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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.

JrC 1. Draft International Standards adopted by the joint technical committee are circulated to national
hodies for voting. Publication as an International Standard requires approval by at least 75% af'thg
ational bodies casting a vote.

International Standard ISO/IEC 14776-341 was prepared by subcommittee 25: Interconnection’ of information
bchnology equipment, of ISO/IEC joint technical committee 1: Information technology.
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Introduction

The SCSI command set is designed to provide efficient peer-to-peer operation of input/output device

S

(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 must properly coordinate their actions or data

T [EXN |
C.
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gperations systems. However, details of the coordination are beyond the scope of the SCSI command.se

—

his standard defines a device model for SCSI-3 storage arrays. This standard defines _the' SCH
pmmands that may apply to SCSI-3 storage arrays and the SCSI commands that are uniquely.for SCSI
forage arrays.

0 o

Tlhe SCSI-3 Controller Commands (SCC) 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 relationship between this document and the SCSI-3 Architectur
Model;

- Clause 5 describes the command model for SCSI-3, storage array devices;
- Clause 6 defines the commands that may be implemented by an SCSI-3 storage array device.
Tlhe annexes provide information to assist with implementation of the SCSI-3 Controller Command

standard. Annex A is normative and is‘considered part of this standard. Annexes B and C are fd
nformation only.

Higure 0O is intended to show the relationship of this document to other SCSI-3 standards. The figure is ng
mtended to imply a relationship.Such as a hierarchy, protocol stack, or system architecture. It indicates th
pplicability of a standard to'the implementation of a given transport.
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1 Scope

This International Standard defines the command set extensions for SCSI-3 storage array devices;

o

ommonly known as RAID devices. This standard is principally intended to be used in conjunction with, not

as an alternate to, any of the SCSI-3 command standards and the SCSI-3 Architecture Model Standard
(ISO/IEC IS 14776-411). The resulting commands facilitate the control and configuration of SCSI-3

S
S

T

Q

—

= N N

Q =

N n N

O O

)

hhis standard. At the time of publication, the editions indicated were valid. All standards are subject

torage arrays and thus provide a common command specification for both system integrators and
uppliers of SCSI-3 storage array devices.

I ot | . I _ tevi — -
pnjunction with the applicable clauses within any of the SCSI-3 command standards, shall specify.th
fandard command set available for SCSI-3 storage arrays.

D

he objectives of the SCSI-3 Controller Commands is to provide the following:
a) Transfer commands unique to SCSI-3 Controller Command devices;

b) Control commands to manage the operation of an SCSI-3 Controller Command device;
¢) Optional device mapping and pass-through support.

Normative references

.1 Normative references

=

he following standards contain provisions which, through reference in the text, constitute provisions%

=

bvision, and parties to agreements based on this standard-are encouraged to investigate the possibility
pplying the most recent editions of the standards listed,below.

lembers of IEC and ISO maintain registers of curtently valid standards.
.2 Approved references

CSI-3 Architecture Model Standard (ISO/IEC 14776-411)

.3 References under devélopment

t the time of publication, the following referenced standards were still under development. For informatio|
n the current status-of_the document, or regarding availability, contact the relevant standards body ¢
ther organization as.indicated.

=

CSI-3 Interlocked Protocol Standard (ISO/IEC 14776-211)
CSI-3 Primafy Commands Standard (ISO/IEC 14776-311)

Definitions, symbols, abbreviations, and conventions

w

.1 Definitions

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

3

.1.1 application cl ient: An object that is the source of SCSI commands.

Note: Further definition of an application client can be found in the SCSI-3 Architecture Model Standard
(ISO/IEC IS 14776-411).

3.1.2 associ ation: The linking of SCSI-3 storage array objects in a manner explicitly defined within this
standard.

IS SCSI-3 Controll er Comm ands 1
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3.1.3 attach ment: The linking of SCSI-3 storage array objects in a vendor specific manner.

3.1.4 base address: The LUN that an application client addresses to configure an SCSI-3 storage array
and to determine information about an SCSI-3 storage array and the logical units attached to it.

3.1.5 byte: Indicates an 8-bit construct.

3.1.6 check d ata: Information contained within a redundancy group that allows lost or destroyed user data
to be recreated.

3.1.7 check data mapping: The distribution of the check data within a redundancy group.

311.8 comm and: A request describing a unit of work to be performed by a device server.

ote: See the SCSI-3 Architecture Model Standard (ISO/IEC IS 14776-411) for a detailed definition of|a
mmand.

3]11.9 command descriptor block:  The structure of up to 16 bytes used to communicate . commands fror
n initiator to a target.

[68)

.1.10 component device: Any physical addressable component not identifiable as an SCSI-
ripheral device type.

ote: See table 18 for a list of components.

[

.1.11 configuration : A collection of SCSI-3 storage array objects that fellow the rules defined within th
sfandard.

ote: For a list of SCSI-3 storage array objects see 5.3.2.

.1.12 covering: The linking of spare objects to other SCSI-3 storage array objects in a manner explicitly
fined within this standard.

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

D

.1.14 initiator: An SCSI device containing application clients that originate device service requests to b
processed by a target SCSI device.

ote: See the SCSI-3 Architecture Model Standard (ISO/IEC IS 14776-411) for a detailed definitior]
an initiator.

.1.15 invalid: An illegal or unsupported:field or code value.

.1.16 groups: Objects that are independent from one another that may overlay one another.

3|1.17 logical block addres s> An address of a unit of data supplied or requested by an initiator.

D

311.18 logical unit: An externally addressable entity within a target that implements an SCSI devic
odel.

ote: See the SCSI:3 Architecture Model Standard (ISO/IEC IS 14776-411) for a detailed definition of 4
logical unit.

LD

.1.19 logicaluni t identifier: An object that is part of the SCSI-3 Architecture Model Standard (ISO/IEC

14776-411) definition of a logical unit. A logical unit identifier uniquely identifies a logical unit in a SC$I
omain,

otenSee the SCSI-3 Architecture Model Standard (ISO/IEC IS 14776-411) for a detailed definitipn
SESI| domain and logical unit identifier.

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

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

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

3.1.23 optiona I: The referenced item is not required to claim compliance with this standard.
Implementation of an optional item shall be as defined in this standard.
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3.1.24 page: Several commands use regular parameter structures that are referred to as pages. These
pages are identified with a value known as a page code.

3.1.25 p_extent: All or part of the host addressable space within a single peripheral device of a SCSI-3
storage array.

3.1.26 periphe ral device: Any addressable device identifiable as a SCSI-3 peripheral device type.

Note: See the IDENTIFY COMMAND description in the SCSI-3 Primary Commands Standard (ISO/IEC
IS 14776-311) for the list of SCSI-3 peripheral device types.

3.1.27 protecte d space: The portion of a redundancy group that does not contain check data.

3.1.28 ps_extent: All or part of the protected space within a single peripheral device configured as
pdundancy group.

-

Q)

.1.29 rebuild operation: Recreation of protected space contents or any check datawithin a p_exte
sing check data and protected space contents from the remaining p_extents within'the redundangy

group.

)
—

3.1.30 recalcul ate oper ation: Recreation of check data from protected spaceContents.

O8]

.1.31 redundancy group: A grouping of protected space and associatéa check data (Check data may b
ull) into a single logical unit that shall only have a single type of redundancy.

-
9]

.1.32 regenerate operation: Recreation of inaccessible protected space contents from accessible chedk
ata and protected space contents.

.1.33 reserved: Identifies bits, fields, and code values that'are set aside for future standardization.

.1.34 SCSI-3 stor age array: A target that processes.SCSI command descriptor blocks and performs th
ervices of a SACL. A single SCSI-3 storage array:-may contain multiple SACLs.

wn_w o (@ NJN)]
D

.1.35 service action: A request describing_a-unit of work to be performed by a device server. A service
ction is an extension of a command.
lote: See the SCSI-3 Architecture Medel Standard (ISO/IEC IS 14776-411) for a detailed definition pf
command.

D — QO W

(O8]

.1.36 set: Objects that do not.intersect and are independent from one another. Sets may span more tha
ne device. A single device may contain more than one set or may contain the entire set.

Q
-

O8]

.1.37 spare: A range. of logical block addresses, a component device, or a peripheral device covered
ne or more redundancy groups, component devices, or peripheral devices that can be used to replace 3
I part of a redundancy group or a peripheral device or all of a component device.

<

Q

Q

—

3 1.38 storage~array conversion layer (SACL): Converts input logical unit numbers to output logical un|i
numbers and may convert input logical block addresses to output logical block addresses.

(O8]

.1.39.stripe: All or part of a volume set that is bounded by a number of contiguous units within a sing|
ps_extent and by a number of ps_extents

)

3.1.40 target: In this standard a target refers to an SCSI-3 storage array device that performs an
operation requested by an application client.

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

3.1.42 unit: A standard basic quantity in bits, bytes, words, logical blocks, etc., specified by the
GRANULARITY OF UNITS field (see table 62).
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3.1.43 user data: The addressable logical blocks that are input to the SACL. Check data is not part of the
addressable logical blocks.

3.1.44 user data mapping: The distribution of user data within a volume set.

3.1.45 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.

3.1.46 verify oper ation: Recreation of check data from protected space contents and the comparison of
therecreated check datawith the current check data

3.1.47 volume set: One or more ps_extents grouped into a single LUN_V.
3.1.48 zero: A false signal value or a false condition of a variable.
3.2 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 number
LUN_S Spare logical unit number
LUN_V Volume set logical unit number
MSB Most significant bit
SACL Storage array conversion layer
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 SCSI integface module
3.3 Conventions

CGertain words and terms used in this International Standard have a specific meaning beyond the norm
Hnglish meaning~These words and terms are defined either in 3.1 or in the text where they first appeat,
Names of messages, commands, statuses, sense keys, additional sense codes, and additional sen
code qualifiers-are in all uppercase (e.g., REQUEST SENSE), names of fields are in small upperca
(.9., STATE,OF SPARE), lower case is used for words having the normal English meaning.

Hields\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 are decimal values.
Numbers immediately followed by lower-case b (xxb) are binary values.

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

The term SCSI is used wherever it is not necessary to distinguish between the versions of SCSI. The
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Small Computer System Interface - 2 (ISO/IEC 9316), is referred to herein as SCSI-2.
The term SCSI-3 refers collectively to the following documents:

SCSI-3 Parallel Interface Standard (ISO/IEC IS 14776-111)
SCSI-3 Interlocked Protocol Standard (ISO/IEC IS 14776-211)
SCSI-3 Fiber Channel Protocol Standard (ISO/IEC IS 14776-221)
SCSI-3 Serial Bus Protocol Standard (ISO/IEC IS 14776-231)
SCSI-3 Architecture Model Standard (ISO/IEC IS 14776-411)
SCSI-3 Drimnr\ll Commands Standard (IQ(’)IIF(‘ 1S 1A77R_’-211)
SCSI-3 Block Commands Standard (ISO/IEC IS 14776-321)
SCSI-3 Stream Commands Standard (ISO/IEC IS 14776-331)]
SCSI-3 Graphic Commands Standard (ISO/IEC IS 14776-391)
SCSI-3 Medium Changer Commands Standard (ISO/IEC IS 14776-351)
SCSI-3 Multi-Media Commands Standard (ISO/IEC IS 14776-361)
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4 General

This standard defines a device model for SCSI-3 storage arrays and the SCSI commands that apply to
SCSI-3 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 Standard (ISO/IEC IS
14776-411). In accordance with the SCSI-3 Architecture Model Standard (ISO/IEC IS 14776-411), the
command-response protocol can be modeled as a procedure call, specifically:

Service response = execute command (task identifier, command descriptor block, [data-out
buffer], task attributes, || [data-in buffer], [autosense data], [autosense\return
flag], status).

—

he SCSI-3 Architecture Model Standard (ISO/IEC IS 14776-411) defines all of the inputs and outputs i
e procedure call. As they may apply to any SCSI device, this standard defines the contents of th
following procedure call inputs and outputs; command descriptor block, data-out buffer,\data-in buffer, an
utosense data. This standard does not define all possible instances of these'procedure inputs an
utputs. This standard defines only those instances that may apply to SCSI-3 sterage array devices.

—
=)

his standard references values returned via the status output parameter. Examples of such status value|
re CHECK CONDITION and COMMAND TERMINATED. Status values-are not defined by this standar
he SCSI-3 Architecture Model Standard (ISO/IEC IS 14776-411) defines all status values.

he entity that makes the procedure call from an initiator is an-application client, as defined by the SCSI

rchitecture Model Standard (ISO/IEC IS 14776-411). The.procedure call’s representation arrives at th
target in the form of a device service request. The entitycthat performs the work of the procedure call in
rget is a device server. A device server is an objectwithin a logical unit and is defined by the SCSI-
rchitecture Model Standard (ISO/IEC IS 14776-411):

> =t
WD O W
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5 Models fo r systems containing arrays of devices

5.1 General

The first part of this clause defines a system layering model that uses the concept of SACLSs to control
arrays of devices. The second part of this clause defines the model for SCSI-3 storage array devices. The
model assumes all the SCSI peripheral devices controlled within a SCSI-3 storage array are either fixed
block or variable block devices.

(I

.2 System layering model

5.2.1 SACL functions

h >3
D

SACL initiates several functions when an application client requests a media access. The,type of medi
ccess and the configuration in effect determine which functions are used. The following, are the function
vailable within a SACL:

14

D QD

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

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

¢) 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 set using check data information or
duplicate data;

f) Rebuilding of protected space contents associated withthe 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;

j) Returning a confirmation to the application client as to the success or failure of a request and, in
the case of a failure, gives possible corrective actions.
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5.2.2 Protocol conversion layer

A system is typically composed of many protocol conversion layers (see figure 1), 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 blog
addresses.

NOTE 1 - The logical unit identifier is defined in the SCSI-3 Architecture Model Standard (ISO/E€ IS

14776-411). SIMs and HBAs are defined in the SCSI-2 Common Access Method Transport ahd SCSI
Interface Module Standard (ISO/IEC IS 9316-2).

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

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

Figure 1 - 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, these are not covered 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 2, figure 3, and figure 5
through figure 8) 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

\ices

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

SACL
—>
logical unit identifier (output-a) + logical unit identifier (output-b) +
logical block address (output-a) logical‘block address (output-b)

Figur e 2- SACL conversion layer
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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 3 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 two SCSI devices attached on a single SCSI that is expandable. One of the SCSI

devices contains a SACL;

expandable;

operating system

b) one of the SCSI buses contains one SCSI device and is expandable.

r‘) the SCSI| device that cantains the SACL has three SCSI| buses with SCSI devices attached and.i

capable of driving more SCSI buses:
a) two of the SCSI buses contain two SCSI devices each and these SCSI buses are not

software (driver)

10

Figure 3 - Typical system diagram

>
HBA HBA
(initiator) (initiator)
SCSI SCSi SCSI bridge SCsl mmu SCsSI
device device controller (SACL) device device
|
SCS ScS SCS ScS SCS ScS
device device device device device - device

IS SCSI-3 Control ler Commands


https://standardsiso.com/api/?name=0deecbe59d48e4a300c3e72b33acbbd6

14776-341 © ISO/IEC:2000(E)

5.2.5 Branch of generic layers

Figure 4 shows a system that does not contain any SCSI-3 storage arrays. In such a system all layers pass
the logical unit identifier and logical block addresses directly through.

operating system

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

software (driver)

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

HBA (Initiator)

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

SCSI device

Figure 4 - Branch of generic layers
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5.2.6 Software SACL with a branch of SCSI disks

Figure 5 shows system software performing SACL functions. These functions convert the input logical unit
identifier(X) and the input logical block address(X) to the output logical unit identifier(Y) and output logical
block address(Y). All other layers pass the logical unit identifier and logical block address through.

OpeTatmy System

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

software (driver)
SACL

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

HBA (Initiator)

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

SCSI device

Figure 5 - Software SACL with a branch of S CSlI disks
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5.2.7 Branch with HB A SACL

Figure 6 shows a HBA performing SACL functions. These functions convert the input logical unit
identifier(X) and the input logical block address(X) to the output logical unit identifier(Y) and output logical
block address(Y). All other layers pass the logical unit identifier and logical block address through.

OpeTatmy 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)

SCSI device

Figure 6 - Branch with HBA SACL
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5.2.8 Branch with bridge controller SACL

Figure 7 shows a bridge controller performing SACL functions. These functions convert the input logical
unit identifier(X) and the input logical block address(X) to the output logical unit identifier(Y) and output
logical block address(Y). All other layers pass the logical unit identifier and logical block address through.

OpeTatmy 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)

SCSsl bridge controller
SACL

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

SCSI device

Figure 7 - Branch with bridg e controller S ACL
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5.2.9 Branch with SACLs in multiple layers

Figure 8 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
the output logical unit identifier(Y) and output logical block address(Y). The bridge controller functions then
convert the input logical unit identifier(Y) and the input logical block address(Y) to the output logical unit

identifier(Z) and output logical block address(Z). All other layers pass the logical unit identifier and logical
ock address throl |gh

operating system

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

software (driver)
SACL

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

HBA (initiator)

logical unitidentifier (y) + logical block address (y)

SCSI bridge controller
SACL

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

SCSI device

Figure 8 - Branch with SACL s in multiple layers
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5.3 Model for SCSI -3 storage arrays

The SCSI-3 storage array model defines:

a) the addressing of multiple devices and the addressing of multiple types of devices through multiple
layers of SCSI-3 storage arrays as a single target,

b) objects and how they are to be configured to create an operational SCSI-3 storage array; and

c) the operations that occur within SCSI-3 storage arrays.

L.o.1L SLOISl0lMage difda 'y addre Sbiﬂg

(n

ee table 1 for the methods used when addressing a SCSI-3 storage array.

Table 1 - Address ing methods with in a SCSI-3 storag e array

Method of Directly Suffix Spage
address ing addressable by addre ssed
application client

Component device no C none
Peripheral device yes P physical
Redundancy group no R protected
Spare no S none
Volume set yes \ user data

—

he application client shall access redundancy groupsgspares, and components by issuing commands o
the SCSI-3 storage array’s base address (LUN 0). The application client may directly address peripheral
vices and volume sets by using eight byte LUN:fields (see 5.3.1.2). For SCSI-3 storage array devic
that conform to the SCSI-3 Interlocked Protocgl Standard (ISO/IEC IS 14776-211) a method has bee
fined using a modified IDENTIFY message (see A.2) and a LUN mapping page (see 6.10.1.1) to allo
irect addressing of peripheral devices and volume sets that conform to the SCSI-3 storage arra

dressing model.

—

Il peripheral device addresses except the base address, default to vendor specific values. All componer]
vice, redundancy group, spare, and volume set addresses may default to vendor specific values or maly
defined by an application glient during configuration.

.3.1.1 SCSI-3 storagesarray base address

I SCSI-3 storage)arrays shall accept a LUN value of zero as a valid address. For SCSI-3 storage arrays
that have more than one logical unit, logical unit zero shall be the logical unit that an application clieft
dresses’te'configure an SCSI-3 storage array and to determine information about the target and the
logical units contained within the target. INQUIRY commands to an SCSI-3 storage array base addreds
shallaeturn a device type of array controller device.

5.3.1.2 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 to 1 to define the address and/or location of the SCSI device to
be addressed on that level.
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The eight byte LUN structure defined in this standard shall apply to SCSI-3 storage array devices that
conform to the SCSI-3 Controller Command.

If the LUN indicates that the command is to be passed to the next layer then the current layer shall use
bytes 0 to 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-3 storage arrays shall keep track of the necessary addressing information to allow reconnection to
the_correct task rInring reselection

Table 2 - Eight byte LUN structure adjustments

Byte p osition
old New
Oto1l Moves to Not used
2t03 Moves to Oto1l
4t05 Moves to 2t03
6to7 Moves to 4t05

Bytes six and seven of each new eight byte LUN structure shall be set'to zero.

Table 3 - Eight byt e 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
\NV—F—— FOURTH LEVEL ADDRESSING
i

The FIRST LEVEL ADDRESSING Tield Indicates the 1irst Ievel address of a peripheral device or volume Set. See
table 4 for a definition of the FIRST LEVEL ADDRESSING field.

The 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.
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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.

Table 4 - FIRST LEVEL ADDRESSING field, SECOND LEVEL ADDRESSING field, THIRD LEVEL ADDRESSING field,
and FOURTH LEVEL ADDRESSING field

Bit
o 7 6 5 4 3 2 1 0
AVA =
Byt
n-1 ADDRESS METHOD
n ADDRESS METHOD SPECIFIC

he ADDRESS METHOD field defines the contents of the ADDRESS METHOD SPECIFIC field,’See table 5 for th
efined address methods.

(o N
[¢)

Table 5 - ADDRESS METHOD

Codes Description
10b Logical unit addressing method
00b Peripheral device addressing method
01b Volume set addressing method
11b Reserved

n

ee 5.3.1.5 and 5.3.1.8 for the definitions of the ABBRESS METHOD SPECIFIC field.

5.3.1.3 Component device address method

b~

component shall only be addressed by addressing the base address of the SCSI-3 storage array that
cpntrols or will control the component device. For information on addressing the base address see 5.3.1.1.

5.3.1.4 Logical unit address metfiod

All SCSI commands are_allowed when the logical unit address method is selected, however logical unit
and SCSI-3 storage ,arrays are only required to support mandatory SCSI commands. SCSI-3 storag
arrays are not required’'to honor pass-through requests from the application client. Any command that

ot supported orpassed-through shall be terminated with a CHECK CONDITION status. The sense k¢
shall be set to JLLEGAL REQUEST and the additional sense code shall be set to INVALID COMMAN

UK O O »n
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Table 6 - Logica | unit addressing

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

he TARGET field indicates the target address of the peripheral device to which the SCSI-3 storage arrg
shall relay the received command. The TARGET field indicates the address of the target en the bu
dicated by the Bus NUMBER field that the received command shall be relayed to.

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

—

he BUs NUMBER field indicates the location of the bus that the SCSI-3 storagefarray shall use to relay th
bceived command.

=

—

he LUN field indicates the address of the logical unit to which the SCSI-3 storage array shall relay th
pceived command. The LUN field indicates the address of the logical unit within the target indicated by th
ARGET field that the received command shall be relayed to.

— =

(6]

.3.1.5 Peripheral devic e address method

evices and SCSI-3 storage arrays are only required to support mandatory SCSI commands. SCSI-
forage arrays are not required to honor pass-through requests from the application client. Any comman
at is not supported or passed-through shall be terminated with a CHECK CONDITION status. The sens|
y shall be set to ILLEGAL REQUEST and the additional sense code shall be set to INVALID COMMAN
PERATION CODE.

= 0N 9O

I the peripheral device addressing method is selected the SCSI-3 storage array shall relay the receive
mmand, if supported, to thesaddressed peripheral device providing a bypass of the SACL. See table

for the definition of the ADDRESS METHOD SPECIFIC field used when the peripheral device addressin
ethod is selected.

Table 7 - Peripheral devic e addressing

Il SCSI commands are allowed when the peripheraladdress method is selected, however peripheral

7]

[}

D D

¢

d
g
D

~N Qo

Bit | 6 5 4 3 2 1 0
Byte
A+ 8 o BUSMNHMBER
n TARGET/LUN

The BUS NUMBER field indicates the location of the bus that the SCSI-3 storage array shall use to relay th
received command.

e

The TARGET/LUN field indicates the address of the peripheral device/LUN to which the SCSI-3 storage array

shall relay the received command. If the BUS NUMBER field is set to zero the TARGET/LUN field indicates th

IS SCSI-3 Controller Commands 1

e

9


https://standardsiso.com/api/?name=0deecbe59d48e4a300c3e72b33acbbd6

14776-341 © ISO/IEC:2000(E)

address of the logical unit to relay the received command to, is located within the current level of the

SCSI-3 storage array. If the bus number field is not zero the TARGET/LUN filed indicates the address of th
target on the bus indicated by the bus number field that the received command shall be relay to. Th
logical unit to relay the received command to shall be LUN zero.

e
e

The base device located within the current level shall be addressed by a BUS NUMBER field and a TARGET/

LUN field of all zeros.

NOTE 4 - The value of targets within the TARGET/LUN field are defined by individual standards. (e.g.,
SCSI-3 Parallel Interface Standard (IQ(‘)/IF(‘ 1S 1A77ﬁ-111) defines targets to be in the range 0to 7 0to

15, and 0 to 31).
5.3.1.6 Redundancy grou p addres s method
A redundancy group shall only be addressed by addressing the base address of the SCSI-3storage arra

hat controls or will control the redundancy group. For information on addressing the base address se
53.1.1.

—

5.3.1.7 Spare address method

h >3

spare shall only be addressed by addressing the base address of the SCS):3 storage array that contro
r will control the spare. For information on addressing the base address’see 5.3.1.1.

Q

5.3.1.8 Volume set addr ess method

he volume set address method points to the SACL that executes the command using the algorithm
efined by the configuration.

Qo —i

NOTE 5 - The volume set might not be under the centrol of the addressed SCSI-3 storage array. It is
allowed to be in an SCSI-3 storage array lower in the.tree structure.

b~

[ SCSI commands are allowed when the volunie set address method is used, however volume sets ar
ot required to support all SCSI commandsAny command that is not supported shall terminate in error.

=

I the response to an INQUIRY commiand the addressed volume set shall return a valid SCSI-3 peripheral

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

hen the volume set addressing method is selected the SCSI-3 storage array shall use a SACL at th

rrent level to address peripheral devices as required to execute the received command. See table 8 fg
the definition of the ADDRESS METHOD SPECIFIC field used when the volume set addressing method
selected.

Table 8 - Volume set addressing

D <<

(2]

(2]

n = o0

Bit
Byte 7 6 5 4 3 2 1 0
n-1 0 1 (MSB)
n LUN (LSB)

The LUN field indicates the address of the volume set that the SCSI-3 storage array shall direct th
received command to.

e
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5.3.2 SCSI-3 storage array ob jects

An SCSI-3 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-3 storag

e

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:

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 ob jects

&)

bjects that have been added to a SCSI-3 storage array shall be addressable (see 5.3.1) by an applicatig
ient.

Q

eripheral devices and component devices may be logically addéd to a SCSI-3 storage array. The AD
ERIPHERAL DEVICE/COMPONENT DEVICE service action (see 6.3.1.1) adds objects. Adding
eripheral device or a component device may or may not aatematically cause the device to become part g
configuration.

QT T T

[é1]

.3.2.2 Association of ob jects

bjects become associated during the configuration of SCSI-3 storage arrays. The create/modify servic
ctions for redundancy groups (see 6.5.1.2) and volume sets (see 6.7.1.3) create associations and th
elete service actions (see 6.5.1.3 and-6.7.1.4) remove associations. The rules for objects that ar
ssociated are explicitly defined throughout this clause and within the create/modify service actions.

D OV O

n SCSI-3 storage array may ‘ereate associations through mechanisms other than the create/modif

Vhether such associations may be modified by the create/modify service actions specified by th
tandard or by other mechanisms is vendor specific. The only requirement on such associations is thg
ey shall be reported-Using the report service actions defined in this standard.

0w < 0 >

—

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 ob jects

Qbjects shall only be attached to component devices. The ATTACH TO COMPONENT DEVICE servic

ervice actions defined in thisydocument (e.g., by factory settings or by external configuration facilities).

-

—_ D UJ

0D

)

1

D

action (6.3.1.2) establishes attachments.

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

The attachment of component devices shall not be reflexive (i.e. attaching LUN_C 1 to LUN_C 2 does not

attach LUN_C 2 to 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
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A

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.

n SCSI-3 storage array may create attachments through mechanisms other than the attach service

actions 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

D

d
a

5

xchange stays in effect is vendor specific.

ny object or group of objects may be covered by a like object. The SPARE(OUT) command (see-6.9.]
tablishes the covering of the objects.

~

hen an object or group of objects are covered and there is a failure, the covering object shall assume gl
e characteristics of the failed object, in effect doing an automatic exchange. The Jéngth of time th

D

bjects may be covered by a SCSI-3 storage array without any spare requests being issued from ah
pplication client. The SCSI-3 storage array may have covered objects based<on internal requirements.

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

.3.2.5 Exchangin g objects
peripheral device, p_extent, or component devicexmay be exchanged with a like device. The exchang

ervice actions (see 6.3.1.4 and 6.3.1.5) are usedto exchange objects. When an old peripheral device,
| extent, or component device is exchanged, the new peripheral device, p_extent, or component device

D

A
S
P
t

redundancy group, volume set mappingsy attachments, etc.). An exact copy of any protected spac

the old peripheral device are vendof specific.

5

Q. T

[o)Mella)

kes on all the characteristics of the old\peripheral device, p_extent, or component device (e.g

=

ntents and/or check data on the old.device shall be replicated on the new device. The characteristics ¢

.3.2.6 Protected objects

=

rotected objects are objects that are able to tolerate one or more objects failing without any loss of usg
ata or loss of SCSI-3:sterage array availability.

.3.2.7 Removin(g)objects
bjects that\have been removed from a SCSI-3 storage array shall not be addressable by an applicatig

ient, until'the object is re-added or recreated. The remove service actions (see 6.3.1.7, 6.5.1.3 an
.9.1.3)are used to remove objects.

=D

(0]

Ty Object TITay e Termoved fTonT a ConfiguTatiorn. HOWEVET, SOMTE TESITCHONS Tay apply as to wierman
bject may be removed. Those restrictions are defined in 6.3.1.7, 6.5.1.3, and 6.9.1.3.

When the object is removed all attachments, associations, and covers relating to the object being removed

a

re erased from any configurations containing the object. Any addressable logical block addresses within a

removed volume set shall become unassigned protected space. Any addressable logical block addresses
within a removed redundancy group or spare shall become unassigned p_extent space.

2
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5.3.2.8 Component device

See 3.1.10 for the definition of component devices.
5.3.2.9 Peripheral de vice

See 3.1.26 for the definition of peripheral devices.

5.3.2.10 P_extent

ee 3.1.25 for the definition of p_extents.

_extents are used by the application client to create and modify redundancy groups and spares. Arsingle
ssigned p_extent or unassigned p_extent that contains no check data may be configured.into one qr
ore redundancy groups. A single assigned p_extent or unassigned p_extent may be configured into onje

r more spares. A single p_extent shall not be associated with a redundancy group and{onfigured as p
spare at the same time. After a p_extent has been configured into a redundancy group or as a spare |it
comes an assigned p_extent.

ny addressable logical block addresses within an operating peripheral device/connected within a SCSI{3
storage array that have not been configured into a redundancy group shall be unassigned p_extents$.

efore assignment, all the consecutive addressable logical block addresses on a single peripheral devic
shall be grouped into a single unassigned p_extent.

D

he application client uses a REPORT ASSIGNED/UNASSIGNED P_EXTENT service action (see 6.2.1.1)
td determine the unassigned p_extents.

A single unassigned p_extent may be subdivided into oneor more p_extents by the application client. Thp
subdivided p_extents may be used within one or more"CREATE/MODIFY REDUNDANCY GROUP servic
actions.

)

5.3.2.11 Ps_extent

Yee 3.1.28 for the definition of ps_extent.

>

Hs_extents are used by the application client to create and modify volume sets. Ps_extents are created 0
tihe successful completion of a8\ CREATE/MODIFY REDUNDANCY GROUP service action (6.5.1.2.)
sjngle ps_extent shall only bé ¢onfigured into one volume set. After a ps_extent has been configured into
lume set it becomes an ‘assigned ps_extent.

S g

ny addressable logical block addresses, not defined as containing check data, within an operating
ripheral device-connected within a SCSI-3 storage array that have not been configured into a volume s¢t
shall be unassigned ps_extents. All the consecutive addressable logical block addresses on a sing:L
ripheral device, excluding logical blocks defined as containing check data, shall be grouped into a sing|
nassigned.ps_extent.

D

he"application client uses a REPORT UNASSIGNED REDUNDANCY GROUP SPACE service actio
(tee6.4.1.2) to determine the unassigned ps_extents

=i

A single unassigned ps_extent may be subdivided into one or more ps_extents by the application client.
The subdivided ps_extents may be used within one or more CREATE/MODIFY VOLUME SET service
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.
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5.3.2.12 Redundancy group

See 3.1.31 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.

As a result of a successful creation of a redundancy group ps_extents are formed. The ps_extents then
ay be used hy the npplirntinn client to create volume sets

-

igure 9 shows the relationship between the check data and protected space before any volume sets:have
been defined.

unassigned protected space

redundancy group

I 7 volume set user data
[ 1 redundancy group
] protected space

Il checkdata

Figure 9 - Single re dundancy group

Higure 10 shows thierelationship between the check data and protected space after two volume sets have
een defined within the redundancy group.

(o
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volum e set (1) volume set (2)
user data (1) / user dat a (2) /
7 ya
1 1
. unassigned
assigned protected space protected
| space
|

redundancy group

volume set user data

r
Ld

redundancy group
protected space

_ N

check data

Figure 10 - Multiple volume sets assoc iated with'a’s ingle redundancy group

—

he application client may map check data within akredundancy group using the following thre
parameters:

D

a) START CHECK DATA INTERLEAVE UNIT field;
b) NUMBER OF UNITS OF CHECK DATA field;
C) NUMBER OF UNITS OF USER DATA field:

—

he START CHECK DATA INTERLEAVE UNIT_field contains the location of the first unit of check data within th
p_extent. There is a unique START CHECK DATA INTERLEAVE UNIT field for each p_extent.

]

Tlhe NUMBER OF UNITS OF CHECK DATA field contains the number of consecutive units to be reserved fq
heck data within the p_extent. There is a unique NUMBER OF UNITS OF CHECK DATA field for each p_exten

=

Q

Tlhe NUMBER OF UNITS-OF USER DATA field contains the number of consecutive units to be reserved fq
rotected space within the p_extent. There is a unigue NUMBER OF UNITS OF USER DATA field for eac
extent.

=

o)
=

=

he flow e¢hart in figure 11 is an example of an implementation of a SCSI-3 storage array redundanc]
roup being configured with a check data mapping of XOR redundancy. The check data mapping routin
Ses{heé START CHECK DATA INTERLEAVE UNIT field, NUMBER OF UNITS OF CHECK DATA field, and NUMBER Q
NITS OF USER DATA field and assumes a non-zero value for the NUMBER OF UNITS OF CHECK DATA field an
Ne NUMBER OF UNITS USER DATA Tield.

C CcQ -
O T b <

—
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p_extent pointer = first p_extent

<

units pointer = 0

units of user data counter = number of units of user data for current p_ex_tent
start check data interleave counter = start check data interleave units for current p_extent
|

start check data

No . Yes
interleave counter
EQ. \V
0 current unit = check data

: . ; o ’ .
current unit = user data units pointer = units peinter + 1

. . - . . 4 )
units pointer = units pointer + 1 units of chedAiSTa counter =

start check data interleave counter = units o Khetk data counter - 1

start check data interleave counter - 1

Yes No

units of check data counter
.EQ.0

Yes units pointer No

.GT.
maximum p_extent unit \ll

current unit = user data
units pointer s units pointer + 1
units of userdata counter = units of user data counter - 1

Yes units of user No
data counter
EQ.0
Yes units.poiiter No
GT:
maximum jp_extent unit
point to nextPrextent 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

Yes No

valid p_extent pointer

end

Figure 11 - 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;

26 IS SCSI-3 Control ler Commands


https://standardsiso.com/api/?name=0deecbe59d48e4a300c3e72b33acbbd6

14776-341 © ISO/IEC:2000(E)

b) Copy redundancy;
¢) XOR redundancy;
d) P+Q redundancy;
e) Vendor specific redundancy.

5.3.2.12.1 No redundancy method of check data mapping

In a redundancy group that 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 GROUP service

tion (cnn 651 ’)) shallall be set as indicated:

a) GRANULARITY OF UNITS field = O;

b) START CHECK DATA INTERLEAVE UNIT field = O;

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

=i

a redundancy group that the application client requests copy redundancy all(user data is replicated o
| the p_extents listed in the CREATE/MODIFY REDUNDANCY GROUP serjice action (6.5.1.2). If th
ethod is requested then the following fields in the CREATE/MODIFY REDUNDANCY GROUP servic
ction (see 6.5.1.2) shall be set as indicated:

L3 Q=
a0

a) GRANULARITY OF UNITS field = logical block;

b) START CHECK DATA INTERLEAVE UNIT field = O;

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

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

-n

or copy redundancy the NUMBER OF UNITS OF USER, DATA field shall be equal for all the p_extents within
ngle CREATE/MODIFY REDUNDANCY GROUP,_service action.

0

5.3.2.12.3 XOR or P+Q redundancy method ofs * check data mapping

In a redundancy group that the application client requests XOR redundancy, or P+Q redundancy the use
data is protected by use of check datalTocated within the check data areas. The check data mapping
defined by the check data interleave fields. If this method is requested then the following fields in th
GREATE/MODIFY REDUNDANCY GROUP service action (see 6.5.1.2) shall be set as indicated:

L O =

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 OFUNITS OF USER DATA field = set to desired value.

5.3.2.12.4 Vendor specific redundancy method of check data mapping

=

specific redundancy, the user data is protected in a vendor specific manner.

IVFJa redundancy group for which the application client requests a redundancy type method of vendq

5.3.2.13 Spares
See 3.1.37 for the definition of spares.

Spares are created by the application client to allow a failed p_extent, peripheral device, or component
device to be automatically exchanged (see 5.3.2.5). P_extents shall only be exchanged with p_extents,
peripheral devices shall only be exchanged with peripheral devices, and component devices shall only be
exchanged with component devices. A redundancy group or peripheral device that contains a failed range
of LBA_P(s), a failed peripheral device, or a failed component shall be covered by a spare before an
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automatic exchange is allowed to occur.

After an automatic exchange the spare takes on all the characteristics of the failed p_extent, peripheral
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-déevice, or
component device into the SCSI-3 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

(n

ee 3.1.47 for the definition of volume sets.

(]

Molume sets are created by the application client to provide a configuous range of logical block addresss
br reading and writing user data. Volume sets shall not ovérlap and shall be independent from ong
nother.

—h

he application client issues a REPORT UNASSIGNED, REDUNDANCY GROUP SPACE service actig
($ee 6.4.1.2) to determine the boundaries of any unassigned protected space. The unassigned protecte
space may be used to create volume sets or to expand existing volume sets. This service action providgs
formation to the application client so it can pla¢e volume sets on specific peripheral devices.

[N

el

igure 12 shows a relationship between the.check data and protected space before any volume sets have
been defined.
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-

unassigned
protected space (a)

unassigned
protected spac e (b)

redundancy grou p (a)

I 1 volume set user data
[ ] redundancy gro up
[] nprotected space

Il checkdata

redun dancy gro up (b)

Figure 12 - Multiple redundaney groups

igure 13 shows the relationship between check data, user data and protected space after a single volum|
et has been defined across the two redundancy groups.

ECK a4 eck data
volumg’set
userdata /
/
l .
assigned assigned l ;?;Zi[[geged
protected space (a) protected space (b) | (- 0

redundancy grou p (a)

F 3 yolum o setuserdata

redun dancy gro up (b)

]

L d
[ ] redundancy group

[] protected space
Il checkdata

Figure 13 - Single volume set associated with multiple redundancy groups
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NOTE 12 - The volume set in figure 13 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 exten here is 3 R DATA STRIPE DEPTH field for each ps exten

he PS_EXTENT STRIPE LENGTH field contains the number of contiguous ps_extents to count before lepping
hack to the first ps_extent of the current stripe.

D

he PS_EXTENT INTERLEAVE DEPTH field contains the number of stripes to count before contindging onto th
ext consecutive ps_extent beyond the current stripe.

he ps_extent interleave depth is only used if the ps_extent stripe length is not equal to the number o¢f
ps_extents.

he flow chart in figure 14 and figure 15 is an example of an implementation of a SCSI-3 storage arraly
plume set user data mapping routine using the USER DATA STRIPE DEPTH,field, PS_EXTENT STRIPE length
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.
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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
Userdata-stripe-depth-counter—userdata-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 + 1

user data stripe depth counter =
user data stripe depth counter - 1

units pointer
.GT.

maximum

s_extent unit

Yes

ps_extent pointer = ps_extent pointer + 1

ps_extent stripe length counter =
ps_extent strip length counter - 1

ps_extent
stripe length counter
.LE.
0

valid ps_extent
pointer

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

ps_extent stripe length
.EQ.

umber of ps_extent:

Yes

Figure 14 - Volume set user data mapping flow chart (part 1)
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®

SUTpPgE Loummer = sthnpc LUUNMeET = 1L

stripe counter
.LE.
0

Yes

valid ps_extent
pointer

{ error }

units pointer
.GT.
maximum
ps_extent unit

No

No

units pointer
.GT.
maximum
s_extent unit

No

ps_extent pointer = psiextent pointer - ps_extent stripe length
user data stripe depth-counter = user data stripe depth
ps_extent stripe léngth 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 pointef_ = units pointer - (user data stripe depth x

stripe,counter)

stripe ‘eounter = ps_extent interleave depth
ps,_extent stripe length counter = ps_extent stripe length

Figure 15 - Volume set user data mapping flow chart (part 2)

Figure 16 shows the most general implementation of the three parameters used to map the user data.
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Figur e 16 - Volume set user data mapping flow
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5.3.3 SCSI-3 storage array op erations
5.3.3.1 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
regenerated protected space contents or any recalculated check data shall be written to the p_extent
being rebuilt.

5332 Recalculate oper ation

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

.3.3.3 Regenerate operation
he regenerate operation recreates inaccessible protected space contents from acCessible check data
nd protected space contents. The recreated protected space contents is not saved after it is transferred o

the application client.

5.3.3.4 Verify op eration

—

he verify operation recreates check data from protected space contents and compares the recreated
heck data with the current check data. If the recreated check data dees not match the current check data
n exception condition shall be created. See 6.7.1.6 and 6.5.1.7°for exception handling information.

D O

(6]

.3.4 SCSI-3 storage ar ray states

)

SCSI-3 storage array defines states for each typerof logical unit that may be connected within th
CSI-3 storage array or configured by an application client. The state gives an application clier
formation on the current operating condition of¢sglected logical unit(s).

—

S (N>

he state of a SCSI-3 storage array (LUN*Q){ a peripheral device, or a volume set may be determined by
ing the same methods as any other SESI device (e.g., a TEST UNIT READY command followed by
EQUEST SENSE command). However, more detailed state information may be obtained by issuing ja
EPORT STATES service action.

D

[oN

he REPORT STATES servicé action (see 6.2.1.7) reports all available state information for the selecte]
logical unit(s) (e.g., if a lagical unit has two states, both of those states are reported in the REPOR

TATES service action). States are also returned to the application client in many of the report servicg

tions and only one state shall be returned per report service action. The priority of reporting multipl
sfates is vendor specific.

=t

D

.3.5 SCSI-3\storage array exception conditions

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

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

6.1 Commands

The operation codes for commands that apply only to SCSI-3 storage array devices are listed in table 9.

Table 9 - Command s for SCSI storage array devices

Command Nam e Operation Type | Subclause
code
INQUIRY 12h M SPC
LOG SELECT 4Ch 0] SPC
LOG SENSE 4Dh 0] SPC
MAINTENANCE(IN) A3h M 6.2
MAINTENANCE(OUT) Adh O 6.3
MODE SELECT(6) 15h ¢} SPC
MODE SELECT(10) 55h 0] SPC
MODE SENSE(6) 1Ah 0] SPC
MODE SENSE(10) 5Ah o] SPC
PERSISTENT RESERVE IN 5Eh 0] SPC
PERSISTENT RESERVE OUT 5Fh 0] SPC
PORT STATUS 1Fh o] SPC
READ BUFFER 3Ch o] SPC
RECEIVE DIAGNOSTICS RESULTS 1Ch o] SPC
REDUNDANCY GROUP(IN) BAh M 6.4
REDUNDANCY GROUP(OUT) BBh 0] 6.5
RELEASE(6) 17h 0] SPC
RELEASE(10) 57h 0] SPC
REPORT LUNS AOh M SPC
REQUEST SENSE 03h M SPC
RESERVE(6) 16h 0] SPC
RESERVE(10) 56h 0] SPC
SEND DIAGNOSTIC 1Dh 0] SPC
SPARE(IN) BCh M 6.8
SPARE(OUT) BDh 0] 6.9
START STOP UNIT 1Bh 0] SPC
TEST UNIT READY 00h M SPC
VOLUME SET(IN) BEh M 6.6
VOLUME SET(QUT) BFh 0] 6.7
WRITE BUEEFER 3Bh 0] SPC
Key: M = Cemmand implementation is mandatory.
O= Command implementation is optional.
SPCE = SCSI-3 Primary Commands Standard (ISO/IEC IS 14776-311).
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6.2 MAINTENANCE(IN) command

6.2.1 MAINTENANCE(IN) command service actions

The service actions for the MAINTENANCE(IN) command are listed in table 10.

Table 10 - Service actions for MAINTENANCE( IN) command

Service name Service Type Subclause
actions

REPORT ASSIGNED/UNASSIGNED P_EXTENT 00h M 6.2:11
REPORT COMPONENT DEVICE 01h M 6.2:1.2
REPORT COMPONENT DEVICE ATTACHMENTS 02h M 6.2.1.3
REPORT PERIPHERAL DEVICE 03h M 6.2.1.4
REPORT PERIPHERAL DEVICE ASSOCIATIONS 04h M 6.2.1.5
REPORT PERIPHERAL DEVICE/COMPONENT DEVICE

IDENTIFIER 05h M 6.2.1.6
REPORT STATES 06h M 6.2.1.7
Reserved 07h to 17h
Vendor specific 18h to“1Fh
Key: M = Service action implementation is mandatory.

O = Service action implementation is optional.

6.2.1.1 REPORT ASSIGNED/UNASSIGNED P_EXTENT service action

—

Tlhe REPORT ASSIGNED/UNASSIGNED P_EXTENT service action (see table 11) requests th3
mformation regarding assigned p_extents or unassigned p_extents within the target be sent to the
pplication client. See 5.3.2.10 for a definition of assigned and unassigned p_extents.

Q =
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—

Table 11 - REPORT ASSIGNED/UNASSIGNED P_EXTENT service action

Bi
; 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

he LUN_P field specifies the address of the peripheral device from which the p_extent(s) shall be reporte

er table 12. If the requested logical unit has’not been added to the target the command shall b
rminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and th
ditional sense code set to LOGICAL UNIT NOT SUPPORTED.

D W o

]

report selected bit (RPTSEL) of zero_indicates the target shall report all the assigned p_extent(s) or all th
nassigned p_extents within the target. The LUN_P field shall be ignored when the RPTSEL bit is zero.
PTSEL bit of one indicates-the target shall report only the assigned p_extent(s) or the unassigne
extents on the peripheral device indicated in the LUN_P field.

[o N2

P

report assigned p. éxtents bit (ASSIGN) of zero indicates the target shall report unassigned p_extents.
SIGN bit of one indicates the target shall report assigned p_extents.

he REPORTASSIGNED/UNASSIGNED P_EXTENT parameter list (see table 12) contains a four-byte
ader that contains the length in bytes of the parameter list and a list of ASSIGNED/UNASSIGNED P_EXTENT
ESCRIPTORS.
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Table 12 - 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

Tlhe ASSIGNED/UNASSIGNED P_EXTENT(S) LIST LENGTH field specifies the length in bytes of the following
SSIGNED/UNASSIGNED P_EXTENT DESCRIPTOR(S).

>

Tlhe ASSIGNED/UNASSIGNED P_EXTENT DESCRIPTORs defined in table 13.

Table 13 - Data format o f ASSIGNED/UNASSIGNED P_EXTENT DESCRIPTOR

Bit 7 & 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

The P_EXTENT DESCRIPTOR is defined in table 14.
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 Standard (ISO/IEC IS 14776-311) for a list
of SCSI peripheral device types.
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The P_EXTENT STATE field is defined in table 40.

Table 14 - Data for mat of P_EXTENT DESCRIPTOR

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

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

Tlhe NUMBER OF LBA_P(S) field centains the capacity of the p_extent in blocks.

—

he NUMBER OF BYTES PER'LBA_P field contains the size, in bytes, of the blocks in the p_extent. A value ¢f
ero in the NUMBER OF BYTES PER LBA_P field shall indicate the NUMBER OF BYTES PER LBA_P is variable.

N

6.2.1.2 REPORT COMPONENT DEVICE service a ction

—

he REPORT,.COMPONENT DEVICE service action (see table 15) requests that information regarding
pmponent device(s) within the target be sent to the application client.

Q
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Table 15 - REPORT COMPONENT DEVICE service action

Bi
¢ 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (Q1h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_C ) ]
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED RPTSEL
11 CONTROL

he LUN_c field specifies the address of the component device that shall be reported per table 16. If the
pquested logical unit has not been added to thetarget, the command shall be terminated with a CHECK
ONDITION status. The sense key shall becset to ILLEGAL REQUEST, and the additional sense code sgt
® LOGICAL UNIT NOT SUPPORTED.

= M~ =

h >3
>

report selected bit (RPTSEL) of zera_indicates the target shall report on all the component device(s) withi
Ie target. The LUN_c field shalkbe-ignored when the RPTSEL bit is zero. A RPTSEL bit of one indicates th
rget shall report only on the-€emponent device indicated in the LUN_C field.

,_..
[¢)

—

—
—

he REPORT COMPONENT DEVICE parameter list (see table 16) contains a four-byte header thg
pntains the length inChytes of the parameter list and a list of COMPONENT DEVICE DESCRIPTORS.

Q
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Table 16 - REPORT COMPONENT DEVICE parameter | ist

Bit
7 6 5 4 3 2 1 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
Tlhe COMPONENT DEVICE LIST LENGTH field specifies the dength in bytes of the following COMPONENT DEVICE
DESCRIPTOR(S).
Tlhe COMPONENT DEVICE DESCRIPTOR is defined:if‘table 17.
Table 17 - Data format of COMPONENT DEVICE DESCRIPTOR
Bit
7 6 5 4 3 2 1 0
Byte
0 COMPONENT DEVICE TYPE
1 REPFACE COMPONENT DEVICE STATE
2 (MSB)
LUN_C —
3 (LSB)
ThecomMPoNENT DEVCE-TYPE-fretd—contains-the-typeof componentdevice—See-tabte—18foratistof

component device types.

The component device types table (see table 18) contains a list of non-data type devices the target may

address as component devices.

42
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Table 18 - COMPONENT DEVICE TYPES

= = T

6

T

(&

mformation regarding logical units that are attached\to component device(s) be sent to the applicatio

Code Description
00h Controller electronics that contain a SACL
01h Non-volatile cache
02h Power supply
03h Uninterruptable power supply
04h Display
05h Key pad entry
06h Fan
07h to 7Fh Reserved
80h to FFh Vendor specific

he component device STATE field is defined in table 42.
replace bit (REPLACE) of zero indicates the component device indicated\in the LUN_C field is not g

bplaceable unit. A replace bit of one indicates the component device-indicated in the LUN_c field is ja

bplaceable unit.

he LUN_c field contains the address of the component device.

.2.1.3 REPORT COMPONENT DEVICE ATTACHMENTS.service

he REPORT COMPONENT DEVICE ATTACHMENTS service action (see table 19) requests thg

= =Y

ient.
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Table 19 - REPORT COMPONENT DEVICE ATTACHMENTS serv ice action

Bi
¢ 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (A3h)

1 RESERVED SERVICE ACTION (Q2h)

2 RESERVED

3 RESERVED

4 (MSB)

LUN_C A

5 (LSB)

6 (MSB)

7

ALLOCATION LENGTH

8

9 (LSB)

10 RESERVED RPTSEL

11 CONTROL
Tlhe LUN_c field specifies the address of the compenent device for which the target shall report information
per table 20. If the requested logical unit has'not been added to the target the command shall bg

8]

—

rminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and th
ditional sense code set to LOGICAL UNIT NOT SUPPORTED.

=)

report selected bit (RPTSEL) of zera_indicates the target shall report on all the component device(s) withi
the target. The LUN_cC field shalkbe-ignored when the RPTSEL bit is zero. A RPTSEL bit of one indicates th
target shall report only on the-€emponent device indicated in the LUN_C field.

[¢)

Tlhe REPORT COMPONENT DEVICE ATTACHMENTS parameter list (see table 20) contains a four-byte
header that contains-the length in bytes of the parameter list and a list of COMPONENT DEVICE
ATTACHMENT DESERIPTORS.
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Table 20 - REPORT COMPONENT DEVICE ATTACHMENTS paramete r list

Bi
! 7 6 5 4 3 2 1 0
Byte
0 (MSB)
1
COMPONENT DEVICE ATTACHMENT LIST LENGTH (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 (Lengthy)

QO -

OMPONENT DEVICE ATTACHMENT DESCRIPTOR(S).

Tlhe COMPONENT DEVICE ATTACHMENT DESCRIPTORIS defined in table 21.

he COMPONENT DEVICE ATTACHMENT LIST LENGTH field 'specifies the length in bytes of the following
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Table 21 - Format o f COMPONENT DEVICE ATTACHMENT DESCRIPTOR

=

O -

f

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB)
LUN_C
1 (LSR)
2 (MSB)
LOGICAL UNIT LIST LENGTH (n-3) —a
3 (LSB)
LOGICAL UNIT (S) (if any)
4
LOGICAL UNIT DESCRIPTOR 0
n-3
LOGICAL UNIT DESCRIRTOR X
n

he LUN_c field specifies the address of the component, device to which the LOGICAL UNIT DESCRIPTOR(S
S5ted in the COMPONENT DEVICE ATTACHMENT DESCRIRTOR list are attached.

he LOGICAL UNIT LIST LENGTH field specifies the length in bytes of the following LOGICAL UNI
ESCRIPTOR(S).

he LOGICAL UNIT DESCRIPTOR(S) contain+a list of logical units that are attached to the component devic

ddressed in the LUN_C field of thé COMPONENT DEVICE ATTACHMENT DESCRIPTOR. See table 22 for th
rmat of the LOGICAL UNIT DESCRIPTOR.

Table 22 - Data format of LOGICAL UNIT DESCRIPTOR

~

D O

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

The LoGIcAL UNIT TYPE field (see table 23) indicates the type of logical unit addressed in the LUN field.
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Codes Description
Oh Physical logical unit (peripheral device)
1h Volume set
2h to 3h Reserved
4h Component logical unit (component device)
5h Redundancy group
6h Spare
7h to Bh Reserved
Chto Fh Vendor specific

ol |

6.2.1.4 REPORT PERIPHERAL DEVICE service action

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

he REPORT PERIPHERAL DEVICE service action (see table 24) requests that information regarding
eripheral device(s) within the target be sent to the application client.

Table 24 - REPORT PERIPHERAL DEY ICE 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_P
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED RPTMBUS |RESERVED| SELECT REPORT
11 CONTROL

The LUN_P field specifies the address of the peripheral device that shall be reported per table 26. 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.
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The SeLECT REPORT field contains the information on which peripheral device(s) the target shall report. See
table 25 for the defined states.

TABLE 25 - 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.
01b 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
target that have the state of not available. The LuN_P field shall
be ignored if this option is selected.

11b Reserved

>
>

report multiple buses (RPTMBUS) bit of zero indicates only one LUN_P<shall be reported for eac
eripheral device indicated by the SELECT REPORT field. A RPTMBUS bit of one, indicates all LUN_P(s) sh4g
e reported for each peripheral device indicated by the SELECT REPORT fi€ld:

o0

—

he REPORT PERIPHERAL DEVICE parameter list (see table 26) contains a four-byte header thg
pntains the length in bytes of the parameter list and a list of PERIPHERAL DEVICE DESCRIPTORS.

(@)
—

Table 26 - 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
1
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 27.
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Table 27 - Format of PERIPHERAL DEVICE DESCRIPTOR

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

—
[72)

he PERIPHERAL DEVICE TYPE field contains the type of SCSI device. See the SCSI-3 Primary Command
tandard (ISO/IEC IS 14776-311) for a list of SCSI peripheral device types.

n

—

he peripheral device STATE field is defined in table 40.

b~

replace bit (REPLACE) of zero indicates the peripheral device indicated in the LUN_P field is not fa
bplaceable unit. A replace bit of one indicates the peripheral devicelindicated in the LUN_P field is ja
bplaceable unit.

[—

Tlhe LUN_P field contains the address of the peripheral device.
6.2.1.5 REPORT PERIPHERAL DEVICE ASSOCI ATIONS:service action
Tlhe REPORT PERIPHERAL DEVICE ASSOCIATIONS service action (see table 28) requests th3

mformation regarding logical units that are associated with peripheral device(s) be sent to the applicatio
dient.

—

-
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Table 28 - REPORT PERIPHERAL DEVICE ASSOCIATIONS service action

Bit

Byte 7 6 5 4 3 2 1 0

0 OPERATION CODE (A3h)

—

RESERVED SERVICE ACTION (Q4h)

RESERVED

RESERVED

(MSB)

LUN_P
(LSB)

(MSB)

ALLOCATION LENGTH

Ol oI N|lO|O | B~ WIDN

(LSB)

[EY
o

RESERVED RPTMBUS |RESERVED|RESERVED| RPTSEL

11 CONTROL

he LUN_P field specifies the address of the peripheral device that the target shall report information as to
hich logical unit(s) are associated with the peripheral device per table 30. If the requested logical unit hap
ot been added to the target the command-shall be terminated with a CHECK CONDITION status. The
ense key shall be set to ILLEGAL REQUEST, and the additional sense code set to LOGICAL UNIT NOJr
UPPORTED.

nw o5 < -

)

e target. The LUN_P field shall’be ignored when the RPTSEL bit is zero. A RPTSEL bit of one indicates th
rget shall report only on the-peripheral device indicated in the LUN_P field.

[}

A report selected bit (RPTSEL) ofizero indicates the target shall report on all the peripheral device(s) withi
t
t

report multiple buses)(RPTMBUS) bit of zero indicates only one LOGICAL UNIT DESCRIPTOR (see table 3(

shall be reported foryeach object associated with the peripheral device listed in the LUN_P field (see tabl
). A RPTMBUS it of one indicates all LOGICAL UNIT DESCRIPTOR(S) (see table 30) shall be reported fd
ch object associated with the peripheral device listed in the LUN_P field (see table 30).

~

=

he RERORT PERIPHERAL DEVICE ASSOCIATIONS parameter list (see table 29) contains a four-byte
eader that contains the length in bytes of the parameter list and a list of PERIPHERAL DEVICE
SSOCIATION DESCRIPTORS.
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Table 29 - 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 PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR (First)
x+3 (Length x)
n-y+1 PERIPHERAL DEVICE ASSOCIATIONS\BESCRIPTOR (Last)
n (Lengthy)

following PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR(S).

Tlhe PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR is defined in table 30.

Tlhe PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR LISF,LENGTH field specifies the length in bytes of th

D
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Table 30 - Format of PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR

=

O -

=

Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB)
LUN_P
2 (LSR)
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 DESCRIRTOR X
n

he LuN_P field specifies the address of the peripheraldevice to which the LOGICAL UNIT DESCRIPTOR(
isted in the PERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR list are associated.

he LOGICAL UNIT LIST LENGTH field specifigs the length in bytes of the following LOGICAL UNIT
ESCRIPTOR(S).

Tlhe LOGICAL UNIT DESCRIPTOR(S) contain a list of logical units that are associated with the peripheral devic
addressed in the LUN_P field of the RERIPHERAL DEVICE ASSOCIATIONS DESCRIPTOR. See table 22 for th
format of the LOGICAL UNIT DESCRIPTOR.

6.2.1.6 REPORT PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER servi ce action

Tlhe REPORT PERIRHERAL DEVICE/COMPONENT DEVICE IDENTIFIER service action (see table 31
pquests the location of the selected logical unit be sent to the application client.

~—

D O

~
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Table 31 - REPORT PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER servic e action

Bi
; 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (Q5h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED PORCLU |RESERVED
11 CONTROL

Tlhe LuN field contains the logical unit number of the' peripheral device or component device that the target
shall report per table 32. If the requested logicakunit has not been added to the target the command shgll
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.

h >3
[}

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

QQ

—

he REPORT PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER parameter list (see table 32
pntains a four-byte field that contains the length in bytes of the parameter list and the location of th
plected logical unit:

~

Q
D

0
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Table 32 - REPORT PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER parameter list

Bit
Byte 7 6 5 4 3 2 1 0
0 (MSB)
1
LOCATION IDENTIFIER LIST LENGTH
2
3 (LSB)
4
LOCATION IDENTIFIER
n

Tlhe LOCATION IDENTIFIER LIST LENGTH field specifies the length in bytes of the IDENTIFIER field.

Tlhe LOCATION IDENTIFIER field shall be an ASCII value that indicates the pasition of the peripheral device (¢
cpomponent device within the target. The ASCII value within the IDENTIEIERfield is vendor specific.

6.2.1.7 REPORT STATES service action

Tlhe REPORT STATES service action (see table 33) requests that state information about the selecte
agical unit(s) within the target be sent to the application ¢lient.
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Table 33 - REPORT STATES service action

Bit
7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A3h)
1 RESERVED SERVICE ACTION (Q6h)
2 RESERVED
3 RESERVED LOGICAL UNIT TYPE
4 (MSB)
LUN
5 (LSB)
6 (MSB)
7
ALLOCATION LENGTH
8
9 (LSB)
10 RESERVED REPORT STATES RESERVED
11 CONTROL
Tlhe LoaGIcAL UNIT TYPE field contains the type of legical unit designated by the LUN field. See table 23 fqr
tihe list of logical unit types. If the requested logical unit has not been added to the target the commanid
shall be terminated with a CHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST,
nd the additional sense code set to LOGICAL UNIT NOT SUPPORTED.
he LUN field specifies the address ‘ofithe logical unit the target shall report state information per table 35
he REPORT STATES field contains the information on which logical unit(s) the target shall report state

information. See table 34 for,the defined states.

Table 34 - 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.

01b 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.

10b 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
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The REPORT STATES parameter list (see table 35) contains a four-byte header that indicates the length in
bytes of the parameter list plus a list of LOGICAL UNIT STATE DESCRIPTORS.

Table 35 - REPORT STATES parameter li st

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+1 LOGICAL UNIT STATE(S)DESCRIPTOR (Last)
n (Length y)

(W)

ESCRIPTOR(S).

Tlhe LOGICAL UNIT STATE(S) DESCRIPTOR(S defined in table 36.

Tlhe LOGICAL UNIT LIST LENGTH field specifies the' length in bytes of the following LOGICAL UNIT STATE(S

~
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Table 36 - 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.LQGICAL UNIT

n REPLACE STATE OF THE LOGICAL UNIT
Tlhe DEVICE TYPE field shall contain a component device type if the LoGICAL UNIT TYPE field indicates ja
component device type. See table 18 for a\list of component device types. If the LOGICAL UNIT TYPE field
does not indicate a component device type the DEVICE TYPE field shall contain a peripheral device typ¢.
Yee the SCSI-3 Primary Commands-Standard (ISO/IEC IS 14776-311) for a list of SCSI peripheral device
types.
Tlhe LoGIcAL UNIT TYPE field Comtains the type of logical unit contained within the LUN field. See table 23 fgr

the list of logical unit types.
he LUN field containsthe address of the logical unit the target is reporting state information about.

he STATE LISTLENGTH field specifies the length in bytes of the following STATE DESCRIPTOR(S).

[}

he STATENOF THE LOGICAL UNIT field specifies the state of logical unit addressed by the LUN field. Th
ntents.of the STATE OF THE LOGICAL UNIT field depends on the logical unit type field. See table 37, tabl
~able 39, table 40, table 41, and table 42 for a definition of the states by logical unit type that shall b
repoerted to the application client

D @D

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 is a
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.
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Table 37 - Target base device (LUN 0) states

Bit] 6 5 4 3 2 1 0

RESERVED VS RESERVED ABNORMAL| NONAFAIL | READYING

}readymg bit (READYING) of zero indicates there are no logical units within the target that have a state_f
r

0n o o

A
a

—

mdicating a state other than available.

adying. A READYING bit of one indicates one or more logical units within the target are being initializegd
nd access to the target is limited.

he amount of accessibility of a target during the readying state is vendor-specific.

]

non-addressable component failure bit (NONAFAIL) of zero indicates that all non-addressable parts ar
perational. A NONAFAIL bit of one indicates one or more non-addressable part(s) have failed (e.g., powef
upply failure, LED failure, cache failure, etc., that are not defined as component.devices).

NOTE 13 - More information on the failure may be available within the sense.data from a REQUEST
SENSE command issued to the target’s base device address.

n abnormal bit (ABNORMAL) of zero indicates that all addressable devices within the target have a state ¢f
vailable. An ABNORMAL bit of one indicates that one or more addressable devices within the target are
NOTE 14 - To determine which device is indicating it is ot available, issue a state request to each

addressable device within the target.

he vendor specific (vs) bit indicates a vendor spegific state.
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Table 38 - Volume set states

Codes States Description

00h Available The addressed volume set is operational.

01h Broken The addressed volume set is capable of being support-

ed but it has failed.

02h Data lost Within the addressed volume set data has been lost.

03h Exposed Within the addressed volume set data is not protected.

In this state all data is still valid, however, a failure will
cause a loss of data or a loss of data availability.

OEh Fractionally Within the addressed volume set data is not protected.

exposed In this state all data is still valid, however, a failure may
cause a loss of data or a loss of data availability.
04h Partially exposed Within the addressed volume set one ormore logical
unit(s) have failed. In this state all data'is still protected.

05h Protected rebuild One or more of the redundancy.groups underlaying the
addressed volume set is in the process of a rebuild op-
eration. In this state all data-is’protected.

0Ch Protection dis- Within the addressed volume set the generation of

abled check data has been,disabled. In this state all data is
still valid, howevet, afailure will cause a loss of data or
a loss of data availability.

06h Not available The addressed volume set is capable of being support-

ed but hag;not been configured.

07h Not supported The addressed volume set is not capable of being con-

figured.

08h Readying The addressed volume set is being initialized and ac-

cess to the volume set is limited.
NOTE 15 - 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 addressed volume set is in the process of a rebuild
operation. In this state data is not protected.

0Ah Recalculate The addressed volume set is in the process of a recal-

culate operation.
NOTE 16 - The recalculate operation may involve one
or mare underlaying redundancy groups
0Bh Spare in use Within the addressed volume set a spare is being used.
In this state all data is still protected.

ODh Verify in progress Within the addressed volume set data is being verified.
NOTE 17 - The verify operation may involve one or
more underlaying redundancy groups.

OFh to 3Fh Reserved
40h to 7Fh Vendor specific
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Table 39 - Redundancy group states

Codes States Description

00h Available The addressed redundancy group is configured.

01h Exposed Within the addressed redundancy group data is not pro-
tected. In this state all data is still valid, however, a fail-
ure causes a loss of data or a loss of data availability.

0Zh Invalidated Within the addressed redundancy group data has been

protected space 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 not capable of be-
ing configured.

05h Partially exposed Within the addressed redundancy group.one or more
logical unit(s) have failed. In this state the protected
space is protected.

06h Present The addressed redundancy grQup is present but no oth-
er status is available.

07h Protected rebuild The addressed redundancy group is in the process of a
rebuild operation. In‘this state the protected space is
protected.

0Ah Protection dis- Within the addressed redundancy group the generation

abled of check data has been disabled. In this state all data is

still valid,chowever, a failure causes a loss of data or a
loss ofdata 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 Verify ingprogress Within the addressed redundancy group data is being
verified.

0Ch to 3Fh Reserved
40h to 7Fh \/endor specific
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Table 40 - Peripheral devi ce and p _extent states

Codes States Description
00h Available The addressed peripheral device or p_extent is opera-
tional.
01h Broken The addressed peripheral device or p_extentis capable
of being supported but it has failed.
02h Not available The addressed peripheral device or p_extentis 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 to 3Fh Reserved
40h to 7Fh Vendor specific
Table 41 - Sp are 'states
Codes States Description
00h Available The’addressed spare is operational.
01h 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-to(3Fh Reserved
40h to 7Fh Vendor specific
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Table 42 - Component device states

Codes States Description

00h Available The addressed component device is fully operational.

01h 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 | TTU
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 supportinga component at
the given address.

06h Present The addressed component device is present but no oth-
er status is available.

07h Readying The addressed componént device is being initialized
and access to the cgmponent device is limited.

08h to 3Fh Reserved
40h to 7Fh Vendor specific

[e)]

—

.3 MAINTENANCE (OUT) commands

.3.1 MAINTENANCE (OUT) command service.@actions

he service actions for the MAINTENANCE(OUT) command are listed in table 43.

Table 43 - Servic e actions fo r MAINTENANCE (OUT) command

Service name Service Type Subclause
actions

ADD PERIPHERAL-DEVICE/COMPONENT DEVICE 00h (0] 6.3.1.1
ATTACH TO COMPONENT DEVICE 01h 0] 6.3.1.2
BREAK PERIPHERAL DEVICE/COMPONENT DEVICE 07h (0] 6.3.1.3
EXCHANGE P_EXTENT 02h 0] 6.3.1.4
EXCHANGE PERIPHERAL DEVICE/COMPONENT

DEVICE 03h 0] 6.3.1.5
INSTRUCT COMPONENT DEVICE 04h 0] 6.3.1.6

L REMOVE PERIPHERAL DEVICE/COMPONENT DEVICE 05h al 6317

SET PERIPHERAL DEVICE/COMPONENT DEVICE

IDENTIFIER 06h 0] 6.3.1.8
Reserved 08h to 17h
Vendor specific 18h to 1Fh
Key: M = Service action implementation is mandatory.

O = Service action implementation is optional.
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6.3.1.1 ADD PERIPHERAL DEVICE/COMPONENT DEVICE service action

The ADD PERIPHERAL DEVICE/COMPONENT DEVICE service action (see table 44) 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.

Table 44 - ADD PERIPHERAL DEVICE/COMPONENT DEVICE service action

Bi
; 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (A4h)
1 RESERVED SERVICE ACTION (00h)
2 DEVICE TYPE
3 RESERVED
4 (MSB)
LUN S
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED| SETLUN RESERVED ADDPORC |RESERVED
11 CONTROL
Tlhe DEVICE TYPE field contains the peripheral device type or the component device type of the device that
the target shall add. See the"SCSI-3 Primary Commands Standard (ISO/IEC IS 14776-311) for a list ¢f
lid peripheral device types. See table 18 for a list of valid component device types.
he LUN field contains the logical unit number to assign to the peripheral device or component device that
shall be added-to.the target if the SETLUN bit is set to zero. If the requested logical unit cannot be added 19
the target the.command shall be terminated with a CHECK CONDITION status. The sense key shall be s¢t
t¢ ILLEGAL REQUEST, and the additional sense code set to LOGICAL UNIT NOT SUPPORTED.
n add physical or component logical unit bit (ADDPORC) of zero indicates the DEvVICE TYPE field shqll
ntain a valid peripheral device type. See the SCSI-3 Primary Commands Standard (ISO/IEC Ip

14776-311) for a list of valid peripheral device types. An ADDPORC bit of one indicates the DEvVICE TYPE field
shall contain a valid component device type. See table 18 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 component
device the logical unit number contained in the LUN field. A SETLUN bit of one indicates that the target shall
assign a logical unit number to the peripheral device or component device. The LUN field shall be ignored
when the SETLUN bit is set to one.
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6.3.1.2 ATTACH TO COMPONENT DEVICE service action

The ATTACH TO COMPONENT DEVICE service action (see table 45) 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.

NOTE 18 - The behavior of attached logical units and their interactions with component devices are
vendor specific.

detach a logical unit from a component device, issue the ATTACH TO COMPONENT DEVICE seryice
tion with the logical unit(s) to be detached removed from the parameter list. If the LIST LENGTH fielelis s¢t
td zero then all logical unit(s) attached to the component device shall be detached.
NOTE 19 - If LUN_C 1 is attached to LUN_C 2 and LUN_C 2 is attached to LUN_C 1 thenfaydetach
request to LUN_C 2 shall only detach LUN_C 1 from LUN_C 2. The attachment of LUN_C 2(te’LUN_C 1
remains intact.
Table 45 - ATTACH COMPONENT DEVICE service actiohs
Bit
7 6 5 4 3 2 1 0

Byte

0 OPERATION COBE (A4h)

1 RESERVED SERVICE ACTION (01h)

2 RESERVED

3 RESERVED

4 (MSB)

LUN_C

5 (LSB)

6 (MSB)

7

LIST LENGTH

8

9 (LSB)

10 RESERVED

11 CONTROL

tha addvaca atarant clbhall i+

Theton—c-field-spectiesthe-adaress-of-the-componrentdeviceto-which-thetarget-shalt-attach-thetogiedl
unit(s) listed in the ATTACH COMPONENT DEVICE parameter list (see table 46). 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.
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Table 46 - ATTACH COMPONENT DEVICE parameter list

Bit 7 6 5 4 3 2 1 0
Byte
LOGICAL UNIT(S) (if any)
0]
LOGICAL UNIT DESCRIPTOR O
3
n-3
LOGICAL UNIT DESCRIPTOR X
n

—

he LOGICAL UNIT DESCRIPTOR(S) contain a list of logical units that shall/e attached to the componet
device addressed by the ATTACH COMPONENT DEVICE service action. See table 22 for the format ¢
the LOGICAL UNIT DESCRIPTOR.

— —~+

6.3.1.3 BREAK PERIPHERIAL DEVICE/COMPONENT DEVICE service action

—

he BREAK PERIPHERAL DEVICE/COMPONENT DEVICE service action (see table 47) requests
eripheral device or a component device be placed into_a‘broken state.

o]
|8
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Table 47 - BREAK PERIPHERAL DEVICE/COMPONENT DEVICE servi ce action

B?/itte 7 6 5 4 3 2 1 0
0 OPERATION CODE (A4h)
1 RESERVED SERVICE ACTION (Q7h)
2 DEVICE TYPE
3 RESERVED
4 (MSB)
LUN
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED BRKPORC |RESERVED
11 CONTROL
Tlhe DEVICE TYPE field contains the peripheral device type or the component device type of the device that

the target shall break.

he LUN field contains the logical unit number of the peripheral device or component device that shall b,

roken. If the requested logical unit fras' not been added to the target the command shall be terminate

ith a CHECK CONDITION status.\The sense key shall be set to ILLEGAL REQUEST, and the additiongl
sense code set to LOGICAL UNIT NOT SUPPORTED.

break physical or compgonent logical unit bit (BRKPORC) of zero indicates the LUN field contains th
dress of a peripheraldevice and the DEVICE TYPE field contains a valid peripheral device type. See t
CSI-3 Primary Cominands Standard (ISO/IEC IS 14776-311) for a list of valid peripheral device types.
KPORC bit of one.indicates the LUN field shall contain the address of a component device and the DEVICE
PE field contains/a valid component device type. See table 18 for a list of valid component device typeg.

.3.1.4 EXCHANGE P_EXTENT service action

he/EXCHANGE P_EXTENT service action (see table 48) requests the target replace a p_extent wit|

nether p_extent. If the exchange operation fails to complete successfully the command shall b
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.
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Table 48 - EXCHANGE P_EXTENT serv ice action

[oNll @1k >

—

0n_ -

B?/itte 7 6 5 4 3 2 1 0
0 OPERATION CODE (A4h)
1 RESERVED SERVICE ACTION (Q2h)
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 (MSB)
7
LIST LENGTH
8
9 (LSB)
10 RESERVED IMMED
11 CONTROL

n immediate (IMMED) bit of zero indicates that status shall be returned after the exchange operation ha
pmpleted. An IMMED bit value of one indicates\that the target shall return status as soon as the command
escriptor block has been validated, and the entire EXCHANGE P_EXTENT parameters list has bee
ansferred.

[2)

=)

he EXCHANGE P_EXTENT parameters list (see table 49) contains the addresses of the logical units that
hall be exchanged.

Table 49 - EXCHANGE P_EXTE NT parameters list

Bit
Byte 7 6 5 4 3 2 1 0
0
a’ N 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 table
14 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 14 for
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the format of the NEw P_EXTENT DESCRIPTOR. If the old p_extent and the new p_extent are not the same
size or have different peripheral device types 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 INVALID FIELD IN PARAMETER LIST.

It is not an error for the old p_extent and new p_extent to address the same p_extent.

6.3.1.5 EXCHANGE PERIPHERAL DEVICE/COMPONENT DEVICE service action

. . . s
tlﬂat the target replace one logical unit with another logical unit.

Table 50 - EXCHANGE PERIPHERAL DEVICE/COMPONENT DEVICE service action

Bit

7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (A4h)

1 RESERVED SERVICEACTION (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
Tlhe 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.
Tlhe NEWLLUN 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 neyw
lggical 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 (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 has been validated.
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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 NEW
LUN fields shall contain the addresses of component devices.

6.3.1.6 INSTRUCT COMPONENT DEVICE service action

The INSTRUCT COMPONENT DEVICE service action (see table 51) requests the target to take the
requested action on the addressed component device.

Table 51 - INSTRUCT COMPONENT DEVICE service action

Bit
7 6 5 4 3 2 1 0
Byte
0 OPERATION 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 RESERVED
11 CONTROL
Tlhe COMPONENT DEVICEINSTRUCTION field contains the action to be taken. See table 52 for a list of actions.
Table 52 - COMPONENT DEVICE INSTRUCTION field
Codes Description
00h Turn selected component device off
01h Turn selected component device on
02h to 7Fh Reserved
80h to 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 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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A list length of zero shall indicate the INSTRUCT COMPONENT DEVICE service action contains no

parameter list.

The INSTRUCT COMPONENT DEVICE parameter list (see table 53) contains vendor specific actions to
be applied to the component device addressed in the INSTRUCT COMPONENT DEVICE service action
command descriptor block.

Table 53 - INSTRUCT COMPONENT DEVICE parameter | ist

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

ol |

6.3.1.7 REMOVE PERIPHERAL DEVICE/COMPONENT DEVICE servi ce action

he REMOVE PERIPHERAL DEVICE/COMPONENT device service action (see table 54) requests
eripheral device or a component device be removed from the target.

Table 54 - REMOVE PERIPHERAL DEVICE/COMPONENT DEVICE servic e action

j2))

Bf/'tte 7 6 4 3 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 peripheral device or component device that shall be
removed from the target. If the requested logical unit has not been added to the target the command shall
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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 remove physical or component logical unit bit (REMPORC) of zero indicates the LUN field shall contain the
address of a peripheral device. A REMPORC hit of one indicates the LUN field shall contain the address of a
component device.

If the peripheral device 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 CONDITION status.

The sense Izny shall be setto ILLEGAL DI:QI JEST and-the additional sense code setto REMOVE Q
LOGICAL UNIT FAILED.
6.3.1.8 SET PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER servi ce action
Tlhe SET PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER service action (see table 58)
requests the target identify the addressed logical unit with the location received in the SEDPERIPHERAL
OEVICE/COMPONENT DEVICE IDENTIFIER parameter list.
Table 55 - SET PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER servi ce action
Bit
7 6 5 4 3 2 1 0
Byte
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 peripheral device or component device that shall be
identified by the LOCATION IDENTIFIER field received in the SET PERIPHERAL DEVICE/COMPONENT
DEVICE IDENTIFIER parameter list. 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 set identification peripheral device or component device bit (IDPORC) of zero indicates the LUN field shall

contain the address of a peripheral device. A IDPORC bit of one indicates the LuN field shall contain the
address of a component device.
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The SET PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER parameter list (see table 56)
contains the location identifier of the addressed logical unit.

Table 56 - SET PERIPHERAL DEVICE/COMPONENT DEVICE IDENTIFIER parameter | ist

Bit

Q

Byte 7 6 5 4 3 2 0
0
LOCATION IDENTIFIER
n

Tlhe LocATION IDENTIFIER field shall be an ASCII value that indicates the position of the peripheral device d
pmponent device within the target. The ASCII value within the IDENTIFIER field is vendofspecific.
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6.4 REDUNDANCY GROUP (IN) comma nd

6.4.1 REDUNDANCY GROUP (IN) command service actions

The service actions for the REDUNDANCY GROUP (IN) command are listed in table 57.

Table 57 - Service act ions for REDUNDA NCY GROUP (IN) command

Service name Service Type Subclause
actions

REPORT REDUNDANCY GROUPS 00h M 6:4:11
REPORT UNASSIGNED REDUNDANCY GROUP SPACE 01lh M 64.1.2
RESERVED 09hto 17h
VENDOR SPECIFIC 18h to 1Fh
Key: M = Service action implementation is mandatory.

O = Service action implementation is optional.

6.4.1.1 REPORT REDUNDANCY GROUPS servic e action

—

he REPORT REDUNDANCY GROUPS service action (see table 58) requests that information regardinjg
bdundancy groups within the target be sent to the application client.

=

NOTE 20 - The information returned by the REPORT REDUNDANCY GROUPS service action may be
used by the application client to determine the boundaries-of all the current redundancy groups to allow
more redundancy groups to be configured or to allow a redundancy group to be expanded.

Table 58 - REPORT REDUNDANCY GROUPS service action

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
9 (LSB)
10 RESERVED RPTSEL
11 CONTROL
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The LUN_R field specifies the address of the redundancy group for which information shall be reported per
table 59. 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.

The REPQRT REDUNDANCY GRQUPS parameter list (see table 59) contains a four-hyte header that
defines the length in bytes of the parameter list and a list of REPORT REDUNDANCY GROUP DESCRIPTORS

Table 59 - 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 GROUPR'DESCRIPTORS(S) (if any)
4 REPORT REDUNDANCY GROUP DESCRIPTOR (First)
x+3 (Length x)
n-y+1 REPORT REDUNDANCY GROUP DESCRIPTOR (Last)
n (Lengthy)

—

he REPORT REDUNDANEY GROUP LIST LENGTH field specifies the length in bytes of the following REPORT
EDUNDANCY GROUP_DESCRIPTOR(S).

po)

Tlhe REPORT REDUNDANCY GROUP DESCRIPTOR is defined in table 60.
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Table 60 - Format o f REPORT REDUNDANCY GROUP DESCRIPTOR

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
LUN_R
1 (LSR)
2 RESERVED
3 REDUNDANCY GROUP IDENTIFIER
4 RESERVED GRANULARITY OF UNIFS
5 RESERVED REDUNDANCY GROUP STATE
6 (MSB)
REDUNDANCY GROUP P_EXTENT LIST LENGTH\(i-7)
7 (LSB)
REDUNDANCY GROUP P_EXTENT DESCRIPTOR(S)
8
REDUNDANCY GROUP P_EXTENTDESCRIPTOR (First)
31
n-23
REDUNDANCY GROUP P_EXTENT DESCRIPTOR (Last)
n
Tlhe LUN_R field specifies the address of the redundancy group to which the information listed in this
REPORT REDUNDANCY GROUP DESCRIPTOR is associated.
Tlhe REDUNDANCY GROUP IDENTIFIER field (see table 61) indicates the type of protection being used within
the redundancy group.
Table 61 - REDUNDANCY GROUP IDENTIFIERS
Codes Description
00h No redundancy
01h Copy redundancy
02h XOR redundancy
03h P+Q redundancy
04h to 7Fh Reserved
80h to FFh Vendor specific

The GRANULARITY OF UNITS field (see table 62) indicates units being used within the redundancy group.
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Table 62 - GRANULARITY OF UNITS

O -

—

Q

Codes Description

Oh Bit

1h Byte

2h 2-Byte word

3h 4-Byte word

4h Logical block
5h to Bh Reserved
Chto Fh Vendor specific

Table 63 - REDUNDANCY GROUP P\ EXTENT DESCRIPTOR

Tlhe REDUNDANCY GROUP STATE field is defined in table 39.

he REDUNDANCY GROUP P_EXTENT LIST LENGTH field specifies the length in hytes of the following
EDUNDANCY GROUP P_EXTENT DESCRIPTOR(S).

he REDUNDANCY GROUP P_EXTENT DESCRIPTOR filed(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 63 for the format
f the REDUNDANCY GROUP P_EXTENT DESCRIPTOR field.

Bit
Byte

6

5 4

3

2 1 0

P_EXTENT DESCRIPTOR

(MSB)

START CHECK DATA INTERLEAVE UNIT

(LSB)

(MSB)

NUMBER OF UNITS OF CHECK DATA

(tSB)

(MSB)

NUMBER OF UNITS OF USER DATA

(LSB)
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See table 14 for a description of the 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.

The NUMBER OF UNITS OF CHECK DATA field contains the number of consecutive units to be reserved for
check data within the p_extent.

The NUMBER OF UNITS OF USER DATA field contains the number of consecutive units to be reserved for
prntnrfnd space within the o} extent

.4.1.2 REPORT UNASSIGNED REDUNDANCY GROUP SPACE service action
he REPORT UNASSIGNED REDUNDANCY GROUP SPACE service action (see table 64) requests that
information regarding the redundancy groups within the target that have protected space not y¢t
cpnfigured into to any volume sets be sent to the application client.
Table 64 - REPORT UNASSIGNED REDUNDANCY GROUP SPAEE service action
Bi
¢ 7 6 5 4 3 2 1 0
Byte

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
Tlhe’LbUN_R field specifies the address of the redundancy group that shall be examined for any unassigned

ps_extents. Any unassigned ps_extents within the addressed redundancy group shall be reported to the
application client per table 65. 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 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 report only on the redundancy group indicated in the LUN_R field.
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The REPORT UNASSIGNED REDUNDANCY GROUP SPACE parameter list (see table 65) 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.

Table 65 - REPORT UNASSIGNED REDUNDANCY GROUP SPACE parameter list

Bit
o 7 6 5 4 3 2 1 0
via
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
3 (First) (Length x)
n-y+1 REPORT UNASSIGNED REDUNBANCY GROUP SPACE DESCRIPTOR
n (Last) (Lengthy)

—

he REDUNDANCY GROUP LIST LENGTH field specifies the length in bytes of the following REPORT UNASSIGNED
EDUNDANCY GROUP SPACE DESCRIPTOR(S).

po)

—
[oX

he REPORT UNASSIGNED REDUNDANCY, GROUP SPACE DESCRIPTOR(S) contains information on all unassigne|
rotected space within the addressed redundancy group. See table 66 for the format of the REPOR
NASSIGNED REDUNDANCY GROUPR,SPACE DESCRIPTOR.

o]
3

c
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Table 66 - Format 0 f REPORT UNASSIGNED REDUNDANCY GROUP SPACE DESCRIPTOR

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
LUN_R
1 (LSR)
2 RESERVED
3 REDUNDANCY GROUP IDENTIFIER
4 RESERVED
5 RESERVED STATE OF THE REDUNDANCY GROUP
6 (MSB)
PS_EXTENT LIST LENGTH (n-7)
7 (LSB)
PS_EXTENT DESCRIPTOR(S)
8
PS_EXTENT DESCRIRTOR O
19
n-11
PS_EXTENT DESCRIPTOR X
n
Yee table 61 for a description of the.REDUNDANCY GROUP IDENTIFIER field.
Tlhe LUN_R field specifies the\address of the redundancy group to which the information listed in this
REPORT UNASSIGNED REDUNDANCY GROUP SPACE DESCRIPTOR is associated.
Tlhe REDUNDANCY GROUP IDENTIFIER field indicates the type of protection being used within the redundangy
group that contains-the unassigned ps_extents. See table 61 for a list of the types of protection.
Tlhe REDUNDANEY GROUP STATE field is defined in table 39.
Tlhe PS_EXTENT LIST LENGTH field specifies the length in bytes of the following PS_EXTENT DESCRIPTOR(S).
Tlhe”PS_EXTENT DESCRIPTOR(S) contain a list of unassigned ps_extents from the addressed redundangy

group. The PS_EXTENT DESCRIPTOR is defined in table 67.
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Table 67 - Data format of PS_EXTENT DESCRIPTOR

< -

Bit
Byte 7 6 5 4 3 2 1 0
0 (MSB)
LUN_P
1 (LSR)
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)

Tlhe LUN_P field contains the address of the peripheral device that contains the ps_extent.

he START LBA_Ps field contains the first upnassigned addressable logical block address of protected spag
ithin the addressed ps_extent.

Tlhe NUMBER OF LBA_PS(s) field contains the capacity of the protected space ps_extent in blocks.

Tlhe NUMBER OF BYTES PER LBA_PS field contains the size, in bytes, of the blocks in the ps_extent.

8.5 REDUNDANCY GROUP (OUT) comma nd

6.5.1 REDUNDANCY GROUP (OUT) command service actions

Thhe=service actions for the REDUNDANCY GROUP (OUT) command are listed in table 68

[¢)

NOTE 21 - 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 logicalblocks on a peripheral device.
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Table 68 - Service action s for REDUNDANCY GROUP (OUT) command

Service name Service Type Subclause
actions

CONTROL GENERATION OF CHECK DATA 00h O 6.5.1.1
CREATE/MODIFY REDUNDANCY GROUP 01lh O 6.5.1.2
DELETE REDUNDANCY GROUP 02h O 6.5.1.3
REBUILD P EXTENT 03h Q 6514
REBUILD PERIPHERAL DEVICE 04h O 6.5.1.5
RECALCULATE CHECK DATA 05h O 6.5.16
VERIFY CHECK DATA 06h O 6.5.1.7
RESERVED 09h to 17h
VENDOR SPECIFIC 18h to 1Fh
Key: M = Service action implementation is mandatory.

O = Service action implementation is optional.

8.5.1.1 CONTROL GENERATION OF CHECK DATA service action

—

he CONTROL GENERATION OF CHECK DATA service action (s€e table 69) requests that th
eneration of check data within a redundancy group be enabled or disahled.

11°

Q

Table 69 - CONTROL GENER ATION 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

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 disabled until a CONTROL
GENERATION OF CHECK DATA service action is requested W|th the DISCHK bit set to zero and the ALLRG

he CREATE/MODIFY REDUNDANCY GROUP service action (see table 70) fequests the creation of
ew redundancy group or the modification of an existing redundancy group.This service action contain
all the information required for the target to define a redundancy group andthe check data mapping withi
that redundancy group (see 5.3.2.12). If the create operation fails to complete successfully the comman

O Z2 S TS0 O

shall be terminated with a CHECK CONDITION status. The sense key shall be set to HARDWAR
HRROR, and the additional sense code set to CREATION OF LOGICAL UNIT FAILED. If the modificatio
gperation fails to complete successfully the command shall b&terminated with a CHECK CONDITIO
status. The sense key shall be set to HARDWARE ERROR]; and the additional sense code set
MODIFICATION OF LOGICAL UNIT FAILED.
Table 70 - 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 IDENTIFIER

3 RESERVED GRANULARITY OF UNITS

4 (MSB)

LUN_R S

5 (LSB)

6 (MSB)

7

LIST LENGTH

8

9 (LSB)

10 RESERVED| SETLUN RESERVED IMMED

11 CONTROL
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The REDUNDANCY GROUP IDENTIFIER field indicates the type of protection that shall be used within th
redundancy group being created or modified. See table 61 for the format of the REDUNDANCY GROU
IDENTIFIER field.

The GRANULARITY OF UNITS field indicates if bits, bytes, words, or logical blocks shall be used within th

e
p

e

redundancy group being created or modified. See table 62 for the format of the GRANULARITY OF UNITS field.

The LUN_R field specifies the address of the redundancy group that shall be created or modified. If th

e

addressed redundancy group already exists within the target the target shall modify the existing

rarlnnrinnr‘y group as rnqnnefnrl inthe CREATE/MQDIEY REDIUNDANCY GRQUP service action.lfth

requested logical unit is not configurable the command shall be terminated with a CHECK CONDITIQ
status. The sense key shall be set to ILLEGAL REQUEST, and the additional sense code set to LOGICA|
UNIT NOT CONFIGURED.

n immediate (IMMED) bit of zero indicates that status shall be returned after the create/modify)redundana
roup operation has completed. An IMMED bit value of one indicates that the target shallreturn status 4
oon as the command descriptor block has been validated, and the entire CREATE/MODIFI
EDUNDANCY GROUP parameters list has been transferred.

00 Q >

set LUN (SETLUN) bit of zero indicates the target shall assign to the redundanCy group being created th
gical unit number contained in the LUN_R field. A SETLUN bit of one indicates\that the target shall assign
gical unit number to the redundancy group per the addressing rules (see)5.3.1). The LUN_R field shall b
ignored when the SETLUN bit is set to one.

oo D>

<

ODIFY P_EXTENT DESCRIPTORS that shall be combined to_create or modify the addressed redundand
group.

Table 71 - CREATE/MODIFY REDUNDANCY GROUP parameter list

Bit
7 6 5 4 3 2 1 0
Byte
CREATE/MODIFY P_EXTENT DESCRIPTORS(S) (if any)
0
CREATE/MODIFY P_EXTENT DESCRIPTOR O

27
n-2/

S — CREATE/MODIFY P_EXTENT DESCRIPTOR X

n

he CREATE/MODIFY REDUNDANCY GROUP parameter list(see table 71) contains a list of CREATE

r <

(7]

=

D

~

The CREATE/MODIFY P_EXTENT DESCRIPTOR contains information the target shall use to control the protected

space mapping of the p_extent. See table 72 for the format of the CREATE/MODIFY P_EXTENT DESCRIPTOR.
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Table 72 - Data f ormat o f 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 UNITF

18

19 (LSB)

20 (MSB)

21

NUMBER OFUNITS OF CHECK DATA

22

23 (LSB)

24 (MSB)

25

NUMBER OF UNITS OF USER DATA

26

27 (LSB)
Tlhe P_EXTENT DESCGRIPTOR defines the boundaries of the protected space mapping information contained
in the CREATE/MODJFY P_EXTENT DESCRIPTOR. See table 14 for a description of the P_EXTENT DESCRIPTOR.

Il bits and fields within the CREATE/MODIFY P_EXTENT DESCRIPTOR shall be bounded by the p_extent. It is
t an error for a group of p_extents that define a redundancy group to contain different parameters within

the eREATE/MODIFY P_EXTENT DESCRIPTORS.

A defer 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
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target shall terminate the command with a CHECK CONDITION status and the sense key shall be set t
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 protecte

o

d

space shall be vendor specific. The PROTECTED SPACE PATTERN field shall be ignored when the SETPAT bit
is zero. A SETPAT bit of one indicates the pattern contained within the PROTECTED SPACE PATTERN field shall

be replicated throughout the protected space.

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

extent

block address of the p_extent. All units between the beginning of the first logical block address-of th
p_extent and the START CHECK DATA INTERLEAVE UNIt value shall be protected space.

he NUMBER OF UNITS OF CHECK DATA field contains the number of consecutive units to®e reserved fq
heck data within the p_extent.

Q —i

—

he NUMBER OF UNITS OF USER DATA field contains the number of consecutivé units to be reserved fd
protected space within the p_extent.

6.5.1.3 DELETE REDUNDANCY GROUP servic e action

—

he DELETE REDUNDANCY GROUP service action (see table 73) requests that the selected redundang
roup be deleted.

(@]

Table 73 - DELET E REDUNDANCY GROUP service action

fis not required that the START CHECK DATA INTERLEAVE UNIT be located at the beginning of the firstlogical

e

=

=

B?/itte 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 S
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 requeste
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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. If the selected redundancy group contains any assigned ps_extents the command
shall be terminated with CHECK CONDITION status and the sense key shall be set to ILLEGAL
REQUEST with an additional sense code of REMOVE OF LOGICAL UNIT FAILED.

6.5.1.4 REBUILD P_EXTENT service action

The REBUILD P_EXTENT service action (see table 74) requests the rebuild of all or part of one or more

rarhmrlanr\y grmlln(c)
Table 74 - REBUILD P_EXTENT service action
Bit
7 6 5 4 3 2 1 0
Byte

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 has
cpmpleted. AnMMED bit value of one indicates that the target shall return status as soon as the commanfl
descriptor black has been validated, and the entire REBUILD P_EXTENT parameters list has beeh
tfansferred.
TlheREBUILD field specifies the rebuild instructions the target shall use. See table 75 for the format of the
REBUILD field.
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Table 75 - 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-

01b

10b

11b

BUILD P_EXTENT service action. The order of the rebuilds is vendor
specific.

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.campletion
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-R_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._time for a successful completion
of the REBUILD P_EXTENT service_ action.

Reserved

O =

=

fithe rebuild operation fails to complete successfully the€ommand shall be terminated with a CHECK CON
ITION status. The sense key shall be set to HARDWARE ERROR, and the additional sense code set td
REBUILD FAILURE OCCURED.

Tlhe REBUILD P_EXTENT parameter listy(See table 76) contains the p_extent to be rebuilt and a list d
pdundancy groups to not be used to rebuild the p_extent.

=

IS SCSI-3 Controller Commands

87


https://standardsiso.com/api/?name=0deecbe59d48e4a300c3e72b33acbbd6

14776-341 © ISO/IEC:2000(E)

Table 76 - REBUILD P_EXTENT parameter list

Bit
Byte 7 6 5 4 3 2 0
0
P_EXTENT DESCRIPTOR
11
LUN_R(S) (if any)
12 RESERVED
13 RESERVED
14 (MSB)
LUN_RO SE—
15 (LSB)
n-3 RESERVED
n-2 RESERVED
n-1 (MSB)
UN_R X SE—
n (LSB)

6.5.1.5 REBUILD PERIPHERAL DEVICE serv ice action

Tlhe P_EXTENT DESCRIPTOR defines the boundaries of the rebuild. See table 14 for a description of th
P| EXTENT DESCRIPTOR.

Tlhe LUN_R field(s) specifies the address(es) of the redundancy group(s) that shall not be used to rebuil
the p_extent.

Tlhe REBUILD PERIPHERAL DEVICE service action (see table 77) requests the rebuild of all or part g
ane or more redundancy group(s).

D

o

=4
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B?/itte 7 6 4 3 2 0
0 OPERATION CODE (BBh)
1 RESERVED SERVICE ACTION (Q4h)
2 RESERVED
3 RESERVED
4 RESERVED
5 RESERVED
6 (MSB)
7
LIST LENGTH
8
9 (LSB)
10 RESERVED REBUILD RESERVED IMMED
11 CONTROL

o9 0O >

een transferred.

—

EBUILD field.

pv)

n immediate (IMMED) bit of zero indicates that.status shall be returned after the rebuild operation has
pbmpleted. An IMMED bit value of one indicates\that the target shall return status as soon as the commanf
escriptor block has been validated, and theyentire REBUILD PERIPHERAL DEVICE parameters list has

he REBUILD field specifies the rebuild instructions the target shall use. See table 78 for the format of the
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Table 78 - 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-

01b

10b

11b

BUILD PERIPHERAL DEVICE service action. The order of the rebuilds
is vendor specific.

All assigned space associated with the selected peripheral device shall
be rebuilt using any associated redundancy group. The list of redundaney
group(s) in the REBUILD PERIPHERAL DEVICES parameter list shallbe
ignored.

Any protected space associated with overlapping redundangy 'groups
shall only be successfully rebuilt one time for the successful completion
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-peripheral device shall
be rebuilt. Any redundancy group(s) listed in the-REBUILD PERIPHER-
AL DEVICE parameter list shall not be usedto rebuild any part of the se-
lected peripheral device.

Any protected space associated with-gverlapping redundancy groups
shall be successfully rebuilt at least:one time for a successful completion
of the REBUILD PERIPHERAL DEVICE service action.

Reserved

.0 =

=

fithe rebuild operation fails to complete successfully the command shall be terminated with a CHECK CON
ITION status. The sense key shall be set to HARDWARE ERROR, and the additional sense code set td
EBUILD FAILURE OCCURED.

Tlhe REBUILD PERIPHERAL DEVICE parameter list (see table 79) contains the peripheral device to b
bbuilt and a list of redundancy groups to not be used to rebuild the peripheral device.

D
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Table 79 - REBUILD PERIPHERAL DEVIC E parameter list

Bi
; 7 6 5 4 3 2 1 0
Byte
0 RESERVED
1 RESERVED
2 (MSB)
— LUN_P
3 (LSB)
LUN_R(S) (if any)
4 RESERVED
5 RESERVED
6 (MSB)
LUN_RO S—
7 (LSB)
n-3 RESERVED
n-2 RESERVED
n-1 (MSB)
LUN_R X -
n (LSB)
Tlhe LUN_P FIELD specifies the address of the peripheral device to be rebuilt.
Tlhe LUN_R field(s) specifies theraddress(es) of the redundancy group(s) that shall not be used to rebuild
the peripheral device.
68.5.1.6 RECALCULATE CHECK DATA service action
Tlhe RECALCULATE CHECK DATA service action (see table 80) requests the target to recalculate chegk
data within a~rédundancy group. If the recalculate operation fails to complete successfully the command
shall be terminated with a CHECK CONDITION status. The sense key shall be set to HARDWARE
HRROR}and the additional sense code set to RECALCULATE FAILURE OCCURRED.
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Table 80 - RECALCUL ATE CHECK DATA service action

B?/itte 7 6 5 4 3 2 1 0
0 OPERATION CODE (BBh)
1 RESERVED SERVICE ACTION (Q5h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_R
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED ALLRG IMMED
11 CONTROL

Q 0O Q -

[oNl @1k >

DO >

< -

8.5.1.7 VERIEY. CHECK DATA service action

he LUN_R field specifies the address of the redundancy group for which the target shall recalculate th
heck data. If the requested logical unit has not\been configured the command shall be terminated with
HECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional sens|
pde set to LOGICAL UNIT NOT CONFGURED.

n immediate (IMMED) bit of zero indicates that status shall be returned after the recalculate operation ha
pmpleted. An IMMED bit value of one indicates that the target shall return status as soon as the comman|
escriptor block has been validated.

n all redundancy groupbit (ALLRG) of zero indicates the recalculation of check data shall only occur on th
ddressed redundanéy-group. An ALLRG bit of one indicates the recalculation of check data shall occur o
Il redundancy groups within the target. The LUN_R field shall be ignored when the ALLRG bit is one.

he VERIFY CHECK DATA service action (see table 81) requests that check data be verified consistent
ith.the protected space within a redundancy group.

D

]

[oNNV))

-
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Table 81 - VERIFY CHECK D ATA servic e action

Bit
7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (BBh)

1 RESERVED SERVICE ACTION (Q6h)

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
Tlhe 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
GONDITION status. The sense key shall becset to ILLEGAL REQUEST, and the additional sense code sét
t

LOGICAL UNIT NOT CONFIGURED:

n immediate (IMMED) bit of zero indicates that status shall be returned after the verification operation ha
mpleted. An IMMED bit value of one indicates that the target shall return status as soon as the comman
scriptor block has been validated.

U

n all redundancy groupbit (ALLRG) of zero indicates the verification of check data shall only occur on th
dressed redundanéy-group. An ALLRG bit of one indicates the verification of check data shall occur on gl
redundancy groups-within the target. The LUN_R field shall be ignored when the ALLRG bit is one.

= (D

P

continuous.Verification bit (CONTVER) of zero indicates the check data shall be verified only once.
ONTVER Bit of one indicates the check data shall be continuously verified. Verification shall continue until
ERIFYSCHECK DATA service action is requested with the CONTVER bit set to zero and the ALLRG bit setF
I

D

ne.or the ALLRG bit set to zero and the LUN_R field set to the address of the redundancy group that is equ
t the LUN_R from the original VERIFY CHECK DATA service action.

NOTE 22 - If continuous verification is selected the verification executes as a background operation within
the target in a vendor specific manner. Continuously may be defined as only verifying 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
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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.

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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6.6 VOLUME SET (IN) command

6.6.1 VOLUME SET (IN) command servic e actions

The service actions for the VOLUME SET(IN) command are listed in table 82.

Table 82 - Servic e actions fo r volume set (in) command

Service name Service Type Subclause
actions
REPORT VOLUME SETS 00h M 6:6:11
RESERVED 0lhto 17h
VENDOR SPECIFIC 18h to 1Fh
Key: M = Service action implementation is mandatory.
O = Service Action implementation is optional.

6.6.1.1 REPORT VOLUME SETS service action

—

he REPORT VOLUME SETS service action (see table 83) requests that-information regarding volum
pts within the target be sent to the application client.

(7))
D

Table 83 - REPORT VOLUME SETS service action

Bit
7 6 5 4 3 2 1 0
Byte
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
Q [ D\
10 RESERVED RPTSEL
11 CONTROL

The LUN_V field specifies the address of the volume set for which information shall be reported per table 84.
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
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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 84) contains a four-byte header that contains the
length in bytes of the parameter list and a list of REPORT VOLUME SET DESCRIPTORS.

Table 84 - 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*DESCRIPTOR (First)
x+3 (Lenhgth x)
n-y+1 REPORT VOLUME SET DESCRIPTOR (Last)
n (Length y)

O -

ESCRIPTOR(S).

he REPORT VOLUME SET LIST LENGTH field specifies the length in bytes of the following REPORT VOLUME SH

Tlhe REPORT VOLUME SET-DESCRIPTOR is defined in table 85.

—
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Table 85 - Format of REPORT VOLUME SET DESCRIPTOR

Bit
7 6 5 4 3 2 1 0
Byte
0 (MSB)
LUN_V

1 (L SR)
2 RESERVED

3 RESERVED

4 RESERVED GRANULARITY OF UNIFS

5 RESERVED STATE OF THE VOLUME SET

6 (MSB)

7

PS_EXTENT STRIPE LENGTH

8

9 (LSB)
10 (MSB)

11

PS_EXTENTINTERLEAVE DEPTH

12

13 (LSB)
14 (MSB)

REPORT 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

The LUN_V field specifies the address of the volume set to which the information listed in this REPORT
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 reported. See table 62 for the format of the GRANULARITY OF UNITS field.

The vOLUME SET STATE field is defined in table 38.
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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
next consecutive ps_extent beyond the current stripe.

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 nccignnd ps—extents and the nccignn

ps_extents user dataﬁﬂapping for the addressed volume set. See table 86 for the format of the VOLUMESHT
PIS_EXTENT DESCRIPTOR field.
TABLE 86 - VOLUME SET PS_EXTENT DESCRIPTOR
Bit
7 6 5 4 3 2 1 0
Byte
0
PS_EXTENT DESCRIPTOR

11

12 RESERVED INCDEC

13 RESERVED

14

LUN_R

15

16 (MSB)

17

USER DATA STRIPE DEPTH

18

19 (LSB)
Yee table 67 for a description of the PS_EXTENT DESCRIPTOR field.
An increment/deerement bit (INCDEC) of zero indicates logical blocks within the ps_extent have been

D

apped in ascending order. An INCDEC bit of one indicates the logical blocks within the ps_extent havi
een mapped’in descending order.

=

he LUN-R field specifies the address of the redundancy group that caused the formation of the ps_exten|

he R DATA STRIPF DEPTH field contain i i ithi xtemt
before proceeding to the next ps_extent.

6.7 VOLUME SET (OUT) command

6.7.1 VOLUME SET (OUT) command servi ce actions

The service actions for the VOLUME SET(OUT) command are listed in table 87.
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Table 87 - Servic e actions for VOLUME SET (OUT) command

Service name Service Type Subclause
actions

CONTROL GENERATION OF CHECK DATA 00h 0] 6.7.1.1
CONTROL WRITE OPERATIONS 01lh 0] 6.7.1.2
CREATE/MODIFY VOLUME SET 02h 0] 6.7.1.3
DELETEVOLUME SET 03h Q 6714
RECALCULATE VOLUME SET CHECK DATA 04h 0] 6.7.1.5
VERIFIY VOLUME SET CHECK DATA 05h 0] 6.7.16
RESERVED 06h to 17h
VENDOR SPECIFIC 18h to 1Fh
Key: M = Service action implementation is mandatory.

O = Service action implementation is optional.

o Q© —

isabled.

6.7.1.1 CONTROL GENERATION OF CHECK DATA service action

he CONTROL GENERATION OF CHECK DATA service action (see table 88) requests that th
eneration of check data within the underlaying redundancy group(s).'of)a volume set be enabled ¢

Table 88 - CONTROL GENER ATION OF CHECK DATA service action

11

=

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

The LUN_vV 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 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
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CONFIGURED.

An all volume set bit (ALLvVLU) 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. A

n

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 fiel
shall be ignored if the ALLVLU bit is one.

A dlsable check data bit (DISCHK) of zero |nd|cates the generation of check data contamed within aII of th

the generat|on of check data contamed within all of the underlaying redundancy group(s) of the selecte
olume set(s) shall be disabled. Generation of check data shall be disabled until a CONTRO

<

GENERATION OF CHECK DATA service action is requested with the DISCHK bit set to zero and the ALLVL
blit set to one or the ALLVLU bit set to zero and the LUN_V field set to the address of the volume set that
gqual to the LUN_V from the original CONTROL GENERATION OF CHECK DATA service action.

b~

REDUNDANCY GROUP (OUT) command’s CONTROL GENERATION OF CHECK’DATA service actio
hall not cause the generation of check data to be enabled if the generation of check data was disable
sing the VOLUME SET (OUT) command’'s CONTROL GENERATION OF CHECK DATA service action.

c wn

6.7.1.2 CONTROL WRITE OPERATIONS servi ce action

—

he CONTROL WRITE OPERATIONS service action (see table 89)«requests that write operations to
plume set be enabled or disabled.

<

Tlhis 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 command.

d

e

[© N |

2D
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Table 89 - CONTROL WRITE OPERATIONS service act ion

Bit
7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (BFh)

1 RESERVED SERVICE ACTION (Q1h)

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
Tlhe LUN_v field specifies the address of the voltime set that shall have write operations enabled qr
disabled. If the requested logical unit has not\been configured the command shall be terminated with p
GHECK CONDITION status. The sense key shall be set to ILLEGAL REQUEST, and the additional sensge
cpde set to LOGICAL UNIT NOT CONFGURED.
An all volume set bit (ALLVLU) of zere_indicates the write operation control shall only apply to the addressed
vplume 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 ignored if the ALLVLU bit is one.

disable write operations bit (DISWR) of zero indicates write operations shall be enabled on the selecte
lume set(s). A bISWR bit of one indicates write operations shall be disabled on the selected volum
set(s). Write operatiens shall be disabled until a CONTROL WRITE OPERATIONS service action is requestg
ith the DISWR,bit set to zero and the ALLVLU bit set to one or the ALLVLU bit set to zero and the LUN_V fiel
set to the address of the volume set that is equal to the LUN_V from the original CONTROL WRIT
PERATIONS service action.

T & o O &

7. X3 CREATE/MODIFY VOLUME SET service action

The CREATE/MODIFY VOLUME SET service action (see table 90) requests the creation of a new volume
set or the modification of an existing volume set. If the create 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 CREATION OF LOGICAL UNIT FAILED. If the
modification 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 MODIFICATION OF LOGICAL UNIT FAILED.
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Table 90 - CREATE/MODIFY VOLUME SET service action

—

e CREATE/MODIFIY VOLUME SET service action. If the requested logical unit is not configurable th
mmand shall be terminated with @ CHECK CONDITION status. The sense key shall be set to ILLEGA
EQUEST, and the additionalsense code set to LOGICAL UNIT NOT SUPPORTED.

Bit
7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (BFh)

1 RESERVED SERVICE ACTION (Q2h)

2 RESERVED

3 RESERVED GRANULARITY OF UNITS

4 (MSB)

LUN_V

5 (LSB)

6 (MSB)

7

LIST LENGTH

8

9 (LSB)

10 RESERVED| SETLUN RESERVED IMMED

11 CONTROL
Tlhe GRANULARITY OF UNITS field indicates if bits,;bytes, words, or logical blocks shall be used within the
vplume set being created or modified. See tahle\62 for the format of the GRANULARITY OF UNITS field.
Tlhe LUN_V field specifies the address ofithe“volume set that shall be created or modified. If the addresseld
vplume set already exists within the target the target shall modify the existing volume set as requested in

e
|

—

n immediate (IMMED) bit\of zero indicates that status shall be returned after the create/modify volume s¢

peration has completed. An IMMED bit value of one indicates that the target shall return status as soon g

the command deseriptor block has been validated, and the entire CREATE/MODIFIY VOLUME SE
rameters list-hias been transferred.

s B

set LUN((SETLUN) bit of zero indicates the target shall assign to the volume set being created the logic

nit nunber contained in the LUN_V field. A SETLUN bit of one indicates that the target shall assign a logicl

nit Aumber to the volume set per the addressing rules (see 5.3.1). The LUN_V field shall be ignored wh
the-SETLUN bit is set to one.

The CREATE/MODIFY VOLUME SET parameter list (see table 91) contains user data mapping
information and a list of CREATE/MODIFY PS_EXTENT DESCRIPTORS that shall be combined to create or modify
the addressed volume set.
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Table 91 - 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_EXTENTDESCRIPTOR 0
27
n-19
CREATE/MODIFY PS_EXTENT DESCRIPTOR X

n
Tlhe PS_EXTENT STRIPE LENGTH field.specifies the number of contiguous ps_extents the target shall count
before looping back to the first ps_extent of the current stripe. The looping shall continue until all the uni
of a ps_extent are used up orthe value in the PS_EXTENT INTERLEAVE DEPTH field is reached.
I{ the number of ps_extents within the current create volume set request is not an exact multiple of th
PIS_EXTENT STRIPE LENGTH field the command shall be terminated with a CHECK CONDITION status. Th
sense key shall bé-set to ILLEGAL REQUEST, and the additional sense code set to INVALID FIELD I
HARAMETER LIST. It is not an error if the PS_EXTENT STRIPE LENGTH field is not an even multiple of stripds
and a modify-v0lume set was requested.
Tlhe PS_SEXTENT INTERLEAVE DEPTH field specifies the number of stripes the target shall count befor]
cpntifiuing the mapping into the next consecutive ps_extent beyond the current stripe. If the current strip
i$ the last ps_extent the target shall continue the mapping at the first ps_extent. The mapping sha|ll

continue until all the units of all the ps_extents are mapped.

If the value in the PS_EXTENT STRIPE LENGTH field is equal to the number of ps_extents within the current
modify/create volume set request, the PS_EXTENT INTERLEAVE DEPTH field shall be ignored.

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 92 for the format of the CREATE/MODIFY
PS_EXTENT DESCRIPTOR.
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Table 92 - Data format o f CREATE/MODIFY PS_EXTENT DESCRIPTOR

Bit
7 6 5 4 3 2 1 0
Byte
0
PS_EXTENT DESCRIPTOR
11
12 RESERVED INCDEC
13 RESERVED
14
LUN_R
15
16 (MSB)
17
USER DATA STRIPE DEPTH
18
19 (LSB)
Tlhe PS_EXTENT DESCRIPTOR defines the boundaries of the user data mapping information contained in th
JREATE/MODIFY PS_EXTENT DESCRIPTOR. See table 67 for asdescription of the PS_EXTENT DESCRIPTOR.

b~

Il bits and fields within the CREATE/MODIFY PS_EXTENT DESCRIPTOR shall be bounded by the ps_extent. It
ot an error for a group of ps_extents that defing;a volume set to contain different parameters within th
REATE/MODIFY PS_EXTENT DESCRIPTORS.

(@R}

n increment/decrement bit (INCDEC),0f-zero indicates the target shall map logical blocks within th
S_extent in ascending order. When-INEDEC is zero logical blocks after the START LBA_Ps field value in th
S_EXTENT DESCRIPTOR shall be assigned in ascending order. An INCDEC bit of one, indicates the targ
hall map the logical blocks within the ps_extent in descending order. When INCDEC is one logical block
farting with the START LBA_Ps)field value in the PS_EXTENT DESCRIPTOR shall be assigned in descendin
rder.

O 0 » T T>

NOTE 23 - When'the INCDEC bit is one the START LBA_PS field contains the largest logical block in the
p_extent.

Tlhe LUN_R figld'specifies the address of the redundancy group that caused the formation of the ps_exten|

D O

@ D

Q m

—

efore ‘proceeding to the next ps_extent. Any units defined as check data shall not be counted
etermine when the user data stripe depth is reached.

QO —

he USER DATA STRIPE DEPTH field contains the number of contiguous units to count within a ps_exterF
t

6.7.1.4 DELETE VOLUME SET service action

The DELETE VOLUME SET service action (see table 93) requests that the selected volume set be

deleted. If the remove operation fails to complete successfully the command shall be terminated with
CHECK CONDITION status. The sense key shall be set to HARDWARE ERROR, and the additional sens
code set to REMOVE OF LOGICAL UNIT FAILED.

a
e
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Table 93 - DELETE VOLUME SET servi ce action

B?/itte 7 6 5 4 3 2 1 0
0 OPERATION CODE (BFh)
1 RESERVED SERVICE ACTION (03h)
2 RESERVED
3 RESERVED
4 (MSB)
LUN_V
5 (LSB)
6 RESERVED
7 RESERVED
8 RESERVED
9 RESERVED
10 RESERVED
11 CONTROL

nit has not been configured the command shall be terminated with a CHECK CONDITION status. Th
ense key shall be set to ILLEGAL REQUEST, and the additional sense code set to LOGICAL UNIT NO
ONFIGURED.

Qwn o

D

.7.1.5 RECALCULATE VOLUME SET CHECK DATA service action

he RECALCULATE VOLUMESET CHECK DATA service action (see table 94) requests the target {
pcalculate check data within~the portion of any redundancy group(s) overlaid by the selected a volum
et. If the recalculate gperation fails to complete successfully the command shall be terminated with
HECK CONDITIONCGtatus. The sense key shall be set to HARDWARE ERROR, and the additional sens
pde set to RECALEULATE FAILURE OCCURRED.

O O wnw = -

he LUN_V field specifies the address of the volume'set that the target shall delete. If the requested logical

S
T
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Table 94 - RECALCUL ATE VOLUME SET CHECK D ATA service action

Bi
; 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (BFh)

1 RESERVED SERVICE ACTION (Q4h)

2 RESERVED

3 RESERVED

4 (MSB)

LUN_V

5 (LSB)

6 (MSB)

7

LIST LENGTH

8

9 (LSB)

10 RESERVED ALLVLU IMMED

11 CONTROL
Tlhe LuN_v field specifies the address of the volume set that shall have all or part of the check da
associated with protected space contained within-any underlaying redundancy group(s) recalculated. If th
requested logical unit has not been configured the command shall be terminated with a CHEC
GONDITION status. The sense key shall be“set to ILLEGAL REQUEST, and the additional sense code sét
t

LOGICAL UNIT NOT CONFIGURED:

7]

n immediate (IMMED) bit of zere,indicates that status shall be returned after the recalculate operation hg
mpleted. An IMMED bit value\of one indicates that the target shall return status as soon as the comman

escriptor block has been,validated, and the entire RECALCULATE VOLUME SET CHECK DAT.
rameters list has beemtransferred.

2O

=)

n all volume set bit(aALLVLU) of zero indicates that only check data associated with protected space withi
ny underlaying redundancy group(s) of the selected range of LBA_Vs shall be recalculated. An ALLVLU Hit

one indicatés that check data associated with protected space within any underlaying redundang
roup(s) of the selected volume set shall be recalculated. The RECALCULATE VOLUME SET CHEC
ATA parameter list shall be ignored when the ALLVLU bit is one.

A<

—

he”RECALCULATE VOLUME SET CHECK DATA parameter list (see table 95) contains the range (¢
LBA Vs to be recalculated.
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Table 95 - RECALCULATE VOLUME SET CHECK DATA parameter list

Bit
Byte 7 6 5 4 3 2 1 0
0 (MSB)
1
START LBA_V
2
3 (LSB)
4 (MSB)
5
NUMBER OF LBA_V(S)
6
7 (LSB)

Tlhe sTART LBA_V field specifies the LBA_v(s) the target shall use to begin the recalculation.

—

he NUMBER OF LBA_V(s) field specifies the number of consecutive LBA_V(s) the target shall use for th
bcalculation.

ﬁ
D

6.7.1.6 VERIFY VOLUME SET CHECK DATA service @ction

—

he VERIFY VOLUME SET CHECK DATA service action (see table 96) requests that check data b

erified consistent with the protected space within’any redundancy group(s) overlaid by the selected rang
f LBA_V(S).

<
D

Q
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