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STATUS OF EDITING:

The SC5I-3 Interlocked Protocol contains several changes 1o tha SCSI-2 standard;
Target Transfer Disable messaga

Continue )/O Process message

5-bit LUN field (expanded {rom 3 bils)
Dual parting delinition and BUD DEVICE AESET OTHER PORT massage
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1 Forward

The SCSI protocol is designed to provide an efficiam peer-io-peer /O bus with up 1o 8 devices, including
one or more hosts. Dala may be transferred asynchronously at rates thal depend primarily on device
implamentation and cable length. Synchronous data transters are supported at rates up to 10
mega-transters per second, With the 32-bil wide dala transfer option, data rates ot up 1o 40 megabytes
per sacond are possibla.

With any technical document there may arise questions ol interpretation as new producits are
implemenied. The X3 Commiltee has established procedures to issue technical opinions concerning the
standards developed by the X3 organizalion. These procedures may result in SCSI Technical Informalion
Bulletins baing published by Xa.

These Bulletins, whila rellacting the opinion of the Technical Committee which daveloped the siandard,
are intended solaly as supplementary information 10 other users of the standard. This standard, ANS
X3.0x-199x, as approved through the publication and voling procedures of the American Nalional
Standards Institute, is not aliered by these bulletins. Any subsaquent revision to this standard may or
may not rellect the contents of these Technical Inlorimation Bulletins.

Current X3 practice is to make Technical Information Bulletins available through;

Global Enginaering Documents
2805 McGaw

Irvine, CA 92714

(800) B54-7179

(714) 261-1455
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2 Scope
This American National Standard defines the physical attributes of an input/output bus for interconnecting

compulers and peripheral devices. Figura 1 shows the relalionship of this document to other SCSI-3
standards.

| SC5[-3 Common Access Hethod (CAM) l
Block Device Stream Device
Command Set Command Set aoo
(58C) {55C)

| }SESI-J Common Commands (SCC) |

l SC51-3 Architecture Hodel (5AH) l
Serial Generic
lacerlacked ?Eﬂ " Bus ! F;ck:tiz?u
rotoco ratoco
(81 (FE-45) || "rsap) (GPF)
g 00
Parallel Fibre 1EEE
Interface|| Channel P1194 M
(SP1) (FC-PH) |[Ser1a) DBus

Flgure 1 - SC51-3 Document Roadmap

This roadmap Is intended to show tha general applicabllity of documents to one another, not a hierarchy,
protocal stack, or system archilecture. For example:

1. SIP, 5BP, and FC4S are link-specific protacols designed to be applied to the physical interdaces
directly below them.

2. CAM, SBC, S5C, SCC, and SAM ara applicable to all link protocols.

3. GPP is intended 1o be used with any physical imerlace.

Ol the abave standards, only the following fall under the jurisdiction of X3T18.2:

1. The Common Access Method, which defines Oparating System-independent methods of interfacing
host software (e.g., SCS1 davice drivers) to host hardware (e.g., SCSI host adapters).

2. The Block Device Command Set (e.g., direct access devices)

3. The Streamn Device Command Set (e.g., sequential access devices). Other device command sels (a.g.,
medium changers, printers, scanners) will also be documented here. -

4. The Common Command Sel, which delines the commands used by all device types.

5. The Architecture Model, which describes IO process management and the data structures presented

to all link protocols. )

6. The Interlocked Protocol, which'describes the link protocol used on the Parallel Bus (e.g., messagaes,
bus phase sequences),

7. The Parallet Interface, which defines the physical altributes of the Parallel Bus (e.g., cable, connecior,
and electrical specifications).
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The ariginal Small Computer System Interface Standard, X3.131-1986, is relerrad to herein as SCSI-1.
SC5I-1 was revised resulling in the Small Computer Systam Intarface - 2 (X3.131-199x), referred 1o herein
ag SCSI-2. This standard, the SCSI-3 Parallel Interface, the SCS1 Packetized Protocol, and the SCSI-3
Command Set are relerred 1o herein as SC51-3. The term SCSI Is used wharever il is not necessary to
distinguish between the versions of SCSI.

This document delines the interlocked protocol requiremants of the Interfaca to allow interoperatability ol
conlorming devices al the dala ranspont level.

SCSlis a local I/O bus that can be operated over a wide range ol data rates. The objactives of the Parallel
Intertace and Inerlocked Protocol on SCSI-3 are:

1. To provide host computers with device independence within a class of devices. Thus, different disk
drives, tape diives, prinmers, optical media drives, and other devices can ba added to the host
computears without raquiring modilications 1o generic system hardware. Provision is made lor the
addition ol spacial leatures and functions through the use of vendor unique indications, Reserved
areas are provided for fulure standardization.

2. To provide compalibility with SCS1-2 devices. Devices meeling SC51-2 and the SCSI-3 Parallel
Interface standards can co-exist on the same bus, Properly conforming SCS1-2 devices, both initialars
and targets, should respond in an acceplable manner Lo raject SCSI-3 protocol extensions. AllSCSI-3
protocol exiensions ara designed 1o be permissive of such rejections and to allow the SCSI-2 device
to continue operation without raquiring the use ol the extansion.

3. To move device-dependent intalligence out to the SCS1-3 devices. Reler to the SCSI-3 Command Sal
standard.

Tha interface protocol includes provision lor tha connaction of multipla inilialors (SCSI devices capable
of initiating an IO process) and mulliple 1argels (SCSI devices capahla ol responding to a request 1o
perorm an IO process). Distributed arbitration {l.e., bus-contention logic) Is built into tha architecture of
SCSl. A priority system awards interlace cantral 1o tha highest priority SCS1 device that is conlending lor
use ol tha bus.

The SCSI-3 Inlerlocked Protocol standard is dividad into four major sections:

Secilicn 5: Interlocked protocol atiributes and bus conditions resulling from parallel bus events.
Section 6: Message system used by the interlocked prolocol.
Section 7: Status and Command structure, command processing exceplion condilions.

Annexes A-D: Examples of a SCSI command, a disconnect sequenca, a linked command, queuing.
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3 Referenced Standards and Organlzations

American National Standard Small Compuler System Interface, X3.131-1891, may also ba useful to
achieve compatibility with devices that conform 10 version 2 of SCSI.

American National Standard Small Computer System Interace - 2, X3.131-1991, may also be useful to
achieve compalibility with davices that conform to version 2 of SCSI.

The SCSI-3 Parallel Interface (X379.2/81-010) defines tha bus conditions, phase sequences, messaging,
and Interlocked-specific commands and status needed 1o suppon the Parallel Interface.

The §GSI-3 Command Sel (X3T9.2/91-yyy) delines the davice-specific command sets used by both the
SCS1-3 Packetized Protocal and the SCS1-3 Interlocked Protocal.
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4 Glossary and Convenlions

4.1 Glossary

4.1.1 accept (a command): A received command Is accepled by a Logical Unit or Target Aoutine when
it passes validalion.

4.1.2 Active Inltlator IJO Process: An |/O Process which begins with an Initlal Connection.
4.1.3 Acllve Target I/O Process; An I/O procass that Is not in the Queued IJO Process Queue.

4.1.4 Active I/O Process Queue: A queus in a Targel which contains zero or more Active Target 1/O
Processes, or a queus in an Initiator which contains zero or more Activa Initiator I/O Processes.

4.1.5 ASClI BYTE: A byte whase valug is interpreted for graphic presentation according to the ASCII
collaling sequence.

4.1.6 Asynchronous Evenl Nollfication: A pracedure used by targels to notify inltiators of evems
occurring in the target which do net eccur while the targel is exacuting an Active Target /O Process {e.g.,
Unit Attention or medium removal). The procedura involves the target bacoming a temporary initialor for
the purpose ol issuing a SEND command to an initiator which behaves as a tempaorary targgt {processor
davice). Detection ol the event resulls in either Contingent Allegianca or Extended Contingant Allegiance.

4.1.7 asalgned: A Target Controller Function Is assigned when it is permitted 1o accept O Processes
anly from cenain Path Groups.

4.1.8 autogsense dola: The sense data provided by a larget immediately following the stalus byte.
4.1.8 block: A logical or physical byte string.

4.1.10 black petlpheral device: A paripharal device shich Is in one of the following device classes: direct
access, wrile once, CD-AOM, or optical memary.

4.1.11 byte: In this standard, this 1arm indicates an 8-bit (octal) construct,
4.1.12 byte siring: A contiguous sat of ASCIl bytes.

4.1.13 command: A Command Descriplor Block and associated command parameter data sent from an
initiator 1o a 1arget which causes a logical unit or target routine o perform an action.

4.1.14 command descriptor block: A collection ol bytes used to specily the fixed length ponion of
commands. The aperation code of the command, the logical unit number of tha target, the logical block
address (if required), and the length of the variabla length portion of the command {if raquired) ara among
the fields specified.

4.1.15 command parameler data: A collection of zero or mora fields provided by an inltiator as an
addnedumn 1o somae command desciiplor blocks.
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4.1.16 command response dala: A collection of zero or more fislds provided by a target in response to
soma commands (e.g., Saense Data).

4.1.17 connect: An initiator function thay selects a target for the purpose of establishing a nexus and
starting an I/O process, The connection that resulls is an initial connection.

4.1.18 connectlon: An initlal connection or reconnaction. A cannection can only occur between one
Initiator and one 1arget on the same bus, A connection begins when conditions exist between an initiator
and a targaet for inlormalion transler. A connection ends with the next disconnect.

4.1.18 Contingent Allegiance: A condition In a target established when an error Is delected. During this
condition the targel praservas sens? data. This condition Is typically generaled by a CHECK CONDITION
stalus. i

4.1.20 current I/O procesa: The /O process connected on a bus. The /O process may be an active
target /0 process, or it may be a queued /O process. Only one /O process may be current per connact.

4.1.21 device class: One ore mora targets all having the samae logical model and specified Independently
in the SCS| Command Set standard. All device classes conform 1o the mandatory requirements of the
logical system.

4.1.22 device lype: A specific 1arget function which Implements some or all of the functions for a davice
class, Each device typs implemems all mandatory commands and functions for its device class.

4.1.23 dlaconnect: Tha action that occurs when an SCSI device releasas control of the SCS| bus,
allowing it 1o go to the BUS FREE phase.

4.1.24 dual port: 5CS| devices may provide two SCSI connectors in a dual port contfiguration that allows
any por to connect to the attached logical unit{s). If the cption is implemented, the SCSI devica shall
provide separale (ransmitters and receivars for sach pon, Il a port is active and a command is sent 1o the
Inactive pon, the inactive pon shall either:

(1) accept the command bytes and disconnect, or
(2) will not accepl the command bytes and respond with appropriata status (e.g. BUSY, CHECK
CONDITION, QUEUE FULL, or RESERVATION CONFLICT).

The SCSI device may allow the SCSI ID assigned to each pon to be the same valus or different values.

4.1.25 execule (a command): A command is executed after it has been accepied and its IfO Process has
become aciive.

4.1.26 Extended Contingent Alleglance: A condition in a target established when an error Is detected.
This condition assists in extended error recovery procedures typically used in mutti-initiatar systems, and
Is generaled by an INITIATE ARECOVERY message. See RELEASE AECOVERY.

!
4.1.27 fleld: A sel ol one or more contiguous bits.
4.1.28 host adapler: A device which connects beiween a host sysiem and the SCSI bus. The device
usually performs the lower layers ol the SCSI protocol and normally operates in tha Initiator role. This
function may be integrated into tha host system.

Page 10



g/

draft working document SCS1-3 Intestocked Protocol

4.1.29 Inltial connectlon: An initial connection is the resull ol a connact, It exisis from tha assertion of
tha BSY signal in a SELECTION phase until the next BUS FREE phase occurs.

4.1.30 Inltlator: An SCSI device {usually a host system) that requasts an IJO process to ba performed by
another SCSI devica (a target).

4.1.31 Inliotor mode: The mode of oparation of a pont In which the pon performs Initiator funclions.
4.1.32 Invalld: An illegal, reserved, or unsupponed bit, field, code value, bus phase, or prolocol sequence.
4.1.33 1/O process: An |/O process consists of ons initial connection and zero or more reconnections,
all penaining to a single command or a group of linked commands. Mora spacilically, the connection(s)
pertain 1o a nexus as delinad below In which zero or more command descriptor blacks are transferred.
An /O process begins with the establishment ol a nexus. An I/O process normally ends with the BUS
FREE phase following successful transler ol a COMMAND COMPLETE or a RELEASE RECOVERY
massaga. An |/O process also ends with the BUS FREE phase following an ABORT, ABORT TAG, BUS
DEVICE RESET, or CLEAR QUEUE message or when a hard AESET condition or an unexpecied
disconnact occurs.

4.1.34 /O process queue: An active target /O process queue, active /O initiator process queus, or a
queued /O process queus. The contents of the I/O process queues in an initiator and a targel may be
diflerant.

4.1.35 LT nexus: A nexus which exisis batween an initiator and a targel.

4.1.36 I_T_L nexus: A nexus which exists between an iniiator, a targal, and a logical uni.. This
ralationship replaces the prior 1_T nexus.

4.1.37 |_T_L_Q nexus: A nexus between an initiator, a target, a logical unit, and a queue tag lollowing
the successlul receipt of ona ol the queue 1ag messages. This relationship replaces the prior|_T_L nexus.

4.1.38 |_T_R nexus: A nexus which exists between an initiator, a target, and a target routine. This
relationship replaces the prior I_T nexus.

4.1.38 |_T_x nexus: A nexus which is either an |_T_L or I_T_R nexus.
4.1.40 |_T_x_y nexus: A nexus which is either an |_T x or |_T_L_Q.

4.1.41 loglcal block; A unit of data supplied or requested by an initislor usually for a peripheral device.
A logical block may ba flixed or variable in length.

4.1.42 loglcal block data: A sequence ol bytes from or 10 a logical block,
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4.1.43 loglcal unit: An addressabla function within a target which executes active target I/O processas.
A logical unit is addressed by the logical unit number, and it has a command set.

4.1.44 logical unlt number: The address ol a logical unit.
4.1.45 LSB; Leasl significant bit.
4.1.46 LUN: Logical unit number.

4.1.47 m**n: A mathematical expression represanling the number m ralsed 1o the n'th power. In SGS|,
boith m and n are integer decimal numbers.

4.1.48 measage: Ona or more hyfes transferred between an initiator and a target for the purpose ol
controlling the nexus.

4.1.49 MSB: Most significam bh.

4.1.50 nexus: A relationship batween an initlator and a targat that begins with an Initial connection and
ends with the completion of the assoclated I/O process. The retationship may be restricied Lo a single
logical unit ar target routine using the Identify function. Each initiator and 1argel may have zero or more
nexuses established at a time. The relationship may be funther rastricted by the successful transfer ol a
queue tag message. For dual port Implementations, the relationship Is restricted to the port on which the
inilial connection was established.

taminalagy progrsssion
1T _x_y g LT L b T L O
— | ™ [ - AR
I_T_» LT_LQ LT.AQ 1 |
IDENTIFY Ousue T
\ SELECI'O" meilage lnl::lﬂ.lu
ILT_L I_T_R

4.1.51 one: A lrue signal value or a true condition of a variable. A field valus numerically equal 1o 1b.

4.1.52 other peripheral device: A peripheral device which is in one of the [ollowing device classes:
scanner, medium changer, graphic ans (2 classes).

4.1.53 page: A sell-describing set ol lields usad with some command parameter data and command
response data. Each page is identiliad with a page coda.

4.1.54 page code: A field within a page whose value is unique within a command. The page code
provides the means to interpret the remaining fields in a page.

4.1.55 parameler: The valus ol a figld.

4.1.56 pending sense data: Sense data within a target lor a conlingent allegiance or exiended
contingent allegiance that has not been sent 1o tha initiator.
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4.1.57 perlpheral device; A physical peripheral device attached 10 an SCSI1 davice. A peripheral device
and an SCSI devica may be one unit. Examples ol peripheral devices are: magnelic disks, printers,
optical disks, and magnetic tapes.

4.1.58 physlcal block: The minimum recording unit, in bytes, lor certain device classes. The physical
block may be lixed or variable In length and is device class depandent,

4.1.59 port: Tha poniion ol an SCSI device that antaches 1o the SCSI bus. An SCSI davice may have more
than one port. Each port may attach 1o a diftarent bus.

4.1.60 queus: Sea |/Q process queus,

4.1.61 queue tag: The parameter associated with an YO pracess that uniquely Identifies it from other
lagged l/O processes lor a logical unit [rom the sama iniliator,

4.1.62 queued I/O procesa: An I/O process that is In a queued IO process queue and is not in an active
targel /O process qusue or an active Initiator I/0 process queus. A queued |/O process in an Initiator is
an /O process for which a connect has not been mada. A queued /O process in a targel is an /O
Process that is not in the activa target /O procass queus. .

4.1.63 queued I/O process queus: A queue in either an inlitator or a target that holds /O processes
prior 1o acceptance and execulion. The /O processes in the quaued |/O process queue may be tagged
or untagged.

4.1.64 recelve (a command): A command is received afier it has been translerred from an Initiator to a
Targel

4.1.65 reconnecl: Tha act of reviving a nexus to continue an I/O pracess. A target compleles when
candilions are apprapriale for the physical bus to transfer dala assoclated with a nexus betwaen an
Initialor and a largel.

4.1.66 recennection: A raconnection is the resull of a recannect. After a connact, a reconnection exists
Irom the end of a reconnect unlil the nexi discannect.

4.1.67 reect {a command): A received command is rejected by a Logical Unit or Target Routine when
It tails vatidation.

4.1.68 reserved: The lerm used for fields, code values, and bus phases set aside for luture
standardization,

4.1.68 5CSI: SCSI-3.

4.1.70 SC51-3: The Small Gomputer System Interdace - 3 (X3.0x-199X).
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4.1.71 SCSI Command Processing: SCSI cornmands are processed In the {ollowing arder;

command
recewe
valdale
accepl reject
execule

4.1.72 SPI; SCS1-3 Parallel lntena!:e.

4.1.73 SPI Address: The unique address for ona pon on an SPi device. Muliple ponts on the same SPI
device connecled to the sama SPI bus have diflerant SPI addressas.

4.1.74 SPI Device: A device capabla of attaching 1o one or more busses via one or mora pons.

4.1.75 SPI1D: The bit-signilicant representation of the SP1 address referming to one of the data bus signal
lines available to the SP1 device, excluding parity signals.

4.1.76 status: A field sent Irom a target 1o an Initiator upon completion of each command, Status is also
produced 1o report some conditions which occur in an /O process when a command Is not executing.

4.1.77 storage device: A paripheral device which is capable of reading and optionally writing loglcal
blocks to a medium.

4.1.78 stream perlpheral devlce: A peripheral device which is in one of the foliowing device classes:
sequential access, printer, processor, or cammuaications,

4.1.78 targel: An SPI device that perdorms an /O process raquastad by an initiator.
4.1.80 targel mode: The mode of operation of a pon In which the port performs targel lunclions.

4.1.81 target routlne; An addrassable function within a target which exacutes active target I/O processas.
A targe! routing is addressed by a target routing number, and it has a command set to execute.

4.1.82 arget routine number: The address of a larget rautine.
4.1.83 unexpected disconnect: A disconnection that occurs because of a protocol error.

4.1.84 valldate (o command); . A command is validated when a Logical Unit or Target Routine verifies
that all lields contain lagal values,

4.1.85 vendor specllic (VS): Something (e.g., a bit, field, code value, elc)) that is not defined by this
slandard and may be used differently in various implsmentations.
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4.1.86 ¢ Digits 0-9, excepl thoss used as section numbars, In the text of this standard that are not
immediately lollowed by lowsr-case *b* or *h" are decimal values. Large Numbers ara nol separaled by
commas or spaces (e.g., 12345; not 12,345 or 12 345).

4.1.87 xxb: Digits 0 and 1 Immadiately lollowed by lower-case “b* are binary values.

4.1.88 xxh: Digits 0-8 and the upper-case leners "A'F* immediately followed by lower-case *h' are
hexadecimal values.

4.1.89 zero: A lield with a value of Ob in each bit position. A false signal value or a false condition of a
variable,

4.2 Editorlal Conventions

Cenain words and terms used In this standard have spacific meanings beyond the normal English
meaning. Either the glossary defines these words and terms, or the delinition appears a1 lirst use.
Names of signals, phases, messages, commands, statuses, sense keys, additional sense codes, and
additional sense code qualiliers ase in all uppercase (e.g.. REQUEST SENSE).

Normal English capitalization {or lack thereol) is used for other words. Words have the normal technical
English definition unless the word or phrasa is detined in context or in a glossary. Some words may have
dafinitions unique to the sections where they are used.

5 SCSI Interlocked Protocol Attributes

5.1 SCSI Bus Gonditions

The SCSI bus has two asynchronous conditiens; the atiention condition and the reset condition. These
conditions cause the SCSI device to perfonm cenain aclions and can alter the phase sequence. The
atention condition is caused by the anention event and the reset condition is caused by the reset event.
These evenls are descnibed in the SCSI Parallal Interface document.

Furthermore, an SCSI device may not all be powered on at the same time. This standard does nol
address power sequencing issues, However, each SCSI device, as it is powered on, should perdorm
appropriate internal reset operations and internal 1est operations. It is recommended that following a
power-on 1o selection time aher power is applied, SCS| targets be abls to respond with appropriate s1alus
and sense data 1o the TEST UNIT READY, INQUIRY, and REQUEST SENSE commands.

5.1.1 Attentlon Condltion

The atiention condition allows an iniliator 1o inform a target ihat the Initiator has a message ready. The
1arget may get this message by performing a MESSAGE OUT phase. The atiention condition is created
by an attention event (see SCS1.3 Parallel Bus).

A 1arget shall respond 1o an atiention event with MESSAGE OUT phase as lollows:

{1) i the ATN signal becomes true during a COMMAND phase, the target shall eruer MESSAGE OUT
phase after transferring pan or all of the command descriplor block byles.
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(2) It the ATN signal becomes true during a DATA phase, the target shall enter MESSAGE OUT
phase at the 1arget’s earllest conveniance (often, but not necessarily on a logical block boundary).
The inhiator shall continue REQ/ACK handshakes until it detects the phase change.

(3) U the ATN signal becomes trua during a STATUS phase, the target shall entesr MESSAGE OUT
phase alter the stalus byla has been acknowladged by the initiator.

(4) Il the ATN signal becomes true during a MESSAGE IN phase, the target shall enter MESSAGE
OUT phase belore it sends another messaga. This permits a MESSAGE PARITY ERROA
messags from the initiator to be associated with the appropriate message.

(5) If the ATN signal becomes true during a SELECTION phase and belore the inliiator releases the
BSY signal, tha target shall enter MESSAGE OUT phase immadiately after that SELECTION phase.

(6} It the ATN signal becomas true during a RESELECTION phase, the 1arget shall enter MESSAGE
OUT phasa alter the largizl has sent lis IDENTIFY message for that RESELECTION phase.

5.1.2 Rosaet Condlllon

The reset condition is used o Immediately clear all SCSI davices from the bus, This condition shall take
precedence over all other phases and conditions. Any SCSI device may create the reset condition by
generaling a reset event. During the rese! condilion, tha siate of all SCSI bus signals othar than the RST
signal Is not defined.

The eflect of the reset condition on /O processas which have not completed, SCSI device reservations,
and SCSI device operaling modas is determined by whether tha SCSI device has implemented the hard
reset allernative or the soft reset allemative (one al which shall be implamented) as defined in 5.1.2.1 and
5.1.2.2. The hard and solt reset aliernatives are mutually exclusive within a system. A facility for 1argets
to repon which raset allemative is implemented Is provided in the ShiRe bit of the INQUIRY data (ses
SCSI1-3 Command Set).

5.1.2.1 Hard Reset Alternatlve
SCSI devices that implement the hard resel alternalive, upon detection of the reset condition, shall;

(1) Clear all /O processes Including quaued IO processes.

(2) Release all SCSI device reservalions.

{3) Return any SCSI device operating modes to thelr appropriate initial condiions, similar to those
conditions that would be found alter a normal power-on reset. MODE SELECT conditions shall be
rastared to their last saved values if saved valuas have baen established. MODE SELECT conditions
for which no saved values have been saved shall be returned to their defaull valuas.

{4) Unit attention condition shall be set.

=3

It Is recommended that, following a resel lo selection time aflar a hard reset condition ends, SCSl targels
be able 10 respond with appiopriate status and sense data to the TEST UNIT READY, INQUIRY, and
AEQUEST SENSE commands.

For dual port implementations, the SCSI device shall only apply the hard resel 10 the pont on which the
resel was received. In this cass, |

(1) All ¥O processes for the other poit are unatiected,

(2} Reservations granted 1o iniliators on that port are not released,
(3) Operating modes for the other port are not changed, and

(4) Unit anertion ts not set for any initiators on the other port.
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It MODE SELECT paramoeters aflecting the ather pon are changed, the unit attention cendition may be
sel.

5.1.2.2 Soh Reset Allernatllve
SCSi devices that implement the soft raset alternative, upon detection of the resel condition, shall;

1) Atiempt to completa any I/O processes which have not compleled and that were lully identilied

2) Preserve all SCSI device reservations

3) Preserve any SCSI| davice operaling modes (MODE SELECT, PREVENT/ALLOW MEDIUM
RAEMOVAL commands, elc.)

4) Praserve all the information required to continue normal dispatching of YO processes queusd
prior to the reset condition.

Tha soft reset ahernative allows an initiator 1o resel the SCSI bus with minimum disruption to the operation
ol other initialors in a mubiple inltiator system. To ensure proper oparation the following conditions shall
be met:

1) Aninitialor shall not consider an /O process to be [ully identilied until the IDENTIFY message
(and queus tag messags, il any) is sent 1o the larget and tha 1arget responds by changing 1o any
other information transfer phase and requests that al least one byte ba transierrad.

2) A iargel shall consider an /O process to be fully identified when it successlully receives the
IDENTIFY message and any queus lag message and the initiator negates the ATN signal.

d) it an initiator salects a logical unit for which there already is an active IJO process with the same
queus tag (if any) for the sama initiator, the target shall clear the original /O process and perform
the new IO process.

4) I atarget reselects an initiator 10 continue an /O process for which the initiator has no record,
tha initiatar shall abont that YO process by sending the ABOAT or ABORT TAG message,
depanding on whether the resealecting /O precess is a tagged /O process,

5) Aniniiator shall consider an I/O process to be completed when it negates ACK lor a successlully
received COMMAND COMPLETE messags.

6) A target shall consider an I/O process to be completed when it detects the transition ol AGK to
false for the COMMAND COMPLETE message with the ATN signal false,

7) An inhtiator shall not negate the ACK signal lor the SAVE DATA POINTER message unill it has
aclueally saved the data pointer for the I/O process.

8) A 1arget shall consider the dala pointer 1o be saved when it detacts the transition of the ACK
signal 10 false far the SAVE DATA POINTER massage with the ATN signal false,

9) Itthe reset condition occurs between the lime that the target assers tha REQ signal lor the SAVE
DATA POINTER massage and it datacts the transilion of the ACK signal 1o false, tha larget shall
terminate the /O process with CHECK CONDITION status. The target shall set the sense key to
ABOATED COMMAND. This is nacessary becauss the 1arget cannol determine whether the data
pointer has actually been saved.

Ifthe ATN signal is true in conditions (6) or (8), the target would normally switch to MESSAGE OUT phase
and attempt to transler a message byte. If the reser condilion occurs before the target successiully
receives tha message byle, it may assume that the initiator has not successiully received the COMMAND
COMPLETE message or lhe SAVE DATA POINTER message. In the case of COMMAND COMPLETE
messaga, the 1argel may reselect the initiator and anempt to send the COMMAND COMPLETE message
again. In the case of the SAVE DATA POINTER message, the largel may reselect the initiatar and
larminate the /0 process as described in condition (8).
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5.1.3 Unexpected Disconnect Condillon

The Unexpected Disconnect condition is created by a disconnect event which is unexpected by the
initiator. tnitiators normally do not expect a disconnect avent except alier one of the lollowing occurrences:

a) alier a Resel Evanl has been deteciad,;

b) afier an ABORT message Is successiully received by a targes;

c) alier a BUS DEVICE RESET message s successiully received by a target;

d) afer a DISCONNEGT messaga is successiully recaived by a target;

e) atter a COMMAND COMPLETE messags is successiully Iransmitted from a target
f) alier a RELEASE RECOVERY message is successfully received by a larget;

g) alier an ABORT TAG messdge Is successiully received by a target;

h) after a CLEAR QUEUE message Is successlully received by a target,

i) alter an unsuccesslul selection or raselection.

It an initiator detects a disconnect event at any other time an Unexpected Disconnect condition is said
1o exist. A target uses this condition ta indicate a protocol error 10 the Initiator, Tha 1arget may creata the
Unexpacted Disconnect condition independent of the existance of the Atiention Conditlon.

The initlator shall manage this condilion as an unsuccessful /O process termination. Tha target
terminates the I/O Pracess by clearing all pending data and status information for the affecied nexus. The
target may optionally prepare sense data thal may be retrieved by a REQUEST SENSE command. When
an initiator detects an Unexpected Disconnect Gondition, it Is recommendad that a REQUEST SENSE
command be attlempted to ablain any valid sense data that may be availabla,

5.1.4 Aesponse to SELECTION

Targets in interlocked mode shall respond to SELECTION as described in the 1able below,

Table 1: Targel Response to Selectlon

Number of SCSI ID bits (a) true during SELECTION phase

SELECTION with: 1>n=>2 n=1 n=2

ATN True Unexpected MESSAGE OUT, no | MESSAGE OUT
Disconnect Condition disconnect allowed

ATN Falsa Unexpecied Disconnect Condition
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5.2 SCSI Pointers

Consider the system shown in Figure §-3 in which an initiator and target communicate on the SCSI bus
in order 1o exacue an /O process. )

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

Control Control
Initiotor Target

Flgure 2: Simplifled SCSI System

The SCSI architectura provides for a set ol three pointers for sach /O process, called the saved pointers.
The set ol threa pointers consist of one for the command, ona lor the data, and one for the stalus. When
an /O process bacomes aclive, ils three saved pointers are copied Inio the initiator's set af three aclive
pointars. There is anly ona set of active pointers in each iniliator. The active pointers point ta the next
command, data, or stalus byte (o be transferred between the inlliator's memory and the target. The saved
and active pointars reside in the initiator.

The saved command pointar always points to the siart of the command descriptor block lor the 1/O
process. The saved status pointer always paints 1o the stan of tha status area for the |/O process. The
saved dala pointer poinis 1o the start ol the data araa until the target sends a SAVE DATA POINTER
message [or the I/O process.

In response to the SAVE DATA POINTER message, the Iniliator stores the vatue of the active data pointer
into the saved data poinler for that I/O process. The targel may restore the active pointers to the saved
painter values lor the active [0 process by sending a AESTORE POINTERS messags to the initiator. The
initiator then copies the set ol saved pointers into the set ol aclive pointers. Whenever a target
disconnects from the bus, only the sel of saved pointers are retained. The sel of aclive poiniers is
restored from the set of saved pointers upon reconnection of the /O process.

Sinca the data poiniter valua may be modified by the targel belora the /O process ends, it should not be
usad 10 tast for actual transfer length becausa il is no! raliabls,
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6 SCSI Interlocked Message System Description

The massage system allows communication batween an Initiator and target for the purpose ol interface
management. A message may be one, two, or multiple bytes in length. Ona ar mare messages may be
sent during a single MESSAGE phase, bul a message may not be split over MESSAGE phases. Theo
Initiator is required to end the MESSAGE OUT phase (by negating ATN) when it sends centain messages
identifiad in Table 2.

One-byte, Two-byte, and extended message formals are delined. The lirst byte of the message
delermines the formal as delined in Table 2.

| Table 2: Measage Format

Value Message Format
Qa0h One-Byte Wessage (COMMAND COMPLETE)
a1h Extended Messagos

02h - 1Fh Ona-Byte Wessagas

20h - 2Fh Two-fyte Messapos

30h - 7Fh Aoserved

80h - FFh One-Byte Message (IDENTIFY)
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One-byle messages consisl of a singla byte translerred during a MESSAGE phase. The value ol the byle
determines which message is 1o ba performed as delined in Table 3.

Table 3; Message Codes

Coda Support  Message Hame Dirdction Nogata ATN
Init Targ Before last ACK
06h 0O u ABOAT Qut Yos
obh O 4] ABDAT TAG {Noto 1) Out Yes
och 0O u BUS DEVICE RESET Out Yas
i4h O M BUS DEVICE RESET OTHEA POAT (Hote 3) Qut No
OEh 0O ] CLEAR QUELE {Note 1) Qut Yas
00h M ] COMMAND COMPLETE In ——
126 0 4] CONTIHUE I/0 PROCESS Cut Yas
odh O ] DISCOHNECT In
0dh O 1] DISCONNECT Out Yes
son+ M a IDENTIFY In
8oht M u IDENTIFY Qut No
23h O 4] IGNORE WIDE RESIDUE (Two Bytes) In —_—
OFh O 4] INITIATE RECOVERY In
OFh 0 a INITIATE RECOVERY {Nota 2) Out Yes
05h M ] INITIATOR DETECTED ERROA Qut Yes
gAh O 0 LINKED COMMAND COMPLETE In
esh 0 o] LINKED COMMAND COMPLETE (WITH FLAG) In
00h M u UESSAGE PARITY ERROR Out Yes
07h M 1] MESSAGE REJECT In  Qut Yes
aee D 1) UODIFY DATA POINTER In
ogh M M NO OPERATION Qut Yas
Quoue Tap Messages (Two Bytes)
2ih O a HEAD OF QUEUE TAG Qut No
22h 0O 4] ORDERED QUEUE TAG Qut No
20h O 1] SIMPLE QUELE TAG In  Qut No
i0h O 0 RELEASE RECOVERY Qut Yas
03in 0O 0 RESTORE POINTERS In
02h O [1] SAVE DATA POINTER In
- 0 [4] SYHRCHRONOUS DATA TRANSFER REQUEST In Cut Yes
an 0 1] TARGET TRANSFER DISABLE Out Yes
=*= 0 1] WIDE DATA TRANSFER REGUEST In  Qut Yes
iih 0 1] TEAMINATE 1/0 PADCESS Out Yes
15h - 1Fh Reservod
24h - 2FH Reservod for two-byto mossapos
30h - 7Fh Resarved
Key: M = Mandatory support, O = Optional support.
In = Yarget to initiator, Out = Initviator to target.
Yes = Ipitiator shall nepate ATM before last ACK of message.
No = Initiator may or may not negate ACK bafars last ACK of
mossaga.,
= Not Applicabla
=++ = Extended message
a0h+ = Codes B0h through FFh are used for IDENTIFY massages
NOTES:
(1} The ABORT TAG and CLEAR QUEUE messages are required if tapged queuing
13 implemented.
{2} Outbound INITIATE RECOVERY mossages are only valid during the
asynchronous eveat notitication protocol.
(3{ The BUS DEVICE RESET OTHER EDRT message 1s required 17 the dual port
option is jmplemented.
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Two-byle messages consist of two consecutive byles transferred during a MESSAGE phase. The value
of the first byte determines which message is to be perdormed as delined in Table 3. The second byle
is a paramater byte which is used as defined in the message description.

A valus ol one in thae lirst byte of a message indicalas the beginning of a multiple-byta extended messaga.
The minimum number of bytes sent lor an extended message Is three. The extended message format
and the extended message codes are shown in Tables 4 and 5, respectively.

Table 4: Extended Message Format

Bit 7 ] ‘ 5 4 3 2 1 0
Byta

0 Extended message (Oth)

1 Extended message length (n})

2 Extended mossage codae (y)

k|

Extendod message argumonts —_

n+1

The exiended message length specifias the length in bytes of the extended message code plus the
exiended message arguments o lollow. Therelore, the total lengih of the massage Is equal 1o the
extended message length plus two. A valus of zero for the exiended messaga length indicates 256 bytes
{ollow.

The exiended message codes are listed in Tabla 5. The extended message arguments are specilied
within the extended message descriptions.

Table 5: Extended Message Codes

Code (y) Description
02h Reservad
0Ch MOOIFY DATA POINTEA
0th SYNCHAONQUS DATA TRANSFER REQUEST
03h WIDE DATA TRAHSFER REQUEST
04n - JFh Resarved
BOh - FFh Vendor Specife

NOTE: Extended messape code 02h was used Yor the EXTENDED IDENTIFY
message In SCSI-1.

J .
The lirst message sent by tha iniliator afler the SELECTION phase shall be an IDENTIFY, ABORT, or BUS
DEVICE RESET message. |l a target receives any other message it shall go to BUS FREE phase (see
Unexpected Disconnect condition, 5.1.3)
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I the lirst message is an IDENTIFY message, then it may be immediately followed by other messages,
such as Lhe first ol a pair of SYNCHRONOUS DATA TRANSFER AEQUEST messages. |l tagged queuing
Is used the queue tag message immediately follows Lhe IDENTIFY message. The IDENTIFY message
asiablishas a logical connection betwaen the initiator and the specilied logical unil or target routing within
the 1arget known as an |_T_L nexus or I_T_R nexus. Alter the RESELECTION phase, Ihe target's lirst
massage shall be IDENTIFY. This allows the |_T_L nexus or |_T_R nexus to ba re-established. Only ona
logical unit or target routing shall be identified for any connaction; it a target receives a second IDENTIFY
message with a diflerent logical unit number or target rouline number during a connection, it shall go 1o
BUS FREE phase (see Unexpected Disconnect condition, 5.1.3). The treatment ol oiher logical unit
addressing errors is described in 6.5,

Alliniiators shall implement the mandatory messages tabulated in the *init* column of Table 3. Alltargets
shall implement tha mandatory massages tabulated in the “Targ® column al Table 3.

Whanever an |_T_L nexus or I_T_R nexus is established by an Initiator that is allowing disconnection, the
initiator shall ensure that the active pointers are equal 1o the saved pointers for thal panicular logical unit
or target routing, An implied restore pointers aperation shall occur as a result of a reconnection.

6.1 ABORT

The ABORT message is sent from the initiator to the larget to clear any /O process lor the |_T_x nexus.
The 1arget shall go lo the BUS FAEE phasa lollowing successiul receipt of this message. The pending
data, status, and I/O processes for any other nexus shall not ba cleared.

I only an I_T nexus has been established, tha targel shall go to the BUS FREE phase. No stalus or
message shall be sent for the current 1/O process and no ather IO process shall be aflected.

The ABORT message in the case of only an |_T nexus is uselul to an Iniliator thal cannot get an IDENTIFY
message through 1o Lthe target due to paiity errors and just needs Lo end the current connection. No
pending data, stalus, or queued /O processes are aflacted.

It is nol possibla 10 abon an |_T nexus on a reconnection bacausa ol lem (6) in 5§.1.3.

It is not an arror 1o issue this message 1o an |_T_x nexus that does not hava an active or queuad /O
process.

Previously established condilions, including MODE SELECT paramatess, reservations, and exiended

contingant allegiance shall not be changed by the ABOAT messaga. For dual pon implementations, no
1fO processes or previously eslablished conditions for the other port are affected.
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Table 6 summarizes the effect of the ABORT, ABORT TAG, BUD DEVICE RESET, and CLEAR QUEUE
messages on I/O Processes.

Table 6: 1/O Procesas Initlallzation Messages

BuUS
DEVICE CLEAR QUEUE ABORT ABORT TAG
RESET
Currant nexus Any T 1T _x_ LT LT % LT LT %y

Which YO Current Yo lagal Yas Yas Yas liegal Yes
Processes Active Yi llagal Yos No Yes Iegal No
Cilearad Quoved Yas Hagal Yas No Yas Wsgal No
For Which Initialors All llagal All Selocting | Selecting | lllogal Salecting
Which Mada Select Yas llagal No No No lllagal No
Othar ECA Yes lagal No No No llegal No
Condilions Raservalions Yas Ilagal No No No Illegal No
Clearad CA Yos lagal Yos' Yes Yas Iegal Yas!
Unit Atlanilon Established for All lilegal All but None Nona lilagal None
Which Initiators Salacting

' Excapt |_T_R nexuses

6.2 ABORT TAG

The ABOAT TAG message shall be implemented if tagged queuing Is implemeniad. The target shall go
to the BUS FREE phase lollowing the successiul receipt of this message. The largel shall clear the current
1/ process. If 1he target has already staned execution of tha IfO process, the execution shall be hatted.
The medium contents may hava been modified before the exacution was halad. In either case, any
pending s1atus or data for the /O process shall be cleared and no status or ending message shall be
sent to the initiator. Pending status, dala, and commands for other active or queued |/O processes shall
not be alfected. Execution ol other /O processes queued for tha |_T_x nexus shall not ba aborted.

Praviously established conditions, including MODE SELEGT paramelers, reservations, and extendad
contingant allegiance shall not be changed by the ABORT TAG message. For dual port implementations,
no I/O processes or previously established conditions for the other port are affected.

On a reconnection, the ABORT TAG message abons the current VO process if it is fully idemtifiad. Il the
11O pracess is not fully identilied (Le., an | T_L nexus exists, but the target is reconnecting foran I_T_L_Q
nexus), then the |/O process is not abaried and the target goes to the BUS FREE phase.

|
A nexus is not lully identified on a reconnection if the ATN signal is asserted during or prior 1o the
IDENTIFY message and the target only has tagged I/O processes for that initiator on that logical unit.
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6.3 BUS DEVICE RESET

The BUS DEVICE RESET messagea is sent from an initiator 10 direct a target to clear all O procasses on
that SCSI device. This message has the same effect as a hard reset condilion to tha selected SCSI
device. The largel shall go to tha BUS FREE phase following successlul raceipt of this message. The
target shall creale a unit attantion condition for all initiators.

For dual pon implementations, the hard reset condition shall apply only 10 the pont from which the
message was recelved. Any active I/O processes, queued I/O processes, device reservalions, and
operaling mades lor the other pon are unallected and the unil atlention condhion Is not set lor inilialors
on tha ather pon.

6.4 BUS DEVICE RESET OTHER PORT

Tha BUS DEVICE RESET OTHER PORT message shall be implemented if the device implements the dual
pont oplion. The BUS DEVICE RESET OTHER PORT messagse is sent from an inftialor 1o direct a target
to clear the /O processes associated with tha ather pont on that SCS| device. This message has the same
effact as a hard reset condilion on tha other pont of the selecied SCSI device but has no elftect on I/O
processes, reservalions, and operaling modes of the port from which tha message was received. The
targel shall creats a unit auention condition for all nitiaters on the other pon.

6.5 CLEAR QUEUE

The GLEAR QUEUE message shall be implemented if 1agged queuing is implamented and may be
implemented il untagged queuing is implemsnted. The target shall go to the BUS FREE phase {ollowing
successiul receipt of this message. The target shall pedorm an action equivalent to receiving a series ol
ABORT messages from each Initiator. All VO processes, from all initlators, In the queue lor the specified
logical unit or tasget routine shall be cleared from the queue. All active |/O pracesses shall ba terminated.
The medium may have been altered by partially executed commands. All pending status and data for that
loglcal unit or target routine for all initialors shall be cleared. No status or message shall be sent for any
ol the I/Q processes. A unit anention condition shall be generated for all other initialors with /O processes
that either were acliva or were quaued for thal logical unit or targel routine. When reporting the unit
attention condition the additional sense code shall be set to COMMANDS CLEARED BY ANOTHER
INITIATOR.

For dual port implementations, only I/O pracesses or the pert from which the message was received are
aflectad. No I/O processes are clearad lor the other pon and no unit attention conditions are generated
for initiavars on the ather pon.

Previously established condilions, including MODE SELECT parameters, reseqvations, and extended
contingent allegiance shall not be changed by the CLEAR QUEUE messags.
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6.6 COMMAND COMPLETE

The COMMAND COMPLETE message is sent from a target 1o an initiator to indicale thal the execution
al an I/O process has completed and that valld stalus has been sent to the iniliator. Afer successiully
sending this message, the larget shall goto the BUS FREE phase by releasing the BSY signal. The target
shall consider the message ransmission to be successful when it detects the negation of ACK for the
COMMAND COMPLETE messaga with tha ATN signal false.

The 1/O pracess may have compleled success(ully or unsuccessiully as indicated in the stalus.

6.7 CONTINUE 1/O PHOGES&‘]

The CONTINUE 1/0 PROCESS message is sent from the initiator to the larget 10 reconnect 1o an 1/O
process. This message shall be sent in the same MESSAGE OUT phase as the IDENTIFY messags.

IMPLEMENTORS NOTE: Thus the MESSAGE OUT phaso following SELECTION phaso consisis of the
IDENTIFY, queua tag (if any), and CONTINUE |/O PROCESS messages.

The purpose of the CONTINUE /O PROCESS messags Is to distingulsh a valid intiator reconnection from
an incorrect initiator reconnection (see 7.4.1).

Il the target expecis a significant delay before it will be ready to continua processing the reconnected I/O
PROCESS, it may attempt lo free the SCS| bus by sending a DISCONNECT message lo the initiator. The
Initiatar may reject the disconnection anempt by rasponding with MESSAGE REJECT message.

It the CONTINUE /O PROCESS messaga occurs on an inhiial coanaction then the target should go o the
BUS FREE phase.

It tha CONTINUE /O PROCESS message occurs on a subsaquent connection then the targat may either
treal this as a dynamic head-ol-queus request or it may reject ihe message with a MESSAGE REJECT
message.

An Initiator that gels rejected should assert the ATN signal and send an ABORT TAG message on the
resulling MESSAGE OUT phase. Otherwise, the target may treat the conneclion as an incorrect initiator
connectlion.

Initiatoss should avoid sending this message to targets which have not imptemented this message. Such
largels may nol respond as described In this section. An initiator can determine whether a 1arget
implements this message by examining the TranDis bit in the standard INQUIRY daia (see SCSI-3
Command Set).

Page 26



A%

draft working document SCSI-3 Inlerlocked Protocol
6.8 DISCONNECT

The DISCONNECT message is sent from a target 1o inform an initiator that the present connection is
going to be broken (Ihe 1arget plans to disconnect by releasing the BSY signal), but that a later reconngect
will be required in order to complete the current IO process. This massage shall not cause the Initiator
to sava the data pointer. After successiully sending this message, the targel shall go to the BUS FREE
phase by releasing the BSY signal. The target shall consider the messaga transmission 1o be successiul
when it delects the negation ol the ACK signal for the DISCONNECT message with the ATN signal false.

Targats which break data transfers into multiple conneclions shall end each successful conneclion (except
possibly the last) with a SAVE DATA POINTER - DISCONNECT maessage sequenca.

This message may also ba sent from an initiator 1o a target to instruet the target to disconnect irom the
SCSl bus, Il hls option is supponad, and afier the DISCONNECT massaga |s received, the 1arget shail
switch 10 MESSAGE IN phase, send tha DISCONNECT messags to tha initiator (possibly preceded by
SAVE DATA POINTER messags), and then disconnect by releasing BSY. Afer releasing the BSY signal,
the 1arget shall not panicipate in another ARBITRATION phasae for at least a disconnection delay ol 200
microseconds. A disconnection delay Is defined as the minimum time thal a larget shall wail alier
releasing BSY belore participating in an ARBITRATION phase when honoring a DISCONNECT message
lrom tha Initiator, Il this option is not supported or the larget cannot disconnect at the time when it
receives the DISCONNEGT massage [rom the Initiator, tho largel shall respond by sending a MESSAGE
REJECT message to the initiator.

6.9 IDENTIFY

The IDENTIFY massage is senl by either the initialor or the targst o establish an |_T_L or an |_T_R nexus.
For dual pont implementations: if the target disconnecis from the bus during an IO process, it shall
recannect through tha same port when the /O process is continued.

Use of the IDENTIFY message to asiablish an |_T_R nexus allows conneclion 1o one of up 1o eight target
routines or {unctions in the target iiself. Thesa largal routines are expected to be usad lar maintienance
and diagnostic purposes.

Table 7: IDENTIFY Message Format

Bit| 7 & 5 « | 2 [ 2 | 1+ ] o
Identify|DiscPriv| LUNTAR LUNTAN

The Identify bit shall be set to one to spacify that this is an IDENTIFY messaga.
A disconnect privilege (DiscPriv) bit of ane specilies that the iniliator has granted the target the privilege

ol disconnecting. A DiscPriv bit ol zero specilies thal the target shall not disconnect. This bit is not
defined and shall be set 1o zero when an IDENTIFY message is sent by a targel.
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A logical unit 1arget (LUNTAR) bit of zero specilies that the /O procass is directed to or from a logical unit,
A LUNTAR bit of ona specifies that the I/O process Is directed to or from a target rautine,

The logical unit number 1arget 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 ope. Only
the INQUIRY and REQUEST SENSE commands are valid for target routines. I a target receives any other
command for a target routine, it shall return CHECK GONDITION status and shall set the sense key to
ILLEGAL REQUEST.

An IDENTIFY messags |s invalid il a reserved bit is set to ane or if the LUNTAR bit is sel to ona and the
target does not implement target routines. A device may respond to an invalid IDENTIFY message by
Immediately sending a MESSAGE REJECT message or by returning CHECH CONDITION status. If a
CHECK CONDITION stalus is relurned, the sense key shall be set to ILLEGAL REQUEST and the
additional sense code shall be sal 10 INVALID BITS IN IDENTIFY MESSAGE FIELD.

Only one logical unit number or targel routine number shall be identitied per YO process. The iniliator
may send one or more IDENTIFY messages during a connection. A second IDENTIFY message with a
different value in either the LUNTAR bit or LUNTRN field shall not be Issued belora a BUS FREE phase
has accurred; if a targel receives a secend IDENTIFY message with a diflerent valus in either of these
lields, it shall go to BUS FAEE phase (ses Unexpected Disconnaect condition, 5.1.3). Thus an initiator may
change the DiscPriv bil, but may not attempt to switch to another /O process. (Sea the DTDC lield of the
disconnact-reconnect mode page in the SCSI-3 Command Set for additional controls over disconnection.)

An implied RESTORE POINTERS message shall be parformed by the initiator prior to the assadtion of the
ACK signal on the next phase lor an inbound IDENTIFY message sent during reconnection.

6.10 IGNORE WIDE RESIDUE

Table 8: IGNORE WIDE RESIDUE Mesaage Formal

Bit 7 & 5 4 3 2 1 1]
Byte

0 Wessenpe code (23h)

1 Ignare (01h, 02h, 03h)

The IGNORE WIDE RESIDUE message shall be sent from a target to indicate that the number of valid
bytes sent during the last REQ/ACK handshake and REQB/ACKB handshake ol a DATA IN phase s less
than the negotiated ransler width. The ignora lield indicates tha number of invalid data byies transterred.
This message shall be sen! Immaediately fallowing that DATA IN phase and prior to any other messages.
The ignore field is delined in Tabla 9.

i
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Table 8: Ignore Field Definltllon

Ignore Invalid Data Bits
32-bit Transfers 18-bit Transfers
00h Reserved Resarved
01h DB{31-24) DB(15-8)
02h DB{31-18) Resarved
03h DB{31-8) Aeserved
04h - FFh Reserved HReserved

Even though a byts is invalid its corresponding parity bit shall be valid for the valus transterred. For 16-bit
transfers, DB(31-16) are always Invalid and the corresponding parity bits are also invalid.

6.11 INITIATE RECOVERY

A target that suppons extended contingent allagiance shall inlorm the initiator it is entering this condition
by sending an INITIATE ARECOVERY message immediaiely {ollowing a CHECK CONDITION ar GOMMAND
TERMINATED sialus. Thae extended coenlingent allegiance condition remains in effect until terminaled as
described in 6.7.

Il an asynchronous event occuys, the target may enter an exiended contingem allegiance condition by
bacoming a temporary initiator and sending the INITIATE RECOVERY maessage lollowing the IDENTIFY
message and any queue tag message and belors the GOMMAND phasa ol the SEND command thal is
used 1o pedorm the asynchronous avanl notilication (sea 7.4.2). The successlul transmission ol this
massage establishes the extended contingent allegiance condition which remains in effect untilierminated
as described in 6.7.

If the target notifies mulliple iniliators of the asynchronous event, it should include the INITIATE
RECOVERY message in only ane of the notilications,

A MESSAGE REJECT response to an INITIATE AECOVEAY message indicales that an exiended
contingent allegiance condition shall not be established. Tha enabled or disabled s1ate o an extended
contingent allegiance (see the DCQue bit of the control mode page, SGSI-3 Command Set) is not changed
by the rejection ol an INITIATE RECOVERY message.

6.12 INITIATOR DETECTED ERROR

The INITIATOR DETECTED ERROR message Is sent from an inilator 1o infarm a target that an errar has
accuried that doas not preclude the targel from retrying the /O process. Tha source of the eror may
either be related 1o previous activilies on the SCSI bus or may be intemal to the Initiator and unrelated
te any previous 5CSI bus activity. Allhough present pointer integrity Is not assured, a RESTORE
POINTERS message or a disconnect {ollowed by a reconnect, shall cause tha pointers to be restored 1o
their defined prior stale.
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6.13 LINKED COMMAND COMPLETE

The LINKED GOMMAND COMPLETE message is sent from a target to an initiator to indicate that the
execution of a linked command has completed and that status has been sent. The initiator shall then set
the pointers to the inita! siate lor the next linked command.

6.14 LINKED COMMAND COMPLETE (WITH FLAG)

The LINKED COMMAND COMPLETE (WITH FLAG) message is sent from a target to an Initiator 1o indicata
that the execution of a linked command (with the {lag bit set 1o one) has completed and that status has
been sent. The initiator shall thef set the pointers to the initial stale of the next linked command,
Typically this message would be used to cause an inlerrupt in the inltiator between two linked commands.

6.15 MESSAGE PARITY ERROR

The MESSAGE PARITY ERACR message is sent from tha initiator Lo the target to indicate that it received
a message byte with a parity error. *

In erder 1o indicate its intentions ol sending this message, the Initiator shall assert the ATN signal prior
la ils release of tha ACK signal for the REQ/ACK handshake of the message byte that has the parily ernor.
This provides an interlock so that the targel can detarmine which message byte has the parity error. Ul
the targel receives this message under any other circumstance, it shall signal a calasiraphic error
condition by releasing the BSY signal without any funher Information transier anempt.

It atter receiving the MESSAGE PARITY ERROR message the largel relums Lo the MESSAGE IN phase
before switching to some other phase (other than SETUP phase), the 1argel shall re-send the entire
message that had the parity arror.

6.16 MESSAGE REJECT

Tha MESSAGE REJECT message is sent from either the initiator or target 1o indicaie thal the last
message or message byie it received was inappropriate or has not been implemented.

In order 1o indicate its intentlons ol sending this message, the initiator shall assert the ATN signal prior
1o its release of the ACK signal for the REQ/ACK handshake of the message byle thal is o be rejected.
If the target receives this message under any other circumstancs, it shall reject this message.

When a target sends this message, it shall change to MESSAGE [N phase and send this message prior
1o requesting additional message bytas from tha initiator. This provides an interlock so that the initiator
can delermine which message byte is rejecied,

Aler a targel sends a MESSAGE REJECT massaga and it the ATN signal is still assened, then it shall
return 1o the MESSAGE OUT phase! The subsequent MESSAGE OUT phase shall begin with the lirst byte
ol a message.

+
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6.17 MODIFY DATA POINTER Message

Table 10: MODIFY DATA POINTER

Bit 7 B 5 4 3 2 1 0
Byte
0 Extended message (01h)
1 Extended massage langth (OSh)
2 MODIFY DATA POINTER (QOh)
3 (MSB)
Argument S
8 (LSB})

The MODIFY DATA POINTER massaga is sent from the 1arget to the iniiator and requests that the signed
argument be added (iwo's complament) to the value of tha current data pointer. The Enable Madify Data
Paintar (EMDP) bit in the Disconnect-Aecannect moda page {see SG51-3 Command Set) indicates whether
or not the targel Is permitted to issue the MODIFY DATA POINTER message.

6.18 NO OPERATION

The NO OPERATION message is sent lrom an initiator in responsa 10 a target's request lor a message
when the initialor does not currentty have any other valid message to send.

For example, If the targel does nol respond 1o the atlention condition until a later phase and al that lime

the ariginal message is no longer valid the initiator may send the NO OPERATION message when the
target enters the MESSAGE OUT phase.

6.19 Queue Tag Messages

Tahle 11: Queue Tag Message Format

Bit T 6 5 4 3 2 1 (1]
Byte

1] Message code (20h, 2th, 22h)

1 ' Queue Tag {0Ch - FFh)

Table 11 defines the format lor the queue tag messages. Il the largel implements tagged queuing, all of
the queue lag messages are mandatory: HEAD OF QUEUE TAG, ORDERED QUEUE TAG, and SIMPLE
QUEUE TAG.
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I a targst does nol implement tagged queuing and a queue tag message Is received or il a queue lag
message Is received lor a 1arget routine, it shall respond with a MESSAGE REJECT message and accepl
the O procass as il it were untagged.

The gueus tag messages are used to specily an identifier, called a quaus tag, for an I/O process which
establishes the |_T_L_Q nexus. The queus tag lield is an 8-bit unsigned Integer assigned by the initiator
during an initial connection. The queus lag for every I/O process for each |_T_L nexus should be unique.
I the target receives a queus tag that Is currently in use for the |_T_L nexus, then it shall respond as
defined in 6.5.2. A qusue tag becomes available for re-assignment when the IO process ends. The
numeric value of a queus tag has no effact on the order of execution.

For each logical unit on each largq. each initialor has up to 256 quaus lags to assign to /O processes.
Thus a target with eight logical units could have up 1o 14336 |/O processes concurently in existence i
there were saven initiators on tha bus.

Whenever an initialor connects (o a target, the apprapriale queua lag message shall be sent immediately
following the IDENTIFY message and within the same MESSAGE OUT phase to establish the |_T_L_Q
nexus lor the I/O process. Only one I_T_L_Q naxus may be established durlng a connection. Il a queus
tag message is not sent, then only an I_T_x nexus is established for the IfO process (untagged
command).

Whenever a target reconnacts 1o an initiator ta continue a tagged /O process, the SIMPLE QUEUE TAG
méassage shall be sent immediately following tha IDENTIFY message and within the same MESSAGE IN
phase 1o ravive the |_T_L_Q nexus for the /O process. Only one |_T_L_Q nexus may be ravived dusing

arecannection. If the SIMPLE QUEUE TAG massage is not sen, then only an |_T_x nexus is revived for
the /O process (untagged command).

If a target anempls 10 reconnect using an invalld queus tag, then the initiator should respond with an
ABOAT TAG message.

6.19.1 HEAD OF QUEUE TAG

The HEAD OF QUEUE TAG message specifias that the /O process be placed first in that logical unit's
command queud. An |/O process already being executed by the target shall not be pre-empted. A
subsequent I/O process received with a HEAD OF QUEUE TAG message shall ba placed at the head of
the command queue for execution in last-in, first-owt order.

6.19.2 ORDERED QUEUE TAG

The ORDEAED QUEUE TAG message specilies that the /O process be placed in that logical unil's
command queue for execulion in the order received. All queued I/O processes for the logical unit
received prior 10 this IO process shall be executed belore this I/O process is executed. All queued |/O
processas received afier this /O process shall be exaculed afier this I/O process, except for I/O pracesses
received with a HEAD OF QUEUE JTAG massage.
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6.19.3 SIMPLE QUEUE TAG

The SIMPLE QUEUE TAG message spacilies that the /O process be placed in that logical uni’s command
queud. The cider ol execution is describad In 6.8.

6.20 RELEASE RECOVERY

The RELEASE RECOVERY message s sent from an inillator 1o a larget to terminate an extended
contingent allegiance condition praviously established by an INITIATE RECOVERY message. This
massage shal| ba sent immediataly following the IDENTIFY message In the same MESSAGE OUT phase.
The extended contingent allegiance condition ends upon successiul recaipt of the AELEASE RECOVERY
massage. Tha targel shall go to the BUS FREE phase lollowing successiul recelpt of this message.

I a RELEASE RECOVERY message Is received by a targel that implemenis extanded conlingent
allagiance when no extendad conlingent allagiance condition Is active, the message shall not be rejectad
and the target shall go to the BUS FREE phase.

6.21 RESTORE POINTERS

The RESTORE POINTERS message Is sent from a target 1o direct the initiztor to copy the most recently
saved command, dala, and status polniess for the /O process to the comresponding active pointers. The
command and status pointers shall be restored to the beginning of the present command and status
areas. The daia pointer shall be resiored 1o tha valuse a1 the beginning of the data area In the absenca
of a SAVE DATA POINTER message or to the valua at the point at which the last SAVE DATA POINTER
message occurred for that nexus,

6.22 SAVE DATA POINTER

The SAVE DATA POINTER message is sent from a target to direct the Initlator to copy the active data
pointer 1o the saved data pointer {or the current /O process (seo 5.2 for a description of pointers).’

6.23 SYNCHRONOUS DATA TRANSFER REQUEST Message

Tablo 12: SYNCHRONOUS DATA THANSFER REQUEST

Bit 7 [} 5 4 a 2 1 0
Byte

1] Extended message (Oth)

1 Extended message length (03n)

SYNCHRONOUS DATA TRANSFER REQUEST code (01h)

Transfor Peried Factor

alw|ln

REQ/ACK OTfsat

SYNCHRONOUS DATA TRANSFER REQUEST (SDTR} messages are used to negoliate a synchronous
data transfer agreement beiween two SCSI devicas. The agreement applies Lo all logical units and 1arget

Page 33

draft working document SCSI-3 Interlocked Protocol

routines of both SCSI devices, regardless of the target or Initiator role. Thal is, i SCSI device A, acting
as an Initiator negoliates a synchronous data transier agreemeant with SCS| device B (in the target role),
then the same dala transfer agreement applias to SCSI devices A and B even if SCSI davice B changas
to tha initiator raole.

A synchronous data transfer agraement anly applies to the two SGS| devices that negotiale the
agreemant. Separala synchronous dala transfer agreemenis are nagotiated for each palr ol SCS| devices.

An SDTR message exchange shall be initiated by an SCS| device whenever a previously-arranged dala
transfar agreement may have become invalid. The agreemant becomas invalid after any condition which
may leava tha dala transler agreement in an Indatarminate state such as:

(1) alter a hard rasat conditi

(2) after a BUS DEVICE RESET massage and;

(3) aher a power cycla.

In addiion, an SGSI device may Initizte an SDTH massage exchange whenever It Is appropriate o
negoliata a new data transiar agreement (either synchronous or asynchronous). SCSI devices that ara
capable ol synchronous data transfers shall not respond to an SDTR message with a MESSAGE REJECT
message,

Re-negotlation at every selection Is not recommended, since a significant performance Impact Is likely.

Due 1o historical problems with early host adapters that could not accept an SDTR massage, some largels
may not initiate synchronous negotiation after a power cycle as required by this standard. Host adaplers
that suppon synchronous mode may avold the ensuing fallure modes when the target Is independently
power cyclad by Initiating a synchronous negollation on each AEQUEST SENSE and INQUIRY command.

The SDTR message exchange establishes the parmissible transfer periods and the REQ/ACK ofsets tor
all logical units and target routines on the two devices. This agreement only applies 1o data phases.

The transfer period tactor times four is the value of the transter period. The transfer period is the minimum
tima allowed betwaan Isading adges of successive REQ pulses and of successive ACK pulsas to meal
tha device requiraments for successful reception of data.

The REQ/ACK offset is the maximum number of REQ pulses allowed ta ba outstanding before the leading
edge of its corresponding ACK pulse is received at the targel. This valua is chosen to prevent overlow
conditions in the device's reception buifer and ofiset counler. A REQ/ACK ofiset value of zara shall
indicate asynchranous data transfer mode; a valus of FFh shall indicate unlimitad REQ/ACK olfset.

The originating device (the davice that sands tha first of the pair of SDTR massagas) sels iis values
according to the rules above to permit it to receive data successiully. |If tha responding device can also
recaive data successiully with these values (or smaller transier periods or larger REQ/ACK oflsets or bath),
it returns tha same values in ts SDTR message. If it requires a larger transter period, a smaller REQ/ACK
afiset, or both in order to receive dala successlully, it substiunes values in ils SDTR messaga as required,
rewrning unchanged any value not required to be changed. Each device when transmiiting data shall
raspect the limits set by the ather's SDTR message, but it is permitted to transler data with larger transfar
periads, smaller REQ/ACK offsets, or bath than specilied In the other's SDTR messaga. Tha successiul
completion of an exchange ol SDTR messages implies an agreement as lollows:
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Responding Device SOTA rasponse  lmplied Agresmeny

1) Non-zero REQ/ACK oflset Each device transmits data with a transfer period equal to or
greater than and a REQ/ACK olfset equal to or less than ths
values raceived In the other device's SDTR massage.

2) REQ/ACK afiset equal 1o zero Asynchronous transfar
3) MESSAGE REJECT message Asynchyonous transfer

It the initiator recognizes that negoliation Is required, it asseris the ATN signal and sends a SDTHR
massage to begin the negollating process. After successlully completing the MESSAGE OUT phase, the
target shall respond with the propar SDTR message. Il an abnormal condition prevents the target from
returning an appropriate rasponse, both devices shall go 1o asynchronous data transler mode for data
transfers beiween the two davices.

Following target response (1) above, the knplled agreement for synchronous operation shall be
considered to be negated by both the Initiator and the target il the Initiator assens the ATN signal and
the first message out is elther MESSAGE PARITY ERAROR or MESSAGE REJECT. In this case, both
devices shall go to asynchuonous data transfer mode for dala translers between the two davices. For the
MESSAGE PARITY ERROR cass, the Implied agreament shall ba reinstated if a re-transmitial of the
second ol the pair of messages ls successiully accomplished. After a vendor-specilic number of ratry
anempts (graater than zero), if the target receives a MESSAGE PARITY ERROR message, it shall lerminale
the relry activity. This may be dona eithar by changing to any other information transfer phase and
transteming at Isast one byte of informatlon or by going to tha BUS FREE phasa. Tha Initiator shall accept
such action as aborting the negotlalion, and both davices shall go to asynchronous data transfer moda
for data transfers between the two davices.

If the torget recognizes that negoliation is raquired, it sends an SDTR massags 1o the Inltiator. Piior 1o
releasing the ACK signal on the last byte of tha SDTR messaga from the target, tha initialor shall assen
tha ATN signal and respond with its SDTR message or with a MESSAGE REJECT message. Il an
abnormal condition prevents tha initiator from returning an appropriale response, both devices shall go
to asynchronous data transter mode for data transiers batween the two davices,

Following an inliator's responding SDTA maessage, an Implied agreament for synchronous operation shall
not be considered to exist until the target lsaves the MESSAGE QUT phase, indicaling that the target has
accepled the negotiation. After a vendor-speciic numbaer ol retry antempts (graater than zero), if the target
has not received the initiator's responding SDTR messags, it shall go to the BUS FREE phasae without any
funther Information transfer attempt (see 5.1.3). This indicates that a catastrophic error condition has
occurred. Both devices shall go to asynchronous dala transfer moda for data transfers between the two
devices.

It, following an inltiator'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 1o be negated and both
devices shall go to asynchionous data transler moda for data transfers batween the two deavices,

The Implied synchronous agreement shall remain in elfect uniil a BUS DEVICE RESET message is
received, until a hard reset condilion occurs, or until one of the two SCSI devices alacts to modily the
agreement. The defaull data transter mode is asynchronous data transfer mode. The defaull daia
transfer mode is entered al power on, after a BUS DEVICE RESET message, or alter a hard resel
condition.
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6.24 TARGET TRANSFER DISABLE

The TARGET TRANSFER DISABLE messags is sent from an Initiator to a target to request that
subsequent reconnections for data transfer on the /O process bae done by the Initiator Instead of the
target. The target may reconnect lor other purposes, but shall not enter a data phase on a targst
reconnection, SCS| devices thal implament thls message shall also implemant the CONTINUE IJO
PROCESS massage.

This messaga shall be sent as the last message of the first MESSAGE OUT phase of an Initlal
connection. The target may continue the YO process, Including any DATA OUT phases on the initial
cannaction, until the target would normally disconnect, but the target shall not reconnact to transier data.
That is, the target shall not enter a QATA IN phase on the lnitial connection and tha target shall not anter
any data phase on any subsequent target raconnection for the /O process.

When tha target Is ready to transfer data for a disconnected IO process for which a TARGET TRANSFER
DISABLE massage has been sent, the target shall reconnect to the inliator for the I/O process (via a
RESELEGTION phasa, an IDENTIFY message, and an oplional SIMPLE QUEUE TAG messags), send &
DISCONNECT message, and, i the iniliator does not respond with a MESSAGE REJECT message, go
1o the BUS FREE phase. This connection serves 1o notify the Initlator that the /O procass is ready for
daia transfer. If the initiator rejects the DISCONNECT message, the largat may enter a data phase;
otherwise, the initiator may reconnect to the I/O process as described In the CONTINUE /O PROCESS
massage lo perform the data transfer.

Initiators should avoid sending the TARGET TRANSFER DISABLE message 1o targels which have not
implamented this message. Such targets may not respond as describad In this section. An inltialor can
detarmine whethar a targel Implements this message by examining the TranDis bit in the standard
INQUIRY data (sea SCSI-3 Command Set).

6.25 TERMINATE 1/O PROCESS

The TERMINATE /O PROGESS message s sent from thae initiator to the target to tarminate the current
/O process without comupting the medium.

With the following exceptions, the target shall terminate the current IO process and return COMMAND
TERMINATED sialus. The sense key shall be set to NO SENSE. Tha addillonal sense coda and qualitier
are set 1o JO PROCESS TEAMINATED.

If the associated /O process Involves a data phase, the target shall set the valld bit in the sense data to
ona and set the inlormation field as follows:

1) H the command descriptor block specifias an allocation length or parametar list length, the
Information field shall be set to tha diflerenca (residus) between the number of bytes successlully
transierred and the requested length.

2) i the command descriplor Block specilies a transfer length fiald, the inlormation field shall be set
as defined in the AEQUEST SENSE command (sea §C51-3 Command Sat),

i an error is detecied for the associated /O process the target shall ignore the TERMINATE I/0 PROCESS
message.

Paga 36



/ e/

draft working document SCSI-3 Interlocked Protocol

If the operation requestad for the associaled I/O process has been completed but status has not been
returned, the target shall ignora the TEAMINATE IJO PROCESS message.

It the targst does nol suppon this message or is unable to stop the current IO process, it shall send a
MESSAGE REJEECT message to tha Initiator and continue the /O process In a normal manner,

The effect of a TERMINATED /O PROCESS message on the command queus depends on tha queus
error recovery oplion specilied in the control moda page (see SCSI-3 Command Set) and on whether ar
not a contingent allegiance condition is generated.

The TEAMINATE /O PROCESS message provides a means for the initiator to raquast the target Lo reduce
tha transfer length of the current command 1o the amount that has already been transferred. The Initiator
can use the sense data to determine the aciual number ol bytes or blecks that have been transierred.
This message is normally used by the initlalor 1o stop a lengthy read, write, or verily operation when a
higher-priority command is available to be executed. It is up to the initiator to complete the terminated
command at a later time, il required.

6.26 WIDE DATA TRANSFER REQUEST Message

Table 13: WIDE DATA TRANSFER MESSAGE

Bit 7 [ [ 4 3 2 1 o
Byte
o Extendad ;nasr.anu {01h)
1 Extended massapa lenpth (02h)
2 WIDE DATA TRANSFER REQUEST coda (03h)
3 Transfer Width Exponent

A WIDE DATA TRANSFER REQUEST (WDTR) message exchanga shall be initiated by an SCSI davice
whenever a previously-arranged transfer width agreement may have becoms Invalid. The agreement
bacomas invalid after any condition which may leave the data transfer agreement in an indeterminate state
such as;

1) aler a hard resel condition;

2) alier a BUS DEVICE RESET message and;

3) aler a power cycls.
In addition, an SGSI device may Initiate an WDTR message axchange whenever it is appropriate to
nagoliale a new transier widih agreement. SCSI devices thal are capable of wide data transfers {greater
than eight bits) shall nol respond to an WDTR maessage with a MESSAGE REJECT message.
Re-negotiation at every selaction is not recommended, since a significam performanca Impact is likely.

The WDTR massage exchanga eslablishes an agreement between two SCSI devices on the widih of the
data path 10 be used lor DATA phase ranslers between the two devices. This agreement applies to
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DATA IN and DATA OUT phasas only. All other information transfer phases shall use an eighl-bit data
path.

If an SCSI device Implements both wide data transfer option and synchronous data transler option, then
it shall negatiate the wide dala transfer agreemant prior to negotiating the synchronous data transier
agresment. Il a synchranous data transter agreament is in elfact, then an SCSI device that accepts a
WDTR message shall raset the synchronous agreement to asynchronous moda.

The transfer widih Is two Lo the transfar width axponent bytes wide. Tha transler width that is establishad
applies to all logical units en both SCSI devices. Valid transfer widths are 8 bits (m = 0Ch), 16 bits
{m = 01h), and 32 bits {m = 02h). Values of m greater than 02h are reservad.

The ariginating SCSI device {the SC%I device thal sends tha first of the pair of WDTR messages) sels ils
transter width value lo the maximum data path width it elects to accommodate. If the responding SCSI
dovice can also accommodata this transfer widih, it relurns the same valua in itls WDTR messaga. Il it
requires a smaller transfer width, it substitutes the smaller value in its WDTR message. Tha successiul
complstion of an exchange of WDTR messagas implias an agreement as lollows:

Responding Device WDTH Response lmplied Agreement
(1) Non-zero transfer width Each device transmits and raceivas data with a transfer widih

equal 1o the responding SCSI device's transfar widih.
(2) Transler widih equal o zero Eight-bit Dala Transfar
(3) MESSAGE REJECT message Eight-bit Data Transfar

It the Initiator recognizes that negotlation is required, it assens the ATN signal and sends a WDTR
messags to begin the negotiating process. After succasslully completing the MESSAGE QUT phase, the
tasget shall respond with the proper WDTR message. |l an abnormal condition prevenis the target from
reluming an appropriale responss, both devices shall go to eight-bit daia transfer moda for data transfeis
batwaan the two davices.

Fallowing target rasponse (1) above, the Implied agreement lor wide data transfers shall be considerad
1o ba negated by both the initiator and tha target if the initiator asserts ATN and the first messags out is
aither MESSAGE PARITY ERROR or MESSAGE REJECT. In this case, both devices shall go to eight-bit
data transfer mode lor data translers batween the two davicas. For the MESSAGE PARITY ERROR case,
the implied agresment shall be reinstated if a re-transmittal of the second aof the pair ol messages is
successiully accomplished. After a vendor-specific number of retry attempts (greater than zero), if the
target receives a MESSAGE PARITY ERROR messags, it shall tarminate the retry activity. This may be
dane either by changing to any other information transfer phase and transfeming at least one byte al
information or by going o the BUS FAEE phase (see 5.1.3). The initiator shall accept such action as
aboning the negaliation, and both davices shall go to eight-bit data transler mode for dala wansfers
belween the lwo davices.

It tha target recognizes that negotiation Is required, it sends a WDTR messags to the initiator. Prior 1o
releasing the ACK signal on tha last byte of the WDTR message from the target, tha Initiator shall assen
the ATN signal and respond with its WDTR message or wih a MESSAGE REJECT message. It an
abnormal condition prevents tha Initiator from returning an appropriate response, both devices shall go
to eight-bit data transier moda for data transfars batween the two devices.
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Faollowing an initiator's responding WDTR message, an implied agreement for wide data transfer operation
shall not be considered to exist until the target laaves the MESSAGE OUT phase, indicating that the larget
has accepted the negotiation. Alter a vendor-spacific number of retry altempts (greater than zero), if the
targel has not received the Initiator's responding WDTR messags, it shall go to tha BUS FAEE phase
withowt any funher inlormation transfer attempt (see 5.1.3). This Indicates that a catastrophic esror
condition has occurred. Both devices shall go to elght-bit data transfer mode lor data translers beiwesn
the two devices,

It, tollowing an initiator's responding WDTR message, the targel shifts to MESSAGE IN phase and the first
massage in Is MESSAGE REJECT, the implied agreament shall be considered to be negated and bath
devices shall go to eight-bit data transfer moda for dala uansiers between the two devices.

The Implied wansfer widith agreement shall remain in effect untll a BUS DEVICE RESET massags Is
roceived, until a hard reset condition accurs, or until ona ol the two SCSI devices elects to modify the
agreement. The defautt dala ransfer widlh is elght-bit data transfer mode. The default daia transfer
mode Is enterad at power on, after a BUS DEVICE RESET messags, or alter a hard raset condition.
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7 SCSlI Interlocked Commands and Stalus
This saction defines the SCS! command and stalus structures and givas sevaral examplas.

By keeping to a minimum the functions essential to communicate via this protocol, a wide range of
paripheral davices of varying capabillity can operate In the same environment. Because subsets of the
full architecture may be implemented, optional functions are noted.

7.1 Command Implementation Requirements

Tha first byte of all SGSI cummanrﬂ 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 saction 7 and in the
appropriala section for their device type.

7.1.1 Reserved

Reservad biis, fields, bytes, and code valuas are set aside for future standardization. Thelr use and
interpretation may be specilied by future extensions o this standard. A reserved bit, field, or byte shall
be set 1o zero, or In aceordance with a future extension to this standard. A targel that receives a reserved
bit, field, or byia that is nal zero or receives a raserved code valus shall terminate the command with
CHECK CONDITION status and the sense key shall be set to ILLEGAL AREQUEST. It shall also be
acceplable for a target to interpret a bit, fleld, byte, or code value in accordance with a future extension
to this standard.

7.1.2 Operalion Cade Typas
The operation code types are defined in Tabla 14.

Table 14: Operation Code Type

Operation Dascription
Cade Type

u Mandatory - Commands so designated shall be implementod in
order to meet the minimua requirement of this Standard.

0 Optionnl - Commends 50 dsslgnatnﬂ, it implemented, shall be
implemanted as dafinod in this standard.

v Vendor specific - Operation cades &o designated are available
for vendor defined commands. See the vondor specifications
whera compatibility 16 desired.

A Resarved - QOperation codes so designated shall not be used,
Thaey ara raserved for futura extensions to this stondard.
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7.2 Command Descriptor Block
A command is communicated by sending a command descriplor block to the target, For saveral
commands, the command descriptor block is accompanied by a list of parameters sent during the DATA

OUT phase. Sea the specific commands in the SCSI-3 Gammand Set {or detailed Information.

The command desciiptor block always has an operation code as its first byte and a control byta as iis
last byte.

For all commands, if there is an invalid parameter In the comunand descriptor block, then the targel shall
lenminate the command without altering the medium.

Table 15; Typlcal Command Descriptor Block for Slx-byle Commanda

Bit 7 6 5 4 3 2 1 0

Byte

0 Operation Coda

1 Logical Unit Number (usB)

2 Logical Block Address (i7 required)

a {LsB)
Transfer Lenpth (if required)

4 Parameter List tength (1T required)
Allocation Length (if requirad)

5 Control

Table 16: Typlcal Command Descriplor Block for Ten-byle Commands

Bit 7 6 5 4 3 2 1 (1]

Byte
0 Operation Code
1 Logical Unit Number Reserved
2 (us8)
3

Lopical Block Address (if requirad) —
4
5 (Ls8)
[:] Reserved
7 (usBy Transfer Length (if required)

Paramoter L1t Length (1f required) —
8 Allocation Length {if requirad) {LsB)
8

Contral
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Table 17: Typlcal Command Descriplor Block for Twelve-byte Commands

Bit 7 8 8 4 3 2 1 1]
Byto
o Oparation Code
1 Logical Unit Numbar I Roserved
2 (MSB)
. —
Legical Block Address (if required) e
4 |
5 (L9B)
[} (usB)
7 Transfar Length (i requirad)
Porameter List Length ?11 requirad) —
8 Allocation Length (4T required)
9 (LsB)
10 Rasarved
" Control

7.2.1 Operatlon Code

The operation code (Tabla 18) of the command descriptor block has a group code field and a command
code fisld. The thres-bit group cods field provides for eight groups of command codes. The five-bit
command coda field provides for thinty-two command codes in each group. Thus, a total of 256 possibla
operation codes exisl. Operalion codas ara defined in tha subsaquent Sections of this document.

The group codae specifies one of the fallowing groups:
Group 0 - six-byte commands

Group 1 - ten-byte commands

Group 2 - ten-byte commands

Group 3 - reserved

Group 4 - reserved

Group 5 - twelve-byte commands

Group 6 - vendor specific

Group 7 - vendar specilic
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Table 18: Operatlon Code

Blt?lﬂr|5 4jalz|1|o
Group Code Command Coda

7.2.2 Logical Unlt Number

The logical unit number is defined in the IDENTIFY message (5.6.7). The target shall gnore the logical
unit number specified within the command descriptor block if an IDENTIFY message was receivad. It is
recommended that tha logical unit number in the command descriptor block ba set to zero.

7.2.3 Loglcal Block Addresa

The logical block address on logical units or within a pantition on davice volumes shall begin with block
zar0 and be conliguous up 1o tha last logical block on that logical unit or within that partition.

A six-byle command descriplor block contains a 21-bit logical block address. The ten-byle and the
walve-byte command descriptor blocks contain 32-bit logical block addresses. Logical block addresses
in additional parameter data have their length specified for each occurrence, Sea the specific command
descriptions In tha SCSI-3 Command Set.

7.2.4 Transfor Length

The transler length fisld specifies the amount of data to ba transterred, usually the number of blocks. For
savaral commands the transter length indicates the requested number of bytes ta ba sent as defined in
the command description. For thesa commands the transfer length lield may be identitied by a ditlerant
name. Sea the lollowing dsscriptions and the individual command descriptions in the SC§1-3 Command
Sat for funher information.

Commands thal use one byte for tha wransler lengih allow up 10 256 blocks of data to be transierred by
one command. A transfer langth value of 1 to 255 indicates the number of blocks that shall be
translarred. A value of zero indicates 256 blocks.

In commands that use multipls bytes for the transfer lengih, a transfer length of zero indicates that no
dala ranster shall take place. A valus of one or greater indicates the number of blocks that shall be
transferred.

Raler to the specilic command description tor futher Information.

7.2.5 Parameter List Length

The parameter list length is used to specily the number of bytes sant during the DATA OUT phase. This
fiald is typically used in command descriptor blocks for parametars that are sent 1o a target (e.g., moda

paramaters, diagnoslic parameters, log paramaeters, elc.). A parameter length of zero indicates that no
data shall be transierred. This condition shall not be considered as an error,
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7.2.6 Allocatlon Length

The allocation length field specifies the maximum number of bytes that an initiator has allocated for
returned data. An allocation lengih ol zero Indicales that no data shall be transterred. This condition shall
not be considerad as an error. ‘Tha target shall terminate the DATA IN phase when allocalion length bylas
hava baen transferred or when all availahle data have been transferred to the Initiator, whichever is less.

‘Thae allocalion length is used to limit the maximum amount of data (o.g., sense data, mode dala, log dala,
diagnostlc data, etc.) relumed to an Initiator.

7.2.7 Control Fleld

The control tield Is the last byte ol avéry command descriptor block. The control field Is defined in Tabla
19.

Table 18: Caonlrol Fleld

ait| 7 6 5 | a4 | a8 | 2 1 o
Vendor specific Reserved Flag Link

Tha Hag bit specifies which message tha targel shall retumn to the Initiator i the link bl is one and the
command completes without error. The flag bit Is typlcally used 1o cause an intarrupt in the iniiator
betwaen linked commands. Implemeniation of the flag bit Is aptional.

Tha flag bit should be set to zero i tha link bit is zere. It link bit Is zero and the flag bit is one, tha target
shall relurn CHECK CONDITION status. The sense key shall be set 1o ILLEGAL REQUEST.

If tha llag bit is zero and tha link bit Is ona, and if the command compleles successiully, the target shall
send the LINKED COMMAND COMPLETE massage. U tha flag bit is one and the link bit is one, and il tha
command completes succaessfully, the target shall sand the LINKED COMMAND COMPLETE (WITH FLAG)
message.

The link bit Is used to continue the IO process across multiple commands. Implementation of tha link
bit is optional

A link bit of ona indicates thal the initiator requests a continuation of the /O process and thal the largst
should enter the command phase upon successful complation of the current command.

It the link bit is one, and If the command completes succassfully, tha targel shall return INTERMEDIATE
or INTERMEDIATE-CONDITION MET stalus and shall then send one of the two massages delined by the
flag bit.

If either of the link and flag bis are set to one, and the target does not implement linked commands, it
shall retrn CHECK CONDITION status. The sense key shall be set to [LLEGAL REQUEST.
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7.3 Status

Tha status byte and stalus byte code are specifisd In Tables 20 and 21, A stalus byie shall ba sent from
the targat 1o the inlialor during the STATUS phase at tha complation of each command unless the
command Is terminated by one of the following evams;

a) an ABORT messags,;

b) an ABORT TAG massags;

c) aBUS DEVIGE RESET messape;

d) a CLEAR QUEUE messags;

8) a hard reset condition;

) an unexpecled disconnect (sea 5.1.3).

The STATUS phase normally occurs at the end of a command but In some case may occur prior 10
wransferring the command descriptor block.

Table 20: Siotus Byte

ait| 7 8 5|4|_3|2l1 [

Reservad Status Byte Code Reserved

Table 21: Status Byte Code

Bits of Status Byte Stotus
7 6 & 4 2 o
A R 0 0 0 O 0 A GOOD
A R O 0 0 0 1 A CHECK CONDITION
AR R &€ 0 0 1 O0 A8 CONDETION MET
AR R 0 0 1 O 0 A& BUS
A AR 0 1 0 0 0 A INTERUEDIATE
A R 0 1 0 1 0 A INTERUEDITATE-CONDITION MET
A R 0 1 1 o 0 A AESEAVATION GONFLIGT
i B 1 @ 0 0 1 A& COMUAND TEAMIHATED
A AR 1 0 1 0 0 A QUELE FULL
All Other Codes Reserved
Key: R = Ressrved bit

A definition of the stalus byle codes s given below.
GOOD. This status indicates that the target has succassfully compleled the command.

CHECK CONDITION. This status Indicates that a contingent allagiance condition has occurred (sea
SCS13 Command Se),

GONDITION MET. This stalus or INTERMEDIATE-CONDITION MET Is returned whenever the requested
operation is satislied.
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BUSY. This stalus indicates that the 1arget Is busy. This status shall be returned whenever a target is
unable to aceept a command from an otharwise acceplable initiator (iL.e., no reservation conllicis). Tho
recommended initlator recovery action is to issue the command agalin at a later limo.

INTERMEDIATE. This status or INTERMEDIATE-CONDITION MET shall ba returned for every successiully
completed command in a series of linked commands (except the last command), unless tha command
Is terminated with CHECK CONDITION, RESERVATION CONFLICT, or COMMAND TEAMINATED status.
Il INTERMEDIATE or INTERMEDIATE-CONDITION MET status is not returned, tha series of linked
commands s terminated and the IO process is ended,

INTEAMEDIATE-CONDITION MET. This status Is the combination of the CONDITION MET and
INTERMEDIATE statusas. }

RESERVATION CONFLICT. This status shall be retumed whenever an Initlator attempls to access a
logical unit or an extent within a logical unit that |s reserved with a conliicting reservation typs lor another
SCSI davice (see the RESERVE and RESERVE UNIT commands In the SCSI-3 Command Set}. The
racommended initiator recovary action Is to Issus the command agaln at a later time.

COMMAND TERMINATED. This stalus shall be retumed whenever tha target terminates the current /O
process alter receiving a TERMINATE /O PROCESS message. This stalus also indicatas that a
contingen! aflegiance condition has occurred (ses SCSI1-3 Command Set).

QUEUE FULL. This status shall be implamented if tagged queuling is Implemented. This stalus Is

reurned whan a SIMPLE QUEUE TAG, ORDEAED QUEUE TAG, or HEAD OF QUEUE TAG message Is
recaived and the command queue is full. The /O process Is not placed In the command quaus.
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7.4 Command Processing Conslderations and Exception Conditions

The following sections describe some exceplion condilions and erors associated with command
processing and the sequencing of commands,

7.4.1 lncorrect Iniliator Connectlon
An Incorrect Initiatar conneclion occurs on a recenneciion i

(1) an initiator allempts to reconnect to an YO process, and

(2} a solt resel condhion has not occurred, and

(3} the iniator does not send an ABORT, ABORT TAG, BUS DEVIGE RESET, CLEAR QUEUE,
CONTINUE IO PROCESS, or TERMINATE /O PROCESS massaga during the same MESSAGE
OUT phase as the IDENTIFY message.

An Incorract initiater connection also occurs on an Initial connecticn when an inltiator:

(1) aitempts to establish an I_T_L_Q nexus when an | T_L nexus already exisls from a pravious
connection, or

(2) attemps 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 prasent for the logical unit or
1arge! rouwtine.

A target that datects an incorract initiator connection shall abort all IO processes for the Initiator on the
logical unit or larget routine and shall ratum CHECK CONDITION status. The sense key shall be sel to
ABOATED COMMAND and the additional sense code shall be set to OVERLAFPED COMMANDS
ATTEMPTED.

it an Inhiator reconnecis to an /O process and a solt raset condition has occurred, tha target shall meet
the requirements of the soll reset allernative (see 5.1.2.2).

An incorrect initiator connection may be Indicative ol a serlous error and, if not detecied, could result in
an l/O process oparating with a wrong set of poiners. This Is considered a catastraphic failure on the
part of Ihe initiator. Therelore, vendor-spaciiic error recovery procedures may ba required to guaraniaa
the data Integrity on the medium. The 1arget may return additional sense data to aid In this error recovery
procedure (o.g., sequential-access devices may raturn the residus of blocks remaining to ba written or
raad at the tima the second command was raceived).

Some 1argets may nol detect an Incorrect iniliator cannection until atter the cormunand descriptor block
has baen received.
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7.4.2 Interlocked Asynchronous Event Nollficatlon

Notification of an asynchronous event Is pesformad using the SEND command with the AEN bit set to one,
The information identifying the condition belng reported shall be retumed during the DATA OUT phase
ol the SEND command (seas SCS1-3 Command Set).

An error condition or unit atlention condition shall be raponad once per ocourrence of the avenl causing
it. The targel may choose to use an asynchronous event notification or to return CHECK CONDITION
status on a subsequent command, but not bath. Netification of command-related errer conditions shall
ba sant only to the processor that initiated the VO procass,

The asynchronous event notificatign protocol can ba used o natify processor devices that a system
resource has bacome available. H a target chooses to use this method, the sense key in the sense dala
sent 1o the pracessor device shall be sal to UNIT ATFENTION.

The asynchronous event notification protocol shall be used only to SCSI davicas that return processor
device typs with an AENC bit of ona in responss 1o an INQUIRY command. The INQUIRY command
should be Issued 1o logical unit zero of each SGSI device rasponding to selection. This procedure shall
be conducted prior 1o the first asynchronous event notiiication and shall be repaaled whenever the device
deems it apprapriate or when an event occurs thal may invalidate the cumant Information.  (See
SYNCHRONOUS DATA TRANSFER REQUEST message for examples of these events.)

Each SCS| device thal relums processor device type with an AENC bit of ona shall be lssued a TEST
UNIT READY command to datermine that the SCSI device is ready to raceiva an asynchronous event
notification. An SCSI device retuming CHECK GONDITION status is Issued a REQUEST SENSE
command. This clears any panding unit attention condition. An SCS1 device that returns processor
device lype with an AENC bit of ons and retums GOOD staws when issued a TEST UNIT READY
command shall accept a SEND command with an AEN bit of ona.

An SCS| device which can use asynchronous event notification at initialization time should provida means
to deleat these notifications. This can be done with a switch or jumper wire. Devicas which implement
saved parameters may allernatively sava the asynchronous event nolification permissions either on a per
SCSI device basis or as a sysiem wide option. In any case, a devica conducts a survey with INQUIRY
commands to ba sure that the devices on the SGSI bus are appropriata destinations for SEND commands
with an AEN bit ol one. (The devicas on the bus or the SCSI 1D assignments may have changed.)

7.4.3 Unexpectad Reselectlon

An unexpecied reselection occurs if an SCSI device attempts 1o reconnect 1o an /O process lor which
a nexus does not exist. An SCSI device should respond to an unexpaeciad raselection by sending an
ABORT messaga.

7.4.4 Unlt Attentlon Cendillon

Thae target shall generate a unit anéntion condition for each initiatar on each valid logical unit whanevar
the targst has been reset by a BUS DEVICE RESET message, a hard resel condition, or by a power-on

raset. For dual pont implementations, the unit attention condition lor:

{1) the hard resel condition,
(2} the BUS DEVICE RESET message, and
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(3) the BUS DEVICE RESET OTHER PORT messags

only affects the initiators on one pon as described in sactions 5.1.2.1, 6.1, and 6.4. Tha target shall also
generale a unit anention condition on the affected logical unii{s) for each Iniliator whenever one of the
following avents occurs:

a) A removable madium may have been changed.

b) The mode parameters in eflact for this Initiator have bean changed by another Intiator.

c) The version or leval ol microcoda has been changed.

d} Tagged commands queuad for this inttlator wera cleared by another initlator.

e) INQUIRY dala has been changed.

f) The mode paramelers in ellect for the Intitiator have been rastored from non-volatile memary.
@) A change in the condition of a synchronized spindls,

h} Any other event occurs that requires tha attention of the initiator.

Targels may queus unit allention condilions on logical units. Afer tha (irst unit attentlon condition is
cleared, another unit attention condition may exist (e.g., a power on condition followed by a microcode
changa condition).

The unit anentlon condition shall persist on the loglcal unit for each initiator until that initialor clears tha
condition as described in the lollowing paragraphs,

It an INQUIRY command is recaived trom an Initiator to a logical unit with a pending unit attention
condition (belore the larget generales the contingemt allegiance condition), the target shall perlorm the
INQUIRY command and shall not clear the unit artention condilon. If the INQUIRY command is received
alter 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 pedorm the
INQUIRY command.

i any oithar command is receivad after the target has generated the contingem allegiance condition for
a pending unit attention condition, the unit attention canditlon an the logical unit shall be cleared, and if
no other unit attention condition is pending the target shall pedorm the command. U another unit
attention condition is pending the 1arget shall not pedonm the command and shall generate anothier
contingent allegiance condition.

It a REQUEST SENSE command is received from an initialor with a pending unit attention condition
(belore the target generales the contingent allegiance condition), then the target shall either:
1} report any panding sense data and preserva tha unii aitention condition on the logical unit, or,
2} repont the unit anewmion condilion, may discard any pending sense data, and clear the unit
attention condition on the logical unit for that initiator.

H the targst has already generated the contingant allegiance condition for the unit attantion condition, the
largal shall perorm the sacond action listed above.

I an inhtiator issues a command other than INQUIRY or HEQUEST SENSE whila a unit attention condition
exists [or that inkiator (prior to ganeraling the conlingent allegiance condition for the unit attention
condition), tha 1arget shall not perform the command and shall repont CHECIK CONDITION status unless
a higher priority stalus as defined by the target is also pending (e.g., BUSY or RESERVATION CONFLICT).
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Il after generating the contingent allegiance candition for a pending unit attention condilion, 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 ba cleared for that Initiator an the logical unit and the
sense data is lost (see 6.6).

I a targat bacomes a temporary initiator to issus a SEND command with an AEN bit of one, which inlorms
tha initiator {tlemporary 1argel) of the unit attention condition, and the SEND command completes with
GOOD status, then the target shall clear the uail attention condition for that Initiator on the logical unit
(soB 6.5.5).
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ANNEX A

(informative)

Single Command Exampla

An 1/0 process containing one umagged READ command is used in this section to illustrate a simple /O
process on he SCSI bus. This axample does not include error or exception conditlons.

The initlator has one set of active polinters that includes a command pointer, a data polnter, and a status
pointer. In addition, the initialor has ane set of saved polnters for each I/O process that it Is able to
concurrently manage. The Initiator sets up the saved poinlers to point to the appropriate bytes for the
IO process and copies the saved pointers to the active pointers, It then arbitrales for tha SCSI bus, and
upon winning arbitration, selects the target. Onca the target s selacted, the target assumes contraol of
the /O process.

During the SELEGTION phase, the initiatar assens the ATN signal to inform the target that the initiator
wishes 1o send a message. The targel enters the MESSAGE OUT phass and wransters the IDENTIFY
message from tha initiator. This message informs the target of which logical unit Is to be used. At this
point, an I_T_L nexus has been established for the §/O process. This naxus associates the initiator's
polrters with the /O process.

The target switches 1o the COMMAND phase and wransfers tha command descriptor block from the
inhtiator, In this case, the command descriptor block contains a READ command. Tha 1arget interprets
the command and switches to the DATA IN phasa, transiers the data, switches to STATUS phass, sands
GOOD status, switches to MESSAGE IN phase, and ranslars a COMMAND COMPLETE message. Afier
successfully sending the COMMAND COMPLETE messaga, the target goes to the BUS FREE phase by
releasing the BSY signal and the |/O process ends.
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ANNEX B

informative

Disconnect Example

In tha above single command example, the length of lime necessary to obtain the data may require a
tima-consuming physical positioning eperation. In order to improve system throughput, the targel may
disconnect from the inftiator, thereby Ireelng tha SCSI bus 1o allow olher VO process to occur.

Alter the target has recaeived the #EAD command (and has determined that there will be a delay), it
disconnects from the SCSI bus by sending a DISCONNECT message and by going to the BUS FREE
phase.

After the target retrieves the requested data from the peripheral device it arbitrates for the SCSI bus.
Upon winning arbitration, It reselects the Initiator and sends an IDENTIFY message 1o the Initiator via the
MESSAGE IN phase. This revives the I_T_L nexus so that the Initiator can retriove tha carrect set of
polnters tor the YO process. The Initiator resiores the active polnters 1o their most recent saved values
(which, in this case, are the Initlal values) and tha targst conlinuas (as In the single command example)
to tinish the /O procass,

If target wishes 1o disconnect after transferring pant of the data (e.g., while crossing a cylinder boundary),
it may do so by sanding a SAVE DATA POINTER message and a DISCONNECT massage 1o the initiator
and then disconnecting. When reconnection is completed, tha current data pointer Is restored (o its value
Immediately prior 10 the SAVE DATA POINTER message.

On those occasions when an error or exception condition ocours and the target elects to repeat the
information transler, tha 1arget may repeat tha transier by either issuing a RESTORE POINTERS message
or by disconnecting without Issuing a SAVE DATA POINTER message. When reconnection is completed,
the most recent saved poinier values are restarad,
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ANNEX C

{informative)

Linked Command Example

An |/O pracess may contain multiple commands "linked" together. Upon completing a linked command
successfully, the target amomatically proceeds to the nax linked command for the /O process. All
commands in a series of linked commands are addrassed to the same nexus and ara part ol a single /O
process,

The commands are not entirely independent. When using the relative address bit (see SCS1-3 Command
Sat), the address of the last logical block accessed by one of the commands |s avallable to the next
command. Thus one can search for a particular data pattern using a SEARCH DATA command and then
read tha logical block containing the data pattern with a READ command linked to the SEARCH DATA
command. One can also read a logical block at a specified displacement from the block containing the
data patlern.

ALINKED COMMAND GOMPLETE or LINKED COMMAND COMPLETE (WITH FLAG) message is senl from
the 1arget to the initiator 1o indicate that a linked command completed. Tha initiator then updates the
saved polnters for the nexus so that subsaquent translars from the targat reference the next command
of the series. Command processing of linked and singla commands Is similar except thal relative
addressing is parmitted in linked caommands.

For exampls, a successful completion of a SEARCH DATA EQUAL command causes the target to
continue with the linked READ command from the iniliator. If the relaiive address blt in the AEAD
command has been set 1o ong, and the address fiald of the READ command is set 1o zero, the targel
transiars the successfully searched block to the Initiator.
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ANNEX D
(informative)

An example of I/O pracess queuing benelits from the consideration of the execution of a number of
commands. Alter each command, the state of the queus kept In the target Is shown to indicata the
funciion actually performed by the qusuing,

Typlcall Sequences for Tagged Queulng

An |/O procass using tagged queulng uses the following sequencas lor normal execution. The Initiator
first arbitratas for the SCSI bus, and after successiully oblaining the SCSI bus, selects the appropriate
SCSl device. The ATN signal is asssned during the SELEGTION phase to indicate that a MESSAGE QUT
phase ls requestad by tha initiator. The first messago byte transferred is an IDENTIFY message. Tha ATN
signal continues to ba asserted during the MESSAGE OUT phase to Indicate that the Initiator has anather
message. The second massags byta transfarred Is the first byte of the appropiiate queus tag messaga,
In this case a SIMPLE QUEUE TAG message. The third and Iast message byte is transmitted containing
tha second byte of the queus lag message, the queusatag. As It Is transfarrad, tha ATN signal is negated
to indicale that no more messaga bytes are avallable. The target then transfers the cammand descriptor
block. Assuming the command requires disconnection, the target transmits a DISCONNEGT message
ta the initiator and then enters tha BUS FREE phase. Tha target places the command, identified by the
|_T_L_Q nexus, at the appropriate place in the command quaua.

When the target removes IfO pracesses from the queue for execution, a physical latency period may
occur. At tha end of this period, when the target is prepared 10 transfer the appropriate data, the target
begins an ARBITRATION phase and, upon winning, enters a RESELECTION phase. After a successiul
reselection, the target sands the IDENTIFY message followed by a SIMPLE QUEUE TAG message with
the qusue lag value originally sent by tha initialor. The initiator uses the L_T_L_Q nexus to identily tha
correct set of pointers and control blocks associated with the I/O process and 1o establish the necessary
conditions for data transfer. The target begins data translor. When the data transler is successiully
campleted, the target returns GOOD status and lerminates the |/O process with a COMMAND COMPLETE
message.
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Example of Tagged Queuing

An example of tha execution of five queued /O procasses is described 1o demonstrate how tagged
queuing operates. ABORTagged /O processes are from one initiator to a single logical unit of a singla
1argel. The five /O processes are defined In Table 22. The target s a direct-access device. At tha lime
tha I/O processes are first being executed, it is assumed that the actuator Is in position to access logical
block 10000,

Table 22: Commands In Order Recelved by Targel

Command Queue Tag Queus Tag Laopical Transfar Status
Uassage Valua Block Length
Address
READ SIMPLE 0O1h 10000 1000 Queuad
READ SIMPLE 02h 100 1 Oueued
READ OROERED 03h 1000 1000 Queued
READ SIMPLE 04h 10000 1 Quoued
READ SIMPLE ash 2000 1000 Quoued

The optimum order would require that those blocks close to the actuator posillon be the first blocks
accassed, followad by those increasingly far from the actuator position. However, the command with
queus tag 03h is an ordered I/O process, so that all simpla I/O processas transtarred previously must be
exaculed belore, while all simple I/O processes wanslerred alier the ordered /O process must be
exacuted alter the ardered I/O process.

If a 1arget supports an optimizing algorithm the actual order In which the /O processes are executed
could be as shown In Tabla 23.

Table 23: Commands in Order of Exacutlon

Coazmand Queua Tag Queuo Tag Logical Transfar Status
Massage Valua Black Length
Address
READ SIMPLE Oih 10000 1000 Quoued
READ SIMPLE 02h 100 1 Queued
HEAD ORDERED 03h 1000 1000 Quoued
READ SIUPLE 0sh 2000 1000 QOuaued
HEAD SIMPLE 04h 10000 1 Quauad

1/O processas with queue tag values 01h and 02h are executed In the arder recelved since the actuator
is already in position to execute IO process 01h. /O process 02h must be executed belora I/O process
04h or 05h because the ordered /O process 03h was transmitied afier /O processes 01h and 02h but
befare /O processes 04h and 05h. /O process 03h is then executed afier /O process 02h. The I/O
processes D4h and 05h are executed aher the ordered I/O process 03h. I/O pracess 05h s execuled
betore IfO process 04h because the actuator is In position 1o access block 2000 afier executing I/O
process 03h. /O pracess 04h is executed last.

As an example of the operation of the HEAD OF QUEUE TAG IO process, consider that a new /O
process, ldentilied by a HEAD OF QUEUE TAG message with a queus tag of 08h, is transmitted 10 the
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target whila the ordered 1fO process 03h Is being executed. The /O process 03h conlinues exacution,
but the new HEAD OF QUEUE TAG /O process Is placed In the queus for execution belore all
subsequent I/O processes. In this case, the queus for exacution after the ordered I/O process 03h was
executed would appear as shown In Tabla 24.

Table 24: Modlfled by HEAD OF QUEUE TAG Message

Command Queue Tag Quoua Tag Logical Transfer Status
Message Value Blochk Length
Addross
AEAD ORDERED 03h 1000 1000 Executing
READ HEAD OF O!JE*E 08h (1} a Queusd
READ SIWPLE 05h 2000 1000 Quaued
READ SIUPLE D4h 10000 1 Quaued

To obtain maximum performance galns using 1agged queuing requires careful lmplementation ol the
queuing algorithms In the target. In addition, Initiators should allow a maximum number of simple |/O
processes to be executad with a minimum number of orderad I/O processes. RESERVE and RELEASE
commands, SET LIMITS commands, and appropriate soltware locking convantions should be used to
guarantes the proper relationship betwean the commands executed and the data stored on the peripheral
davices. These conventions are not defined by this standard,
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