BUFFER, and READ DEFECT DATA are not af

extent reservations.

ected by

SEEK, LOCK/UNLOCK CACHE, PRE-FETCH, and SYNCHROWIZE CACHE are evaluated for
reservation conflict as if they were normal write and read operations.

MODE SELECT: If an initiator has an extent reservation on a direct-access

device, and another inttiator at
conflict occurs if the command a

tempts o
ffects t

ne of these command, a reservation
he manner in which access of the

extent by the first initiator is performed. If the command does not affect
access to the extent, or parameters are saved for each initiator, thes a
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conflict does not occur.

SEND DIAGNOSTIC, RECEIVE DIAGNOSTIC RESULTS: These commands cenflict with an
géfgg%)reservation only if they affect access to the extent {as with MODE

REASSIGN BELOCKS: An initiator may not reassign a block that is extent
reserved to another initiator.

SET LIMITS: The logical blocks specified in the command will conflict if it
allows a conflicting access by the same initiator to an extent.

ALL OTHER COMMANDS are of the read or write access nature and are evaluated
for conflict as described in the RESERVE command.

When a system is integrated with more than one initiator, there myust be
agreement between the initiaters as to how media is reserved and released
durlng operations, otherwise an initiator may be tocked out of access to a
target in the middle of an operation. For example, initiator 'A' is
performing writes to a direct-access device that are being cached. Then,
initiator 'B' issues a RESERVE command to the direct-access device. As a
result, initiator ‘A' is Jocked out of issuing a SYNCHRONIZE CACHE command to
ensure the integrity of the writes. To prevent this from happening, initiator
'A' should issue a RESERVE prior to the cached write commands,

8.1.8. Seek and Rezero

The SEEK command provides a way for the initiator to position the device in
greparat1on for access to a particular logical block at some later time.

ince this positionjng action is implicit in other commands, the SEEK command
may not be useful with some direct-access devices.

The REZERG UNIT command is provided to bring the direct-access device to a
known condition, This standard does not specify the condition. The REZERO
UNIT command is used in some devices to position the actuator at cylinder
zero. Some devices return GOOD status without attempting any action.

8.1.9. Hotched Drives '

A notched {also called partitioned or zoned) drjve has areas of the medium
in which the drive_ geometry changes. In the simplest case, the entire medium
consists of a single notch. Multiple notches are often used to increase
capacity of the drive. The notch page is used to indicate the notch for
asstgmment of values to the parameters in the format device page. By
sequencxnﬁ the notch ?age through each notch, the format device parameters of
each notch are set, This is uswally done prior to initialization by the
FORMAT UNIT command.
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Relative addressing is a technique useful in accessing structured data in a
uniform manner. Relative addressing is only aliowed when commands are 1inked.
Section 6.4.3 gives an example of relative addressing and tinking for SEARCH
DATA commands appropriate to direct-access devices.

The SET LIMITS command is provided to define the limits of a linked chain of
relative addressing commands. This gives an additional protection against
exceeding a particular set of blocks. The SET LIMITS command has no effect on
any other initiator.

8.1.11. Error Reporting

If any of the fui]owing conditions occur during the execution of a command
the target shall return CHECK CONDITION status. The ag?rogriate sense key and
additional sense code should be set. The following table illustrates some
error conditions and the ap?licab}e sense keys. The table does not provide an
eihiustive enumeration of all conditions that may cause the CHECK CONDITION
status.

Condition Sense Key

TLLEGAL REQUEST
ILLEGAL REQUEST

Invalid logical biock address

Unsupported option requested

Target reset or medium change since
last command from this initiator HNIT ATTENTION
HARDWARE ERROR

MEDIYUM ERROR
HARDHWARE ERROR

RECOVERED ERROR

Self diagnostic failed

Unrecovered read error

Recovered read error

Overrun or other error that might
be resolved by repeating the command ABORTED COMMAND

Attempt to write on write protected medium DATA PROTECT

In the case of an invalid logical block address, the sense data information
field shall be set to the logical block address of the first invalid address.

In the case of an attempt to read a blank or ?reviously unwritten biock, the
information field shall be set to the logical block address of the first blank
block encountered. The data read up to that block shall be transferred
{optical memory and' write-once devices only).

In the case of an attempt to write a previously written biock and blank
checking is enabled, the information field shall be set to the logical block
address of the first non-blank block encountered (optical memory and write-
once devices only).
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8.1.12. Examples

The following examples show some t¥pical variations of the direct-access
device. Other variations are possible.

B.1.12.1. Rotating Media

The typical aﬁp ication of a direct-access device is a disk drive. The
medium 1s a disk coated with a material in which flux changes may be induced.
The disk drive allows direct and random access to the medium. This is done
using a actuator which positions the read/write head, and a rotating disk.
Da&at;s gtoaed and retrieved through the interaction of the read/write head
and the disk.

The disk is typical1¥ divided into cylinders. Each cylinder is typically
divided into tracks. Each track is tgpica?ly divided into sectors.

cyiinder is a set of tracks than can be accessed without movement of the
actuator. A track is a recording Rath over which the read/write head travels
during one rotation of the disk. sector is a part of a track that contains
the stored data blocks.

A logical block is stored in one or more sectors, or a sector may store more
than one logical block. A sector is t{picaliy made up of a header, data and a
trailer. The header contains a preamble used to synchronize read circuits to
the data, an address field to identify the sector, flags to use for defect
management, and a checksum that validates the header. The data containg the
block of data. The trailer contains the checksum and the error correction
information if it is used. The checksum or the error correctien information
allows the correction data for medium defects.

A disk drive is typically ready when the disks are rotating at the correct
speed and the read-write circuitry is Eowered and ready to access the disks.
Some disks, particuiariy removable disks, require the user to issue load or
start commands to bring the disk drive to the ready state.

A disk drive will typically have to be formatted prior to the initial
access. Exceptions to this are drives that are formatied at the factory and
some optical drives with pre-formatted media {see 12.1). A disk drive format
will typically create the héaders for each sector and initialize the data
field.” The MODE SELECT comand is often used at format time to establish the
geometry {number of heads and tracks, sectors per track, etc.) and defect
management scheme. Disks drives are usually non-volatiie.

The defect management scheme of a disk drive is often shielded from the
user, though some aspects can be evaluated and controlied by the initiator.
The direct-access device will usually reserve some sectors and tracks for
recordinE defect tabies and for reassigning defective blocks. The READ LONG
and WRITE LONG commands will t{ﬁicall access the user data and checksum
portions of the data field so that defects may be induced by the initiator to
test the defect detection logic of the direct-access device.

Notches find their most typical use in a rotating disk drive. On a disk,
the inner tracks are physically shorter than the outer tracks. As a result,
if each track is made to store the same number of data bits, the data is
packed more densely on the inner tracks than the outer tracks. By using
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notches, the outer tracks may be made to contain a different number of sectors 8.2. Commands for Direct-Access Devices.
than the inner tracks, balancing the data demsity. This results in increased . .
capacity. 8 ;he commands for direct-access devices shall be as shown in Tables B-1 and
8.1.12.2, uential Media
Some tape devices are implemented as a direct access device so that they can Table 8-1: Conmands for Direct-Access Devices(1)

be used in disk oriented operating system environments. These devices are

sometimes referred to as ’'random access tape' or ‘floppy ta?e'. These devices = == am
might be thought of as a disk drive with one or a few very ong tracks. Operation
Access time to a logical block is usually longer than for a disk drive, since Command Name Code Type Section
the tape must be {aSt forwarded or rewound to the block. As a result, the e e
SEEK command will often be more usefu] for a tape than for a disk. The only CHANGE DEFINITION 40n 0 71.2.1
way an initiator may determine if a direct-access device is a tape is to use COMPARE 39h Q 7.2.2
the medium type code returned by the MODE SENSE command. COPY 18h 0 7.2.3
COPY AND VERIFY 3Ah 0 7.2.4
8.1.12.3. Hemory Media . FORMAT UNIT 04h M 8.2.1
Memory media includes devices which are traditionally used for primary INQUIRY 12h M 7.2.5
storage within comguter systems, such as solid state static or dynamic Fandom LOCK-UNLOCK CACHE 36h 0 8.2.2
access memories (SRAM or RAM%, or wmagnetic core or bubbie memory. These LOG SELECT 4Ch ] 71.2.6
devices are typically non-mechanical and therefore the entire physical medium LOG SENSE 40h 0 1.2.7
may be accessed in virtually the same access time. The data is typically MODE SELECT ﬁg 15h 0 7.2.8
accessed as a bit or byte and this also speeds access time. Memory devices MODE SELECT(10) 55h 0 7.2.9
typically store less data than disks or tapes, and are usually volatile when MODE SENSE a 1Ah 0 7.2.10
not protected by battery backup. MODE SENSE(10) 5Ah 0 7.2.11
PRE-FETCH 34h 0 8.2.3
PREVENT-ALLOW MEDIUM REMOVAL 1Eh g 8.2.4
READ{6 08h M 8.2.5
READ{1 z 28h H 8.2.6
fEAD BUFFER 3Ch 0 7.2.12
READ CAPACITY 25n M 8.2.7
READ DEFECT DATA 37h 0 8.2.8
- READ LONG 3th 0 8.2.9
REASSIGN BLOCKS 07h 0 8.2.10
RECEIVE DIAGNOSTIC RESHLTS 1Ch 0 7.2.13
RELEASE 17h M g8.2.11
RE?UEST SENSE 03h M 7.2.14
RESERVE 16h H 8.2.12
REZERD UNIT * G1h ] 8.2.13
Key: M = Command implementation is mandatory.
0 = Command implementation is opticnal.
SCS1-2 MWorking Draft Proposal 8-9 Revision 10b SCSI-2 Working Draft Proposal 8-10 Revision 10b
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Table 8-2: Commands for Direct-Access Devices(2) 8.2.1. FORMAT UNIT Command
Operation . Jable 8-3: FORHAT UHIT Command
Command Name Code Type Section
SEARCH DATA EQUAL 3ih 0 8.2.14.1 Bit 7 i 5 4 3 2 1 0
SEARCH DATA HIGH 30h 0 8.2.14.2 Byte
SEARCH DATA LOW 32h 0 8.2.14.3
SEEK{6 0Bh 0 8.2.15 0 Operation Code (04h)
SEEK(10) 2Bh 1 8.2.15 el Dt R R ——- -
SEND BIAGNOSYIC 10h ] 7.2.15 1 Logicai Unit Number | FmtData| Cmplst | Defect List Format
SET LIMITS 33h a 8.2.16 mmmee|ememmmmmeo e ———— -
START STOP UNIT 1Bh g 8.2.17 2 Yendor-Specific
SYNCHRONIZE CACHE 35h 0 8.2.18 e - -
TEST UNIT READY 00h # 7.2.16 3 {MSB}
VERIFY 2Fh o 82,1 e — Interleave ——
NRITE{G . QAR M 8.2.20 4 (LS8}
WRITE(10) 2Ah H 8.2.21 e
WRITE ANOD VERIFY 2th 0 8.2.22 5 Control
HRITE BUFFER 38h 0 7.2.17
WRITE LONG 3Fh 0 8.2.23
WRITE SAME 41h 0 8.2.24
== o The FORMAT UNIT command (Table 8-3) formats the wedium into initiator
. addressable logical blocks per the initiator defined options. In addition,
Key: M = Command impiementation is mandatory. the medium may be certified and control structures may be created for the
0 = Command implementation is optional. management of the medium and defects. There is no guarantee that the medium

The following opleration codes are vendor-specific: 02h, 05h, 06h, 0Sh, OCh,
0Dh, Oth, OFh, 10h, 1ih, 13h, 14h, 19h, 20h, 21h, 22k, 23h, 24h, 26h, 27h,

2%h, 2Ch, 2bh and COh through FFh. A1l remaining operation codes for direct-
access devices are reserved for future standardization. -
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has or has not been altered.

The simplest mandatory form of the FORMAT UNIT command (with no format data)
accomplishes medium formatting with little initiator control over defect
management. The target implementation determines the degree of defect
management that is to_be performed. Two additional mandatory forms of this
compand_increase the initiator's conirol over defect management. Several
optional forms of this command further increase the initiator's control over
defect management, by allowing the initiator to specify which defect Iist§s)
are to be used, to specify defect locations (in severat formats), to enable
target certification, and o specify what to do in the event that defect lists
are not accessible.

The FORMAT UNIT command shall be rejected with RESERVATION CONFLICT status
if the logical unit is reserved, or any extent reservation, from any
inttiator, is active in the specified logical unit.

[MPLEMENTORS NOTE: It is recommended that MODE SELECT parameters (if any)
be set prior to issuing the FORMAT UNIT command.
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During the execution of the FORMAT UNIT command, the target ma perform a
medium defect management algorithm éwhich can be controlled by the initiator,
using optional forms of this command). Four sources of defect location

information (hereafter called defects) are defined as follows:

Primary defect 1ist (Plist). This is the list of defects, usually supplied
by the original manufacturer of the device or medium, that are considered as
ermanent defects. The Plist is Jocated outside of the initiator-accessible
ogical block space. The Plist is accessible by the tar%et {to reference
while formatting). but it is not normally accessibie bg he initiator except
through the READ DEFECT DATA command. Onhce created, the original Plist shall
not he subject to change.

Target certification list {C!ist). This 1ist includes defects detected b
the target during an optional certification Erocess executed during the FORMAT
UNIT command. This 1ist shall be added to the Glist.

Data defect list (Dlist). This list of defect descriptors maﬁAbe sugplied
to the target by the initiator in the DATA DUT phase of the FORMAT UNI
command as shown in Table 8-4. This 1ist shall be added to the Glist. The
qefectn}§s§ Tength in the defect list header may be zero, in which case there
is no Dlist.

Grown defect 1ist Glistg. The Glist includes all defects sent by the
initiator or detected by ‘the target. The Glist does not include the Plist.
If the CmpLst bit is zero the Glist shall include Dlists provided to the
tar?et during the previous and the current FORMAT UNIT commands. The Glist
shall also include:

1) Defects detected by the format operation during medium certification.
2] Defects previously identified with a REASSIGN ALOCKS command.
3) befects previously detected by the target and automatically reallocated.

A format data (FmtData) bit of one indicates that a DATA OUT phase shall
take place during the command execution. The DATA OUT phase consists of a
defect 1ist header {see Tahle 8-4), followed by an initialization pattern
descriptor (see Table 8-4), followed by zero or more defect descriptors (see
Tables 8-7 to 8-0). Each defect descriptor identifies a location on the
medium that the target shall map out of the user-accessible area,

A FmtData bit of zero indicates that a DATA OUT phase shall not cccur. The
source of defect information is not specified,

A complete 1ist (Cmplst) bit of one indicates that the defect 1ist sent by
the initiator is a complete list of defects. Any existing defect 1ist except
the Plist shall be ignored hﬁ the target. As a result a new Glist is
constructed which contains the Dlist {if it is sent by the initiator), and the
Clist (if certification is epabied). The tar?et may add any defects it
detects during the format operation to this Dlist.

A Cmplst bit of zero indicates that the defect 1ist sent by the initiator is
an addition to existing list of defects. As a result a new Glist is
constructed which containg the existing Glist, the Diist %if it is sent by the
initiator) and the Clist (if certification is enabled). The target may add
any defects it detects during the format operation to this Dlist.
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The defect list format field specifies which defect descriptor is used if
the FmtData bit is one (see Table 8-5).

The interieave field sEgcifies the interleave that is used when performing
the format operation. This allows the logical blocks to be related in a way
that facilitates matching the transfer rate between the initiator and the
peripheral. An interleave of zero specifies that the target use its default
interieave. An interleave of one specifies that consecutive ]oglcai blocks be
placed in contiguous ascending order. All other values are vendar specific.

Table 8-4: FORMAT UNIT Parameter List

Bit 7 , 6 | 5 J 4 | 3 I i l 1 | 0
Hyte
| Defect List Header
| Initialization Pattern Descriptor (if any) |
[ Defect Descriptor(s) (if any) |
Defect Descriptor O
{See specific table for length.)
Defect Bescriptor n
(See specific table for length.)
Table B-4A: Defect List Header
Bit 7 l 6 ’ 5 ’ 4 l 3 ] 2 l 1 l 0 ]
Byte B
6 Reserved
1 FOV | DPRY | OCRT | SIPF | 1P | DSP | mmed | vs
EIRE N N
-------- Defect List Length ———
3 {LSB}

The defect list header (TABLE 8-4A) provides several optional format
control bits. Targets that implement these bits give the initiator additional
control over the use of the four defect sources, and the formatting oEeration.
If the initiator attem?ts to select any function not implemented by the
target, the target shall terminate the command with CHECK CONDITIOR status.
The sense key shall be set to ILLEGAL REQUEST and the additiomal sense code
shall be set to INVALID FIELD IN PARAMETER LIST.
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A format options valid (FOV) bit of zero indicates that the target shall use
its default settin?s for the DPRY, DCRT, STPF, IP and DSP bits (See below).
The initiator shall set these bits to zero. If anz of these bits are noi
zero, the tar?et shall terminate the command with CHECK CONDITION status. The
sense key shall be set to ILLEGAL REQUEST and the additional sense code shall
be set to INVALID FIELD IN PARAMETER LIST.

A FOV bit of one indicates that the target shall examine the setting of the
DPRY, DCRT, STPF, IP and DSP bits. When FOV is one the DPRY, BCRT, SIPF, IP
and BSP bits are defined below.

A disable primary {DPRY} bit of zero indicates that the target shall nof use
portions of the medium identified as defective in the primary defect Plist for
initiator addressable logical blocks. If the target cannot locate the Plist
or it cannot determine whether a Plist exists, it shall perform the action
specified by the STPF bit. A DPRY bit of one indicates that the target shall
go% usg the Plist to identify defective areas of the medium. The Plist is not

eletecd.

A disable certification (DCRT) bit of zero indicates that the target shall
perform a vendor-specific medium certification o?eratlon to generate a Clist.
A DCRT bit of one indicates that the target shall not perform any vendor-
specific medium certification process or format verification operation while
executing the FORMAT UNIT command.

The stop format (STPF) bit comtrols the behavior of the target when one of
the following events occurs: -

{1) The target has been requested to use the primary defect list (DPRY is
set to zero), or the grown defect 1ist (CmplLst is set to zero) and the target
cannot_locate the list nor determine whether the Tist exists. .

(2) The target has been requested to use the primary defect list (DPRY is
set to zero} or the grown defect 1ist (Cmpist is set to zero), and the target -
encounters an error while accessing the defect list.

A STPF bit of zero indicates that, if one or both of the ahove conditions
occurs, the target shall continue to execute the FORMAT HNIT command, The
target shall return CHECK CONDITIOM status at the compietion of the FORMAY
HNIT command., The sense key shall be set to RECOVERED ERROR and the
additional sense code shall be set to to either DEFECT LIST NOT FOUND if
condition one occurred, or DEFECT LIST ERROR if condition two occurred.

A STPF bit of one indicates that, if one or both of the above conditions
occurs, the target shall terminate the FORMAT UNIT command with CHECK
CONDITION status. The sense key shall be set to MEDIUM ERRCOR and the
additional sense code shall be set to to either DEFECT LIST NOT FOUND if
condition one occurred, or DEFECT LIST ERROR if condition two occurred.

IMPLEMENTORS NOTE: The use of the FmtData bit, the Cmplst bit, and the
defect header allow the initiator to control the source of the defect lists
used by the FORMAT UNIT command. Setting the defect list length to zero
allows the initiator to control the use of Plist and Clist without having to
specify & Dlist.
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Table 8-5 defines the implementationm reguirements for the FORMAT UNIT

command.

Table 8-5: FORMAT UNIT Defect Descriptor Format and Requirements

FmtData
CmpLst
Defect Defect
%ggﬁat %gg;th g;gga"d Comments
5 6 -6555_ _ﬁiﬂ-- ﬁéﬁ&éi&?; Target:aéfined use of defect sources.
BLOCK FORMAT: T o
16 00Ch Zlero  Mandatory (1),(3)
11 00bb Zero Mandatory (1),(4)
10 000b >0}  Optiomal (2),{3)
11 008 >0 Optional  {(2), {4}
BYTES FROM INDEX FORMAT:
10 100b Zero Optional {1),{(3)
11 100b Zero Optienal {1),{4}
10 100b >0 Optional  (2),(3)}
11 100b >0 Optional  (2),(4)
PHYSICAL SECTOR FORMAT: o
10 Hib Zero Optional  (1},(3)
i1 10ib Zero Opfiunai (1),{(4)
14 101b >0 Optional  (2),(3}
11 101b >0 Optional  (2),(4)
T

All other codes

Reserved

NOTE: All ogtiuns described above cause a new Glist to be created during the

execution o

the FORMAT UNIT command as described in the text above.
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NOTES:
!l} No Dlist is transferred to the target during the DATA QUT ﬁhase.
A Dlist is transferred to the target during the DATA OUT phase. Add the
Dlist defects to the new Glist.
Use the existing Glist as a defect source. Add existing Glist defects
to the new Glist.
61(4% Discard the existing Glist. Do not add existing Glist defects to the new
ist,

A_disable saving ﬁarameters (DSP) bit of one, specifies that the target
shall not save the MODE SELECT savable parameters to non-valatile memory
during the format oﬁerat1on. A DSP bit of zero specifies that the target
shall 'save all the MODE SELECT savable parameters for all initiators to non-
volatile memory during the format operation.

An immediate (Immed) bit of zero indicates that status shall be returned
after the formai operation has completed. An Immed bit value of one indicates
that the target shall return status as soon as the command descriptor block
has been validated, and the entire defect 1ist has been transferred. During
the format operation, the target shall resEond to commands as fol lows:

(1) In response to all commands except REQUEST SENSE and INQUIRY, the target
shall return CHECK CONBITION status.

(2} In response to the INQUIRY command, the target shall respond as
comianded. :

(3) In response to the REQUEST SENSE command, unless an error has occurred,
the target snall return a sense key of NOT READY and an additional sense code
of LOGICAL UNIT NOT READY FORMAT IN PROGRESS, with the sense “key specific
bytes set for progress indication {as described in 7.2.14.1). Refer to
7.2.14.2 for a description of deferred error handling which may occur during
the format operation.

The defect 1ist length field in the defect list header specifies the total
length in bytes of the defect descriptors that follow and does not include the
initialization pattern descriptor or initialization pattern, if any. The
length of the defect descriptors varies with the format of the defect list.
The three formats for the defect descriptor{s) field in the defect ]ists are
shown in Tables 8-8, B-9, and 8-10. In Table 8-8, the defect list length is
equal to four times the number of defect descriptors. In Tables 8-9 and 8-10,
the defect Tist length is equal to eight times the number of defect
descriptors.

8.2.1.1. Initialization Pattern Qption . .
The initialization pattern option specifies that the logical blocks contain

the specified initialization pattern. The initialization ﬁattern descriptor

(Table 8-6A) is sent to the target as part of the FORMAT UNIT parameter Tist.
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Table 8-8A:; Initialization Pattern Descriptor

0 IP Modifier | Reserved

1 Pattern Type i

2 | (msB) i _ i

————— —— Initialization Pattern Length —
3 (LSB)

0 - Initiatization Pattern ) )
n

IMPLEMENTORS NOTE: The initialization pattern option is not intended for
media analysis or certification. This option may only initialize the
initiator accessible area of the media to the specified pattern and may not
write o any initiator inaccessible areas of the disk.

An initialization pattern (IP) bit of one indicates that an initialization
pattern descriptor is included in the FORMAT UMIT parameter list immediately
following the defect 1ist header. An IP bit of zero indicates that an
initialization pattern descriptor is not included and that the target shalil
use its default initialization pattern.

modifies the initialization pattern (Ta
Table 8-6: Initialization Pattern Modifier

The IP modifier field specifies the tg?e gng)lucation of a header that
e 8-6).

IP Modifier Description
Notgeader. The target shall not modify the the initialization
attern.

?he target shall overwrite the initialization pattern to
write the ]ogica] block address in the first four bytes of
the logical block. The Togical block address shall be
written with the most significant byte first.
The tarﬁet shall overwrite the initialization pattern to
write the ]a?ica] block address in the first four bytes of
each physical block contained within the logical block. The
Towest numbered ]o?icai block or part thereof that occurs
within the physical block is used. The logical block address
shall hg written with the most significant byte first.
eserved,
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The initialization pattern type field indicates the type of pattern the
target shall use to initialize each Togical block within the initiator
accessible portion of the disk (Table 8-7). A1l bytes within a logical block
shall be written with the initialization pattern. The ipitjalization pattern
is modified by the IP modifier field as described above in Table 8-6.

Table 8-7: Initialization Pattern Type

Direct-Access Devices 8/22/89
Table 8-8: Defect Descriptor - Block Format
Byte | Defect Descripior |
0 (MSB)
----- Defective Block Address - -
3 (LSB}

Pattern Type Note Description

00h {1; Use default pattern

01h 2 Repeat the initialization pattern as required to fill the
logical block

02-7fh  none Reserved .

80-FFh none Vendor-Specific

NOTES:

(1) If the initialization Eattern length is not zero the target shall
terminate the command with CHECK CONDITION status. The semse key shall be set
to ILLEGAL REQUEST and the additional sense code shaill be set to INVALID FIELD
IN PARAMETER LIST.

{2) If the initialization paitern length is zero the target shall
terminate the command with CHECK CONDITION status. The sense key shall be set
to ILLEGAL REQUEST and the additional sense code shall be set to INVALID FIELD
IN PARAMETER LIST.

The initiatization pattern length fietd indicates the number of bytes
cantained in the initialization pattern. If the length exceeds the current
logical block size the target shall terminate the command with CHECK CONDITION
status. The sense key shall be set to ILLEGAL REQUEST and the additional
sense code shall be set to INVALID FIELD IN PARAMETER LIST. The pattern is
modified by the IP modifier field.

8.2.1.2. Defect List Formats '
This section describes the defect list formats used in the FORMAT UNIJ, READ
gEEEE%SDATA ang translate page of the SEND DIAGNOSTIC and RECEIVE DIAGNOSTIC
commands.

IMPLEMENTORS NOTE: The selected reporting format must account for variables
which can impact the information in the returned. For example, the specific
location of a defect, while constant in angular and radial lgcation on the
device, may change in reported location a tormat operation with different
%eometry parameters is performed. [t is the responsibility of the injtiator
o use a defect 1ist format appropriate for the intended uEeration with the
current or future %enmetr parameters. If the target is able to detect that
the selected defect 1ist Tormat would provide inconsistent results, the
target may return CHECK CONDITION status.
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Each defect descriptor for the logical block format specifies a four-byte
defective block address that contains the defect. The defect descriptors
should be in ascending order. More than one physical or logical block may be
affected by each defect descriptor.

A target may return CHECK CONDITION if the defect descriptors are not in
ascending order.

Table 8-9: Defect Descriptor -~ Bytes From Imdex Format

Byte | Defect Descriptor

0 {Ms8)

_____ Cylinder Humber of Defect -

2 {LsB)
N flead Number of Defect
W |Twsey T
----- Defect Bytes from Index - -
7 (LSB)

Each bytes from index defect descriptor specifies the location of a defect
which is no more than eight-bytes in length. Each descriptor is comgrised of
the cylinder number of defect, the head number of defect, and the defect bytes
from index to the defect. The defect descriptors shall be in ascending order,
The cylinder nunber of defect is the most significant part of the address and
the defect bytes from index is the least szgnificant part of the address. More
than one phySical or logical block may be affected by each defect.

A defect bytes from index of FFFFFFFFh indicates that the entire track shall
be considered defective.
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Table 8-10: Defect Descriptor - Physical Sector Format 8.2.2. LOCK UNLOCK CACHE Command
Byte | Defect Descriptor | Table 8-11: LOCK UNLOCK CACHE Command
0 (MSB)
————— Cylinder Number of Defect - - Bit 7 6 5 ! 3 2 1 0
2 (LSB) Byte
3 Head Number of Defect 0 Operation Code (36h)
4 (MsB) 1 Logical Unit Number | Reserved | Lock |} Reladr
————— Defective Sector Number - - e | e e e e e e e ———
7 (LSB) 2 (M38)
I Legical Block Address -
5 {LsB)
Each ph%sical sector defect descrigtor specifies the location of a defect & Reserved
that is the length of a sector, FEach descriptor is comprised of a cylinder mm———] - T -
number of defect, the head number of defect, and the defective sector number, 7 (Msh)
The defect descriptors shall be in ascending order. The cylinder number of  —cmee ——— Number of Blocks e
defect is the most significant part of the address and the defective sector 8 (LSB}
pumber is the least 51$nificant part of the address. More than ane block MAY — como oo m st
be affected by each de ect descriptor. 9 Control

A defective sector number of FFFFFFFFh indicates that the entire track shall
be considered defective. :

The LOCK UNLOCK CACHE command (Table 8-11) requests that the target disallow
or allow logical blocks within the specified range to be removed from the
cache memory by the target's cache replacement algorithm. Locked logica]
blocks ma¥ e written to the medium when modified, but 2 copy of the modified
logical block shall remain in the cache memory.

A lock bit of one indicates that any logical block in the specified range
that is currently present in the cache memory shall be locked into cache
memar*. Only logical blocks that are already present in the cache memory are
actuatly tocked.” A lock bit of zero indicates that all logical blocks in the
specified range that are currgntly locked into the cache memory shall be
untocked, but not necessarily removed.

A relative address (RelAdr) bit of one indicates that the logical block
address field is a two's complement displacement. This negative or positive
displacement is to be added to the logical block address last accessed on the
logical unit to form the logical block address for this command. This feature
is"only available when Timking commands. The feature requires that a previous
command in the linked group have accessed a biock of data on the logical umit.

A RelAdr bit of zero indjcates that the logical black address field
specifies the first logical block of the range of logical blocks to be
operated on by this command.

The number of blocks sgecifies the total number of conti%uous logical blocks

within the range. A number of blocks field of zero indicafes that all
remaining logical blocks on the logical unit shall be within the range,
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Multiple locks may be in effect from more than one initiator. Locks from
different initiators may overla%, An unlock of an overiapped area does not
release the lock of another initiator.

8.2.3. PRE-FETCH Command

Table 8-12: PRE-FETCH Command

Bit 7 6 5 4 k! 2 1 0

Byte
0 Operation Code {34h}

i Logical Unit Number | Reserved | Immed | RelAdr
2 {MSB)

R P Logical Block Address - -
5 (L58)
6 Reserved
7 (MSB)

_____ ——— Transfer Length
8 ) (LSB)
9 T Control

The PRE-FETCH command (Table 8-12% requests the target to transfer the -
zﬁec;flgq log1cal blocks to the cache memory. No data shall be transferred to
e inttiator.

An immediate (Immed) bit of one indicates that status shall be returned as
soon as the command descriptor block has been validated. An Immed bit of zero
indicates that status shall be returned after the operation is complete.

f_S?g 8.2.2 for a definition of the RelAdr bit and the logical block address
ield.

The transfer length field specifies the number of contiguous logical blocks
of data that shall be transferred fo the target's cache memory. transfer
ien?th of zero indicates that the contiguous logical blocks up to and
inctuding the last logical black of the logical unit shall be transferred to
the target's cache memory. Any other value indicates the number of logical
blocks that shall be transferred. The target may elect to not transfer
logical blocks that already are contained in the cache memory.
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If the Immed bit is zeroc and the specified Ia?ica1 blocks were successfully
transferred to the cache pemory the target shall return CONDITION MET status.
IT the 1ink bit {see 6.2.7) is one the target shall return INTERMEDIATE-
CONDITION MET status.

If Immed is one and the unlocked cache memory has sufficient capacitg to
accept all of the specified logical blocks the target shall return CONDITION
MET status. If the link bit (see 6.2.7) is one the target shall return
INTERMEDITATE-CONBITION HET status.

If Immed is one and the unlocked cache memor{ does not have sufficient
capacity to accept all of the specified logical blocks the target shall return
GOOD status. The tar?et shall transfer to cache memory as many legical blecks
as will fit. [If the Tink bit {see 6.2.7) is one the target shall return
INTERMEDIATE status.

8.2.4. PREVENT ALLOW MEDIUM REHOVAL Command

Table 8-13: PREVENT ALLOW HEDIUM REMOVAL Command

A N I N T A
0 Operation Code (1Eh)

1| logical Unit Mumber | Reserved N
FRE T Reserved T
E Reserved o h
AT Reserved | Prevent
_g_‘- T Control T

The PREVENT ALLOW MEDIUM REMOVAL command (Table 8—132 reguests that the_
target enable or disable the removal of the medium in the Togical unit. This
mechanism is independent of device reservations and the target shall not allow
mediun removal if any initiator currently has medium removal prevented.

The ?reuention of medium removal shall begin when any imitiator issues a
PREVENT ALLOW MEDIUM REMOVAL command with a ?revent bit of one {medium removal
prevented). for the logical unit shall
terminate:

(1) after all initiators that have medium removal prevented issue PREVENT
ALLOW MEDIUM REMOVAL commands with a prevent bit of zero,

{2} upon the receipt of a BUS DEVICE RESET message from any initiator, or

3) upon a hard RESET condition.

The prevention of medium remova

_While a prevention of medium removal condition is in effect the target shail
inhibit mechanisms that normally allow removal of the medium by an operator.
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Tar%ets that contain cache memory shall ?erfprm a synchronize cache
operation for the entire medium prior to aliowing medium removal. If the
synchronization operation fails, then the prevention of medium removal shall
remain in effect.

8.2.5. READ(G) Command

Table 8-14: READ(6) Conmand

Byg;t 7 ’ 6 | 5 I 4 | 3 | 2 I 1 | 0 l
0 Operation Code (08h)

1| Logical Unit Number | (wsB) o

e -_—---———_-—_—"“-_---“-“dd—iaéica] Block Address o
FE (LsB)
_E ____________________________ Transfe;_iength ---------------------
ER contrt 7

The READ(6} command (Table 8-14) requests that the target transfer data to
the initiator. The most recent data value written in the addressed logical
block shall he returned.

The cache control bits (see B.2.6) are not provided for this command.
Targets with cache memory maﬁ have values for the cache control bits which may
affect the READ(B? command, however no default value is defined by this
stagdard. If explicit control is reguired, the READ{10} command should be
used.

The logical block address field specifies the logical block at which the

read operation shall begin.

The transfer length field specifies the mnumber of contiguous logical blocks
of data to_transferred. A transfer length of zero indicates that 256 logical
blocks shall be transferred. Any other value indicates the number of logical
blocks that shall be transferred.
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8.2.6. READ{10} Cosmand
Table 8-15: READ(10) Command
Bit 7 I (i I 5 I 4 | 3 l 2 | 1 ‘ 0 ‘
Byte
0 Operation Code (28h)

1 Logicat Unit Number { DPO | FuA | Reserved | RelAdr
2| (msB) )
] Logical Block Address - -
5 {LSB)

G Reserved

A )
_____ - Transfer Length

8 (LSB)

9 ) control

The READ(10) command (Table 8-15) requests that the target transfer data to
the initiator. The most recent data value written in the addressed logical
black shall be returned.

A disable page out (DPO) bit of one indicates that the target shall assign
the logical blocks accessed by this command the lowest priority for being
fetched into or retained by the cache. A DPD bit of one overrides ang
retention priority specified in the cache page (see 8.3.3.1). A DPO bit of
zerg indicates the priority shall be determined by the retention priority
fields in the cache page. “All other aspects of the alﬁnr1thm implementing the
cache memory replacement strategy are not defined by this standard.

IMPLEMENTORS NOTE: The DPD bit is used to coptrol replacement of logical
blocks in the cache memory when the host has information on the future usage
of the logical blocks. If the the DPQ bit is set to one, the host knows the
logical b?ocks accessed by the command are not 1ikely to be accessed again
in the near future and should not be put in the cache memory nor retained by
the cache memory, TIf the DPO bit is zero, the host expects that logical
?lncks accessed by this command are likely to be accessed again im the near
uture.
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A farce unit access (FUA) bit of one indicates that the target shall access
the media in €erforming the command ?rior to returning GOOD status, Read
commands shall access the specified logical blocks from the media (i.e., the
data is not directly retrieved from the cache{. In the case where the cache
contains a more recent version of a logical block than the media, the logical
block shall first be written to the media. Write commands shall not return
GOOD status until the logical blocks have actually been written on the media
(i.e., the data is not write cached).

An FUA bit of zero indicates that the tar%et may satisfy the command by
accessing the cache memory. For read operafions, any logical blocks that are
contained in the cache memory may be transferred to the initiator directly
from the cache memory. For write operations, logical blocks may be
transferred directly to the cache memory, GOOD status may be returned to the
initiator prior to writing the logical blocks to the medium. Any errors which
occur after the GOOD status is returned is a deferred error and information
regarding the error is not reported until a subsequent command.

f_S?g 8.2.2 for a definition of the RelAdr bit and the logical block address
ield.

The transfer length field specifies the number of contiguous logical blocks
of data that shall be transferred. A transfer length of zero indicates that
no logical blocks shall be transferred, This condition shall not be
considered an error. Any other value indicates the number of logical blocks
that shall be transferred.
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8.2.7. READ CAPACITY Command

Table 8-16: READ CAPACITY Command
TBit| 7 6 5 a 3 2 1 0
oyte I T T e N P A
) Operation Code {25h)
1| Logical Unit Number | Reserved | RelAdr
2| wmse) T
T Logical Block Address - -
5 (LSB)
5| Reserved
_;ﬁ“" ——————————————————— Reserved
s | Reserved m"""HHWEH”EQE"""
9 | T Controt

The READ CAPACITY command (Table 8-16) provides a means for the initiator to
request information regarding the capacity of the logical unit,

fis?ﬁ B.2.2 for a definition of the RelAdr bit and the logical block address
eld.

The logical block address shall be zero if the PMI bit is zero. [If the PMI
bit is zero and the logical block address is not zero, the target shall return
a CHECK CONDITION status, the sense key shall be set to ILLEGAL REQUEST and
the additional sense code set to ILLEGAL FIELD IN CDB.

A partial medium indicator "(PMI) bit of zero indicates that the returned
logical block address and the block length in uytes are that of the last
logical block of the logical unit.

A PMI bit of one indicates that the returned logical block address and block
tength in bytes are that of the logical block address after which a
subStantial delay in data transfer will be encountered. This returned Togical
block address shall he greater than or egqual to the 1ogica] block address
specified by the RelAdr and logical block address fields in the command
descriptor block.

IWPLEMENTORS NOTE: This function is intended to assist storage management
software in determining whether there is sufficient space on the current
track, cylipder, etc. to contain a frequently accessed data structure such
as a file directory or file index without incurring an access delay.

5C51-2 Working Draft Proposal 8-28 Revision 10b

LIt 121



BDirect-Access Devices 8/22/89

The READ CAPACITY data (Table 8-17) shall be sent during the DATA IN phase
of the command.

Table 8-17: READ CAPACITY Data

Byte | Description i
0 {MSB)

————— Returned Logical Block Address - -
3 (LSB)
4| (WsBy S
_____ Block Length In Bytes - -
7 (LSB)

8.2.8. READ DEFECT DATA Command

Table 8-18: READ DEFECT DATA Command

fit 7 6 5 4 3 2 1 0
Byte
0 Operation Code (37h)
i Logical Unit Number | Reserved
2 Reserved | PList | GList | Defect List Format
|
- - =]~ - Reserved - -
6
7| (MsB) T e
————— -_— Allocation Length
8 (LsB)
g ) Eontro] )

The READ DEFECT DATA command (Table 8-18{ requests that the target transfer
the medium defect data to the initiator. If the target is unable to access
any medium defect data it shall terminate the commwand with CHECK CONDITION
status. The sense key shall be set to either MEDIUM ERROR if a medium error
occurred or NO SENSE if the list does not exist and the additional sense code
shall be set to DEFECT LIST NOT FOHND.

IMPLEMENTORS NOTE: Some tar?ets may not be able to return medium defect
data until after a FORMAT UNIT command has been successfully completed,
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A primary defect 1ist (PList) bit of one requests that the target return the
primary 1ist of defects. A PList bit of zero requests that the farget not
return the primary list of defects.

A grown defect list éGList bit of one requests that the target return the
rown defect list. A Glist bit of zerc requests that the target not return
he grown defect list.

A PList bit of one and a GList bit of one requests that the target return
the primary and the grown defect lists. The order in which the Tists are
retuf?gd is vendor-specific. Whether the lists are merged or not js vendor-
specific.

A PList bit of zero and a GList bit of zero requests that the target return
only the defect 1ist header.

The defect list format field is used hy the ipitiator to indicate the
preferred format for the defect list. This field is intended for those
tar?ets capable of returning more than one format, as defined in the FORMAT
UNIT command (see 8.2.1.2, defect 1ist format), A target unable to return the
re$uested format shall return the defect list in its default format (see the
defect 1ist format field in the defect list header helow).

If the requested defect list format and the returned defect 1ist format are
not the same the farget shall transfer the defect data and then terminate the
conmand with CHECK CONDITION status. The sense key shall be set to RECOVERED
ERROR and the additional sense code shall be set to DEFECT LIST NOT FOUND.

The READ DEFECT DATA defect list (Table 8-19) contains a four-byte header,
followed by zero or more defect descriptors.

Table 8-19: READ DEFECT DATA Defect List

Bit 7 6 5 4 3 2 1 0
Byte

0 Reserved

1 Reserved | PList | GList | Defect tist Format

Defect List Length

Defect Descriptors
¢-n | |

A PList bit of one indicates that the data returned contains the primary
defect list. A PList bit of zero indicates that the data returned does not
contain the primary defect Tist.
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A GList bit of one indicates that the data returned contains the grown
defect list. A GList bit of zero indicates that the data returned does not
contain the grown defect list.

The defect list format field indicates the format of the defect descriptors
gegugng? by the target. This field is defined in the FORMAT UNIT command (see

IMPLEMENTORS NOTE: The use of the block format is not recommended. There is
no universal model that sensibly defines the meaning of the logical block
address of a defect. In the usual case a defect that has been reassigned no
longer has a logical block address.

Defect descriptors returned in the block format are vendor-specific. Defect
descriptors returned in the Ehy51ca1 sector format may or may not include
defects in areas not accessible to the initiator. Defect descriptors returned
in bytes-from-index format shall comprise a complete list of defects. A
complete 1ist of defects ma¥ include defects in areas not within the capacity
returned in the READ CAPACITY command.

The defect list length field specifies the length in bytes of the defect
descriptors that follow. The defect list length is equal to four or eight
times the number of defect descriptors depending on the format of the returned
descriptors (see Tables 8-8, 8-9 and 8-10 in the FORMAT UNIT command).

If the allocation length is insufficient to transfer all of the defect
descriptors, the defect”list length shall not be ad%usted ta reflect the
truncation, The target shall not create CHECK CONDITION status. The
initiator is resgons1ble for comparing the defect list length and the

allocation length to ensure that a partial 1ist was not received.

IMPLEHENTORS NOTE:
list by sending the READ DEFECT DATA command with an allocation tength of
four. The target will return the defect list header which contains the
length of the defect list.

The defect descriptors may or may not be sent in ascending order. The
initiator can determine the exact number of defects by dividing the defect
}1st length by the length of a single defect descriptor for the returned

ormat.
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8.2.9. READ LONG Command
Table 8-20: READ LONG Command
Bit 7 6 5 4 3 2 1 0

Byte
0 Operation Code (3Eh)

1 Logical Unit Number I Reserved ] CORRCT | RelAdr
2 (1sB)

R Logical Block Address - -
5 (LSB)
6 Reserved
7 [wmsey T

_____ —— Byte Transfer Length
8 (LSB)

9| TControl -

The READ LONG command {Table B-20} requests that the target transfer data to
the initiator. The data passed during the READ LONG command is implementation
specific, but shall include the data bytes and the £CC bytes recorded on the
me%wm.d The most recent data written in the addressed logical block shall be
returned.

IMPLEMENTORS NOTE:
included (e.g.,
It is not importapt for the ECC bytes to be at the end of the data bytes,
however they should be in the same order as they are on the media.

Any other bytes that can be corrected by ECC should be
data synchronization mark within the area covered by ECC).

A corrected (CORRCT) bit of zero causes a lTogical block to be read without
any correction made by the target. A CORRCT bit of one causes the data to be
corrected by ECC before being transferred to the initiator.

f‘S?g 8.2.2 for a definition of the RelAdr bit and the Jogical block address
ield.

The byte transfer length field should exactly specify the number of bytes of
data that are available for transfer. If a non-zero byte transfer length does
not exactly match the available data length, the target shall terminate the
command with CHECK CONDITION status, the sense key shall be set t¢o ILLEGAL
REGUEST and an_additional sense code set to INVALID FIELD IN CDB. The valid
and ILI bits shall be set to one and the information field shall be set to the
di fference {residue% of the requested length minus the actua} length in bytes.
Negative values shall be indicated by two's complement notation.
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A byte transfer length of zero indicates that no bytes shall be transferred
and shall not be considered an error.

8.2.10. REASSIGN BLOCKS Command

Table B-21: REASSIGN BLOCKS Command

Direct-Access Devices
Table B-22: REASSIGN BLOCKS Defect List

B/22/89

Eyg;t 7 I ] I 5 I 4 ’ 3 [ 2 i 1 I 0 I
o Operatian Code (07h)

1| Logical Unit Number | T Reserved
-5__— o Reserved
-5 ---------------- - feserved
KN I B T W 2
5 Control f\Q, y 5(

Cd V“-

The REASSIGN BLOCKS command {Table B-21} requests the targe*‘é; reassign the
defective logical blocks to an area i i4 resacued for this
purpose_and fo record the defective logical blocks to the grown defect list if
such & list is supported. More than one Ehysica¥ or togical _block may be
relocated bﬁ each defect descriptor sent by the initiator. This command does
not aiﬁ?r the contents or location of the Plist (see 8.2.1, FORMAT UNIT
command) .

The initiator transfers a defect 1ist that contains the Iogicai block
addresses to be reassigned. The target sha]ll reassign the physical medium
used for each logical block address in the list. Thé data contained in the
logical blocks s?ecified in the defect 1ist may be altered, but the data in
atl other logical blocks on the medium shall be preserved.

TMPLEMENTORS NOTE: The effect of specifying a logical block to be
reassigned that previously has heen reassigned is to reassign the block
again. Over the life of the medium, a Togical block can be assigned to
muclif.ipfe physical addresses until no more spare locations remain on the
medium.

The REASSIGN BLOCKS defect list (Table 8-22) contains a four-byte header
followed by one or more defect descriptors. The length of each defect
descriptor is four bytes.
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Byte | Defect List ﬁeader |
0 Reserved

| T Reserved T
2 | sy T

Defect List Length —==

| Defect Descriptor(s) |

Defect Logical Block Address - -
3 {LSB)

The defect list length field specifies the total length in bytes of the
defect descriptors that follow. The defect list length is equal to four times
%he ?ﬁmher of defect descriptors and does not include the defect 1ist header

ength.

The defect descriptor specifies a four-byte defect logical block address
that contains 'the defect. The defect descriptors shali be in ascending order.

If the logical unit has insufficient capacity to reassign all of the logical
blocks specified in the defect descriptors, the command shall terminate with
CHECK CONDITION status, the sense ke¥ shal{ be set to HARDWARE ERROR and the
additional sense code set to NO DEFECT SPARE LOCATION AVAILABLE.

If the logical unit is unable to successfully compiete a REASSIGN BLOCKS
command, the command shall terminate with CHECK CONDITION status with the
appropriate sense information, The logical block address of the first defect
descriptor not reassigned shall be returned in the command-specific
information field of the sense data. If information about the first defect
descriptor not reassigned is not available, or if all the defects have been
reassigned, this field shall be set to FFFFFFFFh.

Ef the REASSIGN BLOCKS command failed due to an unexpected unrecoverable
read error that would cause the loss of data in a block not specified in the
defect list, the logical block address of the unrecoverahle block shatl be
regugned in the information field of the sense data and the valid bit shall be
set to one.
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IMPLEMENTORS NOTE: If the REASSIGN BLOCKS command returns CHECK CONDITION
status and the sense data command-specific information field contains a
valid logical block address, the initiator should remove all defect
descriptors from the defect 1ist prior to the one returned in the command-
specific information field. If the sense key is MEDIUM ERROR and the valid
bit is one (the information field contains the valid block address) the
initiator should insert that new defective logical block address into the
defect list and reissue the REASSIGN BLOCKS command with the new defect
list. Otherwise, the initiator should perform any corrective action
indicated by the sense data and then reissue the REASSIGN BLOCKS command
with the new defect list.

B.2.11. RELEASE Command

Table B-23: RELEASE Command

Bygfat7|6“|5|4|3[2|1|0|
0 Operation Code (17h)

17| Logical Unit Number | 3rdPty | Third Party Device ID | Extent
P Reservation Identification T
E Reserved

HE _______________ - Reserved

'E ———————————————— - Controt

The RESERVE and RELEASE commands provide the basic mechanism for contention
resolution in multiple-initiator systems. The RELEASE command (Table 8-23) is
used to release a previously reserved logical unit, or, if the extent release
option is implemented, to release previously reserved extents within a logical
enit. It is not an error for an initiator to attempt to release a reservation
that is not currently valid. In this case, the target returns GOOD status
without altering any other reservation.

IMPLEMENTORS NOTE: The reservation queuing option in X3.131-1986 has been
removed from SCSI-2.

8.2.11.1. Logical Unit Release (Mandatory)

If the extent bit is zero, this comwand shall cause the target o terminate
all logical unit and extent reservations that are active from the initiator to
the specified logical unit, The reservation ID field in the command
descriptor block is ignored by the target.
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8.2.11.2. Extent Release (Optional)

If the extent bit is one and the extent release option is not implemented,
then the RELEASE command shall be terminated with CHECK CONDITION status and
the sense key shail be set to ILLEGAL REQUEST, This option shall he
implemented 1f the extent reservation option {see 8.2.12.2) is implemented.

If the extent bit is one and the extent release option is implemented, this
command shall cause any reservation from the requesting initiator with a
matching reservation identification to be terminated. ~Other reservations from
the requesting initiator shall remain in effect.

8.2.11.3. Third-Party Release (Mandatory) ‘

Third-party release allows an imitiator to release a logical unit or extents
within a logical unit that were previously reserved using third-party .
reservation (see 8.2.12.3). Third-party release shall be implemented and is
intended for use in multiple~initiator systems that use the COPY command.

If the third-partg SSrdPty) bit is zero, then a third—?arty release is not
requested. If the 3rdPty bit is one then the target shall release the )
specified logtcal unit or extents, but only if the reservation was made using
a third-party reservation by the initiator that is reguest1n? the release for
the same SCSI device as specified in the third-party device ID field,

If the 3rdPty bit js one the target shall not modify the mode parameters for
commands received from the third-party device even if the target implements
the transfer of mode parameters with a third-party RESERVE command.

IMPLEMENTORS NOTE: If a target implements indegendent storage of mode
parameters for each initiator, a third-party RESERVE command copies the
current mode parameters for the ipitiator that sent the RESERVE command to
the current mode parameters for the initiator specified as the third-party
device (usually a copy master device). A unit atteption condition notifies
the third-party of the chanﬁed mode parameters due to the the reservation.
A successful third-party RELEASE command does not return the third-party
devices' current mode parameters back to their Erevious values. The third-
par§¥ device can issue MODE SENSE and MODE SELECT commands to guery and
modify the mode parameters.

+
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8.2.12. RESERVE Command
Table 8-24: RESERVE Command

Bit 7 6 5 4 3 2 1 0
Byte

0 Operation Code {16h)

1 Logical Unit Number | 3rdPty | Third Party Device ID | Extent
2 - ) ) Re;eruatioﬁ Identif%éation -

3| (MSB) - ) )
_____ . Extent List Length e
4 (L58)
5 ) contral

The RESERVE and RELEASE commands provide the basic mechanism for comtention
resolution in multiple-initiator systems. The RESERVE command (Tahle 8-24) is
used to reserve a logical unit or, if the extent reservation option is
implemented, extents within a logical unit. The third—ﬁarty reservation
gl ows logical units or extents to be reserved for another specified SCSI

evice.

IMPLEMENTORS NOTE: The reservation queuing option in X3.131-1986 has heen

removed from SCSI-2. -

8.2.12.1. Logical Unit Reservation (Mandatory).

If the extent bit is zero, this command shall request that the entire
Togical unit be reserved for the exciusive use of the initiator until the
reservation is superseded by another valid RESERVE command from the initiator
that made the reservation or until released by a RELFASE command from the same
injtjator that made the reservation, by a BUS DEVICE RESET message from any
initiater, by a hard RESET condition, or by a ?ower an cycle. A legical unit
reservation shall not be granted if the logical unit or any extent is reserved
by another initiator. It shall be permissible for an initiator to reserye a
logical unit that is currently reserved by that initiator. If the extent hit
is zerg. the reservation identification and the extent 1ist length shall be
ignored.

if the ]o%ical unit, or any extent within the logical unit is reserved for
another initiator, the target shall return RESERVATION CONFLECT status.

If, after honoring the reservation, any other initiator attempts to perform
any command on the reserved logical unit other than an INQUIRY command, a
RE&UEST SENSE command, an ALLOH MEDIUM REMOVAL, or a RELEASE command, which
shall be ignored, then the command shall be rejected with RESERVATION CONFLICT
status.
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8.2,12.2, Extent Reservation (Gptional) L

The reservation identification field provides a means for an initiator to
identify each extent reservation. This allows an initiator in a multiple
tasking environment, to have multiple reservations outstanding. The )
reservation jdentificatjon is used in the RELEASE command to Specify which
reservation is to be released. It is also used in superseding RESERVE
commands to specify which reservation is to he superseded.

If the extent reservation a?tion is implemented, then the extent release
option (see 8.2.11.2) shail aiso be implemented. These options permit
multiple extents within the logical unit to be reserved, each with a separate
reservation type.

If the extent bit is one, and the extent reservation option is implemanted,
then the target shall process the reservation request as follows:

(1) The extent list shall be checked for the number of extents in the
reservation request. If the extent list length is zerc, no current
reservations shall be changed, no new reservations shall be created, and this
condition shall not be treated as an error. If the extent list contains more
extents than are su Eorted on the logical unit, the command shall be
terminated with CHECK CONDITION status and the sense key shall be set to
ILLEGAL REQUEST. If the extent Tist contains more extents than are currently
available on the logical unit, then the target shall return a RESERVATION
CONFLICT status.

2) The extent list shall be checked for valid extent logical block
addresses. If any logical block address is invalid for this logical unit, the
command shall be terminated with CHECK CONDITION status and the sense key
shall be set to ILLEGAL REQUEST. The extent Pist shall be checked for invalid
extent overiaps (as defined by reservation type% with other extent descriptors
in the extent list and if invalid overlaps are found, the command shall be
terminated with CHECK CONDITION status and the sense key shall be set to
ILEEGAL REQUEST. L

(3) If the requested reservation does not conflict with an exrstlng
reservation, the extents specified shall be reserved until superseded by
another valid RESERVE command from the initiator that made the reservation or
until released by a RELEASE command from the same initiator, hy a BUS DEVICE
RESET message from any initiator, or b{ a hard RESET condition. If ejther of
the last two conditions occur, the next command from each initiator shall be
R???&??Bﬁd with CHECK CONDITION status and the sense key shall be set to UNIT

(4) If the reservation reEuest conflicts with an existing reservation, then
the target shall return a RESERVATION CONFLICT status.

If the extent bit is one, and the extent reservation aption is not
implemented, then the RESERVE command shall be rejected with CHECK CONDITION
status and the sense key shall be set to ILLEGAL REQUEST.
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Table 8-25: Data Format of Extent Descriptors

8/22/89

Bit 7 ! 6 ‘ 5 I 4 | 3 | 2 | i [ ] !
Byte
0 Reserved | RelAdr | Reservation Type
Ty T
_____ Number of Blocks -
3 (LSB)
p Ty T T
————— togical Block Address - -
7 (LSB)

‘The size of the extent list shall be defined by the extent list length
field. The extent list shall consist of zero or more descriptors as shown in
Table 8-25, Each extent descriptor defines an extent beginning at the
specified logical block address for the s?ecified number of blocks, If the
number of blocks is zero, the extent shall begin at the specified logical
?1ogk ?ddrggs and continue through the last logical block address on the

ogical unit. .

The reservation type field shall determine the type of reservation to be
effected for each extent. Four types of reservations are possible as follows:

DB(1) DB(0) Reservation Type

1 0 Read Exclusive

0 1 Write Exclusive -
1 1 Exclusive Access

0 0 Read Shared

Read Exclusfve. While this reservation is active, no other initiator shall
be permitted read operations to the indicated extent. This reservation shall

not_inhibit write operations from any initiator or conflict with a write
exclusive reservation; however, read exclusive, exclusive access, and read
shared reservations that overlap this extent shall conflict with this

reservation.

Write Exclusive. While this reservation is active, mo other initiator shall
be permitted write operations to the indicated extent. This reservation shall
not inhibit read operations from any initiator or conflict with a read
exclusive reservation from any initiator. This reservation shall conflict
with write exclusive, exclusive access, and read shared reservations that
overlap this extent.

Exclusive Access. While this reservation is active, no other initiator
shall be ?ermltted any access to the indicated extent. All reservation types
that overlap this extent shall conflict with this reservation.
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Read Shared. While this reservation is active, no write operations shall be
permitted by any initiator to the indicated extent. This reservation shall
not inhibit read operations from any initiator or conflict with a read shared
reservation. Read exclusive, write exclusive, and exclusive access
reservations that overlap with this extent shall conflict with this
reservation.

If the relative address bit is one, the logical block address in the extent
descriptor shall be treated as a two's complement displacement. This
displacement shall be added to the ]oEica1 biock address last accessed en the
logical unit to form the Togical biock address for this extent. This feature
is only available when Tinking commands and requires that a previous command
in the linked group has accessed a logical block on the !oglcal unit; if not,
the RESERVE command shall be terminated with CHECK CONDITION status and the
sense key shall he set to ILLEGAL REQUEST.

If an initiator attempts a command to a Iogica] block that has been reserved
and that access is prohibited by the reservation, the command shall not be
performed and the command shall be terminated with a RESERVATION CORFLICT
status. [f a reservation conflict precludes any part of the command, none of
the command shall be gerformed. COPY commands shatl be terminated with CHECK
CONDITION status and the sense key shall be set to DATA PROTCCT if any part of
the copy operation is prohibited by an active reservation. If any extent in a
iogical unit is reserved in an waﬁ. bﬁ any initiator, a FORMAT UNIT command
shall be rejected with a RESERVATION CONFLICT status.

8.2.12.3. Third Party Reservation (Mandatory).

The third-part¥ reservation for the RESERVE command allows ap initiator to
reserve a logical unit or extents within a Jogical unit for another SCSi
device. This is intended for use in multiple-initiator systems that use the
CorY command. Third-party reservation is required.

If the third-party (3rdPty) bit is zero, thes a third—part¥ reservation is
not requested. If the 3rdPiy bit is one then the target shall reserve the
specified logical unit or extents for the SCSI device specified in the third-
party device 1D field, The tareet shall preserve the reservation until it is
superseded by another valid RESERVE command from the initiator that made the
reservation or until it is peleased by the same initiator, by a BUS DEVICE
reset message from any initiator, or a hard reset condition. The target shall
ignore any attempt to release the reservation made by any other initiator,

If independent sets of parameters are implemented, a third party reservation
shall cause the target to transfer the set of parameters in effect for the
initiator of the RESERVE command to the parameters used for commands from the
third party device. Any subsequent command issued by the third-party device
is executed according to the mode parameters in effect for the initiator that
sent the RESERVE command.

IMPLEMENTORS NOTE: This transfer of the mode parameters is applicable to
tar%et devices which store mode information independentlﬁ for different
jnitiators. This mechanism allows an initiator to set the mode parametfers
of a target for the use of a copy master {i.e., the third—gart device).
The third-party copy master may subsequemtly issue a MODE SELECT command to
modify the mode parameters.
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B.2.12.4. Supersedinﬁ Reservations (Mandatory)

An initiator that holds a current reservation (unit or extent) may modify
that reservation hy issuing another RESERVE command (unit or extentz to the
same logical unit. The superseding RESERVE command shal] release the previous
reservation state (unit or extent) when the new reservation reguest is
granted. [f the superseding reservation is for an extent reservation and the
current reservation is also an extent reservation, the current extent
reservation identification value is used for the superseding reservation. The
current reservation shall not be modified if the superseding reservation
request cannot be granted. If the superseding reservation cannot be granted
because of conflicts with a previous reservation (other than the reservation
being superseded), then the target shall return RESERVATION CONFLICT status.

IMPLEMENTORS NOTE: Superseding reservations allow the SCSI device ID to be
changed on a reservation using the third-party reservation oation. This
capa i!itﬁ is necessary for certain situations when using COMPARE, COPY, and
COPY AND VERIFY commands.

8.2.13. REZERO UHIT Command

Table 8-26: REZERO UNIT Command

Bygét 7 I & I 5 l 4 ! 3 | 2 I 1 l 0 l
] _éperation Code {01h) __—

U | Logical Unit Number | Reserved
P Reserved "
3T " Reserved T
N Reserved
R Control

The REZERQ UNIT command (Table 8-26) requests that the target set the
logical unit to a specific state. See vendor specifications for details.
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8.2.14. SEARCH DATA Commands
Table 8-27; SEARCH DATA Commands

Bit 7 | 6 | 5 I 4 l 3 i 2 l 1 ’ 0
Byte

) Operation Code {31h 30h 32h)

1 Logical Unit Number | Invert | Reserved | SpnDat | RelAdr
2 | msey T
I Logical Block Address -

5 (LSB)
6 Reserved

7| (MsB) i -
----- -—- Number of Blocks to Search ——
8 {LSB)
9 ) Cantrol h -

The SEARCH DATA commands (Table B-27) search one or more logical blocks for
equality or ineguality to a data ?attern. The concept of records within a
lugicgldblock is used to ailow multiple records within a logical biock to he
searched.

The invert bit determines whether the search condition is to be inverted.
See 8.2.14.1 thruugh 8.2.14.3 for a description of the search conditions for
the individual SEARCH DATA commands.

A spanned data (SpnDat) bit of zero indicates that each record shall be
wholly contained within a single block. Any space at the end of a block that
is smailer than the record length is rgnored by the SEARCH DATA commands. A
Spnat bit of one jndicates that records span block boundaries (i.e., record
may start in one block and end in the next or a subsequent block.

The number of blocks to search field specifies the maximum number of
contiguous logical blocks to be searched. A value of zero indicates that no
togical blocks shall be searched. This condition shall not be considered an
error. Any other value indicates the maximum number of logical blocks that
shall be searched.

A link bit (see 6.2.7) of zero indicates a non-linked command and if the
sedarch is satisfied, the command shall be terminated with a CONDITION MET
status. A REQUEST SENSE command can then be issued to determine the logicai
block address and record offset of the matchin? record. If the search is not
satisfied and no error occurs, the command shall be terminated with GOOD
status.
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A link bit {see 6.2.7) of one indicates a conmand is linked to the SEARCH
DATA command and if the search is satisfied, INTERMEDIATE-CONDITION MET status

is returned and the next command is executed. If the RelAdr bit in the next
comnand is one, the logical block address of the pext command is used as a
displacement from the Togical block address at which the search was satisfied.
1f a linked search is nof satisfied, the command is terminated with CHECK
CONDITION status. A REQUEST SENSE command may then be issued.

A REQUEST SENSE command following a satisfied SEARCH DATA command shall:
(1% Return a sense key of EQUAL 1f the search was satisfied by an exact
match. If the search was satisfied by an inequality then a sense key of NO
SENSE shall be returned.

EZ} Return the valid bit set to one.

3) Return the Togical block address of the logical block containing the
first matching record in the information field.

§4) Return the record offset of the matching record in the command-specific
information field.

A REQUEST SENSE command following a SEARCH DATA command that is not
satisfied shall:

{1) Return a sense key of WO SENSE, if no errors occurred during the command
execution.

{?) Return the valid bit set to zero.
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The SEARCH DATA parameter 1ist (Table 8-28} contains a fourteen-hyte header,
followed by one or more search argument descriptors.

Table 8-28: SEARCH DATA Parameter List

Byte | Parameter List Header |
0 {MSB)

S B Logical Record length - -
3 {L.58)
A 7

- -~ - First Record Offset
7 {LSB)
8| Tmsey T

- - == - Number of Records - -

11 (LS8)

12 msey T

Search Argument Length ——

| Search Argument Descriptor(s) |

0 (MSB)

- - === Displacement - -
3 (LSB)
g sy T

_____ ——_— Pattern Length -
5 {L58)

6 - n pattern

The logical record length field specifies the record length in bytes.

The first record offset field specifies the number of bytes that shall be
iﬁnorgd in the first logical block before the search begins. If the value of
the first record offset field shall is larger than the togical block length
the target shall terminate the command with a CHECK CONDITION status, set the
sense key to ILLEGAL REQUEST and set the additional sense code to INVALID
FIELD IN PARAMETERS LIST. Subsequent logical blocks shall be searched
beginning with the first byte in the logical block. This permits one or more
records to be skipped initially.

The number of records field specifies the maximum number of records that
shall be searched by this command. An search shall terminate when the search
pattern is found or when the number of records is exhausted or when the number
of blocks to search is exhausted.
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The search argument length field specifies the length in bytes of all the
search argument descriptors that follow.

IMPLEMENTORS NOTE: Since the pattern length can vary, there is no fixed
r;mlti Rle of the search argument descriptor to determine the search argument
ength.

The search argument descriptors specify one or more search conditions to
execute within a single record in order to satisfy the search. Each search
argument descriptor is made up of a displacement Tield, a pattern length
field, and a pattern field.

The displacement field specifies the displacement in bytes of the first byte
of the data to be compared from the start of the logical record.

¢ {?e pattern length field specifies the length in bytes of the pattern that
ollows.

The pattern field specifies the data to compare to the Togical record.

8.2.14.1. SEARCH DATA EQUAE Command

The SEARCH DATA EQUAL command {Table 8-27, operation cede 31h} shall be
satisfied b{ the first logical record searched that contains data that
satisfies all of the search argument descriﬁtnr(s). If the invert bit in the
command descriptor block is zero, the search argument descriptor(s) shail be
satisfied by data in the logical record being equal to the data in the
pattern. IT the invert bit is ocne, the search argument descriptor(s) shail be
satisfied by data in the logical record being not equal to the data in the
pattern. (See B.2.14.)

8.2.14.2. SEARCH DATA HIGH Cosmand

The SEARCH DATA HIGH command (Table B-27, operation code 30h) shall be -
satisfied h¥ the first logical record searched that contains data that
satisfies alt of the search argument descriptor(s). If the invert bit jn the
comnand descriptor block is zero, the search argument descriptor(s) shall be
satisfied by data in the logical record being greater than the data in the
pattern. If the invert bit is one, the search argument descriptor(s) shall be
satisfied by data in the ]ogical record being less than or equal to the data
in the pattern. {See 8.2.14.)

8.2.14.3. SEARCH DATA LOW Command

The SEARCH DATA LOW command {Table 8-27, operation code 32h) shall be
satisfied by the first logical record searched that contains data that
satisfies all of the search arguwent descriﬁtor(s). If the invert bit in the
compand descriptor block is zero, the search argument descriptor(s) shall be
satisfied by data in the Jogical record being less than the data in the
pattern. If the invert bit is one, the search argument descriptor{s) shall be
satisfied by data in the Iogicai record being greater than or equal to the
data in the pattern. (See 8.2.14.)
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8.2.15. SEEK(6) and SEEK(10) Commands
Table 8-29: SFEK(6) Command
Bit 7 6 5 4 3 2 1 0
Byte I | f | l I I I
] Operation Code (0Bh)
1 | Logical Unit Number | (MSB) o -
_5 ------------------ Logical Block Address o
El (Ls8)
-E_-— ————————————— T Reserv;d ———————————————————————————
5 ——"“"-'j ----- ::: _________ Control T
Table 8-30: SEEK(10) Command
By%lt 7 ’ 6 I 5 ’ 4 I 3 | 2 I 1 ‘ 0 I
‘6 Operation Code {2Bh)
1 | Logical Unit Number | Reserved T
2| msey e i
I Logical Block Address - -
5 (L58)
-5 -------------------- - Reserved
-; --------------------- Reserved
—é ______________________ Reserved
'6 ———————————————————————— Contro]—- ____________________________

The SEEK(6) (Table B-28) and SEEK{IU) {Table 8-30) commands request that the

logical unit seek to the specified
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8.2.16. SET LIMITS Command 8.2.17. START STOP UNIT Coamand
Table 8-31: SET LIMITS Command Table 8-32: START STOP UNIT Command

“Bit] 7 6 5 4 3 2 1] o Bit| 7 6 5 4 3 2 1o
Byte Byte

0 Operation Code {33h) 0 Operation Code (iBh)

1 Logical Unit Number | Reserved | RdInh | Wrlnbh 1 togical Unit Number | Reserved "T—iﬁ%ed——
2 (MSB) 2 Reserved

e Logical Block Address Tt T B T e e
5 (LsB) 3 Reserved

6 Reserved 4 Reserved ] LoEj | Start

7| (ms8) 5 Controd T
_____ - Humber of Blocks —=n = =
8 {LSB)

4 Control The START STOP UNIT command (Table 8-32) requests that the target enable or

The SET LIMITS command (Table 8-31% defines the range within which
subsequent jinked commands may operate. A second SET LIMITS command may not
Ee linked En a chain of commands in which a SET LIMITS command has already

een issued.

The read inhibit {Rdinh) bit of one indicates that read operations within
the range shall be inhibited.

A write inhibit (¥rinh} bit of one indicates that write operations within
the range shall be inhibited.

The logical block address field specifies the starting address for the
range.

The number of blocks field specifies the number of logical blocks within the
range. A number of blocks of zero indicates that the range shall extend to
the last logical block on the logical unit.

Any attempt to access outside of the restricted range or any attempt to
perform an inhibited operation within the restricted range shall not be
performed. The command shall be terminated with CHECK CONDITION status and
the sense ket shalil be set to DATA PROTECT. A second SET LIMITS command
within a linked 1ist of commands shall be rejected with CHECK CONDITION stafus
and the sense key shall be set to DATA PROTELT.
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disable the logical unit for media access operations.

An immediate (Immed) bit of ome indicates that status shall be returned as
soon as the command descriptor block has been validated. An Immed bit of zero
indicates that status shall be returned after the operation is completed.

A load eject (LoEj) bit of zero requests that no action be taken regarding
1oading or ejecting the medium. A LoEj bit of one requests that the medium
shall be be unloaded if the start bit is zero. A LoEj bit of one requests
that the medium is to be loaded if the start bit is one.

A start bit of one requests the logical unit be made ready for use. A start
bit of zero requests that the logical unit be stopped (media cannot be
accessed by the initiator).,

Targets that contain cache memory shall implicitly perform a SYNCHRONIZE
CACHE "command for the entire medium prior to executing the STOP UNIT command.
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8.2.18. SYKCHRONIZE CACHE Conmand

Table 8-33: SYNCHRONIZE CACHE Command

Bit 7 b 8 & 3 2 1 0
Byte

0 Operation Code (35h)

1 Logical Unit Number | Reserved | Tmmed | RelAdr
2| (usB) i e
-] Logical Block Address -

5 {LSB)

6 Reserved

7 (MsB)

_____ - Number of Blocks -

8 (LSB)

9 " tontral T

The SYNCHRONIZE CACHE command (Table 8-33) ensures that logical blocks in
the cache memory, within the specified range, have their most recent data
value recorded on the ﬁhysical medium. If a more recent data value for a
logical block within the specified range exists in the cache memory than on
the ghysical medium, then the lTogical block from the cache memory Shall be
written to the physical medium. "Logical blocks are not necessarily removed
from the cache memory as a result of the synchronize cache operation.

An immediate (Immed)} bit of one indicates that the target shall return
status as soon as the command descriptor block has bheen validated. An Immed
bit of zero indicates that the status shall not be returned until the
operation has been completed. If the Immed bit is ope and the target does not
support it and the command shall terminate with CHECK COMDITION status. The
sense key shall be set to ILLEGAL REQUEST and the additional sense code shall
be set to INVALID FIELD IN CODB.

f’S?g 8.2.2 for a definition of the RelAdr bit and the logical block address
ield.

The number of blocks field specifies the total number of contiguous logical
blocks within the range. A number of blocks of zero indicates that all
remaining logical blocks on the logical unit shall be within the range.

A logical block within the specified range that is not in cache memory is
not considered an error.
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8.2.19. VERIFY Command
Table 8-34: VERIFY Command

Bit 7 | 6 I 5 ! 4 ’ 3 | 2 ’ 1 l 0
Byte

0 Operation Code {2Fh)

1 Logical Unit Humber | DPQ |Reserved|Reserved| BytChk | RelAdr
R I S
I Logical Block Address - -
5 (LSB)
6 o Reserved

7| (nsB) -
----- e Verification Length

8 {L3B)
9 o Control

The VERIFY command {Table 8-34} requests that the target verify the data
written on the medium.

1f the MODE SELECT command is implemented, and the verify error recovery
parameters Eage is also implemented, then the current settings in that page
specifies the verification error criteria. IT the verify error recoyery
param$§ers page is not implemented, then the verification criteria is vendor-
specific.

A byte check (BytChk) bit of zero causes a medium verification to be
performed with no data comparison. A BytChk bit of one causes a byte-by-byte
compare of data written on the medium and the data transferred from the
initiator, If the compare is unsuccessful for any reason, the target shall
return CHECK CONDITION status with the sense key set to MISCOMPARE.

f'S?g 8.2.2 for a definition of the RelAdr bit and the logical block address
ield.

The verification length field sgecifies the number of contiguous logical
blocks of data that shall be verified. A transfer length of Zero indicates
that no Togical blocks shall be verified. This condition shall not be
considered as an error. Any other value indicates the number of logical
blocks that shall be verified.

See 8.2.6 for a description of the cache control bit {DPD).
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8.2.20. WRITE(6) Command

B/22/8%

Table 8-35: WRITE(6) Command

Bit 7 ‘ 6 i 5 I 4 l 3 I 2 ’ 1 I 0 l
Byte

0 Operation Code (0Ah)
1| logical Unit bumber | (wsB}
‘5--- '"'"'"""'"""'"""““"‘““‘"“""“‘L;E[iCa] Block Address o
3| (LsB)
e Transfer Length
5| T Control B B

The WRITE(6) command {Table 8-35) reguests that the target write the data
transferred by the inittator to the medium.

The cache control bits {see 8.2.6) are not provided for this command,
Targets with cache memory may have values for the cache control bits which may
affect the WRITE(S) command, however no default value is defined by this
stagdard. If explicit control is required, the WRITE(10) command should be
used.

The logical block address field specifies the logical block at which the
write operation shall begin.

The transfer length field specifies the number of cunti%uous logical blocks
of data to transferred. A transfer length of zero indicates that 256 logical
blocks shall be transferred. Any other value indicates the number of logical
blocks that shall be transferred.
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8.2.21. WRITE(10) Command
Tabie 8-36: WRITE(10) Command
Bit 7 6 5 4 3 2 1 a

Byte
] Operation Code {2Ah)

1 Logical Unit Number | DPO | FUA |Reserved|Reserved| RelAdr
Z (MSB}

- - =]-- Logical Block Address - -
5 (LSB)
6 Reserved -

7 [wsey T

..... _— Transfer Length
8 (L58)
g Control T

The WRITE(10) command (Table 8-36) requests that the target write the data
transferred by the ipitiator to the medium.

geguﬁgAD(IO) command {8.2.6) for a definition of the cache control bits {DPO
an .

f.S?ﬁ B.2.2 for a definition of the RelAdr bit and the logical block address
jeld.

The transfer length field specifies the number of contiguous logical blocks
of data that shall be transferred. A transfer length of zero indicates that
no logical blocks shall be transferred. This condition shall not be
considered an error and no data shall be written, Any other value indicates
the number of logical blocks that shall be transferred.
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8.2.22. WRITE AND VERIFY Command
Table 8-37: WRITE AND VERIFY Command
Bit 7 | 6 | 5 | 4 | 3 I 4 [ 1 ! 0

Byte

0 Operation Code (2Eh)

1 Logical tnit Number | DPO |Reserved|Reserved| 8ytChk | RelAdr
2 sy T

- - =f- - Logical Block Address -

5 {LSB)
6 Reserved

ZA Y
----- - Transfer Length

8 {LSB)
9 tentrel T

The WRITE AND VERIFY command (Table 8-37) requests that the target write the
data transferred from the initiator to the medium and then verify that the
data is correctly written. The data is only transferred once from the
initiator to the target.

If the MODE SELECT command is img]emented, and the verify error recovery
page is also implemented (see B.3,3.B), them the current settings in that page
alon$ with the AMRE bit from the read-write error recovery page specify the
verification error criteria. If these pages are not implemented, then the
verification criteria is vendor-specific.

A byte check (BytChk) bit of zero reguests a medium verification to be
Eerformed with no data comparison. A BytChk bit of one requests a b¥te—by—
yte compare of data written on the medium and the data transferred from the
initiator. [If the compare is unsuccessful for any reason, the target shall
return CHECK CONDITION status with the sense key set to HiSCOMPARE.

f_S?g 8.2.2 for a definition of the RelAdr bit and the logical block address
ield.

f'S?g HRITE(10) command (B.2.21) for a definition of the transfer length
ield.
See 8.2.6 for a description of the cache control bit (DPO).
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IMPLEMENTORS NOTE: The WRITE AND VERIFY command specifically states that the
data are not to be transferred twice (j.e., once for the write pass, and
once for the verify pass) when performing a byte compare. If there is a
need for two trapsfers to occur (e'ﬁ" to ensure the integrity of the path
to the media), then the initiator should issue a WRITE command with a LINK
bit of cne fol lowed by a VERIFY command with a BytCmp bit of one,
transferring the same data on each command.

8.2.23. WRITE LONG Command

Direct-Access Devices

Table 8-38: WRITE LONG Command

Bit 7 6 5 4 3 2 1 0

Byte
0 Operation Code (3Fh)

1 | Logical Unit Number | Reserved | RelAdr
2 (MsB)

- = ~f-- Logical Block Address - -
5 (LsB)
] Reserved o
7| (Ms8) i

_____ —— Byte Transfer Length
8 (158)
) Control

The WRITE LONG command (Table 8-38) requests that the target write the data
transferred by the initiator to the medium. The data passed during the WRITE
%ENGEggnﬂa?d is implementatien specific, but shall include the data bytes and

e ytes,

IMPLEMENTORS NOTE: Any other bytes that can be corrected by ECC should be
included (e.E., a data synchronization mark within the area covered by ECC).
The READ LONG command is usualiﬁ fssued before issuing a WRITE LONG command.
The WRITE LONG data should be the same length and in the same order as the
data returned by the READ LONG command,

f.S?g 8.2.2 for a definition of the RelAdr bit and the logical block address
1eld.

The byte transfer length field should specify the number of bytes of data
that the target would return for the READ LONG command. If a non-zerp byte
transfer length does not exactly match the data length the target would return
for the READ LONG command, then the target shall terminate the command with
CHECK CONDITION status and a sense key of ILLEGAL REQUEST and an additional
sense code of INVALID FIELD IN CDB. The ILI and vali
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and the information field shall be set to the difference (residue) of the
reguested Tength minus the actual length in bytes. Negative values shall be
indicated by two's complement notation. A transfer length of zero indicates
that no bytes shall be transferred and shall not be considered an error.

8.2.24. WRITE SAME Command

Direct-Access Devices

Tabte 8-39: WRITE SAME Command

Bit 7 6 A 4 3 2 1 0
oy I T R N N A

] Operation Code (41h)

1 [agical Unit Number | Reserved | PBdata | LBdatavinelAdr

2| Tsey o i
R Logical Block Address -

5 (LSB)
_EFF_ T peserved
7 Twsy T
_____ . Number of Blocks

8 {L5B)
ﬂéﬂu_ ) o Contral

The WRITE SAME command (Table 8-39) requests that the target write the
gjng1e block of data transferred hy the initiator to the medium muitiple
imes.

IMPLEMENTORS NOTE: This command is useful if large areas of the medium need
to be written, prepared for certification, or otherwise initialized without
the initiator having to transfer all the data.

A logical block data (LBdata) bit of one requests that the target replace
the first four bytes of the daia to be written to the current logical block
with the Jogical block address of the block currently being writien.

A physical block data (PBdata) bit of one requests that the target replace
the first eight bytes of the data to be written to the current physical sector
with the physical address of the sector currently being written using the
physical sector format (see Table 8-10).

If PBdata and LBdata are one the command shall be terminated with CHECK
CONDITION status. The sense key shall be set to ILLEGAL REQUEST.

f_S?g 8.2.2 for a definition of the RelAdr bit and the logical block address
ield.
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The number of blocks field specifies the number of contiguous logical blocks
to be written, A number of blocks field of zerc reguests that all the
remaining logical blocks on the medium be written.

Direct-Access Devices

8.3. Parameters for Direct-Access Devices
8.3.1. Diagnostic Parameters

This _section defines the descriptors and pages for diagnostic parameters
used with direct-access devices.

qOThe diagnostic page codes for direct-access devices are defined in Table 8-

Table 8-40: Diagnostic Page Codes

Page Code Description Section
0Ch List of supported pages 7.3.1.1
0lh - 3Fh Reserved (for all device type pages)
40h Translate Address Page 8.3.1.1
41h - 7rh Reserved
BOR - FFh Vendor-specific pages

8.3.1.1. Translate Address Page - SEND DIAGNOSTIC .

The translate address page allows the initiator to translate a logical block
address, physical sector address or physical bytes from index address into any
one of the other formats. The address to be transiated is passed to the
target with the SEND DIAGNOSTIC command and the results are returned to the
jnitiator by the RECEIVE DIAGNOSTIC RESULTS command. The format of the
transiate address page - SEND DMAGNOSTIC is shown in Table 8-41. The
transiated address is returned in the translate address page - RECEIVE
DIAGNOSTIC RESULTS (see Table 8-42).

*
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Table 8-41: Translate Address Page - SEND DIAGNOSTIC

8/22/89

Bit 7 | 6 ! 5 ] 4 ] 3 I 2 ‘ 1 I 0
Byte
0 Page Code (40h}
-i ____________ Reserved T
I 2
————— - Page Length (000Ah) ———
3 (LSB}
D Reserved | Supplied Format
5T T T  Reserved | iransiate Format
o e — —
St Address to Translate - -

_The squiied format field specifies the format of address to tramslate
field. Valid values for this field are defined in the FORMAT HNIT command
%see Table 8~5%. If the target does not sugrort the requested format it shall

erminate the SEND DIAGNOSTil command with CHECK COMPITION status. The sense
key shall be set to ILLEGAL REQUEST and an additional sense code shall be set
to INVALID FIELD IN PARAMETER LIST.

The translate format field specifies which format the initiator would like
the address to be translated to. Valid values for this field are defined in
the FORMAT UNIT command (see Table 8-5). If the target does not support the
requested format it shall terminate the command with CHECK CONDITION status.
The sense key shall be set to ILLEGAL REQUEST and an additional sense code
shall be set to INVALID FIELD IN PARAMETER LIST.

The address to translate field contains a single address the initiator is
requesting the target to translate. The format of this field depends on the
value in the supplied format field. The formats are described in Tables 8-8,
8-9 and 8-10. if the logical block format is specified the block address
shall be in the first four bytes of the field with the remaining bytes set to
zero.

8.3.1.2. Translate Address Page - RECEIVE DIAGNOSTIC

The translate address page allows the initiator to translate a logical block
address, physical sector address, or physical bytes from index address into
any one of the other formats. The address to be transiated is passed to the
target with the SEND BIAGNOSTIC command and the results are returned to the
initiator by the RECETVE DIAGNOSTIC RESULTS command. The translated address
is returned in the translate address page - RECEIVE DIAGNOSTIC (Table 8-42).
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Table 8-42: Translate Address Page - RECEIVE DIAGNOSTIC
Be| 7| o |5 ] B K ) | o
fyte
0 Page Code (40h)
1 T Reserved )
2 sy Tt
————— —-— Page Length ———
3 (LSB)
4 Reserved i | Supplied Format
5 | RAREA | ALTSEC | ALTIRK [ Reserved | Translated Format
e - — —_—— ——
—15 ~|- - Transiated Address 1 - -
7S
ET Translated Address 2 (if regquired) - -
i e R
- = |- Translated Address n {if reguired) - -
nn

The translate address page contains a four byte page header which specifies
the page code and length followed by two bytes which describe the translated
address followed by zero or more translated address(s).

The page length field contains the number of parameter bytes which follow.

The supplied format field gnntains the value from the SEND DIAGNOSTIC
comnand supplied format field (see 8.3.1.1).

A reserved area (RAREA) bit of one indicates that all or part of the
translated address falls within & reserved area of the medium (e.g., spead
tolerance gap, alternate sector, vendor reserved area, etc.). If the entire
trans]ated address fails within a reserved area the target may not return a
translated address. An RAREA bit of zero indicates that no part of the
transiated address falls within a reserved area of the medium.

An alternate sector {ALTSEC) bit of one indicates that the translated
address is physically located in an alternate sector of the medium. If the
target cannot determine if all or ﬁart of the translated address is located in
an alternate sector it shall set this bit to zero, An ALTSEC bit of zero
indicates that no part of the translated address is located in an alternate
segtor of the medium or that the target is unable to determine this
information.
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An alternate track (ALTTRK) bit of one indicates that part or all of the
translated address is located on an alternate track of the medium or the
target cannot determine if all or part of the translated address is located on
an alternate track. An ALTTRK bit of zero indicates that no part of the
translated address is located on an alternate track of the medium.

The translated format field contains the value from the SEND DIAGNOSTIC
command translate format field (see 8.3.1.1).

8/22/89

The transiated address field contains the addressés& the target translated
from the address supplied by the initiator in the SEND DIAGNOSTIC command.
This field shall be in the format specified in the translate format field, The
different formats are described in Tables 8-8, 8-9 apd 8-10. If the logical
block format is specified the block address shall be in the first four bytes
of the field and the remaining bytes shall be set to zero.

If the returned data is in the logical block or physical sector format and
the address to be transltated covers more than one address after it has heen
translated {e.g., accounting for speed tolerance or multiple physical sectors
within a sing1e Togical block or multipie logical blocks within a single
physical sector} the target shall return all possible addresses which are
contained in the area specified by the address to be transiated.

If the returned data is in bytes from index format the target shall return a
pair of translated values for each of the possible addresses which are
contained in the area specified by the address to translate field. Of the
pair of translated values returped, the first indicates the starting location
and the second the ending location of the area.

8.3.2. Log Parameters

This section defines the descriptors and pages for log parameters used with
direct-access devices.

The log page codes for direct-access devices are defined in Table 8-43.
Table 8-43: fog Page Codes

Page Code Description Section
01h Buffer Over-Run/Under-Run Page 7.3.2.1
03h Error Counter Page {Read) Page 7.3.2.2
05h Error Counter Page {Verify) Page 7.3.2.2
02h Error Counter Page Nrrte¥ Page 7.3.2.2
07h Last n Error Events Page 7.3.2.3
06h Non-Hedium Error Page 7.3.2.5
00h Supported Log Pages 7.3.2.5
04h Reserved
08h - 2Fh Reserved
3fh Reserved

30h - 3Eh Vendor-specific pages
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This section defines the descriptors and pages for mode parameters used with
direct-access devices.

The mode parameter list, including the mode parameter header and mode block
descriptor are described tn 7.3.3.

The medium-tyge code field is contained in the mode parameter header (see

Table 7-61 and /-62). Table 8-44 defines this field for direct-access
devices.
Table 8-44: Direct-Access Hedium-Type Codes
Code Value Hedium Type
00h Defaylt medium type (currently mounted mediup type)
01h Flexible disk, 51ng]e-5ided; unspecified medium
02h Flexibie disk, double-sided; unspecified medium
Flexible Disks
Diameter Bit Density Track Density Humber Reference
mm (inch) Bits/Radian /mm (/inch) Of Sides Standard
05h 200 {8.0 6631 1.9 (48 1 ANST %3.73-1980
G6h 200 (8.0 6631 1.9 (48 2 (Hote 1}
0%h 200 (8.0 13262 1.9 (48 1 Hone
0AR 200 (8.0 13262 1.9 {48 2 ANST X3.121-1984
00h 130 (5.25 3979 1.9 (48 1 ANSI x3.82-1980
12h 130 (5.25 7958 1.9 {48 2 ANSI X3.125-1985
16h 130 (5.25 7958 3.8 {96 2 ANST %3.126-1986
1Ah 130 (5.25 13262 3.8 {96 2 150 DIS8630-1985
1Eh 90 (3.5) 7858 5.3 {13k} 2 ANSI X3.137
{Note 2)
Direct-Access Magnetic Tapes
Width Density eference
mn {inch) Tracks ftpmm (ftpi) Standard
40h 6.3 (0.25 12 394 {10000} Note 1
44h 6.3 {0.25 24 394 (10000 Note 1
80h - FFh  Vendor-Specific

All others Reserved

NOTES:
il; See Appendix D for additional stamdards information. .

2} This standard is under development. Please contact the Secretariat for
current information on status and availability.

The device specific ?arameter field (TabTe B-45) is contained in the mode
parameter header (see Table 7-61 and 7-62).
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Table 8-45: Device Specific Parameter

Bit| 7 | 6 | 5 f 4 | 3 | 2 | 1 | o
| W | DPOFUA |

Reserved

Reserved

A write protect SWP) bit of zero indicates that the medium is write enabled.
A WP bit of one indicates that the medium is write protected.

When used with the MODE SELECT comwand, the DPOFUA bit is not used and the
field is reserved.

When used with the MODE SENSE command, a DPOFUA bit of zero indicates that
the target does not suppart the DPQ and FUA bits. A DPOFUA bit of ane
indicates that the target supports the DPO and FUA bits (see 8.2.6).

The density code field is_contained in the mode parameter hlock descriptor
{(see Table 7-63). This field is reserved for direct-access devices.

The mede page codes for direct-access devices are shown in Table B-46.
Table 8-46: Mode Page Codes

Page Code Description Section
08h Cachin? Page 8.3.3.1
QAR Control Mode Page 7.3.3.1
0zh Disconnect-Reconnect Page 7.3.3.2
05h Flexible Disk Page 8.3.3.2
03h Format Device Page 8.3.3.3
0Bh Medium Types Supported Page 8.3.3.4
0Ch Notch and Partition Page 8.3.3.5
05h Peripheral Device Page 7.3.3.3
0lh Read-Write Error Recovery Page 8.3.3.6
04h Rigid Disk Geometry Page 8.3.3.7
07h Verify Error Recovery age 8.3.3.8
G0h Vendor-Specific {does not require page format)

06 Reserved

0Dh - 1Fh Reserved
3F Return all pages (valid only for the MODE SENSE command)

20h - 3th Vendor-specific
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for direct-access devices, if the notch page is not supported, or if the
active notch field in the notch page is zero then each page descriptor
SEECI fies mode parameters for the farget to use for subsequent operations on
the specified logical wnit. If the notch page is supported, and the active
notch is not zero, then each page descriptor specifies parameters for the
target to use for subsequent ogeratians on the disk notch specified by the
current value of the active notch field on the specified logical unit.

8.3.3.1. Caching Page
Table B-47: Caching Page

Bit 7 6 | 5 4 3 2 1 ]

Byte
0 PS  |Reserved| Page Code (0Bh)

1 Page Length (0Ah)

2 Reserved I WCE | MF ] RCD
3 Demand Read Retention Priority | Write Retention Priarity

4 (MS8)

_____ _— Disable Pre-fetch Transfer Length ———
5 (Ls8)
6 {MsB)

..... —— Minimum Pre-fetch ~--
7 (LSE)
8 {MSB)

_____ —— Maximum Pre-fetch —==
3 : (L5B)
10| (WsB) .

_____ —_—— Maximum Pre~fetch Ceiling -—-
i1 (LSA)

The caching parameters page defines the parameters that affect the use of
the cache.

The parameters savable (PS) bit is orly used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.
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A write cache enable {MCE) bit of zero specifies that the target shall
return GOOD status for a WRITE command after successfully writing all of the
data to the medium. A WCE bit of one specifies that the target may return
GOOD status for a WRITE command after successfully receiving the data and
prior to having successfully written it to the medium.

A maltiplication factor (MF) bit of zero specifies that the target shall
interpret the minimun and maximum pre-fetch fields in terms of the number of
logical blocks for each of the res?ective types of pre-fetch. An MF bit of
one specifies that the target shall interpret the minimum and maximum pre-
fetch fields to be specified in terms of a scalar number which, when
multiplied by the number of logical blocks to be transferved for the current
c}ua;rmam:lic ¥i§ ds the number of Togical blocks for each of the respective types
of pre-fetch.

A read cache disable SRCD) bit of zero specifies that the target may return
data requested by a READ command by access1n? gither the cache or media.
RCD bit of one sEecifies that the target shall transfer all of the data
requested by a READ cowmand from the medium (i.e., data capnot be transferred
from the cache}.

The demand read retention prioritﬁ field advises the target on the retention
priority to assign data read into the cache that has also been transferred
from the target to the initiator.

The write retention priority field advises the target on the retention
priority to assign data written inte the cache that has also been transferred
from the cache memory to the medium.
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Table 8-48: Demand Read and Write Retention Priority
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Description

Oh Indicates the target should not distinguish between retaining the
indicated data and data placed into the cache memory by other means
{e.g., pre-fetch)}.

1h Demand Read Retention Priority: ©Data put into the cache via a READ
command should be replaced sooner {has lower priority} than data
placed into the cache by other means (e.g., pre-fetch}. ’

Write Retention Priority: Data ?ut into the cache during a WRETE
or WRITE AND VERIFY command should be replaced sooner (has lower
priu¥1%y%)than data placed into the cache by other means (e.g.,
pre-fetch).

Fh Demand Read Retention Priority: Data put into the cache via a READ
command should not be replaced if there is other data in the cache
that was placed into the cache by other means (e.q., pre-fetch) and
it may be replaced (i.e., it is not locked).

Write Retention Priority: Data ?ut into the cache during a WRITE
or WRITE AND VERIFY command should not be replaced if there is
other data in the cache that was placed into the cache by other

Teaﬂsdge.g.. pre-fetch) and it may be replaced (i.e., it is not
ocked).

2h-Eh Reserved

An anticipatory pre-fetch occurs when data is placed in the cache that has
not heen requested. This usuall hap?ens in conjunction with the reading of
data that has been requested. The following parameters are advisory, and give
an indication to the target+how it should manage the cache based on the last
READ command. An anticipatory pre-fetch may ofcur based on other information.

The disable pre-fetch transfer length field specifies the selective
disablin? of anticipatory gre-fetch on long transfer lengths. The value in
this field is compared to the number of blocks requested by the current READ
command. If the number of blocks is greater than the disable pre-fetch
transfer length, then the target is advised that no anticipatory pre-fetch
should be done for that command. Otherwise the target is advised that it
should attempt an anticigator* pre-fetch. If the pre-fetch disable transfer
length is set to zero, then all anticipator¥ pre-fetching is disabled for any
request for data, znciudlng those for zero logical blocks.

The minimum Ere-fetch field is an advisory parameter. [t is interpreted as
specifying either a number of blocks or a scalar muitiplier of the transfer
length, depending upon the seiting of the MF bit. In either case, the
resulting number of blocks is the number that the initiator advises the target
to pre-fetch regardless of the delays it might cause in executing subsequen
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commands.

The pre-fetching operation begins at the legical block inmediatew after the
last logical block of the previgus READ command, Pre—fetching shall always
halt before the end of the media. Errors that occur during the pre-fetching
operation shall not be reported to the initiator unless that target cannot, as
a result of the error, execute subsequent commands correctly. In this case
the error may be regorted either immediately as an error for the current READ
command, or as a deferred error, at the distretion of the target and according
to the rules for reporting deferred errors.

By settin% the minimum pre-fetch field to zero, the initiator is advising
the target that pre-fetching should be terminated whenever another command is
ready for executing. The initiator can advise the target to ignore this
consideration by setting the minimum pre-fetch equal t0 the maximum pre-fetch.

The maximum Ere-fetch field is an advisory parameter. It is interpreted as
specifying eitner a number of hlocks or a scalar multip]ier of the transfer
length, dépending upon the setting of the MF bit. In either case, the
resulting number of blocks is the number that the initiator advises the target
to pre-fetch if there are no delays in executing subsequent commands.

The maximum pre-fetch field advises the target on the maximum amount of data
to ever pre-fetch into the cache as a result of one READ command. Tt is used
in conjunction with the disable pre-fetch transfer length and maximum pre-
fetch ceiling garametgrs to advise the target on how to trade off pre-fetching
new data from the media with displacing oid data already stored in the cache.

The maximum pre-fetch ceiling field is a control parameter. It specifies an
upper Timit on the pumber of logical blocks computed as the maximum pre-fetch.
IT this number of blocks is greater than the maximum ﬁre—fetch cei]ing. then
the number of Togical blocks to maximally pre-fetch shall be truncated to the
value stored in the ceiling field.

IMPLEMENTORS NOTE: If the MF bit is one the maximum pre-fetch ceiling field
is useful in limiting the amount of data to be pre-fetched,
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8.3.3.2. Flexible Disk Page
Table 8-49: Flexible Disk Page (Bytes 0-19)
Bit 7 l 6 ‘ 5 l 4 l 3 I 2 I 1 I 0
Byte
0 PS |Reserved] Page Code (05h)

1 B Page Leﬁé%h in Bytes (lERY
2| (MSB) ) e
_____ - Transfer Rate -
3 (LSB)
e [ e e e e £ e e i e i T A8 AR 8 i A o e S A A S £ e T e

4 Humber of Heads
N Sectors per Track
6 | (we)y T
_____ — Data Bytes per Sector i
7 (Ls8)
8 | ms;y o T
————— - Number of Cylinders -—
g (LSB)
10 | mse) T
----- ——— Starting Cytinder-Write Precompensation
11 (LSB}
12| (msBy o
----- e Starting Cylinder-Reduced Write Current
13 (LS8}
14| (MSB) e
] + Drive Step Rate ———
15 (LsB)
it | e e e 8k 8 o ik .y T A A kA ok i . e e o o e o o
16 Drive Step Pulse Width
7 {Tmsey T
————— ——— Head Settle Delay ——
18 (LSB)
-ié ———————————————————— _Motor Bﬁ-ﬁélay --------------

The definition of this page

SC51-2 Working Draft Proposal

is continued in Table B-50,

8-66

Revision 10b

AHTEAT B2



Direct-Access Devices 8/22/89
Table B-50: Flexibie Disk Page (Bytes 20-31}
gil c Lol e
20 _ﬁozor of f Delay

21 |TRoY | Ssw | w0 | Reserved

| Reserved | SPC B
3T T T Write Compensation

F7EN Head Load Delay -
s | T Head Unload Delay h
—56-— o --——Pin 34 -—————-————_T Pin 2 o
27 pind | Pin 1 o
| geey T T
~§§-— —— Medium Rotation Rate (LSBS—
w0 T Reserved -
E o " Reserved T

The flexible disk page (Tables B-49 and B-50) contains parameters for
control and reporting of tlexible disk drive parameters.

This Bage is 32 bytes in length. Bytes 0-19 are defined in Tabie 8-49 and
hytes 2{-31 are defined in Table 8-50.

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vender-
specific location.

IMPLEMENTORS HOTE: This page is mainly intended for defining parameters of
fiexible disk drives, but may be used for other devices, if applicable.

The transfer rate indicates in kilobits per second the data rate of the
peripheral device.
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Common Transfer Rates

MSB LSB DESCRIPTION OF TRANSFER RATE

00h FAh 250 kbit/second transfer rate
01h  2Ch 300 kbit/second transfer rate
0lh F4h 500 kbit/second transfer rate
03h EBh 1 megabit/second transfer rate
07h  D0Oh 2 megabit/second transfer rate
13h  88h 5 megabit/second transfer rate

The number of heads field saecifies the number of heads used for reading and
wri%iggddata on the medium. Heads used exclusively for servo information are
excluded.

Thﬁ sgctors per track field specifies the number of sectors per revolution
per head.

The data bytes per sector field specifies the number of bytes of data per
sector that an initiator can read or write.

The number of cylinders field specifies the number of cylinders used for
data storage.

The starting cylinder for write precompensation field specifies the cylinder
at which writé precompensation is to begin. Cylinders are numbered starting
with zero. If the starting cylinder for write precompensation is equal to the
value in the number of cylinders field, write precompensation shall be
disabled by the target.

The starting cylinder for reduced write current field specifies cylinder at
which write current is reduced. Cylinders are numbered starting with zerg.
If the starting cylinder for reduced write current is equal to the value in
the number of cylinders field, reduced write current shall be disabled by the
target.

The drive ste? rate field specifies the step rate in units of 100
microseconds. This value may be rounded as defined in 6.5.4. A value of zero
requests the target to set its default value.

The drive steg pulse width field specifies the width of the step pulse in
microseconds. This value may be rounded as defined in 6.5.4. A value of zero
requests the target to set its default value.

The head settie de1a¥ field specifies the head settle time in units of 100
microseconds. This value may be rounded as defined in 6.5.4. A value of zero
requests the target to set its default value.

If a true ready signal is not available, the motor on delay field specifies
in tenths of a second the time that the target shall wait before attempting to
access the medium after the motor on signal is asserted. [f a true ready
signal is available, the motor on delay field specifies in tenths of a second
the time that the target shall wait for drive ready status before abgrting an
attempt to access the medium. This value may be rounded as defined in 6.5.4.

SCSI-2 Working Draft Proposal B-68 Revision 10b

FUILEEL W33



Direct-Access Devices B/22/89

The motor off delay field specifies in tenths of a second the time that the
target shall wait before releasing the motor on signal after an idle condition
exjsts. A value of Ffh indicates that the motor on signal shall not be
released. The START STOP UNIT command is not affected by this parameter. This
value may be rounded as defined in 6.5.4.

. A true ready (TRDY) bit of one specifies that a signal is provided that
indicates the medium is ready to he accessed.

A start sector number gSSN) bit of one specifies that sectors are numbered
starting with one. An SSM bit of zero specifies that sectors are numbered
starting with zero.

A motor on (Mog bit of one specifies that pin 16 (motor on) shall remain
released, This bit shal] be set to one when using hiﬂh capacity (192 tracks
per inch) drives and their pre-formatted diskettes. An MO bit of zero
indicates that pin 16 (motor on) shall be asserted.

The ste? pulse per cylinder SSPC) field is used to specify the number of
additional Step pulses required per cylinder. MNon-zero values allow a drive
to read a disketie formatted on a drive with a Jower number of tracks per
inch. For example, a value of one allows a 96 track-per-inch drive ta access
tracks on & diskette that was formaited for 48 tracks per inch.

The write compensation field is used to specify the amount of write
compensation to be used starting at the cylinder specified in the starting
cylinder for write grecompgnsat10n field. The correlation of any values used
in this field to actual write precompensation time values is vendor-specific.
If a zero is specified ip this field the target shall use its default write
precompensation value. This value may be rounded as defined in 6.5.4.

The head load delay field specifies the head loading time in milliseconds.
This value may be rounded as defined in 6.5.4, A value of zero requests the
target to set its default vatue.

The head unload dela¥ field specifies the head unloading time in
miltiseconds. This value may be rounded as defined in 6.5.4. A value of zero
requests the target to set its default value.

The Pin 34 field defines the usage of pin 34 of the flexible disk drive
interface. This use of this pin varies amon? vendors and_drives, The
fgllowéngfsettings allow the initiator to select how pin 34 shall be used by
the interface,
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The Pin 4 field defines the usa

5 4 Pin 34 Use

0 0 Open

0 1 Ready

1 0 Disk Changed

1 1 Reserved

X X  Reserved - Xisfor1l
Polarity Bit - "0" - Active Low

"1 _ Active High

8/22/89

ge of pin 4 of the fiexible disk drive

interface. This use of this pin varies among drive vendors and drives. The
following settings allow the tnitiator to specify how pin 4 shall be used by

the interface.

5 4
0 0
0 1
1 0
1 1
X X
Polarity

Pin 4 Use

Open

In Use

Eject

Head Load

Reserved - X is "0" or "1"

Bit - "0" - Active Low
"1" - Active High

The Pin 1 field defines the usage of pin 1 of the flexible disk drive

interface. This use of this

pin varies among vendors and drives,

The

following settings allow the initiator to specify how pin 1 shall be used by

the interface.

Pin 1 Use

Open (Pin 1 is not used)
Disk Change Reset
Reserved

Reserved

Polarity Bit - “0" - Active Low

"1" - Active High

The mediun rotation rate field specifies the speed at which the medium

rotates., The unit of measure is rot

field cannot be changed by a MODE SELE

SCS1-2 Horking Draft Proposal
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8.3.3.3. format Device Page
Table 8-51: Format Device Page
Bit 7 l 6§ ] 5 I 4 l i I 2 | 1 l 0
Bzfe
] PS  |Reserved| Page Code (03h)
1 - Page Length (16h) o
2 | Tmesy T o
_____ e Tracks per Zone ===
3 (LSB)
I o
----- — Alternate Sectors per Zone -=-
5 (LSB)
6 | w8y o
_____ _— Alternate Tracks per Zone -==
7 {LSB)
8 | sy T
..... - Alternate Tracks per Logical Unit o
9 . {LSB)
w o {mesy T T
_____ _— Sectors per Track e
11 {LSB)
12| (wse) ST
_____ —_— Data Bytes per Physical Sector -
13 (L58)
1w | msey T
----- - Interieave e
15 (LSB)
18 (HSB) T - o
----- - Track Skew Factor -—=
17 {LSB)
18| (wsey T
_____ - Cylinder Skew Factor o
19 {LSB)
20 | SSEC | HSEC | RMB | SURF | Reserved
BTl B
N Reserved - -
23
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The format device page (Table B-51) contains parameters which specify the
medium format.

The parameters savable (PS) bit is onl¥ used with the MODE SENSE command,
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.

IMPLEMENTORS NOTE: If the initiator changes any of the current physical
parameters defined helow, the target may not be able to access the media
until a FORMAT UNIT command has been successfully completed.

If the defect handling format parameters (tracks per zone, alternate sectors
per zone, alternate tracks per zone and alternate tracks per logical unit)
requested by the initiator are not supported by the target the target may
round these fields to acceptable values as described in 6.5.4.

_The tracks per zone field specifies the number of tracks per zone to use in
dividing the capacity of the device for the purpose of allocating alternate
sectors. A value of zero means that one zone is defined for the entire
device. The last zone on the device might not contain the same number of
tracks as the previous zone(s}.

The aiternate sectors per zone field specifies the_number of sectors per
zone the target shall reserve for defect handling. The target shall de-
allocate these sectors from the inpitiator addressable blocks durin% the FORMAT
UNIT command. If the notch page is implemented and the ND bit of the notch
page is one and the active potch field of the notch page is zero, then a value
of zero indicates that no alternate sectors shall be reserved. Otherwise, a
valugfgf zero indicates that the number of alternate sectors is target
specific.

The alternate tracks per zone field specifies the number of tracks per zone
the target shall reserve for defect handling. The target shall de-allocate
these tracks from the initiator addressable blocks during the FORMAT UNIT
command. If the notch Ragg is implemented and the D bit of the notch page is
one and the active notch Tield of the notch page is zero, then a value of zero
indicates that no alternate tracks shall be reserved. Otherwise, a value of
zero indicates that the numbér of alternate tracks is target specific.

The alternate tracks per logical unit field specifies the number of tracks
per logical unit the target shall reserve for defect handling. The target
shall de-allocate these Eracks from the initiator addressable blocks during
the FORMAT UNIT command. If the notch page is implemented and the ND bit of
the notch page is one and the active notch field of the notch Eage is zero,
then a value of zero indicates that no alternate tracks shail be reserved,
Otherwise, a value of zero indicates that the number of alternate tracks is
target specific.

_ The sectors per track field specifies the number of physical sectors
included within each track. This number includes any alternate sectors the
target may allocate. A value of zero during MODE SELECT indicates that the
target shall define the number of sectors per track. For devices with a
variable number of sectors Ber track, the value in MODE SELECT shall be zero
and the value reported in MODE SENSE for the number of sectors per track is
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vendor-specific.

The data bytes per ﬁhysical sector field specifies the number of data hytes
ger physical sector that the target shall use. This value may be different
han the logical block size reported in the MODE SELECT data.” The target
shall retyrn CHECK CONDITION status if it determines that the combination of
this field and the sectors per track field exceed the capability of the
medium. A value of zero indicates that the data bytes per physical sector is
defined by the target.

for MODE SEWSE the interleave field returns the same parameter passed in the
FORMAT UNIT command, The target shall report this field as target defined in
the corresponding MODE SENSE command. For MODE SELECT this field is ignored,

The track skew factor field specifies the number of physical sectors between
the last logical block of one track and the first logical block on the next
sequential track of the same cylinder.

The cylinder skew factor field specifies the number of physical sectors
between the last logical block of one cylinder and the first logical block on
the next sequential cylinder.

The SSEC bit set to ome indicates that the target shall use soft sector
formatting. .

The HSEC bit set to one indicates that the target shall use hard sector
formatting. The HSEC bit and the SSEC bit are mutually exclusive in MODE
SELECT commands.

Possible combinations of MODE SENSE Report Default Values

SSEC HSEC  Description -
0 0 Target shall noi retura this Eombinatian
1 0 Target supports soft sector formatting only
0 1 Target supports hard sector formatting onl¥
1 | Target supports both soft and hard sector Tormatting
Possible combinations of HODE SENSE Report Changeable Values
S35EC HSEC  Description
"0 0 Sector formatting Not changeable
1 ] Target shall not return this combination
i; 1 Target shall not return this combination
1 1 Target supports both Soft and Hard sector formatting

The removable (RMB& bit set to one indicates that the logical unit supports
removable media. A RMB bit set to zero indicates that the logical unit does
not sueport removable media. The status of this bit shall he reflected in the
INQUIRY command removahle media bit (RMB).
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The surface SSBRF) bit set to zero indicates that the target shall allocate
progressive addresses to all logical blocks within a cylinder prior to
allocating addresses on the next cylinder. A SURF bit set to one_indicates
that the target shall allocate progressive addresses to all logical blocks on
a surface prior to allocating sector addresses on the the next surface.

IMPLEMENTORS NOTE: If the target supports savable parameters, all savable
parameters for this initiator, including those in page codes 3, 4, and 5,
will be saved to non-volatile memory when the save parameters bit (SP) in
the command descri?tor block is set to one. The savable parameters may also
be saved to non-volatile memory during a FORMAT UNIT command (see 8.2.1).

8.3.3.4, Medium Types Supported Page
Table 8-52: Medium Types Supported Page

Bit 7 ] b6 ’ 5 I 4 [ 3 | 2 i 1 ‘ o
Byte

0 PS  |Reserved| Page Code (0Bh)
B Page Length (06h)
2 Reserved i

3| T “Reserved

4 i " Hedium Type One Supported i
5| T Medium Type Two Supported
5 ) “Hedium Tysévfhree SuBBB;E;a -----------------
7 ) " Hedium Type Fou;-gaﬁﬁa;iéa ----------------

*

The medium types sugﬁorted page {Table 8-52) contains a 1ist of the medium
types implemented by the target for Togical umits.

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SFLECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.

The code values for each medium t{Ee supported by the target (up to four
waximum}, as defined in the MODE SELECT command (see Table 8-34), are reported
in ascendin? order. If only the default medium type is supported zero is
reported. If less than four medium types are supported the unused entries
shall be returned as zero.
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8.3.3.5. Notch and Partition Page
Table 8-53: Notch Page
Bit 7 [ b ‘ 5 i 4 ‘ 3 [ 2 | 1 I 1] |

Byte .

0 PS  |Reserved| Page Code {(OCh)

T Page Length (16h) i

2 | O | LPN | Reserved )
3T “Reserved
L) ) -EM§B) T T
————— —— Maximum Number of Notches e
5 (LSB)
6 | (MSB) ST
_____ . Active Notch mo
7 {LSB)
O R
o= Starting Boundary - -
il : (LSB)
 wesy T
[ P Ending Boundary .
15 {LSB)
6 | (s8y T
- |- Pages Notched - -
23 {LsB)

The notch page (Table 8-53) contains parameters for direct-access devices
which implement a variable number of blocks per gylinder and support this
page. Fach section of the Togical umit with a different number of blocks per
cylinder is referred to as a notch.

The parameters savable (PS) bit is onl¥ used with the HODE SENSE command.
This hit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-velatile vendor-
specific location.

A notched drive (ND) bit of zero indicates that the device is not notched
and that all other parameters in this page shall be returned as zero by the
target. A MO bit of one indicates that the device is notched. For each
supported active notch value this page defines the starting and ending
boundaries of the notch.

SCSI1-2 Morking Draft Proposal 8-75 Revision 10b

Direct-Access Devices ar2z/e9

A Yogical or physical notch {LPN) bit of zero indicates that the boundaries
are based on the physical parameters of the logical unit. The cylinder is
considered most significant, the head least significant, A LPN bit of one
ingicates that the notch boundaries are based an logical blocks of the logical
unit.

The maximum nunber of notches field indicates the maximun number of notches
supported by the logical unit. This field shall be reported as unchangeable.

The active notch field indicates the notch that this and subsequent HODE
SELECT and MODE SENSE commands shall refer to, until the active notch is
changed by a later MODE SELECT command. The value of the active notch shall
be greater than or equal to 0 and less than or equal to the maximum number of
notches. An active notch value of zero indicates that this and subsequent
M??E SELECT and MODE SENSE commands refer to the parameters that apply across
all notches.

The starting boundary field indicates the beginning of the active notch ar,
if the active notch is zero, the beginning boundary of the ]O?ICEI unit., If
the PLN bit is one, then the four bytes represent a logical block address. If
the PLN bit is zero, then the three most significant bytes shall represent the
cylinder number and the least significant byte shall represent the head

number. This field shall be reported as unchangeable.

The ending boundary field indicates the eading of the active notch or, if
the active notch is zero, the endin? of the logical unit. 1f the PLN bit is
one, then the four bytes represent Togical block address. 1If the PLN bit is
zero, then the three most significant bgtes shall regresent the cylinder
nurher and the least significant byte shall represent the head number. This
field shall he reported as unchangeable.

Fach notch shall span a set of consecutive logical blocks on the logical
gnit. thetngtches shall not overlap, and no logical block shall be excluded
rom a notch.

The pages notched field is a bit map of the mode pa?e codes that indicates
which pages contain parameters that may be different Tor different notches.
The most si%nificant bit of this field corresponds to page code 3Fh and the
jeast signjficant bit corresponds to page code 00h. If a bit is one, then the
cgrrespondin% mode page contains parameters that may be different for
different notches. It a bit is zero, then the corresponding mode page
contains parameters that are constant for all notches. This field shall be
reported as unchangeable.
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8.3.3.6. Read-YWrite Error Recovery Page

Table 8-54: Read-Hrite Error Recovery Page

Bygét 7 I 6 l 5 I 4 l 3 l 2 I i l 0

0 PS  |Reserved| page Code (01h)
E Page Length (0AR)
P AMRE | ARRE | TB | RC | EER | PER | DIE | DCR
I " Read Retr; Count -

"E ____________________________ Correction—gpan T

5 |  head offset Count T
6 | T Data Strobe Offset Count
2 Reserved
R Hrite Retry Count T
-§ ____________________ h Reserved )
0 msey T B T

----- -— Recovery Time Limit e
11 {LSB)

The read-write ervor recovery page (Table 8-54) specifies the error recovery
parameters the target shall use durinﬂ any command that Eerforms a read or
write ogeration to_the medium {e.q., READ(G), READ(10), WRITE{6), WRITE(10},
COPY, COMPARE, WRITE & VERIFY, etc.).

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bif of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.

An automatic write reallocation enabled (AWRE) bit of one indicates that the
target shall enable automatic reallocation to be performed during write
operations. The automatic reallocation shall be performed only if the target
has the valid data (&.g.. ori?inal data fn the buffer or recovered from the
medium). The valid data shall be placed in the reallocated bleck. Error
reporting as required by the error recovery bits (EER, PER, DTE, and DCR)
shall be performed onty after completion of the reallocation. The
reallocation operation shall report any failures that occur. See the REASSIGN
BLOCKS command (8.2.10) for error procedures.
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An AWRE bit of zero indicates that the target shall not perform automatic
reallocation of defective data blocks during write operations.

An automatic read reallocation epabled (ARRE) bit of one indicates that the
target shall enable automatic reallocation of defective data blocks during
rea o?eratinns. All error recoverg actions required bg the error recovery
bits (7B, EER, PER, DTE, and DCR) shall be executed. The automatic
reallocation shall then be performed only if the target successfully recovers
the data. The recovered data shall be placed in the reallocated block. Error
posting as required by the error recovery bits shall be performed only after
completion of the reallocation. The reallocation process shall present any
fai uges that occur. See the REASSIGN BLOCKS command (B.2.10) for error
procedures.

An_ARRE bit of zero indicates that the target shall not perform automatic
reallocation of defective data hlocks during read operatioms.

A transfer block (TB) bit of_one indicates that a data block that is not
recovered within the recovery limits specified shall be trapsferred to the
initiator before CHECK CONDITION status is returned. A TB bit of zero
indicates that such a data block shall not be transferred to the initiator.
The TB bit doesgaffect the action taken for recovered data.

®

A read continuous (RC) hit of one indicates the target shall transfer the
entire requested length of data without adding delays to perform error
recovery procedures. This implies that the target may send data that is
erroneaus or fabricated in order to maintain a Continuous flow of data. The
tarﬁet shal] assign Briorit¥ to this bit over conflicting error control bits
{EER, DCR, DTE, and PER) within this byte.

IMPLEMENTORS NOTE: Fabricated data may be data already in the buffer or any
other target-specific data. This bit is typically used in image processing,
audio, or video applications.

A RC bit of zero indicates that error recovery operations that cause delays
are acceptable during the data transfer. Data shall not be fabricated.

The individual bit definitions for EER, PER, DTE and DCR are contained in
Igble g_gség The combinations of these bits are explained in Tables B-5&
rough 8-59.
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Table 8-55: Error Recovery Bit Definitions

EER PER ODTE DCR Description

1

An enable earl¥ recovery (EER) bit of one indicates that
the target shall use of the most expedient form of error
recovery first. This bit only applies to data error
recovery and it does not affect positioning retries and
the message system error recovery procedures.

An EER bit of zero indicates that the tarﬁet shall use an
error recovery procedure that minimizes the risk of mis-
detection or mis-correction.

A post error {PER) bit of one indicates that the target
shall report recovered errors.

A PER bit of zero indicates that the target shall not
report recovered errors. Error recuverﬁ procedures shall
be performed within the limits established by the error
recovery parameters.

A disable transfer on error {DTE) bit of one indicates
that ‘the target shall terminate the data phase upon
detection of a recovered error.

A DTE bit of zero indicates that the target shall not
terminate the data phase upon detection of a recovered
error.

A disable correction {DCR) bit of one indicates that error
correction codes shall not be used for data error
recovery.

A DCR bit of zero allows the use of error correction codes
for data error recovery.

SCS1-2 Yorking Draft Proposal

IMPLEMENTORS NOTE: An EER bit of one may imply an increase in the
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error correction codes.
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Table 8-56: Combined Error Recovery Parameter Descriptions{l)

EER PER DTE BDCR Description

0

6

0

]

The full number of retries SSpecifieﬁ in the read, write
or verify retry count fiald) and error correction are
attempted to recover the data SEER and DCR set to 0). A
CHECK CONDITION is not reported at the completion of the
command for recovered errors (PER set to 0). The command
terminates with CHECK COMDITION status before the transfer
count is exhausted only if an unrecoverable error is
detected. If an unrecoverable data error occurred, the
data in the block with the unrecoverable error may or may
not be transferred to the initiator depending on the
segting of the transfer block (TB) bit {read operation
only}.

Error correction is disabled #DCR set to one) so only the
full aumber of retries SSPECi ied in the read, write or
verify retry count field) are attem?ted to recover the
data (EER set to 01. A CHECK COWNDITION is not reported at
the comﬁiet1on of the command for recoverable errors (PER
set to 0). The command terminates with CHECK CONDITION
status before the transfer count is exhausted only if an
unrecoverabie error is detected. If an wnrecoverable data
error occurred, the data in the block with the
ynrecoverable error may or may not be transferred to the
initiator depending on the setting of the transfer block
(TB) bit {read operation only).

Invalid mode (PER must be set to one if DTE is set to
one). See the note at the end of this table.

Invalid mode (PER must be set to one if DTE is set to
one). See the note at the end of this table.

The full number of retries gspecified in the read, write
or verify retry count field} and Error Correction are
attempted to recover the data éEER and DCR set to 0). The
command terminates with CHECK CONDITION status before the
transfer count is exhausted only if an unrecoverable error
is detected. If an unrecoverable data error occurred, the
data in the block with the unrecoverable error may or may
not be transferred to the initiator depending on the
setting of the transfer block (TB) bit {read operation
only}.” A CHECK CONDITION with a sense key of RECOVERED
ERROR is reported at the completion of the command for any
recoverable error that occurs (PER set to 1). The
information field in the sense data shall contain the
Yogical block address of the last recovered error which
occurred during the transfer.
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Table 8-57: Combined Error Recovery Parameter Descriptions(2)

EER PER BTE DCR Description

Error correction is disabled $DCR set to one) so only the
full number of retries éspeci ied in the read, write or
verify retry count field) are attempted to recover the
data %EER set to 0}. The comand terminates with CHECK
CONDITION status before the transfer count is exhausted
only if an unrecoverable error is detected., If an
unrecoverable data error occurred, the data in the block
with the unrecoverable error maﬁ or may not be transferred
to the initiator depending on the setting of the transfer
block (7B) bit (read 0Eerat1on only). A CHECK CONDITION
with a sense key of RECOVERED ERRGR is reported at the
completion of the command for any recoverable error that
occurs (PER set to 1%. The information field in the sense
data shall contain the logical block address of the last
recovered error which occurred during the transfer.

The full number of retries (specified in the read, write
or verify retry count field) and Error Correction are
attempted to recover the data éEER and DCR set to 0). The
command terminates with CHECK CONDITION status before the
transfer count is exhausted if any error (recoverable or
unrecoverable) is detected (DTE set to 1). The
information field in the sense data shall contain the
logical block address of the block in error. If am
unrecoverahle data error occurs the data in the block with
the error may or may not be transferred to the initiator
depending on the setting of the transfer block (TB) bit
(read opération only).

t

Error correction is disabled %DCR sat to one) so only the
full number of retries éspeci ied in the read, write or
verify retry count field) are attempted to recover the
data %EER set to 0). The command terminates with CHECK
CONDITION status before the transfer count is exhausted if
any error (recoverable or unrecoverable) is detected (DTE
set to 1). The information field in the sense data shall
contain the logical block address of the block in error.
If an unrecoverable data error occurs the data in the
block with the error may or may not be transferred to the
initiator depending on the setting of the transfer block
(TB) bit (read operation only).

Direct-Access Devices 8/22/89
Table B8-58: Combined Error Recovery Parameter Descriptions(3)

EER PER OTE DCR Description

The fewest possible retries and error correction are
attempted to recover the data (EER set to one and DCR set
to 0}. A CHECK CONDITION is not reported at the
completion of the command for recoverable errors SPER set
to 0}. The command terminates with CHECK CONDITION status
before the transfer count is exhausted enly if an
unrecoverable error is detected. If an uprecoverable data
error occurred, the data in the block with the
unrecoverable error may or may not be transferred to the
initiator depending on the setting of the transfer block
(TB} bit (read operation only).

Invalid mode (DCR must be set to zero if EER is set to
one). See the note at the end of this table.

Invalid mode (PER must be set to one if DTE is set to
one). See the note at the end of this table.

Invalid mode (PER must be set to one if BTE is set to
one}. See the note at the end of this table.

The fewest possible retries and error correction are
attempted to recover the data (FER set to one and DCR set
to 0). The command terminates with CHECK CONDITION statys
before the transfer count is exhausted only if an
uarecoverable error is detected. If an unrecoverahle data
error occurred, the data in the block with the
unrecoverable error may or may not be transferred to the
initiator depending on the setting of the transfer block
(TB) bit (read operation nniyz. CHECK CONDITION with a
sense key of RECOVERED ERROR is reported at the completion
of the command for any recoverable error that occurs (PER
set to 1}. The information field in the sense data shall
contain the logical bleck address of the last recovered
error which occurred during the transfer.

Invalid mode (DCR must be set to zero if EER is set to
one). See the note at the end of this tabie.
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Table 8-59: Combined Error Recovery Parameter Descriptions(4)

EER PER DTE DCR Description
The fewest possible retries and error correction are
attempted to recover the data (FER set to one and DCR set
to 0). The command terminates with CHECK CONDITION status
before the transfer count is exhausted if any error
*recoverable‘or unrecoverable) is detected {DTE set to 1).
he infarmation field in the sense data shall contain the

logical block address of the bleck in error. If an .
unrecoverahle data error occurs the data in the block with
the error may or may not be transferred to the initiator
depending on the setting of the transfer block (TB) bit
{read operation only).

Invatid mode (DCR must be set to zero if EER is set to
one). See the note at the end of this table.

NOTE:
initiator the target shall return CHECK CONDITION status with the sense key
set to ILLEGAL REQUEST and the additional semse code set to INVALID FIELD IW
PARAMETER LIST.

The read and write retry count field515ﬁecify the number of times thai the
target shall attempt its recovery algorithm during read and write operations,
respectively. If the retrE count field and the recovery time limit field are
both specified in a MODE SELECT command, the field that requires the least
time for data error recovery actions shall have priority.

If an invalid mode for the error recovery combination is sent by the

The correction span field specifies the size, in bits, of the largest data
error burst for which data error correction may be attempted. A correction
sgan of zero specifies that the target shall use its default value or that
this field is not supported.

The head offset count field specifies in two's-complement notation an
incremental offset position from the track center to which the heads shall be
moved. The effect of this field on write operations is unspecified. A head
offset count of zero indicates that no offset is specified. A positive value
indicates moving in the direction of increasing logical biock addresses. A
negative valtue indicates moving in the direction o decreasing logical block
addresses. Any vatue specified in this field does not preclude the target
from using positive or negative head offset during error recovery. However,
after any error recovery 15 completed the target Shall return the head offset
to the value specified in this field.
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IMPLEMENTORS NDTE: The degree of offset for each incremental value and the
number of valid values are device specific. [t is recommended that the
numb%r of valid values be equal for the positive and negative head offset
counts.

The tarEet shall return CHECK CONDITION status and shall set the sense key
to ILLEGAL REQUEST if an unsupported head offset value is s?ec1f1ed. The
valid bit shall be set to one and the information field shall be set_to the
positive value of the maximum head offset count that is supported. The target
shall set the valid bit to zero if it cannot determine the maximum head offset
count supported. (Note: If the target does not support this field, it
returns a zero value in the MODE SENSE conmand. )

The data strobe offset count field specifies in two's-complement notation an
incremental position to which the recovered data strobe shall be adjusted from
its nominal settin?. The effect of this field on write operations i1s
unspecified. A value of zero indicates that no data strobe offset is
specified. A positive value indicates movement in a positive direction as
defined by the target. A negative value indicates movement in the negative
direction as defined by the farget, Any value specified in this field does
not preclude the target from using positive or negative data strobe offset

during error recovery. However, after any error recovery is completed the
ggr g shall return the data sirobe offset to the value specified in this
ield.

IMPLEMENTORS HOTE: The degree of offset for each incremental value and the
number of valid values are device specific. It is recommended that the
n¥?be¥ of v%lid values be equal for the positive and negative data strobe
offset counts.

The target shall return CHECK CONDITION status and shall set the sense key
to ILLEGAL REQUEST if an unsu??orted data strobe offset count value is
specified. The valid bit shall be set to one and the information field shall
be set to the positive valug of the maximum data strobe offset count that is
supported. The target shall set the valid bit to zero if it cannot determine
the maximum data strobe offset supported.

IMPLEMENTORS NOTE: If the target does not suBBort the data sirobe offset
count field, it returns a zerc value in the MODE SENSE command.

The recovery time limit field specifies in increments of one millisecond the
maximum time duration that the target shall use for data error recouerﬁ
rocedures. The target ma¥ round this value as described in 6.5.4. The

imits in this field specities the maximum error recovery time allowed for any
individual logical block. A recovery time linit of zero specifies that the
target shall use its default value.

If both retry count and recovery time limit are specified, the field that
specifies the recovery action of least duration shall have priority.
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8.3.3.7. Rigid Disk Brive Geometry Page
Table 8-60: Rigid Disk Drive Geometry Page

8/22/89

Bit 7 ’ 6 I 5 I 4 l 3 I 2 I | 0 I

Byte

¢ PS  |Reserved| Page Code (04h)

1 T o Page Length (16h)
2 |msey ) T

- - == - Number of Cylinders - -
4 {LSB)
5T Number of Reads
6 | (wsBy T

I Starting Cylinder-Hrite Precompensation -
8 (LSB)
g | (wse)y TR

RS PR Starting Cylinder-Reduced Write Current -
11 {LSB)
_____ -t - ———

12 {(MsB)

_____ —— Drive Step Rate ===
i3 {LSB)
B I T

- === - Landing Zane Cylinder -
16 {1.SB)
o T Reserved RL
18 ) " Rotational Offset
19 ) ) Reserved "

20 | (MSB) ST

----- - Medium Rotation Rate -
21 (LSB)

_25 ———————————— Reserved ) -

”53 _______________ - Reservea—— ————————————————

The rigid disk drive geometry page (Table B-60) specifies parameters for

direct-access devices employing a rigid disk drive.
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The parameters savable (P3) bit is oni¥ used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.

IMPLEMENTORS NOTE: This page is intended to define drive geometry
par?metggs of rigid disk drives. It may be used for other devices if
applicable.

The number of cylinders field defines the number of physical cylinders used
for data storage.

The number of heads field defines the physical number of heads used for data
storage. Heads used exclusively for servo information are excluded.

The startinﬁ CKIinder for write precompensation field is the physical
cylinder at which write precompensation is to begin. The first cylinder is
number zerg. If the starting cylinder for write precompensation is equal to
the value in the number of cylinders field, write precompensation shall be
disabled by the target.

The starting cylinder for reduced write current field is the physical
cylinder at which write current is reduced. The first cylinder is number
zero. If the starting cylinder for reduced write current is equal to the
value in the number of cylinders field, reduced write current shall he
disabled by the target.

The drive step rate field indicates the step rate in 100 nanoseconds
increments. The target shall use the drive step rate, ﬁreater than or equal to
the drive step rate specified. If the target rounds this field it shall
terminate the command as described in 6.5.4. A value of zero requests the
target to set its default value.

The landinﬁ zone cylinder field indicates two's complement location where
the target shall position the disk heads. A negative value indicates that the
heads are positioned below cylinder zero by that number of cylinders. A
positive value greater than the number of cylinders indicates that the heads
are positioned beyond the cylinders used for data storage at the cylinder
Tocation specified. A zero indicates that the default should be used,

The rotational position 1ocking (RPL% field is used for spindle
synchronization as defined in Table 8-61. See Appendix K of the Enhanced
Small Device Imterface (BSR X3.170-198X) for further information on
synchronized spindles.
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Table 8-61: Rotational Position Locking

RPL Pescription

G0b  Indicates that sgindle synchronization is disabled or not supported,
0lb  The target operates as a synchronized-spindle slave.

10b  The target operates as a synchronized-spindle master.

11b  The target operates as a synchronized-spindle master control.

IMPLEMENTORS NOTE: The signals and connectors used for rotational pesition
focking are external to the SCSI bus and are not part of this standard,

If a target fails to achieve synchronization it shall create a unit
attention condition to atl initiators. The sense key shall be set to UNIT
ATTENTION and the additional sense code set to RPL STATUS CHANGE.

If subsequent to achieving synchronization the target detects a change of
gsynchronization:

(1) and, if the logical unit is not presently executing an 1/0 process for
the initiator, the target shall create a unit attention condition. The sense
key shall be set to UNIT ATTENTION and the additional sense code set to RPL
STATUS CHANGE.

(2} and, if the logical unit is presently executing an 1/0 process and no
other error occurs, then the target shall return CHECK CONDITION status. The
sense key shall be set to RECOVERED ERROR if the target is able to complete
the 1/0 process or HARDWARE ERROR if the target is unable to compiete the I/0
process. The additional sense code is set to RPL STATUS CHANGE.

The rotational offset indicates the amount of rotational skew that the -

target shall use when synchronized. The rotational skew is applied in the
retarded direction (la%ﬁing the synchronized spindle master control). The
value in the field is the numerator of a fractional multiplier that has 256 as
its denominator {e.g., a value of 128 indicates a one-half revolution_skew).

A value of zero indicates that rotational offset shall not be used. This
value may be rounded as defined in 6.5.4. The rotational offset is not used
when a target is configured as synchronized-spindle master.

The medium rotation rate indicates the speed at which the medium rotates.
The unit of measure is rotations per minute {e.g., 3600 rpm).
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8.3.3.8. Verify Error Recovery Page
Table 8-62: Verify Error Recovery Page

Bit| 7 6 5 a 3 2 1 0
tyie I T T T e
0 PS  |Reserved| Page Code (07h)

N Parameter Length (OAN)
2 Reserved | EER | PER | DWE | DCR
R Verify Retry Count
R Verify Correction Span
5 T T Reserved B i
6 | T " Reserved
-; ------------------- ) Reseruéa ““““““““““““““““““““““““““““““““““““
e " Reservea 7
-5 ------------------- . Reseru;an_ ----------------------
10| (msey T
----- —— Verify Recovery Time Limit ——=
11 (LsB)

The verify error recover{ page {Table 8-62) sgecifies the error recovery
parameters the target shall use during the VERIFY command, the verif
operation of the WRITE AND VERIFY command and the verify operation of the COPY
AND VERIFY command. +

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.

The AHRE bit as defined in the read-write error recovery page (see Table 8-
54) applies to the WRITE AND VERIFY command. The VERIFY and COMPARE commands
shall not perform automatic reallocations. The COPY and COPY AND VERIFY
commands might or might not perform automatic reallocations depending on the
settings of the mode parameters.

The £ER, PER, OTE and DCR bits are defined in Table 8-55.
of these bits are defined in Tables 8-56 through 8-59.

The combinations
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The verify retry count field specifies the number of times that the target
shall attempt its recovery algorithm during a verifg operation, If the verify
retry count and the verify recovery time 1imit are both specified, the one
that requires the least time for data error recovery actions shall have
priority.

The verify correction span field specifies the size, in bits, of the largest
burst data error for which data error correction may be attempted. If the
EEE Etddues not implement this field, a value of zero is returned in HODE

ata.

The verify recovery time limit field specifies in increments of one
millisecond the maximum time duration that the target shall use error recovery
procedures to recover data for an individual logical bleck. The target may
round this value as described in 6.5.4. If the verify retry count and the
verify recovery time limit are both specified, the one that requires the least
time for data error recovery actions shali have priority.

IMPLEMENTORS NOTE: To disable all types of correction and retries the
initiator should set the EER bit to zero, the PER, DTE and DCR bits to one
and the number of retries and recovery time limit to zero,

8.4. Glossary for Direct-Access Devices

cache memory. A temporary {and often vulati]e; data storage area outside the
user-accessible area. A cache memory is usually faster to access than the
medium and thus has the effect of increasing data throughput by reducing the
number of accesses to the medium.

non-volatile medium. Physical storage medium that retains data written to it _
for a subsequent read operation through a power-on condition. An exanple of
this is a disk device that stores data as magnetic fields that do not reguire
device power to exist.

notch. A notch refers to all or part of the medium having a consistent set of
geometry parameters. HNotches are used to increase storage capacity by
optimizing the number of sectors per track between the inner and outer tracks.

read hit. When the logical hlock reguested for a read operation is accessed
fram the cache memory, this is called a read hit.

user-accessible. The area of the medium that can be read from or written to
by READ and WRITE commands.

volatile medimm. Medium that may not retain data written to it for a
subsequent read operation through a power-on condition, An example of this is
a silicon memory device that loSes data written to it if device power is lost.

{This page is intentionally blank.)
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9. Sequential-Access Devices
9.1. Sequential-Access Device Hodel

9.1.1. Physical Elements

Sequential-access devices (called devices below) optimize their use in
storing or retrieving user data in a sequential manner. Since access is
sequential, position changes typically take a long time, when compared to
direct-access devices.

Sequentiai-access devices are usually tape devices. The remainder of this
description is from the point of view of a tape device; however, other
implementations are not precluded,

The recording medium for tape devices consists of various widths and lengths
of a flexible substrate coated with a semi-permanent wagnetic material. The
recording medium may be wound onto single reels or encapsulated into .
cartr1d?es containing both a supply reel and a take-up reel. Several American
National Standards exist covering the construction of reels and cartridges for
in;grchange as well as recording techniques for many of the format or density
cembinations.

A complete unit composed of the recording medium and its physical carrier
(e.g., reel, cartridge, cassette) is called a volume. Volumes have an
attribute of being mounted or demounied on a suitable transport mechanism.

Mounted is the state of a volume when the device is physically capable of
executing commands that cause the the medium to be moved. A volume is

demounted when it is being loaded, threaded, unloaded, unthreaded, or when not .

attached to the device.

Ready is the state of the device when medium access and non-medium access
commands can be executed. The device is not ready when no volume is mounted
or, from the initiator's perspective, whenever all medium access commands
report CHECK CONDITION status and a NOT READY sense key. Some devices may
have a separate switch function which places the device in a not ready state
even when a volume is mounted.

The write enabled or write protected state determines when an initiator may
write information on & volume. This attribute is usually controlled bﬁ the
user of the volume through manual intervention (e.g., thumbwheel switch}.

The recording medium has two physical attributes called beginning-of-medium
(BOM) and end-of-medium (EOM). Beginning-of-medium is at the end of the
medium that is attached to the take-up reel. End-of-medium is at the end of
the medium that is attached to the supply reel. In some cases, the medium is
permanently affixed to one or both of the reel hubs.

SCS1-2 Working Draft Proposal 8-1 Revision 10b
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As shown in Figure 9-1, the entire physical length of wedium is not usable
for recording data. For most volumes, a length of the medium is reserved
before the béginning-of-medium and after the end-of-mediun position. This is
done to provide sufficient tape wraps onto the reel hub(s) and to ensure that
recording starts in an undamaged section of the medium.

Sequential-Access Devices

BOM - EOM
Reserved Usable R e Reserved
Medium ===e=flacording--- e e - Hedium
APEad rememrrn e —— Zong-mmemm Area

<--- Take-up Hub Supply Hub --->

Figure 9-1: Typical Yolume Layout

9.1.2. Data Storage Characteristics

The position on the medium where a pattern of recorded signal may be written
by one write component is called a track (Figure 9-2). A device may write or
read from one or more tracks at a fime, depending on the format.
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Figure 9-2: Typical Medium Track Layout

Cn a new volume, recording,of one or more tracks begins after mounting the
volume and moving from beginning-of-medium toward end-of-medium. The number of
tracks written at one time is called a_track ?roup {TrkGrp}. For recorded
volumes, reading in the forward direction follows the same course of tracks as
when writing.

1f not all tracks are recorded at the same time, and the device reverses
direction when approaching end-of-medium and begins writing oen remaining
tracks, the recording method is called serpentine. For serpentine devices that
record only one track at a time, each physical track represents one track
group (Figure 9-3).
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BOM EOM
Track 1 -— ———rrm e —————— > TrkGrpl
Track 2 < - -- TrkGrp2
e — > -
HHH e e e e e e -—- 113
Track N crmme e e el -~~~ TrkGrpn

o=

Figure 9-3: Serpeatine Recording Example

Some multi-track devices have only one track group, using a ?arallel storage

format that supports the simultaneous recording of ali availab

(Figure 9-4).

e tracks

BOM EOM
Track 1 coom e e >\
Track 2 so >\
L ettt et > >TrkGrpl
183 mmemm e s
Track B oo cmm o e e e e e e et e e >/

Figure 9-4: Parallel Recording Example

The serpentine and parallel recording formats shown in the previous examples
define tracks as ]0ng1tudinal patterns of recorded information. One other

storage format used

r T y some devices records tracks diagona]]¥ across the
medivm. This recording technique is known as helical scan (Fi

gure 9-5).

BOM y EOM
////////f/!j////////I/!//////j//////////l///////////
///////////!/////l///////l//I///!//!//l!l///////////
Track L=/ J /000000 bbb iriirht} f<-—- Track n

Figure 9-5: Helical Scan Recording Example

for most recording formats, an area at beginning-of-medium contaipns a format
e

identification in t

form of a tone burst or some other recognizable pattern.
User data is not recorded in this area.

The format identification is an

attribute of a volume used for interchange purposes and is defined in

applicable standards.
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When writing, the initiator needs an indjcation that it is approaching the
end of the permissible recurding area, This position, called early-warning
(EW), is typically reported to the initiator at a position early enough for
the device to write any buffered data to the medium while still leaving enough
room for additional recorded labels or filemarks. Some American National
Standards include physical requirements for a markeg Elaced an the medium to

be detected hy the device as early-warning {Figure ).

Figure 9-6: Early-Warning Exampie

For devices which implement large data buffers, the early-warning position
defined by a physical marker may be too close to the end of the recording
region to permit emptying the data buffer{s). For these devices, a logical
concept of early-warning is often used to signal the initiator at an
appropriate location prior to the physical marker.

9.1.3. Partitions within a Volume

Another atiribute of a volume is called a partition. Partitions cansist of
one or more non-averlapped mini-volumes, each with its own beginning and
ending points, occgpying a single physical volume. Each partition (x) within
a volume has a defined eglnning—of-partition {BOPx), an early-warning
position (EWx), and an end-of-partition (EOPx).

All volumes have a minimum of one partition called ?artition zero, the
default data partitijon, For devices which support only one partition, the
beginning-of—part1t1on zerg (BOPO) may be equivalent o the eginning-ufu
med]um and the end-of-partition zero (EOPO) may be equivalent fo the end-of-
medium,

Hhen a volume is mounted, it is logicaii¥ Bositinned to beginning of the
default data partition (BOPO). When'a REWIND command is received in an
partition (x), the device positions to the beginming-of-partition (BOPx¥t

Partitions on a volume do not need to be recorded in any defined order, nor
do all partition numbers in a seguence need to be present on a volume. It is
sufficient for a device to be able to locate a Eartition. given its code
value, or determine that it does not exist on the volume. “For interchange,
information about which partitions are present on a volume may be stored on
the volume in a device-defined area (possibly unavailable to the initiator) or
the information may be an intrinsic attribute of the device implementation.
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Figure 9-7 shows a possible partition implementation for a four-track
sergthine recording device, assuming that each track group defines a
partition.

BOM EOM
TrkGrpl BOPO —--cocssmcmmcmmn s e e e >EH0----- > EOPO
TrkGrp2 EOPI <----- EHl<um s mm e rmmrmrmcmc r e — e e 80P1
TPKGPP3  BOP2 mmmmeim e o wm e SEW2—-—--> EQP?
TrkGrpd EOP3 <nmmm- BN e e e e e e e e 80P3

Figure 9-7: Partitioning Example - One Partition per Track Group

Another possible partition implementation for this four-track serpentine
recording device is shown in Figure 9-8, using two track groups to define each
partition.

BOM EOM

TrkGrpl BOPD
TrkGrpZz EOPO <----- EW0<
TrkGrp3d BOP :
TrkGrpd EOP1 <meen- EHl<

Figure 9-8; Partitioning Example - One Partition per Two Track Groups

The previous examples show the beginning and ending points for a partition
aligned with physical bounds of the medium. This is not a mandatorg
requirement for partitioning; it is sufficient for a device to be able to
locate to and stay in any ﬁartitinn bounded by a BOPx and E0Px. In this case,
a recorded mark or some other device-recognizable attribute could be used to
delineate the partitions. Figure 9-9 shows a Eossible two-partition
implementation for a device with only one track group.

BOM EOH

Figure 9-9; Partitioning Example - Two Partitions per Track Group
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Three methods are defined in the MODE SENSE and MODE SELECT commands for
magaging partitions; each method is progressively more difficult to implement
and manage:

{1} device-defined fixed locations;
2) device-defined based on an_initiator supplied number of partitions and a
device specific allocation algorithm; and,

(3) definition by name and capacity by an initiator.

9.1.4. togical Elements within a Partition

The area between BOPx and EOPx on a typical recorded volume contains at
least two types of initiator accessible elements, data blocks and tape marks.
These elements are controlled and fransferred befween the initiator and the
mediwn using READ, READ REVERSE, WRITE, and WRITE FILEMARKS commands.

A unit of data supElied or requested by an initiator is called a logical
blogk. Logical blocks are stored according to the specifications of the
format for the volume and may be recorded as one or more Ehysical blocks on
the medium. When the Rhys1ca} block and the logical block are not recorded in
a ogne-to-one relatjonspip, it is the responsibility of the device to perform
all blocking, de-blocking, Eadd1ng, stripping, splitting or rebuilding of the
logical data block{s)} sent by an initiator.

Filemarks are special recorded elements contajning no user data. The
filemark format is defined in some American National Standards. Initiators
traditionally use filemarks to separate user data from labels and logical
groupings of data from each other. Since some format standards do not define
ap_explicit end-of-data (ECD), host software has often used conventions with
filemarks to represent an E0D indication. At least one American Mational
Standard specifically defines filemark use for this purpose. In some
impliementations, the device's EOD definition may be specified the initiator
using the MODE SELECT command.

A setmark is another type of special recorded element cogtainin$ Do user
data, providing a seqmentation scheme hierarchically superior to Tilemarks.
This level of segmenfation is useful for some high capacity storage devices to
provide concise addressability and fast p051t10n1ng to specific sets of data
within a partition. In some implementations, the detection and reporting of
setmarks may be controlled by the initiator using the MODE SELECT command.

Inter-block gaps, the gaps between blocks, filemarks, and setmarks, are
introduced on the medium at the time a block or mark is written without
explicit action by the initiator. Hinimum and maximum lengths for inter-block

aps are defined in some American National Standards. In some devices, the
ength of inter-block gaps may be preselected by the initiator using the MODE
SELECT command while in other devices the gaps are fixed and non-changeable.
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In addition to btocks, filemarks, and setmarks, erase gaps may be recorded
on the medium through use of the ERASE command or device-initiated error
recovery actions. Although explicitly recorded on the medium, there is
normally no distinction between two contiguous erase %aps. An erase gap may
be a length of erased medium or a recorded pattern nof distinguishable as a
block or mark. Hinimum and maximum 3en3ths for erase gaps are defined in some
American National Standards while some devices may have no implementation of
an erase gap.

Sequential-Access Devices

After writing data from BOPx, the medium is considered to be a_contiguous
grouping of blocks, filemarks, setmarks, and gaps. Certain American National
tandards define gaE lengths which, i exceeded, are to be considered as
having reached blank medium. Depending on the format, this blank medium may
be treated as an end-of-data indication, an error recovery area, or an
unrecoverable medium error causing an interchange error. ~Unrecorded volumes
(new or erased) ma% exhibit blank medium characteristics if an attempt is made
to read or space the volume hefore data has been written.

A sequential-access device may be capable of supporting fixed or variable
length blocks. The concept of fixed or variable mode for writing and readin?
blocks onlg indicates the method by which the initiator specifies the size o
a logical block for transfer and not the method of recording physical blocks
on the medium. However, a device that supports only fixed-Tength physical
blocks maﬁ only be capable of supporting iogical blocks of the same length.
The length of a logical block is always described in bytes. The length of a
ggys}ca gEock may or may not be recorded as an exact byte count, depending on

e format. )

9.1.5. Data Buffering

A device may contain a temporary storage area capable of holding one or more
logical blocks - a data buffer. device data buffer may include any
combination of blocks, filemarks, and setmarks in the process of being written
todthe medium, or it may contain read-ahead data blocks transferred from the
medium.

A device with a data buffer may be capable of operating in either a buffered
mode or an unbuffered mode. A device with no data buffer operates only in
unbuffered mode. Either term is only applicable to the manner in which the
device manages information to be written to the medium. Buffered mode is not
applicable during read commands, regardiess of whether read data p asses
through a data huffer.

A device OEerating in buffered mode may return GOOD status for write
operations when all write data has been successfully transferred from the
initiator into the device data buffer. For devices nperatin$ in unbuffered
mode, GOOD status is not returned until all requested data, filemarks, or
setmarks are successfully recorded on the mediun.
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When issuing a buffered WRITE FILEMARKS command with the inmediate bit set
to one, GOOD status is returned as soon as the command is validated. A WRITE

FILEMARKS command with the immediate bit set to zero causes any buffered
blocks, filemarks, and setmarks to be written to the medium. Upon successful
completion of this process, which is called a synchronize operation, no
blocks, filemarks, or setmarks remain in the data buffer which have not been
written to the medium. A synchronize operation has no effect on a data buffer
which contains only read-ahead data or write data which has already been
successfully written to the medium.

Should an unrecoverable write error occur while in buffered mode, the device
generates an error condition to the current active command. If no command is
active, the error may be regorted on the next appiicable operation as a
deferred error ésee .2.14.2). For some implementations, asynchronous event
notification £A N} or_extended contingent allegiance (ECA) may be reguired.
Refer to 6.5.5 and 6.7 for descriptions of AEN and ECA protocol.

The READ POSITION command may be used to determine the numher and storage
space gf bgffered blocks not written before the unrecoverable error was
encountered.

A device with read-ahead data blocks_in the data buffer does not report an
gnrsgogered read error until the data block in érror is reguested by an
initiator.

9.1.6. Recorded Object Descriptors (Block Identifiers)

Some recording formats specify that recorded objects (blocks, filemarks, and
setmarks) have identifiers included in the recorded information to help
determine write sequence and also to help detect device positioning errors.
Th? identifier values are unique within a partition and may be unique within a
volume.

The use of the term block identifier may imply some arithmetic sequence
applied to the assignment of recorded objects. ~The block identifier
assignment algorithm may be defined in an applicable format standard.

For some pre-formatted volumes, the identifiers are associated with physical
blocks. In variable-length implementations, the identifier can be associated
with a physical block when the logical block and the physical block have a
one-to-one relationship on the medium.

Some formats may carry both ph¥sica1 and logical block identifiers recorded
on the medium. When a logical block is split over more than one physical
block, or multiple logical blocks are concatenated te form a physical block,
the logical block identifier and the physical block identifier are not the
same. Filemarks and setmarks may or may mot have recorded identifiers, but if
identifiers are used in the format, then each mark is assigned a value even if
it is not explicitly recorded.
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The READ POSITION and LOCATE commands use four-byte fields to hold these
format dependent identifiers. For some implementations, this value may
correspond to a real physical location; however, it is sufficient for the
device to map the identifier to a value regresenting the unique recorded
object. With this caEahi}ity. the READ POSITION command may be used to report
a device-defined block identifier and the initiator may use this value with a
LOCATE command to position to the same location at some future time (provided
the volume has not been rewritten in the interim).

g9.1.7. Direction and Position Definitions

For sequential-access devices, positioning has the connotation of logically
being in, at, before, or after some defined Blace within a volume. This
definition means the position is capable of being repeated under the same
circumstances, The orientation of usage for the four words (in, at, before,
or after) is in one direction, from BOPx toward EOPx. AlT1 positioning defined
below is worded from this ?erspective. Devices without buffers have some
physical position which relates to these logical positions. However, these
definitions do not require the medjum to have a physical position equivalent
to the logical position uniess explicitly stated.

The forward direction is defined as logically ?rogressing from BOPx toward
EOPx. The reverse direction is defined as_logically progressing from EOPx
toward BOPx. In serpentine devices, the logical forward or reverse direction
nas an alternating relationship to the physical motion of the medium.

The concept of being "in” some position means not being outside a defined
region. The definition allows the position to be on the boundary of a defined
region. When a volume is first mounted, the logical position is always at the
beainn1ng of the default data partition {(BOPO}. Whenever a volume is mounted
and the medium motion is stopped, the position is in some partition. While -
moving between partitions, there is no stable position.

The concept of being "at" some position indicates being positioned to a
logical or physical extremity of a partitiop. A sequential-access device may
be positioned at beginning-of-medium, at B0Px, at end-of-data (EOD), at EOPx,
or attggq-of-medium (EOM), since these are stable positions at extremities of
a partition.

osition indicates that there is some
element (data block, Tilemark, setmark, or other defined point) which may be
encountered when moving toward EOPx, if the proper commands are issued. Being
positioned before a particular data block means that if the device receives a
valid READ command, the data block is transferred to the initiator. This
position may also be before EMx and EOPx, since these are defined points
within any partition. However, if data has not been written to the end-of-
partition, these points may not be accessibie by the initiator.

The concept of bein$."bef0re" some
i

The concept of being *atter” some position indicates that there is some
element {data block, Tilemark, setmark, or other defined point) on the BOPx
side of the current Hosition which may be encountered if the proper commands
are issued. WYhen a READ command for a single data block has been successfully
executed, the logical position is after the transferred data block.
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9.1.8. Error Reporting

If any of the following conditions occur during the execution of a command
the target shall return CHECK CONDITION status. The ag?ropriate sense key and
additional sense code should be set. The following table illustrates some
error conditions and the ap?]icable sense keys. The table does not provide an
eihgustive enumeration of all conditions that may cause the CHECK COWDITION
status.

Condition

Tnvalid logical block address

Sense Key

ILLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST

Target reset or medium change since
last command from this initiator UNIT ATTENTION
HARDHWARE ERROR

MEDIUM ERROR
HARDWARE ERROR

RECOVERED £RROR

Self diagnostic failed

Unrecovered read error

Recovered read or write error

Overrun or other error that might
be resolved by repeating the command

Attempt a WRITE, READ, READ REVERSE, VERIFY, or
RECOVER BUFFERED DATA command with the fixed bit
set to zero and variable block mode is not supported

Attempt a WRITE, READ, READ REVERSE, VERIFY, or
RECOVER BUFFERED DATA command with a fixed bit of
zero and requested block length is not supportied

Attempt a WRITE, READ, READ REVERSE, VERIFY, or
RECOVER BUFFERED DATA command with a fixed bit of
one and MODE SENSE block tength set to zerc

Attempt to execute an erase or write-type operation
on write protected medium

ABORTED COMMAND
ILLEGAL REQUEST

TLLEGAL REQUEST
ILLEGAL REQUEST

DATA PROTECT

HMEDIUM ERROR
VOLUME OVERFLOM

In the case of an unrecovered read or write error, if the read-write error
recovery page (9.3.3.4) is implemenied, the current values SEecify the target
error recovery criteria. If this page is not implemented, the error recovery
is vendor specific.

Deferred write error
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In the case of an unrecovered read error, if the fixed bit is one, the valid
bit shall be set to one and the information field shall be set to the
requested transfer length minus the actual number of blocks read (not
including the unrecovered block). If the fixed bit is zero, the valid bit
shall be"set io one and the information field shall be set to the requested
transfer length. Upon termination, the logical position shall be after the
unrecoverad biock.

In the case of an unrecovered write error, if unbuffered mode is selected
and the fixed bit is set to one, the valid bit shall be set to one and the
information field shall be set to the requested transfer length minus the
actual number of blocks written. If unbuffered mode is selected and the fixed
bit is sei to zero, the information field shall be set to the requested
transfer length.

In the case of an_ unrecovered write error or a deferred write error, if
buffered mode is selected and the fixed bit is one, the valid bit shall be set
to one and the information field shall be set to the total nember of blocks,
filemarks, and setmarks not written (the number of blocks not transferred from
the initiator plus the number of blocks, filemarks, and setmarks remaining in
the target's buffgr?. If buffered mode is selected and the fixed bit is zero,
the information field shall be set to the total number of bytes, filemarks,
and setmarks not written (the number of bytes not transferred from the
initiator pius the number of bytes, filemarks, and setmarks remaining in the
target's buffer}. In both cases, the value in the information field may
exceed the transfer length.

In the case of an unrecovered write error or a deferred write error, if
buffered mode 1lh is selected, the error shall be reRorted to the first
inftiator issuing a command (other than INQUIRY or REQUEST SENSE% or the first
initiator responding to asynchronous event notification. If buffered mode 2h
is zﬁlegt$g. the error shall be reported to the initiator with unwritten data
in the buffer.

SCSI-2 Morking Draft Proposal 9-11 Revision 10b

Sequential-Access Devices

9.2. Command Descriptions for Sequential-Access Devices

8/22/89

The commands for sequential-access devices shall be as shown in Table 9-1.

Table 9-1: Commands for Sequential-Access Devices

Operation
Command Name Code
CHANGE DEFINITION 40h
COMPARE 39h
COPY 18h
COPY AND VERIFY 3Ah
ERASE 19h
INQUEIRY izh
LOAD UNLOAD 1Bh
LOCATE 28h
LOG SELECT ACh
LOG SENSE 4Dh
MODE SELECT 6& 15h
MODE SELECT{10) 55h
MODE SENSE 1Ah
MODE SENSE(10) 5ah
PREVENT ALLOW MEDIUM REMOVAL 1Eh
READ 08h
READ BLOCK LIMITS 05h
READ BUFFER 3ch
READ POSITION 34h
READ REVERSE . OFh
RECEIVE DIAGNOSTIC RESULTS 1Ch
RECOVER BUFFERED DATA 14h
RELEASE UNET 17h
REQUEST SENSE 03h
RESERVE UNET 16h
REWIND Q1h
SEND DIAGNOSTIC 1Dh
SPACE * 11h
TEST UNIT READY 00h
VERIFY 13h
WRITE 0Ah
WRITE BUFFER 3Bh
WRITE FILEMARKS 10h
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Command implementation is mandatory.
Command implementation is optional.

The following command codes are vendor specific: 02h, 06h, 07h, 0%h, OCh,

0Dk, OEh.
for future standardization.
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9.2.1. ERASE Command

Table 9-2: ERASE Command
Byg;t 7 ] 6 ‘ 5 l 4 | 3 I 2 | 1 ! 0 ]
_5_______ ” Operation Code (1%9h)
1| logical Unit Number |  Reserved | Immed | Long
BT T T Reserved T
R Reserved
T T Reserved T
5 T Control 7

The ERASE command (Table 9-2) causes part or all of the medium to be erased
beginning at the current Eosition on the logical unit. As used here, "erased”
means either the medium shall be erased or a pattern shall be written on the
medium that appears as a gap to the target. .

An immediate (Immed) bit of zero indicates that the target shall not return
status until the erase operation has completed. An Immed bit of one indicates
that the target shall return status as soon as the command has been validated.
If CHECK CONDITION status is returned for an ERASE command with an Immed bit -
of one, the erase operation shall not be perfoarmed.

A long bit of one indicates that all remaining medium in the current
?artition shall be erased beginning at the current logical position. If the
mmed bit is one, the target shall return status as soon as all buffered
commands have completed execution and the command descriptor block of the
ERASE command has been validated. The logical pesition foliowing an ERASE
command with a long bit of one is not specified by this standard.

IMPLEMENTORS ROTE: Some tar?ets may reject an ERASE command with the long
bit set to one if the Togical unit 1s not at beginaning-of-partition.

A long bit of zero specifies an erase ga? defined by the gap size field in
the device configuration page {9.3.3.1). If the gap size is zero or the field
is not supgnrted, a device defined erase gap operation shall be performed. If
the Immed bit is one, the target shall return status as soon as the command
descri?tor block has been validated. Erase gaps may be used in host
controlted error recovery or "update in place" applications.
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If the logical unit encounters early-warning during an ERASE command, and
any buffered data, filemarks, or setmarks remain to be written, the target
actien shall be as defined for the early-warning condition of the WRITE
command (9.2.14&. If the long bit is zero, the erase operation shall
terminate with CHECK CONDITION status and retuvrn sense data as defined for the
WRITE command. Any buffered erases are not reported as part of the
information field.

9,2.2. LOAD HRLOAD Comsand

Sequential-Access Devices

Table 9-3: LOAD UKLOAD Command

S N N
_B" Uperati;;mCode {1Bh)

1 Logical Unit Number | T Reserved | Tromed i
2 . Reserved T i
3 " Reserved i
'Ew"" T Res;;;;a"— T”——EOT | Re-Ten | Load—_
5 " Control h

The LOAD UNLOAD command (Table 9-3) requests that the target enable or
disable the logical unit for further operations. This command may also be
used to request a re-tension function. Prior to performing the load or unload
operation, the target shall easure that all buffered data, filemarks, and
setmarks have been transferred to the medium.

An immediate {Immed) bit of zero indicates that the target shall not return
status until the load or unload operation has completed. "An Immed bit of one
indicates that the target shall return status as soon as all buffered commands
have completed execution and the command descriptor block of the LOAD UNLDAD
command has been validated. IT CHECK CONDITION status is returned for a
10AD UNLOAD command with an Immed bit of one, the joad or unload operation
shall not be performed.

[MPLEMENTORS NOTE: For compatibility with devices implemented prior to this
version of the standard, a WRITE FILEMARKS command with an Immed bit of zero
should be used to ensure that all buffered data, filemarks, or setmarks have
been transferred to the medium prior to issuing a LOAD UNLOAD command wi th
an Immed bit of one.

An end-of-tape %EOT) bit of one indicates that an unload operation {lead bit
set to zero) snall pesition the medium at end-of-medium for removal from the
device. An EOT bit of zero indicates that ap unload operation shall position
the medium at beginning-of-medium for removal from the device.
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An EOT bit of one and a load bit of one shall cause the target to return

CHECK CONDITION status and the sense key shall be
the sense data.

A re-tension (Re-Ten) bit of one indicates that
unit shall be correctly tensioned.
function is device specific.

set to ILLEGAL REQUEST in

the medium on the logical

Implementation of the re-tensioning

If the load bit is set to one, the medium in the legical unit shall be

loaded and positioned to the beginning-of-partition zero.

zero, the medium in the logical unit shal) be posi

extreme position along the medium specified by the EQT bit.

successful completion of an unload operation, the

n
CONDITION status with the sense key set to NOT READY

If the load bit is

tioned for removal at the
Following

target shall return CHECK

or all subseguent

medium-access commands until a new volume is mounted or a load operation is

successfully completed,

When operating in buffered mode lh or 2h (see 9.3.3), the target shall
discard any unwritten buffered data after the LOAD UNLOAD command is validated

if the previous command was terminated with CHECK
device is unable to continue successfully writing.
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9.2.3. LBCATE Command
Table 9-4: LOCATE Command

Bit{ 7 6 5 4 3 2 1 0
ayte N R
0 Operation Code (2Bh}

1 -_““Logical Unit Number —E- Reserved ‘i---ﬁf | CP | Immed

2 o Aﬁeserved ———————————— i
K} Mgy T ST
il e —
—g-—— - Block Address -—-
6 | (LSB)
T ) TReserved

g | o Partition - i
g | T Control T

LOCATE command (Table 9-4) causes the target to position the logical unit to
the specified block address in a 5ﬁec1fieq partition. Upon completion, the
logical position shall be before the specified locatjon. Prior to performing
the locate operation, the target shail ensure that ail buffered data,
Tilemarks, and setmarks have been transferred to the medium.

A block address tyge {BT) bit of one indicates the value in the block
address field shall be interpreted as a device-specific_value. A BT bit of
zero indjcates the value in the block address field shall be interpreted as an
SCST logical block address.

A change partition {CP) bit of one indicates that a change to the partition
specified in the partition field is to occur prior to positioning to the block
specified in the block address field. A CP bit of zero indicates no partition
change is to be made and the partition field is to be ignored.

An immediate (Iwmed) bit of zero indicates that the target shall not return
status until the locate operation has completed. Am Immed bhit of one
indicates that the target shall return status as soon as all buffered commands
have completed execution and the command descriptor block of the LOCATE
command has been validated. If CHECK CONDITION status is returned for a
LOC?TE cgmmand with an Tmmed bit of one, the locate operation shail not be
performed.
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The block address field specifies the block address to which the target
shall position the medT um based on the current setting of the BT bit.

Sequenttal-Access Devices

The Eartition field specifies which partition to seiect if the CP bit is
one. Refer to the sequential-access device model (9.1.3) and the medium
partition pages (9.3.3.2 and 9.3.3.3) for additional information about
partitioning.

9.2.4. READ Command

Table 9-5: READ Command

Byg;t 7 1 6 i 5 | 4 | 3 | ) | 1 l 0 l
0 Uperatioa_ﬁude (08h)

N logical Unit Humber | Reserved | SILI | Fixed
2 |wsey T

3 Transfer Length o
e _ (L5B)
N Control

The READ command (Table 9-6)} requests that the target transfer one or more

block(s) of data to the initiator beginning with the next block on the logical _

unit.

The fixed bit specifies whether fixed-length or variable-length blocks are
to be transferred. Refer to the READ BLOCK LIMITS command (9.2.5) for
additional information about fixed and variable block mode.

if the fixed bit is one, the transfer length specifies the number of fixed-
length blocks to be transferred, using_the_current block length reported in
the mode ?arameters hlock descriptor {7.3.3). If the fixed bit is zero, a
variable-length block is requested with the transfer length specifying the
maximum numbér of bytes allocated for the returned data,

A successful READ command with a fixed bit of one shall transfer the
requested transfer length times the currept block Ien%th in bytes to the
initiator. A successful READ command with a fixed bit of zero shall transfer
the reguested transfer length in bytes to the initiator. Upor completion, the
lo iga position shall be after the tast block transferred (end-of-partition
side}.
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if the suppress incorrect length indicator (SILI} bit is one and the fixed
bit is zero, the tarﬂet shall:

{1} report CHECK COMDITION status for an incorrect length condition onIK if
the overlength condition exists (see 9.4) and the block Tength field in the
mode parameter block descriptor is nonzero (see 7.3.3)

{2) not report CHECK COWDITION status if the only error is the underlength
condition {see 9.4), or if the only error is the overlength condition and the
block Tength field of the mode parameters block descriptor is zero.

IMPLEMENTORS NOTE: Since the residue information normally provided in the
information field of the sense data may not be availabie when the SILI bit
is set, other methods for determining the actual block tength should be used
{e.g.. including length information in the data block).

If the SILI bit is one and the fixed bit is one, the target shall terminate
the command with CHECK CONDITION status and the sense key shall be set to
ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN CDB.

If the SILI bit is zero and an incorrect length block is read, CHECK
CONDITION status shall be returned and the ILI and valtid bits shall be set to
one in the sense data. Upon termination, the logical position shail be after
the incorrect length bloc (end~0f~¥artition side). If the fixed bit is one,
the information field shall be set to the requested transfer length minus the
actual number of blocks read gnot ipcludgn? the incorrect length block}, If
the fixed bit is zero, the information field shall be set to the requested
transfer lepgth minus the actual block length. Targets that do not support
negative values shall set the information field to zero if the overlength
condition exists (see 9.4).

IMPLEMENTORS NOTE: In the above case with the fixed bit of one, only the
position of the lncnrrect-iength logical block can be determined from the
sense data. The actual length of the incorrect block is not reported.
Other means may be used to determine its actual length (e.g., read it again
with the fixed bit set to zero).

Sequential-Access Devices

A transfer length of zero indicates that no data shall be transferred. This
condition shall not be considered an error and the logical position shall not
be changed.

If the logical unit encounters a filemark during a READ command, CHECK
CONDITION status shall be returned and the filemark and valid bits shall be
set to one_in the sense data. The sense key shall be set to NO SENSE or
RECOVERED ERROR, as appropriate. Upon termipation, the Jogical position shall
be after the filemark {end—of—partition side). If the fixed bit is one, the
information field shall be set to the requested transfer length minus the
actual number of blocks read the filemark). If the fixed bit
is zero, the information fiel to the requested transfer length.

not includin
shall be se
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[f the logical unit encounters a setmark during a READ command and the RSmk
bit is set to one in the device configuration page (9,3.3.1), CHECK CONDITIDN
status shall be returned and the filemark and valid bits shall be set to one
in the sense data. The sense key shall be set to NO SENSE or RECOVERED ERROR,
as aggropriate, and the additional sense code shall be set to SETMARK
BETECTED. Upan termination, the logica] position shall be after the setmark
{end-of-partition side}. If the fixed bit is one, the information fieid shall
be set to the requested transfer length minus the actual number of blocks read
{not _including the setmark)}. If the fixed bit is zero, the information Field
shall be set to the reguested transfer Tength. The target shall not return
CHECK CONDITION when a setmark is encountered if the RSmk bit is set to zero
or if this option is not supported.

If the logical unit encounters ear]y-warning during a READ command and the
REW bit is set to one in the device configuration pa$e (see 9.3.3.1), CHECK
CONDITION status shall be returped upon completion of the current biock. The
sense key shall be set to NO SENSE or RECOVERED ERROR, as aﬂpropriate. The
EOM and valid bits shall be set to one in the sense data. Upon termination,
the logical position shall be after the Tast block transferred (end-of-
Eartitlon side). If the fixed bit is one, the information field shall be set

o the requested transfer length minus the actual number of blocks read. If
the fixed bit is zero, the information field shall be set to the requested
transfer len?th minus the actual block length. The target shall not return
CHECK CONDITION status when early-warning is encountered if the REW bit is
zerg or if the REW option is not supported.

IMPLEMENTORS NOTE: A REW bit of one is not recommended for most system
apptications since read data may be present after early-warning.

If the logical unit_encounters end-of-data during a READ command, CHECK
CONDITION status shall be returned, the sense key shall be set to BLANK CHECK,
and the valfd bit shal] be set to one in the sense data, If end-of-data is -
encountered at or after early-warning, the EOM bit shall also be set to one.
Upon termination, the logical position shall be after the Tast recorded
togical block (end~0f~?art1tlon side}, If the fixed bit is one, the
information field shall be set to the requested transfer length minus the
actual number of blocks read. If the fixed bit is zero, the information field
shall be set to the requested transfer length.

[f the ]ogica] unit_encounters end-of-partition during a READ command, CHECK
CONDITION status shall be returned, the sense key shall be set to MEDILM
ERROR, and the EOM and valid bits shall be set to one in the sense data. The
medium position following this condition is not defiped. If the fixed bit is
one, the information field shall be set to the requested transfer length minus
the actual number of blocks read. If the fixed bit is zero, the information
field shall be set to the requested transfer length.
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9.2.5. READ BLOCK LIMITS Command

Table 9-6: READ BLOCK LIMITS Command
A N T M N P T
0 Operation Code (05h) T
F Logical Unit Mumber | Reserved
2 I Reserved T
3 | T ﬁ;;erued
g T ﬁ;;;rued i
-g““d i ‘—Cuntrol i -

The READ BLOCK LIMITS command {Table 9-8) requests that the logical units
btock length limits capability be returned. The READ BLOCK LIMITS data shown
in Table 9-7 shall be returned during the DATA IN phase of the command.

Table 9-7: READ BLOCK LIMITS Data

Bit 7 | 6 I 5 ‘ 4 | 3 | 2 I 1 I 0
Byte
0 Reserved
1 (MSB)
2 +  Maximum Block Length Limit
kR (LS8)
—E_-- ) MSB ) T o
| B Hinimum Block Length Limit —
5 (LsB)

If the maximum biock length 1imit eguals the minimum block length limit,
anty fixed-length biocks are supported. The size of the fixed-length blocks
is maximan block length limit bytes in length.

If the maximum block length limit is not equal to the minimum biock Tength
limit, variable-length blocks are su?ported. If the maximum block length
Timit is zero, then a maximum block length is not specified.
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9.2.6. READ POSITION Command

Table 9-8: READ POSITION Command
. Bit 7 | 6 l 5 I 4 I 3 I 2 l 1 i 0
yte
-6 Operation Code (34h)
1| logical Unit Number | Reserved e
—5 ————————————————————————————— Reserved o i
“5 ------------------------------ Reserved ” - T
P Reserved i i
-g--- ------------------------- Reserved ) o
-E"'" ------------------------- Reserved o o
AR Reserved - T
R Reserved R
R Control i i -

The READ POSITION command (Table 9-8) reports the current position of the
fogical unit and any data blocks in the buffer. No medium movement shall
occur as a result of the command.

A block address ty?e {(BT) bit of one requests the target to return its
current first block location and Tast block location as a device-s?ec1f1c
value. A BT bit of zero requests the target to return the first bleck
location and the last block location as an SCSI logical block address
(relative to a partition).

If the logical unit is not capable of reporting block locations, the BPU
bit shall be set to one in the returned data. Support for this option of the
READ POSITION command is indicated by a BIS bit set to one in the device
configuration page {9.3.3.1).

The READ POSITION data shown in Table 9-9 shall be returned during the DATA
IN phase of the command.
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Table 9-9: READ POSITION Data Format

Bit 7 6 5 4 3 2 1 l 0
Byte

0 BOP | EOP | Reserved | BPU | Reserved
B partition Number
PR Reserved i T
EN Reserved - T
| mse)

[ P First Block Location -
7 (LsB)
B |Twsey T
- Last Block Location - -
11 (LSB)

w2 T - Reserved

3| Twsey T

- - f- - Number of Blocks in Buffer - =
15 {LSB)
16 | (MSB) CTTTmm

el L Number of Bytes in Buffer - -
19 (LSB)

A beginning of partition (BOP) bit of one indicates that the logical umit is
at the beginning—of—partition in the current partition. A BOP bif of zero
indigg;es that the current logical position is not at the beginning-of-
partition. .

An end of partition %EOP) bit of one indicates that the logical unit is
positioned between early-warning and end-of-partition in the current =
partition. An EOP bit of zero indicates that the current logical position is
not between early-warning and end-of-partition.

IMPLEMENTORS NOTE: The BOP and EOP indications are not necessarily a result
of a physical tape marker (e.g., reflective marker).

A block position unknown {BPU) bit of one indicates that the first and last
block locations are not kmown or cannot be obtained. A BPU bit of zero
jn?icatig that the first and last block Tocation fields contain valid position
information.

The ?artition number field reports the partition number for the current
logical position. If the logical unit only supports one partition for the
medium, this field shall be set to zero.
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The first block location field indicates the block address associated with
the current logical position. The value shall imdicate the block address of
the next data block to be transferred beiween the initiator and the target if
4 READ or WRITE command is issued.

The last block Jocation field indicates the block address associated with
the next block to be transferred from the buffer to the medium. The value
shall indicate the block address of the next data block to be transferred
between the buffer and the medium, If the buffer does not centain a whole
block of data or is empt¥, the value reported for the last block lecation
shall be equal to the value reported for the first black location.

IMPLEMENTORS HOTE: The information provided bg the first and tast block
location fields can be used in conjunction with the LOCATE command to

position the medium at the appropriate logical block on another device in
the case of unrecoverable errors on the first device.

The number of blocks in buffer field indicates the number of data blocks in
the target's buffer that have not been written to the medium.

The number of bytes in buffer field indicates the total number of data bytes
in the target's buffer that have not been written te the medium.

9.2.7. READ REVERSE Command

Table 9-10: READ REVERSE Command

Bit 7 i 6 I 5 ‘ 4 I 3 I 2 l 1 l 0
Byte -
0 Operation Code (OFh)
1| logical Unit Number | Reserved | SILI | Fixed
2| (sB) ) N ST
_5—_~ h Transfer Length o
e (LSB)
5| T -“Control ----------------------

The READ REVERSE command (Table 9-10) reguests that the target transfer one
or more block(s) of data to the initiator beginning at the current position an
the logical unit.
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The execution of this command is similar to the READ command except that
medium wotion is in the reverse direction. All hlock(s), and the hyte(s) )
within the b]uck(sg, are transferred in the reverse grder. The order of bits
within each byte shall not be changed. Upon compietion of a READ REVERSF
command, the logical position shall be before the last block transferred
(beginning-of-partition side).

Refer to the READ command (9.2.4) for a descriptien of the fixed bit, the
SILI bit, the transfer length fieid, and any associated error conditions.

Sequential-Access Devices

Filemarks, setmarks, incorrect length blocks, and unrecovered read errors
are handled the same as in the READ command, except that upon termination the
logical position shall be before the filemark, setmark, incorrect length
block, or unrecovered block (beginning-of-partition side).

If the }oEical unit encounters beginning-of-partition during a READ REVERSE
command, CHECK CONDITION status shall be returned and the EOM and valid bits
shall be set to one in the sense data. The sense kE{ shall be set to NO SENSE
or RECOVERED ERROR, as appropriate. If the fixed bit is one, the information
field shall be set to the requested transfer length minus the actual number of
blocks transferred. If the fixed bit is zero, the information field shall be
set to the requested transfer length.

9.2.8. RECOVER BUFFERED DATA Command

Jable 9-11: RECOVER BUFFEAED DATA Command

#it 7 I 6 I 5 ! 4 ’ 3 I 2 I 1 l 0
Byte
0 Operation Code (14h)
1| logical Unit Number | Reserved | SILI | Fixed
2| Tmsey T -
_5""“ - Transfer Length o
a | (LsB)
R Control T

The RECOVER BUFFERED DATA command {Table 9-11} is used to recover data that
has been transferred to the target's buffer but has not been successfully .
written to the medjum., It is normally used to recover from error or exception
conditions that make it imEossibie to write the buffered data to the medium.
One or more RECOVER BUFFERED DATA commands may be required to recover all
unwritten buffered data.
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The execution of this command is similar to the READ command except that the
data is transferred from the target's buffer instead of the medium. The order
in which block(s) are transferred is defined by the RB0 bit in the device
cunfi$uration page (9.3.3.1). If the RBO bit is not implemented, block(s} are
transterred in the same order they would have been transferred to the medjum,

Refer to the READ command (9.2.4) for a description of the fixed bit, the
SILI bit, the transfer length field, and any associated error conditions.

If the fixed bit is zero, no more than the requested transfer length shall
be transferred to the initiator. If the requested transfer length is smaller
than the actual Ien?th of the logical block to be recovered, only the
requested transfer length shall be transferred to the initiator and the
remaining data for the current logical block shall be discarded.

IMPLEMENTORS NOTE: Durin? recovery operations involving unknown block
5izes, the initiator should select the maximum block length supported by the
target to ensure that all buffered data will be transferred.

If a buffered filemark is encountered during a RECOVER BUFFERED DATA
command, CHECK COMDITION status shall be returned, the sense key shall be set
to NO SENSE, and the filemark and valid bits shall be set to ope in the sense
data, Upen termination, the logical position shall be after the filemark. If
the fixed bit is one, the information field shall be set to the requested
transfer length minus the actual number of blocks transferred (not including
the filemark}. If the fixed bit is zero, the information field shall be set
to the requested transfer length. :

If a buffered setmark is encountered during a RECOVER BUFFERED DATA command
and the RSmk bit is set to one in the device configuration page (9.3.3.1),
CHECK CONDITION status shall be returned and the Filemark and valid bits shall
be set to one in the sense data. The sense key shall be set to NO SENSE and
the additional sense code shall be set to SETMARK DETECTED. Upon termination,
the logical position shall be after the setmark. If the fixed bit is ope, the
information field shall be set to the requested transfer lemgth minus the
actual number of biocks tramsferred (not including the setmark). If the fixed
bit is zero, the information field shall he set to the requested transfer
length. The target shall not return CHECK CONDITION when a setmark is
encountered if the RSmk bit is zero or if this option is not supported.

If an attempt is made to recover more logical blocks of data than are
contained in the target's buffer, CHECK CONDITION status shall be returned,
the sense key shall be set to NO SENSE, and the EOM and valid bits shall be
set_to one in the sense data. If the fixed bit is one, the information field
shall be set to the re?uested transfer length minus the actual number of
blocks transferred. If the fixed bit is zero, the information field shall be
set to the requested transfer length.
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9.2.9. RELEASE UNIT Command
Tabte 9-12: RELEASE UNIT Command

Byg;t 7 I 6 1 5 I 4 ! 3 i 2 I 1 l 0

0 Operation Code {17h)

1 Logical Unit Number ‘]—E;EEE;-i-Third Party Device ID "‘]ﬁééé?&é&
2N Reserved
R Reserved
| Reserved
5| T Control

The RESERVE UNIT and RELEASE UNIT commands provide the basjc mechanism for
contention resolution in multiple-initiator systems. The RELEASE UNIT command
{(Table 9-12) is used to release previoysly reServed logical units for the
gg ?eét1qg initiator, or if it is a third-party release, to another specified

evice.

If a valid reservation exists for the 1 T L nexus, the target shall release
the reservation and return G000 status. ~—

It is not an error to attempt to release a reservation that is not currently
valid. 1In this case, the target shail return GOOD status without altering any
other reservation.

9.2.9.1. Third-Party Release
Third—?arty release allows an initiator to release a logical unjt that was
previously reserved using a €hird-party reservation (see §.2.10.1).

If the third partg éardPty) bit is zero, then a third-party release is not
requested. If the 3rdPty bit is one, and if the reservation was made using a
third-party reservation by the initiator that is requesting the release for
the same SEST device as specified in the third-party device ID, then the
target shall release the reservation. .

If the 3rdPty bit is one, the target shall not medify the mode parameters
for commands received from the third-party device even if the tarEet
impiemgnts the transfer of mode parameters with a third-party RESERVE UNIT
command.
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TMPLEMENTORS NOTE: When a target implements independent storage of mode
parameters for each initiator, a third-party RESERVE UNIT command effects a
transfer of the current mode parameters. Those set up by the initiator of
the RESERVE UNIT ‘are to be set as the mode parameters used for commands from
the third-party device (usually a copy master device). A unit attention
condition notifies the third-party device of the changed mode parameters. A
successful third—partg RELEASE UNIT command leaves thé transferred

arameters intact. The third-party device cap issue MODE SENSE and MODE
ELECT commands to query and modify the mode parameters.

9.2.10. RESERVE UKIT Command

Table 9-13: RESERVE UNIT Command

O O N N A
0 Operation Code (16h)

1 | Logical Unit Number | 3rdPty | Third Party Device 1D |Reserved
~§ ———————————————————————— Reserved T

ER Reserved 7
N Reserved T
e conerol T -

The RESERVE UNIT and RELEASE UNIT commands provide the basic mechanism for
contention resciution in multiple-initiator systems. The RESERVE UNIT command
(Table 9-13) is used to reserve logical units for the exclusive use of the
requesting initiator, or if it is a third-party reservation, to another
specitied SCSI device.

This command requests that the entire logical unit be reserved for the
exclusive use of the initiator until the réservation is superseded by another
valid RESERVE UNIT command from the initiator that made the reservation or
until released by a RELEASE UNIT command from the same initiator that made the
reservation, by a BUS DEVICE RESET message from any initiator, by a hard reset
condition, or by a power on cycle. The reservation shall not be granted if
the togical unit is reserved ¥ another initiator. It shall be permissible
for an initiator to reserve a Jogical unit that is currently reserved by that
initiator.

I the loaical unit is reserved for another initiator, the target shall
return RESERVATION CONFLICT status.
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If, after honoring the reservation, any other initiator attempts to perform
any command on the reserved EoEical unit other than an INQUIRY command, a
REﬁUEST SENSE conmand, or a RELEASE UNIT command, which shall be ignored, then
the command shall be rejected with RESERVATION CONFLICT status.

Sequential-Access Devices

9.2.10.1. Third-Party Reservation

Thlrd-Earty reservation alloys an initiator to reserve a logical unit for
another 5CSI device. This is intended for use in multiple-initiator systems
that use the COPY command.

If the third-gartg SBrdPty) bit is zero, & thirda?arty reservation is not
requested. If the 3drdPty bit is one the target shall reserve the logical unit
for the 5CSI device specified in the third-party device ID field. The target
shall preserve the reservation until it is superseded by another valid RESERVE
UNIT command from the initiator that made the reservation or until it is
released by the same initiator, by a BUS DEVICE RESET message from any
initiator, or a hard reset condition. The target shall ignore any attempt to
release the reservation made by any other initiator.

If independent sets of parameters are implemented, a third party reservation
shall cause the target to transfer the set of parameters in effect for the
initiator of the RESERVE command to the parameters used for commands from the
third party device. Any subsequent command issued by the third-party device
is executed according to the mode parameters in effect for the initiator
that sent the RESERVE cowmand.

If independent sets of parameters are impiemented, a third ?arty reservation
shall cause the target to transfer the set of parameters in effect for the
injtiator of the RESERVE command to the parameters used for commands from the
third party device, Any subsequent command issued by the third-party device
is executed according to the mode parameters in effect for the initiator

that sent the RESERVE command.

IMPLEMENTORS NOTE: This transfer of the mode parameters is applicable to
tar%et deviceg which store mode information independently for different
initiators. This mechanism allows an initjator to set the mode parameters
of a target for the use of+a copy master (i.e,, the thirdugart device).
The third-party copy master may subsequently issue a MODE SELECT command to
modify the mode parameters.

9.2.10.2. Superseding Reservations . ) .

An initiator that currently has a logical unit reserved may modify the
current reservation by issuing another RESERVE UNIT command to the same
logical unit, The superseding reservation shall release the current
reservation if the superseding reservation request is granted. The current
reservation shall not be modified if the superseding reservation request
cannot _be granted. If the superseding reservation cannat be grante because
of conflicis with a ?reuious reservation (other than the current reservation),
then the target shall return RESERVATION CONFLICT status.

IMPLEMENTORS NOTE: Superseding reservations allow the SCSI device ID to be

changed on a reservation using the third-party reservation option. This
capability is necessary for certain situations when using COMPARE, COPY, and
COPY AND VERIFY commands.
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9.2,11. REWIND Command

Table 9-14: REWIHD Comsand

W2t 7 ‘ 6 | 5 ] 4 l 3 | 2 I 1 l 0

0 Operation Code (OLh)
17| logical Unit Number | " Reserved | Irmed
2 Reserved T

I Reserved N
e Reserved
5 T Control

The REWIND comnand (Table 9-14) causes the target to position the logical
unit to the beginning-of-partition in the current partition. Prior to
performing the rewind operatiop, the target shall ensure that all buffered
data, filemarks, and setmarks have been transferred to the medium.

An immediate (Immed) bit of zero indicates that the target shall not return
status unti] the rewind operation has completed. An [mmed bit of one
indicates that the target shall return status as soon as all buffered commands -
have completed execution and the command descriptor block of the REWIND
command has been validated. If CHECK CONDITION status is returned for a
REH}ND cgnmand with an Immed bit of one, the rewind operation shall not be
performed.

[MPLEMENTORS NOTE: Ffor comgatibi]it¥ with devices implemented prior to this
standard, it is suggested that a WRITE FILEMARKS command with an Immed bit
of zero be used to ensure that all buffered data, filemarks, or setmarks
have been transferred to the medium before issuing a REWIND command with an
Immed bit of one.

_When operating in buffered mode lh or 2h (see 9.3.3), the target shall
discard any unwritten buffered data after the REWIND command is validated if
the previous command was terminated with CHECK CONDITION status and the device
is wnable to continue successfully writing.
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9.2.12. SPACE Command
Table 9-15: SPACE Command

Bit 7 & 5 4 3 2 1 0
Byte R
0 Operation {11lh)
1 Logical Wnit Number ~} Reserved | Code
2| (nsB) i i
3 Count o
a | (LsBY
-5--- __Eontroi )

The SPACE command {Table 9-15} provides a variety of positioning functions
that are determined by the code and count. B8oth forward and reverse
positioning are provided, although some targets may on]¥ 5u¥port a subset of
this command. If an initiator raﬁuests an unsupported function, the command
shall bhe terminated with CHECK CONDITEION status and the sense key shall be set
to ILLEGAL REQUEST.

The code is defined as follows:

Code Description Support
000b Blocks Mandatory
001b Filemarks Mandatory
01i0b Sequential Fitemarks Optional
011b Ena-of-Data Optional
100b Setmarks Optional
Sequential Setmarks Optional

101b
110b-111b

Hhen spacing over blocks, filemarks, or setmarks, the count field specifies
the number of blocks, filemarks, or setmarks to be spaced over in the current
partition. A positive value N in the count field shali cause forward
positioning (toward end-of-partition) over N blocks, filemarks, or setmarks
ending on the end-of-partition side of the last block, filemark, or setmark,
A zerg value in the count field shall cause no change of ]ogjcal position. A
negative value -N (two's complement notation) in the count Field shall cause
reverse positioning {toward beginning-of-partition) over M blocks, filemarks,
or setmarks ending on the beginning-of-partition side of the last block,
filgmar%. or setmark. Support of spacing in the reverse direction is
aptional.

Reserved

SCSI-2 Horking Draft Proposal 9-30 Revision 10b

1RIEdT1L72)



Sequential-Access Devices 8/22/89
If a filemark is encountered while s?acing over blocks, the command shall be
terminated, The Io%ical position shall be an the end-of-gartition side of the
filemark if movement was in the forward direction and on the beginning-of-
Eart1t1on side of the filemark if movement was in the reverse direction.

HECK CONDITION status shall be returned to the initiator, the sense key shall
be set to NO SENSE, and the filemark and valid bits shall be set to one in the
sense data. The information field shall be set to the requested count minus
the actual number of blocks spaced over (not including the filemark).

If a _setmark is encountered while spacing over blocks or filemarks and the
RSmk bit is set to one in the device configuration page {9.3.3.1), the cowmand
shall be terminated, CHECK CONDITION status shall be returned to the
initiator, and the filemark and valid bits shall be set to one in the sense
data, The sense key shall be set to NO SENSE and the additicnal sense cade
shall be set to SETMARK BETECTED. The information field shall be set to the
requested count minus the actual number of blocks or filemarks spaced over
(not including the setmark). The logical position shall be on the end-of-
partition side of the setmark if movement was in the forward direction and on
the beginnln?-of—part1t1on side of the setmark if movement was in the reverse
direction. he_target shall not return CHECK CONDITION status when a setmark
is enc?ugtered if the RSmk bit is set to zero or if this opticn is not
supported,

1f early-warning is encountered while spacing over blocks, filemarks, or
setmarks and the REW bit ‘is set to one in the device configlration page
(9.3.3.16, CHECK CONDITION status shall be returned, the sense key shall be
set to N0 SENSE, and the LOM and valid bits shall be set to one in the sense
data, The information field shall be set to the requested count minus the
actual number of blocks, filemarks, or setmarks spaced over as defined by the
code valug, If the REW bit is zero or the nﬁtion is not supported by the
target, the target shall not report CHECK CONDITION status at the early-
warning point.

IMPLEMENTORS NOTE: Setting the REW bit is not recommended for most system
applications since data may be present after early-warning,

if end-of-data is encountered while sgacing over blocks, filemarks, or
setmarks, CHECK CONBITION status shall be refurned, the sense key shall be set
to BLANK CHECK, and the valid bit shall be set to one in the sense data.
Additionally, the EOM bit shalil he set to one if epd-of-data is encountered at
or after ear| -warnin?. The information field shall be set to the requested
count minus the actual number of blocks, filemarks, or setmarks spaced over as
defined by the code value.

If the end-of-partition is encountered while sBacin forward over blocks,
filemarks, or setmarks, CHECK CONDITION status shall be returned, the sense
ke¥ shall be set to MEDIUM ERROR, the EOM bit shall be set to one, and the
valid bit shall be set to one. The information field shall be set to the
requested count minus the actual number of blocks, filemarks, or setmarks
spaced over as defined by the code value.
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If heainning—of—partition is encountered while spacing over blocks,
filemarks, or setmarks in the reverse direction, the target shall return CHECK
CONDITION status and shall set the sense key to NO SENSE. The EOM and valid
bits shall be set to one, and the information field set to the total number of
blocks, filemarks, or seimarks not spaced over (the requested number of
blocks, filemarks, or setmarks minus the actual number of blocks, filemarks,
or setmarks spaced over).

When spacing over sequential filemarks (or setmarks), the count field is
interpreted as follows:

{1) A positive value N shall cause forward movement to the first occurrence

of N or more consecutive filemarks (or setmarks) being Togically positioned

after the N filemark (or setmark).

2) A zero value shalt cause no change in the logical position.

3) A negative value -N (2's complement notation) shall cause reverse
movement to the first occurrence of N or more consecutive filemarks (or
setma;#s) being logically pesitioned on the beginning-of-partition side of

the N

I a setmark is encountered while spacing to sequential filemarks and the
RSmk bit is set to one in the device configuration page %9.3.3.1). CHECK
COMDITION status shall be returned, the filemark bit shall be set to one, and
the valid bit shall be set to zero. The sense key shall be set to NO SENSE
and the additional sense code shall he set to SETMARK DETECTED. The target
shall not return CHECK CONDITION status when a setmark is encountered if the
RSmk bit fs set to zero or if this option is not supported.

filemark (or setmark).

If end—of—Eartition is encountered while spacing to sequential filemarks or
setmarks, CHECK CONDITION status shall be returned, the sense key shall be set
totMEDIUM ERROR, the EOM bit shall be set to one, and the valid bit shall be
set to zero. ;

If end-of-data is encountered while sEacing to sequential filemarks or
setmarks, CHECK CONDITION status shall be refurned, the sense key shall be set
to BLANK CHECK, and the valid bit shall be set to zero, Additionally, the EOM
bit shall be set to one if end-of-data is encountered at or after early-
warning.

When spacing to end-of-data, the count field is ignored, Upon successful
completion, the medium shall be positioned such that a subsequent write
operation would append to the last logically recorded information.

If end-of-partition is encountered while spacing to end-of-data, CHECK
CONDITEON status shall be returned, the sense key shall be set to MEDIUM
ERROR, the EOM bit shall be set to one, and the valid bit shall be set to
zero.
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9,2.13. VERIFY Command
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Table 9-16: VERIFY Command

e I W MR N M M M
) Operation Code (13h)

1 Logical Unit Number ] Reserved | Immed | é;EE;; | Fixed

2 “(MSB) T - o
ER Verification Length o
e (LsB)
s | T Control o o

The VERIFY command (Table 9-16) requests that the target verify one or more
block(s) beginning with the next block on the logical unit.

An immediate {Immed) bit of zero indicates that the command shall not return
status until the verify operation has completed. An Immed bit of one
indicates that status shall be returned as soon as the command descriptor
block has been validated (but after the data transfer from the initiator, if
the BytCmp bit is one).

IMPLEMENTORS NOTE: In order to ensure that no errors are lost, the initiator
should set the Immed bit to zero on the last VERIFY command when issuing a
series of VERIFY commands.

A byte compare (BytCmp) bit of rzero indicates that the verification shall be
simply a medium verification (e.g., CRC, ECC). No data shall be transferred
between the initiator and target.

A BytCmp bit of one indicates that the tar%et shall perform a byte-hy-byte
compare of the data on the medium and the data transferred from the initiator
durin% the DATA OUT phase of the VERIFY command. Data shall be transferved
from the initiator to the target as in a WRITE command. If the ﬂ{tCmp bit is
one and the byte compare option is not supported, the target shall terminate
the command with CHECK CONDITION status and the sense key shall be set to
TLLEGAL REQUEST.

The verification length specifies the amount of data to verify, in blocks or
bytes, as indicated by the fixed bit. Refer to the READ command (9.2.4) for a
description of the fixed bit and any associated error conditions. When the
verification length is zero, no data shall be verified and the current logical
position shall not be changed. This condition shall not be considered as an
error.
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The VERIFY command shall terminate when the verification length has been
satisfied, when an incorrect length block is encountered, when a filemark is
encountered, when a setmark is encountered (if the RSmk bit is one in the
device confi%uratiun page, 9.3.3.1%, when_end-of-data is encountered, when the
end-of-partition is encountered, when early-warning is encountered (if the REW
bit is one in the device configuration page, 9.3.3.1}, or when an
unrecoverable read error is encountered. The status and sense data for each
of these conditions are handled in the same manner as in the READ command
(9.2.4). Upon successful completion of a VERIFY command, the logical position
shall be after the last block verified.

If the data deoes not comgare (BytCmp bit of gneg, the command shall
terminate with CHECK CONDITION status, the valid bit shall be set to one, and
the sense key shall be set to MISCOMPARE. 1If the fixed bit is one, the
information field shall be set to the requested verification length minus the
actual number of blocks successfulig verified. If the fixed bit is zero, the
information field shall be set to the requested verification length minus the
actual number of b¥tes 5uccessfull¥ verified. This number may be larger than
the reguested verification length if the error occurred on a previous VERIFY
conmand with an Immed bit of one. Upon termination, the medium shall be
positioned after the block containing the miscompare {end-of-partition side).

8.2.14, WRITE Command

Table 9-17: WRITE Command

Bit] 7 | 6 I 5 ! 4 l 3 ! 2 ‘ 1 | 0
Byte
o Operation Code (0Ah}
1| logical Unit Mumber | Reserved | Fixed
2Ty T
_5_-- o ' Transfer Length -
a | (LSB)
N Control o h

The WRITE command (Table 9-17) requests that the target write the data that
is transferred from the initiator to the current position on the Togical unit.

The fixed bit specifies whether Fixed-length or variable-length blocks are
to be transferred. See the READ BLOCK LIMITS command (9.2.5) Yor additional
information about fixed and variable block mode.
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If the fixed bit is one, the transfer length specifies the number of fixed-
length blocks to be trapsferred, using the current block length reported in
the mode parameter block descriptor ( .3.3%. If the fixed bit is zero, a
single hiock is transferred with the transfer length specifying the block
tength in bytes.

Sequential-Access Devices

If the transfer length is zero, no data shall be transferred and the current
Eosition on the logical unit shall not be changed. This condition shall not
e considered an error.

A WRITE command may be buffered or unbuffered, as indicated hy the buffered
mode field of the mode parameter header (9.3.3). For unbuffered operation
(buffered mode Oh), the target shall not return GOOD status unti} all data
biock(s) are successfully written te the medium. For buffered operation
gbuffered mode 1h or 2h), the target may return GOOD status as soon as altl

ata block(s) are successfully transferred to the target's buffer.

EMPLEMENTORS NOTE: For compatibility with devices implemented prior to this
version of the standard, a MRITE FILEMARKS command with the Immed bit set to
zero should be issued when completing a buffered write operation to ensure
that all buffered data, filemarks, and setmarks are written to the mediu.

If the lo?cai unit encounters early-warning during a WRITE command, an
attempt to Finish writing ang data may be made, as determined by the current
settings of the REW and SEW bits in the device configuration age {9.3.3.1).
The command shall terminate with CHECK CONDITION status and the EOM and valid
bits shall be set to gne in the sense data. If all data that is to be written
is successfully transferred to the medium, the sense key sha]l be set to N0
SENSE or RECOVERED ERROR, as appropriate. If any data that is to be written
cannot be transferred to the medium when early-warning is encountered, the
sense key shall be set to VOLUME OVERFLOM.

The information field shall be defined as follows:

(1} If unbuffered mode is reported in the mode ?arameter header and the
fixed bit is set to one, the information field shall be set to the requested
transfer 1ength minus the actual number of blocks written.

. (2) If unbuffered mode is reported and the fixed bit is set to zero, the
information field shall be set to the requested transfer length.

(3) 1If buffered mode is reported in the mode parameter header and the fixed
bit is set to one, the information field shall be set to the total number of
biocks, filemarks, and setmarks not written (the number of blocks not
transferred from the initiator plus the number of blacks, filemarks, and
seimarks remaining in the target's buffer), Note that the value in the
information field may exceed fhe transfer length.

. #4) If buffered mode is regorted and the fixed bit is set to zero, the
information field shall be set to the total number of bytes, filemarks, and

setmarks not written {the number of bytes not transferred from the initiator
lus the number of bytes, filemarks, and setmarks remaining in the target's
]UFffﬁ)' Note that the value in the information field may exceed the transfer
ength.

TMPLEMENTORS NOTE: The target should ensure that some additional data can
be written to the medium (e.g., lahels, filemarks, or setmarks) after the
first early-warning indication has been returned to the initiator.

5C51-2 Horking Draft Proposal 9-35 Revision 10b

Sequential-Access Devices 8/22/89

If & WRITE command is received while the logical unit is positioned between
early-warning and end-of-partition, the targef shall return CHECK CONDITION
status after attemﬁting to perform the comand. The EOM and valid bits shall
be set to one in the sense data. If all data that is to be written is
successfully transferred to the medium, the information field shall be set to
zero. IT any data that is to be written is not transferred to the medium
Brior to encountering end-of-partition, the sense key shall be set to VOLUME
VERFLOW and the information field shall be defined as follows:

(1) Tf the fixed bit is one, the information field shall be set to the
reggested transfer length minus the actual number of blocks written to the
medium.,

{2) If the fixed bit is zero, the information field shall be set to the
requested transfer length.

9.2.15. WRITE FILEMARKS Command

Table 9-18: WRITE FILEMARKS Command

S N
0 Operation Code {10h)

1| Logicai—&ﬁit Number -EH“‘— Reserved | WSmk —T'fﬁ;;a““
2 | mse) T
'5""" o Transfer Length o
a| (LSB)

5| T S Teamtrol T

The WRITE FILEMARKS command (Table 9-18) requests that the target write the
?pegif}ed pgmber of filemarks or setmarks te the current position an the
ogical unit.

If the Write Setmark (WSwk) bit is one, the transfer length specifies the
number of setmarks to be written. If the ¥Smk bit is 2ero, the transfer
length specifies the number of filemarks to be written.

An immediate (Immed) bit of one indicates that the target shall return
status as soon as the command descriptor block has been validated. An Immed
ﬁitdof ?Seaig)nn}y valid if buffered mode i{s reported in the mode parameter

eader (9.3.3}.
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An Immed bit of zero indicates that the target shall not return status until
the write operation has completed. Any buffered daia, filemarks, and setmarks
shall be written to the medium prior te completing the command.

IMPLEMENTORS HOTE: Upon completion of any buffersd write operation, the
initiator can issue a WRITE FILEMARKS command with the Immed bit set to zero
and the transfer length fieid set to zero to ensure that all buffered data,
filemarks, and setmarks are successfully written to the medium.

Sequential-Access Devices

If the logical unit engognters_early-warnin? during a WRITE FILEMARKS
command, an attempt to finish wr1ting any buffered data, filemarks, or
setmarks may be made, as determined by the current settings of the REW and SEW
bits in the device configuration ﬁage (9.3.3.1?. The command shall terminate
with CHECK CONDITION status and the EOM and vaiid bits shall be set to one in
the sense data. If all buffered data, filemarks, and setmarks are
successfu]iﬁ transferred to the medium, the sense key shall be set to NO SENSE
or RECOVERED ERROR, as appropriate. If any buffered data, filemarks, or
setmarks fo be written are not transferred to the medium when early-warning is
encountered, the sense key shall be set to VOLUME OVERFLOW.

The information field shall be defined as follows:

gl) If unbuffered mode is reported in the mode parameter header, the
information field shall be set to the requested transfer length minus the
actual number of filemarks or setmarks written.

2} If buffered mode is reported in the mode parameter header and the
buifered data was written in variable block mode #see 9.5.14), the information
field shall be set to the total number of bytes, filemarks, and setmarks not
written (the number of filemarks or setmarks not transferred from the
initiator plus the number of bytes, filemarks and setmarks remainin? in the
target's buffer). MNote that it is possible for the value in the information
field to exceed the transfer length.

(Ba IT buffered mode is reporied and the buffered data was written in fixed -
block mode (see 9.5.14), the information field shall be set to the total
nuber of blocks, filemarks, and setmarks not written (the number ilemarks or
setmarks not transferred from the initiator plus the number of blocks,
filemarks, and setmarks remaining in the target's buffer). Note that it is
possible for the value in the information field to exceed the transfer length.

IMPLEMENTORS NOTE: The target shouid ensure that some additional data can
be written to the medium (e.q., labels, filemarks, or setmarks) after the
first early-warning indication has been returned to the initiator.

If a WRITE FILEMARKS command is received while the logical unit is
Eositioned between early-warning and end-of-partition, the target shall return
HECK CONDITION status after atfempting to perform the command. The EOM and

valid bits shall be set to one in the Sense data. If all filemarks or
setmarks to be written are successfully transferred to the medium, the
information field shall be set to zero. If any filemarks or setmarks to be
written are not transferred to the medium prior to encounterinﬁ end-of-
partition, the sense key shall be set to VOLUME OVERFLOM and the information
field shall be set to the requested transfer length minus the actwal number of
filemarks or setmarks written to the medium.
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9.3. Parameters for Sequential-Access Devices
9.3.1. Diagnostic Parameters

This section defines the descriptors and pages for diagnostic parameters
used with sequential-access devices.

Tge diagnostic page codes for sequential-access devices are defined in Table

Table 9-19: Diagnostic Page Codes

Page Code Description Section
00k Supported Diagnostic Pages 7.3.1.1

0lh - 3Fh Reserved (for all device type pages)

40h - 7Fh Reserved

8Ch - FFh Vendor-specific pages

9.3.2. lLog Parameters

This section defines the descriptors and pages for lTog parameters used with
sequential-access devices.

The log page codes for sequential-access devices are defined in Table 9-20.
Table 9-20: Log Page Codes

Page Code Description Section
01h Buffer Over-Run/Under-Run Page 7.3.2.1
02h Error Counter Page {Write) Page 7.3.2.2
03h Error Counter Page (Read) Page 7.3.2.2
04h Error Counter. Page {Read Reverse) Page 7.3.2.2
05h Error Counter Page (Verify) Page 7.3.2.2
07h Last n Error Events Page 7.3.2.3
06h Non-Media Error Page 7.3.2.4
00h Supported Log Pages 7.3.2.%

(8h - 2Fh Reserved
3Fh Reserved

30h - 3Eh Vendor Specific
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9.3.3. Mode Parameters

8/22/89

This section defines the descriptors and pages for mode parameters used with
seguential-access devices.

The mode parameter list, including the mode parameter header and mode black
descriptor, are described in 7.3.3.

The medjum-type code field in the mode parameter header is reserved for
sequential-access devices.

The device-specific parameter byte of the mode parameter header {see Tables
7-61 and 7-62) is defined in Table 9-21 for sequential-access devices.

Table 9-21: Device-Specific Parameter

Bitf 7 | 6 |°5 | a4 | 3 | 2 | 1 | o |
| WP Buffered Mode |

Speed

For the MODE SENSE command, a write protect (WP} bit of zero indicates that
the medium is write enabled. A WP bit of one indicates that the medium is
write protected. For the MODE SELECT command, this field is ignored.

Values for the buffered mode field are defined as follows:

Gh The target shall not report GOOD status on write commands until the
data blocks are actually written on the medium.

th The target may report GOOD status on write commands as soon as all
the data specified in the write command has been transferred to the
target's buffer. One or more blocks may be buffered prior to
writing the block{s) to the medium.

2h The target may report GOOD status on write commands as soon as:
{1} A1l the data specified in the write command has been
successful]¥ transferred to the tar%et‘g buffer, and
(2) A1l buffered data from different initiators has been
successfully written to the medium.

3h - 7h Reserved
Values for the speed field shall be assigned as follows:
0h Nefault (Use the ?eripherai device's default speed).

1h Use the peripheral device's Towest speed.
2h - Fh Use increasing peripheral device speeds.
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For the MODE SELECT command, the density code field of the sequential-access
device block descriptor (7.3.3) indicates the density selected by the
initiator for use in subsequent read and write operations. For devices
capable of automatic density recegnition, the density code selected by the
inttiator may be overridden hy thé target for a subseﬂuent read operation if
the selected value does not match the current recorde density of the medium.

Sequential-Access Devices

For the MODE SENSE command, the density code field reflects the current
operating density of the device. For some devices, the default den51t¥ code
vajue returned in res?onse to a MODE SENSE command may change gynamically to
match the most recent g selected densitg. The density code value returned in
response to a MODE SENSE command shall be as described below:

(1) Followiq? a UNIT ATTENTION condition for a power on or hard reset

condition, while not ready, the target shall report the default density.

{Z) Following a UNIT ATTENTION condition for a not-ready-to-ready
transition, the target shall:

éa) report the default density if no attempt has been made by the targst
to determine the density.

(b) report the default demsity if the target cannot automatically
determine the density from the medium.

{c) report the current recorded density if the target can automatically
determine the density from the medium.

(3} Folluwin? a successful read operation at or after beginning-of-medium,
the target shall report a density code value reflecting the recorded density
of the medium. For some implementations, the target may automatically
determine this value from the medium. For devices not capable of automatic
density determination, the default density is reported if the density code
value is not provided by the preceding MODE SELECT command.

(1) Ea]lowin? an unsuccessful read operation or a successful write
operation, while at beginaing~of—?art1tion. the target shall:

a) report a density code value as described for item (2% if a previous
HODE SELECT command has not established a density code for the currently
mounted volume,

b) report a density code value as provided by the last successful MODE

SELECT command for the currently mounted volume.

{5) Following a successful unload operation the target shall report the most
recent density code value as.determined by items (2) fhrough (4) above.
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Table 9-22 lists the sequential-access device density codes NOTES:
1) Serial Recorded.
Table 9-22: Sequential-Access Density Codes 21 Parallel Recorded.
3} 01d format known as QIC-11.
4} See Ap?endix B for additional standards information.
Code Yalue Density 5) Helical Scan .
—————————————————————— 6) This is not an American Natiopal Standard. The reference is based on
Q0h Default (target or peripheral device's default density) an industry standard definition of the media form
? This density code value is defined for the HOD£ SELECT command and
Magnet1c Tapes shall not be returned by the MODE SENSE command.
Width Pensit g
mm (Inch)  Tracks bpmm pi  Code Type Reference Note .
---------------------------- ol e I B The mode page codes for seguential-access devices are defined in Table 9-23.
01lh 12.7 {0.5 9 32 (800) NRZI R X3.22-1983 2
02h 12.7 (0.5 g 63 1600) PE R X3.39-1986 2 Table 9-23: Mode Page Codes
03h 12.7 {0.5 9 246 6250) GCR R %3.54-1986 2
04h 6.3 (0.2 } 449 315 8000) GCR C X3.136-1986 1,3
05h 6.3 {0.25 4/9 315 8000) GCR C %3.136-1986 1 Page Code Description Section
06h 12.7 (0.5) g 126 3200) PE R X3.157-1987 2,4 ——— e e e e e s
07h 5.3 0.25% 4 252 6400) IMFM C X3.116-1986 1 0Ah Contro] Mode Page 7.3.3.1
(Bh 3.81 80.1 ) 31 8000) GCR €5  X3.158-1987 1.4 10h Bevice Configuration Page 9.3.3.1
05h 12.7 (0.5 18 1491 (37871) GCR C %385/87-099 Z2.4 0Zh Disconnect-Reconnect Page 7.3.3.2
0Ah 12.7 {0.5 22 262 {ﬁﬁﬁ? MFH C X385/86-199 1,4 1th Medium Partition Page{} 9.3.3.2
0Bh 6.3 {0.25) 4 6 160 PE C %3.56-1986 1 12h Medium Partition Page(2 9.3.3.3
GCh 12.7 {0.5 24 500 (12690} &CR C HI-TC1 1,6 13h Medium Partition Page{3 9.3.3.3
0Dk 12.7 (0.5 24 999 (25380} GCR C HI-TCZ 1,6 14h Medium Partition Page(d 9.3.3.3
OER Reserved for ECMA : 08h Peripheral Device Page 7.3.3.3
OFh 6.3 (0.25 1 394 (10000} GCR C 1C-120 1,6 0ih Read-Write Error Recovery Page 9.3.3.4
10h 6.3 (0.25 18 394 (10000} GCR C 1C-150 1.6 00h Vendor specific (does not require page format) 7.3.3
11h 6.3 (0.25 26 630 (16000} GCR C 1€-320 1,6 03h - 08h |, Reserved
12h 6.3 (0.25 2034 (51667} RLL C 1C-1350 1,6 08h - 10h ' Reserved
13h 3.81 ED 15% 1 2400 (61000} DDS Cs 3B5/88-185A 5 - i5h - 3Eh Vendor Specific {page format regquired)
14h 8.00 (0.315) 1 2126 (543000 {S X%3p5/8B-036 5 3Fh Returns all pages (valid only for the MODE SENSE command}
15h - 7Eh  Reserved e
7Fh No change from previous density (NO-OP) 7
80h - FFh  Vendor unique
Key:
Code Type
NRZI Non Return to Zero, change on ones R Reel-to-Reel
GCR  Group Code Recordlng C Cartridge
PE Phase Encoded CS Cassette
IMFM  Inverted Modified Freguency Modulation
MFM  Modified frequency Modulation
DOS  DAT Data Storage
RLL  Run Length Limited
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9.3.3.1. Device Configuration Page

Table 9-24: Device Configuration Page

Bit 7

6 5 4 3 2 1 0

Byte I R T T I e
0 PS  |Reserved| Page Code (10h)

v | T Page Length (0En)
2 |Reserved| CAP | CAF | Active Format
3 | T Active Partition T

"R Weite Buffer Full Ratio
5 | R “Read Buffer Empty Ratio
6| (MsB) ) T
----- . Write Detay Time -
7 (LSB)
'8 | DBR | BIS | Rsmk | AC | SOCF | RBO | REW
9| “Gap Size o o
o | EOD Defined | EEG | SEW | Reserved o
N
12 | Buffer Size at Early Warning o
13 (LSB)
g | T Select Data Compression Algorithm
R Reserved 7

This page {Table 9-24) is used to specify the appropriate sequential-access
device configuration.

A change active partition (CAP) bit of one indjcates that the logical
partition is to be changed to the one specified by the active partition field.
A CAP bit of zero indicates no partition change is specified.

A change active format (CAF) bit of ane indicates that the active format is
to be changed to the value specified in the active format field. A CAF bit of
zero indicates no active format change is specified. For some devices, the
format may only be changed when the Togical unit is at beginning-of-partition.
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The active format field indicates which recording format is in use for the
selected density code when reading or writing data on a logical unit. The
value of the active format field is vendor specific.

The active partition field indicates the current logical partition number in
use on the medium.

The write buffer full ratio, on WRITE commands, indicates to the target how
full the buffer shall be before writing data to the medium. A value of zero
indicates that the value is not specified,

The read buffer empty ratio, on READ commands, indicates to the target how
empty the buffer shall be before retrieving additional data from the medium.
A value of zero indicates that the value is not specified.

, The write delay time indicates the maximum time, in 100 millisecond
increments, that the target should wait before any buffered data that is to be
written, is forced to the medium after the last buffered WRITE command that
did not cause the buffer to exceed the buffer full ratio. A value of zero
indicates that the target shall never force buffered data to the medium under
these conditions.

A data buffer recovery (DBR) bit of one indicates that the target supports
data buffer recovery using the RECOVER BUFFERED DATA command. A DBR bit of
zero indicates that the target does not support data buffer recovery. This
bit is target-defined.

A block identifiers supported (BIS) bit of zero indicates that block IDs are
not suEported in the format written on the medium. A BIS bit of one indicates
that the format on the medium has recorded information about the block 10s
relative to a partition. This bit is target-defined.

A report setmarks (RSmk} bit of one indicates that the target shall
recognize and repori setmarks during appropriate read or s€ace operations. A
RSmk bit of zero indicates that the target shall not report setmarks.

The automatic velocity control (AVC) bit of one, indicates that the device
shall select the speed (if the device supports more than one speed) based on
the data transfer rate that should optimize streawing activity and minimize
medium repositionin%. An AVC bit of zero indicates the speed chosen should be
the device's defaull speed.

A stop on consecutive filemarks {SOCF) field of 00b indicates that the
device shall pre-read data from the medium in buffered mode to the limits of
the buffer capacity without regard for filemarks. This implies that the
device can differentiate between data blocks and filemarks in the buffer.
Values 01b, 10b, and 1lb specify that the device shall terminate the pre-read
ogeration if 1, 2, or 3 consecutive filemarks are detected, respectively. If
the RSmk bit is one, the target shall interpret this field as stop on
consecutive setmarks.
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A recover buffer order (RBG} bit of one indicates that data blocks shall be
returned from the target's buffer op a RECOVERED BUFFERED DATA command in LIFO
order {last-in-first-dut} from which they were written to the buffer. A RBO
bi%)of éern indicates data blocks shall be returned in FIFD (first-in-first-
out) order.

A report early-warning (REW) bit of zero indicates that the tar?et shall not
report the early-warning condition for read operations apd it shall report
early-warning at or befere any medium-defined early-warning pesition during
write operations.

A REW bit of one indicates that the target shall return CHECK CONDITION
status with the EOM bit set in the sense data when the early-warning position
is encountered during read and write cperations. If the REW bit is one and
the SEW bit is zero, the target shall return CHECK CONDITION status with the
sense key set to VOLUME OVERFLOW when early-warning is encountered during
write operations.

IMPLEMENTORS NOTE: A REW bit of one is intended for compatibility with those
systems using old tape formats that require an earlﬁfwaraing indication
during read operations. Other systems should set this hit fo zero to avoid
potential data loss when interchanging tapes between peripheral devices.

The GapSize field value determines the size of the inter-block gap when
writing data. A value of 00h specifies the device's defined gap size. A
value of 0lh specifies a device defined aag size sufficiently Tong to support
update-in-place. Values of 02h through OFh are multipliers on the device's
defined gap size. Values 10h through 7Fh are reserved. Values 8Oh through
FFh are vendor specific.

The end-of-data SEOD) defined field indicates which format type the logical
unit shall use to detect and generate the EOD area. The types of EOD formats _
are specified below:

Value Description
000b  Logical unit's default EOD definition
00ib Format-defined erased area of medium

010b As specified in the SOCF field
IOUgI%?Ib EOD recognition and generation is not supported

Reserved
An enable EOD generation (EEG) bif set to one indicates that the logical
unit shall ?enerate the appropriate EOD area, as determined by the EOD defined
field. A value of zero indicates that E0D generation is disabled.

IMPLEMENTORS NOTE: Some Togical units may not generate EOD at the
completion of any write-type operation,
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The synchronize at early-warning (SEW) bit set to one indicates that the
target shall cause any buffered write data, filemarks, or setmarks to be
transferred to the medium when early-warning is encountered. A value of zero
indicates that the target shall retain an¥ unwritten buffered data, filemarks,
or setmarks in the buffer when early-warning is encountered {see the WRITE
command, 9.2.14, and the WRITE FILEMARKS command, 9.2.15). )

The buffer size at early-warning fieid indicates the value, in bytes, to
which the target shall reduce its Togical buffer size when writing. The
target should reduce the buffer size only when the lu?ical unit is positioned
between its eariy-warning and end-of-partition. A value of zero indicates
that the implementation of this function is device specific.

Sequential -Access Devices

NOTE: The intent is to prevent the loss of data by limiting the size of the
buffer when near the end-of-partition.

The select data compression algorithm field set to 00k indicates that the
targgt shall not use a compression al?orithm on any data sent to it prior to
writing the data to the medium. A value of O1h indicates that the data to be
written shall be comgressed using the target's default compression algorithm.
Ualug?_02h thraugh 7Fh are reserved. Valiues 80h through FFh are vendor
Speciric.
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9.3.3.2. Mediuwn Partition Page(l)

Table 9-25: Medium Partition Page(l)

Bit 7 6 5 4 3 2 i G
Byte I l l I I l l l
0 PS  [Reserved| Page Code (11h) T
T Thage Length oty T
2 Maximum Additional Partitions o
3 ““Additional Partitions Defined
4 | FP | Sop | 1P| PSUM | Reserved
5T - Medium Format Recognitgaa -------------------
6 | T Reserved
o Reserved T
8 - ni_ Partition Size Descriptor(s) |
0 | (MSB) o :
—i-~- - Partition Size (LS§3~

This page (Table 9-25) is used to specify the first group of medium
partitions. Additional groups are specified in medium partition pages(2-4).

The maximm additional partitions field is a target-defined value indicating
the maximm number of additional partitions supporfed by the logical unit. A
value of zero indicates that no value is specified.

The additional partitions defined field specifies the number of additional
?art1txons to be defined for a volume when the SOP or IDP bit is set to one.
he maximum value allowed is the value returned in the maximum additional
partitions field,

A fixed data partitjons (FDP) bit of one indicates that the device assigns
partitions based on its fixed definition of partitions. Setting this bit to
one may only be valid at beginning-of-partition and is mutually exclusive with
the SDP and IDP bits.

A select data partitions (SDP% bit of one indicates that the device is to
partition the medium into the the number of partitions as specified by the
additional partitions defined field using Eartition sizes defined by the
device. Settin? this bit to one maﬁ only be valid at beginning-of-partition
and it is mutually exclusive with the FDP and IDP fields.
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An initiator-defined ﬁartitions (IDP} bit of one indicates that the
initiator is defining the number and size of the data partitions using the
additional partitions defined field and the partition size descriptors.
Settin? this bit to one may only be valid at beginning-of-partition and is
metually exclusive with the FOP and SDP fields.

IMPLEHENTOR% HOTE: Since defining partitions may require re-formatting the
medium for some implementations, an imﬁlicit write to the medium may occur
as a result of a MODE SELECT command that supplies any of these parameters.

Partition size wnit of measure (PSUM) field defines the umits in which the
partition size descriptors select the partition size. The values 00b, 01b,
and 10b define the units as bytes, kilehytes, and megabytes, respectively.
The value 11b is reserved.

The medium format recognition field is a target-defined value indicating
the device's capability to automatically identify the medium format and
partition information when reading an unknown volume.

Values for the medium format recognition field shall he assigned as follows:

00h  Logical umit is incagab]e of format or partition recognition.
01h logical unit is capable of format recognitiom only.
02h logical unit is capable of partition recoguition only.
03h Logical unit is capable of format and parfition recognition.
04h-FFh Reserved,

IMPLEMENTORS NOTE: If a ;arget indicates that it is not capable of mediym
format recognition, the initiator must supply all necessary parameters for
the device to identify the specific format. ~The vaiue in this field may be
different following a medium change.

Partition size descriptors define the size of the respective partitions in
the units specified in the PSUM field. Up to 64 partitions may be defined
using this page. If additional ﬁartitions need to be defined, ug to 64
partitions can be defined in each of the medium partition pages{Z-4) defined
in 8.

*
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9.3.3.3. Hedium Partition Page(2-4)
Table 9-26: Hedium Partition Page(2-4)
el 7 |6 |5 | ¢ ’3""]2 |1=|0 |
dyte
0 PS  |Reserved| Page Code (p)
T Page Length (n-1)
2 - nj Partition Size Descriptor(s) [
0 (MSB)
~~~~~ —— Partition Size e
1 (LsB)

The medium partition pages (Table 9-2G) are used to specify additicnal
groups of medium partitions. The first group is specified in the medium
partition page(l) {see 9.3.3.2).

The additional page cades (p) defined for partition size definition are 12h,
13k, and 14h. Up to a maximum of 64 partitions can be defined in each of
these pa?es. The partition size is defined by the value of the partition size
field. 7The units of size used by the partition size field is specified in the
PSUM field of the medium partition page(l) {9.3.3.2).

IMPLEMENTORS NOTE: Since defining partitions may regquire re-formatting the
medium for some i
as a result of a MODE SELECT command that supplies these parameters.
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9.3.3.4. Read-Write Error Recovery Page

Table 9-27: Read-Hrite Error Recovery Page
By?ét 7 | 6 | 5 ‘ 4 l 3 I 2 I 1 l 0

0 PS  |Reserved| Page Code {(01h)

1 i o Page Leﬁath {0Ah) T
7 Reserved|ﬂese;ved| B |Resé;;;ai EER | dﬁﬁﬁ_ddi‘-ﬁiﬁd-—f—_ﬁaﬁ--—
3 - o Read Retry Count
—E'"“ ) - Reservea- )

5 ) o Reserved o

] i - Reserved
-;__, - Reserved T T

8 ' ) Hrite Retry Count
—5--~ Reserved
-16-- - o Reserved -

—II"— ) - Reserved

The read-write error recovery page (Table 9-27) specifies the error recovery
and reporting parameters that the target shall use when transferrin% data
between the initiator and the medium.” These parameters only apply to read-
write errors and do not affeet message system retries or positioning error
recovery procedures.

NOTE: The parameters in this page also apply to verify operations.

A transfer block (TR} bit of one indicates that a data block that is not
recoverable within the specified recovery limits shall be transferred to the
initiator before CHECK CONDITION status ts returned. A TB bit of zero
indicates that the unrecoverable data block shall not be transferred to the
initiator. Data blocks that can be recovered within the recovery limits are
always transferred, regardless of the value of the TB bit.

An enable early recovery (EER) bit of one indicates that the target shall
use the most expedient error recovery algorithm {e.g., attempt error
correction prior to retries}. An EER bit of zero indicates that the target
shall use the most deliberate error recovery algorithm, within the limits
established by the other error recovery parameters (e.g., attempt to recover
the block error-free prior to using error correction).
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A ?ost error {PER) bit of one indicates that the target shall return CHECK
CONDITION status to report recovered errors. A PER bif of zero indicates that
the target shall not report errors recovered within the Timits established by
the grror recovery parameters. If this bit is zero, the DIE bit must alsc be
set to zero.

A disable transfer on grror (DTE) bit of one indicates that the target shall
terminate the data transfer after a recovered read-write error occurs. All
data irom the recovered block shall be transferred prior to terminatin? the
read-write operation. A DTE bit of zero indicates that the target shall not
terminate the transfer for errors recovered within the limits established by
the read-write error recovery parameters.

A disable correction SDCR) bit of one indicates that the target shall not
use error correction codes during error recovery. A DCR bit of zero allows
the use of error correction codes for error recovery.

The read retry count specifies the number of times that the target should
attempt its recovery algorithm during a read operation before an unrecoverable
error is reported. "A read retry count of zero indicates that the target shaill
not use its recovery algorithm during read operations.

The write retry count specifies the number of times that the target should
attempt its recovery algorithm during a write operation before an
unrecoverable error is Feported. A write'retry count of zero indicates that
the target shall not use its recovery algorithm during write-operations.

SCSI1-2 Working Draft Proposal 9-51 Revision l0b

Sequential-Access Devices 8/22/8%

9.4, Glossary for Sequential Access Devices

beginning-of-partition. The position at the beginning of the permissible
recording region of a partition. If onlg one partition is defined, this
position is fypically equivaient to the beginning-of-medium.

beginning-of-mediwm. The extreme position a}ong the medium in the direction
away from the supply reel which can be accessed by the device.

early-warning. A physical mark or device computed position near but logically
before the end-of-partition (independent of ghysical direction). See the REW
bit in the device configuration page in 9.3.3.1.

end-of-data. End of data in a ﬁartitjon is denoted in format-specific manner.
See the EOD defined field in the device configuration page in 9.3.3.1.

end-of-medium. The extreme position along the medium in the direction away
from the take-up reel which can be accesSed by the device. This position may
heta%cessed by devices that support the LOAD UNLOAD command with the EQOT bit
set to one.

end-of-partition. The position at the end of the permissible recording region
of a partition.

togical block. A unit of data supplied or requested by an initiator.

overlength. The incorrect Iength condition that exists after executing a read
command when the the length of the actual block read exceeds the requésted
transfer length in the command descriptor block.

partition. The entire usable re?ion of recording and reading paths in a volume
or in a portion of a volume, defined in a device-specific manner. If there is
more than one partition, they shali be numbered starting with zero (i.e.,
beginning-of-partition-zero).

setmark. A special recorded element within a partition, containing no user
data, which provides a segmentation scheme hierarchically superior to

gilgmarks for use in addréssing or fast positioning on high capacity storage
evices.

underiength. The incorrect length condition that exists after executing a read
command when the requested transfer length im the command descriptor biock
exceeds the length of the actual block read.

volune. A recording medium together with its physical carrier.
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10. Commands for Printer Devices

10.1. Hodel for Printer Devices

This command set includes capability for the printer—control]ing device,
which is an 5CSI target to be is functionally separate from the physical
printer device {see Figure 10-12 as well as integrated with it. The physical
printer device 15 connécted to the SCSI target via one of several common
device-level interfaces. There may be more than ome physical printer device
attached to the printer controlling device. In such a case, each physical
printer _device is ass1%ned a separate logical unit number, beginning with
zero. The printer-controlling device, printer device-level interface, and the
physical printer device are collectively referred to as the printer device.

---------- Printer- Printer Device- | Physical
SCSI Bus Controlling [-----=rr-mrmrecee- Printer
—————————— Device ievel Interface | Device

Figure 10-1: SCSI Printer Model

Specific control mechanisms are defined in mode pages for two industry-
standard interfaces known as the line printer interface (e.g:, the Data
Products interface or equivalent) and the EIA RS-232C interface. These mode
pages are used to contrc] optional features of these interfaces. Ho mode ﬁage
was defined for the popular indusiry-standard parallel interface because the
options reguiring controls are embedded in the data.

The printer-controlling device may be physically integrated within the
printer device and it is not required to use one of the industry-standard
interfaces referenced above.

The printer device commands are structured on the assumption that specific
Brinter control codes may be embedded in the data transferred by the FORMAT,
RINT, and SLEW AND PRINT commands. The transparent control codes may take
the form of “escape code sequences”. Commands for the operation of the target
function and some printer controls, which are not comrvenient to handle in a
transparent way, are specified in 10.2.

This standard does not specify which character set is used by the Erinter
geuicednor does it specify the meaning of the "escape code seguences” that may
e used.

SCSI-2 Horking Draft Proposal 10-1 Revision 10b
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10.2. Commands for Printer Devices

The commands for printer devices shall be as shown in Table 10-1.

Table 10-1: Commands for Printer Devices

Operation

Command Name Code  Type Section Page
CHANGE DEFINITION 40h 0 7.2.1
COMPARE 10h 0 7.2.2
CoPY 1Bh 0 7.2.3
COPY AND VERIFY 3Ah 0 7.2.4
FORMAT 04h 0 10.2.1
INQUIRY 12h M 7.2.5
LOG SELECT 4Ch 0 7.2.6
LOG SENSE 4Dh 0 7.2.7
MODE SELECT 63 15h 0 7.2.8
MODE SELECT(10) 55h 0 7.2.9
MADE SENSE 3 1Ah 0 7.2.10
MODE SENSE(10) GAh 0 7.2.11
PRINT . 0Ah | 10.2.2
READ BUFFER ich 0 7.2.12
RECEIVE DIAGNOSTIC RESULTS 1Ch 0 7.2.13
RECOVER BUEFERED DATA 14h 0 10.2.3
RELEASE UNIT 17h H 9.2.9
REQUEST SENSE (3h M 7.2.14
RESERVE UNIT 16h H 4.2.10
SEND DIAGNOSTIC 10h H 7.2.15
SLEW AND PRINT 0Bh 0 10.2.4
STOP PRINT 1Bh 0 10.2.5
SYNCHROKIZE BUFFER 10h 0 10.2.6
TEST UNIT READY G0h M 7.2.16
WRITE BUFFER 3Bh 0 7.2.17

Key: M = Command implemeﬁtation is mandatory.
0 = Command implementation is optional.

The following ogeration codes are vendor specific: 0lh, 02h, 05h, 06h, O7h,
08h, 09h, 0OCh, 0Dh, OER, OFh, 11lh, 13h, 1Sh, and COh through FFh. Al
remaining operation codes for printer devices are reserved for future
standardization.
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10.2.1. FORMAT Conmand 10.2.2. PRINT Command

Table 10-2: FORMAT Cowmand Table 10-3: PRINT Command
I e G
HB ___________ Operation Code (04h) 0 Operation Code {DAh)
‘1| logical Unit Wumber | Reserved | Format Type 1| logical unit Number | Reserved
B2 S I 2 | (mse) .
—5"-_ o Transfer Length o —5--- o Transfer Length -
b (LsB) e (LsB)
3 ______ Contrel 7T T g --------------------------- Controt

The FORMAT command {Tabie 10-2) provides a means for the initiator to
5ﬁec1fy forms or fonts to printers that support programmable forms or fents.
The format information is peripheral-device specific.

The format type field specifies the type of format information to be
%r??sferred from the initiator to the target. This field is defined as
ollows:

DB(1) DB(O)

Format Type

0 0 Set Form

1 Set Font
1 0 Vendor Unique
1 1 Reserved

The transfer length specifies the length in bytes of format information that
shall be transferred during the DATA OU ?hase. A transfer lTength of zero
indicates that no format information shall be transferred. This condition
shall not be considered as an error.

SCSI-2 Working Draft Proposal 10-3 Revision 10b

The PRINT command (Table 10-3& transfers the specified number of bytes from
the initiator to the target to be printed,

The transfer length specifies the length in bytes of data that shall be
transferred during the DATA OUT phase. A transfer length of zero indicates
that no data shall be transferred. This condition shall not be considered as
an error.
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10.2.3. RECOVER BUFFERED DATA Command 10.2.4. SLEW AND PRINT Command
Table 10-4: RECOVER BUFFERED DATA Cosmand Table 10-5: SLEW AND PRINT Command

Bit 7 l 6 [ 5 I 4 l 3 [ 2 I 1 [ 0 I Bit 7 | 6 | 5 I 4 | 3 ' 2 ! 1 I 0
Byte Byte

0 Operation Code (i4h) 0 Operation Code (0Bh)

1 | logical Unit Humber | Reserved 1 | Logical Unit Number | Reserved | Channel
7| (Mse) 2 h Slew Value

3 Transfer Length 3 (wsey T
————— - — mmmm | mm Transfer Length -
4 {LSB) 4 (L58)
5 Control 5 Costrol

The RECOVER BUFFERED DATA command (Table 10-4) returns to the injtiator data
that has been previously transferred to the target, but not yet printed.

This command is normally used only to recover from error or exception
conditions that make it impossible to print the buffered data. The order in
which data are transferred from the target to the initiator is the same as
when the data were previougly transferred using the PRINT command or SLEW AND
PRINT command. Data transferred by this command are deleted from the target

data buffer. One or more RECOVER BUFFERED DATA commands may be used to refurn _

the buffered data that is not printed.

If an attempt is made to recover more data than is contained in the buffer,
the command shall be terminated with CHECK CONDITION status and the sense_key
shall be set to N0 SENSE. 1In addition, the EOM, valid, and ILI bits shall be
set to one. The information bytes shall be set to the difference (residue)
between the transfer length and the actual number of bytes returned.

The transfer length sEecifies the maximum length in bytes of data that shall
be transferred during the DATA IN phase. A transfer length of zero indicates
that no data shall be transferred. This condition shall not be considered as
an error.

SCSI-2 Working Draft Proposal 10-5 Revision 10b

The SLEW AND PRINT command (Table 10-5) tramsfers the specified number of
bytes from the initiator to the target to be printed. This command is
provided for printer devices that do not support forms control information
embedded within the print data.

The transfer length specifies the iength in bytes of data that shall be
transferred during the DATA OUT phase, A transfer length of zero indicates
that no data shall be transferred, This condition shall not be considered as
an error.

If the channel bit is zero, the slew value specifies the number of lines the
form shall be advanced before printing. A value of 255 indicates that the
form shall_be advanced to the Tirst 1ine of the next form before ?rinting. If
the channel bit is one, the slew value specifies the forms controi channel
number to which the form shall be advanced prior to Erinting the data. If
implemented, the ?rinter optibtns page in the MODE SELECT command provides
additional control over the usage of the slew value field.

If the channel bit is one, and the channel ogtion is not implemented, the
command shall be terminated with CHECK CONDITION status and the sense key
shail be set to ILLEGAL REQUEST.
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10.2.5. STOP PRINT Command 10.2.6. SYHCHRONIZE BUFFER Command
Table 10-6: STOP PRINT Command Table 10-7: SYNCHRONIZE BUFFER Commsand

Bit| 7 6 5 i ] 3 2 1 0 Bit| 7 § 5 1 ] 3 2 1 0
Byte I e T T M T T I T T N e e
0 Operation Code (1Bh) 0 - Operation Code (10h)
‘1| Logical Unit Number | T Reserved | Retain 17| togical Unit Mumber | Reserved
R Vendor Uniqué I 2 T Reserved
ER Reserved ER Reserved
I Reserved PR " Reserved T
R Control o 5| h T Control T

The STOP PRINT cumnand.éTabie 10-8) requests the target to halt printing on
buffered devices in an orderly fashion.

A retain bit of zere requests that the target data buffer be discarded;
otherwise, the data not Erinted shall be retained. The data not printed may
be recovered using the RECOVER BUFFERED DATA command, if implemented by the
target. A subsequent SYNCHRONIZE BUFFER command, PRINT command or SLEW AND
PRIAT command shall cause the remaining data not already printed and to be
?rinteq followed by the data transferred by the subsequent command, if any. -
he point at which printing is suspended by this command is vendor specific.

SCSI-Z Working Draft Proposal 10-7 Revision 10b

The SYNCHRONIZE BUFFER command {Table 10-7) provides a means for an
initiator to ensure that the data have been successfully printed prior to
releasing the peripheral device. This is useful for applicatjons that wish to
handle any error or exception conditions (e.g., end-of-medium) prior to
termination of the application.

When all buffered data are actually printed the command shall be terminated
with a GOOD status. If it is not possible to finish printing all of the
buffered data {due to an error or exception condition aon the Beri heral
device), then this command shall be terminated with a CHECK CONDITION status
and the appropriate sense key.

The printer options page in the MODE SELECT command, if implemented,
providss additional conirol over termination sequences when using this
command. .
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10.3. Parameters for Printer Devices
10.3.1. Diagnostic Parameters

This section defines the descriptors and pages for diagnostic parameters
used with printer devices.

The diagnostic page codes for printer devices are defined in Table 10-8,
Table 10-8: Diagnostic Page Codes

Page Code Description Section
00h Supported Diagnostic Pages 7.3.1.1
01h-3Fh Reserved (for all device type pages)
40h-7Fh Reserved
80h-FFh Vendor-specific pages

10.3.2. Leg Parameters

This section defines the descriptors and pages for log parameters used with
printer devices.

The log page codes for printer devices are defined in Table 106-9.
Table 10-9: Log Page Codes

Page Code Description Section
Toth Buffer Over-Run/lnder-Run Page 1321
07h Last n Error Events Page 7.3.2.3
Q6h Non-Medium Error Page 7.3.2.4
00h Supported Log Pages 7.3.2.5

02h - 05h Reserved
08h - 2Fh Reserved
IFh Reserved
30h ~ 3Eh Vendor-specific pages

10.3.3. Mode Parameters

This section defines the descriptors and pages for mode parameters used with
printer devices.

The mode parameter list, including the mode parameter header and mede block
descriptor are described in 7.3.3.

The mediumnty?e code field is contained in the mode garameter header (see
Table 7-61 and 7-62). This field is reserved for printer devices.

SCSI-2 Working Draft Proposal 10-9 Revision 10D
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The device sgecific parameter field is contained in the mode parameter
header (see Table 7-61 and 7-62). Table 10-10 defines the device specific
parameter used for printer devices.

Table 10-10; Printer Device Specific Parameter

Bit] 7 | 6 | 5 I 4 | 3 | 2 | 1 | 0
Buffered Mode |

|Reserved| Reserved |

When using the MODE SELECT command, a buffered mode of zero indicates that
the target shall not report a GOOD status on PRINT commands or SLEW AND PRINT
commands until the data are actually printed. A buffered mode of one
indicates that the target may report a GOOD status on PRINT commands or SLEW
AND PRINT commands as Soon as the data have been transferred to the SCSI
device buffer, The data from one or more commands may be buffered prior to
printing. Buffered modes of 2h through 7h are reserved.

When using the MODE SENSE command, the buffered mode field returns the
current vatue of this parameter,

The density code field is contained in the mode parameter biock descriptor
(see Table 7-63). This field is reserved for printer devices.

The mode page codes for printer dewices are shown in Table 10-11.
Table 10-11: Mode Page Codes

Page Code

Description Section

00h Vendor Sﬁecific (does not require page format)
0Ah Control Mode Page 7.3.3.1
G2h Disconnect-Reconnect Page 7.3.3.2
03h Parallel Printér Interface Parameters 10.3.3.1
09h Peripheral Device Page 7.3.3.3
05h Printer Options 10.3.3.2
04h Serial Printer Interface Parameters 10.3.3.3
01h Reserved

06h - 08h Reserved

0Bh - 1Fh Reserved

20h - 3Eh Vendor Specific (page fermat required)
3Fh Returns all pages (valid only for the MODE SENSE command)
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10.3.3.1. Parallel Printer Interface Parameters Page

This page (Table 10-12) is intended to support printer devices which use the
industry-standard tine printer interface.

Table 10-12: Parallel Printer Interface Parameters

SN N R N N N B
0 PS  |Reserved| Page Code (03h)

A Parameter Length (03h)
2| Parity Select | PIPC |Reserved| VCBP | VCBS | WVES | Autofd
E Reserved

The parameters savable (PS) bit is onl¥ used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific Tocation.

The parity select field specifies parity generation on the printer interface
and is defined as follows:

Code Parity Select

00b No parity gé;eration -

01b Even Parity
10b Odd Parity
11b Reserved

A paper instruction parity check (PIPC) bit of one indicates that the .
printer interface "Paper Instruction® signal is included in parity generation
an the ?rinter interface by the target. “A PIPC bit of zero indicates that the
"Paper Instruction® sxgnaT is not included in parity generation on the printer
interface by the target.

A VFU contro] bit polarity (VCBP) bit of one indicates the state of the VFU
control bit (C) is true for a VFU channel command and false for a line skip
command. A VCBP bit of zero indicates the opposite polarity.

A VFU control bit select SUCBS) bit of one indicates that the control hit
(C) is in bit position 6 and the EE bits are im bit positions 5 and 4. A VCBS
bit of zero indicates that the control bit (C) is in bit position 4 and the EE
bits are in bit positions & and 5.

A VFU extended skiE (VES) bit of one indicates that the EE bits are
supported for tine skip operations. A VES bit of zero indicates that the EE
bits are not supported.
SCSI-2 Working Draft Proposal
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For MODE SELECT an automatic line feed AAutofg) bit of one specifies that
the target assert the printer interface "Auto Line Feed" sigmal. An Autofd
hit of zero specifies that the target negate the printer interface "Auto Line
Fﬁgd"bs;gna]. For MODE SENSE the target shall return the current value of
this bit.

The format of the VFU control byte is sgecified by the VCBP, VCBS, and VES
bits. The VFU control byte is neot part of this standard, however a discussjon
of it is included here for a better understanding. This VFU control byte (see
table, below} includes a contrel bit (C) to select whether to slew over a
number of Tines or to skip to a vertical forms unit (VFU) channel number.

This bit may be Jocated in two different bit positions and may have either
polarity. Additionally, the number of lines to siew over may be coded as an
unsigned four-bit number (NNNN) or an unsigned six-bit number (EENNNN). The
uﬁper two bits of the six-hit number (EE) may be positioned contiguously with
the lower four bits éNNNNg or they may be separated from the lower four bits
by thetcgntrnl bit (C). Furthermore, the upper two bits may or may not be
supported,

Pictorially, the control byte is as follows:

VFU Control Byte Description

76543210

DEECNNNN Advance (EE)NNNN lines € = line skip)
OOCCHNMNNN Skip to VFU channel NNNN (C = VFU channel)
OCEEMNMNNN Advance 6EE)NNHN lines C = line skip)
GCOONNMNN Skip to UFU channel NNNN (C = VFU channel)
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The printer options page éTable 10-13) supports control and reporting of
various target functions and features.

Table 10-13: Printer Options

T M A
0 PS  |Reserved| Page Code (05h)

RO Parameter Length (OAh)_--

_5___ —HEGEG——E uuuuuuuuuu _dgant Identification

R ﬁé;é;&é&"”""i"" Stew Mode | Reserved | SCTE | AfC
W wssy T o o

-5--- - Maximum Line Length (Lséi—
s | -—_EVFH Format Start Char;EEer

I " EVFY Format Stop Character

B —+E;ne Slew OEE;BE;“ o | Form Slew OBE;OR; -----
‘9 | Data Termination Options | Reserved T
w T "Reserved o -
-ii—- T “ﬁeserved o

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.

An electronic vertical forms unit {EVFU) bit of one indicates that a tape or
electronic vertical forms unit is present in the printer device. An EVFU bit
of zero indicates that the electronic vertical forms unit should not be used
or that the unit is not present in the printer device.

SCS5I-2 Herking Draft Proposal 10-13 Revision 10b
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For the MODE SELECT command, the font identification field specifies which
font is to be used. For the MODE SENSE command, this field identifies the
gu¥§ent1y selected font. The font identification codes are defined as

ollows:

Printer Devices

Code Font Identification

Q0h__ Default Font
0lh - 3Fh Reserved
40h - 7Fh Vendor specific Font

For the MODE SELECT command, the stew mode field contrels the target's
behavior when a SLEW AND PRINT command is received with a channel bit of zero
(see 10.2.4). For the MODE SENSE command, this field reports the current slew
mode. This slew mode is defined as follows:

Code Slew Mode

00b SLEW AND PRINT commands with a channel bit of zero are supported
without anﬁ required setup,

01b SLEW AND PRINT commands with a channel bit of zero are only accepted
after the initiator issues a FORMAT conmand with a format type of "set
form” {to initialize the electronic vertical forms unit).

10b SLEW AND PRINT commands with a channel bit of zero are always
accepted. The target shall use the electronic vertical formps unit if
it has previously Deen initialized or it shal] initialize the
electronic vertical forms unit for line skipping by sending the EVFU
start format character immediately followed by the EVFY stoE format
character {both are defined below) prior to executing the SLEW AND
PRINT command.

11b Reserved

For the MODE SELECT command, a step count truncate enable (SCTE) bit of one
indicates that the target shall assume the printer truncates slew values in
SLEW AND PRINT commands so that the data is printed on the first line of the
next form. A SCTE bit of zero indicates that the target shall assume the
printer comtinues Siewinﬂ over forms boundaries in SLEW AND PRINT commands if
the slew value exceeds the nymber of remaining lines on the current form. The
target shall return the current value of this field in the MODE SENSE data.

An ASCII forms control {AFC) bit of one indicates that the printer supports
ASCII forms comtrol characters. An AFC bit of zero indicates that the printer
does not support ASCII forms control characters.

The maximum 1ine length field specifies the maximum transfer length {maximum
number of bytes per 1ineg to be accepted in the SLEW AND PRINT command.
value of 0000h in MODE SELECT specifies that the target shall use its default
value. [n any case, the target shall report its actual value in the MODE
SERSE data (not 0000h).

The EVFU format start character field specifies the character code to be
used by the target to start the ipitialization of the electronic vertical
forms unit if sTew mode option 10b is selected.
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The EVFU format stop character field specifies the character code to be used
b¥ the target to stogothe initialization of the electronic vertical forms unit
i on

slew mo

e opti b is selected.

The line siew options field specifies the implementation of line slewin
{using ASCII forms control characters) in the SLEW AND PRINT command. Code
values in this field are defined as follows:

3h

4h-7h
Bh-fh

Line Slew Option

Not implemented. (SLEW AND PRINT commands cause CHECK CONDITION
status with ILLEGAL REQUEST sense key.)

The target shall insert an ASCIT carriage return character (0Dh) for
each line slewed over.

The target shall insert an ASCIT Tine feed character (0Ah) for each
line stewed over.

The target shall insert an ASCII carriage return character (0Dh) and
line feed character {0Ah) for each line slewed over.

Reserved

Vendor Unique

The form slew o?tions field specifies the implementation of form slewing in

the SLEW AND PRIN

3h-7h
8h-Fh

SC51-2 HWorking Draft Proposal

command. Code values in this field are defined as ful?nws:
Form Slew Option

Not implemented. (SLEW AND PRINT commands cause CHEEK CONDITION
status with ILLEGAL REQUEST sense key.%

The target shall insert am ASCIT form feed character (OCh} to tove to
the beg1nning of the next form.

The target shall insert an ASCII carriage return character (ODh% and
form feed character (0Ch} to move to the beginning of the next form. .
Reserved

Vendor Unigue

10-15
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The data termination options field SEecifies the termination sequence to be
issued to the printer device when a SYNCHRONIZE BUFFER command is received.
Code values for this field are defined as follows:

Code Data Termination Option

Oh Selects the target default implementation (MODE SELECT).

1h No termination sequence. (The target sends any remaining data in its
buffer to the ?rtnter device with no termination sequence.%

2h The target shall print amy buffered data followed by an ASCII carriage
return character (0Dh).

3h The target shall Rrint any buffered data followed by an ASCII line
feed character (0Ah}).

4h The target shall print any buffered data followed by an ASCII carriage
return, line feed character sequence (0Dh, 0Ah).

5h The target shall send any buffered data followed by an ASCII form feed
character (0Ch).

6h The target shall print any buffered data followed by an ASCI] carriage
return, form feed character sequence (0Dh, OCh).

7h The target shall issue a zero Vine slew command to the printer device.

8h-Bh  Reserve

Ch-Fh  Vendor Unique

10.3.3.3. Serial Printer Interface Parameters Page

This page {Table 10-14) is intended to support printer devices which use the
industry-standard serial interface usually referred to as EIA R$-232C.

Table 10-14; Serial Printer Interface Parameters

R M N N N N
HOHWM““__PS | Reserved] Page Code (04h)

T N Parameter L;ﬁézh oshy

2 o Reserved-—--T Stop Bit Length

3| Parity S;;ectien |Reserved| i Bits p;;_éﬁ;racter

4 TRTS | cTS | Reserved -T _____ Pacinguﬁ;aiocol

5 T(MSB) T

6 | Baud Rate o
7o (LSB)
SCSI-2 Working Draft Proposal 10-16 flevision 10b
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The parameters savable {PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-

specific location.

The stop bit_length field specifies the length of the stop bitgs) in units
of 1/16 bit. The target may round this field as described in 6.5.4. A stu?
bit length of zero in the MODE SELECT command indicates that the target shall
use its default value.

The parity selection field specifies parity generation and checking as
defined in the following table:

Code Parity Selection

000b None
01b Mark
010b Space
G11b 0dd

100b Even

101b Reserved
110b Reserved
111b Reserved

The bits per character field specifies the number of bits in each character.
A value of zero in the MODE SELECT command indicates that the target shall use
its default character size.

For the MODE SELECT command, a request to send (RTS) bit of one specifies
that the target shall insure the *Request to Semd” (RTS) signal in the serial

interface follows the line state of the "Data Terminal Ready” (DTR) sigmal in _

the serial interface. A RTS bit of zerc specifies that the target shall set

the "Request to Send™ (RT5) signal to “high" whenever the target power is on.
;grléhe MODE SENSE command, the target shall report the current value of this
ield.

For the MODE SELECT command, a clear to send (CTS) bit of one specifies that
the target shall delay data transmission to the printer device until the
printer device asserts the "Clear to Send” (CTS) signal in the serial
interface. A CTS bit of zero indicates that the target shall ignore the
“Clear to Send” signal. For the MODE SENSE command, the target shall report
the current value of this field.

SCSI-2 Working Draft Proposal 10-17 Revision 10b
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The code values for the pacing protocol field are defined as follows:

Cade Pacing Protocol

Oh None
1h XON/XOFF
2h ETX/ACK
3h DTR
th-7h  Reserved
8h-Fh  Vendor specific

The baud rate field specifies the baud rate in bits per second. The target
may round this value as described in 6.5.4. A baud rate of zerc in the MODE
SELECT command specifies that the target shall use its default baud rate.
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11. Processor Devices
11.1. Hodel for Processor Devices

The SCSI processor device is a target with the characteristics of a primary
computing device, typically a personal computer, minicomputer, mainframe
computer, or auxiliary computing device or server, Such a primary computing
device is often called a host. "The pracessor device receives or provides
packets of data as requested by the initiator.

In the SCSI processor device, the target accepts and provides the data
packets transferred according to the commands of the initiator. The initiator
and the processor device are both assumed to know the rules by which
information is exchanged between them, how the information is interpreted by
the processor device, and when it is aliowahle to exchange the information.
These rules are not specified by this standard.

The initiator reguests that the processor device accept a packet of data by
transmitting a SENOD command. The initiator requests that the processor device
return a packet of data by transmitting a RECEIVE command. A COPY command cam
also be transmitted to the ?rncessor dévice to request that it serve as a copy
manager. The actual data flow can be between the processor device and another
SCSI device or can be between two SCSI devices under contral of the processor
device acting as a copy manager.

If a processor device temporarily has no resource available to manage a data

ﬁacket from the initiator, has no data packet to provide to the initiator, or
as ng resources assigned to perform the operation, the device may then choase
one of the following responses:

1% Terminate the command with CHECK CONDITION status and the sense key NOT
READY with the appropriate additional sense code for the condition. This is
the agpropriate response to a TEST UNIT READY command. -

2} Disconnect until the necessary resource or data packet becomes available,
and then reconnect to the initiator and resume the operatian.

3) Terminate the command with BUSY status.

Hore than one Logical Unit can be implemented by a processor device.
Logical Units can serve as additional paths to a single resource, andfor each
logical unit can serve as a path to different resources within the device. A
single logical unit may also serve as a path to multiple resources if the
processor device can interpret information within the data packet and route
the packet to the aﬁpropriate resource. If the logical unit addressed by the
initiator does not have an available resource or data packet associated with
it, the processor device may choose to treat the logical unit as an invalid
logical unit (see 6.5.3) or respond as described in the previous paragraph.

If the processor device determines that an error or unusual condition has
occurred while performing an oggration specified by the contents of a data
packet, the information describing the condition is normally returned as a
part of a data packet. If the processor device determines that an error or
unusual condition has occurred while executing the SCSI command from the
initiator, the command is terminated with a CHECK CONDITION and the failures
are identified through a REQUEST SENSE command.
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The SCSI processor device is distinguished from a SCSI communications device
by the fact that the ?rimary destination of the data packets is within the
target device. A SCSI communications device, in contrast, passes the data on
to an ultimate destination outside the target through a network. Many types
of devices may find it convenient to function as processor devices if no other
suitable SCSI device type exists and if the packet exchange protocol dictated
by the processor device model meets their functional requirements, Devices
requiring totally incompatible protocols and conmand sets should be examined
carefully to be sure that the incomﬁatibilitaes are based on functional
gequirements. If they are, they should be treated as vendor unique device

ypes.

Processor Devices

Several examples of processor device jmplementations are provided to clarify
the range of utility of the SCSI processor device.

11.1.1. Host to Host Communication, SEND Only

A host system, (Host A), takes the initiator role and selects a processor
device (Host B}, transmitting a packet to Host B using the SEND command. The
SEND command contains an operating system call that requests data from Host
B's local storage devices. After performing the functions required by the
data packet, Host B assumes the initiator mode and selects Host A as a
processor device and uses a SEND command to transmit the requested data back
to Host A. Host A thus acts as a primar computer and Host B as a specialized
data server computer. MNote that the SEND command is sufficient to perform a
complete transaction if both Host A and Host B can assume the initiator mode.
This provides the function of a Very lLocal Area Network (VLAN) for very high
bandwidth inter-communication among nearby host pracessors,

11.1.2. Host to Host Communication, SEND and RECEIVE

A host system (Host A) takes the initiator role and selects a processor
device (Host B}, transmitting a packet using the SEND command to Host B
containing instructions aboui an operation to be performed. Host A again
takes the initiator role and sends the data to be used by Host B in the
operation. Host A then assumes that a result will be obtained consistent with
rules understood by both devices. Host A generates a RECEIVE command to
obtain the result from Host'8. If the result is not yet ready, Host B may
disconnect until the calculation is complete and the requested data packet can
be returned to Host A. This method also provides the function of the VLAN
between nearby hosts. Hote that Host A need not support target mode and Host
Ehnegd ngt support initiator mode to successfully complete an exchange between

e two devices.

11.1.3. Host to Special Output Peripheral

A special co-processor device which can use the processor device command set
is a nigh performance graphics display terminal. he initiater sends control
and data packets to thé dispiay terminal that contain the image to be
displayed, Only the SEND command would be required. A BeriE eral failure
would ? indicated through the normal CHECK COMDITION / REQUEST SENSE
protoco] .
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Processor Devices
11.1.4. Host to Special Input Peripheral

A second special co-processor device which can use the processor device
command set is a data acquisition subsystem. Such subsystems may multiplex
and compact streams of data from many sources. A host could control the data
acquisition modes and the selection of data streams by transmitting control
packets to the processor device using the SEND command. The host could then
obtain the acquired data by executing a series of RECEIVE commands, The data
acquisition device could also serve as an initiator, selecting peripheral
stora%e devices and storing the compacted acquired data there for later access
directly by the host or through Host to Host communication Erotocols. A
EeriEharal failure would be indicated through the normal CHECK CONDITION /

FQUEST SENSE protocoi.

B/22/89
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11.2. Commands for Processor Devices
The commands for processor devices shall be as shown in Table 11-1.

Table 11-1: Commands for Processor Devices

Operation .

Command Name Code Type Section Page
CHANGE DEFINITION 40h 0 7.2.1
COMPARE 39h ] 7.2.2
copy 18h 0 7.2.3
COPY AND VERIFY 3Ah 0 7.2.4
INgUIRY 12h M 7.2.5
L0G SELECT 4Ch o 7.2.6
106G SENSE 4Bh 0 1.2.7
READ BUFFER 3Ch 0 7.2.12
RECEIVE 08h 1] 11.2.1
RECEIVE DIAGNOSTIC RESULTS 1Ch 0 7.2.13
REaUEST SENSE 03h M 7.2.14
SEND 0Ah M 11.2.2
SEND DIAGNOSTIC 10h H 7.2.15
TEST UNIT READY 00h H 7.2.15
WRITE BUFFER 3Bh o 7.2.17

Key: M = Command implementation is mandatory.

0 = Command implementation is optional.

The following ogeration codes are vendor specific: 02h, 05h, 06h, 0Sh, OCh,
0Dk, OER, OFh, 10h, 1lh, 13h, 14h, 19h, COh through FFh, All remaining
operation codes for processor devices are reserved for future standardization.
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11.2.1. RECEIVE Command

Table 11-2: RECEIVE Command

A I I
0 Operation Code (08h)

E —Logica] Unit Mumber Hui- T Reserved
2 | mse) T
-5--— o Allocation Length o
R (LsB)
R Control

The RECEIVE command (Table 11-2) requests the target transfer data to the
initiator. The contents of the data are not defined by this standard.

11.2.2. SEND Command

Table 11-3; SEND Command

Bit 7 6 5 4 i 2 1 0
Wil | C | T

0 Operation Code (0Ah)

1 | Logical Unit Mumber | Reserved | AER
—5--_ —(MSB) - o o T
‘5“— o Transfer Length o
R (LSB)”
E Control T

The SEND command {(Table 11-3 requests the target transfer data from the
initiator.
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An asynchronous event notification {AEN) bit of one indicates that the data
to be transferred conforms to AEN data format as defined in Jable 11-4,
SEND command with an AEK bit of one shall only be issued to logical unit zero.

Processor [Devices

An_AEN bit of zero indicates that the data to be transferred are vendor-
specific.

The transfer len$th specifies the length in b¥tes of data that shall be sent
during the DATA OUT phase. A transfer Tength of zero indicates that no data
shall be sent. This condition shall not be considered as an error.

Table 11-4: SEKD Command - AFN Data Format

A S N N
0 Reserved | LUNTAR | Reserved | - LUNTRN

| T Reserved
2 T Reserved

3 | T Reserved i
At T Sense Data Byte (0)
e | Sense Data Byte (n) o

A Togical unit tar et_(LUNTAR% bit of zero sgecifies that the asynchronous
event accurred on a Togical unit. A LUNTAR bit of one specifies that the
asynchronous event occurred on a target routine.

IT the LUNTAR bit is zero, the logical unit number target routine number
{LUNTRN) field specifies on which logical unit the async rongus event
occurred. If the LUNTAR bit is one, the LUNTRN field specifies on which
target routipne the asynchronous event occurred.

The sense data bytes are defined in Table 7-35.
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11.3. Parameters for Processor Devices
11.3.1. Diagnostic Parameters

This section defines the descriptors and pages for diagnostic parameters
used with processor devices.

The diagnostic page codes for processor devices are defined in Table 11-5.
Table 11-5: 8iagnostic Page Codes

Page Code Description Section
00h  List of Supported Parameters Page 7.3.1.1
01h - 3Fh Reserved (for all device type pages)
40h - 7Fh Reserved
80h - FFh Vendor-specific pages

11.3.2. Leg Parameters

This section defines the descriptors and pages for log parameters used with
processor devices.

The log page codes for processor devices are defined in Table 11-6.
Table 11-6: Log Page Codes

Page Code Description Section
01h Buffer Over-Run/Under-Run Page 7.3.2.1
07h tast n Error Events Page 7.3.2.3
00h List of Supgorted Parameters Page 7.3.2.5
06h Non-Hedium Error Page 7.3.2.4

02h - 05h Reserved

08h - 2Fh Reserved

30h - 3Eh Vendor-specific pages
3Fh Reserved
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11.4. Glossary for Processor Devices

host. A device with the characteristics of a primary cumputjn$ device,
typically a personal computer, workstation, minicomputer, mainirame computer,
or auxiliary computing device or server.

data packet. The data transferred during the DATA IN phase of a RECEIVE
command, or during the DATA OUT phase of a SEND command. A data packet often
contains information at the beginning or end of the packet that describes the
contents of the packet. A data packet might contain control or status
information for the destination device.

resgugce. A part of the device required to operate on or store the data
packet.
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12. Write-Once Devices
12.1. Hodel for Hrite-Once Devices

The model for the write-once device is a variation on the direct access
device type. Most of the aspects of the direct access device are retained by

the write-once device, such as removability, logical biock addressing, and
data cache. The differences are summarized below.

12.1.1. Logical Blocks

Data ma¥ be written to a logical block only once. A subsequent write to a
logical block already written may or may not be corru?ted. depending on the
implementation. Write-once physical medium is non-volatile.

The "updating" of blocks {seg 15.1) is discouraged. SCSI write-once devices
are intended to be "archival" in nature. Data at a logical block address is
not expected to change once written. The "update”" commands are not defined
for this device tyge. Devices are not precluded from implement1nﬁ the
"update" function by this standard, though devices that require the update
function should use” the optical memory device type.

Devices may be able to determine the state of a logical block prior to
access, These devices can determine whether a block is blank or written. This
is useful in detectin? previously written hlocks, preventin? a destructive
oyerwrite. This is also wseful in f]ndln? blank areas for later writing. The
MEDIUM SCAN command can be used to find biank and written areas prior to YRITE
and READ access.

12.1.2, Initialization

The FORMAT UNIT command is not defined for write-once devices. Write-once
dﬁv1ces agedshipped pre-formatted by the manufacturer and are ready for use
when mounted.

12.1.3. Physical Medium Defects

The raw defect rate for optical medium is higher than for magnetic medium
used in direct access devices. Data is usually recovered through the use of
sophisticated error correction algorithms. The level of error correction used
for data recovery is often selectable. However, many write-once devices have
a minimum Tevel that is always used and cannot be deactivated through the
error recovery mode parameter. Control of the error correction algorithms and
level of correction is vendor specific.

12.1.4. Error Reporting

If any of the following conditions occur during_the execution of a command
the target shall return CHECK CONDITION status. The ag?roprlate sense key and
additional sense code should be set. The following table iliustrates some
error conditions and the ap?]icable sense keys. The table does not provide an
exhgustive enumeration of all conditions that may cause the CHECK CONDITION
status.
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Hrite-Once Devices B/22/89

Condition Sense Key

ILLEGAL REQUEST
ILLEGAL REQUEST

Invalid logical block address
Unsupported option requested

Target reset or medium change since
Jast command from this initiator UNIT ATTENTION
HARDWARE ERROR

MEDIUM ERROR
HARDWARE ERROR

RECOVERED ERROR

Self diagnostic failed

Unrecovered read error

Recovered read error

Overrun or other error that might
be resolved by repeating the command ABORTED COMMAND

Attempt to write on write protected medium DATA PROTECT
Atteppt to read a blank or previously
unwritten block BLANK CHECK
Attempt to write a previously written

block and blank checking s enabled BLANK CHECK

In the case of an invalid logical block address, the sense data information
field shall be set to the logical block address of the first invalid address.

In the case of an attempt to read a blank or previously unwritten block, the
sense data information field shall be set to the Togical block address of the
{irstfh]ang block encountered. The data read up to that block shall be

ransferred.

In the case of an attempt to write a previously written block and blank
checking i5s enabled, the sepse information field shall be set to the logical
block address of the first non-blank block encountered.
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12.2. Commands for Write-Once Devices

B/22/89

The commands for write-once devices shall be as shown in Table 12-1 and

Table 12-2.

Table 12-1: Commands for Write-Once Devices(1)

Command MName Code Type Section
CHANGE DEFINITION 40h g 7.2.1
COMPARE 3%h 0 1.2.2
capy 18h ¢ 7.2.3
COPY ARD VERIFY 3Ah ¢ 7.2.4
INEUIRY 12h M 7.2.5
LOCK UNLOCK CACHE 36h a 8.2.2
LOG SELECT 4Ch 0 7.2.6
LOG SENSE 4Dh 0 7.2.7
MEDIUM SCAN 38k 0 15.2.3
MODE SELECT 86 15k g 7.2.8
MODE SELECT(10) 55k g 7.2.9
HODE SENSEE a 1Ak 0 71.2.10
HODE SENSE(10) 5Ah g 7.2.11
PRE-FETCH 34h 4 8.2.3
PREVENT ALLOW MEDIUM REMOVAL 1ER g 8.2.4
READ(6 08h 0 8.2.5
READ(1 28h M 8.2.6
REAB(12 ABh 1) 15.2.4
READ BUFFER 3Ch 0 7.2.12
READ CAPACITY 25h M 8.2.7
READ LONG 3Eh ¢ 8.2.9
REASSIGN BLOCKS 07h g g8.2.10 _
RECETVE DIAGNOSTIC RESULTS 1Ch 0 7.2.13
RELEASE 17h ] 8.2.11
REgUES? SENSE 03k M 7.2.14
RESERVE 16h M 8.2.12
REZERO UNIT 0lh 0 B.2.13
SCSI-2 Horking Draft Proposal 12-3 Revision 10b

Write-Once Devices
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Command Name Code Type Section
SEARCH DATA E UAL{ID} 31h 0 8.2.14.1
SEARCH DATA EQUAL(12 Blh 0 15.2.8
SEARCH DATA HIGH{IO} 30h 0 8.2.14.2
SEARCH DATA HIGH(12 B0h 0 15.2.8
SEARCH DATA ngfiﬂl 32h 0 8.2.14.3
SEARCH DATA LOW(12 B2h 0 15.2.8
SEEKEB& 0Bh 0 8.2.15
SEEK{10) 2Bh 0 8.2.15
SEND DIAGNOSTIC 10k M 7.2.15
SET LIMITS(10 i3h 0 8.2.16
SET LIMITS(12 B3h 0 15.2.9
START STOP UNIT 1Bh 0 8.2.17
SYNCHRONIZE CACHE 35h 0 8.2.18
TEST UNIT READY 00h M 7.2.16
VERIFY 10} 2rh o 15.2.11
VERIFY(12 AFh 0 15.2.12
WRITE a 0Ah 0 8.2.20
HRITE(1 2Ah M 8.2.21
HRITE(12 AAh 0 15.2.14
WRITE AN UERIFYglﬂ 2Eh 0 8.2.22
WRITE AND VERIFY(12 AER 0 15.2.16
WRITE BUFFER 38h 8 7.2.17
HRITE LONG 3fh 0 8.2.23
Key: M = Command implementation is mandatory.
0 = Command implementation is optional.

The following command codes are vendor specific: 02h, 05h, 06h, 08h, OCh,
0Dk, OEh, OFh, 10k, 11h, 13h, 14h, 19h, 20h, 21h, 22h, 23h, 24h, S6h, S,
29h, and COh through FFh. All remaining command codes for write-once devices

are reserved for future standardization.

12.3. Parameters for Writellnce Devices

Refer to the parameters for optical memory devices {see 15.3).

12.4. Glossary for ¥Write-Once Pevices
Refer to the glossary for optical memory devices (see 15.4).

SCSI-2 Working Draft Proposal 12-4

Revision 10b

AMIHd T B2



CD-ROM Devices
13. CD-ROH Devices
13.1. Hodel for CD-ROH Devices

CD-ROM devices permit reading data from a rotating media. Writing the media
is not su?ported. Data transfer can bEﬁln with any of the comsecutively
numbered logical blocks. Data an CD-ROM devices is addressed the same as
usual (magnetic) direct-access devices. Some CD-ROM devices support a separate
information stream Se.g. audio andfor video but referred to as audio in this
section% transmitted via a connection other than the SCST Bus. This device
type defines commands for controlling these other information streams.

8/22/89

CD-ROM drives are designed to work with any disc that meets the "Red Book"
or "Yellow Book" (IEC 908) documents at the current revision level, Many new
drives read CD-ROM data discs, digital audio discs, and audio-combined discs
{i.e. some tracks are audio, some tracks are data).

13.1.1. CD-ROM Medja Organization

The formats written on the CD-ROM and CD-DA (Digital Audio) media reguire
special interfacing considerations.

NOTE: This section contains a number of terms which have special meanin$5
peculiar to CD-ROM technology or that may be unfamiliar to many readers o
this standard. The glossary (see 13.4.) defines these terms.

These discs may contain either audio, data or a mixture of the two. Tahle
13-2 shows the format of a audio-combined disc to illustrate the relationship
between the logical block addresses reported in SCSI and the MSF address
encoded on the media.

NOYE: The term frame is used in two different ways in the CD-ROM media
standard. The intended meaning can only be determined from the context,
Whenever ?ossibie, this description replaces the larger data unit with the
more familiar term “sector”. The primary exception fo this policy is the
use of frame when referring to the MSF address. In the MSF context, one
frame (F Field un!t% equals one sector. On a tygical two channel CD-DA
media, each frame (F Field unit) is played in 1/75th of a second.

The physical format defined by the CD-ROM media standards provides 2352
bytes per sector, For usual computer data applications, 2048 bytes are used
for user data, 12 bytes for a synchronization field, 4 bytes for a sector
address tag field and 288 bytes - the auxiliary field - for L-EC %CD—ROH Bata
Hode 1). In less critical aﬁplicatinns the auxiliary field may also be used
for user data (CD-ROM Data Mode 2). A {n-ROM physical sector size is 2048,
2336 or 2340 bytes per sector. These values correspend to user data field
only, user data plus auxiliary data, the 4 byte address tag plus user data
plus auxiliary data.

Selection among these options is made by setting the density code field of
the MODE SELECT block Descriptor. The usual selection is 2048 bgtes per
Bhysjca] sector via a Density Code setting of 1. (See Table 13-32 CD-ROM

ensity Code Values.)
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This same area of the CD-ROM or D audio media may store 1/75th of a second
of 2 channel audio information formatted according to the ¢D-DA specification.
{These audio channels are usually the Left and Right components of a stereo
pair.} An audio only density code value can be used to declare an area of the
media to be invalid for data operations.

Data sectors are addressed hy their logical block address relative to the
first addressable block on the medium which is located at MSF address
00/02/00. This MSF address is the logical beginning of medium, and is
designated logical block zero.

Logical addregsin? of LD-ROM information may use any logical block length.
Hhen the specified Togical block length is an exact divisor or integral
multiple of the selected number of bytes per CD-ROM sector, the device shall
map one to one the bytes tramsferred from CD-ROM sectors to the bytes of
logical Blocks. For ipstance, if 2048 b{tes are transferred from each CRH-ROM
sector (s?ecified by the CD-ROM Density Code value, see Table 13-32), and the
lagical block length is 512 bytes, then each CD-ROM sector shall map to
exact1¥ four logical blocks. ~This standard does not define the mapping of
Logica] Block Tengths which do not evenly divide or are not exact multiples of
the selected number of bytes per CD-ROM Sector.

A track may be viewed as a partition of the CD-ROM address space. A CD-ROM
media contains from one to ninety-nine tracks. A1l information sectors of a
track are required to be of the same tﬁpe {audio or data) and mode. Each
change in the type of informaticn on the disc requires a change in track
number. A disc containing both audio and data would have at Teast two tracks,
one for audio and one for data.

The tracks of a CD media are numbered consecutively with values between 1
and 99, Howaver, the first information track ma¥ have a number greater than 1.
Tracks have a minimum length of 300 sectors including any transition area that
is part of a track.

The CD-ROM media standards require transition areas between tracks encoded
with different types of information. In addition, transitjon areas may be
used at the beginning or end of any track. For acdio tracks the transition
areas are called pause areas. For data tracks transition areas are called
pre-gap and Eost-gap areas. See Table 13-2 for an example. The "Red Book"
and_"Yellow Book™ documents specify minimum time durations for these areas.
Maximum time durations are not specified.

Transition areas are formatted and the logical address continues to
increment through transition areas. Some media (j.e. discs with only one
track) may not have transition areas. The means to determine of the location
of the transition areas is vendor or application specific and is addressed by
ather standards (e.g. IS0 9660).

CO-ROM is a unique SCSI device in the respect that some logical blocks on a
disc may not be accessible by all commands. SEEK commands may be issued to
any loglcal block address within the reported capacity of the disc. READ
commands cannot be jssued to logical blocks that occur in some transition
areas, or to logical blocks within an audio track. PLAY commands cannot be
issued to fogical blocks within a data track.
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The blank verify #Blkvfy) option of the Verify command (15.2.11)}, for CD-ROM
devices, shall verify that the addressed biocks are transition area blocks.

CD-ROM media have lead-in and lead-out areas, These areas are outside of
the user accessible area as reported in the READ CD-ROM CAPACITY data. The
lead-in area of the media is designated track zero. The lead-out area is
designated track DAAR. The sub-channel Q in the lead-in track contains a
table of contents (TOC) of the disc.

[MPLEMENTORS NOTE: The READ CD-ROM CAPACITY command returns the logical
block address of the Jast block prior to the lead-out area. This leccation
may be in a transition area and therefore not a valid address for read
operations.

_ The table of contents gives the absolute MSF location of the first
information sector of each track. Coniro] information {audio/data, method of
audio encoding, etc.} for each track is also given in the TOC. However, the
TOC does not distinguish between the different modes of data tracks (i.e. CD-
ROM Data Mode ane vs. CD-ROM Data Mode two).

The MSF locations of the beginning of data tracks in the TOC are required to
be accurate, however, the TOC values for audio tracks have a tolerance of plus
or minus 75 sectors. Information from the TOC can be used to reply to a READ
CD-ROM CAPACITY command. When this is done the drive impiementor should
consider the possible tolerances and return a value which allows access to all
information sectors.

An index is a partition of a track. Pre-gap areas are encoded with an index
value of zero. Pause areas at the beginning of audio tracks are also encoded
with an index value of zero. The first information sector of & track has
index value of one. Consecutive values up to 99 are permitted. Index
information is not contained in the TOC. Not all sectors are encoded with the
index value in the Q-sub- channel data {the requirement is 9 out of 10). A
sector without an index value is presuned to have the same index as the
preceding sector.

Tracks and indexes are not defined to be amy particular length., (Except for
a minimum track length of 300 sectors.} A CD disc may be created with a
single information frack with a single index or with 99 information tracks
each with 99 indexes.

The sub-channel information which is part of each sector includes a track
relative MSF location value giving the distance from the first information
sactor of the track. On the media this value decreases during the pre-gap area
ésectors with index values of () and increases for the rest of the track. The

ata returned by the READ SUB-CHANNEL command with MSF bit set to zero,
converts this to a track relative logical block address {TRLBA}. The TRLBA is
continually increasing over the whole track and pre-gap areas shall return
negative values. When the MSF bit in the Read Sub-channel command is set to
DEE' the MSF track relative location value from the media is reported without
change.
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13.1.2. CD-ROM Physical Data Format

The physical format of CD-ROM and CD-DA media uses a smaller unit of
sznchropization than the more familiar m@%ngtlc or optical recording systems.
The basic data stream synchronization unit is a small frame. This is not the
same large frame (sector) as referred to in the MSF unit. FEach small frame
consists of 58B bits. A sector on CD-ROM media consists of 98 smalt frames.

8/22/89

A CD-ROM small frame comsists of:

1 Synchronization pattern 24+3 bits
1 Byte of Sub-channel Data (14+3 bits

24 fytes of Data 24 x {14+ ) bits)
8 Bytes of CIRC code 8 x (I4+3) bits) Total: 588 bits.

Data, sub-channel and CIRC bytes are encoded with an eight-to-fourteen bit
code then three merging bits are added. The merging bits are chosen to
provide minimum low frequency signal content and optimize phase lock loop
performance.

13.1.2.1. Frame format for Audio

Each small frame of an audio track on a two channe] CD-DA or CD-ROM media
consists of six digitized 16 bit samples of each audio_channel. These 24 bytes
of data are combined with a synchronization pattern, CIRC bytes and a sub-
channel byte to make & frame. Fach frame takes approximately 136.05 uS to

lay. This gives a sampling rate of 44.1 KHz for each channel. The sub-channel
information creates the higher level sector grouping for audio tracks.

13.1.2.2. Sector Format for Data

The data bytes of 98 small frames comprise the physical unit of data which
is referred to as a sector. (98 sma]l frames times 24 bytes per small frame
equal 2352 bytes of data per sector.)

A sector which contains CD-ROM Data Mode one data has the following format:

12 bytes Synchronization Field

4 bytes CD-ROM data header
Absolute M Field in bed format
Absolute S field in bed format
Absolute F Field in bcd format
CD-ROM Bata Mode Field

2048 bytes Hser Data Field

bytes Error Detection Code
8 hytes Zero
276 bytes Layered Error Correction Code

SCSI-2 Working Draft Proposal 13-4 Revision 10b
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A sector which contains CD-ROM Data Mode two data has the following format:

12 bytes
4 bytes

Synchronization Field

CD-ROM Data Header
Absolute W Field in bed format
Absolute S Field in bed format
Absolute F Field in bed format
CD-ROM Data Mode Field

2336 bytes User Data Field (2048 bytes of Mode 1 data pius 288 bytes of
Auxiliary data)

IMPLEMENTORS NOTE: Many drives are capable of returning CD-ROM Data Mode

one data in a CD-ROM Data Mode two format. This allows the user to

investigate the error detection and error correction codes. However data

encoded as CD-ROM Data Mode two cannot be read as CD-ROM Data Mode one data.

13.1.2.3. Sub-channel Information Formats

The Sub-channel byte of each frame is assigned one bit to each of the 8 sub-
channels, designated P, , R, S, T, U, V, H. Onlg sub-channels P and {} are
defined for CD-ROM media. The other sub-channel bits are zero.

Sub-channel P is a simple flag bit that may be used for audio muting control
and track boundary determination.

Sub-channel § has a higher level of structure. All the sub-channel Q bits of
a sector define the sub-channel Q information block. (For audio tracks,
decoding the § sub-channel is the only way to distinguish sector boundaries.)

The sub-channel Q block consists of 98 bits, one bit from each small frame
in a sector. Three formats are defined for the sub-channel § information
?i?gk. The first format provides location information and is defined as

ollows:

2 bits  Sub-channel Synchronization Field

4 bits ADR Field - defines the format

4 bits Control field - defines the type of information in this sector.
8 bits Track Number 2in BCD

8 bits  Index Number {in BCD

24 bits Track Relative MSF address
8 bits reserved (0

24 bits Absolute HSF address

16 bits CRC error detection code.

This format is required to exist in at least nine out of ten consecutive
sectors.

The second and third formats are optiomal. I1f used they must exist in at
jeast one out of 100 consecutive sectors. The¥ include the absolute Frame
byte of the MSF address to provide location information continuity.

The second format gives the catalog number of the disc (UPC/EAN Bar Code
number). This information is constant over the whole media,
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The third format gives the International-Standard-Recording-Code (ISRC) for
each track. The ISRC is defined in DIN-31-621. This format is not present on
iead-in or ltead-out tracks and may change only after the track number changes.

13.1.3. €D Audio Error Reporting

PLAY AUDIO commands with the immediate bit set in the andio control mode
return status as soon as the command has been validated {which may involve a
seek to the starting address). The playback operation continues and may
complete without notification to the initiater. Error termination of audio
oBeratlons shall be reported to the initiator by return1ng immediate CHECK
CONDITION status to the next command (exce?t for REQUEST SENSE and INQUIRY.
The deferred error sense data error code, 7th (see Table 7-35 and 7.2.14.2.
is wsed to indicate that the error is not due to the current command.

The status of the play oEeragion may be determined bﬁ issuing a REQUEST
SENSE command. The sense key is set to ND SENSE and the play operation status
(see Table 13-20) is reported in the additional sense code qualifier field.

13.1.4. CD-ROM Ready Condition/Hot Ready Condition

The ready condition occurs after a cartridge is inserted and the drive has
performed its initialization tasks. These may include reading the table of
contents from the media,

A not ready condition may occur for the following reasons:
1) There is no cartridge inserted.

2] The drive is unable te load or unload the cartridge.

3) The drive is unable to recover the table of contents.
4} The controller canpot select the drive.

13.1.5. CD-RO¥ Address Reporting Formats (MSF Bit)

Several CD-ROM s?ecific commands can report addresses either in logical or
in MSF format {Table 13-1). The READ HEADER, READ SUB-CHANNEL and READ TABLE
OF CONTENTS commands have this feature.

An MSF bit of zero requests that the logical block address format be used
for the CD-ROM absolute addtess field or for the offset from the beglnn1ng of
the current track expressed as a number of logical blocks im a CD-ROM track
relative address field. This track relative Togical block address (TRLBA)
value is reported as a negative value in twos-complement notation for
transition areas that have decreasing MSF encoded reiative addresses.

An MSF bit of one requests that the MSF format be used for these fields. In
certain transition areas the relative WSF addresses are decreasing positive
values: ;geq?bsolute M5F addresses are always increasing positive values {see
entry in 13.4).
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Table 13-1: MSF Address Format Table 13-2: Example Mixed Mode CD-ROM Disc Layout
The logical addresses %iuen below assume a black length of 2048, 2336 or 2340
Bit 7 l 6 i 5 g 3 2 i ] bytes. For block lengths of 1024, 512 or 256 multiply all values given in the
Byte SCSI Address columns by 2, 4 or 8 respectively.
0 Reserved SCS51 /=== Sub-channel Information ----\
----- - ——— m——————— Address é \
1 M Field Logical Track Absolute Track Track Sector Mode CD-ROM
———————————————————————— Address Relative MSF and Relative is Info Audio Data
2 5 Field Block (decimal) Lugicai Address  Index MSF or is or Hode
--------- -- - o em - ---- Description Address (1) Address Pause Data {2)
3 FField ] e e e e e e e
== Lead-In
Area (3) - - o 0/- —— —- Audio  ---
The M, S, and F fields are exgressed as binary numbers. The values match Pre-gap (3) --— -— 00/00/00 1/0  00/02/00 Pause Data Rull
those on the media except for the encoding. The ratios of M field units to §
field units and S field units to F field units is reported in the mode 1st Trk 0000 ] 00/02 /00 1/1 00/oo/fe0 Info Data L-EC
parameters page {see 13.3.3). Data (5} (2)
13.1.6. Sensing Support for CD-Audio Commands. %ng Trk 6?2? 0 01{%%/00 2/1 00/o0fo0 Info Data L-EC
ata
If any commands_related to audic operations are implemented then the PLAY
AUDIO command shall be implemented to allow a method for the initiator to 7500 1500 01/42/00 2/2  00/20/00 Info Data @ L-EC
determine if audio operations are supported. A target responding to a PLAY
AUDIO command which has a transfer 1ength of zero with CHECK- CONDITION status Post-gap 9000 jgeo  o02/02/00 2/3  00/40/00 Pause Data Nuli
and setting the sense key to ILLEGAL REQUEST does not support audio play
aperations. Eg?se- 9150 —%gg 02/04/00 3/ 00{3?/00 Pause Audio  --—-
ilence
HOTE: The PLAY AUDIO command may be implemented without support for any of
the other audio operations commands. R grg.Trk 9%9? 0 02/%2{00 3/1  00/00/00 Info Audio ---
udio
Table 13-2 gives an example of a disc layout.
11400 2250  02/34/00 /2  00/30/00 Info Audic --—-
Track 4 21975 0 04/53;00 4/1 00/00/00 Info Audic ---
Audio (7 B
Pre-gap 30000 -2258  06/40/00 5/0 00/03/00 Pause Audic  -—-
Part 1 (9}
Pre-gap 30075 -150 06/41/00 5/0  00/02/00 Pause Data Null
Part 2
Br?ckB 30225 0 06/43/00 5/1 00/00/00 Info Data L-EC
ata
Last 263999 233774 58/39/74 5/1 51/56/74 Info Data L-EC
Info (10}
Post-gap --- 233775 58/40/00 52  51/57/00 Pause Data Hull
Lead-out 264000 0 58/42{00 AA/1  00/00/00 Pause Audic ---
track (1) (12 (13)
SCSI-2 HWorking Draft Proposal 13-7 Revision 10b SC51-2 Yorking Draft Proposal 13-8 Revision 10b
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Notes for Table 13-2:

1} Absolute MSF address repeated in the header field of data blocks.

2) The CD-ROM Data Mode is stored in the header of data tracks. This
indicates that the block is part of a data pre-gap or post-gap nul!%, that
this a data block usin% the auxiliary field for L-EC symbols (ECC - CD-ROM
Data Mode one), or that this is a data block using the auxiliary field for
user data (CD-ROM Data Mode two).

(3) Table of contents information is stored in the sub-channel of lead-in
area. The lead-im area is coded as track zero. Track zero and the initial 150
sector pre-gap {or audio ?ause) are not accessible with legical addressing.

4) Value stored in table of contents with zero tolerance.

5) Exact value returned by READ TOC command.

6) Value stored in table of contents plus or minus 75 sectors.

7) Value returned bg READ TOC command plus or minus 75 blocks.

8) Track relative MSF value decreases to @ in pre—gag areas.

9) Track relative logical addresses are negative in the pre-gap areas.
Pre-aap areas have index values of zero.

(10} #inimum value returned b{ READ CO-ROM CAPACITY - Exact value depends on
gﬂco?aEgdoI this track and the lead out track and whether this is derived from

e ata.

(11) Value returned by READ TOC compand - exact if lead-out track is encoded
as data, or plus or minus 75 blocks if encoded as audio.

(12% Value stored in table of contents - exact if lead-out track is coded
as data, or plus or minus 75 blocks if coded as audio.

(13) Lead-out track number is defined as 0AAh.
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13.1.7. Error Reporting

If any of the following conditions occur during the execution of a command
the target shall return CHECK CONDITION status. The ag?ropriate sense key and
additional sense code should be set., The following table illustrates some
error conditions and the ap?licablg sense keys. The table does not provide an
exh%ust1ve enumeration of all conditions that may cause the CHECK CONDITION
status.

Condition

Invalid logical block address

Sense Key

ILLEGAL REQUEST
Unsupported option requested TELEGAL REQUEST

Target reset or medium change since
last command from this initiator UNIT ATTENTTON
HARDWARE ERROR

MEDIUM ERROR
HARDWARE ERROR

RECOVERED ERROR

Self diagnostic failed

Unrecovered read error

Recovered read error

Qverrun or other error that might
be resolved by repeating the command

Attempt to read a blank block.

ABORTED COMMAND
BLANK CHECK

Attempt to play a data block as audio. BLANK CHECK

In the case of an invalid logical block address, the sense data information
field shall be set to the logical block address of the first invalid address.

In the case of an attempt to read a blank or previcusly unwritten block, the
sense data information field shall be set to the logical block address of the
Iirstfhlanﬁ block encountered. The data read up to that biock shall be

ransferred.

There are other special error sjtuations for (D-AO0M devices. In the
foIIowing cases the sense key shall be set to BLANK CHECK and the additional
2

sense code set to END OF USER AREA ENCOUNTERED DN THIS TRACK.
1} A post-gap area is encountered. (i.e. a bleck with {D-ROM Data Mode 0.)
2) A pre-gap area is encountered. {i.e. a block with index equal to 0.}
3) The information type (data vs. audio) changes.

When not performing audio Elayback. if the logical block address requested
is not within a data track the command shall be terminated with CHECK
CONDITION status. The sense key shall be set to BLANK CHECK and the
additional sense code set to ILLEGAL MODE FOR THIS TRACK. This applies to
audio-combined and audio media.
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13.2. Commands for CD-ROM Devices Table 13-4: Commands for CD-ROM Devices{2)
The conmands for CD-ROM devices shall be as shown in Table 13-3, and 13-4,

Operation
Table 13-3: Commands for CD-ROM Devices{l) Command Name Code Type Section

== SEARCH DATA EQUAL 10; 31h 0 B.2.14.1

Operation SEARCH DATA EQUAL(12 Blh 0 15.2.8
Command Name Code Type Section SEARCH DATA HIGH 0} 30h 0 8.2.14.2
——————————————————————————————————————————————————————————— SEARCH DATA HIGH(12 BOh 0 15.2.8
CHANGE DEFINITION 40h 0 7.2.1 SEARCH DATA LOW ﬂ; 32h 0 8.2.14.3
CGMPARE 39h 0 7.2.2 SEARCH DATA LOW(12 B2h 0 15.2.8
COPY 18k 0 7.2.3 SEEK 6% 0Bh 4] B.2.15
copy AND VERIFY 3Ah 0 7.2.4 SEEK(1 2Bh -0 8.2.15
TNQUIRY 12h H 7.2.5 SEND DIAGHOSTIC 1Dh M 7.2.15
LOCK/UNLOCK CACHE 36h 0 B.2.2 SET LIMITS(10 33k 0 8.2.16
LOG SELECT 4Ch 0 7.2.6 SET LIMITS(12 Bk 0 15.2.9
LOG SENSE 40h 0 7.2.7 START STOP UNIT 1Bh 0 8.2.17
MODE SELECT(6) 15h 0 7.2.8 SYNCHRONIZE CACHE 35h 0 8.2.18
MODE SELECT(10) 55h 0 7.2.9 TEST UNIT READY 00k H 7.2.16
MODE SENSE(6) 1Ah o 7.2.10 VERIFY({10 2Fh 0 15.2.11
MODE SENSE 10) 5Ah o 7.2.11 VERIFY(12 AFh 0 15.2.12
PAUSE/RE SUHE 48h 0 13.2.1 WRITE BUFFER iBh 0 7.2.17
PLAY AUDIOEIO} 45h o> 13.2.2
PLAY AUDID(12 ASh il 13.2.3
PLAY AUDIO MSF 47h o* 13.2.4 Key: M = Command implementation is mandatory.
PLAY AUDIO TRACK/INDEX 48h 0* 13.2.5 0 = Command implementation is optional.
PLAY TRACK RﬁLATIUE{lO} 49h 0* 13.2.6
PLAY TRACK RELATIVE{12 ASh o* 13.2.7
PRE-FETCH 34h 0 8.2.3 The following command codes are vendor specific: 02h, 05h, 06R, 0Sh, OCh,
PREVENT/ALLOW MEDIUM REMOVAL 1Eh 0 8.2.4 0bh, OEh, OFh, 10h, 1ih, 13h, 14h, 19h, 20h, 21k, 22h, 23h, 24h, 26h, 27h
READ(G 08h 0 §.2.5 - 29h, and COh through FFh. Al remalntng command codes for CD-ROM dev1ces are
READ(1 28h M §.2.6 reserved for future standardization.
READ(12 A8h 0 15.2.4
READ BU 3Ch 0 7.2.12
READ CD- ROH CAPACITY 25h M 13.2.8
READ HEADER 44h 0 13.2.9
READ LONG 3Eh 0 8.2.9 .
READ SUB CHANNEL 2h 0 13.2.10
READ TOC 43h 0 13.2.11
RECEIVE DIAGNOSTIC RESULTS 1Ch 0 7.2.13
RELEASE 17h M g8.2.1
REQUEST SENSE 03h H 7.2.14
RESERVE 16h N 8.2.12
REZERO UNIT 01lh 0 8.2.13

Key: M = Command implementation is mandatory.
0 = Command implementation is optional.

*

If any of the PLAY AUDIO commands fas indicated by an * in the
"Type' column in Table 13-3) are implemented, the PLAY AUDIO
comnmand shall be implemented by the target.

SCSI-2 Working Draft Proposal 13-11 Revision 10b SCSI-2 Working Draft Proposal 13.12 Revision 10b

LIzt 21



CD-ROM Devices 8/22/89 CD-ROM Devices 8/22/89
13.2.1. PAUSE RESUME Command 13.2.2. PLAY AUDIO(10) Command
Table 13.5; PAUSE RESUME Command Table 13-6: PLAY AUDIO(10) Command

Bit 7 | 6 ) ! 5 l 4 ] 3 I 2 | 1 I ] l Bit 7 I 6 l 5 I 1 l a I 2 I 1 l 0 I
Byte Byte

0 Operation Code (4Bh) 0 Operation Code (45h)

1 Logical Unit Number | Reserved 1 Logical Unit Number | Reserved i RelAdr
2 ) Reserved —2 (wsB) T TTTTTTTTTTTTTmmmmmmmmmmmen
3| ) 7 Reserved T T 3 |
------------------------------------------------------------- —— Starting Logical Block Address ——
4 Reseryed 4

5 Reserved B ) 5 (Lgé)
6 ) -Reserved ) ) o 6 ------- Reserved

7 Reserved - 7| (ms8) )
e [ - m—— e T TR L P -— Transfer tength m——
B Reserved | Resume 8 {LSB)
g ) ) " Control - 9 “tontrol

The PAUSE RESUME command (Table 13-5) requests that the device stop or start

an audio play operation.
while the immediate bit is set to one.

This command is used with PLAY AUDID commands issued

A resume bit of zero causes the drive to enter the hold track state with the

audio output muted after the current block is played.

A resume bit of one

causes the drive to release the pause and begin p¥ay at the block following

the last block played.

If an audio play operation cannot be resumed and the resume bit is one, the

command is terminated with CHECK CONDITION status. If the resume bit is zero

and an audio play operation cannot be paused,

{no audio play operation has

been requested, or the reqguested audio play operation has been completed} the

command is terminated with CHECK CﬂNDIT?UN status.

It shall not be considered an error to request a pause when a pause is
already in effect or to request a resume when a play operation is in prograss.

SCSI-2 Working Draft Proposal 13-13
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The PLAY AUDIO command (Table 13-6) requests the tar?et to begin an audio

playback operation, The command function (Immed and SOTC bits) and the output

?f au?gosség?a}s shall be as specified by the settings of the mode parameters
see 13.3.3.1.).

If any commands reiated to audic operations are implemented then the PLAY
AUDIO command shall be impiemented to allow a method for the initiator to
determine if audio OEEFatIOHS are supported, A target res onding to a PLAY
AUBIC command which has a transfer 1enEth of zere with CHECK CONDITION status
and sitting the sense key to ILLEGAL REQUEST does not support audio play
operations,

The logical block address field specifies the logical black at which the
audio playback operation shall begin.

The transfer length field specifies the number of contiguous logical blocks
that shall be ?layed. A transfer length field of zero indicates that no audio
operation shall occur. This condition shall not be considered as an error.
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If the logical block len?th is not equal to the sector size the target may
adjust the starting logical block address and the transfer length. In such
case, it is recommended that the tarﬁet start the audio play operation with
the beginning of a sector whenever the starting lo?ical address falls within
that sector %MSF unit). If the reguested transter length causes the end of an
audio play operation to fal] within a sector the target may continue the play
operation through the end of that sector.

If the starting address is pot found, if the address is not within an audic
track, or if a not ready condition exists, the command shall be terminated
with CHECK CONDITION status.

if the CD-ROM information type (data vs. audio) changes the sense key shall
be set to BLANK CHECK and the additional sense code set to END OF USER AREA
ENCOUNTERED ON THIS TRACK.

If the logical block address requested is not within an audio track the
command shall be terminated with CHECK CONDITION status. The sepse key shall
?SIEE%RﬁgkﬂLANK CHECK and the additional sense code set to TLLEGAL MODE FOR
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13.2.3. PLAY AGDIC(12) Command
Table 13-7: PLAY AUDIO(IZ) Cosmand
Bit 7 | b | 5 ! 4 | 3 I 2 I 1 | 0

Byte

0 Operation Code (AS5h)

1 Logical Unit Number | Reserved | RelAdr
2| (MsB) ] X

; ——
al Logical Block Address ——-
5 (LSB)
) (MSB})

7
_é___ — Transfer Length ———
9| (LSB)
10 Reserved

11 Control o

The PLAY AUDIO(12) commapd (Table 13-7) requests the target to begin an
audio playback operation. The command function (Immed and S0TC bits} and the
output of audio signals shall be as sEgcified b{ the settings of the mode
parameters (see 13.3.3.1.). See the PLAY AUDIO{10) command Tor a description

of the fields in this command.
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13.2.4. PLAY AUDIO HSF Command

Table 13-8: PLAY AUDIO MSF Command
o 6 5 i | 3 2 1 0
o N I D B T e e
] Operation Code (47h)
1| Logical Unit Rumber | o Reserved
E Reserved
R Starting ¥ Field
e “starting 5 Field
s | T Starting F Field
6 | T Ending M Field o
P Ending S Field
N Ending F Field
9} “Control T

CD-ROM Devices 8/22/89
13.2.5. PLAY AUDIO TRACK INDEX Command

Table 13-9: PLAY AUDIO TRACK INDEX Command
By%;t7|6|5‘4|312|1|0]
“6_—_ Operation Code (48h}
1| togical Unit Number | Reserved
I Reserved
3| T Reserved 7
s | T Starting Track
5 - “Starting Index
"6 —————————————— Reserved
T Ending Track T
R tnding Index T
o | T Control T

The PLAY AUDIO MSF command (Table 13-8) requests the target to begin an
audio playback operation. The command function (Immed and SOTC bits) and the
output of audio signals shall be as specified by the settings of the mode
parameters (see 13.3.3.1.).

The startinﬁ M field, the starting S field, and the starting F field specify
the absolute MSF address at which the audio play operation shall begin. The
ending M field, the ending S field, and the ending F fieid specify fhe
absolute MSF address at which the audio play operation shall end.” All
contiguous audio sectors between the starting and the ending WSF address shall

be played.

A starting MSF address equal to an ending MSF address causes no audio play
operation to occur. This shall not be considered an error. If the starting
M5F address is less than the ending MSF address, the command shall be
EEBQEE?tEd with CHECK CONDITION status. The sense key shall be set to ILLEGAL

It the starting address is not found, or if the address is not within an
audio track, or if a not ready condition exists, the command shall be
terminated with CHECK COMDITION status. See 13.1.7 for a description of error
reporting information.
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an audio play operation. The command function (immed and SOTC bits) and the
output of audio signals shall be as specified by the settings of the mode
parameters {see 13.3.3.1.).

The PLAY AUDIO TRACK INDEX command (Table 13-9) requests the tarzet ta begin

The starting track field specifies the track number of the starting audio
track. The starting index fiéld specifies the index number within the track
at which the audio play operation shall begin.

The ending track field specifies the track number of the ending audio track.
The ending index field specifies the index number within the track after which
the audijo pla%r OEeratiun shall stop. The audio play cperation shall terminate
at the last block with an index number equal to the ending index. All
c?ntiguous audio sectors between the starting and the ending address shall be
played.

If the starting address is less than the ending address, the command shall
be terminated with CHECK CONDITION status. The sense key shall be set to
TLLEGAL REQUEST.

If the starting address is not found, or if the address is not within an
audio track, er if a not readﬁ condition exists, the command shall be
terminated with CHECK CONDITION status. See 13.1.7 for a description of error
reporting information.
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IMPLEMENTORS NOTE: Valid values for the track and index fields are 1 to 99.
A starting index value of one specifies that playback is to start with the
first audio sector of the track followinﬁ the (optional)} pause. A last
i?deg ualuekof 99 specifies that playback continues through the last sector
of the track.

[T the ending track is greater than the last information track on the media,
the playback shall continue until the last track is compiete. If the ending
index is greater than the largest index value on the endin% track, the
playback shall continue until this track is complete then terminate.
conditions shall not be considered errors.

These

If the starting index is greater than the largest index value on the
startinE track, and the stop on track crossing {SO0TC) bit of the awdio control
MODE SELECT parameters page (see 13.3.3.12 is zero, the playback operation
shall start at the beginning of the next {rack. This situation is not an
error.

If the starting index is greater than the largest index value on the
starting track, and the stop on track crossing (SOTC) bit of the audio contrel
MODE SELECT parameters page (see 13.3.3.1% is one, the playback shall not
begin. The target shall return CHECK CONDITION, and the sense key shall be set
to ILLEGAL REQUEST.

IMELEMENTORS NOTE: The operation of the SOTC bit described above comes about
because the user may not be able to determine the largest index value on a
track, either from the table of contents or by other means. The SOTC bit one
case allows the user to determine the largest index. The SOTC bit zero case
a]égws]the gser to set up play operations without complete knmowledge of the
media layout.
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13.2.6. PLAY AUDIO TRACK RELATIVE(10) Command

Table 13-10: PLAY AUDIO TRACK RELATIVE(10) Command
Bit 7 | 6 ‘ 5§ l 14 | 3 | 2 | i I ]
Byte a1

] Operation Code {49h)

1 Logical Unit Number [ Reserved

2 {HSB)

] -
_5_~_ - Track Relative Logical Block Address ~r-
5| (LSB)

6 Starting Track

7 (MSB)

_____ —_— Transfer Length ===

8 (L5B)

9 ) ) gontrol

The PLAY AUDIO TRACK REFATIVE command (Table 13-10) requests that the device
begin an audic playback operation. The starting address is specified as a
track relative logical block address within the sgecified starting track. The
command function ?Inmed and SOTC bits) and the output of audio signa15 shall
be as specified by the settings of the mode parameters (see 13.3.3.1.).

¢ ThE starting track field specifies the track number of the starting audio
rack.

The track relative logical block address (TRLBA} field specifies the two's
complement starting logical block address relative to the Deginning of the
first sector on the track with an index value of one. Hegative values indicate
a starting location within the audio pause area at the beginning of the
requested track.

The transfer length field specifies the number of contiguous logical blocks
that shall be output as audio data. A transfer_length field of zero indicates
that no audio playback operation shall occur. This cendition shall not be
considered as an error. Any other value indicates the number of logical
blocks that shall be output.
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If the logical block ]en?th is not equal to the sector size the target may
adjust the starting logical block address and the transfer length. In such
case, it is recommended that the tarﬁet start the audio play operation with
the beginning of a sector whenever the startin$ In?ica] address falls within
that sector ?HSF unit), If the reguested transfer ength causes the end of an
audio play operation to fall within a sector the target may continue the play
operation through the end of that sector.

If the starting address is not found, or if the address is not within an
audio track, or if a not ready condition exists, the command is terminated
yi?h CHECK CONDITION status. = See 13.1.7 for a description of error reporting
information.

13.2.7. PLAY AUDIO TRACK RELATIVE(12) Command

Table 13-11: PLAY AUDIO TRACK RELATIVE(12) Command

o R I
—0 o OperaE;;;"Code (A9R) i 1
1| logical unit Rumber Reserved
[
5 —
i Track Relative Logical Block Address -—
BT (L5B)
[ B2
il e ———
. Transfer Length -—
9| (LSB)
o | Starting Track
S Control T

== moSmmsosoESEs =

the PLAY AUDIO TRACK RELATIVE(12) command (Table 13-11) requests that the
device begin an audio ?]ayback aperation. The command function (fmmed and SO7C
bits) and the output of audio si?nats shall be as specified by the settings of
the mode parameters {see 13.3.3. .). See the PLAY AUDIO TRACK RELATIUE(IO?
command for a description of the fields in this command.
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13.2.8. READ CD-ROHM CAPACITY Command
Table 13-12: READ CD-ROM CAPACITY Command

git| 7 6 5 1 4 | 3 2 1 0
o T A e e e R
_0 Operation Code {25h)
1| Logical Unit Number | Reserved | RelAdr
2 wsa) T e
- - -
—4- -1- - togical Block Address - -
5] (LS8)
-E --------------- o Reserved
7 T Reserved 7T
8 | T Reserved | L
e i Ttontrol T

The READ CD-ROM CAPACITY command {Table 13-12) provides a means for the

initiator to request information regarding the capacity of the logical unit.

IMPLEMENTORS ROTE: This command has the same cperation code (25h) as the
READ CAPACITY command (see 8.2.7). The ?enera] function is the same but the
exact definitions of the returned logica block address is modified to allow
returning a gossibly inexact value é ut one with a known error bound) based
on CD-ROA table of contents data. For many CD-ROM devices, this
implementation allows a quicker response.

A partial medium indicator (PMI) bit of zero indicates that the information
returned in the READ CD-ROM CAPACITY data shall be the logical block address
and biock Tength (in bytes% of the last valid logical block of the logical
unit for seek operations. The lo?ical block address returned shall be greater
than or equal to the last readable or playable block. If greater, this address
may be in a transition area beyond the tast valid legical block for read or
audio p!aﬁ operations. The value returned shall not be not be more than 75
sectors (MSF unlts; greater than the logical block address of the last
readable or playable block. (This value arises because the CD-ROM Table of
Contents lead-out track location has a +/- 75 sector tolerance when the lead-
out track 1s encoded as an audio track.) The logical block address in the
command descriptor block shall be set to zero for this option.

5CS1-2 Working Draft Proposal 13-22 Revision 10b
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A PMI bit of one indicates that the information returned shall be the
logical block address and block length {in bytes) of the last logical block
address after which a substantial delay in data transfer will be encountered.
This logical block address shall be greater than or equal to the Togical block
address specified in the command descriptor block. 0On CD-ROM media, this is
interpreted to be the last readable or playable logical block of the
é?foamaééon area containing or immediately following the specified logical

ock address.

IMPLEMENTORS NOTE: This option may take several seconds to complete on {D-
ROM media.

See B.1.10 for a description of the relative address bit (RelAdr).

Eight bytes of READ CD-ROM CAPACITY data (Table 13-13) shall be sent during
the DATA IN phase of the command.

Table 13-13: READ CAPACITY Data Format

Byte | Description |
0 {MSB)
_____ Logical Block Address
3 (LsB)
4 -(MSB)-_ T
..... B8lock Length - -
7 (LSB)
S€S1-2 Horking Draft Proposal 13-23 Revision 10b
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13.2.9. READ HEADER Cosmand
Table 13-14: READ HEADER Command

Bit| 7 5 5 a 3 2 1 0
Byte

0 Operation Code {44h)

1 Logical Unit Number | Reserved [ MSF  |Reserved
2 | (MsB) )

o —
I Logical Block Address -
5 (LSB)
6 Reserved
7| (Hse) -
,,,,, —— Allocation Length -
8 (LsB)
9 contral

The READ HEADER command {Table 13-14) requests that the device return the
CD-ROM data block address header (Tabie 13-15) of the requested logical block.

See 13.1.5. for a description of the M5F bit.

The logical block address field specifies the logical block at which the
read header operation shall begin.

See the READ command_ for exception handling. If the logical block size is

other than the physical block size, it shall be mapped into the appropriate
physical block from which the data would have been read.
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Table 13-15: READ HEADER Data Format 13.2.10. READ SUB-CHANNEL Command
==mmrmoo Table 13-17: READ SUB-CHANKEL Command

Bit 7 6 5 1 3 2 1 ¢
Byte
R S S S S S S St e e e R RS TR O S T e = S Bit 7 6 5 4 3 2 1 0

a CD-ROM Data Mode Byte
N Reserved - 0 Operation Code {42h)

2 | T “Reserved 7 E 'EBQEEa1 Unit Number | Reserved | MSF—--TRESE;;;&
_3 --------- *”"ﬁeserved—-— ——————————— 2 ) ieserveaihngubn T Re;;;;ed --------------
BT Yt N Sub-channel Data Format
el Absolute CD-ROM Address - s P e e e e e et et e e o e e e

7 (LSB) 4 Reserved
i ) 5 . Reserved

The CD-ROM data mode field specifies the CD-ROM Data Mode of the logical 6 T;;EE_ﬁamber _____
blocks in this sector of data. The values in this field are defined in Table ; -(MSB) ----- e -
) e B Allocation Length e
Table 13-16: CD-ROM Data Mode Codes 8 (L5B)
= —5 ——————————————————————————————— Controt 7
CD-ROM User Data Field Contents  Auxjliary Field Contents ==z

Mode (2048 bytes) (288 bytes)

ooh Ali—E;tes zera —————— 511 byte;-;;Fo -------- The READ SUB-CHANNEL command {Table 13-17) re?uests that the target return

Qlh User Bata - L-EC symbols - the requested sub-channel data plus the state of audio play operations.

0Zh User Data User Data
03h - FFh Reserved Reserved IMPLEMENTORS NOTE: Sub-channel data returned by this command may be from

the last appropriate sector encountered by a current or previous media
accessing operation. When there is no current audig play ogeratiun, the
1f the MSF bit is zero, the absolute address field gives the logical black target may access the media to read the sub-channel data. the target is
address of the first lo?ical block in the physical sector where the data for responsible that the data returned are current and consistent. For example
the requested logica)l block address is found. If the MSF bit is one, the with sub-channel data format 0, the International Standard Recording Code
absolute address field ?iues the MSF address of the sector where the data for (ISRC) data reported must have been read from the same track as the reported
the requested logical hTock address is found. (See 13.1.5.) current position data.

See 13.1.5. for a description of the MSF bit.

The Sub Q bit set to one requests the target return the Q sub-channel data.
The Sub Q bit set to zero requests that no sub-channel data be returned. This
shall not be considered an error.

NOTE: The other bits in this byte are reserved for future standardization
when they may be defined to request other sub-channel data.

The Sub-channel Data format field specifies the returned Sub Channel Data.

If this field s 00h, Sub-{ Channel data is returned. If this field is O1h,
02h or 03h, the requested Sub-Q data item is returned.
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Table 13-18: Sub-channel Data Format Codes

Format Code Returned data
0oh | Sub-Q Channel data -
LTI CD-ROM Current Position o
o | Media Catalog Number (UPC/Bar Code) N
o Track International-Standard-Recording-Code (ISRC)
“0ah - Efh | Reserved
“FOh - FFh | Vendor Specific

The Track Number field specifies the track from which ISRC data is read.
This field must have a value between Olh and 63h (99bcd), and is valid only
when the Sub-channel Data Format field is 03h. In this case, the target
returns ISRC data for this track.

The READ SUB-CHANNEL command data formats (Tables 13-19, 13-23, 13-24, and
13-25) consist af a four-byte header followe bﬁ a sub-channel data block.
The header contains the audio status byte and the sub-channel data length
field, If the SUB-Q bit is zero, the target shall not return the sub-channel
data block, in this case the sub-channel data length is 0.

SCSI-2 Morking Draft Proposal 13-27 Revision 10b
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Table 13-19: Sub-{Q Channel Data Format
Bit| 7 I N N A i
Byte |
| Sub-channel Data Header |

0 Reserved

T | T mudio Statws
2 {MSB) T o T
----- —— Sub-channel Data Length ——-
3 (LSB)

[ Sub-Q Channel Data Block i

4 Sub Channel Data Format code (00h)

5 TTaon | Control
6 Track Number T
7 T Index Nember
8 | (w8
UV P Absolute CD-ROM Address - - - -
11 (LSB)
12| ey T
- = =|-==-- Track Relative CD-ROM Address - - -
15 {LSB)
16 MCVal | ) Reserved

17 | (wsey T
ol ST I Media Catalog Number (UPC/Bar Code) - - - -
31 {LSB)
32 | Toval | ~ Reserved 7
3 | Tmsey T
—4; -l---- Track International-Standard-Recording-Code (ISRC} _(_S—)—

The audio status field indicates the status of audio play operations. The
audio status values are defined in Table 13-20. Audic status values greater
than zero are returned only to the initiator that requested the last audio
play operation. Audio status values 13h and 14h return information on previous
audio operations; they are returned only once after the condition has
occurred. If another audio plaﬁ oaerat10n is not requested, the audic status
returned for subsequent READ SUB-CHANNEL commands is 15h.
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Table 13-21: ADR Sub-channel @) Field
Table 13-20: Audio Status Codes

ADR Code Description

Status Description e ——— e e e
e L - e Oh Sub-channe] 8 mode information not supplied.

0Ch Audio status byte not supported or not valid ih Sub-channel { encodes current position data.
el et TP — - —— (i.e. track, index, absclute address, relative address. )
i1h Audio play operation in progress. Zh Sub-channe] 8 encodes media catalog number.
--------------------------------------------------------- 3h Sub-channel  encodes ISRC.

12h Audio play operation paused. 4h - Fh Reserved

13h Audio play operation successfully completed.

14h Audio play operation stopped due te error. The control bits are defined in Table 13-22.

15h No current audio status to return Table 13-22: Sub-channel ( Control Bits

. Bit equals zero equals one

The Sub-Channel data length specifies the length in bytes of the following  -<oceeee m———————— e ———
sub-channe] data block. A sub-channel data lemgth of zero indicates that no 0 Audio without pre-emphasis  Audio with pre-emphasis
sub-channei data block is included in the returned data. 1 Digital cuEy prohibited Digital copy permitted

2 Audio trac Data track

IMPLEMENTORS NOTE: Usual values for Sub-channel data 1enath are 0, 12, 20, 3 . Two channel audjo Four channel audic

28 and 44 bytes. Sub-channel data length does not include the Sub Channel

Header. .

The Sub-Q Channel data block consists of control data {bytes 4.5}, current The track number specifies the current track number.
position data {bytes 6 - 15) and identification data (bytes 16 - 47&. The .
control data and current position data is obtained from the § sub-channel The index number specifies the index number in the curremt track.
information of the current block. Identification data may be reported that was _ .
obtained from a previous block. If identification data 1s reported, the data The absolyte CD-ROM address field gives the current location relative to the
shall be valid for the sector addressed by the current position data. logical beginning of the media. If the WSF bit is zero, this field is a

logical biock address. If the MSF bit is one, this field is an absolute MSF

(1) If an audio play operation is proceeding in the background, position address. (See 13.1.5.}
data_for the last sector played shall be reported.

(2) In other cases, for instance after a READ command, the target may The track relative CD-ROM address field gives the current location relative
either report position data for the last sector ﬁrocessed for that operation to the logical beginning of the current track. If the MSF bit is zero, thisg
or may report position data from the sector at the current read head position. field is a track relative lagical block address. (If the current block is in

the pre-gap area of a track, this will be a negative value, expressed as a

IMPLEMENTORS NOTE: When the type of information encoded in the ) sub-channel twos complement number. See 13.1.5&. If the M5F bit is one, this field is the

of the current sector is the media catalog number or ISRC; the track, index, relative WSF address from the { sub-channel.

and address fields should be extrapolated from the previous sector. . .
A media catalog valid (HCVal) bit of one indicates that the media catalog
The ADR field gives the t{pe of information encoded in the Q sub-channel of number field is valid., A MCVal bit of zero indicates that the media catalog
this block, as sfiown in Table 13-21. number field is not valid.

The media catalog number field comtains the identifying number of this media
according to the uniform product code values (UPC/EAN Bar Coding) expressed in
1T, Non-zero values in this field are controlled by the Uniform Product
Code Counci] and the Euru?ean Article Humber Council (see Section 2). A value
in this {ieéd of ail ASCII zeros indicates that the media catalog number is

not supplied.
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The track code valid (TCVal) bit of one indicates that the track ISRC field Table 13-24: Hedia Catalog Number Data Format
is valid. A TCVal bit of zero indicates that the track International-
Standard-Recording-Code (ISRC) field is not valid. =
Bit 7 l ] | 5 | 4 ] 3 I z | 1 i ]

The track ISRC field contains the identifying number of this media according Byte
to the ISRC standards (DIN-31-621) expressed in ASCII. =

Table 13-23: CD-ROM Current Postion Data Format =

| Sub-channel Data Header |

0 Reserved
Bit 7 ] 5 q 3 2 1 0 1 Audio Status
Byte [ | v v 0 1 1 1 1 eemee|ecmmeea—an. R e e e
o 2 {MsB}
| Sub-channel Data Header | ~§ ------ Sub-Channel Data Length (Lsﬁj_
0 Reserved
Uy O Y TRV UO R e e ] Media Catalog Mumber Data Block
1 Audio Status
------------------------------------- - - 4 | Sub Channel Data Format code (02h)
Fa (MSB) B e bt et ————
e Sub-Channel Data Length (LSéS- 5 | Reserved |
== 6 | Reserved ]
| CD-ROM Current Position Data 8lock | - -— e
. 7 Reserved |
4 Sub Channel Data format code {01h) - e - it
- e — - 8 MCval | Reserved
5 ADR | Contrel | e ——— e
~~~~~ - - B ——— ——— 9 {MSB)
B Track Number | e e e e e Media Catalog Number (UPC/Bar Code) - - - -
----- - — B V@i 23 (L58)
7 Index Number N
8 {MS8)
e CEE I Absolute CD-ROM Address ---- If Media Catalog Number data is found, the MCVal bit is set to one. I1f MCN
11 (LSB) data is not detected, the MCVal bit is set to zerc to indicate the Medja
5 —(MSB) -------------------- - - Catalog Number field is invalid.
R Track Relative CD-ROM Address - - - IMPLEMENTORS NOTE: Media'Catalog Number data returned by this command with
15 {LSB) Sub-channel Data Format field code 02h may be from any block which has
=mam UpC/Bar Code Q sub-channel data. (This code is constant anywhere in every
applicable disc.)
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Table 13-25: Track International Standard Recording Code Data Format

5 Bit 7 | 6 ! 5 l 4 } 3 I 2 ' 1 I 0
yte

| Suajchggnel Data Header |
0 Reserved i
B mudio States
2 {wsey T T

Sub-Channel Data Length -

| Track ISRC Data Bleck
|

|

4 Sub Channel Data Format code (03h) |
5o T S Control |
6| T Track Number i |

7o T Reserved |
'8 Tevat | Reserved - ]
—é_—_ _(MSB) T T
—25 ----- Track International-Standard-Recording-Code (ISRC) —(— —)—

It ISRC data is detected, the TCval bit is set to one. If ISRC data is not
detected, the TCVal bit is set to zero to indicate the ISRC field is invalid.

IMPLEMENTORS NOTE: Track ISRC data returned by this command with Sub-
Channe) Data Format field 03h may be from any biock in the specified track
which has ISRC data.
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13.2.11. READ TOC Command
Table 13-26: READ TOC Command

Bit 7 I 6 l 5 l 4 ! 3 I 2 ’ 1 | 0
Byte

0 Operation Code {43h)
1| Logical Unit Namber | Reserved | MSF |Reserved
PR Reserved
R Reserved
a | ) TReserved T
5 | i Reserved
s | Starting Track

7 {Ms8) i o i i T
,,,,, w— Allocation Length ===
B (LsSB)
R Control T

The READ TOC command (Table 13-26) requests the target transfers data from
the table of contents to the initiator. The format of the data returned is
specified in Table 13-27.

See 13.1.5. for a description of the MSF bit,

The starting track field sgecifies the startin% track number for which the
data shall be returned, If this value is zero, the table of contents data
shall begin with the first track on the medium. The data is returned in
contiguous ascending track number order.

[T the starting track field is not valid for the currently installed medium,
the command shal? be terminated with CHECK CONDITION status. The sense ke
??EEE ?ﬁ ESE to ILLEGAL REQUEST and the additional sense code set to [NVALID

IMPLEMENTORS MNOTE: The maximum TOC data length pessible on currently
available CD-ROM media is BO4 bytes, or 100 TOC track descriptors.
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Table 13-27: READ TOC Data Format

Bit 7 | 6 I 5 | 4 I 3 l 2 I 1 | 0
fyte
0 (MSB)

_____ —— TOC Data Length b
1 (LsB)
2 | First Track Number o
3 Last Track—&a$5;; ------

| TOC Track Descriptor(s)
0 Reserved

EU ADR | ) Control

-5 ---------------------- Track Number
5 --------------------------- Reserved

o |Twssy T D

S P Absolute CD-ROM Address - - - -
7 (LSB)

The TOC data block contains a four byte header followed by zero or more TOC
track descriptors.

The TOC data length specifies the length in bytes of the followinﬂ TOC data
that is available to be transferred during the DATA IN phase. The TOC data
length value does not include the TGC data length field itseif.

The first track number field indicates the first track number in the table
of contents.

The last track number field indicates the last track number in the table of
contents before the lead-out track number.

IMPLEMENTORS NOTE: The first track number is not required to be one. A
disc may start at any valid track number. The track numbers between the
first track number and the tast track number are required to be in
contiguous ascending order, except for the lead-out track.

The ADR field gives the type of informatiom encoded in the ( Sub-channel of
theTbg?cklgthe this TOC entry was found. The possible ADR values are defined
in Table 13-21.

The control field indicates the attributes of the track.

The possible
contro] field values are defined in Table 13-22.
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The track number field indicates the track number for which the data in the
TOC track descriptor is valid, A track number of 0AAR indicates the track
descriptor is for the start of the lead-out area.

The absolute CD-ROM address contains the address of the first block with
user information for that track number as read from the table of contents. An
MSF bit of zero indicates that the absolute CD-ROM address field contains a
1051cal block address. An MSF bit of one indicates the absolute CD-ROM
address field contains an MSF address (see 13.1.5).

IMPLEMENTORS NOTE: The starting logical block address value recovered from
the TOC has a tolerance of zero for data tracks and plus or minus 75 CD
sectors for audio tracks. This tolerance is multiplied by a factor
dependent on the logical block Length.

13.3. Parameters for CD-ROM Devices

13.3.1. Diagnostic Parameters

This section defines the descriptors and pages for diagnostic parameters
used with CD-ROM devices.

The diagnostic page codes for CD-ROM devices are defined in Table 13-28.
Table 13-28: Diagnostic Page Codes

Page Code Description Section
00h Supported Diagnostic Pages . 7.3.1.1
0ih - 3fh ., Reserved (for all device type pages)
40h - 7Fh Reserved
80h - FFh Vendor-specific pages

13.3.2. Log Parameters

This section defines the descriptors and pages for log parameters used with
CD-ROM devices.

The log page codes for CD-ROM devices are definmed in Table 13-29.
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Table 13-29: Log Page Codes

Page Code Description Section
0ih Buffer Over-Run/Under-Run Page  7.3.
03h Error Counter Page {Read) Page
07h Last n Error Events Page

06h Non-Medium Error Page
02h, 04h, 05h, 08h - 2Fh, 3Fh Reserved
00h Supported Log Pages
ich - 3Eh Verdor-specific pages

13.3.3. Mode Parameters

This section defines the descriptors and pages for mode parameters used with
CD-ROM devices.

The mode parameter 1ist, including the mode parameter header and mode block
descriptor are defined in 7.3.3.

The medium—ty?e code field is contained in the mode garameter header (see

Table 7-61 and 7-62). Table 13-30 defines the medium type values for CD-ROM
devices.

Table 13-30: CD-ROM Medium Type Codes

Code Value Medium Type -
(0h Default (only one type supported)
Glh 120 mm CD-ROM data only
0zZh 120 mm CD-DA audio only
03h 120 mm CD-ROM data and audio combined
04h Reserved
05h 80 mm CD-ROM data only
06h 80 wm CD-DA audio only
07h 80 nm CD-ROM data and audio combined
08h - 7Fh Reserved
80h - FFh Vendor unique

The device sgecific parameter field is contained in the mode parameter
header (see Table 7-61, (byte 2) and 7-62 (byte 3)). Table 13-31 defines the
device specific parameter field for CD-ROM devices.
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Table 13-31: CD-ROM Device Specific Parameter
Bit 7 (] 5 4 3 2 1 0
Byte
; Reserved { DPOFUA | Reserved | EBC

When used with the MODE SELECT command the DPOFUA bit is reserved,

When used with the MODE SENSE command, a DPOFUA bit of zero indicates that
the target does not support the BP0 and FUA bits. A DPOFUA bit of one
indicates that the target supports the DPD and FUA bits (see 8.2.6).

The enable blank check (EBC) bit is reserved.

The density code field is contained in the mode parameter block descriﬁtor

éseg Table 7-63). Table 13-32 defines the density code values for CD-RO
evices.,

Table 13-32: CD-ROM Densfity Codes

Code Value Data types to be transferred
00h Default density code
01h User Data Only
- 2048 Bytes per ?hysical sector
02h User Data plus Auxiliary Data field
- 2336 bytes per sector
03h 4 Byte Tag Field, User Data plus Auxiliary Data
- 2340 bytes per sector
04h Audio Information Only
- {1/75th of a second per logical block)
05h - 7Fh Reserved +
80h - FFh Vendor specific

IMPLENENTORS NOTE: The number of bytes per sector sgecified by this
arameter is used with the block Length to map {D-ROM sectors to logical
lack addresses. .
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The mode page codes for CD-ROM devices are defined in Table 13-33. 13.3.3.1. CD-ROM Audio Control Parameters
Table 13-33: Hode Page Codes Table 13-34: CO-ROM Audio Control Parameters Page
Page Code Description Section 5 sit 7 | 6 I 5 | 4 | 3 ‘ 2 I 1 I 0
------------------------------------------- yte
08h Caching Page 8.3.3.1
OEh CD-ROM Audio Controt Page 13.3.3.1 0 PS  |Reserved| Page Code (0Eh)
0Dh CD-ROM Page 13.3.3.2 e S -—
DAh Control Mode Page 7.3.3.1 1 Parameter Length (0£h)
02h Disconnect-Reconnect Page 71.3.3.2 el -
OBh Hedium Ty?es Supported Page 8.3.3.4 2 Reserved | Immed | SOTC |Reserved
090 Peripheral Device Page 7.3.3.3 e | e e
01h Read Lrrar Recovery Page 13.3.3.3 3 Reserved
03h - 06h, OCh, OFh - 1Fh Reserved = e e m s —mm e mmm————— -
3fh Returns all gages {valid only for the MODE SENSE command) 4 Reserved
20h - 3Eh Yendor Specific (page format required} S —
07h Yerify Error Recovery Page 13.3.3.4 5 APRVal | Reserved | Format of LBAs / Sec,
6 | (HSB) _ i -
————— - Logical Blocks per Second of Audio Playback —
7 (LSB)
8| Reserved —---I_—BGEBEE—EBFE—ﬁ Chanmel Selection
9 Output Port 0 Volume
0| Reserved i ! Uutputhortnl Channel Selection
| Output Port 1 Volume
) 12 | Reserved | Output Port 2 Channel Selection
—15 ————————— Qutput Port 2 Volume ]
1 | i “Reserved | Outputhort 3 Channel Selection
Rt Gutput Port 3 Volume o

The CD-ROM audic control parameters page (Table 13-34) sets the ptayback
modes and uutﬁut controls for subsequent PLAY AUDIO commands and any curvent
audio playback operation.

The parameters savable (P$) bit is only used with the MODE SENSE command.
This bit is reserved with the WMODE SELECY command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.
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An immediate (Immed) bit of zero indicates the target shall not send
completion status until the audio playback operation is terminated.

8/22/89

An Immed bit of one indicates the target shall send completion status as
soon as the playback operation has been started.

IMPLEMENTORS NOTE: It is recommended that a Logical Unit type RESERVE be
issued prior to starting audio play operations with an Immed bit of one in
any multiple initiator environment.

A stop on track crossing (SOTC) bit of zero indicates the target shall
terminate the audio ?Iayhack operation when the tramsfer length is satisfied.
Multiple tracks shall be played as necessary. Periocds of time encoded as
a¥diodpause/siience at the beginning of tracks, (index 0,) shall also be
played.

A stop on track crossing (SOTC) bit of one indicates the target shall
terminate the audio playback operation when the beginning of a following track
is encountered.

The audio playback rate valid (APRUal{ bit value of one indicates that the
format of |ogical biocks per second field and the logical blocks per second of
audio playback field are valid.

The format of logical blocks addresses per second field gives the multiplier
to be used with the logical blocks per second of audio playback, as defined in
the following table:

Format_of LBAs [ Sec value

Muttiplier for LBAs / Sec field

Oh 1 -
1h - 7h Reserved

8h 1/256
9h - Fh Reserved

IMPLEMENTORS HOTE: This field is provided as a means to return fractional
(i.e., non-integral) values in the logical block addresses per second of
audio ?layback. This shall occur when logical block sizes that are not even
multiples or divisions of the physical block size are used.

The logical blocks per Second of Audio Playback field gives the relationship
between time and the duration of play per logical block address. The value in
Fbi?deE]d is to be muitiplied by the value in Format of LBAs per Second

ield.

IMPLEMENTORS NOTE: The logical blocks per second of audio playback field and
its companion format of LBAs per second field may not be supported by most
current CD-ROM devices as a modifiabie mode select parameter.

The output port channel selection specifies the audio channels from the disc
to which this output port should be connected. See Table 13-35. More than
one output port may be connected to an audio channel. More than one audio
channel may be connected to an output port.
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Table 13-35: Output Port Channel Selection

0000 output port muted

0001 connect audjo channe] 0 t
0010 connect audio channel 1 t
0100 connect audio channel 2 t
1000 connect audio channel 3 t

o this output port
0 this output port
o this output port
o this output port

The channel volume control indicates the relative volume level for this
audio output port. A value of zero indicates the output is muted, a value of
FFh indicates maximum volume level.

IMPLEMENTORS NOTE: If volume controls are implemented, the default volume
leve] should be ne more than 25% of the maximum level as a personal safety
consideration.

13.3.3.2. CD-ROM Device Parameters

Table 13-36: CD-ROM Parameters Page

Bit 7 i 6 I 5 I 4 I 3 | 2 | 1 ] 0
Byte o
0 PS  [Reserved| Page Code (0ODh)
—1“” ) ) Parameter Length (06h)
_2 Reserved T
3 Reserved ] Inactivity Timer Multiplier
; _
-g~—— - - Number gf MSF - S Units per MSF - M Unit ---
et e ————
Bl flumber of MSF - F Units per MSF - § Unit o

The CD-ROM parameters page (Table 13-36)} specifies parameters that affect
all CD-ROM data types.

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bif of one indicates
that the target js capable of saving the page in a non-volatile vendor-
specific location.
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The inactivity timer multiplier specifies the length of time that the drive
shall remain in_the hold track state after completion of a seek or read
operation {see Table 13-37}.

IMPLEMENTORS NOTE: Higher values in this parameter may have an adverse
effect on the drive MIBF, in some implementations.

Table 13-37: Inactivity Timer Multiplier Values

Inactivity Timer Hinimum Time in Inactivity Timer Minimum Time in
Multiplier Hold Track State Hultiplier Hold Track State
0h Vendor specific 8h 16 Seconds
1h 125 milli Seconds 9h 32 Seconds
2h 250 milli Seconds Ah 1 Minute
3h 500 milli Seconds Bh 2 Minutes
ah 1 Second Ch 4 Minutes
5h 2 Seconds Dh 8 Minutes
6h 4 Seconds Eh 16 Minutes
7h 8 Seconds fh 32 Minutes

The number of S Units per M Unit field gives the ratio of these MSF address
ES]UES' For media conforming to the CD-ROM and CD-DA standard, this value is

.

The number of F Units per S Unit field gives the ratio of these MSF address
values. For media conforming to the CD-ROM and CD-DA standard, this value is

.
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13.3.3.3. Read Error Recovery Parameters
Table 13-38: Read Error Recovery Parameters Page

Bit| 7 6 5 1 3 2 1 0 |
o] T
0 PS  |Reserved| Page Code (G1h)
ay T Parameter Length (06h} o
né -------------------- ErraF-Recovery Parameter N .
3T Read Retry Count N o
N Reserved - o
‘é ---------------------- " Reserved ) o o
-5 “““““““““““““““““““ " Reserved o
m? ------------------- ‘“ﬁeserved o

The read error recovery parameters page (Table 13-38} specifies the error
recovery parameters the target shall use durinﬂ any command that performs a
data read operation to the fmedia (e.q., READ, READ TOC, etc.).

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.

The Error Recovery Parameter hits are defined in B.3.3.6.

IMPLEMENTORS NOTE: The img%ementation of error recovery procedures for CD-
ROM devices is markedly ditferent from those used for magnetic medium disk
drives. At least one level of error correction (i.e. CIRL) is required to
transter the data stream. Therefore the performance of the drive may differ
substantially from what would be expected by sending the same error recovery
parameters to a magnetic medium device.

The correlation of the error recoverg garameter and the bit settings defined
for CD-ROM devices is given in Table 13-38. The interpretation of these bit
settings for CD-ROM devices is given in Tables 13-40 through 13-45. [f the
error recovery parameter is set to any other value, the command shail be
terminated with CHECK CONDITION status. The sense key shall be set to ILLEGAL
REQUEST and the additional sense code set to INVALID FIELD IN PARAMETER LIST.

The read retry count field specifies the number of times that the controller
shall attempt its read recovery algorithm.

SCSI-2 Yorking Draft Proposal 13-44 Revision 10b
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Table 13-39: Errvor Recovery Parameter Bit Settings

8/22/89

8 %it 7 6 5 4 3 2 1 0
yte
2 T8 RC PER DTE DCR
Value
0o | 0 0 0 0 0
----- +———---——+——————--+—-uuu~—-+————--——+—~—----—+—-—-——--+—-————_—+wm---~~_
01 | 0 0 0 0 1
————— I it L T R T L PRRE P U U St S
04 | 0 0 1 0 0
----- + + —-=%+ B R e T (T e — ) -t +
05 | ] 0 1 0 1
----- + +e + —t B it [ Cuu— +
06 | i+ 0 1 1 0
————— Fa et e s et e e e — -t
07 | 0 0 1 1 1
_____ b L T TP L UpSpUp— + Femmme -t e o et e —————
10 | i 1 0 i 0
————— Fommmrmm et swe s e F e} 4 Fomr i metemn s et ——————
11 | 0 1 0 0 1
_____ it ST TULTES [PPRUSTURS U0 OO Sy SV DUV
14 | 0 1 1 0 0
————— +uam—————+——-——--—+-~w——--—?———--—--+---——qwm+--—ua~—-+——---—-—+~mm----u
15 | 0 1 1 -0 1
_____ +- + + R R T RIS U —p—— + + -
20 | 1 ] 0 0 0
_____ B il S, LIRSS RSN I ORI SER O 8 +
21 | 1 0 0 0 1
----- Fosemr b d it —-—— e F aman i st e o e
24 | 1 0 1 0 0
----- U PV SRS 3 + Fosmacs st enmn e ww et —————
25 | 1 0 1 O 1
ﬁﬁﬁﬁﬁ L U S S ST SR
26 | 1 0 1 1 0
----- +_——wn-—-+u————-—-+-—-—--—m+----——~-+-——--——-+——wn~---+-u-~~—--+---—--—w
27 | 1 0 1 1 1
————— +a- + + B T e Ty T PEPHPSESNHORE Y PUU
30§ 1 i 0 0 0
----- +— + + et e e fu i e e e e e —————
31| 1 1 0 0 1
_____ i-—mm----+-——-————+————~mm-+---a~~——+——---—-—+——~-----+~~~—-———+--—————w
34 | 1 1 1 0 0
————— L i Tt TR NS S S 4 -t S (T
35 | 1 i 1 0 1

HOTE: Reserved bits are not shown and shall be zero.
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A CIRC recovered data error is defined as a block for which the CIRC based
error correction algorithm was unsuccessful for a_read attempt, but on a
subsequent read operation no error was reported. The number of subsequent read
opgratigns is limited to the read retry count. Layered error correction was
not used.

A CIRC unrecovered data error is defined as a block for which the CIRC based
error correction algorithm was unsuccessful on all read attempts up to the
read retry count. Layered error correction was not used.

An L-EC recovered data error is defined as a block for which the CIRC based
error correction algorithm was unsuccessful but the layered error correction
was able to carrect the block within the read retry count. .

An L-EC uncorrectable data error is defined as a block which could not be
corrected by layered error correction within the read retry count.

SCS1-2 Working Oraft Proposal 13-45 Revision 10b
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Table 13-40: CD-ROH Evror Recovery Parameters OCh - 04h

trror Recovery Description

00h

O1h

04h

The maximum error recovery ?rocedures available are used. If an error
occurs which is wncorrectable with the error correction codes (ECC) on
the media, data transfer is terminated with CHECK COMDITION status. The
block with the error is not transferred. The sense key is set to MEDIUM
ERROR. The information bytes give the address of the block where the
unrecovered error was detected. Recovered errors are not reported.

Only retries of the read ugeratian and CIRC are used {layered error
correction is not used). Oniy CIRC unrecovered data errors are reported.
If an CIRC unrecovered data error occurs, data transfer is terminated
with CHECK CONDITION status. The block with the error is not
transferred. The sense key is set to MEDIUM ERROR. The information bytes
give the address of the block where the unrecovered error was detected.
ecovered errors are not reported.

The maximum error recovery procedures available are used. Recovered data
errors are reported. If a recovered data error occurs, data transfer is
not terminated. However, when the data transfer has completed CHECK
CONDITION status is reported. The sense keK is set to RECOVERED ERROR.
The information bytes give the address of the last block where a
recovered data error was detected. -

If a data error occurs which is uncorrectahle with the ECC information
available on the media, data transfer is ferminated and CHECK CONDITION
statuskis reported. The block with the error is not transferred. The

sense ke
of the block where the uncorrectable error was detected.

SCSE-
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Table 13-41: CD-ROH Error Recovery Procedures 05h - O07h

Error Recovery Description

05h

06h

07h

SCs1-

Only retries of the read operation and CIRC are used (layered error
correction is not used). Recovered data errvors are reported. If a
recovered data error occurs, data transfer is not terminated. However,
when the data transfer has comﬁieted CHECK CONDITION status is reported.
The sense key is set to RECOVERED ERROR. The information bytes give the
address of the last block where a CIRC recovered data error was detected.

If an unrecovered data error occurs data transfer is terminated and CHECK
CONDITION status is reported. The block with the error is not
transferred. The sense key is set to MEDIUM ERROR. The information bytes
give the address of the block where the unrecovered erreor was detecied.

The maximum error recovery procedures are used. Recovered data errors are
reported. 1f a recovered data error gccurs data transfer is terminated
and CHECK CONDITION status_is reported. The block with the recovered
error is not transferred, The sense key is set to RECOVERED ERROR. The
information bytes give the address of the block where the recovered data
error was detected.

If a data error occurs which is uncorrectable with the ECC information on
the medium, data transfer is terminated with CHECK CONDITION status. The
block with the error is not transferred. The sense key is set to MEDIUM
ERROR. The information bytes give the address of the block where the
uncorrectable error was detected,

Only retries of the read operation are used {layer error correction is
not used). CIRC recovered data errors are reported. If a CIRC recovered
data error occurs, data transfer is terminated with CHECK CONDITION
status. The block with the recovered error is not transferred. The sense
key is set to RECOVERED ERROR. The information bytes give the address of
the block where the recovered data error was detected.

If an CIRC unrecovered Hata error occurs, data transfer is terminated
with CHECK CONDITION status. The block with the error is not transferred.
The sense keg is set to MEDIUM ERROR. The information bytes give the
address of the block where the unrecovered error was detected.

2 Yorking Draft Proposal 13-48 Revision 10b
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Table 13-42: CB-ROM Error Recovery Procedures 10h - 15h

Error Recovery Description

10h

11h

14h

15h

If data transfer can be maintained, the maximum error recovery procedures
ayailable are used. (RC = 1.) If an error occurs which is uncorrectable
with the error correction codes (ECC& on the media, or is uncorrectable
in time to maintain data transfer, the data transfer is not terminated.
However, when the data transfer has comﬂleted CHECK CONDITION status is
reparted. The sense key is set to MEDIUM ERROR. The information bytes
give the address of the block where the first unrecovered error was
etected. Recovered errors are not reported.

It data transfer can be maintained, retries of the read operation and
CIRC are used (layered error correction is not used). (RC = 1.) Only CIRC
unrecovered data errors are reported. If an CIRC unrecovered data error
occurs, data transfer is not terminated. However, when the data transfer
has completed CHECK CONDITION status is reported. The sense key is set
to MEDIUM ERROR. The information bytes give the address of the block
wherettge first unrecovered error was detected. Recovered errors are not
reported.

If data transfer can be maintained, the maximum error recavery procedures
available are used. (RC = 1.) Recovered data errors are reported. If a
recovered data error occurs, data transfer is not terminated. However,
when the data transfer has comEleted CHECK CONDITION status is reported,
The sense key is set to RECOVERED ERROR. The information bytes give the
address of the block where a recovered data error was detected.

If an data error occurs which is uncorrectable with the ECC information
available on the media, or is uncorrectable in time to maintain data
transfer, the data transfer is not terminated. However, when the data
transfer has completed CHECK CONDITION status is reported. The sense key
is set to HEDIUM ERROR. The information bytes give the address of the
btock where the first uncorrectable error was detected. Reporting
unrecovered errors takes precedence over reporting recovered errors.

IT data transfer cap be maintained, retries of the read cperation

and CIRC are used (layered error correction is not used}. (RC = 1.)
Recovered data errors are reported. [ a recovered data error occurs,
data transfer is not terminated. However, when the data transfer has
comBleted CHECK CONBITION status is reported. The sense key is set to
RECOVERED ERROR. The information bytes give the address of the block
where a CIRC recovered data error was detected.

If an unrecovered data error occurs, data transfer is not terminated.
However, when the data transfer has completed CHECK CONDITION status is
reported. The sense key is set to MEDIUM ERROR. The information bytes
ive the address of the block where the first unrecovered error was
etected. Reporting unrecovered errors takes precedence over reporting
recovered errors.
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Table 13-43: CD-ROM Error Recovery Procedures 20h - 24h

Error Recovery Description

20h The maximum error recovery procedures available are used. If an error

21h

24h

oecurs which is uncorrectable with the error correction codes {ECC) op
the media, data transfer is terminated with CHECK CONDITION status. The
block with the error is transferred. The sense key is set to MEDIUM
ERROR. The information bytes give the address of the block where the
unrecovered error was detected. Recovered errors are not reported.

Only retries of the read ﬁggration and CIRC are used (layered error
correction is not used). 1y CIRC unrecovered data errors are reported.
If an CIRC unrecovered data error occurs data transfer is terminated with
CHECK CONDITION status. The block with the error is transferred. fhe
sense ke¥ is set to MEDIUM ERROR. The information bytes give the address
of the block where the unrecovered error was detected. Recovered errors
are not reported.

The maximum error recovery procedures avaiiable are used. Recovered data
errors are reported. If a recovered data error occurs data transfer is
nat terminated. However, when the data transfer has camg!eted CHECK
CONDITION status is reported. The sense key is set to RECOVERED ERROR.
The information bytes give the address of the last block where a
recovered data error was detected.

If a_data error occurs which is uncorrectable with the ECC information
available on the media data transfer is terminated and CHECK CONDITION
status is reported, The block with the error is transferred. The sense
key is set to MEDIUM ERROR. The information bytes give the address of the
block where the uncorrectable error was detected.

SCSI-
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Table 13-44: CD-ROM Error Recovery Procedures 25h - 27h

8/22/89

frror Recovery Description

25h Only retries of the read uEeration and CIRC are used {layered error
correction is not used). Recovered data errors are reported. If a
recovered data error occurs, data transfer is not terminated. However,
when the data transfer has comﬂleted CHECK CONDITION status is reported.
The sense ke% is set to RECOVERED ERRQOR. The information bytes give the
gdgreisdof the last block where an CIRC recovered data error was
etected.

If an unracovered data error occurs, data transfer is terminated and
CHECK CONDITION status is reported. The block with the error is
transferred. The sense ke¥ is set to MEDIUM ERROR. The information bytes
give the address of the block where the unrecovered error was detected.

26h The maximum error recovery procedures are used. Recovered data errors are
reported. If a recovered data error occurs, data transfer is terminated
and CHECK CONDITION status is reported. The block with the recovered
error is transferred. The sense key is set to RECOVERED ERROR. The
information bytes give the address of the block where the recovered data
error was detected.

If a data error occurs which is uncorrectable with the ECC information on
the media, data transfer is terminated with CHECK CONDITION status. The
block with the error is transferred. The sense key is set to MEDIUM
FRROR. The information bytes give the address of the block where the
uncorrectable error was detected.

27h Only retries of the read operation are used (layer error correction is
not used). CIRC recovered data errors are reported. If a CIRC recovered
data error occurs, data transfer is terminated with CHECK CONDITION
status. The block with the recovered error is transferred. The sense key
is set to RECOVERED ERROR. The information bytes give the address of the
block where the recovered data error was detected.

If an CIRC unrecovered data error occurs, data transfer is terminated
with CHECK CONDITION status, The hlock with the error is {ransferred. The
sense key is set to MEDIUM ERROR. The information bytes give the address
of the block where the unrecovered error was detected.
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Table 13-45: CD-RO# Error Recovery Procedures 30h - 35h

Error Recovery Description

30h Same as code 10H.
31h Same as code 11H.
34h Same as code 14H.
35h Same as code 15H.

13.3.3.4. Verify Error Recovery Parameters

Table 13-46: Verify Error Recovery Parameters Page

T T ]
0 PS  |Reserved] Page Code {07h)

1 Parameter Length (08R) -
2 Error Recovery Pa;;&;E;; ---------------------------
3| Verify Retry Count
| TTTTTTTTTTT Reserved
ST Reserved

e " Reserved

7 Reserved

The verify error recovery parameters page (Table 13-46) specifies the error
recovery parameter the target shall use during verify operations.

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.

The error recovery parameters for verify operations are as defined by the
read error recovery parameters (see 13.3. .3?.
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13.4. Glossary for (D-ROM Devices

absolute F field. The sub-division of the S Field part of the absolute
Bhysica] address from the beginning of the media. One physical sector.
ritten on CD-ROM media in binary Coded decimal notation.” The value is from
00bcd to 74bed. (See MSF Address, Frame.)

absolute M field. The most significant part of the absolute physical address
from the beginning of the media. Written on CO-ROM media in binary coded
decimal notation.” The value is from 00bcd to 74bcd. (See MSF Address.)

absolute S field. The jntermediate significant part of the absolute physical

address from the beginnin?hof the media. Hritten on CD-ROM nglané? A;gary )
ee ress.

coded decimal notation. e value is from 00bed to 5%bed.
bed. Binary Coded Decimal is the number system used on the physical CD-ROM
and CD-DA media. Numbers that use this notation have the 'bed® suffix

attached. A byte has two four-bit values each of which can have a value from 0

to 8. The maximum value is 99bcd (99 decimal). Hence the maximum number of
tracks is 99bcd.

Example: 00 01 062 03 .,. 08 09 10 11 .., 19 20 21 ... 98 99,

block. The term block refers to the data in one ]ogica] block - the number of
bytes defined by the Jogical block Tength in the mode block descriptor.

blocks per sector. The number of logical blocks read from each CD-ROM
physical sector. The value dgpends on the logical block Length as defined in
the mode block descriptor. The value for blocks per sector is:

1 if the jogical block Length is 2048,

2 if the logical block lLength is 1024, -

4 if the logical block Length is 512, and
8 if the ¥o$icaE block Length is 256 bytes.
{Assuming a density code of 1 - 2048 bytes of data per sector.}
CD-DA.  Compact Disc - Digital Audio. The standardized media for recording
digital audio information. The 'Red Hook' defines CD-DA media.

CD-ROM. Compact Disc - Read Only Memory. CD-ROM is a standardized medium for
recording digitized audio and digital data. CD-ROM is used to describe media
with digital data rather than discs which encode audio only. The 'Yellow
Book' defines CD-ROM media.

CD-ROM control field, A four bit field in the sub-channel data indicating
the type of information encaded on the current frack. Indicates audio versis
data and the type of audio encoding, etc. The control field is also found in
the Table of Contents entries. See Table 13-22.

CD-ROM data mode. A byte in the header of CD-ROM data sectors. This
indicates if data is gresent and if layered error correction information is
present. See Table 13-16,
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CIRC. Cross Interleaved Reed-Solomon Code.
correction technique used within small frames of audic or data. The CIRC
bgtes are present in ail CD-ROM Data Modes. The error correction procedure
which uses the CIRC bytes is referred to as the CIRC based algorithm. In most
CD-ROM drives, this function is implemented in hardware.

frame. A physical sector on CD-ROM media. Also the F field unit of a MSF CD-
ROM address. The term frame is also used in the CD-ROM model to describe the
amount of data received between synchronization patterns, 98 of these frames
make a sector. This sort of frame is referred to as ‘small frames' where the
meaning is not clear from context.

hold track state, When a CD-ROM device enters the hold track state the
optical %igk-u? is maintained at an approximately constant position on the
media. ihis allows a paused operation to be resimed without latency due to
seeking. Rotational latency may be incurred, however.

B/22/89

The error detection and

index. Index Number. An index is a subdivision of a CD-ROM track.
can have from 1 to 99 index numbers.
sequential starting with 1.

CD- A track
Index numbers within a track are

lead-in area, The area on a CD-ROM disc prior to track one. The main channel
in the lead-in area contains audio or data null information. This area is
coded as track zero but is not addressable via the SCSI command set. The Q
sub-channel in this area is coded with the table of contents information.

lead-out area. The area on a CD-ROM disc beyond the last information track.
The main channel in the lead-oput area contains audio or data null information.
This area is coded as track AAbcd but is not addressable via the SCSI command
set. The READ CD-ROM CAPACITY data is the first logical block address of this
area minus one.

L-EC. Layered Error Correction. The error correction technique used with L£D-
ROM Data Mode one sectors. In such sectors, 276 bytes of the auxiliary data
field contain L-EC bytes. The algorithm which uses these hytes to perform
error correction is often implemented in the drive firmware.

MSF Address. M Field / S Field / F Field. The physical address written on
CD-ROM discs. Expressed as & sector count relative to either the begirning of
the medium (absolute) or to the beginning of the current track (relative). As
defined by the CD-DA and CD-ROM standards, each F field unit is one hysical
sector; each 5 field unit is 75 F field units; each ¥ field unit is 60 S field
units. Valid contents of F fields are binarg values from 0 through 74. Valid
contents of 3 fields are binarﬁ values from O through 59. Valid contents of H
fields are binary values from 0 through 74.

output port. A means for connecting the audio signal being played to
equipment cutside the CD-ROM device.

pause ared. A transition area at the bg%jnning or end of an audio track
encoded with audio silence. This transifion area is required where the audio
track jmmediately precedes a data track.
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post-gap area. A transition area at the end of a data track encoded with null
information. This transition area is required where the data track
immediately precedes an audio track.

pre-gap area. A transition area at the beginning of a data track encoded with
null information. This transition area is reguired where the data track
immediately follows an audio track.

Red Book. Compact disc digital audio {CD-DA) media standard. Defines the
megia fgfmats and facilities to support the recording of digitized audio
information.

relative F field. The sub-division of the S field part of the relative
physical address from the beginning of the current track. One physical
sector. Written on CD-ROM medium in binary coded decimal notation. The value
is from 00bcd to 74bed. ({See MSF Address, Frame.)

relative M field. The most significant part of the relative physical address
from the beginning of the currént track. Written on CD-ROM media in binary
coded decimal notation. The value is from 00bcd to 74bed. (See MSF Address.)

relative 5 fleld. The intermediate significant part of the relative physical

address from the be?inning of the current track. Hritten on CD-RCM medium in

gégary c?ded decimal notation. The value is from 00bcd to 59bcd. {See MSF
ress.

sector. Refers to the data contained during one frame time.. (On CD-DA medium
with two channels of audio this is 1/75th of a second%. In the CD-ROM
standard document the term block is used for this unit. There ma¥ be more
than one Jogical block per sector. Similarly, a single Tegical block may map

to multiple sectors.

sub-channel. CD-ROM and CD-DA media have a main channel and a sub-channel.
The sub-channel area has eight parts catled P, §, R, 5, 7, U, V, and W. The
{-sub-channel contains information useful to the controller and drive, such as
the control field and MSF addresses. The data rate of each sub-channel (P, Q,
etc.) is 1/192nd of that of the main channel.

TOC. The table of contents has information on the type of disc and the
sgarti?g address of the tracks. This information is encoded in the { sub-
channel .

track. Track Number. A track is a sub-division of the CD-ROW media. A disc
has from one to ninety-nine tracks. The data within a track is always of the
same type. A track can contain be either CD-ROM or CD-Audio. A disc can
start at any track number,

track relative iagical address. An offset from the beginning of the recorded
information on a track ex?ressed in units of the logical block length. The
value is used to address logical blocks relative to the beginning of a track
using the relative MSF address encoded in the CD-ROM ( sub-channel.

transition area. Sectors at the beginning or end of tracks coded with null

information. Where required by the media standards, these areas have minimum
lengths of 1 or 2 seconds. The maximum lengths are not specified. Transition
SCST-2 Working Draft Proposal 13-55 Revision 10b
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areas at the beginning of a track are encoded with Index zero. Addresses
within transition areas may not be read.

Yellow Book. A standard (IEC 108) which defines CB-ROM media. The Yellow Book
defines the media formats and facilities that support the recording of digital
data on Compact Disc media.
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14. Scamner Devices

14.1. Hodel for Scanner Devices

Scanner devices generate a digital representation of two or three
dimengional objects (e.g., a page of text, a photograph, or a piece of art).
This is accomplished by sensing the amount of light refiected from the object
and generating the digital data. The digital data can then be sent across the
SCSI bus teo an initiator for further processing.

There are two types of scanners in use; in one type, the operations and
functions of the scanner are fixed; in the other type, the operations and
functions are grogranmabfe and need to be set up prior to being used for
scanning objects.

The scanner device generates the data and transfers it im accordance with
the commands received from the initiator. The contents of the data is vendor
specific, therefore the initiator and the scanner must know how to use the
contents of the data.

Scanners generate a digital image of an object in a two dimensional plane.
The x-axis dimension is alang the cross-scan direction which is perpendicular
to the direction in which a scan occurs, The y-axis dimension is along the
scan direction and is parallel to the direction in which a scan occurs. The
coordinates are measured from the upper left hand corner of the two
dimensional plane. The x-axis measurement increases in a positive manner
oing from left to right. The left side of the the two_ dimensjonal plane
%i.e., where x equals zero} is called the base element line. The y-axis
measurement increases in a positive manner going from top to bottom. The top
side of the two dimensional plane (i.e. where y equals zeroa is called the
base Tine. The scanning range enccmpasses the area in which the scanner can
operate. Tt is the ared from the scan line and base line to the maximum x and
y position. These conventions are adopted to aid in understanding the fields
within the command descriptor blocks and parameters used for scanner devices.
ﬁs such this is a conceptual model and may not accurately reflect the physical
evice. .

The displacements used for positioning windows is independent of the
resolution with which a window is scanned. The measurement of displacements
is controlled by the scan measurement mode parameters.

In the event of a scanner automatic creation of sub-windows within a defined

window (i.e., the auto bit in the DEFINE WINDOW parameters is one), one of the

following responses is appropriate:

the initiator may issue a GET WINDOW PARAMETERS command prior to any
READ commands

2) if the initiator issues a RFAD command before issuing a GET WINDOW

PARAMETERS command, the target shall return CHECK CONDITION status. The ILI
and valid bits in the sense data shall be set to one. The initiator should
then issue a GET WINDOW PARAMETERS command. This feature is useful when the
scanner has the ability to distinguish between image and text data and to
define windows accordingly.

SCSI-2 Working Draft Proposal 14-1
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It ma¥ occur that a scanner device temporarily does not have resources
available to manage a data transfer from the initiator or does nat have data
available to transfer to the initiator. One of the follawing responses is
ap?ro riate in such a case; .

) A CHECK CONDITION status is returned and the sense key is set to NOT
READY with the a?Eropriate additional sense code. This is response is
apg]icab?e to a TEST UNIT READY command. .

) The target disconnects until the resource or data is available, and then
re-connects to resume the operation.

3) A BUSY status is returned.

Scanner Devices

If the scanner device determines that an error or exception condition has
occurred while executing the SCSI command from the initiator, a CHECK
COWDITION status is returned, A REQUEST SENSE command can then be used to
determine additional information regarding the error or exception condition.

14.2. Commands for Scanner Devices

The commands for scamner devices shall be as shown in Table 14-1.

SCSI-2 Working Draft Proposal 14-2 Revision 10b
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Table 14-1: Commands for Scanner Devices 14.2.1. GET DATA BUFFER STATUS Command
Operation Table 14-2: GET DATA BUFFER STATUS Command
Command Name Cade  Type Section Page
CHANGE DEFINITION 40h 0 7.2.1 Bit 7 6 5 4 3 2 1 0
COMPARE 38h 0 7.2.2 Byte
Copy 18h 0 7.2.3
COPY AND VERIFY 3Ah 0 7.2.4 0 Operation Code {34h)
GET DATA BUFFER STATUS 34h 0 14.2.1 —— b b bt e
GET WINDOW 25h 0 14.2.2 1 togical Unit Number | Reserved | Mait
INQUIRY 12h H 7.2.5 o e e e i 0
L0G SELECT ACh 0 7.2.6 2 Reserved
L0G SENSE 4ph 0 Y2 i - B ataa
MORE SELECT 6& 15h 0 7.2.8 3 Reserved
MODE SELECT{10) 55h 0 .29 e ——— T
HMODE SENSE{ 8 1Ah 0 7.2.10 4 Reserved
MODE SENSE{1 & 5Ah 0 7.2.11 - et ettt e kb
OBJECT POSITION 3th 0 14.2.3 5 Reserved
READ 28h H 15.2.4  emeee]eaa. 1t 0 0 0 B A 1 e e
READ BUFFER 3Ch 0 7.2.12 6 Reserved
RECEIVE DIAGNOSTIC RESULTS iCh 0 7.2.13 0 emma|eeeeaa —— e ——————————
RELEASE UNIT : 17h y 9.2.9 7 (M5B) .
REQUEST SENSE 03h M ... emeee - Allocation Length -
RESERVE UNIT 16h M 9.2.10 8 (L5B)
SCAK 18h 0 14.2.5 —— ——— e e e e e
SET WINDOW 24h H 14.2.6 9 Control
SEND ZAh .0 14.2.7
SEND DIAGNOSTIC 10h [y 7.2.15
TEST UNIT READY 00h ) 7.2.16
WRITE BUFFER 38h 0 7.2.17 - The GET DATA BUFFER STATUS command {Table 14-2) provides a means for the
=== initiator to get information about the data buffer. Information is returned
?HI¥ 5?r window identifiers for which a SCAN command has been received (see
Key: M = Command implementation is mandatory.
0 = Command implementation is optional. A wait bit of zero indicates that the target shall respond innmdiate]g. A
. ) wait bit of one indicates that the target shall wait for image data to be
All other operation codes for scanner devices are reserved for future available before returning scan status data.
standardization.
The data buffer status data format is defined in Table 14-3.
5CSI-2 Working Draft Proposal 14-3 Revision 10b SCS1-2 Working Oraft Proposal 14-4 Revision 10b
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Table 14-3: Data Buffer Status Format 14.2.2. GET WIKDOM Command
8it 7 I 6 I 5 ‘ 4 I 3 l 2 I 1 [ 0 | Table 14-4: GET WIHDOW Command
fyte
0 (MSB) Bit 7 6 5 4 3 2 1 0
----- -—- -—- Byte
1 Data Buffer Status Length s
----- —e— - 0 Operation Code (25h}
2 (LSBY | momme | oo e
———————————————————————————————————————————————————— 1 Logical Unit Number | Reserved | Single
3 Reserved [ BIOCK | e [ o e e
= 2 Reserved
| Data Buffer Status Descriptor(s} e oGRS
- 3 Reserved
0 Window Identifier ] e e ——
————— - m——— S e e 4 Reserved
1 Reserved e e ey
-- o o e e e e e e ——— 5 Window Tdentifier
2 (MsB) e
_____ — ) —— 6 (MSB)
3 Available Data Buffer |  acces —— .
————— - ——e 7 Transfer Length
4 (LSB) | —meee —— ———
———————————————————————————————— ——— ———= 8 (LSB)
5 (MSB) N e
_____ - —— 9 Control
6 Filled Data Buffer e
7 {LSB)

The data buffer status length indicates the length in bytes of the following
scan status data that is available to be transferred during the DATA IN phase.
The data buffer status length does not include itself. The data buffer status
data transferred to the infttator includes zero or more data buffer status
descriptors, Each descriptor returns information for the window specified hy
the window identifier.

The block bit sgecifies the buffering capabilities of the scanner. A block
bit of one indicates that the data buffer is full and all image data must be
transferred to the initiator before the scan operation resumes. A block bit
of zero indicates that data buffer is not full and scan operations can
continue with the available data buffer space.

The available data buffer field indicates in bytes, the amount of buffer
available for transfers from the initiator. This field is valid only in
scanners with the ability to accept data from an initiator for processing.

The filled data buffer field indicates the amount of image data in bytes
available for transfer to the initiator.

SCSI-2 VWorking Draft Proposal 14-.5 Revision 10b

The GET WINDOW command {Table 14-4) provides a means for the initiator to
get information about previcusly defined windows.

A single bit of one specifies that a single window descriptor be returned
for the specified window identifier. A single bit of zero specifies that
window descriptors be returned for all window identifiers that were defined by
a SET WINDOWS command or by the target if the automatic bit was set to one.

The get window data shall consist of a header followed by one or more window
descriptors (see fables 14-5, 14-6, and 14-7). FEach window descriptor
specifies the location, size and scanning method used for a window.
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Table 14-5: Get Window Data Header

Bit 7 | 6 | 5 ' 4 l 3 I 2 ’ 1 I 0 l
Byte

0 {MSB)
_____ —— Window Data Length -
1 (Lsa)
_i___ - Reserved
3 ) Reserved
4 o ) Reserved T
L] o Reserved o
6 | (MSR)
----- - Window Descriptor Length -

7 (LSB)

The window data length specifies the length in bytes of the following data
that is available to be transferred. The window data length does not inciude
itself. If the allocation length is not sufficient to return ajl the get
window data the window data length shall not be adjusted to reflect the
truncation data.

The window descriptor length specifies the length in bytes of a single
window descriptor. Each descriptor shall be of egua] Tength. The first
forty-eight bytes are defined in this standard an
descriptor are vendor specific.

SC51-2 Horking Draft Proposal 14.7 Revision 10b

the remaining bytes in each ~
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Table 14-6: Window Descriptor Bytes (1-23)

Bit 7 6 5 4 3 2 1 0
Byte
g Window Identifier
1 T Reserved T hute
2 {Twsey T
_____ —— X-Axis Resolution ==~
3 (LSB)
_____ -+ - R e ek kb ek e ek e e e
4 (MSB)

e | Y-Axis Resolution -—-
5 (LsB)
6| wsey T
- - - X-Axis Upper Left - -
9 {LSB)

0 | msey T
amafm - o Y-Axis Upper Left - -
13 (LSB)
| wsey T -
N e Hindow Width - - -
17 (LSB}
18 | (wssy TR
RV Window Length -
21 {LS8)

| T Brightness T
23 | ) Threshold -

S5CSI-2 Working Draft Proposal 14-8 Revision 10b
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Table 14-7: Window Descriptor Bytes (24 - 39)

Bit 7 6 5 4 3 2 1 )]
Byte .
24 Contrast
25 i "Image Composition
_ég --------------- Bits Per Pg;gi -------------------------
I 22 I
_____ e Halftone Pattern =
28 (LSR)
29 RIF f Reserved | Padding Type
B N
_____ ——— Bit Ordering ===
31 (LSB)
_____ =+ —_——— - B LT T e pe———— -
32 Compression Type
X Cnmpressioa—EFéaa;aE ————————————————————————
| T T
-] - Reserved -
39
I
I Vendor Specific Parameter Byte(s) - - -
n

The window identifier specifies the window defined by the window descriptor.
A window is referenced by the window identifier during data transfers and
parameter updates.

Hhen used with the SET WINDOW command, an automatic (auto) bit of one
indicates that the tar%et is allowed to create sub-windows within the window
spgcifigd. An auto bit of zero indicates that target is not allowed to create
sub-windows.

Whep used with the GET WINDOW command, an auto hit of zerp indicates that
the window was defined directly by the SET WINDOW command. A value of one
indicates that the window was defined by the target. This is a sub-window
within a window defined by a SET WINDOW command.

fhe window identifiers assigned by the target shall be unique and not
current1ﬁ in use, The parameters for the sub-windows may be retrieved using
the GET WINDOW command.

SCSI-2 Working Draft Proposal 14-9 Revision 10b

Scanner Devices 8/22/89

The x-axis_reselution field specifies the resclution in the scan line
direction. The unit of measure is picture elements (pixels) per inch. A
value of zero specifies the default resolution.

The y-axis resolution field specifies the resolution in the base line
direction. The unit of measure is scan lines per inch. A value of zero
specifies the default resolution.

The x-axis upper Teft field specifies the x-axis coordinate of the u?per
left corner of the window. This coordinate is measured from the scan line
using the target's current measurement unit divisor (see 14.3.3.1).

The y-axis upper left field specifies the y-axis coordinate of the u?per
Teft corner of the window. This coordinate is measured from the base line
using target’s current measurement unit divisor (see 14.3.3.1)

The window width field specifies the width of window in the scan line
direction. The window width is measured using the target's current
measurement unit divisor (see 14.3.3.1).

The window length field specifies the Tength of the window in the base line
direction. The window length is measured using the target's current
measurement unit divisor {see 14.3.3.1).

The brightness field specifies the leve] of brightness used to scan the
object. value of zero specifies the default brightness or automatic
brightness control if it is supported. Any other value indicates a relative
brightness setting with 255 being the highest setting, one being the lowest
setting, and 128 being the mominal setting.

The threshold field specifies the threshold at which scan data is converted
to binary data. A value of zero specifies the the default threshoid or
automatic threshold control if it is supported. Any other value indicates
relative threshold setting with 255 bein? the highest setting, one being the
lowest setting, and 128 heing the nominal setting.

The contrast field specifies the level of contrast used to scan the object.
A value of zero specifies the default contrast or automatic contrast control
if it is supported. Any other vaiue indicates a relative contrast setting
with 255 being the highest setting, one being the towest setting, and 128
being the nominal setiing.

The halftone field specifies the level of halftone at which the scan data is
converted to binary data. The values in this field are vendor specific. The
halftone field is used in conjunction with the image composition field.

The image composition field specifies the type of scan operation requested.
The image composition is defined as shown in Table 14-8.
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Table 14-8: Image Composition Codes

Code flescription

00h Bi-level black & white

0ih Dithered/hal ftone black & white

02h Hulti-level black & white (gray scale)
03h Bi-level RGB Color

04h Dithered/halftone RGB Color

05h Multi-level RGB Color

06h - FFh Reserved

. The hits per pixel field specifies the number of bits used to represemt the
intensity of a singie color,

A reverse image format (RIF) bit of zero indicates that white pixels are to
be indicated by zeros and black Elxe1s are to be indicated by ones. A RIF bit
of one indicates that white pixels are to be indicated by ones and black

ixels are to be indicated by zeros. The RIF bit is appiicabie only for
images represented by one bit per pixel.

The padding tyﬁe field specifies how the target shall pad the image data
transmitted to the initiator if it is not an integral number of bytes. The

padding type is defined in Table 14-9.
Table 14-9: Padding Types

Code Description -
00h No padding
01h Pad with 0's to byte boundary
02h Pad with 1's to byte boundary
h Truncate to byte boundary
0ah - O7h Reserved

The bit ordering field specifies the order in which data is transferred to
the host from the window. The bit ordering specifies the direction of pixels
in a_scan line, the direction of scan lines within a window and the image data
packing within a byte. The values in this field are vendor specific.

The compression tYpe and compression argument fields specify the compression
technique to be applied to the image data {see Table 14-10).
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Table 14-10: Compression Types and Arguments
Compression  Description Compression )
Code Argument
"-'BBE ““““““ No compression T ﬁ;;é;;é& ----------------
01h CCITT Group III, 1 dimensional Reserved
02h ECITT Group II1, 2 dimensional K factor
03 CCITT Group 1V, 2 dimensional Reserved
04h - OFh Reserved Reserved
10h Optical Character Recognition ((OCR} Vendor Specific
11h - 7Fh Reserved Reserved
BOh - FFh Vendor Specific Vendor Specific
14.2.3. OBJECT POSITIOR Command
Table 14-11: OBJECT POSITION Command
Bit 7 6 5 4 3 2 1 0
Byte
e Operation Code (31h)
1 Logical Unit Number | Reserved | Position Function
2 (MsB)
3 Count -
4 (LSB)
5 + Reserved
6 Reserved
7 Reserved
8 Reserved
9 N Control
The QBJECT POSITION command (Table 14-11) provides positioning functions.

Absolute as well as relative positioning is provided. A target shall return
CHECK CONDITION status and set the sense key to ILLEGAL REQUEST if a
positioning function is requested that is not supported.
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12{he position function field specifies the requested function {see Table 14-

Scanner Devices

The count field is used with the position function to specify the
displacement of the object.

Table 14-12: Position Function

Position Function Description

000b Unload Object

001b Load Object

010b Absoluyte Positioning
011b flelative Positioning
100b Rotate Object

101b Reserved

110b Reserved

111b Reserved

Unload Object. This ?osition function specifies that the object shall be
?ositioned for removal, If upon receipt of this command there is no object
oaded, the target shall return a GOOD status. This cendition shall not be
considered as an error. If the target is unable to unfoad the object (i.e.,
paper jam or misfeed condition), the target shall return CHECK CONDITION
status and sel the sense key sense to MEDIUM ERROR. :

Load object. This Eosition function specifies that the object is to be loaded
and positioned to the base line. If upon receipt of this command there is a
object already 1oaded, the target shall returns GOGD status. This condition
shall not be considered as an error. If an object is not Toaded and the
target is unable to load an object, the target shall return CHECK CONDITION
status and set the EOM bit to one and the sense key to MEDIUM ERROR.

Absolute Positioning, This position function specifies that the object is to
be positioned at a y-axis displacement from the base line.. The y-axis
displacement is determined uSIng the count field and the target's current
measurement unit divisor (see 14.3.3.1}. A count field of zero positions the

object at the base line.

Any other value in the count field shall cause the target to position the
object that number of units in the scan line direction. If there is no object
loaded or if the specified ﬁ—axis displacement is not achieved the target
shall return CHECK CONDITION status and set the £0M bit to one and the sense
key to MEDIUM ERROR.

Relative Positioning. This position function specifies that the chject is to
be positioned at a y-axis displacement relative to the current position. The
y-axis displacement is determined usin? the count field and the target's
current measurement unit divisor (see 14.3.3.1). A count field of Zero causes
no change in position of the object.

A positive value in the count field shall cause the tar?et to position the
object that number of units in the scan tine direction. If the scan range is
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exceeded the target shall return CHECK CONDITION status. The £0M bit is set
to one, the ILI bit is set to one, and sense key is set to MFDIUM ERROR. The
valid bit is set to one and the informatiom bytes are set to the requested
count minus the actual number of units moved.

A negative value (e.g., twos com lement notation) in the count field shall
cause ihe target to poSition the object that number of units toward the base
line, If there is no object loaded or if the s?ecified y-axis displacement is
not achieved the target shall return CHECK COMDITION status and set the EOM
bit to one and the sense keﬁ to MEDTIUM ERROR. If the base line is encountered
the target shall position the object at the base line and return CHECK
CONDITION status. The ILI bit is set to one and the sense key is set to
MEDIUM ERROR. The valid bit is set to one and the information bytes are set
to the requested count minus the actual number of units moved.

Rotate object. This position function specifies that the object is to be
rotated in a counter-clockwise direction in units of one one-thousandth of a
degree. The count field specifies the number of units that the object is to
be “moved.

14.2.4. READ Command

Table 14-13: READ Command

Bit 7 I 6 l 5 I 4 l 3 | 2 I 1 l 0
Byte
0 Operation Code {28h) X
1 Logical Unit-ﬁﬂ&ﬁé; T _d—ﬁeserued_—_— ----------
2 T Data Type Code
3T T Reserved
4 mssy .
»§~~~ - Data Type Qualifier (Lsﬁi_
6 | (MsB) CoTTTT
7| Transfer Length o
8| (158}
"5 ---------------- - ConE;Bi ______________________________

The READ command (Table 14-13) requests that the target transfer data to the
initiator.

The transfer data type distinguishes between the different types of data
SCST1-Z Working Draft Proposal 14-14
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which may be transferred between the initiator and the target. The types of

transfers are specified in Table 14-14.
Table 14-14: Data Type Codes

Cade Descriptien
00h Image
01h Vendor Specific
0Zh Halftone Mask
03h Gamma Function
04h - 7Fh Reserved
80h - FFh Vendor Specific

The data %yge qualifier field provides & means to differentiate data
transfers of the same data type code. The values used in this field are
vendor specific.

The transfer length specifies the number of blocks the target shall transfer
to the initiator during the DATA IN phase. The block size is the current
block size in the mode parameters block descriptor (see 7.3.3). A transfer
length of zero, is not considered an error and no data shall be transferred.

If the target transfers less than transfer length blocks a CHECK CONDITION
status shall be returned. The ILI bit is set to one, the valid bit is set to
one, and the information bytes are set to the reguested transfer length minus
the actual number of blocks transferred.

This command shall be terminated with a status of RESERVATION CONFLIET if
any riservgtion access conflict (see 9.2.10) exists and no data shall be
transferred.
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14.2.5. SCAN Command
Table 14-15; SCAN Command
Bit 7 6 5 4 3 2 1 0

Byie I T T T N I
0 Operation Code (1Bh} i

1 Logical Unit Number T Reserved
_E___ o Reserved T
-i--- ------ Reserved
-i--- T Transfer Léﬁ&%ﬁ -----------------------------
R - Contred

The SCAN conmand (Table 14-15) requests the target begin a scan operation.

The transfer length specifies the length in bytes of the window identifier
list that shall be sent durrng the DATAOUT phase. A transfer length of zero
indicates that no data shall be transferred. This condition shall not be
considered as an errar.

The window identifier 1ist consists of zero or more window identifiers each
of which specifies a window to be scanned.

SCSI-2 HWorking Draft Proposai 14-16 Revision 10b
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14.2.6. SERD Command 14.2.7. SET WINDOW Command

Table 14-16: SEND Command Table 14-17: SET WINDOW Command
N M A N
0 o Operation Code (2Ah) 0 Operation Code {24H)
1| Logical Unit Number T Reserved ) 1| Logical Unit Number | Reserved
—5--- ) o - Data };B;-Cnde ---------------------- 5 ---------------------------- Reserved
E Reserved |~ 3| Reserved T T T
R e S g | Reserved T
————— - Data Type Qualifier - e sy e
5 (LSB) 5 Reserved
6 | (sB) ) 6 | (MSB)
“;““d o Transfer Length o —;—”“ - Transfer Length o
8| (LS§5~ i (Lsﬁjn
R Contral T o | Control

. ThetSEND command (Table 14-16) transfers data from the initiator to the
arget.

The data type code and data type qualifier are defined in the READ command
(see 14.2.5).

The transfer length specifies the number of blocks the target shall transfer
fraom the initiator during the DATA OUT phase. The block size is the current
block size in the mode parameters block descriptor (see 7.3.3%. A transfer
length of zero, is not considered an error and no data shall be transferred.

This command shall be terminated with a status of RESERVATION CONELICT if

any reservation access conflict (see 9.2.10) exists and no data shall be
transferred.

SCSI-2 Working Oraft Proposal 14-17

Revision 10b

The SET WINDOW command (Table 14-17) provides a means for the initiator to
specify ane or more windows within the scanning range of the device.

The transfer length s?ecifies the length in bytes of the data that shall be
sent during the DATA OUT phase. A transfer length of zero indicates that no
window parameters data shall be transferred. This condition shall not be
considered as an error. . :

The window parameters data shall consist of a header followed by one or more
window descriptors (see Tables 14-18, 14-6, and 14-7). Each window descriptor
specifies the location, size and scanning method used for a window.
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Table 14-18: Set Window Data Header

Ait 7 ] 5 4 3 2 1 0
Byte
0 Reserved
R Reserved o
T Reserved
E Reserved
“E """""""""""""""""""""" Reserved T
5 | o "Reserved
s {HSB) T
~~~~~ -——— Window Descriptor Length e
7 (Ls8)

The window descriptor length specifies the length in bytes of a single
window descriptor. Each descriptor shall be of equal length. The first
forty-eight bytes are defined in this standard and the remaining bytes in each
descriptor are vendor specific.

See Tables 14-6 and 14-7 for the definition of a window descriptor.

14.3. Parameters for Scanner Devices
14.3.1. Diagnostic Parameters

This section defines the descriptors and pages for diagnostic parameters
used with scanner devices.

The diagnostic page codes for scanmer devices are defined in Table 14-19.
Table 14-19: Diagnostic Page Codes

Page Code Description Section
00h_ Supported Diagnostic Pages 7.3.1.1
Glh - 7Fh Reserved
80h - FFh Vendor-specific pages
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14.3.2. Log Parameters

This section defines the descriptors and pages for log parameters used with
scanner devices.

The log page codes for scanner devices are defined in Table 14-20.
Table 14-20: Log Page Codes

Page Code Description Section
01h Buffer Over-Run/Under-Run Page 7.3.2.1
03h Error Counter Page (Read) Page 7.3.2.2
07h Last n Error Events Page 7.3.2.3
Q6h Hon-Medium Error Page 7.3.2.14
Q0h Supported Log Pages 7.3.2.5

08h - 2Fh Reserved
3Fh Reserved
30h - 3Eh Vendor-specific pages

14.3.3. Mode Parameters

This section defines the descriptors and pages for mode parameters used with
scanner devices.

The mode parameter list, including the mode parameter header and mode block
descriptor is defined in 7.3.3.

The medium-type code field is contained in the mode parameter header (see
Tables 7-61 and 7-62). This field is reserved for scanners devices.

The device sgecific parameter field is contained in the mode parameter
gea¢er (see Tables 7-61 and 7-62). This field is reserved for scanners
evices.

The density code field is 'contained in the mode parameter block descriptor
(see Table 7-63). This field is reserved for scanners devices.

The mode page codes for scanner devices are defined in Table 14-21.
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Table 14-21: Mode Page Codes

Page Code Description Section
0Ah wControrljlode page 7.3.3 i--
0Zh Disconnect-Reconnect Page 7.3.3.2
03h Heasurement Units Page 14.3.3.1
03h Peripheral Device Page 7.3.3.3
01h Reserved

03h - 08h Reserved

0Bh - 1Fh Reserved
3rh Returns all pages (valid only for the MODE SENSE command)

20h - 3Eh Vendor-specific pages (page format required)
00h Vendor Specific {does not require page format)

14.3.3.1. Measurement Units Page
Table 14-22: Measurement Units Page

TBit] 7

] 5 4 3 2 1 0
Byte
0 PS  |Reserved| Page Code (03h)
1 Parameter Length (06h)
2 Basic Measurement {nit
3 Reserved )

a | sy TTTTTTTTTTmTTmmmmmmmmmommomnmssess
----- -— Heasurement Unit Divisor ———
5 (LSB)

B Reserved
7 Reserved )

The measurement units page %Tab]e 14-22) specifies the units of measurement
used for calculating the displacement of window and for ?os1tloning an object.
Th? ?gasuremeut units are independent of the horizonta
resolutions.

and vertical scan

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved for the MODE SELFCT command. S bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.
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The basic measurement unit field is defined in Table 14-23. Targets shall

use inches as the default basic measurement unit.
Table 14-23: Basic Measurement Units

Code Description

Toon Imen T R
01h Millimeter
02k Point

03h - FFh Reserved

The measurement unit divisor specifies the mumber of units needed to equal
one basic measurement unit. Targets shall use 1200 as the default measurement
unit divisor, If a value of zero is specified the target shall return CHECK
CONDITION status and set the sense key to ILLEGAL REQUEST.

IMPLENENTORS NOTE: A target which does not implement this page or only
supports default values uses one twelve-hundredths (1/1200) of an inch as
the unit of measure.

14.4. Glossary for Scanner Devices

base element line. A x-axis displacement equal to zero.

base line. A y-axis displacement equal to zero.

beginning-of-mediuu. A x-axis and y-axis of zero'disglacement.
e

A c L. . 0 Alternatively
this is being positioned at the intersection of the

ase and scan lines.
end-of-medfum. The maximum x-axis and y-axis displacement.

image. The digital result of a scan.

object. The original or item being scanned.

pixel. Picture-element, is the smallest photo sight in the array.
platen. The surface in which the target is positioned,

scan. An operation that generates a digital image from the reflected light of
an object.
scan line. A y-axis displacement from the base 1ine.

scanning range. The total area that a scamner can %enerate an image from.

For two dimensional objects this may correspond to fhe Targest ohject that can
be scanned.

window, All or part of the scanning range of a scanmer. A window defines the
part of the object scanned.
SCSI-2 Horking Draft Proposal
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15. Optical Memory Devices
15.1. Hodel for Optical Memory Devices

An optical memory device is a is one that can potentially support a variety
of optical media, (e.g., read-only, write-once, eraseable, or reversible). In
several respects an optical memory device is similar to a direct-access
device. However optical memory devices typically offer features that are not
available with other devices, including very large capacity removable media.
These devices often require the functions which are not found in direct-access
devices such as logical block update, pre-erasure before writing, or scanning
for blank medium and twelve-byte command descriptor blocks.

This standard has specific device types for write-once and CD-ROM devices
which also use optical media, but are not capable of supporting a several
types of optical media. It i1s possible to implement devices using write-once
media as optical memory devices. It is possible to implement devices using
read-only media as optical memory devices, however devices using CD-ROM media
have certain unique characteristics and should not be implemented as optical
nemory devices.

A model of optical memory devices is complicated by the nature of one of its
potentijal advantages, that it can support media which has different
characterisics. There are three tﬁpes of optical media in general use, read-
only, write-once and reversable. Read-only media is typically used as for
publishing apglications requir1ng disemination of large amounts of data, since
the data can be reﬁlicated on a disk at low cost. Hrite-once media is used in
appltications that have large backup or archiving requirements. It is alse
used in applications that have a need for large amounts of on-line reference
information. Reversable media is typically used in apﬁlicatinns that need
large amounts of temgnrary storage (e.g., graphics workstations) and can take
advantage of removable media. In some applications reversable media drives
are used in place of direct-access devices.

Reversable media usually needs to be reversed (erased, blanked) before new
data can be written. In such cases an erase operation i1s required before data
can be written. Some optical memory devices perform this erase operation
implicity with each write operation which typically will impact the data
throughput. Some devices can perform the erase as a seperately. The ERASE
comnand may be used to erase areas of the medium with a corresponding
increase in data throughput on subsequent write operations. Products using
optical media should not be impiemented as direct-access devices due to the
overhead penalty on performance from the emulation and lack of support in
direct-access devices to take advantage of the sophisticated features
available in with optical memory devices.

The type of medium supported by the device and the type of medium currently
Toaded can be determined by examining the MODE SENSE data. One unique feature
of optical memory devices is support of media with mixed types (e.g., media
with read-only and write-once areas}. The INQUIRY command informs the
initiator that the target is an optical memory device; the initiator should
then determine the mediwm type from the MODE SENSE data. The initiator needs
to be cognizant of medium type since the devices characteristics can change
when the media is changed.

SC51-2 Yorking Draft Proposal 15-1 Revision 10b
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Write-once media can have valid data written to a logical block once. This
is an important feature where audit trails and permanent archives are needed.
Many optical memory devices supporting write-vnce media have the ability to
update a logical block, preserving the previous generation of data. These
devices usually ?FOVlde a means to recover the previous data through use of
commands that allow read access to the different generations of data that are
stored at the same logical block address.

Dptical Memory Devices

Defect management can also be performed by use of logical block can be
uEdatin in a manner similar to that used by direct-access devices with the
REASSIGN BLOCKS command. The advantage of using the updating éwhich is not
supported by direct-access devices) is access to the previous data.

The uﬁqate operation assigns an alternate physical block to the logical
bleck while simultaneously writing the data to the block. Commands are
provided to allow the recovery of previous generations of updated blocks.

An important requirement in deaiing with optical media is determining the
which logical blocks are contain writfen data and which are blank. A blank
logical block is one that is ro?erly initialized so that data written to it
can be recovered, The logical blocks usually have a flag associatted with
each that indicates wether they have been written or not.

Many of the strategies used to manage write once and erasable media depend
on being able to determine the boundary between wriften and blank areas of the
medium. The MEDIUM SCAN command is usefull in finding blank areas for
subsequent write operations.

15.1.1. Error Reporting

If any of the fol]owing conditions occur during the execution of a command
the target shall return CHECK CONDITION status. The aE?ropriate sense key and
additional sense code should be set. The following table illustrates some
error conditions and the ap?licabie sense keys. The table does not provide an
exhaustive enumeration of ail conditions that may cause the CHECK CONDITION
status.

SC51-2 Working Draft Proposal 15-2 Revision 10b
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Condition

Invalid logical block address

Sense Key

ILLEGAL REQUEST
Unsupported option requested FLLEGAL REQUEST

Target reset or medium change since
last command from this initiator UNIT ATTENTION
HARDWARE ERROR

MEDIUM ERROR
HARDWARE ERROR

RECOVERED ERROR

Self diagnostic failed

Unrecovered read error

Recovered read error

Qverrun or other error that might
be resolved by repeating the command ABORTED COMMAND

Attempt to write on write protected medium DATA PROTECT
Attempt to read a blank or previously
unwritten block. BLANK CHECK
Attempt to write a previously written
block and blank checking is enabled. BLANK CHEC#

Attempt to write on read-only medium. DATA PROTECT

In the case of an invalid logical block address, the sense data information
field shall be set to the logical block address of the first invalid address.

In the case of an attempt to read a blank or previously unwritten block, the
sense data information field shall be set to the logical block address of the
Eirstfblang block encountered. The data read up to that block shall be

ransferred.

In the case of an attempt to write a previously written hlock and blank
checking is enabled, the sense information field shall be set to the logicai
block address of the first non-blank block encountered.
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Tge commands for optical memory devices shall be as shown in Table 15-1 and
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Table 15-1: Commands for Optical Memory Devices(l)

Operation

Command Name Code Type Section Page
CHANGE DEFINITION 40h 0 7.2.1
COMPARE 39h 0 1.2.2
oPY 18h ] 7.2.3
COPY AND VERIFY 3Ah 0 7.2.4
ERASE(10 2Ch 0 15.2.1
ERASE (12 ACh 0 15.2.2
FORMAT UNIT 04h 0 8.2.1
INQUIRY 12h H 7.2.5
LOCK UNLOCK CACHE 36h 0 8.2.2
LOG SELECT 4Ch 0 7.2.6
LOG SENSE 40h 0 7.2.7
MEDEUM SCAN 38h 0 15.2.3
MODE SELECT ﬁ& 15h 0 7.2.8
MODE SELECT(10) 55h ] 7.2.9
MODE SENSE & 1Ah 0 7.2.10
MODE SENSE(10) 5ah ] 7.2.11
PRE-FETCH 34h ] 8.2.3
PREVENT ALLOW MEDIHM REMOVAL 1Eh 0 4.2.4
READ 6& 08h 0 8.2.5
READ(1 28h # 8.2.6
READ(12 ABh 0 15.2.4
READ BUFFER 3Ch 0 7.2.12
READ CAPACITY 25h H 8.2.7
READ DEFECT DATA IG} 37h 0 8.2.8
READ DEFECT DATA{12 B7h 0 15.2.5
READ GENERATION 29h 0 15.2.6
READ LONG . 3Eh 0 8.2.9
READ UPDATED BLOCK 20h 0 15.2.7
REASSIGN BLOCKS 07h 0 8.2.10
RECEIVE DIAGNOSTIC RESULTS 1Ch 0 7.2.13
RELEASE 17h Y g§.2.11
REQUEST SENSE 03h Ly 7.2.14
RESERVE 16h M 8.2.12
REZERO UNIT 01h 0 8.2.13
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Table 15-2: Commands for Optical Memory Devices(2) 15.2.1. ERASE{10) Command
Operation Table 15-3: ERASE{10) Cosmand
Command Name Code Type Section Page
SEARCH DATA EQUAL lﬂg ilh 0 8.2.14.1 Bit 7 6 5 4 3 2 ] 1 0
SEARCH DATA EQUAL(12 Blh 0 15.2.8 Byte
SEARCH DATA HIGH 0} 30h 0 8.2.14.2
SEARCH DATA HIGH(12 BOh 0 15.2.8 0 Operation Code {2Ch)
SEARCH DATA LOH(IO} 32h 0 8.2.14.3 e
SEARCH DATA 10W(12 B2h 0 15.2.8 1 Logical Unit Number | Reserved | ERA  |Reserved] RelAdr
SEEK(6 0Bh 0 8.2.15 T
SEEK(1 2Bh 0 8.2.15 2 (MSB)
SEND DIAGNOSTIC 1Dh H 7.2.1 emee .. m—
SET LIMITS&IO} 33h 4] 8.2.16 3
SET LIMITS(12 B3h 0 15.2.¢ eem—— —— Logical Block Address ---
START STOP UNIT 18h 0 8.2.17 4
SYNCHRONIZE CACHE 35k 4] T ——- ——
TEST UNIT READY 00k M 7.2.16 5 (LSB)
UPDATE BLOCK 3Dh 0 15.2.10 e e - e et
VERIFY?IO; 2Fh 0 15.2.11 6 Reserved
VERIFY{12 AFh 0 15.2.12 e e e e
WRITE(6 0AR 0 8.2.20 7 (MsB8)
HRITE(1 28k M 15.2.13 e - Transfer Length —mm
WRETE(12 Afh 0 15.2.14 8 {LSB)
WRITE AN U£RIFY{10; 2Eh 0 15.2.15 = memea]emmrcmmme e e 2 1 e 1 e e
WRITE AND VERIFY{12 AEh 0 15.2.16 9 Control
HRITE BUFFER 38k 0 7.2.17
WRITE LONG 3Fh 0 8.2.23
. . The ERASE(10) command (Table 15-3) requests that the target erase the
Key: M = Command implementation is mandatory. SRecified number of blocks starting at the specified logical block address on
0 = Command implementation is optional. the medium. As used here, "erased” means either the medium shall be erased,
or g pattern shall be written on the medium that appears to the target as no
The follawing codes are vendor specific: 20h, 21h, 22h, 23h, and COh through data present. The blocks erased shall be considered blank for purposes of
FFh. A1l remaining codes for optical memory devices are reserved for future blank checking (see 15.1). The previous data recorded on the medium, if any,
standardization. shall not be recoverable. |

The erase all (ERA) hit set to ome indicates that all remaining blocks on
the medium shall be erased. If the ERA bit is set to one and if the number of
blocks is not zero, the target sha]l return CHECK CONDITION, and the sense key
shall be set to ILLEGAL REQUEST, with an additional sense code of INVALID
FIELD IN CDB.

f'S?S 8.2.2 for a description of the RelAdr bhit and logical biock address
jeld.

The transfer length specifies the number of contiagous logical blocks that
shall be erased when the ERA bit is zero. If the ERA bit is zero a transfer
tength of zero indicates that no blocks shall be erased. This condition shall
not be considered as an error and no data shall be erased. Any other value
indicates the number of legical blocks that shall be erased.
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This command shall be terminated with a status of RESERVATION CONFLICT if
any reservation access conflict (see 8.2.12) exists and no data shall be

erased.

TMPLEMENTORS NOTE:

write operations.
applications.

This command allows the user to separate the erase and
This may increase system performance in certain

15.2.2. ERASE(12) Command

Table 15-4: ERASE{12) Command

o I N N DA N T e
0 Operation Code (ACh)

1 Logic;l Unit Number | Reserved | ERA IReserue&E"RelAd;_
I X
e —-
—E__— - Logical Block Address ——
5 | (LsB)
N N
i _—
—é--- - Transfer Length ——
9 (LsB)
'iB --------------------------- Reser;;&-- o
HII --------------------------- Cont;ai-—— T

The ERASE(12) command (Table 15-4) requests that the target erase the
iﬁec1fied nunber of blocks starting at the specified logical block address on

e medium.

See the ERASE{10) command (15.2.1) for a description of the fields in this

command.
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15.2.3. HEDIUM SCAH Command

Table 15-5: MEDIUM SCAN Conmand
wie | LS ]
0 Operation Code (38h)
‘L |Logical Unit Number | WBS | ASA | RSD | PRA | RelAdr
R
Sl ——
R Logical Block Address -—
R (LSB)
e _—-Reserved --------------
_;“‘“h ) Reserved
8 ) Parameter Li;E_iength T
I control T

The MEDIUM SCAN command (Table 15-5) reguests,the target to scan the medium
for a contiguous set of written or blank logical blocks.

A written block search (WBS) bit of zero indicates that the scan is for
blank blocks. A WBS bit of one indicates that the scan is for written blocks.

An advanced scan algorithm (ASA} bit of zero indicates that the scan area is
scarned in sequential order (as selected by the RSD bit). An ASA bit of one
indicates to the target that the written and blank areas within the scan area
form contiguous extents (as opposed to scattered blocks). This indication is
advisory to the target.

IMPLEMENTORS WOTE: The purpose of this bit is to allow the target to use a
E?rekadvanced algorithm (such as a binary search) to locate the requested
ocks,

A reverse scan direction (RSD) bit of zerc indicates the scan shall begin
with the first logical block of the scan area. A RSD bit of one indicates the
scan shall begin with the last logical block of the scan area.

SCSI-2 Working Draft Proposal 15-8 Revision 10b
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A Bartia] results acceptable {PRA) bit of zero indicates that the scan shall
not be considered satisfied unti] a contiguous set of blocks is found within
the scan area which is greater than or egual in size to the mumber of blocks
requested, and meets the other criteria specified in the command descriptor
block. A PRA bit of one indicates that the scan may be satisfied by a
contiguous set of blocks within the scan area which is less than the number of
blocks requested, and meets the other criteria specified in the command
descriptor block, In this case, the target shall determine the largest
contiguous set of blocks in the scan area for reporting to the initiator.

Optical Memory Devices

f‘S?g 8.2.2 for a description of the RelAdr bit and logical block address
teld.

The ﬁarameter list length specifies the Iength in bytes of the parameter
list that shall be transterred during the DATA OUT phase., A parameter list
length of zero indicates that the number of blocks vequested field has a value
of one, and the number of blocks to scan field has a value of zero. This
condition shall not be considered an error. The contents of the parameter
list are specified in Table 15-6.

A Tink bit of zero indicates a non-linked command and if the scan is
satisfied, the command shall be terminated with a CONDITION MET status. A
REQUEST SENSE command can then be issued to determine the starting logical
block address of the area that meets the request. If the scan is not
satisfied and no error occurs, the command shall be terminated with GOOD
status.

A link bit of one indicates a command is linked to the MEDIUM SCAR command
and if the search is satisfied, CONDITION MET status is returned and the next
command is executed. If the RelAdr bit in the next command is one, the
logical block address of the next command is used as a displacement from the
logical block address at which the search was satisfied. If a linked scan -
is not satisfied, the command is terminated with a CHECK CONDITION status. A
REQUEST SENSE command may then be issued.

A REBUEST SENSE command following a satisfied MEDIUM SCAN command shall:

(1) Return a sense key of EQUAL 1f the scan was satisfied by a contiguous
set of blocks equal in size to the number of blocks reguested. If the scan was
satisfied by a contiguous set of blocks not equal in size to the number of
blocks requested, then a sense key of N0 SENSE shall be returned.

52 Return the valid bit set to one. )

3) Return the logical block address of the first logical block of the
contiguous set of blocks that satisfied the scan criteria in the information

ytes.
(4) Return the number of contiguous logical blocks meeting the scan criteria
in the command specific information bytes.

A REQUEST SENSE command fol]owing an unsatisfied MEDIUM SCAN command shall:

(1) Return a sense key of NO SENSE if mo errors occurred during the command
execution.

(2) Return the valid bit set to zero.

SCSI-2 Working Draft Proposal 15-9 Revision 10b
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Table 15-6: MEDIUM SCAH Parameter List

Bit 7

Number of Blocks to Scan _—

7 ' (LSR)

The number of blocks requested field specifies the number of blocks that
meet the specified requirements. The number of blocks requesied field, if set
to zero, indicates that the scam shall not take place. This shall not be
considered an error condition.

The number of blocks to scan field specifies the length in blocks of the
area to be scanned on the medium. The number of biocks to scan field, if set
to zero, indicates that the scam shall continue for all remaining blocks on
the medium or until the scan is satisfied. See 15.1.3 for a description of
error handiing.
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15.2.4. READ(12) Command 15.2.5. READ DEFECT DATA{12) Command
Table 15-7: READ{12) Command Table 15-8: READ DEFECT DATA{12) Cosmand
ol D LS L L L TR T W T T T
)] i Operation Code (ASh) ] Operation Code (B7h)
1| logical Unit Number | DPO | FUA |  Reserved | RelAdr ‘1| logical Uit Mumber | Plist | GList | Defect List Format
e -Eﬁgﬁi __________________ E e A 2 | T Reserved T
3T ) o 3T TReserved T
————— B Logical Block Address —— R LT m— e
4 4 Reserved
5| (LSES_ 5| Reserved
6| sy T | 6 | msmy T B
il o 2l e -
—é——— —— Transfer Length _— —é--- -—— Allocation Length -
oo (LsB) oo (LsB)
"16 -------------- N Reserved D —16-— ) T ——-ﬁeserved T
| Contral O Contral T

_______

The READ(12) command (Table 15-7) requests that the target transfer data to
the initiator from the medium. See the READ(10) command {8.2.6) for a
complete description of the fields in this command.
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The READ BEFECT DATA£12) command {Table 15-8) requests that the target
transfer the medium defect data to the initiator. See the READ DEFECT DATA{10)
command (8.2.8) for a description of the fields in this command.

The READ DEFECT DATA(12) list header (Table 15-9) centains an eight byte
header, followed by zero or more defect descriptors.
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Tabie 15-9: READ DEFECT DATA(12) LIST HEADER
RN

0 Reserved '

FO Reserved | PList | GList | Defect List Format
R Reserved T

—5 ---------------------------- Reserv;&_- ————————————————————
A |wsey T
= —
e Defect List Length

7 (LsB)

Defect Descriptors
on | |

See the descriﬁtion of the READ DEFECT DATA defect 1ist (Table 8-19) for a
description of the fields in this header.
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15.2.6. READ GENERATION Command

Table 15-10: READ GENERATION Command
A M A
0 Operation Code {28h)
1| logical Unit Number | Reserved | RelAdr
2 —(MSB) _____________
Sl | ——
~a--- -— Logical Block Address -—
R (1L58)
5| o " “Reserved
7 o Reserved
3 | T " Allocation Length h
Rl o " “Control o T

The READ GENERATION command {(Table 15-10) requests that the target transfer
to tt‘\?jgﬂiator the maximum generation address for the logical block
specified.

f_S(las 8.2.2 for a description of the RelAdr bit and togical block address
1eid.

The READ GENERATION data is' defined in Tabie 15-11.
Table 15-11: Maximm Generation Data Block

Bit 7 ] 5 4 3 2 1 0
Byte
0 (M5B)
NN DR Haximum Generation Address o
1 {LSB)
_5 """""""""""""""""""""""""""" Reserved ) T
3 Reserved
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The maximum generation address fieid defines the maximum generation address
available for the logical block address specified.

15.2.7. READ UPDATED BLOCK(10) Command

Jable 15-12: READ UPDATED BLOCK(10) Command

Bit 7 6 a8 4 3 2 1 0
Byte
0 Operation Code (2Dh)
1 Logical Unit Nember | DPO | FUA |  Reserved | RelAdr
2 (MSB}
5 —
P Logical Block Address -
5| (LSB)
6 Latest | (MSB)
_________________ Generation Address
7 (LSB)
g | T Reserved——
9 CﬂnErol - -

The READ UPDATED BLOCK{10) command (Table 15-12) requests that the target
Eganifer data to the initiator from the specified generation and logical
ock.

See B.2.6 for a description of the cache control bits (DPD and FUA%: See
8.2.2 for a description of the RelAdr bit and logical block address field.

One block of data is transferred during the DATA IN phase.

The tatest bit determines the meanping of the generation address field. A
latest bit of zero indicates that the generation address s specified relative
to the first generation of the block; generation address zero specifies the
first generation. Increasing generation addresses specify later generations.

A latest bit of one indicates that the generation address is specified
relative to the latest generation of the block; generation address zero
specifies the most recent generation. Increasing generation addresses specify
earlier generations.

[f the requested generation does net exist, the command shall be terminated

SCSI-2 Working Draft Proposal 15-15 Revision 10b
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with CHECK CONDITEON status. The sense key shall be set to BLANK CHECK, and
the additional sense code shall he set to GENERATION DOES NOT EXIST.

This command shall be terminated with a status of RESERVATION CONFLICT if
%ny r$servgtion access conflict (see B.2.12) exists and no data shall be
ransrerred.

15.2.8. SEARCH DATA(12) Commands

Optical Memory Devices

Table 15-13: SEARCH DATA(12) Commands

e I N N B N T e
] Operation Code (BOh, Bih, B2h)
1 Logical Unit Number | Tnvert i“-“dﬁeserved E Sanat-Tuﬁéfﬂa;-
I
5 ——
D Logical Block Address e
5| (LSB)
6| mse) T T
il e —
o Transfer Length -—
T (LSB)
'16" T Reserved
o CTGemtrol ”

The SEARCH DATA{12) commands (Table 15-13) search one or more logical blocks
for equality or inequality to a data pattern, See the SEARCH DATA(10)
commands (B8.2.14) for a description of the fields in this command.
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15.2.9. SET LIMITS(12) Command
Table 15-14: SEY LIMITS(12) Command

TBit] 7 l 5 I 5 I 3 l 3 I 2 I 1 l 0
?yte

)] Operation Code {B3h)

1 Logical Unit Number | Reserved { RdInh | Wrinh

2 | (M5B)

-5 —
—&——— = Logical Block Address ———
51 (LSB)
B {MSB)

7
e Number of Blocks —
9| (LSB)
10 Reserved
w | T contrel

The SET LIMITS(12) conmand (Table 15—14% defines the range within which
subsequent Tinked commands may operate. See the SET LIMITS(10) command
{8.2.16) for a description of the fields in this command.

f
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15.2.10. UPDATE BLOCK Command
Table 15-15: UPDATE BLOCK Command

Bit 7 6 5 4 3 2 1 ¢
oyie I T T T N M
i Operation Code {3Dh)
1| Logical Unit Number | Reserved "1 RelAdr
2wy T
Nl _—
-E--- ——— Logical Block Address —
5| (LSB)
5 ” " Reserved
e N " Reserved o
R Reserved
o N “Contrel T

The UPBATE BLOCK command (Table 15-15) requests that the target logically
replace data on the medium with the data sent during the DATA OUT phase.

f_S?S 8.2.2 for a description of the RelAdr bit and logical block address
ield.

One block of data is transferred during the DATA OUT phase.

IMPLEMENTORS NOTE: See the MODE Parameters (15.3) for a description of the
?Egggigr of the UPDATE BLOCK command relative to the enable blank check
it.

This standard does not define the result of a WRITE command issued to a
g}ocg]pgeuiously updated by an UPDATE BLOCK command when blank checking is
isabled.

IMPLEMENTORS NOTE: It is recommended that.the target inhibit this behavior.

A Iogical block may be updated until the alternate block area is exhausted.
The alfernate blocks used for the update operation shall not be reported in
the READ CAPACITY data. If the alternate block area is exhausted the command
shall be terminated with CHECK CONDITION and the sense key shall be set to
HMEDIUM ERROR, and the additional sense code set to NO DEFECT SPARE LOCATION
AVAILABLE.
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If the report updated block read parameter specifies posting of recovered
errors for a read operation of a logical block that has had a successful
update oHeration performed occurs the command shali terminate with a CHECK
CONDITION status. The sense key shall be set to RECOVERED ERROR and the
additional sense code set to UPDATED 8LOCK READ.

15.2.11. VERIFY(10) Command

Table 15-16: VEREFY Command

Bit 7 6 5 4 3 2 1 0

Byie

0 Operation Code (2Fh)

‘1| Logical Unit Number | DPO |Reserved| BIKVfy | BytChk | RelAdr
2wy T

_5,-- —— _—
o Logical! Block Address -—
5| (LSB)
“é ——————————————— Reserved T
7 ey T T T
----- - Verification Length

8 {L.SB)
E Control

The VERIFY command (Table 15-16) requests that the target verify the data on
the medium.

If the MODE SELECT command is implemented, and the Verify Error Recovery
Parameters page is also implemented, then the current settings in that page
define the verification criteria, If the Verify Error Recovery Parameters page
is not implemented, then the verification criteria is vendor unigque.

A byte check (BytChk) bit of zero causes a medium verification to be
performed with no data comparison. A BytChk bit of one causes a byte~by-bﬁte
compare of the data written on the medium and the data transferred from the
initiator. The data shall be transferred as it would be for a WRITE command.
[f the compare is unsuccessful, for an¥ reason, the target shall return CHECK
CONDITION status and the sense key shall bhe set to MISCOMPARE.

blA Elank verify {BlkVfy) bit of one causes a verification that the blocks are
ank.
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If the BytChk is one when the BIkVFfy bit is one, this shall be considered an
error. The target shall return CHECK UONDITION status and the sense key shall
?ﬁ ESE to ILLEGAL REQUEST, and the additional sense code set to INVALID FIELD

See 8.2.6 for a description of the cache control hits (DPD). See 8.2.2 for
2 description of the RelAdr bit and logical block address field.

The verification length specifies the number of contiguous logical blocks of
data or blanks that shall be verified. A verification Tength of zero
indicates that no logical blocks shall be verified. This condition shall not
be considered as an error. Any other value indicates the number of togical
blocks that shall be verified,

15.2.12. VERIFY(12) Command

Table 15-17: VERIFY(12) Command

S N T U N T e e
0 Operation Code (AFh)

E Logical Unit Humber i | Bﬁa__iﬁeserved| BlkVfy | BytChk | RelAdr
2| mssy T h
e -
ol e Logical Block Address -
5| (LsB)
6| mse) T
- , ——
-éu-- —— Verification Length -
9T (1.58)
0 h Reserved )

VO Control )

The VERIFY(12) command (Table 15—17& requests that the target verify the
data on the medium. See the VERIFY(10)} command (15.2.11} for a description of
the fields in this command.
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15.2.13. HRITE(10) Command
Table 15-18: WRITE(10) Command

8it 7 | ) I 5 I 4 I 3 | 2 l 1 ! 0 I
Byte e

0 Operation Code {2Ah)

1 Logtcal Unit Number | DPC | FUA | EBP [Reserved| RelAdr
2 (MSB)

T
il Logical Block Address sen
5| (LSB)
6 ) Reserved
T wsey T
_____ e Transfer Length

8 {L58)

9 Control

The WRITE(10) command (Table 15-18) reguests that the target write the data
transferred from the initiator to the meqium, -

An erase by-pass (EBP) bit of zero indicates that the device will default to
the normai write operation. An EBP bit of one indicates that the target is
allowed to by-pass the erase operation prior to writing the data. When
accessing write-once media, the EBP bit shall bhe considered reserved.

See 8.2.6 for a description of the cache contre] bits (DPC and FUA%. See
8.2.2 for a description of the RelAdr bit and logical block address field.

The transfer length specifies the number of contiguous logical blocks of
data that shall be transferred, A transfer length of zero indicates that no
data shall be transferred. This condition shall not be considered as an error
and no data shall be written. Any other value indicates the number of legical
blocks that shall be transferred.

This command shall be terminated with a status of RESERVATION CONFLICT if
anytgeservation access conflict (see 8.2.12) exists and no data shall be
written.
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Table 15-19: WRITE(12) Command

Bygét 7 l 6 l 1 | 4 i 3 | 2 1 1 I 0 ]
0 Uperagggn Code (AAh) -
17| logical Unit Number | DPO | FUA | EBP |Reserved| RelAdr
2 wsy T
il —
~a~-- ——— Logical Block Address -
5 (LsB)
6| (MsB) I
Sl -
. Transfer Length ———
oo (LsB)
w | --ﬁ;serued ---------------------------------
11 T control 7

The WRITE(12) command (Table 15-19) requests that the target write the data
transferred from the initiator to the medium. See the WRITE(10)} commard
(15.2.13) for a description of the fields in this command.
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15.2.15. WRITE AND VERIFY{10) Command

Table 15-20: WRITE AND VERIFY(10) Command

Bit 7

e

N
Byte

0 Operation Code (2Eh)

1 Logical Unit Kumber | DPO [Reserved| EBP | BytChk | RelAdr

2 (MSB)

P ——
I Logical Block Address -
e (LsB)

6 Reserved

Z {3
_____ — Transfer Length

8 (LSB)

9 ) Controi- ) )

The WRITE AND VERIFY(10) command (Table 15-20) requests that the target
write the data transferred from the initiator to the medium and then verify
that the data is correctly written.

If the MODE SELECT command is implemented, and the Verify Error Recovery
Parameters page is also implemented, then the current settings in that page
define the verification criteria. If the Verify Error Recovery Parameters page
is not implemented, then the verification criteria is vendor umique.

A byte check (BytChk) bit of zero causes a medium verification to be
performed with no data comparison. A BytChk bit of one causes a byte-hy-byte
compare of the data written on the medium and the data transferred from the
initiator. The data shall be transferred as it would be for a WRITE command.
If the compare is unsuccessful, for an* reason, the target shall return CHECK
CONDITION status and the semse key shall be set to MISCOMPARE.

An erase by-pass (EBP) bit of zero indicates that the device will default to
the normal write operation. An EBP bit of one indicates that the target is
allowed to hy-pass the erase operation prior to writing the data. When
accessing write-once media, the EBP bit shall be considered reserved.

5ee 8.2.6 for a description of the cache control bits (DP0). See 8.2.2 for
a description of the RelAdr bit and logical block address field.
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The transfer length specifies the number of contiguous logical blocks of
data that shall be transferred. A transfer length of zero indicates that no
togical blocks shall be transferred. This condition shall not be considered
as an error and no data shall be written. Any other value indicates the
number of Togical blocks that shall be transferred.

Optical Memory Devices

15.2.16. HRITE AND VERIFY(12} Command

Table 15-21: WRITE AND VERIFY(12) Command

Bit] 7 6 5 4 3 2 1 0
e | CpE e e
0 Operation Code (AEh)

1 Logical Unit Nember | DPO |[Reserved] EBP | BytChk | RelAdr
2 |y T i T
e -
i Logical Block Address -—-
5 | (LSB)
& | (1S8) } - T
oo -
-é—-— —— Transfer Length o
EER (LSB)
U Reserved 77
| T Control T

The WRITE AND VERIFY(12) command (Table 15-21) vequests that the target
write the data transferred from the initiator to the medium and then verify
that the data is correctly written. See the WRITE AND VERIFY(10) command
(15.2.15) for a description of the bits in this command.

SCSI-2 Working Draft Proposal 15-24 Revision 10b

1HId3r L)



Optical Memory Devices 8/22/88
15.3. Parameters for Optical Memory Pevices
15.3.1. Diagnostic Parameters

This section defines the descriptors and pages for diagnostic parameters
used with optical memory devices.

The diagnostic page codes for optical memory devices are defined in Table

Table 15-22: Diagnostic Page Codes

Page Code Description Section

00h List of Supported Parameters Page 7.3.1.1
0lh - 3Fh fleserved (for all device type pages)

40h Translate Address Page 8.3.1
41h - 7Fh Reserved
80h - FFh Vendor specific pages

15.3.2. Log Parameters

This_section defines the descriptors and pages for log parameters used with
optical memory devices. :

The log page codes for optical memory devices are defined in Table 15-23.
Table 15-23: Log Page Codes

Page Code Description Section
g1h Buffer Over-Run/Under-Run Page 3.2.1
03h Error Counter Page (Read) Page 7.3.2.2
05h Error Counter Page (Verify) Page 7.3.2.2
02h Error Counter Page Hrite¥ Page 7.3.2.2
07h Last n Error Events Page 7.3.2.3
00h List of SuEported Parameters Page 7.3.2.5
O6h Non-Media Error Page 7.3.2.4
04h Reserved

08h - 2fh Reserved
30h - 3Eh VYendor Specific
IFh Reserved
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This section defines the descriptors and pages for mode parameters used with
optical memory devices.

The mode parameter list, including the mode parameter header and mode block
descriptor are defined in 7.3.3.

The mediumntyge code field is contained in the mode parameter header (see
Table 7-61 and 7-62)}. Table 15-24 defines the medium-type code values used
for optical memory devices.

Table 15-24: Optical Memory Medium-Type Codes

Code Value Medium Type
00h Default (only one medium type supported)
01h Optical éead Only medium P o
0zZh Optical Hrite Once medium
03h Optical Reversible or Erasable medium
04h Combination of Read only and Write Once medium .
05h Combination of Read only and Reversible or Erasable medium

0bh Combination of Write Once and Reversible or Erasable medium
07h - 7Fh RESERVED
80h - FFh Vendor umique

The device sgecific parameter field is contained in the mode parameter
header (see Table 7-61 and 7-62), Table 15-25 defines the device specific
parameter values used for optical memory devices.

Table 15-25: Optical Memory Device Specific Parameter

Bitf 7 { 6 | 5 | 4 | 3 | 2 | 1 | 0
| W | DPOFUA | Reserved | EBC

Reserved

A write protected gﬂP] bit of zero indicates that the medium is write
enabled. A WP bit of one indicates that the wedium is write protected.

The DPOFUA bit is reserved for the MODE SELECT command.

For the MODE SENSE command, a DPOFUA bit of zero indicates that the target
does not support the DPO and FUA bits. A DPOFUA bit of one indicates that the
target supports the DPO and FUA bits (see 8.2.6).
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for the MODE SELECT command, an enable blank check (EBC) bit of zero advises
the target to disable the blank checking operation of the medium during write
ogerations or during an UPDATE 8LOCK command. An EBC bit of one enablés blank
checking. If a non-blank block is found durin% a write operation, the command
shall bé terminated with a CHECK CONDITION status and the sense key shall be
set to BLANK CHECK. If a blank block is found during an UFDATE BLOCK command,
the command shall be terminated with a CHECK CONDITION status and the sense
key shall be set to BLANK CHECK. For read-only media the EBC bit is reserved.

For the HOBE SENSE command, an enable blank check {EBC} bit of zero
indicates that blank checking of the medium during write operations is
disabled. An EBC bit of one indicates that blank checking during write and
update operations is enabled. For read-only media the EBC bit is reserved.
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The density code field is contained in the mode parameter block descriptor
(see Table 7-63). Table 15-26 defines the density code values used for
optical memory devices.

Tabte 15-26: Optical Hemory Density Codes

Optical Memory Devices

Density Optical Media
Code
"665" Default density (cu;reﬁiii-ésaated density) )
Diameter Sector Reference
mm {inch} Type Size Tracks Sides Servo Standard Note
0lh 86 (3.5) R/W 512/1024 12500 1 660-D 1
0zh 89 (3.5 R/W 512/1024 12500 ? 581-D 1
03h 130 (5.2 R/M 512/1024 18750 2 Cs 607-1 1
04h 130 {5.25 W-0 512/1024 30000 2 SS 655-D 1,2
05h 130 (5.25 -0 512/1024 20000 2 SS 659-D 1.3
06h 130 (5.25 W-0 512/1024 18750 2 CS 457-b 1
07h 200 0% 407-b 1.4
08h 300 (12 } 1024 2 408-D 1,4
00h 356 (14.0 1024 56350 2 456 1
BCh - FFih  Vendor unique
All others PReserved
Key:
Type Serva
R/ Erasable Eg----Con{;ﬁaaa;—S;FGB ______
W-0 Hrite Once ss Sampled Servo

R/O Read Only

HOTES: N
él) The reference standard refers to an ANSI X3B11 preject under

evelopment. The project may have several documents describing different
aspects of the media. Please contact the Secretariat for current information
on status and avatlability.

2) RZ modulation.

3) 4/15 modulation.

4} This project is not presently active.
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The mode page codes for optical memory devices are shown in Table 15-27.
Table 15-27: Mode Page Codes

Optical Memory Devices

Page Code Description Section
~g8h Cachi n?"ﬁé"'é """" ) 8.3.3.1
0Ah Control Mode Page 7.5.3.1
0zh Disconnect-Reconnect Page 7.3.3.2
0Bh Medium Types Supported Page §.3.3.4
06h Optical Memory Page 15.3.3.1
09h Peripheral Device Page 7.3.3.3
Olh Read-Write Error Recovery Page 8.31.3.6
07h Verify Error Recovery Page 8.3.3.8

03h - 05h Reserved
O0Ch - IFh fleserved
3rh Returns all pages (valid only for the MODE SENSE command)
ach Vendor specific (does not reguire page format}
20h - 3Eh Vendor specific
15.3.3.1. Optical Hemory Page
Table 15-28: Optical Memory Page
Bit 7 ! ] | 5 | 4 ] 3 ' 2 1 1 l ]
Ryte
0 PS  |Reserved| Page Code (06h)
1 T ParameEéF'Length oy
2 T “Reserved - | RUBR
3 | --Reserved ———————————————————————————————

The optical memory page (Table 15-28) defines parameters for control of
optical memory devices.

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that_the target is capable of saving the page in a non-volatile vendor-
specific location.
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A report updated block read (RUBR) bit of zero indicates the target shall
not report an error when a command performs a successful read of a block that
has been updated. A RUBR bit of one indicates the target shall terminate a
command that gerforms a read of a block that has been updated with CHECK
CONDITION status, the sense key set to RECOVERED ERROR, the additional sense
code set to UPDATED BLOCK READ, and the data shall be transferred to the
initiator. The default state of the RUBR bit for write-once devices {as
reported in the INQUIRY command} shall be ore.

15.4. Glossary for Optical Memory Devices
plank, The Iogical block contains no information detectable by the target, or

is written with a pattern that appears to the target as no data present. The
logical block is considered ready for a write operation.

Optical Memory Devices

eneration. Indicates a relative revision Tevel of a logical block that has
een updated via the HPDATE BLOCK command. A logical block that has never
been updated has only one generation associated with it.

read-only medium. This is medium that may not be written by the initiator.
The media contains data prepared in a manner not defined by this standard.

update. To write new data to a logical block without destroying the previous
data. After a block has been updated, a normal read returns the most recent
gegeration of the data. Earlier generations are still available after the
update.

write-once medium. This is medium that may be written only once by the
initiator. Logical blocks on write-once media that have not beep writien are
considered blank. Logical blocks on write-once media that have been written
may not be written again.
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16. Medium Changer Devices
16.1. Hedium Changer Device Model

Medium changer devices mechanize the movement of media to and from primary
devices (such as disk or tape drives) and other locations within the fan?e of
the medium changer. The medium changer command set is based on a physica
model of this functionality.

This command set supports varied physical implementations of the medium
changer function. Most of these variations are hidden from the initiator by
the high level of function provided by the MOVE MEDIUM and EXCHANGE MEDIUM
commands and by the generalized nature of the element addressing scheme.
However, initiators may need to be aware of the capabilities of the particular
medium changer device. These characteristics and capabilities are conveyed via
MODE SENSE pages.

16.1.1. Medium Changer Elements

The medium chanﬁer command set uses as its address space the set of physical
tocations and mechanisms within the scope of a medium changer device. The term
element is used throughout this section to refer to one member of the medium
changer address space. Each element is a discrete physical entity that ma

hold zero or one physical unit of media - one disk cartridge, one spool o
tape, etc. Element addresses do not extend across multiple physical unjts of
media. Likewise, element addresses are independent of any logxca! partitioning
that the primary device may support within a physical unit of media.

A medium changer is viewed as a set of addressable elements, each of which
may contain a unit of media or be used to move a unit of media. FEach medium
changer element has a unigue 16 bit element address. Each element is an
instance of one of four classes or element types.

. MEDIUM TRANSPORT ELEMENT
. STORAGE EEEMENT

- IMPORT EXPORY ELEMENT

4. DATA TRANSFER ELEMENT

LaRI—

Units of media (cartridges, cassettes, caddies, etc.) are referred to only
indirectly by this device model, Units of media can be moved to or from any
of the elements of the medium changer device. The presence of media at the
various elements in a medium changér can be sensed. In order to ensure
exclusive access to a unit of media, the element where the unit of media is
located (the element address) must be reserved.

Elements of the medium transport, import export and {rarely) data transport
types may not provide independent storage for medium. The capabilities of a
particular medium chanﬁer in this respect can be sensed via the device
capabitities page of the Mode Sense data. The following hypothetical medium
changer implementation iliustrates one case of an element not providing
independent storage for medium, Consider a medium changer which has a
carousel style storaﬁe for medium. The import export function could be
provided by a port which allows operator access to one of the storage
elements. In such a device, the MOVE ELEMENT command from storage element to
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import export element would rotate the carousel to align the addressed storage
element to the import export position. In this case the import export element
d?es ngt provide independent storage but rather access to one of the storage
elements.

16.1.1.1. Hedium Transport Elements

Medium transEort elements address the functions of the medium changer device
that perform the movement og units of media. Where a medium transport element
can serve (even temporarily) as a storage location for medium, the location of
each unit of media must have a separate element address.

Medium Changer Devices

In larger mediuem changer devices, the medium movement functions may be
performed by multiple independent robotic subsystems. fach of these may have a
number of mediwn transport element addresses. The element addresses within
each subsystem shall be contiguous. Any of the element addresses within a
subsystem may be used interchangeably in the medium transport element address
field of MOVE MEDIUM and EXCHANGE MEDIUM commands. An initiator may determine
the capabilities of the medium movement facilities of a medium changer device
via the transport gecomeiry MODE SENSE page, 16.3.3.3.

Element address zero is reserved for use in the medium transport element
address field of MOVE MEDIUM and EXCHANGE MEDIUM commands to direct the medium
changer to use a default or medium changer selected medium transport element.

In some implementations, medium transport elements may be source and/or
destination addresses in MOVE MEDIUM and EXCHANGE MEDIUM commands. They may
ar may not provide independent storage of a unit of media. See the device
capabilities MODE SENSE page, 16.3.3.

16.1.1.2, Storage Elements

Storage elements are locations of units of media while not in some other
element type. Medium in storage elements is available for access by medium
transport elements.

Storage elements may be source and/or destination addresses in MOVE MEDIUM
and EXCHANGE MEDIUM commands.

16.1.1.3. Import Export Elements . .

Import export elements are jocations of units of media which are bein
inserted into or withdrawn from the medium changer device. HMedium in these
elements is accessible by both medium transport elements, by the operator, or
by another independent medium changer device.

Import export elements may be source and/or destination addresses in MOVE
MEDIUM and EXCHANGE MEDIUM commands. They may or may not Brnuide independent
?Eogage of a unit of media, see the device capabilities MUDE SENSE page,

Particular import export elements may be capable of either import actions,
export actions, both or neither (if an element is not present).
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16.1.1.4. Pata Transfer Element

Data transfer elements are locations of the primar¥ devices which are
capable of reading or writing the medium. Data transfer elements may also be
viewed as medium changer element addresses of wnits of media loaded in or
available for loading in or removal from primary devices such as disk or tape
drives. Note that the medium changer function specified in this section does
not control the primary device. That is the responsibility of the system.

Data transfer elements may be source and/or destination addresses in MOVE
MEDIUM and EXCHANGE MEDIUM conmands. They may or may not Erovide independent
?gogage of a unit of media, see the device capabilities MODE SENSE page,

16.1.2. 5CSI Addressing of Medium Changer Devices

Medium Changer devices respond to a SCST ID / LUN address different from
those used by the data transfer element devices. If the data transfer
elements served by the medium changer device are 5CSI devices, they may be
addressed though the same SCSI ID &8s the changer device but with a different
logical unit number or through a different SC5I ID. There is no requirement
that communication with the data transfer elements be done with the same SCSI
bus as the medium changer device or by an SCSI interface at all. This command
set does not suﬁpnrt addressing both the changer and the data transfer
elements with the same SCSI ID/ LUN because the device at a particular SCSI
IB / LUN address must have a singie peripheral device type.

The READ ELEMENT STATUS response page for data transfer elements provides
the SCS1 ID / LUN address of the primary devices serviced by a medium changer
device if known to the medium changer device.

16.1.3. Data Access Operations Using a Mediwm Changer Device

The medium changer device moves units of media among the several elements
accessible to it.” It is able to report the full/empty status of any of these
elements. Data transfer elements represent the interface befween the medium
changer device and some primary device such as a removable media optical disk
drive or tape drive.

In order to access data on a unit of media currently located in a medium
changer storage element, a system will have to issue commands to both the
mediun changer device and to the primary device. The commands to the medium
changer may_include MOVE MEDIUM or EXCHANGE MEDIUM plus READ ELEMENT STATUS
conmands. The commands to the Er1mary device may include TEST UNIT READY,
INQUIR;, START STOP and LOAD UNLDAD commands in addition to READ and WRITE
commands.
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16.1.4. Element Status Maintenance Requirements

If the medium changer device chooses to implement the READ ELEMENT STATUS
command, the medium changer device must be capable of reporting the various
data (i.e. full, error, etc.) required by each page type. The medium changer
may maintain this information at all times or reEenerate it in response to the
READ ELEMENT STATUS command, The INITIALIZE ELEMENT STATHS command can he used
to force regeneration of this information.

16.1.5. Volume Tags

The Read Element Status descriptor format for ail element types includes two
sets of fields that contaip yolume tag information. These optional fields are
used to report media identification information that the medium changer has
acquired either by reading an external label (e.g. bar code_labelsg, by a SEND
VOLUME TAG command or by other means which may be vendor unigue. The same
volume tag information shall be available to all initiators whether assi%ned
by that initiator, by some other initiator or by the media changer itself.

Volume tag information provides a means to confirm the identity of a unit of
media that resides in a mediwm changer element. This command set does not
define any direct addressing of units of media based on these fields. However,
commands are defined that provide translation between volume tag information
and the element address where that unit of media currently resides.

The medium changer command set defimition does not impose the requirement
that volume tag information be unique over the units of media within the scope
of the changer device.

The follewing commands support the optional volume tag functionality:

SEND VOLUME TAG - either as a translation reguest or to associate a Volume
Tag with the unit of media currently residing at an element address.

REQUEST VOLUME ELEMENT ADDRESS - return the element address currently
associated with the volume tag information transferred with the Tast Send
Volume Tag command. N

RED ELEMENT STATUS - optionally reports volume tag information for ail
element types.

MOVE MEDIUM and EXCHANGE MEDIUM commands - if volume tags are implemented,
these commands must retain the association between volume tag information
and units of media as they are moved from element to element.

16.1.5.1. Volume Tag Format

Volume tag information consists of a volume identifier field of 32 bytes
plus a volume sequence number field of 2 bytes. The volume tdentifier shall
consist of a Teft gustified sequence of ASCII characters. Unused positions
shall be biank (20h) filled. In order for thc SEND VOLUME TAG translate with
template to work the characters '** and'?' (2An and 3Fh% must not appear in
volume identification data and there must be no blanks (20h) within the
significant part of the volume identifier. If volume ta$ information for a
particular efement is undefined, the volume identifier field shall be zero.
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The volume sequence number is a 2 byte integer field. If the volume sequence
number is not used this field shall be zero. The volume tag contents are
independent of the volume identification information recorded on the media.

IMPLEMENTORS NOTE: For compatibility with the volume identifier defined by
voiume and file structure standards, it is recommended that the characters
in the significant non-blank Bortion of the volume identifier field be
restricted to the set: '0'..'9", *A*_ ‘7' “and ' ' (30h .. 3%h, 41k .. 5Ah,
5Fh). Specific systems may have differing requirments that may take
precedence over this recommendation.

Table 16-1 defines the fields within the 36 byte primary and alternate

voiume tag information fields found in READ ELEMENT STATUS descriptors and in
the data Format for the SEND VOLUME TAG command.

Table 16-1: Volume Tag Information Format

Bit 7 [ 6

Yalume Sequence Number —
35 (LSB)

16.1.5.2. Primary and Alternate Volume Tag Information

Element status descriptors as reported Dy the READ ELEMENT STATUS command
define a primary volume tag and an alternate volume tag. Alternate volume tag
information provides a means for a system to use differeat volume
identification information for each side of double sided media. In such a
system, the primarﬁ volume tag information refers to the logical medium
accessible via a MDOYE MEDIUM Command without the invert bit set. The alternate
volume tag information refers to the other side of the media, i.e. the side
that would be accessed via a MOVE MEDIUM command with the invert bit set.
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The commands for medium changer devices shall be as shown in Table 16-2.
Table 16-2: Commands for Medium Changer Devices

Operation

Command Name Code Type  Section
CHANGE DEFINITION 40h 0 7.2.1
EXCHANGE MEDIUM Abh ] 16.2.1
INITIALIZE ELEMENT STATUS 07h 0 16.2.2
{NEUIRY 12h ] 7.2.5
LOG SELECT 4Ch 0 7.2.6
.G SENSE 4Dh 0 1.2.7
MODE SELECT 6& 15h 0 7.2.8
MODE SELECT(10) 55h 0 7.2.9
MODE SENSE % 1Ah 0 7.2.10
MODE SENSE(10) 5Ah ¢ 7.2.11
MOVE MEDTD Ash H 16.2.3
POSITION TO ELEMENT 2Bh 0 16.2.4
PREVENT ALLOW MEDIUM REMOVAL 1Eh 0 8.2.4
READ BUFFER 3Ch 0 7.2.12
READ ELEMENT STATUS B8h 0 16.2.5
RECEIVE OIAGNOSTIC RESULTS 1Ch 0 7.2.13
RELEASE 17h 0 16.2.6
REQUEST VOLUME ELEMENTY ADDRESS BSh 0 16.2.7
REQUEST SENSE 03h H 7.2.14
RESERVE 16h 0 16.2.8
REZERD UNIT 01h 0 8.2.13
SEND DIAGNOSTIC 10h M 7.2.15
SEND VOLUME TAG 86h 0 16.2.9
TEST UNIT READY 00k M 7.2.16
WRITE BUFFER 3Bh 0 7.2.17
Key: M = Command implementation is mandatory.
0 = Command implementation is optional.

Operation codes COh through FFh are vendor specific.

codes are reserved.
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16.2.1. EXCHARGE HEDIUM Command
Table 16-3: EXCHANGE MEDIUM Command

"f_sit7l_5’5I4|3|2|1’0’

Byte
0 Operation Code (AGh)

1 Logical Unit Number i Reserved
2| (MsB) i o

_____ _— Transport Element Address -=-
3 {LSB)
4 {MSB)

RN JE Source Address -=-
5 (LSB)
6 {MSB)

----- —— First Destination Address P
7 {Ls8)
8 | (wsey T

----- —— Second Destination Address ——-
9 {LSB)
10 Reserved | Imv2 | Invl
11 Control )

The EXCHANGE MEDIUM command (Table 16-3) provides a means to exchange_the
medium in the source element with the medium located at a destination element.

IMPLEMENTORS NOTE: Support of this command requires that the device have
the capability of handling two units of media at the same time or that it
emulate this capability.

The medium in the source element is moved to the destination 1 element and
the medium which previously occupied the destination 1 element is moved to the
destination 2 element. The destination 2 element may or may not he the same
element as the source element. In the case of a simple exchange, the source
element and the destination 2 element are the same.

If this command is received and the source element is empty or the
destination 1 element is empty or the destination 2 element (if different from
the source element) is full or the destination 2 element (if the same as the
source element& is eng{EGthe target shall return CHECK CONDITION status and

set the sense key to AL REQUEST.
The transport element address specifies the medium transport element that is
SCSI-2 Working Draft Proposal 16-7 Revision 10b
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to be used in executing this command. The default medium transport element
address of zero may be used if this functionality is supported by the medium
changer device. If the address specified has not been assigned or has been
assigned to an element other than a medium transport element, the target shall
return CHECK CONDITION status and the set the sense key to ILLEGAL REQUEST.

The source address, the destination 1 address, and the destination 2 address
may represent a stora?e element, an import exﬁort element, a data transfer
element, or a medium transport element. I[f the address specified has not been
assiﬁned to a specific element of the medium chanEer. the target shall return
CHECK CONDITION status and set the sense key to ILLEGAL REQUEST.

The device capabilities MODE SENSE page grovides a matrix with the supported
source element / destipation 1 element combinations for EXCHANGE MEDIUM
comands with source element the same as destination 2 element. See 16.3.3.

An Invl bit of one specifies that the mediem shall be inverted prior to
depositing the medium into the destination 1 element.

An Inv2 bit of one specifies that the medium shall be inverted prior to
depositing the mediom into the destination 2 element.

_If the medium chan?er does not support medium rotation for handling double
sided media, the Invl and Inv2 bits should be set to zero. If either of these
bits is nonzero, a target which is not capable of medium rotation shall return
CHECKX CONDITION status and set the sense key to TLLEGAL REQUEST.
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16.2.2. INITIALIZE ELEMENT STATUS Command 16.2.3. HOVE MEDIUM Command
Table 16-4: INITIALIZE ELEMENT STATUS Command Table 16-5: MOVE HEDIUM Command
Bit| 7 5 5 1 4 3 2 1 0 Bit| 7 | 6 5 1 3 2 1 0
Byte Byte
0 Operation Code (07h) 0 Operation Code {A5h)
1 Logical Unit Number | Reserved 1 Logical Urit Humber | " Reserved
2 Reserved N ) 2 3
_____ - - N ) Transport Element Address m——
3 Reserved 3 (LSB)
4 Reserved 4 EMSB) ----------
---------------------------------- ——— el P Source Address -
5 Control 5 {LsB)
6 | (MsB) ST
The INITIALIZE ELEMENT STATUS command {Table 15—4A will cause the Medium -—ce- ——— Destination Address —
Changer to check all etements for medium and any other status relevant to that 7 (LSB)
element. The intent of this command is to enable the injtiator to get a quick = —ccmo|ememmamame o P .
response from a following READ ELEMENT STATUS command. It may be useful to 8 Reserved
issue this command after a power failure, or if medium has been changed by an e e e e e e et e e
operator, or if configurations have been changed. 9 Reserved
o0 | T Reserved o | Invert
1 Control )

3CSI1-2 Working Draft Proposal 16-9

Revision 10b

The MOVE MEDIUM command (Table 16-5} requests that the target move a unit of
media from a source element to a destinatien element.

The source address specifiés the location that the medium is taken from, and
the destination address specifies the location that the medium is moved to.

If this command is received and the source element is empty or the
destination element {if different from the source element) is full, the tar?et
shall return CHECK CONDITION status and set the sense key to ILLEGAL REQUEST.

The transport element address specifies the medium transport element that is
to be used in executing this command. The default medium transport element
address of zero may be used if this functionality is supported by the medium
changer device. It the address specified has not been assigned or has been
assigned to an element other than a medium transport element, the target shall
return CHECK CONDITIOM status and the set the sense key to I1LEGAL REBUEST.

The source address and the destination address may represent a storage
element, an import export element, a data transfer element, or a medium
transport element. If the address specified has not been assigned to a
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sBecific element of the medium changer, the target shall return CHECK
CONDITION status and set the sense key to ILLEGAL REQUEST.

The device capabilities MODE SENSE page provides a matrix with the supported
gourgg glgment ] destination element combinations for the MOVE MEDIUM command.
es 16.3.3.

An invert bit of one specifies that the medium shall be inverted or rotated
prior to depositing the medium into the destination elemept. IT the medium
changer does not support medium rotation for handling double sided media, the
tnvert bit should be set to zero. If this bit is nonzero, a target which is
not capable of medium rotation shall return CHECK CONDITION status and set the
sense key to ILEEGAL REQUEST.

16.2.4. POSITION TO ELEMENT Command

Table 16-6: POSITION TO ELEMENT Command

Bit 7 | 6 I 5 l 4 | 3 I 2 ] 1 | ]

Byte

0 Operation Code (2Bh)

—i— Logical ﬂﬁ€2 ﬁﬂmber ] o Resé;aéa ______________

2| (#sB) o o
————— -—- Transport Element Address -—=
3 {L.58)
P T |-
----- —— Destination Element Address -
5 (LSB)
6 o m'ﬁéserved ————————
7 " Reserved T

8 | Reserved | Invert
"§ --------------------------- Controi-—— o h

The POSITION TO ELEMENT command éTable 16-6) will position the transport
element specified in front of the destination element specified.

IMPLEMENTORS NOTE: In this context, "in front of" is defined to mean --
positioned so that no further motion of the medium transport element is
n?cessiry to execute an appropriate MOVE MEDIUM command between the two
elements.

An invert bit value of one requests that the transport element be inverted
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or rotated before positioning in front of the destination element. A value of
zero requests that the orientation be unchanged before positioning in front of
the destination element.

16.2.5. READ ELEMEHT STATUS Command

Table 16-7: READ ELEMENT STATUS Cowmmand

Bit i 6 5 4 3 2 1 ]
Byte

] Operation Code (B8h)

1| Logical Unit Number | VolTag | Element Type Code
T
----- - Starting Element Address -
3 {LSB)
T Tmsey i
_____ — Number of Elements e
5 (LSB)
B o Reserved -

7| (Hs8) T ) ) N
e o Allocation Length

g | (LSB)
w | T R;;erve& ---------------------------
il T Control T

+

The READ ELEMENT STATUS command {Table 16-7) requests the target report the
status of its internal elements to the initiator.

A volume ga? (VelTag) bit of one indicates that the tar?et shall report
volume tag information if this feature is supported. A value of zerc indicates
that volume tag information shall not be reported. If the volume tag feature

is not supported this field shall be treated as reserved.

The element type code field specifies the particular element type(s)
selected for reporting by this command. A value of zero specifies that status
forTaé} e}gmgnt types shall be reported. The element type codes are defined
in Table 16-8.

SCSE-2 Morking Draft Proposal 16-12 Revision 10b
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Table 16-8: Element Type Code

Code Description

Oh All element types reported, (valid in CDB only)
1h Medium Transport Element

2h Storage Element

3h Import Export Element

4h Data Transfer Element

5h-Fh Reserved

The starting element address specifies the minimum element address to
report. Only elements with an element type code permitted by the element type
code specification and an element address greater than or equal to the
starting element address shall be reported. Element descriptor blocks are not
generated for undefined element addresses,

The number of elements specifies the maximum number of element descriptors
to be created by the tar$et for this command. The value specified by this
field is not the range of element addresses to be considered for re?ortxng but
rather the number of defined elements to report. If the allocation length is
not sufficient to transfer all the element descriptors, the target shall
transfer all those descriptors that can be completely transferred and this
shall not be considered an error. :

16.2.5.1. Element Status Data

The data returned by the READ ELEMENT STATUS command shall be as shown im
Tables 16-8 through 16-14 and Figure 16-1. Element status data consists of am
eight-byte header, (Table 16-%)} followed by one or more element status pages.

5C51-2 Working Draft Proposal 16-13 Revision 10b
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Figere 16-1: Illustration of Element Status Data Structure

Element Status Data (Table 16-9.3
8 byte header + Element Status Pages

Element Status Page (Table 16-10.)
8 byte header + Element Deseriptors

Element Descriptor éTabie 16-11,
16-12, 16-13 or 16-14.)

|  Element Descriptor !

Element Status Page
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Table 16-9: Element Status Data
Bit 7 l 6 5 4 | 3 2 i l 0
Byte
0 (MSB)
_____ - First £lement Address Reported —
1 (LSB)
2 Tmsey T T
e[ Number of Elements Reported -—
3 (LsB)
_i"' __________ Rese;;éd --------------
5| mMsBy T
-é Byte Count of Report Available -
----- - (all pages, x - 7 ) -~
7 {L5B)
8 to
S . Element Status Page(s) - -
X

The first element address reported field indicates the element address of
the element with the smallest element address found to meet the COB request.

The number of elements field indicates the number of elements meeting the
requast in the command descriptor block. The status for these elementS is
returned if sufficient allocation length was specified.

The byte count of report available field ipdicates the number of bytes of
element status page data available for all elements meetigg the request in the
command descriptor block. This value shall not be adjustea to match the
alltocation length available.

IMPLEMENTORS NOTE: The READ ELEMENT STATYS command can be issued with an
altlocation length of ei?ht bytes in order to determine the ailocation length
required to transfer all the element status data specified by the command.
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16.2.5.2. Element Status Page
Table 15-10: Element Status Page

Bit 7 I ] I 5 I 4 [ 3 ! 2 I 1 !, 0
Byte

8 Element Type Code

1| Pvoltag| AvolTag| Reserved
2| Twsey T
_____ — Element Descriptor Length ot
3 (z, from tables 16-11 - 16-14.) (LSB)
E ---------------- Resérved ——————————————
5 | (MSB) T T
6§ | Byte Count of Descriptor Data Available o
----- - (this page, y - 7) -—-
7 (LSB)
8 to
DR U Element Descriptor(s) -
Yy

The element status page is defined in Table 16-9. Each element status page
includes an eight-byte header followed by one or more element descriptor
blocks. The Eage header (Table 16—10& includes the etement type code, the
length of eac escri?tor block and the number of bytes of element descriptor
information which follow the header for this element type.

The element type code field indicates the element type reported by this
page.

A primary volume tag (PVolTag) bit of one indicates that the primary volume
tag information field is present in each of the following element descriptor
blocks. A value of zero indicates that these bytes are omitted from the
element descriptors that follow.

LY

An alternate volume tag %AVoITag) bit of one indicates that the alternate
volume tag information field is present in each of the following element
descriptor blocks. A value of zero indicates that these bytes are omitted from
the element descriptors that follow.

The element descriptor length field indicates the number of bytes in each
element descriptor.

The byte count of descriptor data available field indicates the number of
bytes of element descriptor data available for elements of this element type
meeting the request in the CDB. This value shall not be adjusted to match the
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allocation length available.

Each element descriptor inciudes the element address, status flags and may
contain sense code information as well as other information depending on the
element type. (Tables 16-11 - 16-14.)
16.2.5.3. Medium Transport Element Descriptor

Table 16-11: Medium Transport Element Descriptor

Bit 7

6 5 q 3 2 1 0

Byte

0 (MSB)
_____ —— Etement Address “o-

1 (LSB)

2 Reserved | Except |Reserved| Full

3T Resa;;;a
g | T Additional Semse Code
5 | T T hdditional Sense Code Qualifier o TTTTTTTT

P - - e e e
Y A Reserved - -

8
9 | svalid | Invert | T Reserved

10 | (msB) T i
————— - Source Storage Element Address -
11 (LSB)
T — - e e e
I Primary Volume Tag Information - - -
47 (Field omitted if PVolTag = 0)
| -
i Alternate Yolume Tag Information - - -
83 (Field omitted if AvolTag = D)

s | T s
S R Reserved - - -
87 (Field moved up if Volume Tag Information field(s) are omitted.)
a5 | et i s e e
I L Yendor Unique - - -
z-1 (Field moved up if Volume Tag Infarmation field(s) are omitted.)
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The element address field giues the address of the medium changer element
whose status is reported by this element descriptor block.

An exception (Except) bit of one indicates the element is in an abnormal
state. An exception bit of zero indicates the element is in a normal state.
If this bit is one, information on the abnormal state may be available in the
additional sense code and additional sense code qualifier bytes.

A full bit value of one indicates that the element contains a unit of media.
A value of zero indicates that the element does not contain a unit of media.

The additional sense code field may provide s?ecific information on an
abnormal element state. The values in this field are as defined for the
additional sense code of the REQUEST SENSE data (see Table 7-42).

The additional sense code gualifier field may provide more detajled
information on an abnormal element state. The values in this field are as
?eﬁineg Egg the additional sense code qualifier of the REQUEST SENSE data (see

able 7-42).

A source valid (SValid) bit value of one indicates that the source storage
element address field and the invert bit information is valid. A value of 7erg
indicates that the values in these fields are not valid.

An invert bit value of cne indicates that the unit of media now in this
element was inverted by MOVE MEDIUM or EXCHANGE MEDIUM operations since it was
last in the source storage element. A value of zero indicates that no
inversion occurred during the operation.

The source storage element address field provides the address of the last
storage element this unit of media was moved from. This field is valid only
if the SvValid bit is one.

The primary and alternate volume tag information fields provide for
identifying the unit of media residing in this element (see 16.1.5.). Either
or both of these fields may be cmitted for all the element descriptor blocks
that comprise an slement status ﬁage as indicated by the PVolTag and AVolTag
bits in the element status page header (Table 16-10}.
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16.2.5.4. Storage Element Descriptor
Table 16-12: Storage Element Descriptor
st 7o s | s a3 2 1] o
Byte
0 | (HSB)
----- -— Element Address ————
1 (LsB)
2 Reserved | ACE;;;,T Except [Reserved| Full
""5"“ ———————————————————————— Reserved T o
B Additional Sense Code o
Ty T Additional Sense Code Qualifier -
B B
I R Reserved -- -
8
9 |"svatid | Invert | Reserved
w0 | msey T
————— - Source Element Address —
11 (L5B)
L |
R L Primary Volume Tag Information - - -
a7 (Field omitted if PVolTag = 0)
BT B
e E R Alternate Volume Tag Information - - -
83 (Field omitted if P¥olTag = 0)
ol e o ——— z. e et ettt e
- ===~ - Reserved - -
87 (Field moved up if Volume Tag Information field(s) are omitted.)
T
S T Vendor Unique - -
z-1 (Field moved up if Volume Tag Information field(s) are omitted.)

An access bit value of one indicates access to the element by a medium

transport element is allowed.

element by the medium transport element is denied.

An access bit of zero indicates access to the

The source storage element address field provides the address of the last
storage element this unit of media was moved from. This element address value
may or may not be the same as this element. This field is valid only if the
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SValid bit is one.
(For fields not defined in this section, see 16.2.5.3.)

16.2.5.5. Import Export Element Descriptor
Table 16-13: Import Export Element Descri

8/22/89

ptor

Bit 7 ] 5 T 3 2 i 0

Byte

] (MSB)
----- - Element Address ———
1 (LSB)
2 Reserved | Intnab | ExEnab | Access | Except | ImpExp | Full
3 Reserved
4 Additional Sense Code
5 Additional Sense Code Qualifier
P B
————— - - - Reserved - -
8
9 | Svalid | Invert | Reserved
10 (MsB)

e e Source Storage Element Address —-
11 {LSR)
w2 |

- Primary Volume Tag Information - - -
47 J[(Field omitted if PuolTag = 0)

48

] CE Alternate Volume Tag Information - - -
83 (Field omitted if PVolTag = 0)

84

e R Reserved - -
87 {Field moved up if Volume Tag Information field(s) are omitted.)

8 |

R Vendor Unique -
z-1 (Field moved up if Volume Tag Information field(s) are omitted.)
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An import enable (InEnab) bit of one indicates that the import export
element supports movement of media into the scope of the medium changer
device. An InEnab bit of zero indicates that this element does not Support
import actions.

An export epable (ExEnab) bit of one indicates that the import export
element supEorts movement of media out of the scope of the medium changer
device. An ExEnab bit of zero indicates that this element does not support
export actions.

An access bit of one indicates that access to the import export element by a
medium transport element is allowed. An access bit of zero indicates access
to the inport export element by medium transport elements is denfed.

IMPLEMENTORS NOTE: An example of when access would be denied is when the
operator has exclusive access to the impert export element.

An import export (impExp) bit of one indicates the unit of media in the
import export element was placed there by an operator. An ImpExp bit of zero
indicates the ynit of media in the import export element was placed there by
the medium transport element.

(For fields not defined in this section, see 16.2.5.3.)

SCSI-2 Working Oraft Proposal 16-21 Revision 10b

Medium Changer Devices

8/22/89
16.2.5.6. Data Tramsfer Element Descriptor
Table 16-14: Data Transfer Element Descriptor

Bit 7 5 5 4 3 I 2 1 l ¢
Byte

0 (M5B)
----- --- Element Address -

i ({LSB)

2 Reserved | Access | Except IﬁéEeruéEI""?u11_'

3 ) T Reserved T

P R&ditiuﬂai-gense Code 7
I Additional Sense Code Qualifier
5 NoE-ﬁaslﬂeserved]ID Va]id|Lﬁmagiid|R;;;;ueéfﬂnm-iog;cai—ﬂnitaﬁaﬁﬂér

7 SCSI Bus Address

8 | T Reserved i )
i 9 -EG;IiaqEnfﬁ;ert-f Reserved
WSy T s
----- - Source Storage Element Address -
11 {LSB)
2 | I
- = - Primary Volume Tag Information - - -
47 (Field omitted if PVolTag = 0)
7 It
R I Alterpate VYolume Tag Information - - -
83 (Field omitted if PvoliTag = 0)
R -
] CEE Reserved -- -
87 {(Field moved up if Volume Tag Information field(s) are omitted.)
| s
I R Vendor Unigque . - - -
z-1 (Field moved up if Yolume Tag Information field(s) are omitted.)

An access bit value of one jndicates access to the data transfer element by
the medium transport element is allowed. A value of zero indicates access to
the data transfer element by a medium transport element is denied.
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IMPLEMENTORS NOTE: Access to the data transfer element by medium transport
elements might be denjed if a data transfer gperation were under way. Note
that a ane value in this bit may not be sufficient to ensure a successful
operation. This bit can only reflect the best information available to the
medium changer device, which may not accurately reftect the state of the
primary (data transfer) device.

A not this bus (Mot Bus) bit value of one indicates that the SCSI bus
address and logical unit number values are not valid for the SCSI bus used to
select the medium changer device. A Not Bus bit value of zero indicates that
the SCSI address and logical unit values, if valid, are on the same bus as the
medium changer device.

An ID Valid bit value of one indicates that the SCSI bus address field
contains valid information. An LU Valid bit value of one indicates that the
logical unit number field contains valid infermatien.

The SCSI bus address field, if valid, provides the SCSI address (binary
representation) of the primary device served by the medium changer at this
element address.

The loﬁicai unit number field, if valid, provides the logical unit number
within the SCSI bus device of the primary device served by the medium changer
at this element address.

{For fields not defined in this section, see 16.2.5.3.)
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16.2.6. REQUEST VOLUME ELEMENT ADDRESS Command

Table 16-15: REQUEST VOLUME ELEMENT ADDRESS Commnand

Bit 7 ) ] 5 3 2 1 0

Byte
0 Operation Code (B5h)

1 Logical Unit Number | VolTag | Element Type Code
2 (Ms8)

e B Element Address e
3 (LSB)
4 {MSB)

,,,,, —— Number of Elements ~—-
5 {Ls8)
6 Reserved
7 (MSB)

8 Allocation Length

g (LB}
10 Reserved

ii ——————————————————————————— Control

The REQUEST VOLUME ELEMENT ADDRESS command {Tab]e 16-15% is used to transfer
the resuits of a SEND VOLUME TAG command. Mu ti?le REQUEST VOLUME EEEMENT
ADDRESS commands may be used to recover the results of a single SEND VOLUME
TAG command with the translate option.

For each SEND VOLUME TAG command, the target shall be able to report
multiple elements that match a volume tag template in element address order.
Once information for a giuen element address has been reported, only higher
element addresses will be reported by subsequent REQUEST VOLUME ELEMENT
ADDRESS commarnds.

IMPLEMENTORS MOTE: In order to ensure the successful completion of a SEND
VOLUME TAG, REQUEST VOLUME ELEMENT ADDRESS sequence in a multi-initiator
environment it may be necessary to reserve the medium changer device. To do
this, issue a unit RESERVE command prior to the SEND VOLUME TAG command and
ggéﬁ%sgssuing the RELEASE until after the last REQUEST VOLUME ELEMENT

A volume ta$ (VolTag) bit of one indicates that the tar?et shall report
volume tag information. A value of zero indicates that volume tag information
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shall not be reported. This is provided for compatibility with the READ
ELEMENT STATUS command.

The element type code field specifies the ?articular element type(s)
selected for reporting by this command. A value of zero specifies that status
for_all element_types shall be re?orted. The codes for this field are defined
in 7able 16-8. This acts as a gualification of the element(s} determined by
SEND VOLUME TAG to match the template specified.

The Etement Address field gives a medium changer element address whose
interEretation depends on the Send Action Code received with the last SEND
VOLUME TAG command. This code is echoed in the volume element address return
format transferred by this command. When the last Send Action Code was a
translate, (code values Oh .. 7h), the Element Address field gives the minimum
element address to be reported by this command. When the Send Action Code is
other than translate, (i.e. assert replace, and undefine, code values
8h .. Dh), the Element Address field gives the particular element whose volume
tag information was modified.

The number of elements specifies the maximum number of e]ements and volume
tags to be reported by the target for this command. The value specified by
this field is not the range of element addresses to be considered for
reportlng but rather the number of elements to report of those that match the
last Send Yolume Tag translate template. If the allocation length is not
sufficient to transter all the element descriptors, the target shall transfer
all those descriptors that can be completely transferred and this shall not be
considered an error. ‘

The data returned by this command consists of a header as defined by Table

16-16, plus one or more element tgpe specific pages in the same format as
defined by the READ ELEMENT STATUS command. (See Tabies 16-10 - 16-14.)
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Table 16-16: Volume Element Address Header Format

Bit 7 I 6 ' 5 ] 4 ‘ 3 l 2 | 1 ] 0 ‘
Byte
0 {M3B)
----- -— First Element Address Reported ——m
1 (LsB)
2| wsey i T i
----- —— Humber of Elements Reported -
k| (LsB)
s _ﬁ;;;rved | _——génd Actioﬁ—ES&; ------
5 | (MsB) o )
6 | Byte Count of Report Available
_____ — {(all pages, x - 7 ) ===
7 {LSB)
8 to
RN P Element Status Page(s) -- -
X

The send action code field gives the function performed by the last SEND
VOLUME TAG command as listed in Table 16-21. This command reports the results
of this send action code operation.

{For fields not defined in this section, see 16.2.5.1.)
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16.2.7. RELEASE Command

Table 16-17: RELEASE Command
R P
0 Operation Code (17h}
1| Logical Unit Number | 3rdPty | Third Party Device ID | Element
FE Reservation Identification
3T Reserved
e Reserved
5| T Contro}

The RELEASE command {Table 16-17) is used to release previously reserved
units, or, if the element release option is implemented, previously reserved
elements within units, It is not an error for an initijator to attempt to
release a reservation that is not currently active. In this case, the target
shall return GOOD status without altering any other reservation.

16.2.7.1. Logical Unit Release.

If the element bit is zero, this command shall cause the target to terminate
all unit and element reservations that are active from the initiator to the
specified logical unit.

16.2.7.2. Element Release (Optional).

If the element bit is one and the element release option is not implemented,
the RELEASE command shall be terminated with CHECK CONDITION status and the
sense ke{ shall be set to ILLEGAL REQUEST. This option shall be implemented
if the element reservation option (see 16.2.8.1) is implemented.

If the element bit is one and the element release option is implemented,
this command shall cause any reservation from the requesting initiator with a
matching reservation identification to be terminated. Other reservations from
the requesting inftiator shall remain in effect.

16.2.7.3. Third Part{ Release

The third-party release option of the RELEASE command allows an initiator to
refease a unit or elements within a unit that were previously reserved using
third-party reservation {see 16.2.8.3). Third-party release shall be
implemented if third-party reserve is implemented.

If the third-party (3rdPty) bit is zero, the third-party release option is
not requested. If the 3rdPty bit is one and the target implements the third-
Earty release option, the target shall release the specified unit or elements,

ut only if the reservation was made using the thlrd—ﬁarty reservation option
by the initiator that is requesting the release for the same SCSI device as
16-27
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specified in the third-party device ID field.
If the 3rdPty bit is one and the target does not implement the third-party

release option, the target shall terminate the command with CHECK CONDITION
status and the sense key shall be set to ILLEGAL REQUEST.

16.2.8. RESERVE Command

Table 16-18: RESERVE Command

Bit 7

6 5 4 3 ' Z 1 | 0 [
Byte
0 Operation Code (16h)
_i_ ) Logical Unit-ﬂu&ber T 3rdPt;—T ThiFd_Party Device ID | Element
2 Reservation ldentification
3 | mse) T
~~~~~ —— Element List Length ——=
a4 {LSB)
5 o “Contret T

The RESERVE command (Table 16-1B) is used to reserve units or, if the
element reservation option is implemented, elements within units for the use
of the initiator. The thlrd-partg reservation allows units or elements to be
reserved for another specified 5CSI device. The RESERVE and RELEASE commands
progide the basic mechanism for contention resolution in multiple-initiator
systems.

16.2.8.1. Logical Unit Resprvation

if the element bit is zero, this command shall request that the entire unit
be reserved for the exclusive use of the initiator until the reservation is
superseded by another valid RESERVE command from the initiator that made the
reservation or until released by a RELEASE comnand from the same initiator
that made the reservation, by a BUS DEVICE RESET message from any initiator,
bﬁ a_hard RESET condition, or by a power off/on cycle. A unit reservation
shall not be granted if the unit or any element is reserved by another
initiator. It shall be permissible for an initiator to reserve a unit that is
currently reserved by that initiator. If the element bit is zero, the
reservation identification and the element list Tength shall be ignored.

If the unit, or any element within the unit is reserved for another
initiator, the target shall respond by returning RESERVATION CONFLICT status.

1f, after honoring the reservation, any other initiator then subseguently
attempts to Eer‘for‘m ang conmand on the reserved unit other than an INQUIRY
command, a REQUEST SENSE command, a RESERVE command, or a RELEASE command,
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which shall be ignored, the command shall be rejected with RESERVATION
CONFLICT status.

16.2.8.2. Element Reservation (Optional)

The reservation identification ?rovides a means for an initiator to identify
each element reservation. This allows an initiator in a multiple-tasking
envirenment, to have multiple reservations outstanding, The reservation
identification is used in the RELEASE command to sgec1fy which reservation is
to be released, It is also used in superseding RESERVE commands to specify
which reservation is to be superseded.

8/22/89

If the elemant reservation option is implemented, the element release option
(see 16.2.7.2) shall also be implemented. These options permit muitiple
elements within the unit to be reserved, each with a separate reservation
identification.

If the element bit is one, and the element reservation option is
implemented, the target shall process the reservation request as follows:

(1) The element 115t shall be checked for valid element addresses. [f an
element address is invalid for this unit, the command shall be terminated with
CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST. The
element list shall be checked for invalid element overfaps with other element
descr1gtor5 in the element Tist and if invalid overlaﬁs are found, the command
shall be terminated with CHECK CONDITION status and the sense key shall be set
to ILLEGAL REQUEST.

{2} If the requested reservation does not conflict with an¥ active or
previously requested reservation, the elements specified shall be reserved
until superseded by another valid RESERVE command from the initiator that made
the reservation or until released by a RELEASE command from the same
fnitiator, by a BUS DEVICE RESET message from any initiator, or by a hard
RESET condition. If either of the last two conditions occur, the next command
from each initiator shall be terminated with CHECK CONDITION status and the -
sense key shall be set to UNIT ATTENTION.

(3) If the reservation request conflicts with a reservation already active
the target shall return RESERVATION CONFLICT status.

IT the element bit is one, and the element reservation option is not
implemented, the RESERVE command shall be terminated with CHECK CONDITION
status. The sense key shall be set to ILLEGAL RFQHEST.
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Table 16-19: Data Format of Element List Descriptors
Bit 7 I 6 I 5 I 4 I 3 I 2 I 1 ’ 0

Byte

0
~1- wf - - Reserved ---
2 (usBy T o o
————— - Number of Elements --=
3 (LsB)
I T
_____ ——— Element Address o
5 {LSB)

The size of the element list shall be defined by the element list length
parameter, The element Iist shall consist of zero or more descriptors as
shown in Table 16-19, Each element 1ist descriptor defines a series of
elements beginning at the specified element address for the specified number
of elements. If the number of elements is zero, the element list shall begin
at Eﬁe spggified element address and continue through the last element address
on the unit.

If an initjator issues a command to an element that has been reserved by a
different initiator, the command shall not be performed and the command shall
be terminated with a RESERVATION CONFLICT status. If a reservation conflict
prectudes any part of the command, none of the command shall be performed.

16.2.8.3. Third Party Reservation
The third-party reservation option of the RESERVE command allows an
initiater to reserve a unit or elements within a unit for another SCSI device.

If the third-part¥ {3rdPty} bit is zero, the third—ﬁarty reservation option
is not requested. 1f the 3rdPtﬁ bit is one and the t ird—ﬁarty reservation
o?tion is implemented, the RESERVE command shall reserve the specified unit or
elements for the SCSI device specified in the third-party device 1D fieid.

The target shall preserve the reservation until it is superseded by another
valid RESERVE command from the initiator that made the reservation or until it
is released by the same initiator, by a BUS DEVICE RESET message from any
initiator, or a hard RESET cendition, The target shall ignore any attempt to
release the reservation made by any other initiator,

If the 3rdPtﬁ hit is one and the third—ﬂart reservation option is not
implemented, the target shall reject the ESEKUE conmand with CHECK CONDETION
status and the sense key shall be set to ILLEGAL REQUEST.
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16.2.8.4. Superseding Reservations )

An initiator that holds a current reservation may modify that reservation by
issuing another RESERVE command to the same unit and, if the element bit is
one, using the same reservation identification. The superseding RESERVE
command shall release the previous reservation in place when the new
reservation reqguest is granted. The current reservation shall not be modified
if the new reservation request cannot be granted. If the superseding
reservation cannot be granted because of conflicts with a previous active
reservation (other than the reservation being superseded), the target shall
return RESERVATION CONFLICT status.

IMPLEMENTORS NOTE: Superseding reservations are primcipally intended to
aliow the SCSI device ID to be changed on a reservation using the third-
party reservation option.

16.2.9. SEND VOLUME TAG Command

Table 16-20: SEND VOLUME TAG Command

Bit 7 6 5 4 3 2 1 g

Byte i
0 Operation Code (B6h) )

1 Logical Unit Number {Reserved| Element Type Code
2 {M5B)

————— — Element Address e
3 (LS8} -
4 ""ﬁeserv;d
5 Reserved | Send Action Code

B S

~~~~~ ——— Reserved e
7
8 (MsB)

----- --- Parameter List Length —-—=
9 {LSB)

w | T Reserved

1I ——————————————————— Control
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The SEND VOLUME TAG command (Table 16-20) transfers a volume tag template to
be searched for or new volume tag infermation for one or more media changer
elements. The function of the command is conveyed by the Send Action Code
field. The REQUEST VOLUME ELEMENT ADDRESS command is used to transfer the
results of a transiate search operation.

The element type code field specifies an element type specification as
defined by Table 16-8. If the send action code indicates a translate
operation this field indicates the element types te be searched. If this is a
zero, all element types are candidates for a translate operation. If the Send
action gode does not indicate a translate, this field shall be treated as
reserved.

The send action code field gives the function to be performed by this
command as listed in Table 16-21.

Table 16-21: Send Volume Tag Action Codes

Code Description

Oh Trans]ate - search al} defined volume tags.

1h Translate - search only primary volume tags.

2h Translate - search only alternate volume tags.

3h Reserved

4h Transfate - search all defined tags - ignore sequence numbers.
5h Transiate - search primary ta%s ~ ignore sequence numbers.
gh Translate - search alternate tags - ignore sequence numbers.
7h Reserved . .

8h Assert - as the primary volume tag - if tag now undefined.
] Assert - as the aiternate volume fag - if tag now undefined.
Ah Replace - the primary volume ta% - current ta% ignored.

Bh Replace - the alternate volume fag - current tag ignored.

Ch Undefine - the primary volume tag - current tag ignored,

Dh Undefine - the alternate volume fag - current tag ignored.
Eh-1Bh Reserved

1Ch-1Fh Vendor Specific

T

Translate operations request that the target search the volume tag
information available to it for elements whose volume tag information matches
the template given hy the command parameters, The resulting information is
reported via the REQUEST VOLUME ELEMENT ADDRESS command.

Assert operations define volume tag information for a single element. A
CHECK CONDITION with ILLEGAL REQUEST is reported if the subject element
already has defined volume tag information, in this case the original volume
tag information shall remain unaltered.

Replace operations define volume tag information for a single element. Any
previously defined volume tag information is overwritten.

Undefine operations cause preuiouslﬁ defined volume tag information for the
specified element to be cleared. It shall not be considered an error to
undefine volume tag information that was not previously defined.
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A medium chanﬁer device that implements volume tag information may choose to
not implement the facilities that modify the volume tag information. With
such an implementation a request for the assert, replace or undefine functions
would cause the SEND VOLUME TAG command to be terminated with CHECK CONDITION
and a sense key of ILLEGAL REQUEST.

The element address field gives a medium changer element address whose
interpretation depends on thé send action code received with this command.
When the send action code is a translate, (code values Oh .. 7h), the Element
Address field gives the starting element to be examined for satisfaction of
the search criteria. When the send action cpde is other thap translate, (i.e.
assert, replace, and undefine, code values 8h .. Dh), the element address
fig]g.géves the particular element whose volume tag information is to be
modified.

The volume tag information used for translate, assert and replace functions
is defined in Table 16-22. No parameters are necessary for undefine
operations,

Table 16-22: Send Volume Tag Parameters Format

Bit 7 ' 6 | 5 ‘ 4 l 3 l 2 l 1 l 0 J
Byte
0 ;
T Volume Identification Template Field - - -
0 e
----- - Reserved -—F
33
| Tmsey T T
- = |- Hinimum Volume Sequence Number -—=
35 (LSB)
5| e e ——-
----- - - - Reserved - -
37
38| Tsey T B
S B Maximum Volume Sequence Number ==
39 (L58)

The volume identification template field sRecifies a search template for
translate functions and the exact value of the mew yolume identification
information for other SEND VOLUME TAG command funetions.

As a search_template, this field may contain the wildcard charactars '*' and
‘7' (2Ah and 3Fh). '*' will match anY string of characters, when it appears in
a template the remainder of the template is not used. '7' will match any
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single character.

For a function other than translate, this field may not contain the '*' or
'?* wildcard characters.

The minimum volume sequence number field specifies the new sequence mumber
for the assert and replace functions. For a translate, this specifies the
least value that will meet the search specification.

.The maximum volume sequence number field specifies the greatest value that
will meet the search specification. This field is fgnored on functions other
than transiate.

16.3. Parameters for Medium Changer Devices
16.3.1. Diagnostic Parameters

This section defines the descriptors and pages for diagnostic parameters
used with medium changer devices.

ﬁTge diagnostic page codes for medium changer devices are defimed in Table

.

Table 16-23: Diagnostic Page Codes

Page Code Description Section
00h Supported Diagnostic Pages 7.3.1.1
0ih - 3Fh Reserved (for all devicé type pages)
40h - 7Fh Reserved
80h - FFh Vendor-specific pages

16.3.2. Log Parameters

This section defines the descriptors and pages for log parameters used with
medium changer devices.

The Tog page codes for medium changer devices are defined in Table 16-24.
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Table 16-24: Log Page Codes
) Page Code Description Section
oo Supported Log Pages 71.3.2.5
06h Non-Medium Error Page .

07h Last n Error Events Page
G1h - O5h, 0Bh - 2Fh, 3Fh Reserved
30h - 3Eh Vendor-specific pages

16.3.3. Mode Parameters

This section defines the descriptors and pages for mode parameters used with

medium changer devices.

The mode parameter list, including the mode parameter header and mode block
descriptor are defined in 7.3.3.

The medium—tyge code field is_contained in the mode pérameter header (see
Table 7-61 and 7-62). This field is réserved for medium changer devices.

The device sgecific parameter field is contained in the mode parameter
geaqer (see Table 7-61 and 7-62). This field is reserved for medium changer
evices, .

The density code field is contained in the mode parameter block descriptor
{see Tahle 7-63). This field is reserved for medium changer devices.

The mode page codes for medium changer devices are shown in Table 16-25.
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Table 16-25: Mode Page Codes
Page Code Description Section
1Fh Device Capabilities 16.3.3.1
1Dh Element Address Assignment 16.3.3.2
1ER Transport Geometry Parameters 16.3.3.3
01h - 1Dh Reserved
00h Vendor Specific Sdces not require page format)
20h - 3Eh Vendor-specific Pages
3Fh Returns atl pages {valid only for the MODE SENSE command)

16.3.3.1. Device Capabilities Page

Table 16-26: Device Capabilities Page

G N A
0 PS  |Reserved| Page Code {1Fh) T
r | “parameter Length (120)
i Reserved "] StorDT | Storl/E| StorST | StorMT
"5 ---------------- T Reserved——
T Reserved | MT->DT | MT->1/E| MT->ST | MT-sMT
I R Reserved | ST-OT | ST->I/E| ST->ST | ST->T
& Reserved [1/E->DT | 1/E->1/E}1/E->ST |1/E->HT
7 Reserved 1 DT->DT | DT->1/E| DI->ST | DT->HT
8t | T
- m [ = Reserved - - -
1
12 | Reserved T HT<SDT | MT<>1/E| MT<oST | MT<oMT
Bt Reserved | ST<>DT | ST<>1/E| ST<>ST | ST<>MT
Er Reserved |1/E<>DT |1/E<>1/E|1/E<>ST | I/E<>HT
Rt Reserved | DT<DT | DT<>1/E| DT<>ST | DT<>HT

The parameters savable (PS} bit is onl
This bit is reserved with the MODE SELECT command.

S€S1-2 Horking Draft Proposal

used with the MODE SENSE command.
A PS bit of one indicates

16-36 Revision 10b

JAHIIEL 7 24



Medium Changer Devices 8/22/85
that the target is capable of saving the page in a non-volatile vendor-
specific location,

The device capabilities page (Table 16-26) defines characteristics of the
element types on this medium changer implementation. This informatian may be
employed the initiator to determine functions permitted by the MOVE MEDIUM
and EXCHANGE MEDIUM commands.

In thg field names on this page, the following element type abbreviations
are used:
MT a medium transport element,
ST a storage element,
I/E an import export etement, and
DT ., a data transfer etement.
In the descriptions, XX and YY are any of the element type abbreviations.

A SterXX bit value of one indicated that the defined elements of type XX may
provide independent storage for a unit of media. A value of zero indicates
that elements of type XX provide virtual sources or destinations, that the
location of the unit of media is provided by an element of some other type,
The value of StorST is one by the definition of that type. See 16.1.1.

An XX->YY bit value of one indicates that the medium changer device supports
MOVE MEDIUM commands where the source is element type XX and the destination
is element type YY. An XX->YY bit value of zero indicates that these MOVE
MEDIUM commands will be rejected with TLLEGAL REQUEST.

An XX<>YY bit vaiue of one indicates that the medium changer device supports
EXCHANGE MEDIUM commands where the source is element type XX, destination 1 is
element _type YY, and destination 2 is the same type as the source element
type. These bits indicate the suppart for the possible types of simple
exchange oEerations. An XX<>YY bit value of zero indicates that these -
EXCHANGE MEDIUM commands will be rejected with ILLEGAL REQUEST.
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16.3.3.2. Element Address Assignment Page
Table 16-27: Element Address Assignment Page
Bit 7 l 6 I 5 I g ] 3 I 2 I 1 I 0

Byte
] PS  |Reserved| Page Code (1Dh)

R - Parameterﬂiéﬁgth Eléﬁ) ————————

I N

_____ ——— Medium Transport Element Address ——
3 (LsB)

o | mse) i - -

————— —-——- Number of Medium Transport Elements -
5 (LSB}

B |Tmsey T N T

..... — First Storage Element Address e
7 (LsB)

8| (se) o o T

_____ $omm Number of Storage Elements -
g {L.58)
10 | (MsE) - T

----- - First Import Export Element Address -
11 {L5B)
A 3 Y

I b Number of Import Export Elements ———
13 {LSB)

18| (wse) - ”

----- - * First Data Transfer Element Address ——
15 {LSB)
16 | (SB) ) -

----- ——— Number of Data Transfer Elements
17 (L58)

T

————— -— Reserved -
19

The parameters savable (PS) bit is onl¥ used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bif of cne indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.
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The element address assignment page {Table 16—27& is used to assign
addresses to the elements of the medium changer (MODE SELECT} and to report
those assignments (MODE SENSE). This page also defines the number of each type
of element present.

The first medium transport element address field identifies the first medium
transport element contained in the medium changer (other than the default
medium transport address of zerc%. The number of medium transport elements
field defines the total number of medium transport elements contained in the
medium changer. If the number of medium transport elements field in a HODE
SELECT command is greater than the default value returned in the MODE SENSE
parameter data, the target shall return CHECX CONDITION status and set the
sense key to TLLEGAL REQUEST.

The first storage element address field identifies the first medium storage
element contained in the medium chan%er. The number of storage elements field
defines the total number of medium storage elements contained in the medium
changer. If the number of medium storage elements field in a MODE SELECY
comnand is greater than the default value returned in the MODE SENSE parameter
data, the target shall return CHECK CONDITION status and set the sense key to
ILLEGAL REQUEST.

The first import export element address field identifies the first medium
portal that is accessible both by the medium transport devices and alsc by an
gperator from outside the medium changer. The number of import export elements
field defines the total number of import export elements contained in the
medium changer and accessible to the medium transport elements. If the number
of import export elements field in a MODE SELECT command is greater than the
default value returned in the MODE SENSE parameter data, the tarEet shall
return CHECK CONDITION status and set the sense key to ILLEGAL REQUEST .

IMPLEMENTORS NOTE: The number of import export elements may be zero. -

The first data transfer element address field identifies the first data
transfer element contained in the medium changer. The data transfer elements
may be either read/write or read-only devices. The number of data transfer
field defines the total number of data transfer elements contained within the
medium changer and accessible to the medium transport elements. If the number
of data transfer elements field in a MODE SELECT command is greater than the
default value returned in the MODE SENSE parameter data, the target shall
return CHECK CONDITION status and set the sense key to fLLEGAL R QUEST .

Each element in the medium changer must have a unigue address. If the
address ranﬂes defined for any of the element tyﬁes nverlaE the target shall
return CHECK CONDITION status and set the sense key to ILL fiaL REGQUEST.
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16.3.3.3. Transport Geometry Parameters Page
Table 16-28: Transport Geometry Parameters Page
Bit 7 6 5 4 3 2 1 0

oyt I N N R e
] PS  |Reserved| Page Code {1Eh)
N Parameter length h-—l

| Transport Geometry Descriptor(s} |
0 Reserved | Rotate
1] " Member Number in Transport Element Set

The parameters savable (PS) bit is only used with the MODE SENSE command.
This bit is reserved with the MODE SELECT command. A PS bit of one indicates
that the target is capable of saving the page in a non-volatile vendor-
specific location.

The transport geometry parameters page (Table 16-28) defines whether each
medium transport element is a member of a set of elements that share a common
robotics subsystem and whether the element is capable of media rotation. One
transport geometry descriﬁtor is transferred for each medium transport
element, beginning with the first medium transport element. (Other than the
default transport element address of zero.)

The parameter 1en?th specifies the number of bytes of transport geometry
descriptors that follow. The geometry of each medium transport element is
defined using a two-byte field as defined below.

A rotate bit of one indicates that the medium transport element supports
media rotation for hanqiing double-sided media. A rotate bit of zero
indicates that the medium transport element does not support media rotation.

The member number in set indicates the posiiion of this element in a set of
medium transport elements that share a comnon robotics subsystem. The first
element in a set has a member number of zero.

SCSI-2 Morking Draft Proposal 16-40 Revision 10b

JULEL g Pest



Medium Changer Devices ' 8/22/89 Medium Changer Devices 8/22/88
16.4. 6Glossary for Medium Changer Devices

data transfer element. A component of a medium changer used to access the data
stored on a unit of media. The address in medium changer element space of a
primary device.

etement. An addressable physical component of a medium changer device that can
serve as the Tocation of a unit of media.

import exgort element. A location within a medium changer device that can be
accessed Dy both the medium transport elements and by the operator.

medium transport element. A component of a medium changer device that is used
to move units of media.

media rotation. The process of changin% the grientation of a unit of media. In
particular this refers to inverting a iwo sided media cartridge so that a data
tgﬁnspurg element which can access only side at a time can access data on the
other side.

primary device. A device for reading or writing data on medium. These devices

would typ1callﬁ implement the direct access, sequential access, optical memory (This page is intentfonally blank.)
device or CD-ROM command sets in this standard. Examples are magnetic disk

drives, cartridge tape drives, o?tical disk drives and CD-ROM drives. Use in

a medium changer enviromment implies that the device supports removable media.

storage element. A component of a medium changer device used for inactive
storage of a unit of media.
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17. Communicaticns Devices

17.1. Communications Device Model

A communications device provides a facility to send and receive information
over some medium (usually an electrical or fiber-optic cable) using a defined
protocol to one or more other systems which support the same prgtocel. The
media and protocols are often specified in national or international
standards, although some are proprietarg. Within this section, the protocol
used on the external medium is called the "external protocol”.

The SCSI communications device model assumes that information to control the
external protocol is embedded within the data transferred by the SEND and GET
MESSAGE commands. The structure of the data transferred by these commands is
not defined by this standard. Vendor-unigue MOBE pa?es may be defined to
provide additional control over the external protocol.

The SCSI communications device is a target with the characteristics of a
network access device, typically attached to a local area network (LAN),
public telecommunications network, private telecommunications network, or
packet switching network, etc., with no theoretical limits. Such a
communications device is often called a network node. The communications
device transmits or receives ﬁackets of data as reguested by the inttiator.
The contents and meaning of the data packets is not defined by this standard.
The bytes in the data gackets may or may not contain addressing, path
selection, an path control information. Auxiliary path selettion infarmation
is optionallg Eruvided by the path selection identifier found in ten and
twelve byte SEND WMESSAGE and GET MESSAGE commands.

In the SCST communications device, the target accepts and provides the data
?ackets transferred in accordance with commands received from the initiator. _
here is an assumﬁtion that the initiator and the communications device know
the rules by which information is exchanged between them, how the information
is to be interpreted by the communications device, and when it is allowahle to

exchange the information. These rules are not specified by this standard.

The initiator requests that the communications device accept a packet of
data by transmitting a SEND MESSAGE command, The initiator requests that the
comunications device return a packet of data by transmitting a GET MESSAGE
command. The communications device also supports commands rélated to
configuration of the network access device and network management of the
particular environment. MODE SENSE and MODE SELECT are examples of these
configuration commands.
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If a communications device temporarily has no resource available to handle a
data packet from the initiator, or has no data packet to provide to the
initiator, or has no resources assigned to perform the operation, the device
may then chgose one of the fo]]owina resEonses:

(1) Terminate the command with CHECK CONDITION status. The sense key shall
be ggglto NOT READY and the appropriate additional sense code for the
condition.

(2i Disconnect until the necessary resource or data packet becomes
available, and then reconnect to the initiator and resume the operation.

(3) Terminate the command with BUSY status.

Conmunications Devices

More than one logical unit can be implemented by a communjcations device.
logical units can Serve as multiple paths to a single network access device,
and/or each logical unit can serve as a discrete path to different resources
within the device. A single Togical unit may also serve as a path to wultiple
resources if the communications device can interpret information within the
data packet and route the packet to the aﬁpropriate resource. If the logical
unit addressed by the initiator does not have an available resource or data

acket associated with it, the communications device may choose to treai the
ogical unit as an invalid logical unit (see section 6.5.3) or respond as
described in the previous paragraph.

If the communications device determines that an error or upusual condition
has occurred while Eerfﬂrming an operation specified by the contents of a data
packet, the information describing the copdition is normally returned as a
part of a data packet from another network device, If the communications
device determines that an error or unusual condition has occurred while either
executing the SCSI command from the initiator, or during a network medium
access transaction, the command is terminated with a CHECK CONDITION. The
failures are identified through a REQUEST SENSE command.

The SCSE commnications device is distin$uished from a SCSI processor device
bﬁ the fact that the primary destination of the data packets transferred to
the communications device is not the target device itself, but another network
node. A SCSI communications device passes the data on to an ultimate
destination outside the target through a network. In contrast, the 5CS!

rocessor device is itself fhe primary destination of the data packets.
evices requiring protocols and command sets that are totally incompatible
with the communications de¥ice protocels should be examined carefully to be
sure that the incompatibilities are based on functional requirements.
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17.1.1. Implementation Examples

Several examples of communications device implementations are provided to
clarify the range of utility of this device type.

17.1.1.1. Host to Host Communications

o In tgis example of host to host communications only the SEND MESSAGE command
is used.

A commurications device (Comm A) is attached to a network {Net A) and
another communications device (Comm B) s attached to a network (et B).
Comm A takes the initiator role and selects a communications device (Comm B),
transmitting a packet to Comm B usinﬁ the SEND MESSAGE command. After
transmitting the packet on the attached network medium (Net B), the action
re?uired by the SEND MESSAGE command, Comm B assumes the initiator mode and
selects Comm A as a communications device and uses a SEND MESSAGE command to
transmit a Eacket on the network (Net A) attached to Comm A. HNote that the
SEND MESSAGE command is sufficient to perform complete transactions between
communications devices if Comm A and Comm B act as initiators, This provides
the function of a network bridge or gateway for high bandwidth
intercommunication among nearby host processors. .

17.1.1.2. Host to Device Communications

In this example of host to device communications the SEND MESSAGE and GET
MESSAGE commands are used. :

A host system, Host A, takes the injtiator role and selects a communications
device {Comm A) attached to a network (Net A), transmitting a Eacket on
network Net A to some other network no egs) using the SEND MESSAGE command to
Comm A. Host A then assumes that a result will be obtained by the other
network nade(s) consistent with rules understood by all involved network
devices. Host A $enerates a GET MESSAGE command to obtain packets from other
network nodes. IY there are no packets that need handling ﬁending at Comm A,
Comm A may disconnect until a packet arrives. Comm A can then complete the
transaction, reconnect to Host A and the requested data packet can he
returned to Host A. HNote that Host A need not support target mede and Comm A
need not support initiator mode to successfully complete an exchange between
the two devices. The host system (Host A) can be replaced by conmunications
device that is capable of acting as an initiator.

17.1.1.3. HMultiple Role Communications

In this example of multiple role communications the SEND MESSAGE and GET
MESSAGE commands are used. The device acts as hoth a host and a
cmnnunications device depending on its needs and the requests made in the
network.

A communications device {Comm A) is attached to a network {Net A& and
another communications device (Comm B) is attached to a network (Net B).

Conm A takes the initiator role and selects a communications device (Comm B).

Comm A transmits a packet for network Net B using the SEND MESSAGE command to

Conm 8. Comm A then requests data packets from Net B by issuing a GET HESSAGE
command to the Comm B device. Following these actions, Comm B assumes the
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initiator role and transmits a packet using the SEND MESSAGE command to Comm A
for transmission to network node(s) located on Net A. Comm B then requests
data packets from Net A by issuing a GET MESSAGE command to Comm A.

Communications Devices

17.2, Command Descriptions for Communications Devices
The commands for commumications devices shall be as shown in Table 17-1.

Table 17-1; Commands for Communications Devices

Operation

Command Name Code Type Section Page
CHANGE DEFINITION 40h 0 7.2.1
GET MESSAGE (6 08h M 17.2.1
GET MESSAGE(1 28h 0 17.2.2
GET MESSAGE{12 ABh 0 17.2.3
INQUIRY 12k H 7.2.5
10G SELECT 4Ch 0 7.2.6
LOG SENSE 40h 0 7.2.7
MODE SELECT 6& 15h 0 7.2.8
MODE SELECT(10) 55h 0 7.2.9
#ODE SENSE(b) 1Ah 0 7.2.10
HODE SENSE(10) 5Ah 0 7.2.11
READ BUFFE 3ch 0 7.2.12
RECEIVE DIAGNOSTIC RESULTS 1Ch 0 7.2.13
REQUEST SENSE 03h M 7.2.14
SEND DIAGNOSTIC 1Dh M 7.2.15
SEND MESSAGE 6% 0Ah M 17.2.4
SEND MESSAGE(1 } ‘ 2Ah 0 -17.2.5
SEND MESSAGE{12 ARR 0 17.2.6
TEST UNIT READY 00h M 7.2.16
WRITE BUFFER 3Bh 0 71.2.17

Key H Command implementation is mandatory.

Conmand implementation is optional.

i

All other operation codes for communications devices are reserved for future
standardization.
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17.2.1. GET MESSAGE{G) Command 17.2.2. GET MESSAGE(10) Cowmand
Table 17-2: GET MESSAGE(6) Command Table 17-3: GET MESSAGE(10) Command
Bit 7 | 6 l 5 l 4 ’ 3 l 2 I 1 l 0 ! Bit 7 [ 6 l 5 ! 4 l 3 I 2 I 1 | 0
Byte ] Byte
] Operation Code (08h) 0 Operation Code (28h)
1 Logical Unit Number | Reserved 1 Logical Unit Number | Reserved
2 {M5B) 2 Reserved
3 Altocation Length ) 3 Reserved
4 {L58) 4 (Ms8)
----------------------- - - - e b Stream Selection -
5 Control 5 {LSB)
6 ) Rese;G;& ---------------
The GET MESSAGE(6) command (Tabie 17-2} transfers data from the target to 7 (M58} )
the initiator. T e ——- Allocation Length -—=
8 (LS8)
9 Cont;ai —————————

- The GET MESSAGE(10) command (Table 17-3} transfers data from the target to
the initiator.

The stream selection field specifies a further level of addressing for the
dgta. so that it can be accessed by the target from the appropriate data
stream.

)
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17.2.3. GET MESSAGE(12) Command 17.2.4. SERD MESSAGE(6) Command
Table 17-4: GET MESSAGE(12) Command Table 17-5: SEND MESSAGE(6) Command
Bit 7 6 5 4 3 2 1 0 Bit 7 6 5 4 3 2 1 0

Byte Byte

0 Operation Code (ABh) 0 Operation Code (0Ah)

1 Logical Unit Humber | ) Reserved 1 Logical Hnit Number ] Reserved

2 Reserved b (ﬁgé) N
3 Reserved - B 3 | Transfer Length

4 (Ms8) 4 (tSB)
----- ——— Stream Selection - el B - et mmme—mm——
5 (LSB) 5 Control

b (MSB)

————— —— -—- The SEND MESSAGE(6) command (Table 17-5) transfers data from the initiator
7 to the target.
----- - Allocation Length ———

8 The transfer len?th specifies the length in b¥te5 of data that shall be sent
————— - —— during the DATA QUT phase. A transfer Jength of zero indicates that no data
g {LSB) shall be sent. This condition shall not he considered as an error.

10, Reserved ) B

11 Contral

The GET MESSAGE

the initiator.

{12} command (Table 17-4) transfers data from the target to

The stream selection field specifies a further level of addressing for the
dita, so that it can be accessed by the target from the appropriate data
stream.
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17.2.5. SERD MESSAGE(10) Command
Table 17-6: SEND MESSAGE(10) Command
Bit 7 6 5 q 3 2 1 0
Byte
0 Operation Code (2Ah)
1 Logical Unit Humber | ~ “Reserved
2 o Reserved -
3 Reserved ) -
e |wsey T
_____ ——— Stream Selection -
5 {LSB)
6 Reserved
7 {MSB)
_____ - Transfer Length o
8 {LsB)
g | Control )

The SEND MESSAGE(10) command (Table 17-6) transfers data from the initiator

to the target.

The stream selection field specifies a further level of addressing for the
data, so that it can be directed by the target to the appropriate data stream.

Please refer to the SEND MESSAGE(6) command for a description of the fields
in this command.
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17.2.6. SEND MESSAGE(12) Command
Table 17-7: SEND MESSAGE(12) Command

Bit 7 6 5 4 k) 2 1 1]
oyte I R T N R T
] Operation Code (AAB)__
1 | Logical Unit Number | Reserved
F “Reserved
El Reserved
4| (MsB) S
-g—-- --- Stream Selection (LSBSH
o | msey T T
el —
-é—n- - Transfer Length -
E (LsB)
0| Reserved T
| “Control T

The SEND MESSAGE(12) command (Table 17-7) transfers data from the initiator
to the target.

The stream selection fielll specifies a further Tevel of addressing for the
data, so that it can be directed by the target to the appropriate data stream.

Please refer to the SEND MESSAGE(6) command for a description of the fields
in this command.
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17.3. Parameters for Communication Devices
17.3.1. Diagnostic Parameters

This section defines the descriptors and pages for diagnostic parameters
used with communication devices.

8 The diagnostic page codes for communication devices are defimed in Table 17-

.

Table 17-8: Diagnostic Page Codes

Page Code

Description Section
00h Supported Log Pages A ) 7.3.1.1
01h-3Fh Reserved (for all device type pages)
40h-7Fh Reserved
80h-FFh Vendor-specific pages

17.3.2. Log Parameters

This section defines the descriptors and pages for log parameters used with
comunication devices.

The log page codes for communication devices are defined in Table 17-9.
Table 17-9: Log Page Codes

Page Code Description Section
01h Buffer Over-Run/Under-Run Page 7.3.2.1
02h Error Counter Page (Write) Page 7.3.2.2
03h frror Counter Page (Read) Page 7.3.2.2
04h trror Counter Page (Read Reverse) Page 7.3.2.2
05h Error Counter Page (Verify) Page 7.3.2.2
07h Last n Error Events Page 7.3.2.3
06h Non-Medium Error Page 7.3.2.4
00h Supﬂurted lLog Pages 7.3.2.5
08h - 2Fh eserved
30h - 3Eh Vendor-specific pages
3Fh Reserved
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17.3.3. Hode Parameters
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This section defines the descriptors and pages for mode parameters used with
communication devices.

The mode parameter list, including the mode parameter header and mode block
descriptor are defined in 7.3.3.

The medium—tyge code field is contained in the mode parameter header (see
Table 7-61 and 7-62). This field is reserved for communications devices.

The device sgecific parameter field is contained in the mode parameter
geaqer (see Table 7-61 and 7-62). This field is reserved for communications
evices.

The density code field is contained in the mode parameter block descriptor
(see Table 7-63). This field is reserved for communications devices.

The mode page codes for communication devices are shown in Table 17-10.
Table 17-10: Hode Page Codes

Page Code Description Section
0Ah Contrel Mode Page 7.3.3.1
02h Bisconnect-Reconnect Page 7.3.3.2
1] 4 Peripheral Device Page 7.3.3.3
01h Reserved

03h - 08h Reserved

0Bh - 1Fh Reserved
Fh Returns all pages (valid only for the MODE SENSE command)
00h Vendor specific (does not require page format)

20h - 3Eh Vendor specific

5CS1-2 Working Draft Proposal 17-12 Revisian 10b
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17.4. Glossary for Commnications Devices

communications device. An SC5I device whose principal function is to
communicate with one or more other systems, usually over distances that exceed
the maximum cable length defined for SCSI.

external medium. The medium used by the communicaticns device to send or
receive information to or from one or more communications devices. The other
communications devices may or may not use an SCSI interface.

external protocol. The protocol(s} used by the communications device to

transfer information over the external mediun. The external protocol(s) are
not defined by this standard.
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Appendix A - SCSI Signal Sequence Example 8/22/8%
Appendixes (These Appendixes are mot part of the re uirements of American
Na%iul)ml Etandard X3.131-198x, but are igcluded for information —/J———wwﬂ-*ﬁ--— Bt e *“--—-"-"“‘g*g
only. F
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A. SCSI Signal Sequence Example , —~~--Ej§§ a
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This Appendix is included to provide an gxample of the signal sequencing of an | | I D
[/0 process that includes most of the SCSI bus phases (Figure A-1). In this “
exam&ﬂe. the target does not disconnect from the 8CSI bus prior to compieting — & 8
the I/0 process, _"“Qé z
The following notes apply to Figure A-1: N . :_:_“_'_'___ﬁ___
NOTE: In a typical system, the computer's host adapter acts as the = <
"initiater” and the peripheral device's controller acts as the "target," I[n o e
gemeral, this standard does not attempt to distinguish between a cofputer - -
and its host adapter. These functions may be separate or merged. The term W i 2 ES
"initiator" encompasses both. The term "target® refers te the controller . S C - - -y B o=
?nrtion of the peripheral device, which may be separate (brid?e controller) o a8 3
rom the ?eripherﬂ device or merged with it (embedded contro ler). The b = §
term "SCSI device" refers to a device that may be connected to the SCSI bus, e S
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DATA BUS NOTES:
%i DB&?i is the most significant bit.

8/22/89

DB(7) is the highest priority arbitration bit.
DB(P) is the data parity bit (odd). Parity is not valid during the
ARBITRATION phase.

BUS PHASE NOTES:

BUS FREE phase. BUS FREE phase begins when the SEL and BSY signals are both
continuously false for a bus settle delay. !t ends when the BSY signal
becomes true. (In the SCSI-1 single-initiator option, BUS FREE phase could
also end when the SEL signal became true.)

ARBITRATION phase. This ghase is documented as mandatory in SCSi-2. In
SCSI-1, this phase was optional.

At least one bus free delay after first detecting BUS FREE phase, but no
more than a bys set delay after the bus was last free, the initiator asserts
the BSY signal and its assigned SCSI device ID bit on the DATA BUS. The
initiator waits an arbitration delay, then examines the DATA BUS. If a
higher priority SCSI device ID bit is true, the initiator loses arbitration
and may release the BSY signal and its SCSI ID bit. Otherwise, the
initiator wins arbitration and asserts the SEL signal. All SCS1 devices
must release the BSY signal and their SCSI ID bit within a bus clear delay
after the SEL signal becomes true {even if they have not yet examined the
DATA BUS%. The winning SCSI device waits at least a bus clear delay plus a
hustﬁetE e delay after asserting the SEL signal before changing any signals
on the bus.

SELECTION phase. The 1/0 signal is false during this phase to distinguish
it from the RESELECTION phase.

NONARBITRATING SYSTEMS (only ?ermitted in SCSI-1): [1In such systems, the
initiator waits at least a bus clear delay after detecting BUS FREE phase,
then it asserts the target's SCSI ID bit and, optionally, the initiator’s
SCSI ID bit on the DATA BUS. After at least two deskew delays, the
jnitiator asserts the SEL signal.

ARBITRATING SYSTEMS: In such systems, the SCSI device that won
arbitration has both the BSY and SEL signals asserted. After at least a bus
clear delay plus a bus settie delay, it places both the target's and the
initiator's 5CSI ID bits on the DATA BuS. At Jeast two deskew delays later,
it releases the BSY signal.

ALL SYSTEMS: The target determines that it is selected when the SEL
signal and its SCSI ID bit are true and the BSY and I/0 si%nals are false
for at least a bus settie delay. The target then asserts the BSY signal
within a selection abort time after it last determined that it was still
being setected. (The target is not required to respond to a selection
within a selection abort £ime; but it must ensure that it will not assert
the BSY signal more than a sefection abort time after the initiator aborts a
selection attempt.)

At least two deskew delays after the initiator detects the BSY signal is
true, it releases the SElL signal.
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MESSAGE OUT phase. During this phase the inmitiator sends an IDENTIFY
message to the target. The target asserts the {/D and MSG signals and
negates the 1/0 signal for_the message tran.fer. After detecting the
assertion of the REQ si?na} the initiator negates the ATN signal before
aﬁsert;ng the ACK signal. tRefer to the handshake procedure for the COMMAND
phase.

COMMAND phase. The target asserts the C/D signal and negates the [/0 and
M3G signals for all of the bytes trapsferred during this phase. The
direction of transfer is from the initiator to the target.

HANDSHAKE PROCEDURE: The target asserts the REQ signal. Upon detecting
the REQ signal is true, the initiator drives the DATA BUS to the desired
value, waits at least one deskew delay plus a cable skew delay and then
asserts the ACK signal. The initiator continues to drive the DATA BUS until
the REQ signal is false.

When the ACK siEnal is true at the target, the target reads the DATA BUS
and then negates the REQ signal.

When the REQ sigpal becomes false at the initiator, the initiator may
change or release the DATA BUS and negate the ACK signal.

The target may continue to request command bytes by asserting the REQ
signal again, The_number of command bytes is determined hy the group code
(most significant 3 bits) that is contained in the first command byte.

DATA IN phase. The target asserts the 1/0 signal and negates the C/D and
MSG signal for all of the bytes transferred during this phase. The
direction of transfer is from the target to the initiator.

HANDSHAKE PROCEDURE: The target first drives the DATA BUS to their
desired values, waits at least one deskew delay plus a cable skew de}aﬁ, and
then asserts the RE() signal. The target continues to drive the DATA BUS
until the ACK signal is true.

When the RFQ signat is true at the initiator, the initiator reads the
DATA BUS and then asserts the ACK signal.

When the ACK siﬂnal is true at the target, the target may change or
release the DATA BUS and negate the REQ signal.

When the REQ signal is false at the initiator, the initiator negates the
ACK signal. After the ACK signal is false, the target may continue the
tEansfer by driving the DATA BUS and asserting the REQ signal as described
above.

DATA OUT phase (mot shown in the figure). The target negates the C/D, 1/0,
and MSG signals for all of the bytes transferred during this Rhase. The
direction of transfer is from the initiator to the target. (Refer to the
handshake procedure for the COMMAND phase.)

STATUS phase. The target asserts the C/0 and 1/0 signals and negates the
MSG signal for the byté transferred during this phase. The direction of
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transfer is from the target to the initiator. (Refer to the handshake
procedure for the DATA IN phase.)

KESSAGE IN phase. The target asserts the C/D, I/0, and MSG signals during
the byte transferred durinﬁ this phase, Typically, a COMMAND COMPLETE
messa%e would be sent at this point. The direction of transfer is from the
tgrge )to the initiator. (Refer to the handshake procedure for the DATA IN
phase,

8US FREE ghase. The target returns to BUS FREE phase by releasing the BSY
signal. Both the target and the initiator reiease ail bus signals within a

gu? clear delay after the BSY signal is continuously false for a bus settle
elay.

A5 Revision 10h
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B. Typical Bus Phase Sequence

This Apgendix is_included to provide an examg!
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e of the SCSI bus phase

sequence Tor a typical READ command (Tables B-1 and B-2). In this example,
the target does not disconnect from the SCSI bus prior to compieting the
command.
Table B-1: Typical READ Comsand Phase Sequence
Signals
BSAMHKCIRAR D D
SETS /[ ECS B B
Bus Phase YL NGD O QK T (7-0) (P) Comment
BUS FREE L T TS hus 1s avaiiabie,
ARBITRATION 1 - - - - - - - - ID X Initiator tries to get
" 1 the SCSI bus.
SELECTION 111 - - - -0 -« LTV Initiator has SCST bus
" - 1 IDI,TVY and selects a target.
" 11 IDI,TV ATN is on.
i 1 - X £
HMESSAGE QUT 1 -111000 - X X Target has contro] of
" 1 10 X X the bus and gets the
" 0 i1 Message V IDENTIFY message from
" 0 0 1 X o the initiator,
" 0 00 X X
COMMAND 1 - 001000 - X X Target gets a command
" 10 X X byte from the
" 1 1 Command V initiator, (This
" 01 X X handshake is repeated
" * 00 X X for each byte.)
SC5I-2 Working Draft Proposal B-1 Revision 10b
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Table B-2: Typical READ Command Phase Sequence (Continued)
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Signals
B SAMCIRAR o D
S ETS /{ /JECLCS B B
Bus Phase Y L NGDOGQ K T (7-0) (P} Comment
DATA IN i1 -000100 - b Target sends data_to
" 1 0 Read Data V the initiator. (This
" 11 b3 X handshake is repeated
" 0 1 X X for each byte.)
" 00 X X
STATUS 1 -0011900 - X X Target sends status to
" 1 8 Status V the initiator.
" 11 X b4
" 01 X X
" 00 X X
MESSAGE IN 1 ~-01 1100 - X X TarBet sends a COMMAND
» i 0 Message V COMPLETE message to the
i 11 X X initiator.
» 0 1 X X
" a0 X X
BUS FREE . T - - SCSI bus is available.
Key: - = S5ignal driver is passive.
0 = Signal is false.
1 = Signal is true.
"Blank" = Signal state is the same as the previous line.
1D = SC51 ID for arbitration.
10 1,T = SCSI ID of initiator and target.
v = Parity is valid.
X = The signal is not guaranteed to be in a known state.
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C. SCSI System Operation

This Appendjx is included to provide an explanation of the relationship of
the various pieces of an SCSI system. This Appendix also provides additional
information about the use of SCSI in a multi-tasking system. Such systems
tygica]ly usé a host adapter circuit to interface from the host memory to the
SCSI bus. Although other architectures are possible {including native or
embedded SCST), the host adapter luﬁic still exists as part of the system.
The term "initiator” is used throughout this standard to encompass all such
architectures. The term "hosi adapter” is used within this Apgendix to refer
to the logic that interfaces from the host memory to the SCSI bus.

€.1. Host Memory, Host Adapter, SCSI Target Relationship

The SCSI architecture utilizes the concept of host memory blocks for
command, data, and status interchange between the host system and the 3C51
target. In the middle of this exchange is the SCSI host adapier, which acts
as the gateway between host memory and the SCSI bus, The host adapter is an
important portion of the overall intelligence of SCSI. Along with providing
an information path from the SCSI bus to the host bus, the host adapter is
intimately involved in assuring data integrity and proper performance of the
1/0 subsystem.

In order to fully understand SCSI operation, the concepts of 1/0 memory
blocks and nexus are detailed. Figure Cl1 presents an_example block diagram of
a single host/single peripheral SC3I I/0 subsystem. The host memor{ contains
three 1/0 blocks: command, data, and status. The SCSI disk controller target
needs to read the command block and write to the status block in order te
Eerfnrm the task specified b]\{lr the host in the command block. Likewise, the

CSI controller needs to either read or write the data block in host memory,
depending on the task specified. The SCSI controller "reaches into host
memory” via the SCSI host adapter. The host adapter must know the addresses
of the command, data, and status blocks in order for it to "reach” into the
right spot in memory. Inm other words, the host adapter must be given a
pointer to the start of each block by the host. As the SCSI controller takes
information from the command block, the memory pointer for the command black
advances to the next byte. The same is true for the data and status pointers.

SCSI architecture provides for two sets of three pointers within the host
adapter. The first set is known as the current (or active) Eointer values.
These are the pointers to the next command, data, or status byte to be
transferred between the host memory and the SCSI controlier. "There is only
one set of current pointers in the host adapter. The current pointers are
shared among all devices and are used by the current device connected to the
host adapter.

The second set is known as the saved pointer values. There is one set of
saved pointers for each active 1/0 process. For command and status, these
pointers always ﬁcint to the start of the memory command block and memory
status block. The saved data pointer points to the start of the data block at
the beginning of each command. It remains at this value until the controller
sends a SAVE DATA POINTER message to the host adapter which copies the value
of the current data pointer into the saved data pointer. The coniroller may
retrieve the saved value by sending a RESTORE POINTERS message. This moves
C-1
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the value of each of the three saved pointers into the current pointers.
Whenever an SCSI device disconnects from the bus, only the saved pointer
values are retained. The current pointer values are Set from the saved values
ugop the next reconnection. The current and saved pointers provide an
efficient method to break up large transfers into smaller bursts, and to
facilitate error retry and recovery.

C.2. SCSI READ Comrmand Example

One method of understanding the “host, host adapter, SCSI controller”
relationship is via an example. Consider the case of a multiple sector READ
cogpaﬂd that will cross a cylinder boundary on a direct-access device such as
a disk.

The first activitg in the I/0 operation is for the system to create a
command descriptor block in memory and determine where the data and status are
to be written in host memory. The host then sends a command to the host
adapter that includes the starting address {pointer) for each of the command,
data, and status blocks and the SCSI address of the peripheral to perform the
operation. In this example, there is only one SCSI controller and physical
disk, but its address is required in order for the host adapfer to select it.

Upon receiving the command, the host adapter arbitrates for the SCSI bus and
wins édug to the lack of competing devices? and ?roceeds to select the target
SCSI device with the ATN signal asserted. ~The ATTENTION condition indicates
to the SCSI target that the initiator éthe host adaEter& has a message to send
to the target. "When the target responds to the SELECTION phase, an 1_T nexus
is established between the two devices.

, After the SELECTION phase is completed, the tarﬂet responds to the
initiator's ATTENTION condition by receiuinﬁ an IDENTIFY message from the
initiator. This message, generated by the ho apier

logical unit number in the target and whether the initiator can suBEurt bus
disconnect. In this example, the initiator supports disconnect. en the
controller receives the IDENTIFY message, an I T L nexus is established. The
nexus uniquely identifies the relationship between the initiator and the
specified Togical unit of the target disk comtroller.

An additional message following the IDENTIFY may be sent for purposes of
command $ueuing. If a QUEUE TAG message is sent, the 1_T L nexus is replaced
by an I T L § nexus. This I T L @ nexus behaves in a simTlar manner as the
I_T L nexus for purposes of ?oTnfer management; it merely permits more sets of
poigters to be identified. In this example, however, coimand queuing is not
used.

Input/output activity from this point are principally controlled by the
target. The host adapler is simply an "arm" of the target used to reach into
host memory. Utilizing this arm, the target reads in the command descriptor
block {CDB{. The host adapter i3 expected to ensure that the target does net
reach outside its allocated blocks.

After decoding the instruction, the controller determines that a disk seek
is required to get the starting data block. Since the SCSI bus will not be
utilized until data has been read from the disk, the target controller
disconnects from the bus. The disconnect process includés the transmission of
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a SAVE DATA POINTER message and DISCONNECT message from the target to the host
adapter. The host adapter responds to the SAVE DATA POINTER message bz saving
the current data pointer, which is still set to the start of the data hlock.
#Strlctly speaking, the target need not send the SAVE DATA POINTER message
o]low1n? the command phase since at that time the saved and current poifiters
are equal,) After transmission of the DISCONNECT message the target releases
the BSY signal, freeing the bus.

Appendix C - 5CSI System Operation

Although the initiator host adapter and target disk controller are
disconnected, the I/0 Erocess has not completed and the 1 T L nexus still
exists. Both devices kmow they have a command to finish and will return to
that job at a later point in time. The abjlity to disconnect allows multiple
I1/0 processes to occur simultaneousiy, utilizing a single physical bus. The
logical connection is actually not just between the host adapter and the disk
controlier, but runs all the way from the host memorg 1/0 block to the
peripheral device (disk) performing the operation. (See Figure C-2 for a
pictorial presentation of this concept.)

Once the target has started filling its data buffers, it can transmit data
to the initiator, but first it must revived the connection. The reconnection
process invglves the tar?et arbitrating for the bus and reselecting the host
adapter, After the reselection is made, the target sends an IDENTIFY message
to the host adapter to indicate which target logical unit is reconnecting.
This information provides the correct loﬁlcal connection via the I_T L nexus
into host memory. After reconnection, the roles of the initiator and target
are just as they were prior to disconnection. The target transfers data into
host memory via the host adapter. The data transfer continues until the disk
reaches the end of its cylinder and the disk controller determines that a
second physical seek is required to complete the READ command. The target
aﬁain performs a SAVE DATA POINTER messa%e and a DISCONNECT message. However,
this time the current data pointer is not at the beginning of the memory data
block, and is required to ensure that the I/0 process continues at the correct
data block location. The saved value at disconnect reflects the change.

After seek completion and transfer of data into its buffer, the controller
reconnects to the host adapter and completes the data transfer as requested by
the READ command. At this ppint, the controller sends ending status into host
memery via the host adagter. The final action of the target is to send the
host adapter a COMMAND COMPLETE message and go to BUS FREE. The target has
completed 1ts operation and considers the I/0 process ended.

Upon receipt of the COMMAND COMPLETE message, the host adapter signals the
hast that the I/0 process is complete, This sx?nal can be an interfupt or the
setting of a fIa% read b{ the host in a polled 1/0 environment. This action
bﬁ the host adag er breaks the logical connection between the host adapter and
the 1/0 memory blocks of the host. The host reviews the status of the
operation in the status block and proceeds to utilize the data transferred
into the data block.
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C.3. 1/0 Channel Concept

The [/0 channel concept fulll\; utitizes the hi?h performance capability of g ﬁ s
the SCSE. The I/0 channel is basically an intelligent SCSI host adapter that Fo %, T
can maintain multiple simultaneous 1/0 processes between host memory 1/0 a* 3 a® 3 5% 2
blocks and different SCSI devices. s o =t rt

The 1/0 channel utilizes a single direct memory access (DMA) path into host
memory supporting the DMA operations of numerous” SCSI perlﬁhera s. Since the
SCSI bus is a single physical bus and most host computers have a single

—
=

?hysical backplane bus, multiple DMA channels into memory are not necessary. L
n many implementations of a multiple DHA channel architecture, when a_channel e 2
is accessing memory, all other channels are idle. In such im 1ementatwn5, a ult 5o
single channel supporting multiple 1/0 processes can supply the same . “wagg
ertormance as separate OMA peripherals. An cbvious advantage te the host is "
ower system cost as well as the saving in backplane card slots. L8
g £ > EL
In the READ command example discussed in C.2, the I/0 channel is the SCSI 09 58 £
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pointers to the 1/0 memory blocks and the SCSI peripheral address. This h £a%
establishes a logical connection between the host adapter and the host 1/0 L - ThHE
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Figure C-2: Smapshot Prior to Data Transfer
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Note: The followin Apgendix is not part of this American National Standard
but is included for information only.

D. Additional Heditm Type and Density Code Standards

In Sections 8 and 9 of this standard, the MODE SELECT and MODE SENSE data
define medium type codes and densitg codes for certain flexible disks and
magnetic tapes. American National Standards are referenced for code values if
a standard exists for that code value. In man¥ cases, other standards or X3
draft documents also exist for a code value. Tables 0-1 and D-2 in this
Appendix provide additional references to those standards or draft documents.

DISCLAIMER: It is not the purpose of this Appendix to indicate that these
standards are_exactly equivalent to each other., However, these standards may
be useful. Please refer to Sections 8 and 9 for additional information.
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Table D-1: Direct-Access Medium-Type Codes

Code Medium Type

a0h See Section 8.

O1h See Section 8.

02h See Section 8.

Flexible-Disk Reference Standard(s)

05h X3.73-1980 ECMA-54 150 5654-1 : 1984
IS0 5654-2 : 1985

06h ECMA-58

0%h (None -- X388 has abandoned this project.}

DA X3.121-1984 ECMA-6S S0 7065-1 : 1985
150 7065-2 : 1985

abh %3.B2-1980 ECMA-G6 150 6596-] : 1985
150 6696-2 : 1985

12h %3.125-1985 ECHA-70 150 7487-1 : 1984
IS0 7487-2 : 1985
150 7487-3 : 1984

16h X3.126-1986 ECMA-78 DIS 8378/1-1984
DIS 8378/2
DIS 8378/3

1Ah X3BB/86-32 (Note 1) ECMA-99 DIS 8630/1-1985
DIS 8630/2-1985

1Eh X3.137 {Note 1) ECMA-100 D15 8860/1-1985

1S 8860/2-1985
Direct-Access Magnetic Tape Stanmdard(s)

ANSI ECHA 150
40h REéE?éEfiEi'EﬁBEE'Eg ECHA TC13/83/39
Adh X3B5/85-151 (Note 3) ECMA TC13/83/39

80h-FFh Vendor unique
All others Reserved

NOTES:

(1) These listings are currently under development. Please check with the
%3 Secretariat for Information concerning status and availability.

(2) This draft document is for unrecorded miniature cartridge media. The
usage referred to here is for serial GCR recording using a format known as
(GIC-100. Since Subcommittee X3B5 issues a new document number for each
revision of their working draft document, please contact the chairman of X3B5
for the latest document number.

SCS1-2 Working Draft Proposal n-2 Revision 10b
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Table D-2: Sequential-Access Density Codes

Code Vatue fensity

00h See Section 9.

Magnetic Tape Reference Standard(s)

ANSI ECMA 150
0lh X3.22-1983, ECMA-62, 150 1B63-1976
02h X3.39-1986, ECMA-62, IS0 3788-1976
03h X3.54-1986, ECHA-B2, IS0 5652-1984
04h 0id format known as QIC-11
05h X3.136-1986, ECHA-98
06h X3B5/85-194A (See Note)
07h X3.116-1986, ECMA-79,  ISD BO63/1-1984
08h X3B5/86-099 (See Hote}
0%h X3B5/86-055 (See Note
0Ah X3B85/85-88 (See Nuteg
0Bh X3.55-1982, X3.56-1986, ECMA-46, IS0 4057-1979

80h -~ FFh Vendor unigue
All others Reserved

NOTE: Draft document. Subcommittee X3B5 assigns a new document number to
each revision of their documents. Please contact the chairman of X3B5 for the
latest document number.
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E. Data Integrity and I/0 Process Queuing

This Appendix demonstrates the ?racticalit¥ of having the target reorder I/0
processes which have been queued for a specific logical unit under its control
with a minimun of explicit direction by the initiator. A clear and precise
written explanation was deemed appropriate. While this appendix is omly
direct1§ a?plicable ta direct-access devices, the same concepts can be applied
to any SCSI device.

This appendix is not intended to indicate how command queuing must be
implemented by the target in order to insure correct execution. Rather, it
simply illustrates one possible implementation that does insure correctness at
a reasonable cost (in averhead and performance) and is easy to analyze.

E.1. Glossary

Unless otherwise stated, all terms used in this Appendix are as defined in
the body of this standard. The following terms are new:

correct execution sequence. Ang sequence of execution from the 1/0 process
queue(s) for a logical unit that both obeys the rules for 1/0 process queuing
and which results’in the state of the media, and the data returned to the
initiator concerning the contents of the media, to be identical to those of a
first-in first-out ?FIFO) execution of the primary queue.

NOTE: The state of other components of the target, such as the buffer, are
not guaranteed fo the be same under different re-orderings that result in
correct execution.,

ticit ordered 1/0 process. This is an 1/0 process that includes an

exR
ORDERED QUEUE TAG message. -

imEIicit ordered 1/0 process. This is an [/0 process that includes a
SIMPLE QUEUE TAG message, but the target has determined it will treat as an
ordered 1/0 process for the purposes of gqueuing.

head of queue queue. This is the queue for a specific Iogical unit
containing head of queue I/0 processes for that logical unif.

LBA. An abbreviation for "logical block address”.
ordered 1/0 process. This is an explicit or implicit ordered 1/0 process.

primary queue. This is the queue for a specific logical unit containing the
ordered and unordered 1/0 processes for that Jogical unit.

SCSI-2 Horking Draft Proposal £-1 Revision 10h
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Each primary gueue can be divided into a series of one or more segments.
Each segment normailg consists of a sequence of 1/0 processes contatninﬁ zero
or more unordered 1/0 processes and one ordered I/0 process such that the
ordered I/0 process is the last in the sequence and the unordered 1/0
processes are those which arrived after the ordered I/0 process of the
previous segment in the queue and before the ordersd 1/0 process in this
segment. The last segment in the queue is a special case which may not
include an ordered I1/0 process.

Appendix E£ - Data Integrity and I/0 Process Queuing

For example, a queue containing commands in the following order:
u 8§ 0 0 U O U O 0O 6 W ¥V U ¢ U

can be divided into segments as follows:
U Ut MU U MMM v v v U

wherg. "U" represents an unordered command and "0" represents an ordered
command .,

regeneration point. The point in time when no command is under execution
and the first IéO process of a new segment in the primary queue is the next
I/0 process to be executed.

reordering rule. The algorithm used by a target to reorder commands in the
primary gueue of a logical unit.

state of the media. At any ?articular moment, the state is defined to be
the complete mapping of logical block addresses to the data stored in those

éogical btack addresses. Thus the state is a measure of the contents of the
evice.

TL. An abbreviation for "transfer length".
E.2. Thesis

The point of this Appendix is that the target cam implement reordering rules
which result in a correct eXecution sequence at:

high improvement in performance, and
without requirin?]the initiator to explicitly order commands (although

{%} low cost in command overhead,
3
owed).

such ordering is a

Under anK reordering rule, only the reardering done within a queue seqment
can make the execution sequence incorrect.

SCSI-2 Morking Draft Proposal E-2 Revision 10b
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This follows directly from the definitions in the above glossary and the
entire philosophy of I/0 process gueuing, under which the explicit ordering of
a I/0 process or the use of a head of queue I/0 process indicates that the
initiator is removing any control of order of execution from the target.

Doing so shifts anﬁ risk that the resulting execution sequence may be
"incorrect™ from the target to the initiator. A sequence of execution is
correct if for each queue segment the execution of 1/0 processes in that
segment, if considered to be the total queue for the logical unit, would be
considered to be correct. -

Appendix E - Data Integrity and 1/0 Process Queuing

Since the order of executien of head of queue I/0 processes and the order of
execution of queue segments is restricted to a single ordering by the rules of
1/0 process gueuing, only reordering within a segment can create a deviation
from the FIF0 primary gueue execution sequence which is always correct.

Assume all unordered 1/0 processes other than those containing READ(6),
READ(10), WRITE(6), and WRITE(10) commands to be imElicitly ordered by the
target. (For simglicity, "read” is used for "READ(B) or READ(10)" and "write"
is used for "WRITE{6) or WRITE(10}" in the following section.)

Note that this assumption does not significantly decrease the performance
gains to be realized by reurdering (since the remaining uncrdered 1/0
pracesses still make up over 99.9% of the I/0 processes actually encountered
during normal execution), nor increase the overhead {since a simple operation
code check is all that is required), but will significantly simplify the
analysis of renrderin% rules. Targets might be able to insure correct
execution sequence without this restriction, but allowing such comnands as
MODE SELECT, RESERVE/RELEASE, and FORMAT to be reordered obviously leads to
potential difficulties and much complexity for little gain.

The test for correct execution is made at regeneration points. MNote that
[‘0 processes cannot be reordered across regeneration poimts. This implies
that ha1t1nﬁ execution (e.g., for an error) in the middle of a queue segment
may leave the state of the media in an incorrect state. As always, it is up
to the initiator to successfully perform recovery operations.

All segments (except for the last, which is treated as a special case) are
finite, and any reorderin% algorithm eventually results in reaching a
regeneration point. For the Tast segment, the target insures that all
commands are executed in a finite ?eriod of time (7.e., starvation does not
occur). Many popular reordering algorithms prevent starvation, and the
assumption is that one such algorithm is implemented.

Thus the problem has been reduced to requirinﬁ that the reordering of /0
processes within a segment does not result in the return of data which differs
from that of a FIFO execution nor leaves the media in a different state. Note
that under any reordering of a segment, the ordered command is always
constrained to be executed last. “Thus as long as the data returned and the
state of the media for the sequence of unordered {/0 processes meets the
correctness criteria, then the I1/0 processes in the segment as a whole are
correctly executed.

SC5I-2 Working Draft Proposal E-3 Revision 10b
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A1 unordered I/0 processes in a segment contain a variety of either the
read or write commands. Consider the N unordered 1/0 processes in a segment
to be numbered 1 to N, Then any reordering is uniquely defined by the NI (N
factorial) ordered pairs of 1/0 processes x.ﬁ), where each pair implies that
1/0 process x comes before [/0 process y in the reordering.

Appendix E - Data Integrity and [/0 Process Queuing

If all the pairs were (read,read) pairs (i.e., all unordered commands were
reads), then any reordering could not affect the state of the media (since it
is never changed) nor the returned data. Similarly, if a pair was a
(read,write), a %write.read). or & (write,write) then the reurderinﬁ of these
two commands could not affect correctness as long as the range of the
specified logical block addresses for each command did not intersect.

Thus the above is both a necessary and sufficient condition for generating a
correct execution sequence. However, the target need not generate the N!
pairs and perform the check required by theory. A more practical
implementation of the above test would be the following:

First, any reordering of I/0 processes implies that a sorting operation
(usually with respect to the LBA of the command) be performed. The sort may
result in an explicit data structure {i.e., a bimary tree of pointers) or an
implicit structure (i.e., the command descriptor blocks are reordered in an
array, or an array of pointers to command descriptor blocks are reordered).
in any event, denote T as the time required to perform such sorting, and
denote A as the resulting sequence of execution.

This list is now sorted so that the LBA+TL of the immediately preceding
command is <= the LBA of the next command. Note that LBA+TL is one mere than
the Tast LBA in the command, and this sort can be performed at a cost no
greater than T (note that tBA+TL must be computed for each command anyway in
order to perform a range check against the logical unit's maximem LBA, and
that a more sophisticaied data structure can reduce the incremental effort to
perform this second sort considerably). This ordering is denoted as 8.

For each segment, a I/0 process has a Rositian in both queues denoted by the
pair Aa.b). he execution sequence is then determined as follows:
1) Atfempt to execute I/0 process in the ordering determined by A.

2) If a = b, then execute, the I/0 process.

3) If a < b, then scan A until a command equaling b is found. For all
commands in A between a and this b, search B and keep track of the 1/0
process that appears last in B (denote this c). HNow scan A again, but
use ¢ as the search target instead of b. Continue the search process,
alternating between A and B, until all 1/0 ?rocesses to search for are
exhausted.” The result is a subsequence of /0 processes in A apd B such
that each I/0 process in the subseguence in A appears in the subsequence
in B and vice-versa, but the orders differ between the subsequences.
These I/0 processes should be executed in the original FIFO order {i.e.,
both re-orderings should be ignored}.

4) when done, go to step 1) again until the gueue is empty.

As an example, considering the foIIowing pairs of ordered LBA ranges:
20,3} {G,Bi {7 12} &8,15} 20.23] 228,3 } £31,35} [36,39} 237.38]

0.3} {7.12) (6.8} (8.15) {20.23) (31.35) (28.32) (37,38} (36,39
Thus the execution order is:
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AHTHd¥ L3



Appendix E - Data Integrity and I/0 Process Queuing Bf22/89 Appendix F - Power On Protocols 8/22/84

0,3
gilli (7.12) in FIFO order F. Power On Protocols - Recommended Initfalization Procedure
20,2 This apgendix describes the normal mechanisms for obtainin? the information
28,32 531.35} in FIFO order required for system fnitialization from SCSI-Z devices as well as all SCSI
36,39) (37.38) in FIFQ order devices meeting conformance level 2 as defined in Appendix E of 5CS1-1. This
procedure documents the steps required to obfain this information and to
Note that other execution sequences may be defined that provide greater achieve the desired initial states in the attached devices.
performance (i.e., (read,read) seguences can be freely reordered) at a cost of
greater overhead. But in the normal case of few intersections, the total F.1. System Initialization
overhead is 2*T plus a check per I/0 process (this can grow to M*N checks in .
the worse case). The following list of information is assumed necessary and sufficient for
normal system initialization:
Finally, overhead should net be an issue in I/0 process queuing, Overhead 1) A list of each installed and pawered on SCST device for each SCSI
grows as the queue lengthens, but the opportunity to overlap queuing tasks address. SCSI devices that are not powered on are treated as not
with seek time and rotational latency also grows with the queue length. Thus installed, assuming that the terminators are powered from a source other
most, if not all, of the queuing overhead can be effectively hidden. than the unpowered SCSI devices.
. . 2) A list of the installed logical units_for each SCSI device. Unpowered or
Explicit orderlng of 1/0 processes by the initiator can shift the the failing logical units may not be completely identifiable.
implementation burde

T E n_from target to initiator, and this may have many 3; The device type for each available logical unit.

practical benefits, Error recovery might prove easter to implement, and 4) The manufacturer and model for each available logical unit. (This

target resources might be more profitably used. information may not be available for SCSI-1 devices) .

5) The critical device type information for each available logical unit.
This information varies degending on the device type, . .

6) Extended functionality of SCSI devices such as target role capability in
devices that are principally initiators, AEN capability, etc.

the following states are established for each attached logical unit that has
power available and is not failing:
1} The ready state for each avatlable Iagical unit, including any required
medium inttialization, but not formatting.
- 2) A1l error conditions associated with the starting process are cleared.
3} A1l UNIT ATTENTION conditions are cleared.
4) All data transfer parameters are established.
5) All pertinent system tuning parameters are established where known. HNote
that these may be modified dynamically to improve the performance
characteristics of the system.

The following procedures show the sequences necessary to 1m?lement a system
that initializes itself with a minimum of information available at power on
time. Many real systems are not so generalized, having considerable
information available about the Eroger configuration at power-on time. In
those cases, the sequence steps that would have been necessary to obtain that
predefined information may be skipped or ignored.

SCS1-2 Morking Draft Proposal E-5 Revision 10h 5CSI-2 Horking Draft Proposal F-1 Revision 10b
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F.2. General Procedure for Initiatizing Devices

The system should execute the following steps to perform initialization.
Some of the steps are detailed in subsequent paragraphs. Note that the text
represents a primitive pseudo-code that can be converted teo the appropriate
software object code by those who implement device drivers.

F.2.1. General Procedure Executed by Initiators
Initiator Activities:

Power On: [t is assumed that each 5CS] device, as it is powered on, performs
appropriate internal reset oﬁerat1ons and internal test operations. Once
powered on, initiators that have target capability should be prepared to
respond to a selection within a system-specific time.

Reset: At power-on time, it is likely that an SCSI device has caused errors
to the on%oing activities on the SCS] bus. A bus reset should be generated to
notify attached devices that any activities that may have been occurring
should be restarted.

Find Devices: Each SCSI address other than the initiator's SCSI address
should be tested to determine if an SCSI device responds. If anm SCSI device
responds, an INQUIRY compand to logical unit O should be executed. The
information cbtained indicates the device type, manufacturer, and model of the
attached togical unit 0 if the response data format field is one or two. If
the response data format field is zero, omnly the device tyﬁe'field is valid.
In addition, the version of the command set supported by the device is
indicated by the ANSI-approved version field.

Find logical units: Each possible logical unit number on the attached
targets should be tested for existence using an INQUIRY command. Those found _
with a non-zero ?eripheral qualifier in the INQUIRY data should not be
included in the list of available logical units. FEach available logical unit
should be added to the host configuration information, identifying he
associated logical unit number, device type, manufacturer, and model.

Verify State: The verify state test (see £.2.3} should be made to clear
any outstanding errors, capture and clear UNIT ATTENTION conditions, and
determine the State of readiness of the available lagical units. The logical
units should be identified as ready, not ready, or failing by this test.

Pevice Initialization: The device undergoes a device-dependent
initialization process. This process is described for direct-access devices,
sequential-access devices, and processor devices. Other device initialization
procedures are not described since they tend to be similar to one of these
initialization procedures. The initialization process takes inte account the
state of the device as identified during the verify state test.

Device On-1ine: The successful completion of the device initialization
process atlows the device-table entry to be fully epabled. The device joins
the system with all key parameters identified and initialized. The device
state is known and may he presented to the system operator.

SCSI-2 Working Draft Proposal F-2 Revision 10b
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F.2.2. Procedure Executed by Temporary Initiators

A temperary initiator typicalIg performs initiator operations only under the
direction of a host processor. Such operations may include read and write
commands associated with management of a COPY command. Other possibie
operations include issuing a S3END command associated with asynchronous evept
notification. As such, temporary initiators need not complietely perform the
last two steps defined above. Since a}l commands are managed by a host
processor, temporary initiators normally need not recover information about
the media density, the sparing algorithms, or other detailed information that
may be required only by a host processor.

F.2.3. Verify State Test

The verify state test uses the following steps to identify any ouistanding
errors, clear any UNIT ATTENTION conditions, and determine the readimess of
%he.de¥ice§£ The verify state test should be executed against each available

ogical unit.
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TEST UNIT READY (1)
1 GUOD CHECK CONDITTON
exit:  LOGICAL UNIT READY
REQUEST SENSE (2)
!
TEST ULiT READY (3)
l LOOD CHECK CONDITION
exit: LOGICAL UNTT READY
REQUEST SENSE (4)
TEST ULIT READY (5)
i GOOD CHECK CONDITION
exit: OGICAL UNIT READY
REQUEST SENSE (6)
l NUT READY OTHER CHECK
exit:  LOGICAL UNIT NOT READY exit: LOGECAL UNIT FAILED

Figure F-1: Verify State Test

TEST MNIT READY (1): : .

This TEST UNIT READY command is used to determine if any outstanding CHECK
EONEITIONdor UNIT ATTENTION condition exists. If not, the device is Indicated
o be ready.

REQUEST SENSE {2):

This REQUEST SENSE command is used to clear the cutstanding CHECK CONDITION.
Mo?t SCSI-2 logical units return UNIT ATTENTION sense key in this sense
tnformation,
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TEST UNIT READY {(3):

This TEST UNIT READY command is used to see if the UNIT ATTENTION condition
or other error was successfullﬂ cleared. In some special cases, another error
may have been nested with the UNIT ATTENTION and this TEST UNIT READY command
may also return CHECK CONDITION status.

RE?UEST SENSE (4&:

his REQUEST SENSE coimmand is used to determine which error or exceﬁtion was
associated with the CHECK CONDITION status returned by the TEST UNET READY {3)
command. In addition, this REQUEST SENSE command is used to ciear the
outstanding CHECK CONDITION. This may be a NOT READY sense key or another
unexpected error.

TESYT UNIT READY (5%:

This TEST UNIT READY command is used to see if all outstanding CHECK
CONDITION statuses have finally been cleared. If so, the logical unit is
identified as ready.

RE?UEST SENSE (6%:
his REQUEST SENSE command is used to determine why there is a persistent
CHECK CONDITION status. If the sense key is NOT READY, the logical unit is
identified as not ready, If the sense key indicates some other failure, the
logical unit is identified as failing and the sense key is togged in the
appropriate area.

IMPLEMENTORS NOTE: Commands that receive BUSY or RESERVATION CONFLICT
status should be re-issued until some other status is received.

B/22/89

F.3. Direct-Access Device Initialization Procedure

The device-dependent initialization process for a direct-access device maﬁ
be divided into three independent activities. The first activity enables the
minimum logical function required for execution of READ commands on the hoot
device, The second activity is performed on all direct-access devices,
including the boot device. "It establishes all required initial parameters and
operatin% canditions. The third activity is performed on direct-access
devices that have never heen formatted or initialized. This activity is
normally performed by an initialization utility program.

F.3.1. Boot Device Initialization Procedure

It is assumed that the boot Erogram and boot device have been prepared in
such a manner that proper bloc lengths. data file contents, and logical
addresses have been implemented by hoth the boot device and the boot program.
The boot program prepares the boot device for operation in the following
manner:

Verify Ready: The state of the deviee as determined by the verify state
test {see F.2.3) is examined, If the test indicates that the required drive
has failed, the boot device imitialization is not performed and appropriate
error indications are presented.
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Start Device: A START STOP UNIT command should be issued with the start bit
set to one. The Immed bit should be set to zero in order to guarantee that
the returned status reflects the completion of the device start operation. A
disconnect operation is likely to occur since the start process may take a
considerable period of time. [f system-controlled power sequencing of the
periﬁheral devices is required, it is done by managing the timing relationship
of the START STOP URIT commands to different logical umits.

If GOOD status s returned, the next steH should be started. [f CHECK
CONDITION status is returned, a REQUEST SENSE command is issued to determine
what error condition was detected. [If an [LLEGAL REQUEST sense key is found,
the START STOP UNIT command was not supported by the target or peripheral
device and the next step should be started., If apy other error is_detected
(BUSY status is not an error), the hoot.device imjtialization should be
terminated and appropriate error indications should be presented.

Yerify Ready / Sﬁinning: A verify state test should be performed. If the
device is ready, the next step should be started. If the device is not ready
or failing, the boot device initialization should be terminated and
appropriate error indications should be presented.

Boot: The boot READ commands can now be started on the boot device. 1t is
assumed that the information read includes the programs that are reguired to
continue the system initialization and bring-up process, including the
necessary programs and device drivers to perform the other system
initialization procedures.

F.3.2. General Direct-Access Device Initialization Procedure

A genera] direct-access device initialization procedure is defined below.
The Tnitialization procedure should be executed for each attached logical unit
that has been jdentified as a direct-access device. Execution of this -
procedure may be overlapped from one logical unit to another. IF the
initiator supports only a limited range of devices, parts of this procedure
may be skipped or simplified.

Verify Ready: The state of the device as determined by the verify state
test (see F.2.3) should be examined. If the device has failed, the general
direct-access device initialization should not be performed and appropriate
error indications should be presented.

Start Device: A START STOP UNIT command should be issued with the start bit
set to one. If GOOD status is returned, the next step should be started. If
CHECK CONDITION status is returned, a REQUEST SENSE command should be issued
to determine what error condition was detected. If an ILLEGAL REQUEST sense
key is found, the START STOP UNIT command was not supported by the device and
the next step should be started. If any other error is detected (BUSY status
is nat an error), the general direct-access device initialization procedure
should be terminated on this logical unit and appropriate error indications
should be presented.
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Verify Ready / Spinning: A verify state test (see F.2.3) should be
performed. If the devige is ready, the next step should be started. If the

device is not ready or fajling, the eneral direct-access device )
initialization should be terminated Tor this logical unit and appropriate
error indications should be presented.

Betermine Parameters: If the ANSI—aBproved version field of the previously
executed INQUIRY command was 0 or 1, the MODE SENSE information, if any, maﬁ
be vendor specific and this function should be skipped unless required by the
vendor specific initialization protocols.

If the ANSI-approved version field is 2, optional MODE SENSE information is
bﬁ this standard. In this case, a MODE SENSE command should be executed with
the page control field set to request current values and the page code field
set to request all pages. A record should be made of the current values.

If a CHECX COMDITION status is returned to the MODE SENSE command, then a
REQUEST SENSE command should be issued. If the sense key is ILLEGAL REQUEST,
then the target does not support the MODE commands. In this case, the
initiator shouid skip to the determine capacity step.

A second MODE SENSE command should be executed with the page control field
set to request changeable values and the page code field set to request all
pages. A record should be made of the changeable values.

An¥ errors that occur during the two MODE SENSE commands should be recorded
and the initialization for the failing logical unit should be terminated.

Set Parameters: If the ANSI-approved version field is 0 or I, the
initialization operation maﬁ be vendor specific and may be executed according
to the vendor's rules for the peripheral device. The system is assumed to
have some other source of information concerning these requirements or it may
skip this step, accepting the target's default parameters.

If the ANSI-approved version field is 2, the optional MODE SELECT command is
defined by this standard. The actual requirements for the parameters are
characteristic of the particular system and should be known to the sysiem.

The current values and the, changeable values obtained from the previous MODE
SENSE commands should be examined to see if the system's reguirements are
satisfied and if the parameters can be-modified. If all values are correct,
the remainder of this step ma% be skipped. If modifications need to be made
to the changeable values, a MUDE_SELECT command should be issued to modify the
appropriate pages. This may include modifying error recovery parameters or
performance tuning parameters. Most geometry parameters should not be
modified during general direct-access device initialization.

Determine Capacity: The capacity and block size of the logical unit are
determined by issuing a READ CAPACITY command. The information is stored for
access by the system device drivers.

The direct-access device is now fully initialized and all required
information has been made available to the system. When all available non-

failin% devices have been initialized, the system initialization is considered
camplete.
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F.3.3. Direct-Access Device Medium Initialization Procedure

The following initialization procedure is not part of normal power-up system
initialization. It is assumed to be performed after completion of the general
sgstem fnitialization process but uses only the INQUIRY data information
obtajned during that process, It is performed to initialize the device medium
and is normally performed only by an initialization utility progra.

Betermine Format Requirement: The requirement to perform a format aperation
is normally generated by an operator who has just installed a new device known
to require formatting. "It may also bhe generated by recognition that the
device has information that is no longer valid and should be totally erased.
It may also be generated by changes in system requirements, including
different block sizes. Finally, reformatting may also be required to
restructure the defect management.

The general direct-access device initialization procedure mag have
identified the device as failing because of the inability of the device to
recover the READ CAPACITY paraméters, The device is assumed to have hbeen
started durin% the general direct-access device initialization procedyre. The
verify state test should be executed again. The device should be ready
according to that test. If the logical unit is not ready or failing, the
direct-atcess device medium initialization procedure shouid be termimated and
appropriate error indications should be presented.

If it was determined in the general direct-access device initialization
procedure that the target does not support the MODE commands, then the
initiator should either proceed to the perform format operation step or it
should perform the determine format parameters and set format parameters steps
in the vendor-specified manner.

Determine Format Parameters: If the ANSI-approved version field is 0 or I, -
the direct-access device medium initialization procedure may be vendor
specific and should be executed_according to the vendor's rules for the
peripheral device. The system is assumed to have some other source of
information concerning these requirements or to be willing to accept the
target's default format.

IT the ANSI-approved version field is 2, a MODE SENSE command should be
issued with the page control field set te current values and the page code
field set to return all pages. A MODE SENSE command should be issued again
with the page control field set to changeable values and the paae code Tield
set to return all pages. The information returned by the two MODE SENSE
commands indicates what values should be provided by the system to complete
the format parameters. If either of these MODE SENSE operaticns does not
complete normally, the media initialization operation should be terminated and
appropriate errar indications should be presented.

Set Format Parameters: If the ANSI-agproved version field is 0 or 1, the
format regquirements may be vendor specific and the aEpropriate commands should
be known to the initialization utility or it should be willing to accept the
target's default format. Those format preparation commands, if any, should be
executed at this time,
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If the ANSI-approved version field is 2 and the target supports the MODE
commands, the logical unit should be prepared for medium formatting hy
executing & MODE SELECT command. The necessary formatting parameters are
selected to meet the system reguirements and are placed into the changeable
value locations. The MODE SELECT command is then issued. If the command
fails, the media initjalization procedure should he terminated and
aﬁpropriate error indicatjons should be presented. If the command succeeds,
the next step should be performed.

Perform Format OBeratiun: After the appropriate format parameters are
established, the FORMAT command should be executed. The FORMAT parameters
depend on the system reguirements and the device capabilities. These
parameters should be made easily variable in the operating system architecture
50 that modifications can be performed when system or device requirements
change. Ap error may be returned if improper_ format parameters are selected.
I the FORMAT command fails, the media initialization procedure shouid be
terminated and appropriate error indications should be Eresented. If the
com?and aucceeds, the device is fully operational and the next step should be
performed.

Set Parameters: If the ANSIuaEproued version field is 0 or 1 or if the
target does not support the MODE commands, the initialization operation may be
vendor specific and may be executed according to the vendor's rules for the
peripheral device. The system is assumed to have some other source of )
information concerning these reguirements or it may skip this step, accepting
the target's default parameters.

If the ANSI-approved version field is 2, the optional MODE SELECT command is
defined by this standard. The actual requirements for the parameters are
characteristic of the particular system and should be known to the system.

The current values and the parameters established by the MODE SELECT and
FORMAT commands should be examined to determine if the system requirements are
satisfied and if the parameters should be modified. If all values are
correct, the remainder of this step mag be ski?ped. I modifications need to
be made to the changeable values, a MODE SELECT command should be issued to
madify the appropriate pages. This may include modifying errar recovery
parameters or performance tuning parameters. Most geomefry parameters were
established by the storing of parameters during the MODE SELECT and FORMAT
commands and should not be modified.

Determine Capacity: The capacity and block size of the logical anit should
be determined by issuing a READ CAPACITY command. The information should be
stored for access by the system device drivers.

Upon campletian of this procedure the device sheuld be initialized and
prepared to partake in system-oriented activities. Other system .
initialization ogerations may alsoc be required, including the establishment of
system volume labels, tables of contents, and other structures.
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F.4. Sequential Access Device Initialization Procedure

The initialization process for a_sequential-access device may be divided
into two independent activities. The first activity estab]ishes all required
initial parameters and operating conditions for the identified devices. The
second activity performs any required medium initialization for the available
logical units.

F.4.1. General Sequential-Access Device Initialization

A general sequential-access device initialization procedure is defined
below. The initialization procedure should be executed for each attached
logical unit that has been identified as a sequential-access device.

Execution of this procedure may be overlapped from one logical umit to
another. If ipitiator supports only a limited range of devices, parts of this
procedure may be skipped or simplified.

Verify Ready: The state of the device as determined by the verify state
test (see F.2.3) should be examined. If the device has failed, the general
direct-access device initialization should not be performed and appropriate
error indications should be presented.

Start Device: A LOAD UNLOAD command should be jssued with the load bit set
one. If GOOD status is returned, the next step should be started. If CHECK
CONDITION status is returped, a REQUEST SENSE command should be issued to
determine what error condition was detected. If an FLLEGAL REQUEST sense key
is found, the LOAD UNLOAD command was not supported by the device and the next
steg should be started. If any other error is detected, the device
initialization procedure should be terminated on this logical unit and
appropriate error indications should be presented.

Verify Ready / Loaded:
be performed.
started, If a NOT READY sense key is reported, manually loading the medium or
activating a switch mechanism may be required to establish the ready state for
the device. If any other error is detected, the device initialization
procedurs should be terminated and the appropriate error indications should be
presented.

If the device and meditm are ready, the next step should be

Determine Parameters: A READ BLOCK LIMITS command should be issued to
determine the range of biock sizes suEported by the device. Fa]]owin? this
command, a MODE SENSE command should be issued to determine additiona
operatin? parameters of the device. If the ANSI-approved version field of the
greuious y executed INQUIRY command is 0 or 1, any MODE SENSE data following

he header and block descriptor is vendor specific. IF the ANSI-approved
version field is 2, additional ﬁqges of MODE SENSE data may be avajlable as
defined in this standard. In this case, a MODE SENSE command should be issued
with the page code field set to return all Eages, If any unrecoveraed errors
are detected during execution of the READ BLOCK LIMITS or MODE SENSE commands,
the device initialization process should be terminated and the appropriate
ervor fndications should be presented.
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Set Parameters: Specific system reguirements wmay require that certain
operating Earameters be changed from the values reported in the previously
executed MODE SENSE command. If changes are required, a MODE SELECT command
should be issued to modify the apgrupriate parameters. This may include error
recovery parameters, performance tuning parameters, or other basic operating
parameters. If any unrecovered error occurs during this step, the device
initialization process should be terminated and the appropriate error
indications should be presented. If no change is reguired or no unrecovered
errog occurs, the general sequential-access device initialization procedure is
complete.

F.5. Asynchronous Event Notification Initialization Procedure

A target using asynchronous event notification, must first execute an
initialization procedure. This initialization Erocedure allows the target
device to determine which SCSI devices are capable and willing to receive an
asynchronous event notification. Parameters that affect asynchronous event
notification within the target device is specified in the control mode page.

The initialization procedure is performed at ?ower~up (after waiting the
recommended 10 seconds for all devices to be able to respond and wait1n? the
time specified in the control mode page). It may also be performed following
a reset condition, or when a target bécomes aware of another SCSI device, or
fo]]owinﬁ the issuance of the control mode page or prior to a device issuing
an asynchronous event notification.

The target device that uses asynchronous event notification must determine
which devices on the bus are capable of receiving an asynchronous event
notification. This is done by the target device becoming a temporary
jnitiator and selecting each SCSI device. If the SCSI device responds to
selection, the verify State test (see F.2.3) is performed. If the verify
state test fails, then the SCSI device does not suﬁport asynchronous event
notification. 1f the verify state test succeeds then an INQUIRY command is
issued to logical unit zerg. The eriBheral qualifier field in the INQUIRY
data is examined to determine if the SCSI device is a processor device type
and then the AENC bit is examined. An AENC bit of zero indicates that
asynchronous event notification is not supported by the SCSI device. An AENC
Eéglog one, indicates that agynchronous event notification is supported by the

evice.

Disabling of asynchronous event notification can be dene by using a vendor-
specific hardware mechanism (e.g., switch or jumper), or by issuing control
mode pages to devices that support saved parameters.
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G. Fast SCSI Skew Time

8/22/89

This Appendix is _included to explain the skew budget for the fast SCSI

option which is defined in Section 4.

Synchronous transfer rates wsing a transfer period between 100 ns and 200 ns

are known as the "fast SCSI” option.

Fast data transfer times have been

tested using the following skew budget (Figure G-1) with the differential
of 0.0B042 square mm (28 AWG)

alternative usin? transceivers with 25 meters
twisted pair cable as specified in 4.2.3,

The transceivers were subjected to

a maximum temperature difference of 25 degrees celsius and a maximum of 300 my

of V difference.
cC

a | clock offset

b transmitting Togic skew

c foil delay

d transmitter prop. delay skew
g foil delay

f drop cable prop. delay

CONNECTOR

q external cable - skew
between pairs

distortion due to cable
imbalance

i distortion due to
intersymbol interference
B | bias distortion

k drap cable prop. delay
1 foil delay

m receiver skew

n foil delay

0 logic setup/hold

TRANSMITTER

RECEIVER

Figure G-1: fast SCSI Jitter Budget

Mappin?'the above jitter or skew budget to the SCSI format in 4.7 and 4.8 is
i

done in Figure G-2.
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Table # | parameter in 4.7-8 | value
_________ F o E— G A ——— e —_——
g Fast Cable Skew Delay 5

-n Fast Deskew Delay ~20
0 Fast Hold Time ~10
* Fast Assertion Period 30
* fast Negation Period 30

Figure G-2: Mapping of Jitter to SCSI

NOTES:

{1} values preceded with "™ are rounded wp from the numbers shown in the
previous table.

(2) The assertion and negation pulse widths are derived from isolated nulse
measurements and represent a minimum pulse width with a satisfactory

margin.
The maximum driver skew allowed was 6 ns (t min., - tp max.) and the
maximum receiver skew tested was 9 ns (t min. -t max.}. VYalues greater

LH p
than these could be used if other numbers could be reduced -- the sum is what
is important.
Fast data transfer timing parameters were not tested for the single-ended
transceiver option prior to publication of this standard.
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#. Other SCSI Standardizatfon Activities

This appendix ?ruvides information on other formal standardization activities
related to SCSE.

H.1. SCSI-3 Standards Project

Accredited Standards Committee X3 has approved a project proposal to
maintain and enhance the 5CSI-2 standard. This project is assigned fo the
%379.2 Task Gruuﬁ which developed this standard and the SCSI-1 Standard.
Ple@setcontact the Chairman of X379.2 for further information concerning this
project.

H.2. Digital Data Exchange for Color Electronic Prepress Systems

Accredited Standards Committee IT8 is developing a standard for the exchange
of digital data between color electronic prepress systems and direct digital
color proofers. These are devices that grepare color pictures for hiﬁh
quality color printing. Please contact the Secretary of IT8 for further
information concerning this project.

H.3. Fiber Channel

Accredited Standards Committee X3 has apﬁroved a project proposal to develop
a fiber ogtic channel physical Iaﬁer for the Intelligent Peripneral Interface
(1P1), SC51, and the High Speed Channel (HSC%. This prugect-ls assigned to
the X3719.3 Task Group. Please contact the Chairman of X379.3 for further
information concerning this project.
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1. fumeric Order Codes

This Appendix contains SCSI-2 additional sense codes and operation codes in
numeric order as a reference. In the event of a conflict with the definitions
of these codes in the body of this standard, those definitions should be
regarded as correct.

Table 1-1:z ASC and ASC( Assigmments
ASC AND ASCQ ASSIGNMENTS

DIRECT ACCESS DEVICE

SEQUENTIAL ACCESS DEVICE

PRINTER DEVICE

PROCESSOR DEVICE

WRITE ONCE READ MULTIPLE DEVICE

READ ONLY SCD—RUM) DEVICE

SCANNER DEVICE

OPTICAL MEMORY DEVICE

MEDIA CHANGER DEVICE
COMMUNICATION DEVICE

?YTE

2 13 DTLPWRSOMC DESCRIPTION

=
E0OR B # 0onowoaon

COMMENTS

00 00 DTLPWRSOMC NO ADDITIONAL SENSE INFORMAT[&&
0o 01 T FILEMARK DETECTED

0002 T S END-OF-PARTITION/MEDIUM DETECTED
0 03 T SETMARK DETECTED
I BEGINNING-OF-PARTITION/MEDIUM DETECTED
¥ END-OF-DATA B ) .
R ERATION IN PROGRESS
R AUDIO PLAY OPERATION PAUSED
00 13 R AUDIO PLAY OPERATION SUCCESSFULLY COMPLETED
0o 14 R AUDTO PLAY OPERATION STOPPED DUE TO ERROR
00 15 R NO CURRENT AUDIOD STATUS TO RETURN
01000 W 0 NO INDEX/SECTOR SIGNAL

02 00 D WR GM NO SEEK COMPLETE

03 00 DTL W S0 PERIPHERAL DEVICE WRITE FAULT

g3 T NO WRITE CURRENT

2 T EXCESSIVE WRITE ERRORS

04 00 DTLPWRSOMC LOGICAL UNIT NOT READY, CAUSE NOT REPORTABLE

04 01 DTLPWRSOMC LOGICAL UNIT IS IN PROCESS OF BECOMING READY

04 02 DTLPHRSOMC LOGICAL UNIT NOT READY, INITIALIZING COMMAND REQUIRED

04 03 DILPWRSOMC LOGICAL UNIT NOT READY, MANUAL INTERVENTION REQUIRED
OiL 0  LOGICAL UNIT NOT READY, FORMAT IN PROGRESS

05 00 DTL WRSOMC LOGICAL UNIT DOES NOT RESPOND TO SELECTION

06 00 D WR OM NO REFERENCE POSITION FOUND &TRACK ZERO OR EQUIVALENT)

07 00 DYL WRSOM MWULTIPLE PERIPHERAL DEVICES SELECTE

08 00 BTL WRSOMC LOGICAL UNIT COMMUNICATION FAILHRE

08 01 DTL WRSOMC LOGICAL UNIT COMMUNICATION TIME-OUT

08 02 DTL WRSOMC LOGICAL UNIT COMMUNICATION PARITY ERROR
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Table I-1: ASC and ASCQ Assignments (Continued)

Appendix [ - Numeric Order Codes

8/22/89
Table I-1: ASC and ASCQ Assignments (Continued)

09 00 DT
0

0o T
D

HR O
HR O
HR O

TRACK FOLLOWING ERROR
TRACKING SERVO FAILURE
FOCUS SERVO FAILURE
SPINDLE SERVO FAILURE
ERROR 1.OG OVERFLOM

WRITE ERROR SENSE KEY SAYS NHETHER RECOVERED
WRITE ERROR RECOVERED WITH AUTO REALLOCATION
WRITE ERROR - AUTO REALLOCATION FAILED

[D CRC OR ECC ERROR

UNRECOVERED READ ERROR

READ RETRIES EXHAUSTED

ERROR TOO LONG& TO CORRECT

MULTIPLE READ ERRORS

UNRECOVERED READ ERROR - AUTO REALLOCATE FAILED

L-EC UNCORRECTABLE ERROR (L-EC CODES PRESENT AND L-EC Oﬂg
CIRC UNRECOVERED ERROR (L-EC UNAVAILABLE OR OFF
DATA RESYCHRONTZATION ERROR

INCOMPLETE BLOCK READ (POSTAMBLE NOT FOUND)
NO GAP FOUND

MISCORRECTED ERROR

ADDRESS MARK NOT FOUND FOR ID FIELD

ADDRESS MARK NOT FOUND FOR DATA FIELD

RECORDED ENTITY NOT FOUND

RECORD NOT FOUND

FILEMARK OR SETMARK NOT FOUND

END-OF-DATA NOT FOUND

BLOCK SEQUENCE ERROR

RANDOM POSITIONING ERROR

MECHANICAL POSETIONING ERROR

POSITIONING ERROR DETECTED BY READ OF MEDIUM

DATA SYNCHRONIZATION MARK ERROR

RECOVERED DATA WITH NO ERROR CORRECTION APPLIED

RECOVERED DATA WITH RETRIES

RECOVERED DATA WITH POSITIVE HEAD OFFSET

RECOVERED DATA WITH NEGATIVE HEAD OFFSET

RECOVERED DATA WITH RETRIES AND/OR CIRC APPLIFD

RECOVERED DATA USING PREVIOUS SECTOR ID

RECOVERED DATA WITHOUT ECC. DATA AUTO-REALLOCATED.

RECOVERED DATA WITH ERROR CORRECTION APPLIED

RECOVERED DATA WITH ERROR CORRECTION AND RETRIES APPLIED
RECOVERED DATA WITH ECC AND/OR RETRIES. DATA AUTO-REALLOCATED
RECOVERED DATA WITH CIRC

RECOVERED DATA WITH LEC
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23
24
25
26

00 D 0 DEFECT LIST ERROR
01 D 0 DEFECT LIST HOT AVAILABLE
02 D 0 DEFECT LIST ERROR IN PRIMARY LIST
03 b 0  DEFECT LIST ERROR IN GROWN LIST
00 BTLPHRSOMC PARAMETER LIST LENGTH ERROR
00 DTLPNRSOMC SYNCHRONOUS DATA TRANSFER ERROR
00 0 DEFECT LIST NOT FOUND
01 D PRIMARY DEFECT LIST HOT FOUMND
02 D 0  GROWN DEFECT LIST NOT FOUND
00D W 0 MISCOMPARE DURING VERIFY OPERATION
gg D W 0 RECOVERED ID WITH ECC CORRECTION
00 DTLPHRSOMC INVALID COMMAND OPERATION CODE
00 DT WR OM LOGICAL BLOCK ADDRESS OUT OF RANGE
01 M INVALID ELEMENT ADDRESS
00 D ILLEGAL FUNCTION FOR DEVICE TYPE
00 SHOULD WSE 20 00, 24 00, OR 26 00
00 DTLPHRSOMC INVALID FIELD IN CDB CHECK FIELD POINTER IN SENSE DATA
00 DTLPHRSOMC LOGICAL UNIT NOT SUPPORTED
00 DTLPWRSOMC INVALID FIELD IN PARAMETER LIST
CHECK FIELD POINTER IN SENSE DATA
01 DTLPHRSOMC PARAMETER NOT SUPPORTED CHECK FIELD POINTER IN SENSE DATA
02 DTLPWRSOMC PARAMETER VALUE INVALID CHECK FIELD POINTER IN SENSE DATA
03 DTLPHRSOMC THRESHOLD PARAMETERS NOT SUPPORTED
00 DT W 0 WRITE PROTECTED
00 DTLPWRSOMC NOT READY TO READY TRANSITION MEDTUM MAY HAVE CHANGED
01 H  IMPORT / EXPORT ELEMENT ACCESSED
00 DTLPWRSOMC POWER ON, RESET, DR BUS DEVICE RESET OCCURRED
00 DI WRSOMC PARAMETERS CHANGED
01 DTL WRSOMC MODE PARAMETERS CHANGED
02 DTL WRSOMC LOG PARAMETERS CHANGED
00 DTLPHRSO € COPY CANNOT EXECUTE SINCE HOST CANNOT DISCONNECT
00 DTLPMRSOMC COMMAND SEQUENCE ERROR
a1 S T00 MAMY WINDOWS SPECIFIED
02 S INVALID COMBINATION GOF WINDOWS SPECIFIED
gg T OVERWRITE ERROR ON UPDATE IN PLACE
00 DTLPWRSOMC COMMANDS CLEARED BY ANOTHER INITIATOR
00 DT WR OM INCOMPATIBLE MEDIUM INSTALLED
01 DT WR O  CANNOT READ MEDIUM - UNKNOWN FORMAT
02 DT WR O  CANNOT READ MEDIUM - TNCOMPATIBLE EORMAT
03 DI CLEANING CARTRIDGE INSTALLED
00 DT ¥ O MEDIUM FORMAT CORRUPTLD
01 DL 0 FORMAT COMMAND FAILED
00D W D NO DEFECT SPARE LOCATION AVAILABLE
01D W 0O DEFECT LIST UPDATE FAILURE
00 T TAPE LENGTH ERROR
00
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Appendix [ - Numeric Order Codes 8/22/89
Table I-1: ASC and ASCQ Assigmments (Continued)

300 L RIBBON/ INK/TONER FATILURE
gé gg DTL HRSOMC ROUNDED PARAMETER

39 00 DTL WRSOMC SAVING PARAMETERS NOT SUPPORTED
3A 00 DTL HWRSOM MEDIUM NOT PRESENT

3B 00 TL SEQUENTIAL POSITIONING ERROR

3B01 7T TAPE POSITION ERROR AT BEGINNING-OF-MEDIUM
02 7 TAPE POSITION ERROR AT END-OF-MEDIUM

/O3 L TAPE OR ELECTRONIC VERTICAL FORMS UMIT NOT READY
Bo4 L SLEW FAILERE

BOS L PAPER JAM

Bo6 L FAILED TO SENSE TOP-Of-FORM

807 L FAILED TO SENSE BOTTOM-OF-FORM

3BO8 T REPOSITION ERROR

3B 09 ) READ PAST END OF MEDIUM

3B 0A S READ PAST BEGINNING OF MEDIUM

3B 08 S POSITION PAST END OF MEDIUM

38 0C 5 POSITION PAST BEGINNING OF MEDIUM

38 0D M MEDIUM DESTINATION ELEMENT FULL

gg 85 M MEDIUM SQURCE ELEMENT EMPTY

3D 00 DTLPHRSOMC INVALID BITS IN IDENTIFY MESSAGE

3E 00 DTLPHRSOMC LOGICAL UNIT HAS NOT SELF-CONFIGURED YET
3F 00 DTLPHWRSOMC TARGET OPERATING CONDITIONS HAVE CHANGED
3F 01 DTLPHRSOMC MICROCODE HAS BEEN CHANGED

3F 02 DTLPYRSOMC CHANGED OPERATING DEFEINITION

3F 03 BTLPWRSOMC INﬂUIRY DATA HAS CHANGED

40 00 URE SHOULD USE 40 NN
40 NN DTLPWRSOMC DIAGNOSTIC FAILURE ON COMPONENT N (80H FF A -

SCS CODES BOH-FFH
4} 00 D DATA PATH FAILURE SHOULD HSE 40 NN

42 00 D POWER-ON OR SELF-TEST FAILURE SHOULD USE 40 NN
43 00 DTLPWRSOMC MESSAGE ERROR

44 00 DTLPHRSOMC INTERNAL TARGET FAILURE

45 00 DTLPHWRSOMC SELECT/RESELECT FAILURE

46 00 DTLPWRSOMC UNSUCCESSFUL S0FT RESET

47 (0 DTLPWRSOMC SCSI PARITY ERROR

48 00 DTLPWRSOMC INITIATOR DETECTED ERROR MESSAGE RECEIVED
49 00 DTLPWRSOMC INVALID MESSAGE ERROR

4A 00 DTLPWRSOMC COMMAND PHASE ERROR

4B 00 DTLPHRSOMC DATA PHASE ERROR

4C 00 DTLPWRSOMC LOGICAL UMET FAILED SELF-CONFIGURATION

0
4% 00 DTLPYRSOMC OVERLAPPED CGMMANDS ATTEWPTED

4F 00

5000 T WRITE APPEND ERROR

5001 T WRITE APPEND POSITION ERROR

0T POSITION ERROR RELATED TO TIMING

5100 T 0  ERASE FAILURE

5200 T CARTRIDGE FAULT

SCSE-2 Working Draft Proposal 1-4 Revision 10b

Appendix I - Numeric Order Codes 8/22/89
Table I-1: ASC and ASCQ Assigiments (Continued)

53 00 DTL WRSOM MEDIA LOADéEJECT FAILED
5301 71

UNLOAD TAPE FAILURE
53 02 DT WR OM MEDIUM REMOWAL PREVENTED
54 00 p SCSI TO HOST SYSTEM INTERFACE FATLURE
gg gg p SYSTEM RESOURCE FAILURE
57 00 R UNABLE TO RECOVER TABLE-OF-CONTENTS
58 00 0 GENERATION DOES NOT EXIST
59 00 0  UPDATED BLOCK READ

5A 00 DTLPWRSOM OPERATOR REQUEST OR STATE CHANGE INPUT (UNSPECIFIED)
5A 01 DT WR OM OPERATOR MEDIUM REMOVAL REQUEST
5402 0T W O OPERATOR SELECTED WRITE PROTECT
S5A03DT W O OPERATOR SELECTED WRITE PERMIT
58 00 DTLPWRSOM LOG EXCEPTION

5B 01 DTLPWRASOM THRESHOLD CONDITION MET

58 02 DTLPHRSOM LOG COUNTER AT MAXIMUM

5B 03 DTLPWRSOM LOG LIST CODES EXHAUSTED

5C 060 D Q0 RPL STATUS CHANGE

5C 01 D 0 SPINDLES SYNCHRONIZED

5C 02D 0 SPINDLES NOT SYKCHRONIZED

LAMP FAILURE

VIDED ACQUISITION ERROR

UNABLE T ACQUIRE VIDEO

OUT OF FOCUS

SCAN HEAD POSITIONING ERROR

63 00 R EHD OF USER AREA ENCOUNTERED ON THIS TRACK
64 00 R TLLEGAL HODE FOR THIS TRACK

(=1}

—

=

—
LALA LN
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Appendix I - Numeric Qrder Codes

Table I-1: ASC and ASCQ Assigmments (Continued)

B/22/89

Appendix I - Numeric Order Codes

Table [-2: SCSI-Z Operation Codes

8/22/89

;g 83 F = Flags: € = conflict in opcode usage for different devices
72 00 Device Columns M = Mandatory
73 00 Key: 0 = Optional
74 00 V = Vendor unique
75 00 = Reserved {Biank)
76 00
77 00 n = Birect-Access Device
78 00 T = Sequential-Access Device
79 00 L = Printer Device
78 00 P = Processor Device
7B 00 W = Write-Once Device
7C 00 R = (D-ROM Device
7D 00 S = Scanner Device
7E 00 0 = Optical Memory Device
f 00 M = Medium Changer Device
80 X \ ——— S ———————— - € = Comunicaticn Device
THRQEGH / VENDOR UNIQUE. F 0P DTLPYRSOMC Description Conments
00 MMMMMMMMMM TEST UNIT READY
80 \ : Co0l M REWIND
THR?EGH / VENDOR UNIQUE QUALIFICATION OF STANDARD ASC. C gé Svgusg 08 REZERO UHIT
ALl CODES NOT SHOWN OR BLANK ARE RESERVED. 03 MMMMMMMMMM REEUEST SENSE
Co4 0 FORMAT
C04 M 0  FORMAT UNIT
05 VMYVW Y READ BLOCK LIMITS
06 vywww
- 07 0 INITIALIZE ELEMENT STATUS
07 OWW 0 OV REASSIGN BLOCKS
C 08 M GET MESSAGE (6)
C 08 OMy 00 OV READ (5)
C 0B 0 RECEIVE
09 YWy v .
COoA M PRINT
C 0A M SEND
C oA M SEND MESSAGE (6}
COAQH O OV WRITE (6)
COBO 000V SEEK (8)
COB O SLEW AND PRINT
OC VW v
on VW v
OF ywyyyy g
OF VOWWWY ¥ READ REVERSE
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Appendix [ - Humeric Order Codes 8/22/89 Appendix I - Numeric Order Codes 8/22/8%

Table 1-2: SCSI-2 Operation Codes (Continued) Table 1-2: SC5I-2 Operation Codes (Continued)
Cl10 o040 SYNCHRONIZE BUFFER 300 000 SEARCH DATA HIGH (10)
C 10 vM vy WRITE FILEMARKS c 31 0 MEDIUM POSITI
11 MWy SPACE C310 000 SEARCH DATA E8UAL 610)
12 MMMMMMMMMM TNQUIRY 32 0 000 SEARCH DATA LOW (10)
13 vOwvwy VERIFY 330 000 SET LIMITS AIO
14 yOoOvwy RECOVER BUFFERED DATA C 3 0 GET DATA STATY
15 OMO Q00000 MODE SELECT (6) C340 000 PRE-FETCH
C16 M MM MO RESERVE L3 0 READ POSITION
C16 MM M RESERVE UNIT 350 000 SYNCHRONIZE CACHE
C17 M MM MO RELEASE 3560 000 LOCK/URLOCK CACHE
C17 MM M RELEASE UNIT 370 0 READ DEFECT DATA
18 00000000 CO €18 0 0 MEDIUM SCAN
19 UMy RASE 39 00000000 COMPARE
14 OMO Q00000 MODE SENSE (6) 3A 00000000  COPY AND VERIFY
cip 0 LOAD/UNLDAD 38 0000000000 YRITE BUFFER
C 18 0 SCAN 3C 0000000000 READ BUFFER
C1B 0O STOP PRINT 30 0 O UPDATE BLOCK
C1B80 000 STOP START UNIT 3EQ 000 READ LONG
1C 0000000000 RECEIVE DIAGNOSTIC RESULTS JFQG 0 0 WRITE LONG
1D MMMMMMHMHMM SEND DIAGNOSTEC 40 0000000000 CHANGE DEFINITION
1E 00 00 00 PREVENT/ALLOW MEDIUM REMOVAL 41 0 WRITE SAME
1F 42 0 READ SUB-CHANNEL
20 Wy 43 0 READ TOC
21y Wy 44 0 READ HEADER
22 Wy 45 0 PLAY AUDIO {10)
23v Wy 46
24 v UV DEFINE WINDOW PARAMETERS 47 ] PLAY AUDIO MSF
C 25 0 GET WINDOW PARAMETERS 48 0 PLAY AUDIO TRACK/INDEX
C25H MW M READ CAPACITY i 49 0 PLAY TRACK RELATIVE (10)
C25 M READ CD-ROM CAPACITY - 4A
26 VW PAUSE / RESUME
27V W 4C 0000000000 LG SELECT
C 28 0 GET. MESSAGE (10} AD 0000000000 LOG SENSE
C28M MMMM  READ élﬂ 4F
20¢ W 0 READ GENERATION 4F
C 2A 0 SEND 50 '
C2A 0 SEND MESSAGE (10) 51
C2AM MW N WRITE (10) 52
C28 O LOCATE 53
28 0 POSITION TO ELEMENT 54
C260 000 SEEK {10 55 000 000000 MODE SELECT (10)
2V 0 ERASE (10) 56
2DV 0 O READ UPDATED BLOCK 57
2E0 0 0 WRITE AND VERIFY {10) 58
2F0 000 VERIEY (10) 59
mm=s s ez gg 000 000000 MODE SENSE (10)
5C
5D
BE
5F

SCSI1-2 Yorking Draft Proposal 1-8 Revision 10b §CSI-2 Working Draft Proposal I-9 Revision 10b

LIHIHAY L]



Appendix I - Mumeric Order Codes 8/22/89 Appendix J - Vendor Identification List 8/22/89

Table I-2: SCSI-2 Operation Codes (Continued)
J. Vendor Identification

Al This Appendix contains the list of SCSI-2 vendor identifications as of the
Al ' date of this document, The purpose of this list is to help avoid redundant
AZ ysage of vendor identifications. Task Group X379.2 of Accredited Standards
A3 Committee X3 maintains an informal 1ist of vendor identifications currently in
C A5 M MOVE MEDIUM use. Please contact the chairman of X379.2 prior to using a new vendor
€ A5 0 PLAY AUDIO (12) identification to avoid conflicts. .
A 0 EXCHANGE MEDIUM X
A7 Table J-1: Vendor Ildentification List
C A8 0 GET MESSAGE (12)
A8 00 0 READ (12
A 0 PLAY TRACK RELATIVE (12) b Organization
AA 0 SEND MESSAGE (12) e e
C AR 0 0 WRITE (12) I 34 Company
AB ADAPTEC  Adaptec
AC 0 ERASE £12) ADSI Adaptive Data Systems, Inc. (a Western Digital subsidiary)
AL 0 0 WRITE AND VERIFY (12} AMCODYNE Amcodyne
AF 00 0 VERIFY (12 ANAMATIC Anamartic Limited (England)
B0 00 0  SEARCH DATA HIGH (12% ARCOT ANCOT Corp.
81 00 D SEARCH DATA EQUAL él ) ANRITSU  Anritsu Corporation
B2 00 0  SEARCH DATA LOW {17) APPLE Apple Computer, Inc.
83 00 0 SET LIMITS (12) ARCHIVE  Archive
B4 ASPEN Asgen Peripherals
B5 AST AST Research
BS 0 REQUEST VOLUME ELEMENT ADDRESS . ATET ATET
B6 BALLARD Ballard $ynerg¥ Corp.
Bb 0 SEND VOLUME TAG BULL Bull Peripherals Corg.
a7 0  READ DEFECT DATA (12) CALIPER  Caliper (Catifornja Peripheral Corp.)
B8 CAST Advanced Storage Tech
B8 0 READ ELEMENT STATUS - Coc Control Data or MPI
B9 CHEROKEE Cherckee Data Systems
BA CIE&YED  YE Data, C.Itoh Electric Corp.
BB . CIPHER Cipher Data Preducts
BC Ciprico Ciprice, Inc.
BE : CNGR SFW Congruent Software, Inc.
BF COGITO Cogito N
COMPORT  Comport Corp.
CONNER Conner Peripherals
CROSFLD  Crosfield Electronics
CSH, INC Computer SH, Inc.
CYGNET Cygnet Systems, Inc.
DATACOPY Batacopy Corp.
DATAPT Datapoint Corp,
DEC Bigital Equipment
DENON Denon/Nippon Columbia
DEST BEST Corp.
DGC Data General Corp.
SCS1-2 Working Draft Proposal I-10 Revision 10b SCSI-2 Working Draft Proposal Jd-1 Revision 10b
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Appendix J - Vendor ldentification List

Table J-1: Vendor Idemtification List (Continued)

8/22/89

DILOG

FUTURED
GIGATAPL
GIGATRND
Goidelic
GOULD
HITACHI
HP

LAPEINE
LASERDRY

LMS
MATSHITA
MAXTOR
MELA
MELCO
MICRDBTX
MICROP
HICROTEX
MINSCRIB
MOTOROLA
NAI
NatSemi
NCL

Organization

Digi-Data Corporation

Distributed Logic Carp.

Data Technology Corp.

Bistributed Processing Technology
BX Imaging

Emuiex

Epson

Exabyte Corp.

Filelet Corp.

Fuji Electric Co., Ltd. (Japan)
Fujitsu

Future Domain Corp.

GIGATAPE GmbH

Gigalrend Incorporated

Goidelic Precision, Inc.

Gould .

Hitachi America Ltd or Nissei Sangyo America Ltd
Hewlett Packard

%Eternational Business Machines

Intergraph Corp,

Imprimis Technology Inc.
Iomega

Information Storage inc.

JVC Information Products Co.
Eastman Kodak

Konan

Konica Japan

Lapine Technolugy
LaserDrive Limited

lL.aser Ma%netic Storage International Company
Matsushita

Maxtor Corp.

Mitsubishi Electronics America
Mitsubishi Electric (Japan)
Microbotics Inc,

Micropolis

Microtek Storage Corp
Hiniscribe

totorola

North Atlantic Industries
National Semiconductor Corp.
NCE America
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Appendix J - Vendor Idenmtification List

8/22/89
Table J-1: Vendor Identification List (Continued)

T-MITTON
TANDBERG
TANDON

UsD
VERBATIM
VRC
WangDAT
WANGTEK

WDIGTL
XEBEC

Organization

NKK Corp.

Northern Telecom

Optical Storage Internmational
Cipher/Optimen

O?totech

OTL Engineering

Fertec Peripherals Corporation
Performance Technology Inc.
PrairieTek

Peripheral Technology Inc.
Priam

Qualstar

Quantum Corp.

Radstone Technology

Ricoh

Rodime .

Reference Technology

Seagate

Siemens

Scientific Micro Systems/OMT]
Sony Corporation Japan
Sperry (now Unisys Corp.}
Storage Technology Corporation
Sun Microsystems, Inc.
Sysgen_

Transmitton England

Tandberg Data A/S

Tandon

TEAC Japan

Texas Instruments

Toghiba Japan .

Unisys

U5 Design Corp. |

Verbatim Corporation

Vermont Research Corp.
HangDAT

Hanatek

Hestern Digital

Xebec Corporation

SCSI-2 Horking Draft Proposal J-3

Revision 10b

LHIHEr L]



