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INFORMATION TECHNOLOGY -
SCSI-3 Architecture Model (SCSI-3 SAM)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC patrticipate in the development of International Standards through technical
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IEC technical committees collaborate in fields of mutual interest. Other international organizati
ernmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

e field of information technology, ISO and IEC have established a joint technical committee, ISO|
1. Draft International Standards adopted by the joint technical committee are circulated to nati
es for voting. Publication as an International Standard requires approval by at)least 75 % o
bnal bodies casting a vote.

national Standard ISO/IEC 14776-411 was prepared by Joint Technical Committee ISO/IEC JT|
committee SC 25, Interconnection of information technology equipment:

Introduction

implementation requirements that apply to all SCSI<3’devices. Implementation requirements sp
hvior in terms of measurable or observable parameters pertaining to an implementation. Ge
irements are transformed to implementation regquirements by an implementation standard.

SCSI8 Architecture Model

Generic
<«———requirements
¥ ¥
SCSI-3 Implementation SCSI-3 Implementation SCSI-3 Implementation
Standard Standard Standard
. l = Implementation
A & < requirements

SCSI-3
Implementation

International Standard defines generic requirements, which govern SCSI-3 implementation stand}rds,

ISO
ons,

IEC
onal
the

C1,
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eric

Figure 1 — Requirements Precedence

As shown in figure 1, all SCSI-3 implementation standards shall reflect the generic requirements defined
herein. In addition, an implementation claiming SCSI-3 compliance shall conform to the applicable
implementation requirements defined in this standard and the appropriate SCSI-3 implementation
standards. In the event of a conflict between this document and other SCSI-3 standards the requirements
of this standard shall apply.
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Table 1 lists the set of ISO/IEC SCSI-3 standards and draft standards in existence at the time of
publication. The SCSI-3 implementation standards governed by this standard are those in the Physical
I/0, Protocol and Commands categories.

Table 1 — SCSI-3 Document Roadmap

Document Document Categories

Title

General Physical 110 Protocol Commands

SCSI Common 9316-421
Access Method
——Stanedare(SAM)
SCSI Primary 14776-311
Commands Standard
(SPC)

SCSI Interlocked 14776-211
Protocol Standard
(SIP)

SCSI Parallel 14776-111
Interconnect Standard
(SPI)

SCSI Serial Bus 14776-231
Protocol Standard
(SBP)

SCSI Architecture 14776-411
Model (SAM)
SCSI Common 14776-423
Access Method -3
Standard (CAM -3)
SCSI Block 14776-321
Commands Standard
(SBC)

SCSI Stream 14776-331
Commands Standard
(SSC)

SCSI Graphics 14776-391
Command
Standard(SGC)
SCSI Medium 14776-351
Changer Commands
Standard (SMC)

SCSI Fast 20 14776-121

SCSI Controller 14776-341
Commands_Standard
(SCQC)

SCSI Optical Memory 14776-381
Card Reader/Writer
(SOMC R/W)

SCSI Fibre Channel 14776-221
Protocol (FCP)
SCSI Multi Media 14776-361

Commands Standard
(MMC)

SCSI Fibre Channel 14776-222
Protocol -2 (FCP -2)

SCSI Parallel 14776-112
Interface -2 (SP 1-2)
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This document consists of the following seven clauses:

Clause 1 describes the scope of this International Standard.

Clause 2 lists the normative references that apply to this International Standard.

Clause 3 specifies the definitions and notational conventions used by this International Standard.
Clause 4 defines the reference model for an SCSI-3 device.

Clause 5 specifies the model for processing SCSI-3 commands

Clause 6 specifies the task management functions supported by an SCSI-3 device.

Clause 7 specifies the rules for task set management.
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1

INFORMATION TECHNOLOGY -
SCSI-3 Architecture Model (SCSI-3 SAM)

Scope

This International Standard describes a reference model for the coordination of standards applicable to
SCSI-3 I/0 systems and a set of common behavioral requirements that are essential for the development
of host software and device firmware that can interoperate with any SCSI-3 interconnect or protocol.

The)
this
subj
inve
of IH

ISO

For
3.1

3.1.
it.

3.1.
defi

3.1.

3.1.
or

3.1

3.1

Normative References

International Standard. At the time of publication, the edition indicated was yvalid. All standards
ect to revision, and parties to agreements based on this International Stafndard are encouragg
stigate the possibility of applying the most recent edition of the standard indicated below. Mem
FC and 1ISO maintain registers of currently valid standards.

IEC 9316:1995, Information technology — Small Computer Systen Interface-2.

Definitions and Conventions

purposes of this standard, the following definitions apply.

Definitions

| aborted command: An SCSI commaridithat has been ended by aborting the task created to exe
P ACA command: A command:-performed by a task with the ACA attribute (see 3.3 and ol
nition 6).

B application client: Anrobject that is the source of SCSI commands.

i auto contingent allegiance: The condition of a task set following the return of a CHECK CONDIT|
OMMAND TERMINATED status.

b blocked. (fask state): The state of a task that is prevented from completing due to an ACA cond

b Wlocking boundary: A task set boundary denoting a set of conditions that inhibit tasks outside

following standard contains provisions which, through reference in this text, comstitute provisions of

are
dto
bers

cute

bject

ION

tion.

the

bou

'\dnry from nnfpring the Enabled state

3.1.7 byte: An 8-bit construct.

3.1.8 call: The act of invoking a procedure.

3.1.9 client-server: A relationship established between a pair of distributed objects where one (the client)
requests the other (the server) to perform some operation or unit of work on the client's behalf.

3.1.10 client: An object that requests a service from a server.

3.1.11 command: A request describing a unit of work to be performed by a device server.
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3.1.12 command descriptor block: A structure up to 16 bytes in length used to communicate a command
from an application client to a device server.

3.1.13 completed command: A command that has ended by returning a status and service response of
TASK COMPLETE, LINKED COMMAND COMPLETE, Of LINKED COMMAND COMPLETE (WITH FLAG).

3.1.14 completed task: A task that has ended by returning a status and service response of TASK
COMPLETE. The actual events comprising the Task Complete response are protocol specific.

3.1.15 confirmation: A response returned to an object, which signals the completion of a service request.

3.1.1L6 confirmed protocol service: A service available at the protocol service interface, which reguires
confirmation of completion.

3.1.17 current task: A task that is in the process of sending status or transferring command data to or from
the |nitiator.

3.1.1L8 destination device: The SCSI device to which a service delivery transaction is addressed. [See
soufce device.

3.1.119 device server: An object, within the logical unit, that executes SCSktasks according to the fules
for task set management described in clause 7.

3.1.20 device service request: A request, submitted by an applicatien-client, conveying an SCSI comnpand
to a|device server.

3.1.P1 device service response: The response returned.to )an application client by a device server on
conpletion of an SCSI command.

3.1.22 domain: An I/O system consisting of a set of SCSI devices that interact with one another by mg¢ans
of a|service delivery subsystem.

3.1.p3 dormant (task state): The state of @, task that is prevented from starting execution due td the
pregence of certain other tasks in the task'set.

3.1.P4 enabled (task state): The state of a task that may complete at any time. Alternatively, the stafe of
a tapk that is waiting to receive'the' next command in a series of linked commands.

3.1.p5 ended command: A.command that has completed or aborted.

3.1.p6 faulted initiatar: ;The initiator to which a COMMAND TERMINATED or CHECK CONDITION stiatus
was| returned.

3.1.p7 faulted task set: A task set that contains a faulting task.

3.1.p8Aaulting command: A command that completed with a status of CHECK CONDITION or
COMMAND TERMINATED.

3.1.29 faulting task: A task that has completed with a status of CHECK CONDITION or
COMMAND TERMINATED.

3.1.30 function complete: A logical unit response indicating that a task management function has finished.
The actual events comprising this response are protocol specific.

3.1.31 hard reset: A target response to a reset event or a TARGET RESET in which the target performs
the operations described in subclause 5.7.6.
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3.1.32 I/O operation: An operation defined by an unlinked SCSI command, a series of linked SCSI
commands or a task management function.

3.1.33 implementation: The physical realization of an object.

3.1.34 implementation-specific: A requirement or feature that is defined in an SCSI-3 standard but whose
implementation may be specified by the system integrator or vendor.

3.1.35 implementation option: An option whose actualization within an implementation is at the discretion
of the implementor.

3.1
mar

3.1.
the

3.1
3.1
3.1
3.1
mak

[S(e

3.1
com

3.1
3.1
the

3.1.
tran

3.1.

3.1.
a pqg

3.1
objg

B6 initiator: An SCSI device containing application clients which originate device service and
agement requests to be processed by a target SCSI device.

B7 interconnect subsystem: One or more physical interconnects which appear as a single pat
ransfer of information between SCSI devices in a domain.

B8 in transit: Information that has been sent to a remote object but not yet received.

B9 layer: A subdivision of the architecture constituted by subsystems of.the same rank.

10 linked CDB: A CDB with the link bit in the control byte set to one:

e up a discrete 1/O operation. In such a series, each command has the same task identifier, an
ept the last, have the link bit in the CDB control byte set’to one.

12 logical unit: A target-resident entity which implements a device model and executes S
mands sent by an application client.

13 logical unit number: A 64-bit identifier forfatogical unit.

14 logical unit option: An option pertaining to a logical unit, whose actualization is at the discretid
ogical unit implementor.

15 lower level protocol: A proteeol used to carry the information representing upper level prot
sactions.

16 mandatory: Implementation of the referenced item is required to claim compliance with a standg

17 media information: Information stored within an SCSI device, which is non-volatile (retained thrg
wer cycle) andhaccessible to an initiator through the execution of SCSI commands.

18 object; An architectural abstraction or "container” that encapsulates data types, services, or g
cts thatare related in some way.

3.1.

task

h for

11 linked command: One in a series of SCSI commands executed by a single task, which collectjvely

d all,

Csl

n of

ocol

ard.

ugh

ther

19option, optional: Implementation of the referenced item is not required to claim compliance

with

an SCSI-3 standard. The implementation of an optional item shall comply with the standard.

3.1.50 peer-to-peer protocol service: A service used by an upper level protocol implementation to
exchange information with its peer.

3.1.51 peer entities: Entities within the same layer.
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3.1.52 pending task: A task that is not a current task.

3.1.53 physical interconnect: A single physical pathway for the transfer of information between SCSI
devices in a domain.

3.1.54 port: Synonymous with "service delivery port".

3.1.55 procedure: An operation that can be invoked through an external calling interface.

3.1.56 protocol-specific: Implementation of the referenced item is defined by an SCSI-3 protocol standard

(se

e 4.8).

3.1.
obj

3.1

3.1.
laye

3.1.
leve

3.1.
tran

3.1.
sery

3.1
they

3.1.

3.1
indg

3.1.

3.1.
con

3.1.
of a
con

H7 protocol: The rules governing the content and exchange of information passed between distrib
pcts through the service delivery subsystem.

b8 protocol option: An option whose definition within an SCSI-3 protocol standard is_ discretiona

b9 protocol service confirmation: A signal from the lower level protocol service Jlayer notifying the u
I that a protocol service request has completed.

50 protocol service indication: A signal from the lower level protocol service layer notifying the u
| that a protocol transaction has occurred.

51 protocol service request: A call to the lower level protocol service layer to begin a protocol se
saction.

b2 protocol service response: A reply from the upperilevel protocol layer in response to a prof
ice indication.

b3 queue: The arrangement of tasks within a task'set, usually according to the temporal order in w
were created. See "task set".

b4 receiver: A client or server that is the, recipient of a service delivery transaction.

.b5 reference model: A standardsmodel used to specify system requirements in an implementa

pendent manner.
b6 request: A transactionsinvoking a service.

b7 request-response,transaction: An interaction between a pair of distributed, cooperating objs
bisting of a requést for service submitted to an object followed by a response conveying the res

58 request<confirmation transaction: An interaction between a pair of cooperating objects, consi
request for service submitted to an object followed by a response from the object confirming req
pletion:

3.1.

uted

ry.

pper

bper

vice

ocol

hich

ion-

bCts,
Llt.

5ting
uest

bovreserved: The term _used for bits, fields, signals, and code values that are set aside for fu

ture

standardization.

3.1.70 reset event: A protocol-specific event which may trigger a hard reset response from an SCSI device
as described in subclause 5.7.6.

3.1.71 response: A transaction conveying the result of a request.
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3.1.72 SCSI application layer: The protocols and procedures that implement SCSI commands and task
management functions by invoking services provided by an SCSI protocol layer.

3.1.73 SCSI Device: A device that is connected to a service delivery subsystem and supports an SCSI

appl

ication protocol.

3.1.74 SCSI device identifier: An address by which an SCSI device is referenced within a domain.

3.1.75 SCSI I/O system: An I/O system, consisting of two or more SCSI devices, an SCSI interconnect

and

an SCSI protocol, which collectively interact to perform SCSI I/O operations.

3.1
rep

3.1.
3.1.

3.1.
SCSY

3.1
seny

3.1.
task
Syn

3.1.
al

3.1.

3.1.
by d

3.1.

destination device.

3.1.
elen

3.1.
task

3.1.

/6 SCSI protocol layer: The protocol and services used by an SCSI application layer to transport
esenting an SCSI application protocol transaction.

/7 sender: A client or server that originates a service delivery transaction.
/8 server: An SCSI object that performs a service on behalf of a client.

/9 service: Any operation or function performed by an SCSI-3 object, which'ean be invoked by d
I-3 objects.

BO service delivery failure: Any non-recoverable error causing the carruption or loss of one or 1
ice delivery transactions while in transit.

B1 service delivery port: a device-resident interface used by.the application client, device serv
manager to enter and retrieve requests and responSes from the service delivery subsys
bnymous with "port".

B2 service delivery subsystem: That part of an SCSI I/O system which transmits service reques
pgical unit or target and returns logical unit or-target responses to an initiator.

B3 service delivery transaction: A request.or response sent through the service delivery subsys

B4 signal: When used as a noun, denotes a detectable asynchronous event possibly accompa
escriptive data and parameters. \When used as a verb, denotes the act of generating such an e

B5 source device: The SCSk-device from which a service delivery transaction originates.
B6 subsystem: Ancelement in a hierarchically partitioned system which interacts directly only
nents in the next’higher division or the next lower division of that system.

B7 suspended information: Information stored within a logical unit that is not available to any pen
S.

B8 target: An SCSI device which receives SCSI commands and directs such commands to on

data

ther

nore

ror
em.

ts to

em.

nied

ent.

ee

with

ding

e or

morj

E logical units for execution.

3.1.89 task: An object within the logical unit representing the work associated with a command or group
of linked commands.

3.1.90 task abort event: An event or condition indicating that the task has been aborted by means of a
task management function.
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3.1.91 task completion event: An event or condition indicating that the task has ended with a service
response of TASK COMPLETE.

3.1.92 task ended event: An event or condition indicating that the task has completed or aborted.

3.1.93 task management function: A task manager service which can be invoked by an application client
to effect the execution of one or more tasks.

3.1.94 task management request: A request submitted by an application client, invoking a task
management function to be executed by a task manager.

3.1
com

3.1.

3.1.
and

3.1

3.1

D5 task management response: The response returned to an application client by a task manags
pletion of a task management request.

D6 task manager: A server within the target which executes task management functions:

D7 task set: A group of tasks within a target device, whose interaction is dependent on the que
auto contingent allegiance rules of clause 7.

D8 task slot: Resources within the logical unit that may be used to contain a task.

D9 third-party command: An SCSI command which requires a logical dnit within the target devig

assyime the initiator role and send an SCSI command to a target device.

3.1
or th

3.1
no

—

3.1.

3.1.

e execution of some service by one object on behalf of¢he other.

101 unconfirmed protocol service: A service available at the protocol service interface, which ¢
esult in a completion confirmation.

102 unlinked command: An SCSI-3 command-having the link bit set to zero in the CDB control

103 upper level protocol: An applicatian-specific protocol executed through services provided

lowgr level protocol.

3.1

| 04 vendor-specific: Specification of the referenced item is determined by the device vendor.

ron

uing

e to

100 transaction: A cooperative interaction between two objegts, involving the exchange of information

loes

hyte.
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3.2 References to SCSI Standards

The original Small Computer System Interface Standard (ISO 9316:1989), is referred to herein as SCSI-1.
SCSI-1 was revised resulting in the Small Computer System Interface -2 (ISO/IEC 9316:1995), referred
to herein as SCSI-2. The set of SCSI-3 standards are collectively referred to as SCSI-3. The term SCSI
is used wherever it is not necessary to distinguish between the versions of SCSI.

References within this document to individual SCSI-3 standards use one of the document acronyms given
in table 1.

3.3 Acronyms and Abbreviations

ACA: Auto contingent allegiance.
AER: Asynchronous event report.
CAM: Common Access Method.
CDB: Command descriptor block.
ULP: Lower level protocol.

LUN: Logical unit number.

$DP: Service delivery port.

$DS: Service Delivery Subsystem.
WLP: Upper level protocol.

3.4 Editorial Conventions

Cerfain words and terms used in this“standard have a specific meaning beyond the normal English
medgning. These words and termg-are defined either in the glossary or in the text where they first appear.

Named quantities having a nummeric value defined in an SCSI-3 standard are specified using upper gase.
For example, CHECK CONDITION refers to the status value specified in table 5.

Callpble procedures'‘are identified by a name in bold type, such as Execute Command (see 5.1). Names
of pfocedural arguments are denoted by capitalizing each word in the name. For instance, Task Identifer
is the name of‘an-argument in the Execute Command procedure call.

Qudgntities having a discrete but unspecified value are identified using small capital letters. As an example,
LINKEDCOMMAND COMPLETE (WITH FLAG), |nd|cates a quantlty returned by the Execute Command procedure
callLS¢ . = C : C dicatic i
specrfrc to a grven |mplementat|on standard
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3.5 Numeric Conventions

Digits 0 to 9 in the text of this standard that are not immediately followed by lower-case "b" or "h" are
decimal values. Digits 0 and 1 immediately followed by lower case "b" are binary values. Digits 0 to 9 and
the upper case letters "A" to "F" immediately followed by lower-case "h" are hexadecimal values.

Large numbers are not separated by commas or spaces (e.g., 12345; not 12,345 or 12 345).

3.6 Reserved Fields and Code Values

Resgrved fields and code values within a data structure specified by this or any other SCSI-3 standard are
set @iside for future standardization. Their use and interpretation may be specified by future®extengions
to these standards. A reserved field shall be set to zero, or in accordance with a future extension tg any
SC$I-3 standard.

3.7| Objects and Object Notation

The| SCSI architecture is defined in terms of objects. As specified n-this standard, objects | are
abstractions encapsulating a set of related functions, data types and other‘objects. Certain objects, $uch
as gn interconnect, may correspond to a physical entity while others) such as a task, may only exist
congeptually. That is, although such objects exhibit a well-definedy ebservable set of behaviors, thely do
not gxist as separate physical elements.

An object is a container that may enclose single entities ,and other objects. For example, an SCSI dgvice
mayf contain logical units. A logical unit may have tasksya task set and so forth. The following clajyises
desgribe notational and graphical conventions for specifying objects.

3.7|1 Notation for Objects

Thelfollowing symbols are used to defineithe composition of an object.

"is composed.of This symbol indicates that the object named on the Igft is
composed of the objects named of the right.

+

"togetherwith" This symbol collects objects into a group. No ordering is implied.
In the expression:

A=B+C

object A is composed of B together with C.

[1] "select one of" This is equivalent to an "exclusive or" operation. In|the
expression:

A= [B|C|D]

object A is composed of one object selected from B, C or D.
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{}

"optional”

"instances of"

The objects enclosed in parenthesis are optional. In the expression:

A=B +(C)

object A includes B and, optionally, C.

A set of objects enclosed within curly brackets may occur any
number of times in a given instance. No physical ordering is

XXX

nn

ASCII character
string

binary encoded
value

range

"physically

implied. The brackets may be indexed. For example,
indicates any number of instances from M to N. Thus

{..}3 implies 0, 1, 2 or 3 instances.

3{...} implies 3 or more instances. Aheé upper lin
implementation or protocol specific.

3{...}3 implies exactly 3 instances.
3{...}5 implies from 3 to 5 instanees.

Object consists of the ASCII encodings for the characters e
in quotation marks:

Object consists of the binary encoding representing the s
value. Forexample

A =54

defines object A as the binary encoding of the decimal val
Denotes a sequential set of discrete values. Thus:

[1]...]200] implies one out of a set of binary encoded i
between 1 and 100.

['A"...]"Z2"] implies one out of a set of ASCll-encoded alg
characters between "A" and "Z".

Unless stated otherwise, literals outside the range of s
values are reserved for future standardization.

As in A - B. Object A physically contains object B.

M{..JN

it is

nclosed

pecified

Le 54.

ntegers

habetic

pecified

s I
curmaitis

Use of this notation is restricted to the specification of object

addresses and identifiers as described below.
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<nn> vector of objects Denotes "nn" physically contiguous instances of the object.

Thus, for example:

byte<10> defines a physically contiguous vector of ten bytes.

1.l remark Encloses a comment.

The
the

orde
spe

3.7

This
an d
field
Ider

The)
enc

(e

3.7

The)

Fe is no physical ordering implied by the sequence in which objects are specified in a grouping-,]
erm "8{byte}8" or the expression "A + B + C" in an object definition says nothing about the(phy
ring of these objects. A physically contiguous vector of items is denoted by means of the artay not
Cified above.

2 Object Addresses and Identifiers

standard defines certain objects that are referenced externally by an address. By convention,
bject is made up of two components: a storage object specifying the{maximum size of the add
and a set of allowable identifier values. The following is an exaniple of an identifier object defin
ta=byte -[0]..]243]

object "Ident_a" is an identifier composed of an 8-bit™container” (the 'byte' object) and the bi
bding of a single value from 0 to 243. Values not in‘the’range are reserved. The left arrow ope

3 Predefined Objects

following predefined objects are used throughout this standard:

Constant: Object containing a fixed value. The container size and contents
implementation-specific.

Buffer = Byte<nn>_: Byte array of size nn.

Value: Numeric quantity.

Flag=.bit - [0]1]: A two-valued quantity as shown.

indicates that the storage object physically contains the encoding for one of the allowed values.

hus,
sical
ation

such
ress
tion.

hary
ator

are
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3.7.4 Hierarchy Diagrams

Hierarchy diagrams show how objects are related to each other. The hierarchy diagram of figure 2, for
example, shows the relationships among the objects comprising the "Book" object described in the
following definition.

Book = 1{Chapter} + (Index) + Table of Contents + (Preface)

Chapter = 1{Section} + O{Figure}

Preface = 1{Introductory Text} + O{Figure}

Book

Table of
Chapter Preface Contents Index

\ || \
Section Figure Introductory
Text

Figure 2 — Example of Hierarchy Diagram

As given in the object definition, a Book object eonsists of one or more Chapters, a Table of Contents, an
optipnal Preface and optional Index. In the.corresponding hierarchy diagram, labeled boxes denote the
aboye objects. The composition and relation of one object to others is shown by the connecting linep. In
this|case, the connecting lines indicate“the relationship between "Book" and its constituent objects
"Chapter", "Index", "Table of Contents" and “Preface”. Similarly, connecting lines show that "Chapter"
confains objects "Section” and "Figure". Note that the Figure object may also be a component of Preface.

The|hierarchy diagram does not show multiple instances of an object or the fact that certain objectg are
optipnal. In this example,.\the Figure object is shown only once, even though a chapter or preface may
have several (or no) instances of this object. Similarly, the Index object is shown even though it tpo is
optipnal.

3.8 Notation for Procedures and Functions

In this standard, the model for functional interfaces between objects is the callable procedure. $uch
interfaces are specified using the following notation:

[Result =] Procedure Name ([input-1] [,input-2] ...] || [output-1] [,output-2] ...)
Where:

Result: A single value representing the outcome of the procedure or function.
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A descriptive name for the function to be performed.
Parentheses enclosing the lists of input and output arguments.

A comma-separated list of names identifying caller-supplied input data
objects.

A comma-separated list of names identifying output data objects to be
returned by the procedure.

"I

A separator providing the demarcation between inputs andoutputs.
Inputs are listed to the left of the separator; outputs are listed\to’the fight.

Brackets enclosing optional or conditional parameters_and arguments.

The| data objects are specified using the notation of 3.7.1. This notation allows_any data objects tp be

D

Sp

Where:

fFound = Flag

Inpyt Arguments:

fPattern = ...

Output Arguments:

Pretiiefined objects commonly used as arguments are defined in 3.7.3.

Cified as inputs and outputs. The following is an example of a procedure specification:

Found = Search (Pattern, Item List || [Item Found])

Flag, which, if set, indicates that a matching item was located.

/* Definition of Pattern object */
®bject containing the search pattern.

[tem List = ltem<NN> [ Array of NN Item objects*/
Contains the items to be‘searched for a match.

[tem Found =ijtem ...

/* Item located by the search procedure */

This objectis only returned if the search succeeds.
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3.9 State Diagram

All state diagrams use the notation shown in figure 3.

- 13—

S0: State 0

Actions taken on entry to SO

EO: Condition for transition of SO back to itself
S0:S0 e

EO: Condition for transition of S1 to SO

S1: State 1

Actions taken on entry to S1

— S0:S1

The SO entry actions are executed
following this transition.

E1: Condition for transition of SO to S1

—c
O 1.OU

AN

transition label

Figure 3 — State Diagram

A system specified in this manner has the following properties:

a)| Time elapses only within discrete states.

b)| State transitions are logically instantaneous.

c)| Every time a state is entered, the actions of that state are started. Note that this means th
transition that points back to the same state will restart the actions from the beginning.

at a
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SCSI-3 Architecture Model
Introduction

purpose of the SCSI-3 architecture model is to:

d) Provide a basis for the coordination of SCSI-3 standards development which allows each standard to

be placed into perspective within the overall SCSI-3 Architecture model.

e)

f)

The)
beh
com
The)
obs
nee
env
/O

prog
for §

Identify areas for developing standards and provide a common reference for maintaining consist
among related standards so that independent teams of experts may work productively
independently on the development of standards within each functional area.

Provide the foundation for application compatibility across all SCSI-3 interconnect and pro
environments by specifying generic requirements that apply uniformly to all impleméntation stand
within each functional area.

development of this standard is assisted by the use of an abstract modek To specify the extd

ponents within this model. Only externally observable behavior is retained as the standard of behg
description of internal behavior in this standard is provided only to support the definition of
brvable aspects of the model. Those aspects are limited to the.generic properties and characteri
ed for host applications to interoperate with SCSI-3 devices-in any SCSI-3 interconnect and pro
ronment. As such, the model does not address other reguirements which may be essential to s

edure for discovering SCSI-3 devices on a network and the definition of network authentication po
ECSI initiators or targets. These considerations, are.outside the scope of the architecture model

Cription of an SCSI-3 I/O system constitute an abstraction despite a similar appearance to cong
Sibly found in real systems. Therefore, a real SCSI-3 I/O system need not be implemente
Cribed by the model. Such a system) regardless of how it is implemented, shall, however, comply
equirements of this and all other applicable standards.

yjeen objects. As discussed in 3.7, an object may be a single numeric parameter, such as a logical
ber, or a complex entity that performs a set of operations or services on behalf of another obje

withi

ice interfaces.are defined between distributed objects and protocol layers. The template f
ibuted servicerinterface is the client-server model described in 4.2. 4.4 specifies the structure ¢
b1 1/0 system by defining the relationship among objects. The set of distributed services to be prov
pecifiediin 5.1 and 6.1.

bystem implementations such as the mapping from SCSIydevice addresses to network addresses,

bncy
and

ocol
ards

rnal

bvior of a real SCSI-3 system, elements in a real system are replaced’by functionally equivalent

\vior.

the
stics
ocol
pme

the
cies

reader not familiar with the concept of abstract modeling is cautioned that concepts introduced i the

epts
1 as
with

SCSI-3 architecture model is described in terms of objects, protocol layers and service interfaces

unit
Ct.

or a

f an
ided

odel

in Iayers and protocol service transactlons between layers.

ects
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4.2

The SCSI-3 Distributed Service Model

Service interfaces between distributed objects are represented by the client-server model shown in
figure 4. Dashed horizontal arrows denote a single request-response transaction as it appears to the client
and server. The solid arrows indicate the actual transaction path through the service delivery subsystem.
In such a model, each client or server is a single thread of execution which runs concurrently with all other
clients or servers.

A client-server transaction is represented as a remote procedure call with inputs supplied by the caller (the
client). The procedure executed by the server returns outputs and a procedure status. A client directs

requ
resy
incl
seny
and
seny

As 9
tran
isr
resy
be 3
allu

client's frame of reference.

Clie
may
com
indig
resy
by t

onse or a failure notification. The request, which identifies the server and the service to be pérfor
udes the input data. The response conveys the output data and request status. The function o
ice delivery subsystem is to transport an error-free copy of the request or response between se

receiver. A failure notification indicates that a condition has been detected, such\as a rese¢
ice delivery failure, that precludes request completion.

ests to a remote server, via the client's service delivery subsystem, and receives a comple't:on

ed,

the
nder
t, or

n for

een by the client, a request becomes pending when it is passed to the service ‘delivery subsyster
Emission. The request is complete when the server response is received or'when a failure notific

ions to a pending command or task management function if“this standard are in the applic

ht-server relationships are not symmetrical. A client may, enly originate requests for service. A s¢

only respond to such requests. The client calls the server-resident procedure and waitg
pletion. From the client's standpoint, the behavier of a remote service invoked in this mann
tinguishable from a conventional procedure call.in this model, confirmation of successful reque|
onse delivery by the sender is not required.. Fhe model assumes that delivery failures will be dete
he client's service delivery port.

1 ] Client-Server Transaction
Client Server
Server Request

Server Response

A

— Protocol Service ——
Interface

tion

pturned. As seen by the server, the request becomes pending upon receipt and completes when the
onse is passed to its service delivery subsystem for return to the client. As a result there will uspally
| time skew between the server and client's perception of requést status and logical unit statg. All

tion

Brver
for
er is
st or
cted

Service Delivery Subsystem

Figure 4 — Client-Server Model
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4.3 The SCSI-3 Client-Server Model

As shown in figure 5, each SCSI-3 target device provides two classes of service, device services executed
by the logical units under the control of the target and task management functions performed by the task
manager. A logical unit is an object that implements one of the device functional models described in the
SCSI-3 command standards and executes SCSI-3 commands such as reading from or writing to the
media. Each pending SCSI command or series of linked commands defines a unit of work to be
performed by the logical unit. As described below, each unit of work is represented within the target by a
task which can be externally referenced and controlled through requests issued to the task manager.

Logical
e i
Device Service Request q Device
L . ) S
Application Device_Service Response erver
Client
Task_Management Req. Task
/ Task _Management Resp. Manager
Initiator Target

Figure 5 — SCSI.Client-Server Model

All fequests originate from application clients residing within an initiator device. An application dlient
represents a thread of execution whose functionality is independent of the interconnect and SCfSI-3
protpcol. In an implementation, that thread could correspond to the device driver and any other code within
the |operating system that is capable of managing I/O requests without requiring knowledge of the
intefconnect or SCSI-3 protocol.)in the architecture model, an application client is created to issue a s|ngle
SC$I-3 command or task® management function; it ceases to exist once the command or fask
marnagement function ends: Consequently, there is one application client for each pending command or
task management request. Within the initiator, one or more controlling entities, whose definition is oufside
the scope of the architecture model, oversee the creation of and interaction among application clients.

As described-in‘4.2, each request takes the form of a procedure call with arguments and a status tp be
retufned. An.SCSI-3 command is issued as a request for device service directed to a device server within
a logical(unit. Each device service request contains a command descriptor block, defining the operation
to bg performed along with a list of command- specrfrc mputs and other parameters specrfyrng how the
commat Iu S LU UC plUbCDDCu II SUPPJUI lCU U_y a IUgIL,aI ul IIL, a STyYuUcTTILT UI III II’\CU cuITmriail IUD riay UC Sed
to define an extended 1/O operation.

A task is an object within the logical unit representing the work associated with a command or series of
linked commands. A new command or the first in a series of linked commands causes the creation of a
task. The task persists until a command completion response is sent or until the task is ended by a task
management function or exception condition. 5.6.1 gives an example of the processing for a single
command. 5.6.2 gives an example of linked command processing.

An application client may request execution of a task management function through a request directed to
the task manager. 6.9 shows the interactions between the task manager and application client when a
task management request is processed.
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The SCSI-3 Structural Model

This clause uses the notation for hierarchy diagrams of 3.7.4 and the object notation specified in 3.7.1 to
formally define the structure of an SCSI-3 I/O system as seen by an application client. Certain object
definitions may include one or more numeric parameters defining an allowable range for addresses or
identifiers. The range of addresses or identifiers that shall be supported by an SCSI-3 protocol
implementation shall be defined in the SCSI-3 protocol standard that applies to that implementation. Such
objects, however, shall not exceed the values specified in this standard. In addition, unless specified
otherwise in this standard, an address or identifier supported by an SCSI-3 protocol may be less than the
maximum defined herein. To ensure compatibility with any SCSI-3 protocol, the protocol-independent

port|
they

The

fors of e systemmimptementationshoutd-bedesigned-touse theaddress or dentifrer specification

appear in this standard.

SCSI-3 structural model represents a view of the elements comprising an SCSI-3 I/O system as

by @pplication clients interacting with the system through the service delivery port. In an implementa

this
laye
SCS
deli
unit

view is similar to that seen by a CAM device driver interacting with the system through the CAM
r. This model is defined as a hierarchy of objects. As shown in figure 6, the fundamental object i
| domain, which represents an 1/O system. A domain is made up of SCSI'devices and a se
ery subsystem, which transports commands and data. An SCSI device, injturh, may consist of lo
5 and so forth.

I/O System

Domain

Service Delivery Subsystem

S as

seen
tion,
SIM
5 the
vice
gical

SCSI Device SCSI Device SCSI Device SCSI Device

Figure 6 — SCSI I/O System and Domain Model
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Figure 7 shows the main functional objects making up the SCSI hierarchy. The following clauses define
these objects in greater detail using the conventions of 3.7. Each clause gives the following information:

a) Where appropriate, a functional model indicating the physical relationship among the principle objects

comprising the entity;

b) A hierarchy diagram showing the logical relationship among the principle objects comprising the entity;

- 18 —
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c) A formal description of the object using the notation defined in 3.7.1.

Domain
| | \

Service

SC_SI Delivery
Device Subsystem

\ \
| | T |
. Ser_wce Interconnect
Port
| [ | |
Task Logical Application
Manager Unit Client
Device Task Set
Server (Queue)
Figure 7 — SCSI Hierarchy
4.5 SCSI Domain
Service Delivery Subsystem

Service Service Service Service
Delivery Delivery Delivery Delivery

Port Port Port Port

Figure 8 — Domain Functional Model
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SCSI Domain
Service Delivery SCSI| Device
Subsystem

Figure 9 — Domain Hierarchy
Object Definition 1: SCSI Domain  (figure 9)
SCSI Domain = 2{SCSI Device} + Service Delivery Subsysteém

Obiject Descriptions:

SCSI Device: A device that originates or services.SCSI-3 commands. As describefl in 4.7,
an SCSI-3 device originating acommand is called an initiator; a device
containing logical units that service commands is called a target.

Service Delivery Subsystem through which tlients and servers communicate (see 4.6).
Subsystem:

The|domain boundaries are established by the.system implementor, within the constraints of a sp€cific
SC$I-3 protocol and interconnect standard.
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Service Delivery Subsystem

Service Delivery
Subsystem

Service Delivery Interconnect
Port Subsystem

Obijg

Obj¢

(n

The|
betv
tran
ope
datg
toe
enc
seny
forw

4.5

The)
arch

Figure 10 — Service Delivery Subsystem Hierarchy

bct Definition 2: Service Delivery Subsystem (figure 10)

Service Delivery Subsystem = 2{Service Delivery Port} + Interconnect Subsystem

bct Descriptions:

ervice Delivery Port: Device-resident component of the’ service delivery subsystem
object definition 3). This objecttnay contain hardware and software

implements the protocols @nd interface to the interconnect subsys
Interconnect A set of one or more_physical interconnects that appear to a clie
Subsystem: server as a single path for the transfer of data between SCSI devi

service delivery subsystem is assumed to provide error-free transmission of requests and respo

see
that
em.

t or
€s.

nses

een client and server. Although a deyice driver in an SCSI-3 implementation may perform these

sfers through several interactions with,its SCSI-3 protocol layer, the architecture model portrays ¢
ation, from the viewpoint of the application client, as occurring in one discrete step. In this model
comprising an outgoing request is sent in a single "package" containing all the information requ
xecute the remote procedure eall. Similarly, an incoming server response is returned in a pack
0sing the output data and'status. The request or response package is "sent" when it is passed t(
ice delivery port for transmission; it is "in transit" until delivered and "received" when it has &
arded to the receiverwia the destination device's service delivery port.

1 Synchrenizing Client and Server States

clientissusually informed of changes in server state through the arrival of server responses. |
itecture model such state changes occur after the server has sent the associated response

pos

pach
| the
ired
age
the
een

the
and

Sibly/before the response has been received by the initiator. Some SCSI-3 protocols, however,

may

require the target to verify that the response has been received successfully before complefing a state
change. State changes controlled in this manner are said to be synchronized. Since synchronized state
changes are not assumed or required by the architecture model, there may be a time lag between the
occurrence of a state change within the target and the initiator’'s awareness of that change.
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The model assumes that state synchronization, if required by an SCSI-3 protocol standard, is enforced by
the service delivery subsystem transparently to the server. That is, whenever the server invokes a protocol
service to return a response as described in 6.8 and 5.4, it is assumed that the service delivery port for
such a protocol will not return control to the server until the response has been successfully delivered to
the initiator.

4.5.2 Request/Response Ordering

In this standard, request or response transactions are said to be in order if, relative to a given pair of
sending and receiving devices, transactions are delivered in the order they were sent.

A sq
to th

nder may occasionally require control over the order in which its requests or responses are presented
e receiver. For example, the sequence in which requests are received is often important whengver

an ifitiator issues a series of SCSI-3 commands with the ORDERED attribute to a logical unit as desctibed

in7
logi
acq
sub
initig
of d
con

The)
may
deli
are

For
deli
con
requ
dev

In this case, the order in which these commands are completed, and hence the,final state o

lires knowledge about the state of pending commands and task management*functions and
Eequently take action based on the nature and sequence of target responses. For example, i

rder, the initiator could incorrectly conclude that no further responses are expected from
mand.

manner in which ordering constraints are established is implementation-specific. An implement
choose to delegate this responsibility to the application client (e.g., the device driver) or the se

uirement established by the SCSI-3 protocol standard:
convenience, the SCSI-3 architecture model assumes in-order delivery to be a property of the se
Stitute a requirement. In addition, this specification makes no assumption about, or places

irement on the ordering of requests or responses between one sending device and several rece
ces.

the

al unit, may depend on the order in which these commands are received. Similarly, the inifator

may
the

itor aborts a command whose completion response is in transit and the abort response is received out

that

ation
vice

ery port. In some cases, in-order delivery may be an intrinsic property of the transport subsystem or

vice

ery subsystem. This assumption is made to*simplify the description of behavior and does| not

any
ving
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4.6 SCSI Device Models

Figure 11 shows the functional models for SCSI devices that can perform only target or initiator functions

or are capable of supporting both functions. The definition and hierarchy are shown in object definition 3
and figure 12.

Subsystem

Target Initiator Combined
SCSI SCSI SCSI
Device Device Device _
Target Initiafor
i Applica- Applica-
Lo r|](i3tal tion tioh
Client Clignt
=
\ 4
I%elrvice Service
elivery Delivery Service
Port Port Delivery
Port
Service lgelr,vice
Delivery elivery :
Subsystem Subsystem Sglri\\;lgrey

Figure 11 — SCSI Device Functional Models

SCSI
Device
: -
" Service
Initiator Target Delivery
Port

Figure 12 — SCSI Device Hierarchy Diagram
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Object Definition 3: SCSI Device (figure 12)

SCSI Device = [Initiator | Target | Target + Initiator] + 1{Service Delivery Port}

Service Delivery Port = Implementation-specific hardware and software

Object Descriptions:

(n

Initiator: An SCSI-3 device which is capable of originating SCSI-3 commands
task management requests (see 4.7.1).
Target: An SCSI-3 device which is capable of executing SCSI-3 commands
task management requests (see 4.7.2).
ervice Delivery Port: Device-resident component of the Service Delivery Subsys

containing the hardware and software needed ta’ implement an SC

definition 2 in 4.6).

A device is referred to by its role when it participates in an 1/O operation: Fhat is, such a device is ¢

atal
an 9

4.7,

4.6

Objd

Obj¢

get when it executes an SCSI-3 command or task management function and an initiator when it is
CSI-3 command or task management request.

| and 4.7.2 formally define the target and initiator device’models.

1 SCSiI Initiator Model

pct Definition 4: Initiator

Initiatar = O{Application Client}

bct Descriptions:

Application Cliept: Source of commands and task management functions. There is
application client for each pending command or task manager
function.

and

and

tem
SI-3

protocol and an interface to the interconnectisubsystem (see object

hlled
sues

one
nent
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4.6.2 SCSI Target

Target
Target Logical Task
Identifier Unit Manager

Figure 13 — Target Object Hierarchy

Object Definition 5: Target (figure 13)
Target = O{Logical Unit} + Logical Unit O + 1{Target Identifier} + Task Manager

Target Identifier = bit<64> < [0]...[2%%:1]

Object Descriptions:
Target Identifier: 64 bits identifying thetarget device.

As implied by.object definition 5 above, a target device may respond to
more than aonetarget identifier. Each target identifier shall be unjque
within the-scope of the domain. The set of identifiers by which a tgrget
device_is\referenced shall be the same for every initiator in the donpain.

Task Manager: Server that controls one or more tasks in response to task managerment
fequests.
Logical Unit: Object to which SCSI-3 device commands are directed.
Logica:Unit O: A logical unit whose logical unit number is zero (see 4.7.4).

4.6|3\vThe Task Manager

The task manager controls the execution of one or more tasks by servicing the task management functions
specified in 6.1. Its external address is equal to the target identifier. As specified in object definition 5, there
is one task manager per target device.
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The order in which task management requests are executed is not specified by this standard. In particular,
this standard does not require in-order delivery of such requests, as defined in 4.6.2, or execution by the
task manager in the order received. To guarantee the execution order of task management requests
directed to a specific logical unit, an initiator should, therefore, not have more than one such request

pending to that logical unit.

4.6.4 Logical Unit

Object Definition 6: Logical Unit  (figure 14)

Objgct Descriptions:

Device Server:

Cogical
nit

Device Task Set Logical Unit

Server Number
r—‘—\
Untagged Tagged
Task Task

Logical Unit = Device server + Logical Unit Number + Task Set
Logical Unit Number = bit<64> - [0]...|2%*-1]
Logical Unit Identifier = Target Identifier + Logical Unit Number

Task Set ={ 0{Tagged Task} + 0{Untagged Task} | 0{Untagged Task} ]

Figure 14 — Logical Unit Object Hierarchy

Object that executes SCSI commands and manages the tagk set
according to the rules defined in 7.

Task Set:

Tagged task:

Untagged task:

A set of tasks whose interaction is determined by the rules for task set
management specified in 7 and the auto contingent allegiance rules
specified in 5.7.1.

A task whose identifier includes an initiator-specified component (tag) and
one of the task attributes specified in object definition 7.

A task whose identifier does not include a tag component (see object
definition 7).
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Logical Unit Number:

Logical Unit Identifier:

Object Definition 7: Task

Task =

~ 26— 14776-411 © ISO/IEC:1999(E)

An encoded identifier for the logical unit.

External identifier used by an initiator to reference the logical unit.

[ Tagged Task | Untagged Task ]

Obiject Descriptions:

Tag:

Initiator Identifier:

—

pgical Unit)ldentifier:

Task Attribute:

Tagged Task = Tagged Task Identifier + Task Attribute

Untagged Task = Untagged Task Identifier + SIMPLE

Tag = bit<64> «~ [0]...]2%-1]

Task Attribute = [ SIMPLE | ORDERED | HEAD OF QUEUE | ACAY
Task Identifier = [ Untagged Task Identifier | Tagged TaskAdentifier ]
Tagged Task Identifier = Initiator Identifier + Logical UnitIdentifier + Tag
Untagged Task Identifier = Initiator Identifier + Logical Unit Identifier
Task Address = [ Untagged Task Address.Tagged Task Address ]
Tagged Task Address = Logical Unitdentifier + Tag

Untagged Task Address = LogicalUnit Identifier

Initiator Identifier = bit<64>-3 [0]...]2%* -1]

64-bit identifier assigned by the initiator.

Protocol-specific identifier of the initiator from which the command
originated (see 4.7.1).

Logical unit identifier as defined in object definition 6.

One of the attributes described in 7.5

Task Address:

Tagged Task Address:

The address used by an application client to reference a task.

The address used by an application client to reference a tagged task.
When used as an argument in a device server or task manager request, the
service delivery subsystem will convert this parameter to a tagged task
identifier before passing it to the server.
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Untagged Task The address used by an application client to reference an untagged task.
Address: When used as an argument in a device server or task manager request,
the service delivery subsystem will convert this parameter to an

untagged task identifier before passing it to the server.

Every SCSI-3 protocol shall support tagged and untagged tasks. Support for the creation of tagged tasks
by a logical unit, however, is a logical unit implementation option.

A task identifier that is in use shall be unique as seen by the initiator originating the command and the
target to which the command was addressed. (A task identifier is in use over the interval bounded by

the

SCOo
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cred
cornj

4.7
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ofa
sery
orig
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a)
d)
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The)
seny
The)
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seny
SCS

eveJ:ts specified in 5.5). A task identifier is unique if one or more of its components is unigue withir

e specified above. By implication, therefore, an initiator shall not cause the creation of more than
gged task having identical values for the target and logical unit identifiers. Conversely, an initiator
te more than one task with the same tag value, provided at least one of the remaining iden
ponents is unique.

The SCSI-3 Model for Distributed Communications

SCSI-3 model for communications between distributed objects is based on the technique of laye
brding to this technique, the initiator and target I/0O systems are viewgd as being logically comp
e ordered set of subsystems represented for convenience by the \ertical sequence shown in figure

layers comprising this model and the specifications defining the functionality of each layer are den
orizontal sequences. A layer consists of peer entities which eommunicate with one another by mg
protocol. Except for the physical interconnect layer, such,eommunication is accomplished by invg
ices provided by the adjacent lower layer. By convention, the layer from which a request for se
nates is called the upper level protocol layer or ULR. layer. The layer providing the service is refé
5 the lower level protocol layer or LLP layer. Thefollowing layers are defined:

SCSI-3 application layer: Contains the clients and servers that originate and execute SCSI-3
operations by means of an SCSI-3 application protocol;

SCSI-3 protocol layer: Consists-of the services and protocols through which clients and ser
communicate;

Physical interconnect layer: Comprised of the services, signhaling mechanism and intercon
subsystem needed for the physical transfer of data from sender to receiver.

subsystems that-make up the protocol and interconnect layers are collectively referred to as
ice delivery subsystem. The service delivery port is the device-resident portion of this system.

set of pretocol services implemented by the service delivery subsystem are intended to idg
rnal behavioral requirements that apply to SCSI-3 protocol specifications. While these prof

the
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ring.
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ocol

ices(may serve as a guide for designing reusable software or firmware that can be adapted to diff¢rent

ified

I-3¢protocals, there is no requirement for an implementation to provide the service interfaces sped
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H + &l &l
1o ostariuaru.
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Initiator 1/0O System Target /0O System
SCSI-3 Application
Layer
SCSI-3 SCSI-3 Application SCSI-3 SAM
Application  [* Protocol Application

Protocol Service Interface

9(E)

A SCSI-3 Protocol A
Cayer -
scsi3 | SCsI-3 Sesis
Protocol SCSI Protocol Protocol Standard
Services Services
4 1
Physical Interconnect
Service Interface
\ 4 y
Physical Physical Interconnect Physical Physical
Interconnect Layer Interconnect Interconnect
Services Services Standard

Physical Interconnect

Figure 15 — Protocol Service Reference Model

defined with respect to the ULP layer as outgoing or incoming interactions. An outgoing intera
s the form of a procedure call invoking an LLP service. An incoming interaction appears as a s

relaive to the layer receiving an interaction. That is, an input is a parameter supplied to the receiving |

by t
The

a)

b)

c)

ne layer initiating the interaction;
following types of service\interactions between layers are defined:

Protocol service request: A request from the ULP layer invoking some service provided by the
layer;

Protocol sérvice indication: A signal from the LLP layer informing the ULP layer that an asynchro
event has)occurred, such as a reset or the receipt of a peer-to-peer protocol transaction;

Protocol service response: A call to the LLP layer invoked by the ULP layer in response to a pro

service indication. A protocol service response may be invoked to return a reply to the ULP pe

hteraction between layers can originate from an entity within the LLP or ULP layer. Such interactions

Ction
gnal

by the LLP layer, which may be accompanied by parameters and data. Both types of interaction are
Cribed using the notation for procedares specified in 3.8. In this model, input arguments are defined

ayer

LLP

nous

ocol
or;

d) Protocol service confirmation: A signal from the LLP layer notifying the ULP layer that a protocol
service request has completed. A confirmation may communicate parameters that indicate the
completion status of the protocol service request or any other status. A protocol service confirmation

may be used to convey a response from the ULP peer.

The services provided by an LLP layer are either confirmed or unconfirmed. A ULP service request

invo

king a confirmed service always results in a confirmation from the LLP layer.
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All four protocol service types are related as shown in figure 16.

ULP Layer

¢ ¢ LLP Layer v ¢

Protocol Service \
Request

Protocol Service
Indication

L

/ Protocol Service
/ Response

Protocol Service
Confirmation

Figure 16 — Protocol Service Model

Figdre 17 shows how protocol services may be used-to execute a client-server request-respgnse
trangaction at the SCSI application layer.
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ULP Layer
+ Client Server +
Server Request >
. Server Response
1P |ayer
A 7 v A

Protocol Service |, LLP Protocol Protocol Service
Request d Transactions Indication

Protocol Service | LLP Protocol .|  Protocol Service
Confirmation [~  Transactions "7 Response

Protocol Service
Interface

Figure 17 — Request-Response ULP Transaction and Related LLP Services

and
and

The| dashed lines show an SCSI application protocol transaction as it might appear to sending

recdiving entities within the client and server. Thesolid lines show the corresponding protocol services
LLP|transactions that are used to physically.transport the data.
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5 SCSI Command Model

This clause describes the reference model for the execution of SCSI commands.

5.1 Remote Procedure for SCSI Command Execution

An application client invokes the following remote procedure to execute an SCSI command:

[«

N

InpU

Cq

Out

t Arguments:

but Arguments:

bervice response = Execute Command (Task Address, CDB, [Task Attribute],
[Data-Out Buffer], [Command Byte Count], [Autosense Request] ||
[Data-In Buffer], [Sense Data], Status)

Task Address:
CDB:

Task Attribute:

Data-Out Buffer:

mmand Byte Count:

Autosense Request:

Data-In buffer:

See object definition 7 in 4.7.4.

Command descriptor block (see 5.2).

A value specifying one of the task attributes defined in 7.5. This a

gument

shall not be specified for arr untagged command or the next command in a
sequence of linked comgands. (Untagged tasks shall implicitly have the

SIMPLE attribute. Thefattribute of a task that executes linked co
shall be set according:to the Task Attribute argument specified for
command in the séguence.)

A buffer containing command-specific information to be sent to the
unit, such-as data or parameter lists needed to service the commg

The maximum number of bytes to be transferred by the command

An argument requesting the automatic return of sense data by mear]
autosense mechanism specified in 5.7.4.2. It is not an error
application client to provide this argument when autosense is not su
by the SCSI-3 protocol or logical unit.

A buffer containing command-specific information returned by the
unit on command completion. The application client shall not assu

mands
the first

logical
nd.

s of the
for the
pported

logical
me that

") (- & " Lial 1 ) ! Lo oY)
T DUIITT CUTTIITTILS alT valiu ullicss Uic LU Ariu CUTTTPITIT S VWILH

status

of GOOD, INTERMEDIATE, or INTERMEDIATE-CONDITION MET. While
some valid data may be present for other values of status, the application

client will usually have to obtain additional information from the logi
such as sense data, to determine the state of the buffer contents.

cal unit,
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Sense Data: A buffer containing sense data returned by means of the autosense
mechanism (see 5.7.4.2).

Status: A one-byte field containing command completion status (see 5.3). If the
command ends with a service response of SERVICE DELIVERY OR
TARGET FAILURE, the application client shall consider this parameter to be
undefined.

An SCSI-3 command shall not allow both the Data-In Buffer and the Data-Out Buffer arguments.

Seryice Response assumes one of the following values:

TASK COMPLETE: A logical unit response indicating that the task has ended..The status
parameter shall have one of the values specified in"5.3 other than
INTERMEDIATE or INTERMEDIATE-CONDITION-MET.

LINKED COMMAND Logical unit responses indicating that a linked command has completed
COMPLETE: successfully. As specified in 5.3, the status parameter shall have a value
of INTERMEDIATE or INTERMEDIATE-CONDITION MET.

LINKED COMMAND A value of LINKED COMMAND COMPLETE(WITH FLAG) indicates that a lipked
COMPLETE (WITH FLAG): command with the flag bit set.to~0he in the CDB control byte |has
completed.
SERVICE DELIVERY OR The command has been ended due to a service delivery failure or target
TARGET FAILURE: device malfunction. All output parameters may be invalid.

Thelactual protocol events corresponding to a response of TASK COMPLETE, LINKED COMMAND COMPLETE,
LINKED COMMAND COMPLETE (WITH FLAG) Or SERVICE DELIVERY OR TARGET FAILURE shall be specified in ¢ach
protpcol standard.

An application client requests execution of a linked command by setting the link bit to one in the CDB
control byte as specified in 5.2.2. The task attribute is determined by the Task Attribute argument spegified
for the first command in the sequence. Upon receiving a response of LINKED COMMAND COMPLETE Of LINKED
COMMAND COMPLETE (WITH FLAG),"an application client may issue the next command in the series thrgugh
an Execute Command remote procedure call having the same task identifier. The Task Attripute
argyment shall be omitted.\If the application client issues the next command without waiting for one of the
linkegd command complete responses, the overlapped command condition described in 5.7.2 may rgsult.

5.2 Command Descriptor Block

The|cormmand descriptor block defines the operation to be performed by the device server. For spme
CO il IdD, thC CUITImal Id dCDbI IFtUI b:uulr\ ;Q aACLCUIl IpClI IIC\’.:Il by [«} :IDt Uf CUITTITTTIAal Id 'JC&I arl ICtCI < CUI It ned
in the Data-Out buffer defined in subclause 5.1. The parameters required for each command are specified
in the applicable SCSI-3 command standards.

Validation of reserved fields in a CDB is a logical unit option. If a logical unit validates reserved CDB fields
and receives a reserved field within the CDB that is not zero or receives a reserved CDB code value, the
logical unit shall terminate the command with CHECK CONDITION status; the sense key shall be set to
ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN CDB (see the SPC standard).
It shall also be acceptable for a logical unit to interpret a field or code value in accordance with a future
revision to an SCSI-3 standard.
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For all commands, if the logical unit detects an invalid parameter in the command descriptor block, then
the logical unit shall complete the command without altering the medium.

As shown in table 2, all command descriptor blocks shall have an operation code (see table 3) as the first
byte and a control byte (see table 4) as the last byte. The remaining parameters depend on the command
to be executed. All SCSI protocol specifications shall accept command descriptor blocks less than or equal
to 16 bytes in length. Command descriptor blocks shall not exceed sixteen bytes in length.

Table 2 — Format of Command Descriptor Block

EL Bit 7 6 5 4 3 2 1 0
yte
0 Operation Code
1 .
Command-Specific Parameters
h -1
n Control

5.2|1 Operation Code

Thelfirst byte of an SCSI command descriptor block shall.cohtain an operation code. The operation ¢ode
(table 3) of the command descriptor block has a group:eade field and a command code field. The three-bit
groyp code field provides for eight groups of command codes. The five-bit command code field proyides
for thirty-two command codes in each group. .Atotal of 256 possible operation codes exist. Operation
codges are defined in the SCSI command standards. The group code for CDBs specified therein ghall
correspond to the length of the command descriptor as set forth in the following list.

The|group code specifies one of the fellowing groups:
Grolp O - six-byte commands

Gropp 1 - ten-byte commands

Gropp 2 - ten-byte commands

Grolp 3 - reserved

Gropp 4 - sixteen-byte commands

Gropp 5 - twelve-byte commands

Grolp 6 - vendor speeific

Gropp 7 - vendofspecific

Table 3 — Operation Code

Bi i 6 5 4 3 2 1 d

Group Code Command Code
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The control field is the last byte of every command descriptor block. The control field is defined in table 4.

Table 4 — Control Field

Bit 7 6 5 4 3 2 1 0
Vendor Specific Reserved NACA Flag Link
All $CSI-3 protocol specifications and protocol implementations shall provide the functionality'needef for

alo

The)
con
alle

Normal ACA value of zero and may support the Normal ACA value of one. The ability to support a No
ACA value of one is indicated in standard INQUIRY data.

If the NACA bit is set to a value which is not supported, the logical urit shall complete the command
a stptus of CHECK CONDITION and a sense key of ILLEGAL REQUEST. The rules for handling
resylting auto contingent allegiance condition shall be in accordance with the supported bit value.

The| link bit is used to continue the task across multiple tommands.
conjunction with the link bit, to notify the initiator in an expedited manner that the command has comple

Support for the link bit is a logical unit option. A link bit of one indicates that the initiator requ

con
and
and
LINK

Sup
con
that

The
ILLE

a)
b)
c)

pical unit to implement the NACA bit, link bit and flag bit as described herein.

NACA (Normal ACA) bit is used to control the rules for handling an ACA condition caused by
mand. 5.7.1.1 specifies the actions to be taken by a logical unit in response te an auto contin
iance condition for NACA bit values of one or zero. All logical units shall implement support fo

The flag bit may be use

inuation of the task across two or more SCSkeommands. If the link bit is one and the flag bit is
if the command completes successfully, a logical unit that supports the link bit shall continue the
return a status of INTERMEDIATE or INFERMEDIATE-CONDITION MET and a service respons
D COMMAND COMPLETE (see 5.3).

port for the flag bit is a logicalunit option. If the link bit and flag bit are both set to one and i
mand completes with a status af INTERMEDIATE or INTERMEDIATE-CONDITION MET a logica
supports the flag bit shallreturn a service response of LINKED COMMAND COMPLETE (WITH FLAG).

logical unit shall complete the command with a status of CHECK CONDITION and a sense ke
FGAL REQUESTif:

The link bit-issset to one and the logical unit does not support linked commands or,
The flagbit'is set to one and the logical unit does not support the flag bit or,
The flag:bit is set to one and the link bit is set to zero.
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5.3 Status
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The status codes are specified in table 5. Status shall be sent from the logical unit to the application client
whenever a command ends with a service response of TASK COMPLETE, LINKED COMMAND COMPLETE, or
LINKED COMMAND COMPLETE (WITH FLAG). The receipt of any status, except INTERMEDIATE or
INTERMEDIATE-CONDITION MET, shall indicate that the associated task has ended.

Table 5 — Status Code

Status byte codes Status
Oh GOOD
2h CHECK CONDITION
4h CONDITION MET
8h BUSY
10h INTERMEDIATE
14h INTERMEDIATE-CONDITION MET
18h RESERVATION'CONFLICT
22h COMMAND TERMINATED
28h TASK SET RULL
30h ACA ACHVE

All other codes Reserved

Definitions for each status byte code are given.bélow.

GOOD. This status indicates that the Device Server has successfully completed the task.

CHECK CONDITION. This status indicates that an auto contingent allegiance condition has occyrred

(sed

5.7.1).

COINDITION MET. This status is returned whenever the requested operation specified by an unlinked
mand is satisfied (see the SEARCH DATA (SBC) and PRE-FETCH (SBC) commands).

cormj

BUS
unit
The)

INTERMEDIATE.

orC

Y. This status indicates that the logical unit is busy. This status shall be returned whenever a logical
is unable to aeccept a command from an otherwise acceptable initiator (i.e., no reservation conflicts).
recommended initiator recovery action is to issue the command again at a later time.

This status or INTERMEDIATE-CONDITION MET shall be returned for

is not returned, the series of linked commands is terminated and the task is ended.

INTERMEDIATE-CONDITION MET. This status is returned whenever the operation requested by a linked
command is satisfied (see the SEARCH DATA (SBC) and PRE-FETCH (SBC) commands), unless the
command is terminated with CHECK CONDITION, RESERVATION CONFLICT, TASK SET FULL, BUSY
or COMMAND TERMINATED status. If INTERMEDIATE or INTERMEDIATECONDITION MET status is
not returned, the series of linked commands is terminated and the task is ended.
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RESERVATION CONFLICT. This status shall be returned whenever an initiator attempts to access a
logical unit or an extent within a logical unit that is reserved with a conflicting reservation type for another
SCSI device (see the Reserve commands in the SPC standard). The recommended initiator recovery
action is to issue the command again at a later time.

COMMAND TERMINATED. This status shall be returned whenever the logical unit terminates a task in
response to a TERMINATE TASK task management request (see 6.7). This status also indicates that
an auto contingent allegiance has occurred (see 5.7.1)

TASK SET FULL. This status shall be implemented if the logical unit supports the creation of tagged tasks
(see_object definition 7). This status shall be returned when the logical unit receives a command and

doe

ACA
and

a)
b)
c)
The)

If m
ACHA

tasK.

5.4

This
All
Sen
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prot

5 not have enough resources to enter the associated task in the task set.

ACTIVE. This status shall be returned when an auto contingent allegiance exists within @'tas
an initiator issues a command for that task set when at least one of the following is true:

There is a task with the ACA attribute in the task set;

The initiator issuing the command did not cause the ACA condition;

The task created to execute the command did not have the ACA attribute and-the NACA bit wa
to one in the CDB control byte of the faulting command (see 5.7.1).

initiator may reissue the command after the ACA condition has beem.cleared.

bre than one condition applies to a completed task, the report of aBUSY, RESERVATION CONFL
ACTIVE or TASK SET FULL status shall take precedence gver the return of any other status fon

Protocol Services in Support of Execute Command

section describes the protocol services which:support the Execute Command remote procedure
SCSI-3 protocol specifications shall define the protocol-specific requirements for implementing
d SCSI Command Protocol service request and the Command Complete Received confirma
Cribed below. Support for the SCSI-Command Received indication and Send Command Com
onse by an SCSI-3 protocol staridard is optional. All SCSI-3 I/O systems shall implement th
bcols as defined in the applicable protocol specification.

set

b set

ICT,
that

call.
the
ition
lete
ese

Unless stated otherwise, argument definitions and the circumstances under which a conditional argument

mus

Profocol Service Request:

Se

t be present are the same as in clause 5.1.

nd SCSI Command (Task Address, CDB, [Task Attribute], [Data-Out Buffer ],

[Command Byte Count], [Autosense Request] ||)

Prot

ocol'Service Indication:

SCSI Command Received (Task Identifier, [Task Attribute], CDB, [Autosense Request] ||)

Autosense Request : This parameter is only present if the Autosense Request parameter

was specified in the Send SCSI Command call and autosense deli
is supported by the SCSI-3 protocol and logical unit.

very
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Protocol Service Response (from device server):

Send Command Complete (Task Identifier, [Sense Data ], Status, Service Response ||)

The Sense Data argument, if present, instructs the target's service delivery port to return sense information
to the initiator automatically (see 5.7.4.2).

Protocol Service Confirmation:

Cogmmand Complete Received (Task Address, [Data-In Buffer], [Sense Data], Status,

Service Response || )

5.4|1 Data Transfer Protocol Services

The|data transfer services described in this section are provided to complete the functional model of target
protpcol services which support the Execute Command remote procedure call. All SCSI-3 profocol
standards shall define the protocols required to implement these services:

Application Client
Data Buffer Device Server
Data Buffer
A
Application Client T
Buffer Offset
A 4 Byte Count
Q Requested by
5\'\0 Device Server
Command Byte $ i
Count
A\Q
xO

Figure 18 — Model for buffered data transfers

It is pssumed that:the buffering resources available to the device server are limited and may be much|less
thar) the amount of data that can be transferred in one SCSI command. In this case, such data musgt be
moved between the application client and the media in segments that are smaller than the transfer|size
spegifiedin.the SCSI command. The amount of data moved per request is usually a function of the
bufferitg. resources available to the logical unit. Figure 18 shows the model for such incremental fata
trankfers

As shown in figure 18, the application client's buffer is a single, logically contiguous block of memory large
enough to hold all the data required by the command. The model requires unidirectional data transfer. That
is, the execution of an SCSI-3 command shall not require the transfer of data for that command both to
and from the application client.

The movement of data between the application client and device server is controlled by the following
parameters:
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Application client buffer Offset in bytes from the beginning of the application client's buffer to the first
offset: byte of transferred data.
Byte count requested Number of bytes to be moved by the data transfer request.

by device server:

Command byte count: Upper limit on the extent of the data to be transferred by the SCSI
command.

If ap SCSI-3 protocol supports random buffer access, as described below, the offset and byte-cpunt
spegified for each data segment to be transferred may overlap. In this case the total numbercof-hytes
moyed for a command is not a reliable indicator of transfer extent and shall not be used by aninitiatpr or
target implementation to determine the command byte count.

All $CSI-3 protocol specifications and initiator implementations shall support a resolution of one byte for
the pbove parameters. A target device may support any convenient resolution.

Random buffer access occurs when the device server requests data transfers t@’or from segments of the
application client's buffer which have an arbitrary offset and extent. Buffér access is sequential when
sucgessive transfers access a series of monotonically increasing, adjoining-buffer segments. Suppotft for
random buffer access by an SCSI-3 protocol specification is optionaliyA device server implementation
designed for any protocol implementation should be prepared toCuse sequential buffer access when
necessary.

Thelfollowing clauses specify the LLP confirmed services used by the device server to request the trapsfer
of Jommand data to or from the application client. {Phe initiator protocol service interactions| are
unspecified.

5.4|12 Data-In Delivery Service

Request:

$end Data-In  (Task Identifiet, Device Server Buffer, Application Client Buffer Offset,
Request Byte Count ||)

Argdiment Descriptions:

Task identifier: See object definition 7.
Device.server buffer: Buffer from which data is to be transferred.
Application client buffer Offsgt ir_l bytes from the start of the bu_ffer to the location within the
Ol1set. dapplication cnent s purrer to receive e Nnrst Dyte Or dala.
Request byte count: Number of bytes to be moved by this request.

Confirmation:

Data Delivered (Task Identifier ||)
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This confirmation notifies the device server that the specified data was successfully delivered to the
application client buffer.

5.4.3 Data-Out Delivery service

Request:

Receive Data-Out (Task Identifier, Application Client Buffer Offset, Request Byte Count,

Device Server Buffer || )

Argliment Descriptions:

See]5.4.2.

Confirmation:

[pata-Out Received (Task Identifier ||)

Thig confirmation notifies the device server that the requested data has‘\been successfully delivered {o its
buffer.

5.5 Task and Command Lifetimes

Thig clause specifies the events delimiting the beginning‘and end of a task or pending SCSI-3 command
from the viewpoint of the device server and applicationclient.

The|device server shall create a task upon recgiving an SCSI Command Received indication unless the
comjmand represents a continuation of a linked command as described in clause 5.1.

The|task shall exist until:

a) [The device server sends a protocol service response for the task of TASK COMPLETE.
b) A power on condition occurs.

c) [The target executesya hard reset operation as described in 5.7.6.

d) [The task manager executes an ABORT TASK referencing the specified task.

e) [The taskmanager executes an ABORT TASK SET or CLEAR TASK SET task management fungtion
directed-to the task set containing the specified task.

An $CSI-3 command is pending when the associated SCSI Command Received indication is passed to
the device server. The command ends on the occurrence of one of the conditions described above or
when the device server sends a service response for the task of LINKED COMMAND COMPLETE Or LINKED
COMMAND COMPLETE (WITH FLAG).

The application client assumes that the task exists from the time the Send SCSI Command protocol
service request is invoked until it receives one of the following target responses:

a) A service response of TASK COMPLETE for that task,
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A unit attention condition with one of the following additional sense codes:

COMMANDS CLEARED BY ANOTHER INITIATOR (if in reference to the task set

containing the task),
POWER ON,
RESET,

TARGET RESET.

A service response of SERVICE DELIVERY OR TARGET FAILURE for the command.

In this case, system implementations shall guarantee that the task associated with the failed

d)

e)

f)
The

prot
LINK|

As (
be &

app
app

5.6

The)

5.6

An
seny

command has ended.

A service response of FUNCTION COMPLETE following an ABORT TASK task management req
directed to the specified task.

A service response of FUNCTION COMPLETE following an ABORT TASK SET or CLEAR TASK SET
management function directed to the task set containing the specified task.

A service response of FUNCTION COMPLETE in response to a TARGET RESET.

application client assumes the command is pending from the time it.calls the Send SCSI Comm
pcol service until one of the above responses or a service response 'of LINKED COMMAND COMPLET
D COMMAND COMPLETE (WITH FLAG) is received.

iscussed in 4.6.1, when an SCSI-3 protocol does not require’ state synchronization, there will us
time skew between the completion of a device serverréquest-response transaction as seen by

ication client and device server. As a result, the lifefimé of a task or command as it appears td
ication client will usually be different from the lifetime observed by the device server.

Command Processing Examples
following clauses give examples of the interactions for linked and unlinked commands.

1 Unlinked Command, Example

unlinked command is.used to show the events associated with the processing of a single dg
ice request. This example does not include error or exception conditions.

uest

task

and

E or

Lally
the
the

vice
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The)

Initiator

Application Client

@Time

numbers in figure 19 identify the events described below.

2 Linked Command Example

Task

Working

Activity Time

©) ®

Target

Figure 19 — Command processing events

The application client performs an Execute Comimand remote procedure call by invoking
Send SCSI Command protocol service to send\the CDB and other input parameters to the lo
unit.

The Device Server is notified through amSCSI Command Received indication containing the
and command parameters. A task is created and entered into the task set. The device server
invoke the appropriate data delivery<service one or more times to complete command execu

The task ends upon completion of the command. On command completion, the S
Command Complete protocol service is invoked to return a status of GOOD and a sef
response of COMMANCCOMPLETE TASK COMPLETE.

A confirmation of.Cemmand Complete Received is sent to the ULP by the initiator's sel
delivery subsystem:

the
pical

CDB
may
fion.

end
vice

vice

Skimay conS|st of multiple commands "linked" together. After the Ioglcal un|t nOtIerS the applicgti

in the series.

The following example shows the events in a sequence of two linked commands.
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Initiator
Application Application
pEllient p8I|ientI

@ @ Activity @ Time

numbers in figure 20 Identify the events described below.

Task A

Working
Y

@ Activity @ @ Time

Device Server

»
»

Figure 20 — Linked Command Processing Events

The application client performs an Execute Command‘-remote procedure call by invoking
Send SCSI Command protocol service to send thesCDB and other input parameters to the lo
unit. The link bit is set to one in the CDB control byte’(see 5.2.2).

The target's service delivery port issues_ an’SCSI Command Received indication to the de
server. The device server creates a task\(task A) and enters it into the task set.

Upon completion of the first command, the device server invokes the Send Command Compl
protocol service with the Status @rgument set to INTERMEDIATE or INTERMEDIATE-CONDIT|
MET and a Service Response of LINKED COMMAND COMPLETE. Task A is not terminated.

The initiator's service delivery port returns the status and service response to the ULP by mg
of a Command Complete Received confirmation.

The Application\Client performs an Execute Command remote procedure call by means o
Send SCSIt«Command protocol service as described in step 1. The Task Attribute argume
omitted. Ahe link bit in the CDB control byte is clear.

The.device server receives the last command in the sequence and executes the operation.

the
pical

vice

bte
ION

bans
the

nt is

TASK

The command completes successfully. Task A is terminated. A protocol service response of

COMPLETE, WitlT Status GOOD;, 15 Sent 1o the appiication ciient.

The LLP delivers a Command Complete Received confirmation to the application client, which

contains the service response and status.
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5.7 Command Processing Considerations and Exception Conditions

The following clauses describe some exception conditions and errors associated with command
processing and the sequencing of commands.

5.7.1 Auto Contingent Allegiance

The auto contingent allegiance condition shall exist within the task set when the logical unit completes a
command by returning a COMMAND TERMINATED or CHECK CONDITION status (see 5.3).

In the following discussion, the term "faulting command" refers to the command that completéd,wjth a
CHECK CONDITION or COMMAND TERMINATED status. The term "faulted initiator" refers to.the initiator
recqiving the COMMAND TERMINATED or CHECK CONDITION status. The term "faulted task set" r¢fers
to the task set having the auto contingent allegiance condition.

5.7(1.1 Logical Unit Response to Auto Contingent Allegiance

Thelauto contingent allegiance condition shall not cross task set boundaries and shall be preserved |until
it is cleared as described in 5.7.1.2. If requested by the application client‘and supported by the protpcol
and|logical unit, sense data shall be returned as described in 5.7.4.2(

NOTE 1 The SCSI-2 contingent allegiance condition and extended auto contigent allegiance condition have been replaged in
SCS|-3 by auto contingent allegiance.

NOTE 2 If the SCSI-3 protocol does not enforce state synchronization‘as)described in 4.6.1, there may be a time delay befween
the ogcurrence of the auto contingent allegiance condition and the point at which the initiator becomes aware of the conditiof.

After sending status and a service response of TASK'\€OMPLETE, the logical unit shall modify the state of
all tasks in the faulted task set as described in clatse 7.

A task created by the faulted initiator while.the auto contingent allegiance condition is in effect may be
entgred into the faulted task set under the.conditions described below. Tasks created by other initigtors
while the ACA condition is in effect shall not be entered into the faulted task set and shall be completed
with|a status of ACA ACTIVE.

As described in 5.7.1.2, the setting of the NACA bit in the control byte of the faulting command determines
the fules that apply to an ACA condition caused by that command. If the NACA bit was set to zerq the
SC$I-2 contingent allegiance rules shall apply. In that case, the completion of a subsequent commjand
fronp the faulted initiator with a status of CHECK CONDITION or COMMAND TERMINATED shall cause
a ngw auto contingent‘allegiance condition to exist. The rules for responding to the new auto contingent

If the NACA\bit'was set to one in the CDB control byte of the faulting command, then a new task crepted
whilp the”ACA condition is in effect shall be entered into the faulted task set provided:

b) The task has the ACA attribute,
c) No other task having the ACA attribute is in the task set.

The auto contingent allegiance condition shall not be cleared. If the conditions listed above are not met,
the newly created task shall not be entered into the task set and shall be completed with a status of ACA
ACTIVE.
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If a task having the ACA attribute is received and no auto contingent allegiance condition is in effect for
the task set or if the NACA bit was set to zero in the CDB for the faulting command, then the ACA task

shal

| be completed with a status of CHECK CONDITION. The sense key shall be set to ILLEGAL

REQUEST with an additional sense code of INVALID MESSAGE ERROR. As noted in 5.7.1.2, a new auto
contingent allegiance condition shall be established.

5.7

.1.2 Clearing an Auto Contingent Allegiance Condition

An auto contingent allegiance condition shall always be cleared after a power on condition or a hard reset
(see 5.7.6).

If the

of th
aC

If th
clea

logical unit accepts a value of one for the NACA bit and this bit was set to one in the CDB coftrol|byte
e faulting command, then the auto contingent allegiance condition may also be cleared by-means of
| EAR ACA task management function issued by the faulting initiator as described in 6.4.

e NACA bit is set to zero in the CDB control byte of the faulting command, then the”SCSI-2 rule for
ring contingent allegiance shall apply. In this case, the logical unit shall als@'\clear the associated

confingent allegiance condition upon the return of sense data by means of the_autosense mecharnism

des
Whi
AC/
of F

The
mod

5.7

Cribed in 5.7.4.2.
e the SCSI-2 rules for clearing the ACA condition are in effect, a logicalunit that supports the CLEAR
task management function shall ignore all CLEAR ACA requests and shall return a service resppnse
UNCTION COMPLETE (see 6.4).

state of all tasks in the task set when an auto contingent-allegiance condition is cleared shajl be
ified as described in clause 7.

2 Overlapped Commands

An overlapped command occurs when an application client reuses a task address in a new commpand

whil

P a previous command to which that address was assigned is still pending as specified in 5.5. {The

for

Eac|
co
tasi
con
sen
OVH
oV
the

at of a task address is described in 4.7/4, object definition 7.)

SCSI-3 protocol standard shall specify whether or not a logical unit is required to detect overlapped
mands. A logical unit that detects an overlapped command shall abort all tasks for the initiator i the
set and shall return CHECK CONDITION status for that command. If the overlapped command
Jition was caused by an untagged task or a tagged task with a tag value exceeding FFh, ther the
be key shall be set.to ABORTED COMMAND and the additional sense code shall be sgt to
RLAPPED COMMANDS ATTEMPTED. Otherwise, an additional sense code of TAGGED
RLAPPED TASKS shall be returned with the additional sense code qualifier byte set to the valje of
juplicate tags

command was recelved)

NOTE 2 Some logical units may not detect an overlapped command until after the command descriptor block has been received.
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5.7.

The

The

3 Incorrect Logical Unit Selection

target's response to an incorrect logical unit identifier is described in this subclause.

logical unit identifier may be incorrect because:

a) The target does not support the logical unit (e.g., some targets support only one peripheral device).

In response to any other command except REQUEST SENSE and INQUIRY, the target shall

terminate the command with CHECK CONDITION status. Sense data shall be set to the va

d) [The target supports the logical unit, but the peripheral device is not currently attached to.the tar

e) [The target supports the logical unit and the peripheral device is attached, but not operational.

f)

5.7

Sen
COl

specified for the REQUEST SENSE command above;

In response to an INQUIRY command the target shall return the INQUIRY data with\the periph
qualifier set to the value required in the SPC standard. In response to a REQUEST SE
command, the target shall return sense data. The sense key shall be set to ILILEGAL REQUEST]
the additional sense code shall be set to LOGICAL UNIT NOT SUPPORTED.

In response to any other command except REQUEST SENSE and INQUIRY, the target
terminate the command with CHECK CONDITION status. Sense. data shall be set to the va
specified for the REQUEST SENSE command above;

In response to an INQUIRY command the target shaltteturn the INQUIRY data with the periph
qualifier set to the value required in the SPC standafd. “n response to REQUEST SENSE, the tg
shall return sense data.

The target's response to any command othér than INQUIRY and REQUEST SENSE is ve
specific;

or is not operational when it is not+eady.

In response to an INQUIRY command the target shall return the INQUIRY data with the periph
qualifier set to the valug specified in the SPC standard. In response to a REQUEST SE

command the target shallteturn the REQUEST SENSE data with a sense key of NO SENSE ur
an auto contingent allegiance exists. The target's response to any other command is vendor spe

4 Sense)Data

e datasshall be made available by the logical unit in the event a command completes with a CH
NDITION status, COMMAND TERMINATED status or other conditions. The format, content

The target supports the logical unit butijs incapable of determining if the peripheral device is attag¢
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-Imnnc underwhich-sense-data-shallbe prnparnrl h\JI the-logical- uhit-ate cnor\n‘unrl in-this-standard

the

SPC standard, the applicable device command standard and applicable SCSI 3 protocol standard.

Sense data shall be preserved by the logical unit for the initiator until it is transferred by one of the
methods listed below or until another task from that initiator is entered into the task set.

This information may be obtained by the initiator through:

a)
b)
c)

The REQUEST SENSE command specified in the SPC standard;
An asynchronous event report;
Autosense delivery.
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The following subclauses describe the last two delivery methods.
5.7.4.1 Asynchronous Event Reporting

Asynchronous event reporting is used by a logical unit to signal another device that an asynchronous event
has occurred. The mechanism automatically returns sense data associated with the event. Each SCSI
protocol specification shall provide a mechanism for asynchronous event reporting, including a procedure
whereby an SCSI device can selectively enable or disable asynchronous event reports from being sent
to it by a specific target. (In this subclause, references to asynchronous event reporting assume that the
device to be notified has enabled asynchronous event reports from the target.) Support for asynchronous
event reporting is a logical unit option.

IMPLEMENTORS NOTE: An SCSI device which can produce asynchronous event reperts
at initialization time should provide means to defeat these reports. This can be done with'a
switch or jumper wire. Devices which implement saved parameters may alternatively save the
asynchronous event reporting permissions either on a per SCSI device basis or.as'a system
wide option.

Parameters affecting the use of asynchronous event reporting are contained in the control mode page |(see
the BPC standard).

Asypchronous event reporting is used to signal a device that one ofithe four events listed below|has
occlirred:

a)| an error condition was encountered after command completion;
b)|] a newly initialized device is available;

c)| some other type of unit attention condition has occurred,;

d)| an asynchronous event has occurred.

xample of the first case above is a device that implements a write cache. If the target is unabje to
writ¢ cached data to the medium, it may use an.asynchronous event report to inform the initiator of the

An ¢xample of the second case above'is a logical unit that generates an asynchronous event report,

An ¢xample of the third case above is a device that supports removable media. Asynchronous eyent
repgrting may be used to inform’ an initiator of a not-ready-to-ready transition (medium changed) or ¢f an
opefator initiated event (e.g., activating a write protect switch or activating a start or stop switch).

An géxample of the fourth case above is a sequential-access device performing a REWIND command|with
the Immediate bit. Set to one. An asynchronous event report may be used to inform an initiator tha'tI the
beglnning of médium has been reached. Completion of a CD-ROM AUDIO PLAY command started i the
immediate mode is another example of this case.

Senge/data accompanying the report identifies the condition (see 5.7.4).

An error condition or unit attention condition shall be reported to a specific initiator once per occurrence
of the event causing it. The logical unit may choose to use an asynchronous event report or to return
CHECK CONDITION status on a subsequent command, but not both. Notification of command-related
error conditions shall be sent only to the device that initiated the affected task.

Asynchronous event reports may be used to notify devices that a system resource has become available.
If a logical unit uses this method of reporting, the sense key in the AER sense data shall be set to UNIT
ATTENTION.
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5.7.4.2 Autosense

Autosense is the automatic return of sense data to the application client coincident with the completion of
an SCSI-3 command under the conditions described below. The return of sense data in this way is
equivalent to an explicit command from the application client requesting sense data immediately after
being notified that an ACA condition has occurred. Inclusion of autosense support in an SCSI-3 protocol
standard is optional.

As specified in clause 5.1, the application client may request autosense service for any SCSI command.
If supported by the protocol and logical unit and requested by the application client, the device server shall
only| return sense data in this manner coincident with the completion of a command with a statys of
CHHECK CONDITION or COMMAND TERMINATED. The sense data shall then be cleared.

Profocol standards that support autosense shall require an autosense implementation to:

a) |Notify the logical unit when autosense data has been requested for a command-and
b) [Inform the application client when autosense data has been returned upon command completion (see
5.1).

It is|not an error for the application client to request the automatic return of sense data when autosg¢nse
is not supported by the SCSI-3 protocol or logical unit implementation. If the application client requested
the feturn of sense data through the autosense facility and the protocel service layer does not support this
featpre, then the confirmation returned by the initiator's service delivery port should indicate that no s¢nse
datg was returned. If the protocol service layer supports autoserise ‘but the logical unit does not, then the
target should indicate that no sense data was returned. In either case, sense information shall be
pregerved and the application client may issue a command to retrieve it.

5.7|5 Unit Attention Condition

Each logical unit shall generate a unit attention>condition whenever the logical unit has been resegt as
desgribed in 5.7.6 or by a power-on reset. In-addition, a logical unit shall generate a unit attention condition
for g¢ach initiator whenever one of the following events occurs:

A removable medium may have been changed;

The mode parameters inceffect for this initiator have been changed by another initiator;
The version or level of microcode has been changed;

Tasks for this initiator were cleared by another initiator;

INQUIRY data has been changed;

The mode parameters in effect for the initiator have been restored from non-volatile memoty;
) A change in‘the condition of a synchronized spindle;
) Any other-&vent requiring the attention of the initiator.

~— — — — —
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Logical unitsmay queue unit attention conditions. After the first unit attention condition is cleared, angther
unitfatteption condition may exist (e.g., a power on condition followed by a microcode change conditon).

A unit-attention-condition-shallpersist-en-the-logical-unitfor-each-initiatorunti-that-nitiatercleard the

condition as described in the following paragraphs.

If an INQUIRY command is received from an initiator to a logical unit with a pending unit attention condition
(before the logical unit generates the auto contingent allegiance condition), the logical unit shall perform
the INQUIRY command and shall not clear the unit attention condition.

If a request for sense data is received from an initiator with a pending unit attention condition (before the
logical unit establishes the automatic contingent allegiance condition), then the logical unit shall either:

a) report any pending sense data and preserve the unit attention condition on the logical unit, or,
b) report the unit attention condition.
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If the second option is chosen (reporting the unit attention condition), the logical unit may discard any

pen

ding sense data and may clear the unit attention condition for that initiator.

If the logical unit has already generated the auto contingent allegiance condition for the unit attention

con

dition, the logical unit shall perform the second action listed above.

If an initiator issues a command other than INQUIRY or REQUEST SENSE while a unit attention condition
exists for that initiator (prior to generating the auto contingent allegiance condition for the unit attention
condition), the logical unit shall not perform the command and shall report CHECK CONDITION status
unless a higher priority status as defined by the logical unit is also pending (see 5.3).

If a
con

logical unit successfully sends an asynchronous event report informing the initiator of the unit atte

(seq 5.7.4.1).

5.7

6 Hard Reset

ntion

jition, then the logical unit shall clear the unit attention condition for that initiator on the logical|unit

Hard reset is a target response to a TARGET RESET task management request,(see 6.6) or a reset gvent

with
Eac|
und

er which a hard reset shall be executed.

To gxecute a hard reset a target shall:

a)
b)
c)
d)

e)

Abort all tasks in all task sets;
Clear all auto contingent allegiance conditions;
Release all SCSI device reservations;

that would be found following device power-en! The MODE SELECT conditions (see the
standard) shall be restored to their last saved’values if saved values have been established. M

values;
Unit Attention condition shall be set (see 5.7.5).

In addition to the above, the target shall execute any additional functions required by the applic

prot

bcol or interconnect specifications.

n the service delivery subsystem. The definition of reset events is protocol’and interconnect spetific.
h SCSI-3 protocol standard shall specify the target response to a reset event including the conditions

Return any device operating modes to their apprepriate initial conditions, similar to those condifions

5PC
DDE

SELECT conditions for which no saved valtes have been established shall be returned to their dgfault

able
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6 Task Management Functions

This clause specifies the set of SCSI-3 task management functions and the the reference model for their
execution.

6.1 Remote Procedure for Task Management Functions

Task management functions provide an initiator with a way to explicitly control the execution of one or
more-tasks._An npplirminn client invokes a task management function hy means of a Inrr\r‘mr{llrn call

having the following format:

Sqrvice Response =  Function name (Object Identifier [,Input-1] [,Input-2]... ||

[Output-1] [,Output-2]...)

Seryice Response:

One of the following protocol-specific responses shall be returned;

FUNCTION COMPLETE: A logical unit response indicating’/that the requested function is
complete. The task manager shall-unconditionally return this resppnse
upon completion of a task management request supported by the logical
unit or target device to which the request was directed. Upon receiving
a request to execute an‘unsupported function, the task manager may
return this response or the Function Rejected response described bglow.

FUNCTION REJECTED: An optional task manager response indicating that the operation ig not
supported by, the object to which the function was directed (e.g.,| the
logical unit or target device).

SERVICE DELIVERY OR The request was terminated due to a service delivery failure or tgrget
TARGET FAILURE: malféinction. The target may or may not have successfully performed the
specified function.

Each SCSI protocol standard shall define the actual events comprising each of the above senvice
resgonses.

The|following tasktimanagement functions are defined:
ABORT'TASK ( Task Address ||) — Abort the specified task. This function shall be supparted

if thelogical unit supports tagged tasks and may be supported if the logical unit does not sugport
tagged tasks (see object definition 7 in 4.7.4).

ABORT TASK SET ( Logical Unit Identifier ||)  — Abort all tasks in the task set for the requesting
initiator. This function shall be supported by all logical units.

CLEAR ACA ( Logical Unit Identifier || ) — Clear auto contingent allegiance condition. This
function shall be supported if the logical unit accepts an NACA bit value of one in the CDB control
byte and may be supported if the logical unit does not accept an NACA bit value of one in the CDB
control byte (see 5.2.2).
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CLEAR TASK SET ( Logical Unit Identifier || ) - Abort all tasks in the specified task set.

This

function shall be supported by all logical units that support tagged tasks (see object definition 7)

and may be supported by logical units that do not support tagged tasks.

TARGET RESET ( Target Identifier || ) - Reset the target device and terminate all tasks in alll
sets. All target devices shall support this function.

task

TERMINATE TASK ( Task Address || ) - Terminate the specified task. Implementation of this

function is a logical unit option.

Argument descriptions:
Target Identifier: Target device identifier defined in 4.7.2, object definition 5.
Logical Unit Identifier: Logical Unit identifier defined in 4.7.4, object definition 6!
Task Address: Task address defined in 4.7.4, object definition 7.
NQTE The TARGET RESET, CLEAR TASK SET, ABORT TASK and ABORT TASK SET functions provide a means

to
init]
Spé
sef]

All S
alo

6.2

Fun

q

N

Des

g

erminate one or more tasks prior to normal completion. The TARGET RESET command clears all tasks for all
ators on all task sets of the target. The CLEAR TASK SET function terminates allgasks for all initiators on the
cified task set of the target. An ABORT TASK SET function terminates all tasks for the iritiator on the specified task
of the target. An ABORT TASK function terminates only the specified task.

f the task management functions defined above.

ABORT TASK

Ction Call:

bervice Response = ABORT TASK ( Task Address || )

cription:

his function shall be supportéed by a logical unit that supports tagged tasks and may be supportg
logical unit that doesynot support tagged tasks.

If the lagieal unit supports this function, a response of FUNCTION COMPLETE shall indicate that the

'he task manager-shall abort the specified task if it exists. Previously established conditions, incly
ODE SELECT parameters, reservations, and auto contingent allegiance shall not be changed b
BORT TASK function.

as aborted or was not in the task set. In either case, the target shall guarantee that no fu

CSI-3 protocol specifications shall provide the functionality heeded for a task manager to implement

d by

ding
the

task
ther

sponses from the task are sent to the initiator.
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6.3 ABORT TASK SET

Function Call:

Service Response = ABORT TASK SET ( Logical Unit Identifier || )

Description:

This function shall be supported by all logical units.

he task manager shall terminate all tasks in the task set that were created by the initiator.
he task manager shall perform an action equivalent to receiving a series of ABORT TASK requests.
Il tasks from that initiator in the task set serviced by the logical unit shall be aborted.*Tasks from
ther initiators or in other task sets shall not be terminated. Previously established conditions, inclyding

WODE SELECT parameters, reservations, and auto contingent allegiance shall notbe changed by the
ABORT TASK SET function.

6.4 CLEAR ACA

Funftion Call:

$ervice response = CLEAR ACA ( Logical Unit Identifier || )

Desgription:

This function shall only be implemented by a logical unit that accepts an NACA bit value of one in the
CDB control byte (see 5.2.2).

The initiator invokes CLEAR ACA to clear an auto contingent allegiance condition from the tasi set
gerviced by the logical unit according\to the rules specified in 5.7.1.2. The function shall alwayg be
terminated with a service response€ of FUNCTION COMPLETE.

If the task manager clears the-auto contingent allegiance condition, any task within that task setmay
ke completed subject to the rules for task set management specified in clause 7.

6.5 CLEAR TASK)SET

Fungtion Call:

$ervicesresponse = CLEAR TASK SET ( Logical Unit Identifier || )

Desgription:

This function shall be supported by all logical units that support tagged tasks (see object definition 7)
and may be supported by logical units that do not support tagged tasks.

The target shall perform an action equivalent to receiving a series of ABORT TASK requests from each
initiator. All tasks, from all initiators, in the specified task set shall be aborted. The medium may have
been altered by partially executed commands. All pending status and data for that logical unit for all
initiators shall be cleared. No status shall be sent for any task. A unit attention condition shall be
generated for all other initiators with tasks in that task set. When reporting the unit attention condition
the additional sense code shall be set to COMMANDS CLEARED BY ANOTHER INITIATOR.

Previously established conditions, including MODE SELECT parameters (see the SPC standard),
reservations, and auto contingent allegiance shall not be changed by the CLEAR TASK SET function.
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6.6 TARGET RESET

Function Call:

Service Response = TARGET RESET ( Target Identifier || )

Description:

This function shall be supported by all target devices.

gpecified in 5.7.6 and shall create a unit attention condition for all initiators as specified in 5.75.

6.7| TERMINATE TASK

Fungtion Call:

$ervice Response = TERMINATE TASK ( Task Address || )

Desgription:

$upport for this function is a logical unit option.

The TERMINATE TASK function is invoked by the initiator to request task completion. A respong
HUNCTION COMPLETE indicates that the request has_been accepted and does not imply that
referenced task has ended. Assuming the task existed when the TERMINATE TASK function
ihvoked, the initiator shall consider the task to centinue in existence until one of the events sped
in 5.5 is detected.

\ith the following exceptions, the logicalunit shall complete the specified task and return COMM
TERMINATED status. The sense key.shall be set to NO SENSE. The additional sense code
qualifier are set to TASK TERMINATED.

If the work performed by the.terminated task involves the transfer of data, the logical unit shall se
valid bit in the sense data {0 one and set the information field as follows:

g) If the command:.descriptor block specifies an allocation length or parameter list length
information field shall be set to the difference (residue) between the number of bytes succesy
transferred and the requested length;

) If the.cemmand descriptor block specifies a transfer length field, the information field shall b
as defined in the REQUEST SENSE command (see the SPC standard).

If afierror is detected for the specified task, the logical unit shall ignore the TERMINATE TASK reqd

Before returning a Function Complete response the target shall perform the hard reset func1|ions
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If the operation requested for the specified task has been completed but status has not been retur

ned,

the logical unit shall ignore the TERMINATE TASK request and return a service response of

FUNCTION COMPLETE.

If the target does not support this function or is unable to stop the task, the target shall return a service

response of FUNCTION REJECTED to the initiator and continue the task in a normal manner.
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The effect of a TERMINATE TASK request on the task set depends on the task set error recovery
option specified in the control mode page (see the SPC standard) and on whether or not an auto
contingent allegiance condition is generated.

IMPLEMENTORS NOTE: The TERMINATE TASK function provides a means for the initiator to request the logical unit to reduce
the transfer length of the referenced command to the amount that has already been transferred. The initiator can use the sense
data to determine the actual number of bytes or blocks that have been transferred. This function is normally used by the initiator
to stop a lengthy read, write, or verify operation when a higher-priority command is available to be executed. It is up to theinitiator
to complete the terminated command at a later time, if required.

6.8

Task Management Protocol Services

The
mar

All S
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agement remote procedure call. The following arguments are passed:

Identifier before forwarding the request to the target.

confirmed service described in this subclause is used by an application client to issue’a

Ccuted protocol service response by the SCSI-3 protocol standard is optional. All SCSI-3 I/O sys
| implement these protocols as defined in the applicable protocol specification.

argument definitions correspond to those of clause 6.1.

uest:

bend Task Management Request (Object Address, Function Identifier || )

cation received by task manager:

Task Management.Request Received (Object Identifier, Function Identifier || )

ponse from-fask manager:

[ask Management Function Executed (Object Identifier, Service Response || )
Sefvice Response parameter encodes a value representing one of the following (see 6.1):

task

Object Address: A Task Address, Logical Unit Identifier or Target Identifier supplief by
the application client to identify the object to be epefrated upon.
initiator's service delivery port will convert a Task Address to a Task

The

Object Identifier: A Task Identifier, Logical Unit Identifier or Target Identifier passed to the
task manager by the protocol service indication.
Function Identifier: Parameter encoding the task manragement function to be performed.

CSI-3 protocol specifications shall define the protocol-specifie’requirements for implementing the $end
Management Request protocol service and the Received Function-Executed confirmation desciibed
\w. Support for the Task Management Request Receéived indication and Task Management Fun}etion

ms

FUNCTION REJECTED: The task manager does not implement the requested function.

FUNCTION COMPLETE: The requested function has been completed.
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firmation:

Received Function-Executed ( Object Address, Service Response ||)

Since the object identifier does not uniquely identify the transaction, there may be no way for an initiator
to associate a confirmation with a request. An SCSI protocol that does not provide such an association
should not allow an initiator to have more than one pending task management request per logical unit.

6.9

Task Management Function Example

Figu

The)

3.
A
[

re 21 shows the sequence of events associated with a task management function.

Initiator

Application Client

Activity

@ Time

Task Manager

Working

4

@ Activity @ Time

Target

Figure 21 — Task.Management Request processing

numbers in figure 21 Identifythe events described below.

'he application client issues a task management request by invoking the Send Task Managem
Request protocol service.

[he task manager is notified through a Task Management Request Received indication and be
xecuting thesfunction.

'he taskumanager performs the requested operation and responds by invoking the Task Managen
Function-Executed protocol service to notify the application client. The Service Response paran
5 set to a value of Function Complete

ent

gins

ent
eter

4. A confirmation of Received Function-Executed is returned to the application client.
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