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Foreword

ISO (the International Organization of Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of international standard through technical
committees established be the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

In the filed of information technology, ISO and IEC have established a joint technical committee, ISO/IEC
JTC 1. Draft International Standards adopted by the joint technical committee are circulated to national

bedies-for—votira—Rublicatioh-as—-antteratioral-Stanrdard—regures—approval-byv—atteast725%-ofthe
BE-6He- SOt oot oS HterHatEHet taRoatre—regereS—apP By—at1eaSt—o-7—6+

national bodies casting a vote.

International Standard ISO/IEC 14776-342 was prepared by Joint Technical Committee ISO/IEC JTC 1,
Subcommittee SC 25, Interconnection of information technology equipment.
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Introduction

The SCSI command set is designed to provide efficient peer-to-peer operation of input/output devices
(disks, tapes, printers, etc.) by an operating system, The SCSI command set assumes a
command-response protocol. Action on SCSI commands shall not be deemed completed until a response
is received. The response shall include a status that indicates the final disposition of the command.

The SCSI command set provides multiple operating systems concurrent control over one or more input/
output devices. However, the multiple operating systems should properly coordinate their actions or data
corruption will result. This standard defines commands that assist with coordination between multiple
operating systems. However, details of the coordination are beyond the scope of the SCSI command set.

This standard defines a device model for SCSI storage arrays, commonly known as RAID devices. Jhis
standard defines the SCSI commands that may apply to SCSI storage arrays and the SCSI commands
that are uniquely for SCSI storage arrays.
This standard is intended to be the choice for new designs over the original SCSI-3 Controller Commands

(SCC) standard. Several new high level service actions have been added to this standard that simglify
configurations.

The SCSI Controller Commands-2 (SCC-2) standard is divided into six clauses:
- Clause 1 is the scope;
- Clause 2 enumerates the normative references that apply to'this standard;
- Clause 3 describes the definitions, symbols and abbreviations used in this standard,;

- Clause 4 describes the conceptual relationshipbetween this document and the SCSI-3 Architecture
Model;

- Clause 5 describes the command modelfor SCSI storage array devices;

- Clause 6 defines the commands-and parameter data that may be implemented by an SCSI storage
array device.

The annexes provide information to assist with implementation of the SCSI Controller Commandp-2
standard. Annex A is norfative and is considered part of this standard. Annexes B, C, and D are|for
information only.

Figure 1 is intended-to show the general relationship between SCSI standards. The figure is not intendged
to imply a relationship such as a hierarchy, protocol stack, or system architecture.

CAUTION:\The International Organization for Standardization (ISO) and International Electrotechnical
Commission (IEC) draws attention to the fact that it is claimed that compliance with this Internatiopnal
Standard may involve the use of patents concerning SCC-2.

The ISQ and IEC take no Ir\r\ei\‘ir\n Pnnm:\rning the evidence., \/:\Iidify and scape of the patent righte [he

holder of the patent rights has assured the ISO and IEC that they are willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of the patent rights is registered with the ISO and IEC. Information
may be obtained from:

IBM Corporation

Intellectual Property Licensing
5600 Cottle Road

San Jose, CA 95153

Attention is drawn to the possibility that some of the elements of this International Standard may be the
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subject of patent rights other than those identified above. ISO and IEC shall not be held responsible for
identifying any or all such patent rights.

Common Access Method

Device-Type Specific Command Sets

Shared Command Set (for all device types)

Transport Protocols

Architecture Model

Physical Interconnects

Figure 1 - SCSIdocument road map
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Information technology — Small Computer System Interface —
Part 342: Controller Commands-2 (SCC-2)
1 Scope

This International Standard defines the command set extensions for SCSI storage array devices;
commonly known as RAID devices. This standard is principally intended to be used in conjunction with, not
as an alternate to, any of the SCSI command standards nor to the SCSI-3 Architecture Model (ISO/IEC
14776-411) standard. This international standard is intended as an alternate to the SCSI-3 Controller
Command (ISO/IEC 14776-341) standard. The resulting commands facilitate the control and configuration
of SCSI storage arrays and thus provide a common command specification for both system integrators and
suppliers of SCSI storage array devices.

This international standard contains all the information defined in SCSI-3 Controller Command (ISO/:LEC
14776-341) standard. In addition this international standard specifies new commands and an expanded
model clause.

The clause(s) of this standard pertaining to the SCSI storage array device class, implemented in

conjunction with the applicable clauses within any of the SCSI command standards{shall specify the

standard command set available for SCSI storage arrays.

The objective of the SCSI Controller Commands is to provide the following:
a) Transfer commands unique to SCSI Controller Command devices;

b) Control commands to manage the operation of an SCSI Controller Command device;
c) Optional device mapping and pass-through support.

2 Normative references
The following standards contain provisions which, xthrough reference in the text, constitute provision$ of
this standard. At the time of publication, the editions indicated were valid. All standards are subjecf to
revision, and parties to agreements based on this standard are encouraged to investigate the possibility of
applying the most recent editions of the standards listed below.

Members of IEC and ISO maintain fegisters of currently valid standards.
Parts of ISO/IEC 14776:

SCSI-3 Architecture-Model (ISO/IEC 14776-411)
SCSI-3 Primary\Commands (ISO/IEC 14776-311)
SCSI-3 Interlacked Protocol (ISO/IEC 14776-211)

3 Definitiofs, symbols, abbreviations, and conventions

3.1 Pefinitions

Eotthe. puposes of this International Standard -the fnllnwing definitions nlnlnly

3.1.1 application client: An object that is the source of SCSI commands. Further definition of an
application client can be found in the SCSI-3 Architecture Model (ISO/IEC 14776-411) standard.

3.1.2 assignment: The linking of p_extents to redundancy groups or ps_extents to volume sets as defined
within this standard (see 5.3.1.2.2 and 5.3.2.11).

3.1.3 association: The linking of SCSI storage array objects (see 5.3.2) in a manner explicitly defined
within this standard (see 5.3.2.2).

3.1.4 attachment: The linking of SCSI storage array objects (see 5.3.2) in a vendor specific manner (see
5.3.2.3).
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3.1.5 byte: An 8-bit construct.

3.1.6 check data: Information contained within a redundancy group that allows lost or destroyed user data
to be recreated. This standard intentionally avoids any definition of how check data is constructed or how it
allows the recreation of user data.

3.1.7 check data mapping: The distribution of the check data within a redundancy group (see 5.3.2.12).

3.1.8 command: A request describing a unit of work to be performed by a device server. See the SCSI-3
Architecture Model (ISO/IEC 14776-411) standard for a detailed definition of a command.

319 caommand descriptor block: The structure of up to 16 hytes used to communicate commands from
an initiator to a target.

3.1.10 component device: Any physical addressable component not identifiable as an SCSI periphéral
device type. See table 21 for a list of component devices.

3.1.11 configuration: A collection of SCSI storage array objects that follow the rules‘defined within this
standard. For a list of SCSI storage array objects (see 5.3.2).

3.1.12 covering: The linking of spare objects to other SCSI storage array objects (see 5.3.2) in a manper
explicitly defined within this standard (see 5.3.1.2.2).

3.1.13 device server: An object within the logical unit which executes-SCSI tasks according to the ryles
for task management described in the SCSI-3 Architecture Model (ISOfIEC 14776-411) standard.

3.1.14 exchange: Replacing an object with all the characteristics (e.g., p_extents, ps_extents, protected
space areas, check data areas, etc.) of another object (see%!3:2.5).

3.1.15 field: A group of one or more contiguous bits.
3.1.16 initiator: An SCSI device containing application clients that originate device service requests to| be
processed by a target SCSI device. See the SC€SI-3 Architecture Model (ISO/IEC 14776-411) standard|for
a detailed definition of an initiator.

3.1.17 invalid: An illegal or unsupportéd field or code.

3.1.18 groups: Objects that are independent from one another that may overlay one another.
3.1.19 logical block addréss: An address of a unit of data supplied or requested by an initiator.
3.1.20 logical unit: An)externally addressable entity within a target that implements an SCSI device
model. See the SCSI-3 Architecture Model (ISO/IEC 14776-411) standard for a detailed definition qf a
logical unit.
3.1.21 logical unit number zero (LUN_Z): The logical unit number that an application client useg to

communicate with, configure, and determine information about an SCSI storage array and the logical units
attached to it (see 5.3.1.1). The LUN_Z value shall be zero.

3:2.22 logical unit identifier: An object that is part of the SCSI-3 Architecture Model (ISO/IEC 14776-4/11)

standard definition of a logical unit. A logical unit identifier uniquely identifies a logical unit in a SCSI
domain. See the SCSI-3 Architecture Model (ISO/IEC 14776-411) standard for a detailed definition of
SCSI domain and logical unit identifier.

3.1.23 logical unit number: An identifier for a logical unit.

3.1.24 mandatory: The referenced item is required to claim compliance with this standard.

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

3.1.26 optional: The referenced item is not required to claim compliance with this standard. If an optional
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item is implemented it shall be as defined in this standard.

3.1.27 page: Regular parameter structures used in several commands that are identified with a value
known as a page code.

3.1.28 p_extent: All or part of the host addressable space within a single peripheral device of a SCSI
storage array (see 5.3.2.10).

3.1.29 peripheral device: Any addressable device identifiable as a SCSI peripheral device type. See the
IDENTIFY command description in the SCSI-3 Primary Commands (ISO/IEC 14776-311) standard for the
list of SCSI peripheral device types.

3.1.30 protected space: The portion of a redundancy group that does not contain check data (gee
5.3.2.12).

3.1.31 ps_extent: All or part of a redundancy groups protected space contained within a single’ peripheral
device (see 5.3.2.11).

3.1.32 rebuild operation: Re-creation and saving of all the protected space contepts and any check data
within a p_extent using check data and protected space contents from the remaining p_extents within the
redundancy group (see 5.3.3.2).

3.1.33 recalculate operation: Re-creation of check data from protectedsspace contents (see 5.3.1.2.2).

3.1.34 redundancy group: A grouping of protected space and associated check data (Check data may| be
null) into a single logical unit that shall only have a single type of redundancy (see 5.3.2.12).

3.1.35 regenerate operation: Re-creation of inaccessibléprotected space contents from accessiple
check data and protected space contents (see 5.3.3.4).

3.1.36 reserved: Bits, fields, and codes that are set-aside for future standardization.

3.1.37 SCSil storage array: A peripheral devjce that processes SCSI command descriptor blocks and
performs the services of a SACL. A single SCSI storage array may contain multiple SACLs.

3.1.38 service action: A request describing a unit of work to be performed by a device server. A ser\ice
action is an extension of a command."See the SCSI-3 Architecture Model (ISO/IEC 14776-411) standprd
for a detailed definition of a device-server and a command.

3.1.39 set: Objects that donot intersect and are independent from one another. Sets may span more than
one device. A single device may contain more than one set or may contain an entire set.

3.1.40 spare: A range of logical block addresses, a component device, or a peripheral device covered by
one or more redundancy groups, component devices, or peripheral devices that can be used to replacq all
or part of a redundancy group or a peripheral device or all of a component device (see 5.3.2.13).

3.1.41 storage array conversion layer (SACL): Converts input logical unit numbers to output logical {init
numbers and may convert input logical block addresses to output logical block addresses (see 5.2).

3142 stripe: All or part of a volume set that is bounded by a number of contiguous units within a single

ps_extent and by a number of ps_extents.

3.1.43 target: In this standard a target refers to an SCSI storage array device that performs an operation
requested by an application client.

3.1.44 underlying redundancy group: The portion of a redundancy group that contains protected space
that has been mapped to specific volume set(s).

3.1.45 unit: A standard basic quantity in bits, bytes, words, logical blocks, etc., specified by the
GRANULARITY OF UNITS field (see table 76).
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3.1.46 user data: The addressable logical blocks that are input to the SACL. Check data is not part of the
addressable logical blocks.

3.1.47 user data mapping: The distribution of user data within a volume set (see 5.3.2.14).

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

3.1.49 verify operation: Re-creation of check data from protected space contents and the comparison of
the recreated check data with the current check data (see 5.3.3.5).

3150 volume set- One or mare ps_extents grouped into a single | UN V (see 5 32 14)

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

3.2 Symbols and abbreviations

HBA Host bus adapter

ITTU I'm talking to you

LBA_P Peripheral device logical block address
LBA_PS Protected space logical block address
LBA_V Volume set logical block address

LSB Least significant bit

LUI Logical unit identifier

LUN Logical unit number

LUN_C Component device logical unit number
LUN_P Peripheral device logical unit number
LUN_R Redundancy group logical unit numbker
LUN_S Spare logical unit number

LUN_V Volume set logical unit number

LUN_Z SCSI storage array logical unit number
MSB Most significant bit

SCslI Either SCSI-2 or SCSI-3

SCSI-2 The Small Computer.System Interface - 2 (ISO/IEC 9316)
SCSI-3 The Small Computer System Interface - 3
SIM SCSil interface todule

3.3 Keywords

3.3.1 expected: A keyword used to describe the behavior of the hardware or software in the desjgn
models assumed by this standard. Other hardware and software design models may also be implemented.

3.3.2 invalid: AKeyword used to describe an illegal or unsupported bit, byte, word, field or code value

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

3.34 'may: A keyword that indicated flexibility of choice with no implied preference.

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

3.3.6 optional: A keyword that describes features that are not required to be implemented by this
standard. However, if any optional feature defined by this standards is implemented, then it shall be
implemented as defined in this standard.

3.3.7 reserved: A keyword referring to bits, bytes, words, fields and code values that are set aside for
future standardization. A reserved bit, byte, word or field shall be set to zero, or in accordance with a future
extension to this standard. Recipients may check reserved bits, bytes, words or fields for zero values and
report errors if non-zero values are received. Receipt of reserved code values in defined fields shall be
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reported as error.

0(E)

3.3.8 shall: A 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.

3.3.9 should: A keyword indicating flexibility of choice with a strongly preferred alternative; equivalen
the phrase "it is recommended".

tto

3.3.10 vendor-specific: items(e.g., a bit, field, code value, etc.) that are not defined by this standard and

may be vendor defined.

3.4 Conventions

Certain words and terms used in this International Standard have a specific meaning beyond'the nor
English meaning. These words and terms are defined either in 3.1 or in the text where they-first app¢
Names of messages, commands, statuses, sense keys, additional sense codes, and additional se
code qualifiers are in all uppercase (e.g., REQUEST SENSE), names of fields arg in"small upperc
(e.g., STATE OF SPARE), lower case is used for words having the normal English meaning.

Fields containing only one bit are usually referred to as the name bit instead,of.the name field.
Field names are in SMALL CAPS to distinguish them from normal English.

Numbers that are not immediately followed by lower-case b or h areydecimal values.
Numbers immediately followed by lower-case b (xxb) are binary’ values.

Numbers immediately followed by lower-case h (xxh) are hexadecimal values

The term SCSI is used wherever it is not necessary to distinguish between the versions of SC
Information Technology - Small Computer System Interface - 2 (ISO/IEC 9316), is referred to herein
SCSI-2.

Information Technology - Small Computéer.System Interface (SCSI-3) - Part 111: Parallel Interface
Standard (ISO/IEC 14776-111)

Information Technology - Small Cogmputer System Interface (SCSI-3) - Part 211: Interlocked Protocol
Standard (ISO/IEC 14776-211)

Information Technology - Small"\Computer System Interface (SCSI-3) - Part 221: Fiber Channel
Protocol Standard (ISO/IEC 14776-221)

Information Technology ~Small Computer System Interface (SCSI) - Part 232: Serial Bus Protocol
Standard-2 (ISO/IEE'DIS 14776-232)

Information Technology - Small Computer System Interface (SCSI-3) - Part 411: Architecture Model
Standard (ISO/IEE 14776-411)

Information 9eehnology - Small Computer System Interface (SCSI-3) - Part 311: Primary Commands
Standard~(ISO/IEC 14776-311)

Information Technology - Small Computer System Interface (SCSI-3) - Part 321: Block Commands
Standard (ISO/IEC 14776-321)

Information Technology - Small Computer System Interface (SCSI-3) - Part 331: Stream Commands

mal
bar,
nse
hse

Sl
as

Stondard (OO 14776 22111

DTt (T o= ST T T O II1]]

Information Technology - Small Computer System Interface (SCSI-3) - Part 351: Medium Changer
Commands Standard (ISO/IEC 14776-351)

Information Technology - Small Computer System Interface (SCSI-3) - Part 361: Multi-Media
Commands Standard (ISO/IEC 14776-361)
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4 General

This standard defines a device model for SCSI storage arrays and the SCSI commands that apply to SCSI

storage arrays. This standard assumes all interconnects between devices are SCSI interconnects.

The SCSI command set assumes a command-response protocol. The fundamental properties of the
command-response protocol are defined in the SCSI-3 Architecture Model (ISO/IEC 14776-411) standard.
In accordance with the SCSI-3 Architecture Model (ISO/IEC 14776-411) standard, the command-response

protocol can be modelled as a procedure call, specifically:

Service response = execute command (task identifier, command descriptor block, [data-out

TR I S Y 1 PR Y T D TR JO RO 7 S B Sy (DR I 4 " "
DUTITT [, IdSR AlllTOULTS, 1 [Uala=iimt DUNTT [, TdUlUSETIST Udl4a], [aUtUSTTIST TTY

flag], status).

The SCSI-3 Architecture Model (ISO/IEC 14776-411) standard defines all of the inputs and outputs in
procedure call. As they may apply to any SCSI device, this standard defines the contents_of.the follow
procedure call inputs and outputs; command descriptor block, data-out buffer, data-in buffer, §
autosense data. This standard does not define all possible instances of these procedure inputs 3
outputs. This standard defines only those instances that may apply to SCSI storage. atray devices.

the
ing
nd
ind

This standard references values returned via the status output parameter. Examples of such status vallies

are CHECK CONDITION and COMMAND TERMINATED. Status values are‘not defined by this stand3
The SCSI-3 Architecture Model (ISO/IEC 14776-411) standard defines all status values.

The entity that makes the procedure call from an initiator is an application client, as defined by the SCS
Architecture Model (ISO/IEC 14776-411) standard. The proc€dure call's representation arrives at
target in the form of a device service request. The entity that‘performs the work of the procedure call i
target is a device server. A device server is an object withif a logical unit and is defined by the SCS
Architecture Model (ISO/IEC 14776-411) standard.

\rd,

-3
he
na
-3
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5 Models for systems containing arrays of devices

5.1 Model overview

The first part of this clause defines a system layering model that uses the concept of SACLs to control
arrays of devices. The second part of this clause defines the model for SCSI storage array devices. The
model assumes all the SCSI peripheral devices controlled within a SCSI storage array are either fixed
block or variable block devices.

5.2 System layering model

5.2.1 SACL functions

A SACL initiates several functions when an application client requests a media access. The type.of media
access and the configuration in effect determine which functions are used. The following are.the functipns
available within a SACL:

a) Translation of input logical unit identifiers to output logical unit identifiers;

b) Translation of input logical block addresses to output logical block addressgs;

¢) Reading data from and writing data to locations based on the configuration in effect for the
addressed volume set;

d) Calculating and updating the check data (if any);

e) Regeneration of protected space contents within the volume setyusing check data information ¢r
duplicate data;
f) Rebuilding of protected space contents associated with the‘redundancy group and (or) check data
within the redundancy group using the contents of the redundancy group;

g) Recalculation of the check data within a redundancy/group;

h) Recalculation of the check data within any redundancy group underlaying a volume set;
i) Determining when a p_extent should be disabled and/or replaced;

i) Returning a confirmation to the application.glient as to the success or failure of a request and, in
the case of a failure, giving possible corrective actions.

SCSI Controller Commands-2 7
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5.2.2 Protocol conversion layer

A system is typically composed of many protocol conversion layers (such as the one shown in figure 2),
and these layers may exist in hardware or software. Each of these layers has input(s) and output(s). The
next layer accessed is determined by the preceding layer’s output.

These protocol conversion layers include, but are not limited to: transport modules, host adapter drivers,
SIMs (SCSI interface module), HBAs (host bus adapter), bridge controllers, and storage drives. In this
model each of these layers will be represented by a simple block that has an input and output.

All requests to or from a SACL contain logical unit identifiers but not all requests contain logical block
addresses

NOTE 1 - The logical unit identifier is defined in the SCSI-3 Architecture Model (ISO/IEC 14776-441).
SIMs and HBAs are defined in the SCSI-2 Common Access Method (ISO/IEC DIS 9316-2).

logical unit identifier(input) + logical block address(input)

logical unit identifier(output) + logical block address(output)

Figure 2 - Protocol conversion layer
Generic Layers do not modify the logical unit identifier or the logical block address.

NOTE 2 - There are types)of layers other than generic and SACLs, however, they are not described in this
model.
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5.2.3 Storage array conversion layer (SACL)

The SACL is capable of extensive manipulation on the logical unit identifier and the logical block address,
based upon a consistent algorithm that follows the defined configuration. It is possible that a single logical
unit identifier input or logical block address input may be converted to multiple different logical unit
identifier outputs and logical block address outputs. In the following figures (figure 3, figure 4, and figure 6
through figure 9) SACLs will be shown with 'SACL' in the block.

The model does not require a one to one correspondence between logical unit identifiers and SCSI
devices.

logical unit identifier(input) + logical block address(input)

SACL

logical unit identifier (output-a) +
logical block address (output-a)

logical unit idéntifier (output-b) +
logical blogk address (output-b)

logical unit identifier (output-n) +
logical block address (output-n)

Figure 3 - SACL conversion layer

SCSI Controller Commands-2 9



https://standardsiso.com/api/?name=c7647a5ae7b1aa5d073e2f8f1b834a9e

14776-342 © ISO/IEC:2000(E)

5.2.4 Examples of system layering variations

Typically a system diagram will be composed of many layers combined into a tree. For example, a driver
may connect to multiple HBAs, which in turn may connect to multiple SCSI devices, etc. See figure 4 for an

example of a system that consists of:

a) one initiator that has two SCSI devices attached on a single SCSI bus that is not expandable;

b) one initiator has three SCSI devices attached on a single SCSI bus that is expandable. One of the

SCSI devices contains a SACL;

¢) the SCSI device that contains the SACL has three SCSI buses with SCSI devices attached and is

capable of driving more SCSI buses:

expandable;
b) one of the SCSI buses contains two SCSI devices and is expandable.

a) two of the SCSI buses contain two SCSI devices each and these SCSI huses are not

operating system

software (driver)

1 - Interconnect to last HBA (initiator)
2 - Last bus that connects SCSI devices to SCSI bridge controller (SACL)

note 1
HBA HBA
(initiator) (initiator)

v v v v v
SCsSI SCSil SCSI bridge SCsSI amm SCsSI
device device controller (SACL) device device

|
note 2
SCSI SCSI SCSI SCsSI SCSI . SCSI
device device device device device device
Notes:

Figure 4 - Typical system diagram
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5.2.5 Branch of generic layers

Figure 5 shows a system that does not contain any SCSI storage arrays. In such a system all layers pass
the logical unit identifier and logical block addresses directly through.

operating system

1 + 1 A | e VAU | + Lol L alal Lo
IUHIL'CU Ul TUTTIUITT \I\) Ll IUHIL;GI UIUUA AUUITT oSO \I\)

software (driver)

logical unit identifier (x) + logical block address (x)

HBA (Initiator)

logical unit identifier (x) + logical hlock address (x)

SCSl device

Figuke 5 - Branch of generic layers
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5.2.6 Software SACL with a branch of SCSI disks

Figure 6 shows system software performing SACL functions. These functions convert the input logical unit
identifier(x) and the input logical block address(x) to one or more output logical unit identifier(y)(s) and one
or more output logical block address(y)(s). All other layers pass the logical unit identifier and logical block
address through.

operating system

logical unit identifier (x) + logical block address (x)

software (driver)
SACL

logical unit identifier (y) + logical block address (y)

note notg

HBA (Initiator)

logical unit identifier (y) +dogical block address (y)

SCSI device

Note: Interconnect to additional HBA (initiator).

Figure 6 - Software SACL with a branch of SCSI disks
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5.2.7 Branch with HBA SACL

Figure 7 shows a HBA performing SACL functions. These functions convert the input logical unit
identifier(x) and the input logical block address(x) to one or more output logical unit identifier(y)(s) and one

or more output logical block address(y)(s). All other layers pass the logical unit identifier and logical block
address through.

operating system

logical unit identifier (x) + logical block address (x)

software (drivers)

logical unit identifier (x) + logical block address (X)

HBA (Initiator)
SACL

logical unit identifier (y) + logical block address (y)

note note

SCSI device

Note: Interconnect to additional SCSI device(s).

Figure 7 - Branch with HBA SACL
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5.2.8 Branch with bridge controller SACL

Figure 8 shows a bridge controller performing SACL functions. These functions convert the input logical
unit identifier(x) and the input logical block address(x) to one or more output logical unit identifier(y)(s) and
one or more output logical block address(y)(s). All other layers pass the logical unit identifier and logical
block address through.

operating system

logical unit identifier (x) + logical block address (x)

software (drivers)

logical unit identifier (x) + logical block address (X)

HBA (initiator)

logical unit identifier (x) + logical block address (x)

SCSthbridge controller
SACL

logical-unit identifier (y) + logical block address (y)

note note

SCSI device

Note{Interconnect to additional SCSI device(s).

Figure 8 - Branch with bridge controller SACL
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5.2.9 Branch with SACLs in multiple layers

Figure 9 shows an example with SACLs in multiple layers. This example shows a software layer
performing SACL functions and a bridge controller performing SACL functions.

The software functions convert the input logical unit identifier(x) and the input logical block address(x) to
one or more output logical unit identifier(y)(s) and one or more output logical block address(y)(s). The
bridge controller functions then convert the input logical unit identifier(y) and the input logical block
address(y) to one or more output logical unit identifier(z)(s) and one or more output logical block
address(z)(s). All other layers pass the logical unit identifier and logical block address through.

operating system

logical unit identifier (x) + logical block address (x)

software (driver)
SACL

logical unit identifier (y) + logical block@ddress (y)

note 1 note 1

HBA«(initiator)

logical unit identifier (y) + logical block address (y)

SCSI bridge controller
SACL

logical unit identifier (z) + logical block address (z)

note 2 note 3

SCSI device

Notes:
1 - Interconnect to additional HBA (initiator).
2 - Interconnect to additional SCSI device(s).

Figure 9 - Branch with SACLs in multiple layers
5.3 Model for SCSI storage arrays

The SCSI storage array model defines:
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a) the addressing of multiple devices and the addressing of multiple types of devices through multiple

layers of SCSI storage arrays as a single target,
b) objects and how they are to be configured to create an operational SCSI storage array; and
c¢) the operations that occur within SCSI storage arrays.

5.3.1 SCSiI storage array addressing

See table 1 for the methods used when addressing a SCSI storage array.

Table 1 - Addressing methods within a SCSI storage array

Method of addressing Application client Suffix Space
addressing addressed
Component device indirect C none
Logical Unit direct P physical
Peripheral device direct P physical
Redundancy group indirect R protected
SCSI storage array direct Z none
Spare indirect _S none
Volume set direct V user data

The application client shall access redundancy groups, spares, and)components by issuing commands
the LUN_Z of an SCSI storage array. The application client may, directly address peripheral devices &
volume sets by using eight byte LUN fields (see 5.3.1.2.1). For'SCSI storage array devices that confor
the SCSI-3 Interlocked Protocol (ISO/IEC 14776-211) or the SCSI Parallel Interface-2 Standard a met
has been defined using a modified IDENTIFY message«(see A.2) and a LUN mapping page (see 6.11.1
to allow direct addressing of peripheral devices and.Xolume sets that conform to the SCSI storage ar
addressing model.

All peripheral device addresses, except LUN\"Z, default to vendor specific values. All component dev
redundancy group, spare, and volume s€t addresses may default to vendor specific values or may
defined by an application client during:¢onfiguration.

5.3.1.1 SCSil storage array LUN\Z’address

All SCSI storage arrays shallaccept LUN_Z as a valid address. For SCSI storage arrays LUN_Z shall
the logical unit that an application client addresses to configure an SCSI storage array and to determ
information about the(target and the logical units contained within the target. INQUIRY commands sen
LUN_Z shall return‘standard inquiry data with the sccs bit set to one (see SCSI Primary Commands - 2
the LUN_Z suppbrts only the array controller commands defined within this standard, INQUIRY comma
sent to LUN_Zshall return a device type of array controller device. Otherwise, INQUIRY commands §
to LUN_Z shall return a device type indicating the model defining the additional commands support
Supportfor LUN_Z with a device type other than array controller device is vendor specific.

The peripheral device address method shall be used when addressing the LUN_Z of an SCSI stora
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array (see 5.3.1.2.3).

5.3.1.2 Direct addressing

5.3.1.2.1 Eight byte LUN structure

The eight byte LUN structure (see table 3) allows up to four levels of devices to be addressed under a

single target. Each level shall use bytes 0-1 to define the address and/or location of the SCSI device to
addressed on that level.

SCSI storage array devices shall use the eight byte LUN structure described in the following paragraph

be

S.
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If the LUN indicates that the command is to be passed to the next layer then the current layer shall use
bytes 0-1 of the eight byte LUN structure to determine the address of the device to which the command is
to be sent. When the command is sent to the target the eight byte LUN structure that was received shall be
adjusted to create a new eight byte LUN structure (see table 2).

SCSI storage arrays shall keep track of the necessary addressing information to allow reconnection to the
correct task during reselection.

Table 2 - Eight byte LUN structure adjustments

Byie position
Original Converted
0-1 Moves to Not used
2-3 Moves to 0-1
4-5 Moves to 2-3
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 3.

Table 3 - Eight byte LUN structure

Bit
7 6 5 4 3 2 1 0
Byte
0
FIRST LEVEL ADDRESSING
1
2
SECOND LEVEL ADDRESSING
3
4
THIRD LEVEL ADDRESSING
5
6
FOURTH LEVEL ADDRESSING
7

The FIRST LEVEL ADDRESSING field indicates the first level address of a peripheral device or volume set. $ee
table.4\for a definition of the FIRST LEVEL ADDRESSING field.

Theé SECOND LEVEL ADDRESSING field indicates the second level address of a peripheral device or volume

set. See table 4 for a definition of the SECOND LEVEL ADDRESSING field.

The THIRD LEVEL ADDRESSING field indicates the third level address of a peripheral device or volume set.
See table 4 for a definition of the THIRD LEVEL ADDRESSING field.

The FOURTH LEVEL ADDRESSING field indicates the fourth level address of a peripheral device or volume set.
See table 4 for a definition of the FOURTH LEVEL ADDRESSING field.
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Table 4 - FIRST LEVEL ADDRESSING field, SECOND LEVEL ADDRESSING field, THIRD LEVEL ADDRESSING field,

and FOURTH LEVEL ADDRESSING field

Bit
Byte 7 6 5 4 3 2 1 0
n-1 ADDRESS METHOD
n ADDRESS METHOD SPECIFIC

The ADDRESS METHOD field defines the contents of the ADDRESS METHOD SPECIFIC field. See table 5-fer
address methods defined for the ADDRESS METHOD field. The ADDRESS METHOD field only defines.addr
methods for objects that are directly addressable by an application client.

Table 5 - ADDRESS METHOD

Codes Description C€lause
10b Logical unit addressing method 5.3.1.2.2
00b Peripheral device addressing method 5.3.1.2.3
01lb Volume set addressing method 5.3.1.2.4
11b Reserved

5.3.1.2.2 Logical unit address method

All SCSI commands are allowed when the logical unit address method is selected, however logical u
and SCSI storage arrays are only required to support‘mandatory SCSI commands. SCSI storage arr
are not required to honor pass-through requests from the application client. Any command that is
supported or passed-through shall be terminated with a CHECK CONDITION status. The sense key s
be set to ILLEGAL REQUEST and the additional sense code shall be set to INVALID COMMA
OPERATION CODE.

the
bSS

nits
hy'S
not
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ND

If the logical unit addressing methpd\s selected, the SCSI storage array shall relay the received command,

if supported, to the addressed logical unit. See table 6 for the definition of the ADDRESS METHOD SPEC
field used when the logical unit'addressing method is selected.

Table 6 - Logical unit addressing

Bit
Byte 7 6 5 4 3 2 1 0
n-1 1 0 TARGET
n BUS NUMBER LUN

FIC

The TARGET field, BUS NUMBER field, and LUN field address the logical unit to which the received command
shall be relayed. The command shall be relayed to the logical unit (LUN field value) within the target

(TARGET field value) located on the SCSI bus (BUS NUMBER field value).

NOTE 3 - The value of targets within the TARGET field are defined by individual standards. (e.g., SCSI-3
Parallel Interface (ISO/IEC 14776-111) defines targets to be in the range 0-7, 0-15, and 0-31).

5.3.1.2.3 Peripheral device address method

All SCSI commands are allowed when the peripheral address method is selected, however peripheral
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devices and SCSI storage arrays are only required to support mandatory SCSI commands. SCSI storage
arrays are not required to honor pass-through requests from the application client. Any command that is
not supported or passed-through shall be terminated with a CHECK CONDITION status. The sense key
shall be set to ILLEGAL REQUEST and the additional sense code shall be set to INVALID COMMAND
OPERATION CODE.

If the peripheral device addressing method is selected, the SCSI storage array shall relay the received
command, if supported, to the addressed peripheral device providing a bypass of the SACL. See table 7
for the definition of the ADDRESS METHOD SPECIFIC field used when the peripheral device addressing
method is selected.

Table 7 - Peripheral device addressing

Bit
Byte 7 6 5 4 3 2 1 0
n-1 0 0 BUS IDENTIFIER
n TARGET/LUN

The BUS IDENTIFIER field identifies the bus or path that the SCSI stofage array shall use to relay the
received command. The BUS IDENTIFIER field may use the same valuéZencoding as the Bus NUMBER fjeld
(see 5.3.1.2.2). However, bus identifier zero shall indicate that the<command is to be relayed to a logjcal
unit within the current level of the SCSI storage array.

The TARGET/LUN field indicates the address of the peripherakdevice to which the SCSI storage array shall
relay the received command. If the BUS IDENTIFIER field\i5 not zero the TARGET/LUN field indicates the
address of the target on the bus indicated by the BUS /DENTIFIER field to which the received command shall
be relayed. The received command shall be relayed.to LUN zero.

A BUS IDENTIFIER field of zero representsi@a logical interconnection of SACL logical units. This
representation of the SACLs logical units may be used for logical units when the SACL either does not lise
hierarchical addressing when assigning LUNs to objects or the SACL has objects that need LUNs and pre
not attached to actual buses (e.g., fans, cache, controllers).

A BUS IDENTIFIER field values greater than zero represent physical interconnects that connect a group of
SCSI devices. Each of the buses shall be assigned a number from 1 to n by the SACL. The bus identifiers
shall be used in the BUS-ABENTIFIER field by the SACL when assigning addresses to peripheral deviges
attached to those buses.

NOTE 4 - The'alue of targets within the TARGET/LUN field are defined by individual standards. (e.g.,
SCSI-3 Paraltel Interface (ISO/IEC 14776-111) defines targets to be in the range 0-7, 0-15, and 0-31).

The SCSkstorage array device located within the current level shall be addressed by a BUS IDENTIFIER fleld
and a TARGET/LUN field of all zeros, also known as LUN_Z (see 5.3.1.1).

5:3.1.2.4 Volume set address method

The volume set address method points to the SACL that executes command(s) using the algorithms
defined by the configuration.

NOTE 5 - The volume set might not be under the control of the addressed SCSI storage array. It is
allowed to be in an SCSI storage array lower in the tree structure.

All SCSI commands are allowed when the volume set address method is selected, however volume sets
are only required to support mandatory SCSI commands. Any command that is not supported shall be
terminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST and the
additional sense code shall be set to INVALID COMMAND OPERATION CODE.
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In the response to an INQUIRY command the addressed volume set shall return a valid SCSI peripheral

device type.(e.g., direct access device, streaming device)

When the volume set addressing method is selected the SCSI storage array shall use a SACL at the

current level to address peripheral devices as required to execute the received command. See table 8

for

the definition of the ADDRESS METHOD SPECIFIC field used when the volume set addressing method is

selected.
Table 8 - Volume set addressing
Bi
7 5 4 3 0
Byte
n-1 0 (MSB)
n LUN_V or LUN (LSB)

The LUN_V or LUN field indicates the address of the volume set to which the SCSI'storage array shall difect

the received command.

5.3.1.3 Indirect addressing

Indirect addresses appear only in command descriptor blocks of\parameter lists. Directly address
devices may also be addressed indirectly. However, component devices, redundancy groups, and spal
may be addressed only indirectly.

5.3.1.3.1 Component device address method

An application client shall only address a component device by including the LUN_C address in
command information sent to the LUN_Z (see 5.311.1) of the SCSI storage array that controls or will con

the component device.

The format of a LUN_c or LUN field within"a<command descriptor block or a parameter list when address
a component device is defined in table9:

Table 9 - Component device address

Bit
Byte { 6 5 4 3 2 1 0
n-1 (MSB)
LUN_C or LUN —
n (LSB)

ed
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5:3.1.3.2 Logical unit address method

An application client indirectly addresses a logical unit by including the logical unit's address in a command

information sent to the LUN_Z (see 5.3.1.1) of the SCSI storage array.

The format of a two byte LUN_P or LUN field within a command descriptor block or a parameter list when

addressing a logical unit is defined in the two byte logical unit addressing table (see table 6).

5.3.1.3.3 Peripheral device address method

An application client indirectly addresses a peripheral device by including the peripheral device’s address

in the command information sent to the LUN_Z (see 5.3.1.1) of the SCSI storage array.
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The format of a two byte LUN_P or LUN field within a command descriptor block or a parameter list when
addressing a peripheral device is defined in the two byte peripheral device addressing table (see table 7).

5.3.1.3.4 Redundancy group address method
An application client shall only address a redundancy group by including the LUN_R address in the
command information sent to the LUN_Z (see 5.3.1.1) of the SCSI storage array that controls or will control

the redundancy group.

The format of a LUN_R or LUN field within a command descriptor block or a parameter list when addressing
a redundancy group is defined in table 10.

Table 10 - Redundancy group address
Bit
7 6 5 4 3 2 1 0
Byte
n-1 (MSB)
LUN_R or LUN
n (LSB)
5.3.1.3.5 Spare address method
An application client shall only address a spare by including the LUN_S address in the command
information sent to the LUN_Z (see 5.3.1.1) of the SCSI storage array that controls or will control the
spare.
The format of a LUN_S or LUN field within a command gescriptor block or a parameter list when addressing
a spare is defined in table 11.
Table 11 - Spare address
Bit
7 6 5 4 3 2 1 0
Byte
n-1 (MSB)
LUN_S or LUN
n (LSB)

5.3.1.3.6 Volume set address method
An application client indirectly addresses a volume set by including the volumes set’s address in the
command information sent to the LUN_Z (see 5.3.1.1) of the SCSI storage array.
The format of a LUN_V or LUN field within a command descriptor block or a parameter list when addressing

a volume set Is defined In table 3.

5.3.2 SCSI storage array objects

An SCSI storage array consists of several objects that are configured to create an operating device. The
rules for configuring objects and their interactions are defined in the following clauses. An SCSI storage
array shall save the current configuration throughout all task management functions and power conditions.

NOTE 6 - The configuration becomes the current configuration on successful completion of a
configuration command.

The objects are:
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a) component device;
b) peripheral device;
C) p_extent;

d) ps_extent;

e) redundancy group;
f) spare;

g) volume set.

5.3.2.1 Adding objects

Objects that have been added to a SCSI storage array shall be addressable (see 5.3.1) by an application

client

Peripheral devices and component devices may be logically added to a SCSI storage array. The' A
PERIPHERAL DEVICE/COMPONENT DEVICE service action (see 6.4.1.1) adds objects: Addin
peripheral device or a component device may or may not automatically cause the device to hecome pal
a configuration.

5.3.2.2 Association of objects

Objects become associated during the configuration of SCSI storage arrays. The CREATE/MOD

DD
) a
t of

FY

REDUNDANCY GROUP service action (see 6.6.1.3) and CREATE/MODIF¥XOLUME SET service acfion

(see 6.8.1.6) create associations and the delete service actions (sge'6.6.1.4 and 6.8.1.8) remd
associations. The rules for objects that are associated are explicitly defined throughout this clause 3
within the clauses describing the create/modify service actions.

An SCSI storage array may create associations through mechanisms other than the create/modify seny
actions defined in this document (e.g., by factory settings or’by external configuration facilities). Whet
such associations may be modified by the create/modify:service actions specified by this standard or
other mechanisms is vendor specific. The only requirement on such associations is that they shall
reported using the report service actions defined inthis standard.

NOTE 7 - One example of an association would be to associate a group of p_extents with a redundancy
group using a CREATE/MODIFY REDUNDANCY GROUP service action.

5.3.2.3 Attachment of objects

Objects shall only be attached torcomponent devices. The ATTACH TO COMPONENT DEVICE ser\
action (6.4.1.2) establishes attachments.

The behavior of attachménts and their interactions with component devices are vendor specific.

The attachment of.éoamponent devices shall not be reflexive (i.e. attaching LUN_C 1 to LUN_C 2 does
attach LUN_C 2%9)LUN_C 1).

NOTE-8- One example of an attachment would be to attach a redundancy group to a specific power
supply! This attachment could mean that the power supply would only supply power to that redundancy
group. Another example would be to attach a controller card to another controller card. This attachment
could mean that the work load is shared between the two controllers.
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AT SCStStorage array may Create attacments througiT mecTanisms other tharm the attacTService act

ns

defined in this document (e.g., by factory settings or by external configuration facilities). Whether such
attachments may be modified by the attach service actions specified by this standard or by other
mechanisms is vendor specific.The only requirement on such attachments is that they shall be reported

using the report service actions defined in this standard.
5.3.2.4 Covering of objects
An object or group of objects may be covered by another object as listed below:

a) a component device or redundancy group may be covered by a component device,
b) a p_extent or redundancy group may be covered be a p_extent, or
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c¢) a peripheral device or redundancy group may be covered by a peripheral device.
The service actions of the SPARE(OUT) command (see 6.10.1) establish the covering of the objects.

When an object or group of objects are covered and there is a failure, the covering object shall assume all
the characteristics (e.g., p_extents, ps_extents, protected space areas, check data areas, etc.) of the failed
object, in effect doing an automatic exchange. The length of time the exchange stays in effect is vendor
specific.

Objects may be covered by a SCSI storage array without any spare requests being issued from an
application client. The SCSI storage array may have covered objects based on internal requirements.

NOTE 9 - One example of covering would be for a peripheral device to cover like peripheral device(s)
within a redundancy group. This would cause any peripheral device that failed within the covered
redundancy group to be functionally replaced by the peripheral device covering that redundancy dgroup.
Two controllers could also be configured to cover one another, using two spare service actions, in which
case if either fails the other will take over the entire work load.

5.3.2.5 Exchanging objects

The exchange service actions (see 6.4.1.4 and 6.4.1.5) are used to exchange gbjects. P_extents shall gnly
be exchanged with p_extents, peripheral devices shall only be exchanged/with peripheral devices, and
component devices shall only be exchanged with component devices. When an old peripheral device,
p_extent, or component device is exchanged, the replacement peripheral.device, p_extent, or compongent
device takes on all the characteristics of the old peripheral device, p\extent, or component device (e|g.,
redundancy group, volume set mappings, attachments, etc.). An‘exact copy of any protected space
contents and/or check data on the old device shall be replicated on the replacement device. The
characteristics of the old peripheral device are vendor specific:

A p_extent shall only be exchanged with a p_extent of.equal size. An old peripheral device shall only|be
exchanged with a replacement peripheral device when the replacement peripheral device is of equal or
greater size than the old peripheral device.

5.3.2.6 Protected objects

Protected objects are objects that are.able to tolerate one or more objects failing without any loss of user
data or loss of SCSI storage array availability.

5.3.2.7 Removing objects
Objects that have beengremoved from a SCSI storage array shall not be addressable by an application
client, until the object-is.Te-added or recreated. The remove service actions (see 6.4.1.7, 6.6.1.4 gnd

6.10.1.3) are used to-remove objects.

Any object may be removed from a configuration. However, some restrictions may apply as to when|an
object may.be Temoved. Those restrictions are defined in 6.4.1.7, 6.6.1.4, and 6.10.1.3.

Whensthe object is removed all attachments, associations, and coverings relating to the object bejng

removed are erased from any configurations containing the object. Any addressable logical block
addresses within a removed volume set shall become unassigned protected space. Any addressable
ogical block addresses within a removed redundancy group or spare shall become unassigned p_exient

space.

5.3.2.8 Component device
See 3.1.10 for the definition of component devices.
5.3.2.9 Peripheral device

See 3.1.29 for the definition of peripheral devices.
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5.3.2.10 P_extent
See 3.1.28 for the definition of p_extents.

P_extents are used by the application client to create and modify redundancy groups and spares. A single
assigned p_extent or unassigned p_extent that contains no check data may be configured into one or
more redundancy groups. A single assigned p_extent or unassigned p_extent may be configured into one
or more spares. A single p_extent shall not both be associated with a redundancy group and configured as
a spare at the same time. After a p_extent has been configured into a redundancy group or as a spare it
becomes an assigned p_extent.

Before assignment, all the consecutive addressable logical block addresses on a single peripheral:de\ice
shall be grouped into a single unassigned p_extent.

The application client uses a REPORT ASSIGNED/UNASSIGNED P_EXTENT service action (see 6.3.1.1)
to determine the unassigned p_extents.

A single unassigned p_extent may be subdivided into one or more p_extents by the“application client. The
subdivided p_extents may be used within one or more CREATE/MODIFY REDUNDANCY GROUP ser(ice
actions.

5.3.2.11 Ps_extent
See 3.1.31 for the definition of ps_extent.

Ps_extents are used by the application client to create and modify volume sets. Ps_extents are created|on
the successful completion of a CREATE/MODIFY REDUNDANCY GROUP service action (6.6.1.3). A
single ps_extent shall only be configured into one volume-set. After a ps_extent has been configured info a
volume set it becomes an assigned ps_extent.

Any addressable logical block addresses shalbbe unassigned ps_extents if the addressable logical blpck
is:

a) not defined as containing chetk-data,
b) within an operating peripheral-device connected within a SCSI storage array, and
¢) has not been configured into a volume set.

All the consecutive addressable logical block addresses on a single peripheral device, excluding logjcal
blocks defined as containing check data, shall be grouped into a single unassigned ps_extent.

The application client uses a REPORT UNASSIGNED REDUNDANCY GROUP SPACE service action
(see 6.5.1.3) to-determine the unassigned ps_extents.

A single unassigned ps_extent may be subdivided into one or more ps_extents by the application clignt.
The subdivided ps_extents may be used within one or more CREATE/MODIFY VOLUME SET ser\ice
actions;

A-ps_extent is different from a p_extent in that the ps_extent does not include any logical block addresses
that have been mapped as check data where the p_extent includes all addressable logical blocks within
the selected range on a peripheral device.

5.3.2.12 Redundancy group
See 3.1.34 for the definition of redundancy group.
Redundancy groups are created by the application client to protect user data contained within volume sets

by mapping check data within a redundancy group. Redundancy groups may overlap, however, the
underlaying p_extents within the overlap shall not contain any check data.
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As a result of a successful creation of a redundancy group ps_extents are formed. The ps_extents then
may be used by the application client to create volume sets.

Figure 10 shows the relationship between the check data and protected space before any volume sets
have been defined.

unassigned protected space

redundancy group

redundancy group

protected space

_J

check data

Figure 10 - Single-redundancy group

Figure 11 shows the relationship between the\check data and protected space after two volume sets have
been defined within the redundancy group-

volume set (1) volume set (2)
user data (1) / user data (2) /
7/ .
| |
. unassigned
assigned protected space protected
| | space

redundancy group

volume set user data

ra
Ld

redundancy group

protected space

i

check data

Figure 11 - Multiple volume sets associated with a single redundancy group
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The application client may map check data within a redundancy group using the following three

parameters:

a) START CHECK DATA INTERLEAVE UNIT field;
b) NUMBER OF UNITS OF CHECK DATA field;
€) NUMBER OF UNITS OF USER DATA field.

The START CHECK DATA INTERLEAVE UNIT field contains the number of consecutive units to skip from the

beginning of the p_extent before the first unit of check data is mapped within the p_extent. There i
unigue START CHECK DATA INTERLEAVE UNIT field for each p_extent.

The NUMBER OF UNITS OF CHECK DATA field contains the number of consecutive units to be reserved

sa

for

check data within the p_extent. There is a unique NUMBER OF UNITS OF CHECK DATA field for each p_eXxtg

The NUMBER OF UNITS OF USER DATA field contains the number of consecutive units to be resefved

ent.

for

protected space within the p_extent. There is a unique NUMBER OF UNITS OF USER DATAfield for each

p_extent.

The flow chart in figure 12 is an example of an implementation of a SCSI storage array'redundancy grq
being configured with a check data mapping of XOR redundancy. The check data‘mapping routine u
the START CHECK DATA INTERLEAVE UNIT field, NUMBER OF UNITS OF CHECK DATA field, and NUMBER OF UN
OF USER DATA field and assumes a non-zero value for the NUMBER OF UNITS/OF CHECK DATA field and
NUMBER OF UNITS USER DATA field.

up
5es
ITS
the
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p_extent pointer = first p_extent

{

units pointer = 0

units of check data counter = number of units of check data for current p_extent

units of user data counter = number of units of user data for current p_extent

start check data interleave counter = start check data interleave units for current p_extent

start check data

No . Yes
interleave counter
EQ. []
0 current unit = check data

: . ; e y ),
current unit = user data units pointer = units pointer+ 1

. . - . . " ]
units pointer = units pointer + 1 units of check data céunter =

units of check data counter - 1

start check data interleave counter =
start check data interleave counter - 1

Yes No

units of check data counter
.EQ.0

Yes units pointer No

.GT.
maximum p_extent unit \l/

current unit = user data
units pointer = units\pointer + 1
units of user data’‘counter = units of user data counter - 1

Yes units of user No
data counter
.EQ.0

units pointer No
.GT.

aximum_p \extent uni

point to next p_extent units of check data counter = number of units of check data for current p_extent
[ units of user data counter = number of units of user data for current p_extent

valid p_extent pointer

Figure 12 - Redundancy group check data mapping flow chart

The application may choose any one of the following methods of check data mapping within a redundancy
group:

a) No redundancy;
b) Copy redundancy;
¢) XOR redundancy;
d) P+Q redundancy;
e) S redundancy;
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f) P+S redundancy;
g) Vendor specific redundancy.

5.3.2.12.1 No redundancy method of check data mapping

In a redundancy group in which the application client requests no redundancy, user data is not protected. If

this method is requested then the following fields in the CREATE/MODIFY REDUNDANCY GRO
service action (see 6.6.1.3) shall all be set as indicated:

a) GRANULARITY OF UNITS field = 0;
b) START CHECK DATA INTERLEAVE UNIT field = 0;

UP

c) NUMBER OF UNITS OF CHECK DATA field = 0:
d) NUMBER OF UNITS OF USER DATA field = set to desired value.

5.3.2.12.2 Copy redundancy method of check data mapping

In a redundancy group in which the application client requests copy redundancy all user data is replica
on all the p_extents listed in the CREATE/MODIFY REDUNDANCY GROUP service agtion (6.6.1.3). If
method is requested then the following fields in the CREATE/MODIFY REDUNDANCY GROUP sery
action (see 6.6.1.3) shall be set as indicated:

a) GRANULARITY OF UNITS field = logical block;

b) START CHECK DATA INTERLEAVE UNIT field = 0;

€) NUMBER OF UNITS OF CHECK DATA field = 0O;

d) NUMBER OF UNITS OF USER DATA field = set to desired value.

For copy redundancy the NUMBER OF UNITS OF USER DATA field"shall be equal for all the p_extents withi
single CREATE/MODIFY REDUNDANCY GROUP service action.

5.3.2.12.3 XOR or P+Q redundancy method of check\data mapping

In a redundancy group in which the application client requests XOR redundancy, or P+Q redundancy
user data is protected by use of check data logated within the check data areas. The check data mapp
is defined by the check data interleave fields." If this method is requested then the following fields in
CREATE/MODIFY REDUNDANCY GROURP service action (see 6.6.1.3) shall be set as indicated:

a) GRANULARITY OF UNITS field'=set to desired value;

b) START CHECK DATA INTERLEAVE UNIT field = set to desired value;
€) NUMBER OF UNITS OF CHECK DATA field = set to desired value;
d) NUMBER OF UNITS OF)USER DATA field = set to desired value.

5.3.2.12.4 Sredunddancy method of check data mapping
In a redundancy.group in which the application client requests S redundancy the user data is protected

spares locatedwvithin the check data areas. In this redundancy method check data areas contain
information until the user data area covered by the check data area fails, at which time the covered u

ted
his
ice

na

the
ing
the

by
no
ser

data is automatically exchanged (see 5.3.2.5) into the check data area. The check data mapping is defined

by the.eheck data interleave fields. If this method is requested then the following fields in the CREA]
MODIFY REDUNDANCY GROUP service action (see 6.6.1.3) shall be set as indicated:

IE/

a) GRANULARITY OF UNITS field = set to desired value;

b) START CHECK DATA INTERLEAVE UNIT field = set to desired value;
€) NUMBER OF UNITS OF CHECK DATA field = set to desired value;
d) NUMBER OF UNITS OF USER DATA field = set to desired value.

5.3.2.12.5 P+S redundancy method of check data mapping

The P+S redundancy method is a combination of the XOR redundancy method and the S redundancy

method. This combination provides the user data with protection from loss through the XOR check d

ata

areas and the ability to rebuild lost user data and protected space into the spare check data areas. After
the rebuild is complete the user data is again fully protected from loss through the XOR check data areas.
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The check data mapping is defined by the check data interleave fields. If this method is requested then the

following fields in the CREATE/MODIFY REDUNDANCY GROUP service action (see 6.6.1.3) shall be
as indicated:

a) GRANULARITY OF UNITS field = set to desired value;

b) START CHECK DATA INTERLEAVE UNIT field = set to desired value;
€) NUMBER OF UNITS OF CHECK DATA field = set to desired value;
d) NUMBER OF UNITS OF USER DATA field = set to desired value.

In the P+S redundancy method SACL uses the NUMBER OF UNITS OF CHECK DATA field twice when mapp
a p_extent. As a result the order of usage of the NUMBER OF UNITS OF CHECK DATA field and the NUMBER
UNITS OF USER DATA field within a p _extent shall be ejther:

set

ing
OF

a) START CHECK DATA INTERLEAVE UNIT;

b) NUMBER OF UNITS OF CHECK DATA (XOR);
€) NUMBER OF UNITS OF CHECK DATA (spare);
d) NUMBER OF UNITS OF USER DATA,;

e) repeat from b until end of p_extent.

or:

a) NUMBER OF UNITS OF CHECK DATA (spare);
b) NUMBER OF UNITS OF USER DATA,;

€) NUMBER OF UNITS OF CHECK DATA (XOR);
d) NUMBER OF UNITS OF CHECK DATA (spare);
€) NUMBER OF UNITS OF USER DATA,;

f) repeat from c until end of p_extent.

See the CREATE/MODIFY REDUNDANCY GROUP service action (6.6.1.3) for more information on
selection of the P+S redundancy method mapping.

5.3.2.12.6 Vendor specific redundancy method of check data mapping

In a redundancy group for which the application client requests a redundancy type method of ven
specific redundancy, the user data is protécted in a vendor specific manner. The usage of the GRANULAR
OF UNITS, START CHECK DATA INTERLEAVE- UNIT, NUMBER OF UNITS OF CHECK DATA, and NUMBER OF UNITS
USER DATA fields is vendor specificy ut should follow the concepts defined in this standard.

5.3.2.13 Spares

See 3.1.40 for the definition of spares.

Spares are createdby the application client to allow a failed p_extent, peripheral device, or compon
device to be automatically exchanged (see 5.3.2.5). A spare may be configured to cover multi
redundancy.groups, peripheral devices, or component devices. A redundancy group or peripheral dey
that contaips'a failed range of LBA_P(s), a failed peripheral device, or a failed component shall

configured’to be covered by a spare before an automatic exchange is allowed to occur.

After an automatic exchange the spare takes on all the characteristics of the failed p_extent, periphg

the

Hor
ITY
OF

ent
Dle
ice
be

ral

device. or component device. After the automatic exchange the covering p_extent. peripheral device

or

component device shall no longer be available to cover another object. The failed p_extent, peripheral

device, or component device shall be marked as broken.

The method for replacing the failed p_extent, peripheral device, or component device and restoring the

spare is vendor specific.

NOTE 10 - One method of replacing a failed p_extent, peripheral device, or component device would be
to automatically exchange a new p_extent, peripheral device, or component device with the spare that
covered the failure. After a successful exchange the spare is available to cover failures and the failed
p_extent, peripheral device, or component device is as it was before the failure.

NOTE 11 - Another method would be to automatically add the new p_extent, peripheral device, or

SCSI Controller Commands-2

29


https://standardsiso.com/api/?name=c7647a5ae7b1aa5d073e2f8f1b834a9e

14776-342 © ISO/IEC:2000(E)

component device into the SCSI storage array, delete the original covering spare, then create a new
spare with the new p_extent, peripheral device, or component device that would cover the same p_extent,
peripheral device, or component device as the original spare.

5.3.2.14 Volume sets

See 3.1.50 for the definition of volume sets.

Volume sets are created by the application client to provide a contiguous range of logical block addresses
for reading and writing user data. Volume sets shall not overlap and shall be independent from one
another.

(see 6.5.1.3) to determine the boundaries of any unassigned protected space. The unassigned prote
space may be used to create volume sets or to expand existing volume sets. This service action provi
information to the application client so it can place volume sets on specific peripheral devices.

The application client issues a REPORT UNASSIGNED REDUNDANCY GROUP SPACE service ac%Eon

ed
es

Figure 13 shows a relationship between the check data and protected space before anyv0lume sets have
been defined.

unassigned
protected space (a)

unassigned

protected space (b)

redundancy group (a)

I 1 volume set user data
[ ] redundancy group
[] protected space

Il check data

redundancy group (b)

Figure 13 - Multiple redundancy groups

Figure 14 shows the relationship between check data, user data and protected space after a single volume
sethas been defined across the two redundancy groups.
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volu set

u data /
/
|

assigned assigned una‘ss[grled
l pruitcuicu
protected space (a) protected space (b) space
|4 ]
redundancy group (a) redundancy group (b)

I 3 volume set user data
[ ] redundancy group
[] protected space

Il checkdata

Figure 14 - Single volume set associated with multiple redundancy groups
NOTE 12 - The volume set in figure 14 is ready to receive_user data.
The application client may map user data within a volume set using the following three parameters:
a) USER DATA STRIPE DEPTH field;
b) PS_EXTENT STRIPE LENGTH field;
C) PS_EXTENT INTERLEAVE DEPTH field.
The USER DATA STRIPE DEPTH field contains the number of contiguous units to count within a ps_extent
before proceeding to the next ps_gextent. The units are as defined by the GRANULARITY OF UNITS field used

to create the ps_extent. There is a-USER DATA STRIPE DEPTH field for each ps_extent.

The PS_EXTENT STRIPE LENGTH field contains the number of contiguous ps_extents to count before looping
back to the first ps_extent of the current stripe.

The PS_EXTENT INTERLEAVE DEPTH field contains the number of stripes to count before continuing onto the
next consecutive ps_extent beyond the current stripe.

The ps_extent interleave depth is only used if the ps_extent stripe length is not equal to the numbef of
ps_extents.

Theflow chart in figure 15 and figure 16 is an example of an implementation of a SCSI storage arfay
volume set user data mapping routine using the USER DATA STRIPE DEPTH field, PS EXTENT STRIPE | ENGTH

field, and PS_EXTENT INTERLEAVE DEPTH field. For simplicity the USER DATA STRIPE DEPTH field is assumed to
be the same value for all the ps_extents in the flow chart.

Figure 17 shows the most general implementation of the three parameters used to map the user data.
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( Start )

set all the ps_extent LBA pointers to the start LBA_PS(s)
ps_extent pointer = first ps_extent

units pointer = 0

user data stripe depth counter = user data stripe depth
ps_extent stripe length counter = ps_extent stripe length
stripe counter = ps_extent interleave depth

user data
stripe depth counter
.LE.

0

units pointer = units pointer + I

user data stripe depth.cotnter =

user data stripe-depth counter - 1

units pointer

Yes .GT.

ps_extent pointer = ps_extent pointer + 1

ps_extent stripe length counter =
ps_extent strip length counter - 1

ps_extent

maximum
s_extent uni

.LE.
0

stripe length counter

valid ps_extent
pointer

units pointer = units pointer - user data stripe depth
user data stripe depth counter = user data stripe depth

( Error )

ps_extent stripe length
.EQ.

umber of ps_extent;

Yes

Figure 15 - Volume set user data mapping flow chart (part 1)
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®

stripe counter = stripe counter - 1

units pointer
Yes .GT. No

maximum
s_extent uni

stripe counter end
LE. No
0

Yes

units pointer
.GT.

No

maximum
s_extent uni

{ error }

valid ps_extent
pointer

ps_extent pointer = ps_extent.pointer - ps_extent stripe length
user data stripe depth gounter = user data stripe depth
ps_extent stripe length counter = ps_extent stripe length

units pointer
.GT.
maximum
ps_extent uni

No

ps_extent pointer = first ps_extent
user data stripe depth counter = user data stripe depth
ps_extent stripe length counter = ps_extent stripe length

units pointer = units-pointer - (user data stripe depth x
stripe counter)

stripe counter = ps_extent interleave depth
ps_extent'stripe length counter = ps_extent stripe length

Figure 16 - Volume set user data mapping flow chart (part 2)
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Figure 17 - Volume set user data mapping flow
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5.3.3 SCSiI storage array operations
5.3.3.1 Deassign LUN_V operation

The deassign LUN_V operation removes the LUN_V value from a configured volume set. The SACL shall
identify all volume sets that are allowed to be deassigned using an identification as defined in the vital
product data device identification page (83h) (see SCSI-3 Primary Commands (ISO/IEC 14776-311)).

After a successful deassign LUN_V operation the SACL is required to maintain all the configuration
characteristics of the deassigned volume set. The SACL is also required to treat any attempt to address a
volume set using the deassigned LUN_V as an attempt to address an unconfigured LUN_V. The
application client or the SACI s free to use the deassigned 1 UN \/ in the configuration of a new volume

set.

After a volume set is deassigned, using the DEASSIGN LUN_V service action (6.8.1.7), the application
client uses the REPORT UNASSIGNED VOLUME SETS service action (6.7.1.3) to determine the
identification of any deassigned volume set(s). The application client may use the identification to assigh a
LUN_V to a specific deassigned volume set using the ASSIGN LUN_V service action (6(8.1.1).

5.3.3.2 Rebuild operation
The rebuild operation recreates protected space contents or any check data‘within a p_extent using check
data and protected space contents from the remaining p_extents within the\redundancy group. The reRuilt
protected space contents or any rebuilt check data shall be written to the,p_extent being rebuilt.

5.3.3.3 Recalculate operation

The recalculate operation recreates check data from protected’space contents. The recreated check data
shall be written to the check data location being recalculated.

5.3.3.4 Regenerate operation
The regenerate operation recreates inaccessible protected space contents from accessible check data
and protected space contents. The recreated protected space contents are not saved after they are
transferred to the application client.
5.3.3.5 Verify operation

The verify operation recreates.check data from protected space contents and compares the recreated
check data with the current check data. If the recreated check data does not match the current check diata
an exception condition shall be created. See 6.8.1.10 and 6.6.1.8 for exception handling information.
5.3.4 SCSI storage-array states

A SCSI storagevarray defines states for each type of logical unit that may be connected within the SCSI
storage artay or configured by an application client. The state value(s) give(s) an application client

information on the current operating condition of the selected logical unit(s).

The.state of a SCSI storage array (LUN_Z), a peripheral device, or a volume set may be determined by
using the same methods as any other SCSI device (e.qd.. a TEST UNIT READY command followed by a

REQUEST SENSE command). However, more detailed state information may be obtained by issuing a
REPORT STATES service action (6.3.1.8).

The REPORT STATES service action reports all available state information for the selected logical unit(s)
(e.g., if a selected logical unit has two states, both of those states are reported in the REPORT STATES
service action.). States are also returned to the application client in many other report service actions
where only one state shall be returned per report service action. The priority of reporting among multiple
states is vendor specific.

For all state changes the target shall generate a unit attention condition for all initiators, except when the
state change occurred due to a service action, in which case the unit attention shall be generated for all
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initiators except the one that issued the service action. When reporting the unit attention condition the
additional sense code shall be set to STATE CHANGE HAS OCCURRED.

5.3.5 SCSiI storage array configuration options

A SCSI storage array may be implemented to manage configurations using one or more of the following
methods. It is only required that a SCSI storage array implement one of the configuration methods. The
service actions listed below only represent the minimum service actions that are required to implement the

various configuration methods.

5.3.5.1 Simple configuration method

The simple configuration method requires the least amount of service actions to configure the storage
array. The service actions parameters provide an application client with a minimum amount of control over
the redundancy group space mapping and the volume set user data mapping.

The service actions that are required if the simple configuration method is supported are:

a) REPORT STATES (6.3.1.8),

b) REPORT SUPPORTED CONFIGURATION METHOD (6.3.1.9),

c¢) REPORT UNCONFIGURED CAPACITY (6.3.1.10),

d) REPORT STORAGE ARRAY CONFIGURATION (6.7.1.2), and

e) CREATE/MODIFY STORAGE ARRAY CONFIGURATION (6.8.14),

There are no other service actions needed for controlling configufations when the simple configuraTon
method is being used. When available, the application client may choose to use the general configuration
method’s spare configuration service actions, instead of theyequivalent simple configuration method
service actions.

The above service actions provide the application client'control over the following configuration properties:

a) type of protection,

b) amount of user data spreading,

¢) volume set’s logical unit number,

d) volume set’s capacity,

e) rebuild and recalculate priority;land

f) data handling characteristies (i’e., normal user data transfer size and sequentially of reads and
writes).

5.3.5.2 Basic configurationymethod

The basic configuration)method requires an application client to separately configure redundancy grolips
and volume sets where as the simple configuration method combines those operations into one ser\ice
action. The sepvice actions have parameters that provide an application client with a minimum amount of
control overhewolume set user data mapping and the redundancy group mapping. The service actiopns
that are required if the basic configuration method is supported are:

a) REPORT STATES (6.3.1.8),
b) REPORT SUPPORTED CONFIGURATION METHOD (6.3.1.9),
c) REPORT UNCONFIGURED CAPACITY (6.3.1.10)

d) REPORT BASIC REDUNDANCY GROUP (6.5.1.1),

e) REPORT BASIC VOLUME SET (6.7.1.1),

fy CREATE/MODIFY BASIC REDUNDANCY GROUP (6.6.1.2), and
g) CREATE/MODIFY VOLUME SET (6.8.1.4).

There are no other service actions needed for controlling volume set configurations when the basic
configuration method is being used. When available, the application client may choose to use the general
configuration method'’s redundancy group configuration and/or spare configuration service actions, instead
of the equivalent basic configuration method service actions.

The above service actions provide the application client control over the following configuration properties:
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a) type of protection,

b) amount of check data spreading,

¢) redundancy group’s logical unit number,

d) size of the redundancy group,

e) amount of user data spreading,

f) volume set’s logical unit number,

g) volume set’s capacity, and

h) list of redundancy groups to associate with volume set.

5.3.5.3 General configuration method

The general configuration method gives an application client control aver all the details of the redunda

group, volume set, and spare configuration. But the number of service actions and parameters is large\3
the application client should have a detailed understanding of the SCSI storage array to configure-it-us

the general configuration method.
The service actions that are required if the general configuration method is supported are:

a) REPORT STATES (6.3.1.8),

b) REPORT SUPPORTED CONFIGURATION METHOD (6.3.1.9),
c) REPORT ASSIGNED/UNASSIGNED P_EXTENT (6.3.1.1),

d) REPORT COMPONENT DEVICE (6.3.1.2),

e) REPORT COMPONENT DEVICE ATTACHMENTS (6.3.1.3),

fy REPORT PERIPHERAL DEVICE (6.3.1.5),

g) REPORT PERIPHERAL DEVICE ASSOCIATIONS (6.3.1.6),

h) REPORT UNASSIGNED REDUNDANCY GROUP SPACE-(6.5.1.3),
i) REPORT REDUNDANCY GROUPS (6.5.1.2),

j) REPORT VOLUME SETS (6.7.1.4),

k) CREATE/MODIFY REDUNDANCY GROUP (6.6.1:3), and

) CREATE/MODIFY VOLUME SET (6.8.1.6).

ncy
and

ing

At a minimum, the following additional service actions are recommended if the general configuratjon

method is supported:

a) REPORT PERIPHERAL DEVICEICOMPONENT DEVICE SPARE (6.9.1.2), and
b) CREATE/MODIFY PERIPHERAL DEVICE/COMPONENT SPARE (6.10.1.2).

The above service actions provide-the application client control over the following configuration propert

a) type of protection,

b) granularity of units),

¢) redundancy group’s logical unit number,

d) size of each’p_extent,

e) location.aPeach p_extent,

f) numberof p_extents,

g) startlocation of check data in each p_extent,
h).eheck data stripe size in each p_extent,
i>user data stripe size in each p_extent,

j) volume set’s logical unit number,

k) user data’s ps_extent stripe length

[) user data’s ps_extent interleave depth,

m) size of each ps_extent,

n) location of each ps_extent,

0) humber of ps_extents,

p) list of redundancy group to associate with each ps_extent,

g) user data stripe depth in each ps_extent,

r) spare’s logical unit number,

s) p_extent, peripheral device, or component device to be made into a spare, and

t) list of objects to be covered by the spare (e.g., redundancy groups, p_extents, component devices,

etc.).
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5.3.6 SCSI storage array exception conditions
Exception conditions inform an application client that:

a) a change occurred in the physical configuration;

b) a change occurred in a volume set configuration;

¢) a change occurred in a redundancy group configuration;

d) a change occurred in a spare;

e) a change occurred in the operation state of the SACL;

f) a repair action is requested (e.g., device is predicting failure);

g) a repair action is required to restore the volume sets availability (e.g., power supply failure);
h) a repair action is required to restore the volume sets level of integrity (e g _device fails): or

i) an error occurred.

Which exception conditions are returned and how often they are returned is based on configuratjon
requests received from an application client.

Not all exception conditions reported from an SCSI storage array indicate a taskailed. Some are
informational, in that, they provide the application client information on the condition, of the SCSI storage
array. (e.g., the SCSI storage array is predicting a failure of a logical unit, something'is broken but the SCSI
storage array is still operational, etc.). The method of reporting informational exception conditions is
defined in the SCSI-3 Primary Commands (ISO/IEC 14776-311).
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6 Commands for SCSI storage array devices

6.1 Op codes for SCSI storage array commands

The operation codes for commands that apply only to SCSI storage array devices are listed in table 12.

Table 12 - Commands for SCSI storage array devices

Command Name Operation Type Subclause
caode
INQUIRY 12h M SRE
LOG SELECT 4Ch @) SPC
LOG SENSE 4Dh o] SPC
MAINTENANCE (IN) A3h M 6.3
MAINTENANCE (OUT) Adh o] 6.4
MODE SELECT(6) 15h O SPC
MODE SELECT(10) 55h 0] SPC
MODE SENSE(6) 1Ah O SPC
MODE SENSE(10) 5Ah o] SPC
PERSISTENT RESERVE IN 5Eh o] SPC
PERSISTENT RESERVE OUT 5Fh o] SPC
PORT STATUS 1Fh o] SPC
READ BUFFER 3€h @) SPC
RECEIVE DIAGNOSTICS RESULTS 1Ch o] SPC
REDUNDANCY GROUP (IN) BAh B,G 6.5
REDUNDANCY GROUP (OUT) BBh BC,GC 6.6
RELEASE(6) 17h o] SPC
RELEASE(10) 57h o] SPC
REPORT LUNS AOh M SPC
REQUEST SENSE 03h M SPC
RESERVE(6) 16h o] SPC
RESERVE(10) 56h o] SPC
SEND DIAGNOSTIC 1Dh o] SPC
SPARE (IN) BCh o] 6.9
SPARE (OUT) BDh o] 6.10
START STOP UNIT 1Bh o] SPC
TEST UNIT READY 00h M SPC
VOLUME SET (IN) BEh M 6.7
VOLUME SET (OUT) BFh M 6.8
WRITE BUFFER 3Bh o] SPC
Key: B = Command implementation is mandatory if basic configuration method is implemented.
BC = Cemmand implementation is mandatory if basic configuration method is implemented with
eonfiguration support.
G Command implementation is mandatory if general configuration method is implemented.
GC = Command implementation is mandatory if general configuration method is implemented with
configuration support.
M = Command implementation is mandatory.
O = Command implementation is optional.
SPC = SCSI-3 Primary Commands (ISO/IEC 14776-311)

6.2 Glossary of SCSI storage array service actions

6.2.1 MAINTENANCE (IN) command service actions

6.2.1.1 REPORT ASSIGNED/UNASSIGNED P_EXTENT (6.3.1.1): Reports a list of assigned or
unassigned p_extent space(s).

6.2.1.2 REPORT COMPONENT DEVICE (6.3.1.2): Reports a list of components. For each component in
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the list the following information is reported: the logical unit number, the type of the component, and the
state of the component.

6.2.1.3 REPORT COMPONENT DEVICE ATTACHMENTS (6.3.1.3): Reports a list of objects attached to
the selected component(s).

6.2.1.4 REPORT DEVICE IDENTIFICATION (6.3.1.4): Reports the vital product data’s device
identification.

6.2.1.5 REPORT PERIPHERAL DEVICE (6.3.1.5): Reports a list of peripheral devices. For each
peripheral device in the list the following information is reported: the logical unit number, the type of the

peripheral device and the state of the peripheral device

6.2.1.6 REPORT PERIPHERAL DEVICE ASSOCIATIONS (6.3.1.6): Reports a list of objects associated
with the selected peripheral device(s).

6.2.1.7 REPORT PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER (6.3.1.7): Reports an ASCII
string that represents information about the device (e.g., physical location, etc.).

6.2.1.8 REPORT STATES (6.3.1.8): Reports the current state of the selected logical*unit(s).

6.2.1.9 REPORT SUPPORTED CONFIGURATION METHOD (6.3.1.9): Reports the configuration methods
supported by the target.

6.2.1.10 REPORT UNCONFIGURED CAPACITY (6.3.1.10): Reports the free p_extent and ps_extgent
space, in blocks, available for configuration.

6.2.1.11 MAINTENANCE (OUT) command service action§

6.2.1.12 ADD PERIPHERAL DEVICE/COMPONENT DEVICE (6.4.1.1): Makes a device available [for
configuration.

6.2.1.13 ATTACH TO COMPONENT DEVICE(64.1.2) : Creates an attachment between a compongnt
device and one or more objects.

6.2.1.14 BREAK PERIPHERAL DEVIGE/COMPONENT DEVICE (6.4.1.3): Place a device into the broken
state.

6.2.1.15 EXCHANGE P_EXTENT (6.4.1.4): Replace one p_extent with another p_extent.

th

6.2.1.16 EXCHANGE PERIPHERAL DEVICE/COMPONENT DEVICE (6.4.1.5): Replace one device V
another device.

6.2.1.17 INSTRUCT COMPONENT DEVICE (6.4.1.6): Sends a command directly to a component device.

6.2.1.18 REMOVE PERIPHERAL DEVICE/COMPONENT DEVICE (6.4.1.7): Makes a device unavailgble
for configuration.

6.2:1.19 SET PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER (6.4.1.8): Assigns an AS[II
string to a device.

6.2.1.20 REDUNDANCY GROUP (IN) command service actions

6.2.1.21 REPORT BASIC REDUNDANCY GROUP (6.5.1.1): Reports information about a redundancy
group using the basic configuration method.

6.2.1.22 REPORT REDUNDANCY GROUPS (6.5.1.2): Reports information about a redundancy group
using the general configuration method.

6.2.1.23 REPORT UNASSIGNED REDUNDANCY GROUP SPACE (6.5.1.3): Reports the amount of
redundancy group free space in ps_extents.
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6.2.1.24 REDUNDANCY GROUP (OUT) command service actions

6.2.1.25 CONTROL GENERATION OF CHECK DATA (6.6.1.1): Turns on/off the protection within a
redundancy group.

6.2.1.26 CREATE/MODIFY BASIC REDUNDANCY GROUP (6.6.1.2): Create or modify a redundancy
group using the basic configuration method.

6.2.1.27 CREATE/MODIFY REDUNDANCY GROUP (6.6.1.3): Create or modify a redundancy group
using the general configuration method.

62123 DEI FTE REDUNDANCY GROUP (661 4) Remaove the redundancy group from the
configuration.

6.2.1.29 REBUILD P_EXTENT (6.6.1.5): Rebuild a p_extent using information contained within a
redundancy group.

6.2.1.30 REBUILD PERIPHERAL DEVICE (6.6.1.6): Rebuild a peripheral device using informatjon
contained within a redundancy group.

6.2.1.31 RECALCULATE CHECK DATA (6.6.1.7): Recalculate the check data within the redundancy
group.

6.2.1.32 VERIFY CHECK DATA (6.6.1.8): Verify the protected space @ndCheck data is consistent within a
redundancy group.

6.2.1.33 SPARE (IN) command service actions
6.2.1.34 REPORT P_EXTENT SPARE (6.9.1.1): Report information on p_extent spares.

6.2.1.35 REPORT PERIPHERAL DEVICE/COMPONENT DEVICE SPARE (6.9.1.2): Report informatjon
on device spaces.

6.2.1.36 SPARE (OUT) command service actions
6.2.1.37 CREATE/MODIFY P_EXTENT-SPARE (6.10.1.1): Create or modify a p_extent spare.

6.2.1.38 CREATE/MODIFY PERIPHERAL DEVICE/COMPONENT DEVICE SPARE (6.10.1.2): Creatq or
modify a device spare.

6.2.1.39 DELETE SPARE (6.10.1.3): Remove a spare from the configuration.
6.2.1.40 VOLUMESET (IN) command service actions

6.2.1.41 REPORT BASIC VOLUME SET (6.7.1.1): Reports information about a volume set using the
basic configuration format.

6.2.1:42 REPORT STORAGE ARRAY CONFIGURATION (6.7.1.2): Reports information about a volume
set'using the simple configuration method.

6.2.1.43 REPORT UNASSIGNED VOLUME SETS (6.7.1.3): Reports configurated volume sets that do not
have a LUN_V assigned.

6.2.1.44 REPORT VOLUME SETS (6.7.1.4): Reports information about a volume set using the general
configuration method.

6.2.1.45 VOLUME SET (OUT) command service actions
6.2.1.46 ASSIGN LUN_V (6.8.1.1): Assigns a LUN_V to a volume set that is already configured.

6.2.1.47 CONTROL GENERATION OF CHECK DATA (6.8.1.2): Turns on/off the protection of any
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redundancy group(s) associated with a volume set.
6.2.1.48 CONTROL WRITE OPERATIONS (6.8.1.3): Enable/disable write operations to a volume set.

6.2.1.49 CREATE/MODIFY BASIC VOLUME SET (6.8.1.4): Create or modify a volume set using the
basic configuration method.

6.2.1.50 CREATE/MODIFY STORAGE ARRAY CONFIGURATION (6.8.1.5): Create or modify a volume
set using the simple configuration method.

6.2.1.51 CREATE/MODIFY VOLUME SET (6.8.1.6): Create or modify a volume set using the general

configuration method
6.2.1.52 DEASSIGN LUN_V (6.8.1.7): Remove the LUN_V from a volume set.
6.2.1.53 DELETE VOLUME SET (6.8.1.8): Remove the volume set from the configuration.

6.2.1.54 RECALCULATE VOLUME SET CHECK DATA (6.8.1.9): Recalculate the gheck data of gny
redundancy group(s) associated with a volume set.

6.2.1.55 VERIFIY VOLUME SET CHECK DATA (6.8.1.10): Verify the consistency of the protected space
and check data of any redundancy group(s) associated with a volume set.
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The service actions for the MAINTENANCE(IN) command are listed in table 13.

Table 13 - Service actions for MAINTENANCE(IN) command

Service name Service Type Subclause
action

REPORT ASSIGNED/UNASSIGNED P_EXTENT 00h G 6.3.1,1
REPORT COMPONENT DEVICE 01lh G 6.3(1:2
REPORT COMPONENT DEVICE ATTACHMENTS 02h G 6:3.1.3
REPORT DEVICE IDENTIFICATION 07h o] 6:3.1.4
REPORT PERIPHERAL DEVICE 03h G 6.3.1.5
REPORT PERIPHERAL DEVICE ASSOCIATIONS 04h G 6.3.1.6
REPORT PERIPHERAL DEVICE/COMPONENT DEVICE

IDENTIFIER 05h O 6.3.1.7
REPORT STATES 06h M 6.3.1.8
REPORT SUPPORTED CONFIGURATION METHOD 09h M 6.3.1.9
REPORT UNCONFIGURED CAPACITY 08H B,S 6.3.1.10
Reserved 0AR<27h
Vendor specific 18h-1Fh

M = Service action implementation is mandatory.
O = Service action implementation is optional.

Key: B = Service action implementation is mandatory if basicieonfiguration method is implemented.
G = Service action implementation is mandatory if general configuration method is implemented.

S = Service action implementation is mandatary if simple configuration method is implemented

6.3.1.1 REPORT ASSIGNED/UNASSIGNED P_EXTENT service action

The REPORT ASSIGNED/UNASSIGNED P_EXTENT service action (see table 14) requests t
information regarding assigned p_extents or unassigned p_extents within the target be sent to
application client. See 5.3.2.10 for a definition of assigned and unassigned p_extents.

hat
he
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Table 14 - REPORT ASSIGNED/UNASSIGNED P_EXTENT service action

Bi
t 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (00h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_P
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED ASSIGN |RESERVED| RPTSEL
11 CONTROL

If the RPTSEL bit is one, the LUN_P field specifies the address of the peripheral device from which

p_extent(s) shall be reported per table 15. If the requested logical unit has not been added to the target
command shall be terminated with a CHECK CONDITION status. The sense key shall be set to ILLEG
REQUEST, and the additional sense code set\to LOGICAL UNIT NOT SUPPORTED.

A report selected bit (RPTSEL) of zero indicates the target shall report all the assigned p_extent(s) or all

unassigned p_extents within the target. The LUN_P field shall be ignored when the RPTSEL bit is zerd.

RPTSEL bit of one indicates the {target shall report only the assigned p_extent(s) or the unassigr
p_extents on the peripheral device indicated in the LUN_P field.

A report assigned p_extents’bit (ASSIGN) of zero indicates the target shall report unassigned p_extents.

ASSIGN bit of one indi¢ates the target shall report assigned p_extents.

The REPORT ASSIGNED/UNASSIGNED P_EXTENT parameter list (see table 15) contains a four-b
header that contains the length in bytes of the parameter list and a list of ASSIGNED/UNASSIGNED P_EXT
DESCRIPTORS

the
the
AL

the
A
ed

yte
ENT
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Table 15 - REPORT ASSIGNED/UNASSIGNED P_EXTENT parameter list

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
ASSIGNED/UNASSIGNED P_EXTENT(S) LIST LENGTH (n-3)
2
3 (LSB)
ASSIGNED/UNASSIGNED P_EXTENT(S) (if any)
4
ASSIGNED/UNASSIGNED P_EXTENT DESCRIPTOR 0
19
n-15
ASSIGNED/UNASSIGNED P_EXTENT‘DESCRIPTOR X
n

The ASSIGNED/UNASSIGNED P_EXTENT(S) LIST LENGTH field ‘Specifies the length in bytes of the follow

ASSIGNED/UNASSIGNED P_EXTENT DESCRIPTOR(S).

The ASSIGNED/UNASSIGNED P_EXTENT DESCRIPTOR is‘defined in table 16.

Table 16 - Data format+0f ASSIGNED/UNASSIGNED P_EXTENT DESCRIPTOR

Bit 7 6 5 4 3 2 1 0
Byte

0

P_EXTENT DESCRIPTOR

11

12 RESERVED

13 RESERVED

14 PERIPHERAL DEVICE TYPE

15 RESERVED P_EXTENT STATE

ing

The P_EXTENT DESCRIPTOR is defined in table 17.

The PERIPHERAL DEVICE TYPE field contains the type of SCSI device that contains the p_extent defined by
the P_EXTENT DESCRIPTOR. See the SCSI-3 Primary Commands (ISO/IEC 14776-311) standard for a list of
SCSI peripheral device types.

The P_EXTENT STATE field is defined in table 44.
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Table 17 - Data format of P_EXTENT DESCRIPTOR

Bit
Byte ! 6 S 4 3 2 1 0
0 (MSB)
LUN_P
1 (LSB)
2 (MSB)
3
START LBA_P
4
5 (LSB)
6 (MSB)
7
NUMBER OF LBA_P(S)
8
9 (LSB)
10 (MSB)
NUMBER OF BYTES.PER LBA_P S
11 (LSB)

The LUN_P field contains the address of the peripheral’device that contains the p_extent.
The START LBA_P field contains the first addressable logical block address of the p_extent.

The NUMBER OF LBA_P(S) field contains the-capacity of the p_extent in blocks.

The NUMBER OF BYTES PER LBA_P field_contains the size, in bytes, of the blocks in the p_extent. A valug
zero in the NUMBER OF BYTES PERLBA_P field shall indicate the NUMBER OF BYTES PER LBA_P is variable.

6.3.1.2 REPORT COMPONENT DEVICE service action

The REPORT COMPONENT DEVICE service action (see table 18) requests that information regard

component device(§)-within the target be sent to the application client.

b of

ing
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Table 18 - REPORT COMPONENT DEVICE service action

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (01h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_C
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED RPTSEL
11 CONTROL

If the RPTSEL bit is one, the LUN_c field specifies the address of the component device that shall
reported per table 19. If the requested logical unit has not been added to the target, the command shall
terminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and
additional sense code set to LOGICAL UNIT NOT SUPPORTED.

be
be
the

A report selected bit (RPTSEL) of zero indicates the target shall report on all the component device(s) within

the target. The LUN_cC field shall be.ignored when the RPTSEL bit is zero. A RPTSEL bit of one indicates
target shall report only on the component device indicated in the LUN_C field.

The REPORT COMPONENT*DEVICE parameter list (see table 19) contains a four-byte header t
contains the length in bytes-of the parameter list and a list of COMPONENT DEVICE DESCRIPTORS.

the

hat
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Table 19 - REPORT COMPONENT DEVICE parameter list

Bit
7 6 5 4 3 2 0
Byte
0 (MSB)
1
COMPONENT DEVICE LIST LENGTH (n-3)
2
3 (LSB)
COMPONENT DEVICE(S) (if any)
4
COMPONENT DEVICE DESCRIPTOR 0
n-3
COMPONENT DEVICE DESCRIPTOR X
n

The COMPONENT DEVICE LIST LENGTH field specifies the length in bytes of the following COMPONENT DEV

DESCRIPTOR(S).

The COMPONENT DEVICE DESCRIPTOR is defined in table 20.

Table 20 - Data format of COMPONENT DEVICE DESCRIPTOR

Bit
Byte 7 6 5 4 3 2 0
0 COMPONENT DEVICE TYPE
1 REPLACE COMPONENT DEVICE STATE
2 (VSB)
LUN_C - |
3 (LSB)

The 'COMPONENT DEVICE TYPE field contains the type of component device. See table 21 for a lis

component device types.

ICE

of

The component device types table (see table 21) contains a list of non-data type devices the target may

address as component devices.
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TABLE 21 - COMPONENT DEVICE TYPES

Code Description
00h Controller electronics that contain a SACL
0lh Non-volatile cache
02h Power supply
03h Uninterruptable power supply
04h Display
U5h Rey pad entry
06h Fan
07h-7Fh Reserved
80h-FFh Vendor specific

The component device STATE field is defined in table 46.
A replace bit (REPLACE) of zero indicates the component device indicated in the LUN_c field is nqt a
replaceable unit. A replace bit of one indicates the component device indicated in the LUN_C field is a
replaceable unit.

The LUN_c field contains the address of the component device.

6.3.1.3 REPORT COMPONENT DEVICE ATTACHMENTS service action
The REPORT COMPONENT DEVICE ATTACHMENTS Service action (see table 22) requests that

information regarding logical units that are attached to.component device(s) be sent to the application
client.

Table 22 - REPORT COMPONENT DEVICE ATTACHMENTS service action

Bit 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (02h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_C
5 (LSB)
9] (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED RPTSEL
11 CONTROL
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If the RPTSEL bit is one, the LUN_C field specifies the address of the component device for which the target
shall report information per table 23. If the requested logical unit has not been added to the target the
command shall be terminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL
REQUEST, and the additional sense code set to LOGICAL UNIT NOT SUPPORTED.

A report selected bit (RPTSEL) of zero indicates the target shall report on all the component device(s) within
the target. The LUN_C field shall be ignored when the RPTSEL bit is zero. A RPTSEL bit of one indicates the
target shall report only on the component device indicated in the LUN_C field.

The REPORT COMPONENT DEVICE ATTACHMENTS parameter list (see table 23) contains a four-byte
header that contains the length in bytes of the parameter list and a list of COMPONENT DEVICE
ATTACHMENT DESCRIPTORS

Table 23 - REPORT COMPONENT DEVICE ATTACHMENTS parameter list

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
COMPONENT DEVICE ATTACHMENT LISTELENGTH (n-3)
2
3 (LSB)
COMPONENT DEVICE ATTACHMENT(S) (if any)
4 COMPONENT DEVICE ATTACHMENT DESCRIPTOR (First)
X+3 (Length x)
n-y+1 COMPONENT DEVICE ATTACHMENT DESCRIPTOR (Last)
n (Length y)

The COMPONENT DEVICE-ATTACHMENT LIST LENGTH field specifies the length in bytes of the followjng
COMPONENT DEVICEATTACHMENT DESCRIPTOR(S).

The COMPONENT\DEVICE ATTACHMENT DESCRIPTOR is defined in table 24.
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Table 24 - Format of COMPONENT DEVICE ATTACHMENT DESCRIPTOR

Bit 1 7 6 5 4 3 2 1 0
Byte
0 (MSB)
LUN_C
1 (LSB)
2 (MSB)
LOGICAL UNIT LIST LENGTH (n-3)
3 (LSB)
LOGICAL UNIT (S) (if any)
4
LOGICAL UNIT DESCRIPTOR 0
n-3
LOGICAL UNIT DESCRIPT@R X
n

The LUN_c field specifies the address of the component device to which the LOGICAL UNIT DESCRIPTOR(S)
listed in the COMPONENT DEVICE ATTACHMENT DESCRIPTQR list are attached.

The LOGICAL UNIT LIST LENGTH field specifies:the length in bytes of the following LOGICAL UNIT
DESCRIPTOR(S).

The LOGICAL UNIT DESCRIPTOR(S) contain a list of logical units that are attached to the component deVice

addressed in the LUN_C field of the COMPONENT DEVICE ATTACHMENT DESCRIPTOR. See table 25 for the
format of the LOGICAL UNIT DESCRIPTOR,.

Table 25 - Data format of LOGICAL UNIT DESCRIPTOR

Bit
Byte 7 6 5 4 3 2 1 0
0 RESERVED
1 RESERVED LOGICAL UNIT TYPE
2 (MSB)
LUN -]
3 (LSB)

The LOGICAL UNIT TYPE field (see table 26) indicates the type of logical unit addressed in the LUN field.
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Table 26 - LOGICAL UNIT types

The LUN field contains the logical unit number of the logical unit indicated by the LOGICAL UNIT TYPE field.

Codes Description
Oh Physical logical unit (peripheral device)
1h Volume set
2h-3h Reserved
4h Component logical unit (component device)
5h Redundancy group
Bh Spare
7h LUN_Z
8h-Bh Reserved
Ch-Fh Vendor specific

6.3.1.4 REPORT DEVICE IDENTIFICATION service action

The REPORT DEVICE IDENTIFICATION service action

The REPORT DEVICE IDENTIFICATION service action (see table 37) requests the vital product dat
device identification page (83h) (see SCSI-3 Primary Commands(ISO/IEC 14776-311)) for the selec

logical unit be sent to the application client.

Table 27 - REPORT DEVICE IDENTIFICATION service action

a’'s
ted

Bit 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (07h)
2 RESERVED
3 RESERVED LOGICAL UNIT TYPE
4 (MSB)
LUN _—
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
o]
9 (LSB)
10 RESERVED
11 CONTROL

The LoGICAL UNIT TYPE field contains the type of logical unit designated by the LUN field. See table 26 for
the list of logical unit types. If the requested logical unit unknown to the target the command shall be
terminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the
additional sense code set to LOGICAL UNIT NOT SUPPORTED.
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The LUN field specifies the address of the logical unit the target shall report the device identification as
defined in the vital product data’s device identification page (see SCSI-3 Primary Commands (ISO/IEC
14776-311)).

The parameter list shall be identical to the vital product data’s device identification page as defined in the
SCSI-3 Primary Commands (ISO/IEC 14776-311) standard.

6.3.1.5 REPORT PERIPHERAL DEVICE service action

The REPORT PERIPHERAL DEVICE service action (see table 28) requests that information regarding
peripheral device(s) within the target be sent to the application client.

Table 28 - REPORT PERIPHERAL DEVICE service action
Bit
7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (A3h)

1 RESERVED SERVICE ACTION (03h)

2 RESERVED

3 RESERVED

4 (MSB)

LUN_®

5 (LSB)

6 (MSB)

7

ALLOCATION LENGTH

8

9 (LSB)

10 RESERVED RPTMBUS |RESERVED|  SELECT REPORT

11 CONTROL
The LUN_P field spéeifies the address of the peripheral device that shall be reported per table 30. If the
requested logicalunit has not been added to the target, the command shall be terminated with a CHEICK
CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional sense code [set
to LOGICAL UNIT NOT SUPPORTED.
The SELECT REPORT field contains the information on which peripheral device(s) the target shall report. $ee
table'29 for the defined states.
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TABLE 29 - SELECT REPORT

Codes Description

00b The target shall report on all the peripheral device(s) within the
target. The LUN_P field shall be ignored if this option is select-
ed.

01lb The target shall report only on the peripheral device indicated
in the LUN_P field.

10b The target shall report all the peripheral device(s) within the
tfarget that have the state o1 not avallable. The LUN_P field shall
be ignored if this option is selected.

11b Reserved

A report multiple buses (RPTMBUS) bit of zero indicates only one LUN_P shall be reparted for each
peripheral device indicated by the SELECT REPORT field. A RPTMBUS bit of one indicates(all LUN_P(s) shall

be reported for each peripheral device indicated by the SELECT REPORT field.

NOTE 13 - An RPTMBUS bit of zero has the effect of reporting only one bus identifier and target/lun for
each peripheral device regardless of the number of bus access paths available to-the controller.

The REPORT PERIPHERAL DEVICE parameter list (see table 30)-contains a four-byte header that

contains the length in bytes of the parameter list and a list of PERIPHERAL DEVICE DESCRIPTORS.

Table 30 - REPORT PERIPHERAL\DEVICE parameter list

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
PERIPHERAL DEVICE LIST LENGTH (n-3)
2
3 (LSB)
PERIPHERAL DEVICE(S) (if any)
4
PERIPHERAL DEVICE DESCRIPTOR 0
7
n-3
PERIPHERAL DEVICE DESCRIPTOR X
n

The PERIPHERAL DEVICE LIST LENGTH field specifies the length in bytes of the following PERIPHERAL DEVICE

DESCRIPTOR(S).

The PERIPHERAL DEVICE DESCRIPTOR is defined in table 31.
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Table 31 - Format of PERIPHERAL DEVICE DESCRIPTOR

Bit
Byte 7 6 5 4 3 2 1 0
0 PERIPHERAL DEVICE TYPE
1 REPLACE PERIPHERAL DEVICE STATE
2 (MSB)
LUN_P
3 (LSB)

The PERIPHERAL DEVICE TYPE field contains the type of SCSI device. See the SCSI-3 Primary Commands
(ISO/IEC 14776-311) standard for a list of SCSI peripheral device types.

The peripheral device STATE field is defined in table 44.

A replace bit (REPLACE) of zero indicates the peripheral device indicated(in the LUN_P field is nd
replaceable unit. A replace bit of one indicates the peripheral device indicated in the LUN_P field i

replaceable unit.

The LUN_P field contains the address of the peripheral device.

6.3.1.6 REPORT PERIPHERAL DEVICE ASSOCIATIONS service action

The REPORT PERIPHERAL DEVICE ASSOCIATIONS service action (see table 32) requests t

ta
S a

hat

information regarding logical units that are associated with peripheral device(s) be sent to the application

client.
Table 32 - REPORT PERIPHERAL DEVICE ASSOCIATIONS service action
Bit
7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (04h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_P _—
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED RPTMBUS |RESERVED|RESERVED| RPTSEL
11 CONTROL
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If the RPTSEL bit is one, the LUN_P field specifies the address of the peripheral device that the target shall
report information as to which logical unit(s) are associated with the peripheral device per table 34. If the
requested logical unit has not been added to the target the command shall be terminated with a CHECK

CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional sense code
to LOGICAL UNIT NOT SUPPORTED.

A report selected bit (RPTSEL) of zero indicates the target shall report on all the peripheral device(s) wit

set

hin

the target. The LUN_P field shall be ignored when the RPTSEL bit is zero. A RPTSEL bit of one indicates the

target shall report only on the peripheral device indicated in the LUN_P field.

A report multiple buses (RPTMBUS) bit of zero indicates only one LOGICAL UNIT DESCRIPTOR (see table 34)

shall be reported for each ohject assaciated with the peripheral device listed in the 1 uN P field (see t

ble

34). A RPTMBUS bit of one indicates all LOGICAL UNIT DESCRIPTOR(S) (see table 34) shall be reported
each object associated with the peripheral device listed in the LUN_P field (see table 34).

The REPORT PERIPHERAL DEVICE ASSOCIATIONS parameter list (see table 33) contains.a four-b

for

yte

header that contains the length in bytes of the parameter list and a list of PERIPMERAL DEVICE

ASSOCIATION DESCRIPTORS.

Table 33 - REPORT PERIPHERAL DEVICE ASSOCIATIONS parameter list

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
PERIPHERAL DEVICE ASSOCIATIONS LIST LENGTH (n-3)
2
3 (LSB)
PERIPHERAL DEVICE ASSOCIATION(S) (if any)
4 PERIRHERAL DEVICE ASSOCIATIONS DESCRIPTOR (First)
X+3 (Length x)
n-y+1 PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR (Last)
n (Length y)

The PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR LIST LENGTH field specifies the length in bytes of
following PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR(S).

the
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Table 34 - Format of PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR

Bit 1 7 6 5 4 3 2 1 0
Byte
0 (MSB)
LUN_P - |
2 (LSB)
3 (MSB)
LOGICAL UNIT LIST LENGTH (n-3) —
4 (LSB)
LOGICAL UNIT(S) (if any)
5
LOGICAL UNIT DESCRIPTOR 0
8
n-3
LOGICAL UNIT DESCRIPT@R X
n

The LUN_P field specifies the address of the peripheral device to which the LOGICAL UNIT DESCRIPTOR(S)
listed in the PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR\list are associated.

The LOGICAL UNIT LIST LENGTH field specifies:the length in bytes of the following LOGICAL UNIT
DESCRIPTOR(S).

The LOGICAL UNIT DESCRIPTOR(S) contain alist'of logical units that are associated with the peripheral de\ice
addressed in the LUN_P field of the PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR. See table 25 for the
format of the LOGICAL UNIT DESCRIPTOR,

6.3.1.7 REPORT PERIPHERAL'DEVICE/COMPONENT DEVICE IDENTIFIER service action

The REPORT PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER service action (see table B5)
requests the position of the selected logical unit within the target be sent to the application client.
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Table 35 - REPORT PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER service action

Bit 1 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (05h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED PORCLU |RESERVED
11 CONTROL

The LUN field contains the logical unit number of the péripheral device or component device that the tar
shall report per table 36. If the requested logical uhit has not been added to the target the command s
be terminated with a CHECK CONDITION status:;*The sense key shall be set to ILLEGAL REQUEST, §
the additional sense code set to LOGICAL UNIT NOT SUPPORTED.

A report physical or component logical unit bit (PORCLU) of zero indicates the LUN field shall contain
address of a peripheral device. A RORCLU bit of one indicates the LUN field shall contain the address ¢
component device.

The REPORT PERIPHERAL'DEVICE/COMPONENT DEVICE IDENTIFIER parameter list (see table

contains a four-byte field that contains the length in bytes of the parameter list and the position of
selected logical unit within the target.

Table 36" REPORT PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER parameter list

get
hall
and

the
fa

36)
the

Bit
Byte 7 6 5 4 3 2 1 0
0 (MSB)
1
IDENTIFIER LENGTH
2
3 (LSB)
4
IDENTIFIER
n
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The IDENTIFIER LENGTH field specifies the length in bytes of the IDENTIFIER field.

The IDENTIFIER field shall be an ASCII value that indicates the position of the peripheral device or
component device within the target. The ASCII value within the IDENTIFIER field is vendor specific.

6.3.1.8 REPORT STATES service action

The REPORT STATES service action (see table 37) requests that state information about the selected
logical unit(s) within the target be sent to the application client.

Table 37 - REPORT STATES service action

Bit
7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (06h)
2 RESERVED
3 RESERVED LQGICAL UNIT TYPE
4 (MSB)
LUN
5 (LSB)
6 (MSB)
7
ALCLOCATION LENGTH
8
9 (LSB)
10 RESERVED REPORT STATES RESERVED
11 CONTROL

The LOGICAL UNIT TYPE field-Contains the type of logical unit designated by the LUN field. See table 26
the list of logical unittypes. If the requested logical unit has not been added to the target the comma
shall be terminatedwitii a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUE

and the additional-sense code set to LOGICAL UNIT NOT SUPPORTED.

The LUN field‘specifies the address of the logical unit the target shall report state information per table 39.

The REPORT STATES field contains the information on which logical unit(s) the target shall report st

infarmation. See table 38 for the defined states.

ate
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Table 38 - REPORT STATES

Codes Description

00b Report all states for all logical units within the selected target.
The LOGICAL UNIT TYPE and the LUN fields shall be ignored if
this option is selected.

01lb Report all states for all of the logical unit(s) of the type listed in
the LOGICAL UNIT TYPE field within the selected target. The LUN
field shall be ignored if this option is selected.

10D Report all states for the selected logical Unit. The LOGICAL UNIT
TYPE and the LUN field shall designate the address of the logi-
cal unit if this option is selected.

11b Reserved

The REPORT STATES parameter list (see table 39) contains a four-byte header that indicates the lengt

bytes of the parameter list plus a list of LOGICAL UNIT STATE DESCRIPTORS.

Table 39 - REPORT STATES parameter list

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
LOGICAL UNIT_STATES LIST LENGTH (n-3)
2
3 (LSB)
LOGICAL UNIT STATE(S) (if any)
4 LOGICAL UNIT STATE(S) DESCRIPTOR (First)
X+3 (Length x)
n-y+l LOGICAL UNIT STATE(S) DESCRIPTOR (Last)
n (Length y)

The tOGICAL UNIT LIST LENGTH field specifies the length in bytes of the following LOGICAL UNIT STATE

DESERIPTOR(S).

nin

The LOGICAL UNIT STATE(S) DESCRIPTOR is defined in table 40.
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Table 40 - Format of LOGICAL UNIT STATES DESCRIPTORS

Bit
7 6 5 4 3 2 1 0
Byte
0 DEVICE TYPE
1 RESERVED LOGICAL UNIT TYPE
2 (MSB)
LUN
3 (LSB)
4 RESERVED
5 RESERVED
6 (MSB)
STATE LIST LENGTH (n-7) —_—
7 (LSB)
STATE DESCRIPTORS(S) (if any)
8 REPLACE STATE OF THE LOGICAE'UNIT
n REPLACE STATE.OF THE LOGICAL UNIT

The DEVICE TYPE field shall contain a component'device type if the LOGICAL UNIT TYPE field indicate
component device type. See table 21 for a list:of component device types. If the LOGICAL UNIT TYPE f
does not indicate a component device type-the DEVICE TYPE field shall contain a peripheral device ty|
See the SCSI-3 Primary Commands (ISO/IEC 14776-311) standard for a list of SCSI peripheral deV

types.

The LOGICAL UNIT TYPE field contains the type of logical unit contained within the LUN field. See table 26
the list of logical unit types.

The LUN field contains the address of the logical unit the target is reporting state information about.

The STATE LIST LENGTH field specifies the length in bytes of the following STATE DESCRIPTOR(S).

The STATE OR.THE LOGICAL UNIT field specifies the state of logical unit addressed by the LUN field. 1
contents ofithe STATE OF THE LOGICAL UNIT field depends on the logical unit type field. See table 41, ta

42, table\43, table 44, table 45, and table 46 for a definition of the states by logical unit type that shall
reported to the application client.

S a
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The order in which states are reported is vendor specific.

A replace bit (REPLACE) of zero shall indicate the logical unit is not a replaceable unit if the LOGICAL UNIT
TYPE field indicates the logical unit is a peripheral device or component device. A REPLACE bit of one shall

indicate the logical unit is a replaceable unit if the LOGICAL UNIT TYPE field indicates the logical unit i

Ssa

peripheral device or component device. The target shall not set the REPLACE bit to one unless the LOGICAL
UNIT TYPE field is either peripheral device or component device. The definition of replaceable is vendor

specific.

Table 41 defines the STATE OF THE LOGICAL UNIT field contents when the LOGICAL UNIT TYPE field indicates

LUN_Z.
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Table 41 - LUN_Z states

Big - 6 5 4 3 2 1 0

RESERVED VS RESERVED ABNORMAL| NONAFAIL | READYING

A readying bit (READYING) of zero indicates there are no logical units within the target that have a state of
readying. A READYING bit of one indicates one or more logical units within the target are being initialized

and access 1o the target Is limited.

The amount of accessibility of a target (i.e., the addressed SCSI storage array) during the readying_stat
vendor-specific.

A non-addressable component failure bit (NONAFAIL) of zero indicates that all non-addressable parts
operational. A NONAFAIL bit of one indicates one or more non-addressable part(s) have failed (e.g., po
supply failure, LED failure, cache failure, etc., that are not defined as component déyices).

NOTE 14 - More information on the failure may be available within the sense\data from a REQUEST
SENSE command issued to the target's LUN_Z address.

An abnormal bit (ABNORMAL) of zero indicates that all addressable devices within the target have a staté
available. An ABNORMAL bit of one indicates that one or more addressable devices within the target
indicating a state other than available.

NOTE 15 - To determine which device is indicating it is not dvailable, issue a REPORT STATUS service
action with the REPORT STATES field set to 00b.

The vendor specific (vS) bit indicates a vendor spegific state

Table 42 defines the STATE OF THE LOGICAL UNIT field contents when the LOGICAL UNIT TYPE field indica
volume set. Other reporting commands also use the state codes defined in table 42.

b of
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Table 42 - Volume set states

Codes States Description
00h Available The addressed volume set is operational.
01lh Broken The addressed volume set is capable of being supported but
it has failed.
02h Data lost Within the addressed volume set user data has been lost.
OFh Dynamic reconfig- The addressed volume set is being reconfigured. In this state
uration in progress | all user data is still protected.
03k Exposed Withinthe-addressed-volume-setuser-data-is-hot-protected-
In this state all user data is still valid, however, a failure will
cause a loss of user data or a loss of user data availability.
OEh Fractionally Within the addressed volume set part of the user data“is not
exposed protected. In this state all user data is still valid,hoewever, a
failure may cause a loss of user data or a loss.of user data
availability.
04h Partially exposed Within the addressed volume set one grumore logical unit(s)
have failed. In this state all user data js still protected.
05h Protected rebuild One or more of the redundancy-groups underlaying the ad-
dressed volume set is in the process of a rebuild operation.
In this state all user data is‘protected.
0Ch Protection dis- Within the addressed voelume set the generation of check
abled user data has been disabled. In this state all user data is still
valid, however, aAailure will cause a loss of user data or a
loss of user data availability.
06h Not available The addressed volume set is capable of being supported but
has not.béen configured.
07h Not supported The addressed volume set is not capable of being config-
ured;
08h Readying The addressed volume set is being initialized and access to
the volume set is limited.
NOTE 16 - The amount of accessibility to the volume set
during the readying state is vendor-specific. This state
should be indicated if any of the logical units within the
volume set are not ready. Intervention may be required by
the application client to remove this state. (e.g., START
UNIT command)
09h Rebuild One or more of the underlaying redundancy groups of the ad
dressed volume set is in the process of a rebuild operation.
In this state user data is not protected.
0Ah Recalculate The addressed volume set is in the process of a recalculate
operation.
NOTE 17 - The recalculate operation may involve one or
more underlaying redundancy groups.
0Bh Spare in use Within the addressed volume set a spare is being used. In
this state all user data is still protected.
0Dh Verify in progress Within the addressed volume set user data is being verified.
NOTE 18 - The verify operation may involve one or more
underlaying redundancy groups.
10h-3Fh Reserved
40h-7Fh Vendor specific

Table 43 defines the STATE OF THE LOGICAL UNIT field contents when the LOGICAL UNIT TYPE field indicates
redundancy group. Other reporting commands also use the state codes defined in table 43.
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Table 43 - Redundancy group states

Table 44-defines the STATE OF THE LOGICAL UNIT field contents when the LOGICAL UNIT TYPE field indica
peripheral’device or p_extent. Other reporting commands also use the state codes defined in table 44.

Codes States Description
00h Available The addressed redundancy group is configured.
0Ch Dynamic reconfig- The addressed redundancy group is being reconfig-
uration in progress | ured. In this state the protected space is still protected.
01lh Exposed Within the addressed redundancy group user data is
not protected. In this state all user data is still valid,
however, a failure causes a loss of user data or a loss
Of User data avallability.
02h Invalidated Within the addressed redundancy group user data has
protected space been lost. In this state the protected space is no longer
intact.
03h Not available The addressed redundancy group is capable’of being
supported but has not been configured.
04h Not supported The addressed redundancy group is hot capable of be-
ing configured.
05h Partially exposed Within the addressed redundancCy group one or more
logical unit(s) have failed. In.this state the protected
space is protected.
06h Present The addressed redundancy group is present but no oth-
er status is available.
07h Protected rebuild The addressedyredundancy group is in the process of a
rebuild operation. In this state the protected space is
protected.
0Ah Protection dis- Withinthe addressed redundancy group the generation
abled of check user data has been disabled. In this state all
user data is still valid, however, a failure causes a loss
of user data or a loss of user data availability.
08h Rebuild The addressed redundancy group is in the process of a
rebuild operation. In this state the protected space is
not protected.
09h Recalculate The addressed redundancy group is in the process of a
recalculate operation.
0Bh \erify in progress Within the addressed redundancy group user data is
being verified.
0Dh-3Fh Reserved
40h-7ER Vendor specific

tes
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Table 44 - Peripheral device and p_extent states

Codes States Description
00h Available The addressed peripheral device or p_extent is opera-
tional.
01lh Broken The addressed peripheral device or p_extent is capable
of being supported but it has failed.
02h Not available The addressed peripheral device or p_extent is capable
of being supported but no device is connected.
03h Not supported The target is not capable of supporting a device at the
addressed peripheral device or p_extent.
04h Present The addressed peripheral device or p_extent is present
but no other status is available.
05h Readying The addressed peripheral device or p_extent-is being
initialized and access to the peripheral,device or
p_extent is limited.
06h Rebuild The addressed peripheral device-or p_extent is being
rebuilt.
07h-3Fh Reserved
40h-7Fh Vendor specific

Table 45 defines the STATE OF THE LOGICAL UNIT field contents Wwhen the LOGICAL UNIT TYPE field indica

spare. Other reporting commands also use the state codes défined in table 45.

Table 45+ Spare states

Codes States DPeéscription
00h Available The addressed spare is operational.
01lh Broken The addressed spare is capable of being supported but
it has failed.
02h Not available The addressed spare is capable of being supported but
has not been configured.
03h Not.supported The addressed spare is not capable of being config-
ured.
04h Present The addressed spare is present but no other status is
available.
05h Spare in use The addressed spare has been exchanged with a failed
object.
06h-3Fh Reserved
40h-7Fh Vendor specific

tes

Table 46 defines the STATE OF THE LOGICAL UNIT Tield contents when the LOGICAL UNIT TYPE field indicates
component device. Other reporting commands also use the state codes defined in table 46.
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Table 46 - Component device states

Codes States Description
00h Available The addressed component device is operational.
01lh Broken The addressed component device is capable of being
supported but it has failed.
02h Reserved
03h ITTU The addressed component device is the reporting com-
ponent device. This state shall not be reported unless
the command allows the reporting of multiple states.
More that one component device may report an ITTU
state in a single state request.
04h Not available The addressed component device is capable of being
supported but no component is present.
05h Not supported The target is not capable of supporting,& component at
the given address.
06h Present The addressed component device is present but no oth-
er status is available.
07h Readying The addressed component device is being initialized
and access to the compénent device is limited.
08h-3Fh Reserved
40h-7Fh Vendor specific

6.3.1.9 REPORT SUPPORTED CONFIGURATION METH®@D service action

The REPORT SUPPORTED CONFIGURATION METHOD service action (see table 52) requests t
information regarding the configuration method(s) the target supports and wether an application client n
change configurations using those methods. Anvapplication client may use this information to determ

the minimum set of service actions supported by the target.
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Table 47 - REPORT SUPPORTED CONFIGURATION METHOD service action

Bytgit 7 6 5 4 3 2 1 0
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (09h)
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED
11 CONTROL

The REPORT SUPPORTED CONFIGURATION METHOD parameter list (see table 53) contains
supported configuration methods. The application client may use this information to determine
minimum set of service actions supported by thetarget.

Table 48 - REPORT SUBRPORTED CONFIGURATION METHOD parameter list

By tBe T 6 5 4 3 2 1 0
0 RESERVED BASIC RESERVED SIMPLE
1 RESERVED GENERAL
2 RESERVED
3 RESERVED

The sIMPLE field (see table 49) indicates if the target supports the simple configuration method.
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Table 49 - SIMPLE

The BAsIC field (see table 50) indicates if the target supports the basic configuration method.

The GENERAL field (see table 51) indicates if the target supports the general configuration method.

Codes Description

00b Target does not support the simple configura-
tion method.

01b Target supports, at a minimum, the simple con-
figuration method’s mandatory reporting ser-
vice actions (see 5.3.5.1).

10b Reserved

11b Target supports, at a minimum, the simple con-

figuration method’s mandatory reporting and
mandatory configuration service actions (see
5.3.5.1).

Table 50 - BASIC

Codes Description

00h Target does not support the basic configuration
method.

01lh Target supports, at a minimum, the basic con-
figuration method’s fmandatory reporting ser-
vice actions (see 5.3.5.2).

10h Reserved

11h Target supports, at a minimum, the basic con-

figuration'method’s mandatory reporting and
mandatory configuration service actions (see
5.3:5.2).

Table 51 - GENERAL

Codes Description

00h Target does not support the general configura-
tion method.

01lh Target supports, at a minimum, the general
configuration method’s mandatory reporting
service actions (see 5.3.5.3).

10h Reserved

TTh Target SUpports, at a rrmrmanT, the generat

configuration method’s mandatory reporting
and mandatory configuration service actions
(see 5.3.5.3).

6.3.1.10 REPORT UNCONFIGURED CAPACITY service action

The REPORT UNCONFIGURED CAPACITY service action (see table 52) requests that information

regarding the unconfigured capacity within the target be sent to the application client.
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Table 52 - REPORT UNCONFIGURED CAPACITY service action

Bytgit 7 6 5 4 3 2 1 0
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (08h)
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED
11 CONTROL

The REPORT UNCONFIGURED CAPACITY parameter list (see table 53) contains unconfigured capagity
information. The application client may use this infetrmation when configuring a volume set.
Table 53 - REPORT UNCONFIGURED CAPACITY parameter list
Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
UNASSIGNED P_EXTENT CAPACITY

2

3 (LSB)

4 (MSB)

)

UNASSIGNED PS_EXTENT CAPACITY

6

7 (LSB)

8 RESERVED MOREPS | MOREP

9 RESERVED

10 (MSB)

BYTES PER BLOCK

11 (LSB)
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The UNASSIGNED P_EXTENT CAPACITY field contains the largest value the application client may use in the
CAPACITY field of the next requested CREATE/MODIFY STORAGE ARRAY CONFIGURATION service
action (6.8.1.5) or CREATE/MODIFY BASIC REDUNDANCY GROUP service action (6.6.1.2).

The UNASSIGNED PS_EXTENT CAPACITY field contains the largest value the application client may use in the
CAPACITY field of the next requested CREATE/MODIFY BASIC VOLUME SET service action (6.8.1.4).

NOTE 19 - Before each configuration attempt the application client should issue the REPORT
UNCONFIGURED CAPACITY service action to determine the maximum available capacity.

A more unassigned p_extent (MOREP) bit of zero indicates the target is reporting, in the UNASSIGNED
P_EXTENT CAPACITY field, all the unassigned p _extent (5.3.2.10) blocks within the selected target. A MOREP

bit of one indicates the target has more unassigned p_extent capacity than is being reported in the
UNASSIGNED P_EXTENT CAPACITY field. The target shall set the MOREP bit to a one when it cannot configure
all the unassigned p_extents into a single volume set or redundancy group.

A more unassigned ps_extent (MOREPS) bit of zero indicates the target is reporting, in the UNASSIGNED
PS_EXTENT CAPACITY field, all the unassigned ps_extent (5.3.2.11) blocks within the (s€lected target. A
MOREPS bit of one indicates the target has more unassigned ps_extent capacity thah is being reported in
the UNASSIGNED PS_EXTENT CAPACITY field. The target shall set the MOREPS bit;to>a one when it canpot
configure all the unassigned ps_extents into a single volume set.
The BYTES PER BLOCK field contains the size, in bytes, of the logical bloeks in the UNASSIGNED P_EXTENT

CAPACITY field and the UNASSIGNED PS_EXTENT CAPACITY field. A value @f.zero in the BYTES PER BLOCK fleld
shall indicate the number of bytes per logical block is 512.

6.4 MAINTENANCE (OUT) commands

6.4.1 MAINTENANCE (OUT) command service actions

The service actions for the MAINTENANCE(OUT)command are listed in table 54.

Table 54 - Service actions for MAINTENANCE (OUT) command

Service name Service Type Subclause
action

ADD PERIPHERAL DEVICE/COMPONENT DEVICE 00h @) 6.4.1.1
ATTACH TO COMPONENT DEVICE 01lh @) 6.4.1.2
BREAK PERIPHERAL DEVICE/COMPONENT DEVICE 07h @) 6.4.1.3
EXCHANGE P_EXTENT 02h @) 6.4.1.4
EXCHANGE PERIPHERAL DEVICE/COMPONENT

DEVICE 03h @) 6.4.1.5
INSTRUCT-COMPONENT DEVICE 04h @) 6.4.1.6
REMQVEPERIPHERAL DEVICE/COMPONENT DEVICE 05h @) 6.4.1.7
SET'PERIPHERAL DEVICE/COMPONENT DEVICE

IPENTIFIER 06h @) 6.4.1.8
Reserved 08h-17h
\/endor Qpnnifin 18h-1Eh
Key: O = Service action implementation is optional.

6.4.1.1 ADD PERIPHERAL DEVICE/COMPONENT DEVICE service action

The ADD PERIPHERAL DEVICE/COMPONENT DEVICE service action (see table 55) requests a
peripheral device or a component device be added to the target. If the add operation fails to complete
successfully the command shall be terminated with a CHECK CONDITION status. The sense key shall be
set to HARDWARE ERROR, and the additional sense code set to ADD LOGICAL UNIT FAILED.
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Table 55 - ADD PERIPHERAL DEVICE/COMPONENT DEVICE service action

B?/itg 7 6 5 4 3 2 1 0
0 OPERATION CODE (A4h)
1 RESERVED SERVICE ACTION (00h)
2 DEVICE TYPE
3 RESERVED
4 (MSB)
LUN
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 |RESERVED| SETLUN RESERVED ADDPORC |RESERVED
11 CONTROL

The DEVICE TYPE field contains the peripheral device fype or the component device type of the device that
the target shall add. See the SCSI-3 Primary Comimands (ISO/IEC 14776-311) standard for a list of valid
peripheral device types. See table 21 for a list of\valid component device types.

The LUN field contains the logical unit number to assign to the peripheral device or component device ﬂihat
shall be added to the target if the SETLUN bit is set to zero. If the requested logical unit cannot be added to
the target the command shall be terminated with a CHECK CONDITION status. The sense key shall be |set
to ILLEGAL REQUEST, and the additional sense code set to LOGICAL UNIT NOT SUPPORTED.

An add physical or compengnt logical unit bit (ADDPORC) of zero indicates the DEVICE TYPE field shall
contain a valid peripheraldevice type. See the SCSI-3 Primary Commands (ISO/IEC 14776-311) standprd
for a list of valid peripheral device types. An ADDPORC bit of one indicates the DEVICE TYPE field shall
contain a valid compenent device type. See table 21 for a list of valid component device types.

A set LUN (SETLUN) bit of zero indicates the target shall assign to the peripheral device or compongent
device the Jogical unit number contained in the LUN field. A SETLUN bit of one indicates that the target shall
assign aflogical unit number to the peripheral device or component device. The LuN field shall be ignofed
when the SETLUN bit is set to one.

64.1.2 ATTACH TO COMPONENT DEVICE service action

The ATTACH TO COMPONENT DEVICE service action (see table 56) requests the target logically attach
one or more logical unit(s) to a component device. If the attach operation fails to complete successfully the
command shall be terminated with a CHECK CONDITION status. The sense key shall be set to
HARDWARE ERROR, and the additional sense code set to ATTACHMENT OF LOGICAL UNIT FAILED.
On successful completion of this service action a unit attention shall be generated for all initiators except
the one that issued the service action. When reporting the unit attention condition the additional sense
code shall be set to COMPONENT DEVICE ATTACHED.

NOTE 20 - The behavior of attached logical units and their interactions with component devices are
vendor specific.
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To detach a logical unit from a component device, issue the ATTACH TO COMPONENT DEVICE service
action with the logical unit(s) to be detached removed from the parameter list. If the LIST LENGTH field is set
to zero then all logical unit(s) attached to the component device shall be detached.

NOTE 21 - If LUN_C 1 is attached to LUN_C 2 and LUN_C 2 is attached to LUN_C 1 then a detach
request to LUN_C 2 shall only detach LUN_C 1 from LUN_C 2. The attachment of LUN_C 2to LUN_C 1

remains intact.

Table 56 - ATTACH COMPONENT DEVICE service actions

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (A4h)

1 RESERVED SERVICE ACTION (01h)

2 RESERVED

3 RESERVED

4 (MSB)

LUN_C —

5 (LSB)
6 (MSB)

7

LISTLENGTH

8

9 (LSB)
10 RESERVED

11 CONTROL

The LUN_c field specifies the address of the component device to which the target shall attach the log
unit(s) listed in the ATTACHRCOMPONENT DEVICE parameter list (see table 57). If the reques
component device has pot.been added to the target the command shall be terminated with a CHE|
CONDITION status. The'sense key shall be set to ILLEGAL REQUEST, and the additional sense code

to LOGICAL UNIT NOF SUPPORTED.

cal
ed
CK
set
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Table 57 - ATTACH COMPONENT DEVICE parameter list

Bit
7 6 5 4 3 1 0
Byte
LOGICAL UNIT(S) (if any)
0
LOGICAL UNIT DESCRIPTOR 0
3
n-3
LOGICAL UNIT DESCRIPTOR X
n

The LOGICAL UNIT DESCRIPTOR(S) contain a list of logical units that shall be attached to the compon
device addressed by the ATTACH COMPONENT DEVICE service action.Sée table 25 for the forma

ent
of

the LOGICAL UNIT DESCRIPTOR. If the requested logical unit has not been added to the target the command

shall be terminated with a CHECK CONDITION status. The sense key@hall be set to ILLEGAL REQUE
and the additional sense code set to LOGICAL UNIT NOT SUPPORTED.

6.4.1.3 BREAK PERIPHERIAL DEVICE/COMPONENT DEVICE:service action

The BREAK PERIPHERAL DEVICE/COMPONENT DEVACE service action (see table 58) request

peripheral device or a component device be placed into‘a’broken state.

Table 58 - BREAK PERIPHERAL 'DEVICE/COMPONENT DEVICE service action

ST,

)
Q

B?/itg 7 6 5 4 3 1 0
0 OPERATION CODE (A4h)
1 RESERVED SERVICE ACTION (07h)
2 DEVICE TYPE
3 RESERVED
4 (MSB)
LUN
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED BRKPORC |RESERVED
11 CONTROL

The DEVICE TYPE field contains the peripheral device type or the component device type of the device that
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the target shall break.

The LuN field contains the logical unit number of the peripheral device or component device that shall be
broken. If the requested logical unit has not been added to the target the command shall be terminated
with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional
sense code set to LOGICAL UNIT NOT SUPPORTED.

A break physical or component logical unit bit (BRKPORC) of zero indicates the LUN field contains the
address of a peripheral device and the DEVICE TYPE field contains a valid peripheral device type. See the
SCSI-3 Primary Commands (ISO/IEC 14776-311) standard for a list of valid peripheral device types. A
BRKPORC bit of one indicates the LUN field shall contain the address of a component device and the DEVICE

TvpE field contains a valid component device type See table 21 for a list of valid component device types.
6.4.1.4 EXCHANGE P_EXTENT service action
The EXCHANGE P_EXTENT service action (see table 59) requests the target replace ayp_extent with
another p_extent. If the exchange operation fails to complete successfully and the IMMEDybit is zero the
command shall be terminated with a CHECK CONDITION status. The sense key shall be set to
HARDWARE ERROR, and the additional sense code set to EXCHANGE OF LOGICAL'UNIT FAILED.
If the IMMED bit is one and the exchange operation fails then a deferred error shall be reported.
Table 59 - EXCHANGE P_EXTENT service action
Bit
7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (A4h)

1 RESERVED SERVICE ACTION (02h)

2 RESERVED

3 RESERVED

4 RESERVED

5 RESERVED

6 (MSB)

7

LIST LENGTH

8

9 (LSB)

10 RESERVED IMMED

11 CONTROL

An immediate (IMMED) bit of zero indicates that status shall be returned after the exchange operation has
completed. An IMMED bit value of one indicates that the target shall return status as soon as the command
descriptor block and parameter list have been validated.

The EXCHANGE P_EXTENT parameters list (see table 60) contains the addresses of the logical units that
shall be exchanged.
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Table 60 - EXCHANGE P_EXTENT parameters list

Bit
Byte 7 6 5 4 3 2 1 0
0
OLD P_EXTENT DESCRIPTOR
11
12
NEW P_EXTENT DESCRIPTOR
23

The OLD P_EXTENT DESCRIPTOR contains the p_extent that shall be replaced by a new p_extent."See ta
17 for the format of the OLD P_EXTENT DESCRIPTOR.

The NEw P_EXTENT DESCRIPTOR contains the p_extent that shall replace an old p_extent. See table 17

ble

for

the format of the NEw P_EXTENT DESCRIPTOR. If the old p_extent and the new p jextent are not the same

size or have different peripheral device types the command shall be terminated with a CHE
CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and\the additional sense code
to INVALID FIELD IN PARAMETER LIST.

It shall not be an error for the old p_extent and new p_extent to addfess the same p_extent.

6.4.1.5 EXCHANGE PERIPHERAL DEVICE/COMPONENT DEVICE service action

The EXCHANGE PERIPHERAL DEVICE/COMPONENT.DEVICE service action (see table 61) reque

CK
set

Sts

that the target replace one peripheral device or component device with another peripheral devicg or
component device.

Table 61 - EXCHANGE PERIPHERAL DEVICE/COMPONENT DEVICE Service Action

Bit

7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (A4h)

1 RESERVED SERVICE ACTION (03h)

2 RESERVED

3 RESERVED

4 (MSB)

OLD LUN _—

5 (LSB)

6 RESERVED

7 RESERVED

8 (MSB)

NEW LUN

9 (LSB)

10 RESERVED EXPORC | IMMED

11 CONTROL
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The oLD LUN field contains the logical unit number of the peripheral device or component device that the
target shall exchange with the logical unit addressed in the NEw LUN field.

The NEw LUN field contains the logical unit number of the peripheral device or component device that the
target shall exchange with the logical unit addressed in the oLD LUN field. If the old logical unit or the new
logical unit has not been added to the target the command shall be terminated with a CHECK CONDITION
status. The sense key shall be set to ILLEGAL REQUEST, and the additional sense code set to LOGICAL
UNIT NOT SUPPORTED

It is not an error for the oLD LUN and NEW LUN fields to address the same logical unit.
An immediate OMMED) bit of zero indi es tha hall be returned after the exchange aoperation

completed. An IMMED bit value of one indicates that the target shall return status as soon as the comimand
descriptor block has been validated.

An exchange physical or component logical unit bit (ExPORC) of zero indicates the oLD LuN.and NEW LUN
fields shall contain the addresses of peripheral devices. A EXPORC bit of one indicates the OLD LUN and NEwW
LUN fields shall contain the addresses of component devices.
6.4.1.6 INSTRUCT COMPONENT DEVICE service action

The INSTRUCT COMPONENT DEVICE service action (see table 62) requests the target to take the
requested action on the addressed component device.

Table 62 - INSTRUCT COMPONENT DEWVICE service action

Bi
t 7 6 5 4 3 2 1 0
Byte

0 ORERATION CODE (A4h)

1 RESERVED SERVICE ACTION (04h)

2 COMPONENT DEVICE INSTRUCTION

3 RESERVED

4 (MSB)

LUN_C

5 (LSB)

6 (MSB)

7

LIST LENGTH

8

9 (LSB)

10 RECOCRVEU

11 CONTROL

The COMPONENT DEVICE INSTRUCTION field contains the action to be taken. See table 63 for a list of actions.
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Table 63 - COMPONENT DEVICE INSTRUCTION field

Codes Description
00h Turn selected component device off
0lh Turn selected component device on
02h-7Fh Reserved
80h-FFh Vendor specific

The LUN c field specifies the address of the component device to which the action shall be applied. If the

requested logical unit has not been added to the target the command shall be terminated with a CHE|ICK
CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional sense.code set

to LOGICAL UNIT NOT SUPPORTED.

A list length of zero shall indicate the INSTRUCT COMPONENT DEVICE service action contains
parameter list.

The INSTRUCT COMPONENT DEVICE parameter list (see table 64) contains vendor specific actions

be applied to the component device addressed in the INSTRUCT COMPONENT DEVICE service acti

command descriptor block.

Table 64 - INSTRUCT COMPONENT DEVICE parameter list

Bit
Byte 7 6 5 4 3 2 1 0
0
VENDOR SPECIFIC
n

6.4.1.7 REMOVE PERIPHERAL PEVICE/COMPONENT DEVICE service action

The REMOVE PERIPHERAL'DEVICE/COMPONENT device service action (see table 65) request|
peripheral device or a component device be removed from the target.

no

to
lon

)
QO
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Table 65 - REMOVE PERIPHERAL DEVICE/COMPONENT DEVICE service action

B?/itg 7 6 5 4 3 2 1 0
0 OPERATION CODE (A4h)
1 RESERVED SERVICE ACTION (05h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED REMPORC |RESERVED
11 CONTROL

The LUN field contains the logical unit number of the @eripheral device or component device that shall
removed from the target. If the requested logical unit has not been added to the target the command s
be terminated with a CHECK CONDITION status:;*The sense key shall be set to ILLEGAL REQUEST, §
the additional sense code set to LOGICAL UNIT NOT SUPPORTED.

A remove physical or component logical unit bit (REMPORC) of zero indicates the LUN field shall contain

be
hall
and

the

address of a peripheral device. A REMPORC bit of one indicates the LUN field shall contain the address ¢f a

component device.

If the peripheral device beingtemoved contains any assigned p_extents or if any logical units are attached

to the component device being removed the command shall be terminated with a CHECK CONDITI
status. The sense key-shall be set to ILLEGAL REQUEST, and the additional sense code set to REMO
OF LOGICAL UNITCFAILED.

6.4.1.8 SET RERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER service action

The SET PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER service action (see table

requests the target set the identifier in the addressed logical unit with the value received in the §
PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER parameter list. On successful completion
this service action a unit attention shall be generated for all initiators except the one that issued the sery

DN
VE

56)
ET

of
ice

action. When reporting the unit attention condition the additional sense code shall be set to DEVI
IDENTIFIER CHANGED.

CE
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Table 66 - SET PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER service action

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (A4h)
1 RESERVED SERVICE ACTION (06h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN
5 (LSB)
6 (MSB)
7
LIST LENGTH
8
9 (LSB)
10 RESERVED IDPORC |RESERVED
11 CONTROL

The LUN field contains the logical unit number of the @eripheral device or component device that shall
received by the IDENTIFIER field contents in the’'SET PERIPHERAL DEVICE/COMPONENT DEVI
IDENTIFIER parameter list. If the requested logical unit has not been added to the target the commz
shall be terminated with a CHECK CONDITION-status. The sense key shall be set to ILLEGAL REQUE
and the additional sense code set to LOGIEAL UNIT NOT SUPPORTED.

A set identification peripheral device.er component device bit (IDPORC) of zero indicates the LUN field s
contain the address of a periphetal device. A IDPORC bit of one indicates the LUN field shall contain
address of a component device.

The SET PERIPHERAL"DEVICE/COMPONENT DEVICE IDENTIFIER parameter list (see table
contains the location jdentifier of the addressed logical unit.

Table 67 - SET PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER parameter list

be
ICE
and
ST,

hall
the

57)

Bit
Byte 7 6 5 4 3 2 1 0
0
IDENTIFIER
n

The IDENTIFIER field shall be an ASCII value that indicates the position of the peripheral device or

component device within the target. The ASCII value within the IDENTIFIER field is vendor specific.
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6.5 REDUNDANCY GROUP (IN) command

6.5.1 REDUNDANCY GROUP (IN) command service actions

The service actions for the REDUNDANCY GROUP (IN) command are listed in table 68.

Table 68 - Service actions for REDUNDANCY GROUP (IN) command

Service name Service Type Subclause
action

REPORT BASIC REDUNDANCY GROUP 02h B 6.5.14
REPORT REDUNDANCY GROUPS 00h G 6.512
REPORT UNASSIGNED REDUNDANCY GROUP SPACE 01lh G 6:51.3
RESERVED 03h-17h

VENDOR SPECIFIC 18h-1Fh

Key: B = Service action implementation is mandatory if basic configuration method is implemented.

G = Service action implementation is mandatory if general configuration method is implemented.

6.5.1.1 REPORT BASIC REDUNDANCY GROUP service action

The REPORT BASIC REDUNDANCY GROUP service action (see table 69) requests that informat
regarding the selected redundancy group be sent to the application client. This service action differs fr
the REPORT REDUNDANCY GROUP service action (see 6.6.1:3) in that it does not report detai

information on the mapping of protected space and check data.

Table 69 - REPORT BASIC REDUNDANCY GROUP service action

on
om
ed

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (BEh)

1 RESERVED SERVICE ACTION (02h)

2 RESERVED

3 RESERVED

4 (MSB)

LUN_R

5 (LSB)

6 (MSB)

7

ALLOCATION LENGTH

8

9 (LSB)
10 RESERVED

11 CONTROL

The LUN_R field specifies the address of the redundancy group for which information shall be reported per
table 70. If the requested logical unit has not been configured the command shall be terminated with a
CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional sense
code set to LOGICAL UNIT NOT CONFIGURED.

80
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The REPORT BASIC REDUNDANCY GROUP parameter list is defined in table 70.

Table 70 - REPORT BASIC REDUNDANCY parameter list

Bit
7 6 5 4 3 2 1 0
Byte

0 RESERVED

1 REDUNDANCY GROUP METHOD

2 BUSPROC RESERVED EQSPRD RESERVED

3 RESERVED STATE OF THE REDUNDANCY GROUP

4 (MSB)

5

CAPACITY

6

7 (LSB)
8 (MSB)

BYTES PER BLOCK
9 (LSB)
10 (MSB)
REDUNDANCY GROUP PERIPHERALDEVICE DESCRIPTOR LIST LENGTH
11 (LSB)
REDUNDANCY GROUP'PERIPHERAL DEVICE DESCRIPTOR(S)
12
REDUNDANGY_GROUP PERIPHERAL DEVICE DESCRIPTOR (First)
15
n-3
REDUNDANCY GROUP PERIPHERAL DEVICE DESCRIPTOR (Last)
n

The REDUNDANEY GROUP METHOD field (table 71) indicates the type of protection being used within
addressed‘redundancy group. For a description of the redundancy group methods see 5.3.2.12.
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Table 71 - REDUNDANCY GROUP METHODS

Codes Description
00h No redundancy
0lh Copy redundancy
02h XOR redundancy
03h P+Q redundancy
04h P+S redundancy
U5h S redundancy

06h-7Fh Reserved

80h-FFh Vendor specific

An equal user data spreading (EQSPRD) bit of zero indicates the target is configured such that the protected
space and check data is spread in a nonuniform manner over the peripheral devices/associated with the
addressed redundancy group. An EQSPRD bit of one indicates the target is coffigured such that the
protected space and check data is spread in a uniform manner over all the peripheral devices associated
with the addressed redundancy group.

A bus protection (BUSPROC) bit of zero indicates that the target is configured such that a single bus failure
may cause the application client to lose access to user data associated with the addressed redundapcy

group. A BUSPROC hit of one indicates that the target is configured<such that single bus failure does pot
cause the application client to lose access to any user data associated with the addressed redundancy

group.
The REDUNDANCY GROUP STATE field is defined in table 43.

The cAPACITY field indicates the size of the addressedredundancy group in logical blocks.

The BYTES PER BLOCK field indicates the size, i@bytes, of the logical blocks in the cApACITY field.
The REDUNDANCY GROUP PERIPHERAL DEVIEE DESCRIPTOR contains a list of peripheral devices associated

with the addressed redundancy group-'See table 72 for the format of the REDUNDANCY GROUP PERIPHERAL
DEVICE DESCRIPTOR field.

TABLE 72 - REDUNDANCY GROUP PERIPHERAL DEVICE DESCRIPTOR

Bit
7 6 5 4 3 2 1 0

Byte

0

LUN_P

1

2 WEIGHTING OF PROTECTED SPACE + CHECK DATA

3 PERCENT OF CHECK DATA

The LUN_P field indicates the address of a peripheral device associated with the addressed redundancy
group.

The WEIGHTING OF USER DATA + CHECK DATA field indicates the portion of the redundancy group’s capacity
placed on the selected peripheral device.

The PERCENT OF CHECK DATA field indicates the percentage of the weighted capacity that contains check
data on the selected peripheral device.
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NOTE 22 - The WEIGHTING OF PROTECTED SPACE + CHECK DATA and the PERCENT OF CHECK DATA
fields may contain the same values as the target received from the application client or it may
be calculated using equations. One example that may be used by the target to calculate the
value of the WEIGHTING OF PROTECTED SPACE + CHECK DATA field is dw = (vc)/c and to

calculate to the value of the PERCENT OF CHECK DATA field is pr = (100 x cd)/c where:

¢ = capacity of the peripheral device selected in the LUN_P field assigned to the selected redundancy

group,

dw = value to be placed in WEIGHTING OF PROTECTED SPACE + CHECK DATA field,
vc = value in the CAPACITY field,
pr = value to be placed in the PERCENT OF CHECK DATA field, and

6.5.1.2 REPORT REDUNDANCY GROUPS service action

The REPORT REDUNDANCY GROUPS service action (see table 73) requests that information regard
redundancy groups within the target be sent to the application client.

The information returned by the REPORT REDUNDANCY GROUPS service action may be used by
application client to determine the boundaries of all the current redundaney groups to allow m
redundancy groups to be configured or to allow a redundancy group to be expanded.

Table 73 - REPORT REDUNDANCY GRQUPS service action

—cd—=thenumberofblocksof checkdataconfiguredonthesetectedperipheratdeviceassigrmedtothe

selected redundancy group.

ing

the
bre

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (BAh)
1 RESERVED SERVICE ACTION (00h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_R
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
o} (LSB)
10 RESERVED RPTSEL
11 CONTROL

If the RPTSEL bit is one, the LUN_R field specifies the address of the redundancy group for which information
shall be reported per table 74. If the requested logical unit has not been configured the command shall be
terminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the
additional sense code set to LOGICAL UNIT NOT CONFIGURED.

A report selected bit (RPTSEL) of zero indicates the target shall report on all the redundancy group(s) within
the target. The LUN_R field shall be ignored when the RPTSEL bit is zero. A RPTSEL bit of one indicates the

target shall only report information on the redundancy group addressed by the LUN_R field.
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The REPORT REDUNDANCY GROUPS parameter list (see table 74) contains a four-byte header that
defines the length in bytes of the parameter list and a list of REPORT REDUNDANCY GROUP DESCRIPTORS.

Table 74 - REPORT REDUNDANCY GROUPS parameter list

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
REPORT REDUNDANCY GROUP LIST LENGTH (n-3)
2
3 (LSB)
REPORT REDUNDANCY GROUP DESCRIPTORS(S) (if any)
4 REPORT REDUNDANCY GROUP DESCRIPTOR (Fjrst)
X+3 (Length x)
n-y+1 REPORT REDUNDANCY GROWR,DESCRIPTOR (Last)
n (Lengthy)

The REPORT REDUNDANCY GROUP LIST LENGTH fieldspecifies the length in bytes of the following REPQRT

REDUNDANCY GROUP DESCRIPTOR(S).

The REPORT REDUNDANCY GROUP DESCRIPTOR'is defined in table 75.
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Table 75 - Format of REPORT REDUNDANCY GROUP DESCRIPTOR

Bit
7 6 5 4 3 2 0

Byte

0 (MSB)

LUN_R

1 (LSB)

2 RESERVED

3 REDUNDANCY GROUP METHOD

4 RESERVED GRANULARITY OF UNITS

5 RESERVED REDUNDANCY GROUP STATE

6 (MSB)

REDUNDANCY GROUP P_EXTENT LIST LENGTH (n-7)
7 (LSB)
REDUNDANCY GROUP P_EXTENT DESCRIPTOR(S)
8
REDUNDANCY GROUP P_EXTENT DESERIPTOR (First)

31

n-23
REDUNDANCY GROUP P_EXTENT DESCRIPTOR (Last)
n

The LUN_R field specifies the address of the redundancy group to which the information listed in this

REPORT REDUNDANCY GROUP DESCRIRTOR is associated.

The REDUNDANCY GROUP METHOD-field (see table 71) indicates the type of protection being used within

redundancy group. For a desgription of the redundancy group methods see 5.3.2.12.

The GRANULARITY OF UNITS field (see table 76) indicates units being used within the redundancy group.

Table 76 - GRANULARITY OF UNITS

the

Codes Description

Oh Bit

1h Byte

2h 2-Byte word

3h 4-Byte word

4h Logical block
5h-Bh Reserved
Ch-Fh Vendor specific

The REDUNDANCY GROUP STATE field is defined in table 43.

The REDUNDANCY GROUP P_EXTENT LIST LENGTH field specifies the length in bytes of the following

REDUNDANCY GROUP P_EXTENT DESCRIPTOR(S).
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The REDUNDANCY GROUP P_EXTENT DESCRIPTOR field(s) contain a list of p_extents and the p_extents
protected space mapping (see 5.3.2.12) for the addressed redundancy group. See table 77 for the format
of the REDUNDANCY GROUP P_EXTENT DESCRIPTOR field.

Table 77 - REDUNDANCY GROUP P_EXTENT DESCRIPTOR

Bit
Byte

7 6 5 4 3 2 1 0

Q

11

P_EXTENT DESCRIPTOR

12

(MSB)

13

START CHECK DATA INTERLEAVE UNIT

14

15

(LSB)

16

STRSPARE| (MSB)

17

18

NUMBER OF UNITS OF CHECK DATA

19

(LSB)

20

(MSB)

21

NUNBER OF UNITS OF USER DATA

22

23

(LSB)

See table 17 for a description of'thé P_EXTENT DESCRIPTOR field.

The START CHECK DATA INTERLEAVE UNIT field contains the location of the first unit of check data within the

p_extent.

A start with spare-(STRSPARE) bit is only valid for the P+S redundancy method of redundancy (see 5.3.2.112)
and shall be ignored for all other methods of redundancy. When the P+S redundancy method is indicated a

STRSPARE bit.of zero indicates mapping of this p_extent follows the pattern:

a)"NUMBER OF UNITS OF CHECK DATA (XOR);
b)' NUMBER OF UNITS OF CHECK DATA (spare);
C) NUMBER OF UNITS OF USER DATA,;

AP L TP il . £ o sehkaaad
Creptatrmorma ot SO O pP—_CATCTIT

When the P+S redundancy method is indicated a STRSPARE bit of one indicates mapping of this p_extent
follows the pattern:

a) NUMBER OF UNITS OF CHECK DATA (spare);
B) NUMBER OF UNITS OF USER DATA;

€) NUMBER OF UNITS OF CHECK DATA (XOR);
d) NUMBER OF UNITS OF CHECK DATA (spare);
E) NUMBER OF UNITS OF USER DATA;

f) repeat from c until end of p_extent.
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The NUMBER OF UNITS OF CHECK DATA field contains the number of consecutive units to be reserved
check data within the p_extent.

The NUMBER OF UNITS OF USER DATA field contains the number of consecutive units to be reserved
protected space within the p_extent.

6.5.1.3 REPORT UNASSIGNED REDUNDANCY GROUP SPACE service action

The REPORT UNASSIGNED REDUNDANCY GROUP SPACE service action (see table 78) requests t

for

for

hat

information regarding the redundancy groups within the target that have protected space not yet

configured into to any volume sets be sent to the application client.

Table 78 - REPORT UNASSIGNED REDUNDANCY GROUP SPACE service action

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (BAh)
1 RESERVED SERVICE ACTION(01h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_R
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED RPTSEL
11 CONTROL

If the RPTSEL bit isCene, the LUN_R field specifies the address of the redundancy group that shall
examined for any-unassigned ps_extents. Any unassigned ps_extents within the addressed redunda
group shall besreported to the application client per table 79. If the requested logical unit has not bg
configuredithe command shall be terminated with a CHECK CONDITION status. The sense key shall
set to ILKEGAL REQUEST, and the additional sense code set to LOGICAL UNIT NOT CONFIGURED.

A réport selected bit (RPTSEL) of zero indicates the target shall report all the redundancy group(s) within
target. The LUN_R field shall be ignored when the RPTSEL bit is zero. A RPTSEL bit of one indicates the tar

be
ncy
en
be

the
get

shall report only on the redundancy group Indicated In the LUN_R field.

The REPORT UNASSIGNED REDUNDANCY GROUP SPACE parameter list (see table 79) contains a
four-byte header that defines the length in bytes of the parameter list and a list of REPORT UNASSIGNED

REDUNDANCY GROUP SPACE DESCRIPTORS.
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Table 79 - REPORT UNASSIGNED REDUNDANCY GROUP SPACE parameter list

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
REPORT UNASSIGNED REDUNDANCY GROUP SPACE LIST LENGTH (n-3)
2
3 (LSB)
REPORT UNASSIGNED REDUNDANCY GROUP SPACE DESCRIPTORS(S) (if any)
4 REPORT UNASSIGNED REDUNDANCY GROUP SPACE DESCRIPTOR
First) (Length x
w43 (First) (Length x)
n-y+1 REPORT UNASSIGNED REDUNDANCY GROUP'SPACE DESCRIPTOR
n (Last) (Length y)

The REDUNDANCY GROUP LIST LENGTH field specifies the length in bytes of the following REPORT UNASSIGNED

REDUNDANCY GROUP SPACE DESCRIPTOR(S).

The REPORT UNASSIGNED REDUNDANCY GROUP SPAGE DESCRIPTOR(S) contains information on all unassigned
protected space within the addressed redundancy group. See table 80 for the format of the REPQRT

UNASSIGNED REDUNDANCY GROUP SPACE DESCRIPTOR.
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Table 80 - Format of REPORT UNASSIGNED REDUNDANCY GROUP SPACE DESCRIPTOR

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
LUN_R
1 (LSB)
2 RESERVED
3 REDUNDANCY GROUP METHOD
4 RESERVED QVERLAY
5 RESERVED STATE OF THE REDUNDANCY GROUP
6 (MSB)
PS_EXTENT LIST LENGTH (n-7) —_—

7 (LSB)

PS_EXTENT DESCRIPTOR(S)
8

PS_EXTENT DESCRIPTOR-0
19

n-11

PS.EXTENT DESCRIPTOR X

n

See table 71 for a description of the REDUNDANCY GROUP METHOD field.

The LUN_R field specifies the address of the redundancy group to which the information listed in the
REPORT UNASSIGNED REDUNDANCY: GROUP SPACE DESCRIPTOR is associated.

The REDUNDANCY GROURMETHOD field indicates the type of protection being used within the redundancy
group that contains the~unassigned ps_extents. See table 71 for a list of the types of protection.

An overlaid reduadancy group bit (OVERLAY) of zero indicates the redundancy group specified in the LUN_R
field does not‘have any ps_extents that overlap with other redundancy group(s). An overlay bit of gne
indicates theXredundancy group specified in the LUN_R field does have ps_extents that overlap with other
redundaqcy group(s).

For any redundancy group that indicates a it overlays another redundancy group the application client
should examine the PS_EXTENT DESCRIPTOR(S) to determine which of the ps_extent(s) are the same befween

the overlaid redundancy groups. The applicaiion client shall only use a duplicate ps_extent to configure a
single volume set.

The REDUNDANCY GROUP STATE field is defined in table 43.
The PS_EXTENT LIST LENGTH field specifies the length in bytes of the following PS_EXTENT DESCRIPTOR(S).

The PS_EXTENT DESCRIPTOR(S) contain a list of unassigned ps_extents from the addressed redundancy
group. The PS_EXTENT DESCRIPTOR is defined in table 81.
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Table 81 - Data format of PS_EXTENT DESCRIPTOR

Bit
Byte 7 6 5 4 3 2 1 0
0 (MSB)
1 (LSB)
2 (MSB)
3
START LBA_PS
4
5 (LSB)
6 (MSB)
7
NUMBER OF LBA_PS(S)
8
9 (LSB)
10 (MSB)
NUMBER OF BYTES‘PER LBA_PS _—
11 (LSB)

The LUN_P field contains the address of the peripheral/device that contains the ps_extent.

The START LBA_Ps field contains the first unassighed addressable logical block address of protected space

within the addressed ps_extent.

The NUMBER OF LBA_Ps(s) field contaings the capacity of the protected space ps_extent in blocks.
NOTE 23 - In ps_extents the number of LBA_PS(s) does not include any logical blocks that have been
configured to contain check data; in contrast to p_extents in which the NUMBER OF LBA_P(s) includes all
addressable logical blocks:en a peripheral device.

The NUMBER OF BYTES-RER LBA_PS field contains the size, in bytes, of the blocks in the ps_extent.

6.6 REDUNDANCY GROUP (OUT) command

6.6.1 REDUNDANCY GROUP (OUT) command service actions

The service actions for the REDUNDANCY GROUP (OUT) command are listed in table 82.
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Table 82 - Service actions for REDUNDANCY GROUP (OUT) command

Service name Service Type Subclause
action
CONTROL GENERATION OF CHECK DATA 00h @] 6.6.1.1
CREATE/MODIFY BASIC REDUNDANCY GROUP 07h BC 6.6.1.2
CREATE/MODIFY REDUNDANCY GROUP 01h GC 6.6.1.3
DELETE REDUNDANCY GROUP 02h @] 6.6.1.4
REBUILD P_EXTENT 03h @] 6.6.1.5
RERUII D PERIPHFRAI DEVICFE 04h 0 6616
RECALCULATE CHECK DATA 05h ] 6.6.1.7
VERIFY CHECK DATA 06h @] 6.61.8
RESERVED 08h-17h
VENDOR SPECIFIC 18h-1Fh
Key: BC = Service action implementation is mandatory if basic configuration method is implemented
with configuration support.
GC = Service action implementation is mandatory if general configuration method is implementeg
with configuration support.
O = Service action implementation is optional.

6.6.1.1 CONTROL GENERATION OF CHECK DATA service action

The CONTROL GENERATION OF CHECK DATA service action (see table 83) requests that {he
generation of check data within a redundancy group be enabled/or disabled.

Table 83 - CONTROL GENERATION, OF CHECK DATA service action

B'?/'tte 7 6 5 4 3 2 1 0
0 OPERATION CODE (BBh)
1 RESERVED SERVICE ACTION (00h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_R
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED DISCHK |RESERVED| ALLRG |RESERVED
11 CONTROL

If the ALLRG bit is zero, the LUN_R field specifies the address of the redundancy group that shall have the
generation of check data enabled or disabled. If the requested logical unit has not been configured the
command shall be terminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL
REQUEST, and the additional sense code set to LOGICAL UNIT NOT CONFIGURED.
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An all redundancy group bit (ALLRG) of zero indicates that the check data generation being enabled/
disabled shall only be enabled/disabled on the addressed redundancy group. An ALLRG bit of one indicates
that the check data generation being enabled/disabled shall be enabled/disabled on all the redundancy
groups within the target. The LUN_R field shall be ignored if the ALLRG bit is one.

A disable check data bit (DISCHK) of zero indicates the generation of check data shall be enabled on the
selected redundancy group(s). A DISCHK bit of one indicates the generation of check data shall be disabled
on the selected redundancy group(s).

Generation of check data shall be enabled from the time the redundancy group is created until the time a
CONTROL GENERATION OF CHECK DATA service action indicating its LUN_R is received with a DISCHK
bit set to ane Generation of check data shall be disabled until a CONTROI GENFRATION OF CHFECK

DATA service action is requested with the DISCHK bit set to zero and the ALLRG bit set to one or the ArlRG
bit set to zero and the LUN_R field set to the address of the redundancy group that is equal to theskUN_R
from the original CONTROL GENERATION OF CHECK DATA service action.

A VOLUME SET (OUT) command’s CONTROL GENERATION OF CHECK DATA servicé ‘action shall hot
cause the generation of check data to be enabled if the generation of check data was'disabled using the
REDUNDANCY GROUP (OUT) command’'s CONTROL GENERATION OF CHECK‘DATA service actign.

6.6.1.2 CREATE/MODIFY BASIC REDUNDANCY GROUP service action

The CREATE/MODIFY BASIC REDUNDANCY GROUP service action (see\table 84) requests the creation
of a new redundancy group, or the modification of an existing redundancy group. This service action
contains all the information required for the target to define a redundancy group and the check dpta
mapping within that redundancy group (see 5.3.2.12). A redundancy group shall only be created or
expanded using unassigned p_extents (see 5.3.2.10). If the create operation fails to complete successfllly
and the IMMED bit is zero the command shall be terminated with a CHECK CONDITION status. The sense
key shall be set to HARDWARE ERROR, and the additional sense code set to CREATION OF LOGICQAL
UNIT FAILED. If the modification operation fails to complete successfully and the IMMED bit is zero the
command shall be terminated with a CHECK CONDITION status. The sense key shall be sef to
HARDWARE ERROR, and the additional sense code set to MODIFICATION OF LOGICAL UNIT FAILED.
On successful completion of the create/modifybasic redundancy group a unit attention shall be generated
for all initiators except the one that issued the' service action. When reporting the unit attention condition
the additional sense code shall be set tosREDUNDANCY GROUP CREATED OR MODIFIED.

If the IMMED bit is one and the create/modify basic redundancy group fails then a deferred error shallfbe
reported.
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Table 84 - CREATE/MODIFY BASIC REDUNDANCY GROUP service action

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (BFh)

1 RESERVED SERVICE ACTION (07h)

2 REDUNDANCY GROUP METHOD

3 BUSPROC RESERVED EQSPRD RESERVED

4 (MSB)

LUN_R

5 (LSB)

6 (MSB)

7

LIST LENGTH

8

9 (LSB)
10 CREATE/MODIFY CONFIGURE RESERVED IMMED
11 CONTROL

The REDUNDANCY GROUP METHOD field indicates the type of protection that shall be used within
redundancy group being created or modified. Sée“table 71 for the format of the REDUNDANCY GR(

METHOD field.

The REDUNDANCY GROUP METHOD field shall only indicate the minimum amount of protection required by
redundancy group being configured or moedified. See table 85 for the minimum requirements for each ty

of redundancy.

Table 85 - Minimum redundancy group protection

Type

Minimum protection within the configured redundancy group

No redundancy
Copydedundancy

XOR redundancy

P+Q redundancy

The SACL is not required to protect user data.

The SACL shall duplicate all user data at least one time on different
peripheral devices.

The SACL shall protect user data such that a single peripheral de-
vice failure does not cause loss of user data.

The SACL shall protect user data such that the failure of two pe-
rir\hnr:\l devices does not cause loss of user data

he
UP

the
pe

P+S redundancy

S redundancy

The SACL shall protect user data such that the failure of a single
peripheral device does not cause loss of user data and after some
vendor specific amount of time a second peripheral device failure
shall not cause loss of user data. If a second peripheral device fails
within the vendor specific amount of time user data may be lost.

The SACL shall have access to at least enough spare space to al-
low a rebuild of one peripheral device within that space. User data
may be lost if the SACL cannot predict or predicts incorrectly a pe-
ripheral device failure. User data may also be lost if the SACL does
not complete a rebuild before the peripheral device fails.
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An equal spreading (EQSPRD) bit of zero indicates the target may spread protected space and check data
in a nonuniform manner over the peripheral devices associated with the redundancy group being created
or modified. A EQSPRD bit of one indicates the target shall spread protected space and check data in a
uniform manner over all the peripheral devices associated with the redundancy group being created or
modified.

A bus protection (BUSPROC) bit of zero indicates that the target may be configured such that a single bus
failure may cause the application client to lose access to any user data associated with the redundancy
group being created or modified. A BUSPROC bit of one indicates that the target shall be configured so that
a single bus failure shall not cause the application client to lose access to any user data associated with
the redundancy group being created or modified.

The LUN_R field specifies the address of the redundancy group that shall be created or modified.
An immediate (IMMED) bit of zero indicates that status shall be returned after the create/modify bdsic
redundancy group has completed. An IMMED bit of one indicates that the storage array shall return status
as soon as the command descriptor block and parameter list have been validated.

The CONFIGURE field is defined in table 86.

Table 86 - CONFIGURE

Codes Description

00b Any unassigned p_extent(s) within the targetthat received the CRE-
ATE/MODIFY BASIC REDUNDANCY GROUP service action may be
used to configure the selected redundancy group to the requested ca-
pacity. Any CREATE/MODIFY PERIPHERA DEVICE DESCRIPTORS (table 89)
shall be ignored.

01b The target shall use the CREATE/MODIFY BASIC REDUNDANCY
GROUP parameter list (table 88) to determine the configuration of the
redundancy group. The EQSPRD bit shall be ignored.

10b All unassigned p_extents within the target that received the CREATE/
MODIFIY BASIC REBDUNDANCY GROUP service action shall be con-
figured into a redundancy group. The CAPACITY field (table 88) and any
CREATE/MODIFY'PERIPHERAL DEVICE DESCRIPTORS (table 89) shall be ig-
nored.

11b Reserved
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The CREATE/MODIFY field is defined in table 87.

Table 87 - CREATE/MODIFY

Codes

Description

00b

The target shall create a redundancy group and shall assign to the cre-
ated redundancy group the logical unit number contained in the LUN_R
field. If the addressed redundancy group already exists within the tar-
get the target shall modify the existing redundancy group as requested
in the CREATE/MODIFY BASIC REDUNDANCY GROUP service ac-
tion. The target may preserve the contents of protected space on com-
pletion of a modify.

01b

10b

11b

The target shall create a redundancy group, and shall assign to the
created redundancy group logical unit numbers per the addressing
rules (see 5.3.1). The LUN_R field shall be ignored.

The target shall modify the redundancy group addressed in the LUN R
field. If the addressed redundancy group does not exist the target-shall
terminate the command with a CHECK CONDITION status, The sense
key shall be setto ILLEGAL REQUEST, and the additional.sense code
set to LOGICAL UNIT NOT CONFIGURED.The target may preserve
the contents of protected space on completion of the.modify.

The target shall modify the redundancy group addressed in the LUN_R
field. If the addressed redundancy group does.not exist the target shall
terminate the command with a CHECK C@NDITION status. The sense
key shall be setto ILLEGAL REQUEST, and the additional sense code
set to LOGICAL UNIT NOT CONFIGURED. The target shall preserve
the contents of protected space @n completion of the modify.

The CREATE/MODIFY BASIC REDUNDANCY GROUP-parameter list (see table 88) contains capa
information and a list of CREATE/MODIFY PERIPHERAL DEVICE DESCRIPTORS that are used to create or mo

the addressed redundancy group.

City
ify
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Table 88 - CREATE/MODIFY BASIC REDUNDANCY GROUP parameter list

Bit
Byte 7 6 5 4 3 2 1 0
0 (MSB)
1
CAPACITY
2
3 (LSB)
4 (MSB)
BYTES PER BLOCK
5 (LSB)
6 RESERVED
7 RESERVED
CREATE/MODIFY PERIPHERAL DEVICE DESCRIPTORS(S) (if any)
8
CREATE/MODIFY PERIPHERAL DEVICE.DESCRIPTOR O
11
n-3
CREATE/MODIEY-PERIPHERAL DEVICE DESCRIPTOR X
n

The caPACITY field contains the size to.configure the redundance group in logical blocks. If the CREA
MODIFY field is 10b the new size of the-fedundancy group shall be set to the value received in the CAPAQ
field.

Attempts by an application—¢elient to modify a redundancy group to a smaller capacity shall result in
target terminating the command with a CHECK CONDITION status. The sense key shall be se
ILLEGAL REQUEST,(@nd the additional sense code set to PARAMETER VALUE INVALID.

The BYTES PER BEOCK field contains the size, in bytes, of the logical blocks in the cAPACITY field. A valug
zero in the BYTES PER BLOCK field shall indicate the number of bytes per logical block is 512.

The CREATE/MODIFY PERIPHERAL DEVICE DESCRIPTOR contains information the target shall use to control
check data mapping within peripheral devices. See table 89 for the format of the CREATE/MOD
PERIPHERAL DEVICE DESCRIPTOR.

TE/
ITY

the
to

b of

the
FY
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Table 89 - Data format of CREATE/MODIFY PERIPHERAL DEVICE DESCRIPTOR

Bit
7 6 5 4 3 2 1 0

Byte

0

LUN_P

1

2 WEIGHTING OF PROTECTED SPACE + CHECK DATA

3 PERCENT OF CHECK DATA

The LUN_P field defines the address of the peripheral device to place user data and check data.

The WEIGHTING OF PROTECTED SPACE + CHECK DATA field contains a value used to calcyglate the portior
the redundancy group’s capacity to place on the selected peripheral device. The target shall determine
capacity by using the equation ¢ = (dw) x [(vc)/(Zdw)] where:

¢ = capacity of the peripheral device selected in the LUN_P field,
dw = value of WEIGHTING OF PROTECTED SPACE + CHECK DATA field, and
vc = value of the cAPACITY field.

If the requested capacity (c) will not fit within the unassigned p_extént area(s) on the addressed periphe
device the target shall terminate the command with a CHECK.€ONDITION status. The sense key shall
set to ILLEGAL REQUEST, and the additional sense code sét t6 PARAMETER VALUE INVALID.

The PERCENT OF CHECK DATA field contains the percentage of the requested capacity (c) that shall cont
check data on the selected peripheral device. If the PERCENT OF CHECK DATA field contains a value gre3
than 100 the target shall terminate the command, with a CHECK CONDITION status. The sense key s
be setto ILLEGAL REQUEST, and the additiopalsense code set to PARAMETER VALUE INVALID.

6.6.1.3 CREATE/MODIFY REDUNDANCY)YGROUP service action

The CREATE/MODIFY REDUNDANCY GROUP service action (see table 90) requests the creation ¢
new redundancy group or the maodification of an existing redundancy group. This service action contg

of
his

bral
be

ain
\ter
nall

fa
ins

all the information required forithe target to define a redundancy group and the check data mapping within

that redundancy group (see*5.3.2.12). A redundancy group shall only be created or expanded us
unassigned p_extents (see 5.3.2.10). If the create operation fails to complete successfully and the IMN
bit is zero the command, shall be terminated with a CHECK CONDITION status. The sense key shall be
to HARDWARE ERROR, and the additional sense code set to CREATION OF LOGICAL UNIT FAILEL
the modification ‘eperation fails to complete successfully and the IMMED bit is zero the command shall
terminated with.a CHECK CONDITION status. The sense key shall be set to HARDWARE ERROR, &

ng
1ED
set
f
be
ind

the additiopalsense code set to MODIFICATION OF LOGICAL UNIT FAILED. On successful completion

of this cfeate/modify redundancy group a unit attention shall be generated for all initiators except the g
that issued the service action. When reporting the unit attention condition the additional sense code s
be‘set to REDUNDANCY GROUP CREATED OR MODIFIED.

ne
hall

If the IMMED bit is one and the create/modify redundancy group fails then a deferred error shall be report
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Table 90 - CREATE/MODIFY REDUNDANCY GROUP service action

Bit
7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (BBh)

1 RESERVED SERVICE ACTION (01h)

2 REDUNDANCY TYPE METHOD

3 RESERVED GRANULARITY OF UNITS

4 (MSB)

LUN_R

5 (LSB)
6 (MSB)

7

LIST LENGTH

8

9 (LSB)
10 CREATE/MODIFY RESERVED IMMED
11 CONTROL

The REDUNDANCY GROUP METHOD field indicates the type of protection that shall be used within
redundancy group being created or modified. Sée table 71 for the format of the REDUNDANCY GR(
METHOD field.

he
UP

The GRANULARITY OF UNITS field indicates-if bits, bytes, words, or logical blocks shall be used within the
redundancy group being created or madified. See table 76 for the format of the GRANULARITY OF UNITS figld.

The LUN_R field specifies the address of the redundancy group that shall be created or modified. If the
requested logical unit is not configurable the command shall be terminated with a CHECK CONDITIDN

status. The sense key shall-be*set to ILLEGAL REQUEST, and the additional sense code set to LOGIC
UNIT NOT CONFIGURED,

AL

An immediate (IMMED) bit of zero indicates that status shall be returned after the create/modify redundapcy

group operation has completed. An IMMED bit value of one indicates that the target shall return status
soon as the command descriptor block and parameter list have been validated.

as
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The CREATE/MODIFY field is defined in table 91.

TABLE 91 - CREATE/MODIFY

Codes

Description

00b

The target shall create a redundancy group and shall assign to the cre-
ated redundancy group the logical unit number contained in the LUN_R
field. If the addressed redundancy group already exists within the tar-
get the target shall modify the existing redundancy group as requested
inthe CREATE/MODIFIY REDUNDANCY GROUP service action. The
target may preserve the contents of protected space on completion of
a modify.

01b

10b

11b

The target shall create a redundancy group and shall assign to the cre-
ated redundancy a logical unit number per the addressing rules (see
5.3.1). The LUN_R field shall be ignored.

The target shall modify the redundancy group addressed in the LUN R
field. If the addressed redundancy group does not exist the target-shall
terminate the command with a CHECK CONDITION status, The sense
key shall be setto ILLEGAL REQUEST, and the additional.sense code
set to LOGICAL UNIT NOT CONFIGURED. The target may preserve
the contents of protected space on completion of the.modify.

The target shall modify the redundancy group addressed in the LUN_R
field. If the addressed redundancy group does.not exist the target shall
terminate the command with a CHECK C@NDITION status. The sense
key shall be setto ILLEGAL REQUEST, and the additional sense code
set to LOGICAL UNIT NOT CONFIGURED. The target shall preserve
the contents of protected space @n completion of the modify.

The CREATE/MODIFY REDUNDANCY GROUP parameter list (see table 92) contains a list of CREATE/
MODIFY P_EXTENT DESCRIPTORS that shall be combined to create or modify the addressed redundancy
group.
Table 92 - CREATE/IMODIFY REDUNDANCY GROUP parameter list
Bit
6 5 4 3 2 1 0
Byte
CREATE/MODIFY P_EXTENT DESCRIPTORS(S) (if any)
0
CREATE/MODIFY P_EXTENT DESCRIPTOR 0
27
n-27
CREATE/MODIFY P_EXTENT DESCRIFPTOR X
n

The CREATE/MODIFY P_EXTENT DESCRIPTOR contains information the target shall use to control the protected
space mapping of the p_extent. See table 93 for the format of the CREATE/MODIFY P_EXTENT DESCRIPTOR.
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Table 93 - Data format of CREATE/MODIFY P_EXTENT DESCRIPTOR

Bit
7 6 5 4 3 2 1 0
Byte
0
P_EXTENT DESCRIPTOR
11
12 SETPAT RESERVED PRESERVE RESERVED DEFERCAL
13 RESERVED
14 RESERVED
15 PROTECTED SPACE PATTERN
16 (MSB)
17
START CHECK DATA INTERLEAVE UNIT:
18
19 (LSB)

20 |STRSPARE| (MSB)
21
22

NUMBER OF UNITS OF CHECK DATA

23 (LSB)

24 (MSB)
25
26
27 =3

NUMBER OF UNITS OF USER DATA

The P_EXTENT DESCRIPTOR defines the boundaries of the protected space mapping information contai;l:ed
in the CREATE/MODJFY~P_ EXTENT DESCRIPTOR. See table 17 for a description of the P_EXTENT DESCRIPTOR.

All bits and fields within the CREATE/MODIFY P_EXTENT DESCRIPTOR shall be bounded by the p_extent. Jt is
not an error.far a group of p_extents that define a redundancy group to contain different parameters within
the CREATE/MODIFY P_EXTENT DESCRIPTORS.

A deféer recalculate bit (DEFERCAL) of zero indicates the target shall recalculate check data before the
CREATE/MODIFY REDUNDANCY GROUP service action returns status. A DEFERCAL bit of one indicates

the target shall recalculate check data after the CREATE/MODIFY REDUNDANCY GROUP service action
returns status.

A preserve protected space bit (PRESERVE) of zero indicates the protected space information shall be
vendor specific on completion of the CREATE/MODIFY REDUNDANCY GROUP service action. A
PRESERVE bit of one indicates the protected space information shall be preserved during the modification of
a redundancy group. If the PRESERVE bit is set to one and a create redundancy group is requested the
target shall terminate the command with a CHECK CONDITION status and the sense key shall be set to
ILLEGAL REQUEST with an additional sense code of INVALID FIELD IN PARAMETER LIST.

A set pattern bit (SETPAT) of zero indicates the protected space information contained within the protected
space shall be vendor specific. The PROTECTED SPACE PATTERN field shall be ignored when the SETPAT bit
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is zero. A SETPAT bit of one indicates the pattern contained within the PROTECTED SPACE PATTERN field s
be replicated throughout the protected space.

The START CHECK DATA INTERLEAVE UNIT field contains the location of the first unit of check data within
p_extent.

hall

the

It is not required that the start check data interleave unit be located at the beginning of the first logical block
address of the p_extent. All units between the beginning of the first logical block address of the p_extent
and the start check data interleave unit value shall be protected space. The START CHECK DATA INTERLEAVE

UNIT field shall be ignored if the NUMBER OF UNITS OF CHECK DATA field equals zero or if the STRSPARE b
one.

it is

A start with spare (STRSPARE) bit is only valid for the P+S redundancy method of redundancy (see 5.3.2,[12)
and shall be ignored for all other methods of redundancy. When the P+S redundancy method is selected a

STRSPARE bit of zero indicates mapping of this p_extent shall follow the pattern:

a) START CHECK DATA INTERLEAVE UNIT;

b) NUMBER OF UNITS OF CHECK DATA (XOR);
€) NUMBER OF UNITS OF CHECK DATA (spare);
d) NUMBER OF UNITS OF USER DATA,;

e) repeat from b until end of p_extent.

When the P+S redundancy method is selected a STRSPARE bit of one indicates mapping of this p_extent

shall follow the pattern:

a) NUMBER OF UNITS OF CHECK DATA (spare);
b) NUMBER OF UNITS OF USER DATA,;

€) NUMBER OF UNITS OF CHECK DATA (XOR);
d) NUMBER OF UNITS OF CHECK DATA (spare);
€) NUMBER OF UNITS OF USER DATA,;

f) repeat from c until end of p_extent.

The NUMBER OF UNITS OF CHECK DATA field contains the number of consecutive units to be reserved
check data within the p_extent.

The NUMBER OF UNITS OF USER DATAfield contains the number of consecutive units to be reserved
protected space within the p_extent:

6.6.1.4 DELETE REDUNDANGCY GROUP service action

The DELETE REDUNDANCY GROUP service action (see table 94) requests that the selected redundal
group be deleted. On(successful completion of this service action a unit attention shall be generated fo
initiators except theZone that issued the service action. When reporting the unit attention condition
additional sense.code shall be set to REDUNDANCY GROUP DELETED.

for

for

ncy

all
the
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Table 94 - DELETE REDUNDANCY GROUP service action

B?/itg 7 6 5 4 3 2 1 0
0 OPERATION CODE (BBh)
1 RESERVED SERVICE ACTION (02h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_R
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED
11 CONTROL

The LUN_R field specifies the address of the redundancy group that the target shall delete. If the requested
logical unit has not been configured the command“shall be terminated with a CHECK CONDITION stafus.
The sense key shall be set to ILLEGAL REQUEST, and the additional sense code set to LOGICAL UNIT
NOT CONFIGURED. If the selected redundafncy group contains any assigned ps_extents the command
shall be terminated with CHECK CONDB|TION status and the sense key shall be set to ILLEGAL
REQUEST with an additional sense code ‘of REMOVE OF LOGICAL UNIT FAILED.

6.6.1.5 REBUILD P_EXTENT sefvice action

The REBUILD P_EXTENT,sgrvice action (see table 95) requests the rebuild of all or part of one or mpre
redundancy group(s).
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Table 95 - REBUILD P_EXTENT service action

B?/itg 7 6 5 4 3 2 1 0
0 OPERATION CODE (BBh)
1 RESERVED SERVICE ACTION (03h)
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 (MSB)
7
LIST LENGTH
8
9 (LSB)
10 RESERVED REBUILD RESERVED IMMED
11 CONTROL

An immediate (IMMED) bit of zero indicates that status shall be returned after the rebuild operation
completed. An IMMED bit value of one indicates that.the target shall return status as soon as the comm

descriptor block and parameter list have been validated.

The REBUILD field specifies the rebuild instructions the target shall use. See table 96 for the format of

REBUILD field.

ias
nd

the
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Table 96 - Rebuild types

Codes

Description

00b

All assigned space associated with the selected p_extent shall be rebuilt.
The list of redundancy group(s) in the REBUILD P_EXTENTS parameter
list shall be ignored.

Protected space associated with overlapping redundancy groups shall be
successfully rebuilt multiple times for a successful completion of the RE-
BUILD P_EXTENT service action. The order of the rebuilds is vender
specific.

01b

10b

11b

All assigned space association with the selected p_extent shall be rebuilt
using any associated redundancy group. The list of redundancy group(s)
in the REBUILD P_EXTENTS parameter list shall be ignored.

Any protected space associated with overlapping redundancy groups
shall only be successfully rebuilt one time for the successful completion
of the REBUILD P_EXTENT service action. There is no indication of a
failure if an overlapped redundancy group fails to rebuild.

All assigned space associated with the selected p_extent shall be rebuilt.
Any redundancy group(s) listed in the REBUILD P_EXTENT parameter
list shall not be used to rebuild any part of the selected p_extent.

Any protected space associated with overlapping redundancy groups
shall be successfully rebuilt at least one timefora successful completion
of the REBUILD P_EXTENT service action:

Reserved

If the rebuild operation fails to complete successfully and the IMMED bit is zero the command shall be ter
nated with a CHECK CONDITION status. The sense key'shall be set to HARDWARE ERROR, and the

ditional sense code set to REBUILD FAILURE OCCURED.

The REBUILD P_EXTENT parameter list (sege;table 97) contains the p_extent to be rebuilt and a lis

redundancy groups to not be used to rebuild.the p_extent.

mi-
ad-

of
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Bit
Byte 7 6 5 4 3 2 1 0
0
P_EXTENT DESCRIPTOR
11
LUN_R(S) (if any)
12 RESERVED
13 RESERVED
14 (MSB)
LUN_RO
15 (LSB)
n-3 RESERVED
n-2 RESERVED
n-1 (MSB)
LUNLR'X
n (LSB)

6.6.1.6 REBUILD PERIPHERAL DEVICE service action

The P_EXTENT DESCRIPTOR defines the boundaries of the rebuild. See table 17 for a description of
P_EXTENT DESCRIPTOR.

he

The LUN_R field(s) specifies the address(es) of the redundancy group(s) that shall not be used to rebuild
the p_extent.

The REBUILD PERIPHERAL DEVICE service action (see table 98) requests the rebuild of all or par of
one or more redundancy.group(s) located on a selected peripheral device.
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Table 98 - REBUILD PERIPHERAL DEVICE service action

B'?/itte 7 6 4 3 2 1 0
0 OPERATION CODE (BBh)
1 RESERVED SERVICE ACTION (04h)
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 (MSB)
7
LIST LENGTH
8
9 (LSB)
10 RESERVED REBUILD RESERVED IMMED
11 CONTROL

An immediate (IMMED) bit of zero indicates that status shall be returned after the rebuild operation ias
completed. An IMMED bit value of one indicates that.the target shall return status as soon as the comm

descriptor block and parameter data have been-validated.

nd

The REBUILD field specifies the rebuild instructions the target shall use. See table 99 for the format of the

REBUILD field.

106
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Table 99 - Rebuild types

Codes

Description

00b

All assigned space associated with the selected peripheral device shall

be rebuilt. The list of redundancy group(s) in the REBUILD PERIPHERAL
DEVICES parameter list shall be ignored.

Protected space associated with overlapping redundancy groups shall be
successfully rebuilt multiple times for a successful completion of the RE-
BUILD PERIPHERAL DEVICE service action. The order of the rebuilds

is vendor specific.

01b

10b

11b

All assigned space associated with the selected peripheral device shall
be rebuilt using any associated redundancy group. The list of redundancy
group(s) in the REBUILD PERIPHERAL DEVICES parameter list shallbe
ignored.

Any protected space associated with overlapping redundancy groups
shall only be successfully rebuilt one time for the successful eompletion
of the REBUILD PERIPHERAL DEVICE service action. There is no indi-
cation of a failure if an overlapped redundancy group fails to rebuild.

All assigned space associated with the selected periphéral device shall
be rebuilt. Any redundancy group(s) listed in the REBUILD PERIPHER-
AL DEVICE parameter list shall not be used to-rebuild any part of the se-
lected peripheral device.

Any protected space associated with overlapping redundancy groups
shall be successfully rebuilt at least oné time for a successful completion
of the REBUILD PERIPHERAL DEV|CE service action.

Reserved

If the rebuild operation fails to complete successfully-and the IMMED bit is zero the command shall be terfmi-

nated with a CHECK CONDITION status. The sense'key shall be set to HARDWARE ERROR, and the

ditional sense code set to REBUILD FAILURE,OCCURED.

ad-

The REBUILD PERIPHERAL DEVICE parameter list (see table 100) contains the peripheral device to|be
rebuilt and a list of redundancy groups.to not be used to rebuild the peripheral device.
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Table 100 - REBUILD PERIPHERAL DEVICE parameter list

Bit
Byte 7 6 5 4 3 2 1 0
0 RESERVED
1 RESERVED
2 (MSB)
LUN_P
3 (LSB)
LUN_R(S) (if any)
4 RESERVED
5 RESERVED
6 (MSB)
LUN RO
7 (LSB)
n-3 RESERVED
n-2 RESERVED
n-1 (MSB)
LUN_R X —
n (LSB)

The LUN_P FIELD specifies the address.ef the peripheral device to be rebuilt.

The LUN_R field(s) specifies the address(es) of the redundancy group(s) that shall not be used to rebuild
the peripheral device.

6.6.1.7 RECALCULATE(CHECK DATA service action
The RECALCULATE-CHECK DATA service action (see table 101) requests the target to recalculate che¢ck
data within a redundancy group. If the recalculate operation fails to complete successfully and the IMNIED
bit is zero the-command shall be terminated with a CHECK CONDITION status. The sense key shall beset
to HARDWARE ERROR, and the additional sense code set to RECALCULATE FAILURE OCCURRED

If the_MMED bit is one and the recalculate fails then a deferred error shall be reported.
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Table 101 - RECALCULATE CHECK DATA service action

B?/itg 7 6 5 4 3 2 1 0
0 OPERATION CODE (BBh)
1 RESERVED SERVICE ACTION (05h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_R
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED ALLRG IMMED
11 CONTROL

If ALLRG equals zero the LUN_R field specifies the address of the redundancy group for which the target

shall recalculate the check data. If the requested lagical unit has not been configured the command s

hall

be terminated with a CHECK CONDITION status;*The sense key shall be set to ILLEGAL REQUEST, and

the additional sense code set to LOGICAL UNIT NOT CONFIGURED.

An immediate (IMMED) bit of zero indicates that status shall be returned after the recalculate operation Ias

completed. An IMMED bit value of onelindicates that the target shall return status as soon as the comm
descriptor block has been validated!

An all redundancy group bit(ACLRG) of zero indicates the recalculation of check data shall only occur on

nd

the

addressed redundancy group. An ALLRG bit of one indicates the recalculation of check data shall occur|on

all redundancy groupg-within the target. The LUN_R field shall be ignored when the ALLRG bit is one.

6.6.1.8 VERIFY CHECK DATA service action

The VERIRYCHECK DATA service action (see table 102) requests that check data be verified consistent

with the Qrotected space within a redundancy group.
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Table 102 - VERIFY CHECK DATA service action

B?/itg 7 6 5 4 3 2 1 0
0 OPERATION CODE (BBh)
1 RESERVED SERVICE ACTION (06h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_R
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED CONTVER |RESERVED| ALLRG IMMED
11 CONTROL

If ALLRG equals zero the LUN_R field specifies the address of the redundancy group that shall have its check
data verified. If the requested logical unit has not been configured the command shall be terminated with a
CHECK CONDITION status. The sense key shall*be set to ILLEGAL REQUEST, and the additional sefnse
code set to LOGICAL UNIT NOT CONFIGURED.

An immediate (IMMED) bit of zero indicates that status shall be returned after the verification operation has
completed. An IMMED bit value of onelindicates that the target shall return status as soon as the command
descriptor block has been validated!

An all redundancy group bit-(ALLRG) of zero indicates the verification of check data shall only occur on the
addressed redundancy group. An ALLRG bit of one indicates the verification of check data shall occur on all
redundancy groups within the target. The LUN_R field shall be ignored when the ALLRG bit is one.

A continuous vefification bit (CONTVER) of zero indicates the check data shall be verified only onceg. A
CONTVER bit of‘one indicates the check data shall be continuously verified. Verification shall continue unfil a
VERIFY CHECK DATA service action is requested with the CONTVER bit set to zero and the ALLRG bit sef to
one or the"ALLRG bit set to zero and the LUN_R field set to the address of the redundancy group that is equal
to the EUN_R from the original VERIFY CHECK DATA service action.

NOTE 24 - If continuous verification is selected the verification executes as a background operation within

ThE target In a vendor Specitic manner. Contnuously may be defined as only Veritying check data
associated with the LBA range of any write commands that occur within the range on LBA_Vs that overlay
a redundancy group that has continuous verification enabled.

Any verification failures occurring before the VERIFY CHECK DATA service action has completed shall
cause the target to terminate the command with a CHECK CONDITION status. The sense key shall be set
to MEDIUM ERROR, and the additional sense code shall be set to MISCOMPARE DURING VERIFY
OPERATION.

Any verification failures occurring after the VERIFY CHECK DATA service action has completed shall

cause the target to generate a unit attention condition for all initiators. When reporting the unit attention
condition the additional sense code shall be set to MISCOMPARE DURING VERIFY OPERATION.
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The relationship between the VERIFY VOLUME SET CHECK DATA service action and the VERIFY
CHECK DATA service action when both service actions have requested the same area be verified is
vendor specific. This standard only requires the requested area be verified.
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6.7 VOLUME SET (IN) command

6.7.1 VOLUME SET (IN) command service actions

The service actions for the VOLUME SET(IN) command are listed in table 103.

Table 103 - Service actions for volume set (in) command

Service name Service Type Subclause
action
REPORT BASIC VOLUME SET 03h B 6.7.14
REPORT STORAGE ARRAY CONFIGURATION 02h S 6.2{12
REPORT UNASSIGNED VOLUME SETS 01lh O 6:71.3
REPORT VOLUME SETS 00h G 677.1.4
RESERVED 04h-17h
VENDOR SPECIFIC 18h-1Fh
Key: B = Service action implementation is mandatory if basic configuration method'is implemented.
G = Service action implementation is mandatory if general configuratiop.method is implemented.
O = Service action implementation is optional.
S = Service action implementation is mandatory if simple configuratien method is implemented.

6.7.1.1 REPORT BASIC VOLUME SET service action

The REPORT BASIC VOLUME SET service action (see table 104) requests that information regarding
selected volume set within the target be sent to the applicatior’/client. This service action differs from
REPORT VOLUME SET service action (see 6.7.1.4) in that'it does not report detailed information on

mapping of the user data.

Table 104 - REPORTBASIC VOLUME SET service action

the
the
the

Bit
Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (BEh)

1 RESERVED SERVICE ACTION (03h)

2 RESERVED

3 RESERVED

4 (MSB)

LUN_V

5 (LSB)

6 (MSB)

7

ALLOCATION LENGTH

8

9 (LSB)
10 RESERVED

11 CONTROL

The LUN_V field specifies the address of the volume set for which information shall be reported per table

112
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108. If the requested logical unit has not been configured the command shall be terminated with a CHECK
CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional sense code set
to LOGICAL UNIT NOT CONFIGURED.

The REPORT BASIC VOLUME SET parameter list is defined in table 105.

Table 105 - REPORT BASIC VOLUME SET parameter list

Bit
B 7 6 5 4 3 2 1 0
\J/fn
0 RESERVED
1 RESERVED
2 RESERVED EQSPRD RESERVED
3 RESERVED VOLUME SET STATE
4 (MSB)
5
CAPACITY
6
7 (LSB)
8 (MSB)
BYTES'RER BLOCK _
9 (LSB)
10 (MSB) REPORT BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR LIST
LENGTH
11 (LSB)
REPORT BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR(S)
12 .
REPORT BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR (First)
Length
(x+11) (ength )
n-(y+1)
REPORT BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR (Last)
n (Length y)
An'equal user data spreading (EQSPRD) bit of zero indicates the target is configured such that the user data
is-spread in a nonuniform manner over the peripheral devices associated with the addressed volume $et.

An EQSPRD bit of one indicates the target is configured such that the user data is spread in a uniform
manner over all the peripheral devices associated with the addressed volume set.

The VOLUME SET STATE field is defined in table 42.

The capAcCITY field indicates the size of the user data addressed volume set in logical blocks.

The BYTES PER BLOCK field indicates the size, in bytes, of the logical blocks in the capACITY field.

The REPORT BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR LIST LENGTH field specifies the length in

bytes of the following list of REPORT BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR(S).
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The REPORT BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR contains a list of peripheral devices
associated with the addressed volume set. See table 106 for the format of the REPORT BASIC VOLUME SET
PERIPHERAL DEVICE DESCRIPTOR field.

TABLE 106 - REPORT BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR

Bit
Byte 7 6 5 4 3 2 1 0
0
LUN_P
1
2 RESERVED
3 WEIGHTING OF USER DATA
4 RESERVED
5 RESERVED
6 (MSB)
ASSOCIATED REDUNDANCY GROUPS LIST.LENGTH _
7 (LSB)
LUN_R(S)
8
LUN_R\(First)
9
10 RESERVED
11 RESERVED
n-3
LUN_R (Last)
n-2
n-1 RESERVED
n RESERVED
The LUNCPyfield indicates the address of a peripheral device associated with the addressed volume set
The WEIGHTING OF USER DATA field indicates the portion of the volume set’s capacity placed on the selected
penipheral device.

NOTE 25 - The WEIGHTING OF USER DATA fields may contain the same values as the target
received from the application client or it may be calculated using an equation. One example of
an equation that may be used by the target to calculate the value in the WEIGHTING OF USER
DATA field is dw = (vc)/c where:

¢ = that portion of the capacity from the peripheral device identified by the LUN_P field that is assigned
to the selected volume set,

dw = value to be placed into the WEIGHTING OF USER DATA field, and

vc = value of the CAPACITY field.
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The ASSOCIATED REDUNDANCY GROUP LIST LENGTH field specifies the length in bytes of the following list of

LUN_R(s).

The LUN_R field specifies the address of the redundancy group(s) associated with the addressed volume

set.

6.7.1.2 REPORT STORAGE ARRAY CONFIGURATION service action

The REPORT STORAGE ARRAY CONFIGURATION service action (see table 107) requests that
information regarding the selected volume set be sent to the application client. If this service action
requests information on a volume set that has more than one associated redundancy group the target shall
terminate the command with a CHECK CONDITION status The sense key shall be set to Il | FGAL

REQUEST, and the additional sense code set to INVALID FIELD IN CDB.

Table 107 - REPORT STORAGE ARRAY CONFIGURATION service actioh

Bit
Byte 7 6 4 3 2 1 0

0 OPERATION CODE (BEh)

1 RESERVED SERVICE'\ACTION (02h)

2 RESERVED

3 RESERVED

4 (MSB)

LUN_V

5 (LSB)

6 (MSB)

7

ALLOCATION LENGTH

8

9 (LSB)
10 RESERVED

11 CONTROL

The LUN_V field specifies the address of the volume set for which information shall be reported per table
108. If the requested logical unit has not been configured the command shall be terminated with a CHEICK

CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional sense code

to LOGICAL UNIT NOT CONFIGURED.

set
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The REPORT CONFIGURATION parameter list is defined in table 108.

Table 108 - REPORT CONFIGURATION parameter list

Bit
7 6 5 4 3 2 1 0
Byte
0 RESERVED
1 REDUNDANCY GROUP METHOD
2 BUSPROC RESERVED EQSPRD RESERVED
3 RESERVED VOLUME SET STATE
4 (MSB)
5
CAPACITY
6
7 (LSB)
8 (MSB)
BYTES PER BLOCK _
9 (LSB)
10 (MSB)
NORMAL USER DATA.TRANSFER SIZE _
11 (LSB)
12 RESERVED
13 REBUILD/RECALCULATE PRIORITY
14 PERCENTAGE OF SEQUENTIAL READ TRANSFERS
15 PERCENTAGE OF SEQUENTIAL WRITE TRANSFERS
16 RESERVED
17 RESERVED
18 (MSB)
VOLUME SET PERIPHERAL DEVICE DESCRIPTOR LIST LENGTH
19 (LSB)
VOLUME SET PERIPHERAL DEVICE DESCRIPTOR(S)
20
VOLUME SET PERIPHERAL DEVICE DESCRIPTOR (First)
23
n-3
VOLUME SET PERIPHERAL DEVICE DESCRIPTOR (Last)
n

The REDUNDANCY GROUP METHOD field (see table 71) indicates the type of protection being used within the
redundancy group associated with the addressed volume set. For a description of the redundancy group
methods see 5.3.2.12.

An equal user data spreading (EQSPRD) bit of zero indicates the volume set is configured such that the user
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data is spread in a nonuniform manner over the peripheral devices associated within the addressed
volume set. An EQSPRD bit of one indicates the volume set is configured such that the user data is spread

in a uniform manner over all the peripheral devices associated within the addressed volume set.

A bus protection (BUSPROC) bit of zero indicates that the volume set is configured such that a single bus
failure causes the application client to lose access to user data. A BUSPROC bit of one indicates that the
volume set is configured such that single bus failure does not cause the application client to lose access to

any user data.
The vVOLUME SET STATE field is defined in table 42.

The capaciTy field indicates the size of the user data region in the addressed volume set in logical bloc

The BYTES PER BLOCK field indicates the size, in bytes, of the logical blocks in the CAPACITY field~and
NORMAL USER DATA TRANSFER SIZE field.

The NORMAL USER DATA TRANSFER SIZE field indicates the number of logical blocks thé’target expe
during a normal user data transfer. A NORMAL USER DATA TRANSFER SIZE field of zerosindicates the tar
has received no direction on the size of user data transfers.

the

cts
get

The REBUILD/RECALCULATE PRIORITY field indicates the priority the target(places on doing a rebuild

operation or a recalculate operation. See table 109 for a description of‘the contents of the REBUI
RECALCULATE PRIORITY field.

Table 109 - Rebuild/recalculate priority. selection

Codes Description

00h Indicate the target has received 10 direction on the priority placed on
doing rebuilds or recalculates of.that the associated redundancy group
is configured as no redundancy.

01lh Indicates the target shallsuspend rebuild and recalculate operations
during all read/write reguests from any application client.

02h-FEh An indication of thepriority the target places on doing a rebuild opera-
tion or a recalculate operation. Generally, larger values indicate a
greater priarity~for the rebuild and recalculate operations over applica-
tion client fead/write requests which results in shorter rebuild and re-
calculdtejtimes.

FFh Indicates the target shall not accept any read/write requests from an
application client until the rebuild or recalculate operation is complete.

The PERCENTAGE OF SEQUENTIAL READ TRANSFERS field indicates the percent of times the target expe
reads of sequentiallagical blocks on consecutive user data read transfers. See table 110 for a descript
of the contents ofthe PERCENTAGE OF SEQUENTIAL READ TRANSFERS field.

TABLE 110 - PERCENTAGE OF SEQUENTIAL READ TRANSFERS

|.D/

cts
ion

Codes Description
0 The target has received no direction on the sequentiality of user data
read transfers.
1-100 The percent of times the target expects reads of sequential logical
blocks on consecutive user data read transfers.
101-127 Reserved

128-255 Vendor Specific

The PERCENTAGE OF SEQUENTIAL WRITE TRANSFERS field indicates the percent of times the target expects
writes of sequential logical blocks on consecutive user data write transfers. See table 111 for a description
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of the contents of the PERCENTAGE OF SEQUENTIAL WRITE TRANSFERS field.

TABLE 111 - PERCENTAGE OF SEQUENTIAL WRITE TRANSFERS

Codes Description
0 The target has received no direction on the sequentiality of user data
write transfers.
1-100 The percent of times the target expects writes of sequential logical
blocks on consecutive user write read transfers.
101-127 Reserved
128-255 Vendor Specific

The VOLUME SET PERIPHERAL DEVICE DESCRIPTOR LIST LENGTH field specifies the length in bytes. of the

following VOLUME SET PERIPHERAL DEVICE DESCRIPTOR(S).

The VOLUME SET PERIPHERAL DEVICE DESCRIPTOR(S) are a list of peripheral devices assoeiated with the
addressed volume set. See table 112 for the format of the VOLUME SET PERIPHERAL DEVICE DESCRIPTOR

field.

TABLE 112 - VOLUME SET PERIPHERAL DEVICE DESCRIPTOR

Bit
Byte 7 6 5 4 3 2 1 0
0
LUN P
1
2 RESERVED
3 WEIGHTING OF USER DATA

The LUN_P field indicates the address of a-peripheral device associated with the addressed volume set

The WEIGHTING OF USER DATA field indicates the portion of the volume set’s capacity and the redundancy

group’s placed on the selected peripheral device.

NOTE 26 - The WEIGHTING OF USER DATA fields may contain the same values as the target
received from the application client or it may be calculated using an equation. One example of
an equation that-may be used by the target to calculate the value in the WEIGHTING OF USER

DATA field is-dw = (vc)/c where:

¢ = thatportion of the capacity from the peripheral device identified by the LUN_P field that is assigned
to the'selected volume set,

dw*= value of WEIGHTING OF USER DATA field, and
vc = value of the CAPACITY field.

6.7.1.3 REPORT UNASSIGNED VOLUME SETS service action

The REPORT UNASSIGNED VOLUME SETS service action (see table 113) requests that an identifier for
each configured volume set, that does not already have a LUN_V assigned within the target be sent to the
application client.
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B?/itg 7 6 5 4 3 0
0 OPERATION CODE (BEh)
1 RESERVED SERVICE ACTION (01h)
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED
11 CONTROL

The REPORT UNASSIGNED VOLUME SETS parameter list (see table 114) contains a four-byte heafer

that contains the length in bytes of the parameter list and a list of REPORT UNASSIGNED VOLUME

bET

DESCRIPTORS. The list of REPORT UNASSIGNED VOLUME SET DESCRIPTORS shall be a list of all the configuyed

volume sets within the target that do not have a’LUN_V assigned.

Table 114 - REPQRT UNASSIGNED VOLUME SETS parameter list

Bit
7 6 5 4 3 0
Byte
0 (MSB)
1
REPORT UNASSIGNED VOLUME SETS LIST LENGTH (n-3)
2
3 (LSB)
REPORT UNASSIGNED VOI UME SFT DESCRIPTORS(S) (if any)
4 REPORT UNASSIGNED VOLUME SET DESCRIPTOR (First)
X+3 (Length x)
n-y+1 REPORT UNASSIGNED VOLUME SET DESCRIPTOR (Last)
n (Length y)
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The REPORT UNASSIGNED VOLUME SETS LIST LENGTH field specifies the length in bytes of the following
REPORT UNASSIGNED VOLUME SET DESCRIPTOR(S).

The REPORT UNASSIGNED VOLUME SET DESCRIPTOR is defined in table 115.

Table 115 - Format of REPORT UNASSIGNED VOLUME SET DESCRIPTOR

Bit
Byte 7 6 5 4 3 2 1 0
0 (MSB)
IDENTIFY LIST LENGTH R
1 ('SB)
2
IDENTIFIER
n

The IDENTIFY LIST LENGTH field specifies the length in bytes of the following IDENTIFIER.

The IDENTIFIER field is the vital product data device identification page~(83h) as defined in the SCSI-3
Primary Commands (ISO/IEC 14776-311) standard.

6.7.1.4 REPORT VOLUME SETS service action

The REPORT VOLUME SETS service action (see table 116) requests that information regarding volume
sets within the target be sent to the application client.

Table 116 - REPOREVOLUME SETS service action

Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION CODE (BEh)
1 RESERVED SERVICE ACTION (00h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_V
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED RPTSEL
11 CONTROL

If the RPTSEL bit is one, the LUN_V field specifies the address of the volume set for which information shall
be reported per table 117. If the requested logical unit has not been configured the command shall be
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terminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the
additional sense code set to LOGICAL UNIT NOT CONFIGURED.

A report selected bit (RPTSEL) of zero indicates the target shall report on all the volume set(s) within the
target. The LUN_V field shall be ignored when the RPTSEL bit is zero. A RPTSEL bit of one indicates the target
shall only report information on the volume set addressed by the LUN_V field.

The REPORT VOLUME SETS parameter list (see table 117) contains a four-byte header that contains the
length in bytes of the parameter list and a list of REPORT VOLUME SET DESCRIPTORS.

Table 117 - REPORT VOLUME SETS parameter list

Bi
t 7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
REPORT VOLUME SET LIST LENGTH (n-3)
2
3 (LSB)
REPORT VOLUME SET DESCRIPTORS(S) (if any)
4 REPORT VOLUME SET PESCRIPTOR (First)
X+3 (Length'x)
n-y+1 REPORT VOLUME SET DESCRIPTOR (Last)
n (Length y)

The REPORT VOLUME SET LIST LENGTH field specifies the length in bytes of the following REPORT VOLUME SET
DESCRIPTOR(S).

The REPORT VOLUME SET'DESCRIPTOR is defined in table 118.

SCSI Controller Commands-2 121


https://standardsiso.com/api/?name=c7647a5ae7b1aa5d073e2f8f1b834a9e

14776-342 © ISO/IEC:2000(E)

Table 118 - Format of REPORT VOLUME SET DESCRIPTOR

Bit
7 6 5 4 3 2 1 0

Byte

0 (MSB)

LUN_V

1 (LSB)

2 RESERVED

3 RESERVED

4 RESERVED GRANULARITY OF UNITS

5 RESERVED THE VOLUME SET STATE

6 (MSB)

7

PS_EXTENT STRIPE LENGTH

8

9 (LSB)

10 (MSB)

11

PS_EXTENT INTERLEAVE DEPTH

12

13 (LSB)

14 (MSB)

REPORY VOLUME SET DESCRIPTOR LIST LENGTH
15 (LSB)
VOLUME SET PS_EXTENT DESCRIPTOR(S)
16
VOLUME SET PS_EXTENT DESCRIPTOR (First)

36

n-20
VOLUME SET PS_EXTENT DESCRIPTOR (Last)
n

VOLUME SET DESCRIPTOR is associated.

The GRANULARITY OF UNITS field indicates if bits, bytes, words, or logical blocks are being used within the
volume set being created or modified. See table 76 for the format of the GRANULARITY OF UNITS field.

The vVOLUME SET STATE field is defined in table 42.

The PS_EXTENT STRIPE LENGTH field contains the number of contiguous ps_extents counted before looping
back to the first ps_extent of the current stripe.

The PS_EXTENT INTERLEAVE DEPTH field contains the number of stripes counted before continuing onto the
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The VOLUME SET PS_EXTENT LIST LENGTH field specifies the length in bytes of the following VOLUME SET

PS_EXTENT DESCRIPTOR(S).

The VOLUME SET PS_EXTENT DESCRIPTOR contains a list of assigned ps_extents and the assigned
ps_extents user data mapping for the addressed volume set. See table 119 for the format of the VOLUME
SET PS_EXTENT DESCRIPTOR field.

TABLE 119 - VOLUME SET PS_EXTENT DESCRIPTOR

Bit
Byte

4 3

0

11

PS_EXTENT DESCRIPTOR

12

RESERVED

NOCHKSKIP

RESERVED

INCDEC

13

RESERVED

14

15

LUN_R

16

(MSB)

17

18

19

USER DATA STRIPE DEPTH

(LSB)

See table 81 for a description of the PSI-EXTENT DESCRIPTOR field.

An increment/decrement bit (INCDEC) of zero indicates logical blocks within the ps_extent have bq

en

mapped in ascending order, An INCDEC bit of one indicates the logical blocks within the ps_extent have
been mapped in descendingyorder.

A no check data skip(bit (NocHKsKIP) of zero indicates the target did not count any units defined as ch
data in mapping theZuser data stripe depth. A NOCHKSKIP bit of one indicates the target counted all u

defined as checkdata in mapping the user data stripe depth.

The LUN_R'field specifies the address of the redundancy group whose formation created the ps_extent.

bck
nits

The USER DATA STRIPE DEPTH field contains the number of contiguous units counted within a ps_extent

before proceeding to the next ps_extent.

6.8 VOLUME SET (OUT) command

6.8.1 VOLUME SET (OUT) command service actions

The service actions for the VOLUME SET(OUT) command are listed in table 120.
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Table 120 - Service actions for VOLUME SET (OUT) command

Service name Service Type Subclause
action
ASSIGN LUN_V 07h @] 6.8.1.1
CONTROL GENERATION OF CHECK DATA 00h ] 6.8.1.2
CONTROL WRITE OPERATIONS 01h @] 6.8.1.3
CREATE/MODIFY BASIC VOLUME SET 09h BC 6.8.14
CREATE/MODIFY STORAGE ARRAY CONFIGURATION 08h SC 6.8.1.5
CREATE/MQDIFY VOI UMFE SET 02h GC 6816
DEASSIGN LUN_V 06h @] 6.8.1.7
DELETE VOLUME SET 03h @] 6.84.8
RECALCULATE VOLUME SET CHECK DATA 04h @] 6.8.1°9
VERIFIY VOLUME SET CHECK DATA 05h @] 6.8.1.10
RESERVED 0Ah-17h
VENDOR SPECIFIC 18h-1Fh
Key: BC = Service action implementation is mandatory if basic configuration method is implemented
with configuration support.
GC = Service action implementation is mandatory if general configuration method is implementeg
with configuration support.
O = Service action implementation is optional.
SC = Service action implementation is mandatory if simple configuration method is implemented
with configuration support.

6.8.1.1 ASSIGN LUN_V service action

The ASSIGN LUN_V service action requests a LUN_V be\assigned to an already configured volume se
the assign operation fails to complete successfully-the command shall be terminated with a CHE
CONDITION status. The sense key shall be set to HARDWARE ERROR, and the additional sense cq
set to ASSIGN FAILURE OCCURRED. On successful completion of this service action a unit atten
shall be generated for all initiators except the ‘one that issued the service action. When reporting the

attention condition the additional sense code shall be set to VOLUME SET REASSIGNED.

t. If
CK
de

:I:on
nit
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Table 121 - ASSIGN LUN_V service action

Bit 1 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (BFh)
1 RESERVED SERVICE ACTION (07h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_V

5 (LSB)
6 (MSB)
7

LIST LENGTH
8
9 (LSB)
10 RESERVED ENABLE RANGE RESERVED
11 CONTROL

The LUN_V field, if used (see table 122), specifies the address the volume set shall be assigned. If

he

LUN_V is already assigned to another volume set'within the target the command shall be terminated with
a CHECK CONDITION status. The sense keyshall be set to ILLEGAL REQUEST, and the additional

sense code set to MULTIPLY ASSIGNED LOGICAL UNIT.

The ENABLE RANGE field is defined in table*122.

Table 122 - ENABLE RANGE

Codes Description
00b The target shall assign the logical unit number
in LBA_V to the selected unassigned volume
set.
01lb Assign a LUN_V to the volume set selected in

the IDENTIFIER parameter list. The LUN_V field
shall be ignored. The target shall assign a logi-
cal unit number to the unassigned volume set
per the addressing rules (see 5.3.1)

10b Assign LUN_V(s) to all unassigned volume sets
within the selected target. The LUN_V field and
the IDENTIFIER parameter list shall be ig-
nored. The target shall assign a logical unit
number(s) to each unassigned volume set(s)
per the addressing rules (see 5.3.1)

11b Reserved

The IDENTIFIER parameter list (see table 123) contains a four-byte header that contains the length on

bytes of the parameter list and an IDENTIFIER.
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Table 123 - IDENTIFIER parameter list

Bit
Byte 7 6 5 4 3 2 1 0
0 (MSB)
1
IDENTIFIER LIST LENGTH (n-3)
2
3 (LSB)
4
IDENTIFIER
n

The IDENTIFIER LIST LENGTH field specifies the length in bytes of the following IDENTIFIER.

The IDENTIFIER field is the vital product data device identification page (83h)-as defined in the SCS
Primary Commands (ISO/IEC 14776-311) standard.

6.8.1.2 CONTROL GENERATION OF CHECK DATA service action

The CONTROL GENERATION OF CHECK DATA service.action (see table 124) requests that

generation of check data within the underlaying redundancy group(s) of a volume set be enabled
disabled.
Table 124 - CONTROL GENERATION OF CHECK DATA service action
B'?/'tte 7 6 5 4 3 2 1 0

0 OPERATION CODE (BFh)

1 RESERVED SERVICE ACTION (00h)

2 RESERVED

3 RESERVED

4 (MSB)

LUN_V

5 (LSB)

6 RESERVED

7 RESERVED

8 RESERVED

9 RESERVED

10 RESERVED DISCHK [RESERVED| ALLVLU |RESERVED

11 CONTROL

he
or

If the ALLVLU bit is zero, the LUN_V field specifies the address of the volume set that shall have the
generation of check data contained within the underlaying redundancy group(s) enabled or disabled. If the
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requested logical unit has not been configured the command shall be terminated with a CHECK

CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional sense code
to LOGICAL UNIT NOT CONFIGURED.

set

An all volume set bit (ALLVLU) of zero indicates that the check data generation being enabled/disabled shall

only be enabled/disabled within the underlaying redundancy group(s) of the addressed volume set.

An

ALLVLU bit of one indicates that the check data generation being enabled/disabled shall be enabled/

disabled within the underlaying redundancy group(s) of all volume set(s) within the target. The LUN_V fi
shall be ignored if the ALLVLU bit is one.

eld

A disable check data bit (DISCHK) of zero indicates the generation of check data contained within all of the

ne

underlaying redundancy group(s) of the selected volume set(s) shall be enabled A DISCHK bit of
indicates the generation of check data contained within all of the underlaying redundancy group(s) ©f
selected volume set(s) shall be disabled. Generation of check data shall be disabled until a CONTR
GENERATION OF CHECK DATA service action is requested with the DISCHK bit set to zero and'the ALL
bit set to one or the ALLVLU bit set to zero and the LUN_V field set to the address of the volume set thg
equal to the LUN_V from the original CONTROL GENERATION OF CHECK DATA serviceé‘action.

A REDUNDANCY GROUP (OUT) command’s CONTROL GENERATION OF CHECK DATA service act
shall not cause the generation of check data to be enabled if the generation of ehéck data was disab
using the VOLUME SET (OUT) command’s CONTROL GENERATION OF CHECK DATA service actio

6.8.1.3 CONTROL WRITE OPERATIONS service action

The CONTROL WRITE OPERATIONS service action (see table 125)‘requests that write operations t
volume set be enabled or disabled. This service action overrides any wp bit settings defined in the mq
parameter header within the device-type specific commands set'standards (see 1).

This service action shall cause the following commands to.be enabled/disabled:

a) ERASE command;

b) FORMAT command;

¢) WRITE command;

d) WRITE FILE MARKS command;
e) WRITE LONG command,;

f) WRITE SAME command;

g) WRITE & VERIFY commands

the
oL
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tis
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Table 125 - CONTROL WRITE OPERATIONS service action

B?/itg 7 6 5 4 3 2 1 0
0 OPERATION CODE (BFh)
1 RESERVED SERVICE ACTION (01h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_V
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED DISWR ~ |RESERVED| ALLVLU |RESERVED
11 CONTROL

If the ALLVLU bit is zero, the LUN_V field specifies the address of the volume set that shall have wyfite
operations enabled or disabled. If the requested logical unit has not been configured the command shall be
terminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the
additional sense code set to LOGICAL UNITNOT CONFIGURED.

An all volume set bit (ALLVLU) of zero indicates the write operation control shall only apply to the addressed
volume set. An ALLVLU bit of one indicates the write operation control shall apply to all volume set(s) within
the target. The LUN_V field shall be_ighored if the ALLVLU bit is one.

A disable write operations bit.(DISWR) of zero indicates write operations shall be enabled on the selected
volume set(s). When the DISWR bit is zero, on successful completion of this service action a unit attenfion
shall be generated for-all initiators except the one that issued the service action. When reporting the dinit
attention condition the-additional sense code shall be set to OPERATOR SELECTED WRITE PERMIT. A
DISWR bit of onelindicates write operations shall be disabled on the selected volume set(s). When the
DISWR hit is one,Jon successful completion of this service action a unit attention shall be generated for all
initiators except the one that issued the service action. When reporting the unit attention condition the
additiondl 'sense code shall be set to OPERATOR SELECTED WRITE PROTECT.

WriteYoperations shall be disabled until a CONTROL WRITE OPERATIONS service action is requested with
the) DISWR bit set to zero and the ALLVLU bit set to one or the ALLVLU bit set to zero and the LUN_V field seit to

the address of the volume sef thai is equal to the LUN_V from the original CONTROL WRITE
OPERATIONS service action.

6.8.1.4 CREATE/MODIFY BASIC VOLUME SET service action

The CREATE/MODIFY BASIC VOLUME SET service action (see table 126) requests the creation of a new
volume set or the modification of an existing volume set. This service action differs from the CREATE/
MODIFY VOLUME SET service action (see 6.8.1.6) in that it does not provide detailed control over the
mapping of the user data. A volume set shall only be created or expanded using unassigned ps_extents
(see 5.3.2.11). If the create operation fails to complete successfully and the IMMED bit is zero the command
shall be terminated with a CHECK CONDITION status. The sense key shall be set to HARDWARE
ERROR, and the additional sense code set to CREATION OF LOGICAL UNIT FAILED. If the modification
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operation fails to complete successfully and the IMMED bit is zero the command shall be terminated with a
CHECK CONDITION status. The sense key shall be set to HARDWARE ERROR, and the additional sense
code set to MODIFICATION OF LOGICAL UNIT FAILED. On successful completion of this create/modify
basic volume set a unit attention shall be generated for all initiators except the one that issued the service
action. When reporting the unit attention condition the additional sense code shall be set to VOLUME SET

CREATED OR MODIFIED.

If the IMMED bit is one and the create/modify basic volume set fails then a deferred error shall be reported.

Table 126 - CREATE/MODIFY BASIC VOLUME SET service action

Bit
Byte 7 6 5 4 3 2 0

0 OPERATION CODE (BFh)

1 RESERVED SERVICE ACTION (09h)

2 RESERVED

3 RESERVED EQSPRD RESERVED

4 (MSB)

LUN_V

5 (LSB)

6 (MSB)

7

ST LENGTH

8

9 (LSB)
10 CREATE/MODIFY CONFIGURE RESERVED IMMED
11 CONTROL

An equal user data spreading (EQSPRD) bit of zero indicates the target may spread user data ip a
nonuniform manner over,the/peripheral devices associated with the volume set being created or modified.
A EQSPRD bit of one indicates the target shall spread user data in a uniform manner over all the periph¢ral
devices associated with'the volume set being created or modified.

The LUN_V field specifies the address of the volume set that shall be created or modified.

An immediate (IMMED) bit of zero indicates that status shall be returned after the create/modify bdsic
volume:set operation has completed. An IMMED bit of one indicates that the storage array shall retpurn

status’as soon as the command descriptor block and parameter list have been validated.
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The CONFIGURE field is defined in table 127.

TABLE 127 - CONFIGURE

Codes Description

00b Any unassigned ps_extent(s) within the target that received the CRE-
ATE/MODIFY BASIC VOLUME SET service action may be used to
configure the selected volume set to the requested capacity. Any CRE-
ATE/MODIFY PERIPHERAL DEVICE DESCRIPTORS (table 138) shall be ig-
nored.

01b The target shall use the CREATE/MODIFY BASIC VOLUME SET pa-

rareterHisttable-134) te-determine-the-configuration-of-the-velume-set
The EQSPRD bit shall be ignored.

10b All unassigned p_extents within the target that received the CREATE/
MODIFIY BASIC VOLUME SET service action shall be configured into
a volume set. The VOLUME SET CAPACITY field (table 134) and any, CRE-
ATE/MODIFY PERIPHERAL DEVICE DESCRIPTORS (table 138) shall-be-ig-
nored.

11b Reserved

The cREATE/MODIFY field is defined in table 128.

TABLE 128 - CREATE/MODIFY

Codes Description

00b The target shall create a volume setand shall assign to the created
volume set the logical unit numbem cantained in the LUN_V field. If the
addressed volume set already-exists within the target the target shall
modify the existing volume set.as requested in the CREATE/MODIFY
BASIC VOLUME SET service action. The target may preserve the
contents of and access’to user data on completion of a modify.

01b The target shall create a volume set and shall assign to the created
volume set logical\unit numbers per the addressing rules (see 5.3.1).
The Lun_V field.shall be ignored.

10b The targetshall modify the volume set addressed in the LUN_V field. If
the addressed volume set does not exist the target shall terminate the
command with a CHECK CONDITION status. The sense key shall be
setio ILLEGAL REQUEST, and the additional sense code set to LOG-
ICAL UNIT NOT CONFIGURED.The target may preserve the contents
of and access to user data on completion of the modify.

11b The target shall modify the volume set addressed in the LUN_vV field. If
the addressed volume set does not exist the target shall terminate the
command with a CHECK CONDITION status. The sense key shall be
set to ILLEGAL REQUEST, and the additional sense code set to LOG-
ICAL UNIT NOT CONFIGURED. The target shall preserve the con-
tents of and access to user data on completion of the modify.

The CREATE/MODIFY BASIC VOLUME SET parameter list (see table 129) contains capacity information

and a list of BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTORS that are used to create or modify the
addressed volume set.
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Table 129 - CREATE/MODIFY BASIC VOLUME SET parameter list

Bit
Byte 7 6 5 4 3 2 1 0
0 (MSB)
1
CAPACITY
2
3 (LSB)
4 (MSB)
BYTES PER BLOCK
5 (LSB)
6 (MSB)
BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR LIST LENGTH
7 (LSB)
BASIC VOLUME SET PERIPHERAL DEVICE DESGRIPTOR(S)
8 BASIC VOLUME SET PERIPHERAL DEVICEDESCRIPTOR (First)
(X+7) (Length x)
-(yv+
n (y 1) BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR (Last)
n (Length y)

The caPACITY field contains the size to cenfigure the volume set in logical blocks. If the application cli
requests the volume set be modified-the size of the modified volume set shall be set to the value in
capacity field.

NOTE 27 - Attempts by-an application client to modify a volume set to a smaller capacity may
result in a loss of user_data.

The BYTES PER BLOgK\field contains the size, in bytes, of the logical blocks in the cAPACITY field. A valug
zero in the BYTES-PER BLOCK field shall indicate the number of bytes per logical block is 512.

The BASIC VOKUME SET PERIPHERAL DEVICE DESCRIPTOR LIST LENGTH field specifies the length in bytes of
followingAist 0f BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR(S).

The BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR contains information the target shall use to con
the, User data mapping within peripheral devices. See table 130 for the format of the BASIC VOLUME
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Table 130 - Data format of BASIC VOLUME SET PERIPHERAL DEVICE DESCRIPTOR

Bit
Byte 7 6 5 4 3 2 1 0
0
LUN_P
1
2 RESERVED
3 WEIGHTING OF USER DATA
4 RESERVED
5 RESERVED
6 (MSB)
ASSOCIATED REDUNDANCY GROUPS LIST LENGTH
7 (LSB)
LUN_R(S)
8
LUN_R (First)
9
10 RESERVED
11 RESERVED
n-3
LUN_R (Last)
n-2
n-1 RESERVED
n RESERVED
The LUN_P field defines'the address of the peripheral device to place user data.
The WEIGHTING OF USER DATA field contains a value used to calculate the portion of the volume s¢t’s
capacity to-place on the selected peripheral device. The target shall determine this capacity by using the
equation. ¢ = (dw) x[(vc)/(Zdw)] where:
¢ = capacity of the peripheral device selected in the LUN_P field,
dw = value of WEIGHTING OF USER DATA field, and

vC = value of the CAPACITY Tield.

If the requested capacity (c) will not fit within the unassigned ps_extent area(s) on the addressed
peripheral device the target shall terminate the command with a CHECK CONDITION status. The sense
key shall be set to ILLEGAL REQUEST, and the additional sense code set to PARAMETER VALUE
INVALID.

The ASSOCIATED REDUNDANCY GROUPS LIST LENGTH field specifies the length in bytes of the following list of
LUN_Rs.

The LUN_R field(s) contains the address of the redundancy group(s) on the selected peripheral device to
associate the volume set being created or modified. Distribution of the volume sets’ user data between
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multiple redundancy groups is vendor specific.
6.8.1.5 CREATE/MODIFY STORAGE ARRAY CONFIGURATION service action

The CREATE/MODIFY STORAGE ARRAY CONFIGURATION service action (see table 131) requests the
creation of a new volume set and redundancy group, or the modification of an existing volume set and
redundancy group. A storage arrays’ volume set and redundancy group configuration shall only be created
or expanded using unassigned p_extents (see 5.3.2.10). If the create operation fails to complete
successfully and the IMMED bit is zero the command shall be terminated with a CHECK CONDITION
status. The sense key shall be set to HARDWARE ERROR, and the additional sense code set to
CREATION OF LOGICAL UNIT FAILED. If the modification operation fails to complete successfully and

the IMMED hit is zero the command shall he terminated with a CHECK CONDITION status The sense key
shall be set to HARDWARE ERROR, and the additional sense code set to MODIFICATION OF LOGICGAL
UNIT FAILED. On successful completion of this create/modify storage array configuration a unit attenﬂion
shall be generated for all initiators except the one that issued the service action. When reporting the dinit
attention condition the additional sense code shall be set to VOLUME SET CREATED OR MODIFIED.
If the IMMED bit is one and the create/modify storage array configuration fails then a defefred error shall be
reported.
Table 131 - CREATE/MODIFY STORAGE ARRAY CONFIGURATION service action
Bit
Byte 7 6 5 4 3 2 1 0
0 OPERATION GODE' (BFh)
1 RESERVED SERVICE ACTION (08h)
2 REDUNDANCY GROUP METHOD
3 BUSPROC RESERVED EQSPRD RESERVED
4 (MSB)
LUN_V
5 (LSB)
6 (MSB)
7
LIST LENGTH
8
9 (LSB)
10 CREATE/MODIFY CONFIGURE RESERVED IMMED
11 CONTROL
HreREDUNDANCY-SROUP-METHOD-fiettHRdicates—the-type-ofprotection-thatshaltbetsed-withir—the

redundancy group being created or modified. See table 71 for the format of the REDUNDANCY GROUP
METHOD field.

The REDUNDANCY GROUP METHOD field shall only indicate the minimum amount of protection required by the
redundancy group being configured or modified. See table 85 for the minimum requirements for each type
of redundancy.

An equal user data spreading (EQSPRD) bit of zero indicates the target may spread user data in a
nonuniform manner over the peripheral devices associated with the volume set being created or modified.
A EQSPRD bit of one indicates the target shall spread user data in a uniform manner over all the peripheral
devices associated with the volume set being created or modified.
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A bus protection (BUSPROC) bit of zero indicates that the target may be configured such that a single bus
failure may cause the application client to lose access to user data within the volume set being created or
modified. A BUSPROC bit of one indicates that the target shall be configured so a single bus failure shall not
cause the application client to lose access to any user data within the volume set being created or
modified.

The LUN_V field specifies the address of the volume set that shall be created or modified.
An immediate (IMMED) bit of zero indicates that status shall be returned after the create/modify storage

array operation has completed. An IMMED bit of one indicates that the storage array shall return status as
soon as the command descriptor block and parameter list have been validated.

The CoONFIGURE field is defined in table 132.

TABLE 132 - CONFIGURE

Codes Description

00b Any unassigned p_extent(s) within the target that received the-CRE-
ATE/MODIFY STORAGE ARRAY CONFIGURATION service action
may be used to configure the selected volume set and redundancy
group to the requested capacity. Any CREATE/MODIFY-PERIPHERAL DE-
VICE DESCRIPTORS (table 138) shall be ignored.

01b The target shall use the CREATE/MODIFY STORAGE ARRAY CON-
FIGURATION parameter list (table 134) to determine the configuration
of the volume set and redundancy group,-The EQSPRD bit shall be ig-

nored.

10b All unassigned p_extents within thetarget that received the CREATE/
MODIFIY STORAGE ARRAY CONFIGURATION service action shall
be configured into a volume setyand a redundancy group. The VOLUME
SET CAPACITY field (table 134) and any CREATE/MODIFY PERIPHERAL DE-
VICE DESCRIPTORS (table<138) shall be ignored.

11b Reserved
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The CcREATE/MODIFY field is defined in table 133.

TABLE 133 - CREATE/MODIFY

Codes

Description

00b

The target shall create a volume set and a redundancy group and shall
assign to the created volume set the logical unit number contained in
the LUN_V field. The target shall assign to the created redundancy

group a logical unit number per the addressing rules (see 5.3.1). If the
addressed volume set already exists within the target the target shall
modify the existing volume set and its associated redundancy group as
requested in the CREATE/MODIFY STORAGE ARRAY CONFIGURA-

01b

10b

11b

TION service action. The target may preserve the contents of and ac-
cess to user data on completion of a modify.

The target shall create a volume set and a redundancy group, and
shall assign to the created volume set and redundancy group logical
unit numbers per the addressing rules (see 5.3.1). The LUN_YV field
shall be ignored.

The target shall modify the volume set addressed in the{LUN_V field
and its associated redundancy group. If the addressed volume set
does not exist the target shall terminate the command with a CHECK
CONDITION status. The sense key shall be set\to\LLEGAL RE-
QUEST, and the additional sense code set to'\LOGICAL UNIT NOT
CONFIGURED.The target may preserve the eontents of and access to
user data on completion of the modify.

The target shall modify the volume,set addressed in the LUN_V field
and its associated redundancy gtoup. If the addressed volume set
does not exist the target shall terminate the command with a CHECK
CONDITION status. The sense’key shall be set to ILLEGAL RE-
QUEST, and the additionalsense code set to LOGICAL UNIT NOT
CONFIGURED. The target shall preserve the contents of and access
to user data on completion of the modify.

The CREATE/MODIFY STORAGE ARRAY CONFIGURATION parameter list (see table 134) contains user
data mapping information and a list of[CREATE/MODIFY PERIPHERAL DEVICE DESCRIPTORS that are used to
create or modify the addressed volume set and its associated redundancy group.
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Table 134 - CREATE/MODIFY STORAGE ARRAY CONFIGURATION parameter list

Bit
7 6 5 4 3 2 1 0

Byte

0 (MSB)

1

CAPACITY

2

3 (LSB)

4 (MSB)

BYTES PER BLOCK
5 (LSB)
6 (MSB)
NORMAL USER DATA TRANSFER SIZE

7 (LSB)

8 RESERVED

9 REBUILD/RECALCULATE PRIGRITY

10 PERCENTAGE OF SEQUENTIAL/READ TRANSFERS

11 PERCENTAGE OF SEQUENTJAL'WRITE TRANSFERS

CREATE/MODIFY PERIPHERAL\DEVICE DESCRIPTORS(S) (if any)
12
CREATE/MODIEY-PERIPHERAL DEVICE DESCRIPTOR O
15
n-3
CREATE/MODIFY PERIPHERAL DEVICE DESCRIPTOR X
n

The caPACITY field\Contains the size of the combined user data and check data to configure the volume
and the redundanee group in logical blocks. If the application client requests the volume set/redunda
group be meadified the size of the modified volume set/redundancy group shall be set to the value in
capacity field:

NOTE 28 - The actual capacity, in blocks, of the configured volume set depends on the selected type of
protection (e.g., copy redundancy would result in an actual capacity half the value in the cAPACITY field).
The application client should use the REPORT STORAGE ARRAY CONFIGURATION service

set

hcy
the

action (6.7.1.2) to determine the final capacity of a newly configured volume set.

NOTE 29 - Attempts by an application client to modify a volume set to a smaller capacity may result in a

loss of user data.

The BYTES PER BLOCK field contains the size, in bytes, of the logical blocks in the capaciITY field and the
NORMAL USER DATA TRANSFER SIZE field. A value of zero in the BYTES PER BLOCK field shall indicate the
number of bytes per logical block is 512.

The NORMAL USER DATA TRANSFER SIZE field contains the number of logical blocks the application client
normally requests transferred on each user data transfer. The target shall treat the NORMAL USER DATA
TRANSFER SIZE field as an advisory parameter. A NORMAL USER DATA TRANSFER SIZE field of zero indicates

136
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the application client is providing no direction on the size of user data transfers.

The REBUILD/RECALCULATE PRIORITY field contains the priority the target should place on doing a rebuild
operation or a recalculate operation. The target shall treat the REBUILD/RECALCULATE PRIORITY field as an
advisory parameter. If the REDUNDANCY GROUP METHOD field contains a zero (i.e., no redundancy) then the
target shall ignore the REBUILD/RECALCULATE PRIORITY field. See table 135 for a description of the contents
of the REBUILD/RECALCULATE PRIORITY field.

Table 135 - Rebuild/recalculate priority selection

Codes Description

00h The application client is providing no direction regarding the priority of

rebuilds or recalculates

01h The target shall suspend rebuild and recalculate operations during all
read/write requests from any application client.

02h-FEh An indication of the priority the target should place on doing a rebuild
operation or a recalculate operation. Generally, larger values-indicate
a greater priority for the rebuild and recalculate operation gverapplica-
tion client read/write requests resulting in shorter rebuild~and recalcu-
late times.

NOTE 30 - The effect of different rebuild/recalculate
priorities is to increase and decrease the performance of a
target. Lower values increase performance but at a cost of
being exposed to data loss for@a“onger time. Higher
values decrease performancelbut keep the exposure to
data loss at a minimum.

FFh The target shall not accept anyxead/write requests from an application
client until the rebuild or recalculate operation is complete. All attempts
to read or write shall be | terminated with a CHECK CONDITION sta-
tus. The sense key shalhbe set to ILLEGAL REQUEST, and the addi-
tional sense code setto LOGICAL UNIT NOT READY, REBUILD IN
PROGRESS or LOGICAL UNIT NOT READY, RECALCULATION IN
PROGRESS.

The PERCENTAGE OF SEQUENTIAL READ-TRANSFERS field contains the percent of times an application client is
expected to do reads of sequentiallogical blocks on consecutive user data read transfers. The target shall
treat the PERCENTAGE OF SEQUENTIAL READ TRANSFERS field as an advisory parameter. See table 136 for a
description of the contents/of the PERCENTAGE OF SEQUENTIAL READ TRANSFERS field.

TABLE 136 - PERCENTAGE OF SEQUENTIAL READ TRANSFERS

Codes Description
0 The application client is providing no direction on the sequentiality of
user data read transfers.
1-100 The percent of times an application client is expected to do reads of se-
guential logical blocks on consecutive user data read transfers.
101-127 Reserved
125-255 vendor Specific

The PERCENTAGE OF SEQUENTIAL WRITE TRANSFERS field contains the percent of times an application client
is expected to do writes of sequential logical blocks on consecutive user data write transfers. The target
shall treat the PERCENTAGE OF SEQUENTIAL WRITE TRANSFERS field as an advisory parameter. See table 137
for a description of the contents of the PERCENTAGE OF SEQUENTIAL WRITE TRANSFERS field.
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TABLE 137 - PERCENTAGE OF SEQUENTIAL WRITE TRANSFERS

Codes Description
0 The application client is providing no direction on the sequentiality of
user data write transfers.
1-100 The percent of times an application client is expected to do writes of se-
guential logical blocks on consecutive user write read transfers.
101-127 Reserved

128-255 Vendor Specific

The CREATE/MODIFY PERIPHERAL DEVICE DESCRIPTOR contains information the target shall use to control the
user data mapping within peripheral devices. See table 138 for the format of the CREATE/MOD|FY
PERIPHERAL DEVICE DESCRIPTOR.

Table 138 - Data format of CREATE/MODIFY PERIPHERAL DEVICE DESCRIPTOR

Bit
Byte 7 6 5 4 3 2 1 0
0
LUN_P
1
2 RESERVED
3 WEIGHTING. OF USER DATA

The LUN_P field defines the address of the peripheral device to place user data.

The WEIGHTING OF USER DATA field contaips a value used to calculate the portion of the volume set's and
redundancy group’s capacity to place on-the selected peripheral device. The target shall determine this
capacity by using the equation ¢ =.(dw) x [(vc)/(Zdw)] where:

¢ = capacity of the peripheral device selected in the LUN_P field,
dw = value of WEIGHTING OF USER DATA field, and
vc = value of the CAPACITY field.

If the requested capagity (c) will not fit within the unassigned p_extent area(s) on the addressed periphéral
device the target’shall terminate the command with a CHECK CONDITION status. The sense key shall be
set to ILLEGALE REQUEST, and the additional sense code set to PARAMETER VALUE INVALID.
6.8.1.6 CREATE/MODIFY VOLUME SET service action

The CREATE/MODIFY VOLUME SET service action (see table 139) requests the creation of a new
velume set or the modification of an existing volume set. If the create operation fails to complete

successfully and the IMMED Dit is zero the command shall be terminated with a CHECK CONDITION
status. The sense key shall be set to HARDWARE ERROR, and the additional sense code set to
CREATION OF LOGICAL UNIT FAILED. If the modification operation fails to complete successfully and
the IMMED bit is zero the command shall be terminated with a CHECK CONDITION status. The sense key
shall be set to HARDWARE ERROR, and the additional sense code set to MODIFICATION OF LOGICAL
UNIT FAILED. On successful completion of this CREATE/MODIFY VOLUME SET service action a unit
attention shall be generated for all initiators except the one that issued the service action. When reporting
the unit attention condition the additional sense code shall be set to VOLUME SET CREATED OR
MODIFIED.

If the IMMED bit is one and the create/modify volume set fails then a deferred error shall be reported.
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Table 139 - CREATE/MODIFY VOLUME SET service action

Bit
7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (BFh)

1 RESERVED SERVICE ACTION (02h)

2 RESERVED

3 RESERVED GRANULARITY OF UNITS

4 (MSB)

LUN_V

5 (LSB)

6 (MSB)

7

LIST LENGTH

8

9 (LSB)

10 CREATE/MODIFY RESERVED IMMED

11 CONTROL
The GRANULARITY OF UNITS field indicates if bits, bytés, words, or logical blocks shall be used within the
volume set being created or modified. See table 76.for the format of the GRANULARITY OF UNITS field.
The LUN_V field specifies the address of the_valume set that shall be created or modified. If the requested
logical unit is not configurable the command shall be terminated with a CHECK CONDITION status. The
sense key shall be set to ILLEGAL REQUEST, and the additional sense code set to LOGICAL UNIT NOT
SUPPORTED.
An immediate (IMMED) bit of zero indicates that status shall be returned after the create/modify volume [set
operation has completed. ARNMMED bit value of one indicates that the target shall return status as soon as
the command descriptor/lock and parameter list have been validated.
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The CcREATE/MODIFY field is defined in table 140.

TABLE 140 - CREATE/MODIFY

Codes

Description

00b

The target shall create a volume set and shall assign to the created
volume set the logical unit number contained in the LUN_V field. If the
addressed volume set already exists within the target the target shall
modify the existing volume set as requested in the CREATE/MODIFIY
VOLUME SET service action. The target may preserve the contents of
and access to user data on completion of a modify.

10b

11b

The-target-shal-create-a-volume-set-and-shall-assignto-the-created
volume set a logical unit number per the addressing rules (see 5.3.1).
The LUN_V field shall be ignored.

The target shall modify the volume set addressed in the LUN_V field:If
the addressed volume set does not exist the target shall terminate the
command with a CHECK CONDITION status. The sense key-shall be
set to ILLEGAL REQUEST, and the additional sense code,setto LOG-
ICAL UNIT NOT CONFIGURED. The target may preserye ‘the con-
tents of and access to user data on completion of the modify.

The target shall modify the volume set addresseddn the LUN_vV field. If
the addressed volume set does not exist the target shall terminate the
command with a CHECK CONDITION status..-Fhe sense key shall be
set to ILLEGAL REQUEST, and the additional sense code set to LOG-
ICAL UNIT NOT CONFIGURED. The,tatget shall preserve the con-
tents of and access to user data on-cémpletion of the modify.

The CREATE/MODIFY VOLUME SET parameter list\(see table 141) contains user data mapp
information and a list of CREATE/MODIFY PS_EXTENT DESCRIPTORS that shall be combined to create or mo
the addressed volume set.

ng
Hify

140
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Table 141 - CREATE/MODIFY VOLUME SET parameter list

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
PS_EXTENT STRIPE LENGTH

2

3 (LSB)
4 (MSB)

5

PS_EXTENT INTERLEAVE DEPTH
6
7 (LSB)
CREATE/MODIFY PS_EXTENT DESCRIPTORS(S) (if any)
8
CREATE/MODIFY PS_EXTENT DESERIPTOR 0
27
n-19
CREATE/M®DIFY PS_EXTENT DESCRIPTOR X
n

The PS_EXTENT STRIPE LENGTH field specifies the number of contiguous ps_extents the target shall co
before looping back to the first ps_extent of the current stripe. The looping shall continue until all the u
of a ps_extent are used up or thelvalue in the PS_EXTENT INTERLEAVE DEPTH field is reached.

If the number of ps_extents.\within the current create volume set request is not an exact multiple of
PS_EXTENT STRIPE LENGTH field the command shall be terminated with a CHECK CONDITION status. 1
sense key shall be set\to ILLEGAL REQUEST, and the additional sense code set to INVALID FIELD
PARAMETER LISTCItjis not an error if the PS_EXTENT STRIPE LENGTH field is not an even multiple of stri
and a modify volGme set was requested.

The PS_EXIENT INTERLEAVE DEPTH field specifies the number of stripes the target shall count bef
continuing\the mapping into the next consecutive ps_extent beyond the current stripe. If the current st
is thevast ps_extent the target shall continue the mapping at the first ps_extent. The mapping s
continue until all the units of all the ps_extents are mapped.

unt
hits

the
he
IN
hes

Dre
ipe
all

[t the value in the PS_EXTENT STRIPE LENGTH field is equal to the number of ps_extents within the curr
modify/create volume set request, the PS_EXTENT INTERLEAVE DEPTH field shall be ignored.

ent

The CREATE/MODIFY PS_EXTENT DESCRIPTOR contains information the target shall use to control the user

data mapping (see 5.3.2.14) within the ps_extent. See table 142 for the format of the CREATE/MOD
PS_EXTENT DESCRIPTOR.

IFY
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