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Abstract

The SCSI protocol is designed to provide an efficient peer-to-peer /O bus with up to 16 devices,
including one or more hosts. Data may be transferred asynchronously at rates that only depend
on device implementation and cable length. Synchronous data transfers are supported at rates up
to 10 mega-transters per second. With the 32-bit wide data transfer option, data rates of up to 40
megabytes per second are possible.

SCSI-2 includes command sets for magnetic and optical disks, tapes, printers, processors, CD-
ROMs, scanners, medium changers, and communications devices.

OLYMPUS EX. 1014 - 3/468



American Approval of an American National Standard requires review by ANSI that the
requirements for due process, consensus, and other criteria for approval have
National been met by the standards developer.

Stand Erd Consensus is established when, in the judgment of the ANSI Board of Standards
Review, substantial agreement has been reached by directly and materially
affected interests. Substantial agreement means much more than a simple
majority, but not necessarily unanimity. Consensus requires that all views and
objections be considered, and that a concered effort be made toward their
resolution,

The use of American National Standards is completely voluntary, their existence
does not in any respect preclude anyone, whether he has approved the standards
or not, from manufacturing, marketing, purchasing, or using products, processes,
or procedures not conforming to the standards.

The American Mational Standards Institute does not develop standards and will in
no circumstances give an interpretation of any American National Standard.
Moreover, no person shall have the right or authority to issue an interpretation of
an American National Standard in the name of the American National Standards
Institute. Requests for interpretations should be addressed to the secretariat or
sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American MNational Standard may be revised or
withdrawn at any fime. The procedures of the American National Standards
Institute require that action be taken periedically to reaffirm, revise, or withdraw
this standard. Purchasers of American National Standards may receive current
infarmation on all standards by calling or writing the American National Standards
Institute.

CAUTION: The developers of this standard have requested that holders of patents that may be required for the
implementation of the standard disclose such patents 1o the publisher. However, neither the developers nor the publisher
have undertaken a patent search in order to identify which, if any, patents may epply o this standard. As of the date of
publication of this standard and following calls for the identification of patents that may be required for the implameantation
of the standard, no such claims have been made. No further patant saarch Is conductad by the davelopear or publishar in
respect to any standard it processes. No represantation is made or implied that licenses are not requined to avoid
infringement in the use of this standard.

Published by

American National Standards Institute
11 West 42nd Street, New York, New York 10036

Copyright £1994 by Information Technology Industry Council (IT1}
All rights reserved.

Mo part of this publication may be reproduced in any

form, in an electronic retrigval system or otherwise,

without prior written permission of IT], 1250 Eye Street MW,
Washington, DC 200035,

Printed in the United States of America

OLYMPUS EX. 1014 - 4/468



Contents

Page

FORGNUONT & o o sinievis ad dnddsis vonols SN A AT S AP xix
Introduction .. vviviivarsronrana S T i SR T ROR, + i ||
1 S00P8 . .cunaviisaninee . A
2 Mormative references ......... R e ey L 2
3 Defintions, symbols and abbreviations . ............... v 8
3.1 Definitions . .....oo0u00e0 P e A S A 3
3.2 Symbaols and abbrawatluna ....... R R R A 5
4 General ........ R B s B e e SRRV
4.1 Overview ......... AT T e e R e siae
4.2 Conventions ..........c000. R T TR e e et ;
5 Physical characteristics ........ S R R R P Vg ., B
541 Physical description , , .. ......., S B Bk B T B
5.2 Cable teduimmemite .., o daainiinie ey Ty pis e 8
5.2.1 Single-ended cable . ........... e S R e 8
52.2 Differertialcable . ... iciiuiihinranannsssssaing g
5.2.3 Cable requirements for fast synehrunr.\us r.lata transfer ,,..., g
5.3 Connector requirements . ........ R e - |
5.3.1 Non-shielded connector requirements |, ... ..o 0000 is B
53.1.1 Mon-shielded connector alternative 1- Acable ,...,.,......, 8
5.3.1.2 Mon-shielded connector alternative > A cable ., ........ .. 10
53.1.3 MNon-shielded connector-Beable ,,,.......00vevuveee, 10
5.3.2 Shielded connector requirements . . ... ... 00 Leaiie 18
53.2.1 Shielded connector alternative - Acable , , . ....,......., 18
53.2.2 Shielded connector altemative 2-Acable . ............... 15
5.3.2.3 Shielded connectar-Beable . ... .o in i v i e o |
5.3.3 Connector contact assignmeants . ., ..., 000 sias0s T s |
5.4 Electrical description .. ........ T va T e e Al S e
5.4.1 Single-endad alternative . . . ...... TR e e~ U TR .
5.4.1.1 Output characteristics .................... PR 25
5.4.1.2 Input characteristics . ............. e (O
5.4.2 Differential alternative ,......... e Ha AL e
5.4.21 Output characteristics . ........ i e T AT R AR
5422 Input characteristics , , .. ........... R LIRS .
5.4.3 Terminator POWET . o+ s v v srsssnsssinvsssanasssssisnsss 2B
5.4.4 RESERVEDines .....v0000004 e e e e el
55 BSOS DU oy ol s e S S D
56 SCSlbussignals . ..,......... & B B R e
5.6.1 Signalvalues . ........ R b P o P vie 33
5.6.2 OR-tied signals ., ......0000u. A ble e A e e
5.6.3 Signal sources . ...... A R A R T T i M 33
57 SCSlbustiming ... ..oovvnrmnnavisns R e e 34
5.7.1 Arbitration delay . ..o ii it e i e as
5.7.2 Assertion peried . .... R e R B T 35
573 Bus cleardelay ........ i TRV R LT i I A o as
57.4 Busfreedelay ........ R SRR R T e TR e g ety . 36
575 BUS S HBIAY s oid i 0 ad RS e 8 LB e e N 36
i

OLYMPUS EX. 1014 - 5/468



57.6 Bussettledelay .........c000iiiicneniiinnananaan 36
5.7.7 Cablaskewdalay ...............c.ciiiiinrnnnnnn., 36
57.8 Dataraleasedelay .................ccoiinninnnnn.. 36
57.9 Deskewdalay ..............c0iiiimmnnnnnnnnnnn.. 36
5.7.10 Disconnectiondelay .............cc0iiiiiiinnnnnnn, 36
5.7.11 Holdtime ........00viicemnnnrnncnnncoernnnennnnan as
5.7.12 Megation period ..........cciiiiiiiniiinnnenninan 36
5.7.13 Power-onto selectiontime ............ ... ccccvvnn 36
5.7.14 FResetto selectiontime ... .ot vnannns 36
5.7.15 Resetholdtme . ......ovesvuinsnisvuniisisssniney a7
5.7.16 Selectionaborttime . ..... ..o inriioririrnss 37
5.7.17 Selection time-out delay ...... o a7
5.7.18 Teanefar perlod . .. uiviseiiiiviannrsrnsnsasssainees a7
5.8 Fast synchronous transferoptien . ... ..o i oo e a7
5.8.1 Fastassartion pariod ..,......,. .. .  iiaannnreesy ar
5.8.2 Fastcablaskewdalay .......... 00 iciineinnannas 37
5.8.3 Fastdeskewdelay ........... ... iiiiiiiininnnn a7
5.8.4 Fasbhald ime: oo aiavaiicamicissamasanduddn a7
5.8.5 Fastnegationperiod ...........c.ciiiiiiiiniiiaiinnn as
6 Loglcal characteristics ... v vucsniviiivaasiiinenana 39
6.1 SUELbus PhaSeS o i vaiini s e s e e 0 S e a9
6.1.1 BUS FRER DRABE o i esisaiaaing o s 8 i &6 s i s a8
6.1.2 ARBITRATIONPhas® . ... vvvvveivsrinrnnarsnsssnnss 40
6.1.3 BELEGTIOMN PPN - ¢ 5 s i st iy o b s G s e e 40
6.1.3.1 SELECTION time-out proceduré . . . ..o vvuiiiianssannas 41
6.1.4 REBELECTION PIRBE & ooiiir oatasiaiis w e ot i w ae sasalie 41
6.1.4.1 BESELECTION:  .iviiemisiin i e ol 520 i nlemam wae 41
6.1.4.2 RESELECTION time-out procedure . ............c0004.. 42
6.1.5 Information transfer phases ....... N e 42
6.1.5.1 Asynchronous informationtransfer ....... ..o v 43
6.1.5.2 Synchrenous datatransfer . ......covvviiiiininninaan 43
6.1.5.3 Widedatatransfar ..........ccncvsnvicmrnsnnassnsns 44
6.1.6 COMMAND pHase .......civeivovnannssssasiininsss 46
6.1.7 DRI BIBSE oie i i im0 R 48
6.1.7.1 DATANNLPREBE. Lo oo e e s o5 s s e o o e 46
6.1.7.2 DATACOUT phase .......cousciiinioincssnasnassnns 46
6.1.8 STATUS DNBBE. oo cias i wmmes s s o m, e 46
6.1.9 Message phase .........ccoueuvuusminasinnnscnannas 45
6.1.9.1 MESSAGEINPphase .......ciciiiiniinnnvnnnnannnas 46
6.1.9.2 MESSAGE OUT Phase ... ..civiiiiininincarnannnnnnas 48
6.1.10 Signal restrictions between phases .............. ..., 47
6.2 SCSlbusconditlons .......covviciiniiiaeinniinanna, 47
6.2.1 Attention condition ... ... ciiiiiiiiiii i e i 47
6.2.2 POt CONEION: i 5 o eaan o i e s i v P i s e R e 438
6.2.2.1 Hard resetaltemative . .. ...ovvvivnnnineninnaneanness 49
6222 Softresataltemative ....... . iiciiiiuiiciiiiiieaaeaas 49
6.3 SCSI bus phase SEQUENCES + . . v v oo v v n s nsnnnnnisns 50
6.4 SES| POIMBIB & 4ivieaain awim e e e e e s e e 51
6.5 Message system deseription . .......c it 52
6.6 IVEBEREION . e a0 i i R R 1 55
6.6.1 SBMEYIET v o i B R 55
6.6.2 PBOIT TR | o waisacsssmsossans i S ol o s o e v 5 ik 55
6.6.3 BUG DEVICE RESET . oo vovis s s v v sins o w6 S8
ii

OLYMPUS EX. 1014 - 6/468



6.6.4 CLEAR QELE: & <o i s i i i d e i e e, e 56
6.6.5 COMMAND COMPLETE ... v i tu i sonnnrnsserenssna 56
6.6.6 BIECONNELT: «. i e e B s i e e i s 56
6.6.7 (8] =1 3§ o PR R e L e S R R Y AT 57
5.6.8 IGMORE WIDE RESIDUE , .. cccvnvrvsrrnrrananssssss 58
6.6.8 INITIATE RECOVERY .. ..o i it iiasssns st bunnssnny 58
6.6.10 INITIATOR DETECTED ERROR ... .. vvviviivnnnnnesnsy 53
6.6.11 LINKED COMMAND COMPLETE ... v iivviiinnnvnirnns 59
6.6.12 LINKED COMMAND COMPLETE (WITHFLAG) . ........... 58
6.6.13 MESSAGE PARITY ERROR .. .cvvvvuvinnsnnsssansssss 58
6.6.14 MESBAGE REJEET it aiesio s s W e e a4 ae e 6 59 58
6.6.15 MODIFY DATAPOINTER Message . ... ....ooceeeiinann, B0
6.6.16 NOOPERATION i i s e i i ia Vaiis d iy saw o vl ain B0
6.6.17 QUelB tag MESSATES , .., .o vv e it rnrnccansnnanssny 60
66171 HEADOFQUEUETAG ...vvieinannnnsnanssanasrsny 61
6.6.17.2 CORDEREDQUEUE TAG ... vccvvnnsrninnnnsnanssrnnss 61
6617.3 SIMPLEQUBUE TAG v vvvcnveniiisnsirssssssaarssns B1
6.6.18 RELEASE RECOVERY . ... vuisinnnrerrnansssnnsesss 61
6.6.19 RESTORE PDINTERS .. cvcovcnnanscnsassssnnnccns 61
6.6.20 SAVEDATAPOINTER . vccvvveniiniaiassnrssnasasay B2
6.6.21 SYNCHROMNOUS DATA TRANSFER REQUEST ............ 62
6.6.22 TERMINATE JO PROCESS . ...cvvirnrinrissnsnnnsnny 64
6.6.23 WIDE DATA TRANSFER REQUEST .........ccviiianny 64
7 SCSlcommandsandstatug . ...... 00 veiiennnqranny &7
7.1 Command implementation requirements . .........00000, &7
711 Reparvad: o i e N R e e e e B7
7.1.2 Operation codetypes .. ,...coiiiieieiviiiiiinsannay 67
7.2 Command descriptorblock ...........co0iieiiiaiians 68
7.2 Oparation cada | Lo ia i viaida dd s e s ]
7.2.2 Logical untnumbaer .. ... ... ..o ittt 70
7.2.3 Logical blockaddress .......c..iviiiiniiininrnnnssnn 70
7.2.4 Translor langth ..ol iianiunai e il ei b vl e 70
7.2.5 Pararnatar et langth e e i i i d ae e v cv i 70
7.2.6 Allocationlength ....... ... ool 70
7.2.7 Controlfald ... .oimine edi St s e VRl de g e dE 71
7.3 SRS & i A N R T R S A 71
7.4 Command eXamples ......covvvivmnsniinioiivansnss 73
7.4.1 Singlecommand example . ... i e 73
7.4.2 Disconnect @@mple .« .« i viin e iinviviasaswen snassis 73
7.4.3 Linked command example . ......oiiiiiniinnnninaiass 74
7.5 Command processing considerations and exception conditions 74
7.51 Programmable operating definition . ... ................. 74
7.5.2 Incorrect initlator connection ....... ... .. i it 75
7.53 Selection of an invalid logicalunit ..................... 75
7.5.4 Parameterrounding . ........ccciiiiiiiiiinninnnns 76
7.55 Asynchronous event notification ...................... 76
7.5.6 Unexpected reselection . .......... ... i, 77
7.8 Contingent alleglance condition ....................... 78
7.7 Extended contingent allegiance condition . . . . ............ 78
7.8 Queued /O Processes . .....ocvvrnenenrenennrnnrnnss 79
7.81 Untagged queting . ... oo oeviiin vrsninrrnnssasans 79
7.82 Tagged queting . ......ccocii i it iiisr e nannas 79
7.8.3 Example of queued /O process ........ooovvvvreunnses BO

i

OLYMPUS EX. 1014 - 7/468



7.8.3.1 Typical sequences for tagged queuing . ................. 81
7.8.3.2 Exampleoftagged queuing . . ... ... &1
7.9 Unit attention condition .. ........c0vvivirnnrinnnesnn 83
B Al AEVICE IVPEE . ¢ coonnas s s o S S 84
8.1 Model foralldevicetypes .......ccveuereivmmsnnneress 84
B.1.1 BOB] ArltrGaReR o ivw s n 0 w085 654 5 18R 5 B4
81144 SCSIdevice AdArESS . .. ..o ot v vvscsnsnssoasrsnsssns B4
8.1.1.2 Eomial KT 200 i v w0 0 o o a ) ) 84
B.1.1.3 TArget PottING® o v ais i b e e B4
B.1.2 Commands implemented by all SCSl devices ..........., 84
B.1.2.1 Using the INQUIRY command . ... .........cccoiioiaan, 85
B.1.2.2 Using the REQUEST SENSE command ................, BS
B.1.2.3 Using the SEND DIAGNOSTIC command . ............... a5
8.1.24 Using the TEST UNIT READY command . ............... 85
8.2 Commands forall devicatypes .. ................ ... 85
8.2.1 CHANGE DEFINITION command ..............cco0uunun BB
B.2.2 COMPAREcommand . ........cooviinnncinrsanannss 88
B.23 COPY commBnd . ..i..iciiiaaiiim siddidiisiie e 89
8.2.31 Errors detected by the managing SCSl device ............ s0
8232 Errors detected by atarget . .......covvvvviirnrnnnnnn =
8.2.3.3 COPY function code 00hand 01h . .......ccvvnvrvvnnan, 21
8234 COPYfunctioncode 02h ....c.vvvviurrnnrinninannnay a2
8235 GOPY function coda DB . ..xvi ey enisis v 83
8.2.36 COPY function code DM . & ou oo iiaine i B84
8.2.3.7 Copies with unequal block lengths , .............co0unn. 94
B.24 COPY ANDVERIFY command .......0cvvevvvrnranreny as
B2.5 INQUIRY comMAand .. ... v o verssssessssssssssiosss o8
8.25.1 Standard INQUIRY data ... ... .coiiiiinnininiriannnns a7
8252 VB BROAER AR (v e o ivaiivncen ola e ahts Ao misate el 100
B2.6 LOG SELECT comimant] . . vv v onvm s ssin s nsnsesssi 101
8.2.7 LOG BENBE cammant . .. ccvcensrsisnssrasiniasssia 103
828 MODE SELECT{8) command ........ccvucvnmunracsens 104
B.2.9 MODE SELECT{(10) command . .........ccivvunnncesss 106
8.2.10 MODE SENSE() command ..........cvvcenmuinnnisnn 106
B210.1 Cumantvalues .......ccovinservsiassinissanssninns 107
82102 Changeablevalues ........ccooeiviiiininnnanninnas 108
82103 Defaultvalues ........ccioivevvassncviinsanrssinss 108
B2104 Savedvalues ......c.ciiiiiiiiiiiiiieesicaiiianis s i08
8.2.10.5 Inftlal responBes . . c o ve i v iam s i e r i e e 108
8.2.11 MODE SENSE(10) command . . ... covivivvnnnsrrsensss 109
8.2.12 READBUFFER command . ... vooveunnssinssivnninas 109
8.2.12.1 Combined header and data mode (000B) . .. ............ . 110
B8.2.12.2 Vendorspecificmade (001B) ..oy 110
B.2123 Datamode (010B) ..ovviviriarinionisnsisesvnaisssn 110
8.2.124 Descriptormode (091b) .. ... . 0 i 111
8.2.13 RECEIVE DIAGNOSTIC RESULTS command ............. 112
8.2.14 REQUEST SENSE command ... ..ovvvvvnsnmrnrrnnsnss 112
B2.14.1 Sensekeyspecific . ... ..ot 116
BT DRI RO oo i Tae e i s R el 117
8.2,14.3 Sense key and sense code definitions .................. 119
B.2.18 SEND DIAGMNOSTIC command & . . v oo vvr v nnesnransnss 125
8.2,16 TESTUNIT READY command . ....cvvvvnrrnnnseronnss 126
B.2.17 WRITEBUFFER command .. ... ccvveiiinnniiivnsinsas 127
\T}

OLYMPUS EX. 1014 - 8/468



8.2.171 Combined header and data mode (000b) . ............... 128
B.2.17.2 Vendor-specificmode (001b) ..........cviiiiinnnnnn. 128
82173 Datamode (010b) ......... 00 iinenannnines i28
8.2,17.4 Download microcode mode {(100b} .................... 129
8.2.17.5 Download micrecods and save mode (101b) ............. 129
8.3 Parameters for all devicetypes ..................00000n 129
8.31 Diagnostic parameters . ......... ... o0 | 129
8.3.1.1 Supported diagnostic pages ... ... v e e e 130
8.3.2 Logpammslers ., ....ocebnavanairnanvssniansnaaiana 131
B.3.2. Buffer aver-run/under-run page . ... .. coiveavnaniraas 134
8322 EmorColninr BROME -5 4 v we wiea he s i e e 135
8.3.2.3 Last n afror avents Page . ........ciceeeaissnnssaniaaa 136
8.3.2.4 Non-medilm &IMar PAER .. c.covuvivaanininsassnisses 136
B.3.25 Supported logpages ... ......ccviiiiiiiiiia i 136
B.3.3 Mot PARSRMIINE o0 oo d st s B W e e 187
8.3.3.1 Contyol MOode PROB < v v v s s s e 140
B.3.3.2 Disconnect-reconnect page .. ... ... vvvnvararnraranan 142
B.3.3.3 Peripheral devicepage ................ . ivivninenn. 144
B.3.4 Vital product data parameters ..............c0000000. 144
B.3.4.1 ASCIl implemented cperating definition page ............. 145
B.3.4.2 ASCllinformation page . ......ocevrvnnacinrannnnesrs 145
B.3.4.3 Implemented operating definftionpage ................. 146
8.3.4.4 Supported vital product datapages ................ ... 148
B.3.4.5 Unit serial numberpage . .......coviiin i 149
9 Direct-access deviees .........ccicinimnnsnasninnss 150
9.1 Direct-access devicemodel .........0cviiiiiinnans 150
811 Removablemedium . ....ccoiiiiiiiiavanisorrrianans 150
9.1.2 Lopleal BIOEKS -.ouwp vivm awes v i i i s D vae 150
9.1.3 Reaty STBEE. . oo o 5o aiesmiate o ita s 0 5 e s s e ) 151
9.1.4 InHEIEERON . o oo v pd R R R e e e 151
9.1.5 Medium defeols . .. c.iiuivarivsivisuiaiimeies s i 151
9.1.6 DBt CACINE -« < oo 5 v moui v s e e R e 152
8.1.7 RESIVEHIONG . o o v iaaieen i e e e e e e 153
9.1.8 o T T =T o IS 154
9.1.8 MNotehod driVes . ... e s oo v e 154
8.1.10 Rotational position locking « « « oo v v vv v i v vini s 154
9111 Relative addressing . .. covvvvcovniiniinsasivennnssss 154
8.1.12 ECTOr FOROTMNG v inar i 850 i e g ik o s T 154
8.1.13 EYETRIOE oo v oais bieamion sarams arieas s ale s s o m e 155
81131 Rolabing media s .:ou e s e basdmisieae v 165
91132 Sequentlalmedia ........cciiiiiiiiiiiriieiiinanaas 156
B.1.13.8  MemMOrYy MBI . owwws i i sle s s e was s dnde 156
9.2 Commands for direct-access devices. .................. 167
9241 FORMAT UNIT command . s s oo s s v svnsaiovinsssssasais 158
92141 Defect BB TOMMIALS . wv o i v s i wasie s o as e e & 162
8212 Initialization pattern option - ... v e i 163
9.2.2 LOCK UNLOCK CACHE command . ......oocviinnnanny 165
9.2.3 PRE-FFETCHcommand . .....ooviviniiiniisniveaviaas 166
924 PREVENT ALLOW MEDIUM REMOVAL command ......... 167
925 READG) command .....c.ceievuiiviinisiosensieass 168
926 READ(10) command . ....ccouerorenarenmannsssneses 168
927 READ CAPACITY command . ......ocvvrmunannnrnrenns 169
9.28 READ DEFECT DATAcommand . .. .....ovvvvvnnrnrrnns 171

v

OLYMPUS EX. 1014 - 9/468



829
8.2.10
8211
82111
92112
9.2.11.3
8212
8.2.1241
8.2.12.2
8.2.12.3
8.2.12.4
9.2.13
8.2.14
92141
9.2.14.2
9.2.14.3
9.2.15
9.2.16
8.2.17
9.2.18
8.2.18
9.2.20
8.2.21
8.2.22
9.2.23
9.2.24
9.3
8.31
8.3.11
8.3.1.2
8.3.2
8.3.3
8.3.31
9,3,.3.2
8,333
9.3.3.4
8.3.3.5
9.3.3.6
9.3.3.7
9.3.3.8
9.4

J0
10.1
10.1.1
10.1.2
10.1.3
10.1.4
10.1.5
10.1.6
10.1.7
10.1.8
10.2
10.2.1

vi

FEADLONG command ......c.oevroernorrnnrsnnnnsnn 173
FEASSIGN BLOCKS command . ......cvvevvvnrrnnnenan 174
RELEASE GOmMAaNT o . uuvvever it rnsrnransnnenss 175
Eogical UnI MSRBE v v iies on i oo b R b 176
Extentralease ......ccovevvnanrinnrrnnrrsnniannras 176
Third-party MIEaSE ... cvvassersrrrrerrs v it sesesse 176
RESERVEcommand .......oeeevsranssenssonrcanssas 177
Logical unit reservation . ......... 000 iiiiiiia i anas 177
Extent reservation ..........cc0iiiinriiiniaiaanns 177
Third-party reservation ..............cciiuiunnaann 179
Superseding reservations . . ..., ... .. i 180
REZEROUNITeommand . ..........ouuinrunnnennrnan 180
SEARCH DATAcommands . ..........ccuuiuernnannnes 181
SEARCH DATAEQUAL command . .................... 183
SEARCHDATAHIGH command . . ..............c..0.nnn 183
SEARCH DATALOW command . .................0uenn 183
SEEK(6) and SEEK(10) commands .................... 183
SETLIMITS command . ...oeevvieraarnasrrannrsnnsss 184
STARTSTOP UNITcommand . .....cvvenivnanianiesns 1B5
SYNCHRONIZE CACHE command . .. ........00000nans 186
VERIFY OB . o v oo v v v vmsomsioaaninesanstsessnsa 187
WRITES) oI oo oo aia aiaiare alaaia aia (o) ak k4 o e 188
WRITE[1D) cammand . , . .. oonn i iin i it e siss snia 188
WRITE AND VERIFY command . ...........coiiriivnns 189
WRITE LONG command .. .......cciiuuninnnnnnnnnnnn 190
WRITE SAME command . ...........iiiiiiiiinnnnias 191
Parameters for direct-access devices ................... 192
Diagnosticparameters . ....... ... it 192
Translate address page - SEND DIAGNOSTIC ............ 192
Translate address page - RECEIVE DIAGNOSTIC ......... 193
Logparameters . .........ccuieiiiiiiiiii it 194
Modeparameters . ... .viiiiiiiiinnrinneiiiiessos 194
CRcHInG PRGOS (v e e e i e T S e S 196
Flexible disk page . .. ..o viiiiniiiiines svoesisessns 199
Format device page . . . ... i iirnn s asaaannns 202
Medium types supported page . ..........c0viiininnen 205
Netchandpartition page . .....coviviiinrinennriennns 206
Read-write afror recovery pPage . .........ocuiiveivienas 207
Rigid disk drive geometry page ..........oieiivnnnnnn 214
Varify arrorrecovarny pPagB | ... ..ccivnninnrrnrnnrnss 215
Definitions specific to direct-access devices .. ............ 217
Sequential-accessdevices ., ... ..o o i 218
Segquential-access device model . ........ .00 00 218
Physical olomente: ; .o oy vie v vn s i e ey e 218
Data storage characteristics . ........coivieiiiiiveia 218
Partitions withinavelume . , . ......oiiiiiirirnnnnnnnn 221
Logical alements withina partition ..................... 222
Da DUBBING v s e R R R R e 223
Recorded object descriptars (block identifiers) . ........... 224
Direction and position definitions .. .............. ...t 224
ENTOE TRPOTUIN .o v v s e e D e e 225
Command descriptions for sequential-access devices ...... 226
ERASE COMMANA . .i s v miassssiisiessssvasss 227

OLYMPUS EX.

1014 - 10/468



1022
1023
10.2.4
1025
10.2.6
10.2.7
10.2.8
10.2.9
10.2.9.1
10.2.10
10.2.10.1
10.2.10.2
10.2.11
10.2.12
10.2.13
10.2.14
10.2.15
103
10.341
10.3.2
10.3.3
10.3.3.1
103.3.2
10.3.3.3
10.3.3.4
10.4

11

111
11.2
11.241
1122
1123
11.2.4
11.2.5
11.26
1.3
11.3.
11.3.2
11.3.3
11.3.341
11.3.3.2
11.3.3.3

12
12.1
12.1.1
12.1.2
12.1.3
12.1.4
12.2
12.2.1
12.2.2
12.3

LOAD UNLOAD command . ....vvvavonrnrnnsessanns
LOCATEcommand . ....ovonnrrvnnnnsrnnnssassnns
READ cOMMANG .. .ovcvvvureonssnsornnnssssnssnns
READ BLOCK LIMITS command ......ovvviunvnnnsas
READ POSITION command ......cooevvvianansanions,
READ REVERSE command .......coi00uvvnrivanrans
RECOVER BUFFERED DATAcommand ........ocevuus
RELEASE UNITecommand .........ccovvvcuvsnvucns
Third-party Telease . ........evvieeinnnnneeennnnn.
RESERVEUNITcommand .....covvevtnrnninsnnisns
Third-party resenvation . .....c.vvrr v iiunrnassinnssy
Superseding reservations . . . v v vv s et i r s i s sy
AEWIND command ..o veer s ononroriononenss
SPACEcommantd . .....oovuvrrrritiiiririnannnas
VERIFY ComMBn v camwmsbpmmesns byt vuksas
WRITE command ..o vvvmes smrnsssansmasseswnss
WRITE FILEMARKS command . .....oviviiiuivnnviaa
Parameters for sequential-access devices . ............
Diagnostic parameters ... ...ccovvvi ety
Logparameters ... ..vuiiiiiniiii ity
Modeparamelers .. ...ouvvnrinirrnnnrnnsnnsoony
Device configuration page . ........coo0vieisnrenss,
Medium partition page(1) ........ T e i
Medium partition page(2-4) . .......cviiiirnniniinas
Read-write error recovery Page ... ..o vvuewinareeenay
Definitions specific to sequential access devices ........

Commands for printer devices ....... Py
Model for printer devices . ..., ... i i enn
Commands forprinter devices . ......ovovvivvnreernes
FORMAT command .. ...couiieuierinnnennsonissss
PRINT command .....coo0iiisusvosinnnnnisasssss
RECOVER BUFFERED DATAcommand ...............
SLEW AND PRINT command . . ....vovvirrirnsnessss
STOPPRINT command ......covevennnrrvsosnsanns
SYNCHRONIZE BUFFER command .. .......0vvvuvsas
Parameters for printer devices ..........o00viinn.
Diagnostic parameters . .....oov v inannaean,
Logparameters . .........c000iv i rnri i nnnnnny
Mode parameters . .......covvvveriiriiinnnnnnnas
Parallel printer interface page . ... .... oo e a
Printeroplions PAgE .. .ot vnnm v i e
Serial printer interface page . ..., .. i e

Processor devices .. ...ovvvnveinnnnanrinsinnns s
Model for processordevices .. ... .......000000nn..
Host-to-host communication, SENDenly ... ...........
Host-to-host communication, SEND and RECEIVE .......
Host-to-special-output peripheral ., . ..................
Host-to-special-input peripheral ............cco0venun.
Commands for processordevices ., .. .........cc000..
RECEIVEcommand .. .....ovvvverirrunmnnennennes

SEND command . ... uumnrerrnnrsnmnnennnneess

OLYMPUS EX.

1014 - 11/468



12.3.1 Diagnostic parameters . .............ccininunnanno.... a7s
12.32 B o e R oy g e 275
12.4 Definitions specific to processordevices . ............. .. 275
13 Write-onea deviBBS . ... ciiiaiensnernnansssaassins. 276
13.1 Model for write-once devic@s . . ... oo ii i i, 276
13.1.1 Loglcal BIOTKE. & o5 a5 e sim v s iwemin w s0w 00n b Sln f 0 el 4 276
13.1.2 ENPAIEZAIETE o nim i ne b ah i T AR 276
13.1.3 Physical mediumdefects .. ,.........cvoieiiiiiiaain, 276
13.1.4 EATor roRrortig] o5 s i i v e e VT e 276
13.2 Commands for write-once devices , .. ......ccovovveein., 277
13.3 Parameters for write-once devices ., ................... 279
13.4 Definitions specific to write-cnce devices ................ 279
14 CO-ROMdevieas . ... iiiv o diman sunsasi o 280
14.1 Model for CD-ROM devices ............cciiiiinnrnn. 280
14.1.1 CD-ROM media organization ...............coiiann. 280
14.1.2 CD-ROM physicaldataformat ......... ... coviiuiiunn 283
14.1.2.1 Frameformatforaudio .............cciciiiiiiienrenn 283
14122 Sectorformatfordata .......cciiiviiiinriinsesnun, 283
14.1.2.3  Sub-channel informationformats ...................... 284
14.1.3 CDAudioemorteporting . ... oo rnr s rnnnsensy 285
14.1.4 CD-ROM ready condition/not ready condition . ............ 285
14.1.5 CD-AOM address reporling formats (MSF bit) ............ 285
14.1.6 Sensing support for CD-audio commands, ............... 286
14.1.7 EIPOE PRI oo b i i R R e BT 286
14.2 Commands for CO-ROM davices .. ....ovvvvvvnnnnrenay 287
14.2.1 PAUSERESUME command ...........cc.covvnnnenns . 288
14.2.2 PLAY AUDIO(10) cammand . .......c0ovivnnnnnnnnnnay 288
14.2.3 PLAY ALDIOMI2) COMMBNG o o coiryib s e s vass 290
14.2.4 PLAY AUDIOMSF command ..........0vvvnvnrnnrenes 290
14.2.5 PLAY AUDIO TRACK INDEX command . .. ........cc0vnnu, 292
14.2.8 PLAY AUDIO TRACK RELATIVE(10) command ............ 293
14.2.7 PLAY ALUDIO TRACK RELATIVE(12) command ............ 284
14.2.8 READ CD-ROM CAPACITY command . ....oovvuvvnarvnnn 294
14.2.8 READ HEADER command . ........ccotvurvnssnssnnns 206
14.2.10 READ SUB-CHANMNEL command ..........covvvevneenss 297
14.2.10.1 Sub-Qchanneldataformat ........ c.ooveivinivainnn, 2s8
14.2,10.2 CD-ROM current position dataformat ... ................ 302
14.2.10.3 Media catalogue numberdataformat . . ................. aoz
14.2.10.4 Track international standard recording code data format . ... 303
13.2.11 BEAD . TOC COMWTANI . «-ivvms s s oo a6 680 48 550 8 w8 500 % 4 305
14.3 Parameters for CO-ROM devices ... ........ ... .00 307
14.3.1 Diagnostic parameters . .....cvev e it 307
13.3.2 Logparameters . ... ..o viernrrnrnrrnriiransansass 307
14.3.3 Moda paramaters . ........co0iiivinriiirnnnnanain, 307
14.3.3.1 CD-ROM audio control parameters . ., . ....c.cvovwnneann, 309
14.3.32 CD-ROMdevice paramatars ...........o0vmnsmssnes0, 311
14.3.3.3 Read error recovery parameters . .......... 0000000000, 312
14.3.3.4  Verify error recovery parameters .. ....... .. 000000000, 318
14.4 Definitions specific to CD-ROM devices ...........,..... 318
18 Seanner deviCaB . v v v ssvv v v w0 321
151 Model for scannerdevices . . .......... ... i, 3
wiii

OLYMPUS EX. 1014 - 12/468



15.2 Commands for scannerdevices ., ..........000vuieneys 322
15.2.1 GET DATABUFFER STATUS command ., ..., veurvsesnas 323
1522 GETWINDOW command ..o oo vnrennonennnnrsssssns azs
15.2.3 OBJECTPOSITION command . ...... . inessas 328
15.2.4 READ OMMANGD. + v v v oo sins ssmoniss i ianassnss an
15.2.5 SCAN COMMANT .« .o vvvvvasrirorsennsssrnosrnnsnans 332
1528 SEND cOMMANG .. .vvvvnnrrviooronibssmnnsvnnssans 332
1527 SET WINDOW command . ....vveeviernormrnnronssans 333
15.3 Parameters for scanner devices . .........¢..c0vanstens 334
15.3.1 Diagnostic PAramEtors . oo v v v i it s o st bmnn s nn b s s 334
15.3.2 LOG PARITIBIOIE « 5« v s s ¢ %6 60 4 m m k8 30 mia 400 50000 w 49 008 334
15.3.3 MOHS PAIBIMIGLEIG - &« oo bt a0 s e bt s o 68 ble s oo b o sssens 3as
15331 Measurement UNRS PAGE . v v v v e ve st visinnsanrens 335
15.4 Definitions specific to scannerdevices . . . .......... weas s 397
18 Optical memory devites ... .o ver i inonsssesnssns 338
16.1 Model for oplical memory devices . ... vv e ans 338
16.1.1 Defectmanagement . . . ..covevivannvrsnrraninssnnsss 338
16.1.2 Emotrepontineg i i s s i s s e T e 338
16.2 Cemmands for optical memory devices , .. ..,........-., 340
16.2.1 ERABE(IO) ctmimamd| .5 G e s d s S e 341
16.2.2 ERASE[12) command . ....:ovusecianssonassssnsssns 342
16.2.3 MEDIUM SCAN command . ........... ..o iueenannnas 342
16.2.4 READ 2} cotmyanid i v s dde e i e e e e e 344
16.2.5 READ DEFECT DATA(12) command ..........cvovuenuas 345
16.2.6 READ GENERATION command .. ........coueiirennnas 348
16.2.7 READ UPDATED BLOCK(10) command ................. 347
16.2.8 SEARCH DATA{(12) commands .. .......vvrrrrrinsrens 348
16,2.9 SETUMITS{(12) command . ......cciiiiiivrnnrnnsecns 348
16.2.10 UPDATEBLOCK command . ......oiurieivnrnrnnnsnss 349
16.2,11 VERIFY[10) command .. ...uviviinvieiviiinnnnnsisas 350
16.2.12 VERIFY{12) commeam] oo ciiyh it inis s assast snas 351
16.2.13 WRITE{10] command . . ...coii i ions vassssnsonas 352
18298  WRITE(12) icommaiigd o o oo il i sisaasa ss s e 353
16.2,15  WRITE AND VERIFY(10) command .................... as3
16.2,16  WRITE AND VERIFY{(12) command ................cuy, 354
16.3 Parameters for optical memory devices .. ............... 355
16.3.1 Diagnostloparameters . ........ ..o i, ass
16.3.2 Log parameters: . ... .cooiiiia i dlaiiu i i s 355
16.3.3 Mode parameters . ...iioiiiiiiii il i e ey ass
16.3.3.1 Optical memory Page . ........ccoieiiiiaienerennens 857
16.4 Definitions specific to write-once and optical memory devices , 358
17 Medium-changerdevices ............ ... iviiivirnnns 358
171 Medium-changer devicemodel .. ......... .. .......... 359
17.1.1 Medium-changerelements . . . ......... ... . s eenn 358
17.1.1.1 Mediumtransport elements . .......... ... 000 hiiny, 359
17112 Storagealaments .., ...ov i ciiiiiiaar e raen s sees 360
17.1.10.3  Importexportalaments ............. . iiiuinrairnnns 380
171.1.4 Datatransfarelement ..........cociiiiniinnnnrenrns 360
17.1.2 SCE&l addressing of medium changer devices ,,,......... 360
17.1.3 Data access operations using a medium changer device . ... 361
17.1.4 Elerr ent status maintenance requirements . .. ............ 361
17.1.5 NOIOME RIS it s R R ey o R A S oo Foa TR 361

[ 3

OLYMPUS EX. 1014 - 13/468



Volumetagformat ........cvecvvnnrrorrnrsarsnsnns - 362
Primary and alternate volume tag infermation . ............ ae2
Commands for medium changer devices . ............... 363
EXCHANGE MEDIUM command . ...........c.00cvue... 364
INITIALIZE ELEMENT STATUS command .. .......ccc00.. 365
MOVEMEDIUM command . ...ccvvicvrrsnssnnrrnsssns 368
POSITION TO ELEMENT ecommand ..............c.c0... 367
READ ELEMENT STATUScommand ................... 368
Elementstatusdata .......covovvnevvnirinnirininnas 389
Elementstatus page ........ccvvviiiniiiiiniiniiaas 37
Medium transport elementdescriptor . .....covvv i arz
Storage element descrptor . ....covviiii iy, a73
Import export element deseriptor ... .00 i iy 374
Data transfer element descripter .. .. vsasss I8
REQUEST VOLUME ELEMENT ADDHESS nnmmand ....... 376
RELEABE command ,......covuvvnsinnsrinnniinnssaas a7a
Logical unitrelease ..,.....covvivniininiinnnisanenas 378
Element release (optienal) ..........covvirvnrnnrnrnns 378
Third party release . ... ....cvirrirnnrnrrnnrnrnnenss are
RESERVEcommand ...........cc.ovvinrnnnrnnnnnas 379
Logicalunitreservation ...........ovvtimnnnrnnnnnns 37a
Element reservation foptional) ..........vciiiniiinnnn ara
Third party reservation . ... oot iieiin i tonnnnsrrnnss 380
Superseding reservations . . . . ..o ci i il 381
SEND VOLUME TAG command . ..o v vvvnvnvninnsinsis 381
Parameters for medium changer devices , ............,.. 383
Diagnoatic paramalars , . .ocveererrstnnrssrsraersonss 383
Log paramebars . ...euvissasnaarnsssasssnss Ceibain 384
Made parameters . ..., .covversverrrnnrrrsssassssnns 384
Device capabliities page .......ccvviviicnniannsrnnnay 385
Element address assignmentpage ......... 0000000000 386
Transpeort geometry parameters page ...........c000000 388
Definitions specific to medium changer devices ........... as9
Communications devices ........... ... it 390
Communications device model .............. ... ..., 390
Implementationexamples .......... ... i iiiiiiiaa 391
Host-to-host communications .. ....... ... ciiiiniina.. 3o
Host-to-device communications . ...... ... ... i, 3o
Multiple role communications . .............ovniiuennn 391
Command descriptions for communications devices ....... 392
GET MESSAGE(B) command . ......ivvvueivmmivicnnnns 393
GET MESSAGE{(10)command .........c.oviiiviinnnn. 303
GETMESSAGE(12)command . ... civuvvniiiiiviesnnn 394
SEND MESSAGE[B)command . . ....o o ivvniivinnnns 394
SEND MESSAGE(10)command . .. .o vvvvevnirrrnnnns 3956
SEND MESSAGE(12)command ..........cocvvvennnnn 395
Parameters for communication devices ................. 396
Diagnosticparameters . ..... .o ivviiiveiveiinnnesns 398
Log PABMEBIE: o 5 i hea re e e e e s e 396
Moade parameters: ..o i aviiesmndsesinee v S 397
Definitions specific to communications devices . ........... 398
................................................. 420

OLYMPUS EX. 1014 - 14/468



Tables
1 Cross-reference to connector contact assignments ........ 20
2 Single-ended contact assignments -Aecable ............. 20
3 Single-ended contact assignments -Beable ............. 21
4 Differential contact assignments- Acable ..........c0000 22
5 Differential contact assignments -Beable ............... 23
B SN SOMIOBE . . v v o3 b 8 b - R AT a3
7 SCEIbus timiNg VAIIGS .. .o cinuvionssnssnmnsnnsnsas a4
8 Information transfer phases ............ccivvvvnneren. 42
8 L T R T — 52
10 MOERRE BOMBE ..\ v v ipimins won s m a6 8BRS R 52
11 Extended messageformat . ...... ... ... i 53
12 Extended messagecodes .......ovviviiiiiiiiiaiiaan 54
13 IDENTIFY messageformat .. ....covvvviininvnnnnninnn 57
14 IGNORE WIDE RESIDUE message format . .........cc00. 58
15 Ignora fielddefinition . ........ ..o, 58
16 MODIFY DATAPOINTER .. iviiienvmme s ennnnssnsns 60
17 Queuetagmessageformat ............. . viuuunnnnn 60
18 SYMCHROMNOUS DATA TRANSFERREQUEST ............ 62
19 WIDE DATATRAMNSFER MESSAGE ..............c00un. 64
20 Operationcodetype .. ... vvniiviiaissssnnninnses 67
21 Typical command descriptor block for six-byte commands ... &8
22 Typical command descriptor block for ten-byte commands .. &8
23 Typical command descriptor block for twelve-byte commands 68
24 DREFANON BOMR - . coiu e nmian s v no oo e o s s 70
25 ORI THRIHE . o s i im o oo 71
26 SAUS BYIE .« . vvve vt eee et et e 71
27 SIS WD DOHB . covvvsbmvm s s e v v s wr e S 72
28 Commands in order received by farget .. ............... B1
23 Commands In order ofexecution . .............c0vuvuen B1
30 Modified by HEAD OF QUEUE TAG message ............ a2
al Commands foralldevice types . ....ovvvinnnvnnnennsen B85
3z CHANGE DEFINITION command . ... vvvvvvinsvnnnnnsas 86
33 Defintion parameterfield ...........cc0oiiivvnnnasnens 86
34 COMPARE COMMANT .+ . .« v v v s omsnnnrssnsnnsnssnsss B8
as COPY COMMANTE &+« v vvvov v bbb b et st s arrre s et st ssess 8s
36 COPYparameterlist ..... . vvvvvvvnnvivirrrnnrnsnnay 88
ar COPYfunction codes ., ..o vi v oiennroionnnnsssns 80
38 Segment descriptor for COPY function codes 00h and 01h .. 91
as Segment descriptor for COFY function code 02h .......... 82
40 Segment descriptor for COPY function cede 08h ... ....... 23
41 Segment descriptor for COPY function code 04h .......... 84
42 Padand CatbiRcefinfion . . .....ovv i insnsssns 84
43 COPY ANDVERIFY command ......vvvvvvvvanarsrnas 85
44 INQUIRY commiand . ....ovvirnneonronnsssnsnnnssnnns a6
45 Standard INQUIRY dataformat ......cvvnvnunninnsns 87
48 Peripheral qualifler . .. ...covvuvrimronnmnrinnsnnnsnnes a7
47 Perpheml devicB tyPe ..ovvvivnmimsivmssimssssvnvens 28
48 ANSl-approved version ........cciieiiiiiiianeiininan 98
49 LOGSELECT command .....ccvvvnrvvivvinnnnnonnns 101
50 Poe OOl B ... oo v vnananm v sn s o mon sin g s s ois 5y 101
51 LOGSENSEcommand .......ccoivivviinnnnnnnnnnnns 103
52 MODESELECT(B) command ......... o0 uurrrennnsss 104
53 MODE SELECT(10) command ......ccvivvvnnrrnnennn ', 106
54 MODE SEMSE(|g) command ...........covvirnrrenrans 106
xi

OLYMPUS EX. 1014 - 15/468



Tables (continued)

55 Pagecontrolfield .. ..o vnnmarininnasvreesinvaiudivuns 107
56 Mode page code usage foralldevices .. ........ ... 0.0 107
57 MODE SENSE(10) command . ........c.c.oveiiviniaaian 109
58 READBUFFER command . .......ccoucieovacaninsans 109
59 READ BUFFER modafield . ............ ... cocoiuann. 110
60 READBUFFER header . ... ... ovvirianarinnvananses 110
61 READ BUFFER dasefiptor .........c.viiiinininnnnnn 114
62 Bufferoffsetboundary ............cciiiiiiiiirrinas 111
63 RECEIVE DIAGNOSTIC RESULTS command ............. 112
64 REQUEST SENSEcommand ., .....covvrinrrunresnrsas 112
65 Error codes 70h and 7ih sensedataformat . . ............ 113
66 Eletd paliber: VB« i vn ame s s s e e T 116
687 Actualretrycountbytes ............c0 vy 116
68 Format progress indication bytes .. .................... 117
69 Sense key (Oh-7h) descriptions . ......... 00 iiaieenne, 118
70 Sense key (8h-Fh) descriptions ..........co0vivnenennn, 120
71 ASCand ASCQassignments . ..........cocievuuennnnns 121
72 SEND DIAGNOSTICcommand . .. . ......oiveninriina.. 125
73 TEST UNIT READY command . ........ccovvunivsnnins 126
74 Preferred TEST UNIT READY responses . ... ocvv v v v vnnsy 126
75 WRITEBUFFER command . .. .o vvvevuinssinsnnsssnsss 127
76 WRITEBUFFER modefield .........ccovvuivnnnssarany 128
77 Diagnosticpageformat .......covvuviivnsvavsiresss, 120
78 Diagnosticpagecodes .......vvvvvvinrrinrnrranns 130
79 Supported diagnostic pages . ......oviveeiii i 1320
80 Log pagefamat ... ccvvvemenvuirirsananscnn i 131
B1 Lo PAPBITIBIRT & v on s e o v o wom 67w 080 W W 0 W 131
B2 Threshold metcritaria .....cvvnvivnvsnivinsssnisonss 133
83 Log PRUB-COHBE . 5 vovsmios iome wn im i e ai s 134
B4 Parameter code field for buffer over-runfunder-run counters . . 134
as Count basisdefinition . ....cvvivrnrrrrovrasrnsasssas 135
B6 Causafield definRion ......ccvvevierviiirrvarrnarrens 135
B7 Parameter codes for emror counterpages .. ...oo0vvaevay 135
a8 Men-medium error event parametercodes . .............. 136
ag Supported log PAGES . .. .cvoih it it 136
80 Made parameter BSE . . ¢ cvu s s vwsvmsscnsss ves sus e 137
a1 Mode parameter header(6) ........c.cciciiiiniiainnas 137
92 Mode parameter header(10) ........cvvevvvnnvranesas 137
93 Mode parameter block descriptor . . ... o iiii e 138
94 Modepageformal .......cco0ivvirinrrnnronnsonnans 139
95 Mode page codes ... .o v vunnnrvubanronmnnssssny 140
96 Control Mode PAGE ... vieir vt iiiiiersninsanssns 140
87 Queue algorthm medifier . . ..o veii i raanss, 140
o8 Disconnect-reconnect PAGE ... o0 v ve ot riansans 142
a9 Data transfer disconnect control . .o ocvvvviiiiiiiiiennen 143
100 Peripheral device page .....vvviivivnr i aay 144
101 Interface identifier codes . .......voveiriii i 144
102 Vital product data page codes . .. ..o i a ey 144
103 ASCIl implemented operating definition ................. 145
104 ASCll information page ... v v vvvii i 146
105 Implemented operating definiton page . ................ 146
1086 Supported vital product data pages ... ....... .00 000, . 148
107 Unit serial number page . . oo v e ini e 148
108 Commands for direct-access devices . . .......ovvvuv s 157
xii

OLYMPUS EX. 1014 - 16/468



Tables (continued)

108
110
11
112
113
114
115
116
117
118
118
120
121
122
123
124
126
126
127
128
128
130
131
132
133
124
135
136
137
138
138
140
141
142
143
144
145
146
147
148
148
150
151
152
153
154
165
156
157
158
158
160
161
162

FORMATUNITeommand . .. ....oiinnnnnnienninnns 158
FORMAT UNIT paramaterfist . ..............cciviniian 159
[0 [T T T RN e 159
FORMAT UNIT defect descriptor format and requirements ... 160
Defect descriptor - Blockformat . ......... 000 0uiiennen 162
Defect descriptor - Bytes from index format .............. 182
Defect descriptor - Physical sectorformat . .. ............. 183
Initialization pattern deseriptor . ..... .00 e i 183
Initialization pattern modifier .. ... ... 00 i 164
Initialization pattem tYPE ... vvivera s rar ey 164
LOCK UNLOCK CACHE command . .....covvuurvrnerans 165
PRE-FETCH command . . .« «« vu v snsmssnnssnssensssis 166
PREVENT ALLOW MEDIUM REMOVAL command . ........ 167
READIS) COMMBNKE . - o« o0 o5 simopson s msw o 66 6w issss 4o 168
REABDIO) cOmMBNG oo vvevenimsmmsmmesmss s s 168
READ CAPACITY command ... ovvvvvrvinssusssssssns 169
READ CAPACITY data ....cvvnrnriverrorsnsnnssnneie 170
READ DEFECT DATAcommand ... ..ovvvenvennrnaanens 171
READ DEFECT DATA defectlist . ......ovvvvvvvvvinnnns 172
READ LONG command . ....c.uesiresvasssrgrnmsnsss 173
REASSIGN BLOCKS command . ...........c.covuuunun. 174
REASSIGN BLOCKS defect list . . .. ................cun. 174
RELEABE COMIMIRNG . ov s s sev ki s s ied mimincs 175
RESERVE SOMMBINGL: . &5 5 smi sir s e mmemn s s s v 177
Data format of extent deseriptors . ..................... 178
REaEPAtnn BUBBE .. ¢ oo s i s s i o 178
AEZEROC UNIT command . . ...vvuiimnnevsnnnsovssssss 180
SEARCH DATAcommands .........c.oovuuienunannssss 181
SEARCH DATA parameterlist .........ccoiviiinniinnn iB2
SEEWIBY COPMIMRIEL - 0 v 60 wmoh 4osomi kb s e 183
SEEK{TO)] OOMMBIL . wcii om0 msnn wimonismimes s s i s 183
SET LIMITS command . . . coummwmssmmie s s mmmis - eaes s 184
START STOP UNIT command .........ovvimvsvmsessss 185
SYNCHRONIZE CACHE command . ............ccuvuess 186
VERIFY command .......oevivesvnnrranrnannnsnssss 187
WHITEIS): COMd . o vvo 000 0mom min i esm e mis e o e 188
WRITE(10) command . ... ooivinnrnnr it onnesrnssn 188
WRITE AND VERIFY command . ........coviuuueneniis 189
WRITE LONG command . ....cvuvvrmnriiinnrnnesssss 180
WRITESAMEcommand ..........conimummmnmcnanras 191
Diagnostic page codes ... .0 eeeer e rnnsnnnersns 192
Translate address page - SEMD DIAGNOSTIC ............ 192
Translate address page - RECEIVE DIAGNOSTIC .......... 183
LOgPRge COTBE | v v s it s anvnrnnmrnnnnnnnsnns 194
Direct-access medium-typecodes .. .........cvvuurnes. 194
Device specific parameter .......cc0iiii i nnnnns 195
Modepagecodes .. .......cccuiuiiiiinnnnnnnnnnnins 186
Caching PAOR oo vt v e e it it st 196
Demand read and write retention priority .. .............. 197
Flexible disk Page .. ..vvvvrr i crennnnaeeesnns 199
Examples oftransferrates .........cccciiiiiinninnnan, 200
LR B T Y 2m
P TR - o s mimcs s v m e s s o s i i 2071
PIVER RO o e womonimin e i i e e W 202

il

OLYMPUS EX. 1014 - 17/468



Tables (continued)

163 Formatdevice page .........cooiiiiiiiiiiiinnnnns 202
164 Reporting of default sector formatting support . ........... 204
165 Reporting of changeable sector formatting support ........ 205
186 Medium types supported page ........coiiiiiiiiinan 205
167 Bl P o s et SR e T s R R L 206
1g8 Read-write error recovery page . ........cciviiiiiieennn 207
169 Error recovery bitdefinitlons . . . . ... ... . o il 208
170 Combined error recovery parameter descriptions . ......... 209
171 Rigid disk drive geometry page . .. ..o vininnnnnnss 214
172 Rotaticnal pesition loeking . . ..o oo vvveinni iy 215
173 Varily @ITor racoveny PAGE . ... vveveeninaiiaaiasn s 216
174 Commands for sequential-access devices . ... ........... 226
175 ERASE cOMMARG .o vvmeimer vt v i e i e 227
176 LOAD UNLOAD commang .o ivienssiiarnnssarasines 228
177 EDCATE eommMaRd . oo v smae s v i aois v s aiesist 229
178 READ OOMMEIME ..o imvsmssmanvs e s s v as iniesins 230
179 READ BLOCK LIMITS eommand .. ............c0nveens 232
180 READ BLOCKLIMITS data . ... cvvvvennnnnnsaivannsnns 232
181 READ POSITION command . .....cooeeeonovvssniassins 233
182 READPOSITIONdataformat . ... ..cocoiveinnnnnnnrrans 233
183 READ REVERSE command ......uvvuiiceiusasanassns 235
184 RECOVER BUFFERED DATAcommand .......covuvivnnns 236
185 RELEASE LINIT commmBmgd o oo v v v sevimsesis s 237
186 RESERVE LINIT coinmianied o.oovvvvmmsis o s i i i e s 238
187 REWAIND cOMMEBNE oo oownmmivmiesiomn e e s oo w6 i aaers 238
188 SPACE-COMMBAL v vovowwas e v s 6 o o e s 240
189 Code flold dafintMon ... .ocveemermen s s eeierns sisss 240
190 VERIFY COMMBIM |, v voiws mmiin o wosimini o6 wowsvon s w0 a8t 242
191 WIRETE: - COMBRBIIN -1 o T i g ot s BT R B i 243
182 WRITE FILEMARKS command . ........vcvvvenvensssss 244
193 Diagnosticpagecodez .......vovvvvvnvvaviviivivinis 2486
194 LOG PROD CONBE: . .oviuurn s s e s a5 s 248
195 Device-specific parametar ............ccoiininrirresss 248
196 BT MIDMBE .o s s o v w0 50 w0, o ) 580 e 247
197 Speed fielddefinition .. ......ciiiiiinrniii e 247
188 Sequential-access densitycodes . ....... .o 248
198 Modepagecodes .........cccoiiiimmnernnnnrnnnnns 249
200 Device configuration Page . ... . v vvvinninnnnnnnnnnss 250
201 EOD formats .. .vvvsveineorvonnnesrinrnnnsrnnsenns 262
202 Medium partition page(1) .. ... oot e 253
203 Medium partition page(2-4) ..... .. 0y 254
204 Read-write BITOr rECOVENY PATE « v vt v vt v vn s rnonsnnss 254
2058 Commands forprinter devices . .....oovivvrnennnnrnnns 258
206 FORMAT command . ......covieiionnnsnnnssnennnnss 258
207 Format type . oo vv et bttt i aanas 258
208 PRINT command . ......co0vvunonmorrnnnnnssrnsssns 260
209 RECOVER BUFFERED DATAcommand .. ... ...ovvunnn.. 260
210 SLEW AND PRINT command ... cvvvvrrrvnnnernrrnsans 261
21 STOP PRINT command .. ...coveieernirorenrsnrnnnns 262
212 SYNCHRONIZE BUFFER command .. .....vvvuvvnnnesas 262
213 Diagnosticpage codes . ........coceieiinieriinnana 263
214 Logpagecedas .....ovvvvrvornnsinarinariennrans 263
215 Printer device-specific parameter .. .................... 263
218 Mode pagecodes . ... .covevvrrnrnriiniiiinnrenenss 264
Xiv

OLYMPUS EX. 1014 - 18/468



Tables {continued)

217 Parallel printerinterface ...............cciiunnernnnn . 264
218 Famy SalaEl ..ocnmmvir i bin rm simimima i e 264
219 VFUcontralbyte .........coviiiunirnnnnncnnnanennn 265
220 Printeroptions .. ......c¢c0u0vursnpprrmmnsnsmmsnassnss 288
221 Fontidentification . ..........cciiiieinrivrrnnanenes 268
222 Slewmode ...... o0ttt 286
223 Lineslew . ..oviii i i e ettt 287
224 Formslew ........vviinnnrrren 1T ihemen A T T A e e 268
225 Data termination eption . ........... 0 oviriirrnnernns 288
226 Sarial printerinterface . ........ ... ... it 269
227 Parity selection . ... ...... ... 0iesinnnnrrrnnnanrsans 270
228 Pacingprotocol ............ ... cciiiiiririinnrnarenns 270
229 Commands for processor devices ...........ccouenene. 273
230 RECEIVE command . ........covecunmoenonnnennsnsss 273
23 SEND command .. ....couiuienmsnnnnrssioonneseiis 274
232 SEND command - AEN dataformat .. .......ccivvennnnn 274
233 Diagnesticpagecoedes . ........covvrvnrrnrnnnaannns 275
234 LOG PAGE COAES ..\ vvsesseensessnssnnnneessnnnnes 275
235 Commands forwrite-once devices .........ccvverennnns 277
238 Example mixed mode CD-ROM disc layout .............. 281
237 MSFaddressformal . .......cveerrinenrnronenennnnns 285
238 Commands forCO-ROM device ........covviniirennnrs 287
239 PAUSERESUME command . ......cvcevvmrrnrrronsans 288
240 PLAY AUDIO(10) command ...........cvvvnuinrnrnnss 289
241 PLAY AUDIO(12) command ..........c.ovrinnnrnennns 290
242 PLAY AUDIOMSF command ..........cconuecucitnenns 290
243 PLAY AUDIO TRACK INDEX command ..........covvuurn. 292
244 PLAY AUDIO TRACK RELATIVE(10) command ............ 293
245 PLAY AUDIO TRACK RELATIVE(12) command ............ 294
246 READ CD-ROM CAPACITY command . ........ccvvewnnns 294
247 READ CAPACITY dataformat . . ...... ... ivrevnnrnren 295
248 READ HEADER command ..........covevvnnnrnonannns 29§
249 READHEADER dataformat ......... .00 vinnnnmnnsnns 298
250 CD-AROMdatamodecodes .......covcviverimrnrnrconnnns 297
251 READ SUB-CHAMMEL command ........ . convivvnnnnn 297
252 Sub-channeldataformat codes .. .oovvi oo osrinnnns 298
283 Sub-Qchanneldataformat .........cco0envciavucnnns 298
254 Audiostatus CodBS . ..o vivueis ottt tonsssssnnnss 299
2585 ADRsub-channel Qfield ..........cciiiiinnnnninnnnn 300
256 Sub-channel Qcontrol bite , ... .....vvviiinnenvecnnnns 300
257 CD-ACM current position dataformat . . ................. 302
258 Media catalogue numberdataformat . .................. 302
258 Track international standard recording code data format . ... 303
260 READ TOC cOmMmMAaNG ... vvvuvirinrosotonnonnstanses 305
261 AEAD TOC data format . ......cvirmriiiomnnnstinnnns 305
262 Diagnosticpage codes ... .......c.coviiinmnnnrssnnnns 307
263 Log pAge COTBE .+ vxasm s s s s s ntoseannion mhd s issess 307
284 CD-ROM mediumtypecodes . ........covcvivevassnnnns 307
266 CD-ROM device-specific parameter .............c00nu.. 308
266 CD-ROMdensitycodes ........covvevinmrnroncnrnnes 308
267 Modepagecodes ...........o00ucuissmrmmsrsnnnens 309
268 CD-ROM audio control parameters page ................ 309
269 MUBtpHErfor LBAS ... ov. 0 nrvuisnncisstnannisssasses 310
270 Qutput port channel selectlon . ......... ... .. covuion.. 310

xv

OLYMPUS EX. 1014 - 19/468



Tables (continued)

27 CD-ROM paramelers pag@ . .. .. .ocveveravncnnnnansas 311
272 Inactivity timer multipliervalues ....................... 311
273 Read error recovery parameters page .........c.o000000 312
274 Errorrecovery bitsettings .............cc0iviiiiians 312
278 CD-ROM arror recovery descriptions .........cvevivnnns 313
276 Verify error recovery parameters page .................. 318
277 Commands for scannerdeviees . .........cooevvviinann 322
278 GET DATABUFFER STATUS command . .....oovvvuivnas 323
278 Data buffarstatus format ........0cvvnviiiiiniiiennns 323
280 GETWINDOW eommand . .....oovvuvrnniroannnannsis 325
281 Getwindowdataheader ...........ccviirrvnnnnnnness azs
282 Window descriptorbytes ............cc0ivnninnainaas 328
283 Image compositioneodes ............ ... 0., 327
284 Padding types . .......ccccnascenmnanmmrnstmnninnns 328
285 Compression types and arguments .............cc00nu.n 328
286 CEBJECTPOSITION command . ........cceoconvsonnnsnss 329
287 PESHON TUASHON .. cssssinvsmarenememefna mhmscass 329
288 FAEAD COMMIANEL s 4 /i'n s or 6m bamia dim 5 5000 060016 S R 0 8 331
289 DEtE PO COdOE ..vvssvranssnsnnpamsnsrnnsnnorsnss 331
290 SCANcommAaNd . vviirrrisssssnnsrsnnsrsnsrnrnnas asz2
291 SEND COMMBIE. o ou v vonsiauiva s s mms o se skm e 33z
202 SETWINDOW ecommand ........ccuieeerencnonssanns 333
293 Setwindowdata header .. ...cuivv i eonnrrennssores 333
284 Dingnosticpagecodas , ... cousecirniriiingansnnnys 334
2895 LOg pRpeCoaeE i i e i e R b e A e 334
296 Modapagacodas .....,...0ceciiinnnnnnnnsnanrosygs 33s
297 Measurementunitspage ......... ... .. it 335
298 Basic measurement units . . ... ... ... i i iiiian e 338
289 Commands for optical memory deviees ................. 340
300 ERASE(10) command ..........c.ociiiiiineininnnans 341
301 ERASE(12)command ........... ... iiiiiininiiaiian 342
302 MEDIUM SCANcommand . .......ccovveiierrrrnnnnns 342
303 MEDIUM SCAN parameterlist ............ooiiiniinnn. 343
304 BEAD(2) cOMMANE .. iiivinrrrnassansissinanesiss 344
305 READ DEFECT DATA(12) command ... ..ovvvvvivrnsnnns 345
306 READ DEFECT DATA(12) listheader ........... 0 c0ovvuun 345
3o7 READ GENERATION command . ........covvuirnnrnnn. 346
308 Maximum generation data bloek ........... ... c0uviun, 345
309 READ UPDATED BLOCK(10) command . ........c00ueians 347
310 SEARCH DATA(12) commands .. ....ouvvivrrirnnrnsas 348
3N SET LIMITS(12) command «.c.covvvvvnrrarssrnnsnesvs 348
312 UPDATE BLOCK cammand . .....ovivvivivrnrnnsrnnss 349
313 VERIFY- commamd .o v v memaims v s s s i 350
314 VERIFY(12) commmnd . oo am v e e s waais vk 351
315 WRITE[10) command . ... .c.uieiivansrinnenssrsasan 352
3186 WRITE{12) command . . ..:..viwsiisvrassaninsasans 353
317 WRITE AND VERIFY({10) command ..........c..ccvuuunn 353
318 WRITE AND VERIFY(12) command ...........ovvivnsss 354
318 Diagnosticpagecodes ...........cocvvvinnnnennnnns 355
320 Log page codat .o wras i s s e e E R e e ass
321 Optical memory medium-typecodes .............c.ouuen ass
322 Optical memory device specific parameter ............... 358
323 Optical memory density codes .. ........cooviinrnunnns 358
324 Mode page eades ... :.-: cawaesn v b s e E R s i e as7
i

OLYMPUS EX. 1014 - 20/468



Tables (continued)

325 Optical Memory PAGE ... v oo v vi i rioniistionrans ass
326 Volume tag information format . . . ..o v i i 862
327 Commands for medium changer devices , . .............. 363
azsg EXCHANGE MEDIUM command ........c.ovvrverneenss 364
329 INITIALIZE ELEMENT STATUS command . . ... .o vvvnn s 365
330 MOVEMEDIUMoommand . .......covvvenveinoserians 366
331 POSITION TOELEMENT command ........ccvuvvunnnns 367
332 READ ELEMENT STATUS command ...........ce0vnunn 368
333 Elememttype code . ... v ciiimeriaririveissinrarioss 368
334 Elementstatus data . ... vvvverviviinninssnnsssnsos 368
335 Elementstatus PAOR . ...v v v rsniisrannnsnnrsrrsss an
33s Medium transport elementdescriptor .. ... ... in iy arz
a3a7 Storage elementdescriptor ....... civ i 373
338 Import export elementdescriptor ...... ... oo i 374
339 Data transfer element descriptor . .............. .. ..., a7s
340 REQUEST VOLUME ELEMENT ADDRESS command ...... . 376
3N Volume element address headerformat ......... 0000 uns a77
3a2 RELEASE command .......icuoviiiiiaravssovineeins 378
343 RESERVE commangd o sy vves siaie o vn s vdails 378
344 Data format of element list descriptors . ........... .. ..., 380
345 SEND VOLUME TAG command ... ....vvvunnnnninnnsss 381
346 Send volumetagactioncodes .. ...t iin i 381
347 Send volume tag parameters format ... ... eo e 3s2
348 Diagnostic page codes .....cvvivnrivssnnsisssannans aa3
348 logpoagecodes i.uiisraiinamis i ai s E s e 384
350 Modepagecodes .....ovvvuivaviniinaicasinassannn 384
351 Device capabilties page ..... v vviiviniiaiianiaines 3a5
3s2 Element address assignmentpage ..............c000000 386
353 Transport geometry parameters page .. ........000000000 388
354 Commands for communications devices . ............... 382
ass GET MESSAGE(B) command .. ..o vvviviivmnnnsnnnnnss 393
356 GET MESSAGE(10)command ......... cciviiiinnneann 353
357 GETMESSAGE(12)command .. ......ccviimnnnneennis 384
358 SEND MESSAGE([B) command . . ..o oot vinninnrvnis 3584
359 SEND MESSAGE(10) command . . . .....oovvneennnnnnss 395
360 SEND MESSAGE(12) command . .. .. e R 395
361 Diagnesticpagecodes ......coovuiiinnivinirainrsis 386
362 Logpagecedes . ........0000ciniinns T R 396
363 Mods: Bagiecotden: oo a6 ba b T8 SRR T 3a7
B.1 Fast SCSI jitter budget .. ...... o ER Y CER A AR .+ 403
B.2 Mapping of jifterto SCSI . ... .vviiniiiiviiiiorsnnnnss 403
D1 ASCand ASCQassignments . .......oovviiiiiriiniins 4086
D.2 SC8l20peration Codes .. ..o viiiinrvnnnrnnnnnnnnns 412
E.1 Vendor dentilisation Bt oo i me i it s 416

xvii

OLYMPUS EX. 1014 - 21/468



Paga

Figures

1 S0/68-contact non-shielded high-density SCS| device connector 11
2 50/68-contact non-shielded high-density cable connector .... 12
3 50-contact non-shielded low-density SC3| device connector .. 13
4 50-contact non-shielded low-density cable connector ... ... . 14
5 50/68-contact shielded high-density SCSI device connector .. 16
6 50/68-contact shielded high-density cable connector ... .... 17
7 60-contact shielded low-density SCS| device connector ... .. i8
8 50-contact shielded low-density cable connector .. ........ 18
9 Alternative 1 termination . . .o oo v v v v i i it e vt b e i 28
10 Alternative 2 tarminatien for single-ended deviess . ...... .. 28
11 Termination for differential devices . ...........c0c00vei.. 29
12 Differential driver protection cireuit ..................... 29
13 e M DR o R s o ST Y S SR 30
14 Sample SCSlconfigurations . ... ..o i, a1
i5 Wide SCSibyteorderng .........ccoiiimeinnenrnnnnas 45
16 Phase SBOQUBTNCES . ... .« or i mmmnssnsnernesssessens 50
17 Simplified SCSIsystem ... .o iiiniiiineir i, 51
18 Typicalvolume layout . .... .. v iiimmmnnnnnnssnns 218
19 Typical medium track layout . . .. ..o vv v nnini i ns 218
20 Serpentine recording example ... ... .00 i 218
21 Parallel recording example . . .. ..oovuiii iy 220
22 Helical scan recording example . ....... ... . 000 i0iuyn 220
23 Early-warning example . ... ..o iii ity 220
24 Partitioning example - one partition per track group ........ 221
25 Partitioning example - cne partition per two track groups . ... 221
26 Partitioning example - two partitions per frack group ....... 222
27 SCSlprintermodal .......... ... cciiiiiiiiiiininnnn 257
28 Illustration of element status data structure .. ............ 370
Ad SCS| signal sequence example . ......cvviiiinnirennnn 402
c. SCSI-3standards structure . ......cviviiiiiiini i 405
Annexes

A SC8I signal sequence example .............0000000... 388
B Fast SCSl skewtime .. .... . cvovvemreresnsisnnssssns 403
c Other 3C3| standardization activities ................... 405
D Numeric order 0odes . .. cv e e e i i oeiesssssesesies 406
E Vendoridentification ......coviiiiiiniinnnnsinnnin, 418
xviii

OLYMPUS EX. 1014 - 22/468



Foreward (Thiz foraward is not part of Amarican National Standard X3,131-1884.)
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ANSI X3.131-1994
Introduction

ANSI X3.131-1994 replaces ANSI X3.131-1986 Small Computer System Interface.
The clauses contain material as described below.

Clause 1 describes the scope.

Clause 2  lists the normative references.

Clause 3  provides a glossary commen lo the whole document.

Clause 4 provides descriptions and conventions.

Clause 5 describes the physical characteristics.

Clause 8  describes the logical characteristics of the interface.

Clause 7  describes the SCSI command and status structure.

Clause B specifies those commands that have a consistent meaning for all device types.

Clause 9  speciflies commands for direct-access devices.

Clause 10 specifies commands for sequential-access devices.

Clause 11 specifies commands for printer devices,

Clause 12 specifies commands for processor devices.

Clause 13 specifies commands for write-once devices,

Clause 14 specilies commands for CD-ROM devices,

Clause 15 specilies commands for scanner devices.

Clause 16 specifies commands for optical memory devices.

Clause 17 specifies commands for medium changer devices.

Clause 18 specifies commands for communications devices,

Annex A illustrates SCSI signal sequence.

Annex B illustrates fast SCS| skew lime.

Annex C  describes other SCSI standardization activities.

Annex D contains SCSI-2 additional sense codes and operation codes in numeric order.

Annex E  contains the list of SCSI-2 vendor identifications.

The SCSI protocol is designed to provide an efficient peer-to-peer 1/O bus with up to 18 devices,
including one or more hosts. Data may be transferred asynchronously at rates that only depend
on device implementation and cable length. Synchronous data transters are supported at rates up
to 10 mega-transters per second. With the 32-bit wide data transfer option, data rates of up to 40
megabytes per second are possible.

SCSI-2 includes command sets for magnetic and optical disks, tapes, printers, processors, CD-
ROMs, scanners, medium changers, and communications devices.

In 1985, when the first SCSI standard was being finalized, several manufacturers wanted to
increase the mandatory requirements of SCSI and to define further features for direct-access
devices. Rather than delay the SCSI standard, an ad hoc group was formed to develop a working
paper that was eventually called the Common Command Set (CCS). Many disk products were
designed using this working paper.

xxii
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In parallel with the development of the CCS working paper, work began on an enhanced SCSI
standard, which was named SCSI-2. SCSI-2 included the results of the CCS working paper and
extended them 1o all device types. It also added caching commands, performance enhancement
featuras, and other worthwhile functions. While SCE1-2 has gone well beyond the original SCSI
standard (now referred to as SCSI-1), it retains a high degree of compatibility with SCSI-1 devices.

SCSI-2 has evolved significantly from SCSi-1 with the new document nearly three times larger.
Most of the changes are additions, but several obsolete options were removed:

a)
b)
¢
d)
e)
f)

Single initiator option;

Mon-arbitrating systems option;

The SCSI-1 alternative 1 shielded connector;
Non-extended sense data option;
Reservation queuing option;

The read-only device command set.

There are several new low-level requirements:

a)
b)
c)
d)

Parity is now required;

Initiators are required to provide terminator power,;
The arbitration delay was increased from 2.2 to 2.4 ps;
Message support is now required.

Several low-level oplions were added:

a)
b)
c)
d)
e)

f)

Wide SCSI (up 1o 32 bits wide using a second cable);

Fast SCSI (synchronous data transfers of up to 10 mega-transfers per second);
Command queuing (up to 256 commands per initlator per logical unit);
High-density conneclor alternalives were added;

Asynchronous event notification;

Extended contingent allegiance.

New command sets were added including:

a)
o)
c)
d)
8)

CD-ROM (replaces read-only device);

Scanner device;

Optical memory device (provides for write-once, read-only, and erasable media);
Medium changer device;

Communications device,

All command sels were enhanced:;

a)
b)
c)
d)
e)

Device models were added;

Extended sense was expanded;

The INQUIRY data was expanded;

The MODE SELECT and MODE SENSE commands were paged for all device types;

The CHANGE DEFINITION, LOG SELECT, LOG SENSE, READ BUFFER, and WRITE

BUFFER commands were added for all device types;

xxiii
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f) The COPY command definition was expanded to include inexact block size handling and an
image copy option;

g) The direct-access device command set was enhanced to add cache management, several
new commands and to previde more initiator control over defect management;

h) The sequential-access device command set was enhanced to add a partitioned media con-
cept;

i) The printer device command set was enhanced by adding several mode pages;

j} The write-once (optical) device command set was enhanced by adding several new com-

mands plus extending several command descriptor blocks to twelve bytes to accommodate
larger transfer lengths.

xxiv
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AMERICAN NATIONAL STANDARD ANSI X3.131-1994

American National Standard
for Information Systems —

Information Technology -
Small Computer System Interface-2

1 Scope

This standard defines an input/cutput bus for interconnecting computers and peripheral devices. It
defines extensions to the Small Computer System Interface (1SO 9316: 1989), referred to herein
as SCSI-1. It also provides more complete standardization of the previously defined command
sets. It includes the necessary specification of the mechanical, electrical, and functional charac-
teristics of the interface to allow interoperability of conforming devices. This standard is referred
to herein as SCSI-2. The term, SCSI, is used wherever it i5 not necessary to distinguish between
the two versions.

OLYMPUS EX. 1014 - 29/468



ANSI %3.131-1994
2 Normatlve references

The tollowing standards contain provisions which, through reference in this text, constitute provi-
sions of this American Mational Standard. At the time of publication, the editions indicated were
valid. All standards are subject lo revision, and parties to agreements based on this American
National Standard are encouraged to investigate the possibility of applying the most recent edi-
tions of the standards and publications listed below.

Members of IEC and ISO maintain registers of currently valid standards.

ANSI X3.170a-1991, Information systems — Enhanced small device interface (available only as
part of ANSI X3.170-1980)

EIA RS-485-1983, Standard for elecirical characteristics of generators and receivers for use in
balanced digital multipaint systems ")

IEC 908: 1987, Compact disc digital audio system 2

ISO/IEC 10149: 1989, Information technology — Data interchange on read-only 120 mm optical
data disks (CD-ROM) 2

;3 A;giiabh fram the Electronic Industries Association, 2001 Pennsylvania Avenus, NW, Washington, DC
Qo0E.

2) Available from the American National Standards Institute, 11 West 42nd Strest, New York, NY 10036,
2
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3 Detfinitions, symbaols and abbreviations

3.1 Definitions

For the purposes of this standard, the following definitions apply.

3.1.1 active 1/O process: An |/O process that is presently in execution (not queued).

3.1.2 byte: Indicates an 8-bit construct.

3.1.3 command deseriptor block (CDB): The structure used to communicate commands from an Initiater to a target,
3.1.4 command queue: The gueue used to stere the queued I/O precesses (see 7.8).

3.1.5 connect: The initiator function that selects a target to establish a nexus and to start an |/O process. The
connection that results is an initial connection.

3.1.6 connection: An initial connection or reconnection. A connection can only occur between one initiator and one
target,

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

3.1.8 contingent allegiance: A condition typically generated by a CHECK CONDITION status during which a target
preserves sense data (see 7.6).

3.1.9 current |/O process: The I/O process that is presently connected on the SCSI bus.

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

3.1.11 extended contingent alleglance: A condition generated by an INITIATE RECOVERY message to assist in
extended error recovery procedures in multi-initiator systems (see 7.7).

3.1.12 field: A group of one or more contiguous bits.

3.1.13 host adapter; A device which connects between a host system and the SCSl bus. The device usually
performs the lower layers of the SCS| protocol and normally operates in the initiator role. This function may be
integrated into the host system.

3.1.14 initial connection: 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,

3.1.15 initiator: An SCSI device that requests an I/O process to be performed by another SCSI device (a target).
3.1.16 invalid: An illegal (reserved) or unsupported field or code value,

3.1.17 1/O process: An I/O process consists of one 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 in
which zero or more command deseriptor blocks are transferred. An /O process begins with the establishment of a
nexus, An I/O process normally ends with the BUS FREE phase following suceessful transfer of a COMMAND
COMPLETE or a RELEASE RECOVERY message. An /D process also ends with the BUS FREE phase following an
ABORT, ABORT TAG, BUS DEVICE RESET, CLEAR QUEUE message, or a hard RESET condition, or an unexpected
disconnect oceurs.

3
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3.1.18 I_T nexus: A nexus which exists between an initiator and a target.

3.1.19 I_T_L nexus: A nexus which exists between an initiator, a target, and a logical unit. This relationship replaces
the prior |_T nexus.

3.1.20 |_T_R nexus: A nexus which exists between an initiator, a target, and a target routine. This relationshif
replaces the prior |_T nexus.

3.1.21 |_T_x nexus: A nexus which is either an |_T_L or |_T_R nexus.

3.1.22 |_T_L_Q nexus: A nexus between an initiator, a target, a logical unit, and a queue tag following the successfu
receipt of one of the queue tag messages. This relationship replaces the prior I_T_L nexus.

3.1.23 |_T_x_y nexus: A nexus which is eitheran |_T_x or |_T_L_Q.

3.1.24 logleal block: A unit of data supplied or requested by an initiator,

3.1.25 logical unit; A physical or virtual peripheral device addressable through a target.

3.1.26 loglcal unit number: An encoded three-bit identifier for the logical unit.

3.1.27 mandatory: The referenced item Is required to claim compliance with this standard.

3.1.28 nexus: A relationship that begins with the establishment of an initial connection and ends with the completion
of the I/O 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.

3.1.29 one: A true signal value or a true condition of a variable.

3.1.30 optional: The referenced item is not required to claim compliance with this standard, Implementation of an
optional tem must be as defined in this standard,

3.1.31 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.

3.1.32 peripheral device: A physical peripheral device that can be attached to an SCSI device, which connects to
the SC3I bus. The peripheral device and the SCSI device (peripheral controller) may be physically packaged
tagether. Often there is a one-to-one mapping between peripheral devices and logical units, but this is not required.
Examples of peripheral devices are: magnetic disks, printers, optical disks, and magnetic tapes.

3.1.33 queue tag: The value associated with an |/O process that uniquely identifies it from other queued /O
processas in the logical unit for the same initiator.

3.1.34 queued I/O process: An I/O process that is in the command queue.

3.1.35 reconnect: The act of reviving a nexus to continue an I/O process. A target reconnects to an initiator by using
the RESELECTION and MESSAGE IN phases after winning arbitration. An inftlator reconnects to a target by using
the SELECTION and MESSAGE OUT phases after winning arbitration (see 7.5.2).

3.1.36 reconnection: A reconnection is 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.

3.1.37 reserved: |dentifies bits, fields, and code values that are set aside for future standardization.
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3.1.38 SCSI address: The hex representation of the unique address (0-15) assigned to an SCS| device. This address
would normally be assigned and set in the SCS| device during system installation,

3.1.39 SCSI ID: The bit-significant representation of the SCSI address referring to one of the signal lines DB(7-0).
3.1.40 SCSI device: A host adapter or a target controller that can be attached to the SCSI bus.
3.1.41 signal assertion: The act of driving a signal to the true state.

3.1.42 signal negatlon: The act of driving a signal to the hlsé state or allowing the cable terminators to bias the
signal to the false state (by placing the driver in the high impedance condition).

3.1.43 signal release; The act of allowing the cable terminators to bias the signal to the false state (by placing the
driver in the high impedance cendition).

3.1.44 status: One byte of information sent from a target to an initiater upen completion of each command.
3.1.45 target: An SCS| device that performs an operaticn requested by an initiator,

3.1.46 target routine: A target routine is an I/O process directed to a target, and not to a logical unit (see 6.6.7).
3,1.47 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
commands, third-party means a reservation made on behalf of ancther device (e.g. A processor device requests that
a direct-access device reserve itself for exclusive use by a sequential-access device),

3.1.48 unexpected disconnect: A disconnection that oceurs as a result of an exception condition (see 6,1.1),

3,1.49 vendor-specific (VS): Something (e.g. a bit, field, code value, etc.) that is not defined by this standard and
may be usad differently in various implementations.

3,1.50 zero: A false signal value or a false condition of a variable.

3.2 Symbols and abbreviations

AEN Asynchronous event notffication (see 7.5.5)

AWG American Wire Gauge

LSB Least significant bit

LUN Logical unit number

MSB Most significant bit

SCSI Either SCSI-1 or SC51-2

SCSI1  The Small Computer System Interface (IS0 9316:1988)
S8CsI-2 The Small Computer System Interface - 2 (this standard)

5
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4 General

4.1 Overview

SC8l Is a local I/O bus that can be operated over a wide range of data rates. The primary objective of the interface
is to provide host computers with device independence within a class of devices. Thus, different disk drives, tape
drives, printers, optical media drives, and other devices can be added to the host computars without requiring
modifications to generic system hardware or software. Provision is made for the addition of special features anc
functions through the use of vender unique fields and codes. Reserved fields and codes are provided for future

standardization,

A secand key cbjective of SCSI-2 Is to provide compatibility with those SCSI-1 devices that support bus parity anc
that meet confermance level 2 of 3CSl-1. While some previously vendor unigue commands and parameters have
been defined by the SCSI-2 standard, devices meeting SCSI-1 and SCSI-2 can co-exist on the same bus. It i
intended that those operating systems providing support for both command sets be able to operate in environments
mixing SCSI-1 and SCSI-2 devices. Properly conforming SCSI-1 devices, both Initiators and targets, should responc
in an acceptable manner to reject SCSI-2 protocol extensions. All SCSI-2 protocol extensions are designed to be
permissive of such rejections and to allow the S8C8l-1 deyice to continue operation without requiring the use of the
extension,

A third kay objective of SCSI-2 is to move device-dependent intelligence out to the SCSI-2 devices, The commanc
set definitions allow a sophisticated operating system to obtain all required initialization information from the attachec
SC8I-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 supported 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 systerr
information. Those parameters not required by the operating system for operation, inttialization, or system tuning are
not exposed to the SCSI-2 interface, but are managed by the SC5I-2 device itself.

The interface uses logical rather than physical addressing for all data blocks. For direct-access devices, each logica
unit may be interrogated to determine how many blocks it contains. A logical unit may colncide with all or part o
a peripheral device.

The interface protocol includes provision for the connection of multiple initiators (SCSI devices capable of initiating
an operation) and multiple targets (SCS| 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 award:
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 us

There are two electrical alternatives: single-ended and differential. Single-ended and differential devices are
electrically incompatible and can not be mixed on the same physical bus.

Provision Is made for cable lengths up to 25 m using differential drivers and receivers. A single-ended driver anc
receiver configuration is defined for cable lengths of up to 6 m and is primarily intended for applications within =
cabinet.

Arbitration is defined to permit multiple initiators and to permit concurrent I/O operations. All SCSI devices are
required to be capable of operating with the defined asynchronous transfer protocel. In addition, an optiona
synchronous transfer protocol is defined. A message protocol for control of the interface is also specified. In mos
cases, messages are not directly apparent to the host computer software.

Commands are classified as mandatory, optional, or vendor-specific. SCS| devices are required to implement al
mandatoery commands defined for the appropriate device type and may implement other commands as well. SCS
devices contain commands that facilitate the writing of self-configuring software drivers that can discover all necessan
attributes without prior knowledge of specific peripheral characteristics (such as storage capacity). Many command:
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also implement a very large logical block address space {232 blacks), although some commands implement a
somewhat smaller logical block address space (22! blocks).

Starting with clause 8 and for each clause on a specific device type, the clause is constructed of at least four
subclauses. The first subclause is the model for the device type. The model establishes the framework for
interpreting the commands for the device type. The attributes and capabilities of the device type are discussed and
examples are given. The second subclause defines the commands applicable to the device type. The third
subclause defines the parameters applicable to the device type. These are the diagnostic parameters, log
parameters, mode parameters and vital product data parameters that are transmitted as part of the appropriate
commands. Most of the parameters are formaltted into pages. The fourth subelause gives the definition of terms that
apply specifically to that device type.

Starting with clause 9 the commands in each of these clauses are unigque te the device type, or they have
interpretations, fields, or features that are specific for the device type. Thus, for example, although the WRITE

command is used for several device types, it has a somewhat different form for each type, with different parametars
and meanings. Therefore, it is specified separately for each device type.

4.2 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 clause 3 or in the text where they first appear. Names of signals, phases,
messages, commands, statuses, sense keys, additional sense codes, and additional sense code qualifiers are in all
uppercase (e.g. REQUEST SENSE). Lower-case is used for words having the normal English meaning.

Fields containing only one bit are usually referred to as the name bit instead of the name field.

Numbers that are not immediately followed by lower-case b or h are decimal values.

Numbers immediately followed by lower-case b (xxb) are binary values,

Numbers immediately followed by lower-case h (xxh) are hexadecimal values,
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5 Physical characteristics

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

5.1 Physical description

SCSI devices are daisy-chained together using a common 50-canductor A cable and, opticnally, a 68-conductor |
cable, Both ends of each cahble are terminated. All signals are common between all SC3I devices on the A cable
In systems that employ the wide SCSI option, wide SCS| devices additionally connect to the B cable. Various widt
SCSl devices may be mixed.

NOTE 1 An alternate 16-bit single-cable salution and an alternate 32-bit solution k= being defined and tha B cable definition
will be removed in a future version of SC3l.

Two driver/receiver alternatives are specified:
a) Single-ended drivers and receivers, which allowa maximum cable length of € m (primarily for connection withi
an enclosure).
b) Differential drivers and recelvers, which allow a maximum cable length of 25 m.

The single-ended and differential alternatives are mutually exclusive on the same physical bus.

NOTE 2 Use of single-ended drivers and receivers with the fast synchronous data transfer option is not recommended.

5.2 Cable requirements

The characteristic impedance of the cable should be no less than 90 (0 and no greater than 140 Q. The characteristi
impedance of the cable used when implementing the fast synchronous data transfer option is defined In 5.2.3.

NOTE 3 There are successful single-ended implementations using cables with |ess than 90 {0 characteristic impedance,
However, system integrity in single-ended implementations is improved when the characteristic impedance of the cable
is greater than 80 {). Cable paramsters other than characteristic impedance are critical to system integrity. Alternative cable
parameters are being investigated as a part of a future version of 2C3I1.

A minimum conductor size of 0,080 42 mm? (28 AWG) should be used to minimize noise effects and ensure prope
distribution of terminator power. A smaller conductor size may be used for signals other than terminator power.

NOTES

4 To minimize discontinuities and signal reflections, cables of different impedances should not be used In the same bus.
Implementations may require trade-offs in shielding effectiveness, cable length, the number of loads, transfer rates, and
cost to achieva satisfactory system operation,

5 Te minimize discontinuities due to lacal impedance variation, a fiat cable should be spaced at least 1.27 mm (0,050 in)
from other cables, any other conductor, or the cable itself when the cable Is folded.

& Regulatory agencies may require use of larger wire size.

5.2.1 Single-ended cable

A 50-conductor flat cable or 25-signal twisted-pair cable shall be used for the A cable. A 88-conducter flat cable o
34-signal twisted-pair cable shall be used for the B cable if the wide SCSI option is implemented. The maximun
cumulative cable length shall be 6,0 m. If twisted-pair cables are used, then twisted pairs in the cable shall be wire:
to physically opposing contacts in the connector.

A stub length of no more than 0,1 m is allowed off the mainline interconnection within any connected equipment ¢
from any connected point.

NOTE 7 Stub clustering should be avoided. Stubs should be spaced at least 0,3 m apart.
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SCSI bus termination shall be at each end of the cable and may be internal to the SC3I devices that are at the ends
of the cable.

5.2.2 Differentlal cable

A 50-conductor flat cable or 25-signal twisted-pair cable shall be used for the A cable. A 68-conductor flat cable or
34-signal twisted-pair cable shall be used for the B cable if the wide SCE| option is implemented. The maximum
cumulative cable length shall be 25 m. [f twisted-pair cables are used, then twisted pairs in the cable shall be wired
to physically opposing contacts in the connector.

A stub length of ne more than 0,2 m is allewed off the mainline intercennaction within any cennected equipment or
from any connected point.

SCS| bus termination shall be at each end of the cable and may be internal to the SC3I devices that are at the ends
of the cable,

NOTE 8 The use of twisted pair cable (either twisted-flat or discrete wire twisted pairs) is strongly recommended, Without
twisted pairs, even al slow data rates and very short distances, crosstalk between adjacent signals causes spurious pulses
with differential signals.

5.2.3 Cable requirements for fast synchronous data transfer

In systems which use the fast synchronous data transfer option (see 5.8), the A and B cables should meet the
conducter size recommendation in 5.2. The cable should have an overall shield suitable for termination in a shielded
connectar.

In such systems, the cables shall have the following electrical characteristics:

Characteristic impedance: 90 0to1320

Signal attenuation: 0,095 dB maximum per metre at 5 Mhz
Pair-to-pair propagation delay delta: 0,20 ns maximum per metre

DC resistance: 0,230 0 maximum per metre at 20°C

5.3 Connector requirements

Two types of connectors are defined: non-shielded and shielded, The non-shielded connectors are typically used
for in-cabinet applications. Shielded connectors are typically used for external applications where electromagnatic
compatibility (EMC}) and electrostatic discharge (ESD) protection may be required. Either type of connector may be
used with the single-ended or differential drivers,

5.3.1 Non-shlelded connector requirements

Two non-shielded conneclor alternatives are spacified for the A cable and one non-shielded connector is specified
for the B cable.

5,3.1,1 Non-shielded eonnector alternative 1 - A cable

The alternative 1 nan-shielded high-density SCS| device connector for the A cable (see figure 1) shall be a 50-
conductor connector consisting of two rows of 25 female contacts with adjacent contacts 1,27 mm (0,05 in) apart,
The nen-mating pertion of the connectar is shown for reference only.

The alternative 1 non-shielded high-density cable connecter for the A cable (see figure 2) shall be a 50-conductor

connector consisting of two rows of 25 male contacts with adjacent contacts 1,27 mm (0,05 in) apart. The non-
mating portion of the connecter is shawn for reference only.

9
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5.3.1.2 Non-shlelded connector alternative 2 - A cable

The alternative 2 non-shielded low-density SCS| davice connacter for the A cable (see figure 3) shall be a 5¢
conductor connector consisting of two rows of 25 male pins with adjacent pins 2,54 mm (0,1 in) apart. A shroud an
header body should be used, The non-mating portion of the connector is shawn for reference anly,

The alternative 2 non-shielded low-density cable connector for the A cable (see figure 4) shall be a 50-conducte
connector consisting of two rows of 25 female contacts with adjacent contacts 2,54 mm (0.1 in) apart. |t |
recommended that keyed connectors be used.

5.3.1.3 Non-shielded connector - B cable

The non-shielded high-density SCSI device connector for the B cable (see figure 1) shall be a 68-conductor connecte
consisting of two rows of 34 female contacts with adjacent contacts 1,27 mm (0,05 in) apart. The non-mating portio
of the connector is shown for reference only.

The non-shielded high-density cable connector for the B cable (see figure 2) shall be a 68-conductor connectc
consisting of two rows of 34 male contacts with adjacent contacls 1,27 mm (0,05 in) apart. The non-mating portio
of the connector is shown for reference only.

10
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B2 [5,54]
B3
B4
B5
B6 05 053 5] S
B7 [0,039 R] | (1,00 R] [0.039 Rl
B8 0,61+0,05 |0,024+0,002 0,61+ 0,05 |0,024+ 0,002
88 0,15 0,006 0.15 0,006
Bio 086£0,10 |0,034£0,004 0,860,110 |0,034+ 0,004
Bri 0,15 0,006 0,15 0,006
Biz2 0,05 0,002 0,05 0,002
BiSs 5,00+0,13) 0,197+ 0,005 9,00+£0,13 ] 0,197+ 0,005
Bid 1,75 mox, | 0,069 mox. 1,75 max, | 0,069 max.

Socket X 25 34

Socket Y 28 35

Socket 2 50 [=1=]

NOTE: Dimensions B8 and B/Qore the opening in the dielectric.

The socket contocts (not shown) fit wthin the opening.

Figure 1 - 50/68-contact non-shielded high-density SCSI| device connector
(A cable/B cable)
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Al 34,85 0.372] 46,25
A2 [5.89] 0.224
A3 [2.54] [0.100]
A4 1,27 1.27
AS 30,48
A6 059 051
A7 [1.04 R] [0,041 R] [1,04 R] [0.041 R]
A8 0,40+0,010 |0,0156+£0,0004| 0,40£0,010 |0.0156+£0,0004
A9 0,23 0,009 0,23 0,009
ATQ 0,60£0,03 | 0,02440,001 0,60+£0,03 | 0,024+0,001
Al 0,23 0,009 0,23 0,009
412 0,05 0,002 0,05 0,002
A13 515+0,15 | 0,203+0,006 5,150,155 | 0,203+0,0086
Ard 4,39 max. 0,173 max. 4,39 max. 0,173 max,
AlS 3,02 min. | 0,119 min. 3,02 min, 0,119 min,
Pin X 25 4
Pin ¥ 26 35
Pin 7 50 68

Figure 2 - 50/68-comact non-shielded high-density cable connector
{A cable/B cable)

12
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Note: Straight
through header
mct}r also be

u)
Pin 50 |= See Note 1 Shrouded Header

Pin 72— (Recommended)

Section X=X

Dimension mm in Comments

D1 2,94 0,100

D2 82,80 35,260 Reference Only

D3 2,54 0,100

D4 8,89 0,350 Reference Only

D5 72,64 2,860 Reference Only

D6 78,74 3,100 Reference Only

D7 13,94 0,549 Reference Only

D8 4,19+0,25 |0,165+0,010

D9 6,09 0,240

D10 6,60 0,260 Reference Only
NOTES

1 Two rows of twenty five contacts on 2,540 mm
(0,100 in) spacing = 60,960 mm (2,400 in),

2 Tolerances £0,127 mm (0,005 in) non—cumulative,
unless specified otherwise.

Figure 3 - 50-contact non-shielded low-density SCSI device connector
(A cable)

13
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Contact 507 C1

[ B A P AT PP P Back view
S| e
Contact I___ c3
- c2
Contacts for even
- See Note 1 --{/ wires are not shown.

___Il I___| ] Side view
c5

cé

* /_Sanglcll-:et 49 _[ C7
E3sscasssssnzsussasaaaess

T Socket
Cc8

Front view

Socket 50

Dimensions mm in Comments

c1 2,54 0,100

c2 60,96 2,400

c3 2,54 0,100

C4 3,30 0,130

c5 32,38 1,275

cé 63,07 2,680

c7 6,10 0,240

c8 7,62 0,300 Maximum
NOTES

1 Fifty contacts on 1,270 mm (0,050 in) staggered
spacing = 62,230 mm (2,450 in) [reference uniyi

2 Tolerances 0,127 mm (0,005) non—cumulative,
unless specified otherwise.

3 Connector cover ond strain relief are optional.

Figure 4 - 50-contact non-ghlelded low-density cable connector
(A cabls)
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5.3.2 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 system should provide a d.c. resistance of less than 10 m{ from the cable shield
al its termination point to the SCS5| 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 SCSI
devica's drivers and recelvers provided the maximum stub length is not viclated., Altemnatively, 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 length of the cable within the device enclosure is included when calculating the total cable length of the SCSI
bus.

MNOTE 8 SCSl-1 defined three shielded connector systems in an annex. The alternative 1 shielded connector of SCSI-1
has been replaced by a high-density connector in this standard, The altarnative 2 shielded connector remains unchanged,
The EURCCARD boxes shielded connector system of SC8I-1 has been deleted in this standard.

5.3.2.1 Shlelded connector alternative 1 - A cable

The shielded high-density SCS| device connector for the A cable (see figure 5) is a 50-conductor connector consisting
of twe rows of 25 female contacts with adjacent contacts 1,27 mm (0,05 in) aparl. The non-mating portien of the
connector s shown for reference only.

The shielded high-density cable connector for the A cable (see figure 6) is a 50-conductor connector consisting of
two rows of 25 male contacts with adjacent contacts 1,27 mm (0,05 in) apart. The non-mating portion of the
connector is shown for reference only.

5.,3.2.2 Shielded connector altarnative 2 - A cable

The shielded low-density device connector for the A cable (see figure 7) is a 50-conductor connector consisting of
two rows of ribben contacts spaced 2,16 mm (0,085 in) apart. The non-mating portion of the connector is shown
for reference only.

The shielded low-density cable connector for the A cable (see figure 8) is a 50-conductor connector consisting of two
rows of ribbon contacts spaced 2,18 mm (0,085 in) apart, The non-maling perlien of the connecter is shown for
referance only.

5.3.2.3 Shielded connecter - B cable
The shielded high-density SCS| device connector for the B cable (see figure 5) is a 68-conductor connector consisting
of two rows of 34 female contacts with adjacent contacts 1,27 mm (0,05 in) apart. The non-mating portion of the
connector js shown for reference only.
The shielded high-density cable connecter for the B cable (see figure 6) is a 68-conductor connector consisting of

two rows of 34 male contacts with adjacent contacts 1,27 mm (0,05 in) apart. The non-mating portion of the
connector is shown for reference enly.

15

OLYMPUS EX. 1014 - 43/468



ANSI X3.131-1884

16

EEEUEHS IS

A\ SEATING PLANE

SOCKET X

-—EF—IEI-- 86

SOCKET 1

—=

| B3 B2

B7

bl
\"— SOCKET Y

813

Dimensions
Bi
B2
B3
B4
BS
B&
a7
B8 0,61£0,05 |0,024£0,002 | 0,81£0,05 |0,024:0,002
Bg 0,15 0.006 0.15 0.006
Bia 0862010 [0,034+0,004 | 0.86£0,10 (00344 0,004
Bir 0,15 0.006 0.15 0.006
B1z 0,08 0,002 0,08 0,002
813 5.10£0,05 | 0.2012£0,002| 510£0.05 | 0.201£0.002
Brd 500+0,13 | 0,1972£0,005) 500013 | 0,19720,005
Bis 1,85 max. | 0,073 max. | 1,85 max. | 0,073 maox.
Big 1.50£0,03 | 0.0590,001] 1,50£0,03 | 0.05%0.001
Bi7 42,2940,10 }1,6650,004 | 53,724£0,10 §2,115:0.004
Sockel X 25 ry
Socket Y 26 is
Socket 7 50 63

MOTE — Dimanasiona B8 and §70 are the opening in the dielactrc,
The socket contacts (not shown) fit within the opening.

(A cable/B cable)
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Figure 5 - 50/68-contact shialded high-density SCS| device connector
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J Tl
?
.uu—-L———- x-‘_”"FEI'- A6
L ™ P x

~A3
T
|4 _---l I---ﬁ " J‘,I-f
= | ]
~ v
PIN ¥ —/_7 \_ \- FIN Z
A7 pom] L= —Sliiz)

A seatmg PLane

Diosansions 50 Posltion G5 Posltion

7V I e v -
A2 [555) (559 [0.224)

s | B2 | Gbs (250 | G
« | O | oo (27 | o
s | Ba | Emo i o
46 08 | [ 09

AT

:

(Lo H i (5id [0.041 1
A8 0,40£0,010( 0,0156+0,0004 | 0,400,010 |0,0156£0,0004
A9 0,23 0,009 0,23 0,009
AlQ 0,50+0,0% | 0,024+0,001 0,80+ 0,03 | 0,024%0,001
Al 0,23 0.009 0,23 0.003
Arz 0,05 0,002 0,05 0,002
ATS 4,90£0,10 | 0,193£0,004 | 4,90£0,10 | 0,193£0,004
Al 427 maox, | 0,188 max. 427 mox, | 0,188 max.
ArS 2,64 min, 0,104 min. 2,64 min, 0104 min,
ATE 0,250,113 | 0.010£0,005 0.25£0.13 | 0,010£0,005
Pin & L] ry
Pin ¥ 2B i5
Pin I &0 68

Figure & - 50/68-contact shlelded high-density cable connector
(A cable/B cable)
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-1———F'-'

* LL

- —

-

===

| 2
o] /l‘:
contat 25 \_;

Eg

W

1o/

E3

Contoct 50 -/

/

‘- Contact 26
E12
Dimensions mm in
Et 56,39 min, 2,220 min,
E21) 2,62 min. | 0,103 min.
E3 3,99 min. 0,157 min.
E4 5,84 min. 0,230 min.
ES 74 85 2.947
E6 2 64,29 maox. | 2,531 max,
E7 ; 83,06 3,270
E8 2 15,24 0,600
ES 12,04 max. 0,474 max.
Ei0 9,78 max. | 0,385 max.
E11 2,16 0,085 B1f —a= [em—
Erz2 15°+2° 15°+2°
NOTE - Tolerances £ 0,127 mm
(0,005 in) non—cumulative, unless
specified otherwise.
1) This dimension is selected to
accomodote 4—40 or 6=32 threoded
serews,
2) These dimensions are shown for
referance only,

Figura 7 - 50-contac! shielded low-density SCS| device connector
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[ WU

|

Fi12

Fa

F1
Conftact 1

Contoct 25 *

Contact 50

Contact 26

-—————— Ff0 —— F5

Dimensions mm in
F1 56,26 mox. | 2,215 mox.
Fz 54,29 min, 2,531 min,
Fal) 15,24 0,600
Fd 7.29 min. 0,287 min,
rs ) 1,02 0.040
F& 4,09 mox. | 0,161 max.
F?"] 5,08 0,200
Fg 6,10 0,240
Fa 12,04 min, 0,474 min,
Fio1) 68,45 2,695
Fii 15°4 2° 1594 2°
F121) 76,71 3,020
F13 2,16 0,085
MOTE = Tolerances £ 0,127 mm

(0,005 in) non—cumulgtive, unless
spacified otherwise,

1) These dimensions are shown for
refarance only.

I =

p———
&
| L]
L1
Tt

FI13—"

Figure 8 - 50-contact shielded low-density cable connector
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5.3.3 Connector contact assignments

The connector contact assignments are defined in tables 1 through 5. Table 1 definas which of the other four table

to use and which set of contact assignments to use.

20

Table 1 - Cross-reference to connector contact assignments

Driver/ Contact
receiver Connector|assignment Contact
Connector type type Cable| figure table set
Non-shielded alternative 1|Single-ended| A 1 &2 2 2
Mon-shielded alternative 1|S5ingle-ended B 1 & 2 a
Non-shielded alternative 1|Differential| A 182 4 2
Non-shielded alternative 1|Differential| B 1 &2 5
Non-shielded alternative 2|Single-ended| A 34 4 2 1
Mon-shielded alternative 2|Differential| A 344 4 1
Shielded alternative 1 S8ingle-ended| A 5&86 2 2
Shielded alternative 1 S8ingle-ended| B 5 &6 3
Shielded alternative 1 Differential| A 5 &6 i 2
Shieldad alternative 1 pifferantial| B 546 5
Shielded alternative 2 Single-ended| A T&8 2 2
Shielded alternative 2 Differential| A T&B8 4 2
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Table 2 - Single-ended contact assignments - A cable

Connector Connector
contact number| Cable |contact number
Signal conductor Signal
name Set 2 | S8t 1 | number Set 1 | Set 2 nama
GROUND 1 1 1 2 2 26 -DB(0
GROUND 2 3 3 & 4 27 -DB(1
GROUND 3 5 5 G & 28 -DB(2
GROUND 4 T 7 -] 8 28 -0DB(3
GROUND 5 9 9 10 10 a0 -DB(4
GROUND g 11 11 12 12 a1 -DB(5
GROUND 7 13 13 14 14 a2 -DB(6
GROUND 8 15 15 16 16 a3 -DB{7
GROUND ) a 1T 17 18 18 34 -DB(P
GROUND 10 18 18 20 20 as GROUN
GROUND 11 21 21 a2 22 36 GROUND
RESERVED 12 24 23 24 24 ar RESERVED
OPEN - 13 25 25 26 26 38 TERMPWA
RESERVED 14 27 a7 28 28 39 RESERVED
GROUND 15 28 28 ao a0 40 GROUND
GROUND 16 31 a1 az a2 41 -ATN
GROUND 17 33 a2 34 34 42 GROUND
GROUND 18 as a5 | 38 38 43 -BSY
GROUND pk:] a7 37 | a8 a8 44 -ACK
GROUND 20 a8 ik &0 40 45 -RST
GROUND 21 49 41 | 42 42 48 -MsSG
GROUND 22 43 43 44 44 47 -SEL
GROUND 23 45 45 | 46 46 48 -G/D
GROUND 24 47 47 | 48 48 49 -REQ
GROUND 26 49 48 50 S0 50 -1/0
NOTES

1 The minus sign next to a signal indicates active low.

2 The conductor number refers to the conductor position when using
0,050 inch centreline flat ribbon cable with a low-density connector or
when using 0,025 inch centreline flat ribbon cable with a high-density
connactor. Other cable types may be used to implement equivalent
contact assignments.

3 Two sets of contact assignments are shown. FHefer to table 1 to
determine which set of contacts applies to each connector.

4 Sea 5,4.4 for a definition of the HESERVED lines.

21
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Table 3 - Single-ended contact assignments - B cable

Connector Cable Connector
Signal contact conductor contact Signal
name number number number name
GROUND 1 1 2 35 GROUND
GROUND 2 3 4 36 -DB({8B)
GRCUND 3 5 6 37 -DB(9)
GROUND 4 7 8 38 -DB{10)
GROUND 5 9 10 39 -DB{11)
GROUND 6 11 12 40 -bB{12)
GROUND 7 13 14 41 -DB{13)
GROUND 8 15 16 42 -DB(14)
GROUND g 17 18 43 -DB{15)
GROUND 10 19 | 20 44 -DB(Pt)
GROUND 11 21 a2 45 -ACKB
GROUND 12 23 24 46 GROUND
GROUND 13 25 28 47 -REQB
GROUND 14 27 | 28 48 -DB(18}
GROUND 15 29 | 30 49 -0B{17)
GROUND 18 3 32 50 -DB{18)
TERMPWRB 17 33 | 34 51 TERMPWRB
TERMPWRE 18 35 | 35 52 TERMPWRE
GROUND 19 37 | 38 53 -pB({19)
GROUND 20 39 40 54 -DB{20}
GROUND 21 41 42 55 -DB{21)
GROUND 22 43 | 44 56 -pB(22)
GROUND 23 45 | 48 57 -DB(23)
GROUND 24 47 | 48 58 -CB({P2)
GROUND 25 49 | 80 59 -DB(24)
GRCUND 26 51 52 60 -DB{25)
GROUND 27 53 54 81 -DB{26)
GRDUND 28 55 | 56 62 -DB(27)
GROUND 29 57 | 58 63 -DB(28)
GROUND 30 59 60 64 -DB(29;
GROUND 3 61 62 65 -DB (30
GROUND 32 63 | 64 é8 -DB(31}
GROUND 33 85 66 67 -PB(P3}
GROUND 34 67 | 68 68 GROUND
NOTES
1 The minus sign next to a signal indicates active low.
2 The conductor number refers to the conductor position when using
0,025 inch centreline flat ribbon cable. OCther cable types may be used
to implement contact assignments.

NOTE 10 An alternate 16-bit single-cable selution and an alternate 32-bit soluticn is being defined and the B cable definition
will be remaved in a future version of SCSL

22
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Table 4 - Differential contact assighments - A cable

Connector Connector
contact number Cable contact number
Signal conductor Signal
name - Set 2 | Set 1 number Set 1 Set 2 name
GROUND 1 1 1 2 2 26 GROUND
+DB(0) 2 3 3 4 4 27 -DB{0}
+DB (1) 3 5 5 6 & 28 -DB(1)
+DB{2) 4 7 7 B 8 29 -DB{2)
+DB{a) 5 8 a | 10 10 ao -bB{3)
+DB(4) <] 11 11 12 12 ait ~-DB({4)
+DB{5} 7 13 13 | 14 14 3z -DB(S;
+DB{6 8 15 15 § 18 16 33 -0B(8&
+DB(7} 9 17 17 | 18 18 34 -0B({7
+DB(P} 10 19 19 | 20 20 35 -0B P;
DIFFSENS 11 21 21 22 22 36 GROUND
RESERVED 12 23 23 1 24 24 a7 RESERVED
TERMPWR 13 25 25 { 26 26 38 TERMPIWR
RESERVED 14 27 27 28 28 39 RESERVED
+ATN 15 28 29 | 30 30 4Q -ATN
GROUND 16 3 31 32 32 41 GROUND
+B8Y 17 33 33 34 34 42 -BsY
+ACK 18 35 35 | 36 38 43 -ACK
+AST 19 37 37 | 88 38 44 -AST
+ACK 18 35 35 38 36 43 -ACK
+RST 18 37 37 | 38 38 44 -RST
+MSG 20 32 39 40 40 45 -M5G
+SEL 21 41 41 42 42 46 -SEL
+C/D 22 43 43 44 44 47 -C/D
+REQ 23 45 45 | 46 48 48 -REQ
+1/0 24 47 47 48 48 49 -If0
GROUND 25 48 43 | 50 50 50 GROUND
NOTES
1 The conductor number refers to the conductor pesition when using
0,050 inch centreline flat ribbon cable with a low-density connactor or
when using 0,025 inch centreline flat ribbon cable with a high-density
connector. Other cable types may be used to implement equivalent
contact assignments,
2 Two sets of contact assignments are shown. PRefer to table i1 to
determine which set of contacts applies to each connector.
3 See 5.4.4 for a definition of the RESERVED lines.

23
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Table 5 - Differentlal contact assignments - B cable

Connector Cable Connector
Signal contact conductor contact Signal
name number number number name
GEROUND 1 1 2 a5 GROUND
+DB (8 2 3 4 36 -DB(8
+DB si 3 5 -] 37 -DB(8
+DB(1 4 7 8 38 -DB(10
+DB(11 5 9 10 38 -DB(11
+DB(12 6 11 | 12 40 -DB(12
+0B{13 7 13 | 14 41 -DB{13
+0B(14 8 15 | 18 42 -DB(14
+DB(15 9 17 | 18 43 -DB({15
+DB(P1) 10 19 | 20 44 -DB{F1
+ACKB 11 21 | 22 45 -ACKB
GBROUND 12 28 | 24 46 DIFFSENS
+REQA 13 25 | 26 47 -REQB
+DB(16 14 a7 28 48 -DB(16
+DB(17 15 29 | 30 49 -DB(17
+DB{18 16 1 | 32 50 -DB{18
TERMPWAB 17 33 | 24 51 TERMPWRE
TERMFWREB 18 as | as 52 TERMPWRE
+DB(19 19 37 | 38 53 -DB(18)
+DB(20 20 39 | 40 54 -DB({20
+DBE( 21 21 41 | 42 55 -DB(21
+DB(22 22 43 | 44 58 -DB(22
+0B(23 23 45 | 48 57 -DB(23
+DB(P2 24 47 | 48 58 -0B(P2
+DB(24 25 48 50 59 -DB (24
+DB(25 26 51 52 &0 -DB(25
+DB( 26 27 53 | 54 a1 -DB({ 26
+DB {27 28 1 56 62 -DB(2T
+DB(28 29 57 | 58 €3 -DB(28
+0B aai 3o 59 | 80 84 -DB(29
+DB{30 31 61 | 62 65 -DB({30
+0B(3 32 63 64 66 -I:IB{EH ;
+DB (P 33 65 | 66 &7 -DB(P3
HDUND a4 &7 | &8 - GROUND
NOTE

The conductor number refers to the conductor position when using

0,025 inch centreline flat ribbon cable. Other cable types may be used

to implement eguivalent contact assignments.

NOTE 11 An alternate 16-bit single-cable solution and an alternate 32-bit solution is being defined and the B cable definition
will be removed in a future version of SCSL
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5.4 Electrical description

For the measurements in this subclause, SCS| bus termination is assumed to be external to the SCS| device, See
5.4.4 for the terminating requirements for the RESERVED lines. SC3I devices may have the provision for allowing
optional internal termination.

5.4.1 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 following two methods to terminate each end (see figures 9 and 10);

a) The termination of each signal shall consist of 220 0 (+5%) to the TERMPWR line and 330 Q (+5%) to ground,
Using resistors with +1% tolerance impraves noise margins.
b) The termination of each signal shall meet these requirements:
1) The terminators shall each supply a characteristic impedance between 100 0 and 132 0.
2) The terminators shall be powered by the TERMPWR line and may receive additional power from other
sources but shall net require such additional power for preper operation (see 5.4.3),
3) The current avallable to any signal line driver shall not exceed 48 mA when the driver asserts the line and
pulls it to 0,5 V d.c. Only 44,8 mA of this current shall be available from the two terminators.
4} The voltage on all released signal lines shall be at least 2,5 V d.c. when the TERMPWR line is within
specified values (see 5.4.8).
5) These conditions shall be met with any legal configuration of targets and initiators as long as at least one
device is supplying TERMPWR.

The first termination method above is the same as in SC3l-1. The second termination methed is recommendead for
better signal quality.

5.4.1.1 Output characteristica

All signals shall use open-collector 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:

VE:L {low-level output voltage) = 0,0 to 0,5 V d.c. at 48 mA sinking (signal assertion)

Vo (high-level output voltage) = 2,5 to 5,25 V d.c. (signal negation)

5.4.1.2 Input characteristics

SCSI devices with power on shall meet the following electrical characteristics on each signal (including both receivers
and passive drivers):

V)L (low-level input voltage) = 0,0V de to0,8V d.e. (signal trua)
'-) {high-level input voltage) = 2,0V d.c. to 5,25 V d.c. (signal false)

I (low-level input current) =-04mAto00mAatV, =05Vde.
I (high-level input current) = 0,0mAto 0,1 mAatV, =27Vdc
inimum input hysteresis =0,2Vde
Maximum Input capacitance = 25 pF (measured at the device connector closest to the stub, if any, within the device)

It is recommended that SCS| devices with power off also meet the above /;|_and I\ electrical characteristics on each
signal.

To achieve maximum neise immunity and to assure proper operation with complex cable configurations, it is
recommended that the nominal switching threshold be approximately 1,4 V,

25
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5.4.2 Differontial alternative

All signals consist of two lines denoted +SIGNAL and -SIGNAL. A signal is true when +SIGNAL is more positive tha:
-SIGNAL, and a signal is false when -SIGNAL is more positive than +SIGNAL. All assigned signals of the A and [
cables described in 5.6 shall be terminated at each end of the cable with a terminator network as shown in figure 11

Resistor tolerances in the terminator network shall be +5 % or less.

The DIFFSENS signal of the connecter is used as an active high enable for the differential drivers. If a single-ende:
device or terminater is inadvertently connected, this signal is grounded, disabling the differential drivers (see figur
12).

The characteristic impedance of differential terminators s 122 0.
5.4.2.1 Output characteristica

Each signal driven by an SCSI| device shall have the following cutput characteristics whan measured at the 3CE
device's connector:

Vg (low-level output voitage) = 1,7 V maximum at / (lew-level cutput current) = 55 mA,

Vg (high-level output voltage) = 2,7 V minimum m']’o (high-level output current) = -55 mA.

Vop (differential output voltage) = 1,0V minimum with common-mode voltage ranges from -7 Vd.c. to +12V d.c

Vg and Vg shall be as measured between the output terminal and the SCSI device's logic ground reference.
The output characteristics shall additionally conform to EIA R8-485-1983.
5.4.2.2 Input characteristics

3C3I devices shall meet the following electrical characteristics on each signal (including both receivers and passivi
drivers):

/| (input current on either input) = + 2,0 mA maximum.

Maximum input capacitance = 25 pF.

The /| requirement shall be met with the input voltage varying between -7 V d.c. and +12 V d.c., with power on ©
off, and with the hysteresis equaling 35 mV, minimum.

The input characteristics shall additionally conform to EIA AS-485-1983.

5.4.3 Terminator power

SC5l initiators shall supply terminator power to the TERMPWR contact(s) and, if it implements the wide SCSI optier
to the TERMPWRB contacts. This power shall be supplied through a diode or similar semiconductor that prevent
backflow of power to the SCEl device. Targets and SCS| devices that become temperary initiators (e.g. targets whicl
implement the COPY command or asynchronous event notification) are not required to supply terminator power. An
5CS| device may supply terminator power. Interface error rates are [ower if the termination voltage is maintained a
the extreme ends of the cable.

All terminators independent of location shall be powered from the TERMPWR and TERMPWRB contact(s). The us:
of keyed connectors is recommended in SCEl devices that provide terminater power to prevent accidental groundin:
or the incorrect connection of terminator power.

MNOTE 12 Regulatory agencies may require limiting maximum {short circuit) current to the terminator power [ines,
Fecommended current fimiting s 1,5 A for TERMPWR and 2 A for TERMPWRB. For systems utilizing multiple inftiators,
the initiastars may be configured with option straps or current limiting devices. Maximum avajlable current should not
exceed S A
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8C32l devices shall sink no more than 1,0 mA from TERMPWR and no more than 1,0 mA from TERMPWRE excapt
to power an optional internal terminator.

Single-ended SCS| devices providing terminator power on cable A shall have the following characteristics:
=4,25Vdc.to525Vde,

V.
Tﬂmﬂﬂﬂ mA, minimum source drive capability

Differential SCSI devices providing terminator power on cable A shall have the following characteristics:
Vierm = 40Vdc.to525Vd.c.
600 mA minimum source drive capabllity

Single-ended SCS| devices providing terminator power on cable B shall have the following characteristics:
Vigrm = 45Vde.to525Vde.
1500 mA minimum source drive capability

Differential SC3I devices providing terminator power on cable B shall have the following characteristics:

=40Vde to525Vde.

V:
Tem1mn mA minimum source drive capability

NOTE 13 It is recommended that the terminator power lines be decoupled at each terminator with at least a 2,2 yF high-
frequency capacitor o improve signal quality.

27
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TERMINATOR POWER

=SIGNAL

220 R

GROUND 330 %

Figure 9 - Alternative 1 termination for single-ended devices

» [ERMPWR

—W——s —DB(0)
Ew— -08(1)
+—W— —DB(2)
MWh——e —DB(4)

Low dropout
valtage
Vin | requiotor — Yout ~ -
fmax 2
==t | Vout = 2,85 V e c2 N c3
{See Mote 1) R1 I

- wW—— —DB(5)
p——= —DB(6)
p—w—— ~DB(7)
A ——n —DB(P)
—W—s —ATN
—W—s —BSY
=ACK

- A——n =RST

Compeonent| Description

A —MSG

R? 12182, 1%, 025 W
Rz 15482, 1%, 025 W
R3-R20 1MoQ, 1%
cr 10 uF Alym. 15 V or
4,7 uF Tant. 15 ¥
c2 150 wF Alum. 10 V or

22 ufF Tant. 10 V
(ESR at 120 Hz < 4 )
c3 0,1 WF Ceramic 25 V

—p—s —C/D
—v——» —REQ
A ——t -1/0

NOTES
1 The voltage requlator shown is an adjustable
type with V oy = 1,25 V. Rland R2 were

The voltage regulator ¥ g.opqut shall be 1,25
less at frﬂux

2 Alternate values thol provide lower
performonce ot somewhat lowar cost use Fayt
of 263V. RI= 110§, 1% R2= 124
1% R3-R20= 1009, 2%.

selected to prwida approximately 10 mA [ quie ﬂ.-.t.

Flgure 10 - Alternative 2 termination for single-ended devices
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TERMINATOR POWER

~SIGNAL 330 R
+SIGNAL 150 @
GROUND 330 R

Figure 11 - Terminatlon for differentlal devices

+5 V. (nominal)
Silicon Dicde

1 k@ (Typical)
[, Driver Enable
L (High)

™,
DIFFSENS!

Figure 12 - Differential driver protaction eircult
5.4.4 RESERVED lines
The lines labelled RESERVED in the A cable contact assignment tables (table 2 and table 4) shall be connected to

ground in the bus terminator assemblies or in the end devices on the SCSI cable. The RESERVED lines should be
open In the other SCSI devices, but may be connected to ground.

29
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5.5 SCSI bus

Communication an the SCS! bus Is allowed between only two SCS| devices at any given time. There is a maximun
of eight SCSI devices, Each SCS| device has an SCS| |D bit assigned as shown in figure 13. Three sample systen
configurations are shown in figure 14. There can be any combination of initiators and targets provided there is a
least one of each.

When twe SC8| davices communicate on the SCSI bus, one acts as an initiater and the other acts as a target. The
initiator originates an operation and the target performs the operation. An SCS| device usually has a fixed role a
an initiator or target, but some devices may be able to assume either rcle.

An inftiator may acddress up to eight peripheral devices that are connected to a target. The target may be physicall:
housed within the peripheral device in which case the peripheral devica is refarred to as an embadded SCSI davice

Certain SCS| bus functions are assigned to the initiator and certain SCS| bus functions are assigned to the target
The initiator may arbitrate for the SC3| bus and select a particular target. The target may request the transfer o
COMMAND, DATA, STATUS, or other information on the DATA BUS, and in some cases it may arbitrate for the SCS
bus and reselect an initiator for the purpose of continuing an operation.

Information transfers on the DATA BUS are asynchroncus and fallow a defined REQ/ACK handshake protocol. One
byte of information may be transferred with each handshake on the A cable and, if the wide data transfer option i
Iimplemented, one or three bytes of information may be transferred with each handshake on the B cable. An optior
is defined for synchronous data transfer,

DATA BUS
e

- h

DB(7) DB(6) DB(S) DB(4) DB(3) DB(2) DB(1) DB(O)

I_ SCSIID =0
SCslID = 1
SCsl ID = 2
L SCSIID = 3
L SCSI ID = 4
L SCsI ID = 5
L. SCSIID =6
L SCSI ID = 7

Figure 13 - SCSI ID blts

aon
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Peripheral devices such aos
magnetic—disks, printers,
optical—disks, ond mognetic—

topes.

Garc ( SCSI_BUS A contret
i -

SINGLE INITIATOR, SINGLE TARGET

A

W‘EEQ SCSI_BUS_ ) controsr éé
=50

SINGLE INITIATOR, MULTIPLE TARGET

W‘ES SCSI BUS ) controer

50
50
50
50
5

MULTIPLE INITIATOR, MULTIPLE TARGET

Figurs 14 - Sample SCS| configurations

i
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5.6 SCSI bus signals

There are a total of 18 signals on the A cable and 29 signals on the B cable. Atotal of 11 signals are used for contra
and 36 are used for data (messages, commands, status and data), including parity. These signals are described as
follows:

a) BSY (BUSY). An OR-tied signal that indicates that the bus is being used.
b)  SEL (SELECT). An OR-tied signal used by an initiator to select a target or by a target to reselect an initiator

MOTE 14 The SEL signal was not defined as OR-tied in 3CSI-1, It has been defined as OR-tied in SCSI-2 in anticipation
of naading ancther OR-tied signal for future standardization. This does not cause an operational prablem in mixing SC3i-1
and SCSI-2 devices.

c) C/D (CONTROL/DATA). A signal driven by a target that indicates whether CONTROL or DATA information is
on the DATABUS. True indicates CONTROL.

d) /O (INPUT/OUTPUT). A signal driven by a target that controls the direction of data movement on the DATA
BUS with respect to an initiator, True indicates input to the inftiator. This signal is also used to distinguish

between SELECTION and RESELECTION phases.
g) MSG {(MESSAGE). A signal driven by a target during the MESSAGE phase.

] REQ (REQUEST). A signal driven by a target on the A cable to indicate a request for an ACK information
transfar handshake.

g) REQB (REQUEST). A signal driven by a target on the B cable to indicate a request for an ACKE information
transfer handshake.

h) ACK (ACKNOWLEDGE). A signal driven by an initiatar on the A cable to indicate an acknowledgment for a
REQ information transfer handshake.

i) ACKE (ACKNOWLEDGE). A signal driven by an initiator on the B cable to indicate an acknowledgment for
a REQB information transfer handshake.

] ATN (ATTENTION). A signal driven by an inftiator to indicate the ATTENTION condition.
k) 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. Panty is undefined during the
ARBITRATION phase.

m) DB(31-8,P1,P2,P3) (DATA BUS). Twenty-four data-bit signals, plus three parity-bit signals that form an
extension to the DATABUS. DB(P1,P2,PS)are parity bits for DB(15-8), DB(28-16), and DB(31-24) raspectively.

A data bit s defined as one when the signal value is true and Is defined as zero when the signal value Is false.
Data parity DB({Fx) shall be edd.

a2
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5.6.1 Signal values

Signals may assume true or false values. There are two methods of driving these signals. In beth cases, the signal
shall be actively driven true, or asserted. In the case of OR-tied drivers, the driver does not drive the signal to the
false state, rather the bias cirouitry of the bus terminaters pulls the signal false whenever it is released by the drivers
at every SCS| device. If any driver is asserted, then the signal is true. In the case of non-OR-tied drivers, the signal
may be actively driven false. In this standard, wherever the term negated is used, it means that the signal 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 signais false during information transfer is that the transition from true
to false occurs more quickly and the noise margin is much higher than if the signal is simply released, This facilitates
reliable data transfer at high rates, especially at the longer cable lengths used with differential drivers.

5.6.2 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
may be simultaneously driven true by several drivers. No signals other than ESY, RET, and DE(F) are simultanecusly
driven by two or more drivers, and any signal other than BSY, SEL, and RST may employ OR-tied or non-OR-tied
drivers. DB(P) shall not be driven false during tha ARBITRATION phase but may be driven false in other phases.
Thera is no operational problem in mixing OR-tied and nen-OR-tied drivers on signals other than BSY and RST.

5.6.3 Slgnal sources
Table 6 indicates which type of 5C3I device is allowed to source each signal. No attempt is made to show if the

source [s driving asserted, driving negated, or is passive. All SCSI| device drivers that are not active sources be in
the passive state, The RST signal may be asserted by any SCS| device at any time,
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Table & - Signal sources

Bus phase A cable signals B cable signals
c/o, Dﬂé31-5}

/0, ODB(P1
M5G, | ACK, DB({7-0) oe PE!

BaY SEL REQ ATH DB(P) REQB | ACKE DB(P3
BUS FREE Mope | None | Nona | None None None None None
ARBITRATION All Win None None EID None None None
SELECTION IAT Init | None | Init Init None None None
RESELECTION 14T Targ | Targ | Indt Tar Hone Hone Hone
COMMAND Targ | None | Targ | Init Ini None | None None
DATA IN Targ | None | Targ Init Targ Targ Init Targ
DATA OUT Targ | None | Targ | Init Init Targ | Init Init
STATUS Targ | None | Targ | Init Targ Nene | None None
MESSAGE IN Targ None Targ Init Targ None None Nane
MESSAGE OUT | Targ Mone | Targ | Init Init MNone None None

All: The signal shall ba driven by all SCSI devices that are actively
arbitrating.

85 ID: A unique data bit (the SCSI ID) shall be driven by sach 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
{DEéPl} ma¥ be released or driven to the true state, but shall never
be driven to the false state during this phasa.

IAT: Tha signal shall be driven hg the initiater, 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.

None: The signal shall be released; that is, not be driven h{ any SCSI
device. The bias circuitry of the bus terminators pulls the signal
to the false state.

Win: The signal shall be driven by the one SCSI device that wins
arbitraticn.

Targ: IT the signal is driven, it shall be driven only by the active
target.

5.7 SCSI bus timing

Unless otherwise indicated, the delay-time measurements for each SCS| device, shown in table 7, shall be calculated
from signal conditions existing at that SCSI device's own SCS| 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.

34
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Tabla 7 - SCS| bus timing values

Timing description Timing value
Arbitration delay 2,4 ps

Assertion period 80 ns

Bus clear delay BOD ns

Bus free delay B0O ns

Bus set delay 1,8 us

Bus settle delay 400 ns

Cable skew dela¥ i0 ns

Data release delay 400 ns

Deskew delay 45 ns
Disconnection delay 200 ps

Hold time 45 ns

Negation period 80 n=

Power-on to selection time 10 s recommended
Reset to selection time 250 ms recommended
Reset hold time 25 ps

Selection abort time 200 ps

Selection time-out delay 250 ms recommended
Transfer period set during an SDTR message
Fast assertion period 30 ns

Fast cable skew delay 5 ns

Fast deskew delay 20 n3

Fast hold time 10 ns

Fast negation period 30 ns

5.7.1 Arbitration delay

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

5.7.2 Assertion perlod

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 ACKE) while using synchronous data transfers. REQE and ACKE
timings only apply to optional wide data transfers.

5.7.3 Bus clear delay
The maximum time for an SCS| device to stop driving all bus signals after:

a) The BUS FREE phase is detected (see 6.1.1)

b) SEL Is received from ancther SCS| device during the ARBITRATION phase

g} The transition of RST te true.
For the first condition above, the maximum time for an SC5| device to clear the bus is 1200 nanoseconds from B3Y
and SEL first becoming both false. If an SCS| 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 time.
5.7.4 Bus frea delay

The minimum time that an SCSI device shall wait from its detection of the BUS FREE phase (see 6.1.1) until its
assertion of BSY when going to the ARBITRATION phase,

as
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5.7.5 Bus set delay

The maximum time fer an SCSI device to assert BSY and its SCSI ID kit on the DATA BUS after it detects BUS FREE
phase (see 6.1.1) for the purpose of entering the ARBITRATION phase.

5.7.8 Bus settle delay

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

5.7.7 Cable skew delay

The maximum difference in propagation time allowed between any two SC3| bus signals measured between any twe
SCSI devices.

5,7.8 Data release delay

The maximum time far an initiator to release the DATA BUS signals following the transition of the 1/O signal from false
lo true.

5.7.8 Deskew delay
The minimum time required for deskew of certain signals,
5.7.10 Dlaconnection delay

The minimum time that a target shall wait after releasing BSY before participating in an ARBITRATION phase when
honouring a DISCONNECT message from the initiator.

5.7.11 Hold time

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

5.7.12 Negation perlod

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

5.7.13 Power-on to selection time

The recommended maximum lime from power application until an SCSl target Is able to respond with appropriate
status and sense data to the TEST UNIT READY, INQUIRY, and REQUEST SENSE commands.

5.7.14 Reset to selectlon time

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

38
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5.7.15 Reset hold time

The minimum time for which RST is asserted. There is no maximum time.

5.7.16 Selectlon abort time

The maximum time that a target (or initiator) shall take from its most recent detection of being selected (or reselected)
until asserting a BSY response. This time-out is required to ensure that a target (or inftiator) does not assert BSY after
a SELECTION (or RESELECTION) phase has been aborted, This is not the selection time-out period; see 5.1.3.1 and
6,1.4.2 for a complete description.

5.7.17 Selection time-out delay

The minimum time that an SCS| device should walt for a BSY response during the SELECTION or RESELECTION
phase before starting the time-out procedure.

Note 15 The selection time-out delay |s only a recommencded time period.
5.7.18 Transfer period

The minimum time allowed between the leading edges of successive REQ pulses or of successive ACK pulses while
using synchrenous data transfers. (See 6.1.5.2 and 6.6.21.)

5.8 Fast synchronous transfer option

When devices negotiate a synchronous data transfer period of less than 200 ns they are said to be using fast
synchronous data transfers. Devices that negotiate a synchronous data transfer period greater than or egual to 200
ns use timing parameters specified in 5.7, When a fast synchronous data transfer period is negotiated, those specific
times redefined in this section are used; these not redefined remain the same, The minimum synchronous data
transfer period is 100 ns.

5.8.1 Fast assertlon period

Tha minimum time that a target shall assert REQ (or REQB) while using fast synchronous data transfers, It is 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.

5.8.2 Fast cable skew delay

The maximum difference in propagation time allowed between any two SCSI bus signals measured between any two
3C3I devices while using fast synchronous data transfers.

5.8.3 Fast deskew delay

The minimum time required for deskew of certain signals while using fast synchronous data transfers.

5.8.4 Fast hold time

The minimum time added between the assertion of REQ (or REQE) or ACK (or ACKE) and the changing of the data

lines to provide held time in the initiater or target while using fast synchronous data transfers. REQB and ACKB
timings only apply to optional wide data transfers.

T
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5.8.5 Fast negatlon perlod

The minimum time that a target shall negate REQ (or REQB) while using fast synchrenous data transfers. Also, the
minimum lime that an initiator shall negate ACK (or ACKB) while using fast synchronous data transfers. REQBE anc
ACKR timings only apply to optional wide data transfers.

AR
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6 Logical characteristics

6.1 SCS| bus phases
The SCSI architecture includes eight distinct phases:

a) BUS FREE phase

b) ARBITRATION phase

c) SELECTION phase

d) RESELECTION phase

¢} COMMAND phase o

f) DATA phase | These phases are collectively termed
g) STATUS phase | the information transfer phases.

h) MESSAGE phase -l

The SCE1 bus can never be in more than one phase at any given time. In the following descriptions, signals that are
not mentioned shall not be asserted,

6.1.1 BUS FREE phase

The BUS FREE phase indicates that there is no current |/O process and that the SCSI bus is available for a
connection.

SCS| devices shall detect the BUS FREE phase after the SEL and BSY signals are both falze for at leasl a bus settle
delay.

8Cs| devices shall release all SCE1 bus signals within a bus clear delay after the BSY and SEL signals become
continuously false for a bus settle delay. I an SCSI device requires more than a bus settle delay to detect the BUS
FREE phase then it shall release all SCSI bus signals within a bus clear delay minus the excess time to detect the
BUS FREE phase. The total time to clear the SCSI bus shall not exceed a bus settle delay plus a bus clear delay.

During normal operation the BUS FREE phase is entered when a target releases the BSY signal. However, the BUS
FREE phase may be entered following the release of the SEL signal after a SELECTION or RESELECTION phase

time-out.

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 cccurrences:

a) after a reset condition is detected;

b) after an ABORT message is successfully received by a target;

c) after a BUS DEVICE RESET message Is successtully received by a target;

d) after a DISCONNECT message is successfully transmitted from a target (see 6.6.6);

e) after a COMMAND COMPLETE message is successfully transmitted from a target (see 6.6.5);

f) after a RELEASE RECOVERY message is successfully received by a target;

g) after an ABORT TAG message Is successfully received by a target;

h) after a CLEAR QUEUE message is successfully received by a largel,

If an initiator detects the release of the BSY signal by the target at any other time, the target is indicating an error
condition to the initiator. The 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 |/0 process termination. The target
terminates the |/O process by clearing all pending data and status information for the affected nexus. The target may
optionally prepare sense data that may be retrieved by a REQUEST SENSE command.
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6.1.2 ARBITRATION phase

The ARBITRATION phase allows one SCSI device to gain control of the SCS| bus so that It can inftiate or resume ar
1/Q process.

The precedura for an SCSl device to obtain control of the SCSI bus is as follows:
a) The SCSI device shallfirst wait for the BUS FREE phase to occur, The BUS FREE phase is detected wheneve:
both the BSY and SEL signals are simultaneously and continuously false for a minimum of a bus settle delay

NOTE 16 This buzs =ettle delay is necessary because a transmission line phenomenon known as a wired-OR glitch may
cause the BSY signal to briefly appeer false, even though it is being driven true.

b) 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 driving any signal.

¢} Following the bus free delay in step (b), the STS| device may arbitrate for the SCS| bus by asserting both the
BSY signal and its own SCSI ID, hewever the SCS| device shall not arbitrate (i.e. assert the BSY signal and
its SC3I1 ID) if more than a bus set delay has passed since the BUS FREE phase was last observed,

MOTE 17 There is no maximum delay befora assarting the BSY signal and the SCS 10 follawing tha bus frae dalay in stap
(b} as long as the bus remains in the BUS FREE phase. Howavar, SCSI devicas that delay longer than a bus sattla delay
plus a bus set delay from the time when the BSY and SEL signals first becoma false may fall to participate in arbitration
when competing with faster S3C3| devices.

d) After waiting at least an arbitration delay (measured from its assertion of the BSY signal) the SCS| device shall
examine the DATA BUS. If a higher pricrity SCSI 1D bit is true on the DATA BUS (DB(7) is the highest), then
the SCSl device has lost the arbitration and the SCS5| device may release its signals and return to step (a).
If no higher priority SCS1 1D bit is true on the DATA BUS, then the SCS| device has won the arbitration and it
shall assert the SEL signal. Any SCE| device other than the winner has lost the arbitration and shall release
the BSY signal and its SCSI 1D bit within a bus clear delay after the SEL signal becomes true. An SCSI device
that loses arbitration may return to step (a).

NOTES

18 Step d) above requires that any device complsta the arbitration phase to the point of SEL baing asserted if it bagins
the arbitration phase as stated in step c). This precludes the possibility of the bus being hung.

18 It i= recommended that new implamentations walt for the SEL =ignal to become trus befora releasing the BSY signal
and SCEI ID bit whan arbitration is lost.

e) The SCSI| device that wins arbitration shall wait at least a bus clear delay plus a bus settle delay after asserting
the SEL signel befere changing any signals.

NOTE 20 The SCSl 10 bit is a single bit on the DATA BUS that corresponds to the SCSI device's unique SCSI addrass.
All other DATA BUS bits shall be released by the SCSl device. Parity is not valid during the ARBITHATION phase. During
the ARBITRATION phasze, DB{P) may be released or asserted, but shall not be actively driven false.

6.1.3 SELECTION phase

The SELECTION phase allows an initiator to select a target for the purpose of inftiating some target function (e.qg.,
READ or WRITE command). During the SELEGTION phase the |/O signal is negated so that this phase can be
distinguished from the RESELECTION phase.

The SCSI device that won the arbitration has both the BSY and SEL signals asserted and has delayed at least a bus
clear delay plus a bus settle delay before ending the ARBITRATION phase. The SCS| device that won the arbitration
becomes an Initlator by not asserting the 1/O signal.

The initiator shall set the DATA BUS 1o a value that is the OR of its SCSI 1D bit and the target's SCS| ID bit and it shall
assert the ATN signal (indicating that a MESSAGE QUT phase is to follow the SELECTION phase). The initiator shall
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then walt at least two deskew delays and release the BSY signal. 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 selected when the SEL signal and its SCSI ID bit are true and the BSY and 1/O
signals are false for at least a bus settle delay. The selected target may examine the DATA BUS in order to determine
the SCSI D of the selecting initiator. The selected target shall then assert the BSY signal within a selection abort time
of its most recent detection of being selected; this is required for comrect operation of the selection time-out
procedure.

The target shall net respond o a selection if bad parity is detected. Also, if more than two SCS| ID bits are an the
DATA BUS, the target shall not respond to selection,

MOTE 21 Although an SC81-2 inftiator may not use the single initiator option or the selaction without asserting ATN option
of SC8l-1, an SCSI-2 target may elect to support these options for compatibility with SCSI-1 initiators. When doing so the
SCEI-2 targel responds as described In the 3C381-1 standard.

Mo less than two deskew delays after the initiator detects the BSY signal is true, t shall release the SEL signal and
may change the DATABUS. The target shall wait until the SEL signal is false before asserting the REQ signal to enter

an information transfer phasa.
6.1.3.1 SELECTION time-out procedure

Two cpticnal 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;

a) Optionally, the initiator shall assert the RET signal (see 6.2.2);

b) Opticnally, 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 SCS| bus to go to the BUS FREE phase,
8CS| 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 signal. Failure to comply with this requirement could result in an
improper selection (two targets connected to the same initiator, wrong target connected to an initiator, or a
target connected to no initiatar).

6.1.4 RESELECTION phase

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

6.1.4.1 RESELECTION

Upon completing the ARBITRATION phase, the winning SCS| device has both the BEY and SEL signals asserted and
has delayed at least a bus clear delay plus a bus settle delay. The winning 3C3l device becomes a target by
asserting the I/O signal, The winning SCS| device shall also set the DATA BUS to a value that is the logical OR of
its SG&l ID bit and the initiator's SC8I ID bit. The target shall wait at least two deskew delays 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/O signals 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 SC3I ID of the reselecting target. The reselected inftiator shall then assert the BSY signal within a
selection abort time of its most recent detection of being reselected; this Is required for correct operation of the time-
out procedura. The initiater shall not respend to a RESELECTION phase if bad parity is detected. Also, the initiator
shall not respond to a RESELECTION phase if other than two SCSI1 ID bits are on the DATA BUS.

After the target detects the BSY signal is true, it shall also assert the BSY signal and wait at least two deskew delays
and then release the SEL signal. The target may then change the |/O signal and the DATABUS. After the reselected

4
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initiator detects the SEL signal is false, it shall release the BSY signal. The target shall continue asserting the BS
signal until it relinquishes the SC3I bus.

NOTE 22 When the target is asserting the B8Y signal, a transmission (ine phanameanan known as a wired-OR glitch may
cause the BSY signal to appear false for up to a round-trip propagation delay following the release of the BEY signal by
the tnitiator. This is the reason why the BUS FREE phase is recognized only after both the BSY and SEL signalz are
continuously false for a minimum of a bus settle delay. Cables longer than 25 m should not be used even if the chosen
driver, receiver, and cable provide adequate noise margins, because they [ncreasa the duration of the glitch and could
cause S5CS| devices to inadvertently detect the BUS FREE phase,

6.1.4.2 RESELECTION time-out procedurs

Two optional RESELECTION time-out procedures are specified for clearing the SCSI bus during a RESELECTIO!
phasa if the target waits a minimum of a selection time-out delay and there has been no BSY signal response fror
the initiator:
a) Optionally, the target shall assert the RST signal (see 6.2.2);
b) Optionally, the target shall continue asserting the SEL and |/O signals and shall release all DATA BUS signal:
If the target has not detected the BSY signal to be true after at least a selection abort time plus two deske:
delays, the target shall release the SEL and |/O signals allowing the SCS1 bus to go to the BUS FREE phass
5CS8| devices that respend to the RESEELECTION phase shall ensure that the reselection was still valid withi:
a selection abort time of their assertion of the BSY signal. Failure to comply with this requirement could resu
In an improper reselection (two initiators connected to the same target or the wreng initiator connected to .
larget).

6.1.5 Information transfer phases

MOTE 22 The COMMAND, DATA, STATUS, and MESSAGE phases are all grouped together as the information transfer
pheses because they are all used to transfer data or control information via the DATA BUS. The actual content of the
information is beyond the scope of this section.

The C/D, I/Q, and MSG signals are used to distinguish between the different information transfer phases (see tabl
B). The target drives these three signals and therefore controls all changes from one phase to another. The initiato
can request a MESSAGE OUT phase by asserting the ATN signal, while the target can cause the BUS FREE phas:
by releasing the MEG, C/D, /O, and BSY signals.

The information transfer phases use one or more REQ/ACK handshakes to contrel the information transfer, Eacl
REQ/ACK handshake allows the transfer of one byte of Information. During the Information transfer phases the B8
signal shall remain true and the SEL signal shall remain false. Additionally, during the information transfer phases
the target shall continuously envelope the REQ/ACK handshake(s) with the C/D, |/O, and MSG signals in such &
manner that these control signals are valid for a bus seftle delay before the assertion of the REQ signal of the firs
handshake and remain valid until after tha nagation of the ACK =ignal at the end of tha handshake of the last transfe
of the phase.

NCOTES

24 After the negation of the ACK signal of the last transfer of the phase, the target may prepare for a new phase by
asserting or negating the C/D, /0, and MSG signals. 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 only once. A new
phase does not begin until the AEQ signal is asserted for the first byle of the new phase.

25 A phase is defined as ending when the C/D, IfO, or MSG signals change after the negation of the ACK signal, The time
petween the end of a phase and the assertion of the REQ signal beginning & new phase is undefined. An initiator is
allowed to anticipate a new phase based on the previcus phase, the expected new phase, and early information provided
by changes in the C/D, I/0, and MEG signals. However, the anticipated phase is not valid until the REQ =ignal i= asserted
at the beginning of the next phase.
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Table 8 - Informatlon transfer phasea

Signal Phase nama Direction of transfer Comment

MSG|C/D|(I/0

Q| 0|0 DATA OUT Initiator to target ! Data
o011 DATA IN Initiator from target [ phase

) 1 o COMMAND Initiator to target

1] 1 1 ?T.im.ls Initiator from target

10| 0

11011 f

1 1 0 MESSAGE QUT Initiator to target ! Massage
1 1 1 MESSAGE IN Initiator from target ! phasa
key: © = False, 1 = True, * = Reserved for future standardization

6.1.5.1 Asynchronous information transfer

The target =hall contral the direction of information transfer by means of the /O signal. When the /O signal is true,
infoermation shall be transferred from the target to the inftiator. When the I/O signal Is false, information shall be
transferrad from the initiator to the target.

If the |/O signal is true (transfer to the inftiator), 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 REQ signal. The DB(7-0,P)} signals shall
remain valid until the ACK signal is true at the target. The initiater shall read the DB(7-0,P) signals after the REQ
signal is true, then indicate its acceptance of the data by asserting the ACK signal. When 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. Afterthe
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/O signal is false (transfer to the target) the target shall request information by asserting the REQ signal. The
initiater shall drive the DB(7-0,P) signals to their desired values, delay at least one deskew delay plus a cable skew
delay and assert the ACK signal. The initiatar 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 larget shall read the DB(7-0,P), signals then negate the
REQ signal. When the REQ signal bacomes false at the initlator, the initiator may change or release the DB(7-0,P)
signals and shall negate the ACK signal. After the ACK signal is false the target may continue the transfer by
asserting the REQ signal, as described above,

6.1.5.2 Synchronous data transfer

Synchronous data transfer is optional and is only used in data phases. It shall be used in a data phase if a
synchronous data transfer agreement has been established (see 6.6.21), The agreement spacifies the REQ/ACK
offset and the minimum transfer period,

The REQ/ACK offset specifies the maximum number of REQ pulses that can be sent by the target in advance of the
number of ACK pulses received from the initiator, establishing a pacing mechanism. If the number of REQ pulses
exceeds the number of ACK pulses by the REQ/ACK offset, the target shall not assert the REQ signal until after the
leading edge of the next ACK pulse is received. For successful completion of the data phase the number of ACK
and REQ pulses shall be equal.

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

The initiater shall send ene pulse on the ACK signal for each REQ pulse received. The ACK signal may be asserted

as spon 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 peried, The initiator shall walt at least the greater of a transfer period from the
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last transition of the ACK signal to true or fer a minimum of a negalion period from the last transition of the ACK signa
to false before asserting the ACK signal.

Ifthe /O signal is true (transfer to the initiator), the target shall first drive the DE(7-0,F) signals to their desired values
wait at least one deskew delay plus one cable skew delay, then assert the REQ signals. The DB(7-0,P) signals shal
be held valid for a minimum of one deskew delay plus one cable skew delay plus one hold time after the assertior
of the REQ signal. The target shall assert the REQ signal for a minimum of an assertion period. The target may ther
negate the REQ signal and change or release the DB(7-0,F) signals. The initiator shall read the value on the DB(7
0,P) signals within one hold time of the transition of the REQ signal to true, Tha initiator shall then respond with an
ACK pulse,

ltthe I/O signal Is false (transfer to the target), the initiatar shall transfer one byte for each REQ pulse received, After
receiving the leading edge of a REQ pulse, the initiator shall first drive the DE(7-0,F) 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,F)} signals valid for at least one deskew delay plus one cable skew delay plus one hold time after the assertion
of the ACK signal. The initiatar shall assert 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 ene hold time of the transition of the ACK signal to true.

NOTE 26 The dascription in 5CSI-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. Devices implemented with this understanding may be subject to data destruction when in synchronous data
transfer mode with devices that issue the leading edge of the next REQ pulse, at the boundary of the agreament, as soon
as the leading edge of the last ACK pulse within the agreement is received. Implementors using devices of the former type
in inftiator designs may ensure data integrity by restricting the synchronous offset agreement to values smaller than the
maximum nominally offered by their device,

6.1.5.3 Wide data transfer

Wide data transfer is optional and may be used in the DATA phase only if a non-zero wide data transfer agreement
isin effect (see WIDE DATA TRANSFER REQUEST message, 6.6.23). The messages determine the use of wide mode
by both SCSI devices and establish a data path width to be used during the DATA phasa.

Wide data transfers of 18- or 32-bits may be established. Targets and initiators that support 32-bit wide transfers
should also support 16-bit wide transfers. All SCSI 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) signals on the A cable and the second logical data byte shall be transferred across the DB(15-8,P1) signals on
the B cable. Subsequent pairs of data bytes are likewise transferrad in p.nrallni across the A and B cables (see figura
15).

NOTE 27 X3T10 is documenting an alternate 16-bit single-cable solution and an alternate 32-bit solution and expects to
be able 10 remove the B cable definition in a future version of 3C2I.

During 32-bit wide data transfers, the first logical data byte for each data phase shall be transferred across the DB(7-
0,F) signals on the A cable and the second, third, and fourth logical data bytes shall be transferred across the DB(15-
8,P1), DB(23-18,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 15).
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When tronsferring bytes W, X, Y, and £ across the three bus widths,
they are transferred as shown in this figure.

Handshaoks &8-hit 16=Dbit J2—=hit

number A cable B cable A cable B cable————— A coble
1 W X W i ¥ % W
2 % z Y 31....24 23....16 15....8 7.....0
3 Y 15,8 7.0 Hik nunbes

Bit number
4 Z
70
Bit number

MNOTE: This figure does not represent how these bytes are stored in
the initiotor's memory, which may be different.

Figure 15 - Wide SCS5I byte ordering

If the last data byte transferred 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 whatevar data is placed on the bus.

To ensure proper data integrity, certain sequence requirements shall be met between the REQ/ACK handshakes on
the A cable and the REQB/ACKE handshakes on the B cable:

a) The REQB and ACKB signals shall only be asserted during data phases while a nonzero wide data transfer
agreement is in effect. These signals shall not be asserted during other phases,

b} The same information transfer mode (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 beth cables.

c) The information transfer procedures defined in 6.1.5.1 and 6.1.5.2 for the A cable (the REQ, ACK, and DB(7-
0,P) signals) shall also apply to the B cable (the REQB, ACKB, and DB(31-8,P1,P2,P3) signals). The only
means avallable for a target to manage the timing relationship between the signals on the two cables is its
management of the REQ and REQB signals. Similarly, the only means for the initiator to manage the timing
between the two cables is its management of the ACK and ACKB signals.

d) 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 ancther phase. The target shall not change the phase until the
ACK and ACKB signals have both become false for the last REQ/ACK handshake and the last REQB/ACKE
handshake.

NOTE 28 If any violations of thase rules are detected by the target, the target may attempt to end the data phase and return
CHECK CONDITION status. If it is impossible to correctly terminate the data phase, the target may abnermally terminate
the /O process by an unexpected disconnact. If any violations of these rules are detected by the inttiator, the inliator may
attempt to send an INITIATOR DETECTED ERROR message 1o the target. If the initiator s unable to terminate the /O
process normally, it may genefate the reset condition.

45

OLYMPUS EX. 1014 - 73/468



ANS| X3.131-1994
8.1.6 COMMAND phasa
The COMMAND phase allows the target to request command information from the initiator.

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

6,1.7 Dala phase

The data phase is a term that encompasses both the DATA IN phase and the DATA OUT phase,
6.1.7.1 DATA IN 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 |/O signal and negate the C/D and MSG signals during the REQ/ACK handshake(s) of this
phase,

6.1.7.2 DATA QUT phase

The DATA OUT phase allows the target to request that data be sent from the initiator to the target,

The target shall negate the C/D, /0, and M3SG signals during the REQ/ACK handshake(s) of this phase.
6.1.8 STATUS phase

The STATUS phasze 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/O signals and negate the MSG signal during the REQ/ACK handshake of this
phase,

6.1.9 Message phase

The message phase is a term that references either a MESSAGE IN, or a MESSAGE OUT phase. Multiple meszages
may be sent during either phase. The first byte transterred 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 wholly contained within a
single message phase,

6.1.8.1 MESSAGE IN phase

The MESSAGE IN phase allows the target to request that message(s) be sent to the inftiator from the target.

The target shall assert the C/D, /O, and MSG signals during the REQ/ACK handshake(s) of this phasa.

6.1.9.2 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 phase in response to the attention condition created by the Iinitlator (see 6.2.1).

The target shall assert the C/D and MSG signals and negate the I/O 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.

I the target detects one or more parity error(s) on the message byte(s) recelved, it may indicate its desira to retry

the message(s) by asserting the REQ signal after detecting the ATN signal has gone false and prior to changing to
any other phase. The initiator, upon detecting this condition, shall resend all of the previous message byte(s) in the
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same order as previously sent during this phase. When resending more than one message byte, the initiator shall
assert the ATN signal at least two deskew delays prior to asserting the ACK signal on the first byte and shall maintain
the ATN signal asserted until the last byte Is sent as described In 6.2.1.

If the target does not retry the MESSAGE OUT phase or it exhausts its retry limit it may
a) return CHECK CONDITION status and set the sense key to ABORTED COMMAND and the additional sense
code to MESSAGE ERROCR or;
b) indicate an exception condition by performing an unexpected disconnect.

The target may act on messages as recelved as long as no parity emor is detected and may ignere all remaining
messages sent under one ATN condition after a parity eror Is detected, When a sequence of messages s resent
by an initiator because of a target detected parity error, the target shall not act on any message which it acted on
the first time received.

I the target receives all of the message byte(s) successfully (i.e. no parity errars), it shall indicate that it does not wish
to retry by changing to any information transfer phase other than the MESSAGE QUT phase and transfer at least one
byte. The target may also indicate that it has successfully received the message byte(s) by changing to the BUS
FREE phase (e.g. ABORT or BUS DEVICE RESET meassagss),

6.1.10 Signal restrictions between phases

When the 8C81 bus is between two information transfer phases, the following restrictions shall apply to the SCE| bus
signals:
ga} The BSY, SEL, REQ, REQB, ACK and ACKE signals shall not change.

b) The C/D, IO, MEG, and DATA BUS signals may change. When switching the DATA BUS direction fram out
(initiator driving) to in (target driving), the target shall delay driving the DATA BUS by at least a data release
delay plus a bus settle delay after asserting the |/Q signal and the initiater shall release the DATABUS no later
than a data release delay after the transition of the |/O signal to true. When switching the DATA BUS direction
fram in (target driving) to out (initiator driving), the target shall release the DATA BUS no later than a deskew
delay after negating the I/O signal,

¢) The ATN and RST signals may change as defined under the descriptions for the attention condition (see 6.2.1)
and reset condition (see §.2.2).

6.2 SCS| bus conditions

The SCSI bus has two asynchronous conditions; the attention condition and the reset conditien. These conditions
causa the SCS| device to perform certain aclions and can alter the phase sequence,

Furthermore, SCEl devices may not all be powered-on at the same time. This standard does not address power
sequencing issues. However, each SCS| device, as it is powered on, should perform appropriate intermal resst
operations and internal test operations. Following a power-on to salection time after power-on, SCS| targets should
be able to respond with appropriate status and sense data to the TEST UNIT READY, INQUIRY, and REQUEST
SEMSE commands,

6.2.1 Attentlon 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 by asserting ATN at any time except during the ARBITRATION ar BUS
FREE phases,
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The initlator shall negate the ATN signal at least iwo deskew delays before asserting the ACK signal while transferring
the last byte of the messages indicated with a Yes in table 10. If the target detacts that the initiator failed to mee
this requirement, then the target shall go to BUS FREE phase (see unexpected disconnect, 6.1.1).

The Initiator shall assert the ATN signal at least two deskew delays before negating the ACK signal for the last byt
transfarred in a bus phase for the attention condition to be honoured before transition to a new bus phase. Asserting
the ATHN signal later might not be honoured until a later bus phase and then may not result in the expected action

A target shall respond with MESSAGE OUT phase as follows:

a} Ifthe ATN signal becomes true during a COMMANMD phase, the target shall enter MESSAGE OUT phase afte
transferring parl or all of the command descriptor block bytes.

b) i 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 sha
continue REQ/ACK handshakes until it detects the phase change.

c) Ifthe ATN signal becomes true during a STATUS phase, the target shall enter MESSAGE OUT phase after th
status byte has been acknowladged by the initiatar,

d) If the ATM signal becomes true during a MESSAGE IN phase, the target shall enter MESSAGE OUT phas:
before it sends another message. This permits a MESSAGE PARITY ERROR message from the initiator ta be
associated with the appropriate message.

e) If the ATN signal becomes true during a SELECTION phase and before the inftlator releases the BSY signal
the target shall enter MESSAGE QUT phase immediately after that SELECTION phase.

fi Hthe ATN signal becomes true during a RESELECTION phase, the target shall enter MESSAGE OUT phas:
after the target has sent its IDENTIFY message for that RESELECTION phase.

NOTE 28 The initlator should only assert the ATM signal during a RESELECTION phasa to transmit a BUS DEVICE RESET
or DISCONNECT message, Other uses may result in ambiguities concerning the nexus,

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

8.2.2 Raset 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 SCS| device may create the reset condition by asserting the AST signa
for a minimum of a reset hold time,

All SC3I devices shall release all SC3! bus signals (except the RST signal) within a bus clear delay of the transitior
of the RST signal to true. The BUS FREE phase always follows the reset condition.

The effect of the reset condition on I/O processes that have not completed, SCS| device reservations, and SCS
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 6.2.2.1 and 6.2.2.2. The hard and soft rese
alternatives are mutually exclusive within a system. A facility for targets to report which reset alternative is
implemented is provided in the SfiRe bit of the INQUIRY data (see 8.2.5).

NOTE 30 Environmental conditions (e.g. static discharge) may generate brief glitches on the AST signal. It is
recommeanded that SCS| devices not react to these glitches. The manner of rejecting glitches is vendor-specific. The bus
clear delay following a RST signal transition to true is measured from the original transition of the RST signal, not from the
time that the signal has been confirmed. This limits the time to confirm the RST signal 1o a maximum of a bus clear delay.
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6.2.2.1 Hard reset alternative

SCS| devices that implement the hard reset altemative, upon detection of the reset condition, shall:

a) clear all IfO processes including queued /O processes,

b) release all SCS! device reservations,

¢) return any SCS| device operaling modes to their appropriate initial conditions, similar to those condlttons that
would be found after a normal power-on reset. MODE SELECT conditions shall be restored to their last saved
values if saved values have been established, MODE SELECT conditions for which no values have been saved
shall be returned to their default values.

d) unit attention condition shall be set (see 7.9).

It is recommended that following a reset to selection time after a hard reset cendition ends, SCSI targets be able to
respond with appropriate status and sense data to the TEST UNIT READY, INQUIRY, and REQUEST SENSE

commands.
6.2.2.2 Soft reset alternative

SC8| devices that implement the soft reset alternative, upon detection of the reset condition, shall:
a) Attempt to complete any /O processes which have not completed and that ware fully identified
b) Praserve all SC8| device reservations
c) Preserve any SCS| device operating modes (MODE SELECT, PREVENT/ALLOW MEDIUM REMOVAL
commands, etc.)
d) Preserve all the information required to continue normal dispatching of /O processes queued prior to the reset
condition.

The scft reset allernative allows an initiator to reset the SCS| bus with minimum disruption to the operation of other
inttiaters in a multiple initiator system, To ensure proper operation the following conditions shall be met,

a) An initiator shall not consider an |0 process to ba fully identified until the IDENTIFY message (and quaue lag
message, if any) is sent to the target and the target responds by changing to any other information transfer
phese and requests that at least one byte be transferred.

b) Atarget shall consideran I/C process to be fully identified when it successfully receives the IDENTIFY message
and any queue tag message and the initiator negates the ATN signal,

¢} If an initiator selects a logical unit for which there already is an active |/O process with the same gueue tag (if
any) for the same initiator, the target shall clear the original I/O process and perform the new |/O process.

d) I atarget reselects an initiator to continue an 1/O process for which the initiator has no record, the initiator shall
abort that |/O process by sending the ABORT or ABORT TAG message, depending on whether the reselecting
I/ process is a tagged /O process.

g) An initiator shall consider an |/ process to be completed when it negates ACK for a successfully received
COMMAND COMPLETE message.

fy A target shall consider an |/0 process to be completed when it detects the transition of ACK to false for the
COMMAND COMFLETE message with the ATN signal false.

g) An initiator shall not negate the ACK signal for the SAVE DATA POINTER message until it has actually saved
the data pointer for the |/O process.

h) Atarget 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,

i} If the reset condition occurs between 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 |/O
process with CHECK CONDITION status. The target shall set the sense key to ABORTED COMMAND. This
is necessary because the target cannot determine whether the data pointer has actually been saved.

MNOTE 31 If the ATN signal is true in conditions f) ar h), the target would normally switch to MESSAGE OUT phase and
attempt to transfer a message byte. If the reset condition acours before the target sucocessfully receives the message byte,
it may assume that the initiator has nat successfully received the COMMAND COMPLETE message or the SAVE DATA
POINTER message. In the case of COMMAND COMPLETE message, the target may reselect the initiator and attemnpt to
send the COMMAND COMPLETE message again. In the case of the SAVE DATA POINTER message, the target may
reselect the initiator and terminate the 10 process as described in condition ).
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6.3 SCSI bus phase sequences

The order in which phases are used on the SCS| bus follows a prescribed sequence,

The reset condition can 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 eror conditions (see 6.1.1).

The additional allowable sequences shall be as shown in Figure 16. The normal progression s from the BUS FREE
phase to ARBITRATION, from ARBITRATION to SELECTIOM or RESELECTION, and from SELECTION or
AESELECTION to ane or more of the information transfer phases (COMMAND, DATA, STATUS, or MESSAGE). The
final information transfer phase s normally the MESSAGE IN phase where a DISCONNECT, or COMMAMND

COMPLETE message is transferred, followed by the BUS FREE phase.

Reset or #
T —
MESSAGE OUT
—
SELECTION 5 COMMAND [
v \[ ¥ y
L1 DATA IN or |¢
BUS FREE \—bl ARBITRATION o oata our
F
v ¥
RESELECTION status (¢
—
MESSAGE IN

T
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Figure 16 - Phase sequences

OLYMPUS EX. 1014 - 78/468



AMS] ¥3.131-1984

6.4 SCSI pointers

Congsider the system shown in figure 17 In which an Inftiator and target communicate on the SC3I bus In order to
execute an |/O process.

The SCS| architecture provides for a set of three pointers for each I/O process, called the saved pointers. The set
of three pointers consist of one for the command, one for the data, and one for the status. When an |/O process
becomes active, its three saved pointers are copled into the initiator's set of three current pointers. There is only one
set of current pointers in each Initiater, The current pointers point to the next command, data, or status byle to be
transferred between the initiator's memaory and the target. The saved and current pointers reside in the initiator.

The saved command peinter always peints to the start of the command deseriptor block (see 7.2) for the |/O process.
The saved status peinter always points to the start of the status area for the I/O process, The saved data peinter
points to the start of the data area until the target sends a SAVE DATA POINTER message (see 6.6.20) for the |JO
process.

Function | | Initiator Target Function
Origin SCS| Bus SCSI Bus SCSI Bus | | Execution
Control Control

Initiator Target

Figure 17 - Simplified SCS| system

In response te the SAVE DATA POINTER message, the initiator stores the value of the current data pointer into the
saved data pointer for that I/O process. The target may restore the current painters to the saved paointer values for
the active |/O process by sending a RESTORE POINTERS message (see 6.6.19) to the initiator. The initiator than
copies the set of saved pointers into the set of current pointers. Whenever a target disconnects from the bus, only
the set of saved pointers are retained. The set of current pointers is rastored from the set of saved pointers upon
recannection of the |/O process.

MNOTE 32 Since the data pointer value may be modified by the target before the JO process ends, it should not be used
lo test for actual transfer length because it is not reliable.
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6.5 Message system description

The massage system allows communication between an initiator and target for the purpose of interface management.
A message may be one, two, or multiple bytes in length. One or more messages may be sent during a single
MESSAGE phase, but a message may not be split between multiple MESSAGE phases. The initiator is required to
and the MESSAGE OUT phase (by negating ATN) when it sends certain messages identified in table 10.

One-byte, two-byte, and extended message formats are defined. The first byte of the message determines the format

as defined in table 9,

Table 8 - Message format

Value Message format
a0h One-byte message (COMMAND COMPLETE)
01h Extended messages

o2h - 1Fh Une-byte messages

20h - 2Fh Two-byte messages

3o0h - 7Fh AReserved

8oh - 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 be performed as defined in table 10.
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Coda Support |Message Name Direction
Negate ATN
Init|Targ before last ACK
06h 0 M |ABORT Out Yes
oDh ] 0 |ABORT TAG see note 1) Out Yes
Och o} M |BUS DEVICE RESET out Yes
QEh 4] 0 |CLEAR QUEUE saes note 1) out Yas
00h M M |COMMAND COMPLETE In —
O4h 0 0 |DISCONNECT In —_—
D4h 4] 0 |DISCONNECT out Yes
BOh+ M | o |IDENTIFY n ——
80h+ M M | IDENTIFY Out No
23h 0 | 0 |IGNORE WIDE RESIDUE (two bytes) In ——,
OFh 0 0 |INITIATE RECOVERY In AR
OFh 0 o] INITIATE RECOVERY ses note 2) out Yos
05h M M |INITIATOR DETECTED ERROR Out Yes
0Ah 0 0 |LINKED COMMAND COMPLETE In —_
0Bh 0 o LINKED COMMAND COMPLETE (WITH FLAG)| Inm e
0%h M M |MESSAGE PARITY ERROR out Yes
07h M M |MESSAGE REJECT In Out Yes
bk 0 0 |MODIFY DATA POINTER In - —_
0Bh M M |NO OPERATION Out Yas
Qusue tag messages (two bytes)
21h o 0 HEAD OF GQUEUE TAG out No
22h ] o ORDERED GUEUE TAG out No
20h 0 0 SIMPLE QUEUE TAG In Qut Mo
1Ch Q 0 |RELEASE RECOVERY Out Yes
03h Q 0 AESTORE POINTERS In —
02h 0 0] SAVE DATA POINTER In —
kit 0 0 |SYNCHRONOUS DATA TRANSFER REQUEST In Out Yes
11h 0 0 |TERMINATE I/0 PROCESS out Yas
ot 0 0 WIDE DATA TRANSFER REQUEST In out Yes
12h-1Fh Reserved
24h-2Fh Reserved for two-byte messages
30h-TFh Feserved
Key: M = Mandatory support, O = Opticnal support.
In = Target to initiater, Out = Initiator to target.
Yes = Initiator shall negate ATN before last ACK of message,
Mo = Initiator may or may not negate ATN before last ACK of
massage. (see attentien conditien, 6.2.1.)
—— = Not applicable
%% = Extended message (see tables 11 and 12&1
80h+ = Codes &0h through FFh are used for IDENTIFY messages
({see table 13).
NOTES
1 The ABOAT TAG and CLEAR QUEUE messages are required if tagged queuing
is implemented.
2 outhound INITIATE RECOVERY messages are only valid during the
asynchronous event notification protecol.

Two-byte messages consist of two consecutive bytes transferred during a MESSAGE phase. The value of the first
byte determines which message is to be performed as defined in table 10. The second byte Is a parameter byte
which is used as defined in the message description (see 6.6).

A value of one in the first byte of a message indicates the beginning of a multiple-byte extended message. The
minimum number of bytes sent for an extended message is three. The extended message format and the extended
message codes are shown in tables 11 and 12, respectively,

OLYMPUS
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Table 11 - Extended message formal

Bit T & § 4 3 2 1 o

Byte

o Extended massage (01h)

1 Extended message length (n)

2 Extended message code (y)

3

Extended message arguments —t

n+1

The extended message length specifies the length in bytes of the extended message code plus the extende:
message arguments to follow. Therefore, the total length of the message is equal to the extended message lengt
plus two. A value of zero for the extended message length indicates 256 bytes follow.

The extended message codes are listed in table 12, The extended message arguments are specified within th.
extended message descriptions.

Table 12 - Extended message codes

Code (y) Description
02h Reserved (see note)
00h MODIFY DATA POINTER
oih SYNCHRONOUS DATA TRANSFER REGUEST
03h WIDE DATA TRANSFER REQUEST
04h - FFh Reserved
80h - FFh Vendor-specific

MOTE - Extended message code O2h was used Tor the EXTENDED IDENTIFY
message in SCSI-1.

The first message sent by the initiator after the SELECTION phase shall be an IDENTIFY, ABORT, or BUS DEVIC
RESET message. Ifa target receives any other message it shall go to BUS FREE phase (see unexpected disconnec
6.1.1).

If the first message is an IDENTIFY message, then it may be immediately followed by other messages, such as th
first of a pair of SYNCHRONOUS DATA TRANSFER REQUEST messages. If tagged queuing s used the queue ta
message immediately follows the IDENTIFY message (see 6.6.7). The IDENTIFY message establishes a logic:
connection between the initiator and the specified logical unit or target routine within the target known as an |_T_
nexus or |_T_R nexus. After the RESELEGTION phase, the target's first message shall be IDENTIFY. This allows th
I_T_L nexus or I_T_R nexus to be reestablished. Only one logical unit or target routine shall be identified for an
connection. If a target receives a second IDENTIFY message with a different logical unit number or target routin
number during a connection, it shall go to BUS FREE phase (see unexpected disconnect, 6.1.1). The treatment ¢
other logical unit addressing errors is described in 7.5.

All initiators shall implement the mandatory messages tabulated in the Init column of table 10. All targets she
implement the mandatory messages labulated in the Targ column of table 10,

Wheneveran |_T_L nexus or |_T_R nexus Is established by an Initlator that Is allowing disconnection, the initiator she

ensure that the current pointers are equal to the saved pointers for that particular Isgical unit or target routine. 2
implied restore pointers operation shall oceur as a result of a reconnection.
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6.6 Messages
The SC3l messages are defined in this subclause.

6.6.1 ABORT

The ABORT message is sent from the initiator to the target to clear any I/O process for the |_T_x nexus. The target
shall go to the BUS FREE phase following successful receipt of this message. The pending data, status, and |0

processes for any other nexus shall not be cleared.

If only an |_T nexus has been established, the target shall go to the EUS FREE phase. No status or message shall
be sent for the current |/O process and no other |/O process shall be affected.

MNOTES
33 The ABORT message in the case of only an |_T nexus is useful to an initiator that cannot get an IDENTIFY message
through to the target due to parity emors and just needs to end the current connection. Any pending data, status, or

queued |fO processes for the |_T nexus is not affected.
34 It is not possible to abort an |_T nexus on a reconnection because of item f) in 8.2.1.

It is not an error to issue this message to an |_T_x nexus that does not have an active or queued /O process.

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

MNOTE 35 The BUS DEVICE RESET, CLEAR QUEUE, ABORT, and ABORT TAG messages provide a means 10 clear one
or mare |/O processes prior to normal termination. The BUS DEVICE RESET message clears all |/O processes for all
initiators on all logical units and all target routines of the target. The CLEAR QUEUE message clears all I/ processes for
all initiators on the specified logical unit or target routine of the target, The ABORT message clears all /O progesses for
the selecting initiator on the speciiad logical unit ar target routine of the target.  Tha ABORT TAG message clears the

current /O process only.
6.6.2 ABORT TAG

The ABORT TAG message shall be implemented if tagged queuing is Implemented and may be implemented if
untagged gueuing is implemented. The target shall go to the BUS FREE phase following successful receipt of this
message. The target shall clear the current |/O process. If the larget has already started execution of the I/O
process, the execution shall be halted. The medium contents may have been medified before the execution was
halted. In either case, any pending status or data for the I/O process shall be cleared and no status or ending
message shall be sent to the initiator. Pending status, data, and commands for ather active or queued I/O processes
shall not be affected. Execution of other |/O processes queued for the |_T_x nexus shall not be aborted.

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

On a reconnection, the ABORT TAG message aborts the current |/O process if it is fully identified. If the 1/O process
is not fully identified (l.e. an |_T_L nexus exists, but the target is reconnecting for an |_T_L Q nexus), then the /O
process is not aborted and the target goes to the BUS FREE phase.

NOTE 36 A nexus is not fully identified on a reconnection if the ATN signal s asserted during or prior to the IDENTIFY
message and the target only has tagged /O processes for that initiator on that logical unit.
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6.6.3 BUS DEVICE RESET

The BUS DEVICE RESET message is sent from an initiator to direct a target to clear all I/O processes on that SCS|
device. This message forees a hard reset condition to the selected SC3I 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 al
initiators (see 7.9).

6.6.4 CLEAR QUEUE

The CLEAR QUEUE message shall be Implemented if tagged queuing is implemented and may be implemented if
untagged gueuing is implemented. The target shall go to the BUS FREE phase fellowing successiul receipt of this
message, Thetarget shall perfarm an action equivalent to receiving a series of ABORT messages from each Initiator.
All IfO processes, from all initlators, In the queue for the specified logical unit shall be cleared from the queus. Al
active I/O 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. No status or message
shall be sent for any of the 1/O processes. A unit attention condition shall be generated for all cther initiatars with
I/O processes that either were active or ware queued for that logical unit or target routine. When reporting the unit
attention condition the additional sense code shall be set to COMMANDS CLEARED BY ANOTHER INITIATOR,.

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

6.6.5 COMMAND 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 sent to the initiator. 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 detects the negation of ACK for the COMMAND COMPLETE message with the
ATN signal false.

MNOTE 37 The /O process may have completed successiully or unsuccessiully as indicated in the status,
6.6.6 DISCONNECT

The DISCONMNECT message is sent from a target to inform an initiator that the present connection is going to be
broken (the target plans to disconnect by releasing the BSY signal), but that a later reconnect will be required in order
to complete the current |/O process, This message shall not cause the initiator to save the dala pointer. After
successiully sending this message, the target shall go to the BUS FREE phase by releasing the BSY signal. The
target shall conslder the message transmission to be successful when it detects the negation of the ACK signal for
the DISCONMNECT message with the ATN signal false.

Targets that 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 initiator to a target to instruct the target to disconnect from the SCSI bus.
If this optien is supported, and aftar the DISCONNECT message is recaived, the target shall switch to MESSAGE IN
phase, send the DISCONNECT message to the initiator (possibly preceded by SAVE DATA POINTER message), and
then disconnect by releasing BSY. After releasing the BSY signal, the target shall not participate in another
ARBITRATION phase for at |east a disconnection delay or the time limit specified in the disconnect time limit mode
parameter (see 8.3.3.2) whichaver is grealter. [f this option is not supperted or the target cannot diseennect at the
time when It recelves the DISCONNECT message from the Initiator, the target shall respond by sending a MESSAGE
REJECT message to the initiator,

56

OLYMPUS EX. 1014 - 84/468



ANS] X3.131-1884

6.6.7 IDENTIFY

The IDENTIFY message (see table 13) is sent by either the initiator or the target to establish an |_T_L nexus or an
|_T_R nexus.

NOTE 28 Use of the IDENTIFY message to establish an |_T_R nexus allows connection to one of up to esight target routines
or functions in the target. These target routines are expected to be used for maintenance and diagnostic purposes.

Table 13 - IDENTIFY message format

Bit 7 <] & 4 3 2 1 Q

Identify|DiscPriv| LUNTAR |Reserved Reserved LUNTRN

The identify bit shall be set to one to specify that this is an IDENTIFY message.

A disconnect privilege (DiscPriv) bit of one specifies that the initiator has granted the target the privilege of
disconnecting. A DiscPriv bit of zero specifies that the target shall not disconnect. This bit is not defined and shall
be set to zero when an IDEMTIFY message is sant by a target,

A logical unit target (LUNTAR) bit of zero specifies that the I/O process is directed to or from a logical unit. A
LUNTAR bit of one specifies that the /O process is directed to or from a target routine,

The logical unit number target routine number (LUNTRN) field specifies a logical 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 LUNTRAN field is described in 7.5.3. Only the INQUIRY and REQUEST SENSE commands are valid for targat
routines. If a target receives any other command 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 implemeant target routines. A device may respond to an invalid IDENTIFY message by immediately sending a
MESSAGE REJECT message or by returning CHECK COMDITION status, |fa CHECK CONDITION status Is returned,
the sense key shall be set to ILLEGAL REQUEST and the additional sense code shall be set to INVALID BITS IN
IDENTIFY MESSAGE FIELD.

Only one logical unit number or target routine number shall be identified per I/O process. The initistor may send one
ar more IDENTIFY messages during a connection. A second IDENTIFY message with a different value in either the
LUNTAR bit or LUNTRM field shall not be issued before a BUS FREE phase has occurred; i a target recelves a
second IDENTIFY message with a different value in either of these fields, it shall go to BUS FREE phase (see
unexpected disconnect, 8.1.1). Thus an initiator may change the DiscPriv bit, but may not attempt to switch to
another |/O process. (See the DTDC field of the disconnect-reconnect page (8.3.3.2) for additional controls over
disconnection.)

An implied RESTORE POINTERS message shall be performed by the initiator prior to the assertion of the ACK signal
on the next phase for an inbound IDENTIFY message sent during reconnection,

An implied RESTORE POINTERS message shall be performed by the Initiator folloewing successful identification of
the nexus during the MESSAGE IN phase of a reconnection and before the negation of the ACK signal for the
next transfer following the successful identification.

Identification is considered successful during an initial connection or an initiator reconnect when the target detects
no error during the transfer of the IDENTIFY message and an optional queue tag message in the MESSAGE OUT

phase immediately following the SELECTION phase, See 6.5 for the ordering of the IDENTIFY and gueue tag
messages, See 6.1.9.2 for handling target detected errors during the MESSAGE OUT phase.
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Identification is considered successful during a target reconnect when the ATN signal is not asserted during the
transfer of either the IDENTIFY message or the SIMPLE QUEUE TAG message foran |_T_L_Q nexus in the MESSAGE
IN phase immediately following the RESELECTION phase. See clause 6.5 for the ordering of the IDENTIFY anc
queue tag messages. See 6.2.1, ftem d), for handling target detected errors during the MESSAGE IN phase.
6.6.8 IGMORE WIDE RESIDUE

Table 14 - IGNORE WIDE RESIDUE message format

Bit 7 B 5 4 a 2 1 o
Byte
o Mezsage code (23h)
1 Ignore (01h, 02h, 03h)

The IGNORE WIDE RESIDUE message (see table 14) shall be sent from a target to indicate that the number of valic
bytes sent during the last REQ/ACK handshake and REQB/ACKE 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 message shal
be sent immediately following that DATA IN phase and prior to any other messages. The ignore field is defined ir
table 15.

MNOTE 32 More than one IGNCORE WIDE RESIDUE message may occur during an I/ process.

Table 15 - Ignore fleld definition

Ignore Invalid data bits
32-bit transfers | 16-bit transfers
00h Reserved Aeserved
01h DB(31-24) OB(15-8)
02h DB(31-16) Resarved
03h DB(31-8) Aesarved
04h - FFh Reserved Reservad

Even though a byte is invalid its corresponding parity bit shall be valid for the value transferred. For 18-bit transfers
DB(31-16) are always invalid and the corresponding parity bits are also invalid.

B.6.9 INITIATE RECOVERY

Atargel that supports extended contingent allegiance shall inform the initiater it is entering this condition by sendinc
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 7.7.

It an asynchronous event aceurs, the target may enter an extended centingent allegiance condition by becoming &
temporary inftiator and sending the INITIATE RECOVERY message following the IDENTIFY message and any queus
lag massage and before the COMMAND phase of the SEND command that is used to perform the asynchronous
event notification (see 7.5.5). The successful transmission of this message establishes the extended contingen
allegiance condition which remains In effect until terminated as described in 7.7.

NOTE 40 If the target notifies multiple initiators of the asynchronous event, it should include the INITIATE RECOVERY
messaga in only one of the notifications,

AMESSAGE REJECT response to an INITIATE RECOVERY message indicates that an extended contingent allegiance
condition shall not be established. The enabled or disabled state of an extended contingent allegiance (see 8.3.3,1
iz not changed by the rejection of an INITIATE RECOVERY message,
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6.6.10 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 pointer integrity Is not assured, a RESTORE POINTERS message or a disconnect followed by a
reconnect, shall cause the pointers to be restored to their defined pricr state,

6.6.11 LINKED COMMAND COMPLETE

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

6.6,12 LINKED COMMAND COMPLETE (WITH FLAG)

The LINKED COMMAND COMPLETE (WITH FLAG) message is sent from a target to an initiator to indicate that tha
execution of a linked command (with the flag bit set to one) has complated and that status has been 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 initiater betwean two linked commands.

6.6.13 MESSAGE PARITY ERROR

The MESSAGE PARITY ERROR message is sent from the initiator to the target to indicate that it received a message
byte with a parity error (see 6.1.9.2).

In arder 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 byte that has the parity eor. This provides an
interlock so that the target can determine which message byte has the parity errer. If 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 transter attempt (see 6.1.1).

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

6.6.14 MESSAGE REJECT

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

In erder to indicate its intentions of sending this message, the initiator shall assert the ATM signal prior to its release
of the ACK signal far the REQ/ACK handshake of the message byte that is to be rajected. 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 MESSAGE IN phase and send this message prior to requesting
additional message byles 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 asserted, then it shall return to the
MESSAGE OUT phase. The subsequent MESSAGE OUT phase shall begin with the first byte of a message.
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6.6.15 MODIFY DATA POINTER Message
Table 16 - MODIFY DATA POINTER

Bit 7 [ 5 4 a 2 1 o
Byte
Q Extended message (01h)

Extended message length (0Sh)
MODIFY DATA POINTER (0Oh)

-t

{Ms5B)
Argumant

@ @

(LSB) |

The MODIFY DATA POINTER message (see table 16) is sent from the target to the initiator and requests that th
signed argument be added (twa's complament]) to the value of the current data peinter.

6.6.16 NO OPERATION

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

For example, if the target does not respond to the attention condition until a later phase and at that time the origina
message is no longer valid the initiator may send the NO OPERATION message when the target enters the MESSAGE
OUT phase.

6.6.17 Queue tag messages

Table 17 - Queus tag message format

Bit| 7 & 5 4 3 2 1 L 0
Byte
o Message code (20h, 21h, 22h)
1 Queude tag (00h - FFh)

Table 17 defines the format fer the queue tag messages. If the target implemeants tagged queuing, all of the queus
tag messages are mandatory: HEAD OF QUEUE TAG, ORDERED QUEUE TAG, and SIMPLE QUEUE TAG. Taggec
queding is enly defined for logical units, not for target routines,

If a target does not implement tagged queuing and a queue tag message is received or if a queue tag message I
received for a target routine, it shall respond with a MESSAGE REJECT message and accept the /O process as i
it were untagged.

The gueue tag messages are used to specily an identifier, called a queue tag, for the |/O process that establishe:
the I T_L Q nexus. The gueue tag field is an 8-bit unsigned integer assigned by the initiater during an initia
connection. The gueue tag for every |/O process for each |_T_L nexus should be unigue. If the target receives «
gueue tag that is currently in use for the |_T_L nexus, then it shall respond as defined in 7.5.2. A queue tag become:
available for reassignment when the /O process ends. The numeric value of a queue tag has no effect on the arde:
of execution,

NOTE 41 For each logical unit on each target, each initiator has up to 258 gueue tags 1o assign to /O processes. Thus
a target with eight logical units could have up to 14 338 |/O processes concurrently in existence if there were seven
inftiators on the bus,
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Whenever an initiator connects to a targat, the appropriate queue tag message shall be sent immediately following
the IDENTIFY message and within the same MESSAGE OUT phase to establish the |_T_L_Q nexus for the /O
process. Onlyonel _T_L QG nexus may be established during a connection. Ifa queue tag message is not sent, then
only an I_T_x nexus is established for the |/O process (untagged commandy).

Whenever a target reconnects to an initiator to continue a tagged |/O process, the SIMPLE QUEUE TAG message
shall be sent immediately following the IDENTIFY message and within the same MESSAGE IN phase to ravive the
I_T L_Q nexus for the |/O process. Only one |_T_L_Q nexus may be revived during a reconnection. If the SIMPLE
QUELE TAG message is not sent, then only an |_T_x nexus Is revived for the I/O process (untagaed command).

I a target attempts to reconnect using an invalid queue tag, then the initiator should respond with an ABORT TAG
message.

6.6.17.1 HEAD OF QUEUE TAG

The HEAD OF QUEUE TAG message specifies that the |/O process be placed first in that logical unit's command
gueua. An l/O process already being executed by the target shall not be preempted. A subsequent I/O process
received with a HEAD OF QUEUE TAG message shall be placed at the head of the command queue for execution
in last-in, first-out arder.

6.6.17.2 ORDERED QUEUE TAG

The ORDERED QUEUE TAG message specifies that the I/ process be placed in that logical unit's command queue
for execution In the order received, All queued I/O processes for the legical unit received prior to this I/O process
shall be executed befora this /O process is executed. All gueued I/O processes received after this I/O process shall
be executed after this /O process, except for |/O processes received with a HEAD OF QUEUE TAG message.

6.6,17.3 SIMPLE QUEUE TAG

The SIMPLE QUEUE TAG message speacifies that the |/O process be placed in that logical unit's command quaue.
The order of execution is described in 7.8.

6.56.18 RELEASE RECOVERY

The RELEASE RECOVERY message is sent from an initiator to a target to terminate an extended contingent
alleglance 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 contingent
allegiance condition ends upon successful receipt of the RELEASE RECOVERY message, The target shall go to the
BUS FREE phase follewing successful receipt of this message.

It a RELEASE RECOVERY message is received by a target that implements extended contingent allegiance when an
extended contingent allegiance condition does not exist, the message shall not be rejected and the target shall go
to tha BUS FREE phase.

6.6.15 RESTORE POINTERS

The RESTORE POINTERS message is sent from a target to direct the initiator to copy the most recently saved
command, data, and status pointers for the |/O process to the corresponding current pointers. The command and
status pointers shall be restored to the beginning of the present command and status areas. The data pointer shall

be restored to the value at the beginning of the data area in the absence of a SAVE DATA POINTER message or lo
the value at the point at which the last SAVE DATA POINTER message occurred for that nexus.
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6.65.20 SAVE DATA POINTER

The SAVE DATA POINTER message is sent from a target to direct the initiator to copy the current data pointer to the
saved data painter for the current 1/O process. (See 6.4 for a definition of pointers.)

6.6.21 SYNCHRONOUS DATA TRANSFER REQUEST
Table 18 - SYNCHRONOUS DATA TRANSFER REQUEST

Bit 7 & 5 4 3 2 1 0
Byte

0 Extended message (01h)

1 Extended message length (03h)
SYNCHROMOUS DATA TRANSFER REQUEST code (O1h)

Transfer period fTactop
AEQ/ACK offset

4| @

A SYNCHRONOUS DATA TRANSFER REQUEST (SDTR) message (see tabla 18) exchange shall be initiated by an
5GS| 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:

a) after a hard reset condition;

b) after a BUS DEVICE RESET message and;

o) after a power oycle.

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

MOTES

42 Renegotiation st every selection is not recommended, since a significant performance impact is likely.

43 Due to historical problams with early host adapters that could not accept an SOTR message, some targets may nat
initiate synchronous negatiation after a power cycle as required by this standard. Host adapters that suppart synchronous
mode may avoid the ensuing failure modes when the targe! is independently power cycled by initiating a synchranous
negotiation on each REQUEST SENSE and INQUIRY command.

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

The transfer period factor times four is the value of the transfer period. 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 allowed to be outstanding before the leading edge of
its carresponding 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 zera shall indicate asynchronous data
transfer mode; a value of FFh shall indicate unlimited REQ/ACK offset.

The originating device (the device that sends the first of the pair of SDTR messages) sets its values according to the
rules above to permit it to receive data successfully. Ifthe responding device can also receive data successfully with
these values (or smaller transfer periods or larger REQ/ACK offsets or both), it returns the same values in its SDTR
massage. 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 nat required to
be changed. Each device when transmitting data shall respect the limits set by the cther's SDTR message, but it iz
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permitted to transfer data with larger transfer periods, smaller REQ/ACK offsets, or both than specified in the other's
SDTR message. The successful completion of an exchange of SDTR messages implies an agreemant as follows:

Responding device SDTR response Implied agreement
a) Non-zero REQ/ACK offset Each device transmits data with a transfer period equal to or greater than and

a REQ/ACK offset equal to or less than the values received in the other
device's SDTR message.

b) REQ/ACK coffset equal to zero Asynchronous transfer
¢) MESSAGE REJECT message Asynchronous transfer

I the inftiator recognizes that nagotiation is required, it asserts the ATN signal and sends a SDTR message to begin
the negotiating process. After successfully completing the MESSAGE OUT phase, the target shall respond with the
proper SDTR message. |f an abnormal condition prevents the target from returning an appropriate response, both
devices shall go to asynchronous data transfer mode for data transfers between the two devices.

Following target response (1) above, the implied agreement for synchronous operation shall be considered to be
negated by both the initiator and the target if the initiator asserts tha ATN signal and the first message out is either
MESSAGE PARITY ERROR or MESSAGE REJECT. In this case, both devices shall go to asynehronous data transfer
mode for data transfers between the two devices, For the MESSAGE PARITY ERROR case, the implied agreement
shall be reinstated if a retransmittal of the second of the pair of messages is successfully accomplished. After a
vender-specific number of retry attempts (greater than zero), If the target recelves a MESSAGE PARITY ERROR
message, it shall terminate the retry activity. This may be done either by changing to any other information transfer
phase and transferring at least one byte of information or by geing to the BUS FREE phase (see 6.1.1). The initiator
shall accept such action as aborting the negetiation, and both devices shall go to asynchronous data transfer mode
for data transfers between the two devices.

If the target recognizes that negotiation is required, it sends an SDTR message to the initiatar. Prier to releasing the
ACK signal on the last byte of the SDTR message from the target, the initlator shall assert the ATN signal and respond
with its SDOTR message or with a MESSAGE REJECT message. If an abnermal cendition prevents the initiator from
returning an appropriate response, both devicas shall go to asynchronous data transfer mode for data transfers
batween the two devices.

Fellowing an initiatot's responding SDTR message, an implied agreement for synchroncus operation shall not be
considered to exist until the target leaves the MESSAGE 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
initiatat's respending SDTR message, it shall go to the BUS FREE phase without any further information transfer
attempt (see 6.1.1). 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, the target shifts to MESSAGE IN phase and the first message
in is MESSAGE REJECT, the implied agreement shall be considered to be negated and both devices shall go to
asynchronous data lransfer mode for data transfars between the two devices,

The implied synchronous agreement shall remain in efiect until a BUS DEVICE RESET message is received, untila
hard reset condition accurs, or until ane of the two SCS| devices elects to maedify the agreement. The default data
transfer mode is asynchronous 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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6.6.22 TERMINATE I/O PROCESS

The TERMINATE |/O PROCESS message is sent from the initiator to the target to terminate the current I/O process
without corrupting the medium,

With the following exceptlons, the target shall terminate the current |/O process and return COMMAND TERMINATEL
status, The sense key shall be set to NO SENSE, The additional sense code and qualifier are set to |/O PROCESS
TERMINATED.

If the asscciated |/O process involves a data phase, the target shall set the valid bit in the sense data to one and set
the information field as follows:

a) if the command descriptor block specifies an allocation length or parameter list length, the information field
shall ba sat to the difference (residue) between the number of bytes successiully transferrad and the requested
length.

b) If the command descriptor block specifies a transfer length field, the information field shall be set as defined
in the REQUEST SENSE command (see 8.2.14).

It an errar is detected for the associated |/0 process the target shall ignore the TERMINATE I/O PROCESS message.

Ifthe operation requested for the associated I/O process has been completed but status has not been returned, the
target shall ignore the TERMINATE I/O PROCESS message.

If the target does not support this message or is unable to stop the current |/O process, it shall send a MESSAGE
REJECT message to the initiator and continue the I/O process in a normal manner.

The effect of a TEAMINATE IfO PROCESS message on the command queue depends on the queue error recovery
option specified in the control mode page (see 8.3.3.1) and on whether or not a contingent allegiance condition is
generated.

NOTE 44 The TERMINATE |/O PROCESS message provides a means for the initiator to request the target to reduce the
transfer lendgth of the current command 1o the amount that has already been transferred. The initiator can use the sense
data to determine the actual number of bytes or blocks that have been transferred, This message is normally used by the
initiater to stop a lengthy read, write, or verify operation when a higher-pricrity command s available to be executed. It
is Up 1o the initiator 1o complete the terminated command at a later time, if required.

6.6.23 WIDE DATA TRANSFER REQUEST
Table 19 - WIDE DATA TRANSFER MESSAGE

Bﬁgit 4 -] 5 4 3 2 1 o

1] Extended message [Dlh)

1 Extended message length (02h)

2 WIDE DATA TRANSFER REQUEST code (03h) B
3 Transfer width exponent

AWIDE DATA TRANSFER REQUEST (WDTR) message (see tabla 19) axchange 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:

a) after a hard reset condition;

b) after a BUS DEVICE RESET message and;

c) after a power cycle.

G4
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In addition, an SC3l device may initiate a WDTR message exchange whenever it is apprepriate to negotiate a new
transfer width agreement. SCS| devices that are capable of wide data transfers (greater than eight bits) shall not
respond to a WDTR message with a MESSAGE REJECT message.

MOTE 45 Renegotiation at every selection is not recommended, since a significant perfarmance Impact is likely.

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 between the two devices. This agreement applies to DATA IN and DATA QUT
phases only. All other infarmation transfer phases shall use an eight-bit data path.

It an SCS| device implements both wide data transfer option and synchronous data transfer option, then it shall
negotiate the wide data transfer agreement prior to negotiating the synchronous data transfer agreement. If a
synchronous data transfer agreement is in effect, than an SCS| device that accepts a WDTR message shall reset the
synchronous agreement to asynchronous moda.

The transfer width is two to the transfer width exponent bytes wide. The transfer width that is established applies to
all logical units on both SCSI devices, Valid transfer widths are 8 bits (m = 00R), 16 bits (m = 01h), and 32 bits
{m = 02h). Values of m greater than 02h are reserved.

The ariginating 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 SCS| device can also
accommodate this transfer width, it returns the same value in its WOTR message. If it requires a smaller transfer
widlth, it substitutes the smaller value in its WDTR message, The successful completion of an exchange of WOTR
messages implies an agreement as follows:

Responding device WDTR response |mplied agreement
&) Non-zero transfer width Each device transmils and receives data with a transfer width equal to the
responding SCSI devica's transfer width.

b) Transfer width equal to zero Eight-bit data transfer

c) MESSAGE REJECT message Eight-bit data transfer

i the initiater recegnizes that negetiation is required, it assers the ATN signal and sends a WDTR message te begin
the negotiating process. After successfully completing the MESSAGE OUT phase, the target shall respond with the
proper WOTR message. If an abnormal condition prevents the target frem relurning an appropriate response, 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 negated
by both the initiator and the target if the initiator asserts ATN and the first message out is either MESSAGE PARITY
ERRCR or MESSAGE REJECT. In this case, both devices shall go to eight-bit data transfer mode for data transfers
between the two devices, For the MESSAGE PARITY ERROR case, the implied agreement shall be reinstated it a
retransmittal of the second of the pair of messages is successfully accomplished. After a vendor-specific number of
retry atternpts (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 phase and transferring at least
ane byte of information or by geoing to the BUS FREE phase (see 6.1.1). The initiator shall accept such action as
aborting the negotiation, and both devices shall go to eight-bit data transfer mode for data transfers betwaen the bwa
devices.

I the target recognizes that negotiation is required, it sends a WDTR message to the initiator. Prior to releasing the
ACK signal on the last byte of the WDTR message from the target, the initiator shall assert the ATN signal and
respond with its WOTR message or with a MESSAGE REJECT message. If an abnormal condition prevents the
initiator from returning an appropriate response, both devices shall go to eight-bit data transfer mode for data
transfers between the two devices.
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Following an initiater's responding WDTR massage, an implied agreament for wide data transfer operation shall not
be considered to exist until the target leaves the MESSAGE OUT phase, indicating that the target has accepted the
negoetiation. After a vendor-specific number of retry attempts (greater than zero), if the target has not recelved the
initiator's responding WOTR message, it shall go te the BUS FREE phase without any further information transfer
attempt (see 8,1.1), This indicates that a catastrophic error condition has occurred. Both devices shall go to sight-bil
data transfer mode for data transfers between the two devices.

H, fallowing an initiator's responding WDTR message, the target shifts to MESSAGE IN phase and the first message
in ls MESSAGE REJECT, the Implied agreement shall be considered to be negated and both devices shall go to
eight-bit data transfar mode for data transfers 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 oceurs, or until one of the two SCS| devices elects to modily the agreement. The default 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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7 SCSI commands and status

Thiz clause defines the SCS| command and status structures and gives several examples,

By keeping to a minimum the functions essential to communicate via this protocol, a wide range of peripheral devices
of varying capablility can operate in the same environment. Because subsels of the full architecture may be
implemented, optional functicns are noted.

7.1 Command implementation requirements

The first byte of all SCSI commands shall contain an operation code as defined in this standard. Targets shall
implement all commands with a mandatory operation code (see 7.1.2) both in clause 8 and in the appropriate clause

for their device type.

7.1.1 Reserved

Reserved bits, fields, bytes, and code values are set aside for future standardization. Their use and interpretation may
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. Atarget that receives a reserved bit, field, or byte that is not zero or receives
a reserved code value shall terminate the command with CHEGK COMNDITION status and the sense key shall be set

to ILLEGAL REQUEST. It shall also be acceptable for a target to interpret a bit, field, byte, or code value in
accordance with a fulure extension to this standard.

7.1.2 Operation code types
The operation code types are defined in table 20,

Table 20 - Operation code type

Operation Description
code type
M Mandatory - Commands &o designated shall be implemented in
order to meet the minimum reguirement 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.

A Aeserved - Operation codes so designated shall not be used,
Trmy'dar'fi reserved for future extensions to this
standard.
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7.2 Command descriptor block

A command is communicated by sending a command descriptor block to the target. For several commands, the
eommand descriptor block is accompanied by a list 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 byte and a control byte as its last byte.

For all commands, if there is an invalid parameter in the command descriptor block, then the target shall terminate
the command without altering the meadium,

Table 21 - Typlcal command descriptor block for sbi-byte commands

Bit 7 6 5 4 3 2 1 0
Byte
o Operation code
1 Logical unit numbar (MS8)
2 Logical block address (if required)
a {LSB)
Transfer length (if required)
4 Parameter list length (if reguired)
Allocation length (if reguired)
5 Contral
Table 22 - Typleal command descriptor block for ten-byte commanda
Bit T 1 -] & 3 2 1 v}
Byte
0 Operation code
1 Logical unit number Reserved
2 (MSB)
3
Logical block address (if required) —_
4
5 (LSE)
& Rasarvad
7 (MSB) Transfer length (if reguired)
Parameter list length ?if required) —
a Allocation length (if required) (LsB)
g Control
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Table 23 - Typical command descriptor block for twelve-byte commands

Bit 7 -] 5 4 3 2 1 o

Byte
0 Operation codae
1 Logical unit number Reserved
2 (M38)
3

Logical block address (if required) —
4
5 {LSB)
6 (MSB)
7 Transfer length (if regquired)

Parameter 1ist length (if required) —
8 Allocation length ?11‘ requiraed)
g {LSB)
10 Resarved |
1 Control !

7.2.1 Operation code

The operation code (see table 24) of the command descriptor block has a group code field and a command code
field. The three-bit group code field provides for eight groups of command codes, The five-bit command code field
provides for thirty-two command codes in each group. Thus, a total of 256 possible operation codes exist, Operation

codes are defined In the subsequent subclauses.

The group code specifies one of the following groups:

a) Group O - sbe-byte commands (see table 21)

b) Greup 1 - ten-byte cemmands (zee table 22)

¢) Group 2 - ten-byte commands (see table 23)

d) Group 3 - reserved

e) Group 4 - reserved

f) Group 5 - twelve-byte commands (see table 23)
g) Group 6 - vendor-specific

h) Group 7 - vendor-specific
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Table 24 - Operation code

Bit 7 & 5 4 3 2 1 o

Group code Command code

7.2.2 Logical unit number

The logical unit number is defined in the IDENTIFY message (6.6.7). The target shall ignore the logical unit numbe
specified within the command descriptor block if an IDENTIFY message was received. It is recommended that th
legical unit number in the eommand descriptor block be set to zero.

MOTICE: The loglcal unit number field Is Included in the command descriptor block for compatibility with some
SCEI-1 devices. This field may be reclaimed In SCSI-3. New Implementations should use the outbound IDENTIFY
massaga, which |s mandatory In SCSI-2, to establish the |_T_L nexus.

7.2.3 Logical block addrass

The legical bleck address on logical units or within a partition on device volumes shall begin with block zera and b
conliguous up te the last logical block en that legical unit er within that partition,

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

7.2.4 Transfer length

The transfer length field specifies the amount of data to be transferrad, usually the number of blacks. For severs
commands the transfer length indicates the requested number of bytes to be sent as defined in the commane
description. For these commands the transfer length fleld may be identified 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 1o be transfarred by oni
command. A transfer length value of 1 to 255 indicates the number of blocks that shall be transferred. A value ¢
zero indicates 256 blocks.

In commands that use multiple bytes for the transfer length, a transfer length of zero indicates that no data transfe
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.
7.2.5 Parameter list length

The parameter list length s used to specily the number of bytes sent during the DATA OUT phase. This field it
typically used in command descriptor blocks for parameters that are sent to a target (e.g. mode parameters
diagnostic parameters, log parameters, elc.). A parameter length of zero indicates that no data shall be transferred
This conditlon shall not be considered as an error,

7.2.6 Allocation length

The aliocation length field specifies the maximum number of bytas that an initiatar has allocated for returned data
An allocation length of zero indicates that no data shall be transferred. This condition shall not be considered as ar
error. The target shall terminate the DATA IN phase when allocation length bytes have been transferred or when a!
available data have been {ransferred to the initiator, whichever is less. The allocation length is used to limit the
maximum amount of data (e.g. sense data, mode data, log data, diagnostic data, etc.) returned to an initiator,
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7.2.7 Control field
The contrel field is the last byte of every command descriptor bleck. The control field i= defined in table 25.

Table 25 - Control field

Bit T -] - 4 3 2 1 o]

Vendor-specifio Reserved Flag Link

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

The flag bit should be sel to zero if the link bit is zero, If link bit is zero and the flag bit is one, the target shall return
CHECK COMDITION status. The sense key shall be set to ILLEGAL REQUEST.

If the flag bit is 2ere and the link bit is one, and if the command completes successfully, the target shall send the
LINKED COMMAND COMPLETE message. |fthe flag bit is one and the link bit is one, and if the command completes
successfully, the target shall send the LINKED COMMAND COMPLETE (WITH FLAG) message.

NOTE 46 The flag bit is typically used to cause an interrupt in the initialor between linked commands.
The link bit is used to continue the |/O process across multiple commands. Implementation of the link bit is cptional.

A link bit of one Indicates that the initiator requests a continuation of the /O process and that the target should enter
the command phase upon successful completion of the current command,

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

If mither of the link and flag bits are set to one, and the target does not implement linked commands, it shall retumn
CHECK CONDITION status, The sense key shall be set to ILLEGAL REQUEST.

7.3 Status

The status byte and status byte code are defined in tables 26 and 27. A status byle shall be sent from the target to
the initiator during the STATUS phase at the completion of each command unless the command is terminated by one
of the following events:

a) an ABORT message;

b} an ABORT TAG message;

¢} a BUS DEVICE RESET message,

d) a CLEAR QUEUE message;

e) a hard reset condition;

f) an unexpected disconnect (see 6.1.1).

The STATUS phase normally cccurs at the end of a cemmand but in some cases may oceur prior to transferring the
command descriptor block.

Table 26 - Status byle

Bit 7 L 3 4 3 2 1 0

Reserved Btatus byte code Reserved
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Table 27 - Status byte code

Bits of status byte Status
7 B|5|([4]|38]| 2 1 0
R A 0 0 v} a 0 R GooD
R R o 0 0 0 1 R CHECK CONDITION
R|R 0 0| 0 1 0| R CONDITION MET
R R 0 0 1 o ¢ [ R BUSY
R ] a 1 0|0 0| R INTERMEDIATE
A R | O 1 0 1 Q| R INTERMEDIATE-CONDITICN MET
R A a 1 1 [¥] o] R RESEAVATION CONFLICT
R A 1 0 1] o 1 R COMMAND TERMINATED
R | R 1 1] 1 0|0 | R GQUEUE FULL
All other codes Rezarved
Key: R = Aeserved bit

A definition of the status byte codes is given below.
7.3.1 GOOD: This status indicates that the target has successiully completed the command.
7.3.2 CHECK CONDITION: This status indicates that a contingent alleglance condition has occurred (see 7.8).

7.3.3 CONDITION MET: This status or INTERMEDIATE-CONDITION MET is returned whenever the requestec
operation Is satisfied (see the SEARCH DATA and PREFETCH commands).

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

7.3.5 INTERMEDIATE: This status or INTERMEDIATE-CONDITION MET shall be returned for every successfully
completed command in a serjes of linked commands (except the last command), unless the command Is terminatec
with CHECK CONDITION, RESERVATION CONFLICT, or COMMAND TERMINATED status, If INTERMEDIATE o
INTERMEDIATE-CONDITION MET status is not returned, the series of linked commands is terminated and tha I/C
process Is ended.

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

7.3.7 RESERVATION CONFLICT: This status shall be returned whenever an Initiator attempts to access a logica
unit or an extent within a logical unit that is reserved with a conflicting reservation type for another SC3I device (sec
the RESERVE and RESERVE UNIT commands). The recommended initiator recovery action is to issue the commanc
again at a later time.

7.3.8 COMMAND TERMINATED: This status shall be returned whenever the target terminates the current I/C
process after receiving a TERMINATE I/O PROCESS message (see 6.6.22). This status also indicates that &
contingent allegiance condition has occurred (see 7.8).

7.3.9 QUEUE FULL: This status shall be implemented if tagged queuing is implemented. This status is returnec

when a SIMPFLE QUEUE TAG, ORDERED QUEUE TAG, or HEAD OF QUEUE TAG message Is received and the
command queue is full. The /O process is not placed in the command queue.
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7.4 Command examples
The following subclauses give examples of typical command processing in the SCS| environment.

7.4.1 Single command example

An |/O process containing one untagged READ eemmand is used In this clause to lllustrate a simple /0 process on
the SCSI| bus. This example does not include error or exception conditions.

The initiator has one set of active peinters that includes a command peinter, a data peointer, and a status pointer,
In addition, the initlator has one set of saved polnters for each I/O process that it is able to concurrently manage.
The initiator sets up the saved pointers to paoint to the appropriate bytes for the |/O process and copies the saved
pointers to the active pointers. [t then arbitrates for the SCS| bus, and upon winning arbitration, selacts the target.
Once the target is selected, tha target assumes control of the 1/O process.

During the SELECTION phase, the initiator asserts the AT =signal to inform the target that the initiator wishes to send
a message. Thetarget enters the MESSAGE OUT phase and transfers the IDENTIFY message from the initiator, This
message informs the target of which logical unit |s to be used. At this paint, an |_T_L nexus has been established
for the I/O process. This nexus associates the initiator's pointers with the 1/0 process.

The target switches to the COMMAND phase and transfers the command descriptor block from the initlator. In this
case, the command descriptor block contains a AEAD command. The target interprets 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 successfully sending the COMMAND COMPLETE
message, the target goes to the BUS FREE phase by releasing the BSY signal and the |/O process ends.

7.4.2 Disconnect example

In the above single command example, the length of time necessary to obtain the data may require a time-consuming
physical positioning operation. In order to improve system throughput, the target may disconnect from the initiator,
thereby freeing the SCSI bus to allow other |/O process to occur,

After the target has recelved the READ command (and has determined that there will be a delay), it disconnects frem
the SCSI bus by sending a DISCOMMECGT message and by golng to the BUS FREE phase.

After the target retrieves the requested data from the peripheral device it arbitrates for the SCSI bus. Upon winning
arbitration, it reselects the initiator and sends an IDENTIFY message to the initiator via the MESSAGE IN phase, This
revives the |_T_L nexus so that the initiator can retrieve the correct set of pointers for the |/O process, Tha 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 exampile) to finish the /O process.

I target wishes to disconnect after transferring part of the data (e.g. while crossing a cylinder boundary), it may do
s0 by sending a SAVE DATA POINTER message and a DISCOMNMNECT message to the initiator and then
disconnecting. When reconnection is completed, the current data painter is restored to its value immediately prior
to the SAVE DATA POINTER message.

On those occasions when an error or exceplion condition occurs and the target elects to repeat the information
transfer, the target may repeat the transfer by either issuing a RESTORE POINTERS message or by disconnecting
without Issuing a SAVE DATA POINTER message. When reconnection Is completed, the maost recent saved painter
values are restored,
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7.4.3 Linked command example

An /O process may contain multiple commands linked together. Upon completing a linked command successfull
the target automatically proceeds to the next linked command fer the /0 process. Allcommands in a series of linke
commands are addressed to the same nexus and are part of a single /O process.

The commands are not entirely independent. When using the relative address bit (see 9.1.11), the address of th
last logical block accessed by one of the commands is available to the next command. Thus one can search for
particular data pattern using a SEARCH DATA command and then read the logical black containing the data patter
with a READ command linked to the SEARCH DATA command. One can also read a logical block at a specifie
displacement from the block containing the data patiern,

A LINKED COMMAND COMPLETE or LINKED COMMAND COMPLETE (WITH FLAG) message Is sent from the targ:
to the initiator to indicate that a linked command completed, The initiator then updates the saved pointers for th
nexus so that subsaquent transfars from the target reference the next command of the series. Command pracassin
of linked and single commands Is similar except that relative addressing Is permitted in linked commands.

For example, a successful completion of a SEARCH DATA EQUAL command causes the target to continue with th
linked READ command from the initiator, 1f the relative address bit in the READ command has been set to one, an
the address field of the READ command is set to zero, the target transfers the successiully searched block to th

initiator.

7.5 Command processing considerations and exception conditions

The following subclauses describe some exception conditions and errors assoociated with command processing an
the sequencing of commands.

7.5.1 Programmable operating definition

Some applications require that the operating definition of a legical unit be modified te meat the spacial requireman!
of a particular initiator. The program-controlled modification of the operating definition is typically provided to allo
operating systems to change the operating definition of a more recently developed targets to one that is mor
compatible with the opaerating system. This ability requires that the system comply with the low-level hardwar
definitions of SCSI-2,

The parameters that can be changed by modifying the operating definftion of a logical unit include the vende
identification, the device type, the device model, the SCS| compliance level, the SCS| specification level, th
command set, and other parameters. The low-level hardware parameters including signal timing and parity definitior
cannot be changed by medifying the operating definition. The present cperating definition of a logical unit wit
respect to an initiator can be determined at any time by execution ofan INQUIRY command. In some vendor-specif
cases, it may also be necessary to perform other commands including MODE SENSE and READ CAPACITY.

Each logical unit begins with a particular operating definition. If the logical unit supports the CHANGE DEFINITIO
command, the present operating definition can be changed to any other operating definition supported by the logic:
unit. The actual details of the operating definition of a logical unit are vendor-specific. If the operating definition
changed to one that does not include the CHANGE DEFINITION command, the target should continue to accept th
CHAMGE DEFINITION command.

If an error occurs during execution of a CHANGE DEFINITION command, the original operating definition remair
in effect after the command is executed. The new operating definition becemes active only after successful executic
of the CHANGE DEFINITION command.

Since new operating definitions may preclude the execution of I/0 processes that are already in progress, the targ

may disconnect to allow completion of any /O processes that are in progress. Oparating definition changes that me
cause conflicts with the normal operation from other initiators shall be indicated to those initiators by generating
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unit attention condition for each other initiator., The additional sense code shall be set to CHANGED OPERATING
DEFINITION,

An initlator may request a list of the operating definitions that the target supporls and descriptive lext for each
operating definition using the INQUIRY command.

7.5.2 Incorrect inltiator connection

An incorrect iniliator connection occurs on a reconnection if;
a) an initiator attempts to reconnect to an |/O process, and
b) a soft reset condition has not cecurred, and
cj tha initiator does not send an ABORT, ABORT TAG, BUS DEVICE RESET, CLEAR QUEUE, or TERMINATE |/O
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:
a) attempts to establish an |_T_L Q nexus when an |_T_L nexus already exists from a previous connection, or
b) attempts to establish an |_T_L nexus when an |_T_L_Q nexus already exists, unless there is a contingent
allegiance or extended contingent allegiance condition present for the logical unit.

A target that detects an incorrect initiator connection shall abort all /O processes for the initiator en the logical unit
or target routine and shall return CHECK CONDITION 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 an /0 process and a soft reset condition has occurred, the target shall meet the
requirements of 6.2.2.2.

MNOTES

47T An incorrect initiater connection may be indicative of a serious error and, if not detected, could result in an I/O process
operating with a wrong set of pointers. This is considered a catastrophic faflure on the part of the initiator.  Therefore,
vendor-specific error recovery proceduras may be required to guarantea the data integrity on the medium. The target may
return additional sense data to aid in this error recovery procedurs (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).

48 Some lergels may not detect an incorrect initiator connection until after the command descriptor block has been
received.

7.5.3 Selection of an invalid logical unit

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

The logical unit may not be valid because:

a) thetarget does not support the logical unit (e.g. seme targets suppert anly one peripheral device), Inrespense
ta an INQUIRY command, the target shall return the INQUIRY data with the peripheral qualifier set to the value
required in 8.2.5.1. In response to any 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
raturn sense data. The sense key shall be set to ILLEGAL REQUEST and the additional sense code shall ba
set to LOGICAL UNIT NOT SUPPORTED.

b) the target supperis the logical unit, but the peripheral device is not currently attached to the target. In
response to an INQUIRY command, the target shall return the INQUIRY data with the peripheral qualifier set
to the value required in 8.2.5.1. In response to any other command except REQUEST SENSE, the target shall
terminate the command with CHECK CONDITION status. In response to a REQUEST SEMSE command, the
target shall return sense data. The sense key shall be setto ILLEGAL REQUEST and the additional sense code
shall be set to LOGICAL UNIT NOT SUPPCRTED.

c) the target supports the logical unit and the peripheral device Is attached, but not operational. In respoense lo
an INQUIRY command, the target shall return the INQUIRY data with the peripheral gualifier set to the value
required in B.2.5.1. The target's response to any command other than INQUIRY and REQUEST SENSE is

vendor-specific.
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d) the target supports the logical unit but is incapable of determining if the peripheral device is attached or is no
operational when it is not ready. In response to an INQUIRY command,the target shall return the INQUIRY dat:
with the peripheral qualifier set to the value required in 8.2.5.1. In response to a REQUEST SENSE command
the target shall return the REQUEST SENSE data with a sense key of NO SENSE unless a centingen
alleglance exists. The target's response to any other cammand is vendor-specific.

7.5.4 Parameter rounding

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

the parameter.

Rounding of parameter values, when permittad, shall be perfarmed as follows - A target that recelves a paramete
value that is not an exact supported value shall adjust the value to one that it supports and shall return CHECH
COMDITION status with a sense key of RECOVERED ERROR. The additional sense coda shall ba set to ROUNDEL
PARAMETER. The initiator is responsible to issue an appropriate command to learn what value the target ha:
selactad.

NOTE 49 Generally, the target should adjust maximum-value fields down 1o the next lower supported value than the one
specified by the initiator. Minimum-value fields should be rounded up to the next higher supperted value than the one
specified by the initiator, In some cases, the type of rounding (Up of down) is exXplicitly specified in the description of the
parameter,

7.5.5 Asynchronous event notification

Implementation of asynchronous event notification is optional. This protocol can be used to inform processor device:
that an asynchronous event has occurred. A SEND command with an AEN bit of one is issued to a processor device
with & subsequent data phase that includes the REQUEST SENSE Information. SCSI devices that respond to ar
INQUIRY command as a processor device type with asynchronous event notification capability may be notified o
asynchronous events using this protocol. An SCS| device has to be capable of acling as an initiator in order t
perform asynchronous event notification.

NOTE 50 Asynchronous event notification cannat be used with a device that acts as a temporary initiator (e.qg. 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 8.3.3.1)

The four uses of asynchronous event notification are:
a) informing a processor of an error condition encountered after command completion;
b} infarming all processor devices that a newly initialized device is available;
c) informing all processor devices of other unit attention conditions;
d) informing all processor devices of other asynchronous events.

An example of the first case above is a device that implements a write cache. If the target is unable ta write cachet
data to the medium, it may use an asynchronous event notification to Inform the initiator of the failure. An extende:
contingent allegiance condition may also be established during the same |_T_L nexus used for the asynchronou:
evant notification (see 6.6.9).

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

{ﬂm example of the fourth case above is a sequential-access device performing a REWIND command with th
immediate bit set to one, Asynchronous event notification may be used to inform an initiator that the beginning ¢
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medium has been reached. Completion of a CD-ROM AUDIC PLAY command started in the immediate mode is
another example of this casa.

Motification 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 12.2,2 for further information on the format of the data sent.

An arror condition or unit attention condition shall be reported once per occurrence of the event causing it. The target
may choose to use an asynchronous event netification or to return CHECK CONDITION status on a subsequent
command, but nat both. Netification of command-related error conditions shall be sent only to the processer that
initiated the /O process.

The asynchronous event notification protocol can be used to nofify processor devices that a system resource has
become available. If a target chooses to use this method, the sense key in the sense data sent to the processor
device shall be set to UNIT ATTENTION.,

The asynchronous event notification protocol shall be sent only to SCS| devices that return processor device type
with an AENC bit of one in response to an INQUIRY command. The INQUIRY command should be issued to logical
unit zera of each SCSI device responding to selection. This procedure shall be conducted prior to the first
asynchronous event notification and shall be repeated whenever the device deems it appropriate or when an event
occurs that may invalidate the current information. (See 6.8.21, SYNCHRONOUS DATA TRANSFER REQUEST
messaga, for examples of these events.)

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

NOTE 51 An SCSI device which can use asynchronous event notification at initialization tima should provide means to
defeat these notifications. This can be done with a switch or jumper wire. Devices that implament saved parameters may
altarnatively sava the asynchronous event notification permissions either on a per SCSI device basis or as a system-wide
aption. In any case, a device conducts a survey with INQUIRY commands to be sure that the devices on the SCSI bus
are appropriate destinations for SEND commands with an AEN bit of cne. ([The devices on tha bus or the SCSI ID
assignments may have changed.)

7.5.6 Unexpected reselection

An unexpected reselection oceurs if an SCSI device attempts to recannact to an |/O process for which a nexus does
nat exist. An SCS| device should respond to an unexpected reselection by sending an ABORT message.
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7.6 Contingent allegiance condition

The contingent allegiance condition shall exist following the return of CHECK CONDITION or COMMAND
TERMIMATED status. The contingent allegiance condition shall be preserved for the |_T_x nexus until it is cleared.
The contingent allegiance condition shall be cleared upon the generation of a hard reset condition, or by an ABORT
message, a BUS DEVICE RESET message, or any subsequent command for the |_T_x nexus. While the contingent
allegiance condition exists the target shall preserve the sense data for the initiatar,

While the contingent allegiance condition exists, if the target is unable to maintain separate sense data, the targst
shall respond to any cther requests for access to the logical unit or target routine from another initiator with a BUSY
status. Execution of alllagged I/O processes forthe |_T_L nexus for which the contingent alleglance condition exists
shall be suspended until the contingent allegiance condition is cleared.

7.7 Extended contingent allegiance condition

Iimplementation of extended contingent allegiance is optional. The extended contingent allegiance condition extends
the contingent allegiance condition for an |_T_x nexus. This condition is generated by the target sending an INITIATE
RECOVERY message to the initiator following CHECK CONDITION or COMMAND TERMINATED status and prior to
the COMMAND COMPLETE message. This condition shall be preserved until it is cleared by a BUS DEVICE RESET
message, a RELEASE RECOVERY message, or a hard reset condition.

While the extended contingent allegiance condition exists, the target shall respond to any other request for access
to the legical unit from ancther initiator with BUSY status. Execution of all |/O processes for tha logical unit for which
the extended contingent allegiance condition exists shall be suspended until the RELEASE RECOVERY message is
received by tha targat.

KROTES

52 It is not required to generate an extended contingent allegiance condition far avery CHECK CONDITION ar COMMAND
TERAMINATED =status that occurs. Simple errors not requiring an extended recovery may be dealt with by using the
contingant allegiance protocol.

53 During the existence of the axtended contingant allegiance condition, appropriate error recovery sequences may be
executed. Such commands can cormrect dats, modify or dalete queuesd commands, perform LOG SENSE commands and
obiain diagnoztic information. Extended contingent allegiance is recommeanded for error conditions that may require
execution of multiple-stap error-recovery protocols without interference from other infiators,

An extended conlingent allegiance condition may also be generated using an asynchronous event notification
pratocel. When the event is detected, the bus device that detected the event assumes the initiator role and transmits
a SEND command with an AEN bit of one to the appropriate device(s) (see 12.2.2).

If the device wishes to generate an extended contingent allegiance condition during an asynchronous event
netification, it shall send an INITIATE RECOVERY message following the IDENTIFY message (and following any quaue
tag message) and prior to the COMMAND phase of the SEND command., An extended contingent alleglance
condition can be generated for only one |_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 receipt of a BUS DEVICE RESET message, shall
also clear the extended contingent allegiance condition.

During an extended contingent alleglance, only untagged |/O processes from the SC8| device to which the INITIATE
RECOVERY message was sent shall be executed by the target for the logical unit. If the initiator sends a queue tag

message, the target shall respond with QUEUE FULL status. After the extended contingent allegiance condition s
cleared, any commands remaining in the command queue shall be executed.
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7.8 Queued |/O processes

The implementation of queuing for |/O processes is optional. Queuing of |/O processes allows a target to accept
multiple /O processes.

There are two methods for implementation of queuing, tagged and untagged. Tagged queuing allows a target to
accept multiple |/O processes from each initiator for each logical unit. Untagged queuing allows a target to accept
one /O process from each Initiater for each logical unit or target routine. Untagged queuing may be supported by
SCSl-1 or SC3I-2 devices. Tagged queuing is new in SCSl-2.

Atarget may support both tagged and unlagged queuing. An initiator may net mix the use of tagged and untagged
gueuing for I/O processes to a legical unit, except during a contingent allegiance or extended ¢ontingent allegiance
cendition when only untagged initial connections are allowed. An initiator that elects to use tagged queuing does
not preclude anather intiater on the same SCS| bus from Using untagged queuing,

7.8.1 Untagged queuing

Untagged queuing allows a target to accept a command from an initiater for a logical unit or target reutine while I/O
processes from other initiators are being executed. Only one command for each |_T_x nexus shall be accepted at
a time,

An /O process may be Initiated any time the BUS FREE phase exists, even if an |/O process from a different initiater
Is active. If the disconnect privilege is not granted in the IDENTIFY message of the current I/O process, the target
may either suspend all other I/O processes or it may raturn BUSY status to the current |/O process.

The |_T x nexus sufficiently specifies the relationship so that the target can reconnect to the initiator to restore the
pointers for 1/O process as long as only one |/O process per |_T_x nexus is issued, It is the responsibility of the
initiater to assure that only one such /O process is issued at any time (sea 7.5.2).

7.8.2 Tagged queuing

Tagged queuing allows a target to accept multiple /O processes from the same or different initiatars until the logical
unit's command queue is full. If an /O process is received and the command queue Is full, the target shall terminate
the /O process with QUEUE FULL status.

The command queue is setup by the target for each supported logical unit. Initiators may add or delete 1/O
processes to the queue. When adding an |/O process, the initiator may specify ficed order of execution, allow the
target to define the order of execution, or specify that the I/O process is to be executed next,

If the disconnect privilege is not granted in the IDENTIFY message for a tagged /O process, the target shall return
BUSY status.

The queue tag messages (see 6.6.17) allow the initiator to establish a unique |_T L Q nexus to identify each 1/
process, The |_T_L_Q nexus allows the targst to reconnect to a specific |/0 process, and allows the initlator to
restore the set of pointers for that I/O process. An initiator may have several |/O processes ongoing to the same or
different logical units as long as each has a unique nexus.

It only SIMPLE QUEUE TAG messages are used, the targel may executa the commands in any order that is deemed
desirable within the constraints of the queue management algorithm specified in the control mode page (see 8.3.3.1).

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 QUEUE TAG messages. All commands received with a SIMPLE
QUEUE TAG message prior to a command received with an ORDERED QUEUE TAG message, regardless of initlator,
shall be executed before that command with the ORDERED QUEUE TAG message. All commands received with a
SIMPLE QUEUE TAG message after a command received with an ORDERED QUEUE TAG message, regardless of
initiator, shall be executed after that command wilh the ORDERED QUEUE TAG message.
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A command recelved with a HEAD OF QUEUE TAG message is placed first in the queue, to be executed next. /
command received with a HEAD OF QUEUE TAG message shall be executed prior to any queued |/O process
Consecutive commands received with HEAD OF QUEUE TAG messages are executed in a last-in-first-out order.

An I/O process received without a queue tag message, while there are any tagged I/0 commands in the eommane
gueue from the same initiator, Is an incomrect initiator connection (see 7.5.2), unless there is a contingent allegiance
or extended contingent allegiance condition.

A series of linked commands constitute a single |/O process. These commands are assigned the queue tac
established in the initial connection. A command received with a HEAD OF QUEUE TAG message shall not suspenc
& series of linked commands for which the target has begun execution, '

The RESERVE and AELEASE commands should be sent with an ORDERED QUEUE TAG message. Use of the HEAL
OF QUEUE TAG message with these commands could result in reservation conflicts with previously issuec
commands.

MOTE 54 |nitiators should not issue another /O processes following a reservation request until that request (s hanoured
by the target. This prevents possible sequencing erors or file system corruption.

There are two methods of dealing with the command gqueue following a contingent allegiance condition. The methoc
used is specified in the control mode page by the queue error management bit (see 8.3.3.1).

The first methed allows the execution of tagged |/0 processes to resume when the contingent allegiance or extendec
contingent allegiance condition is cleared. The target returns BUSY status to other Initiators while the contingen'
allegiance or extended contingent allegiance condition exists. During this time, all tagged |/O processes are
suspended. All /O processes used for recovery operations shall be untagged. The queue may be modified by
removing all or selected |/0 processes from the queue as part of the recovery procedure,

If eommands are combined by the queuing algorithm such that the exception condition affects more than one
command, then a contingent allegiance condition shall be generated for all affected commands.

The second method aborts all /O processes when the contingent allegiance or extended contingent allegiance
condition is cleared. A unit attention condition shall be generated for all ether initiators and the additional sense code
shall be sst to COMMANDS CLEARED EY ANOTHER INITIATOR.

A device that does not support tagged |/O processes (e.g, nat implemented, disabled by the Dgue bit in the cantral
mode page, or swilched to an operating definition that does not include tagged I/O processes) it shall respond tc

any queue tag message with a MESSAGE REJECT message, The target shall continue the I/0 process as if it were
an untagged |/O process,

Tagged queuing may also be temporarily disabled during certain initialization periods or to control Intermnal resource
utilization. During these pericds the target may return QUEUE FULL status or it may respond to any queue tag
message with a MESSAGE REJECT message.

Several messages may be used to clear part or all of the command gueue. Flease rafer to the ABORT, ABORT TAG,
BUS DEVICE RESET, and CLEAR QUEUE messages In clause & for details.

7.8.3 Example of quaued |/O process

This example of queuing 1/O processes illustrates the execution of a number of commands. After each command,
the state of the queue kept in the larget is shown to indicate the function actually performed by the queuing.

-l1]
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7.8.3.1 Typlcal sequences for tagged queuing

An I/O process using tagged gueuing uses the following sequences for normal execution. The initiator first arbitrates
for the £C &l bus, and after successiully obtaining the SC31 bus, selects the appropriate 3C8l device. The ATN signal
is 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 intiator has ancther 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 last
maessage byle is transmitted containing the second byte of the queue tag message, the queue tag. As il is
transferred, the ATN signal Is negated to indicate 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 BUS FREE phase. The target places the command, identified by the
I_T_L_Q nexus, at the appropriate place in the command queue.

When the target removes |/O processes from the queue for execution, a physical latency period may occcur. At the
end of this period, when the target is prepared to transfer 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 followed by a SIMPLE QUEUE TAG message with the queue tag value originally sent by the
initiator. The initiator uses the I_T_L_Q nexus to identify the correct set of pointers and control blocks associated with
the /O process and to establish the necessary conditions for data transfar, The target bagine data transfer. When
the data transfer is successfully completed, the target returns GOOD status and terminates the 1/O process with a
COMMAND COMPLETE message.

7.8.3.2 Example of tagged gueulng

An example of the execution of five queued |/O processes is described to demonstirate how tagged queuing operates,
All tagged I/O processes are from one initiator to a single logical unit of a single target. The five |/O processes are
defined in table 28. The target |5 a direct-access deyice. At the time the |/O processes are first being executed, it
is assumed that the actuator is in position to access logical bleck 10 000,

Table 28 - Commands In order received by target

Command Queue tag Queue tag Logical TransfTer Status
message value block length
address
READ SIMPLE 01h 10 000 1 000 Queued
READ SIMPLE 02h 100 1 Queued
READ ORDERED 03h 1 Qo0 1 0ad Queued
READ SIMPLE 0ah 10 00D 1 Queued
READ SIMPLE 05h 2 000 1 000 Queued

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 pasition, However, the command with queue tag 03h is an
ordered I/O process, so that all simple /O processes transferred previously must be execuled before, while all simple
I/O processes transferred after the ordered 1/O process must be executed after the ordered |/O process,

If a target supports an optimizing algorithm the actual order in which the I/O processes are executed could he as
shown In table 29.
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Table 29 - Commandsz In order of axecution

Command Queus tag Queus tap Lagical Transfar Status
message value block length
address
READ SIMPLE 01h i0 000 1 000 Queued
READ SIMPLE 02h 100 1 Queued
READ ORDERED 03h 1 00D 1 000 Quaued
READ SIMPLE 05h 2 000 1 000 Queued
READ SIMPLE a4h 10 000 i Queued

|0 processes with queue tag values 01h and 02h are executed in the order received since the actuatar is already
in position to execute |/O process 01h. |/O process 02h must be executed befare I/O process 04h or 05h because
the ordered IO process 03h was transmitted after |/O processes 01h and 02h but bafore I/O processes 0d4h and 05h.
I/O process 03h is then executed after |/O process 02h. The I/O processes 04h and 05h are executed aftar tha
ordered |/0 process 03h. |/O process 05h is executed before I/O process 04h because the actuator is in position
to access block 2 000 after executing |/O process 03h. |/O process 04h is executed last,

As an example of the operation of the HEAD OF QUEUE TAG |/D process, consider that a new |/O process, identified
by a HEAD OF QUEUE TAG message with a queue tag of 08h, is transmitted to the target while the ordered I/O
process 03h is belng executed. The |/O process 03h continues execution, but the new HEAD OF QUEUE TAG 1/0
process is placed in the queue for execution before all subsequent /O processes, In this case, the queue for
execution after the ordered |/O process 03h was executed would appear as shown in table 30.

Table 30 - Modified by HEAD OF QUEUE TAG message

Command GQueue Ttag Queue tag Logical Transfer Status
message value block length
address
READ DRDERED 03h 1 000 1 000 Executing
READ HEAD OF QUEUE 08h 0 8 Queued
READ SIMPLE 05h 2 000 1 000 Queued
READ SIMPLE C4h 10 Q0o 1 Ousued

To eobtain maximum performance gains using tagged queuing requires careful implementation of the quauing
algorithms in the target. In addition, initiators should allow a maximum number of simple /O processes to be
enecUted with a minimum number of ordered |/O processes, RESERVE and RELEASE commands, SET LIMITS
commands, and appropriate software locking conventions should be used to guarantee the proper relationship
between the commands executed and the data stored on the peripheral devices. These conventions are not defined
by this standard.
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7.9 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
evanls occurs:

a) Aremovable medium may have been changed,

b) The mode parameters in effect for this initiator have been changed by anocther initiater;

¢} The varsion or lavel of microcode has been changed;

d) Tagged commands queued for this initiator were cleared by another initiatar;

g) INQUIRY data has been changed;

f) The mode parametars in effect for the initiator have been restored from non-volatile memory;
g} A change In the condition of a synchronized spindle;

h) Any other event occurs that requires the attention of the initlator.

NOTES

56 Targets may queue unit attantion conditions on logical units. After the first unit attention condition is cleared, another
unit attention condftion may exist (a.g. a power on cendition followed by a8 microcoda change condition).

57 See 7.5.3 for requirements concaming selection of an invalid logical unit.

The unit attention condition shall persist on the logical unit for each initiater until that initiator clears the condition as
described in the following paragraphs,

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 allegiance 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 pending unit attention condition, then the unit attention condition on the logical
unit shall be cleared, and the target shall perform the INQUIRY command,

If any other command is received after the target has generated the contingent alleglance condition for a pending
unit attention condition, the unit attention condition on the logical unit shall 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.

fa 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 shall efther:
a) report any pending sense data and preserva the unit attention condition on the logical unit, or,
b) repart 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 the unit attention condition, the target shall
perform the secand action listed above.

If an initiator issues a command other than INQUIRY or REQUEST SENSE while a unit attention condition exists for
that initiater (prier to generating the contingent allegiance condition far the unit attention condition), the target shall
not perform the command and shall report CHECK COMDITION status unless a higher pricrity status as defined by
the target is also pending (e.g. BUSY or RESERVATION COMFLICT).

If, after generating the contingent allegiance condition for a pending unit attention condition, the next command
received from that initiator on the logical unit Is not REQUEST SENSE, then that command shall be performed and
the unit attention condition shall be cleared for that initiator on the logical unit and the sense data is lost (see 7.6).
If a target becomes a temporary initiator to issue a SEND command with an AEN bit of one, which informs the initiator

(temporary target) of the unit attention condition, and the SEND command completes with GOOD stalus, then the
target shall clear the unit attention condition for that initlator on the logical unit (see 7.5.5).
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8 All device types

8.1 Model for all device types

This madel describes some of the general characteristios expected of most SCS| devices, It is not intended to define
any requirements nor Is it intended to alter any requirements defined elsewhere in this standard. Clause 7 also
contains model information pertaining to all device types.

8.1.1 SCS| addresses

There are two levels of addresses within the SCSI architecture: the SCS| device address and the logical unit number
or target routine number,

8.1.1.1 SCSI devico address
SCS| davices occupy (i.e. respond to) one address on the SCSI bus. Generally, the SCS| 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 reselection of SC3l devices. Each device on the SCSI bus is assigned a unique
address.

Normally, the SC8l 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.

8.1.1.2 Logical units

Each target has one or more logical units, beginning with logical unit zero. There Is a maximum of eight 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 initiater can determine whether a target Implements a logical unit by fssulng an INQUIRY command and examining
the returned peripheral qualifier and peripheral device type.

The concept of a logical unit Is not defined for an inftiator. (An SCSI device may implement both the initiator role and
the target role. In this case logical unit(s) are defined only for the target role.)

8.1.1.3 Target routines

An optianal feature of the SCSI 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 legical unit or peripheral device, Targst
routines are addressed using the LUNTAR bit of the IDENTIFY message (see 8.6.7).

Target routines are principally intended to return information about the target and the only valid commands are
INQUIRY and REQUEST SENSE.

8.1.2 Commands Implemented by all SCSI devices
This standard defines four commands that all SCSl-2 largets implement - INQUIRY, REQUEST SENSE, SEND

DIAGNOSTIC, and TEST UNIT READY. These commands are used to configure the system, to test targets, and to
return impartant information concerning errors and exception conditions.
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8.1.2.1 Using the INQUIRY command

The INQUIRY command may be used by a system to determine the configuration of the SCS| bus. Target devices
respond with information that includes their type and standard level and may include the vender's identification, medel
numbar and othar useful information. It is recommended that SC5I targets be capable of returning this information
{or whatever part of it that is available) upon completing power-on initialization, An 5CS| device may take longer to
get certain portions of this information, especially if it retrieves the information from the medium.

B.1.2.2 Using the REQUEST SENSE command
Whenever a contingent allegiance condition (see 7.8) Is established, the Initiator that received the error should issue

a REQUEST SENSE command to receive the sense data describing what caused the contingent allegiance condition.
If the initiator issues some other command, the sense data is lost,

8.1.2.8 Uzing the SEND DIAGNOSTIC command

The SEND DIAGNOSTIC command provides a means to request the target to perform a self test, While the test is
target specific, the means of requesting the test is standardized and the response Is simply GOOD status if all is well
or CHECK CONDITION status if the test fails,

The SEND DIAGNOSTIC command also provides other powerful features when used in conjunction with the RECEIVE
DIAGNOSTIC RESULTS command, but this capability is aptional,

8.1.2.4 Using the TEST UNIT READY command
The TEST UNIT READY command is useful in that it allows an initiator to pell a logical unit until it is ready without
the need to allocate space for returned data. It 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 {J.e. a target
should avoid lengthy disconnections in an attempt to respond with GOOD status).

8.2 Commands for all device types
The operation codes for commands that apply to all device types are listed in table 31,

Table 31 - Commands for all device types

Command name Operation Type Subclause
coda
CHANGE DEFINITION 40h 0 8.2.1
COMPARE 3sh 0 8.2.2
COoPY 18h o 8.2,3
COPY AND VERIFY 3ANh 0 B.2.4
INGQUIRY 12h M B.2.5
LOG SELECT 4Ch o 8.2.6
LOG SENSE 4Dh 0 8.2,7
MODE SELECT E& 15h Z 8.2.8
MODE SELECT(10) 55h Z 8.2.8
MODE SENSE Bg' 1Ah Z B.2.10
MODE SENSE(10) SAR 2z 8.2.11
AEAD BUFFER ach 0 8.2,12
RECEIVE DIAGNOSTIC RESULTS 1Ch Q 8.2.13
REQUEST SENSE Q03h o B.2.14
SEND DIAGNOSTIC 10h M 8.2.15
TEST UNIT READY 00h M 8.2.18
WRITE BUFFER ash o 8.2.17
Key: M = Command implementation is mandatory.
0 = Command implementation is ecptional.
Z = Command implementation is device type specific.
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8.2.1 CHANGE DEFINITION command

The CHANGE DEFINITION command (see table 32) modifies the operating definition of the selected logical unit o
target with respect to commands from the selecting initiator or for all initiators.

Table 32 - CHANGE DEFINITION command

Bit
Byte

5

4

3 2 1 l 0

Operation code (4Ch)

Logical unit number

Reserved

Reserved

Reserved

Definition parameter

Reserved

Resarved

Aeserved

Reservad

Parameter data length

0| o|~d|m|n| ] @ K| =

Control

A save control bit (Save) of zero indicates that the target shall not save the operating definition. A Save bit of on
indicates that the target shall save the operating definition to non-volatile memory.

The definition parameter fleld Is defined in table 33.

Table 33 - Definition parameter fleld

Value Meaning of definition parameter
0oh Use current operating definition
oih SC5I-1 eperating definition
02h CCS operating definition
03h 8C8I-2 operating definition

04 - 3Fh Aeserved
40 - TFh Vendor-specific

NOTE 57 The current cperating definition parameter values establish operating definitions compatible with the appropriate
SCS| specification. Vendor-specific values are available for those applications where more complex operation definition
changes are required, Definitions supported by a device are returnad In the implemented operating definition page (see

8,3.4.3),

The parameter data length field specifies the length in bytes of the parameter data that shall be transferred from th
initiator to the target, A parameter data langth of zero indicates that no data shall be transferred. This condition sha
not be considered as an error. Parameter data lengths greater than zero indicate the number of bytes of paramete

data that shall be transferred.

The parameter data is vendor-specific.

NOTE 58 The parameter data may be used to specify a password to validate an operating definition change,

The CHANGE DEFINITION command causes cne of the operating definition modifications listed below:
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a) Change the operating definition of a logical unit relative to the initiater 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.

b) Change the operating definition of the target relative to the initiator that issued the command, In this case, the
target is capable of maintaining a unigue operating definition, for each initiator in the system, that applies to
all logical units of the target.

¢) The operating definition of a logical unit relative to all initiators in the system. In this case, the target is capable
of maintaining an unique operating definition for each legical unit relative to all initiators in the system.

d) The operating definition of the target relative to all initlators in the system. In this case, the target is capable
of maintaining only one operating definition.

NOTES

59 This standard does not provide a direct means to datermine which of the above four methods has been implemented
by the target. An indirect means of determining which method is implemented exists in that the target is required to inform
affected initiators of operating definition changes via the unit attantion condition,

80 The final two modifications listed above may result in incompatibilities i other initiators are operated below the SCSI-2
level,

The operating definition Is modified after successful completion of the command. A target shall consider the
command successfully completed when it detects the assertion of the ACK signal for the COMMAND COMPLETE
message. The initlator should verify the new operating definition by issuing an INQUIRY command requesting the
implemented operating definition page (see 8.3.4.1).

It is parmissible for an SCSI-2 device that has its definition changed to an SCSI-1 device lo accept a CHANGE
DEFINITION command.

NOTE 61 The method of changing the operating definition is implementation dependent. Soeme Implementations may
require that the target’s operating made be reinitialized as if 3 power-up or hard-reset had occurred, Cther implementations
may madify only those operating definitions that are affected by the CHANGE DEFINITION command,

If the CHANGE DEFINITION command is not executed successfully for any reason, the operating definition shall
remain the same as it was before the CHANGE DEFINITION command was attempted. If it is impossible to retumn
to the previous operating definition, a unit attention condition shall be generated by the target.

MOTE 62 The present operating delfinition of the target may always be interrogated through the INQUIRY command. When

an SCSl-2 target has its operating definition changed to CCS or SC8I-1, certain changes are needed to promote

compaltibility with preexisting 2CSI-1 initiators. The recommended changes are as follows:

a) The target should not initiate selections to other S3CS! devices 1o determine if any initiators support AEN, The target should
assume that none are capable of receiving AEN and not issue an AEN,

b) The target should not generate extended contingent allegiance conditions by issuing an INITIATE RECOVERY message.

) Ifa REQUEST SENSE command with an allocation length of zero is received, the target should return four bytes of sense
data,

d) Ifan INQUIRY command is received, the returned data should have appropriate values in the ANSl-approved version fisld
and tha response data format field. The features supported bits should ba zero.

€] A change in the operating definition may change the vendor identifier, the device type, the device model, the SCSI
implementation level, the command sel, mode pages, and any other operating characteristics,

After a power-on condition or a hard RESET candition, the target shall set its initial cperating definition to the last
saved value, if saving Is implemented, or its default value, if saving Is not implemented.

a7
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8.2.2 COMPARE command

The COMPARE command (see table 34) provides the means to compare data from one logical unit with ancther ¢
the same logical unit in a manner similar to the COPY command.

Table 34 - COMPARE command

Bit
Byte

5

4

Operation code (3%9h)

Logical unit number

Reserved J_ Pad

Reserved

(MSB)

Parameter lizt length

Reserved

Rezerved

Reserved

Wle|d|m|| &) &)

Control

This command functions in the same manner as the COPY command, except that the data from the source it
compared on a byte-by-byte basis with the data from the destination. The parameter list transferred to the target is
the same as for the COPY command. This parameter list contains the information to identify the logieal units involvec

in the comparison and the length of the comparison.

command.)

(See 8.2.3 for additional information about the COPY

Itthe comparison is unsuccessful, the command shall be terminated with CHECK CONDITION status and the sense
key shall be set to MISCOMPARE. The remaining fields in the sense data shall be set as documented in the COPY

command.
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The COPY command (see table 35) provides a means to copy data from one logical unit to another or the same
logical unit. The logical unit that receives and performs the COPY command is called the copy manager. The copy
manager is responsible for copying data from a |ogical unit (source device) to a logical unit {destination device).
These logical units may reside on different SCS| devices or the same SCEl device (in fact all three may be the same
logical unit). Some SCSI devices that implement this command may not support copies to or from another SCS|
device, or may neot suppert third party copies (i.e. both the source and the destination logical units reside on other

SCS| devices).

Table 35 - COPY command

Bit T 8 5 4 a 2 1 0
Byte

o Oparation code (1Bh)

1 Logical unit number Reserved Pad

2 (MSB)

<] Parameter list length T
4 {LSE:_
5 Control

The Pad bit (8.2.3.7) is used in conjunction with the Cat bit (8.2.3.7) in the segment descriptors to define what action
should be taken when a segment of the copy does not fit exactly into an integer number of destination blocks.

The parameter list length field specifies the length in bytes of the parametars that shall be sent during the DATAOUT
phase of the command. A parameter list length of 2ereo indicates that no data shall be transferred. This condition shall

not be considered as an error.

The COPY parameter list (see table 36) begins with a four-byte header that contains the COPY function code and

priarity. Fellowing the header is one or more segment descriptors,
Table 36 - COPY parameter list

Bit 7 L ] 4 3 2 1 0
Byte

0 COPY function code Priority

1 Vendor-specific

2 Reserved

3 Resarved

Segment desoriptor(s)

0 Segment descriptor O
_n_ & (See specific table for length.) ]

0 Segment descriptor x
n T {See specific table for length.) T

B9
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The COPY function code field defines a specific format for the segment descriptors. The COPY function codes ar
defined in table 37, A target need not support all function codes for its device type.

Table 37 - COPY funetlon codes

Peripheral device type COPY Segment
function|descriptor
Source Destination code table Comments
Block devices Stream devices 0 38
(Device types 0,4,5,7) Device t{paa 1:2:3,9)
Stream devices lock devices 1 aa {Note 3)
Device types 1,3,8) Device t{pnn 0,4,5,7)
lock devices lock devices 2 39 (Note 3)
(Device types 0,4,5,7) éDﬂviua types 0,4,5,7)
Stream devices tream davices a 40
Davice t{pﬂ& 1,3,8) Device ‘ti’pu: 1,2,3,9)
equential-access eguential-access 4 41 Image
(Davice type 1) (Device type 1) copy
NOTES
1 COPY function codes 05h - OFh are reserved.
2 COPY function codes 10h - 1Fh are vendor-specific.
3 When using the COMPARE command the destination block device may be a
CD-ROM device or an optical-memory device that uses read-only media.
4 Sege B8.2.5.1 Tor peripheral device type definitions.

The priority field of the COPY parameter list establishes the relative priority of this COPY command to othe
commands being executed by the same target. All other commands are assumed to have a priority of 1. Priority ¢
is the highest pricrity, with increasing values indicating lower priorities.

The segment descriptor formats are determined by the COPY function code. The segment descriptor format usat
for block devices (i.e. write-once, CD-ROM, optical-memory, and direct-access devices) shall be the same. The
segment descriptor format used for stream devices (l.e. printer, processor, communications, and sequential-acces:
devices)

shall be the same. Thus a copy operation from a write-once device to a printer device uses the same segmen
descriptar format as a copy operation from a direct-access device to a sequential-access device (see table 37). Th
segment descriptor formats are described in 8.2.3.3 through 8.2.3.6. A maximum of 256 segment descriptors an
permitted, The segment descriptors are identified by ascending numbers beginning with zere.

8,2.3.1 Errors detected by the managing SCSI device

Two classes of exception conditions may occur during execution of a COPY command. The first class consists o
those exception conditions detected by the SCS| device that received the COPY command and Is managing thi
axacution of the command. These conditions include parity errors while transfarring the COPY command and statu:
byte, invalid parameters in the COPY command, invalid segment descriptors, and inability of the SCS| devict
controlling the COPY functions to continue operating. In the event of such an exception condition, the SCSI devies
managing the COPY shall:

a) terminate the COPY command with CHECK CONDITION status.

b) set the valid bit in the sense data to one. The segment number shall contain the number of the segmen
descriptor being 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 sha
contain 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 unprocesse:
blocks remaining for the segment descriptor.
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B.2.3.2 Errora detected by a target

The second class of errors consists of exception conditions detected by the SC3l device transferring data at the
request of the SC3I device managing the transfer. The SC5| device managing the COPY command detects exception
conditions by receiving CHECK GONDITION status fram one of the SCS| devices itis managing. It then shall recover
the sense data asscciated with the exception condition.

The SC8I device managing the COPY command may also be the source or destination SCS| device (or both), It shall
distinguish between a failure of the management of the COPY and a failure of the data transfer being requested. It
shall then create the appropriate sense data internally,

After recovering the sense data associated with the detected error, the SCE| device managing the COPY command
shall:

a) terminate the COPY command with CHECK CONDITION status,

b) set the valid bit in the sense data to one. The segment number shall contain the number of the segment
descriptar being processed at the time the exception condition Is detected. The sense key shall be set to
COPY ABORTED. The information field shall contain the difference between the number of blocks field in the
segment descriptor being processed at the time of the failure and the number of blecks successfully capied,
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 te the first byte
of =ense dala, of an area that centains (unchanged) the source logical unit's status byte and sense data. A zero
value indicates that no status byte or sense dala is being returned for the source logical unit.

The second 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 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 legical unit,

B.2.3.3 COPY funetion code 00h and 01h

The farmat for the segment descriptors for COPY transfers between block and stream devices is specified in table
38, This format Is required for COPY function codes 00h or 01h. The segment descriptor may be repeated up to
256 times within the parameter list length specified in the command descriptor block.

Table 38 - Segment descriptor for COPY function codes 00h and 01h

Bit T G 5 4 3 2 1 0
Byte
0 Source address Resarved| Cat Source LUN
i Destination address Reserved Destination LUN
2 {MSE)
A Stream device block length —
3 (L8B)
4 (MSE)
Block device number of blocks ——
F) (L=B)
8 [M5B)
Block deviee logical block address —
11 {LEE)

The source address and source LUN fields specify the SCSI bus ID and logical unit of the device to copy the data
from for this segment of the COPY command. The destination address and destination LUN fields specify the SCSI
bus 1D and logical unit to copy the data to for this segment of the COPY command., Some SCSI devices may not
support third-party COPY in which the copying SC8| device is not the source or destination device. Some SCSI
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devices only support COPY within the SCS| device and not to other 8CEl devices. Ifan unsupported COPY operatior
is requested, the command shall be terminated with CHECK CONDITION status and the sense key shall be set &
ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN PARAMETER LIST (ses 8,2.3.1).

A catenate (Cat) bit (optional) of one indicates that the COPY manager shall catenate the last source block of :
segment with the first source block of the next segment if the last source block does not end exactly at the end o
the destination block., The definition of & Cat bit of zero depends on the setting of the Pad bit in the commanc

descriptor block (see 8.2.3.7).

The stream device block-length field specifies the block length to be used on the stream device logical unit during
this segment of the COPY command, If the SCS| device managing the COPY knows this block length is no
supported, the command shall be terminated with CHECK CONDITION status and the sense key shall be set tt
ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN PARAMETER LIST. If the block length i
found to be invalld while executing a read or write operation to the stream device, the command shall be terminatec
with CHECK CONDITION status and the sense key shall be set to COPY ABCRTED (see B.2.3.2).

The block device number of blocks field specifies the number of blocks in the current segment to be copied. A valus
of zero indicates thal no blocks shall be transferred in this segment.

The block device logical block address field specifies the starting logical block address on the logical unit for this
segment.

8.2.3.4 COPY function code 02h

The format for the segment descriptors for COPY transfers among block devices is specified in table 39, This forma
is required for COPY funclion code 02h. The segment descriptor may be repeated up to 256 times within the
parameter list length specified in the command descriptor block.

Table 39 - Segment descriptor for COPY function code 02h

Bit T 6 5 4 3 2 1 ]

Byte
a Source address oG cat Souroe LUN
1 Destination address Aeserved Destination LUN
2 Resarved
3 Reservad
4 {M3B)

PO, Sty Number of blocks —_—
T {LSB)
2] {MSB)

_— —— Source logical block addrass ——
1 (LSB)
12 (M5B)

—_——_ Destination logical block address ]
16 (L3B)

See 8.2.3.3 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 1efers to the source logical unit. A DC
bit of one indicates that the number of blocks field refers ta the destination logical unit.

az
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The number of blocks field specifies the number of blocks to be transferred to or from (depending on the DC bit) the
block device during this seament. A value of zero indicates that no blocks shall be transferred,

Tha source logical block address field specifies the starting logical black address on the source block device.
The destination logical block address field specifies the starting logical block address on the destination bleck device.
8,2.3.5 COPY functlon code 03h

The format far the segment descriptors for COPY transfers among stream devices is specifisd by table 40. This
format is required for COPY function code 03h, The segment descriptor may be repeated up to 256 times within the
parameter list length specified in the command descriptor block.

Table 40 - Segment descriptor for COPY function code 03h

Bit| 7 6 5 4 3 2 1 0 |
Byte
0 Source address Do Cat Source LUM
1 Destination address Resarved Destination LUN
2 Aeserved
3 Resarved
4 [MSE)
Source block length ==
5 (LSB)
g (MSE)
Destination block length —
T (LEB})
A (MsB)
EERETTER B Number of blocks —
11 [LEB)

See 8.2.3.3 for definitions of the source address, the source LUN, the destination address, the destination LUN, and
Cal fields.

A destination count (DC) bit of zere indicates that the number of blocks field refers o the source logical unit. ADGC
bit of one indicates that the number of blocks field refers to the destination logical unit.

The source block length field specifies the block-langth 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 prior to the beginning of the read operation by the SCS| device managing
the COPY, the command shall be terminated with CHECK COMNDITION status. The sense key shall be set to [LLEGAL
REQUEST and the additional sense code shall be set to INVALID FIELD IN PARAMETER LIST (see 8.2.3.1).

If the mismatches are detected during the read operation by the COPY manager, the command shall be terminated
with CHECK CONDITION status. The sense key shall be set to COPY ABORTED (see 8.2.3.2). and the additional
sense code shall be set to INVALID FIELD IN PARAMETER LIST,

The destination block-length field specifies the block length to be used on the destination logical unit during the

COPY. Destination block length mismatches are handled In an analogous manner as source block length
mismatches.

aa
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The number of blocks field specifies the number of blocks to be transferred to or from (depanding on the DC kit) the
device during this segment, A value of zero indicates that no blocks shall be transferred.

8.2.3.6 COPY function code 04h

The format for the segment descriptors for image COPY transfers between sequential-access davices is specified ir
table 41, This format is required for COPY function code 04h. The segment descriptor may be repeated up to 25¢
times within the parameter list length specified in the command descriptor block.

Table 41 - Segment descripter for COPY function code 04h

Bit 7 8 5 4 3 2 1 1]
Byte
] Source address Reserved Source LUN
1 Destination address AReserved Destination LUN
2 Count
3
e — Reserved —
7
B & &
—— ——— Vendor-specific —
11

See 8.2.3.3 for definitions of the source address, the source LUN, the destination address, the destination LUN, anc
Cat fields.

The image mode COPY command copies an exact Image of the source device medium to the destination device
medium, beginning at their current positions, The copy function terminates when the source device:
a) encounters an end-of-partition as defined by the source devics;
b) encounters an end-of-data as defined by the source device (i.e. BLANK CHECK sense key);
c) has copied the number of consecutive filemarks specified in the count field from the source device to the
destinalion device;
d) has copled the number of consecutive setmarks specified in the count field from the source device to the
destination device, if the RSmk bit in the device configuration page (see 10.3.3.1) Is one.

A count field of zero indicates that the COPY command shall not terminate due to any number of consecutive
filemarks or setmarks. Other error or exception conditions (e.g. early-warmning end-of-partition on the destinatior
davice) may causa the COPY cemmand to terminate prior to completien. In such cases, it is not possible to calculate
a residue, so the information field in the sense data shall be set to zero,

8.2.3.7 Copies with unequal block lengths
When copying data between two devices with unequal block lengths, it is possible for the last source block to ne
completely fill the last destination block for ane or more segments in the COPY command. Two optional bits are

defined to assist in controlling the copy manager's actions in this circumstance. The Pad bit (in the commanc
descriptor block) and the Cat bit (in each applicable segment descriptor) are defined in table 42.
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Table 42 - Pad and Cat bit definition

Pad | Cat | COPY manager's action

s} i} On imexact segments, it is device specific whether the COPY
manager rejects the COPY command with CHECK CONDITIOMN status and
ILLEGAL REQUEST sense kag, the COPY manager writes or accepts
short blocks (variable-block mode on seguential-access devices),
or the COPY manager adds pad characters (00h) to the destination
block or strips pad characters from the source block.

1 1] On inexact sagmants. the COPY manager shall add pad characters

00h) to the destination block to completely fill the block, or
it shall atriﬂ pad characters from the source block, always
stopping at the end of a complete block.

% 1 The COPY manager 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.

NOTE 63 Use of pad characters is intended to assist in managing COPY commands between devices of different block
lengths whare partial-block residues may occur. The initiator who issued the COPY command is responsible for
management of these pad areas (i.e. remembering where they are). One possible method is to write the COPY parameter
list information to the destination medium prior to issuing the COPY command for backup and to read this information prior
o issuing the COPY command for restore.

8.2.4 COPY AND VERIFY command

The COPY AND VERIFY command (see table 43) 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 parameter
list transferred to the target is the same as for the COPY command. This parameter list contains the information to
identily the logical units involved in the copy and the length of the copy. Sea 8.2.3 for additional informalion about
the COPY command.,

Table 43 - COPY AND VERIFY command

Bit T & - 4 3 2 | a
Byte
0 Oparation code (3Ah)
1 Logical unit number Reserved | BytChk Pad
2 Reserved
a {MSB)
4 Parameter list length Bl
5 (Ls8) |
g Resarved
7 Aeserved
8 Resaerved
8 Control

A byte check (BytChE) bit of zero causes a medium verification to be performed with no data comparison. A BytChk
bit of one causes a byte-by-byte comparisen of data written on the destination medium and the data transferred from
the source medium. I the comparison is unsuccessful for any reason, the copy manager shall relurn CHECK

a5
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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,

8.2.5 INQUIRY command

The INQUIRY cemmand (see table 44) requests that information regarding parameters of the target and its attached
peripheral device(s) be sent to the inftiator. An option allows the initiater to request addiional information about the
target or logical unit (see 8.2.5.2).

Table 44 - INQUIRY command _

Bit 7 6 5 4 3 2 1 0
Byte
0 Operation code (12h)
1 Logical unit number Reserved EVPD
2 Page code
3 Reserved
4 Alloeation length
5 Control

An enable vital produet 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 support vital product data and this bit is set to one, the target
shall return CHECK CONDITION status with the sense key set to ILLEGAL 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 targetl shall return CHECK COMNDITION status with the sense key set to ILLEGAL REQUEST and an
additional sense code of INVALID FIELD IN CDB,

The page code field specifies which page of vital product data information the target shall return (see 8.3.4).

The INQUIRY command shall return CHECK CONDITION status only when the target cannot return the requested
INQUIRY data,

MOTE 84 The INQUIRY data should be returned even though the peripheral device may not be ready for other commands.

If an INQUIRY command is received from an initiator with a pending unit attention condition (i.e. before the target
reports CHECK CONDITION status), the target shall perform the INQUIRY command and shall not clear the unit
attention condition (see 7.9).

NOTES

65 The INQUIRY command is typically used by tha initiator after a reset or power-up condition to determine the device
types for systam configuration. To minimize delaye after a resat or power-up condition, the standard INQUIRY data should
be available without incurring any media access delays, If the target does store some of the INQUIRY data on the device,
it may return zeros or ASCIl spaces (20h) in those fields until the data Is available from the device,

66 The INQUIRY data may change as the target executes its initiallzation sequence or In response to a CHANGE
DEFINITION command. For example, the target may contain a minlmum command set in its non-volatile memory and may
load fts 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.
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The standard INQUIRY data (see table 45) contains 36 required bytes, followad by a variable number of vender-
specific parameters, Bytes 56 through 95, if returned, are reserved for future standardization.

Table 45 - Standard INQUIRY data format

Bit 7 8 5 4 3 2 | ¥}

Byte
] Peripheral gualifier Peripheral device typs
i RMB | Device-type modifier
2 150 version ECMA version l ANSI-approved version
3 AENC ] TrmIOP Reserved Response data format
4 Additional length (n-4)

-] Ressrved

[ Reserved

7 AelAdr | WBusaz | WBusiG Syne Linked Haaar\red' CmdQue [ STtRe
B (MSE)

RS it ik Vendor identification —
15 (LsB)
16 (M58)

N i Product identification —_—
31 (L5B)
az (M58}

gl . Product revision level —
as ({LSB)
38

| I— Vendor-specific —
35
56

LR ] B Reserved ey
a5

Vendor-specific parameters
96

B Vendor-specific

The peripheral qualifier and peripheral device-type fields identify the device currantly connected to the logical unit,
If the target is not capable of supporting a device on this logical unit, this field shall be set to 7Fh (peripharal qualifier
set to 011b and peripheral device type set te 1Fh). The peripheral qualifier is defined in table 46 and the peripheral

devica type is defined in table 47.
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Table 46 - Perlpheral qualifier

Qualifier| Description
000b The specified peripheral device type is currently connected to
this leogical unit. 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.
This peripheral qualifier does not mean that tha device is ready
for access by the initistor.
001b The targat is capable of supporting the specified paripheral
device type on this leogical unit; however, the physical device
i= not currently connected to this leogical unit.
010b Reserved
011b The target is not capable of augporting a Eh¥siuﬂl device on
this lugiual unit. For this peripheral qualifier the peripheral
device type shall be set to 1Fh to provide compatibility with
previous verslons of SCSI. All other geriphurnl device type
values are resarved for this peripheral qualifier,
1XXb Vendor-specific
Table 47 - Peripheral device type
Code Description
00h Direct-access device if.g. magnetic disk)
01h Sequential-access device (e.g. magnetic tape)
o2h Printer device
03h Processor device
04h Write-once device (e.g. some ocptiecal disks)
05h CD-ROM device
0&h Scanner device
07h Optical memory device (e.g. some optical disks)
08h Medium changer device (e.g. jukeboxes)
08h Communications device
0AR - DBh Defined by ASC ITB (Graphic arts pre-press devices)
och - 1Eh Aeserved
1Fh Unknown or no device type

A removable medium (RMB) bit of zero indicates that the medium is not removable. A RME bit of one indicates that
the medium is removable.

The device-type modifier field was defined in SCSI-1 to permit vendor-specific gualification 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 usage of non-zero code values in the ISO version and ECMA version fields are defined by the International
Organization for Standardization and the European Computer Manufacturers Assoclation, respectively, A zero code
value in these fields shall indicate that the target does not claim compliance to the 1ISO version of SCSI (ISO 93186)
or the ECMA version of SCS| (ECMA-111). It is possible to claim compliance to more than one of these SCS|

standards.

The ANSl-approved version field indicates the implemented verzion of this standard and is defined in table 48,
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Table 48 - ANS|-approved version

Code Description
Oh The device might or might not comply to an ANSI-approved
standard.
ih The devige complies to ANSI X3.131-1986 (SCSI-1).
2h The device complies to this version of 8CS8I. This code is
reserved to designate this standard upon approval by ANSI,
3h - Th Aeserved

The asynchronous event notification capability (AEMC) kit indicates that the device supports the asynchronous event
notification capability as defined in 7.5.5.

a) Processor device-type definition: An AENC bit of one Indicates that the processor device is capable of
accepting asynchronous event notifications. An AENGC bit of zero indicates that the processor deyvice does not
support asynchranous event ncotifications,

b) All other device-types: This bit is reserved.

A terminate /O process (TrmlOP) bit of one indicates that the device supports the TERMINATE |/O PROCESS
message as defined in 6.6.22. A value of zero indicates that the device does not support the TERMINATE 1/O
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 designed prior to the development of this
standard (i.e. CCS). 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 specify the length in bytes of the parameters. If the allecation length of the cammand
descriptor block is too small to transfer all of the parameters, the additional length shall not be adjusted to reflect the
truncation.

A relative addressing (RelAdr) bit of one indicates that the device supports the relative addressing mode for this

legical unit. Ifthis bit is set to one, the linked command (Linked) bit shall also be set to one; since relative addressing
can only be used with linked commands. A RelAdr bit of zero indicates 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-bit wide dala transfers. A value of zero
indicates that the device does not support 32-bit wide data transfers.

A wide bus 16 (Whus16) bit of one 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.

MNOTE &7 If the values of both the Wbus18 and Wbhus32 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 transfar, A value of
zero indicates the device does not support synchronous data transfer,

A linked command (Linked) bit of one indicates that the device supports linked commands for this logical unit, A
value of zero indicates the device does not support linked commands for this logical unit.

A command queuing (CmdQue) bit of one indicates that the device supports tagged command gqueuing for this
logical unit. A value of zero indicates the device does not suppent 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 (see 6,2.2.1). A SftRe bit of ene indicates that the device respands ta the RESET condition with the soft
RESET alternative (see §.2.2.2).
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ASCIl data fields shall contain only graphic 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 fialds shall place any unused bytes at the start of the field (lowest offset) and the unused bytes
shall be filled with space characters (20h).

The vendar identification field containg eight bytes of ASCII data identifying the vendor of the product. The data shall
be left aligned within this field.

NOTE 68 It is intended that this field provide a unlque vendor identification of the manufacturer of the SC3| device. Inthe
absence of a formal registration procedurs, X3T10 maintains a list of vendor identification codes in use. Vendors are
requested to voluntarily submit thair identification codes to XaT10 to prevent duplication of codes (sea annex E).

The product identification field contains sixteen bytes of ASCI| data as defined by the vendor. The data shall be Jeft-
aligned within this field.

The product revision level field contains four bytes of ASCIl data as defined by the vender. The data shall be left-
aligned within this field.

B.2.5.2 Vital product data

Implementation of vital praduct data is optional. The infarmation returned consists of configuration data (e.g. vender
identification, product identification, model, serial number), manufacturing data (e.g. plant and date of manufacture),
field replaceable unit data and other vendor- or device-specific data.

The Initiator requests the vital product data information by setting the EVPD bit to one and specifying the page code
of the desired vital product data (see 8,3.4), If the target does not implement the requested 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 CDB,

NOTES

52 The target should have the ability to execute the INQUIRY command even when a device error occurs that prohibits
normal command execution. In such a case, CHECK COMDITION status should be returned for commands other than
INQUIRY or REQUEST SENSE. The sense data returned may contain the field replaceable unit code. The vital product
data should be obtained for the failing device using the INQUIRY command.

70 Thiz standard defines a format that allows device-independeant 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 be vendor-specific; therefore, it may not be usable without detailed
information about the device.

71 This standard does not define the location or method of storing the vital product data. The retrieval of the data may
require completion of intialization operations within the device that 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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8.2.6 LOG SELECT command

The LOG SELECT command (see table 48) provides a means for the inftiator to manage statistical information
maintained by the device about the device or its logical units. Targets that implement the LOG SELECT command
shall also implement the LOG SENSE command. Structures in the form of log paramaters within log pages are
defined as a way io manage 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 that are logged.

Tabla 48 - LOG SELECT command

Bit| 7 & 5 4 3 2 1 0
Byte
0 Operation code (4Ch)

1 Logical unit number | Reserved | PCR ]_ SP

PG I Reserved

Aeserved

Resarvead

Reserved

Reservad

(MsB)
Parameter list length —_
(LSB)

Wm|m | ~|m| Wl e W@ M

Control

A parameter 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.g. zerc). Ifthe PCR bit is cne and 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 to INVALID FIELD IN CDB. A PCR bit of zero specifies that the
log parameters shall not be reset.

A save parameters (SP) bit of one indicatas that after performing the specified LOG SELECT operation the target shall
save to non-volatile memory all parameters identified as savable by the DS bit in the log page (see 8.3.2). A SP bit
of zero specifies that parameters shall not be saved.

Saving of log parameters is optional and indicated for each log parametar by the DS bit in the page. Log parameters
may be saved at vendor-specific times subject to the TSD bit (see £.3.2) in the log parameter. |f the target does not
implement saved parameters for any log parameter and the SP bit is set to one, the command shall 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 CDB.

It is not an error to set the P bit to one and to set the DS bit of a log parameter to one. In this case, the parameter
value for that log paramataer is not saved.

The page control (PC) field defines the type of parameter values to be selected. The page control field is defined
in table 50.

L)
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Table 50 - Page control flald

Type LOG SELECT parameter values LOG SENSE parameter values
ook Current threshold values Threshold values

01b Current cumulative values Cumulative values

10b Dafault threshold values Default threshold values
i1b Default cumulative values Default cumulative values

The current cumulative values may be updated by the target or by the initiator using the LOG SELECT command to
reflect the cumulative number of events experienced by the target. Fields in the paramaeter contreol byte (8.3.2) of each
log parameter control the updating and saving of the current cumulative parameters.

The target shall set the current thresheold parameters to the default threshold values in response to a LOG SELECT
command with the PC field set to 10b and the parameter list length field set to zero.

The target shall set all cumulative parameters to their default values in response to a LOG SELECT command with
the PC field set to 11b and the parameter list length field set to zero,

The current threshold value can only be modified by the Initiator via the LOG SELECT command. If the initiator
afttempts 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 COMNDITION 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 paramaters and the criteria for the current threshold being met are controlled by bits in the paramater

control byte (8.3.2).

NOTE 72 Pages or log parameters that are not available may become available at some later time (e.g. after the device
has become ready).

The parameter list length field specifies the length in bytes of the parameter list that shall be transfarred from the
initiator to the target during the DATA QUT phase. A parameter list length of zero indicates that no pages shall be
transferred. This condition shall not be considered an error. If the initiator sends page codes or parameter codes
within the parameter list that are reserved or not implemaeanted by the target, the targel shall terminate the LOG
SELECT command 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,

If a parameter list length results in the truncation of any log parameter, the target 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 initfator should send pages in ascending order by page code value if multiple pages are sent during a DATAOUT
phase. If multiple log parameters within a page are sent during the DATA QUT phase, 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 to ILLEGAL REQUEST and the
additional sense code set to INVALID FIELD IN PARAMETER LIST.

NOTE 73 Initiators should issue LOG SENSE commands prior to issuing LOG SELECT commands to determine supparted
pages and page lengths.

The target may provide independent sets of log parameters for each logical unit or for each combination of logical
units and initiatars. |f the target does not support independent sets of log parameters and any log parameters are
changed that affect other Initiators, then the target shall generate a unit attention condition for all initiators except the
one that issued the LOG SELECT command (see 7.9). This unit attention condition is returned with =n additional
sense code of LOG PARAMETERS CHANGED.

102

OLYMPUS EX. 1014 - 130/468



ANEI X3.131-1924

If the initiator sends a log parameter that is not supported by the target, the target shall terminate the command with
CHECK CONDITION status, set the sense key to [LLEGAL REQUEST, and set the additional sense code to INVALID

FIELD IN PARAMETER LIST.

8.2.7 LOG SENSE command

The LOG SENSE command (see table 51) provides a means for the initiator to retrieve statistical information
maintained by the device about the device or its logical units. It is a complementary command to the LOG SELECT

command,

Table 51 - LOG SENSE command

Bit 7 6 5 4 3 2 ] o

Byte
o Operation code (40h)
1 Logical unit number | Reserved FPC 8P
2 PG I Page code
3 Resarved
4 Reserved
5 (MSB)

Parameter pointer —_—
- {LSE)
7 (MSB)

Allocation length —
8 (LSB)
a Control

The parameter pointer control (PPC) bit controls the type of parameters requested from the target;

a) A PPC bit of one indicates that the target shall return a log page with parameter code values that have changed
since the last LOG SELECT or LOG SENSE command. The target shall return only those parameter codes
following the parameter pointer field.

b) A PPC bit of zero indicates that the log parameter requested from the target shall begin with the parameter
code specified in the parameter peinter field and return the number of bytes specified by the allocation length
field in ascending order of parameter codes from the specified log page. A PPC bit of zero and a parameter
pointer field of zero shall cause all available log parameters for the specified log page to be returned to the
initiator subject to the specified allocation length,

Saving parameters is an optional function of the LOG SENSE command. [fthe target does not implement saving log
parameters and if the save parameters (SP) bit is one, then the target shall return CHECK CONDITION status, set the
sense key to ILLEGAL REQUEST, and set the additional sense code to INVALID FIELD IN CDB.

An SP bit of zero indicates the target shall perform the specified LOG SENSE command and shall not save any log
parameters, |f saving log paramelers is implemented, an 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 (8,3.2) to a non-
volatile, vendor-specific location.

The page contral (PC) field defines the lype of parameter values to be selected (see 8.2.6 for the definition of the
page contral field). The parameter values returned by a LOG SENSE command are determined as follows:
a) The specified parameter values at the last update (in response to a LOG SELECT or LOG SENSE command
or done automatically by the target for cumulative values),
b) The saved values, if an update has nol cccurred since the last power-on, hard RESET condition, or BUS
DEVICE RESET message and saved parameters are implemented.
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c) 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 implemented.

The page code field identifies which page of data s being requested (see 8.3.2). Ifthe page code is reserved er not
implemented, 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 CDB.

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 target, whichever is less, lfthe
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 larget 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 CDB.

Log parameters within the specified log page shall be transferred in ascending order according to parameter code.

8.2.8 MODE SELECT(6) command

The MODE SELECT(6) command (see table 52) provides a means for the initiator to specify medium, logical unit, or
peripheral device parameters to the target. Targets that implement the MODE SELECT command shall also
implement the MODE SENSE command, Initiators should issue MODE SENSE prior to each MODE SELECT to
determine supported pages, page lengths, and other paramaeters.

Table 52 - MODE SELECT(8) command

Bit 7 6 3 4 3 2 1 o]
Byte
0 Operation code (15h)
1 Logical unit number T PF 1 Reserved sP
a Reserved
3 Aeserved
4 Farameter list langth
& Control

If a target supporis saved pages, it may save only one copy of the page for each logical unit and have it apply to all
initiators, or it may save separate copies for each initlator for each logical unit. If separate coples are saved, the
target shall maintain separate current values for each |_T_L nexus, Pages that are common to all inttiators are not
required to have multiple copies,

It an initiator sends a MODE SELECT cemmand that changes any parameters applying to other initiators, the targst
shall generate a unit attention condition for all initiators except the one that issued the MODE SELECT command (see
7.8). The target shall set the additlonal sense code to MODE PARAMETERS CHANGED.

The target may pravide for independent sets of parameaters for each attached |ogical unit or for each combination of
logical unit and inftiator. [If independent sets of parameters are implemented, and a third party 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 parly device (see 9.2.12.3 and 10.2.10.1).

A page format (PF) bit of 2zere indicates that the MODE SELECT parameters are as specified in SC3I-1, (Le. 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 in 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 pages, An SP bit of one indicates that the target shall perform the specified MODE SELECT operation, and
shall save to a non-volatile vendor-specific location all the savable pages including any sent during the DATA OUT
phase. The SP bit is optional, even when mode pages are supported by the target. Pages that are saved are
identified by the parameter savable bit that is returned in the page header by the MODE SENSE command (see
g.3.3). If the PS bit Is set in the MODE SENSE data then the page shall be savable by issuing a MODE SELECT
command with the SP bit set. If the target does not implement saved pages and the SP bit is set to one, the
command shall 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 CDB.

The parameter list length field specifies the length in bytes of the mode parameter list that shall be transferred from
the initiator to the target during the DATA OUT phase. A parameter list length of zerc indicates that no data shall be

transfarred. This condition shall not be considered as an arror.

The target shall terminate the command with CHECK CONDITION status if the parameter list length results in the
truncation of any mode parameter header, mode parameter block descriptor(s), or mode page. The sense key shall
be set to ILLEGAL REQUEST, and the additional sense code shall be set to PARAMETER LIST LENGTH ERROR.

The mode parameter list for the MODE SELECT and MODE SENSE commands is defined in 8.3.3. Parts of each
mode parameter list are uniquely defined for each device-type.

The target shall terminate the MODE SELECT command with CHECK CONDITION status, set the sense key to
ILLEGAL REQUEST, set the additional sense code to INVALID FIELD IN PARAMETER LIST, and shall not change

any mode parameters for the following conditions:

a) If the initiator sets any field that is reported as not changeable by the target to a value other than its current
value.

b) If the initiator setz any field in the mode parameter header or block descriptor(s) to an unsupported value,

c) It an initiator sends a mode page with a page length not equal to the page length returned by the MODE
SENSE command for that page.

d) Ifthe initiator sends a unsupperted value far a mede parameter and roeunding is not implemented for that mode
parameter.

e) i the inftlator sets any reserved field in the mode parameter list to a non-zero value,

If the initiator sends a value for a mode parameter that s outside the range supported by the target and rounding
is implemented for that mode paramater, the targst may either:
a) round the parameter to an acceptable value and terminate the command as described in 7.5.4;
b) terminate the command with CHECK CONDITION status, the sense key set to ILLEGAL REQUEST, and set the
additional sense code to INVALID FIELD IN FARAMETER LIST.

A larget may alter any mode parameter in any mede page (aven those reported as non-changeable) as a result of
changes to other mode parameters.

The target validates the nen-changeable mode paramelars against the current values that existed for those mode
parameters prior to the MODE SELECT command.

NOTE 74 If the current values calculated by the target affect the initiator's operation, the initiator should ssue a MODE
SENSE command after each MODE SELECT command.
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8.2.9 MODE SELECT(10) command

The MODE SELECT{10) command (sea table 53) provides a means for the initiator te specify medium, legical unit
or peripheral device parameters to the target. See the MODE SELECT(6) command (8.2.8) for a description of th:

fields in this command. Initiators should issue MODE SENSE prier te each MODE SELECT to determine supportie:
mode pages, mode page lengths, and cther parameters.

Table 53 - MODE SELECT(10) command

Byﬁt 7 B 5 4 3 2 1 0
o Cperation code ([55h)
1 Logical unit numbar PF | Aeserved Sp
2 Reserved
3 Reserved
4 Reserved
r; Reserved o ]
] Reserved
(MsB)
— Parameter list length ]
a (LSB)
9 Control

Targets that implement the MODE SELECT(10) command shall also implement the MODE SENSE(10) command.
8.2.10 MODE SENSE(6) command

The MODE SENSE(8) command (see table 54) provides a means for a target to report parameters to the initiator
It is a complementary command to the MODE SELECT(6) command,

Table 54 - MODE SENSE(8) command

Bit 7 6 5 4 3 2 i 0
Byte

a Operation code (1Ah)

1 Logical unit number |ﬂeaaruﬂl DBD I Aeserved

2 PC Page code
_.3_ Reserved

4 Allocation length

5 Control

A disable block descriptors (DBD) bit of zere indicales that the target may return zera or more block descriptors in
the retumed MODE SENSE data (see 8.3.3), atthe target's discretion. A DED bit of one specifies that the target shal
net return any block deseripters in the returned MODE SENSE data,

The page control (PC) field defines the type of mode parameter values to be retumned in the mode pages, The page
centrol field is defined in table 55,
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Table 55 - Page control fleld

Code Type of parameter Subclause

oob Current values 8.2.,10.1
01b Changeabls values 8.2.10.2
10b Dafault values B.2.10.3
i1b Saved values 8.2.10.4

NOTE 75 The page contral field only affects the mode parameters within the mode pages, however tha PS bit, page code
and page length fields should return current values since they have no meaning when used with other types. The mode
parameter header and mode parameter block descriptor should return current values.

The page code specifiss which mode page(s) to retum. Mode page code usage is defined in table 56,

Table 56 - Mode page code usage for all devices

Page code Description Subclause
00h Vendor-specific (does not require page format)

01ih - 1Fh See speclfic device-types

20h - 3Eh Vendor-spegific (page fTormat required)
aFh Return all mode pages

An initiator may request any one or all of the supported mode pages from a target. If an initiator issues a MODE
SENSE command with a page code value not implemented by the target, the target shall return CHECK CONDITION
status and shall set the sense key to ILLEGAL REQUEST and the additional sense code te INVALID FIELD IN CDB.

A page code of 3Fh indicates that all mode pages implemented by the target shall be returned to the initiator. i the
maode parameter list exceeds 258 bytes for a MODE SENSE(E) command or 65 536 bytes for a MODE SENSE(10)
command, the target shall return CHECK CONDITION status and the sense key shall be set to ILLEGAL REQUEST
and the additional sense code set to INVALID FIELD IN CDB.

Mode page 00h, if implemented, shall be returned after all other mode pages.

NOTES

76 Maoda pages ehould ba returnad in ascending page coda ordar axcapt far mode page 00h,

77 lfthe PC field and the page coda field are both set to zero the target should return a mode parameter header and block
descripter (if applicable), This provides for compatibility with existing SCSi-1 Initiators,

The mode parameter list for all device types for MODE SELECT and MODE SENSE is defined in 8.3.3. Parts of the
mode parameter list are specifically defined for each device type. See subclause three of each peripheral device type
for further information.

8.2.10.1 Current values

A PC field value of Oh requests that the target return the current values of the mode parameters., The current values
returned are:
a) the current values of the mode parameters established by last successful MODE SELECT command;
b} the saved values of the mode parameters ifa MODE SELECT command has not successfully completed since
the last power-on, hard RESET cendition, ar BUS DEVICE RESET message;
c) the default values of the mode parameters, if saved values, are nol available or not supported.
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8.2.10.2 Changeable values

A PC field value of 1h requests that the target return a mask dencting those mode parameters that are changeable
In the mask, the fields of the mede parameters that are changeable shall be set to all cne bits and the fields of the

mode parameters that are non-changeable (i.e. defined by the target) shall be set to all zero bits,

MNOTES

78 An attempt to change a nan-changeabla mode paramater (via MODE SELECT) results in an arrar condition (ses 8.2.8).
78 The inftiator should issus a MODE SENSE command with the PG field set to 1h and the page code field sst to 3Fh to
datermine which mode pages are supported, which mode parameters within the mode pages are changeable, and the
supported langth of aach mode page prior to issuing any MODE SELECT commands.

8.2.10.3 Defaull values

A PC field value of 2h requests that the target retum the default values of the mode parametars. Parameters nol
supported by the target shall be set to zero, Default values are accessible even if the device Is not ready.

8.2.10.4 Saved values

A PC field value of 3h requests that the target return the saved values of the mode parameters. Implementation ol
saved page parameters is optional. Mode parameters not supported by the target shall be set to zers, |f saved
values are not implemented, the command shall be terminated with CHECK CONDITION status, the sense key sel
to ILLEGAL REQUEST and the additional sense code set to SAVING PARAMETERS NOT SUPFPORTED.

NOTE 80 The method of =aving parameters is vendor-specific. The parameters are preserved in such a manner that thay
are retained when the target is powered down, All savable pages 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.

8.2.10.5 Initlal responses

After a power-up condition or hard reset condition, the target shall respond in the following manner;

a) If default values are requested, report the default values.

b) If saved values are requested, report valid restored mode parameters, or restore the mode parameters and
report them. If the saved values of the mode parameters are not able to be accessed from the non-volatile
vendor-specific location, terminate the command with CHECK COMDITION status and set the sense key set
to NOT READY. If saved paramelers are not implemented respond as defined in 8.2.10.4.

c) If current values are requested and the current values of the mode parameters have not been sent by the
initiatar (via a MODE SELECT command), the target may return either the default or saved values, as defined
above. If current values have been sent, the current values shall be reported.
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8.2.11 MODE SENSE(10) command

The MODE SENSE(10) command (see table 57) provides a means for a target to report parameters to the inftiator.
It is a complementary command te the MODE SELECT(10) command. If the MODE SELECT(10) command is

implemented the MODE SENSE(10) command shall be implemented. See the MODE SENSE(G) command for a
description of the fields in this command,

Table 57 - MODE SENSE(10) command

Bit T L. 5 4 3 2 1 0
Byte
o Operation code (5Ah)
1 Logical unit number Resarved| DBD Reserved
2 PC "~ Page code
3 Aeserved
4 Reserved
6 Reserved
-] Reserved
4 e Allocation length _
B (LsB)
] Contrel

8.2.12 READ BUFFER command

The READ BUFFER command (see table 58) 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.

Table 58 - READ BUFFER command

Bit T B 5 4 3 2 1 ]
Byte

0 Operation code (3Ch)

1 Logical unit number Reserved Hud;__

2 Buffer ID

3 (M5B)

4 Buffer offset i
5 (LSB) |
G (MsB)

T Allocatien length 1
a (L8B) |
8 Control

The function of this command and the meaning of fields within the command descriptor block depend on the conlents
of the meode field, The mede figld is defined in tabla 58,
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Table 55 - READ BUFFER mode flald

Mode Description Type

000b Combined header and data Optiocnal

0o1b Vendor-specific Vendor-specific
010b Data Optional

011b Descriptor Optional

100b Reserved Resarved

i01b Rasarved Reserved

110b Reserved Reserved

111b Reserved Reserved

NOTE 81 Modes 000b and 001b ara included for compatibility with products that were designed prior ta the gen-
aration of this standard, Some products that were designed prior 1o the generation of this standard reslrict the
availablae length to B85 535 bytes.

8.2.12.1 Combined header and data mode (000b)

In this mode, a four-byte header followad by data bytes is raturned to the initiator during the DATA IN phase, The
buffer 1D and the buffer offset fields are reserved.

The four-byte READ BUFFER header (ses table 60) Is followed by data bytes from the target's data buffer.

Table 60 - READ BUFFER header
Bit T 8 5 4 a 2 1 0
Byte
0 AReserved
i MSB
2tk __{ ) Buffer capacity —
a (LSB)

The buffer capacity field specifies the total number of data bytes available in the target's data buffer. This number
is not reduced to reflect the allocation length; ner 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 initiater, whichaver is lass.

B.2.12.2 Vendor-specific mede (001b)

In this mode, the meanings of the buffer ID, buffer offset, and allocation length fields are not specified by this
standard.

8.2.12.3 Data mode (010b)

In this mode, the DATA IN phase contains buffer data, The buffer ID field identffies a specific buffer within the target
from which data shall be transferred. The vender assigns buffer ID codes to buffers within the target. Buffer ID zero
shall be supported. If more than one buffer is supported, additional buffer ID codes shall be assigned contiguously,
beginning with one. Buffer ID code assignments for the READ BUFFER command shall be the same as for the WRITE
BUFFER command. If an unsupported buffer ID code is selected, the target shall returmn CHECK CONDITION status,
shall set the sense key to ILLEGAL REQUEST, and set the additional sense code to ILLEGAL FIELD IN CDB. The
target terminates the DATA IN phase when allocation length bytes have been transferred or when all the available
data from the buffer has been transferred to the initiator, whichever amount is less.

The buffer offset field containg the byte offset within the specified buffer from which data shall be transferred from.
The initiator should conform to the offset boundary requirements retumed in the READ BUFFER descriptor (see
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8.2.12.4). lfthe 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 additional sense code to ILLEGAL FIELD IN CDE.

8.2.12.4 Descriptor mode (011b)

In thiz mode, & maximum of four bytes of READ BUFFER descriptor information is returned. The target shall return
the descriptor information for the buffer specified by the buffer ID (see the description of the buffer ID in B.2.12.3).
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 mede, The allocation length should be set to four or greater,
The target shall transfer the lesser of the allocation length or four bytes of READ BUFFER descripter, The READ

BUFFER descriptor is defined as shown in table 61,
Table 61 - READ BUFFER descriptor

Bit T -] 5 4 a 2 1 1]
Byte
0 Offset boundary
1 (MSB)
| Buffer capacity —_
3 ! (LSE)

The offset boundary field returns the boundary alignment 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
twa,

The value contained in the buffer offset field of subsequent WRITE BUFFER and READ BUFFER commands should
be a multiple of 2ofset baUnda® og ghown in table 2.

Tabla 62 - Buffer offsel boundary

Offzet
boundary| 2**0TfTset boundary Buffer offsets

1] g=*g = { Byte boundaries

1 2**1 = 2 Even-byte boundaries

2 2%*2 = 4 Fuur-hgte boundaries

a 2**3 = 8 Eight-byte boundaries

4 2**4 = 16 16-byte boundaries

FFh Mot appli:ahla a0 is the only supported buffer offset.

The buffer capacity field shall return the size of the selected buffer In bytes.
NOTE 82 In a multi-tasking system, a buffer may be altered between the WRITE BUFFER and READ BUFFER commands
by another task. Buffer tasting applications may wish to ansure that only a single task is active. Use of reservations (to

all loglcal units on the device) or linked commands may also bae helpful in avoiding buffer alteration between these two
commands.
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8.2.13 RECEIVE DIAGNOSTIC RESULTS command

The RECEIVE DIAGMNOSTIC RESULTS command (see table 63) requests analysis data be sent to the initiator afte
completion of a SEND DIAGNOSTIC cemmand (see 8.2.15). I the target supperts the optional page format, the page
code field sent in the previous SEND DIAGNOSTIC command specifies the format of the returned data.

Table 63 - RECEIVE DIAGNOSTIC RESULTS command

Bit
Byte

T -]

5

4 3 2 1 0

Dperation code (1Ch)

Logical unit number

Reserved

Reserved

{MSB)

Allecation length
{L5B)

| & | C3 | P3| ==

Control

NOTES

83 To ensure that the diagnostic command infarmation | nat destrayed by a command sant fram anather initiatar, eithar
the SEND DIAGNOSTIC command should either ba linked to the RECEIVE DIAGNOSTIC RESULTS command or the logical
unit should ba rezerved,
84 Althocugh diagnostic software is generally device-specific, this command and the SEND DIAGNOSTIC command provide
& means to isolate the operating system software from the device-specific diagnostic software. Hence, the operating system
gan remain device-independent. This also allows diagnostic software to be transferred more easily to other operating

systams.

See 8.3.1 for RECEIVE DIAGNOSTIC RESULTS page format definitions,

8.2,14 REQUEST SENSE command

The REQUEST SENSE command (see table 84) requests that the target transfer sense data to the initiator.

Table 64 - REQUEST SENSE command

Bit 7 6 5 4 3 2 1 a
Byte

0 Operation code (03h)

1 Logical unit number Reserved

2 Resarved

3 Reserved

4 Allocation length

5 Contral

The sense data:

a) shall be available if a contingent allegiance condition exists for the |_T_x nexus;
b) shall be available if other information (e.g. medium position) is available In any fleld;
¢) may be available if an unexpected disconnect cccurred,
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If the target has no other sense data avallable to return, ft shall retum a sense key of NO SENSE and an additional
sense code of NO ADDITIONAL SENSE INFORMATION.

The sense data shall be preserved by the target fo the inftiator until retrieved by a REQUEST SENSE command or
until the receipt of any other /O process for the same |_T_x nexus. Sense data shall be cleared upon receipt of any
subsequent I/O process (including REQUEST SENSE) to the same | _T x nexus.

NOTE 85 Some target implementations do not update sense data except on commands that return CHECK CONDITION
or COMMAND TERMINATED status. Thus when polling for a logical unit to become ready, the initiator should issue TEST
UNIT READY commands until GO0D status fs returned. If desired, the Initiator may issue AEQUEST SENSE commands
after the TEST UNIT READY commands that return CHECK CONDITION ar COMMAND TERMINATED status to obtain the

sense data,

The target shall return CHECK CONDITION status for a REQUEST SENSE command only to report exception
conditions specific o the command itself. For example:

a) A non-zero reserved bit is detected in the command descriptor block;

b} An unrecovered parity error is detected on the data bus;

c) A target malfunction prevents retum of the sense data.

If & recovered aerror cecurs during the execution of the REQUEST SENSE command, the target shall return the sense
data with GOOD status. If a target returns CHECK CONDITION status for a REQUEST SENSE command, the sensa
data may be invalid.

NOTE 88 The sense data appropriate 1o the selection of an invalid logical unit is defined in 7.5.3.

Targets shall be capable of retumning 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 data, the initiator should
assume that the bytes not transferred would have been zeros had the target returned thosa bytes, Initiators can
determine how much sense data has been 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,

The sense data format for error codes 70h (current errors) and 71h (deferred errors) are defined in table 65. Error
code values of 72h to 7Eh are reserved, Error code 7Fh is for a vendor-specific sense data format. Targets shall

implement error code 70h; implementation of arrer code 71h is optional, Error code values of 00h to 6Fh are not
defined by this standard and their use Is not recommended.
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Table 65 - Error codes 70h and 71h zenze data format

Bit 7 & 3 & 3 2 1 0

Byte
o Valid Error code [70h or 71h)

1 Segment number
2 Filamnrk_L EOM ILI [Haanrwd] Sanse Key
3 {MsSRB) :

N (S 1) Information ey
B {L=B)
[ Additional sense length (n-7)

8 (MSB)

I - Command-specific information —_—
11 (LSB)
12 Additional sense code
13 Additional sense code qualifier
14 Field replaceable unit code
15 sksv |

L = Sense-key specific —_
i7
18

I | Additional sense bytes e

A valid bit of zero indicates that the information field s not as defined in this standard, A valid bit of one indicates
the information field contains valid information as defined In this standard. Targets shall implement the valid bit.

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.

The flemark bit is mandatary for sequantial-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. RAeporting of setmarks Is optional and
indicated by the Rsmk kit for sequential-access devices in the configuration parameters page (see 10.3.3.1),

The end-of-medium (EOM) bit is mandatory for sequential-access and printer devices, and this bit is reserved for all
other device types. An EOM bit of one indicates that an end-of-medium condition (end-of-partition, beginning-of-
partition, out-of-paper, etc.) exists, For sequential-access devices, this bit indicates that the unit is at or past the early-
warning if the direction was forward, or that the command could net be completed because beginning-of-partition
was encountered if the direction was reverse,

An incorrect length indicator (ILI) bit of one usually indicates that the requested logical block length did not match
the logical block length of the data on the medium.

The sense key, additional sense code and additional sense code qualifier pravide a hierarchy of information, The
intenticn of the hierarchy is to provide a top-down approach for an initiator to determine information relating to the
erter and exception conditions. The sense key provides generic categories in which error and exception conditions
can be reported. Initiators would typ'cally use sense keys for high level errer recovery procedures. Additional sense
codes provide further detail describing the sense key., Additional sense code gualifiers add further datail to the
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additional sense code, The additional sense code and additional sense code qualifier can be used by initiators where
sophisticated error recovery procedures 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 8.2.14.3.

The contents of the information field is device-type or command specific and is defined within the appropriate clause
for the device type or command of interest. Targets shallimplement the information field, Unless specified otherwise,
this field contains:
a) the unsigned logical block address associated with the sense key, for direct-acoass devices (device type 0},
write-once devices (device type 4), CD-ROM devices (device type 5), and optical memary devices (device type
7).
bj) H"::e difference (residue) of the requested length minus the actual length in either bytes or blocks, as determined
by the command, for sequential-access devices (device type 1), printer devices (device type 2), processocr
devices (device type 3) and some direct access device commands, except as defined for d) below. (Negative

values are indicated by two's complement notation.)

¢) the difference (residue) of the requested number of blocks minus the actual number of blocks copled or
compared for the current segment descriptor of a COPY, COMPARE, or COPY AND VERIFY command,

d) For sequential-access devices cparating in buffered modes 1h or 2h thal detect an unrecoverable write error
when unwritlten data blocks, filemarks, or setmarks remain in the buffer, the value of the information field for
all commands shall be:

1} 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 one).

2) the number of bytes in the buffer, including filamarks and setmarks, if the device is in variable mode (the
fixed bit of the WRITE command is zera).

The additional sense length field indicates the number of additional sense bytes to follow. If the allocation 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 that was executed.
Eurther meaning for this field is defined within the command deseription. The command-specific information field is
mandatory if the target supports any of the following commands: COPY, COMPARE, COPY AND VERIFY, SEARCH
DATA, and REASSIGN BLOCKS.,

The additional sense code (ASC) field indicates further information related to the error or exception condition reported
in the sense key field, Targets shall support the additional sense code field. Support of the additional sense codes
not explicitly required by this standard is optional. A list of additional sense codes is in 8.2.14.3. 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 (ASCQ) indicates detailed information related to the additional sense code, The
additional sense code qualifier is optional. If the errer or exception condition is reportable by the device, the value
returned shall be as specified in 8.2,14.3, If the target does not have detalled information related to the error or
exception condition, the additional sense code qualifier is set to zero,

Mon-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 iz not available. The field replaceable unit code field is optional. The format of this information

is not spectfied by this standard, Additional information about the field replaceable unit may be avallable in the ASCII
infarmation page (see 8.3.4.2), if supported by the target,

The sense-key specific bytes are described in 8.2.14.1, below.
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The additional sense bytes field may contain command specific data, peripheral device specific data, or vendor-
specific data that further defines the nature of the CHECK CONDITION status.

8.2.14.1 Sense-key specific

The sense-key specific field as defined by this standard when the value of the sense-kay 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 as defined by this standard.

If the sense kay field is set to ILLEGAL REQUEST and the SKSV bit is set Lo one, the sense-key spacific field shal
be as defined as shown in table 66, The field peinter field indicates which lllegal parameters in the command
descriptor bleck or the data parametars are in error.

Table 66 - Fleld pointer byles

Bit 7 B 5 4 3 2 1 0
Byte
15 SKEYV c/D Aeserved |Reserved)| BFY Bit pointer
16 (M38)
Field pointer
H 17 (L5B)

A command data (C/D) bit of one indicates that tha illagal parameter is in the command descriptor block, A C/D bit
of zero indicates that the illegal parameter is in the data parameters sent by the inftiator during the DATA OUT phase.

A bit pointer valid (BPV) bit of zero indicates that the value in the bit painter field is not valid. A BPV bit of one
indicates that the bit pointer field specifies which bit of the byte designated by the field pointer field is in error. When
a multiple-bit field iz in error, the bit pointer fiald shall point te tha mast-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 numbered starting from zero, as shown In the tables deseribing the commands and parameters. When
a multiple-byte fisld is in error, the pointer shall point to the most- significant (left-most) byte of the field.

NOTE 87 Byles identified as being in error are not necessarily the place that has to be changed to correct the problem.

If the sense key is RECOVERED ERROR, HARDWARE ERROR or MEDIUM ERROR and if the SKSV bit is one, the
sense-key specific field shall be as shown in table 67,

Table 67 - Actual retry count bytes

Bit 7 6 5 4 3 2 1 [}
Byte
15 SK3V Reserved
16 (MSB)
Actual retry count —_—
17 (L=B)

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,

NOTE 88 This field should relate to the retry count fields within the error recovery page of the MODE SELECT command,
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If the sense key is NOT READY and the SKSV bit Is one, the sense-key specific field shall be as shown in table 68,
These fields only apply to the FORMAT UNIT command with the Immed bit set to one,

Table 68 - Format progreas Indlcation bytes

Bit 7 8 5 4 3 2 1 a
Byte
15 SKSV Reserved
16 {M3B) )
Progress indication —
17 {L5B)

The progress indication field is a percent complete indication in which the retumed value is the numerater that has
65 536 (10000h) as its denominator. The progress indication shall based upon the total format operation including
any cerification or initialization operations.

NOTE 83 It 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 steps within the process, The
granularity of these steps should be small enough to provide reasonable assurances 1o the initiator thal progress is being
made,

8.2.14.2 Deferred errors

Ermror code 70h indicates that the CHECK CONDITION or COMMAND TERMINATED status returned is the result of
an error or exception condition on the I/O process that returned the CHECK COMNDITION or COMMAND TERMIMATED
status or an unexpected disconnect. This includes errors generated during execution of the command by the actual
exacution process. It also includes errors not related to any command that are first cbserved during execution of a
command. Examples of this |atter type of error include disk serve-mechanism, offtrack errors, and power-up test

Brrors.

Error code 71h (deferred error) indicates that the CHECK COMDITION 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.

The deferred error indication may be sent at a time selected by the target through the asynchronous event notification
process (see 7.5.5) if AEN is supported by both the initiator and target,

If AEM is not supported, the deferred error may be indicated by returning CHECK CONDITION status to the
appropriata initiator as described below. The subsequent execution of a REQUEST SENSE command shall return
the deferred error sense information.

It an |/O process terminates with CHECK CONDITION status and the subsequent sense data returns a deferred error
that I/O process shall not have been executed. After the target detects a deferred error condition on a logical unit,
it shall return a deferred error according to the rules described below:

a) If a deferred error can be recovered with no external system intervention, a defarred error indication shall not
be posted unless required by the error handling parameters of the MODE SELECT command. The occurmence
of the error may be logged if stalislical or error logging is supported.

b) Ha deferred error can be associated with a causing initiater and with a particular function or a particular subset
of data, and the error Is either unrecoverad or required to be reported by the mode parameters, a deferrad
error indication shall be returned to the causing initiater. If an initiator other than the causing initiator attempts
access to the particular function or subset of data associated with the deferred error, a BUSY status shall be
returnad to that initiator in response to the command attempting the access.
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MNOTE 290 Not all devices may be sufficiently scphisticated to identify the function or data that falled. Those that cannat
should treat the error In the following manner.

c) If a deferred error cannot be associated with a causing initiator or with a particular subset of data, a deferrec
error indication shall be returned on behalf of the failing logical unit to each initiator. If multiple deferred errors
have accumulated for some Inftiators, only the last error shall be returned.

d) It a deferred error cannot be associated with a particular logleal unit, it shall be returned to the appropriate
initiator for all logical units supported by the target.

e) If a current command has not yet started executing, and a deferred arror occurs, the command shall be
terminated with CHECK COMNDITICN status and deferred error information posted in the sense data. By
convention, the current command is considered to have started execution if the targst has changed phase fromr
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 shal
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 deferrec
arror may be returned after the current error information has been recovered. If a deferred error oceurs while
a current command is executing and the current command completes successfully, the target may choose fc
return the deferred error information after the completion of the current command.

NOTE 91 Deferred errors may indicate that an operation was unsuccessful long after the command performing the data
transfer retumed GOOD status. |f data that cannot be replicated or recovered from other sources is being stared using
butfared write operations, synchronization commands should be performed baefora the critical data is destroyed in the host
initiator. This is necessary to be sure that recovery actions can be taken if deferred arrors do occur in the storing of the
data. If AEN is nct implemented, the synchronizing process should provide the necessary commands to allow returning
CHECK COMNDITION status and subsequent returning of deferred error sense information after all buffered operationa are

guaranteed to be complete.
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2.2.14.2 Sense key and sensc code definitions
The sense keys are defined in tables 69 and 70.
Table 69 - Sense key (Oh-7h) descriptions

Sense Description
key
Oh NO SENSE., Indicatss that there is no specific senze key

information to be reported for the desipgnated logical unit. This
would be tThe 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 is set to one.

1h RECOVERED ERADA. Indicates that the last command completed
successTully with some recovery action performed by the target.
Details may be determinable b{ examining the additional sense
bytes and the information Tield. When multiple recovered errors
occur during one command, the choice of which error te report
{first, last, most severe, etc.) iz device specific.

2h NOT READY. Indicates that the logical unit addressed cannot be
accessed. Operator intervention may be reguired to correct this
condition.

ah MEDIUM ERROR. Indicates that the command terminated with a non-

recoverad error condition that was probably caused by a flaw in
the medium or an error in the recorded data. This sense key may
also be returned if the target is unable to distinguish between a
flaw in the medium and a specific hardware fTailure (sense Key 4h).

4h HARDWARE ERAOA. Indicates that the target detected a non-
recoverable hardware failure (for examgla, controller feilure,
device failure, parity error, ete.) while performing the command
ar during a self test.

5h ILLEGAL REQUEST. Indicates that there was an illegal parameter in
the command descriptor block or in the additional parameters
suppliad as data for some commands (FORMAT UNIT, SEARACH DATA,
eto.). IT the target detects an invalid parameter in the command
descriptor block, then it shall terminate the command without
altering the medium. If the target detects an invalid parameter
in the additional parameters supplied as data, then the target may
have already altered the medium. This sense key mag also indicate
that an invalid IDENTIFY message was received (6.6.7).

Bh UNIT ATTENTION. Indicates that the removable medium may have been
changad or the target has been reset. See 7.9 for more detailed
information about the unit attention condition.

Th DATA PROTECT. Indicates that a command that reads or writes the
madium was attempted en a block that is protected from this
operation. The read or write operation is not performed.
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Table 70 - Sense key (8h-Fh) descriptions

Sense Description
key
Bh BLANK CHECK, Indicates that a write-once device or a sequential-

access device encountared blank medium or format-defined end-of-
data indication while reading or a write-once device encountered a
non-blank medium while writing.

gh VENDOR-SPECIFIC. This sense key is available for reporting vendor
specific conditions.
Ah COPY ABORTED. Indicates a COPY, COMFARE, or COPY AND VERIFY

command was aborted due to an error condition on the source
device, the destination device, or both. (See B8,2.3.2 for
additional information about this sense Key.)

Bh ABORTED COMMAND. Indicates that the target aborted the command,
The initiator may be able to recover by trying the command again.

Ch EQUAL, Indicates a SEARCH DATA command has satisfied an equal
comparison.
Oh VOLUME OVERFLOW. Indicates that a buffered peripheral device has

reached the end-of-partition and data may remain in the buffar
that has not been written to the medium. A RECOVER BUFFERED DATA
command(s) may be issued to read the unwritten data from the

buffer.

Eh MISCOMPARE. Indicates that the source data did not match the data
read from the medium.

Fh RESERVED.
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The additional sense codes and additional sense code qualifiers are defined In table 71.

Tablae 71 - ASC and ASCQ asslgnments

ASC

13h
12h
00h
Q0h
0oh
0oh

14h
30h
20h
52h
3Fh
11h
a0h
4Ah
2Ch
2Fh
2Bh
41h
4Bh
11h
18h

18h
18h
19h
iCh
32h
40h
G63h
0Ch
14h
Qoh
S1h
OAR
11h
03h
3Bh
3Eh
ach
14h
03h

SBh

ASCOQ

00h
aoh
11h
12h
14h
13h
04h
04h
02h
01h
0oh

a6h
03h
Ooh
0Ch
Q0h
00h
00k
00h
07h
00h
00h
03h
02h
01h
00h
Qth
NNR
00h
05h
03h
oz2h
0oh
0oh
02h
02h
O7h
0Bh
01h
02h

01h
00h

0 - DIRECT ACCESS DEVICE
T - SEQUENTIAL ACCESS DEVICE
L - PRINTER DEVICE

W - WRITE ONCE READ MULTIPLE DEVICE

. P - PROCESSOR DEVICE
. . R - READ ONLY

CD-AOM) DEVICE

. S - SCANNER DEVICE
. «0 - OPTICAL MEMORY DEVICE
. M - MEDIA CHANGER DEVICE

+ » « B
OTLPWRSOMC
o0 w 0
D w o
R
R
A
R

438
35
(=] =1

- COMMUNICATION DEVICE

ADDRESS MARK MNOT FOUND FOR DATA FIELD
ADDRESS MARK NOT FOUND FOR ID FIELD
AUDIO PLAY OPERATIOM IN PROGRESS

AUDIO PLAY OPERATION PAUSED

AUDIO PLAY OPERATION STOPPED DUE TO ERROR
AUDIO PLAY OPERATION SUCCESSFULLY COMPLETED
BEGINNING-OF-PARTITION/MEDIUM DETECTED
BLOCK SEQUENCE ERROR

CANNOT READ MEDIUM - INCOMPATIBLE FORMAT
CANNOT READ MEDIUM - UNKNOWN FORMAT
CARTRIDGE FAULT

CHANGED OPERATING DEFINITION

CIAC UNRECOVERED ERROR

CLEANING CARTRIDGBE INSTALLED

COMMAND PHASE ERROR

COMMAND SEQUENCE ERROR

COMMANDS CLEARED BY ANOTHER INITIATOR
COPY CANNOT EXECUTE SINCE HOST CANNOT DISCOMMECT
DATA PATH FAILURE (SHOULD USE 40 NN)

DATA PHASE ERROR

DATA RESYNCHRONIZATION ERROR

DATA SYNCHRONIZATION MARK ERROR

DEFECT LIST ERROR

DEFECT LIST ERAOAR IN GROWN LIST

DEFECT LIST ERROR IN PRIMARY LIST

DEFECT LIST NOT AVALLAELE

DEFECT LIST NOT FOUND

DEFECT LIST UPDATE FAILURE

DIAGNOSTIC FAILURE ON COMPONENT NN (B0H-FFH)
END OF USER AREA ENCOUNTERED ON THIS TRACK
END-OF-DATA DETECTED

END-OF-DATA NOT FOUND

END-OF - PARTITIOM/MEDIUM DETECTED

ERASE FAILURE

ERROR LOG OVERFLOW

EAROR TOO LONG TO CORRECT

EXCESSIVE WRITE ERRORS

FAILED TO SENSE BOTTOM-OF-FORM

FAILED TO SENSE TOP-OF-FORM

FILEMARK DETECTED

FILEMARK OR SETMARK NOT FOUND

FOCUS SERVO FAILURE

FORMAT COMMAND FAILED

GENERATION DOES NOT EXIST
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Table 71

122

(centinuad)

ASC ASCO ODTLPWRSOMC DESCRIPTION

iCh 02h D ] GAOWN DEFECT LIST NOT FOUND

00h 08h DTLPWRSOMC I/0 PROCESS TERMINATED

ioh 00h D W o IO CRC OR ECC ERAROAH

22h O00h D ILLEGAL FUNCTION (SHOULD USE 20 00, 24 0O, OR 26 00)
G4h 0Oh A ILLEGAL MODE FOR THIS TRACK

2s8h 01h M IMPORT OR EXPORT ELEMENT ACCESSED

30h 0OOh DT WA OM  INCOMPATIBLE MEDIUM INSTALLED

1ih o8h T INCOMPLETE BLOCK READ

48h 00h DTLPWRSOMC INITIATOR DETECTED ERROA MESSAGE RECEIVED
AFh 03h DTLPWRSOMC INGQUIRY DATA HAS CHANGED

44h 00h DTLPWRSOMC INTERNAL TARGET FAILURE

30h 0O0h DTLPWRSOMC INVALID BITS IN IDENTIFY MESSAGE

2Ch  02h 5 INVALID COMBINATION OF WINDOWS SPECIFIED
20h 0Oh DOTLPWASOMG INVALID COMMAND OPERATION CODE

21h 0O1h M  INVALID ELEMENT ADDRESS

24h 0O0h DTLPWRSOMC INVALID FIELD IN CDB

26h 0O0h DTLPWRSOMC INVALID FIELD IN PARAMETER LIST

49h 00h DTLPWRSOMC INVALID MESSAGE ERROR

11h 0O5h WR O L-EC UNCOARECTAELE ERAOR

&0h 0Ch <] LAMP FAILURE

5Bh 02h DTLPWRSOM LOG COUNTER AT MAXIMUM

58h 0OOh DTLPWRSOM LOG EXCEPTION

58h 03h ODTLPWASOM LOG LIST CODES EXHAUSTED

2Ah 02h DTL WRSOMC LOG PARAMETERS CHANGED

21h 00R DT WR OM LOGICAL BLOCK ADDRESS OUT OF RANGE

0Bh 0Oh DOTL WRSOMC LOGICAL UNIT COMMUNICATION FAILURE

08h 02h DTL WR2OMC LOGICAL UMIT COMMUNICATION PARITY ERROR
0Ah O1h DTL WRSOMC LOGICAL UNIT COMMUNICATION TIME-OUT

05h 0Oh DTLPWRSOMC LOGICAL UNIT DOES NOT RESPOND TO SELECTION
4Ch 00h DTLPWRSOMC LOGICAL UNIT FAILED SELF-CONFIGURATION

3Eh 0Oh DTLPWASOMC LOGICAL UNIT HAS NOT SELF-CONFIGURED YET
04h 0O1h OTLPWASOMC LOGICAL UNIT IS IN PROCESS OF BECOMING READY
04h O0h DTLPWRSOMC LOGICAL UNIT NOT READY, CAUSE NOT REPORTABLE
o4h 04h DTL o LOGICAL UNIT NOT READY, FORMAT IN PROGRESS
04h 02h DTLPWASOMC LOGICAL UNLIT NOT READY, INITIALIZING COMMAND REQUIRED
O4h 03h DTLPWRSOMC LOGICAL UNIT NOT READY, MANUAL INTERVENTION REQUIRED
25h 00k DTLPWRSOMC LOGICAL UNIT NOT SUPPORTED

15h 0O1h DTL WASOM  MECHANICAL POSITIOMING ERRAOR

53h 00k DTL WASOM  MEDIA LOAD OR EJECT FAILED

3Bh 0Dh M MEDIUM DESTIMATION ELEMENT FULL

3th 00h DT W O MEDIUM FORMAT CORRUPTED

3Ah 0ODh DTL WASOM  MEDIUM NOT PRESENT

53h 02h DT WR CM MEDIUM REMOVAL PREVENTED

3Bh OEh M MEDIUM SOURCE ELEMENT EMPTY

43h 0Oh DTLPWRSOMC MESSAGE ERROR

3Fh 01h DTLPWRSOMC MICROCODE HAS BEEN CHANGED

ibh 0ch D W O MISCOMPARE DURING VERIFY OPERATION

11h OAh 0OT o MISCORRECTED ERROR

2Ah 0O1h DTL WRSOMC MODE PARAMETERS CHANGED

07h 00h DTL WRSOM MULTIPLE PERIPHERAL DEVICES SELECTED

11th 02h DT W 5O MULTIPLE READ ERRORS

00h 0O0h DTLPWRSOMC NO ADDITIONAL SENSE INFORMATION

0Ch 15h R NO CURRENT AUDID STATUS TO RETURN

32h O0Oh D W O NO DEFECT SPARE LOGATION AVAILABLE

11th 08h T NO GAP FOUND

Oith 0Ok D W © NO INDEX/SECTOR SIGNAL

0h 0O0Oh D WR OM NO REFERENCE POSITION FOUND
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(continued)

ASC ASCO DTLPWRSOMC DESCRIPTION

02h 0O0h D WH OM NO SEEK COMPLETE

gs3h 0Oth T NO WRITE CURRENT

28h 0O0h DTLPWRSOMC MOT READY TO READY TRANSITION, MEDIUM MAY HAVE CHANGED
5Ah O1h DT WR OM  OPERATOR MEDIUM REMOVAL HEDUEQT

5Ah 0OO0Oh ODTLPWRSOM  OPERATOR REQUEST OR STATE CHANGE INPUT (UNSPECIFIED)
Eah 03h DT W O OPERATOR SELECTED WRITE PERMIT

EaAh 02h DT W © OPEAATOR SELECTED WRITE PROTECT

61h 02h 5 OUT OF FOCUS

4Eh ©00h DTLPWASOMC OVERLAPPED COMMANDS ATTEMPTED

20h O0Oh T OVERWRITE ERAOR ON UPDATE IN PLACE

aBh 0O5h L PAPER JAM

iAh 00h DTLPWASOMC PARAMETER LIST LENGTH ERROR

28h 0O1h DTLPWRSOMC PARAMETER NOT SUPPORTED

26h 02h DTLPWRSOMC PARAMETER VALUE INVALID

2Ah 00h DOTL WRSOMC PARAMETERS CHANGED

03h 00h OTL W 50 PERIPHERAL DEVICE WRITE FAULT

Soh 02h T POSITION ERROR RELATED TO TIMING

agh  0OCh 5 POSITION PAST BEGINMING OF MEDIUM

aBh 0OBh = POSITION PAST END OF MEDIUM

1Sh 02h DT WR © POSITIONING FRROR DETECTED BY READ OF MEDIUM
2gh 00h DTLPWRSOMC POWER ON, RESET, OR BUS DEVICE RESET OCCURRED
42h 0O0Oh D POWER-ON OR SELF-TEST FAILURE (SHOULD USE 40 NN)
ich 01th D v} PRIMARY DEFECT LIST NOT FOUND

40h 00h D AAM FAILURE (SHOULD USE 40 NM)

i5h 0OOh DTL WRSOM  RANDOM POSITIONING ERRCR

ABh 0Ah 5 READ PAST BEGINNING OF MEDIUM

agh 08h 5 READ PAST END OF MEDIUM

11h O01h DT W SO READ RETRIES EXHAUSTED

i4h 0O1h DT WR O RECORD NOT FOUND

i4h 00h DTL WRSO RECORDED ENTITY MNOT FOUND

18h 02h D WR O RECOVERED DATA - DATA AUTO-REALLOCATED

18h 05h D WR O AECOVERED DATA - RECOMMEND REASSIGNMENT

i8h OBh D WR O AECOVERED DATA - RECOMMEND REWRITE

17h 05h DO WA © RECOVERED DATA USING PREVIOUS SECTOR ID

18h 03h R RECOVERED DATA WITH CIRC

iBh 01h D WR O AECOVERED DATA WITH ERROR CORRECTIOMN & RETRIES APPLIED
{eh ©O0h DT WA O RECOVERED DATA WITH ERROR CORRECTION AFPLIED
18h 04h R RECOVERED DATA WITH L-EC

17h 03h DT WR O RECOVERED DATA WITH MEGBATIVE HEAD OFFSET

i7h 00h DT WRSO AECOVERED DATA WITH NO ERROR CORRECTION APPLIED
17h 02h DT WR O RECOVERED DATA WITH POSITIVE HEAD OFFSET

17h 01h DT WRSO AECOVERED DATA WITH RETRIES

17h 04h WR O RECOVERED DATA WITH RETRIES AND/OR CIRC APPLIED
i7Th 0Bh D W O RECOVERED DATA WITHOUT ECC - DATA AUTO-REALLOCATED
1i7h O7Th D W © RECOVERED DATA WITHOUT ECC - AECOMMEND REASSIGNMENT
i17h DBR D W O AECOVERED DATA WITHOUT ECC - RECOMMEND REWRITE
1iEh O0Oh D W O RECOVERED ID WITH ECC CORRECTION

3Bh 08h T REPOSITION ERROR

ash 0Oh L RIBBON, INK, OR TONER FAILURE

37h 00Oh DTL WRSOMC HROUNDED PARAMETER

Sch Q0h D 0 APL STATUS CHANGE

a9h 0Q0h DTL WRSOMC SAVING PARAMETERS NOT SUPPORTED

&2h 0Oh 5 SCAN HEAD POSITIONING ERROR

47h ©0O0h DOTLPWASOMC SCSI PARITY ERROR

S4h 00h P 5CSI TO HOST SYSTEM INTERFACE FAILURE

45h 00h DTLPWRSOMC SELECT OR RESELECT FAILURE

ANSI X3.131-1994
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Table 71

124

{concluded)

ASC ASCO DTLPWRSOMC DESCRIPTION

agh 00h TL SEQUENTIAL POSITIONIMNG ERROR

aoh 03h T SETMARK DETECTED

38h 0O4h L SLEW FAILURE

09h 03h WR O SPINDLE SEAVO FAILURE

SCh 02h D a SPINDLES MNOT SYNCHROMIZED

5Ch O1h SPINDLES SYNCHRONIZED

1iBh 0O0h DOTLPWRSOMC SYNCHROMOUS DATA TRANSFER ERROR

§5h DOh P SYSTEM RESOUACE FAILURE

ash oth T TAPE LENGTH ERROR

aBh 03h L TAPE OR ELECTRONIC VERTICAL FORMS UNIT NOT READY
3Bh 01th T TAPE POSITION ERROR AT BEGINNING-OF-MEDIUM
aBh 02h T TAPE POSITION ERROR AT END-OF-MEDIUM

4Fh 00h DTLPWRSOMC TARGET OPERATING CONDITIONS HAVE CHANGED

SBh O1h DTLPWARSOM  THRESHOLD CONDITION MET

25h 03h DOTLPWRSOMC THRESHOLD PARAMETERS NOT SUPPORTED

2Ch O1h 5 TOO MANY WINDOWS SPECIFIED

0%h 0O0h DT WR O TRACK FOLLOWING ERROR

a8h  0O1h WA o TRACKING SERVO FAILURE

Bith 0O1h 8 UNABLE TO ACGQUIRE VIDEOD

57h 0Oh R UMABLE TO RECOVER TABLE-OF-CONTENTS

33h 0O1h T UNLOAD TAPE FAILURE

i1th 00h DT WRSO UNRECOVERED READ ERROH

11ih 0dh D W O UNRECOVERED READ ERROR - AUTO REALLOCATE FAILED
iith 0OBR D W o UNRECOVERED READ ERROAR - RAECOMMEND REASSIGMMENT
1th och D W O UNRECOVERED READ ERADA - RECOMMEND REWRITE THE DATA
46h 00h DTLPWRSOMC UNSUCCESSFUL SOFT RESET

58h 0O0h 0 UPDATED BLOCK READ

61h 0O0h 5 VIDED ACQUISITION ERROR

50h 00h T WRITE APPEMD ERROR

50h O1h T WRITE APPEND POSITION ERROR

gch 0O0h T 5 WRITE ERROR

och 02h D W O WRITE ERROR - AUTO REALLOCATION FAILED

OCh O1ih D W o WRITE ERROR RECOVERED WITH AUTD REALLOCATION
27h OCh DT W O WRITE PROTECTED

80h Xxh \

THROUGH > Vendor-specific.

FFh XX f

XXh BOh \

THROUGH = Vendor-specific QUALIFICATION OF STANDARD ASC.
X¥h FFh !

ALL CODES NOT SHOWMN ARE RESERVED.

NOTE - Annex D contains the ASC and ASCO assignments in numeric order.
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8.2.15 SEND DIAGNOSTIC command

The SEND DIAGNOSTIC command [see table 72) requests the target to perform diagnostic operations on itsel, 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. Except whan the self-test bit is one, this command is usually followed by a RECEIVE

DIAGNOSTIC RESULTS command.
Tabla 72 - SEND DIAGNOSTIC command

Bit 7 ] -] 4 3 2 1 a

Byte
0 Operation code (10h)
1 Logical unit number PF  |Reserved|selfTest| DevofL | UnitofL
2 Reserved
3 (MSB) i

Parameter list length —_—
4 {L5B)
5 Cantraol

A page format (PF) bit of one specifies that the SEND DIAGNOSTIC parameters conform to the page structure as
specified in this standard. The implementation of the PF bit is optional. See 8.3.1 for the definition of diagnostic
pages. A PF bit of zero indicates that the SEND DIAGNOSTIC parameters are as specified in SCSI-1 (i.e. all
parameters are vendor-specific).

A self-test (SelfTest) bit of ena directs tha target to complete ils default self-tast. [f the sell-test successfully passes,
the command shall be terminated with GOOD status; otherwise, the command shall be terminated with CHECK
COMNDITION status and the sense key shall be set to HARDWARE ERROR.

A =zali-tesl bit of zero requests that the target perform the diagnostic operation specified in the parameter list. The
diagnostic operation might or might not require a target to return data that contains diagnostic results. If the return
of data is not required, the return of GOOD status indicates successful completion of the diagnostic operation. Ifthe
raturn of data is required, the target shall efther:
a) perform the requested diagnostic cperation, prepare the data to be returned and indicate completion by
returning GOOD status. The inftiator issues a RECEIVE DIAGNOSTIC RESULTS command to recover the data,
b) accept the parameter list, and if no emors are detected in the parameter list, retum GOOD status. The
requested diagnostic operation and the preparation of the data to be returned are performed upon receipt of
a RECEIVE DIAGNOSTIC RESULTS command.

NOTE 92 Te insure that the diagnostic command information is not destroyed by a command sent from another initiator,
gither the SEND DIAGNOSTIC command should be linked to the RECEIVE DIAGNOSTIC RESULTS command or the logical
unit should be reserved,

The device off-line (DevOfl) and unit off-line (UnitOfL) bits are generally set by operating system seftware, while the
parameter list is prepared by diagnostic application software. These bits grant permission to perform vendor-specific
diagnostic operations on the target that may be visible to attached initiaters. Thus, by preventing operations that are
not enabled by these bits, the target assists the operating system In protecting its resources.

A UnitOfL bit of one grants permission to the target to perform diagnostic operations that may affect the user
accessible medium on the logical unit, e.g. write operations to the user accessible medium, or repositioning of the

medium on sequential access devices. The implementation of the UnitOfL bit is optional. A UnitOfL bit of zero
prohibits any diagnostic operations that may be detected by subsequent |/O processes.
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A DevOiL bit of one grants permission to the target to perform diagnostic operations that may affect all the logical
units on a target, e.g. alteration of reservations, log parameters, or sense data. The implementation of the DevOfL
bit iz optional. A DevOfL bit of zero prohibits diagnostic operations that may be detected by subsequent I/O
procasses.

The parameter list length field specifies the length in bytes of the parameter list that shall be transferred from the
initiator to the target. A parameter list length of zero indicates that no data shall be transferred. This condition shall

net be considered an error. If the specified parameter list length results in the truncation of one or more pages (PF
bit set ta one) the target shall return CHECK COMNDITION status with a sense key of ILLEGAL REQUEST and an

additional sense code of INVALID FIELD IN CDB.

See note 83 under the RECEIVE DIAGNOSTIC RESULTS command in 8.2.13.

B8.2.16 TEST UNIT READY command

The TEST UNIT READY command (see table 73) provides a means to check if the logical unit is ready. This iz 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. If the logical unit cannot become operational
or is in a state such that an initiator action (e.g. 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 73 - TEST UNIT READY command

Bit T 6 -] 4 3 2 1 o
Byte

0 Operation code (00h)

1 Lagical unit number Rasarved

2 Reserved

3 Reserved

4 Reszerved

5 Control

Table 74 defines the preferred responses to the TEST UNIT READY cemmand. Higher-priority responses (e.g. BUSY
or RESERVATION COMFLICT) are also permitted.
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Status Sense Key ASC and ASCQ
GooD NO SEMNSE KO ADDITIOMAL SEMSE INFORMATION ar
other valid additional sense cods.
CHECK CONDITION ILLEGAL REQUEST LOGICAL UNIT NOT SUPPORTED __1
CHECK CONDITION | NOT READY LOGICAL UNIT DOES NOT RESFOND
TO SELECTION
CHECK COMDITION | NOT READY MEDIUM NOT PRESENT
CHECK CONDITION | NOT READY LOGICAL UNIT NOT READY,
CAUSE NOT REPORTABLE
CHECK CONDITION NOT READY LOGICAL UNIT I5 IN PROCESS
OF BECOMING READY
CHECK CONDITION HOT READY LOGICAL UNIT NOT READY,
INITIALIZING COMMAND REQUIRED
CHECK CONDITION WMOT READY LOGICAL UNIT NOT READY,
MANUAL INTERVENTION REQUIRED
CHEGCK CONDITION KOT READY LOGICAL UNIT NOT READY,
FORMAT IN PROGRESS

8.2.17 WRITE BUFFER command

The WRITE BUFFER command (see table 75) Is used in conjunction with the READ BUFFER command as a
diagnostic for testing target memaory and the SCS| bus integrity, Additional modes are provided for downloading
microcade and for dewnloading and saving microcode.

Table 75 - WRITE BUFFER command

Cont

Bit 7 = 5 & 3 2 1 0
Byte

a Operation code (3B8h)

1 Logical unit number ] Reserved Mode

2 Buffer ID

3 (MSB) -

4 Buffer offset o
5 (Ls8) |
g (MsB)

7 Parameter list length )
B (L8B) |
]

rol

This command shall not alter any medium of the target when the data mode o the combined header and data mode

is specified.

127

OLYMPUS EX. 1014 - 155/468



ANSI X3.131-18584

The function of this command and the meaning of fields within the command descriptor block depend on tha contents
of the mode field, The mode field is defined in table 76.

Table 76 - WRITE BUFFER mode field

Mode Description Implementation
requirements
000b Write combined header and data Optional
ooib Vendor-speocific Vendor-specific
010b Write data Optional
o11b Resarved Reserved
100k Download microcode Optional
101b Download microcode and save Optional
110b Reserved Reserved
111b Resarved Reserved

NOTE 83 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 length to 65 535 byles,

8.2.17.1 Combined header and data mode (000b)

In thi= mode, data to be transferred is preceded 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 transferred during the DATA OUT phase. This number includes four bytes of header,
50 the data length to be stored in the target's buffer is parameter list length minus four. The initiator should attempl
to ensure that the parametar list length is not greater than four plus the buffer capacity (see 8.2.12.1) that Is returned
in the header of the READ BUFFER command (mode 000b). If the parameter list length exceeds the buffer capacity
targat shall return CHECK CONDITION status and shall set the sanse key to ILLEGAL REQUEST.

B.2,17.2 Vendor-specific mode (001h)

In this mode, the meaning of the buffer ID, buffer offset, and parameter list length fields are not specified by this
standard,

8.2.17.3 Data mode (010b)

In this mode, the DATA OUT phase conlains buffer data. The bufler |D field identifies a specific buffer within the
target. The vender assigns buffer ID codes to buffers within the target. Buffer ID zere shall be supported. If more
than one bufler is supported, additional buffer ID codes shall be assigned contiguously, beginning with one. If an
unsupported buffer ID coda is selecled, the target shall return CHECK CONDITION status and shall set the sense key
to ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN CDB.

Data are written to the target buffer starting at the location specified by the buffer offsel. The initiator should conform
to the offset baundary requirements retumed in the READ BUFFER descriptor, If the target Is unable to accept the
specified buffer offset, it shall return CHECK CONDITION status and it shall set the sense key to ILLEGAL REQUEST
with an additional sense code of INVALID FIELD IN CDB.

The parameter list length specifies the maximum number of bytes that shall be transferred during the DATA OUT
phase to be stored in the specified buffer beginning at the buffer offset. The initiator should attempt to ensure that
the parameter list length plus the buffer offset does not exceed the capacity of the specified buffer. (The capacity
ofthe buffer can be determined by the buffer capacity field in the READ BUFFER descriptor.) If the buffer offset and
parameter list length fields specify a transter that would exceed the buffer capacity, the target shall return CHECK
CONDITION status and shall set the sense key to ILLEGAL REQUEST with an additional sense cede of INVALID
FIELD IN CDE,
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8.2.17.4 Download microcode mode (100b)

In this mode, vendor-speciic microcode or contral 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, butfer offset, and parameter list length fields are not specified by this standard and are not
required to be zero-filled, When the microcode downlead has completed successfully the target shall generate a unit
attention condition for all initiators except the one that issued the WRITE BUFFER command (see 7.9). The additional
sense code shall be sat to MICROCODE HAS BEEN CHANGED,

8.2.17.5 Download microcode 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 successfully, also shall be saved in a non-volatile memory space (semiconductor,
disk, or other). The downloaded code shall then be effective after each power-cycle and reset until it is supplanted
in another download microcode and save operation, 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 download micrecade
and save command has completed successiully the target shall generate a unit attention condition (see 7.9) for all
inttiators except the one that issued the WRITE BUFFER command. When reporting the unit attention condition, the
target shall set the additional sense code to MICROCODE HAS BEEN CHANGED.

8.3 Parameters for all device types

8.3.1 Diagnostic parameters

This subclause describes the diagnostic page structure and the diagnostic pages that are applicable to all SCSI
devices. Pages specific to each device type are described in the third subclause of each device-lypa clause (i.e, 9.3,
10.3, etc.).

A SEND DIAGNOSTIC command with a PF bit of one specifies that the SEND DIAGNOSTIC parametar list consists
of zero or more diagnostic pages and that the data retumed by the subsequent RECEIVE DIAGNOSTIC RESULTS
command shall use the diagnostic page format (see table 77) described in this International Standard.

Table 77 - Diagnostic page format

Bit T & =] 4 2 2 i 0
Byte
0 Page code
1 Reserved
2 (MSB)

— Page length (n-3)

(LSB) |

I N— Diagnostic parameters —

Each diagnostic page defines a function or operaticn that the target shall perform, The page contains a page header
followed by the analysis data that is formatted according to the page code specified in the previous SEND
DIAGMNOSTIC command.

Targets that implement diagnostic pages are only required to accept a single diagnostic page per command.
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The page code field identifies which diagnestic page is being sent or returned. The page codes are defined in table
T8,

Table 78 - Diagnostic page codes

Page code Description Subclause
Q0h Supported diagnostics pages 8.3.1.1

01h - 3Fh Reserved (for all device type paﬁas}

40h - TFh See specific device type for definition

AOh - FFh Vendor-specific pages

The page length field specifies the length in bytes of the diagnostic parameters that follow this 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 se!
to INVALID FIELD 1N PARAMETER LIST,

The diagnostic parameters are defined for each page code, The diagnostic parametars within a page may be defined
differently in a SEND DIAGNOSTIC command than in a RECEIVE DIAGNOSTIC RESULTS command.

B8.3.1.1 Supported diagnostic pages

The supported diagnostics page (ses table 79) returns the list of diagnestic pages implemented by the targel. This
page shall be implemented if the target implements the page format option of the SEND DIAGNOSTIC and RECEIVE
DIAGNOSTIC RESULTS commands,

Table 79 - Supported dlagnostie pagea

Bit 7 & 5 4 3 2 1 o
Byte

0 Paga code (00h)

1 Resarved

2 {MSB)

Page length (n-3) —

3 (LsB)

4
TSR T, Supported page list )

n

The definition of this page for the SEND DIAGNOSTIC command includes only the first four bytes. If the page length
field iz not zerp, the target shall terminate the SEMND DIAGNOSTIC command with CHECK CONDITION status. The
sense key shall be set to ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN FARAMETER LIST.
This page Instructs the target to make avallable the list of all supported diagnostic pages to be retumed by a
subsequent RECEIVE DIAGNOSTIC RESULTS command.

The definition of this page for the RECEIVE DIAGNOSTIC RESULTS command includes the list of diagnostic pages
supported by the target,

The page length field specifies the length in bytes of the following supported page list.

The supported page list field shall contain a list of all diagnestic page codes implemented by the target in ascending
order beginning with page code 00h.
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8.3.2 Log parameters
This subclause describes the log page structure and the log pages that are applicable to all SCS| devices. Pages
specific to each device type are described In the third subclause of each device-type clause (l.e. 9.3.2, 10.3.2, etc.).

The LOG SELECT command supports the ability to send zero or more log pages. The LOG SENSE command retums
a single log page specified in the page code field of the command descriptor bleck (see B.2.7).

Each log page begins with a four-byte page header followed by zero or more variable-length log parameters defined
for that page. The log page format is defined in lable 80.

Table 80 - Log page format

Bit T B ) 4 3 2 1 0
Byte
0 Reserved Page code
1 Aeserved
2 (MsSB)

Page length (n-3) =i
3 (LSB}

Log parameters(s)

4 Leg parameter (Firat)

Lo ol (Length X} =
x+3
n-y+1 Log paramater (Last)

U] [N {Length y) =

The page code field identifies which log page Is being transferred.

The page length field specifies tha length in bytes of the following log parameters, 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.

Mest log pages contain one er more special data structures called log parameters (see table 81). Log parameters
may be data counters that record a count of a particular event (or events) or log parametars may be list parameters
{strings) which contain a description of a particular event,
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Table 81 - Log parametar

Bit T & 5 4 3 2 1 (4}
Byte
a (MSB)
Parameter code —
i (LSB)
U i DS | TSD | ETC i ™G Reserved| LP

Parameter length (n-3)

| @ | o

o —— Parameter value —_—

Each log parameter begins with a four-byte parameter header followed by one or more bytes of parameter value data
The parameter code field identifies the log parameter is being transferred for that log page.

The DU, DS, TSD, ETC, TMC, and LP fields are collectively referred to as the parameter control byte. These fields
are described below,

For cumulative log parameter values (indicated by the PC field of the LOG SELECT and LOG SEMNSE command
descriptor block), the disable update (DU) bit Is defined as follows:
a) A zero value Indicates that the target shall update the log parameter value to reflect all events that should be
noted by that parameter.
b) 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,

NOTE 84 When updating cumulative log parametar values, a target may use volatile memaory te hold thesa valuas until a
LOG SELECT or LOG SENSE command is received with an SP bit of one (or a target-defined avent occurs). Thus the
updated cumulative log parameter values may be lost if a power cycle ocours.

The DU bit is not defined for threshold values (indicated by the PC field of the LOG SENSE command deseripter
block) nor for list parametars (indicated by the LP bit). The target shall ignore the value of any DU bits in a LOG

SELECT command.

A disable save (D3) bit of zero indicates that the target supports saving for that log parameter. The target shall save
the current eumulative or the eurrent threshold 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 an 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 an SP bit of one.

A target save disable (TED) bit of zero indicates that the target provides a larget-defined methed for saving log
parameters. This implicit saving operation shall be done frequently 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 does
not provide a target-defined mathod for saving leg parameters or the target-defined methed has been disabled by
the initiator,

An enable threshold comparison (ETC) bit of one indicates that a comparisen to the threshald value is performecd
whenever the cumulative value is updated. An ETC bit of zero indicates that a comparison is not performed. The
value of the ETC bit is the same for cumulative and thresheold paramaters.

The threshold met criteria (TMC) field (see table 82) defines the basis for comparison of the cumulative and threshold

values. The TMC field is valid only if the ETC bit is one. The value of the TMC field is the same for cumulative and
threshold parameters.
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Table 82 - Thresheld met criterla

Code Basis Tor comparison

00b Every update of the cumulative value

0ib Cumulative value equal threshold value
10b Cumulative value not equal threshold value
11b Cumulative value greater than threshold value

If the ETC bit is one and the result of the comparison s true, a unit attention condition shall be generated for all
initiators. When reporting the unit attention condition, the target shall set the sense key to UNIT ATTENTION and set

the additional sense code to THRESHOLD CONDITION MET.

The list parameter (LP) bit indicates the format of the log parameter. If an Initlator attempts to set the value of the
LP bit to a value other than the ana returned for the same parameter in the LOG SENSE command, the target shall
tarminate 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 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 one of these events occurs by incrementing of the counter value. If
gach 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 dala counter reaches its maximum valus, the
target shall set the associated DU bit to cne. [f the data counter is at or reaches its maximum value during the
enecution of a command, the target shall complete the command. If the command completes comectly (except for
the data counter being at its maximum value) and if the ALEC bit of the control mode page (8.3.3.1) is set to one;
then the target shall terminate the command with CHECK CONDITION status and set the sense key to RECOVERED
ERRCRA with the additional sense code set to LOG COUNTER AT MAXIMUM.

An LP bit of one indicatas that the paramater is a list parameter. List parameters are not counters and thus the ETC
and TMC fields shall be sat to zero. Alist parameter is a string of ASCIl graphic codes (i.e. code values 20h through
7Eh).

If mare than ene list parameter is defined in a single log page, the following rules apply to assigning parameter
codes:

a) The parameter updated lastshallhave a higher paramater code than the previous parameter, except as defined
in rule b).

b) Whan the maximum parameter code value supported by the target is reached, the target shall assign the
lowest parameter code value to the next log parameter (i.e. wrap-around parameter codes). If the associated
command completes correctly (except for the paramater code baing at its maximum value) and if the RLEC
bit of the control mode page (8.3.3.1) is set to one; then the target shall terminate the command with CHECK
CONDITION status and set the sense key to RECOVERED ERROR with the additional sense code set to LOG
LIET CODES EXHAUESTED.

MOTE 85 List parameters can be used 1o store the locations of defective blocks in the following manner. When a defective
block s identified, a list parameter is updated to reflect the location and cause of the defect. Whan the next defact s
encountered, the list parameter with the next higher parameter code is updated to record this defect. The size of the page
can be made larget specific to accommodate memory limitations. It is recommended thal one or more data counter
parameters be defined for the page to keep track of the number of valid list parameters and the parameter code of the
parameter with the oldest recorded defect. This technigue can be adapted to record other types of information.

The parameter length field specifies the length in bytes of the following parameter value. If the initialor sends a

parameter length value that results in the truncation of the parameter value, the target shall terminate the command
with CHECK COMNDITION status. The sense key shall be set to ILLEGAL REQUEST with the additional sense code

set to INVALID FIELD IN PARAMETER LIST,
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If the Initiator sends a log parameter value that is cutside the range supported by the target, and rounding is
implemented for that parameter, the target may either:
a) round to an acceptable value and terminate the command as described in 7.5.4; or
b) terminate the command with CHECK CONDITION status and set the sense key to ILLEGAL REQUEST with the
additional sense code =et to INVALID FIELD IN PARAMETER LIST.

When any counter in a log page reaches its maximum value, inerementing of all counters in that log page shall ceas
until reinitialized by the initiator via a LOG SELECT command. |fthe ALEG bit of the contral mode page is one, ther
the target shall report the exceptien condition,

The page code assignments for the log pages are listed in table 83.

Table 83 - Log page codes

Page code Description Subclause
oih Buffer over-runfunder-run page 68.3.2.1
03h Error counter page (read) page 8.3.2.2
04h Error counter page (read roverss) page 8.,3.2.2
05h Error counter page (verify) page B.3.2.2
02h Error counter page (write) page 8.3.2.2
07h Last n error evants page 8,3.2.3
0&h Non-medium error page B.2.2.4
00h Supported log pages 8.3.2.5

08h - 2Fh Reserved
3Fh Reserved

30h - 3Eh Vendor-specific pages

8.3.2.1 Buffer over-run/under-run page

The buffer over-run/under-run page (page code 01h) 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 huffer over-run or under-run can cccur when an initiator does not transmit data to or from the target's buffer fasl
encough to keep up with reading or writing the media. This can be caused by a slow transfer rate across the SCSi
bus or by a high SCSI bus utilization that prevants reconnection by the target. A buffer over-run condition can occu
during a read operation when a buffer full condition prevents continued transfer of data from the media to the buffer
A buffer under-run condition can occur during a write operation when a buffer empty condition prevents continued
transfer of data to the media from the buffer. Most devices incur a delay at this point while the media is repositioned

Table B4 defines the paramater code field for the buffer over-run/under-run counters.

Table B4 - Parameter code flald for buffer ovar-run/under-run countars

Bit 7 & s 4 3 2 1 ]
Byte

0 Reserved

1 Count basis Cause Type

The parameter code field for butter over-run/under-run counters is a 16-bit value comprised of elght reserved bits.
a three-bit count basis field (see table 85), a four-bit cause field (see table B6), and a one-bit type field. These are
concatenated to determine the value of the parameter code for that log parameter. For example, a counter for
parameter code value of 0023h specifies a count basis of 001b; a cause of 0001b; and a type of 1b; this counter [=
incremented once per command that experiences an over-run due to the SC8| bus baing busy.
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Table 85 - Count basis definition

Count basis Description

o
100b

000k
001b
010b
1b

- 111b Reserved

Undefined

Fer command

Per failed reconnect
Per unit of time

The count basis field defines the criteria for incrementing the counter. The following criteria are defined:

MNOTE 26 The per unit of time count basis fs device type specific. Direct-access devioes typically use a latency period (Le.
one revolution of the medium) as the unit of time,

The cause field indicates the reason that the over-run or under-run occurred. The following causes are defined in

table 86,
Table 86 - Cause fisld definition
Causa Description
Oh Undefined
1h 3C8] bus busay
2h TransTer rate too slow
3h - Fh |Reserved

The type field indicates whether the counter records under-runs or over-runs. Avalue of zere specifies a buffer under-
run condition and a value of one specifies a buffer over-run condition,

The counters contain the total number of times buffer aver-run or under-run conditions have occurred since the last
time the counter was cleared. The counter shall ba 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.

B.3,2.2 Error counter pages

This clause defines the optional error counter pages for write efrors (page code 02h), read errors (page code 03h),
read reverse errors (page code 04h) and verify errors (page code 05h). The log page format Is defined near the
beginning of 8.3.2. A page can relurn one or more log paramelers this record events defined by the parameter

codes.

Table 87 defines the parameter codes for the error counter pages. Suppert of each log parameter is optional,

Table 87 - Parameter codes for error counter pages

Parameter code

Description

0000h
0001h
0002h
0003h
0004h
0005h
Qo06h
0007h - TFFFh
8000h - FFFFh

Errors corrected without substantial delay
Errors corrected with possible delays
Tetal (e.g. rewrites or rereads)

Total errors corrected

Total times correction algerithm processed
Total bytes processed

Total uncorrected errors

Resarved

Vendor-specific
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NOTE 97 The axact definition of the error counters is not part of this standard. These counters should not ba used ta
compare products because the products may define emrors differently.

8.3.2.3 Last n error evaenls page

Log page (07h) provides for a number of efror-event records using the list parameter format of the log page. The
number of these error-event records supported, n, is device-specific. Each errar-event recard contains device-specific
diagnostic infarmation for a single error encountered by the device. The parameter code associated with error-event
record indicates the relative time at which the error occurred. A higher parameter code indicates that the error event
cccurred later in time,

The content of the parameter value field of each log parameter is an ASCII character string which may describe the
error avant. The exact contents of the character string is not defined by this standard,

When the last supported parameter code 5 used by an eror-event record, the recording on this page of all
subsequent error information shall cease until cne or more of the list parameters with the highest parameter cedes

have been reinitialized. If the RLEC bit of the control mode page (8.3.3.1) Is set to one, the target shall return CHECK
CONDITION status with the sense key set to RECOVERED ERROR and the additional sense code set to LOG LUST

CODES EXHAUSTED. Alternatively, the target may report this condition via asynchronous event notification (see
7.5.6).

8.3.2.4 Non-medium error page

This page (page code 06h) provides for summing the occurrences of recoverable error events other than write, read,
or varify failures. No discrimination among the various types of events is provided by parameter code {see table 88).
Vendor-specific discrimination may be provided through the vendor-specific parameter codes,

Table 88 - Non-medium error evenl parameler codes

Parameter code Description
000oh Non-medium error count
0001h - 7FFFh Reserved
8000h - FFFFh Vendor-specific error counts

8.3.2.5 Supported log pages

The supported log page (see table 89) returns the list of log pages implemented by the target. Targets that
implement the LOG SENSE command shall implement this log page.

Table 89 - Supported log pages

Bit T 8 b 4 3 2 1 0
Byte

0 Reserved Page code (00Dh)

1 Reserved

2 (MSB)

Page length (n-3) —

3 (LsB)
4
— — Supported page list

n
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This page is not defined for the LOG SELECT command. This log page returns the list of supported log pages for
the specified logical unit.

The page length field specifies the length in bytes of the following supported page list.

The supported page list field shall contain a list of all log page codes Implemented by the target in ascending erder
beginning with page cade 00h.

8.3.3 Mode parameters

This subclause describes the block descriptors and the pages used with MODE SELECT and MODE SENSE
commands that are applicable to all SCS| devices., Pages specific to each device type are described in the third

subclause of each device-type clause (i.e. 8.3, 10.3, etc.).

The mode parameter list shown in table 80 contains a header, followed by zero or more block descriptors, followed
by zero or more variable-length pages. Parameter lisls are defined for each device type.

Table 80 - Mode parametar list

it
Byte

T & 3

4

3

0-n

Mode parameter header

0-n

Block descriptor(s)

0-n

Page(s)

The six-byte command descripter block parameter header is defined in table 91,

Table 91 - Mode parameter header(&)

Bit
Byte

[ € 5

4

3

2 1 0

Mode data length

Medium type

Device-specific parameter

Block descriptor length

The ten-byte command descriptor block parameter header is defined in table 82,
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Table 82 - Mode parameter header(10)

Bit 7 8 5 4 3 2 1 v}
Byte
o (MsB)
Mode data length -
1 (LSB)
2 Medium type
3 Device-specific parameter
4 Reserved
5 Rasarved
& (MsB)
Block descriptor langth P
7 (LSB)

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. When using the MODE
SELECT command, this field is reserved.

NQTE 98 Targets thal support more than 258 bytes of block descriptors and pages may need lo implement ten-byte mode
commands. The mode data length field in the six-byte command descriptor block header limits the returned data to 258

bytes.

Medium types are unique for each device type. Refer to the mode parameters clause of the specific device type 1o
definition of these values. Some device types reserve this field.

The device specific parameter is unique fer each device type. Refer to the mode parameters clause 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 length in bytes of all the block descriptors, It is equal to the number of
block descriptors times eight, and does not include pages or vendor-specific 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 made
parameter list, This condition shall not be considered an error,

The mode parameter block descriptor is shown in table 93,

Table 93 - Mode parameter block deseriptar

. ,E:t 7 s 5 4 3 2 1 0
a Density code

1 (M5B)

2 Number of blocks ==
3 (LsB) |
4 Reserved

5 {MsB)

B Block length T
7 (LsB) |
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Block descriptors specify some of the medium characteristics for all er part of a logical unit. Suppert for block
descriptors is optional, Each block descripter contains a density code field, a number of blocks field, and a block
length field. Block descriptor values are always current (i.e. saving is not suppaorted), A unit attention condition (see
7.9) shall be generated when any block descriptor values are changed.

The density code field Is unique for each device type, Refer to the mode parameters clause of the specific device type
for definftion of this field, Some device types reserve all ar part of this field.

The number of blocks field specifies the number of logical blocks on the medium to which the density code and block
length fields apply. A value of zera indicates that all of the remalning logical blocks of the logical unit shall have the
medium characteristics specified.

MOTE 29 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 valuas that achieve best parformanca) for the sectors per
track, bytes per physical sector, track skew factar, and cylindar skew factor fields in the format paramaters page, In this
case, the target may change parameters not explicitly sent with the MODE SELECT command, A subsequent MODE
SEMSE command would reflect thesa changes.

The number of remaining logical blocks may be unknown for some device types.
The block length specifies the length in bytes of each logical block described by the block descriptar, For sequential-
access devices, a block length of zero indicates that the logical block size written to the medium is specified by the
transfer length field in the command descriptor block (see 10.2.4 and 10,.2.14)

The mode page format is defined in table 94,

Table 94 - Mode page format

Bit 7T & 5 4 3 2 1 0
Byte
0 P5 Reserved Page code
1 Page length (n-1})
2
Mode parameters —
n

Each mode page contains a page code, a page length, and a sel of mode parameters. The page codes are defined
in this subclause and in the mode parameter subclauses of the specific device type.

When using the MODE SENSE command, a parameters savable (PS) bit of cne indicates that the mode page can
be saved by the targel in a non-volatile, vendor-specific location. A PS bit of zero indicates that the supported
parameters cannot be saved, When using the MODE SELECT command, the P3 bit is reserved.

The page code field identifies the format and parameters defined for that mode page. Some page codes are defined
as applying to all device types and other page codes are defined for the specific device type.

When using the MODE SENSE command, if page code 00h (vendor-specific page) is implemented, the target shall
return that page last in responsa to a request to return all pages (page code 3Fh), When using the MODE SELECT
command, this page should be sent last.

The page length field specifies the length in bytes of the mode parameters that follow. If the initiator does not set
this value lo the value that is returned for the page by the MODE SENSE command, 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 target is permitted to implement a mode page that is
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less than the full page length defined in this standard, provided ne field is truncated and the page length fiel

corractly spacifies the actual length implemented,

The mode parameters for each page are defined in the following subclauses, or in the mode parameters subclaus:

for the specific device type. Mode parameters not implemented by the target shall be set to zero,

Table 95 defines the mode pages that are applicable to all device types that include the MODE SELECT and MODE

SENSE commands.

Table 85 - Mode page codes

Page cade Description Subclausa
0ah Control moede page 8.53.3.1
02h Disconnect-reconnect page 8.,3.3,2
08h Peripheral device page 8.3.43.8
o1h (588 specific device type

03h - 08h See specific device type

OBh - 1Fh Sea spacific device type
00h Vendor-specific (does not require pnga format)

20h - 3Eh Vendor-specific (page Tormat required)
aFh Return all pages

(valid only for the MODE SENSE command)

8,3.3,1 Control mode page

The control mode page (see table 96) provides controls over several SCSI-2 features that are applicable to all devio
types such as tagged queuing, extended contingent allegiance, asynchrancus event netification, and errer loggine

Table 86 - Control mode page

Bit 7 6 5 4 3 2 1 i)
Byte

0 Ps Reserved Page code (0Ah)

1 Page length (08h)

2 Resarved RLEG
3 Queue algorithm modifier | Reserved QErr Daue
4 EECA Resarved | RAENP | UAAENP | EAENP
5 Resarved

g (M5B)

Ready AEN holdoff period —a

T ({LSB)

A report log exception condition (RLEC) bit of one specifies that the target shall report log exception conditions a

described in 8.2.2. A RLEC bit of zero specifies that the target shall not report log exception coanditions,

The gueue algarithm madifier field (see table 87) specifies restrictions on the algorithm used for reordering command

that are tagged with the SIMPLE QUEUE TAG message.
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Table 97 - Queue algorithm meodifier

Value pefinition

Oh Restricted reordering

ih Unrestricted reordering allowed
2h - 7h Reserved
gh - Fh Vendor-specific

Avalue of zero in this field specifies that tha target shall order the actual execution sequence of the commands with
a SIMPLE QUEUE tag such that data Integrity is maintained for that initiator. This means that, if the transmission of
new commands is halted at any time, tha final value of all data cbservable 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 restricted reordering value shall be the default value.

A value of one in this field specifies that the target may reorder the actual execution sequence of the commands with
a SIMPLE QUEUE tag in any manner. Any data integrity exposures related to command sequence order are explicitly
handled by the initiator through the selection of appropriate commands and queue tag messages,

A queus errar management (QEr) bit of zero specifies that remaining suspended I/O process shall resume atter the
contingent allegiance condition or extended contingent allegiance condition (see 7.8).

A QErr bit of one specifies all remaining suspended |/O processes shall be aborted after the contingent allegiance
condition or extended contingent allegiance condition (see 7.8). A unit attention condition (see 7.9) shall be
generated for each initiator that had a suspended |/O process aborted except for the initiater that had the contingent
allegiance condition or extended contingent alleglance condition. The target shall set the additional sense code to
TAGGED COMMANDS CLEARED BY ANOTHER INITIATOR.

A disable queuing (DQue) bit of zero specifies that tagged queuing shall be enabled if the target supports tagged
gueuing. A DQue bit of cne specifies thal tagged queuing shall be disabled. Any gueued commands for that |_T_x
nexus shall be aborted. Any subsequent queue tag message received shall be rejected with a MESSAGE REJECT
message and the |/O process shall be executed as an untagged command (see 7.8.1),

An enable extended contingent allegiance (EECA) bit of one specifies that extended contingent allegiance is enabled
{see 7.7). 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. When all three bits are zero, the target shall not create asynchronous event notifications.

A ready AEN permission (RAENP) bit of one 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
spacifies that the target shall net issue an asynchrenous event notification upon completing its initialization sequence.

NCTE 100 If the targel’s default value for the RAENP bit is one and it does not implament 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 creating a unit attention condition upen detecting an event that would cause a unit attention
condition (other than upon completing an initialization sequence). A UAAENP bit of zero specifies that the target shall
not issue an asynchronous event notification instead of creating a unit attention condition,

An error AEN permission (EAENF) 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 tha next command, An

EAENP bit of zero specifies that the target shall not report deferred error conditions via an asynchronous event
natification.
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The ready AEN heoldoff period field specifies the minimum time in milliseconds after the target starts its initialization
sequence that it shall delay before attempting to issue an asynchronous event notification. This value may be
rounded up as defined in 7.5.4.

8.3.3.2 Disconnect-reconnact page

The disconnect-reconnect page (see table 58) provides the initiator the means to tune the perdformance of the SCS|

bus.

Table 98 - Disconnect-reconnect page

Bit T ] 5 4 3 2 1 0
Byte
0 PS Reserved Page code (02h)
1 Page length (OEh)
2 Buffer full ratio
3 Buffer empty ratio
4 {MSB)
Bus ipactivity limit —_—
5 {LsB}
<] (MSB)
Disconnect time limit —_
7 (LEB)
8 [MSB)
Connect time limit —
] (L3B)
10 (MSB)
Maximum burst size —
11 (LSB)
12 Rasarved 0TDC
13 Reserved
i4 Reservad
15 Resarved

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 requested ratio should round down to the nearest implemented ratio

as defined in 7.5.4,

The buffer empty ratio field indicates to the target, on write operations, how empty the buiffer 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 7.5.4.

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 initiate reselection consistent with the disconnact time limit
parameter. These parameters are advisory to the target.

MOTE 101 As an example, consider a target with ten 512-byta buffars and a specified buffer full ratio of 3Fh. The formula
is. INTEGER((ratio/258) *number of buffers). Thus INTEGER((3Fh/256)*10) = 2. The target should attempt to reselect the

initiator on read operations whenever two or more bulfers are full,
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The bus inactivity limit field indicates the maximum time in 100 ys increments that the target is permitted lo assert
the BSY signal without a REQ/ACK handshake. If the bus inactivity limit Is exceeded the target shall attempt to
diseonnect if the inftiator has granted the disconnect privilege (see 6.6.7) and it is not restricted by DTDC, This value
may be rounded as defined in 7.5.4. A value of zero indicates that there is no bus inactivity limit.

The disconnect time limit field indicates the minimum time in 100 ys increments that the target shall wait after
releasing the SC8| bus before attempting reselection. This value may be rounded as defined in 7.5.4. A value of
zero indicates that there is no disconnect time limit.

The cennect time limit field indicates the maximum time In 100 gs increments that the target is allowed to use the
5CS1 bus before disconnecting, if the iniliator has granted the disconnect privilege (see 6.6.7) and it is not restricted
by OTDC. This value may be rounded as defined in 7.5.4. A value of zero Indicates that there is no connect tima
limit.

The maximum burst size field indicates the maximum amount of data that the target shall transter during a data phase
befora disconnecting if the initiator has granted the discennect privilege, This value is expressed in increments of
512 bytes (e.g. a value of one means 512 bytes, two means 1024 bytes, etc.). A value of zero indicates there is no
limit on the amount of data transferred per connection.

The data transfer disconnect control (DTDC) field (see table 29) defines further restrictions on when a disconnect is
permitted.

Table 89 - Data transfar diaconnect control

oTDoC Dezcription

0ob Data transfer disconnect control is not used. Disconnect is
controlled h{ the other fields in this page.

oib A target shall not attempt to disconnect once the data transfer of
a command has started until all data the command is to transfer has
bean transferred. The conpect time limit and bus inactivity limit
are ignored during the data transfer,

10b Reserved

11b A target shall not attempt to disconnect once the data transfer of
a command has started, until the command is complete. The cennect
time limit and bus inactivity limit are ignored once data transfer
has started.

fDTDC is non-zero and the maximum burst size Is non-zero, the target shall return CHECK CONDITION status, The
sense key shall be set to ILLEGAL REQUEST and the additional sense code set to ILLEGAL FIELD IN PARAMETER
LIST.
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8.3.3.3 Paripheral device page

The peripheral device page (see table 100) is used to pass vendor-specific information between an initiator and =
peripheral interface below the target (i.e. between the target and the peripheral device). This standard does no
define the format of this data, except lo provide a standard header.

Table 100 - Peripheral device page

Bit T -] 5 4 3 2 1 1)
Byte
0 Ps Reserved Page code (09h)
1 Page length (n-1)
2 (M3B)
Interface identifier —_—
3 (LEB)
4 Reservad
5 Resarved
- Reserved
T Reserved
a8
Vendor-spacific —_—
n
Interface Identtfier codes are dofined in the table 101,
Table 101 - Interface |dentifler codes
ANSL/ISO
Code value Interface Reference standard
0000h Small computer system interface X3.131-1994
0001h Storage module interface X3.81M-1887
0002h Enhanced small device interface X¥3.1704a-13291
0003h Intelligent peripheral interface-2 8318-2-1890
0004h Intelligent peripheral interface-3 8318-3-1880
9318-4-1592
0005h - 7FFFh Reserved
20Q0h - FFFFh Vendor-specific

8.3.4 Vital product data parameters

This clause describes the optional vital product data page structure and the vital product data pages (see table 102)
that ara applicable to all 3CS] devices, These pages are optionally returned by the INQUIRY command (8.2.5) and
conlain vendor-specific product information about a target or logical unit. The vital product data may include vendor
Identification, 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.
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Table 102 - Vital product data page codes

Page code Description Subclause
B82h ASCII implemented operating definition page B.3.4.1

01h - 7Fh ASCII infermation page 8.3.4.2
81ih Implemented operating definition page 8.3.4.,3
Qoh Supgartad yital product data pages B.3.4.4
BOh Unit serial number page 8.3.4.5

B3h - BFh Reserved

Goh - FFh ! Vendaor-specific

8.3.4.1 ASCIl Implemented operating definition page

The ASCIl implementad operation definition page (see table 103) contains operating definition description data for
all operating definitions Implemented by the target. The contents of this data is net defined by this standard,

Table 103 - ASCIll implemented opearating definition

Bit [4 & 5 4 3 2 1 a

Byte

o Feripheral gqualifier Peripheral device typs

1 Page code (B82h)

2 Rezarved

3 Page length (n-3)

4 ASCII pperating definition description length (m-4)
-:- — ASCII operating definition description data J—

m+1
—n- — Vendor-specific description data —

The paripheral qualifiar field and the peripheral device type field are as defined in 8.2.5.1.

The page length 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 ASCIl operating definition description length field specifies the length in bytes of the ASCIl operating definition
description data that follows. Ifthe allocation length is less than the length of data to be returned, the ASCI| operating
definition description length shall not be adjusted to reflect the truncation. A value of zere in this field indicates that
no ASCIl operating definition description data Is available.

The ASCI| operating definition description data field centains the ASCIl operating definition description data for the
target or logical unit. The data in this field shall be formatted in lines [or character strings). Each line shall contain
only graphic codes (l.e. code values 20h through TEh) and shall be terminated with a NULL (00h) character.
8.3.4.2 ASCIl information page

The ASCIl information page (see table 104) returns informaticn for the field replaceable unit code returned in the
REQUEST SENSE data (see 8.2.14).
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Table 104 - ASCIl Informatlon page

Bit 7 -1 - 4 3 2 1 [+
Byte
a Peripheral gualifier Paripheral device type
1 Page code (01h - 7Fh)
2 Reservad
3 Page length (n-3)
4 ASCII length (m-4)
5
Sapigh = ASCII information )
m
m1 { ;
- - Vendor-gspecific information —_—
n

The peripheral qualifier field and the peripheral device type field are dafined in 8.2.5.1.

The page code field contains the same value as in the page code field of the INQUIRY command descriptor block
{sea 8.2.5) and is associated with the field replaceable unit code retumed by the REQUEST SENSE command.

MNOTE 102 The field replaceable unit field in the sense data provides for 255 possible codes, while the page code field
provides for only 127 possible codes, Thus it is not possible to return ASCI information pages for the upper code velues,

The page length field specifies the length of the following page data. If the aflocation length of the command
descripter block is too small ta transfer all of the page, the page length shall not be adjusted to reflect the truncation.

The ASCI| length field specifies the length in bytes of the ASCIl information that follows. If the allocation length is less
than the length of the data to be returned, the ASCIl length shall nat be adjusted to reflect the truncation. A value
of zero in this field indicates that no ASCIl information Is available for the specified page code.

The ASCII information field containg ASCII information conceming 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 (j.e. code values 20h through 7Eh) and shall be terminated with a MULL (00h) character,

The contents of the vendor-specific information field is not defined in this standard,

8.3.4.3 Implemented operating definition page

The implementad operating definition page (see table 105) defines the current operating definition, the default

operating definition, and the operating definitions implemented by the target, These operating definition values are
specified in the CHANGE DEFINITION command (see 8.2.1).
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Table 105 - Implemented operating definition page

Bit i & 5 4 3 2 1 0
Byte
u] Peripheral gualifier Peripheral device type
1 Page code (B1h)
2 Resarved
3 Fage length (n-3)
a4 Reserved Current operating definition
5 Savimp Default operating definition
-] Savimp )
+ Supported operating definition list —
n SavImp

The peripheral qualifier field and the peripheral device type field are defined in 8.2.5.1.

The page length field specifies the length of the following operating definitiens. If the allecation 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.

For each operating definition, there is an associated save implemented (Savimp) bit. A Savimp bit of zero indicates
that the comresponding operating definition parameter cannot be saved, A Savimp bit of one indicates that the

corresponding operating defintion parameter can be saved.

All returned operating definitions use the codes defined In table 33. The current cperating definition field returns the
value of the present operating definition. If no operating definition is saved, the default operating definition field
returns the value of the operating definition the target uses when power is applied, The supported operating definition
list returns one or more operating definitions Implemented by the target.
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8.3.4.4 Supported vital product data pages

The supported vital product data pages are shown in table 108.

Table 106 - Supported vital product data pages

Bit
Byte

P

5

4

3

2 1 0

Peripheral gualifier

Peripheral device type

Page code (00h)

Aeserved

Page length (n-3)

B W@ | s

Supported page list

The peripheral qualifier field and the peripheral device type field are defined in 8.2.5.1.

The page code field shall be set to the value of the page code field in the INQUIRY command descriptor block (see

8.2.5).

The page length field specifies the length of the supported page list. |f the allocation length is too small to transfer
all of the page, the page length shall not be adjusted to reflect the truncation.

The supported page list field shall contain a list of all vital product data page codes implementad for the target or

logical unit in ascending order beginning with page code 00h.
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This page (see table 107) provides a product serial number for the target or logical unit.

Table 107 - Unit serlal number page

Bit 7 6
Byte

4

a

2 1 v]

o Peripheral qualifier

Peripheral device type

-

Page code (B0Oh)

Reserved

Page length (n-3)

F I

=

Product serial number —_—

The peripheral qualifier field and the peripheral device type field are defined in 8.2.5.1.

The page length field specifies the length of the product serial number. [f 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 ASCI| data that is vendor-specific. The least significant ASCIl character of
the sarial number shall appear as the last byte of a successful data transfer. If the product saerial number is not
available, the target shall return ASCIl spaces (20h) in this field.
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9 Direct-access devices

9.1 Direct-access device model

Direct-access devices store blocks of data for later retrieval. Each block of data is stored at a unique logical bloc!
address, An initiator issues WRITE commands to store the blocks of data (write operations) and READ command:
lo retrieve the blocks of data (read operations). Other commands jssued by the initiator may also cause write ant
read operations to cccur. A write operation causes a block of data to be written on the madium. A read operatior
causes a block of data to be read from the medium. A verify operation confirms that a block of data can be reac
without error from the medium,

Elocks of data are stored by a process that causes localized changes or transitions within the medium. The change:
made to the medium to store the blocks of data may be volatile (i.e. not retained through a power cycle) or nan
volatile (retained through a power cycle). The medium may be divided in parts that are used for data blocks, part:
that are reserved for defect management, and parts that are reserved for use by the controller for the managemen
of the device.

9.1.1 Removable medium

The medium may be removable (e.g. used in a floppy disk drive) or non-removable (e.g. used in a hard disk drive)
Removable medium is contained within a cartridge (or jackel) to pravent damage to the recording surfaces. The
combination of medium and cartridge is often called a volume,

Avolume has an attribute of being mounted or de-mounted on a suitable transport mechanism. Avolume is mountec
when the direct-access device Is capable of performing write or read operations to the medium, A mounted volums
may not be accessible by an initiater if it is reserved by ancther initlator. A velume is de-mounted at any other time
{e.g. during loading, unloading, or storage).

An initiater may check whether a volume is mounted by issuing a TEST UNIT READY command. A volume that i
loaded may need a START STOP UNIT command issued to become accessibla 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 integrity. If the direct-access device implements cache memory, it musl ensure
that all logical blocks of the medium contain the most recent data prior to permitting demounting of the volume, |
the initiator issues a START STOP UNIT command to eject the cariridge, and the direct-access device is preventec
from demounting by the PREVENT ALLOW MEDIUM REMOVAL command, the START STOP unit command I
rejected by the direct-access device.

5.1.2 Loglcal blocks

Blocks of data are stored on the medium along with additional information that the controller uses to manage the
storage and retrieval. The format of the additional information is unigue and is hidden from the initiator during norma
read or write operations. This additional information is often used to identify the physical location of the blocks o
data and the addrass of the logical block, and lo provide protection against the loss 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 numbes
of logical blocks available en the medium. A READ CAPACITY command may be issued to determine the value o
[n-1]. It a command Is issued that requests access to a logical block not within the capacity of the medium, the
command is tarminated with CHECK CONDITION.

The number of bytes of data contained in a legical block is known as the block length, Each loglcal block has 2
block length associated with it. The block length may be different for each logical block on the medium, However

in a typical device only one block length is used at a time. The block descriptor in the MODE SENSE data describes
the block lengths that are used on the medium. A MODE SELECT command can be used to set up extents. Ar
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extent is a specified number of logical blocks that have the specified block length. The FORMAT UNIT command
is typically required to change the block length of devices that suppaort variable block lengths and make the extants
that were setup active.

The location 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 logical
block at address [x] and then the logical bleck at address [¥+1] need not be less than time to access [x] and then
[x+100]. The READ CAPACITY with a PMI bit of one Is useful in determining where longer access times occur.

9.1.2 Ready state

A direct-access davice Is ready when medium access commands can be exscuted. A device using removable media
is usually not ready until a volume iz mounted, Such a device, with a velume net mountad, normally returns CHECK
COMNDITION status and sets the sense key to NOT READY.

Some direcl-access devices may be switched from being ready to being not ready by using the START STOP UNIT
command. An Initiator may need to issue a START UNIT command to bring a device ready.

9.1.4 Initialization

Many direct-access devices reguire initialization prior to write or read operations. This initialization is usually
performed by a FORMAT UNIT command., Parameters related to the geometry and performance characteristics can
ba sat with the MODE SELECT command prior to the format operation. Seme devices ara initialized by means not
specified in this standard. The time at which this occurs is specific to the implementation of the direct-acceoss device.

Devices using a non-volatile medium typically save the parameters and only need to be initialized once. However,
some mode parameters may nead to be initialized after each power-on and reset. A catastrophic failure of the direct-
access device may require the FORMAT UNIT command to be raissued.

Cavices that use a volatile medium may need to be initialized at each power-on prior to the execution of read or write
operations. Mode parameters may also need initialization.

9.1.5 Medlum defecls

Any medium has the potential for defects thal can cause user data to be lost. Therefore, each logical block may
contain information that 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. Some
devices provide the initiater control through use of the mode parameters. Some devices allow the initiator to examine
and modify the additional information by using the READ LONG and WRITE LONG commands. Some media having
a very low probability of defects 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 seurces of defect information. These defecls may be reassigned or avoided during the
initialization process so that they do not appear in a logical block.

Defects may also be avoided after initialization. The inftiator issues a REASSIGN BLOCKS 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 defact appears at a [aler ime. The lotal number of defects that may be handied in this manner can be
specified in the mode parameters.

Defect management on direct-access devices is usually vendor-spacific. Devices not using a removable medium
typically optimize the defect management for capacity or performance or both. Devices that use a removable medium

typically do not support defect management (e.q. some floppy disk drives) or use defect management that is based
on the ability to interchange the medium.
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9.1.6 Data cache

Some direct-access devices implement cache memory. A cache memory is usually an area of temporary storage
in the direct-access device with a fast access time that is used to enhance performance. It exists saparately from the
blocks of data stored and s normally not directly acoessible by the inftiator. Use of cache memory for write or read
operations typically reduces the access time to a logical bleck and can increase the overall data throughput.

During read operations, the direct-access devica uses the cache memaory to store blocks of data that the initiator may
request at some future time. The algorithm used to manage the cache memaory is not part of this standard. However,
parameters are provided to advise the direct-access device about future requests, or to restrict the use of cache
memery for & particular request.

During write operations, the direct-access device uses the cache memory to store data that is written to the medium
at a later time. This Is called a write-back caching algorithm. Thus the command may complele prior to blocks of
data being written to the medium. As a result of using a write-back caching algorithm there is a period of time when
the data may be lost if a power or a hardware failure ocours. There is also the possibility of an error 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, the initiator can request write-through caching to prevent these circumstances from arizing.

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
replacemeant 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 cperation, setting FUA to one causas the direct-access device to complete the data write to the physical
madium before completing the command. For a read operation, setting FUA to one causes the logical blocks to be
retrioved from the physical medium.

When the DPO and FUA bits are both set to one, write and read operations bypass the cache memary,

When a VERIFY command is executed, a forced unit access is implied, since the blocks of data stored on the medium
are being verified. Furthermore, a SYNCHRONIZE CACHE operation (see below) is also implied to write unwrittan
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 provided since the VERIFY command may cause the replacement of blocks in
the cache, The above also applies to the WRITE AND VERIFY command.

Commands may be Implemented by the direct-access device that allow the initiater to contral other behaviour of tha
cache mamary:

— LOCK UNLOCK CACHE controls whether certain logical blocks will be held in the data cache for future use.
Locking a logical block prevents its replacement by a future access. Unlocking a logical block exposes it to
possible replacement by a future access (see 9.2.2),

— PRE-FETCH causes a set of logical blocks requested by the initiator to be read inte the data cache for possible
future access. The blocks fetched are subject to later replacement unless they are locked (see 8,2.3),

— SYNCHRONIZE CACHE forces any pending write data in the requested set of logical blocks to be stored in the
physical medium. This command can be used to ensure that the data was written and any errors repaorted (see
9.2.18).

— The MODE SELECT command defines a page for the control of cache behavior and handles certain basic
elements of cache replacement algerithms (see 9.3.3.1).
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9.1.7 Reservations

The access enabled or access disabled condition determines when an initiator may store or retrieve user data on all
or part of the medium, Access may be restricted for read operations, write operations, or both. This attribute may
be controlled by an external mechanism or by the RESERVE and RELEASE commands (see 9.2.12 and 9.2.11).

The BESERVE and RELEASE commands define how differant types of restricted access may be achieved, and to
whom the access is restricted, This subclause describes the interaction of the initiator that requested the reservation,

and the other initialors.

An initiator uses reservations to gain a level of exclusivity in access to all or part of the medium for itself or another
initiator. It is expected that the reservation will be retained until released. The direct-access device must ensure that
the initiator with the reservation is able to access the reserved media within the operating parameters established by

that initiator.

The following paragraphs explain, on a command by command basis, the appropriate target response when a
reservation exists. Unless otherwise noted, the appropriate response to an initiator that issues a command to a direct-
access device that is reserved to another initiator is RESERVATION CONFLICT status.

The CHANGE DEFINITION command is dealt with as follows. If any initiator has an extent reservation on a direct-
access device, no other initiator may affect the operating definition of that initiator by use of this command. If the
direct-access device allows different operating definitions for each initiator, then there is no conflict; otharwise, a

reservation conflict occurs.

The COMPARE, COPY, and COPY AND VERIFY commands are evaluated for reservation conflict as it they were
narmal write and read operations even when a direct-access device is reguested to copy to or from itsell. For
example, if a COPY is issued to |ogical unit O that requests the direct-access device to copy from logieal unit 0 to
lagical unit 1, access to logical unit 1 must also be evaluated for conflict,

The FORMAT UNIT, PREVENT ALLOW MEDIUM REMOVAL (with a prevent bit of one), REZEROQ UNIT, and START
STOP UNIT commands return a RESERVATION CONFLICT status if any other initialor has an extent rezervalion on

a direct-access device.
The INQUIRY and REQUEST SENSE commands are not affected by any kind of reservation.

The LOG SELECT, LOG SEMNSE, MODE SENSE, TEST UNIT READY, READ CAPACITY (PMI set to zars), READ
BUFFER, WRITE BUFFER, and READ DEFECT DATA commands are not affected by extent reservations.

Tha SEEK, LOCK UNLOCK CACHE, PRE-FETCH, and SYMCHROMIZE CACHE commands are svaluated for
reservation conflict as if they were normal write or read operations.

The MODE SELECT command is dealt with as follows. If an initiator has an extent reservation on a direct-access
device, and another initiator attempts one of these commands, a reservation conflict occurs if the command affects
the 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, then a conflict does not cecur.

The SEND DIAGNOSTIC, RECEIVE DIAGNOETIC RESULTS commands canflict with an extent reservation only ifthey
affect access lo the extent (as with MODE SELECT).

The REASSIGN BLOCKS command may not reassign a block that is in an extent reserved to another initiater,

The SET LIMITS command generates a reservation conflict if the Iogical blocks specified are within an extent reserved
to ancther initiator,

ALL other commands are that request read or write aperations are evaluated for reservation confiiet as described in
the RESERVE command.
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When a system is integratad with more than one initiator, there must be agreement between the initiators as to how
media is reserved and released during operations, otherwise, an initiater may be locked out of access lo a target in
the middle of an operation. For example, initiator 'A’ has a wrile operation in progress to a direct-access device whick

has data stored in cache memory. Then, initiator 'B' Issues a RESERVE command to the direct-access device, As
a result, initiator 'A’ s locked out of issuing a SYNCHRONIZE CACHE command to ensure the integrity of the data

To pravent this from happening, initiator 'A’ should Issue a RESERVE prior to the write command.
9.1.8 Seek and rezaro

The SEEK command provides a way for the initiator to position the device in preparation for access to a particulas
logical block at some later time. Since this positioning action is implicit in other commands, the SEEK command may
not be useful with some direct-access davices.

The REZERO UNIT command is provided ta 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 cylinde
zero, Some devices return GOOD status without attempting any action.

9.1.8 Notchad drives

A notched (also called partitioned or zoned) drive has areas of the medium in which the drive geometry changes.
In the simplest case, the entire medium consists of a single netech. Multiple notches are often used to increase
capacity of the drive. The notch page Is used to indicate the noteh for assignment of values to the parameters in the
fermat device page. By sequencing the netch page threugh each notch, the format device parametars of each netch
are set, This Is usually done prior to initialization by the FORMAT UNIT command.

9.1.10 Rotatlonal position locking

Fotational position locking is an optional feature implemented in some direct-access devices to allow the
synchronization of spindies between a number of devices. The rotational position offset feature allows devices to
synchrenize spindles at offsels from index. This may be useful in improving performance in systems that implement
arrays of devices.

9.1.11 Relative addressing

Relative addressing is a technigue useful in accessing structured data in a uniform manner. Relative addressing is
only allowed when commands are linked. An example of relative addressing and linking for SEARCH DATA
commands appropriate to direct-access devices is given in 7.4.3.

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 effact
on any other initiator,

9.1.12 Error reporting

It any of the following conditions occur during the execution of a command, the target shall return CHECK
CONDITION status. The appropriate sense key and additional sense code should be set. The following list llustrates
some efror conditions and the applicable sense keys. The list does not provide an exhaustive enumeration of all
conditions that may cause the CHECK CONDITION status.

Condition Sense key
Invalid logical block address ILLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST

Target reset or medium change since last command frem this initiator UNIT ATTENTION
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Self diagnostic falled HARDWARE ERROR

Unrecoverad read arror MEDIUM ERROR or
HARDWARE ERROR

Recovered read error RECOVERED ERRACRH
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 previously unwritten block, 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 transterred [optical
memaory and write-once devices only).

In the case of an attermpt to write a previously writtan block when blank checking is enabled, the informatien field shall
be set to the logical block address of the first non-blank block encountered (optical memory and write-once devices
anly).

9.1.13 Examples

The following examples show some typical variations of the direct-access device. Other variations are possible,

8.1.13,1 Rotating media

The typical application of a direct-access device is a disk drive. The medium is a disk coated with a material in which
fiux changes may be induced. The disk drive allows direct and random access to the medium. This is done with
an actuator that positions the read-write head, and a rotating disk. Data is stored and retrieved through the interaction
of the read-write head and the disk.

The disk Is typlcally divided into cylinders. Each cylinder is typically divided into tracks, Each track is typically
divided into sectors. A cylinder is a set of tracks that can be accessed without movement of the actuator. A track
is a recording path over which the read-write head travels during one rotation of the disk, A sectoris 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
typically made up of a header, data and a traller. The header contalns 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 contains the block of data, The trailer contains checksum or error correction information. The
checksum or the error correction information allows the cerrection of data for medium defects.

A disk drive is ready when the disks are rotating at the correct speed and the read-write circuitry is powered and
ready to access the disks. Some disks, particularly 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 ara
formatted at the factory and some optical drives with pre-formatted media (ses 13.1). A disk drive format will typically
create the headers for each sector and initialize the data field. The MODE SELECT command is often used at format
time to establish the geometry (number of heads and tracks, sectors pertrack, etc.) and defect managameant scheme.
Disk drives are usually non-volatile,
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The defect management scheme of a disk drive is eften shielded from the user, though some aspects can be
evaluated and controlled by the Initiator. The direct-access device will usually reserve some sectors and tracks for
recording defect lists and for reassigning defective blocks. The READ LONG and WRITE LONG commands wil
typically access the user data and checksum portions of the data field so that defects may be induced by tha initiator
to test the defect detection logic of the direct-access device,

Motches find their most typical use in a rotating disk drive. ©n 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 auter tracks. By using notches, the outer tracks may be made to contain 2
different number of sectors than the inner tracks, while balancing the data density. This results in increased capacity

9.1.13.2 Sequential media

Some tape devices are implemented as a direct access device so that they can be used in disk oriented operating
system environments. These devices are sometimes referred to as random access tape or floppy tape. These
devices might be thought of as a disk drive with one or mare long tracks, Access tima to a logical block is usuall,
longer than for a disk drive, since the tape must be fast forwarded or rewound to the block. As a result, the SEEk
command will often be maore useful for a tape than for a disk, The only way an initlator may determine if a direct:
access daevice is a tape is by using the medium type code returned by the MODE SENSE command.

9.1.13.3 Memory media

Memory media includes devices that are traditionally used for primary storage within computer systems, such as solic
state static or dynamic random access memaories (SRAM or DRAM), or magnetic care or bubble memery. These
devices are typically non-mechanical, and therefore the entire physical medium may be accessed in virtually the sams
access time. The data is typically accessed as a bit or byte and this also speeds access time. Memory devices
typically store lass data than disks or tapes, and are usually velalile when not pratected by battery backup.
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9.2 Commands for direct-access devices.
The commands for direct-access devices shall be as shown in table 108,

Table 108 - Commands for direct-access devices

Command name Operation Typa | Subclause
code
CHANGE DEFINITION 40h o 8.2.1
COMPARE 3%h o 8.2.2
COPY 18h 0 B.2,3
COPY AND VERIFY aAh Q a,2.4
FORMAT UNIT O4h M 9.2.1
INQUIRY 12h ] 8.2.5
LOCK UNLOCK CACHE a6h 0 §9.2.2
LOG SELECT 4Ch 0 8,2.8
LOG SENSE 40h 0 a.2.7
MODE SELECT(6) 1Eh 0 B.2.8
MODE SELECT(10) 55h 0 8.2.8
MODE SENSE Eé 14h 0 B.2.10
MODE SENSE(10) SAh 0 8.2.11
FRE-FETCH 34h Q §.2.3
PAEVENT ALLOW MEDIUM REMOVAL 1Eh 0 9.2.4
READ H& 0Bh M 9.2.6
READ(10) 28h M 9.2.6
READ BUFFER ach 0 a,2.12
READ CAPAGITY 25h M 9.2.7
READ DEFECT DATA 37h 0 9.2.8
READ LONG 3Eh 0 §9.2.8
REASSIGN BLOCKS 07h +] 8.2.10
RECEIVE DIAGNOSTIC RESULTS 1Ch 0 B.2.13
RELEASE 17h M 8.2.11
REQUEST SENSE 0ah M 8,2.14
RESERVE 18h M 8.2.12
REZERQ UNIT 01h 0 9.2.13
SEARCH DATA EQUAL 31h 0 9.2.14.1
SEARCH DATA HIGH 30h 0 8.2.14.2
SEARCH DATA LOW 3zh Q 9.2.14.3
SEEK(6) 0Bh ¥ 9.2.15
SEEK{10 2Bh 4] a,2.15
SEND DIAGNOSTIC 10h M 8.2.15
SET LIMITS 33h 0 9.2.18
START STOP UNIT 1Bh 8] 9,2.17
SYNCHRONIZE CACHE 35h 0 9.2.18
TEST UNIT READY 00h M g.2.18
VERIFY 2Fh o 9,2.19
WHITE{E& OAR 0 8.2.20
WRITE(1 g 28h o 9.2.21
WRITE AND VERIFY 2Eh 0 g9.2.22
WRITE BUFFER 3Bh 1] 8.2.17
WRITE LONG 3Fh ¥ 8,2.23
WRITE SAME 41h o 9.2.24
Kay: M = Command implementation is mandatory.
0 = Command implementation is optional.

The following operation codes are vendor-specific: 02h, 05h, 08h, 08h, 0Ch, 0Dh, OEh, 0Fh, 10h, 11h, 13h, 14h, 19h,
20h, 21h, 22h, 23h, 24h, 26h, 27h, 28h, 2Ch, 2Dh and Coh through FFh. All remaining operation codes for direct-
access devices are reserved for future standardization,
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8.2.1 FOARMAT UNIT command

The FORMAT UNIT command (see table 109) formats the medium into initiator addressable logical blocks per the
initiator defined options. In addition, the medium may be certified and control structures may be created for the
management of the medium and defects. There is no guarantee that the medium has or has not been alterad.

Table 108 - FORMAT UNIT eommand

Bit 7 B 5 4 a 2 1 0
Byte
0 Operation code (04h)
1 Logical unit number I FmtDnta] CmpLst [ Defect list format
2 Vendor-specific
3 {MsB)
Interleave —
4 (LSB)
5 Contral

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 command increase the initiator's contral
over defect management, Several optional forms of this command further increase the initiator's control over defect
management, by allowing the initiator to specily which defect list(s) are to be used, lo specify defect locations (in
several formats), to enable target certification, and to 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,
er any extent reservation, from any initiater, is active in the specified logical unit,

During the format operation, the targst shall respond to commands as follows:
a) In response to all commands except REQUEST SENSE and INQUIRY, the larget shall return CHECK
CONDITION status unless a reservation conflict exists, in which case RESERVATION CONFLICT status shall

be returned.
b) In respense to the INQUIRY command, the target shall respond as commancded,

¢) Inresponse to the REQUEST SENSE command, unless an error has occurred, the target shall return a sense
ey of NOT READY and an additicnal sense code of LOGICAL UNIT NOT READY FORMAT IN PROGRESS, with
the sense-key specific bytes set for progress indication (as described in 8.2.14.1). HRefer to B.2.14.2 for a
description of deferred error handling that may cecur during the format operation.

NOTE 103 It is recommended that MODE SELECT parameters {if any) be set prior to issuing the FORMAT UNIT command,

During the execution of the FORMAT UNIT command, the target may perform a medium defect management
algorithm (which 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:

a) Primary defact list (Plist). This is the list of defects, usually supplied by the eriginal manufacturer of the device
or medium, that are considered permanent defects. The Plist is located outside of the iniliator-accessible logical
block space. The Plist is accessible by the target (lo reference while farmatting), but it is not normally accessible
by the initiator except through the READ DEFECT DATA command. Once created, the original Plist shall not be
subject 1o change.
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b) Target certification list (Clist). This list includes defects detected by the target during an optional certification
process executed during the FORMAT UNIT command. This list shall be added to the Glist.

c) Data defect |ist (Dlist). This list of defect descriptors may be supplied to the target by the initiator in the DATA
OUT phase of the FORMAT UNIT command. This list shall be added to the Glist, The defect list length in the
defect list header may be zera, in which case thera is no Dlist.

d) Grown defect list (Glist). The Glist includes all defects sent by the initiator or detected by the target. The Glist
does not include the Plist. [fthe Cmplst bit is zero, the Glist shall include Dlists provided to the target during the
previous and the current FORMAT UNIT commands. The Glist shall also include:

a) defects detected by the format operation during medium certification;
b) defects previously identified with a REASSIGN BLOCKS command,
c) dafects previously detected by the target and automatically reallocated.

A format data (FmtData) bit of one indicates that the FORMAT UNIT parameter list (see table 110) shall be transferred
during the DATA OUT phase. The DATA OUT phase consists of a defect list header (see table 111), followed by an
initialization pattern descriptor, followed by zera or maore defect descriptors. Each defect descriptor identifies a
location on the medium that the target shall map out of the user-accessible area.

Table 110 - FORMAT UNIT parameter list

Bit
Byte

5

4

3

2 1 0

Defect list header

Initialization pattern descripter (if any)

Defect descriptor(s) (if any)

Defact descriptor O
(See specific table for length.) —

Defect descriptor x
(See specific table for length.) —

The defect list header (see table 111) provides several optional format control bits. Targets that implamant these bits
give the initiator additional control over the use of the four defect sources, and the formatting operation. If the initiator
attempts to select any function not implemented by the target, the target shall terminate the command with CHECK,
COMDITION status. The sense key shall be set to ILLEGAL REQUEST and the additional sense code shall be sat

te INVALID FIELD IN PARAMETER LIST.

Table 111 - Defect list header

Bit 7 6 5 4 a 2 1 s}
Byte
0 Aeserved
1 Fov DPRY DCRT S5TPF 1P osp | Immed ‘_ Vs
2 (M5B}
Defect list length —
3 (LSB)
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A FmtData bit of zero indicates that a DATA OUT phase shall not occur. The source of defect information is nc

specified,

A complete list (CmpLst) bit of one indicates that the defect list sent by the initiator is a complete list of defects. Anv
existing defect list except the Plist shall be ignered by the target. As a result, a new Glist is constructed that contain:
the Dlist (if it is sent by the initiator), and the Clist (if certification is enabled). The target may add any defects |
detects during the format operation to this Dlist.

A Cmplst bit of zero indicates that the defect list sent by the initiator is an addition to the existing list of defects. A:
a result a new Glist is constructed that contains the existing Glist, the Diist (if it is sent by the initiator), and the Clis
(it certification is enabled). The larget may add any defects it detects during the format operation to this Diist,

Table 112 defines the implementation reguirements for the FORMAT UNIT command.

Table 112 - FORMAT UNIT defect deacriptor farmat and requirements

Defect | Defect
list list
FmtData|CmpLst| format length | Type Comments
a 0 000k N/A M Vendor-specific
BLOCK FORMAT
1 1] 00oh Zerao M See notes (1) and (3)
1 1 000b Zero M See notes }1; and (&)
1 ] 0oob =0 ] Ses notes (2) and la;
1 1 000k >0 0 Ses notes (2) and (4)
BYTES FROM INDEX FORMAT
1 o 100b Zaro o See notes {1; and (3
1 1 100k ferao 2] Ses notes (1) and (4
1 a 100b =0 0 See notes tE; and (3
1 1 100b =0 0 See notes (2) and (4)
PHYSICAL SECTOR FORMAT
1 0 101b Zero 0 See notes (1) and (3
1 1 101b Zaro 1] See notes (1) and id
1 n] 101b =0 o Sea notes (2) and (3
1 1 101b =0 o See notes (2) and (4)
VENDOR-SPECIFIC FORMAT
1 110b
1 1 110b

All remaining codes are reserved.

Key: M = Command implementation is mandatery.
0 = Command implementation is opticnal,
NOTES
1 No Dlist is transferred to the target during the DATA OUT phase.
2 A Dlist is transferred to the target during the DATA OUT phase,
Add the Dlist defects to the new Glist.
3 Use the existing Glist as a defect source. Add existing Glist
defects to the new Glist.
4 Discard the existing Glist. Do not add existing Glist defects to
the new Glist, .
5 All the options described in this table cause a new Glist to be
:Eaatnd during execution of the FORMAT UNIT command as deseribed in
the Text.

The defect list format field specifies which defect descriptor is used if the FmtData bit is one (see table 112).
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The interleave field specifies 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 betwean the initiator and the peripheral. An
interleave of zero specifies that the target use its default interleave. An interleave of one specifies that consecutive
logical blocks be placed in contiguous ascending order, All other values are vendor-specific.

A format options valid (FOV) bit of zero indicates that the target shall use its default settings for the DPRY, DCRT,
STPF, IP and DSP bits (see below). The initiator shall set these bits to zero, If any of these bits are not zero, the
target shall terminate the command with CHECK CONDITION status, The sense key shall be sat to ILLEGAL
AEQUEST 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, 8TPF, IP and DSP bits. When
the FOV bit Is one, the DPRY, DCRT, STPF, IP and DSP kits are defined as follows.

A disable primary (DPRY) bit of zero indicates that the target shall not use portions of the medium identified as
defective in the primary defect Plist for initiater addressable logical blocks, If the target cannet locate the Plist or it
cannat 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 net use the Plist to identify defective areas of the medium. The Plist is not delsted,

A disable certification (DCRT) bit of zero indicates that the target shall perform a vendor-specific medium certification
operation to generate a Clist. A DCRT bit of cne indicates thal 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 contrals the behaviour of the target when one of the following events cceurs:
a) The target has been requested to use the primary defect list (OPRY Is set to zero), or the grown defect list
{CmpLst is set to zero) and the target cannot locate the list nor determine whether the list exists,
b) The target has been requested to use the primary defect list (DPRY is set to zero) or the grown defact list
{CmpLst I5 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 above conditions oceurs, the target shall continue to execute
the FORMAT UNIT command. The target shall return CHECK CONDITION status at the completion of the FORMAT
UNIT command. The sense key shall be set to RECOVERED ERROR and the additional sense code shall be =at o
either DEFECT LIST NOT FOUND i the first condition occurred, or DEFECT LIST ERROR if the second condition
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 ERROR and the additional
sense code shall be set to either DEFECT LIST NOT FOUND If the first condition occurred, or DEFECT LIST ERRCOR
if the second condition occurred.

NOTE 104 The use of the FmtDala bit, the Cmplst bit, and the defect header allow the intiator 1o control the source of tha
dafect lists used by the FORMAT UNIT command. Setting the defect list length to zero allows the initiator to contral the use
of Plist and Clist without having to specify a Diist.

An initialization pattern (IP) bit of one indicates that an inftialization pattern descriptor (see 9.2.1.2) is included in the
FORMAT UNIT parameter list immediately following the defect list header. An IP bit of zero indicates that an
initialization pattern descriptor is not included and that the target shall use its default initialization pattern.

A disable saving parameters (DSP) bit of one specifies that the target shall not save the MODE SELECT savabla
parameters to non-volatile memory during the format operation. A DSP bit of zero specifies that the target shall save
allthe MODE SELECT savable parameters for all initiators to non-volatile memory during the format operation. Pages
that are not reported as savable are not affected by the DSP bit (i.e. if pages 03h & 04h are not returned with the PS

bit sat they may be saved even if DSP Is cleared).
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An immediate {Immed) bit of zero indicates that status shall be returned after the format 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 list has been transferred,

The bit designated VS is vendar-spacific,

The defect list length field in the defect list header specifies the total length in bytes of the defect descriptors that
follow and dees not include the inttialization pattern descriptor or initialization pattern, if any, The length of the defecl
descriptors varies with the format of the defect list. The three formats for the defect descriptor(s) field in the defect
lists are shown In 9.2.1.1.

9.2.1.1 Defect list formats

This clausa describes the defect list formats used in the FORMAT UNIT, READ DEFECT DATA and translate page of
the SEND DIAGNOSTIC and RECEIVE DIAGNOSTIC RESULTS commands,

MOTE 105 The sslected reporting format accounts for variables that impact the information in the returned data. For
example, the specific location of a defect, while constant in angular and radial location on the device, may change in
reported location a format operation with different geometry parameters is performed. It Is the responsibility of the Inftiatar
to use a defect list format appropriate for the intended operation with the current or future geomatry parameters. If the
target is able to detect that the selected defect list format would provide inconsistent results, the target may return CHECK
CONDITION status.

Each block format defect descriptor (see table 113) specifies a four-byte defective block address that contains the
defect,

Table 113 - Defect descriptor - Block format

Bit 7 E 5 4 3 2 1 0

1] [MSB)
e ok Defective block address i}
a (L3R}

The defect list langth is equal to four times the number of defect deseriptors.

The defect descripters should be in ascending order. More than one physical or logical block may be affected by
each defect descriptor. A target may return CHECK CONDITIOMN if the defect descriptars are not in ascending order.

Each byte from index defect descriptor (see lable 114) specifies the location of a defact that is no more than eight
bytes long.

Table 114 - Defect descriptor - Bytes from index format

Bit 7 B 5 4 3 2 L o
Byte
1] (M3B)
aercemm Co Cylinder number of defeot =
2 {L3B)
q Head number of defect
4 (MBB)
e M Defect bytes from index o
7 {L3B)
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The defect list length is equal to eight times the number of defect descriptors.

Each descriptor is comprised 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 number of defect is the maost
significant part of the address and the defect bytes from index is the least significant part of the address. More than
one physical or logical block may be affacted by each defect. If the defect bytes from index has a value of
FFFFFFFFh, this indicates that the entire track shall be considered defective.

Each physical sector defect descriptor (see table 115) specifies the location of a defect that is the length of a sector.

Table 115 - Defect descriptor - Physieal sector format

Bit 7 B 5 4 2 2 1 D

Byte
0 [MEB)

e e Cylinder number of defeot -
2 {LSB)
a Head number of defect
4 [MSB)

[Eorae) i Defective sector number — —
7 (LsB)

The defect list length is equal to eight times the number of defect descripters,

Each descriptor is comprised of a cylinder number of defect, the head number of defect, and the defective sector
number, The defect descriptors shall be in ascending order. The cylinder number of defect is the most significant
part of the address and the defective sector number is the |east significant part of the address. More than one block
may be affected by each defect descriptor. A defective sector number of FFFFFFFFh indicatas that the entire track

shall ba considered defective.

2.2,1.2 Initlalization patiern eplion

The initialization pattern option specifies that the logical blocks contain the specified initialization pattern. The
initialization pattern descriptor (see table 116) is sent to the target as part of the FORMAT UNIT parameter list.
Table 116 - Initialization pattern descriptor

Bit 7 6 5 4 a 2 1 0
Byte
] IP modifier Reserved

—_

Pattern type

{M3B)
Initialization pattern length —_—
(LSB)

| @

Initislization pattern _

NOTE 106 The initialization pattarn option is not intended for macdia analysis or certification. This option may anly initialize
the initiator accessible area of the madia to tha specified pattern and rmay not write to any initiator inaccessible areas of

the disk.
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The IP modifier field specifies the type and location of a header that modifies the initialization pattern {see table 117)

Table 117 - Initlalization pattern modifler

IP modifier Description
0ob No header. The target shall not modify the initializatien
pattern.
01b The target shall overwrite the initialization pattern to

write the logical block address in the first four bytes of
the leogical block. The logical block address shall be
written with the most significant h{t& first,
10b The target shall overwrite the initialization pattern to
write the lagiaal bleck address in the first four bytes of
each physical block contained within the logical block. The
The lowest numbered logical block or part thereof that
pocours within the physical block 15 used. The logical block
ggdruss shall be written with the most significant byte

rst.
11b Reserved.

The Initialization pattern type field [see table 118) indicates the type of pattern the target shall use to initialize each
logical block within the initiator accessible portion of the medium, All bytes within a logical block shall be written with
the initialization pattern. The initialization pattem is modified by the IP modifier field as described in table 117,

Table 118 - Initializatlon pattern type

Initialization| Description
pattern type
0oh Use default pattern. (note 1
o1h Repeat the initialization pattern as
reguired to fill the logical bleck. (note 2)
02h - 7Fh Aeserved
BOh - FFh Vendar-specific
Notes

1 If the initialization pattern length is not Zero the target
shall terminate the command with CHECK COMDITION status. The
sense key shall be set to ILLEGAL REQUEST and the additional
sense code to INVALID FIELD TN PARAMETER LIST,

2) If the initialization pattern length iz zera the target
shall terminate the command with CHECK CONDITION status. Tha
sense key shall be set to ILLEGAL REQUEST and the additional
senszse code te INVALID FIELD IN PARAMETER LIST.

The initialization pattern length field indicates the number of bytes contained in the initialization pattern. If the length
exceeds the current legical block size the target shall terminata the command with CHECK COMNDITION 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 iz medified by the |P modifier field.
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9.2.2 LOCK UNLOCK CACHE command

The LOCK UNLOCK CACHE command (see table 119) 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
logical blocks may be written to the medium when medified, but a copy of the madified logical black shall remain
in the cache mamaory.

Table 118 - LOCK UNLOCK CACHE command

Bit T & 5 4 a 2 1 1]
Byta
1] Oparation code (36h)
1 Logical unit number [ Resarved [ Lock [ Reladr
2 (MSB)
3
3 — Lagical block address =
4
5§ {LsH)
& Reserved
7 {M3B)
Number of blocks —_—
8 {LSB)
a Control

A lock bit of one indicates that any legical block in the specified range that is currently present in the cache memory
shall be locked into cache memory. Only logical blocks that are already present in the cache memary are actually
locked. A lock bit of zero indicates that all logical blocks in the specified range that are currently locked into the
cache memery shall be unlocked, 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 shall 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 linking
commands. The feature requires that a previous command in the linked group have accessed a block of data on
the logical unit.

A RelAdr bit of zero indicates that the logical block address field spacifies the first logical block of the range of logical
blocks to be operated on by this command.

The number of blocks specifies the total number of contiguous logical blecks within the range. A number of blocks
field of zero indicates that all remaining logical blocks on the logical unit shall be within the range.

Multiple locks may be in effect from more than one initiator, Locks from different initiators may overlap. An unlock
of an overlapped area does not release the lock of another initiator,
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8.2.3 PRE-FETCH command

The PRE-FETCH command (see table 120) requests that the target transfer the specified logical blocks to the cache
memery. No data shall be transferred to the initiator.

Table 120 - PRE-FETCH command

Bit T -] 5 & a3 2 1 0
Byte

a Operation code (34h)

1 Logical unit number Aeservaed Immed RelAdr
2 (MsB)

3

— Logical block address —

4

5 (L3R)
-] Resarved

7 (MSB)

Transfer length

8 (L3B)

g Control

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,

See 9.2.2 for a definition of the RelAdr bit and the logical block address field,

The transfer lenath field specifies the number of contiguous logical blocks of data that shall be transferred o the
target's cache mamory. A transfer length of zero indicates that the contiguous logical blocks up to and Including the
last logical block 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.

If the Immed bR is zero and the specified logical blocks were successfully transferred to the cache memery, the target
shall return CONDITION MET status, If the link bit (see 7.2.7) Is one, the target shall return INTERMEDIATE-
CONDITION MET status,

If Immed is ene, and the unlocked cache memary has sufficient capaciy to accept all of the specified logical blocks.
thetarget shall return CONDITION MET status. Ifthe link bit (see 7.2.7) is one, the target shall raturn INTERMEDIATE-
CONDITION MET status.

It Immed is one, and the unlocked cache memory does not have sufficient capacity to accept all of the specified

logical blocks, the target shall return GOOD status, The target shall transfer te cache memory as many logical blocks
as will fit. If the link bit (see 7.2.7) Is one, the target shall return INTERMEDIATE status,
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9.2.4 PREVENT ALLOW MEDIUM REMOVAL command

The PREVENT ALLOW MEDIUM REMOVAL command (see table 121) requests that the target enable or disable the
removal of the medium In the logical unit. This mechanism is independent of device reservations and the target shall
not allow medium removal if any inftiater eurrently has meadium removal prevented.

Table 121 - PREVENT ALLOW MEDIUM REMOVAL command

Bit 7 -} 5 4 3 2 1 o
Byte

0 Operation code (1Eh)

1 Logical unit number Reserved

2 Resarved

3 Reserved

4 Resarved Pré;;;;
5 control

The prevention of medium removal shall begin when any initiator issues a PREVENT ALLOW MEDIUM REMOVAL
command with a prevent bit of one (medium removal prevented). The prevention of medium removal for the logical

unit shall terminate:
a) after allinitiators that have medium removal prevented issue PREVENT ALLOW MEDIUM REMOVAL commands

with a prevent bit of zero, and the target has successtully performed a synchronize cache operation;
b) upen the receipt of a BUS DEVICE RESET message frem any initiator; or
c) upon a hard RESET condition.

While a prevention of medium removal condition iz in effact the target shall inhibit mechanisms that normally aliow
removal of the medium by an operator,
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9.2.5 READ(6) command

The READ(8) command (see table 122) requests that the target transfer data to the initiator. The most recent data

value written in the addressed logical block shall be returned.

Table 122 - READ(6) command

Bit
Byte

5

4

3

Opearation code (08h)

Logical upit number

[ oo

Legical block address

(LSB) |

Transfer langth

h | & | M

Control

The cache contral bits (see 9.2.6) are nat provided for this command. Targets with cache memory may have values
for the cache control bits that affect the READ(6) command; however, no default value s defined by this standard.

If explicit control is required, 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 number of contiguous logical blocks of data to be transferred. A transfer length
of zero Indicates that 256 legical blocks shall be transferred. Any other value indicates the number of logical blocks
that shall be transferred.

9.2.6 READ(10) command

The READ(10) command (zee table 123) requesis that the target transfer data to the initiator, The most recent data

value written in the addressed logical block shall be returned.

Table 123 - READ(10) command

Bit 7 i 4 a 2 1 0

Byte
0 Operation code (28h)
1 Logical unit number I DPO [ Fua i Reserved Reladr
2 (MsB)
3

Logical block address —
4
5 {LSB)
-] Aeserved
7 (M5B}

Transfer length
B [LSB)
) Control
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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 o relained by the cache. A DPO bit of che overrides any retention
pricrity specified in the cache page (see 9.3.3.1). A DPO bit of zero indicates the priority shall be determined by the
retantion priority fields In the cache page. All other aspects of the algorithm implementing the cache memary
replacement strategy are not defined by this standard.

NOTE 107 The DPO bit is used to control replacement of logical blocks in the cache memary when the host has information
on the future usage of the logical blocks. If the DPO bit is set to one, the host knows the logical blocks accessed by the
command are not likely to be accessed again in the near future and should not be put in the cache memory nor retained
by the cache mamary. If the DFO bit is zero, the host expects that logical blocks accessed by this command are likely
to be accessed again in the near future.

A force unit access (FUA) kit of one indicates that the target shall access the media in performing the command prior
to returning GOCD 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 target may satisfy the command by accessing the cache memory. For read
operations, any logical blocks that are contained in the cache memaory may bae 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 initlator prior to writing the logical blocks to the medium. Any error that occurs after
the GOOD status is returned is a deferred error, and infermation regarding the error is not reported until a subsequent

command,
See 9.2.2 for a definition of the RelAdr bit and the logical block address field.

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.

9.2.7 READ CAPACITY command

The READ CAPACITY command (see tabla 124) provides a means for the initiatar to request information regarding
the capacity of the logical unit.

Table 124 - READ CAPACITY command

Bit T -] ] 4 3 2 1 0
Byte

] Oparation code (25h)

1 Logical unit number Reserved RelAdr
2 [MSB)

= ——
2 Logical block address —_
5 (LsB) |
-] Reserved

7 S _-Flennrwu

B Reserved PMI

a Cantrol
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See 9.2.2 for a definition of the RelAdr bit and the logical block address field.

The logical block address shall be zero if the PMI bit Is zero. If the PMI bit Is zero and the logical block address i
neot zero, the target shall return a CHECK CONDITION status, the sense key shall be set to ILLEGAL REQUEST an

the additional sense code set to ILLEGAL FIELD IN CDB.

A partial medium indicator (PMI) bit of zers indicates that the retumad logical block address and the block length |

byles are these of the last legical block on the logical unit.

A PMI bit of one indicates that the retumed logical block address and block length in bytes are those of the logic:
block address after which a substantial delay in data transfer will be encountered. This returned logical block addres
shall be greater than or equal to the logical block address specified by the RelAdr and logical block address field

in the command descriptor block.

NOTE 108 This function |s intended to assist storage management scftware in determining whether there is sufficient space
on tha current track, cylinder, etc., to contain & frequently accessed data structure, such as a file directory or file index,

without incurring an access delay.

The READ CAPACITY data (see table 125) shall be sent during the DATA IN phase of the command.

Table 125 - READ CAPACITY data

Bit T 6 5 4 a 2 i 0

Byte
0 (MSB)

e BR, Returned logical block address —
3 {L=B)
4 {MSEB)

i e Block length In bytes ]
7 (LsB)
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8.2.8 READ DEFECT DATA command

The READ DEFECT DATA command (sea table 126) requests that the target transfer the medium defect data to the
intiator.
Table 126 - READ DEFECT DATA command

Bit Fd 6 5 4 3 2 1 5]
Byte

Operation code (37h)

Logical unit number Reserved

Reserved Flist ! Glist Defect list format

Reserved

Rezarved

Reserved

Reserved

(Ms8)

Allocation length
{LSB)

W | ® HH alm|p|lwa|lmw|<]a

Control

If the target is unable to access any medium defect dala, it shall terminate the command with CHECK CONDITION
status. The sense key shall be set to either MEDIUM ERROR, if a madium error occurred, or NO SENSE, if the list
does not exist; and the additional sense code shall be set to DEFECT LIST NOT FOUND.

NOTE 108 Same targets may not ba able to return medium defect data until after a FORMAT UNIT command has been
completed successfully.

A primary defect list (Plist) bit of one request that the target return the primary list of defects. A Plist bit of zere
requests that the target not retum the primary list of defects,

A grown defect list (Glist) bit of one request that the target return the grown defect list, A Glist bit of zero requests
that the target not return the grown defect list.

A Plist bit of one and a Glist bit of one reguests that the target retumn the primary and the grown defect lists, The
order in which the lists are returned is vendor-specific. Whether the lists are merged or not is vendor-specifie.

A Plist bit of zero and a Glist bit of zero requests that the target return only the defect list header,

The defact list format fiald is used by the initiator to Indicate the preferred format for the defect list, This fizld is
intended for those targets capable of returning more than one format, as defined in the FORMAT UNIT command (sea
8.2.1.2, defect list format). A target unable to return the requested format shall return the defect list in its default
format (see the defect list format field in the defect list header below).

If the requested defect list format and the returned defect list format are nct the same, the target shall transfer the
defect data and then terminate the command with CHECK CONDITION status. The sense key shall be set to
RECOVERED ERROCR and the additional sense code shall be set to DEFECT LIST NOT FOUND.

The READ DEFECT DATA defect list (see table 127) contains a four-byte header, followed by zero or more defect
descriptors.
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Table 127 - READ DEFECT DATA defect list

Bit 7 & 5 4 a 2 1 o
Byte
0 Reserved
1 Reserved Plist Glist Defect list format
2 (M3B)

Defect list length
a (LSB)

Defect descriptor(s) (if any)

0 Defect descriptor O

(See specific table for length.) —
n
0 Defect descriptor x

(8ee specific table for length.) S

A Plist bit of one indicates that the data returnaed conlains the primary defect list. A Plist bit of zero indicates that the
data returned does not contain the primary defect list.

A Glist bit of one indicates that the data returned contains the grown defect list. A Glist bit of zero indicates that the
data returmed does not contain the grown defect list,

The defect list format field indicates the format of the defect descriptors retumed by the target. This field is definec
in the FORMAT UNIT command (sea 9.2.1.2).

NOTE 110 The use of the block farmat is not recemmended, There is no universal model that sensibly defines the meaning
of the logical block address of a defect. Inthe usual case, a defect that has been reassigned no longer has a lagical block
address,

Defect descriptors returned in the block format are vendor-specific. Defect descriptors returned in the physical secto
format may or may net 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 list of defects may include defects in areas
not within the capacity returned in the READ GAPACITY command,

The defect list length field specifies the length in bytes of the defect descriptors that follow. The defect list langth is
equal to four or eight times the number of defact descripters, depending on the farmat of the returned descriptors
(see 9.2.1.1).

If the allocation length is insufficient to transfer all of the defect descriptors, the defect list length shall not be adjusted
to reflect the truncation. The target shall not create CHECK COMDITION status. The initiator is respensible for
comparing the defect list length and the allocation length to ensure that a partial list was not recelved.

NOTE 111 The initiator may determine the length of the defect list by sending the READ DEFECT DATA cammand with an
allocation fength of four. The target will return the defect list header that contains the langth of tha dafect |ist.

The defect descriptors may or may not be sent in ascending order. The initiater may determine the exact number
of defects by dividing the defect list length by the length of a single defect descriptor for the returned format.
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The READ LONG command (see table 128) requests that the target transfer data to the initiator. The data passed
during the READ LONG command Is vendor-specific, but shall include the data bytes and the ECC bytes recorded
on the medium. The most recent data written in the addressed |ogical block shall be returned.

Table 128 - READ LONG command

Bit T 5 4 3 2 1 0

Byta
0 Operation code (3Eh)
1 Logical unit number Reserved ! GORACT l Reladr
2 [MSB)
3

Legical block address —
4
5 {LBB)
& Reserved
7 (M5B}

Byte transfer length
8 (LSB)
g Control

MOTE 112 Any other bytes that can be corrected by ECC should be included (e.q. data synchronization mark within the
area covered by ECC). It is not Impartant for the ECC bytes to b at the end of the data bytes; however, they should be
in the same order as they are on the media

A corrected (CORRCT) bit of zero causes a logical block to be read without any correction made by the target. 4
CORRCT bit of one causes the data to be corrected by ECC before being transferred to the initiatar,

See 8.2.2 for a definition of the RalAdr bit and the logical block address field.

The byte transfer length field should specify exactly the number of bytes of data that are available for transfer, Ifa
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 to ILLEGAL REQUEST 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 =et
to the difference (residue) of the requested length minus the actual length in byles. Negative values shall be indicated

by twa's complement nolation.

A byte transfer length of zero indicates that no bytes shall be transferred and shall not be considered an error.
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8.2.10 REASSIGN BLOCKS command

The REASSIGN BLOCKS cemmand (see table 129) requests the target to reassign the delective logical blocks to
another area on the medium set aside for this purpose. The larget should also record the location of the defective
logical blocks to the grown defect list if such a list is supported. More than one physical or logical block may be
relocated by each defect descriptor sent by the initiator. This command does not alter the contents or location of
the Plist (see 9.2.1, FORMAT UNIT command).

Table 129 - REASSIGN BLOCKS command

Bit 7 & 5 4 3 2 1 o
Byte

o Operation code (OTh)

1 Logical unit number Reserved

2 Reserved ]
3 Reserved

4 Reserved

5 Control

The initiator transfers a defect list that contains the logical block addresses to be reassigned. The target shall
reassign the physical medium used for each logical block address in the list. The data contained in the logical blocks
specified in the defect list may be altered, but the data in all other logical blocks on the medium shall be preserved,

MNOTE 113 The effect of specifying & logical block to be reassigned that previously has been reassigned is to reassign the
block again. Over the life of the medium, a logical block can be assigned to multiple physical addresses until ne more
spare locations remain on the medium.

The REASSIGN ELOCKS defect list (see table 130) contains a four-byte header followed by one or more defect
descriptors, The length of each defect descriptor is four byles.

Table 130 - REASSIGN BLOCKS defect list

Bit 7 L] S 4 3 2 1 0

Byte

0 Resarved

1 Rasarved

2 (M5B}

Defect list length ""1
3 {L3B)
Defect descriptor(s}

0 (MEB)
= o et Detect logical block address —

a (LsB)

0 (MsB) =
B M Defect logical block address

2 (L2B)
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The defect list length field specifies the total length in bytes of the defect descriptors that follow, The defectlist length
is equal to four times the number of defect descriptors and does not include the defect list header langth.

The defect descriptor specifies a four-byte defect logical block address that contains the defect. The defect
descriptors shall 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 key shall be set to HARDWARE ERROR and
the additional sense code set to NO DEFECT SPARE LOCATION AVAILABLE.

It the logical unit Is unable to successfully complete a REASSIGN BLOCKS command, the command shall terminate
with CHECK CONDITION status with the appropriate sense information. Thae logical block address of the first defact
descriptor not reassigned shall be returned in the command-specific information field of the sense data. Ifinformation
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,

Ifthe REASSIGN BLOCKS command failed due te 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 unrecoverable block shall be
returned in the Information field of the sense data and the valid kit shall be set to one.

NOTE 114 If the REASS|IGN BLOCKS command returns CHECK COMNDITION status and the sensa data command-specific
information field contains a valid logical block address, the initiator should remave all defect descriptors from the defect
list prior to the one returned In tha command-specific information field. If the sense key s MEDIUM ERRCR and tha valid
bit s one (the infarmation field contains the valid block address) the initiaior 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.

8.2.11 RELEASE command

The RELEASE command (see table 131) is used to release a previously reserved logical unit, or, if the extent release
option is implemented, to release praviously reserved extents within a logical unit,

Table 131 - RELEASE command

Bit 7 -] -] 4 3 2 1 0
Byte
0 Dperatlon code (17h)
1 Logical unit number | ArdPty 1 Third party device ID Extent
2 Reservation identification
3 Resarved
4 Reserved
5 Control

The RESERVE and RELEASE commands provide the basic mechanism for contention resolution in multiple-initiator
systems. A reservation may only be released by the initiator that made it. It is not an error for an initiator to attempt
to release a reservation that is not currently valid, or is held by ancther initiator. In this case, the target shall return
G000 status without altering any other reservation.

NOTE 115 The reservation queulng option in X3.131-1988 has been removed from SCSI-2.
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5.2.11.1 Logical unit release

Implementation of logical unit release is mandatory. If the extent bit is zero, this command shall cause the target to
terminate all non-third-party 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.

9.2.11.2 Exten! ralease

Implementation of extent release is optional. If the extent bit is one and the extent rel ease option is not implemented,
then the RELEASE command shall be terminated with CHECK CONDITION status and the sense key shall be set to
ILLEGAL REQUEST. This option shall be implemented if the extent reservation option (see 8.2,12.2) is implemented.

If the extent bit is one and the extent release opticn 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.
§.2,11.3 Third-party release

Implementation of third-party release is mandatory. Third-party release allows an initiator to release a logical unit or
extents within a logical unit that were previously reserved using third-party reservation (see 9.2.12.3). Third-party
release shall be implemented and is intended for use in multiple-initiator systems that use the COPY command.

If the third-party (3rdPty) bit Is zero, then a third-party release Is not requested. If the 3rdPty bit is one then the target
shall release the specified logical unit or extents, but enly if the reservation was made using a third-party reservation
by the initiator that is requesting the release for the same SCS| device as specified in the third-party device 1D field.

If the 3rdPty bit is one the target shall not modify the mode parameters for commands recelved from the third-party
device even if the target implaments the transfer of mode parameters with a third-party RESERVE command,

NOTE 118 If a larget implements independent storage of mode parameters for each initiator, a third-party RESERVE
command copies the current mode parameters for the intiator that sent the RESERVE command to the current mode
parameters for the initiator specified as the third-party device (usually & copy master device). A unit attention condition
notifies the third-party of the changed mode parameters due to the reservation. A successful third-party RELEASE
command does not return the third-party devices' current mode parameters back 1o their previous values. The third-party
device can [ssue MODE SENSE and MODE SELECT commands 1o guery and modily the mode parameters.
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9.2,12 RESERVE command

The RESERVE command (see table 132) is used to reserve a logical unit or, if the extent reservation option is
implemented, extants within a logical unit.

Tabla 132 - RESERVE command

| pit| 7 ) 5 a a 2 1 0
Byte
0 Operation code (18h)
1 Logical unit number ! ardPty | Third party device ID I Extent
2 Resarvation identification
3 (MEEB)
e Extent list length ——]
4 (LSB)
5 Control

The RESERVE and RELEASE commands provide the basic mechanism for contention resclution in multiple-initiator
systems, The third-party reservation allows logical units or extents to be reserved for ancther specified SCSI device,

NOTE 117 The reservation gueuing oplion in X3.131-1988 has been removed from SCEl-2.
9.2.12.1 Logical unit reservation

Implementation of logical unit reservation is mandatery. If the extent bit is zere, this command shall request that the
entire logical unit be reserved for the exclusive use of the inftiator until the reservation is superseded by another valid
RESERVE command from the initiator that made the reservation or until released by a RELEASE 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. A logical unit reservation shall not be granted it the logical unit or any extent is
reserved by anather initiator. It shall be permissible for an initiater to reserve a logical unit that is currently reserved
by that initiator. If the extent bit is zero, the reservation identification and the extent list length shall be ignored.

If the logical unit, or any extent within the logical unit is reserved for ancther initiator, the target shall return
RESERVATION CONFLICT status,

If, after honouring the reservation, any ather initiator attempts to perform any command on the reserved logical unit
other than an INQUIRY, REQUEST SENSE, PREVENT ALLOW MEDIUM REMOVAL (with a prevent bit of zero), ora
RELEASE command the command shall be rejected with RESERVATION CONFLICT status,

8.2.12.2 Extent researvation

Implementation of extent reservation is optional. The reservation identification field provides a means for an initiator
to identify each extent 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 specify which
reservation is to be released. |t is also used in superseding RESERVE commands to specify which reservation is to
be superseded.

If the extenl reservation option is implemented, then the extent release option (see 9.2.11.2) shall also be
implemented. These options permit multiple extents within the logical unit to be reserved, each with a separate
reservation type,

ifthe extent bit is one, and the extent reservation option is implemented, then the target shall process the reservation
request as follows:
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a) The extent list shall be checked for the number of extents in the reservation request. If the extent list length
is Zero, no current reservations shall be changed, no new reservations shall be created, and this condition shall
not be treated as an errcr. If the extent list contains more extents than are supported on the logical unit, the
cemmand shall be terminated with CHECK CONDITION status and the sense key shall be set to ILLEGAL
REQUEST. If the extent list contains more extents than are currently available on the logical unit, then the
target shall return a RESERVATION CONFLICT status.
The extent list shall be checked for valid extent logical block addresses. If any logical block address is invalid
far this logical unit, the command shall be terminated with CHECK CONDITION status and the sense key shall
be set to ILLEGAL REQUEST. The extent list shall be checked for invalid extent overlaps (as defined by
resanvation 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 senze key shall be set to ILLEGAL REQUEST,
c} lfthe requested reservation does not conflict with an existing reservation, the extents specified shall be reserved
untll superseded by another valid RESERVE command from the initiator that made the reservation or until
released by a RELEASE command from the same initiator, by a BUS DEVICE RESET message from any
initiator, or by a hard RESET condition. If either of the last two conditions oceur, the next command from each
initiator shall be terminated with CHECK CONDITION status and the sense key shall be zet to UNIT
ATTENTION.
d) If the reservation request conflicts with an existing reservation, then the targel shall relurn a RESERVATION
CONFLICT status.

b

=l

If the extant bit is one, and the extent reservation option is not implemented, then the RESERVE command shall be
rejected with CHECK CONDITION status and the sense key shall ba set to ILLEGAL REQUEST.

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 133. Each extent descriptor defines an extent beginning at the specified logical block
address for the specified number of blocks. If the number of blocks is zero, the extent shall begin at the specified
logical block address and continue through the last logical block address on the legieal unit.

Table 133 - Data format of extent descriptors

Bit T -] 5 & 3 2 i 0

Byte
0 Reserved ARelAdr | Reservation type
1 {M3B)

- = —— Number of blocks —
3 (LSB)
4 (M5B)

R . Logical bleck address —
7 (Ls8)

The reservation type field shall define the type of reservation in effect for the extent, The types of reservation are
defined in table 134.

Table 134 - Reservalion types

Reservation type Description
aob Read shared
0ib Write exclusive
10b Read exclusive
11ib Exclusive sccess

a) Read exclusive. While this reservation is active, no cther initiatar shall be permitted read operations to the
indicated extent. This reservation shall not inhibit write operations from any initiator or conflict with a write
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exclusive reservation; however, read exclusive, exclusive access, and read shared reservations that averlap this
extent shall conflict with this resarvation.

b) Write exclusive. While this reservation is active, no 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 overiap this extent,

¢) Exclusive access. While this reservation is active, no other initiator shall be permitted any access to the indicated
extent. All resarvalion types that overlap this extent shall conflict with this reservalion.

d) Read shared. While this reservation is active, no write cperations shall be permitted by any initiator to the
indicated extent. This reservation shall not inhibit read operations from any initiator or confiict with a read shared
reservation. Read exclusive, write exclusive, and exclusive access reservations that overlap with this extent shall
confiict with this reservation.

If the relative address bit is one, the logical block address in the extenl descriptor shall be treated as a two's
complement displacement. This displacement shall be added to the logical block address last accessed on the
lagical unit to farm the logical block address for this extent. This feature is only availabla when linking commands
and requires that a previous command n the linked group has accessed a logical block on the legical unit; if not,
the RESERVE command shall be terminated with CHECK CONDITION status and the sense key shall be set to

ILLEGAL REQUEST.

It an initiator attempts a command to a legical 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
CONFLICT status. If a reservation conflict precludes any parl of the command, nene of the command shall be
performad. COPY commands shall be terminated with CHECK CONDITION status and the sense key shall be set
to DATA PROTECT if any part of the copy operation is prohibited by an aclive reservation. If any extent in a logical
unit is reserved in any way, by any initiator, a FORMAT UNIT command shall be rejected with a RESERVATION

CONFLICT status.
9.2.12.3 Third-party reservation

Implementation of third-party reservation is mandatery, The third-party reservation for the RESERVE command allows
an initiator to reserve a logical unit or extents within a logleal unit for another 3C3| device. This is intended for use
in multiple-initiator systems that use the COPY command. Third-party reservation is required.

If the third-party (3rdPty) bit is zero, then a third-party reservation is not requested. If the 3rdPty bit is one then the
target shall reserve the specified logical unit or extents far the SCS| device specified in the third-party device ID fisld,
The target shall preserve the reservation until it Is superseded by another valid RESERVE command from the initiatar
that made the reservation cr until it is released by the same initiatar, 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 implementad, 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 subseguent command issued by the third-party device is executed according ta the mode
parameters in effect for the initiator that sent the RESERVE command,

NOTE 118 This transfer of the mode parameters is applicable to target devices which store mode information independently
far differant inftiatars. This mechanism aliows an |nitiator to set the mode parameters of a target for the use of a copy

mastar (Le, the third-party device). Tha third-party copy master may subsequently issue a MODE SELECT command to
modify the moda parametars,
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9.2.12.4 Superseding reservations

Implementaticn of superseding reservations is mandatory. An initiator that holds a current reservation (unit or extent)
may modHy that reservation by issuing another RESERVE command (unit or extent) to the same logical unit. The
superseding RESERVE command shallrelease the previous reservation state (unit or extent) when the new reservation
request is granted. If the superseding reservation is for an extent reservation and the current reservation Is also an
extent reservation, the current extent reservation identification value i= used for the superseding reservation. The
current reservation shall not be modified if the superseding reservation request cannot be granted. Ifthe superseding
reservation cannot be granted because of conflicts with a previous reservation (cther than the reservation being
superseded), then the target shall return RESERVATION CONFLICT status.

NOTE 118 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 stuations when using COMPARE. CORY, and COPY AND
VERIFY commands.

9.2.13 REZERO UNIT command

The REZERO UNIT command (see table 135) requests that the target set the logical unit to a specific state. See
vendor specifications for details.

Table 135 - REZERO UNIT command

Bit T & 5 4 3 2 1 0
Byte

Q Operation code (01h)

1 Logical unit number Reserved

2 Aezerved

3 Reserved

—

& Aeserved

5 Control
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9.2,14 SEARCH DATA commands

The SEARCH DATA commands (see lable 136) search one or more logical blocks for equality or inequality to a data
pattern. The concapt of records within a logical block is used to allow multiple records within a logical block to be

searched.

Tabla 136 - SEARCH DATA commands

Bit 7 [: 5 4 a 2 i | o

Byte [
o Operation code (31h 30h 32h)
1 Logical unit number | Invert I RAeserved Spnbat | Reladr
2 (MSB)
3

Logical block address ———
4
5 {LEB)
[ Aesarved
T (MSE)

Numbar of blocks to search —
B (LSB)
a8 Centrol

The invert bit determines whether the search condition is to be inverted. See 8.2.14.1 through 9.2.14.3 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 smaller than the record length Is ignored by the SEARCH DATA commands. A
SpnDat bit of one indicates that records span bleck boundaries (i.e, record may start in one block and end in the
next or & subzeqguent block.

The number of blocks te search field specifies the maximum number of contiguous logical blocks to be searched,
A value of zero Indicates that no logleal 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 7.2.7) of zero indicates a non-linked command and if the search is satisfied, the command shall be
terminated with a CONDITION MET stalus. A REQUEST SENSE command can then be issued to determine the
logical bleck address and record offset of the matching record. If the search is not satisfied and no arror accurs, the
command shall be terminated with GOOD status,

A link bit (see 7.2.7) of one indicates a command Is linked to the SEARCH DATA command and if the search is
satisfied, INTERMEDIATE-COMNDITION 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 displacemant from the
logical block address at which the search was satisfied, If a linked search Is not 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:
a) return a sense key of EQUAL if 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.
b} retum the valid bit set lo one.
c) return the logical block address of the logical bleck containing the first matching recerd in the information field,
d) retum the record offset of the matching record in the command-specific information field.
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A AEQUEST SENSE command following a SEARCH DATA command that is not satisfied shall:
a) return a sense key of NO SENSE, if no errors occurred during the command execulion,
b) return the valid bit set to zero,

The SEARCH DATA parameter list (see table 137) contains a fourteen-byte header, follewed by one or more searct
argument descriptors.

Table 137 - SEARCH DATA parameter list

Bit 7 -1 5 - 3 2 1 o

Byte
o (M5B )

b = Logical record length —
3 (LSB)
4 (M3SB)

S I First record offset —_—
7 [LSB)
B (M3B)

- Number of records ]

11 (LSB)
12 (MSB)

Search argument length )
13 {LsB)

Search argument descriptor(s)

{MsB)
Lt Displacement ==
(LSB)

Pattern length —_—
(LsB)

0

e

4 (MsB)
=

3]

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 ignored in the first logical block before the
search begins. |f the value of the first record offset field shall is larger than the logical 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 PARAMETERSE LIST. Subsequent logical blocks shall ba 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.

The search argument length field specifies the length in bytes of all the search argument descriptors that follow.

NOTE 120 Since tha pattern length can vary, thera is no fixed multiple of the search argument descriptor to determine the
search argument length.

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 field, a pattern length field, and
a pattern field.
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The displacement field specifies the displacement in bytes of the first byte of the data to be compared frem the start
of the logical record.

The pattern length field specifies the length in bytes of the pattern that follows.

The pattern field specifies the data to compare to the logical record.
9.2.14.1 SEARCH DATA EQUAL command

The SEARCH DATA EQUAL command (see table 136, operation code 31h) shall be satisfied by the first logical record
searched that contains data that satisfies all of the search argument descriptor(s). If the invert bit in the command
descriptor block is zera, the search argument descriptor(s) shall be satisfied by data in the logical record being equal
to the data in the pattern. If the invert bit is one, the search argument descriptor(s) shall be satisfied by data in the
lagical record being not equal to the data in the pattern. (See 9.2.14.)

9.2.14.2 SEARCH DATA HIGH command

The SEARCH DATA HIGH command (sea table 136, operation cote 30h) shall be satisfied by the first logical record
searched that contains data that satisfies all of the search argument descriptor(s). If the invert bit in the command
deseriptor 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 logical record being less than or equal to the data in the pattern. (See 9.2.14.)

8.2,14.3 SEARCH DATA LOW command

The SEARCH DATA LOW command (see table 136, operation code 32h) shall be satisfied by the first logical record
searched that contains data that satisfies all of the search argument descriptor(s). If the invert bit in the command
descriptor block is zero, the search argument descriptor(s) shall be satisfied by data in the logical 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 logical record being greater than or equal to the data in the pattern. (See 9.2.14.)

9.2.15 SEEK(8) and SEEK(10) commands

The SEEK(6) (sea table 138) and SEEK(10) (see table 139) commands request that the logical unit seek to the
specified logical block addrass.

Table 138 - SEEK(8) command

Bit 7 & 5 4 3 2 1 o
Byte

0 Operation code (0Bh)

1 Logical unit number (MSB)

2 Logical block address

_

3 (LSB)
4 Resarved

5 | Control
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Table 138 - SEEK(10) command

Bit T & 5 &4 3 2 1 0
Byte
0 Operation code (Z2Bh)
1 Logical unit number Reseryed
2 (Ms8)
j Logical blook address e
5 (LsB) |
6 AReserved
7 Resarved
8 Reserved
g Control

9.2,16 SET LIMITS command

The SET LIMITS command (see table 140) defines the range within which subsequent linked commands may operate.
A second SET LIMITS command may not be linked to a chain of commands in which a SET LIMITS command has
already bean iszued.

Tabla 140 - SET LIMITS command

Bit 7 6 5 4 3 2 1 0

Byte
0 Operation code (33h)
1 Logical unit number Reserved l AdInh lernh
2 (MSB)
3
y Logical block address —_—
5 (LSB)
G Resarved
7 (M5B}

Number af blocks —_—
2] (LSB)
a Control

The read inhibit {Rdinh) bit of one indicates that read operations within the range shall be inhibited.
A write inhibit (Wrinh} 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,
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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 key shall be set to DATAPROTECT. A second SET LIMITS command within a linked list of commands shall
be rejected with CHECK CONDITION status and the sense key shall be set to DATA FPROTECT.

8.2.17 START STOP UNIT command

The START STOP UNIT command (see table 141) requests that the target enable or disable the logical unit for media
access operations.

Table 141 - START STOP UNIT command

Bit 7 = 5 4 3 2 1 o
Byte

0 Operation code (1Bh)

1 Logical unit number Reserved l Immed
2 Aeserved

3 Reserved

4 Reserved | LoEj l Start
3 Control

An immediate (Immed} bit of one indicates that status shall be returned as scon 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 (LoE]) bit of zero requests that no action be taken regarding |cading or ejecting the medium. A LoEj bit

of one requests that the medium shall be unloaded if the start bit is zero, A LoEj bit of one requests that the medium
is lo 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 canncl be accessed by tha initiatar).

Targets that contain cache memory shall implicitly perferm a SYNCHRONIZE CACHE command for the entire medium
prior to executing the STOP UNIT command.

185

OLYMPUS EX. 1014 - 213/468



ANSI X3.131-1984

9.2.18 SYNCHRONIZE CACHE command

The SYNCHRONIZE CACHE command (see table 142) ensures that logical blocks in the cache memory, within the
specified range, have their most recent data value recorded on the physical medium. If a more recent data value fo
a logleal block within the specified range exists in the cache memory than on the physical medium, then the legica
block from the cache memory shall be written to the physical medium. Logical blocks are not necessarily removec
from the cache memory as a result of the synchronize cache operation,

Table 142 - SYNCHRONIZE CACHE command

L

Bit T & g 4 3 2 1 0

Byte
0 Operation code (35h)
1 Logical unit number Reserved | Tmmed | RelAdr
2 (MSB)
3

Logical block address —
4
5 (LsE)
& Reserved
T (M38)

Number of blocks —
B (LSB)
g GControl

An immediate (Immed) bit of one indicates that the target shall return status as soon as the command descripto
block has been 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 one and the target does not support it then the command shall tarminate witt
CHECK COMDITION status. The sense key shall be set to ILLEGAL REQUEST and the additional sense code shal

be sat to INVALID FIELD IN CDB.

See 8.2.2 for a definition of the RelAdr bit and the logical block address field.

The number of blocks field specifias the total number of contiguous lagical blocks within the range. A number o
blocks of zero indicates that all remaining logical blocks on the legical unit shall be within the range.

A logical block within the specified range that is not in cache memaory is not considered an error.
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9.2,19 VERIFY command
The VERIFY cemmand (see table 143) requests that the target verify the data written on the medium.

Table 142 - VERIFY command

Bit T L 5 & 2 2 i o

Byta
] Operation code (2Fh)
1 Legical unit number | DPo [Heservadﬁsnrwﬂ BytChk | RelAdr
2 (M5B
3

Logical block address —_—
4
5 (LSB)
& Resarved
7 {MSB)

Verification length
8 (L8B)
9 Contral

It the MODE SELECT command is implemented, and the verify error recovery parameters page is also implemented,
then the current settings in that page specifies the verification errar criteria. If the verify error recovery parameters
page is not implemented, then the verification criteria is vendor-specific.

A byte check (BytChk) bil 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 reasaon, the target shall return CHECK CONDITION status with the sense key
sel to MISCOMPARE.

See 9.2.2 for a definition of the RelAdr bit and the logical block address field.

The verification length field specifies the number of contiguous logical blocks of data that shall be verified, A transfer
length of zero indicates that no logical blocks shall be verified. This condition shall not be considerad as an eror.
Any other value indicates the number of logical blocks that shall be verified,

See 9.2.6 for a description of tha cache control kit (DPQ),
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9.2.20 WRITE(6) command

The WRITE(6) command (see table 144) requaests thal the target writa the data transferred by the initiator to the

madium.

Table 144 - WRITE(B) command

Bit
Byte

5

4

a 2

Operation code (0Ah)

Logical unit number

(MSB)

Legical block address

(LsB) |

Transfer length

uli-hmro—g

Control

The cache control bils (see 9.2.8) are not provided for this command. Targets with cache memory may have values
for the cache control bits which may affect the WRITE(6) command, however no default value is defined by this
standard. 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 centiguous 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.

9.2.21 WRITE(10) command

The WRITE(10)} command (see table 145) requests that the target write the data transferred by the initiator to the

Table 145 - WRITE(10) command

5

4

3 2

Operation code (2Ah)

Logical unit number

uPul

FuUa !Hiairvid

Resarved

faladr

(MSB)

Logical block address

(LsB) |

Reserved

(Ms8)

Transfer length

{LSB)

Control

medium,
Byts'

0
1
2
3
4
5
-]
7
B
9
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See READ(10) command (2.2.6) far a definition of the cache contral bits (DPO and FUA),
See 9.2.2 for a definition of the RelAdr bit and the logical block address field,

The transfer length field specifies the number of contiguous logical blocks of data that shall be transterred. Atransfer
length of zera 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.

9.2.22 WRITE AND VERIFY command

The WRITE AND VERIFY command (see table 148) requests that the target write the data transferred from the initiator
ta the medium and then verify that the data iz correctly written. The data is only transferred once frem the initiator

to the target.

Table 1486 - WRITE AND VERIFY command

Bit T -] -] 4 23 2 1 Q
Byte
0 Operation code (2Eh)
1 Logical unit number 1 DPO |Hiﬂirvidinn.“r\rndl BytChk | AelAdr
2 {MSB)
a
Logical block addrass —
4
5 (LSE)
[t Rezarved
T (MEB)
I Transfer length
a (L38)
g Control

Ifthe MODE SELECT command is implemented, and the verify error recovery page is also implemented (see9.3,3.8),
then the current settings in that page along with the AWRE bit from the read-write emror recovery page specify the

verification error criterfa. If these pages are not implemented, then the verffication criteria is vendor-specific.
Abyte chack (ByiChk) bit of zero requests a medium verification to be performed with no data comparison. ABytChk

bit of one requests 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.
See 0.2.2 for a definition of the RelAdr bit and the logical block address field.
See WRITE(10) command (see 9.2.21) for a definition of the transfer length field,

See 9.2.6 for a description of the cache control bit (DPO).

NOTE 121 The WRITE AND VERIFY command spacifically states that the data are not to be transferred twice (e once for
the write pass, and once for the verify pazs) when performing a byte compare. If there is a need for two transfers to occur
{e.g. to ensure the integrity of the path to the media), then the Initiator should issue a WRITE command with a LINK bit of
one followed by a VERIFY command with a BytCmp bit of one, transferring the same data on each command.
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9.2.23 WRITE LONG command

The WRITE LONG command (see table 147) requests that the target write the data transferred by the initiator to the
medium. The data passed during the WRITE LONG command is implementation specific, but shall include the data
bytes and the ECC bytes.

Table 147 - WRITE LONG command

Bit
Byte

5

4

a

2 1 0

Operation code {3Fh)

Logical unit number

Resarvad RalAdr

Control

2 {MsB)
3
Logical block address —f
4
5 (LsB)
] Aeserved
7 (Ms8)
Byte transfer length
8 {LsB)
9

NOTE 122 Any other bytas that can be corrected by ECC should bae included (e.g. a data synchronization mark within the
area covered by ECC). The READ LONG command |s usually issued before issuing a WRITE LONG command, The WRITE
LONG data should be the same length and in the samae order as the data returned by the READ LONG command.

Seas 9.2.2 for a definition of the RelAdr bit and the logical block address field,

The byte transfer length field should specify the number of bytes cf data that the target would return for the READ
LONG command. If a non-zero byte transfer length does not exactly match the data length the target would retum
for the READ LONG command, then the larget 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 valid bits shall
be set to one and the information field shall be set to the difference (residue) of the requested length 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.
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The WRITE SAME command (see table 148) requests that the target write the single block of data transferred by the
Initiator to the medium multiple times.

Table 148 - WRITE SAME command

Bit 7 B 5 4 3 2 1 o
Byte
[} Dperation code (41h)

1 Logical unit number Reserved | PBdata l LBdata [_Ealﬁdr
2 {MsB)
3
- Logical block address —
5 (LSBY
& Resarved
rd {M3B)

Humber of blocks

a (LsB)
8 Control

MOTE 123 This command is useful if large areas of the medium need to be written, prepared for certification, or otherwise

intialized without the infliator 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 data to be written
to the current logical block with the logical block address of the block currently being written.

A physical block data (PEdata) bit of one requests that the target replace the first sight 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 (ses 8.2.1.1).

I PBdata and LEdata are ane the command shall be terminated with CHECK CONDITION status, The sense key shall
be set to ILLEGAL REQUEST.

See 9.2.2 for a definition of the RelAdr bit and the logical block address field.

The number of blocks field specifies the number of centiguous legical blocks to be written. A number of blocks field
of zero requests that all the remaining logical blocks on the medium be written.
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9.3 Parameters for direct-access devices

9.3.1 Diagnostic parameters
This subclause defines the descriptors and pages for diagnostic parameters used with direct-access devices.
The diagnostic page codes for direct-access devices are defined In table 149,

Table 149 - Diagnostic page codes

Page code Dascription Subclause
00h Supported diagnostic pages B.3.1.1
40h Translate address page g.3.1.1

01h - 3Fh Reserved (for all device type pages)

41h - 7Fh Resarved

80h - 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 physica
bytes frem index address into any one of the cther formats. The address to be translated is passed to the target with
the SEND DIAGNOSTIC command and the results are returned to the initiator by the RECEIVE DIAGNOSTIC
RESULTS cammand. The format of the translate address page - SEND DIAGNOSTIC is shewn in table 150, The
translated address is returned in the translate address page - RECEIVE DIAGNOSTIC RESULTS (see 9.3.1.2).

Table 150 - Translale address page - SEND DIAGNOSTIC

Ait 7 5] 5 4 a 2 1 a
Byte
o Page code (40h)
1 Reservaed
2 (M5B
. i Page length (000AR) e
a {L3B)
4 Reserved Supplied format
5 Reserved Translate Tormat
2 -
-1—- e Address to translate -
3

The supplied format field specifies the format of address to translate field. Valid values for this field are defined in
the FORMAT UNIT command (see 8.2.1). If the target does not suppart the requested format it shall terminate the
SEND DIAGMOSTIC 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 translate format field specifies which format the initiator would like the address lo be translated to, Valid values
for this field are defined in the FORMAT UNIT command (see 9.2.1). 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.
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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 9.2.1.1. 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.

9.3.1.2 Translate address page - RECEIVE DIAGNOSTIC

The translate address page allows the initiator to translate a logieal block address, physical sector address, or
physical bytes from index address into any one of the other formals. The address to be translated is passed to the
target with the SEND DIAGNOSTIC command and the results are returned to the initiator by the RECEIVE
DIAGNOSTIC RESULTS command. The translated address is returned in the translate address page - RECEIVE
DIAGNOSTIC (see table 151).

Table 151 - Translate address page - RECEIVE DIAGNOSTIC

Bit 7 [ 5 4 a 2 3 0
Byte
0 Fage code (40h)
1 Reserved
2 (MSB)
Page length _
3 ({LSB)
4 Reserved Supplied format
5 RAREA ALTSEC | ALTTRK Resarved Translated format
Translated addresses
]
o —— Translated address 1 ——
13
n
i=n —?—— Translated address x (if reguired) —_—
e+

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 contains the value from the SEND DIAGNOSTIC command supplied format field (ses
5.3.1.1).

A reserved area (RAREA) bit of one indicates that all or part of the translated address falls within a reserved area of
the medium (e.g. speed tolerance gap, alternate sector, vendor reserved area, efc.). If the entire translated address
fallz within a reserved area the larget may not return a translated address. An RAREA bit of zero indicates that no
part of the translated address falls within a reserved area of the medium.

An alternate sactor (ALTSEC) bit of one indicates that the translated address is physically located in an alternata
sector of the medium. If the target cannot determine if all or part of the translated address is localed in an alternate

sector it shall set this bit to zers. An ALTSEC bit of zero indicates that no part of the translated address is located
in an alternate sector 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 larget 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 fleld contains the value from the SEND DIAGNOSTIC command translate format fleld (see
8.3.1.1).

The translated address field contains the address(s) the target translated from the address supplied by the initiatar
in the S3END DIAGNOSTIC command, This field shall be In the format specified in the translate format field. The
different formats are described in 8.2.1.1. If the logical block format iz specified the block address shall be in the first
four bytes of the field and the remaining bytes shall be set to zero.

I the relurned data is in tha logical block or physical sector format and the address to be translated covers more than
one address after it has been translated (e.g. accounting for speed tolerance or multiple physical sectors within a
single logical block or multiple 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 translated.

If the returned data is in bytes from Index format the target shall retum 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 returned, the first indicates the starling location and the second the ending location of the area.
9.3.2 Log parametars

This subclause defines the descripters and pages for log parameters used with direct-access devices.

The log page codes for direct-access devices are defined in table 152.

Table 152 - Log page codes

Page code Description Subclause
01h Buffer over-run/under-run page B.3.2.1
03h Error counter page iread} age g8.3.2.2
05h Error counter page (verify) page 8.3.,2.2
02h Error counter page (write) page B.3.2.2
ath Last n error events page 8.3.2.3
Q6h Han-madium errar page 8.3.2.4
0Ch Supported log pages B.3.2.5
04h Reserved

08h - 2Fh Reserved
3Fh Rezerved

30h - 3Eh Vendor-specific pages

9.3.3 Mode parameters
This subclause 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 in 8.3.3.

The medium-type code field Is contained in the mode parameter header (see §.3.3). Table 153 defines this field for
direct-access devices.
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Table 1563 - Direct-access medlum-type codes

Code
value

Madium type

0ah
o1h
02h

05h
o&h
0%h

0Dh
12h
16h
14h
1Eh

40h
44h

Default medium t{pa (currently mounted medium type)
ngle-sided; unspecified medium

Flexible disk, s
Flexible disk, double-sided: unspecified medium

Flexible disks

Diameter Bit density Track denszity Number ANSI reference

mm {in) Bits/radian /mm (/in) of sides standard

200 (8,0 6 631 1,8 {45 1 ANST X3,73-1980

200 (8,0 6 631 1,9 (48 2 (Note 1)

200 (8,0 13 282 1,9 (48 1 None

200 (8,0 13 262 1,8 (48 2 ANST X3.121-1984

130 (5,2 ; 3 a7a 1,8 (48 1 ANSI X3.82-1880

130 (5,25 7 958 1,9 (48 2 ANSI X3.125-1285

130 EE.EE{ 7 958 3,8 (986 2 ANSI X3.126-1988

140 (5,25 13 262 3,8 (96 2 I30 DISAB30-1985

80 (3,5) T 958 3,3 (133) 2 ANSI ¥3.137-1988
Direct-accass magnatio tapes

Width Denaity ANSI reference

mm {in) Tracks ftpmm (ftpi) standard

6,3 [ﬂ'ﬂil 12 394 éin 000 Note 1

&,3 (0,25 24 394 (10 000 Note 1

Code valuas BOh - FFh are vendor-specific.
area reserved.

All remaining code values

NOTE

i See annex ¢ Tfor additional standards information.

The device specific parameter field (ses table 154) is contained in the mode parameter header (see 8.3.3).

Table 154 - Device specific parameter

Bit

5

4

a

2 1 0

WP

Resaorvead

DPOFUA

Reserved

When used with the MODE SELECT command the write protact (WP) bit is not defined.

When used with the MODE SEMSE command a WP 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 command, the DPOFUA bit is not used and the field is reserved.

When used with the MODE SENSE command, a DFOFUA bit of one indicates that the targst suppaorts the DPO and
FUA bits (see 9.2.6). When used with the MODE SENSE command, a DPOFUA bit of zero indicates that the target
does not suppert the DPO and FUA bits.

The density code field is contained in the mode parameter block descriptor (see 7.3.3). This fleld is reserved for
direct-access devicas.

The mode page codes for direct-access devices are shown in table 155,
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Table 155 - Mode page codes

Page code Description Subclause
08h Caching page 9.5.3.1
oAh Control mode page B.3.3.1
o2h Disconnect-reconnect page 8,3,3.2
05h Flexible disk page §,3.3.2
03h Format device page §5.3.3.3
0Bh Medium types supported page 8.3.3.4
OCh Noetch and partition page 8.3.2.5
08h Peripheral device page 8.3.3.3
01h Read-write earror recovery page 9.3.3.8
04h Rigid disk gecmetry page 89.3.3.7
a7h Verify error recovery page 9.3.3.8
osh Resarved

ODh - 1Fh Reserved
00h Vendor-specifioc ldnaa not require page format)

20h - 3Eh Vendor-specific (page format required)
aFh Return all pages

{valid only for the MODE SENSE command)

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 descripter specifies mode paramatars for the target to use for subsequent operations on the specified
logical unit. 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 operations on the disk noteh specified by the current value of the
active notch field on the specified logical unit.

9.3.3.1 Caching page

The caching parameters page (ses lable 156) defines the parameters that affect the use of the cache.

Table 156 - Caching page

Bit T 5] 5 4 3 2 1 0

Byte
4] PS Reserved Page code (OBh)
1 Page length (QAh)
2 Reserved WCE MF ] ACD
3 Demand read retention priority Write retentlon priority
4 (M3B)

Dizable pre-feteh transfer length —
5 {L3B)
7] (MSB)

Minimum pre-fetch —
7 (LB}
| {MSB}

Maximum pre-Tetch _—
8 (LsB)
10 (M5B)

Maximum pre-fetch celiling _—
11 (LsB)

The paiameters 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-
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specific location. If the P5 is set to one In MODE SENSE data then the page shall be savable by issuing a MODE
SELECT command with SP set to one.

A write cache enable (WCE) 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 multiplication facter (MF) bit of zero specifies that the target shall interpret the minimum and maximum pre-fetch
fields in terma of the number of logical blocks for each of the respective 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 scaler number
which, when multiplied by the number of legical blecks to be transferred for the current command, yields the number
of lagical blocks for each of the respective types of pre-fetch.

A read cache disable (RCD) bit of zero specifies that the target may return data requested by a READ command by
accessing either the cache or media. A RCD bit of one specifies that the target shall transfer all of the data requested
by a READ command fram the medium (i.e, data cannat be transferred from the cache),

The demand read retention priority field (see table 157) 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.

Table 157 - Demand read and write retention priority

Value Description

oh Indicates the target should not distinguish between retaining
the indicated date and data placed into the cache memory by
other means (e.g. pre-fetch),

ih Demand read retention priority: Data put into the cache via a
READ command should be replaced sconer (haa lower priority)
than data placed into the cache by other means (e.g.
pre-fetch).

Write retention priority: Date put into the cache during a
WRITE or WRITE AND VERIFY command should be replaced sooner
(has lower priority} 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 iz other data in

the cache that was placed into the cache by other means (e.g.

pre-fatch) and it may be raplaced (i.e. it is not locked).

Write retention priority: Data put inte 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 means (e.g. pre-fetch) and it may be replaced (i.e.

it is net locked).

2h - Eh Aesarved

The write retention priority field (see table 157) advises the target on the retention pricrity to assign data written into
the cache that has also been transferred from the cache memory to the medium.

An anlicipatory pre-fetch oceurs when data is placed in the cache that has not been requested, This usually happens
in conjunction with the reading of data that has been requested. All the following parametars give an indication to
the target how it should manage the cache based on the last READ command, An anticlpatory pre-fetch may oceur
based on other information. Allthe remaining caching parameters are only recommendations to the target and should
not cause a CHECK CONDITION to occur if the target cannot satisfy the request.
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The disable pre-fetch transfer length field specifies the selective disabling of anticipatory pre-fetch on long transfe
langths. The value in this field is compared to the number of blocks requested by the current READ command. |
the number of blocks is greater than the disable pre-fetch transter length, then an anticipatory pre-fetch is not done
for the command. Otherwise the target should attempt an anticipatory pre-fetch. If the pre-fetch disable transfer
length Is set to zero, then all anticipatory pre-fetching is disabled for any request for data, including those for zerc
logical blocks,

The minimum pre-fatch field indicates either a number of blocks or a scaler multiplier of the transfer length, depending
upon the setting of the MF bit. In either case, the resulting number of blocks is the number to pre-fetch regardless
of the delays it might cause in execuling subsequent commands.

The pre-fetching operation begins at the legical block immediately after the last logical block of the previous REALC
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 emor may be reported either immediately as an error for the current REALC
command, or as a deferred errar, at the discretion of the target and according to the rules for reporting deferred
errars,

If pre-fetch has read more than the amount of data indicated by the minimum pre-fetch then pre-fetching should be
terminated whenever another command is ready to execute, This consideration is ignored when the minimum pre-
fetch is equal to the maximum pre-fetch.

The maximum pre-fetch field indicates either a number of blocks or a scaler multiplier of the transfer length
depending upon the setting of the MF bit. In either case, the resulting number of blocks is the number to pre-fetch
if there are no delays in executing subsequent commands,

The maximum pre-fetch field contains the maximum amount of data lo pre-fetch inta the cache as a result of one
READ command. It is used in conjunction with the disable pre-fetch transfer length and maximum pre-fatch ceiling
parameters to trade off pre-fetching new data with displacing old data already stored in the cache.

The maximum pre-fetch ceiling field specifies an upper limit on the number of logical blocks computed as the
maximum pre-fetch. |f this number of blocks is greater than the maximum pre-fetch, then the number of logica:
blocks to pre-fetch shall be truncated to the value stored in the maximum pre-fetch ceiling field.

NOTE 124 If the MF bit is one the maximum pre-fetoh ceiling field is useful in limiting the amount of data to be pre-fatched.
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8.3.3.2 Flexible disk paga
The flexible disk page (see table 158) contains parameters for control and reporting of flexible disk drive parametars.

Table 158 - Flexlble disk page

Bit 7 <] 5 4 3 2 1 a
Byte
0 Ps Raserved Page code (05h)
1 Page length in bytes (1Eh)
2 (M3B)
Transfer rate _—
3 (L5B)
4 Humber of heads
5 Sectors per track
[:] MsB
( ) Data bytes per sector e
7 {LSB)
8 MSB
. ( ] Number of cylinders o
8 {LsB)
10 (M3B)
Starting cylinder-write precompensation
11 (L2B)
12 MSB
t ] Starting oylinder-reduced write current
13 (L=B)
14 (MBB)
Drive step rate o
15 {LEB)
18 Drive step pulse width
17 MsB
( ) Head settle delay —
18 {LBEL
19 Motor on delay
20 Motor off delay
21 TRDY 33N Mo Resarvad
22 Reserved 8P
23 Write compensation
24 Head load delay
25 Head unload delay
28 Pin 34 Pin 2
27 Pin 4 Pin 1
28
Medium rotation rate e
29 (LsB)
30 Reserved
31 Reserved

The parameters savable (PS) bit is enly used with the MODE SENSE command. This bit is reserved with the MODE
SELECT command. A P3 bit of one Indicates that the target Is capable of saving the page in a non-volatile vendor-
specific location,
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NOTE 125 This page is mainly intended for defining parametars of flaxible disk drives, but may be used for other devices,
it applicable,

The transfer rate indicates the data rate of the peripheral device. See table 153 for examples of commaon transfer
rates.

Table 159 - Examples of transfer ratea

Value Transfer rate

QO0FAh 250 kbit/s transfer rate
012Ch 300 kbit/s transfer rate
O1F4h 500 kbit/=s tranfer rate
03Esh 1 mbit/s transfer rate
0700h 2 mbit/s transfer rate
1388h 5 mbit/= transfer rate

The number of heads fiald =pecifies the number af heads used for reading and wriling data on the medium. Heads
used exclusively for servo information are excluded.

The sectors 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 write precompensation is te 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 currant field specifies cylinder at which write current is reduced. Cylinders are
numbered starting with zero. 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 step rate field specifies the step rate in units of 100 ys. This value may be rounded as defined in 7.5.4.
A value of zero requests the target to set its default value,

The drive step pulse width field specifies the width of the step pulse in microseconds. This value may be rounded
as defined in 7.5.4, A value of zero reguesls the largel to set its default value,

The head settle delay field specifies the head seftle time in units of 100 ys. This value may be rounded as defined
in 7.5.4. 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 walt before attempting to access the medium after the motor on signal is asserted. If 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 aborting an attempt to access the medium. This value may be rounded as defined in 7.5.4.

The motor off delay fiald specifies in tanths of a second the time that the target shall wait before releasing the moter
on signal after an idle condition exists. 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 7.5.4.
Atrue ready (TRDY) bit of one specifies that a signal is provided that indicates the medium is ready to be accessed.

A start sector number (SSN) bit of one specifies thal sectors are numbered starting with one. An SSN bit of zero
specifies that sectors are numbered starting with zero.
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A motor on (MO) bit of one specifies that pin 16 {maoter on) shall remain released, This kit shall be set to one when
using high 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 step pulse per cylinder (SPC) field Is used to specify the number of additional step pulses required per cylinder.
Mon-zero values allow a drive to read a diskeite formatted on a drive with a lower number of tracks per inch. For
oxample, a value of one allows a 96 track-per-inch drive to access tracks on a diskette that was formatted for 48
tracks per inch,

The write compensation field is used te specify the amount of wrile compensation to be used starting at the eylinder
specified in the starling cylinder for write precompensation field, The correlation of any values used in this field to
actual write precompensation time values is vendor-specific. If a zero is specified in this field the target shall use its
default write precompensation value. This value may be rounded as defined in 7.5.4.

The head load delay field specifies the head loading time in milliseconds. This value may be rounded as defined in
7.5.4. A value of zero requests the target to set its default value,

Tha head unload delay field specifies the head unloading time in milliseconds. This value may be rounded as defined
in 7.5.4. A value of zero requests the target to set its default value,

The Pin 34 field defines the usage of pin 34 of the fiexible disk drive interface. This use of this pin varies among
vendors and drives, The settings allow the initiator to =elect how pin 34 shall be used by the interface. See table
180,

Table 180 - Pin 34 field

Bit T65 4 Description of pin 34 use
FOOD Open
POOA1 Ready
PO1O0 Disk chenged
MOTES
i P is a polarity bit, where 0 iz active lew and 1 is active high,
2 All undefined values are reserved.

The pin 4 field defines the usage of pin 4 of the flexible disk drive interface. This use of this pin varies among drive
vendors and drives, The settings allow the initiator to specify how pin 4 shall be used by the interface. See table
161,

Table 161 - Pin 4 field

Bit 765 4 Description of pin 4 use
POOCOD Open
P OO In usea
PO10 Eject
POOOD Head load

HOTES
1 P is a polarity bit, where 0 iz active lew and 1 iz active high.
2 All undefined values are reserved.

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 seftings allow the initiator to specify how pin 1 shall be used by the inlerface. See table 162,
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Table 162 - Pin 34 fiald

Bit 7T 65 4 Description of pin 34 use

FPODOD Open
PODA Disk chanpe resat

NOTES
1 P is a polarity bit, where 0 is active low and 1 is active high.

2 All undefined values are reserved.

The medium rotation rate fisld specifies the speed at which the medium rotates. The unit of measure is rotations pe
minute (e.g. 2 400 rpm). This field cannot be changed by a MODE SELECT command.

9.3.3.3 Format device page

The formal device page (see table 163) contains parameters which specify the medium format.
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Table 163 - Format device page

git] 7 | & 5 4 3 2 1 0
Byta
0 Ps Reserved Page code (03h)
1 Page length (16h)
2 (MSB)
Tracks per zone P
3 (LSB)
4 [MSE)
Alternate sectors per zone —
5 (LEB)
(5 [MSB)
Alternate tracks per zone —
7 (LSB)
] (MSB
Alternate tracks per legical unit —
8 (LSB)
10 (MSE)
Sectors per track s
11 (LSB)
12 (MSB)
Date bytes per physical sector —
13 iLs8)
14 {MSB)
Interleave
15 {LsB)
186 (MSB)
Track skew factor —_
17 {L5B)
18 (M5B
Cylinder skew factor —l
18 (LsB)
20 ssec | Hsec | mms SURF Reserved
21
] e Reserved ]
23

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 capahle of saving the page in a non-volatile vendor-

specific lecation.

NOTE 126 If the initiator changes any of the current physical parameters defined below, the target may nat be able to
access the media until a FOAMAT UNIT command has been successfully completed.

i the defect handling format parameters (tracks per zone, alternate seclors per zone, alternate tracks per zone and
alternate tracks per logical unit) requested by the Initiator are not supported by the target the larget may round these

fields to acceptable values as described in 7.5.4.

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 net contain the same number of tracks as the previcus zone(s),
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The alternate sectors per zone field specifies the number of sectors per zone the target shall reserve for defec
handling. The target shall de-allocata these seclars from the initiator addrassable blocks during the FORMAT UNI
command, If the notch page is implemented and the ND bit of the notch page is one and the active notch field ¢
the notch page is zero, then a value of zero indicates that no alternate sectors shall be reserved. Otherwise, a valu
of zera indicates that the number of alternate sectors is larget specific.

The alternate tracks per zone field specifies the number of tracks per zone the target shall reserve for defect handlinc
The target shall de-allocate these tracks from the Initiator addressable blocks during the FORMAT UNIT commanc
Ifthe notch page Is implemented and the ND bit of the notch page is one and the active notch field of the natch pag
is zero, then a value of zero indicates that no alternate tracks shall be reserved. Otherwise, a value of zero indicate
that the number 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 fc
defect handling. The target shall de-allocate these tracks from the initiator addressable blocks during the FORMA
UNIT command. If the notch page is implemented and the ND bit of the notch page is one and the active notch fiel
of the notch page is zero, then a value of zero indicates that no alternate tracks shall be reserved, Otherwise, a valu
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 numbe
includas any alternate sectors the target may allocate. A value of zero during MODE SELECT indicates that the targe
shall define the number of sectors per track. For devices with a variable number of sectors per track, the value i
MODE SELECT shall be zero and the value reported in MODE SEMNSE for the number of sectors per track is vendor
specific,

The data bytes per physical sector field specifies the number of data bytes per physical sector that the target sha
use. This value may be different than the logical block size reported in the MODE SELECT data. The target sha
return CHECK CONDITION status if it determines that the combination of this field and the sectors per track fiel:
exceed the capability of the medium. A value of Zero indicates that the data bytes per physical seclor is defined b
the target.

Far MODE SENSE the interleave field returns the same parameter passed in the FORMAT UNIT command, The targe
shall report this field as target defined in the corresponding MODE SENSE command. For MODE SELECT this fielt
is ignored,

NOTE 127 It is recommended that this field be marked non-changeable and that initiators send the value returned in MODE
SENSE. This allows migration lo specifying interleave as a mode parameter instead of in the FORMAT UNIT command.

The track skew factor field specifies the number of physical sectors between the last logical block of one track anc
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 cylinde
and the first logical block on the next sequential cylinder.

The SSEC bit set to one 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 S2EC bi
are mutually exclusive in MODE SELECT commands.

The combinations sector fermatting suppoerted that are reported in response to a request for default values are
defined in table 164,
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Table 164 - Reporting of default sector formatting support

S5EC | HSEC Description

Targat shall not return thi=z combination

Target supports soft sector formatting only

Target supperts hard sector formatting only

Target supports both soft and hard sector formatting

= B =
T =]

The combinations sector formatting supported that are reported in response to a request for changeable values are
defined in table 165.

Tabkle 165 - Reporting of changeable sector formatting supponrt

S5EC | HSEC Description

Sactor formatting not changeable

Target shall not return this gombination

Target shall not return thiz combination

Target supports both soft and hard sector formatting

=l = |
e 3

The remaovable medium (AMB) bit set to one indicates that the logical unit supperts removable media. A RME bit
set to zero indicates that the logical unit does not support removable media. The status of this bit shall be reflected
in the INQUIRY command RMB bit.

The surface (SURF) 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 sel to one indicates that the larget
shall allocate progressive addresses to all logical blocks on a surface prior to allocating sector addresses on the next

surface.
WOTE 128 If the target supports savable parametars, all savable parameters for this initiator, including those in page codes

3, 4, and 5, are saved to non-volatile memary whan tha save parameters bit (SP) in the cemmand descriptor block is set
to one, The savabla parameters may also be saved to non-volatile memarny during a FORMAT UNIT cammand (see 8.2.1),

9.3.3.4 Medium types supported page

The medium types supported page (see table 166) contains a list of the medium types implementad by the target
for logical units.

Table 166 - Medium types supported page

Bit T -] - 4 3 2 1 0
Byte
o PS Reserved Page code (0Bh)

e

Page length (06h)

Reseryved

Rezarved

Medium type one supported

Medium type two supported

Medium type three supported

Sqlm|lw| ]|

Medium type four supported
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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 code values for each medium type supported by the target (up to four maximum), are reported in ascending
order. If only the default medium type is supported zero is reported, |f less than four medium types are supported
the unused entries shall be returned as zero,

8.3.3.5 Notch and partition page

The notch page (see table 167) contains parameters for direct-access devices which implement a variable numbar
of blocks per eylinder and support this page. Each clause of the logical unit with a different number of blocks per
cylinder is referred to as a nolch.

Table 167 - Notch page

Bit T -] 5 4 3 2 | ]

Byte
0 PS5 Reserved Page code (OCh)

1 Page length (16h)
2 HD | LPH I Reserved
3 Reserved
4 (M2B)

Maximum number of notchas —
5 [LSE)
& (MSB)

Active notch —
T ({L3B)
8 (MSB)

g s Starting boundary =
T {L3B)
12 {M3B)

et i Ending boundary —l
15 (L5B)
18 [M5E)

Sty L) Pages notched —
23 (LsB)

The parameters savable (PS) bit is anly 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 vendar-
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 ND 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,

A logical 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 Indicates
that the notch boundaries are based on logical blocks of the logical unit.

The maximum number of notches field indicates the maximum number of notches supported by the logical unit. This
field shall be reported as unchangeable.
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