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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 414: Architecture model-4 (SAM-4)

FOREWORD

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form

the specialized system for worldwide standardization. National bodies that are members of ISO or IEC p3rticipate
in the development of International Standards. Their preparation is entrusted to technical committees; pny 1ISO
and IEC member body interested in the subject dealt with may participate in this preparatory work.\Intefnational
governmental and non-governmental organizations liaising with ISO and IEC also participate in-this preppration.

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IE¢ JTC 1.
Draft International Standards adopted by the joint technical committee are circulated tg Wational bodies fgr voting.
Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

The formal decisions or agreements of IEC and ISO on technical matters .express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each techniCal committee has repregentation
from all interested IEC and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for international use and are accépted by
IEC and ISO member bodies in that sense. While all reasonable efforts are made to ensure that the tpchnical
content of IEC, ISO and ISO/IEC publications is accurate, IEC or ISO cannot be held responsible for the way in
which they are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC and IS© member bodies undertake to apply IEC, ISO and ISO/
IEC publications transparently to the maximum extent possible in their national and regional publicatigns. Any
divergence between any ISO/IEC publication.and’the corresponding national or regional publication should be
clearly indicated in the latter.

ISO and IEC provide no marking proceduire to indicate their approval and cannot be rendered responsibl¢ for any
equipment declared to be in conformity with an ISO/IEC publication.

All users should ensure that they,have the latest edition of this publication.

No liability shall attach to.IEC or ISO or its directors, employees, servants or agents including individual experts
and members of their_technical committees and IEC or ISO member bodies for any personal injury, property
damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
and expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC publication or any other IEC,
ISO or ISO/IEC publications.

Attention_is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this International Standard may be the spibject of

patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

International Standard ISO/IEC 14776-414 was prepared by subcommittee 25: Interconnection of informa-
tion technology equipment, of ISO/IEC joint technical committee 1: Information technology.

The list of all currently available parts of the ISO/IEC 14776 series, under the general title Information
technology — Small computer system interface (SCSI), can be found on the IEC web site.

This International Standard has been approved by vote of the member bodies and the voting results may be
obtained from the address given on the second title page.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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INTRODUCTION

General

The set of SCSI (Small Computer System Interface) standards consists of this standard and the SCSI
implementation standards (see SCSI Standards family). This standard defines a reference model that
specifies common behaviors for SCSI devices, and an abstract structure that is generic to all SCSI I/O system
implementations.

The set of SCSI standards specifies the interfaces, functions, and operations necessary to ensure
interoperability between conforming SCSI implementations. This standard is a functional description.
Conformingfmptementations Tmay emptoy any desig technique thatdoes not viotate Tnteroperabitity ]

The following concepts are obsolete:

a) | support for the SPI-5 SCSI transport protocol (see SAM-2);

b) | contingent allegiance (see SAM-2);

c) |the TARGET RESET task management function (see SAM-2);
d) | basic task management model (see SAM-3);

e) | untagged tasks (see SAM-2); and

f) |linked command function (see SAM-3).

SCSI standards family

Figure [l shows the relationship of this standard to the other standards’and related projects in the SCYI family
of stanglards as of the publication of this standard.

\\
: o N Primary command set
_ Device-type specific comma ets (shared for all device types)
[}
g (e.g., SES-2, SMC-2, g@a) (SPC-4)
= A
= .
2Y A\‘o
§ <§( o) SCSI transport protocols
=) \1:\ (e.g., SAS-2, FCP-4)
2 \‘\C)
0
O
N Interconnects
(e.g., SAS-2, Fibre Channel)

Figure 1 — SCSI standard structure

The S{SI standard structure in figure 1 is intended to show the general applicability of the standardq to one
anotheI. Eigure 1 is not intended to imply a relationship such as a hierarchy, protocol stack, or pystem
architectuke-

The functional areas identified in figure 1 characterize the scope of standards within a group as follows:

SCSI Architecture Model: Defines the SCSI systems model, the functional partitioning of the SCSI standard
set and requirements applicable to all SCSI implementations and implementation standards.

Device-Type Specific Command Sets: Implementation standards that define specific device types including
a device model for each device type. These standards specify the required commands and behaviors that are
specific to a given device type and prescribe the requirements to be followed by a SCSI initiator device when
sending commands to a SCSI target device having the specific device type. The commands and behaviors for
a specific device type may include by reference commands and behaviors that are shared by all SCSI
devices.
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 414: Architecture model-4 (SAM-4)

1 Scope

This part of ISO/IEC 14776 defines a reference model that specifies common behaviors for SCSI devices and an
abstract structure that is generic to all SCSI I/O system implementations.

This standard defines generic requirements that pertain to SCSI implementation standards. It also defines
implem{ntation requirements. An implementation requirement specifies behavior in terms of meagurable or

observgble parameters that apply to an implementation. Examples of implementation requirements’@lefined in
this stapdard are the status values to be returned upon command completion and the serviceresporjses to be
returned upon task management function completion.

Generig requirements are transformed to implementation requirements by an implementation stapdard. An
example of a generic requirement is the hard reset behavior specified in 6.3.2.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated refer-
ences, only the edition cited applies. For undated references, the latest edition of the referenced document (in-

cluding

any amendments) applies.

The provisions of the referenced specifications other than ISO, IEC, ISO and ITU standards, as identified in
this clause, are valid within the context of this International Standard. The reference to such a specification
within this International Standard does not give it any further status within ISO or IEC. In particular, it does not
give the referenced specification the status of an International Standard.

ISO/IEC 14776-232, Information technology - Small computer system interface (SCSI) - Part 232:-Se

Protocq

ANSI INCITS 365-2002, Small computer system interface (SCSI) Remote Direct Memory\Access

Protocq

ANSI INCITS 441-2008, Automation/Drive Interface - Commands - 2 (ADC-2)

T10/17B1-D, Small computer system interface (SCSI) Primary Commands.~ 4 (SPC-4) (under conside
T10/17P9-D, Small computer system interface (SCSI) Block Commands - 3 (SBC-3) (under considera

T10/18
considg

T10/17
T10/17

N
8

RFC 37%

ht

OMG U

3 Tern

NIOTE 1 Copies of ANSI INCITS standards may be obtained through the ANSI Customer Servi
Department at 212-642-4900 (phone), 212-302-1286 (fax) or via the World Wide Web at http://www.ansi.or

12 (SBP-2)

I (SRP)

28-D, Fibre Channel Protocol for Small computer system interface (SCSI) - 4 (FCP-4)
ration)

50-D, Serial Attached Small computer system interface (SCSI) - 2 (SAS-2) (under consideratio

12-D, Automation/Drive Interface - Transport Protocol - 2 (ADT-2) (under consideration)

OTE 2 Copies of T10 draft standards may be obtained through Global Engineering Documents
0-854-7179 or via the World Wide Web at http://global.ihs.com.

20, Internet Small Computer Systems Interface (iISCSI)

DTE 3 Copies of IETF standards;may be obtained through the Internet Engineering Task Force (IETF)
tp://www.ietf.org.

nified Modeling Language (UML) Specification Version 1.5, March 2003

OTE 4 For more.information on the UML specification, contact the Object Modeling Group at http
lvw.omg.org.

hs, definitions, symbols, abbreviations, and conventions

rial Bus

RDMA)

e
J.

ration)
fion)

(under

)

3.1 Te

For the

3.141

rms and definitions

purposes of this document, the following terms and definitions apply.

ACA command

comma

nd with the ACA task attribute (see 3.1.8, and 8.6.5)
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additional sense code
combination of the ADDITIONAL SENSE CODE field and the ADDITIONAL SENSE CODE QUALIFIER field in the sense
data (see 3.1.112 and SPC-3)

3.1.3

aggregation
when referring to classes (see 3.1.13), a form of association that defines a whole-part relationship between
the whole (i.e., aggregate) and its parts

314

applicJtion client

a class
reques

3.1.5

whose objects are, or an object that is, the source of commands and task management f
s (see 4.6.10)

argument

datum

3.1.6

associ
when r
among
anothe

3.1.7
attribu

provided as input to or output from a procedure call (see 3.1.83)

tion

ferring to classes (see 3.1.13), a relationship between two or mere, classes that specifies conn
their objects (i.e., a relationship that specifies that objects of.ane class are connected to ob
class).

e

when r¢ferring to classes (see 3.1.13), a named property-of a class that describes the range of values

class o

[ its objects may hold; when referring to objectsi(see 3.1.73), a named property of the object

3.1.8

task s
when t

3.1.9

condition established following the*completion of a command with a CHECK CONDITION
€ NACA bit is set to one in the CQNTROL byte (see 5.9)

auto c%ntingent allegiance

backgnound operation

operati
5.5)

3.1.10
blocke
state in

3.1.1

bn started by a command that continues processing after the command is no longer in the task s

d command-state
which a‘cammand is prevented from completing due to an ACA condition (see 8.5.3)

Linction

ections

ects of

that the

status

et (see

blockir

A\g-boundary
P4

task set boundary denoting a set of conditions that inhibit commands outside the boundary from entering the
enabled command state (see 8.9)

3.1.12
byte

8-bit construct

3.1.13
class

description of a set of objects that share the same attributes, operations, relationships (e.g., aggregation,
association, generalization, and dependency), and semantics; classes may have attributes and may support
operations
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3.1.14

class diagram

shows a set of classes and their relationships; class diagrams are used to illustrate the static design view of a
system (see 3.6.1.3)

3.1.15

client-server

relationship established between a pair of distributed entities where one (the client) requests the other (the
server) to perform some operation or unit of work on the client's behalf (see 4.4)

3.1.16
client
entity that requests a service from a server; this standard defines one client, the application client

3.1.17
command
requesy describing a unit of work to be performed by a device server

3.1.18
commInd descriptor block
structufe used to communicate a command from an application client to a<device server; a CDB may|have a
fixed lepgth of 6 bytes, 10 bytes, 12 bytes, or 16 bytes, or a variable length\of between 12 bytes and 260 bytes
(see 5.2 and SPC-4)

3.1.19
command identifier
the portion of an I_T_L_Q nexus (i.e., the Q) that is the Qumerical identifier of the command (see [3.1.17)
within gn I_T_L nexus (see 4.8.2)

3.1.20
command priority
the relative scheduling importance of a command having the SIMPLE task attribute among thg set of
commdnds having the SIMPLE task attribute.already in the task set (see 8.7)

3.1.21
command standard
SCSI sjandard that defines the model, commands, and parameter data for a device type (e.g., SPC-4, SBC-3)
(see clause 1)

3.1.22
completed command
commdnd that has.cempleted with a service response of COMMAND COMPLETE

3.1.24

confirmed SCSI transport protocol service

service available at the SCSI transport protocol service interface that includes a confirmation of completion
(see 4.10)

3.1.25

constraint

when referring to classes (see 3.1.13) and objects (see 3.1.73), a mechanism for specifying semantics or
conditions that are maintained as true between entities (e.g., a required condition between associations)
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3.1.26
current command

command that has a data transfer SCSI transport protocol service request in progress (see 5.4.3) or is in the
process of sending command status; each SCSI transport protocol standard may define the SCSI transport

protocol specific conditions under which a command is considered a current command

3.1.27
deferred error
error generated by a background operation (see SPC-4)

3.1.28

relationship between two elements in which a change to one element (e.g., the server) may affect)or

depenjency
inform

tion needed by the other element (e.g., the client)

3.1.29
dependent logical unit

logical unit that is addressed via some other logical unit(s) in a hierarchical logicalunit structure (see
and thgt is at a higher numbered level in the hierarchy than the referenced logical uhit (see 4.6.19.4)

3.1.30
device[model
the description of a type of SCSI target device (e.g., a block device or’a;stream device).

3.1.31
device|server

supply

3.1.44)

class whose objects process, or an object that process€s,"Ccommands according to the requiremegnts for

commgnd management (see 4.6.20)

3.1.32
device|service request
requesy submitted by an application client conyeying a command to a device server

3.1.33
device|service response
response returned to an application client by a device server on completion of a command

3.1.34
domai
I/0 sysfem consisting 6f a set of SCSI devices and a service delivery subsystem, where the SCSI
interac with one another by means of the service delivery subsystem

3.1.35
dormant command state

levices

state i
presené

which a command is prevented from entering the enabled command state (see 3.1.36) duT to the

3.1.36
enabled command state
state in which a command may complete at any time (see 8.5.2)

3.1.37
extended logical unit addressing

logical unit addressing method used by special function logical units (e.g., well known logical units) (see

4.7.10)
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3.1.38
faulted

I_T nexus

I_T nexus on which a command terminated with a CHECK CONDITION status resulted in the establishment
of an ACA. The faulted I_T nexus condition is cleared when the ACA condition is cleared

3.1.39
faulted

task set

task set that contains a faulting command; the faulted task set condition is cleared as soon as the ACA
condition resulting from the CHECK CONDITION status is cleared

3.1.40

faultinéj; command
commadnd that has terminated with a status of CHECK CONDITION that resulted in the establishme

ACA (s

3.1.4
field

group d
3.1.112

3.1.42

generj:ization

when r
the attr

3.1.43
hard re

conditipn resulting from a power on condition or a reset:event in which the SCSI device performs t

reset o

3.1.44
hierarg
inverte
(see 4.

3.1.45
I_T ney

nexus between a SCSI initiator port and a SCSI target port (see 4.8)

3.1.46

I_T ne»
conditiq
the | T

3.1.47

e 3.1.8)

f one or more contiguous bits, part of a larger structure (e.g., a CDB (see 3.1+18) or sense dg

)

ferring to classes (see 3.1.13), a relationship among classes where one class (i.e., superclass
butes and operations on one or more classes (i.e., subclasses)

set

berations described in 6.3.2, SPC-4, and the appropriate command standards

hical logical unit

5.15)

us

nt of an

ta (see

shares

ne hard

J tree structure for forming and parsing LUNs (see 3.1.66) containing up to four addressabl¢ levels

brforms

I_T ne>

us loss

n resultingfrem a hard reset condition or an |_T nexus loss event in which the SCSI device p
nexus loss operations described in 6.3.4, SPC-4, and the appropriate command standards
tus-loss-event

SCSI transport protocol specific event that results in an |_T nexus loss condition (see 6.3.4)

3.1.48

I_T_L nexus
nexus between a SCSI initiator port, a SCSI target port, and a logical unit (see 4.8)

3.1.49

I_T_L_Q nexus
nexus between a SCSI initiator port, a SCSI target port, a logical unit, and a command (see 4.8)
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Q nexus transaction

information transferred between SCSI ports in a single data structure with defined boundaries (e.g., an infor-

mation

3.1.51

unit)

I_T_L_x nexus
eitheran|_T L nexusoran| _T_L Q nexus (see 4.8)

3.1.52
1/0 ope
operati

3.1.53

ration

bn defined by a command or a task management function

implementation specific

require
system

3.1.54
incorre
logical
given |}

3.1.55
incorre
logical

3.1.56

ment or feature that is defined in a SCSI standard but whose implementation may be specifieq
integrator or vendor

ct logical unit number

| T nexus

ct logical unit
Linit that does not exist in the SCSI target device whep-addressed by a given |_T_L nexus

initiatgr port identifier

value b

3.1.57

y which a SCSI initiator port is referenced within a domain (see 4.6.7)

initiator port name

name (
SCSlid
SCSlp

3.1.58
instanc

see 3.1.70) of a SCSI initiator pofbithat is world wide unique within the SCSI transport protocq
bmain of that SCSI initiator pori-(see 4.6.5); the name may be made available to other SCSI de
prts in that SCSI domain innSESI transport protocol specific ways

e

concrefe manifestation(ofjan abstraction to which a set of operations may be applied and which may

state th

3.1.59
in tran

inform

at stores the.effects of the operation (e.g., an object is an instance of a class)
Bit
tionr that has been delivered to a service delivery subsystem for transmission, but not yet arrive

by the

Lnit number of a logical unit that does not exist in the SCSI target deyice when addressed thfough a

| of the
ices or

have a

d at the

intended—resipient

3.1.60

implicit head of queue
optional processing model for specified commands wherein a command may be treated as if it had been

receive

3.1.61
layer

d with a HEAD OF QUEUE task attribute (see 8.2)

subdivision of the architecture constituted by SCSI initiator device and SCSI target device elements at the
same level relative to the interconnect
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3.1.62
link

individual connection between two objects in an object diagram representing an instance of an association

3.1.63
logical

unit (see 4.6.19)

class whose objects implement, or an object that implements, a device model that manages and processes

comma

3.1.64
logical

nds sent by an application client

unit inventory

list of tk

3.1.65

logical
name (|
domair
name n

3.1.66
logical
64-bit g

3.1.67

logical
conditig
the logi

3.1.68

e LUNs reported by a REPORT LUNS command (see SPC-4)

unit name

see 3.1.70) of a logical unit that is world wide unique within the SCSI transport protocol of
in which the SCSI device containing the logical unit has SCSI ports (see 4(6y4.2); the logi

hay be made available to other SCSI devices or SCSI ports in SCSI transpoft protocol specific

unit number
r 16-bit identifier for a logical unit (see 4.7)

unit reset
n resulting from a hard reset condition or a logical unitreset event in which the logical unit p
cal unit reset operations described in 6.3.3, SPC-4{and the appropriate command standards

Iogical’l‘unit reset event

event t

3.1.69

at results in a logical unit reset condition, as'described in 6.3.3

multiplicity

when r
attribut

3.1.70
name
label of

3.1.71
nexus
relation
SCsid

eferring to classes (see 3.1.13), an indication of the range of allowable instances that a clag
b may have

an object that is_unique within a specified context and should never change

ship/between two SCSI devices, and the SCSI initiator port and SCSI target port objects withi
bvices (see 4.8)

h SCSI
cal unit
ways

prforms

S Or an

h those

3.1.72

non-faulted |_T nexus
I_T nexus that is not a faulted |_T nexus (see 3.1.38)

3.1.73
object

entity with a well-defined boundary and identity that encapsulates state and behavior; all objects are instances
of classes (see 3.1.58)
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3.1.74

object diagram

shows a set of objects and their relationships at a point in time; object diagrams are used to illustrate static
shapshots of instances of the things found in class diagrams (see 3.6.1.4)

3.1.75

operation

service that may be requested from any object of the class in order to effect behavior; operations describe
what a class is allowed to do and may be a request or a query; a request may change the state of the object
but a query should not

3.1.76
peer entities
entities|within the same layer (see 3.1.61)

3.1.77
power cycle
power being removed from and later applied to a SCSI device

3.1.78
power Joss expected
conditipn resulting from a power loss expected event in which the logical unit performs the power loss
expected operations described in 6.3.5, SPC-4, and the appropriate’ transport protocol and comnmand
standalds

3.1.79
power Joss expected event
event that results in a power loss expected condition (see'6.3.5)

3.1.80
power pn
conditipn resulting from a power on event ifr*which the SCSI device performs the power on opgrations
described in 6.3.1, SPC-4, and the appropriate command standards

3.1.81
power pn event
power being applied to a SCSI device, resulting in a power on condition (see 6.3.1)

3.1.82
procedure
operatipn that is inveked through an external calling interface

3.1.83
procedure call

(see 3]1.105),

3.1.84

protocol

specification and/or implementation of the requirements governing the content and exchange of information
passed between distributed entities through a service delivery subsystem

3.1.85
queue
arrangement of commands within a task set (see 3.1.129)
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3.1.86
receiver
client or server that is the recipient of a service delivery transaction

3.1.87
reference model
standard model used to specify system requirements in an implementation- independent manner

3.1.88
relative port identifier
identifier for a SCSI port that is unigue within a SCSI device (see 4.6.5.2)

transadtion invoking a service

3.1.90
reques'lt-response transaction

interac

an entify followed by a response conveying the result

3.1.91
reset ejvent
SCSI transport protocol specific event that results in a hard reset condition as described in 6.3.2

3.1.92
resporise
transagdtion conveying the result of a request

3.1.93
role

ferring to classes (see 3.1.13) and objects (see 3.1.73), a label at the end of an association o

SCSI application layer
the profocols and procedures that'implement or issue commands and task management functions b
servicep provided by a STPLY(see 3.1.105)

3.1.95
SCSI device

class whose objects-are, or an object that is, connected to a service delivery subsystem and supports
application protocol (see 4.6.4)

ion between a pair of distributed, cooperating entities, consisting of a request for service subnjitted to

aggre-

y using

a SCSI

SCSI dew me

name (see 3.1.70) of a SCSI device that is world wide unique within the SCSI transport protocol of a SCSI
domain in which the SCSI device has SCSI ports (see 4.6.4.2); the SCSI device name may be made available

to other SCSI devices or SCSI ports in SCSI transport protocol specific ways

3.1.97
SCSIl event

condition defined by this standard (e.g., logical unit reset) that is detected by SCSI device and that requires

notification of its occurrence within the SCSI device (see clause 6)
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3.1.98

SCSI I/O system

I/O system, consisting of two or more SCSI devices, a SCSI interconnect and a SCSI transport protocol that
collectively interact to perform SCSI I/O operations

3.1.99

SCSil initiator device

class whose objects originate, or an object that originates, device service and task management requests to
be processed by a SCSI target device and receives device service and task management responses from
SCSI target devices

service

anager
routed

ftor port

class whose objects receive, or an object thatreceives, device service and task management requgsts for
processing and sends device service and task management responses to SCSI initiator devices (see 4.6.14)

3.1.10
SCSiI target port
class whose objects act, or an object that acts, as the connection between device servers and task mgnagers
and a gervice delivery subsystem through which requests, indications, responses, and confirmatipns are
routed (see 4.6.6)

3.1.10

SCSI transport protocol layer
protocdl and setvices used by a SAL (see 3.1.94) to transport data representing a SCSI application protocol
transagtion

3.1.106
SCSI transport protocol service confirmation
procedure call from the STPL notifying the SAL that a SCSI transport protocol service request has completed

3.1.107
SCSiI transport protocol service indication
procedure call from the STPL notifying the SAL that a SCSI transport protocol transaction has occurred

3.1.108
SCSI transport protocol service request
procedure call to the STPL to begin a SCSI transport protocol service transaction
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3.1.109

SCSI transport protocol service response

procedure call to the STPL containing a reply from the SAL in response to a SCSI transport protocol service
indication

3.1.110
SCSI transport protocol specific
implementation of the referenced item is defined by a SCSI transport protocol standard

3.1.111
sender
client of server that originates a service delivery transaction

3.1.11

sense flata
data refturned to an application client in the same |_T_L_Q nexus transaction (see 3!4.50) as a CHECK
CONDITION status (see 5.13); fields in the sense data are referenced by name in this-standard; see| SPC-4
for a cqmplete sense data format definition; sense data may also be retrieved using the REQUEST BENSE
command (see SPC-4)

3.1.11
sense key
SENSE KEY field in the sense data (see 3.1.112 and SPC-4)

3.1.11
server
entity that performs a service on behalf of a client

3.1.115
servicl
any opgration or function performed by a SCSI object that is invoked by other SCSI objects

3.1.116
servicl delivery failure
any nom-recoverable error causing the-corruption or loss of one or more service delivery transactions Wwhile in
transit

3.1.117
servicg delivery subsystem
class whose objects are, jor an object that is, part of a SCSI I/O system that transmits service requepts to a
logical unit or SCSl.arget device and returns logical unit or SCSI target device responses to a SCSI finitiator
device [see 4.6.3)

3.1.119

standard INQUIRY data

data returned to an application client as a result of an INQUIRY command (see SPC-4) with the EVPD bit set to
zero; fields in the standard INQUIRY data are referenced by name in this standard

3.1.120
target port identifier
value by which a SCSI target port is referenced within a domain (see 4.6.6)
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3.1.121

target port name

name (see 3.1.70) of a SCSI target port that is world wide unique within the SCSI transport protocol of the
SCSI domain of that SCSI target port (see 4.6.5); the name may be made available to other SCSI devices or
SCSI ports in that SCSI domain in SCSI transport protocol specific ways (see 4.6.6)

3.1.122
task
synonymous with command (see 3.1.17 and Annex C)

3.1.123
task attribute
attribute of a command (see 3.1.17) that specifies the processing relationship of a command with)rggard to
other cpmmands in the task set (see 3.1.129) (see 8.6)

3.1.12

task management function
task manager service capable of being requested by an application client to affect\the processing of one or
more cpmmands (see clause 7)

3.1.12!1a

task management request
reques{ submitted by an application client, invoking a task management function to be processed by a task
manager

3.1.126
task mpnagement response
response returned to an application client by a task manager on completion of a task management request

3.1.127
task mpnager
class whose objects control, or an object that‘controls the sequencing of commands and processgs task
managg¢ment functions (see 4.6.21)

ter
class whose objects route, or an-object that routes commands and task management functions betjveen a

class whose objects-are, or an object that is, a group of commands within a logical unit, whose interdction is

transaction
cooperative interaction between two entities, involving the exchange of information or the processing of some
request by one entity on behalf of the other

3.1.131

unconfirmed SCSI transport protocol service

service available at the SCSI transport protocol service interface that does not result in a completion confir-
mation (see 4.10)
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3.1.132

well known logical unit

class whose objects are each, or an object that is, a logical unit that only performs specific functions; well
known logical units allow an application client to issue requests to receive and manage specific information
relating to a SCSI target device (see 4.6.25)

3.1.133
well known logical unit number
LUN that identifies a well known logical unit (see 4.7.11)

3.2 Agronyms
AC Auto Contingent Allegiance (see 3.1.8)
AD[C-2 Automation/Drive Interface - Commands - 2
ADJT-2 Automation/Drive Interface Transport Protocol - 2
C Command Descriptor Block (see 3.1.18)
C Command Reference Number
FCP-4 SCSI Fibre Channel Protocol - 4
iSgsSl Internet SCSI (see RFC 3720, http://www.ietf.org/rfc/rfc3720,txt)
IS Organization for International Standards
LU Logical Unit Number (see 3.1.66)
n/a Not Applicable
RAID Redundant Array of Independent Disks
SA SCSI application layer (see 3.1.94)

SAB-2 Serial Attached SCSI - 2
SAM-2 SCSI Architecture Model - 2
SAM-3 SCSI Architecture Model - 3
SB[C-3 SCSI Block Commands - 3
SBP-3 Serial Bus Protocol - 3

SCBI The architecture defined by thetSCSI family of standards
SPLC-4 SCSI Primary Commands -3

SR SCSI RDMA Protocol

STPL SCSI transport protocol layer (see 3.1.105)

VP Vital Product Data:(§ee SPC - 4)

W-LUN Well known logi€ab unit number (see 3.1.133)

UML Unified Modeling Language

device

3.3.2
mandatory
keyword indicating an item that is required to be implemented as defined in this standard

3.3.3

may

keyword that indicates flexibility of choice with no implied preference; may is synonymous with the phrase
"may or may not"
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3.34

may not

keyword that indicates flexibility of choice with no implied preference; may not is synonymous with the phrase
"may or may not"

3.3.5
obsolete
keyword indicating that an item was defined in prior SCSI standards but has been removed from this standard

3.3.6
option ional

keywords that describe features that are not required to be implemented by this standard; howevef, if any
optiongl feature defined by this standard is implemented, then it shall be implemented as defined in this
standa

3.3.7
prohibjted
keyworf used to describe a feature, function, or coded value that is defined in a a-ion-SCSI standarq (i.e., a
standafd that is not a member of the SCSI family of standards) to which this stahdard makes a nofmative
reference where the use of said feature, function, or coded value is not allowed for implementationg of this
standand

3.3.8
reserved
keyworf referring to bits, bytes, words, fields, and code values,that are set aside for future standardizgtion; a
reservgd bit, byte, word, or field shall be set to zero, or in accordance with a future extension to this stindard;
recipients are not required to check reserved bits, bytes, words, or fields for zero values; receipt of r¢served
code values in defined fields shall be reported as an error.

3.3.9
shall
keyword indicating a mandatory requirement; designers are required to implement all such mandatory
requirements to ensure interoperability with.other products that conform to this standard

3.3.10

should
keywond indicating flexibility of €hoice with a strongly preferred alternative; equivalent to the phrage "it is
strongly recommended"

3.3.11

vendol specific
specifidation of theseferenced item is determined by the SCSI device vendor

3.4 Editorial conventions

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

Upper case is used when referring to the name of a numeric value defined in this specification or a formal
attribute possessed by an entity. When necessary for clarity, names of objects, procedure calls, arguments or
discrete states are capitalized or set in bold type. Names of fields are identified using small capital letters
(e.g., NACA bit).

Names of procedure calls are identified by a name in bold type, such as Execute Command (see clause 5).
Names of arguments are denoted by capitalizing each word in the name. For instance, Sense Data is the
name of an argument in the Execute Command procedure call.
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Quantities having a defined numeric value are identified by large capital letters. CHECK CONDITION, for
example, refers to the numeric quantity defined in table 33 (see 5.3.1). Quantities having a discrete but
unspecified value are identified using small capital letters. As an example, COMMAND COMPLETE, indicates a
quantity returned by the Execute Command procedure call (see clause 5). Such quantities are associated
with an event or indication whose observable behavior or value is specific to a given implementation standard.

Lists sequenced by lowercase or uppercase letters show no ordering relationship between the listed items.

EXAMPLE 1 The following list shows no relationship between the colors named:

a)

red, specifically on e of the following colors:

b)
c)

Lists se

1)
2)
3)

If a confflict arises between text, tables, or figures, the order of precedénce to resolve the conflicts is te
and finally figures. Not all tables or figures are fully described in the text. Tables show data forn

tables;
values.

Notes ¢
this sta

3.5 Numeric conventions

A bina
Wester
spaces
(e.g., 0

A hexa
Wester
by a Ig
repres
B_FD8

A deci
Wester|

quenced by numbers show an ordering relationship between the listed items.

EKAMPLE 2 The following list shows a relationship between the colors named:

hdard.

'y number is represented in thisistandard by any sequence of digits consisting of o
n-Arabic numerals 0 and 1 immediately followed by a lower-case b (e.g., 0101b). Undersc

decimal number is represented in this standard by any sequence of digits consisting of @
h-Arabic numerals, Othrough 9 and/or the upper-case English letters A through F immediately f

mal number is represented in this standard by any sequence of digits consisting of o
N-Arabic numerals 0 through 9 not immediately followed by a lower-case b or lower-case h (e.d

This standard uses the following conventions for representing decimal numbers:

A)—CriRsoR—or
B) amber;
blue; or

green.

top
middle; and
bottom.

o not constitute any requirements for implementors and notes are numbered consecutively thrg

xt: then
nat and

ughout

nly the
ores or

may be included in binary number representations to increase readability or delineate field boundaries

0101 1010b or 0_0101_10610b).

a)
b)
c)
d)

Table 1

nly the

pllowed

umber

wer-case h (e/g.-FA23h). Underscores or spaces may be included in hexadecimal 1
entations tonincrease readability or delineate field boundaries (e.g., B FD8C FAR3h or
C_FA23h).

hly the
., 25).

the decimal separator (i.e., separating the integer and fractional portions of the number) is a period;

the thousands separator (i.e., separating groups of three digits in a portion of the number) is a

space;

the thousands separator is used in both the integer portion and the fraction portion of a number; and

the decimal representation for a year is 1999 not 1 999.

shows some examples of decimal numbers using various conventions.
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French English This standard
0,6 0.6 0.6
3,141 592 65 | 3.14159265 3.141 592 65
1000 1,000 1000
1323 462,95 | 1,323,462.95 1323 462.95

3.6 Notation conventions

3.6.1.1

3.6.1 U[VIL notation conventions
N

otation conventions overview

This standard uses class diagrams and object diagrams with notation that,is based on the Unified Mpdeling
Langudge (UML).

See 3.4
See 3.4

3.6.1.2

Class g

Constraint and note conventions

are infgrmative.

Table 2

.1.3 for the conventions used for class diagrams.

.1.4 for the conventions used for object diagrams.

shows the notation used for constraints and notes.

Table*2— Constraint and note notation

iagrams and object diagrams may include constraints, which specify requirements, and noteq, which

Notation Description
{Constraint text} The presence of the curly brackets (i.e. {}) defines a constraint that is a
normative requirement. An example of a constraint is shown in figyre 3.

nte text The absence of curly brackets defines a note that is informative. An
example of a note is shown in figure 4.
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3.6.1.3 Class diagram conventions

Table 4 shows the notation used for classes in class diagrams.

Table 3 — Class diagram notation for classes

Notation Description
Class Name Class Name Class Name A_class with no attributes or
operations.
Class Name Class Name
Attribute01[1] Attribute01[1] A class .with attribut¢s and
Attribute02[1] Attribute02[1] no operations.
Class Name
A class with operatiohs and
Operation01() no attributes.
Operation02()
Class Name
Attribute01[1] A class with attribut¢s and
Operation01()
Operation02()
Class(Name
Attribute@1[1..*] A class with attributes that
Attribute02[1] have a specified multiplicity
Opefation01() (see table 4) and opefations.

Operation02()
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Table 4 shows the notation used to indicate multiplicity class diagrams.

Table 4 — Multiplicity notation

Notation | Description
sp:c?;ied The number of instances of an attribute is not specified.
1 Qne instance of the class or attribute exists
0..* Zero or more instances of the class or attribute exist.
1.* One or more instances of the class or attribute exist.
0..1 Zero or one instance of the class or attribute exists.
n..m n to m instances of the class or attribute exist (e.g., 2..8).
X, n..m Multiple disjoint instances of the class or attribute exist (e.g{, 2, 8..15).
a|See figure 2 and figure 3 for examples of multiplicity notation.

Table 5[shows the notation used to denote association (i.e., “knows about”) relationships between clagses.

Unless|the two classes in an association relationship alsg have an aggregation relationship, assgciation

relationships have multiplicity notation (see table 4) at eachéend of the relationship line.

Table 5 — Class diagram notation for associations

Notation

Description

association_name

ClasslA & >|I Class B Class A knows about Class B (i.e., read as “Class A
1 * oY association_name Class B”) and Class B knows about
"\ ’ Class A (i.e., read as “Class B association name Class
A”).
Multiplicity-notation )
| Class B knows about Class A (i.e., read as “Class B
@A_l\ @I knows about Class A”) but Class A does ngt know

0..1

about Class B.

role name

Class A knows about Class B (i.e., read as “Class A

Class A |

0.* 0..1

\lq Class B

USes the Tole name attribute of Ciass By but Class B
does not know about Class A.

Note - The use of role names and association names is optional.

See figure 2 for examples of association relationships between classes.
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Class A

Attribute 01[1]
Attribute 02[1]

Operation 1()

association name

0..1

1.%

Class D

-31-

Class C

Attribute 01[1]

Attribute aa[1]

Class B

0..1

Attribute 02[1]

Attribute 03[1]

Table 6[shows the notation used to denote aggregation (i.e., “is a part of’ or “contains?) relationships b

0.”
0..1

Attribute cc

‘:lass E

Attribute cc[1]

Figure 2 — Examples of association relationships in class diagrams

etween

classeq. The aggregation relationship is a specific type of association and alwaystineclude multiplicity potation
(see table 4) at each end of the relationship line.

Table 6 — Class diagram notation for aggregations

Notation Description

WHol Part .
I:EIO . . 2 The Part class is part of the Whole class apd may
0. 0. continue to exist even if the Whole class is r¢gmoved

k f (i.e, read as “the whole contains the part”).
Multiplicity notation

The Part class is part of the Whole class, shgll only
WHole Part belong to one Whole class, and shall not continue to
exist if the Whole class is removed (i.e., read |as “the

1 0.*

whole contains the part”).

See figure 3 for examples of aggregation relationships between classes.

Whole Part A 0.* Whole
Attribute,0:4[1] , Attribute 01[1]
Attributé.02[1] Attribute A[TT |~ Attribute 02[1]

Operation 1() ///
* 2 ) o
- {("nncfmim‘ hetween B ______ 1_ — 1
0..1 associations} 1% 1.*
Part
Part B Part C

Attribute 03[1]

Attribute B[1]

Attribute C[1]

Figure 3 — Examples of aggregation relationships in class diagrams

Table 7 shows the notation used to denote generalization (i.e., “is a kind of”) relationships between classes.
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Table 7 — Class diagram notation for generalizations

Notation Description

Subclass is a kind of superclass. A subclass shares all
the attributes and operations of the superclass (i.e., the
subclass inherits from the superclass).

Subclass

See figlire 4 for examples of generalization relationships between classes.

Single superclass/single subclass: Multiple superclasses/single‘subclass

(i.e., muliple inheritance):

Superclass

Attribute 01[1]
Attribute 02[1]

Superclass A

Attribute 1A[1]

|

Attribute 2A[1]

Subclass A

A

Superclass B

Attribute 1B[1]
Attribute 2B[1]

A

Attribute 03[1]

Subclass B

Attribute 04[1]

Single superclass/multiple subclasses:

Superclass
Attribute 01[1] N
Attribute 02[1] There is no significance to
________ generalizations that are
ZT_ —————————— ZP "'—_______—-‘—-—’ combined or not combined.
Subclass A Subclass B Subclass C
Attribute A[1] Attribute B[1] Attribute C[1]

Figure-4 — Example of generalization relationships in class diagrams

Table 8 shows the notation used to denote dependency (i.e., “depends on”) relationships between clagses.

Table 8 — Class diagram notation for dependency

Notation Description

Class A depends on class B. A change in class B ma
———————————————————— i ° '

cause a change in class A.

See figure 5 for an example of a dependency relationship between classes.
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Dependent-----------------—- Independent

Figure 5 — Example of a dependency relationship in class diagrams

3.6.1.4 Object diagram conventions

Table 9 shows the notation used for objects in object diagrams.

Table 9 — Object diagram notation for objects

Notation

Description

label : Class Name Notation for a named object with.no attributes.

label : Class Name

Attribute01 = x
Attribute02 =y

Notation for a named-object with attributes.

- Class Name Notatienfor a anonymous object with no attributes.

: Class Name

Attribute01 = x
Attribute02 =y

Notation for a anonymous object with attributes.

Table 10 shows the notation used to denote link relationship between objects.

Table 10 — Object diagram notation for link

Notation

Description

A tncianca of on oo atian-babwmean—aobiaet

: Object AT

|| : Oblect B \7 I. MToWATTUL  UT AT Aoouvuuiauauvurlr U\JI.‘V‘VU\JII UUJ\:U\.
[ blect B | object B.

A and
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See figure 6 for examples of a link relationships between objects.

: Class A : Class Aa
Attribute 01 = round Attribute 01 = true
Attribute 02 = red Attribute 02 = 55902
O1:Class a A1 : Class aa B1 : Class bb C1: Class cc
Attribute O3 = soit Attribute aa = rain Attribute cc = USA

Figure 6 — Examples of link relationships for object diagrams

3.6.2 Nptation for procedure calls

In this
interfag

[Re
Where:

(o]l

This ng
proced

es are specified using the following notation:
sult =] Procedure Name (IN ( [input-1] [,input-2] ...), OUT ( [outpuf-1] [,output-2] ... ))

Result: A single value representing the outcomé-of the procedure call.
Procedure Name: A descriptive name for the function modeled by the procedure call.
Input-1, Input-2, ...: A comma-separated list of names ‘identifying caller-supplied input argum

tput-1, Output-2, ...: A comma-separated list of names identifying output arguments to be retu
the procedure call.

"[...]": Brackets enclosing optional or conditional arguments.

Iire call specification:

Fodind = Search (IN (Pattern, Item List), OUT ([Item Found]))

Where:
Found = Flag
Flag, if setio'one, indicates that a matching item was located.
Input Afguments:
Pattern = ... /) /*'Definition of Pattern argument */

Argument containing the search pattern.

Ite||n List= Item<NN> /* Definition of Item List as an array of NN Item arguments*/

standard, the model for functional interfaces between entities is a procedure'\call (see 3.1.83

. Such

ents.

rned by

tation allows arguments to be specified as inputs and outputs. The following is an example of a

o P 41 4 ot 1 I P
LU Aairs i 1elmis U DT STarClicu 101 d 1Tidtull.

Output Arguments:
Item Found = Item ... /* Item located by the search procedure call */
This argument is only returned if the search succeeds.
3.6.3 Notation for state diagrams

All state diagrams use the notation shown in figure 7.
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S0: State 0 S1: State 1
Actions taken on entry to SO Actions taken on entry to S1
— S0:S1

Transition from SO to S1

¥ S0:S0 _»4 S$1:S0 —

T ition f SO to it If\ Transition from S1 to SO
ransition from o itse

Transition labels

Figure 7 — Example state diagram

The stgte diagram is followed by a list of the state transitions using the transition labels. Each transition is
described in the list with particular attention to the conditions that cause the transition to occur and|special
conditigns related to the transition. Using figure 7 as an example, the fransition list reads as follows:

Transifion S0:S1: This transition occurs when state SO is exited and'state S1 is entered.
Transifion S$1:S0: This transition occurs when state S1 is exitéd and state SO is entered.

Transifion S0:S0: This transition occurs when state SO transitions to itself. The reason for a transitipn from
SO0 to ifself is to specify that the actions taken whenever state SO is entered are repeated every time the
transitigpn occurs.

A system specified in this manner has the following.properties:

a) | time elapses only within discrete states;
b) | state transitions are instantaneous;.and
c) |every time a state is entered; tbe actions of that state are started. Note that this meang that a
transition that points back to the same state restarts the actions from the beginning.
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4 SCSI architecture model

4.1 Introduction

The purpose of the SCSI architecture model is to:

a) provide a basis for the coordination of SCSI standards development that allows each standard to be
placed into perspective within the overall SCSI architecture model;

b) establish a layered model in which standards may be developed;

C) rprovide-acommonteference-formaintaining-consistency-amongretated-standards—end

d) | provide the foundation for application compatibility across all SCSI interconnect and SCSI-transport

protocol environments by specifying generic requirements that apply uniformly to all implementation

standards within each functional area.

The deyelopment of this standard is assisted by the use of an abstract model. To specify the external behavior
of a SGSI system, elements in a system are replaced by functionally equivalent compogents within thisimodel.
Only externally observable behavior is retained as the standard of behavior. The\description of internal
behavi¢r in this standard is provided only to support the definition of the observable aspects of thelmodel.
Those pspects are limited to the generic properties and characteristics needed for host applicafions to
interoperate with SCSI devices in any SCSI interconnect and SCSI transpert protocol environmeht. The
model goes not address other requirements that may be essential to some™N/O system implementations (e.g.,
the mapping from SCSI device addresses to network addresses, the proeedure for discovering SCSI fevices
on a ngtwork, and the definition of network authentication policies fer'SCSI initiator devices or SCS| target
deviceg). These considerations are outside the scope of this standard.

The st of SCSI standards specifies the interfaces, functions, and operations necessary to pnsure
interoperability between conforming SCSI implementations. This standard is a functional descfiption.
Conforming implementations may employ any design technique that does not violate interoperability.

The S¢SI architecture model is described in termissof classes (see 3.1.13), protocol layers, and pervice
interfages between classes. As used in this standard, classes are abstractions, encapsulating a set of|related
functiops (i.e., attributes), operations, data types, and other classes. Certain classes are defined by SCSI
(e.g., an interconnect), while others are-heeded to understand the functioning of SCSI byt have
implementation definitions outside the s¢ope of SCSI (e.g., a command). These classes exhibit well-defined
and obgervable behaviors, but they do _not exist as separate physical elements. A class may contain a single
attribute or be a complex entity thatumay:

a) | contain multiple attributes; or
b) | perform a set of operations or services on behalf of another class.

Servicq interfaces are defined between distributed classes and protocol layers. The template for a dis}ributed
servicelinterface is the.client-server model described in 4.3. The structure of a SCSI I/O system is spetified in
4.5 by defining the relationship among classes. The set of distributed services to be provided are spegified in
clause p and clause 7.

ments that apply to each SCSI transport protocol standard are specified in the SCSI transport protocol
layers,

Requir
servicel model described in 5.4, 6.4, and 7.12. The model describes required behavior in terms of
classes within layers an Fansport protocol Service ransactions between layers.

4.2 Compliance Requirements

As shown in figure 8, all SCSI implementation standards shall reflect the generic requirements defined herein.
In addition, an implementation claiming SCSI compliance shall conform to the applicable implementation
requirements defined in this standard and the appropriate SCSI implementation standards. In the event of a
conflict between this standard and other SCSI standards, the requirements of this standard shall apply.
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SCSI Architecture Model - 4 (SAM-4)

Y Y Y

SCSI Implementation SCSI Implementation SCSI Implementation
Standard Standard e 0p Standard
Key: \ Y /
Generic Implementation
Requirements Requirements SCSI
€----- < Implementation

Figure 8 — Requirements precedence

4.3 The SCSI distributed service model

Servicq interfaces between distributed classes are represented by the client-server model shown in flgure 9.
Dashed horizontal lines with arrowheads denote a single‘request-response transaction as it appears to the
client gnd server. The solid lines with arrowheads indicate the actual transaction path through a gervice
deliverly subsystem. In such a model, each client or server is a single thread of processing that runs
concurtently with all other clients or servers.

SCSl Initiator SCSI Target
Device Device

Client-Server Transaction

Client Server
_ __ __ ServerRequest 0
< __ ServerResponse >
L A _ __ ProtocolService __peg’
Interface
SCSI SCSI
Initiator Target
Port Port

Service Delivery Subsystem

Figure 9 — Client-server model

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


https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

-38 - 14776-414 © ISO/IEC:2009(E)

requests to a remote server via the SCSI initiator port and service delivery subsystem and receives a
completion response or a failure notification. The request identifies the server and the service to be performed
and includes the input data. The response conveys the output data and request status. A failure notification
indicates that a condition has been detected (e.g., a reset or service delivery failure) that precludes request
completion.

As seen by the client, a request becomes pending when it is passed to the SCSI initiator port for transmission.
The request is complete when the server response is received or when a failure notification is sent. As seen
by the server, the request becomes pending upon receipt and completes when the response is passed to the
SCSI target port for return to the client. As a result there may be a time skew between the server and client's
perception of request status and server state.

Client-gerver relationships are not symmetrical. A client only originates requests for service. A serJer only
respondls to such requests.

The client requests an operation provided by a server located in another SCSI device and whits for
completion, which includes transmission of the request to and response from the remaqte\server. Ffom the
client's point of view, the behavior of a service requested from another SCSI device is indistinguishablg from a
request processed in the same SCSI device. In this model, confirmation of successfut'request or response
delivery by the sender is not required. The model assumes that delivery failures.are detected by the SCSI
initiator port or within a service delivery subsystem.

4.4 The SCSI client-server model

4.4.1 SCSI client-server model overview

As shown in figure 10, each SCSI target device provides¢services performed by device servers apd task
management functions performed by task managers. ‘AMogical unit is a class that implements on¢ of the
device functional models described in the SCSI command standards and processes commands (e.g., feading
from or writing to the media). Each command definés a unit of work to be performed by the logical ynit that
may bel externally referenced and controlled through requests issued to the task manager.

Q Logical
Unit
icati Device Service Request
Apgllllcattlon | bevice cervice e quest o Device
S Device Service Response ||| Server
Task Management Request VRN
- — - - gementTedt —» Task i
|/ E_sk Management Response || Manager| | [°
____/ N
oL Ol ool
Initiator Device Target Device

Figure 10 — SCSI client-server model

All requests originate from application clients residing within a SCSI initiator device. An application client is
independent of the interconnect and SCSI transport protocol (e.g., an application client may 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 interconnect or SCSI transport protocol).

As described in 4.3, each request takes the form of a procedure call with arguments and a status to be
returned. An application client may request processing of a command or a task management function through
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a request directed to the device server within a logical unit. Device service requests are used to request the
processing of commands (see clause 5) and task manager requests are used to request the processing of
task management functions (see clause 7).

4.4.2 Synchronizing client and server states

One way a client is informed of changes in server state is through the arrival of server responses. Such state
changes occur after the server has sent the associated response and possibly before the response has been
received by the SCSI initiator device (e.g., the SCSI target device changes state upon processing the Send
Command Complete procedure call (see 5.4.2), but the application client is not informed of the state change
until th mpl Recei | tran | i nfirmati i

SCSI tiansport protocols may require the SCSI target device to verify that the response has beenrg¢ceived
withou{ error before completing a state change. State changes controlled in this manner are) said to be
synchrpnized. Since synchronized state changes are not assumed or required by the SCSVarchitecture
model, there may be a time lag between the occurrence of a state change within the SCSIMarget device and
the SCHI initiator device’s awareness of that change.

This stBndard assumes that state synchronization, if required by a SCSI transport protocol stanglard, is
enforced by a service delivery subsystem transparently to the server (i.e., whenéver the server inJyokes a
SCSI transport protocol service to return a response as described in 7.12 and/5 4. It is assumed that tHe SCSI
port fo such a SCSI transport protocol does not return control to the server until the response hgds been
delivergd without error to the SCSI initiator device).

4.4.3 Request/Response ordering

Request or response transactions are said to be in order if,relative to a given pair of sending and rgceiving
SCSiI pprts, transactions are delivered in the order they wete sent.

A sendgr may require control over the order in which its'\requests or responses are presented to the receiver
(e.g., the sequence in which requests are received is>often important whenever a SCSI initiator devicq issues
a serie$ of commands with the ORDERED task attribute to a logical unit as described in clause 8). In th{s case,
the ordgr in which these commands are completed, and hence the final state of the logical unit, may fdepend
on the ¢prder in which these commands are received. The SCSI initiator device may develop knowledge about
the stafe of commands and task management functions and may take action based on the natdyre and
sequerce of SCSI target device responses (e.g., a SCSI initiator device should be aware that|further
responges are possible from an abhorted command because the command completion response may be
delivered out of order with respect {o the abort response).

The mgnner in which ordering.constraints are established is vendor specific. An implementation may delegate
this regponsibility to thecapplication client (e.g., the device driver). In-order delivery may be an iptrinsic
properfy of a service delivery subsystem or a requirement established by the SCSI transport protocol
standaid.

The order in which'task management requests are processed is not specified by the SCSI architecturel model.
The S{SI arehitecture model does not require in-order delivery of such requests or processing by the task
manager in'the order received. To guarantee the processing order of task management requests refefencing
a specific.Jogical unit, an application client should not have more than one such request pending to that logical
unit.

To simplify the description of behavior, the SCSI architecture model assumes in-order delivery of requests or
responses to be a property of a service delivery subsystem. This assumption does not constitute a
requirement. The SCSI architecture model makes no assumption about and places no requirement on the
ordering of requests or responses for different |_T nexuses.

4.5 The SCSI structural model

The SCSI structural model represents a view of the classes in a SCSI I/O system as seen by the application
clients interacting with the system. As shown in figure 11, the fundamental class is the SCSI Domain class that
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represents an 1/O system. A SCSI domain is made up of SCSI devices and a service delivery subsystem that
transports commands, data, task management functions, and related information. A SCSI device contains
clients or servers or both and the infrastructure to support them.

N I/O System 7

Service Delivery Subsystem

SCSI Device SCSI Device SCSI Device SCSI Device
R o M _ _ _ __

Figure.1 — SCSI I/O system and domain model
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4.6 SCSI classes

4.6.1 SCSI classes overview

Figure 12 shows the main functional classes of the SCSI domain. This standard defines these classes in
greater detail.

SCSI Domain
1 ? 1.*
1 1.%
Service Delivery Subsystem SCSI Device
1 T 1 1 T
0..1 1 * 0..1
SCSI Target Device SCSI Port SCSI Initiator Device

¢ ¢ ¢
1 1 1 1 1 1
Level 1 Hierarchical Logical Unit

9
1.* 1.* 0 0..1 1.* 1.*

1

|_ogical Unit L SCSl.Target Port SCSiI Initiator Port Application Cli¢nt
§ $ Bl
1 1 routes to 1 1.0 1.7
routes to

1

Task Router

1.*

Device Server

Task Manager

1
Figure 12 — SCSI Domain class diagram overview
4.6.2 SCSI Domain class

The SCSI Domain class (see figure 13) contains the:

a) Service Delivery Subsystem class (see 4.6.3); and
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b) SCSI Device class (see 4.6.4).

SCSI Domain

A8

1.%
SCSI Device
1 1
1.2
Service Delivery Subsystem transports information between SCSI Port

1 2.7

Figure 13 — SCSI Domain class diagram

Each instance of a SCSI Domain class shall contain the following ‘objects:

a) | one service delivery subsystem;
b) | one or more SCSI devices; and
c) | one or more SCSI ports.

See figpre 14 for the instantiation of the minimum-set-of objects that make up a valid SCSI domain.

(@) - SCSI Domain

A : SCSI Device B : SCSI Device
A1S : SCSFPort  Service Delivery Subsystem B1S : SCSI Port

Figure 14 — SCSI domain object diagram

The boundaries of a SCSI domain are established by the system implementor, within the consfraints of a
specific SCSI transport protocol and associated interconnect standards.

4.6.3 Service Delivery Subsystem class

The Service Delivery Subsystem class (see figure 13) connects all the SCSI ports (see 3.1.101) in the SCSI
domain, providing a mechanism through which application clients communicate with device servers and task
managers.

A service delivery subsystem is composed of one or more interconnects that appear to a client or server as a
single path for the transfer of requests and responses between SCSI devices.


https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

14776-414 © ISO/IEC:2009(E) -43 -

A service delivery subsystem is assumed to provide error-free transmission of requests and responses
between client and server. Although a device driver in a SCSI implementation may perform these transfers
through several interactions with its STPL, the SCSI architecture model portrays each operation, from the
viewpoint of the application client, as occurring in one discrete step. The request or response is:

a) considered sent by the sender when the sender passes it to the SCSI port for transmission;

b) in transit until delivered; and

c) considered received by the receiver when it has been forwarded to the receiver via the destination
SCSI device's SCSI port.

4.6.4 SCSI Device class

4.6.4.1|SCSI Device class overview

The S{SI Device class (see figure 15) contains the:

a) | SCSI Port class (see 4.6.5); and
b) | SCSI Initiator Device class (see 4.6.9), the SCSI Target Device class (see 4.6(14), or both.

SCSI Device
SCSI Device Name[0..*]

1.7 0..1 AN / 0..1

SCSI Port SCSiI Initiator Device \ / SCSI Target Devi¢e

{Each instance of a SCSI Device
class shall contain one SCSI
target device, one SCSI

initatior device, or both}

Figure 15 — SCSI Device class diagram

Each infstance of a SE€SI-Device class shall contain:

a) | one or more-SCSI ports; and
b) | one SE€Sltarget device, one SCSI initiator device, or both.

4.6.4.2|SCSI Device Name attribute

The SCSI Device Name attribute contains a name (see 3.1.70) for a SCSI device that is world wide unique
within the SCSI transport protocol of each SCSI domain in which the SCSI device has SCSI ports. For each
supported SCSI transport protocol, a SCSI device shall have no more than one (i.e., zero or one) SCSI
Device Name attribute that is not in the SCSI name string format (see SPC-4). A SCSI device shall have no
more than one (i.e., zero or one) SCSI Device Name attribute in the SCSI name string format regardless of
the number of SCSI transport protocols supported by the SCSI device. If a SCSI device has a SCSI Device
Name attribute in the SCSI name string format then the SCSI device should have only one SCSI Device
Name attribute. A SCSI device name shall never change and may be used for persistent identification of a
SCSI device in contexts where specific references to port names or port identifiers is not required.

A SCSiI transport protocol standard may require that a SCSI device include a SCSI Device Name attribute if
the SCSI device has SCSI ports in a SCSI domain of that SCSI transport protocol. The SCSI Device Name
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attribute may be made available to other SCSI devices or SCSI ports in a given SCSI domain in SCSI
transport protocol specific ways.

The SCSI device name for a SCSI target device may be reported in a target device name designation
descriptor in the Device Identification VPD page (see SPC-4). The SCSI device name for a SCSI initiator
device is reported by methods outside the scope of this standard.

4.6.5 SCSI Port class

4.6.5.1 SCSI Port class overview

The SGStPortTlass(see figure t6)contains the:

a) | SCSI Target Port class (see 4.6.6);
b) | SCSI Initiator Port class (see 4.6.7.1); or
c) | both.

SCSI Port
Relative Port Identifier[0..1]

¢ ]

> 1 1 -

{Each instance of a SCSI Port
class shall contain one SCS])
target port, one SCSI

initatior port, or both}

0..1

0..1

SCSI Target Port

Tafget Port Identifier[1]

Tafget Port Namel[0..1]

Send Data-In()

Rdceive Data-Out()

Tefminate Data Transfer()

Seind Command Complete()

Task Management Function Executed()

SCSiI Initiator Port

Initiator Port Identifier[1]
Initiator Port Name[0..1]

Send SCSI Command()
Send Task Management Request()

1
1

Task Router

Routé commands()
Route task management functions()

Figure 16 — SCSI Port class diagram

Each instance of a SCSI Port class shall contain:

a) one SCSI target port that shall contain:
A) one task router;

b) one SCSl initiator port; or

c) both.
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4.6.5.2 Relative Port Identifier attribute

The Relative Port Identifier attribute identifies a SCSI target port or a SCSI initiator port relative to other SCSI
ports in a SCSI target device and any SCSI initiator devices contained within that SCSI target device. A SCSI
target device may assign relative port identifiers to its SCSI target ports and any SCSI initiator ports. If relative
port identifiers are assigned, the SCSI target device shall assign each of its SCSI target ports and any SCSI
initiator ports a unique relative port identifier from 1 to 65 535. SCSI target ports and SCSI initiator ports share
the same number space.

The Device Identification VPD page (see SPC-4) and the SCSI Ports VPD page (see SPC-4) report relative
port identifiers.

The relgative port identifiers are not required to be contiguous. The relative port identifier for a SCSI p(l)rt shall
not change once assigned unless physical reconfiguration of the SCSI target device occurs.

4.6.6 SCSI Target Port class
4.6.6.1(SCSI Target Port class overview

The S{SI Target Port class (see figure 16) contains the Task Router class (see 4.6-8).
The S{SI Target Port class connects SCSI target devices to a service delivery subsystem.
The S{SI Target Port class processes the:

a) | Send Data-in operation (see 5.4.3.2.1) to send data to the service delivery subsystem;
b) | Receive Data-out operation (see 5.4.3.3.1) to receive data-from the service delivery subsystem;
) | Terminate Data Transfer operation (see 5.4.3.4) to terminate data transfers;

) | Send Command Complete operation (see 5.4.2.4),t0. transmit a command complete indicatiop to the
service delivery subsystem; and
e) | Task Management Function Executed operation'(see 7.12.4) to transmit a task management function
executed indication to the service delivery sybsystem.

4.6.6.2|Target Port Identifier attribute

The Tafget Port Identifier attribute containsa target port identifier (see 3.1.120) for a SCSI target port. The
target gort identifier is a value by which'a"SCSI target port is referenced within a domain.

The tafget port identifier may bexreported in a target port name designation descriptor in the Device
Identifi¢ation VPD page (see SP€-4). If a SCSI target port has a target port identifier and a target poft name
see SP[C-4 to determine which is reported.

4.6.6.3|Target Port Name attribute

unique within the_.SCSI transport protocol of the SCSI domain of that SCSI target port. A SCSI target port shall
have at magstione name. A SCSI target port name shall never change and may be used for pefsistent
identifigation ©of a SCSI target port.

A Targst'tv Port Name-attribute contains an optional name (see 3.1.70) of a SCSI target port that is wofld wide

A SCSI transport protocol standard may require that a SCSI target port include a SCSI target port name if the
SCSI target port is in a SCSI domain of that SCSI transport protocol. The SCSI target port name may be
made available to other SCSI devices or SCSI ports in the given SCSI domain in SCSI transport protocol
specific ways.

The target port name may be reported in a target port name designation descriptor in the Device Identification
VPD page (see SPC-4). If a SCSI target port has a target port identifier and a target port name see SPC-4 to
determine which is reported.
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4.6.7 SCSI Initiator Port class

4.6.7.1

SCSI Initiator Port class overview

The SCSI Initiator Port class (see figure 16) connects SCSI initiator devices to a service delivery subsystem.

The SCSI Initiator Port class processes the:

a)

b)

Send SCSI Command operation (see 5.4.2.2) to send a command to the service delivery subsystem;
and

Send Task Management Request operation (see 7.12.2) to send a task management request to the
service delivery subsystem.

4.6.7.2

The Ini
port idg

The inifiator port identifier is reported by methods outside the scope of this standard:

4.6.7.3

A Initiaf
unique
shall h{
identifiq
A SCS
the SC
be mag
specifig

The inifiator port name is reported by methods outside the scope of this standard.

4.6.8 Task Router class

The Ta

Initiator Port Identifier attribute

iator Port Identifier attribute contains the initiator port identifier for a SCSI initiator_port. The |nitiator
ntifier is a value by which a SCSI initiator port is referenced within a domain.

Initiator Port Name attribute

or Port Name attribute contains an optional name (see 3.1.70) of a.SESI initiator port that is wofld wide

within the SCSI transport protocol of the SCSI domain of that SCSI initiator port. A SCSI initigtor port

ve at most one name. A SCSI initiator port name shall never €hange and may be used for persistent
ation of a SCSl initiator port.

transport protocol standard may require that a SCSlnjtiator port include a SCSI initiator port hame if

S| initiator port is in a SCSI domain of that SCSI transport protocol. The SCSI initiator port namne may

e available to other SCSI devices or SCSI ports.in.the given SCSI domain in SCSI transport protocol
ways.

5k Router class (see figure 16) routes:

commands between a task-manager and a service delivery subsystem by processing thg Route
Command operation; and
task management fufctions between a task manager and a service delivery subsystem by progessing
the Route Task Management Functions operation.

k router routes commands and task management functions as follows:

commands“addressed to a valid logical unit are routed to the task manager in the specified logical

unit;

commands addressed to an incorrect logical unit are handled as described in 5.11;

task management functions with I_T_L nexus scope (e.g., ABORT TASK SET, CLEAR TASK SET,
A A K a¥a A -,

a A A -, Q -,

AR_A

or |_T_L_Q nexus scope (e.g., ABORT TASK and QUERY TASK) addressed to a valid logical unit are
routed to the task manager in the specified logical unit;

task management functions with an |_T nexus scope (e.g., |_ T NEXUS RESET) are routed to the task
manager in each logical unit about which the task router knows; and

task management functions with |_T L nexus scope or I|_T L Q nexus scope addressed to an
incorrect logical unit are handled as described in 7.12.

In some transport protocols, the task router may check for overlapped command identifiers on commands
(see 5.10).


https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

14776-414 © ISO/IEC:2009(E) - 47 -

4.6.9 SCSI Initiator Device class

A SCSI Initiator Device class (see figure 17) is a SCSI Device class that contains the Application Client class
(see 4.6.10).

SCSiI Initiator Device

¢

1
-

Application Client

Command Complete Received()
Regeived Task Managment Function Executed()

1 1
1 Puts application client commands into 0./
Vi
Application Client Task Set Application Client Task Management Functjon

Function Identifier[1]
Nexus[1]

1 Service/Response[1]
Additional Response Information[0..1]

0.”

Application Client Command
| T_L Q Nexus[1]

CDBI[1]

[ask Attribute[1]

Status[1]

Service Response[1]
Data-In Buffer[0..1]
Data-In Buffer Size[0..1]
Data-Out Buffer[0..1]
Data-Out Buffer Size[0.:1]
CRN[O0..1]

Command Priarity[0..1]
First Burst Enabled[0..1]
Sense Datal0..1]
Bense<Pata Length[0..1]
Btatus Qualifier[0..1]

Figure 17 — SCSiI Initiator Device class diagram

Each instance of a SCSI Initiator Device class shall contain the following objects:

a) one or more application clients that contain:
A) zero or more application client task management functions; and
B) one application client task set.

4.6.10 Application Client class

An Application Client class (see figure 17) contains the:

a) Application Client Task Management Function class (see 4.6.11); and
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b) Application Client Task Set class (see 4.6.12).

The Application Client class processes the:

a) Command Complete Received operation (see 5.4.2.5) to determine when a requested command has

completed; and

b) Received Task Management Function Executed operation (see 7.12.5) to determine when a

requested task management function has completed.

The Application Client class originates a command by issuing a Send SCSI Command request (see 5.4.2.2).
Issuing the Send SCSI Command request causes the Initiator Port class to create an Application Client
Command object that is placed into the application client task set. The Application Client Command object

d completes using the command lifetime (see 5.5), including the processing of a Command.Cq
Received operation.

The Agplication Client class originates a task management request by issuing a Send Task' Mana
request (see 7.12.2). An Application Client class determines when a task managementyrequest tha
originafed completes using the task management function lifetime information (séey7.11), includ
processging of a Received Task Management Function Executed operation.

The application client may request processing of a task management function for:

a) | a logical unit through a request directed to the task manager withinithe logical unit; or
b) | all logical units known by a task router through a request directed, to the task router within th
port.

The interactions between the task manager or a task router, and application client when a task mana
requesy is processed are shown in 7.13.

4.6.11 Application Client Task Management Function.class
4.6.11.1 Application Client Task Management Function class overview

The Application Client Task Management Function class (see figure 17) represents a SCSI task mana
function (see clause 7).

4.6.11.2 Function Identifier attribute

The Fupction Identifier attribute contains a function identifier (see 7.12).

4.6.11.3 Nexus attribute

The Nelixus attribute contains the nexus affected by the task management function (see 4.8).
4.6.11.4 Service Response attribute

The Sefvice Response attribute contains the service response (see clause 7).

tit has
mplete

jement
tit has
ng the

b target

jement

pement

4.6.11.5 Additional Response Information attribute

The Additional Response Information attribute, if any, contains any additional response information
task management function (see clause 7).

4.6.12 Application Client Task Set class

for the

The Application Client Task Set class (see figure 17) contains the Application Client Command class (see

4.6.13).

Each instance of an Application Client Task Set class shall contain the zero or more application client

commands object.


https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

14776-414 © ISO/IEC:2009(E) - 49 -

The interactions among the application client commands in an application client task set are not specified in
this standard.

4.6.13 Application Client Command class

4.6.13.1 Application Client Command class overview

The Application Client Command class (see figure 17) represents a request to a logical unit to do work (see
clause 5). A new command causes the creation of an application client command. The application client

command persists until a command complete response is received or until the command is completed by a
task management function or exception condition. For an example of the processing for a command see 5.7.

4.6.13.2 L_T_L_Q Nexus attribute
The I_T_L_Q Nexus attribute contains the |_T_L_Q nexus (see 4.8) of the command (see 5.4:2.2).
4.6.13.3 CDB attribute

The COB attribute contains a CDB (see 5.2 and SPC-4) that defines the work to be’performed by a logjcal unit
(see 5.4.2.2).

4.6.13.4 Task Attribute attribute

The Tapk Attribute attribute (see 8.6) contains the task attribute (e.g., SIMPLE task attribute, ORDERED task
attributgé, HEAD OF QUEUE task attribute, ACA task attribute) of a command (see 5.4.2.2).

4.6.13.5 Status attribute

The Stgtus attribute contains the status (see 5.3) of the.completed command (see 5.4.2.5)
4.6.13.6 Service Response attribute

The Sefvice Response attribute contains thg'service response for the completed command (see 5.4.2|5).
4.6.13.7 Data-In Buffer attribute

The Data-In Buffer attribute, if\any, contains the Data-In Buffer argument from an Execute Commmand
procedyre call (see 5.4.2.5).

4.6.13.8 Data-In Buffer Size attribute

The DIta—In Buffer-Size attribute, if any, contains the Data-In Buffer Size argument from an Hxecute
Command proeedure call (see 5.4.2.2).

4.6.13.1) Data-Out Buffer attribute

The Data-Out Buffer attribute, if any, contains the Data-Out Buffer argument from an Execute Command
procedure call (see 5.4.2.2).

4.6.13.10 Data-Out Buffer size attribute

The Data-Out Buffer Size attribute, if any, contains the Data-Out Buffer Size argument from an Execute
Command procedure call (see 5.4.2.2).

4.6.13.11 CRN attribute

The CRN attribute, if any, contains the CRN of the command (see 5.4.2.2).
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4.6.13.12 Command Priority attribute

The Command Priority attribute, if any, contains the priority (see 8.7) of the command (see 5.4.2.2).

4.6.13.13 First Burst Enabled attribute

14776-414 © ISO/IEC:2009(E)

The First Burst Enabled attribute, if any, specifies that first burst for the command is enabled (see 5.4.2.2).

4.6.13.14 Sense Data attribute
The Sen

4.6.13.15 Sense Data Length attribute

The Sense Data Length attribute, if any, contains the length of the sense data (see 5.13),.for the completed

commdnd (see 5.4.2.5).

4.6.13.16 Status Qualifier attribute

5.3.2 ahd 5.4.2.5).

4.6.14 BCSI Target Device class

tus Qualifier attribute, if any, contains additional status information for the completed command (see

The S{SI Target Device class (see figure 18) is a SCSI Device class that contains the Level 1 Hiergrchical

LogicallUnit class (see 4.6.15).

SCSI Target Device

1
1

Level 1-Hierarchical Logical Unit

0

1 1
0

Logical Unit ——

{Each instance of a Level 1
Hierarchical Logical Unit
class shall contain at least

. one logical unit or at least

one well know logical unit}

Well Known Logical Unit|

Figure 18 — SCSI Target Device class diagram

Each instance of the SCSI Target Device class shall contain one level 1 hierarchical logical unit object that

contains the following objects:

a) atleast one logical unit or well known logical unit;
b) zero or more logical units; and
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c) zero or more well known logical units.
4.6.15 Level 1 Hierarchical Logical Unit class

The Level 1 Hierarchical Logical Unit class (see figure 18 and figure 19) contains the:

a) Logical Unit class (see 4.6.19);
b) Well Known Logical Unit class (see 4.6.25); and
c) Level 2 Hierarchical Logical Unit class (see 4.6.16).

Level 1 Hierarchical Logical Unit

1
1 0..* 1

Level 2 Hierarchical Logical Unit

0.1 0.* | 0.1

Level 3 Hierarchical Logical Unit

Level 4 Hierarchical Logical Unit

o1

{Each instance of a Level 1 Hierarchical Logical Unit class, Level 2
Hierarchical Logical Unit class, Level 3 Hierarchical Logical Unit
class, and Level 4 Hierarchical Logical Unit class shall contain at
0" least one logical unit or at least one well know logical unit}

Logical Unit

Well Known Logical Unit

Figure 19 — Level 1 Hierarchical Logical Unit class
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Each instance of a Level 1 Hierarchical Logical Unit class shall contain the following objects:

a)
b)
a)
b)

c)
d)

at least one logical unit or well known logical unit;
zero or more logical units;

zero or more well known logical units;

zero or more level 2 hierarchical logical units;
zero or more level 3 hierarchical logical units; or
zero or more level 4 hierarchical logical units.

Logical units and well known logical units at each level in the hierarchical logical unit structure are referenced

by one

a)
b)
c)
d)

All peri
entities
by an g
Within
device

a)

b)

When ysing the peripheral device addressing method or the lggical unit address method the SCSI d

access
attachdg
used as

When |
assign
anothe

4.6.16

The Le
a)
b)
c)

The Le

hierarc|

All logi
Depend

of the following address methods:

rperipherat device adaress method(See 4.7.7);

flat space addressing method (see 4.7.8);

logical unit address method (see 4.7.9); or

extended logical unit addressing method (see 4.7.10).

bheral device addresses, except LUN 0 (see 4.7.4), default to vendor specific values. All addr
except well known logical units (see 4.6.25), may default to vendor specific vdlugs or may be
pplication client (e.g., by the use of SCC-2 configuration commands).

he hierarchical logical unit structure there may be SCSI devices each of ' which contain a SCS
hat:

has multiple logical units that are accessible through SCSI target\ports in one SCSI domain; 4
transfer SCSI operations to a SCSI target device in another”SCSI domain through a SCSI
device and its associated SCSI initiator ports.

bd by these SCSI initiator ports are referred to as buses. A SCSI target device that has SCSI
d to these buses shall assign numbers, other than‘zero, to those buses. The bus numbers s
components of the LUNs to the logical units attached to those buses, as described in 4.7.7 an

sing the peripheral device addressing methad or the logical unit address method SCSI devic
@ bus number of zero to all the logical units within the SCSI target device that are not conng
SCSI domain.

_evel 2 Hierarchical Logical Unitclass

el 2 Hierarchical Logical Unit-Class (see figure 19) contains the:

Logical Unit class;
Well Known LogicakUnit class; and
Level 3 Hierarchical Logical Unit class (see 4.6.17).

vel 2 Hierarchieal Logical Unit class is a Hierarchical Logical Unit class placed at level 2 wi
hical logicalunit structure.

cal unitssand well known logical units contained within level 2 hierarchical logical unit shall
ent Logical Unit attribute (see 4.6.19.4).

pssable
defined

| target
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Hevices
hall be
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4.6.17

_evel 3 Hierarchical Logical Unit class

The Level 3 Hierarchical Logical Unit class (see figure 19) contains the:

a)
b)
c)

Logical Unit class;
Well Known Logical Unit class; and
Level 4 Hierarchical Logical Unit class (see 4.6.18).

The Level 3 Hierarchical Logical Unit class is a Hierarchical Logical Unit class placed at level 3 within the
hierarchical logical unit structure.

All logical units and well known logical units contained within level 3 hierarchical logical unit shall have a
Dependent Logical Unit attribute (see 4.6.19.4).
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4.6.18 Level 4 Hierarchical Logical Unit class

The Level 4 Hierarchical Logical Unit class (see figure 19) contains the:

a) Logical Unit class; and
b) Well Known Logical Unit class.

The Level 4 Hierarchical Logical Unit class is a Hierarchical Logical Unit class placed at level 4 within the
hierarchical logical unit structure.

All logical units and well known logical units contained within level 4 hierarchical logical unit shall have a
Dependent Logical Unit attribute (see 4.6.19.4).

4.6.19 Logical Unit class
4.6.19.1 Logical Unit class overview

The Logical Unit class (see figure 20) contains the:

a) | Device Server class (see 4.6.20);

b) | Task Manager class (see 4.6.21);

c) | Task Management Function class (see 4.6.24); and
d) | Task Set class (see 4.6.22).

The Ldgical Unit class (see figure 20) may be substituted with the Well Known Logical Unit clags (see
4.6.19.1).
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Logical Unit

LUN[1..%]
Logical Unit Name[0..*]
Dependent Logical Unit[0..1]

1 1 ’
1 1
1 1
Device Server Task Manager Well Known Logical Unit
Data-In Delivered() SCSI Command Received()
DEta-Out Received() Task Management Request Received()
Data Transfer Terminated() | [Place Command()
Control Sequencing()
1 1
1 1 1
Gets command from
1..* 1__* 1“* 0_.* O..*
Task Set Task Management Function
Function Identifier[1]
Nexus[1]
1 Service Response[1]
0.* Additional Response Information[0].1]
Command
I_T_L Q Nexus[1]
Task Attribute[1]
CDBI1]
CRN][0..1]
Command Priority[0..1]
Status[1]

Sense Data[0..1]

SenseData Length[0..1]

Service Response[0..1]

Status Qualifier[0..1]

First Burst Enabled[0..1]

Device Server Buffer[0..1]
Application Client Buffer Offset[1]
Request Byte Count[1]

Delivery Result[1]

Figure 20 — Logical Unit class diagram

Each instance of a Logical Unit class shall contain the following objects:

one device server;

one task manager;

zero or more task management functions; and
one or more task sets.

o O T o
—_ — — ~—
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The logical unit is the class to which commands are sent. One of the logical units within the SCSI target device
shall be accessed using the LUN zero or the REPORT LUNS well-known logical unit number.

If the logical unit inventory changes for any reason (e.g., completion of initialization, removal of a logical unit,
or creation of a logical unit), then the device server shall establish a unit attention condition (see 5.14) for the
SCSl initiator port associated with every |_T nexus, with the additional sense code set to REPORTED LUNS
DATA HAS CHANGED.

Data contained within a logical unit may be duplicated in whole or part on a different logical unit. The
synchronization of that data between multiple logical units is outside the scope of this standard.

4.6.19.2 LUN attribute

The LUN attribute identifies the logical unit within a SCSI target device when accessed by a SCSl\ardet port.
If any Ipgical unit within the scope of a SCSI target device includes one or more dependent logical units (see
4.6.19.4) in its composition, then all LUNs within the scope of the SCSI target device shalllhave thg format
described in 4.7.6. If there are no dependent logical units within the scope of the SCSI target device, the LUNs
should have the format described in 4.7.5.

The 64tbit or 16-bit quantity called a LUN is the LUN attribute defined by this standard. The fields coptaining
the acrpnym LUN that compose the LUN attribute are historical nomenclature anomalies, not LUN attT'ibutes.
LUN atfributes having different values represent different logical units, regardless of any implicationg to the
contrary in 4.7 (e.g., LUN 00000000 00000000h is a different logical unit ftem’LUN 40000000 00000000h and
LUN 0QFF0000 00000000h is a different logical unit from LUN 40FF00Q0)00000000h).

LUN(s)|are required as follows:

a) | if access controls (see SPC-4) are not in effect, one LUN per logical unit; or
b) | if access controls are in effect, one LUN per SCSI initiator port that has access rights plus one|default
LUN per logical unit.

See 4.7 for a definition of the construction of LUNs ta'be used by SCSI target devices. Application| clients
should use only those LUNSs returned by a REPORTAL.UNS command. The task router shall respond tp LUNs
other than those returned by a REPORT LUNS command (i.e., incorrect logical unit numbers) as spegified in
511 and 7.12.

4.6.19.8 Logical Unit Name attribute

The Logical Unit Name attribute identifies a name (see 3.1.70) for a logical unit that is not a well knowr] logical
unit. A logical unit name shall be‘world wide unique. A logical unit name shall never change and may be used
for pergistent identification ofia logical unit.

Logicallunit name(s) are-required as follows:

a) | one or more.logical unit names if the logical unit is not a well-known logical unit; or
b) | zero logical-unit names if the logical unit is a well-known logical unit.

The ngme used to identify the logical unit is the logical unit name designation descriptor in the [Device
Identifi¢ation VYPD page (see SPC-4).

4.6.19.4 Dependent Logical Unit attribute

The Dependent Logical Unit attribute identifies a logical unit that is addressed via a hierarchical logical unit
that resides at a lower numbered level in the hierarchy (i.e., no logical unit within level 1 contains a Dependent
Logical Unit attribute while all logical units within level 2, level 3, and level 4 do contain a Dependent Logical
Unit attribute).

Any instance of a Logical Unit class that contains Dependent Logical Unit attribute shall utilize the hierarchical
LUN structure defined in 4.7.6. If any logical unit within a SCSI target device includes Dependent Logical Unit
attribute:

a) all logical units within the SCSI target device shall format all LUNs as described in 4.7.6; and
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LUN zero or the REPORT LUNS well-known logical unit (see SPC-4) shall set the HISUP bit to one in

the standard INQUIRY data.

4.6.20 Device Server class

The Device Server class (see figure 20) processes the:

Data-In Delivered operation (see 5.4.3.2.2) to determine when data requested to be sent has been

sent;

Data-Out Received operation (see 5.4.3.3.2) to determine when data requested to be received has

been received;
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Data-Transfer-Termimatedoperation (See 5-4-324-2)to determine whemnm a requestedterminat
data transfer has been terminated; and
commands.

Fask Manager class

5k Manager class (see figure 20) processes the:

SCSI Command Received operation (see 5.4.2.3) to determine when a gommand has been re
Place Command operation to place a command into a task set;
Control Sequencing operation to control the sequencing of one of more commands within g
unit;

Task Management Request Received operation (see 7.12.3)e determine when a task mana
function has been received; and

task management functions.

Fask Set class

bk Set class (see figure 20) contains the Task class (see 4.6.23).
stance of a Task Set class shall contain zero*or more command objects.

eractions among the commands in-a‘task set are determined by the requirements for t
bment specified in clause 8 and the.ACA requirements specified in 5.8. The number of task s
init and the boundaries between.task sets are governed by the TsT field in the Control mode pa

Command class

| Command classoverview

mmand class. (see figure 20) represents a request to a logical unit to do work.

mand persists until a Send Command Complete SCSI transport protocol service response i
command is completed by a task management function or an exception condition. For an exa
cessing for a command see 5.7.
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4.6.23.2 |_T_L_Q Nexus attribute

The I_T_L_Q Nexus attribute contains the |_T_L_Q nexus of the command (see 4.8).

4.6.23.3 Task Attribute attribute

A Task Attribute attribute (see 8.6) contains the task attribute (e.g., SIMPLE task attribute, ORDERED task
attribute, HEAD OF QUEUE task attribute, ACA task attribute) of a command.


https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

14776-414 © ISO/IEC:2009(E) - 57 -

4.6.23.4 CDB attribute

The CDB attribute contains a CDB (see 5.2 and SPC-4) that defines the work to be performed by a logical

unit.
4.6.23.5 CRN attribute
The CRN attribute, if any, contains the CRN of the command (see 5.4.2.2).

4.6.23.6 Command Priority attribute

The Cgmmand Priority attribute, if any, contains the priority of the command (see 8.7).
4.6.23.Y Status attribute

The Stqtus attribute contains the status for the completed command (see 5.3).

4.6.23.8 Sense Data attribute

The Sepse Data attribute, if any, contains the sense data for the completed command (see 5.4.2.5).
4.6.23.9 Sense Data Length attribute

The Sense Data Length attribute, if any, contains the length of the sense data for the completed co
(see 5.4.2.5).

4.6.23.10 Service Response attribute

mmand

The S4qrvice Response attribute, if any, contains thé.service response for the completed command (see

tus Qualifier attribute, if any, confains additional status information for the completed comma
5.3.2 apd 5.4.2.5).

4.6.23.12 First Burst Enabled attribute

The Firt Burst Enabled attribute, if any, specifies that first burst for the command is enabled (see 5.4.p.

4.6.23.13 Device Server Buffer attribute

The Dgvice Server Buffer attribute, if any, contains the Device Server Buffer argument used for Send
procedure calls (see 5.4.3.2.1) and Receive Data-Out procedure calls (see 5.4.3.3.1).

4.6.23.14-Application-Glient-Butfer Offsetattribute

nd (see

Data-In

The Application Client Buffer Offset attribute contains the Application Client Buffer Offset argument used for

Send Data-In procedure calls (see 5.4.3.2.1) and Receive Data-Out procedure calls (see 5.4.3.3.1).

4.6.23.15 Request Byte Count attribute

The Request Byte Count attribute contains the Request Byte Count argument used for Send Data-In

procedure calls (see 5.4.3.2.1) and Receive Data-Out procedure calls (see 5.4.3.3.1).
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4.6.23.16 Delivery Result attribute

The Delivery Result attribute contains the Delivery Result argument from a Data-In Delivered procedure call
(see 5.4.3.2.1) or a Data-Out Received procedure call (see 5.4.3.3.1).

4.6.24 Task Management Function class

4.6.24.1 Task Management Function class overview

The Task Management Function class (see figure 20) represents a SCSI task management function (see

clause

)

4.6.24.

The Fu

4.6.24.

The Ne

4.6.24.

The Se|

4.6.24.

The Ad
task m3

4.6.25

P Function ldentifier attribute

hction Identifier attribute contains the function identifier (see clause 7).

8 Nexus attribute

xus attribute identifies the nexus affected by the task management function’(see 4.8).
i Service Response attribute

Fvice Response attribute contains the service response (see 7(124).

b Additional Response Information attribute

ditional Response Information attribute, if any, confains any additional response information
nagement function (see clause 7).

Well Known Logical Unit class

The WL” Known Logical Unit class (see figure*20) is a Logical Unit class (see 4.6.19.1) with the ad

charac

Well kn
extend
numbe

If a SC
known
an inco|

A well |
Access
All well

ristics defined in this subclause.

own logical units are addressed using the well known logical unit addressing method (see 4.
bd logical unit addressing (see 4.7.10). Each well known logical unit has a well known logi
(W-LUN). W-LUN values are defined in SPC-4.

ogical unit specifiedyby the W-LUN does not exist, the task router shall follow the rules for add
rrect logical unit(described in 5.11 and 7.12.

nown logical*unit shall support all the commands defined for it.
to well-known logical units shall not be affected by access controls.

known logical units:

a)

for the

ditional

y.11) of
cal unit

S| target port receives.a‘command or a task management function specifying a W-LUN and the well

ressing

cshall nat hava loaical unit namac: and
St RotHaYe1egicardtRaies

b)

TS

shall identify themselves using the SCSI device names of the SCSI device in which they are

contained.

NOTE 6 A SCSI target device may have multiple SCSI device names if the SCSI target device supports

m

ultiple SCSI transport protocols (see 4.6.14).

The name used to identify the well known logical unit is the SCSI target device name designation descriptor in
the Device Identification VPD page (see SPC-4).
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4.7 Logical unit number (LUN)

4.7.1 Introduction

Subclause 4.7 defines the construction of LUNs to be used by SCSI target devices. Application clients should
use only those LUNs returned by a REPORT LUNS command. The task router shall respond to LUNs other
than those returned by a REPORT LUNS command (i.e., incorrect logical unit numbers) as specified in 5.11

and 7.1

2.

4.7.2 Logical unit representation format

When Jan application client displays or otherwise makes a 64-bit LUN value visible, the applicatio
display it in hexadecimal format with byte O first (i.e., on the left) and byte 7 last (i.e,, ©n-th¢ right),

should
regard|
field se
01 00 (
includg
400100

When d
value r
include

When (
(e.g., 4

473L

All LUN
hierarc
format

A LUN
transpg
ADDRES

4.7.4 Minimum LUN addressing requirements

All SCH
logical
REPOF}
determ
device.

The re
manag

ess of the internal representation of the LUN value (e.g., a single level LUN with an ADDRESS

to 01b (i.e., flat space addressing) and a FLAT SPACE LUN field set to 0001h should be’displaye
0 00 00 00 00h, not 00 00 00 00 00 00 01 40h). A separator (e.g., space, dash; or colon)

d between each byte, each two bytes (e.g., 4001-0000-0000-0000h), or\each four byte
00 00000000h).

isplaying a single level 64-bit LUN value, an application client may display the value as a singlg
bpresenting only the first level LUN (e.g., 40 01h). A separator (e.d-, space, dash, or colon)
d between each byte.

D 01h). A separator (e.g., space, dash, or colon) may be included between each byte.
UNs overview

formats described in this standard are hierarchical in structure even when only a single leve
hy is used. The HISuUP bit shall be set to one in.the standard INQUIRY data (see SPC-4) when a
Hescribed in this standard is used. Non-hierarchical formats are outside the scope of this stand

shall contain 64 bits or 16 bits, with the'size being defined by the SCSI transport protocol. Fq
rt protocols that define 16-bit LUNSs, the two bytes shall be formatted as described for the FIRS
SING field (see table 15 in 4.7.6),

| target devices shalksupport LUN 0 (i.e., 00000000 00000000h) or the REPORT LUNS well
unit. For SCSI target devices that support the hierarchical addressing model the LUN 0
RT LUNS well-known logical unit shall be the logical unit that an application client addre

Eponses.to commands sent to unsupported logical units are defined in 5.11. The response
bment functions sent to unsupported logical units is defined in 7.1.

n client

METHOD
d as 40
may be
5 (e.g.,

2-byte
may be

isplaying a 16-bit LUN value, an application client should display the value as a single 2-byte value

in that
hy LUN
ard.

r SCSI
T LEVEL

-known
or the
5ses to

ne information.about the SCSI target device and the logical units contained within the SCS|l target

to task
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4.7.5 Single level LUN structure

Table 11 describes a single level subset of the format described in 4.7.6 for SCSI target devices that contain
256 or fewer logical units.

Table 11 — Single level LUN structure using peripheral device addressing method

Bit
Byte 7 6 5 4 3 2 1 0
0 ADDRESS METHOD (00b) BUS IDENTIFIER (00h)
1 TARGET OR LUN
2
Null second level LUN (0000h)
3
4
Null third level LUN (0000h)
5
6
Null fourth level LUN (6000h)
7

Byte 2 fhrough byte 7 in an 8-byte single level LUN structure using the peripheral device addressing mmethod
shall cq@ntain 00h (see table 11). The value in the TARGET OR LUN field shall address a single level logical unit
and be|between 0 and 255, inclusive. A value of 00kyin the ADDRESS METHOD field specifies periphera| device
address$ing (see 4.7.6). A value of 00h in the BUSDENTIFIER field specifies the current level (see 4.7.7).

Table 12 describes a single level subset of the,format described in 4.7.6 for SCSI target devices that |contain
16 384 |or fewer logical units.

Table 12 — Single level LUN structure using flat space addressing method

Bit
Byte

0 ADDRESS METHOD (01b) (MSB)

1 FLAT SPACE LUN LSB)
2
Nuit-secondHevetH-UNA(6600H)
3
4
Null third level LUN (0000h)
5
6

Null fourth level LUN (0000h)
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Byte 2 through byte 7 in an 8-byte single level LUN structure using the flat space addressing method shall
contain 00h (see table 12). The value in the FLAT SPACE LUN field shall be between 0 and 16 383, inclusive. A
value of 01b in the ADDRESS METHOD field specifies flat space addressing (see 4.7.8) at the current level.

Table 13 describes a single level subset of the format described in 4.7.6 for SCSI target devices that contain
more than 16 384 logical units.

Table 13 — Single level LUN structure using extended flat space addressing method

Bit o 4 L I~ 4 2 Lo} 4
Byte T J J - 4 9 L] 0
0 ADDRESS METHOD (11b) LENGTH (01b) EXTENDED ADDRESS METHOD(2h)
1 (MSB)
EXTENDED FLAT SPACE ADDRESS
3 LSB)
4
Null second level LUN (0000h)
5
6
Null third level LUN (0000h)
7
Byte 4 [through byte 11 in an 12-byte single level LUN strdcture using the extended flat space addfessing
method shall contain 00h (see table 13). The value in‘the EXTENDED FLAT SPACE ADDRESS field ghall be
betweegn 0 and 16 777 215, inclusive. A value of 11b in the ADDRESS METHOD field with a value of 2h in the
EXTENDED ADDRESS METHOD field specifies extended-flat space addressing (see 4.7.12) at the current Jevel. A
value of 01b in the LENGTH field specifies that the LUN specified in the EXTENDED FLAT SPACE ADDRESY field is
three bytes in length.
The prgsence of well-known logical unitscshall not affect the requirements defined within this subclausg.
If a SC[SI target device contains 256 0r fewer logical units, none of which are dependent logical unjts (see
4.6.19.4), then the SCSI target device’'s LUNSs:
a) | should have the format shown in table 11 (i.e., peripheral device addressing);
b) | may have the format'shown in table 12 (i.e., flat space addressing); or
c) | may have the format shown in table 13 (i.e., extended flat space addressing).
If a SCHI target device contains more than 256 logical units and 16 384 or fewer logical units, none df which
are degendent lpgical units (see 4.6.19.4), then the SCSI target device’s LUNSs:
a) | should have the format shown in table 12 (i.e., flat space addressing);
b) [ may-have the format shown in table 13 (i.e., extended flat space addressing); or
c) Lmay have the format shown in table 11 (ie peripheral device addressing) for up to 256 of thd logical

units within SCSI target device.

If a SCSI target device contains more than 16 384 logical units, none of which are dependent logical units
(see 4.6.19.4), then the SCSI target device’s LUNSs:

should have the format shown in table 13 (i.e., extended flat space addressing);

may have the format shown in table 12 (i.e., flat space addressing) for up to 16 384 of the logical units

within SCSI target device; or

may have the format shown in table 11 (i.e., peripheral device addressing) for up to 256 of the logical

units within SCSI target device.
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The eight byte LUN structure (see table 15) contains four levels of addressing fields. Each level shall use byte
0 and byte 1 to define the address and location of the SCSI target device to be addressed on that level.

If the LUN specifies that the command or task management function is to be relayed to the next level (i.e.
peripheral device addressing method (see 4.7.7) is selected in byte 0 and byte 1 of the eight bye LUN
structure and the BUS IDENTIFIER field is set to a value greater than zero), then the current level shall use byte
0 and byte 1 of the eight byte LUN structure to determine the address of the SCSI target device to which the
command is to be sent. When the command or task management function is sent to the SCSI target device
the eight byte LUN structure that was received shall be adjusted to create a new eight byte LUN structure (see

table 11

SCSI t
through

andfrgure 217

rget devices shall keep track of the addressing information necessary to transmit informatiq
all intervening levels to the command’s or task management function’s originating SCS| initiat

Bytes

3 4

I
D E

I

I
F G

I

I
H 0

I

I
0 0 |

Figure 21'— Eight byte LUN structure adjustments

Table 14 — Eight byte LUN structure adjustments

Level 1

Level 2

Level 3

Level 4

Byte position

n back
Dr port.

Oid New
0&1 Moves to Not Used
2&3 Moves to 0&1
4 &5 Moves to 28&3
6&7 Moves to 4&5

n/a zero fill 6&7

The eight byte LUN structure requirements as viewed from the application client are shown in table 15.
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Table 15 — Eight byte LUN structure

Bit
Byte 7 6 5 4 3 2 1 0

0

FIRST LEVEL ADDRESSING (see table 16)
1
2
SECOND LEVEL ADDRESSING (see table 16)
3
4
THIRD LEVEL ADDRESSING (see table 16)
5
6
FOURTH LEVEL ADDRESSING (see table 16)

7
The FIRST LEVEL ADDRESSING field specifies the first level address of &SCSI target device. See table 116 for a
definitign of the FIRST LEVEL ADDRESSING field.
The SECOND LEVEL ADDRESSING field specifies the second leveladdress of a SCSI target device. See table 16
for a ddfinition of the SECOND LEVEL ADDRESSING field.
The THIRD LEVEL ADDRESSING field specifies the third leveladdress of a SCSI target device. See table [16 for a
definitign of the THIRD LEVEL ADDRESSING field.
The FOURTH LEVEL ADDRESSING field specifies the.fourth level address of a SCSI target device. See table 16
for a ddfinition of the FOURTH LEVEL ADDRESSING:field.

Table-16 — Format of addressing fields

Bit
Byte 7 6 5 4 3 2 1 0

n ADDRESS METHOD

n+1 ADDRESS METHOD SPECIFIC
The ADPRESS )METHOD field defines the contents of the ADDRESS METHOD SPECIFIC field. See table 17| for the
addrespmethods defined for the ADDRESS METHOD field. The ADDRESS METHOD field only defines gddress
methodsTor enfities that are direcily addressable Dy an application client.
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Table 17 — ADDRESS METHOD field

Code Description Reference
00b Peripheral device addressing method 4.7.7
01b Flat space addressing method 4.7.8
10b Logical unit addressing method 4.7.9
b E)Sﬁ]r;cjjed logical unit addressing 4710

4.7.7 Peripheral device addressing method

If the peripheral device addressing method (see table 18) is selected, the SCSI target\device should r¢lay the
received command or task management function to the addressed dependent logical unit.

If the SICSI device does not relay any commands or task management functions to the addressed dependent

logical unit, then the SCSI device shall follow the rules for addressing an incorrect logical unit descfibed in
5.11 and 7.12.

If the SICSI device does relay some commands and task managementfunctions to the addressed dependent
logical pnit, then the SCSI device shall:

a) | complete any command that is not relayed with CHECK CONDITION status with the sense key set to
ILLEGAL REQUEST and the additional sense code(set to INVALID COMMAND OPERATION|CODE;
and
b) [terminate a task management function that is,not relayed with a service response of SERVICE DELIVERY
OR TARGET FAILURE.

NPTE 7 A SCSI device may filter (i.e., not rélay) commands or task management functions to prevent operp-
tions with deleterious effects from reaching a dependent logical unit (e.g., a WRITE command directed to]a
logical unit that is participating in a RAID)volume).

Table 18 — Peripheral device addressing format

Bit

Byte 7 6 5 4 3 2 1 0
n ADDRESS METHOD (00b) BUS IDENTIFIER

n+1 TARGET OR LUN

The BUS IDENTIFIER field identifies the bus or path that the SCSI device shall use to relay the received
command or task management function. The BUS IDENTIFIER field may use the same value encoding as the
BUS NUMBER field (see 4.7.9) with the most significant bits set to zero. However, if the BUS IDENTIFIER field is set
to 00h, then the command or task management function is to be relayed to a logical unit within the SCSI target
device at the current level.

The TARGET OR LUN field specifies the address of the peripheral device (e.g., a SCSI target device at the next
level) to which the SCSI device shall relay the received command or task management function. The meaning
and usage of the TARGET OR LUN field depends on whether the BUS IDENTIFIER field contains zero.

A BUS IDENTIFIER field of zero specifies a logical unit at the current level. This representation of a logical unit
may be used either when the SCSI target device at the current level does not use hierarchical addressing for
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assigning LUNSs to entities or when the SCSI target device at the current level includes entities that are
assigned LUNs but are not attached to SCSI buses. When the BUS IDENTIFIER field contains zero, the
command or task management function shall be relayed to the current level logical unit specified by the
TARGET OR LUN field within or joined to the current level SCSI device.

A BUS IDENTIFIER field greater than zero represents a SCSI domain that connects a group of SCSI target
devices to the current level SCSI device. Each SCSI domain shall be assigned a unique bus identifier number
from 1 to 63. These bus identifiers shall be used in the BUS IDENTIFIER field when assigning addresses to
peripheral devices attached to the SCSI domains. When the BUS IDENTIFIER field is greater than zero, the
command or task management function shall be relayed to the logical unit within the SCSI target device
specified in the TARGET OR LUN field located in the SCSI domain specified by the BUS IDENTIFIER field with the

LUN bgmgsettothecontents of the Teceived tUNshifted by two bytesas described 476 1Te SCS§| target

device |nformation in the TARGET OR LUN field is a mapped representation of a target port identifier,

The S{SI target device located within the current level is addressed when the Bus IDENTIFIER|field is set to

zero ar|d the TARGET OR LUN field is set to zero, also known as LUN O (see 4.7.4).

Figure P2 shows the selection of a logical unit using the peripheral device addressing method.

SCS| domain
If B'S IDENTIFIER field = 00h, then the TARGET OR SCSI dejvice
LUN [field specifies the LUN within this SCSI device.
SCSI target port
Bus 00h
Bus 01h Bus 3Fh
LUN | Logical Logical | LUN
00f unit unit | FFh
scsl R scsl
domain SCSI domain SCsli
[“initiator port initiator port
L
SCSI
S || target
port
SCSiI 00h
target
e If BUS IDENTIFIER field > 00h, then the TARGET
] OR LUN field specifies the bus (i.e.,$CSI
initiator port) through which the commgnd is
relayed with the LUN being set tg the
SCsSI contents of the received LUN shifted by two
— - t?)rg:t bytes as described in 4.7.6.
Target
port

Figure 22 — Logical unit selection using the peripheral device addressing format

4.7.8 Flat space addressing method

The flat space addressing method (see table 19) specifies a logical unit at the current level.
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The contents of all hierarchical structure addressing fields following a flat space addressing method

address

ing field shall be ignored.

Table 19 — Flat space addressing format

Bit
Byte 7 6 5 4 3 2 1 0
n ADDRESS METHOD (01b) (MSB)
n+1 FLAT SPACE LUN LSB)

The FLAT SPACE LUN field specifies the current level logical unit.

4.7.9 Lpgical unit addressing method

If the Iq

command or task management function to the addressed dependent logical unit.

If the SICSI device does not relay any commands or task management fungtions to the addressed def
logical unit, then the SCSI device shall follow the rules for addressingan incorrect logical unit desc
5.11 and 7.12.

If the SICSI device does relay some commands and task management functions to the addressed deg
logical pnit, then the SCSI device shall:

a)

b)

ti

NPTE 8 A SCSI device may filter (i.e., notirelay) commands or task management functions to prevent oper

logical unit that is participating in a-RAID volume).

gical unit addressing method (see table 20) is selected, the SCSI devicé,should relay the received

complete any command that is not relayed with CHECK CONDITION status with the sense ke
ILLEGAL REQUEST and the additional sense code set to INVALID COMMAND OPERATION

and
terminate a task management function thatiis-not relayed with a service response of SERVICE D

OR TARGET FAILURE.

ns with deleterious effects from reaching a dependent logical unit (e.g., a WRITE command directed to

endent
ribed in

endent

y set to
CODE;

ELIVERY

a

The contents of all hierarchical_structure addressing fields following a logical unit addressing method

addressing field shall be ignared.

Table 20 — Logical unit addressing format

Bit
7 6 5 4 3 2 1 0
Byte
n ADBRESS-METHOD(10b) FARGET
n+1 BUS NUMBER LUN

The TARGET field, BUS NUMBER field, and LUN field address the logical unit to which the received command or
task management function shall be relayed. The command or task management function shall be relayed to
the logical unit specified by the LUN field within the SCSI target device specified by the TARGET field located on
the bus specified by the Bus NUMBER field. The value in the LUN field shall be placed in the least significant bits
of the TARGET OR LUN field in a single level LUN structure for LUNs 255 and below (see 4.7.5). The TARGET
field contains a mapped representation of a target port identifier.

Figure 23 shows the selection of a logical unit using the logical unit addressing method.
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SCSI domain
If BUS IDENTIFIER field = 000b, then the LUN SCSI device
field specifies the LUN within this SCSI device.
SCSiI target port
Bus 000b
Bus 001b Bus 111b
LUN | Logical Logical | LUN
00h | unit unit | 1FP
SCsSi ScCsi U
domain SCslI domain ? !
initiator port &N ator port
SCSiI
LUN Logical | | || target
00h unit port
ScCsl 00h If BUS IDENTIFIER field > 000b, then the BUS
target IDENTIFIERYfield specifies the SCSI dgmain
LUN | Logical port and thé-TARGET field specifies the SCSI target
1Fh unit port to which the command is relayed with the
KUN formatted as a single level|[LUN
structure (see 4.7.5) as follows:
SCSI
LUN | Logical | | | | target a) ADDRESS METHOD field = 00b;
00h unit o port b) BUS IDENTIFIER field = 00h; and
target sFh c) TARGET OR LUN field = received LUN
port field contents.
LUN Logical | |
1Fh unit

Figure 23 — Logieal unit selection using the logical unit addressing format

4.7.10 Extended logical unit-addressing

Extendgd logical unit addressing (see table 21) specifies a logical unit at the current level.

Extendgd logical unit-addressing builds on the formats defined for dependent logical units (see 4.6.1

may be

the logical unitinformation at each level fits in exactly two bytes. Extended logical unit addresses hay
ytes;-four bytes, six bytes, or eight bytes.

of two

The co

D.4) but

used by SCSI devices having single level logical unit structure. In dependent logical unit addfessing,

method addressing field shall be ignored.

e sizes

ressing

Extended logical units are identified by the ADDRESS METHOD field (see table 17 in 4.7.6) in the same manner
as is the case for dependent logical units. An ADDRESS METHOD field value of 11b specifies the extended
logical unit addressing method.
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Table 21 — Extended logical unit addressing format

Bit
Byte 7 6 5 4 3 2 1 0
n ADDRESS METHOD (11b) LENGTH EXTENDED ADDRESS METHOD
n+1 (MSB)
EXTENDED ADDRESS METHOD SPECIFIC
m LSB)
The LENGTH field (see table 22) specifies the length of the EXTENDED ADDRESS METHOD SPECIFIC field.|A LUN
that indudes a LENGTH field value that goes beyond the LUN field length supported by the tranisport protocol
is invalid shall follow the rules for addressing an incorrect logical unit described in 5.11.
Table 22 — LENGTH field and related sizes
Size in bytes of
Code EXTENDED | Ex.t erlldeo!t Reference
ADDRESS METHOD ac:ﬁ::f:ssuizl
SPECIFIC field 9
format
00b 1 2 table 23
01b 3 4 table 24
10b 5 6 table 25
11b 7 8 table 26
Table 23, table 24, table 25, andfable 26 show the four extended logical unit addressing formats.
Table'23 — Two byte extended logical unit addressing format
Bit
Byte 7 6 5 4 3 2 1 0
n ADDRESS METHOD (11b) LENGTH (00b) EXTENDED ADDRESS METHOD
n+1 EXTENDED ADDRESS METHOD SPECIFIC



https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

14776-414 © ISO/IEC:2009(E)

-69 -

Table 24 — Four byte extended logical unit addressing format

Bit
Byte 7 6 5 4 2 1
n ADDRESS METHOD (11b) LENGTH (01b) EXTENDED ADDRESS METHOD
n+1
EXTENDED ADDRESS METHOD SPECIFIC
n+3
Table 25 — Six byte extended logical unit addressing format
Bit
Byte 7 6 5 4 2 1
n ADDRESS METHOD (11b) LENGTH (10b) EXTENDED ADDRESS METHOD
n+1
EXTENDED ADDRESS METHOD'SPECIFIC
n+5
Table 26 — Eight byte extended'logical unit addressing format
Bit
Byte 7 6 5 4 2 1
0 ADDRESS METHOD (11b) LENGTH (11b) EXTENDED ADDRESS METHOD

EXTENDED ADDRESS METHOD SPECIFIC
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The EXTENDED ADDRESS METHOD field combined with the LENGTH field (see table 27) specifies the type and
size of extended logical unit address found in the EXTENDED ADDRESS METHOD SPECIFIC field.

Table 27 — Logical unit extended addressing

EXTENDED
LENGTH e
ADDRESS METHOD Description Reference
Code(s)
Code(s)
1h 00b Well known logical unit 4.7.11
1h 01b - 11b Reserved
oh 01b Extende_d flat space 1712
addressing
2h 00b, 10b, 11b Reserved
3h - Eh 00b - 11b Reserved
Fh 00b - 10b Reserved
Fh 11b Logical unjt not specified 4.7.13
4.7.11 Well known logical unit addressing
A SCS| target device may support zero or more well,known logical units (see 4.6.25). A single SCY target
device shall only support one instance of each stpported well known logical unit. All well known logigal units
within @ SCSI target device shall be accessible‘from all SCSI target ports contained within the SCYl target
device.
Well known logical units are addressed«ising the well known logical unit extended address format (sge table
28).
Table 28~ Well known logical unit extended addressing format
Bit
Byte 7 6 5 4 2 1 0
n ADDRESS METHOD (11b) LENGTH (00b) EXTENDED ADDRESS METHOD (1h)
n+1 W-LUN

The w-LUN field specifies the well known logical unit to be addressed (see SPC-4).

4.7.12 Extended flat space addressing method

The extended flat space addressing method (see table 29) specifies a logical unit at the current level.

The contents of all hierarchical structure addressing fields following a flat space addressing method

addressing field shall be ignored.
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Table 29 — Extended flat space addressing format

Bit
Byte 7 6 5 4 3 2 1 0
n ADDRESS METHOD (11b) LENGTH (01b) EXTENDED ADDRESS METHOD (2h)
n+1 (MSB)
EXTENDED FLAT SPACE LUN -
n+3 LSB)

The EXTENDED FLAT SPACE LUN field specifies a current level logical unit.
4.7.13 Logical unit not specified addressing

Logicallunit not specified addressing (see table 30) shall be used to indicate that n6 logical unit of any kind is
specifigd.

Table 30 — Logical unit not specified extended addressing format

Bit
Byte

0 ADDRESS METHOD (11b) LENGTH (11b) EXTENDED ADDRESS METHOD (Fh)

1 FFh

Ignore

4.8 Nexus

4.8.1 Nexus overview

The nekus representsia‘relationship between a SCSI initiator port, a SCSI target port, optionally a logi¢al unit,
and oplionally a command. The notations for the types of nexuses are:

a) | LT nexus;

b) | I_T\Unexus;

c) | N¥/L_Q nexus; and
d) |L_T_L_xnexus.

Table 31 defines the types of nexuses and the identifiers used to construct each of them.
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Table 31 — Nexus

Nexus 2 Identifiers used to construct nexuses Reference
| T nexus Initiator port identifier 4.6.7.2
- Target port identifier 4.6.6.2
Initiator port identifier 4.6.7.2
I_T_L nexus Target port identifier 4.6.6.2
LUN 4.0.19.2
Initiator port identifier 46.7.2
Target port identifier 4.6.6.2
|_T_L_Qnexus LUN 4.6.19.2
Command identifier 48.2
@ | _T_L_x nexus specifies eitheran | T L nexusoran| T_L_Q fexus.

4.8.2 Command identifier

A command identifier (i.e., the Q inan |_T_L_Q nexus) is assigned-by’a SCSI initiator device to u
identifyl one command in the context of a particular |_T_L nexusi allowing more than one comman

hiquely
d to be

outstar|ding for that |_T_L nexus at the same time. Each SCSIiransport protocol defines the siz¢ of the

command identifier, up to a maximum of 64 bytes, to be used-by SCSI ports that support that SCSI tr]
protocdl.

pnsport

SCSI trpnsport protocols may define additional restrictions on command identifier assignments (e.g., r¢quiring

commgnd identifiers to be unique per |_T nexus orgper |_T_L nexus, or sharing command identifien
with other uses such as task management functions).

4.8.3 Nexus usage rules

An |_T|L Q nexus thatis in use (i.e., during the interval bounded by the events specified in 5.5) g
unique jas seen by the SCSI initiator(port originating the command and the logical unit to which the co
was adfdressed, otherwise an overlapped command condition exists (see 5.10). An |_T_L_Q nexus is
if one ar more of its components, is unique within the specified time interval.

The S{SI initiator device(shall not create more than one command from a specific SCSI initiator port
identical values for the farget port identifier, LUN, and command identifier.

4.9 SCSI ports

values

hall be
mmand
unique

having

4.9.1 SCSIport configurations

A SCSI device contains only the following combinations of SCSI ports:

a) all SCSI target ports;
b) all SCSI initiator ports; or
c) any combination of SCSI target ports and SCSI initiator ports.

Some of the SCSI port configurations possible for a SCSI device are shown in figure 24.
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SCSI device model

Initiator model Target model containing target device Target model with multiple ports
and initiator device
SCSI Device SCSI Device SCSI Device SCSI Device
SCSI Initiator SCSI Target SCSI Initiatof  SCSI Target
Device Device Device Device SCSI Target Device
Logical Ap‘pli- Logical
Unit catton Unit
@ient
1 .
SgSl|Port SCSi|Port SCSI Port | SCSil|Port SCSI Port
€ = € = = =
2 : 2E LLIE o S y
g S [ Task = S [ Task S [ Task S [ Thsk
= © |Router = i© | Router © ~| Router ©  |Router
) N B N ) N
: 3 v AUE 8t (B e IR oy
Service Service Service Service Servjce
DElivery Delivery Delivery Delivery Delivery
Subsystem Subsystem Subsystem Subsystem Subsystem

Figure 24 — SCSI device functional models

4.9.2 SCSI devices with multiple ports

The mqdel for a SCSI device with multiple,ports is a single:

a)
b)
c)
The idg
or targe

in the S
target

SCSiI target device (see 4.6.14) with multiple SCSI target ports;
SCSi initiator device (seg-4.6.9) with multiple SCSI initiator ports; or

SCSI device containing a-SCSI initiator device and a SCSI target device, and multiple SCSI pprts.

ntifiers representing.the SCSI ports shall meet the requirements for initiator port identifiers (seg 4.6.9)
t port identifiers/(see 4.6.14). How a multiple port SCSI device is viewed by counterpart SCSI gevices
CSI domain also depends on whether a SCSI initiator port is examining a SCSI target port, orja SCSI

ort is servicing a SCSI initiator port.
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4.9.3 Multiple port SCSI target device structure

Figure 25 shows the structure of a SCSI target device with multiple SCSI ports each containing a SCSI target
port. Each SCSI target port contains a task router that is shared by a collection of logical units. Each logical

unit con

tains a single task manager and a single device server.

Two-way communications shall be‘possible between all logical units and all SCSI target ports in

device.
inactive
SCSI {4
LUNO

the commands to a‘device server in a logical unit in the SCSI device for processing. REPORT|

comma
well-kn
logical
same |d
the De

SCSI Device
SCSI Target Device SCSI Port
SCSHarget
Port Service
Task Delivery

Router | | Subsystem

—

Unit SCSI Target
Device Port [S);ri://':e
Server Task ry
Router | | Subsystem
Task
Manager
i SCSI Paért
SCSIarget
Port Service
- Task Delivery
Router | | Subsystem
<
&

Figure 25 — Multiple port target SCSI device structure model

However, communications between any logical unit and any SCSI target port in a SCSI device
. Two-way communications shall be available between each task manager and all task router
rget ports in the SESFdevice. Each SCSI target port in a SCSI device shall accept commands|
br the REPORT(LUNS well-known logical unit, and the task router in that SCSI target port sha

nds (see SPC-4) shall be accepted by the logical unit with the LUN zero or the REPORT

a SCSI
may be
5 in the
sent to
Il route
LUNS
LUNS

own logical unit from any SCSI target port in the SCSI device, and the logical unit shall re
Init inVentory available via that SCSI target port. An application client determines the availabili

iceldentification VPD page (see SPC-4)

rn the
of the

gical-unit through multiple SCSI target ports in a SCSI device by matching logical unit name values in
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4.9.4 Multiple port SCSI initiator device structure

Figure 26 shows the structure of a SCSI initiator device with multiple SCSI ports each containing a SCSI
initiator port. Each SCSI initiator port is shared by a collection of application clients.

Two-wdy communications shall be possible between an application client and its associated SCSI
port. This standard does not specifyjor‘require the definition of any mechanisms by which a SCS
device would have the ability to discover that it is communicating with multiple ports on a single SCSI

device.
on how|

SCSI Device
SCSI Port
SCSI
Service | Initiator Port
Dalivary
= ooy
Subsystem
SCSI Port Appli-
SCS ot
Service | Initiator Port
Delivery
Subsystem
SCSI Port
SCSI
Service | Initiator Port
Delivery
Subsystem

Figure 26 — Multiple port SCSI initiator device structure model

In those SCSI transport protocols where such mechanisms are defined, they shall not have an

commands are processed (e.g., reservations shall be handled as if no such mechanisms exisf).

nitiator
| target
initiator
y effect
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4.9.5 Multiple port SCSI device structure

Figure 27 shows the structure of a SCSI device containing a SCSI target device and a SCSI initiator device,
and multiple SCSI ports. Each SCSI port contains a SCSI target port and a SCSI initiator port. This SCSI
device may also contain SCSI ports that only contain a SCSI target port or a SCSI initiator port. Each SCSI
port consists of a SCSI target port containing a task router and a SCSI initiator port and is shared by a
collection of logical units and application clients. Each logical unit contains a task manager and a device
server.

SE€EStBevice
SCSI Port
SCSI Target Device Sg?\;:rey
SCSI Target Port Subsystem
— Task
Logical Router
Unit
Device
Server SCSI Port
SCSI Target Port Sl
Task | Task Delivery
Manager Router | |Subsystem
] SCSVinitiator Port
Appli- SCSI Port
cation iti
Cliont SCSI Initiator Port S
Delivery
SCSiI Initiator Device Subsystem

Figure 27 — Multiple port SCSI device structure model

Two-way communications'shall be possible between all logical units and all SCSI target ports in p SCSI
device.[However, communications between any logical unit and any SCSI target port in a SCSI device jmay be
inactivg. Two-way cemrunications shall be available between each task manager and all task routerg in the
SCSI target portsiinthe SCSI device. Each SCSI target port in a SCSI device shall accept commands|sent to
LUN 0 pr the REPORT LUNS well-known logical unit, and the task router in that SCSI target port shall route
mands to a device server in a logical unit in the SCSI device for processing. REPORT LUNS
commgnds, (see SPC-4) shall be accepted by the logical unit with the LUN zero or the REPORT LUNS
well-kn f f i fees; f f urn the
logical unit inventory available via that SCSI target port. An application client determines the availability of the
same logical unit through multiple SCSI target ports in a SCSI device by matching logical unit name values in
the Device Identification VPD page (see SPC-4).

This standard does not specify or require the definition of any mechanisms by which a SCSI target device
would have the ability to discover that it is communicating with multiple SCSI ports that also contain a SCSI
initiator port on a single SCSI device. In those SCSI transport protocols where such mechanisms are defined,
they shall not have any effect on how commands are processed (e.g., reservations shall be handled as if no
such mechanisms exist).
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4.9.6 SCSil initiator device view of a multiple port SCSI target device

A SCSI target device may have SCSI target ports connected to different SCSI domains such that a SCSI
initiator port is only able to communicate with the logical units in the SCSI target device using the SCSI target
ports in a single SCSI domain. However, SCSI target devices with multiple SCSI ports may be configured
where application clients have the ability to discover that one or more logical units are accessible via multiple
SCSI target ports. Figure 28 and figure 29 show two examples of such configurations.

Figure 28 shows a SCSI target device with multiple SCSI ports each containing a SCSI target port
participating in a single SCSI domain with two SCSI initiator devices. There are three SCSI devices, one of
which has two SCSI target ports, and two of which have one SCSI initiator port each. There are two target port
identifig frritt i ifi i i st Device
Identification VPD page (see SPC-4), the application clients in each of the SCSI initiator devices-have the
ability tp discover if the logical units in the SCSI target devices are accessible via multiple SCSI| targgt ports
and mdp the configuration of the SCSI target device.

SCSI Domain
SCSI device
SCSI fevice
SCS] target device — -
SCSI Port SCS| Portl SCSl initiator fevice
SCSI Target
Port SCSiI -
1 Task Initiator Appli-
L Port cation
T Router Service Client
Logical Delivery
Unit Sub-
Device SCSI Port system
Server SCSFI>TraJ1[rget
o
SCSI i
Task Task Initiat Appll_
Iy Router niator cation
Manager | ||| Port Client
SCSI Port| s initiator Hevice
SCSI fevice

Figure .28 — SCSI target device configured in a single SCSI domain

Figure|29 shows-aiSCSI target device with multiple SCSI ports each containing a SCSI target port
particippting in twe*SCSI domains and a SCSI initiator device with multiple SCSI ports each containingfa SCSI
initiator port participating in the same two SCSI domains. There is one SCSI target device with twp SCSI
target gortsiand one SCSI initiator device with two SCSI initiator ports. There is one target port identifier and
one injtiater port identifier in each of the two SCSI domains. Using the INQUIRY command Pevice
Identification VPD page (see SPC-4), the application clients in the SCSI initiator device have the ability to
discover that logical units in the SCSI target device are accessible via multiple SCSI initiator ports and
multiple SCSI target ports and map the configuration. However, application clients may not be able to
distinguish between the configuration shown in figure 29 and the configuration shown in figure 30.
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SCSI Domain 1
SCSI device SCSI device
SCSiI target device SCS! Port
SCSI Target Service SCSI PorsCsl initiator device
Port Delivery
1 Task Sub- Scsl
] Router system Initiator
—— Port
rogrcat
Unit Appli-
Device SCSI Port SCSI Domain 2 ca_ton
Server SCSI Target Clignt
Port
Task Task Service SCSI
Manager Router Delivery Initiator
i Sub- Port
system SCSI Port

Figure 29 — SCSI target device configured in-multiple SCSI domains

Figure B0 shows the same configuration as figure 29 except\that the two SCSI domains have been r¢placed

by a single SCSI domain.

SCSI Domain
SCSl device SCS| device
SCSI target device SCS| Port
SCSI Target SCSI Porfscsl initiator] device
Port
- Task S_CSI
d Router Initiator
: - Port
ogica )
; Service .

St Delivery Appli-
Device SCSI Port Sub- ca.tlon
Server. SCSI Target system Clignt

Port
Task Task S_,CSI
Initiator
Marager Router Dot
SCSI Port

Figure 30 — SCSI target device and SCSI initiator device configured in a single SCSI domain

This model for application client determination of multiple SCSI target port configurations relies on information
that is available only to the application clients via commands.
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4.9.7 SCSiI target device view of a multiple port SCSI initiator device

This standard does not require a SCSI target device to be able to detect that a SCSI initiator device contains
more than one SCSI initiator port. In the cases where a SCSI target device does not detect that a SCSI
initiator device contains more than one SCSI initiator port, the SCSI target device interacts with the SCSI
initiator device as if each SCSI initiator port was contained in a separate SCSI initiator device (e.g., a SCSI
target device operates in the configurations shown in figure 29 and figure 30 in the same way it operates in
the configuration shown in figure 28).

NOTE 9 The implications of this view of a SCSI initiator device are more far reaching than are immediately
apparent (e.g., after a SCSI initiator device makes a persistent exclusive access reservation via one SCSI
injtiator port, access is denied to the other SCSl initiator port(s) on that same SCSI initiator device).

4.10 The SCSI model for distributed communications

The SGSI model for communications between distributed objects is based on the technique of laygring as
shown |n figure 31.

SCSiI Initiator Device SCSiAarget Device
I/O System /0 System

d .

§CSI Application scs| SCSI Application scs| Comman j
Layer - - P I - - Standard$
(SAL) Application rotoco Application

Protocol Service
Interface
SCSI Tfansport< SCSKJransport e SCSI Transport SCSI

STPL Protocol Protocol Protocol Transpor
Services Services Protocol
Interconnect Standard

# Service Interface #

Interconnect ) Interconnect
Laver Interconneet Interconnect Standard
y Services Services
4 Interconnect 4

Figure 31 — Protocol service reference model

The layers in this model and the specifications defining the functionality of each layer are denjted by
horizontal sequences. A layer consists of peer entities that communicate with one another by megns of a

protocol..Exeept for the interconnect layer, such communication is accomplished by invoking sgrvices
providij by the adjacent layer. The following layers are defined:

a) SAL: Clients and servers that originate and process SCSI I/O operations by means of a SCSI appli-
cation protocol;

b) STPL: Services and protocols through which clients and servers communicate; and

c) Interconnect layer: Services, signaling mechanism and interconnect subsystem used for the
physical transfer of data from sender to receiver. In the SCSI model, the interconnect layer is known
as a service delivery subsystem.

The set of SCSI transport protocol services implemented by a service delivery subsystem identify external
behavioral requirements that apply to SCSI transport protocol standards. While these SCSI transport protocol
services may serve as a guide for designing reusable software or firmware that is adaptable to different SCSI
transport protocols, there is no requirement for an implementation to provide the service interfaces specified
in this standard.
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The SCSI transport protocol service interface is defined in this standard in representational terms using SCSI
transport protocol services. The SCSI transport protocol service interface implementation is defined in each
SCSi transport protocol standard. The interconnect service interface is described as appropriate in each SCSI

transpo

rt protocol standard.

Interactions between the SAL and STPL are defined with respect to the SAL and may originate in either layer.
An outgoing interaction is modeled as a procedure call invoking an STPL service. An incoming interaction is

modele

d as a procedure call invoked by the STPL.

All procedure calls may be accompanied by parameters or data. Both types of interaction are described using
the notation for procedures specified in 3.6.2. In this standard, input arguments are defined relative to the

layer r

ceiving an interaction (i.e.. an input is a argument supplied to the receiving layer by the layer initiating

the inte
The fol

The se
confirm

Figure

raction).
owing types of service interactions between layers are defined:

SCSI transport protocol service request procedure calls from the SAL invoking a service prov
the STPL;

SCSI transport protocol service indication procedure calls from the STPL inférming the SAL
asynchronous event has occurred (e.g., the receipt of a peer-to-peer protocol transaction);
SCSI transport protocol service response procedure calls to the STRE invoked by the
response to a SCSI transport protocol service indication. A SCSI transport protocol service re
may be invoked to return a reply from the invoking SAL to the peerlSAL; and

SCSI transport protocol service confirmation procedure calls from, the STPL notifying the SA
SCSI transport protocol service request has completed, has®een terminated, or has failed tg
the interconnect layer. A confirmation may communicate. parameters that indicate the con
status of the SCSI transport protocol service request or any other status. A SCSI transport
service confirmation may be used to convey a responsé from the peer SAL.

rvices provided by an STPL are either confirmed, of unconfirmed. A SAL service request inv
ed service always results in a confirmation from.the STPL.

B2 shows the relationships between the four.SCSI transport protocol service types.
SAL

* STPL *
el "
SCSHTransport \
Protocol Service

Request

SCSI Transport
Protocol Service
Indication

/ SCSI Transport
Protocol Service

ided by
that an

SAL in
sponse

| that a
transit
pletion
rotocol

bking a

Response

SCSI Transport

Protocol Service
Confirmation

Figure 32 — SCSI transport protocol service mode
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Figure 33 shows how SCSI transport protocol services may be used to process a client-server
request-response transaction at the SAL.

SAL

* Client

_Server Request

Server

The da
receivi
transpg

When & device server invokes a data transfer SCSI transport protocol service, the interactions req

transfe

types i

STPL

SCSI Transport

STPL Protocol

SCSI Transport

Protocol Service
Request

SCSI Transport

L

Transactions

STPL Protocol

Protocol Service
Indication

SCSI Transport

Protocol Service
Confirmation

volved in a data transfer request.

Transactions

:él Transport Protoéjl

Service Interface

SAL

Protocol Service
Response

STPL

SCSI Transport
Protocol Service
Request

Figure 33 — Request-Response SAL transaction and related STPL services

5hed lines in figure 33 show a SCSI application protocol transaction as it may appear to send
ng entities within the client and server. The solid lines in figure 33 show the correspondin
rt protocol services and STPL transactions that are used to transport the data.

ng and
j SCSI

lired to

the data do not involve the appli¢ation client. Only the STPL in the SCSI device that also contains the
application client is involved. Figure 34.shows the relationships between the SCSI transport protocol

service

SCSI Transport
Protocol Service
Confirmation

Figure 34 — SCSI transport protocol service model for data transfers
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Figure 35 shows how SCSI transport protocol services may be used to process a device server data transfer
transaction.

SAL
*Ir""jl Device *
| |
| | Server
A STPL A

* SlP-L—PFeteeel—LGS! Transport
- - -t =
Transactions Protocol Service

Request

STPL Protocol SCSI Transport
- > :
Transactions Protocol Service

/ Confirmation
:él Transport Protocol

Service Interface

Note: The dotted box represents a memory access function provided by the
SCSl initiator device whose definition is outside the-Scope of this standard.

Figure 35 — Device server data transfer transaction and related STPL services

requirgd to complete the service do not involve the*SCSI Transport Protocol Service Interfacq or the
application client. Only the STPL in the SCSI device that also contains the device server is involved. Figure 36
shows fthe relationships between the SCSI transport protocol service types involved in a Terminaje Data
Transfdr request.

When% device server invokes a Terminate Data Transfer SCSI transport protocol service, the intenactions

SAL

* STPL *
v

SCSI Transport
Protocol Service
Request

SCSI Transport
Protocol Service
Confirmation

Figure 36 — SCSI transport protocol service model for Terminate Data Transfer
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Figure 37 shows how SCSI transport protocol services may be used to process a device server Terminate
Data Transfer transaction.

SAL
* Device *
Server
STPL A

= SCSlFransport
Protocol Service
Request

SCSI Transport
Protocol Service

/ Confirmation
:él Transport Protocol

Service Interface

Kigure 37 — Device server Terminate Data Transfer transaction and related STPL service

v
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5 SCSI command model

5.1 The Execute Command procedure call

An application client requests the processing of a command by invoking the SCSI transport protocol services
described in 5.4, the collective operation of which is modeled in the following procedure call:

Service Response = Execute Command (IN (I_T_L_Q Nexus, CDB, Task Attribute, [Data-In

Buffer-Sizel,{Data-Out Buffer], {Data-Out Buffer-Size};, RN}, {Eoemmand
Priority]), OUT ( [Data-In Buffer], [Sense Data], [Sense Data Length],
Status, [Status Qualifier] ))

Input afguments:

LT _L_QNexus: Thel T_L Q nexus identifying the command (see 4.8).
CDB: Command descriptor block (see 5.2).
Task Attribute: A value specifying one of the task attributes defined in 8.6.

Dhta-In Buffer Size: The number of bytes available for data transfers to the Data-In Buffef (see
5.4.3). SCSI transport protocols may interpret the Data-In Buffer Size to ipclude
both the size and the location of the Data-In Buffer.

Data-Out Buffer: A buffer (see 5.4.3) containing command specific information to be sent|to the
logical unit (e.g., data or parameter lists needed to process the command). The
buffer size is indicated by the Data-Out Buffer Size argument. The confent of
the buffer shall not change during the lifetime of the command (see §.5) as
viewed by the application client.

Dath-Out Buffer Size: The number of bytes available for data transfers from the Data-Out Buffgr (see
5.4.3).

CRN: When the GRN is used, all commands on an |_T_L nexus shall include 3 CRN
argument_that is incremented by one. The CRN shall be set to one fo each
I_T_L«wexus involving the SCSI port after the SCSI port receives a hard reset
or detects |_T nexus loss. The CRN shall be set to one after it reachgs the
maximum CRN value supported by the protocol. The CRN value zero shall be
reserved for use as defined by the SCSI transport protocol. It is not an erfor for
the application client to provide a CRN when CRN is not supported by thg SCSI
transport protocol or logical unit. See the SCSI transport protocol standards for
rules regarding CRN checking.

Command-Priority: The priority assigned to the command (see 8.7).
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Output arguments:

Data-In Buffer:

A buffer (see 5.4.3) to contain command specific information returned by the
logical unit by the time of command completion. The Execute Command
procedure call shall not return a GOOD status or CONDITION MET status

unless the buffer contents are valid. The application client shall treat the

buffer

contents as invalid unless Execute Command procedure call returns a GOOD
status or CONDITION MET status. While some valid data may be present for

other values of status, the application client should rely on additional
information from the logical unit (e.g., sense data) to determine the state of the
b ffao niant LE raraand-tarmainat VW 12N PwH S B f o

MUTTOT VUTTLUTTLO. 1T T UUTTITTTIATTU ICTTTIITTIALC O WILIT d OCUT VILVD IUOP\JI 100 Ul 'Ol RVICE

Sense Data:

Seénse Data Length:

One of

Status:

Status Qualifier:

the following SCSI transport protocol specific service responses shall be returned:

command complete:

The SQ
OR TAR

5.2 Command descriptor block (CDB)

The CL

For all

dervice delivery or

target failure:

Sl transport protocol events corresponding to a response of COMMAND COMPLETE Or SERVICE D
SET FAILURE shall be_specified in each SCSI transport protocol standard.

B defines the operation to be performed by the device server. See SPC-4 for the CDB formats

DELIVERY OR TARGET FAILURE, the application client shall consider the'buffer to

be undefined.

A buffer containing sense data returned in the same INT.L Q jhexus

transaction (see 3.1.50) as a CHECK CONDITION status’ (see 5.13
buffer length is indicated by the Sense Data Length argument. If the con
terminates with a service response of SERVICE DELIVERY OR TARGET FAILUR
application client shall consider the sense data to be\undefined.

The length in bytes of the Sense Data (see 5.13).

A one-byte field containing command compléetion status (see 5.3).

. The
mand
E, the

If the

command terminates with a service response of SERVICE DELIVERY OR TARGET

FAILURE, the application client shall consider command completion status
undefined.

Additional information about the\indicated command completion status
5.3.2).

A logical unit respense indicating that the command has completed. The
argument shall. have one of the values specified in 5.3.

The command has been terminated due to a service delivery failurg
3.1.116).0r SCSI target device malfunction. All output arguments are inve

to be

b (see

Status

(see
lid.

ELIVERY

comimands, if the logical unit detects an invalid field in the CDB, then the logical unit shall not ;I)rocess

the cor

!
mriard.

All CDBs shall have an OPERATION CODE field as the first byte.

Some operation codes provide for modification of their operation based on a service action. In such cases, the
combination of operation code value and service action code value may be modeled as a single, unique
command. The location of the SERVICE ACTION field in the CDB varies depending on the operation code value.

All CDBs shall contain a CONTROL byte (see table 32). The location of the CONTROL byte within a CDB depends
on the CDB format (see SPC-4).
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Table 32 — CONTROL byte

Bit

7 6 5 4 3 2 1

0

Vendor specific Reserved NACA Obsolete | Obsolete

All SCSI transport protocol standards shall define as mandatory the functionality needed for a logical unit to
implement the NACA bit.

The NA
comma
establig
specifie
units sk
The ab
(see SH

If the N
CHECH
to INVA

5.3 St

5318

The stg
whene

hed. A NACA bit set to zero specifies that an ACA shall not be established. The actionsfor A
d in 5.9. Actions that may be required when an ACA is not established are described in 5:8. Al
all implement support for the NACA value of zero and may support the NACA valueof’one (i.e.
lity to support a NACA value of one is indicated with the NORMACA bit in the standard INQUIR
PC-4).

CONDITION status, with the sense key set to ILLEGAL REQUEST, and the additional sense g
LID FIELD IN CDB.
atus

fatus codes

tus codes are specified in table 33. Status shall bé-'sent from the device server to the applicatid
er a command completes with a service response of COMMAND COMPLETE.

Table 33 — Status codes

logical
ACA).
RY data

N\CA bit is set to one but the logical unit does not support ACA, the command shall be terminafed with

ode set

n client

Code Status g::;?;gg Service response
00h GOOD Yes COMMAND COMPLETE
02h CHECK.CONDITION Yes COMMAND COMPLETE
04h CONDITION MET Yes COMMAND COMPLETE
08h BUSY Yes COMMAND COMPLETE
10h Obsolete
14h Obsolete
18h RESERVATION CONFLICT Yes COMMAND COMPLETE
22h Obsolete
28h TASK SET FULL Yes COMMAND COMPLETE
30h ACA ACTIVE Yes COMMAND COMPLETE
40h TASK ABORTED Yes COMMAND COMPLETE

All other codes | Reserved

Definitions for each status code are as follows:

GOOD.

This status indicates that the device server has completed the command without error.

CHECK CONDITION. This status indicates that sense data has been delivered in the buffer defined by the
Sense Data argument to the Execute Command procedure call (see 5.13). Additional actions that are
required when CHECK CONDITION status is returned are described in 5.8.
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CONDITION MET. The use of this status is limited to commands for which it is specified (see the

PRE-FETCH commands in SBC-3).

BUSY. This status indicates that the logical unit is busy. This status shall be returned whenever a logical unit
is temporarily unable to accept a command. The recommended application client recovery action is to issue

the command again at a later time.

If the UA_INTLCK_CTRL field in the Control mode page contains 11b (see SPC-4), termination of a command

with BUSY status shall cause a unit attention condition to be established for the SCSI initiator port on
nexus that sent the command with an additional sense code set to PREVIOUS BUSY STATUS.

the | T

The status qualifier, when supported by a SCSI transport protocol, may provide the SCSI initiator port with

more i

RESERVATION CONFLICT. This status shall be returned whenever a command is sent by aniapp
client t¢ a logical unit in a way that conflicts with an existing reservation. (See the PERSISTENT RE
OUT cgmmand and PERSISTENT RESERVE IN command in SPC-4.)

_INTLCK_CTRL field in the Control mode page contains 11b (see SPC-4), termination of a co
with RESERVATION CONFLICT status shall cause a unit attention condition to be €stablished for th
initiatof port on the I_T nexus that sent the command with an additional sense ‘code set to PRE
RESERVATION CONFLICT STATUS.

TASK $ET FULL. When the logical unit has at least one command in the taskset for an |_T nexus an

lication
SERVE

mmand
e SCSI
VIOUS

d a lack

of task [set resources prevents the logical unit from accepting an additional'command received from {hat |_T

nexus into the task set, TASK SET FULL status shall be returned. When’the logical unit has no comr
the task set for an |_T nexus and a lack of task set resources prevents accepting a received comma
that I_T] nexus into the task set, BUSY status should be returned.

The lodical unit should allow at least one command in the task set for each supported |_T nexus (i.e., 3
unit shquld allow at least one command into the task set for‘each |_T nexus that has been identified in
transpdrt protocol specific manner (e.g., a login), or by.the successful reception of a command).

The stgtus qualifier, when supported by a SCSI transport protocol, may provide the SCSI initiator p
more iffformation about when the command should'be retransmitted (see 5.3.2).

If the up _INTLCK_CTRL field in the Control mode page contains 11b (see SPC-4), termination of a co
with TASK SET FULL status shall cause a unit attention condition to be established for the SCSI initig
on the |_T nexus that sent the command with an additional sense code set to PREVIOUS TASK SE
STATUB.

ACA ACTIVE. This status shall be returned as described in 5.9.2 and 5.9.3 when an ACA exists withi

hand in
nd from

logical
a SCSI

prt with

mmand
tor port
T FULL

n a task

set. The application client may.reissue the command on the same |_T nexus after the ACA condition has been

cleared.

TASK ABORTED. {his status shall be returned when a command is aborted by a command
managgément function‘on another |_T nexus and the Control mode page TAS bit is set to one (see 5.6)

5.3.2 Status qualifier

pr task

The stgtus qualifier provides additional information about the reason for the status code (see 5.3.1).

The status qualifier format is as shown in table 34.

Table 34 — Status qualifier format

Bit
Byte 7 6 5 4 3 2 1 0
0 SCOPE (MSB)
QUALIFIER _
1 (LSB)
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The scorpeE field (see table 35) indicates the logical unit(s) to which the status qualifier applies.

Table 35 — scoPE field

Code Affected logical unit(s) Affected nexus(es)
00b The logical unit addressed by the command associated with the All|_T nexus(es).
status.
LT nexus through with
All Togical units accessible by the SCSI farget port through which = 7
01b : . the status was
the command associated with the status was routed.
returned.
10b All logical unit(s) contained within the SCSI device that contains the All |_T'néxus(es)
logical unit addressed by the command associated with the status. - '
11b Reserved
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The QUALIFIER field (see table 36) indicates additional information about the reason for the status code.

Table 36 — QUALIFIER field

Status code QUALIFIER field Description

No additional information (i.e., the same as returning no status

All 0000h e
qualifier).

The number of 100 ms increments the qpplihnfinn client should

wait before sending another command to the logicaljunit(s)
indicated by the scoPE field using the nexus(es) indicated by the
SCOPE field.

0001h - 3FEFh

3FFOh - 3FFDh Reserved

BUSY The application client should stop sending commands [to the

3FFEh logical unit(s) indicated by the scoprg\field using the nexus(es)
indicated by the SCOPE field.

The logical unit(s) indicated _by\the ScopPE field are not gble to
3FFFh accept the command because’they are servicing too many other
|_T nexuses.

The application client” should wait before sending another
command to the ldgical unit on any I_T nexus until:
0001h - 3FEFh a) atleast the number of 100 ms increments indicated in the
TASK SET FULL @ QUALJIRIER field have eIapsed; or
b) accommand addressed to the logical unit on apy |_T

nexus completes or terminates.

3FFOh - 3FFFh Reserved

GooD 0001h - 3FFFh Reserved

CHECK

CONDITION 0001h - 3FFFh | Reserved

CONDJTION MET | 00@4h™ 3FFFh Reserved

RESHRVATION

coNELICT 0001h - 3FFFh Reserved

ACAACTIVE 0001h - 3FFFh Reserved

TASK ABORTED 0001h - 3FFFh Reserved

All others 0001h - 3FFFh Reserved

@ The scopE field shall be set to zero.

5.3.3 Status precedence

If a device server detects that more than one of the following conditions applies to a completed command, it
shall select the condition to report based on the following precedence:

1) an ACA ACTIVE status;
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a CHECK CONDITION status for any of the following unit attention conditions (i.e., with a sense key

set to UNIT ATTENTION and one of the following additional sense codes):
A) POWER ON, RESET, OR BUS DEVICE RESET OCCURRED;

B) POWER ON OCCURRED;

C) SCSIBUS RESET OCCURRED;

D) MICROCODE HAS BEEN CHANGED;

E) BUS DEVICE RESET FUNCTION OCCURRED;

F) DEVICE INTERNAL RESET,

G) COMMANDS CLEARED BY POWER LOSS NOTIFICATION; or

H) |_T NEXUS LOSS OCCURRED;

a RESERVATION CONFLICT status:

N
O
n

A devig

a)
b)
c)

Any un
CHAN(
key set

5.4 S(

5410

The S(
54.Th

a)

b)

and

a status of:

A) CHECK CONDITION, other than with a sense key set to ILLEGAL REQUEST orfor any
not listed in 2);

B) GOOD;

C) CONDITION MET; or

D) TASK ABORTED.

OTE 10 The names of the unit attention conditions listed in this subclause (e.g., SCSI BUS RESE

CCURRED) are based on usage in SAM-2. The use of these unit attention condition names is not to e

ferpreted as a description of how the unit attention conditions are represented by any given SCSI transpg

protocol.

e server may report the following status codes with anyllevel of precedence:

BUSY status;
TASK SET FULL status; or
CHECK CONDITION status with a sense key set to ILLEGAL REQUEST.

t attention condition that was established\for all logical units (e.g., REPORTED LUNS DAl
EED) should be reported with a higher_precedence than a CHECK CONDITION status with 3
to ILLEGAL REQUEST and an additional sense code set to LOGICAL UNIT NOT SUPPORTE

LS| transport protocol-services in support of Execute Command

verview

Sl transport protocol services that support the Execute Command procedure call are desc
b following greups of SCSI transport protocol services are described:

the SCS8Itransport protocol services that support the delivery of the command and status (see
and
the \SCSI transport protocol services that support the data transfers associated with proce

reason

T

rt

A HAS
sense
D.

fibed in

5.4.2);

5sing a

cemmand (see 5.4.3).

5.4.2 Command and status SCSI transport protocol services

5.4.2.1

Command and status SCSI transport protocol services overview

All SCSI transport protocol standards shall define the SCSI transport protocol specific requirements for
implementing the Send SCSI Command request (see 5.4.2.2), the SCSI Command Received indication
(see 5.4.2.3), the Send Command Complete response (see 5.4.2.4), and the Command Complete
Received confirmation (see 5.4.2.5) SCSI transport protocol services.

All SCSI initiator devices shall implement the Send SCSI Command request and the Command Complete
Received confirmation SCSI transport protocol services as defined in the applicable SCSI transport protocol
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standards. All SCSI target devices shall implement the SCSI Command Received indication and the Send
Command Complete response SCSI transport protocol services as defined in the applicable SCSI transport
protocol standards.

5.4.2.2 Send SCSI Command SCSI transport protocol service request

An application client uses the Send SCSI Command SCSI transport protocol service request to request that a
SCSl initiator port send a command.

Send SCSI Command SCSI transport protocol service request:

Send SCSI Command (IN (L_T_L_Q Nexus, CDB, Task Attribute, [Data-In Buffer Size],
[Data-Out Buffer], [Data-Out Buffer Size], [CRN], [Command Priority],|[First
Burst Enabled] ))

Input afguments:

I_T_L_QNexus: Thel_T_L_Q nexus identifying the command (see 4.8).
CDB: Command descriptor block (see 5.2).

Task Attribute: A value specifying one of the task attributes defined in 8.6. For specific
requirements on the Task Attribute argument see 5.1.

Data-In Buffer Size: The number of bytes available for data transfers to the Data-In Buffef (see
5.4.3). SCSI transport protocols may‘interpret the Data-In Buffer Size to ifclude
both the size and the location of the Data-In Buffer.

Data-Out Buffer: A buffer containing command specific information to be sent to the logicpl unit
(e.g., data or parameter lists' needed to process the command (see 5.1)). The
content of the Data-Out Buffer shall not change during the lifetime pf the
command (see 5.5) as viewed by the application client.

Dath-Out Buffer Size: The number of bytes available for data transfers from the Data-Out Buffgr (see
5.4.3).

CRN: When CRN'is used, all commands on an |_T_L nexus include a CRN arglment
(see 5.71):
Command Priority: The priority assigned to the command (see 8.7).

Finst Burst Enabled: «An argument specifying that a SCSI transport protocol specific number of bytes
from the Data-Out Buffer shall be delivered to the logical unit without wait|ng for
the device server to invoke the Receive Data-Out SCSI transport protocol
service.

5.4.2.3(SCSI Command Received SCSI transport protocol service indication

The tagk.Frouter (see 4.6.8) uses the SCSI Command Received SCSI transport protocol service indicgtion to
notify atask araget thatithasreceivedacommantd:

SCSI Command Received SCSI transport protocol service indication:

SCSI Command Received (IN (I_T_L_Q Nexus, CDB, Task Attribute, [CRN], [Command Priority],
[First Burst Enabled] ))
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Input arguments:

jmmmmdPmwmr—*mﬂmmmnswmmhvmvummwmﬂmmoJ;
Figst Burst Enabled: A

from the Data-Out Buffer are being delivered to the logical unit without waiting
for the device server to invoke the Receive Data-Out SCSI transport protocol

5.4.2.4

A devig
a SCSI
Send G

Send (

Input a

Sense Data Length: The length in bytes of the sense data to be returned to the SCSI initiator

5.4.2.5

A SCS
notify a

Service Response: _ ‘Rossible service response information for the command (see 5.1).

LT _L_QNexus: Thel T_L_ Q nexus identifying the command (see 4.8).
CDB: Command descriptor block (see 5.2).

Task Attribute: A value specifying one of the task attributes defined in 8.6. For s
requirements on the Task Attribute argument see 5.1.

CRN: When a CRN argument is used, all commands on an I_T_L nexus inc
CRN argument (see 5.1).

pecific

lude a

n argument specifying that a SCSI transport protocol specific numbenof bytes

service.

Send Command Complete SCSI transport protocol service response

target port transmit command complete information.

ommand Complete SCSI transport protocol service response:

ommand Complete (IN (I_T_L_Q Nexus, [Sense Data)]; [Sense Data Length], Status,
Service Response, [Status Qualifier] ))

guments:
I_T_L_QNexus: Thel _T_L_Q nexus‘identifying the command (see 4.8).

with sense data to the SCSI initiator port (see 5.13).

Status: Command completion status (see 5.1).

Status Qualifier;—" The Status Qualifier code for the command (see 5.3.2).

Command Complete Received SCSI transport protocol service confirmation

initiator port uses the Command Complete Received SCSI transport protocol service confirm
h dpplication client that it has received command complete information.

e server uses the Send Command Complete SCSI transport protocol service response to request that

Sense Data: If present, a Sepse Data argument instructs the SCSI target port to complete

bort.

htion to

Command Complete Received STSI transport protocol Service contfirmation:

Command Complete Received (IN ( I_T_L_Q Nexus, [Data-In Buffer], [Sense Data], [Sense Data

Length], Status, Service Response, [Status Qualifier] ))
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Input arguments:

LT _L_QNexus: Thel T_L_ Q nexus identifying the command (see 4.8).

Data-In Buffer: A buffer containing command specific information returned by the logical unit
on command completion (see 5.1).

Sense Data: Sense data returned in the same |_T_L_Q nexus transaction (see 3.1.50) as a
CHECK CONDITION status (see 5.13).

Sense Data Length: The length in bytes of the received sense data.

Statos—Command complfetion status (see 5- 17
ervice Response: Service response for the command (see 5.1).

Status Qualifier: The status qualifier for the command (see 5.3.2).

5.4.3 Data transfer SCSI transport protocol services
5.4.3.1|Introduction

The dafta transfer services described in 5.4.3 provide mechanisms for nieving data to and from the SCSI
initiato port while processing commands. All SCSI transport protocol-standards shall define the protocols
requiredl to implement these services.

The application client's Data-In Buffer and/or Data-Out Buffer eachrappears to the device server as g single,
logically contiguous block of memory large enough to hold all4¢he data required by the command (seg figure
38). This standard allows either unidirectional or bidirectiofal data transfer. The processing of a command
may refjuire the transfer of data from the application client using the Data-Out Buffer, or to the application
client uging the Data-In Buffer, or both to and from the application client using both the Data-In Buffer gnd the
Data-Out Buffer.

A
Application
Client
Byte|Count Buffer Offset

Requegsted by
DevicnSeNer

Application

Client
Buffer Size

Figure 38 — Model for Data-In and Data-Out data transfers

This standard assumes that the buffering resources available to a logical unit are limited, and the buffer in the
logical unit may not be capable of containing all of the data required to be transferred for one command. Such
data needs to be moved between the application client and the logical unit in segments that are smaller than
the transfer size specified in the command. The amount of data moved per segment is usually a function of
the buffering resources available to the logical unit. Figure 38 shows the model for such incremental data
transfers.
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SCSI transport protocols may allow logical units to accept the initial portion of the Data-Out Buffer data, called
the first burst, along with the command without waiting for the device server to invoke the Receive Data-Out
SCSI transport protocol service. This is modeled using Receive Data-Out protocol service calls for which the
SCSI transport protocol may have moved the first burst prior to the call.

SCSI transport protocols that define a first burst capability shall include the First Burst Enabled argument in
their definitions for the Send SCSI Command and SCSI Command Received SCSI transport protocol
services. Logical units that implement the first burst capability shall implement the FIRST BURST SIzE field in the
Disconnect-Reconnect mode page (see SPC-4).

The STPL confirmed services specified in 5.4.3.2 and 5.4.3.3 are used by the device server to request the
transfer_of data to or from the application client Data-In Buffer or Data-Out Buffer, respectively. The SCSI
initiator|device SCSI transport protocol service interactions for data transfers are unspecified.

The mpvement of data between the application client and device server is controlled by-the fo]lowing
argumgnts:

Application Client The total number of bytes in the application client's buffer’(i.e., equivalent to
Buffer Size: Data-In Buffer Size for the Data-In Buffer or equivalent to Data-Out Buffgr Size
for the Data-Out Buffer).

Application Client Offset in bytes from the beginning of the application client's buffer (Data-In or
Buffer Offset: Data-Out) to the first byte of transferred data:

Byte (Count Bequested_ Number of bytes to be moved by the datatransfer request.
by Device Server:

For any specific data transfer SCSI transport protocol servicetequest, the Byte Count Requested by [Device
Serveris less than or equal to the combination of Application Client Buffer Size minus the Appljcation
Client Buffer Offset.

Randoe]n buffer access occurs when the device server requests data transfers to or from segments of the
applicdtion client's buffer that have an arbitrary.offset and byte count. Buffer access is sequentidl when
succeskive transfers access a series of increasing, adjoining buffer segments. Support for random buffer
access|by a SCSI transport protocol standard’is optional. A device server implementation designed|for any
SCSI transport protocol implementation should be prepared to use sequential buffer access when necgssary.

If a SCPBI transport protocol supports-random buffer access, the offset and byte count specified for each data
segmeit to be transferred may overlap. In this case the total number of bytes moved for a command s not a
reliable indicator of highest byte'transferred and shall not be used by a SCSI initiator device or SCYI target
device |mplementation to determine whether all data has been transferred.

All SC§I transport protocal-standards shall define support for a resolution of one byte for the Application Client
Buffer $ize argument:

SCSI tlansport pfetocol standards may define restrictions on the resolution of the Application Clienf Buffer
Offset argument-SCSI transport protocol standards may define restrictions on the resolution of the Request
Byte Count@rgument for any call to Send Data-In or any call to Receive Data-Out that does not trangfer the
last byte.of the Application Client Buffer.

This standard provides only for the transfer phases to be sequential. Provision for overlapping transfer phases
is outside the scope of this standard.

The STPL confirmed services specified in 5.4.3.4 are used by the task manager or device server to terminate
partially completed transfers to the Data-In Buffer or from the Data-Out Buffer. The Terminate Data Transfer
SCSiI transport protocol service requests that one or more Send Data-In or Receive Data-Out SCSI transport
protocol service requests be terminated by a SCSI target port.
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5.4.3.2 Data-In delivery service
5.4.3.2.1 Send Data-In SCSI transport protocol service request

A device server uses the Send Data-In SCSI transport protocol service request to request that a SCSI target
port send data.

Send Data-In SCSI transport protocol service request:

Send Data-In (IN (L_T_L_Q Nexus, Device Server Buffer,
Application Client Buffer Off R B n

Input afguments:

I_T_L_QNexus: Thel_T_L_Q nexus identifying the command (see 4.8).
Deviice Server Buffer: The buffer in the device server from which data is to beAranasferred.

Application Client Offset in bytes from the beginning of the application client's buffer (i.¢., the
Buffer Offset: Data-In Buffer) to the first byte of transferred data.

Request Byte Count: Number of bytes to be moved by this request:

5.4.3.2]2 Data-In Delivered SCSI transport protocol service confirmation
A SCSI| target port uses the Data-In Delivered SCSI transport.protocol service confirmation to notify g device
server that it has sent data.

Data-In Delivered SCSI transport protocol service confirmation:

Data-In Delivered (IN (I_T_L_Q Nexus;.Delivery Result))

This cgnfirmation notifies the device server that the specified data was successfully delivered to the
application client buffer, or that a service)delivery subsystem error occurred while attempting to del|ver the
data.

Input afguments:

L_T_L_Q Nexus:\“The |_T_L_Q nexus identifying the command (see 4.8).

Delivery Result: an encoded value representing one of the following:
DELIVERY SUCCESSFUL: The data was delivered successfully.
DELIVERY FAILURE: A service delivery subsystem error occurred while
attempting to deliver the data.

5.4.3.3|Data-Out delivery service

5.4.3.3.1 Receive Data-Out SCSI transport protocol service request

A device server uses the Receive Data-Out SCSI transport protocol service request to request that a SCSI
target port receive data.

Receive Data-Out SCSI transport protocol service request:

Receive Data-Out (IN (I_T_L_Q Nexus, Application Client Buffer Offset, Request Byte Count,
Device Server Buffer))
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Input arguments:

Application Client

Dev

LT _L_QNexus: Thel T_L_ Q nexus identifying the command (see 4.8).

Buffer Offset: Data-Out Buffer) to the first byte of transferred data.

ice Server Buffer: The buffer in the device server to which data is to be transferred.

Request Byte Count: Number of bytes to be moved by this request.

Offset in bytes from the beginning of the application client's buffer (i.e., the

If the SCST Command Received SCSI transport protocol service included a First Burst Enabled argument

and rar
until all
include
transfe
subsys

5.4.3.3

A SCS|
server

Data-O

This cd
buffer,

Input a

5.4.3.4
5.4.3.4

A devid
reques

red to the Device Server Buffer but first burst data may be re-transferred across a service
em.

2 Data-Out Received SCSI transport protocol service confirmation

target port uses the Data-Out Received SCSI transport protocol seryice/confirmation to notify g
hat it has received data.

Ut Received SCSI transport protocol service confirmation:

ata-Out Received (IN (I_T_L_Q Nexus, Delivery Result ))
nfirmation notifies the device server that the requested data has been successfully deliverg
br that a service delivery subsystem error occurted while attempting to receive the data.

guments:

L_T_L_QNexus: Thel T_L_Q.nexus identifying the command (see 4.8).

Delivery Result: an encoded.value representing one of the following:
DELIVERY SUCCESSFUL: The data was delivered successfully.
DELIVERY FAILURE: A service delivery subsystem error occurred whil
attempting to receive the data.

Terminate Data Transfer service
1 Terminate:Data Transfer SCSI transport protocol service request

e server.or task manager uses the Terminate Data Transfer SCSI transport protocol service req
that a)SCSI target port terminate data transfers.

TerminaterData Transfer SCSI transpart protocal service request:

Terminate Data Transfer (IN ( Nexus ))

Input argument:

Nexus: An|_Tnexus,|_T L nexus,orl_T L _Q nexus (see 4.8).

dom buffer access is not supported, first burst data shall be transferred to the Device Servel Buffer
first burst data has been transferred. If the SCSI Command Received SCSI transport protocol|service
d a First Burst Enabled argument and random buffer access is supported, first burst.data shpuld be

elivery

device

d to its

uest to

The SCSI target port terminates all transfer service requests for the specified nexus (e.g., ifan I_T_L nexus is
specified, then the SCSI target port terminates all transfer service requests from the logical unit for the
specified SCSI initiator port).


https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

14776-414 © ISO/IEC:2009(E) -97 -

5.4.3.4.

2 Data Transfer Terminated SCSI transport protocol service confirmation

A SCSI target port uses the Data Transfer Terminated SCSI transport protocol service confirmation to notify a
device server or task manager that it has terminated all outstanding data transfers for a specified nexus.

Data Transfer Terminated SCSI transport protocol service confirmation:

Data Transfer Terminated (IN ( Nexus))

Input argument:

This co
Nexus €
transpq
transpdg
confirm

5.5 Command lifetimes

This su
viewpo
viewpo
An app

transpg
target @

a)
b)

Nexus: An| Tnexus,| T Lnexus,orl T L Q nexus (see 4.8).

hfirmation is returned in response to a Terminate Data Transfer request whether orinot the s
xisted in the SCSI target port when the request was received. After a Data Transfer Terminat
rt protocol service confirmation has been sent in response to a Terminate-Data Transf
rt protocol service request, Data-In Delivered or Data-Out Received SCSliransport protocol
ations shall not be sent for the commands specified by the nexus.

bclause specifies the events delimiting the beginning and-end (i.e., lifetime) of a command fi
int of the application client and device server. The task router and task manager have th
nt of the beginning and end of a command as the device server.

rt protocol service request is invoked until the\application client receives one of the followin
evice responses:

a service response of COMMAND COMPLETE for that command;

notification of a unit attention condition’with one of the following additional sense codes;

A) any additional sense code whose ADDITIONAL SENSE CODE field contains 2Fh (e.g., COMN
CLEARED BY ANOTHERMNITIATOR, COMMANDS CLEARED BY POWER LOSS N
CATION or COMMANDS CLEARED BY DEVICE SERVER), if in reference to the t
containing the commiand;

B) any additional sense code whose ADDITIONAL SENSE CODE field contains 29h (e.g., POW
RESET, OR BUS.DEVICE RESET OCCURRED; POWER ON OCCURRED; SCSI BUS
OCCURREPB;.BUS DEVICE RESET FUNCTION OCCURRED; DEVICE INTERNAL RE
|_T NEXUS-LOSS OCCURRED); or

C) MICROEODE HAS BEEN CHANGED.

notificationithat the task manager has detected the use of a duplicate |_ T_L_Q nexus (see 5.1

a service response of FUNCTION COMPLETE following an ABORT TASK task management f

directed to the specified command;

pecified
d SCSI
r SCSI
service

om the
b same

ication client maintains an application client command from the time the Send SCSI Command SCSI

g SCSI

NANDS
OTIFI-
sk set

FR ON,
RESET
SET; or

0);
unction

a.service response of FUNCTION COMPLETE following an ABORT TASK SET or a CLEAR TAS

bK SET

task management function directed to the task set containing that command;

a service response of FUNCTION COMPLETE following an I_T NEXUS RESET task management

function delivered on the |_T nexus used to deliver that command;

a service response of FUNCTION COMPLETE in response to a LOGICAL UNIT RESET task

management function directed to the logical unit;

a service response of FUNCTION COMPLETE following a QUERY TASK task management function

directed to the specified command; or

a service response of FUNCTION COMPLETE following a QUERY TASK SET task management function

directed to the specified task set.

NOTE 11 Items other than a) assume in-order delivery (see 4.4.3).
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If a service response of SERVICE DELIVERY OR TARGET FAILURE is received for a command (e.g., when an |_T
nexus loss is detected by the SCSI initiator port), the application client shall maintain an application client
command to represent the command until the application client has determined that the command is no
longer known to the device server.

NOTE 12 The names of the unit attention conditions listed in the subclause (e.g., SCSI BUS RESET
OCCURRED) are based on usage in SAM-2. The use of these unit attention condition names is not to be
interpreted as a description of how the unit attention conditions are represented by any given SCSI transport
protocol.

The device server shall create a command upon receiving a SCSI Command Received indication.

The command shall exist until:
a) |the device server sends a SCSI transport protocol service response for the command.of CQMMAND
COMPLETE; or
b) | the command is aborted as described in 5.6.
When g SCSI transport protocol does not require state synchronization (see 4.4.2), thére may be a time skew
between the completion of a device server request-response transaction as seen byithe application client and
device gerver. As a result, the lifetime of a command as it appears to the applicatiort client is different from the

lifetime|observed by the device server.

Some

task se
to initia
Backgr

shall ngt be aborted by |_T nexus loss or power loss expected:

Backgr|

comma
by pow

power lpss expected.

Unless
require

I command processing has been completed is vendor specific.

5.6 Aborting commands

e a background self-test (see SPC-4) or a write command when' write cache is enabled (see
bund operations may be aborted by power on, hard reset, erlogical unit reset. Background op

ommands initiate background operations that are processed afterthe command is no longgr in the
(i.e., status has been returned for the command) (e.g., a SEND DIAGNOSTIC command wh%n used

BC-3)).
rations

bund operations may generate deferred errors that/are reported in the sense data for a subgequent
nd (see SPC-4). Information that a deferred errorioccurred may be cleared before it is reportdd (e.g.,
er on, hard reset, or logical unit reset). Deferred errors should not be cleared by I_T nexus|loss or

a command completes with a GOOD_status or CONDITION MET status, the degree to which the

A cominand is aborted when\a SCSI device condition (see 6.3), command, or task management flinction

causes

termination of the(command prior to its completion by the device server.

See talple 37 for a list.of the SCSI device conditions that cause commands to be aborted in a SCSI |nitiator

device.

Table 37 — SCSI device conditions that abort commands in a SCSI initiator device

SCSI device condition Scope Reference

Power on All commands in the SCSI initiator device. 6.3.1

Hard reset AI'I' commands with an |_T nexus involving the SCSI 6.3.2
initiator port.

|_T nexus loss All commands associated with the lost |_T nexus. 6.3.4

SCSI transport

protocol specific As defined by the applicable SCSI transport protocol standard.

condit

ions
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See table 38 for a list of the SCSI device conditions that cause commands to be aborted in a SCSI target
device.

Table 38 — SCSI device conditions that abort commands in a SCSI target device

Unit attention
condition (see

. TASK
SCSI.d.ewce Scope 511.4) ABORTED Reference
condition additional a
. status
sensecoae it
any

Power on All commgnds in the SCSI No 6.3H
target device.

All commands in all logical
Hard feset units to which the SCS.I Yes dr.no © 6.3.p
target port has access in the

SCSI target device.

. . See table 47
Logichl unit reset ° :\rl]litc;ommands in the logical Yes or no ¢ 6.3.3and 7.7
In each logical unit to which
the SCSI target port has
I_T n¢xus loss b access, all commands No 6.3.4ard 7.6
associated with the lost
|_T nexus.
COMMANDS
Power loss All commands in the SE€SI CLEARED BY No 6.36
expegted target device. POWER LOSS e
NOTIFICATION
SCSl|transport
proto¢ol specific As defined by the applicable SCSI transport protocol standard.

conditions

8 “Ygs” indicates that.éach command that is aborted on an |_T nexus other than the one that cauged the
SQSI device condition is completed with TASK ABORTED status, if the TAS bit is set to one in the Control
mdde page (se&:SPC-4). “No” indicates that no status is returned for aborted commands.

b This SCSI deVice condition is able to be invoked by a task management function listed in table 39

© If the hard.reset is caused by a particular |_T nexus (e.g., by a SCSI transport protocol-specific task
mgnagément function), then “yes” applies. Otherwise, “no” applies.

d If the logical unit reset is caused nexus (e.g

., by a LOGICAL UNIT RESHET task

a et; o—appres.
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See table 39 for a list of the task management functions that cause commands to be aborted.

Table 39 — Task management functions that abort commands

Unit

attention
Task management condition TASK
f . Scope (see 5.14) ABORTED Reference
unction i, b

additional status

sense-code;
if any 2
Command specified by

ABORT TASK the |_T_L Q Nexus None No 6.3.1and 7.2

(I_T_|L_Q nexus)
argument.

All commands in the task
set with the same
|_T nexus as that None No 6.3.2anfd 7.3
specified by the
|_T_L Nexus argument.

ABORT TASK SET
(I_T_|L nexus)

COMMANDS
CLEAR TASK SET All commands in the task | CEARED
(I_T_|L nexus) set © BY Yes 75
] ANOTHER
INITIATOR
LOG|CAL UNIT

RESET (I_T L nexus) See table 38 for a description of the logical unit reset condition.

I_T NEXUS RESET

See table 38 for a description of the |_T nexus loss condition.
(L_T mexus)

@ |f {he TAS bit is set to zero in.thie* Control mode page (see SPC-4), the device server creates this unit
attention condition for eachi [>T nexus that had command(s) aborted other than the |_T nexiis that
delivered the task management function. If the TAs bit is set to one in the Control mode page (see
SHC-4), the device server does not create this unit attention condition.

b “Ygs” indicates that-éach command that is aborted on an |_T nexus other than the one that delivefed the
tagk management function is completed with TASK ABORTED status, if the TAS bit is set to ondg in the
Cantrol mode-page. “No” indicates that no status is returned for aborted commands.

¢ If fhe TsT field.is set to 001b (i.e., per I_T nexus) in the Control mode page (see SPC-4), therelis one
tagk set.per’l T nexus, as a result, no other |_T nexuses are affected and CLEAR TASK $ET is
equivalent to ABORT TASK SET.
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See table 40 for a list of the command related conditions that cause commands to be aborted.

Table 40 — Command related conditions that abort commands

Unit attention
condition

(see 5.14) TASK
Command related conditions Scope o ABORTED | Reference
additional b
status
sense code,
if-any—2
CHECK CONDITION status if:
a) the PERR field is set to 01b; and . COMMANDS
b) the ['sT field is set to 000b (i.e All commands in CLEARED BY Yes 5.8.3 and
Y the task set. ANOTHER 5.9.2
shajed) INITIATOR

in the Control mode page (see SPC-4).
CHECK CONDITION status if:
a) the RERR field is set to 01b; and .
b) the IrsT field is set to 001b (i.e., per Al commandsc n None No 583 and

the task set. 5.9.2

|_T hexus)
in the Control mode page (see SPC-4).
Completion of a command with a mle(‘igrsrl](ns]z]\?vsit;\nthe
CHECK CONDITION status if the QERR 5.8.3 and
o . same |_T nexXus‘as None No
field is|set to 11b in the Control mode 5.9.2
age (bee SPC-4) the command that

page {p : was terminated.
Procegsing of a PERSISTENT
RESERVE OUT command with a Alcommands from COMMANDS
PREEMPT AND ABORT service action all I_T nexuses with | CLEARED BY Yes $PC-4
with a feservation key that is associated the specified ANOTHER N
with thie |_T nexus on which the reservation key. INITIATOR
command was received (see SPC-4).
The refurn of an Execute Command The indicated
servicg response of SERVICE command None No 5.1
DELIVERY OR TARGET,FAILURE. '

All commands with

the same |_T nexus
Termination ef-an overlapped command. as the command None No 5.10

that was

terminated.

@ If the TAS bit is set to zero in the Control mode page (see SPC-4), the device server creates this unit
attention condition for each I_T nexus that had command(s) aborted other than the |I_T nexus that
delivered the task management function. If the TAS bit is set to one in the Control mode page (see SPC-4),
the device server does not create this unit attention condition.

“Yes” indicates that each command that is aborted on an |_T nexus other than the one that delivered the

command is completed with TASK ABORTED status, if the TAS bit is set to one in the Control mode page
(see SPC-4). “No” indicates that no status is returned for aborted commands.

are

affected.

As a result of the TsT field being set to 001b, there is one task set per |_T nexus, so no other |_T nexuses
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If one or more commands are cleared or aborted, the affected commands are also cleared from the SCSI
initiator ports in a manner that is outside the scope of this standard.

When a device server receives a command or task management function on an |I_T nexus that causes
commands on the same |_T nexus to be aborted, the device server shall not return any notification that
commands have been aborted other than:

a) a completion response for the command or task management function that caused the command(s)
to be aborted; and

b) natification(s) associated with related effects of the command or task management function (e.g., a
reset unit attention condition).

When gdevite SErver Teceives a commrand or task management functiom om am {1 nexus thatrauses
commgnds on other |_T nexuses to be aborted, the device server shall return any notifications:fgr those
commands based on the setting of the TAs bit in the Control mode page (see SPC-4):

a) | if the TAS bit is set to zero, the device server:

A) shall not return status for the commands that were aborted; and

B) shall establish a unit attention condition for the SCSI initiator port associated with each |_T nexus
containing commands that were aborted with an additional sense code/set as defined in fable 39
and table 40;

or

b) | if the TAS bit is set to one, the device server:
A) shall complete each aborted command with a TASK ABORTED status; and
B) shall not establish a unit attention condition for this reason.

When & logical unit completes one or more commands received on an |_T nexus with a status of TASK
ABORTED, the logical unit should complete all of the dffected commands before entering any other
commands received on that |_T nexus into the task set.
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5.7 Command processing example

A command is used to show the events associated with the processing of a single device service request (see

figure 39). This example does not include error or exception conditions.

Application Client

Application Client Command

¢ Waiting A
Command
Working
— |
> Activity 3 Time

Device Server

Figure 39 — Command processing.events

The numbers in figure 39 identify the events described as follows:

1) | the application client command performs an Execute Command procedure call by invoking th
SCSI Command SCSI transport protocol serviceto send the CDB and other input parameter
logical unit.

2) | the device server is notified through a SCShCommand Received indication containing the C
command parameters. A command is created and entered into the task set. The device sery
invoke the appropriate data delivery.sérvice one or more times to complete command process
3) | on command completion, the Send~=Command Complete SCSI transport protocol service is
to return a GOOD status and a‘sefvice response of COMMAND COMPLETE.

4) | a confirmation of Command; Complete Received is passed to the application client by th
initiator port.

5.8 Commands that complete with CHECK CONDITION status

5.8.1 erview

An applicationclient uses the NACA bit in the CONTROL byte of the CDB (see 5.2) to specify whether or|

e Send
5 to the

DB and
er may

ing.
nvoked

e SCSI

not the
status.

device petver establishes an ACA condition when it terminates a command with CHECK CONDITION
The m i H :

a) If the NACA bit is set to zero, an ACA condition shall not be established; or
b) If the NACA bit is set to one, an ACA condition shall be established (see 5.9).

The requirements that apply when the ACA condition is not in effect are described in 5.8.2.

When a command terminates with a CHECK CONDITION status and an ACA condition is not established,
commands other than the command completing with a the CHECK CONDITION status may be aborted as

described in 5.8.3.
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5.8.2 Handling commands when ACA is not in effect

Table 41 describes the handling of commands when an ACA condition is not in effect for the task set. The |_T
nexuses that are associated with a task set are specified by the TST field in the Control mode page (see

SPC-4).
Table 41 — Command handling when ACA is not in effect
New command properties ACA established if new
f Device server action commrand-terminates with
TJsk NACA value a CHECK CONDIT|ON
attrijute 2 b status
Any|task 0 No
attripute
except the Process the command. °©
ACA|task 1 Yes
attripute
0 . . , No
ACA|task Process an invalid task attribute
attrijpute 1 condition as described in 5.12. Yes

@ Task attributes are described in 8.6.
b Thk NACA bit is in the CONTROL byte in the CDB (see 5.2)
¢ Allfthe conditions that affect the processing of commands-(e.g., reservations) apply.

5.8.3 Aporting commands terminated with a CHECK CONDITION status without establishing an ACA

When & command terminates with a CHECK«CONDITION status where the NACA bit is set to zer¢ in the
commgnd’s CDB CONTROL byte (i.e., when @ ACA condition is not established), commands in the qormant
commgnd state or enabled command state (see 8.5) may be aborted based on the contents of the TST field
and QHRR field in the Control mode page-(see SPC-4) as shown in table 42. The TST field specifies thejtype of
task sef in the logical unit. The QERR field specifies how the device server handles commands in the blocked
command state and dormant command state when another command terminates with a CHECK CONDITION

status.
Table 42 — Aborting commands when an ACA is not established
QERR || TST Action
00b 0080 Commands other than the command terminated with a CHECK CONDITION status shall
001b Nnot pe aborieda.
000b All enabled and dormant commands received on all |_T nexuses shall be aborted (see
5.6).
01b All enabled and dormant commands received on the |_T nexus on which the CHECK
001b CONDITION status was returned shall be aborted (see 5.6). All commands received on
other |_T nexuses shall not be aborted.
000b All enabled and dormant commands received on the |_T nexus on which the CHECK
11b CONDITION status was returned shall be aborted (see 5.6). All commands received on
001b | other |_T nexuses shall not be aborted.



https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

14776-414 © ISO/IEC:2009(E) -105 -

5.9 Auto contingent allegiance (ACA)

5.9.1 ACA overview

The application client may request that the device server alter command processing when a command
terminates with a CHECK CONDITION status by establishing an ACA condition using the NACA bit in the
CONTROL byte (see 5.8.1).

The steps taken by the device server to establish an ACA condition are described in 5.9.2. Upon
establishment of the ACA condition, some commands other than the command completing with the CHECK
CONDITION status may be aborted and continued processing of other commands may be blocked as

describ)

While t
new coj
unless
that co
ACA A
from th

While t
logical

While t
a)
b)

The me

ed in 5.9.2.

mmands received by the logical unit from the faulted |_T nexus are not allowed to enter the

mmands in-flight, when the CHECK CONDITION status occurs, are completed unprocessed
CTIVE status. Multiple commands may be sent one at a time using the AcAatask attribute to
e event that resulted in the ACA condition without clearing the ACA conditiony

Linit from the faulted |_T nexus are allowed to enter the task set.

ne ACA condition is in effect:

new commands received on |_T nexuses other than the"faulted |_T nexus shall be han
described in 5.9.4.

thods for clearing an ACA condition are described in(5.9.5.

5.9.2 Eptablishing an ACA

When 4

one in fhe CONTROL byte of the faulting command, the device server shall create an ACA condition.

When 4
(see 8.
Control
unit. Th
the dor

) shall either be aborted or-blocked based on the contents of the TST field and QERR fiel

e QERR field specifies how the device server handles commands in the blocked command st
mant command state when another command terminates with a CHECK CONDITION status.

they have the ACA task attribute (see 8.6.5). One of the results of the ACA task attribute require

he ACA condition is in effect and the TMF_ONLY bit is set to one, no new commands received

new commands received on the faulted |_T nexus shall bechandled as described in 5.9.3, and

device server terminates a command with a CHECK CONDITION status and the NACA bit wa

mode page (see SPC-4) as.shown in table 43. The TST field specifies the type of task set in the

ne ACA condition is in effect and the TMF_ONLY bit is set to zero in the Control mode page(see $PC-4),

sk set
ment is
with an
recover

by the

lled as

5 set to

n ACA condition is established,.commands in the dormant command state or enabled commamd state

in the
logical
hte and
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Table 43 — Blocking and aborting commands when an ACA is established

QERR TST Action

All enabled commands received on all |_T nexuses shall transition to the blocked
000b command state (see 8.8). All dormant commands received on all I_T nexuses shall
remain in the dormant command state.

00b All enabled commands received on the faulted |_T nexus shall transition to the blocked
command state (see 8.8). Al dormant commands received on the Taulted T_T nexu$ shall
001b remain in the dormant command state. All commands received on |_T nexdses| other
than the faulted |_T nexus shall not be affected by the establishment~of thi§ ACA
condition.

All enabled and dormant commands received on all I_T nexuses shall be abortedl (see

000b | g

01b All enabled and dormant commands received on the faulted™.'T nexus shall be aborted

001b (see 5.6). All commands received on |_T nexuses other, than the faulted |_T nexus$ shall
not be affected by the establishment of this ACA condition:

All enabled and dormant commands received on the faulted |_T nexus shall be aborted
(see 5.6). All enabled commands received onl T nexuses other than the faultgd | T
000b nexus shall transition to the blocked command’ state (see 8.8). All dormant commands
received on |_T nexuses other than thedfaulted |_T nexus shall remain in the ddrmant
11b command state.

All enabled and dormant commands-received on the faulted |_T nexus shall be aborted
001b (see 5.6). All commands received’on |_T nexuses other than the faulted |_T nexus shall
not be affected by the establishment of this ACA condition.

An ACA condition shall not cross task set-boundaries and shall be preserved until it is cleared as described in
5.9.5.

If the SICSI transport protocol does: not enforce state synchronization as described in 4.6.14, there mpy be a
time deflay between the occurrenee of the ACA condition and the time at which the application client becomes
aware ¢f the condition.

5.9.3 Handling new commands received on the faulted I_T nexus when ACA is in effect

Table 44 describesthe handling of new commands received on the faulted |_T nexus when ACA is in gffect.
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Table 44 — Handling for new commands received on a faulted I_T nexus during ACA

New command properties ACA ACA established if
command TMF ONLY . . new.commarlid
present value © Device server action terminates with
Task attribute 2 NIACA,, in the a CHECK CONDITION
value Task Set status
0 No 0 No ¢
Process the command. *
1 No 0 Yes ¢
ACA tasH attribute
n/a n/a 1 Complete the command h/a
0or 1 Yes n/a with ACA ACTIVE status. n/a
Any|task
attribute except 0or1 n/a n/a Complete the command n/a
the AGA task with ACA ACTIVE status.
attrjpute

@ Task attributes are described in 8.6.

b The[NACA bit is in the CONTROL byte in the CDB (see 5.2).

¢ The|TMF_ONLY bit is in the Control mode page (see SPC-4).

4" If a command with the ACA task attribute terminates with &<CHECK CONDITION status, the existing ACA
condlition shall be cleared and the value of the NACA/bit.shall control the establishment of a new ACA
conglition.

€ All the conditions that affect the processing of commands (e.g., reservations) apply.

5.9.4 Handling new commands received on non-faulted I_T nexuses when ACA is in effect

5.9.4.1[Command processing permitted-for commands received on non-faulted

I_T nexuses during ACA

The deyice server shall process@a PERSISTENT RESERVE OUT command with a PREEMPT AND ABORT

servicq action (see SPC-4) while an ACA condition is established when the command is receivgd on a

non-faylted |_T nexus.

NOTE 13 The processing of specific commands (e.g., PERSISTENT RESERVE OUT command with|a
PREEMPT ANB-ABORT service action) received on a non-faulted I_T nexus, while an ACA condition is fin
effect, providés“SCSI initiator ports not associated with the faulted |_T nexus the opportunity to recover from

effror conditions that the SCSI initiator port associated with the faulted |_T nexus is unable to recover by itse

5.9.4.2[Handling new commands received on non-faulted I_T nexuses when ACA is in effect

The handling of commands received on |_T nexuses other than the faulted |_T nexus depends on the value in

the TST

field in the Control mode page (see SPC-4).

Table 45 describes the handling of new commands received on |_T nexuses other than the faulted |_T nexus
when ACA is in effect.
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Table 45 — Handling for new commands received on non-faulted I_T nexuses during ACA

TsT field | New command New ACA established if new
value in properties !
command . . command terminates
Control . Device server action .
mode Task NACA permitted with a CHECK
. a p | during ACA ¢ CONDITION status
page attribute value
ACA task - - Complete the command -
attribute e e with ACA ACTIVE status. s
Complete the command
— 0 No with BUSY status. pa
000b ny_ tas
attribute 1 No Complete the command n/a
except the with ACA ACTIVE status.
ACA task
attribute 0 Yes No ¢
Process the command.
1 Yes Yes ¢
0 Process an invalid task No
ACA task A =,
attribute n/a — attribute condition as
1 described in 5.12. Yes
001b| Any task
attribute
exceptthe | Oor1 n/a Process the command. © See 5.8.2)
ACA task
attribute
8 Task attributes are described in 8.6.
b The|NACA bit is in the CONTROL byte in-the CDB (see 5.2).
€ Sed5.9.4.1.
dIfa permitted command terminatés' with a CHECK CONDITION status, the existing ACA condition|shall be
clegred and the value of the NACA bit shall control the establishment of a new ACA condition.
€ When the TsT field in the Control mode page contains 001b, commands received on a non-fayited |_T
nexps shall be processedias if the ACA condition does not exist (see 5.8.2). In this case, the lodical unit
sha|l be capable of handling concurrent ACA conditions and sense data associated with each |_T gexus.
5.9.5 Clearing an'‘ACA condition
An ACA cordition shall only be cleared:
a) |as'a result of a hard reset (see 6.3.2), logical unit reset (see 6.3.3), or I T nexus loss (see 6.3|4);

b) by a CLEAR ACA task management function (see 7.4) received on the faulted |_T nexus;

c) by a PERSISTENT RESERVE OUT command with a PREEMPT AND ABORT service action with the
ACA task attribute received on the faulted |_T nexus that clears the commands received on the faulted
I_T nexus (see SPC-4);

d) by a PERSISTENT RESERVE OUT command with a PREEMPT AND ABORT service action with a
task attribute other than the ACA task attribute received on a non-faulted |_T nexus that clears the

commands received on the faulted |_T nexus;

e) when a command with the ACA task attribute received on the faulted |_T nexus terminates with a
CHECK CONDITION status; or
f) when a PERSISTENT RESERVE OUT command with a PREEMPT AND ABORT service action
terminates with a CHECK CONDITION status.
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Cases e) and f) may result in the establishment of a new ACA based on the value of the NACA bit.

When an ACA condition is cleared and no new ACA condition is established, the state of all commands in the
task set shall be modified as described in 8.8.

5.10 Overlapped commands

An overlapped command occurs when a task manager or a task router detects the use of a duplicate | T L Q
nexus (see 4.6.6) in a command before that I_T_L_Q nexus completes its command lifetime (see 5.5). Each

SCSI try ncpnrf prnfnhnl standard shall epnpify whether or not a task managerora task router is req

lired to

detect

A task
the | T
CONDI
the add

511 I

The SQ
in this s

In resp
SCSI tz

Any co

a)

pverlapped commands.

manager or a task router that detects an overlapped command shall abort all commands-rece
nexus on which the overlapped command was received and the device server shalliretirn a
TION status for the overlapped command. The sense key shall be set to ABORTED-COMMA
itional sense code shall be set to OVERLAPPED COMMANDS ATTEMPTED.

DTE 14 An overlapped command may be indicative of a serious error and, if not\detected, may result
rrupted data. This is considered a catastrophic failure on the part of the SCSI initiator device. Therefor]

he SCSI target device logical unit may return additional sense data to aid\in_this error recovery procedu
.g., sequential-access devices may terminate the overlapped command with the residue of bloc
maining to be written or read at the time the second command was réeegived).

ncorrect logical unit

Sl target device's response to a command addressed to an incorrect logical unit number is de
ubclause.

bnse to a REQUEST SENSE command,xa REPORT LUNS command, or an INQUIRY comm
rget device shall respond as defined.ift,SPC-4.

mmand except REQUEST SENSE; REPORT LUNS, or INQUIRY:

shall be terminated with CHECK CONDITION status, with the sense key set to ILLEGAL RE(

and with the additional sense code set to LOGICAL UNIT NOT SUPPORTED, if:

A) the SCSI target device is not capable of supporting the logical unit (e.g., some SCS
devices support.anly one peripheral device); or

B) the SCSI tafget device supports the logical unit, but the peripheral device is not c
connected to/the SCSI target device;

or

is respanded to in a vendor specific manner, if:
A), (the SCSI target device supports the logical unit and the peripheral device is connected,
peripheral device is not operational; or

ndor specific error recovery procedures may be required to guarantee the data integrity on the mediumn.

ved on
CHECK
ND and

in
e,

[e
S

scribed

and the

DUEST,

target

Lirrently

but the

A\ o : N N NS

device is connected or is not operational because the peripheral device is not ready.

5.12 Task attribute exception conditions

ripheral

If a command is received with a task attribute that is not supported or is not valid (e.g., an ACA task attribute
when an ACA condition does not exist), the command shall be terminated with CHECK CONDITION status
with the sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID MESSAGE
ERROR.
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NOTE 15 The use of the INVALID MESSAGE ERROR additional sense code is based on its similar usage in
SAM-2. The use of the INVALID MESSAGE ERROR additional sense code is not to be interpreted as a
description of how the task attributes are represented by any given SCSI transport protocol.

Task attribute support should be reported with the Extended INQUIRY Data VPD page (see SPC-4).

5.13 Sense data

Sense data shall be made available by the logical unit in the event that a command terminates with a CHECK

ot REOLIECT OCCAICE araaancdl—Thk

format,

CONDITI{\P\I i raothar aditian loa—o—3>th P H=o
IMTOTV STatU S UT Ut C T CUTTUTOUTTS (O Y, G PTOCC SOy UT A YL XU U T UL TN OLCUTTTTanrmTa.— e

conten
standal|

Sense (lata associated with an I_T nexus shall be preserved by the logical unit until:

a)
b)
c)
d)

When & command terminates with a CHECK CONDITION status, sense data’shall be returned in th
I_T_L_{Q nexus transaction (see 3.1.50) as the CHECK CONDITION status.”After the sense data is rg
it shall pe cleared except when it is associated with a unit attention cendition and the UA_INTLCK_CTRL
the Conmtrol mode page (see SPC-4) contains 10b or 11b.

Complg
not affe
field co

514 L
Each Ig
a)
b)

c)
d)

Unit atfention conditions are classified by precedence levels. Table 46 defines the unit attention cq

preced

, and conditions under which sense data shall be prepared by the logical unit are specifieg
d, SPC-4, the applicable command standard, and the applicable SCSI transport protocol(stand

the sense data is transferred;

a logical unit reset (see 6.3.3) occurs;

an I_T nexus loss (see 6.3.4) occurs for the |_T nexus associated with the preserved sense d
power loss expected (see 6.3.5) occurs.

tion with sense data in the same |_T_L_Q nexus trangaction as a CHECK CONDITION stat
ct ACA (see 5.9) or the sense data associated with a nit attention condition when the UA_INTLQ
htains 10b or 11b.

nit attention condition

gical unit shall establish a unit attention condition whenever one of the following events occurs

a power on (see 6.3.1), hard reset (see 6.3.2), logical unit reset (see 6.3.3), |_T nexus lo
6.3.4), or power loss expected-(see 6.3.5) occurs;

Commands received on'this |_T nexus have been cleared by a command or a task mana
function associated with another |_T nexus and the TAS bit was set to zero in the Control mog
associated with thisdAT nexus (see 5.6);

the logical unit javentory has been changed (see 4.6.19.1); or

any other eventrequiring the attention of the SCSI initiator device.

bnce levels.

in this
ard.

hta; or

e same
turned,
field in

s shall
K_CTRL

5S (see

pement
e page

ndition
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Table 46 — Unit attention condition precedence level

Unit attention

Unit attention condition additional sense code condition
precedence
POWER ON, RESET, OR BUS DEVICE RESET OCCURRED highest

POWER ON OCCURRED or
DEVICE INTERNAL RESET

SCSI BUS RESET OCCURRED or
MICROCODE HAS BEEN CHANGED or
protocol specific

BUS DEVICE RESET FUNCTION OCCURRED
I_T NEXUS LOSS OCCURRED
COMMANDS CLEARED BY POWER LOSS NOTIFICATION

all others Lowest

httention conditions with the lowest precedence levelwith different ADDITIONAL SENSE CODE field

tention condition is allowed to be established when certain conditions occur. The unit attention conditi

plecedence defined in this subclause determin&s:which unit attention conditions are allowed to clear other

it attention conditions if they have not yet been reported.

follows:

precedence levels (e.g., BUS DEVICE RESET FUNCTION OCCURRED may clear |_T
LO8S /OCCURRED and all unit attention conditions with a lower precedence); and

ifla-qQueue slot is available, then:

DTE 16 The unit attention additional sense code ‘specificity order defined in 6.2 determines which unit

attention conditions with the lowest precedence level with a given \ADDITIONAL SENSE CODE field value,
attention condition with the ADDITIONAL SENSE CODE QUALIFIERfield set to 00h has higher precgedence
BN the unit attention conditions with the ADDITIONAL SENSE CODE QUALIFIER field set to values other than
g., PARAMETERS CHANGED has precedence over MODE PARAMETERS CHANGED and LOG
ETERS CHANGED). A unit attention condition with the Jowest precedence level has equal priofity with

values.

n

Vice server shall maintain a queue-of unit attention conditions of unspecified order for each |_T| nexus.
bue should be large enough to held every unit attention condition that the device server is capable of
g.

device server establishes-a unit attention condition:

the device server_may clear unit attention conditions from the queue that are no longer negded as

A) the device server may clear any pending unit attention conditions in the queue that have lower

NEXUS

B) thexdevice server should clear pending unit attention conditions that have the same additional
seénse code (i.e., the device server should not add the same unit attention condition twice];

3)

A) if a higher precedence unit attention condition is not in the queue, the device server shall
unit attention condition to the queue; or

add the

B) if a higher precedence unit attention condition is in the queue, the device server should add the

unit attention condition to the queue.
In the sense data for the unit attention condition, the device shall either:

A) notinclude sense-key specific sense data; or
B) include sense-key specific sense data and set the OVERFLOW bit to zero (see SPC-4);

or

if a queue slot is not available, then the device server shall either:
A) replace any unit attention condition in the queue; or
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B) not add the unit attention condition to the queue.

The device server shall include sense-key specific sense data and set the OVERFLOW bit to one (see
SPC-4) for at least one unit attention condition in the queue.

If the device server establishes multiple unit attention conditions as a result of the same event or a series of

events,
MODE

then it may establish the unit attention conditions in any order (e.g., in direct-access block devices, if a
SELECT command changes the initial command priority value, the device server may report

PRIORITY CHANGED before MODE PARAMETERS CHANGED or may report MODE PARAMETERS
CHANGED before PRIORITY CHANGED).

When the device server reports and clears a unit attention condition, it:

a)
b)

A unit 4
conditig

may select any unit attention condition in the queue to report; and
shall clear the unit attention condition from the queue after reporting it.

ttention condition shall persist until the device server clears the unit attention conditign. 'Unit aftention
ns are affected by the processing of commands as follows:

if an INQUIRY command enters the enabled command state, the device sérver shall procgss the
INQUIRY command and shall neither report nor clear any unit attention condition;
if a REPORT LUNS command enters the enabled command state, the device server shall prodess the
REPORT LUNS command and shall not report any unit attention condition;
if the UA_INTLCK_CTRL field in the Control mode page is set to Q0b(see SPC-4), the SCS| target
device shall clear any pending unit attention condition with an additional sense code of REPORTED
LUNS DATA HAS CHANGED established for the SCSI initiatorport associated with that |_T nexus in
each logical unit accessible by the |_T nexus on which the. REPORT LUNS command was received.
Other pending unit attention conditions shall not be cleared:;
if the UA_INTLCK_CTRL field in the Control mode page,contains 10b or 11b, the SCSI target devite shall
not clear any unit attention condition(s);
if a REQUEST SENSE command enters the enabled command state while a unit attention condition
exists for the SCSI initiator port associated*with the |_T nexus on which the REQUEST $ENSE
command was received, then the device server shall process the command and either:
A) report any pending sense data as parameter data and preserve all unit attention condition$ on the

logical unit; or
B) report a unit attention condition,'as parameter data for the REQUEST SENSE command to the

SCSl initiator port associated with the |_T nexus on which the REQUEST SENSE commgnd was

received. The logical unit/may discard any pending sense data and shall clear the reporfed unit

attention condition forthe SCSI initiator port associated with that I_T nexus. If the unit atention

condition has an additional sense code of REPORTED LUNS DATA HAS CHANGED, the SCSI

target device shall clear any pending unit attention conditions with an additional sense fode of

REPORTED LEUNS DATA HAS CHANGED established for the I_T nexus on which the command

was receivéd)in each logical unit accessible by that |_T nexus;
if the device.server has already generated the ACA condition (see 5.9) for a unit attention cgndition,
the device server shall report the unit attention condition (i.e., option e)B) above);
if the device server supports the NOTIFY DATA TRANSFER DEVICE command (see ADC-2) and a
NOFIEY DATA TRANSFER DEVICE command enters the enabled command state, then the device
server shall process the NOTIFY DATA TRANSFER DEVICE command and shall neither report nor

if a command other than INQUIRY, REPORT LUNS, REQUEST SENSE, or NOTIFY DATA
TRANSFER DEVICE enters the enabled command state while a unit attention condition exists for the
SCSl initiator port associated with the |_T nexus on which the command was received, the device
server shall terminate the command with a CHECK CONDITION status. The device server shall
provide sense data that reports a unit attention condition for the SCSI initiator port that sent the
command on the |_T nexus; and

if a device server reports a unit attention condition with a CHECK CONDITION status and the
UA_INTLCK_CTRL field in the Control mode page contains 00b (see SPC-4), then the device server
shall clear the reported unit attention condition for the SCSI initiator port associated with that I_T
nexus on the logical unit. If the unit attention condition has an additional sense code of REPORTED
LUNS DATA HAS CHANGED, the SCSI target device shall clear any pending unit attention conditions
with an additional sense code of REPORTED LUNS DATA HAS CHANGED established for the I_T
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nexus on which the command was received in each logical unit accessible by that |_T nexus. If the
UA_INTLCK_CTRL field contains 10b or 11b, the device server shall not clear unit attention conditions
reported with a CHECK CONDITION status.
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6 SCSI events and event notification model

6.1 SCSI events overview

SCSI events may occur or be detected in either:

a) the SCSI device;
b) one or more SCSI ports within a SCSI device; or
c) the application client, task manager, or device server.

The defection of any event may require processing by the object that detects it.

Events|that occur in a SCSI device are assumed to be detected and processed by all objects within'tHe SCSI
device.

When @ SCSI port detects an event, it shall use the event notification services (see 6.4) to notify|device
serverg, task managers, or application clients that the event has been detected.

The events detected and event notification services usage depends on whether,the SCSI device is ja SCSI
target device (see figure 40) or a SCSI initiator device (see figure 41).
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Figure 41 — Events and event notifications for SCSI initiator devices

6.2 Establishing a unit attention condition subsequent to detection of an event

Table 47 shows the additional sense code that a logical unit shall use when a unit attention conditipn (see
5.14) i established for each of the conditions shown in figure 40 (see 6.1). A SCSI transport protogol may
define @ more specific additional sense code than SCSI BUS RESET OCCURRED for reset events. The most
specifig condition in table 47 known'to the logical unit should be used to establish the additional senge code
for a unit attention.

The unjt attention additional\sense code specificity order defined in this subclause determines whjch unit
attentign condition is allowed to be established when certain conditions occur. The unit attention cgndition
precedénce defined in 5.44 determines which unit attention conditions are allowed to clear other unit attention
conditigns if they have not yet been reported.
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Table 47 — Unit attention additional sense codes for events detected by SCSI target devices

Condition Additional sense code Specificity
Logical unit is unable to
distinguish between the POWER ON, RESET, OR BUS DEVICE RESET OCCURRED Lowest
conditions
Power on POWER ON OCCURRED or
DEVICE INTERNAL RESET @
SCSI BUS RESET OCCURRED or
Hard reset MICROCODE HAS BEEN CHANGED P or
protocol specific ©
Logical unit reset BUS DEVICE RESET FUNCTION OCCURRED
|_T nexus loss |_T NEXUS LOSS OCCURRED
Power [loss expected COMMANDS CLEARED BY POWER LOSS NOTIFICATION Highest
a8 Use after a vendor-specific power on event has occurred (e.g., a firmware reboot).
b Only used if microcode has been changed (see SPC-4).
€ Only used if a protocol-specific reset event has occurred.

> 0Z

A logical unit should use the |_T NEXUS LOSS OCCWURRED additional sense code when establishin

attentio

a)

b)

Otherw
OCCUH

6.3 Conditions resulting from SCSI events

6.3.1P

Power

priotocol.

OTE 17 The names of the unit attention conditions listed in this'subclause (e.g., SCSI BUS RESH

ferpreted as a description of how the unit attention conditions are represented by any given SCSI transpg

n condition for an |_T nexus loss if:

associated with the |_T nexus loss, and‘the logical unit has maintained all state information sp
that SCSI initiator port since the |_T\nexus loss; or

logical unit has maintained allistate information specific to that |_T nexus since the |_T nexus

ise, the logical unit shall use one of the less specific additional sense codes (e.g., POW
RRED) when establishing a unit attention condition for an |_T nexus loss.

pwer on

bnisya SCSI device condition resulting from a power on event. When a SCSI device is powerg

CCURRED) are based on usage in SAM-2. The use of these unit attention condition names is not to e

T

rt

J a unit

the SCSI initiator port to which the sense-data is being delivered is the SCSI initiator port that was

bcific to

the |_T nexus being used to déliver the sense data is the same |_T nexus that was lost, and the

0ss.
FR ON

d on, it

shall ca

use d ldrd reset.

The power on condition applies to both SCSI initiator devices and SCSI target devices.

Power on events include:

a)
b)

power being applied to the SCSI device; and
vendor-specific events that cause the SCSI device to behave as if power has been applie
firmware reboot).

d (e.g.,



https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

-118 - 14776-414 © ISO/IEC:2009(E)

6.3.2 Hard reset

Hard reset is a SCSI device condition resulting from:

a)
b)
c)

a power on condition (see 6.3.1);
microcode change (see SPC-4); or
a reset event indicated by a Transport Reset event notification (see 6.4).

The definition of reset events and the notification of their detection is SCSI transport protocol specific.

Each SCSI transport protocol standard that defines reset events shall specify a SCSI target port’s protocol
specific actions in response to reset events. Each SCSI transport protocol standard that defines reset events

should WmﬂhwﬁﬂWWmﬂMmMWe SCSI
applicafions layer.

SCSI transport protocols may include reset events that have no SCSI effects (e.g., a Fibre Channel

non-inifi
The har
A SCS

for all II

SCSI t

alizing loop initialization primitive).
d reset condition applies to both SCSI initiator devices and SCSI target devices.

target port’s response to a hard reset condition shall include a logical unitfeset condition (se

 6.3.3)

gical units to which the SCSI target port has access. A hard reset condition shall not affect ary other
rget ports in the SCSI target device, however, the logical unit reset condition established byl a hard

reset may affect commands and task management functions that are communicating via other SCYI target

ports.
Althoug

h the task manager response to task management requests.is subject to the presence of

restrictions, as managed by ACCESS CONTROL OUT commands\(see SPC-4), a hard reset conditi
6.3.2) ghall not be prevented by access controls.

access
bn (see

When @ SCSI initiator port detects a hard reset conditiof)) it'should terminate all its outstanding Elxecute
Command procedure calls and all its outstanding task management procedure calls with a service rgsponse

of SERV

CE DELIVERY OR TARGET FAILURE. A hard reset condition shall not affect any other SCSI initiator

the SCBI initiator device, however, the logical unit.reéset condition established in a SCSI target devi
hard rgset may affect commands and task management functions that are communicating via othgr SCSI

initiator
A SCS

ports.

port’s response to a hard reset condition shall include establishing an I_T nexus loss conditi

6.3.4) fpr every |_T nexus associated with'that SCSI port.

6.3.3 Lpgical unit reset

Logical

a)
b)

The lodi

unit reset is a logical-unit condition resulting from:

a hard reset condition (see 6.3.2); or

ports in
Ce by a

DN (see

a logical unit reset event indicating that a LOGICAL UNIT RESET task management request (3ee 7.7)

has been{precessed.

cal unitreset condition applies only to SCSI target devices.

When responding to a logical unit reset condition, the logical unit shall:

O

—
R IR RURCE

abort all commands as described in 5.6;

terminate all task management functions;

clear all ACA conditions (see 5.9.5) in all task sets in the logical unit;

establish a unit attention condition (see 5.14 and 6.2);

initiate a logical unit reset for all dependent logical units (see 4.6.19.4); and
perform any additional functions required by the applicable command standards.

6.3.4 I_T nexus loss

I_T nexus loss is a SCSI device condition resulting from:

a)
b)

a hard reset condition (see 6.3.2);
an I_T nexus loss event (e.g., logout) indicated by a Nexus Loss event notification (see 6.4);

or


https://iecnorm.com/api/?name=2c3487a1911c557816e85b7fc44021af

14776-414 © ISO/IEC:2009(E) -119 -

c) an |_T nexus loss event indicating that an |_T NEXUS RESET task management request (see 7.6)
has been processed.
An |_T nexus loss event is an indication from the SCSI transport protocol to the SAL that an |_T nexus no

longer exists. SCSI transport protocols may define |_T nexus loss events.

Each SCSI transport protocol standard that defines |_T nexus loss events should specify when those events
result in the delivery of a Nexus Loss event notification to the SCSI applications layer.

The |_T nexus loss condition applies to both SCSI initiator devices and SCSI target devices.

When a SCSI target port detects an |_T nexus loss, a Nexus Loss event notification indication shall be

deliver

d to each logical unit to which the | T nexus has access. In response to the resulting | T nexus loss

conditig

a)
b)
c)
d)

e)

If the Id
nexus

code s¢

n a logical unit shall take the following actions:

abort all commands received on the |_T nexus as described in 5.6;
terminate all task management functions received on the |_T nexus;
clear all ACA conditions (see 5.9.5) associated with the |_T nexus;
establish a unit attention condition for the SCSI initiator port associated with the I”'T nexus (sge 5.14
and 6.2); and

perform any additional functions required by the applicable command standards.

gical unit retains state information for the |_T nexus that is lost, its response to the subsequent |_T
-establishment for the logical unit should include establishing a unit.aftention with an additiondl sense
t to |_T NEXUS LOSS OCCURRED.

If the Ipgical unit does not retain state information for the |_T nexus that is lost, it shall consiger the

subsequent |_T nexus re-establishment, if any, as the formation of-a.new |_T nexus for which there is
history [e.g., establish a unit attention with an additional sense{code set to POWER ON OCCURRED)

When g SCSI initiator port detects an |_T nexus loss <t should terminate all its outstanding E
Command procedure calls and all its outstanding task management procedure calls for the SCSI tar
associdted with the |_T nexus with a service response*0f SERVICE DELIVERY OR TARGET FAILURE.

6.3.5 Ppwer loss expected

Power |oss expected is a SCSI device condition resulting from a power loss expected event indicat
Power | oss Expected event notification.(see 6.4).

A powgr loss expected event is an.indication from the SCSI transport protocol to the SAL that power Ig
occur within a protocol specific(period of time. SCSI transport protocols may define power loss e

no past

xecute
jet port

bd by a

ss may
pected

n those

er loss expected condition applies only to SCSI target devices and includes the actions performed by
anagerfora CLEAR TASK SET task management function (see 7.5) applied to all task sets.

a) abort all commands and establish a unit attention condition as described in 5.6;
b) complete all task management functions; and
c) perform any additional functions required by the applicable SCSI transport protocol standards.

6.4 Event notification SCSI transport protocol services

The SCSI transport protocol services described in this subclause are used by a SCSI initiator port or
target port to deliver an indication to the SAL that a SCSI event has been detected.

g SCSl target port detects a power loss expected, a Power Loss Expected event notification inglication

ing T

a SCSI
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All SCSI transport protocol standards should define the SCSI transport protocol specific requirements for
implementing the Nexus Loss indication, the Transport Reset indication and the Power Loss Expected
indication described in this subclause and when these indications are to be delivered to the SCSI applications
layer.

The Nexus Loss indication and the Transport Reset indication are defined for both SCSI target devices and
SCSl initiator devices.

Indication delivered to device servers, task managers, and application clients:

Nexus Loss (IN (I_T Nexus))

Argumlnt description:

L_T Nexus: The specific |_T nexus that has been detected as lost.

Indicatipn delivered to device servers, task managers, and application clients:

Transport Reset (IN ( SCSI Port))

Argument descriptions:

SCSI Port: The specific SCSI port in the SCSI device-for which a transport reset was detected.

The Power Loss Expected indication is defined for SCSI target devices.

Indicatipn delivered to device servers and task managers:
Power Loss Expected (IN ( SCSI Port))
Argument descriptions:

SCSI Port: The specific'§CSI port in the SCSI device for which an unexpected power logs was
detected:
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7 Task management functions

7.1 Task management function procedure calls

An application client requests the processing of a task management function by invoking the SCSI transport
protocol services described in 7.12, the collective operation of which is modeled in the following procedure
call using the following format:

tqn] )

The tagk management function names are summarized in table 48.

Table 48 — Task Management Functions

Additional
Task management function Respon_se
. . Nexus argument Information Reference
(i.e., function name)

argument

supported
ABORT TASK I_T_L_Q Nexus no 7.2
ABORT TASK SET I_T_L Nexu$ no 7.3
CLEAR ACA I_T_L Nexus no 7.4
CLEAR TASK SET I_T_K\Nexus no 7.5
I_T NEXUS RESET | "T"Nexus no 7.6
LOGICAL UNIT RESET NT_L Nexus no 7.7
QUERY TASK I_T _L_Q Nexus no 7.8
QUERY TASK SET I_T_L Nexus no 7.9
QUERY ASYNCHRONQUS
EVENT |_T_L Nexus yes 7.10

Input afguments:

Nexus: (Contains an I_T Nexus argument, I_T_L Nexus argument, or I_T_L_Q Nexus
argument (see 4.8) identifying the command or commands affected by the task
management function.

I_TNexus: Thel T nexus (see 4.8) affected by the task management function.

I(T,"L Nexus: The |_T_L nexus (see 4.8) affected by the task management function.

I T°1 QNexus: Thel T | Qnexus(see4 8) affected by the task management function |

Output arguments:

Additional Response [f supported by the SCSI transport protocol and the logical unit, then three bytes
Information: that are returned along with the service response for certain task management
functions (e.g., QUERY ASYNCHRONOUS EVENT). SCSI transport protocols
may or may not support the Additional Response Information argument. A SCSI
transport protocol supporting the Additional Response Information argument
may or may not require that logical units accessible through a SCSI target port
using that transport protocol support the Additional Response Information
argument. All output parameters are invalid.
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One of the following SCSI transport protocol specific service responses shall be returned:

FUNCTION cOMPLETE: A task manager response indicating that the requested function is complete.
Unless another response is required, the task manager shall return this
response upon completion of a task management request supported by the
logical unit or SCSI target device to which the request was directed.

FUNCTION SUCCEEDED: A task manager response indicating that the requested function is supported
and completed successfully. This task manager response shall only be used by
functions that require notification of success (e.g., QUERY TASK, QUERY
TASK SET, or QUERY ASYNCHRONOUS EVENT).

UNCTION REJECTED: A task manager response indicating that the requested functiop |s not
supported by the logical unit or SCSI target device to which the function was
directed.

-

INCORRECT LOGICAL UNIT A task router response indicating that the function requested processing|for an
NUMBER: incorrect logical unit number.

SERVICE DELIVERY TIhe request was terminated due to a service delivery, failure (see 3.1.1116) or
dR TARGET FAILURE: SCSI target device malfunction. The task manager may or may nof| have
successfully performed the specified function.

Each S[CSI transport protocol standard shall define the events for each of these service responses.

The tagk manager response to task management requests is subjectto the presence of access restfictions,
as managed by ACCESS CONTROL OUT and ACCESS CONTROL IN commands (see SPC-4), as fgllows:

a) | a task management request of ABORT TASK, ABORT.TASK SET, CLEAR ACA, |_T NEXUS RESET,
QUERY TASK, QUERY TASK SET, or QUERY ASYNCHRONOUS EVENT shall not be affefted by
the presence of access restrictions;

b) [ a task management request of CLEAR TASK:SET or LOGICAL UNIT RESET received fromja SCSI
initiator port that is denied access to the(ogical unit, either because it has no access rights or
because it is in the pending-enrolled state; shall not cause any changes to the logical unit; an

c) | the task management function servicerresponse shall not be affected by the presence of |access
restrictions.

7.2 ABORT TASK

Procedpre call:

Sdrvice Response = ABORT TASK (IN (L_T_L_Q Nexus))

Descrigtion:
This fu

ction-shall be supported by all logical units.

The ta ifi —iftexists; i 56 i blished
conditions, including mode parameters, reservations, and ACA shall not be changed by the ABORT TASK
function.

A response of FUNCTION COMPLETE shall indicate that the command was aborted or was not in the task set. In
either case, the SCSI target device shall guarantee that no further requests or responses are sent from the
command.

All SCSI transport protocol standards shall support the ABORT TASK task management function.
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