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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE -

Part 322: Block commands-2 (SBC-2)

FOREWORD

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

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

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IE
Draft International Standards adopted by the joint technical committee are circulated t@ Rational bodies fg

rticipate
any ISO
national
aration.

C JTC 1.
r voting.

Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

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

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

In order to promote international uniformity, IEC and {S© member bodies undertake to apply IEC, ISO 3
IEC Publications transparently to the maximum extent possible in their national and regional publicatig

tible, an
entation

epted by
echnical
e way in

nd ISO/
ns. Any

divergence between any ISO/IEC Publication.and’the corresponding national or regional publication should be

clearly indicated in the latter.

ISO and IEC provide no marking procedure to indicate their approval and cannot be rendered responsiblg
equipment declared to be in conformity with an ISO/IEC Publication.

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

No liability shall attach to-IEC or ISO or its directors, employees, servants or agents including individua
and members of their.technical committees and IEC or ISO member bodies for any personal injury,

e for any

experts
broperty

damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)

and expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC publication or any of]
ISO or ISO/IEC publications.

her IEC,

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

indispensable for the correct application of this publication.

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

Libject of

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

International Standard ISO/IEC 14776-322 was prepared by subcommittee 25: Interconnection of Informa-
tion technology equipment, of ISO/IEC joint technical committee 1: Information technology.

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

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

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

The set of SCSI standards specifies the interfaces, functions and operations necessary to ensure
interoperability between conforming SCSI implementations. ISO/IEC 14776-322 (this standard) describes the
functions. Conforming implementations may employ any design technique that does not violate
interoperability.

This standard makes the following concepts from previous standards obsolete:

optical-memory device type, model, commands (the ERASE, MEDIUM SCAN, READ GENERATION,
READ UPDATED BLOCK and UPDATE BLOCK commands) and parameters (Optical-Memory mode
page):

writ¢-once device type, model, commands and parameters;
extdnt reservations and RESERVE/RELEASE reservations;

seq
rota
rela

CHA
REL
LOV

third
XD
REC

the

*

*

ential media model;
ional position locking model;
ive addressing (including the RELADR bit in many CDBs) and the SET LIMITS commands;

NGE DEFINITION, COMPARE, COPY, COPY AND VERIFY, LOCK-UNLOCK CACHE, RE{
EASE, REZERO UNIT, SEEK, SEARCH DATA HIGH, SEARCH DATA EQUAL and SEARCH
V commands;

-party XOR operation and hybrid XOR operation model, commands (REBUILD, REGENERA
VRITE EXTENDED commands) and mode page fields\(XOR Control mode page MA
SENERATE SIZE field, MAXIMUM REBUILD TRANSFER SIZE field and REBUILD DELAY fiel

ollowing mode pages and mode page fields:

Caching mode page NON CACHE SEGMENT SIZE field:

Flexible Disk mode page;

Format Device mode page;

Medium Types Supported mode pagé ‘and all medium types in the mode parameter header;

Notch and Partition mode page;

*  the following Read-Write Error-Recovery mode page fields:

*

*

Dev

CORRECTION SPAN, FIELD,

HEAD OFFSET COUNT field and

DATA STROBE OFFSET COUNT field;

Rigid Disk Geometry mode page and

Verify Erfror Recovery mode page VERIFY CORRECTION SPAN field;

ce Status Output and Device Status Input diagnostic pages;

ERVE,
1 DATA

TE and
IMUM

1),

DISABLE SAVING PARAMETERS (DSP) bit in the Format Unit parameter list;
INTERERLEAVE FIELD in the format unit command and

erase by-pass (EBP) bit in the WRITE and WRITE AND VERIFY commands. This bit was formerly
reserved for the direct-access block device type, so is just marked reserved in this standard.
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The relationship of this standard to other SCSI standards and related projects in the SCSI family of standards
is shown Figure 1.

Device-type specific command sets (e.g.,
SES-2 (ISO/IEC 14776-372),
SMC-2 (ISO/IEC 14776-352),

this standard)

Primary command set
(shared for all device types)
(SPC-3 (ISO/IEC 14776-453))

Protocols (e.g.,
SAS (ISO/IEC 14776-150),
FCP-2 (ISO/IEC 14776-222))

Figure
hierarc

The stg

N

In
In

03]

Interconnects (e.g.,
SAS (ISO/IEC 14776-150),
Fibre Channel (ISO/IEC 14165))

SCSI Afchitecture Model
(SAM-3 (I$O/IEC 14776-413))

Figure 1 — SCSI document relationships

1 shows the general relationship of SCSI standards and does not imply ‘a-relationship with res
ny, protocol stack or system architecture.

ndard is organized as follows:

ause 1 "Scope" describes the relationship of this standard to.the SCSI family of standards.

ause 2 "Normative references" provides references to other'standards and documents.

ause 3 "Definitions, symbols, abbreviations, keywords @nd conventions" defines terms and
conventions used throughout this standard.

ause 4 "Direct-access block device type model" provides an overview of the direct-access blo
device type and the command set.

ause 5 "Commands for direct-access block devices" defines commands specific to direct-acce
block devices.

ause 6 "Parameters for direct-access block devices" defines diagnostic pages, mode paramets
pages, log pages and VPD pages specific to direct-access block devices.

formative Annex A (Numeric order codes) summarizes service action assignments for variable
commands and commands using the SERVICE ACTION IN and SERVICE ACTION @
operation codes(

formative Annex B (XOR command examples) provides examples of XOR command usage.

formative Annex C_(ERC example in C) provides example C code for the protection informatio

bliography

pect to

SS

rs and

Hlength
uT

n CRC.
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1 Scope

This pdrt of ISO/IEC 14776 defines the command set extensions to facilitate operation of SCSI direct
block devices. The clauses of this standard, implemented in conjunction with the applicable clauses of
fully spgcify the standard command set for SCSI direct-access block devices.

The oblective of this standard is to

a)

b)

The s@t of SCSI standards specifies the interfaces, “‘functions and operations necessary to
interoperability between conforming SCSI implementations. This standard is a functional desc
Conforming implementations may employ any design technique that does not violate interoperability.

INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE -

Part 3227 Block commands-2 (SBC-2)

permit an application client to communicate over a SCSI servjee.delivery subsystem with a log
that declares itself to be a direct-access block device in the’PERIPHERAL DEVICE TYPE fielg
standard INQUIRY data (see SPC-3) and

define commands unique to the direct-access block dévice type.

access
SPC-3,

cal unit
| of the

ensure
ription.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO/IEC 14776-342, Information technology — Small computer system interface (SCSI-3) -
Part 342: Controller commands-2 (SCC-2)

ISO/IEC 14776-352 (under consideration), Information technology — Small computer system interface (SCSI)
— Part 352: Media changer commands-2 (SMC-2) [ANSI INCITS 382-2004]

ISO/IEC 14776-364 (under consideration), Information technology — Small computer system interface| (SCSI)
— Part 364: Multimedia commands-4 (MMC-4) [ANSI INCITS 401-2005]

ISO/IEC 14776-372 (under consideration), Information technology — Small computer system iinterface| (SCSI)
— Part 872: Enclosure services-2 (SES-2) [INCITS working draft T10#1559-D]

ISO/IEC 14776-413 (under consideration), Information technology — Small computéer system interface| (SCSI)
— Part 413: Architecture model-3 (SAM-3)

ISO/IEC 14776-453 (under consideration), Information technology — Small‘computer system interface| (SCSI)
— Part 453: Primary commands-3 (SPC-3) [ANSI INCITS 408-2005]

IEC 60p27:2000, Letter symbols to be used in electrical technology ~ Part 2: Telecommunications and elec-
tronics
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3 Defi

nitions, symbols, abbreviations, keywords and conventions

3.1 Definitions

For the

3.11

purposes of this document the following definitions apply.

additional sense code: combination of the ADDITIONAL SENSE CODE and ADDITIONAL SENSE CODE QUALIFIER
fields in the sense data (see SPC-3)

3.1.2

application client: an object that is the source of SCSI commands (see SAM-3)

313
byte: s

314
cache:
may co

3.1.5
check
XOR-p

3.1.6

equence of eight contiguous bits considered as a unit

temporary and often volatile data storage area outside the area accessible/by. application clie
htain a subset of the data stored in the non-volatile data storage area

Hata: information contained within a redundancy group (see 3.1.37) that may allow lost or de
otected data (see 3.1.46) to be recreated

command: request describing a unit of work to be performed-by a device server (see SAM-3)

3.1.7

command descriptor block (CDB): structure used té<eommunicate commands from an application

a devic

3.1.8
cyclic

e server (see SPC-3)

redundancy check (CRC): an error\checking mechanism that checks data integrity by comq

polynomnial algorithm based checksum (see 4.16.3)

3.1.9

data defect list (DLIST): list of defects sent by the application client to the device server during a FOF

AT UNI
3.1.10
data-in

proces

3.1.1

T command (see 4.8)

buffer: the buffer identified by the application client to receive data from the device server du
5ing of a cammand (see SAM-3)

nts that

stroyed

tlient to

uting a

fing the

lication

data-out buffer: the buffer identified by the application client to supply data that is sent from the app
client thﬂmm@n@mmsmw&ﬁhw—' i i =

3.1.12

default protection information: values placed into protection information fields if an application client does
not specify specific protection information values

3.1.13

device server: an object within a logical unit that processes SCSI tasks according to the rules of task
management (see SAM-3)

3.1.14

device type: type of device (or device model) implemented by the device server as indicated by the
PERIPHERAL DEVICE TYPE field of the standard INQUIRY data (see SPC-3)
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direct-access block device: a device that is capable of containing data stored in blocks that each have a

unique

3.1.16

logical block address

domain: I/O system consisting of a set of SCSI devices that interact with one another by means of a service
delivery subsystem (see SAM-3)

3.1.17

error correcting code (ECC): an error checking mechanism that checks data integrity and enables some

errors i

n the data to be corrected

3.1.18
exclus
if one 3

3.1.19 extent: fixed set of logical blocks occupying contiguous logical block addresses.on a single log

3.1.20
field: g
data (s

3.1.21
read, W

3.1.22
grown

3.1.23
hard re
reset o
5.1)

3.1.24

L_T ne)
|_T nex
table 9

3.1.25
logical

3.1.26
logical

3.1.27

ve-or (XOR): boolean arithmetic function on two binary input values that results in an output va
nd only one of the input values is 1

roup of one or more contiguous bits, a part of a larger structure such-as a CDB (see 3.1.7) o
pbe SPC-3)

ormat corrupt: vendor-specific condition in which the application client may not be able to |
rite or verify operations (see 4.6)

defect list (GLIST): all the defects sent by the application client to the device server (see 4.8)

set: condition resulting from the events defined by SAM-3 in which the SCSI device performs t
berations described in SAM-3, this standard and other applicable command standards (see ta

us loss: condition resulting fram the events defined by SAM-3 in which the SCSI device perfo
us loss operations described-in SAM-3, this standard and other applicable command standarj
in5.1)

block: set of data)bytes accessed and referenced as a unit

block address (LBA): value used to reference a logical block

lue of 1

cal unit

[ sense

berform

he hard
ble 9 in

rms the
ds (see

logical

process performed during the FORMAT UNIT command (see 4.8)

3.1.28

logical unit reset: condition resulting from the events defined in SAM-3 in which the logical unit performs the
logical unit reset operations described in SAM-3, this standard and other applicable command standards (see

table 9

3.1.29
media:

3.1.30

in5.1)

plural of medium

medium: material on which data is stored (e.g., a magnetic disk)
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3.1.31
non-volatile cache:
cache that retains data through power cycles

3.1.32

non-volatile medium: physical storage medium that retains data written to it for subsequent read operations
through power cycles (e.g., a disk within a device that stores data as magnetic field changes that do not
require device power to exist)

3.1.33
power cycle: power being removed followed by power being applied to a SCSI device

3.1.34
power |on: condition resulting from the events defined by SAM-3 in which the SCSI device|performs the
power ¢n operations described in SAM-3, this standard and other applicable command stapdards (seeftable 9
in5.1)

3.1.35
primary defect list (PLIST): list of defects that are considered permanent defecgts(see 4.8)

3.1.36
protection information: fields appended to each logical block that-contain a cyclic redundancy check
(CRC),lan application tag and a reference tag

3.1.37
redundancy group: a grouping of XOR-protected data (see~3:1.46) and associated check data (se¢ 3.1.5)
into a single type of data redundancy (see SCC-2)

NOTE |This standard only supports the XOR (see 3.1.18) type of r&édundancy.

3.1.38
sense fdata: data describing an error or exceptional condition that a device server delivers to an apglication
client irj association with CHECK CONDITION-status (see SPC-3)

3.1.39
sense key: contents of the SENSE KEY field in the sense data (see SPC-3)

3.1.40
status] one byte of response'information sent from a device server to an application client upon completion
of eachl command (see SAM-3)

3.1.41 storage array controller: any combination of an initiator and application clients (see SAM}3) that
originates SCSl(commands, converts input LUNs to output LUNs and converts input LBAs to output LBAs

NOTE |A storage array controller organizes a group of direct-access block devices into various objects (e.g., redundancy gr¢ups and
volume gets) (see SCC-2).

3.1.42
user data: data contained in logical blocks that is not protection information

3.1.43
volatile cache:
cache that does not retain data through power cycles

3.1.44
volatile medium: medium that does not retain data written to it for a subsequent read operation through
power cycles (e.g., a silicon memory device that loses data written to it if device power is lost)
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3.1.45
XOR operation: performing a XOR (see 3.1.18) bitwise on two identical-sized multiple-bit input values (e.qg.,
the current value of a logical block and the new value for that logical block)

NOTE In a storage array implementing a redundancy group (see 3.1.37), the XOR operation is used in error correction algorithms and
may be performed by the storage array controller (see 3.1.41) or by the direct-access block devices (see 3.1.15) and 4.14.

3.1.46
XOR-protected data: logical blocks, including user data and protection information, if any, that are part of a
redundancy group (see 3.1.37)

Meaning

command descriptor block (see 3.1.7)
cyclic redundancy check (see 3.1.8)
logical unit certification list (see 3.1.27)
data defect list (see 3.1.9)

error correcting code (see 3.1.17)
grown defect list (see 3.1.22)
input/output

logical block address (see 3.1.26)
least significant bit

logical unit number

SCSI Multimedia Commands©4 standard

MSB most significant bit

PLIST primary defect list (se&28.1.35)

SAM-3 SCSI ArchitectureModel - 3 standard

SCSI Small Computer-System Interface family of standards
S[CC-2 SCSI-3 Controller Commands - 2 standard

SES-2 SCSlEnclosure Services - 2 standard

SMC-2 SCSJ|*'Media Changer Commands - 2 standard
SPC-3 S€SI Primary Commands - 3 standard

XPR exclusive-or (see 3.1.18)

3.3 Keywords

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

3.3.2

ignored: A keyword used to describe an unused bit, byte, word, field or code value. The contents or value of
an ignored bit, byte, word, field or code value shall not be examined by the receiving SCSI device and may be
set to any value by the transmitting SCSI device.

3.33
invalid: A keyword used to describe an illegal or unsupported bit, byte, word, field or code value. Receipt of
an invalid bit, byte, word, field or code value shall be reported as an error.
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3.34
mandatory: A keyword indicating an item that is required to be implemented as defined in this standard.

3.35
may: A keyword that indicates flexibility of choice with no implied preference (equivalent to “may or may
not”).

3.3.6
may not: Keywords that indicate flexibility of choice with no implied preference (equivalent to “may or may
not”).

3.37
need njot: Keywords indicating a feature that is not required to be implemented (equivalent to “is-not required
to”).

3.3.8
obsolete: A keyword indicating that an item was defined in prior SCSI standards but,has been removgd from
this stapdard.

3.3.9
optional: A keyword that describes features that are not required to be’implemented by this standard.
However, if any optional feature defined in this standard is implemented; then it shall be implemented as
defined in this standard.

3.3.10
reserveéd: A keyword referring to bits, bytes, words, fields~ahd code values that are set aside fof future
standardization. A reserved bit, byte, word or field shall’bé set to zero, or in accordance with g future
extensipn to this standard. Recipients are not required ta:check reserved bits, bytes, words or fields for zero
values.|Receipt of reserved code values in defined fields’shall be reported as an error.

3.3.11
restricted: A keyword referring to bits, bytes} words and fields that are set aside for use in othgr SCSI
standafds. A restricted bit, byte, word or field shall be treated as a reserved bit, byte, word or field| for the
purposes of the requirements defined in.this standard.

3.3.12
shall: A keyword indicating a‘'mandatory requirement. Designers are required to implement gll such
mandafory requirements to_ehsure interoperability with other products that conform to this standard.

3.3.13
should: A keyword.indicating flexibility of choice with a strongly preferred alternative; equivalent to the
phrase|‘it is strongly-rfecommended.”

3.3.14
vendor-specific: Something (e.g., a bit, field or code value) that is not defined by this standard and may be

used d aranthiin varionic imnlamantatinnc
rererty—H—vyarouSHHHpIe e atonS:

3.4 Conventions

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

Names of commands, status codes, sense keys and additional sense codes are in CAPITALS (e.g.,
REQUEST SENSE).

Names of fields and state variables are in SMALL CAPITALS (e.g. NAME). When a field or state variable name
contains acronyms, uppercase letters may be used for readability. Normal case is used when the contents of
a field or state variable are being discussed. Fields or state variables containing only one bit are usually
referred to as the NAME bit instead of the NAME field.
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case is used for words having the normal English meaning.

A binary number is represented in this standard by any sequence of digits comprised of only the
Western-Arabic numerals 0 and 1 immediately followed by a lower-case b (e.g., 0101b). Underscores or
spaces may be included between characters in binary number representations to increase readability or
delineate field boundaries (e.g., 0 0101 1010b or 0_0101_1010b).

A hexadecimal number is represented in this standard by any sequence of digits comprised of only the
Western-Arabic numerals 0 through 9 and/or the upper-case English letters A through F immediately followed
by a lower-case h (e.g., FA23h). Underscores or spaces may be included in hexadecimal number
representations to increase readability or delineate field boundaries (e.g., B FD8CFA23h or B_FD8C_FA23h).

A deci
Wester|

This st
multipl
exampl

Lists s¢
items. |
listed it

If a con
tables,
values.

Notes g

n-Arabic numerals 0 through 9 not immediately followed by a lower-case b or lower-case h(e‘d

hndard uses the ISO convention for representing decimal numbers (e.g., the thousands and
bs are separated by a space and a comma is used as the decimal point). Table/1° shows
es of decimal numbers represented using the ISO and American conventions.

Table 1 — ISO and American numbering convention examples

ISO American

0,6 0.6
3,141 592 65 3.14159265

1000 1,000
1323 462,95 1,323,462.95

quenced by letters (e.g., a) red, b) blue, c) green) show no ordering relationship between th
Lists sequenced by numbers (e.g., 1) red, 2) blue,”3) green) show an ordering relationship betw,
ms.

%4

flict arises between text, tables or figures; the order of precedence to resolve the conflicts is te
and finally figures. Not all tables or figlires are fully described in the text. Tables show data forr

o not constitute any requirements for implementers.

mat umper 15 Tepresented i this standard by any sequence of digits comprisedof, only the

., 25).

higher
5 some

e listed
een the

xt, then
nat and
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4 Direct-access block device type model

4.1 Direct-access block device type model overview

SCSI devices that conform to this standard are referred to as direct-access block devices. This includes the
category of logical units commonly referred to as rigid disks and removable rigid disks. MMC-4 is typically
used by CD-ROM devices.

This standard is intended to be used in conjunction with SAM-3, SPC-3, SCC-2, SES-2 and SMC-2.

Direct-access block devices store data for later retrieval in logical blocks. Logical blocks contain user data,
may contain protection information accessible to the application client and may contain additional information
not norfmally accessible to the application client (e.g., an ECC). The number of bytes of user data contained in
each Iqgical block is the block length. The block length is greater than or equal to one byte and shpuld be
even. Mlost direct-access block devices support a block length of 512 bytes and some support additional block
lengths] (e.g., 520 or 4 096 bytes). The block length does not include the length of protectioh)informatjon and
additioal information, if any, that are associated with the logical block. The block length.is’the same for all
logical plocks on the medium.

Each Iqgical block is stored at a unique logical block address (LBA), which is either four bytes (i.e.,|a short
LBA) of eight bytes (i.e., a long LBA) in length. The logical block addresses on a‘ggical block shall begin with
zero and shall be contiguous up to the last logical block on the logical, unit. An application client uses
commgnds performing write operations to store logical blocks and commands performing read operations to
retrieve logical blocks. A write operation causes one or more logical blocks to be written to the medium. A
read operation causes one or more logical blocks to be read from the medium. A verify operation confifms that
one or more logical blocks were correctly written and are able to be\read without error from the medium.

Logical blocks are stored by a process that causes localizedChanges or transitions within a medium. The
changgs made to the medium to store the logical blocks¢may be volatile (i.e., not retained through power
cycles] or non-volatile (i.e., retained through power €ycles). The medium may contain vendor gpecific
information that is not addressable through an LBA.*Such data may include defect management data and
other device management information.

4.2 Media examples

4.2.1 Media examples overview
Examples of types of media used by the direct-access block device are:

a) | rotating media (see 4.2.2).and
b) | memory media (see 4.2:3).

Other types of media are possible.

4.2.2 Rotating media

The typical application of a direct-access block device is a magnetic disk device. The medium is a spinning
disk with a magnetic material that allows flux changes to be induced and recorded. An actuator posijtions a
read-writ€ head radially across the spinning disk, allowing the device to randomly read or write the information
at any radial-pesitien—Data-is-stered-by-using-the-write-peortion-of-the-head-terecerd-frchanges-and is read

by using the read portion of the head to read the recorded data.

The circular path followed by the read-write head at a particular radius is called a track. The track is divided
into sectors each containing blocks of stored data. If there are more than one disk spinning on a single axis
and the actuator has one or more read-write heads to access the disk surfaces, the collection of tracks at a
particular radius is called a cylinder.

A logical block is stored in one or more sectors, or a sector may store more than one logical block. Sectors
may also contain information for accessing, synchronizing and protecting the integrity of the logical blocks.

A rotating media-based direct-access block device is ready when the disks are rotating at the correct speed
and the read-write circuitry is powered and ready to access the data and may require a START STOP UNIT
command (see 5.17) to bring the logical unit to the ready state.
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Rotating media-based direct-access block device are usually non-volatile.

The defect management scheme of a disk device may not be discernible through this command set, though
some aspects (see 4.8) may be accessible to the application client with the READ LONG commands and the
WRITE LONG commands (see 5.14, 5.15, 5.33, and 5.34).

4.2.3 Memory media

Memory media is based on solid state random access memories (RAMs) (e.g., static RAM (SRAM), dynamic
RAM (DRAM), magnetoresistive RAM (MRAM), ferroelectric RAM (FeRAM) or flash memory). Memory
media-based direct-access block devices may be used for fast-access storage.

START

STOP UNIT command (see 5.17) to brlng the Ioglcal unitto a ready state.

These logical units may be non-mechanical and therefore logical blocks may be accessed withf similarfaccess
times rpgardless of their location on the medium. Memory media-based direct-access block devices may
store lgss data than disks or tapes and may be volatile.

The defect management scheme (e.g., ECC bytes) (see 4.8) may be accessible to,the-application cligént with
the READ LONG commands and the WRITE LONG commands (see 5.14, 5.15, 5.38 and 5.34).

Memorly media may be volatile (e.g., SRAM or DRAM) or non-volatile (e.g:; SRAM or DRAM with |[battery
backup, MRAM, FeERAM or flash memory).

4.3 Removable medium

4.3.1 Removable medium overview

The médium may be removable or non-removable. Theremovable medium may be contained within a
cartridde or jacket to prevent damage to the recording surfaces.

A remojvable medium has an attribute of being mounted or unmounted on a suitable transport mechanism in a
direct-gccess block device. A removable medium-issmounted when the direct-access block device is ¢apable
of performing write, read, and verify operations, to the medium. A removable medium is unmounted at any
other tijne (e.g., during loading, unloading, or¢storage).

An application client may check whether-a removable medium is mounted by issuing a TEST UNIT READY
commgnd (see SPC-3). A direct-access block device containing a removable medium may not be acgessible
for writg, read, and verify operations(until it receives a START STOP UNIT command (see 5.17).

If the djrect-access block devicesimplements cache, either volatile or non-volatile, it ensures that all logical
blocks pf the medium containthe most recent user data and protection information, if any, prior to pefmitting
unmounting of the removable medium.

The PREVENT ALLOW.MEDIUM REMOVAL command (see SPC-3) allows an application client to resfrict the
unmounting of thesremovable medium. This is useful in maintaining system integrity.

direct-gccess,block device is prevented from unmounting by the PREVENT ALLOW MEDIUM REMOVAL

If the gpplication’/client issues a START STOP UNIT command to eject the removable medium and the
comm}nd, the START STOP UNIT command is rejected by the device server.

4.3.2 Removable medium with an attached media changer

When a direct-access block device is served by an attached media changer, control over a medium transport
element may be accomplished using media changer commands (see SMC-2) sent to the direct-access block
device type logical unit.

The direct-access block device indicates its ability to support these commands by setting the MCHNGR bit to
one in its standard INQUIRY data (see SPC-3). A MCHNGR bit set to one indicates that the MOVE MEDIUM
ATTACHED and READ ELEMENT STATUS ATTACHED commands (see SMC-2) are supported. The logical
unit may require a MODE MEDIUM ATTACHED command (see SMC-2) to become ready.
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4.4 Logical blocks

Logical blocks are stored on the medium along with additional information that the device server uses to
manage the storage and retrieval. The format of the additional information is defined by other standards or is
vendor-specific and is hidden from the application client during normal read, write and verify operations. This
additional information may be used to identify the physical location of the blocks of data, the address of the
logical block, and to provide protection against the loss of user data and protection information, if any (e.g., by
containing ECC bytes).

The first logical block address is zero. The last logical block address is [n-1], where [n] is the number of logical
blocks on the medium accessible by the application client. A READ CAPACITY command should be used to
determine-the value of [n-1]

Logicallblock addresses are no larger than 8 bytes. Some commands support only 4 byte (i.e., short) lOGICAL
BLOCK ADDRESS fields (e.g., READ CAPACITY (10), READ (10) and WRITE (10)). The READ CAPACI[TY (10)
command returns a capacity of FFFFFFFFh if the capacity exceeds that accessible wjth”shor{ LBAs,
indicatipg that:

a) | the application client should enable descriptor format sense data (see SPC-3)'inthe Control mpode
page (see SPC-3) and in any REQUEST SENSE commands (see SPC-3)it\sends and
b) | the application client should use commands with 8-byte LOGICAL BLOCK ADDRESS fields (e.g., READ
CAPACITY (16), READ (16) and WRITE (16)).

NOTE |[If a command with a 4-byte LOGICAL BLOCK ADDRESS field accesses Aegical blocks beyond logical block|address
FFFFFFFFh and fixed format sense data is used, there is no field in the sense data large-enough to report the logical block address of
an error [see 4.13).

mand is received that references or attempts to access a-logical block not within the capacity of the
, the device server terminates the command with CHECK CONDITION status with the sense key set
GAL REQUEST and the additional sense code set to LOGICAL BLOCK ADDRESS OUT OF RANGE.
The cgmmand may be terminated before processing or-after the device server has transferred some ¢r all of

Ifaco
mediu

The number of bytes of user data contained in a |ogical block is the block length. The parameter data returned
by the READ CAPACITY command (see 5.10):describes the block length that is used on the mediuym. The
mode garameter block descriptor (see 6.3.2)is'used to change the block length in direct-access block fevices
that support changeable block lengths. Tthe block length does not include the length of protection information

tion of a logical block onrthe medium is not required to have a relationship to the location of any other
logical plock. However, in a typical direct-access block device, the time to access a logical block at address
[x+1] after accessing logical.block [X] is often less than the time to access some other logical block. The time
ss the logical block at address [x] and then the logical block at address [x+1] need not be lefs than
time tofaccess [x] and then [x+100]. The READ CAPACITY command issued with a PMI bit set to one may be

access

A diredt-aecess block device is ready when the device ser

A direct-access block device using removable media is not ready until a volume is mounted and other
conditions are met (see 4.2). A direct-access block device that is not ready shall terminate medium access
commands with CHECK CONDITION status with the sense key set to NOT READY and the appropriate
additional sense code for the condition.

Some direct-access block devices may be switched from being ready to being not ready by using the START
STOP UNIT command (see 5.17). An application client may need to issue a START STOP UNIT command
with a START bit set to one to make a direct-access block device ready.
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4.6 Initialization

Direct-access block devices may require initialization prior to write, read and verify operations. This
initialization is performed by a FORMAT UNIT command (see 5.2). Parameters related to the format (e.g.,
block size) may be set with the MODE SELECT command prior to the format operation. Some direct-access
block devices are initialized by means not specified in this standard. The time when the initialization occurs is
vendor-specific.

Direct-access block devices using a non-volatile medium may save the parameters and only need to be
initialized once. However, some mode parameters may need to be initialized after each logical unit reset. A
catastrophic failure of the direct-access block device may require the FORMAT UNIT command to be issued.

Direct-dccess block devices thaf use a volatile medium may need to be initialized after each Togicalunit reset
prior to|the processing of write, read, or verify operations. Mode parameters may also need initializatipn after
logical linit resets.

NOTE 1| Mode parameter block descriptors read with the MODE SENSE command before a FORMAT UNIT completes return infor-
mation that may not reflect the true state of the medium.

A direcf-access block device may become format corrupt after processing a MODE SELECT commgnd that
changgs parameters related to the medium format. During this time, the device server may terminate medium
accesg commands with CHECK CONDITION status with the sense key set to NOT READY gnd the
appropriate additional sense code for the condition.

Any time the parameter data returned by the READ CAPACITY (10) ¢ommand (see 5.10) or thel READ
CAPAJITY (16) command (see 5.11) changes (e.g., when a FORMAT/UNIT command or a MODE SELECT
commgnd completes changing the number of blocks, block size, protection information or reference tag
ownerghip values, or when a vendor-specific mechanism causes a change), the device server|should
establigh a unit attention condition for the initiator port assogiated with each |_T nexus except the |_T nexus
on whigh the command causing the change was received with an additional sense code of CAPACITY DATA
HAS CHANGED.

NOTE 2| Logical units compliant with previous versions of this'standard did not establish a unit attention condition.

4.7 Write protection

Write drotection prevents the alteration~of the medium by commands issued to the device servef. Write
protection is usually controlled by the usér of the medium through manual intervention (e.g., mechanigal lock)
or may| result from hardware controls (e.g., tabs on the media housing) or software write protection. All
source$ of write protection are independent. When present, any write protection shall cause otherwige valid
commgnds that request alteration of the medium to be rejected with CHECK CONDITION status with the
sense key set to DATA PROTECT. Only when all write protections are disabled shall the device| server
proces$ commands thatrequest alteration of the medium.

Hardware write proteetion results when a physical attribute of the drive or medium is changed to spegify that
writing hall be prohibited. Changing the state of the hardware write protection requires physical interyention,
either With the_drive or the medium. If allowed by the drive, changing the hardware write protection while the
mediun is,mounted results in vendor-specific behavior that may include the writing of previously buffered data
(e.g., datadn cache).

Software write protection results when the device server is marked as write protected by the application client
using the swp bit in the Control mode page (see SPC-3). Software write protection is optional. Changing the
state of software write protection shall not prevent previously accepted data (e.g., data in cache) from being
written to the media.

The device server reports the status of write protection in the device server and on the medium with the
DEVICE-SPECIFIC PARAMETER field in the mode parameter header (see 6.3.1).

4.8 Medium defects

Any medium has the potential for defects that cause data to be lost. Therefore, each logical block may contain
additional information that allows the detection of changes to the user data and protection information, if any,
caused by defects in the medium or other phenomena and may also allow the data to be reconstructed
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following the detection of such a change (e.g., ECC bytes). Some direct-access block devices allow the
application client to examine and modify the additional information by using the READ LONG commands and
the WRITE LONG commands (see 5.14, 5.15, 5.33, and 5.34). The application client may use the WRITE
LONG commands to induce a defect to test the defect detection logic of the direct-access block device or to
emulate an unrecoverable logical block when generating a mirror copy.

Defects may also be detected and managed during processing of the FORMAT UNIT command (see 5.2).
The FORMAT UNIT command defines four sources of defect information: the PLIST, CLIST, DLIST and
GLIST. These defects may be reassigned or avoided during the initialization process so that they do not affect
any logical blocks. The sources of defect location information (i.e., defects) are defined as follows.

a) Primary defect list (PLIST). This is the list of defects. which may be supplied by the original manufac-
turer of the device or medium, that are considered permanent defects. The PLIST is located outside
of the application client accessible logical block space. The PLIST is accessible by the device|server
for reference during the format operation, but it is not accessible by the application clientexcept
through the READ DEFECT DATA commands (see 5.10 and 5.13). Once created, the original| PLIST
shall not change.
b) | Logical unit certification list (CLIST). This list includes defects detected by the,device server during an
optional certification process performed during the FORMAT UNIT command. This list shall be|added
to the GLIST.
c) | Data defect list (DLIST). This list of defects may be supplied by the application client to the deyice
server during the FORMAT UNIT command. This list shall be addedtothe GLIST.
d) | Grown defect list (GLIST). The GLIST includes all defects sent by\the application client (i.e., the
DLIST) or detected by the device server (i.e., the CLIST). The GLIST does not include the PLIST. If
the CMPLST bit is set to zero, the GLIST shall include DLISTs provided to the device server during the
previous and the current FORMAT UNIT commands. The'GLIST shall also include

A) defects detected by the format operation during medium certification,

B) defects previously identified with a REASSIGN BIXOCKS command (see 5.16) and
C) defects previously detected by the device sérver and automatically reallocated.

The difect-access block device may automatically,reassign defects if allowed by the Read-Write Error
Recovgry mode page (see 6.3.4).

Defect$ may also occur after initialization. The application client issues a REASSIGN BLOCKS command
(see 5.116) to request that the specified logical block address be reassigned to a different part of the npjedium.
This operation may be repeated if a new(defect appears at a later time. The total number of defects that may
be hanglled in this manner is vendor-specific.

Defect management on direct-access block devices is vendor-specific. Direct-access block devices not using
a remgvable medium may optimize the defect management for capacity or performance or both| Some
direct-gccess block devices:that use a removable medium do not support defect management or use defect
management that does not.impede the ability to interchange the medium.

4.9 Write failures

If one @r morercommands performing write operations are in the task set and are being processefl when
power is lost (e.g., resulting in a vendor-specific command timeout by the application client) or a mediym error
or hardware error occurs (e.g., because a removable medium was incorrectly unmounted), the data in the
logical i i 7S i . forming
a read or verify operation (e.g., after power on or after the removable medium is mounted), the device server
may return old data, new data, or vendor-specific data in those logical blocks.

Before reading logical blocks which encountered such a failure, an application client should reissue any
commands performing write operations that were outstanding.

4.10 Caches

Direct-access block devices may implement caches. A cache is an area of temporary storage in the
direct-access block device with a fast access time that is used to enhance performance. Cache exists
separately from the medium and is not directly accessible by the application client. Use of cache for write or
read operations may reduce the access time to a logical block and increase the overall data throughput.
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Cache stores user data and protection information, if any.

Cache may be volatile or non-volatile. Volatile caches do not retain data through power cycles. Non-volatile
cache memories retain data through power cycles. There may be a limit on the amount of time a non-volatile
cache is able to retain data without power.

During read operations, the device server uses the cache to store logical blocks that the application client may
request at some future time. The algorithm used to manage the cache is not part of this standard. However,
parameters are provided to advise the device server about future requests or to restrict the use of cache for a
particular request.

During write operations, the device server uses the cache to store data that is to be written to the medium at a
later time—THisT fte- ng- T i g written
to the medium. As a result of using a write-back caching there is a period of time when the data may\le lost if
power fo the SCSI target device is lost and a volatile cache is being used or a hardware failure-occurg. There
is also the possibility of an error occurring during the subsequent write operation. If an error,ocCurred during
the wrile operation, it may be reported as a deferred error on a later command. The application clignt may
reques{ that write-back caching be disabled with the Caching mode page (see 6.3.3) to-prevent detect¢d write
errors from being reported as deferred errors. Even with write-back caching disabled,\undetected writ¢ errors
may odcur. The VERIFY commands and the WRITE AND VERIFY commands may-be used to detegt those
errors.

e cache becomes full of logical blocks, new logical blocks may replace those currently in the| cache.
ble page out (DPO) bit in the CDB of commands performing write; read or verify operations allpws the
ion client to influence the replacement of logical blocks in the‘cache. For write operations, setfing the
DPO bit|to one specifies that the device server should not replace existing logical blocks in the cache With the
new logical blocks being written. For read and verify operations, ‘setting the DPO bit to one specifies that the
device gerver should not replace logical blocks in the cache with the logical blocks that are being read

NOTE [This does not mean that stale data is allowed in the cache. If\awrite operation accesses the same LBA as a logical blgck in the
cache, the logical block in the cache is updated with the new write data.

Applicgtion clients may use the force unit access (FuUA) bit in the CDB of commands performing write jor read
operatipns to specify that the device server shall\access the medium. For a write operation, setting thg FUA bit
to one fauses the device server to completeithe data write to the medium before completing the command.
For a rrIad operation, setting the FUA bit to one causes the device server to retrieve the logical blocks ffom the
medium rather than from the cache.

When the DPO and FUA bits are both'set to one, write and read operations effectively bypass the cachs.

Applicdtion clients may use the force unit access non-volatile cache (FUA_NvV) bit in the CDB of compmands
performing write or read operations to specify that the device server may access a non-volatile cache, if any,
rather than the medium, if.the FUA bit is set to zero. For a write operation, an FUA_NV bit set to one with the FUA
bit set tp zero allows the-device server to complete the data write to non-volatile cache rather than the medium
before completing the.command. For a read operation, an FUA_NV bit set to one with the FUA bit set|to zero
allows {he device-server to retrieve the logical blocks from the non-volatile cache rather than the medium.

When a VERIEY command or a WRITE AND VERIFY command is processed, both a force unit access and a
synchrpnize-cache operation are implied, since the logical blocks are being verified as being stored on the
mediur it ' i R i R se the
replacement of logical blocks in the cache.

Commands may be implemented by the device server that allow the application client to control other
behavior of the cache:

a) the PRE-FETCH commands (see 5.3 and 5.4) cause a set of logical blocks requested by the appli-
cation client to be read into cache for possible future access. The logical blocks fetched are subject to
later replacement;

b) the SYNCHRONIZE CACHE commands (see 5.18 and 5.19) force any write data in cache in the
requested set of logical blocks to be written to the medium. These commands may be used to ensure
that the data is written and any detected errors reported,;

c) the Caching mode page (see 6.3.3), writable by the MODE SELECT commands, allows control of
cache behavior.
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4.11 Implicit HEAD OF QUEUE command processing

Each of the following commands defined in this standard may be processed by the task manager as if it has a
task attribute of HEAD OF QUEUE (see SAM-3) if it is received with a SIMPLE task attribute, an ORDERED
task attribute, or no task attribute:

a) the READ CAPACITY (10) command and
b) the READ CAPACITY (16) command.

See SPC-3 for additional commands subject to implicit HEAD OF QUEUE command processing.

Appl|cat|on cllents should not send a command with the ORDERED task attribute if it may be processed as if

4.12 Reservations

Reservption restrictions are placed on commands as a result of access qualifiers associated with the[type of
reservgtion. See SPC-3 for a description of reservations. The details of commands that are allowed under
what types of reservations are described in table 2.

Commands from |_T nexuses holding a reservation should complete normally. Table 2 specifies the behavior
of commands from registered |I_T nexuses when a registrants only or(@ll registrants type pefsistent
reservgtion is present.
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For each command, this standard or SPC-3 defines the conditions that result in RESERVATION CONFLICT.

Table 2 — SBC-2 commands that are allowed in the presence of various reservations

Addressed logical unit has this type of persistent
reservation held by another I_T nexus
Command From any |_T nexus F.rom Fron:‘elza-il-s?:l?::js et
registered
Write Exclusive I_(-Il-arllaezltlls EXVAV,':!:__A Ei«ilues'si:e
Exclusive | Access types) RR | ARR
FORMAT UNIT Conflict Conflict Allowed Conflict Conflict
PRE{FETCH (10)/(16) Allowed Conflict Allowed Allowed Conflict
REAID (6)/(10)/(12)/(16)/(32) Allowed Conflict Allowed Allowed Conflict
REAID CAPACITY (10)/(16) Allowed Allowed Allowed Allowed Allpwed
READ DEFECT DATA (10)/(12) Conflict Conflict Allowed Conflict Conflict
REAID LONG (10)/(16) Conflict Conflict Allewed Conflict Conflict
REA$SIGN BLOCKS Conflict Conflict Allowed Conflict Conflict
START STOP UNIT with START DLsetl® | Allowed | Allowed | Allowed | Allowed | Allgwed
START STOP UNIT with START bit set to
zero pr POWER CONDITION field set to a Conflict Conflict Allowed Conflict Conflict
value other than Oh
SYNCHRONIZE CACHE (10)/(16) Conflict Conflict Allowed Conflict Conflict
VERIFY (10)/(12)/(16)/(32) Allowed Conflict Allowed Allowed Conflict
WRITE (6)/(10)/(12)/(16)/(32) Conflict Conflict Allowed Conflict Conflict
WRITE AND VERIFY (10)/(12)/(16)/(32) Conflict Conflict Allowed Conflict Conflict
WRITE LONG (10)/(16) Conflict Conflict Allowed Conflict Conflict
WRITE SAME (10)/(16)/(32) Conflict Conflict Allowed Conflict Conflict
XDREAD (10)/(32) Allowed Conflict Allowed Allowed Conflict
XDWRITE (10)/(32) Conflict Conflict Allowed Conflict Conflict
XDWRITEREAD(10)/(32) Conflict Conflict Allowed Conflict Conflict
XPWRITE(10)/(32) Conflict Conflict Allowed Conflict Conflict
Key: RR.= Reqistrants Only or All Registrants
Allowed: Commands received from |_T nexuses not holding the reservation or from |_T nexuses not regis-
tered when a registrants only or all registrants type persistent reservation is present should complete nor-
gsl?f/iict: Commands received from |_T nexuses not holding the reservation or from |_T nexuses not regis-
tered when a registrants only or all registrants type persistent reservation is present shall not be performed
and the device server shall terminate the command with RESERVATION CONFLICT status.
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4.13 Error reporting

4.13.1 Error reporting overview

If any of the conditions listed in table 3 occur during the processing of a command, the command shall be
terminated with CHECK CONDITION status with the sense key set to the specified value and the additional
sense code set to the appropriate value for the condition. Some errors may occur after the completion status
has already been reported. For such errors, SPC-3 defines a deferred error reporting mechanism. Table 3 lists
some error conditions and the applicable sense keys. The list does not provide an exhaustive enumeration of
all conditions that may cause CHECK CONDITION status.

Tabte 3—Exampie error conditions

Condition Sense key
Invalid LBA ILLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST

Logigal unit reset, |_T nexus loss, or medium change

sincellast command from this application client UNIT ATTENTION

Self diagnostic failed HARDWARE ERROR
Unreg¢overed read error MEDIUM-ERROR or HARDWARE ERROR
Reco)ered read error RECQVERED ERROR

Overqrun or other error that might be resolved by
repegting the command

Attenppt to write on write-protected medium DATA PROTECT

ABORTED COMMAND

Direct-access block devices compliant with this standard shall support both the fixed and descriptor foqmats of
sense flata (see SPC-3). If fixed format sense data is used but the values to be placed in the sense data
INFORMATION field or COMMAND-SPECIFIC INFORMATION field are too large for the fixed format sense data (e.g.,
an 8-byte LBA), the vALID bit shall be set to_zero.

Table 4 summarizes use of the sense data fields.

Table 4 — Sense data field usage for direct-access block devices

Field Usdge Referenge
READ LONG commands 5.14 and §.15
REASSIGN BLOCKS command 5.16
VALID bit and
Any command that accesses the medium, based on the 6.3.4
Read-Write Error Recovery mode page o
coMMAND-sPeciFic | EXTENDED COPY command SPC-3
INFORMATION field | REASSIGN BLOCKS command 5.16
oit READ LONG commands 5.14 and 5.15
ILI bi
WRITE LONG commands 5.33 and 5.34

When a command attempts to access or reference an invalid LBA, the first invalid LBA shall be returned in the
INFORMATION field of the sense data (see SPC-3).

When a recovered read error is reported, the INFORMATION field of the sense data shall contain the LBA of the
last recovered error during the transfer.
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When an unrecovered read error is reported, the INFORMATION field of the sense data shall contain the LBA of
the unrecovered logical block.

4.13.2 Block commands sense data descriptor

Table 5 defines the block commands sense data descriptor used in descriptor format sense data for
direct-access block devices.

Table 5 — Block commands sense data descriptor format

Byte\Bit 7 6 5 4 3 2 1 0
0 DESCRIPTOR TYPE (05h)
1 ADDITIONAL LENGTH (02h)
2 Reserved
3 Reserved ‘ ILI | Reserved

The DEBCRIPTOR TYPE field (see SPC-3) shall be set to 05h.
The ADPITIONAL LENGTH field (see SPC-3) shall be set to 02h.

The INCORRECT LENGTH INDICATION (ILI) bit indicates that the requested’data length in a READ|LONG
commagnd or WRITE LONG command did not match the length of the logical block.

414 I‘Ilnodel for XOR commands

4.14.1 Model for XOR commands overview

In storgge arrays, a storage array controller (see 3.1.41)0rganizes a group of direct-access block deviges into
objects| The type of object supported by this model js the redundancy group (see 3.1.37), where somg of the
logical plocks on the direct-access block devices are used for XOR-protected data (see 3.1.46) and §ome of
the logical blocks are used for check data (see 3.1.5). The check data is generated by performing a
cumulative XOR (see 3.1.18) operation of the XOR-protected data. The XOR operation may be performed by
the stoffage array controller or by the direct-access block devices.

A diredt-access block device containing XOR-protected data is called a data disk. A direct-accesps block
device pontaining check data is called a parity disk.

Performing the XOR operation in"the direct-access block devices may result in a reduced number [of data
transfefs across the service. delivery subsystem. For example, when the XOR operation is done within the
storagqg array controller, four commands are needed for a typical update write sequence:

a) | a command_performing a read operation from the data disk;

b) | a command-performing a write operation to the data disk;

¢) | a command performing a read operation from the parity disk and
d) | a command performing a write operation to the parity disk.

The stgrage’array controller also does two internal XOR operations in this sequence.

In contrast, during storage array controller supervised XOR operations (see 4.14.2) only three commands are
needed:

a) acommand performing a write operation to the data disk;
b) acommand performing a read operation from the data disk and
c) acommand performing a write operation to the parity disk.
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4.14.2 Storage array controller supervised XOR operations

4.14.2.1 Storage array controller supervised XOR operations overview

A stora

a)
b)
c)

ge array controller supervises three basic operations that require XOR functionality:

update write operation (see 4.14.2.2);
regenerate operation (see 4.14.2.3); and
rebuild operation (see 4.14.2.4).

Command sequences for each of these operations use the device servers in the direct-access block devices
to perform the necessary XOR functions.

Three
XDRE/
comma3
sequen
uses R

4.14.2.

The up
parity d

1)

In placg of steps 1) and 2), a single XDWRITEREAD command may be sent.

4.14.2.

The re
accom

AD commands (see 5.38 and 5.39), XDWRITE commands (see 5.40 and 5.41), and XPWRITE
nds (see 5.44 and 5.45). An XDWRITEREAD command (see 5.42 and 5.43) may be used'in place of a
ce of an XDWRITE command followed by an XDREAD command. The storage array. controller also
EAD commands and WRITE commands for certain operations.

KOR commands are needed to implement storage array controller supervised XOR ope\Ftions:

P Update write operation

Hate write operation writes new XOR-protected data to a data disk and updates the check datg on the
isk. The sequence is:

An XDWRITE command is sent to the data disk. This transfers new XOR-protected data to th¢ data
disk. The device server reads the old XOR-protected data, performs an XOR operation using the old
XOR-protected data and the received XOR-protected datairetains the intermediate XOR resu|t, and
writes the received XOR-protected data to the medium;
An XDREAD command is sent to the data disk. This gothmand transfers the intermediate XOR|data to
the storage array controller; and
An XPWRITE command is sent to the parity diskxThis transfers the intermediate XOR data (i.g., XOR
data received in a previous XDREAD command)'to the parity disk. The device server reads the old

check data, performs an XOR operation using’the old check data and the intermediate XOR data, and
writes the result (i.e., the new check data)to the medium.

B Regenerate operation

penerate operation is used-to recreate one or more logical blocks that have an error. [This is
plished by reading the associated logical block from each of the other direct-access block ¢levices

within the redundancy grouprand performing an XOR operation with each of these logical blocks. The last

XOR rg
numbe
sequen

1)

2)

sult is the data that'should have been present on the unreadable direct-access block devige. The
of steps is depéndent on the number of direct-access block devices in the redundancy group,|but the
ce is as follows:

A READcommand is sent to the first direct-access block device. This transfers the data from the
direct-access block device to the storage array controller;
An XDWRITE command with the DISABLE WRITE bit set to one is sent to the next direct-access|block
device. transferring the data from the previous read operation to the next direct-access block dlevice.

3)

4)

The direct-access block device reads its data, performs an XOR operation on the received data and
its data, and retains the intermediate XOR result;

An XDREAD command is sent to the same direct-access block device as in step 2). This transfers the
intermediate XOR data from the device to the storage array controller and

Steps 2) and 3) are repeated until all direct-access block devices in the redundancy group except the
failed device have been accessed.

The intermediate XOR data returned by the last XDREAD command is the regenerated data for the failed

device.

In place of steps 2) and 3), a single XDWRITEREAD command with the DISABLE WRITE bit set to one may be

used.
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4.14.2.4 Rebuild operation

The rebuild operation is similar to the regenerate operation, except that the last XOR result is written to the
replacement device. This function is used when a failed device is replaced and the storage array controller is
writing the rebuilt data to the replacement device. The number of steps is dependent on the number of
direct-access block devices in the redundancy group, but the sequence is as follows:

1) A READ command is sent to the first direct-access block device. This transfers the data from the
direct-access block device to the storage array controller;

2) An XDWRITE command with the DISABLE WRITE bit set to one is sent to the next direct-access block
device, transferring the data from the previous read operation to the next direct-access block device.
The device server reads its data, performs an XOR operation using the received data and its data,
and retains the intermediate XOR result;
3) | An XDREAD command is sent to the same direct-access block device as in step 2). Thistransfers the
intermediate XOR data from the device to the storage array controller;
4) | Steps 2) and 3) are repeated until all direct-access block devices in the redundancy,groeup except the
replacement device have been accessed. The intermediate XOR data returned by-the last XDREAD
command is the regenerated data for the replacement device and
5) | A WRITE command is sent to the replacement device. This transfers the regenerated data from step
4 to the replacement device. The replacement device writes the regenesated data to the medium.

In placg of steps 2) and 3), a single XDWRITEREAD command with the DISABUE WRITE bit set to one may be
used.

4.14.3 Array subsystem considerations

4.14.3.1 Array subsystem considerations overview

This sybclause lists considerations that apply to any array subsystem, but describes how use of the XOR
commagnds may affect handling of those situations.

4.14.3.2 Buffer full status handling

When the storage array controller sends an XDWRITE command to a device, the device retains the resulting
XOR data until the storage array controller;issues a matching XDREAD command to retrieve the ddta (see
4.14.4)| Depending on the size of the device’s buffer and the size of the XOR data, this may consume all of
the deVice’s internal buffer space. Whenvall of the device’s internal buffer space is allocated for XOR|data, it
may ndt be able to accept new medium access commands other than valid XDREAD commands and it may
not be able to begin processing 6f commands that are already in the task set.

When {he device server is_not able to accept a new command because there is not enough spaceg in the
buffer, the device server ghall terminate that command with CHECK CONDITION status with the sefse key
set to ILLEGAL REQUES)T and the additional sense code set to BUFFER FULL.

When a storage array controller receives this status, it may issue any matching XDREAD commands peeded
to satigfy any previous XDWRITE commands. This results in buffer space being freed for use by other
commgnds. If-itthas no XDREAD commands to send, the storage array controller may assume th¢ buffer
space has beén allocated to another initiator device. The storage array controller may retry the command in
the sar:I:e manner that it would retry a command that returns TASK SET FULL status, including not retrying the
command too frequently.

The bidirectional XDWRITEREAD command avoids the buffer full condition, since the device server controls
when it accepts more write data and provides read data.

4.14.3.3 Access to an inconsistent stripe

A stripe is a set of corresponding extents (see 3.1.19) from two or more direct-access block devices.

When the storage array controller issues an update write to a data disk, the data in the data disk has been
updated when successful status is returned for the command. Until the parity disk has been updated,
however, the associated stripe in the redundancy group is not consistent (i.e., performing an XOR operation
on the XOR-protected data does not produce the check data).
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The storage array controller shall keep track of this window of inconsistency and ensure that a regenerate or
rebuild operation for any data extent within the stripe is not attempted until after the parity disk has been
updated, making the stripe consistent again. For multi-initiator systems, tracking the updates may be more
complex because each storage array controller needs to ensure that a second storage array controller is not
writing to a stripe that the first storage array controller is regenerating or rebuilding. The coordination between
storage array controllers is system specific and is beyond the scope of this standard.

If any of the XOR commands end with CHECK CONDITION status and an unrecovered error is indicated, an
inconsistent stripe may result. It is the storage array controller’s responsibility to identify the failing device, to
identify the scope of the failure and then limit access to the inconsistent stripe. The recovery procedures that
the storage array controller implements are outside the scope of this standard.

4.14.4 XOR data retention requirements

The dgvice server shall retain XOR data resulting from an XDWRITE command awaiting retrieval by a
matching XDREAD command until one of the following events occurs:

a) | a matching XDREAD command;

b) | logical unit reset;

c) | L_T nexus loss associated with the |_T nexus that sent the XDWRITE command;

d) | processing any of the following task management functions (see SAM-3):

A) CLEAR TASK SET;

B) ABORT TASK specifying the |_T_L_Q nexus of an XDREAD ¢emmand retrieving that XOR data;
or

C) ABORT TASK SET.

If the XOR data is lost and the application client still wants to perform the XOR operation, it is required to
resend|the XDWRITE command after one of those events.

4.15 START STOP UNIT and power conditions

4.15.1 BTART STOP UNIT and power conditions-overview

The STIART STOP UNIT command (see 5.17)-allows an application client to control the power conditjon of a
logical pinit. This method includes specifyingthat the logical unit transitions to a power condition.

In addition to the START STOP UNIT cemmand, the power condition of a logical unit may be controlled by the
Power Condition mode page (see SPE-3). If both the START STOP UNIT command and the Power Condition
mode page methods are being usedto control the power condition of the same logical unit, then thg power
conditipn specified by any START STOP UNIT command shall override the Power Condition mode| page's
power ¢ontrol.

There $hall be no notification to the application client that a logical unit has transitioned from ong power
conditipn to anothertAnapplication client may determine the current power condition of a logical|unit by
issuing a REQUEST SENSE command (see SPC-3). The device server returns parameter data with the
sense Key set td NO SENSE and the additional sense code set to one of the following:

a) | LOW POWER CONDITION ON if the reason for entry into the standby power condition or idlel power
condition is unknown;

METEIAOMN-—A-LCTN AT -\ 104 el
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the idle condition timer (see SPC-3);

c) STANDBY CONDITION ACTIVATED BY TIMER if the logical unit entered the standby power
condition due to the idle condition timer (see SPC-3);

d) IDLE CONDITION ACTIVATED BY COMMAND if the logical unit entered the idle power condition due
to a START STOP UNIT command or

e) STANDBY CONDITION ACTIVATED BY COMMAND if the logical unit entered the standby power
condition due to a START STOP UNIT command.

No power condition shall affect the supply of any power required for proper operation of the service delivery
subsystem.
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4.15.2 START STOP UNIT and power conditions state machine

4.15.2.1 START STOP UNIT and power conditions state machine overview

The SSU_PC (start stop unit power condition) state machine for logical units implementing the START STOP
UNIT command describes the logical unit power states and transitions resulting from settings by the START
STOP UNIT command and settings in the Power Condition mode page (see SPC-3).

The SSU_PC states are as follows:

a) SSU_PCO0:Powered_on (see 4.15.2.2) (initial state);
b) SSU_PC1:Active (see 4.15.2.3);

c) [SSU—PCZidte(see 4 15:247;
d) | SSU_PC3:Standby (see 4.15.2.5); and
e) | SSU_PC4:Stopped (see 4.15.2.6).
The S§U_PC state machine shall start in the SSU_PCO0:Powered_on state after power on.
NOTE [The SSU_PC state machine is an enhanced version of the Power Condition state machine described/in SPC-3.
Figure [ describes the SSU_PC state machine.
SSU_PCO:
Powered on ?
Active °
Stop °
SSU) PC3:
Standby °
: —Idle @
Active °—
SSU_PC1: ) SSU_PC2:
Active ® | —Stop "— Idle °
~Standby & Standby *-
_ldle a A A »
~——— .
< T T Active °—|
SSU_PC4:
b Stopped b b
—Stop Stop "—
\—Standby "
y )
b
Active "—
—Idle ®
< 4
\ >

Notes:

#This state or transition is also described in SPC-3, but may have additional characteristics
unique to this standard (e.g., a transition to or from a state described in this standard).

® This state or transition is described in this standard.

Figure 2 — Power condition state machine for logical units implementing
the START STOP UNIT command
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4.15.2.2 SSU_PCO0:Powered_on state

4.15.2.2.1 SSU_PCO0:Powered_on state description

The logical unit shall enter this state upon power on. This state consumes zero time.

4.15.2.2.2 Transition SSU_PCO0:Powered_on to SSU_PC1:Active

This transition shall occur if the logical unit has been configured to transition to the SSU_PC1:Active state.

4.15.2.2.3 Transition SSU_PCO0:Powered_on to SSU_PC4:Stopped

state.

wer on

While im this state, after power on initialization is complete, then:

a) | the logical unit is in the active power condition (see SPC-3);
b) | if the idle condition timer is active (see SPC-3) and not disabled-(see 5.17), then the idle condijtion
timer is running; and
c) | if the standby condition timer is active (see SPC-3) and not.disabled (see 5.17), then the standlby
condition timer is running.

4.15.2.8.2 Transition SSU_PC1:Active to SSU_PC2:ldle
This trgnsition shall occur after:

a) | the device server receives a START STOR-UNIT command with the POWER CONDITION field set to
IDLE;
b) | the device server receives a START STOP UNIT command with the POWER CONDITION field seft to
FORCE_IDLE_O; or

c¢) | the idle condition timer is active.(see SPC-3), enabled (see 5.17) and zero.

4.15.2.8.3 Transition SSU_PC1;Active to SSU_PC3:Standby

This trgnsition shall occur after:

a) | the device serverireceives a START STOP UNIT command with the POWER CONDITION field set to
STANDBY;

b) | the device server receives a START STOP UNIT command with the POWER CONDITION field seft to
FORCE_STANDBY_O0; or
c) | the standby condition timer is active (see SPC-3), enabled (see 5.17), and zero.

4.15.2.8.4 Transition SSU_PC1:Active to SSU_PC4:Stopped

This transition shall occur after the device server receives a START STOP UNIT command with the START bit
set to zero and the POWER CONDITION field set to START_VALID.

4.15.2.4 SSU_PC2:ldle state

4.15.2.4.1 SSU_PC2:Idle state description
While in this state:

a) thelogical unit is in the idle power condition (see SPC-3) and
b) if the standby condition timer is active (see SPC-3) and not disabled (see 5.17), then the standby
condition timer is running.
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4.15.2.4.2 Transition SSU_PC2:ldle to SSU_PC1:Active
This transition shall occur after:

a) the device server receives a START STOP UNIT command with the START bit set to one;

b) the device server receives a START STOP UNIT command with the POWER CONDITION field set to
ACTIVE; or

c) the device server receives a command that requires the logical unit to be in the SSU_PC1:Active
state to process the command.

4.15.2.4.3 Transition SSU_PC2:ldle to SSU_PC3:Standby

This trgnsitiom srattoccur after:

a) | the device server receives a START STOP UNIT command with the POWER CONDITION fieldJset to
STANDBY;

b) | the device server receives a START STOP UNIT command with the POWER CONDIHON-field seft to
FORCE_STANDBY_O0; or

c¢) | the standby condition timer is active (see SPC-3), enabled (see 5.17), and zera:

4.15.2.4.4 Transition SSU_PC2:ldle to SSU_PC4:Stopped

This trgnsition shall occur after the device server receives a START STOP UNIT command with the START bit
set to zero.

4.15.2.5 SSU_PC3:Standby state

4.15.2.5.1 SSU_PC3:Standby state description

While im this state the logical unit is in the standby power condition (see SPC-3).

4.15.2.5.2 Transition SSU_PC3:Standby to SSU_PCq:Active

This trgnsition shall occur after:

a) | the device server receives a START STOP UNIT command with the START bit set to one;

b) | the device server receives a START,STOP UNIT command with the POWER CONDITION field seft to
ACTIVE; or

c) | the device server receives a'‘command that requires the logical unit to be in the SSU_PC1:Aclive
state to process the command.

4.15.2.5.3 Transition SSU_PRC3:Standby to SSU_PC2:Idle

This trgnsition shall occurafter:

a) | the device server receives a START STOP UNIT command with the POWER CONDITION field set to
IDLE;

b) | the device server receives a START STOP UNIT command with the POWER CONDITION field seft to
FORCE_IDLE_O or

c) | the device server receives a command that requires the logical unit to be in the SSU_PC2:Idlg state

tornracacce tha cammand
tO—proceSStHEe-GoHHHara-

4.15.2.5.4 Transition SSU_PC3:Standby to SSU_PC4:Stopped

This transition shall occur after the device server receives a START STOP UNIT command with the START bit
set to zero.


https://iecnorm.com/api/?name=2b45253d155fb842493ff16cdc65a0da

14776-322 © ISO/IEC:2007(E) 37

4.15.2.

4.15.2.

While i

a)

b)

4.15.2.

This trgnsition shall occur after:

a)
b)

4.15.2.

This trgnsition shall occur after:

6 SSU_PC4:Stopped state

6.1 SSU_PC4:Stopped state description

n this state:

the device server is not capable of processing medium access commands. Any medium access

commands received while in this state shall cause the device server to terminate the comman

d with

CHECK CONDITION status with the sense key set to NOT READY and the additional sense code set

to LOGICAL UNIT NOT READY, INITIALIZING COMMAND REQUIRED and

the power consumed by the SCSI target device should be less than or equal to that consumed when

the logical unit is in the SSU_PC1:Active. SSU_PC2:Idle. or SSU_PC3:Standby states

5.2 Transition SSU_PC4:Stopped to SSU_PC1:Active

the device server receives a START STOP UNIT command with the START bit settoone; or
the device server receives a START STOP UNIT command with the POWER CONDITION field se
ACTIVE.

5.3 Transition SSU_PC4:Stopped to SSU_PC2:Idle

t to

t to

t to

t to

t to

ked by

ta (see

a) | the device server receives a START STOP UNIT command with-the POWER CONDITION field s¢
IDLE; or
b) | the device server receives a START STOP UNIT command with the POWER CONDITION field se
FORCE_IDLE_O.
4.15.2.6.4 Transition SSU_PC4:Stopped to SSU_PC3:Standby
This trgnsition shall occur after:
a) | the device server receives a START STORP'UNIT command with the POWER CONDITION field s¢
STANDBY; or
b) | the device server receives a START,STOP UNIT command with the POWER CONDITION field s€
FORCE_STANDBY_O0.
4.16 Rrotection information:model
4.16.1 Protection information overview
The protection information-model provides for protection of user data while it is being transferred between a
sender|and a receiver. Protection information is generated at the application layer and may be cheq
any object associated with the |_T_L nexus. Once received, protection information is retained (e.g., wtitten to
medium, stored(in hon-volatile memory or recalculated on read back) by the device server until ovenwritten.
Power |oss, hiard reset, logical unit reset and |_T nexus loss shall have no effect on the retention of protection
informdtion.
SUppOll for pluicbiiun mformatiormshattbemdicated-mthe PrROTECT bit T thestanmdard HiNQUR Y=
SPC-3).

For commands that are using protection information, the data-in buffer and/or data-out buffer shall consist of
logical blocks with both user data and protection information. For commands that are not using protection
information, the data-in buffer and/or data-out buffer shall consist of logical blocks with only user data.

If the logical unit is formatted with protection information and the EMDP bit is set to one in the
Disconnect-Reconnect mode page (see SPC-3), then checking of the logical block reference tag within the
service delivery subsystem without accounting for modified data pointers and data alignments may cause
false errors when logical blocks are transmitted out of order.
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4.16.2 Protection information format

Table 6 defines the placement of protection information in a logical block.

Table 6 — User data and protection information format

Byte\Bit 7 6 5 4 3 2 1 0
0
USER DATA
n-1
[ (MSB)

LOGICAL BLOCK GUARD

n42 (MSB)

LOGICAL BLOCK APPLICATION TAG

ni4 (MSB)

LOGICAL BLOCK REFERENCE TAG
n47 (LSB)

The USER DATA field shall contain user data. The contents of the USER DATA field shall be used to generpte and
check the CRC contained in the LOGICAL BLOCK GUARD field.

The LOGICAL BLOCK GUARD field contains the CRC (see 4.16-3),of the contents of the USER DATA field.

The LOBGICAL BLOCK APPLICATION TAG field is set by the application client. A LOGICAL BLOCK APPLICATION TAG
field sef to FFFFh disables checking of all protection information for the logical block when reading ffom the
medium. Otherwise, the contents of the logical block application tag are not defined by this standayd. The
LOGICAL BLOCK APPLICATION TAG field may be modified by a device server if the ATO bit is set to zerp in the
Controllmode page (see SPC-3). The contents'of the LOGICAL BLOCK APPLICATION TAG field shall not be [used to
generaje or check the CRC contained in the\lOGICAL BLOCK GUARD field.

The LOGICAL BLOCK REFERENCE TAG field is an incrementing value associated with the logical blogk. The
LOGICAL BLOCK REFERENCE TAG field of the first logical block in the data-in buffer and/or data-ouf buffer
depends on the command being(processed:

a) | for a command that dees not include an EXPECTED INITIAL LOGICAL BLOCK REFERENCE TAG field|(e.g.,
READ (16)), the KOGICAL BLOCK REFERENCE TAG field of the first logical block in the data-in buffer

BLOCK ADDRESS field of the command; and
b) | for a command that does include an EXPECTED INITIAL LOGICAL BLOCK REFERENCE TAG field (e.d.

the EXPECTED INITIAL LOGICAL BLOCK REFERENCE TAG field of the command. These commands
processed if the medium was formatted with application client ownership of the logical block

o o a AAA A a e

Each subsequent logical block in the data-in buffer and/or data-out buffer shall contain a LOGICAL BLOCK
REFERENCE TAG field with the logical block reference tag of the previous logical block plus one. The contents of
the LOGICAL BLOCK REFERENCE TAG field shall not be used to generate or check the CRC contained in the
LOGICAL BLOCK GUARD field.

4.16.3 Logical block guard

4.16.3.1 Logical block guard overview

The LOGICAL BLOCK GUARD field shall contain a CRC that is generated from the contents of the USER DATA field.
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Table 7 defines the CRC polynomials used to generate the logical block guard from the contents of the USER
DATA field.

Table 7 — CRC polynomials

Function | Definition

A polynomial representing the transmitted USER DATA field, which is covered by the CRC. For
the purposes of the CRC, the coefficient of the highest order term shall be byte zero bit seven
of the USER DATA field and the coefficient of the lowest order term shall be bit zero of the last
byte of the USER DATA field.

F(x)

F’'(x) A polynomial representing the received USER DATA field.

The generator polynomial:
G(x) G(x) = x"8+ X1+ x4+ 58458 4 x7 +x%+ x* + X2+ x + 1
(i.e., G(x) = 18BB7h)

The remainder polynomial calculated during CRC generation by the transmiitter, representing

R(p) the transmitted LOGICAL BLOCK GUARD field.

R'(x) A polynomial representing the received LOGICAL BLOCK GUARD field.

The remainder polynomial calculated during CRC checking by the receiver.

RB() RB(x) = 0 indicates no error was detected.

RC{x) The remainder polynomial calculated during CRC chécking by the receiver.
RC(x) = 0 indicates no error was detected.

QA(x) The quotient polynomial calculated during CRE\generation by the transmitter. The value|of
QA(x) is not used.

QB(x) The quotient polynomial calculated during CRC checking by the receiver. The value of QB(x)
is not used.

Qclx) The quotient polynomial calculated*during CRC checking by the receiver. The value of QC(x)
is not used.

M) A polynomial representing‘the transmitted USER DATA field followed by the transmitted LOGICAL
BLOCK GUARD field.

M (k) A polynomial representing the received USER DATA field followed by the received LOGICAL

BLOCK GUARD field.

4.16.3.2 CRC generation
The eqpations that’are used to generate the CRC from F(x) are as follows. All arithmetic is modulo 2.

The trgnsmitter shall calculate the CRC by appending 16 zeros to F(x) and dividing by G(x) to obtain the
remainger R(x):

GX) QAN+ E %)

R(x) is the CRC value and is transmitted in the LOGICAL BLOCK GUARD field.

M(x) is the polynomial representing the USER DATA field followed by the LOGICAL BLOCK GUARD field (i.e., F(x)
followed by R(x)):

M(x) = (x'® x F(x)) + R(x)
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4.16.3.3 CRC checking

M’(x) (i.e., the polynomial representing the received USER DATA field followed by the received LOGICAL BLOCK
GUARD field) may differ from M(x) (i.e., the polynomial representing the transmitted USER DATA field followed by
the transmitted LOGICAL BLOCK GUARD field) if there are transmission errors.

The receiver may check M’(x) validity by appending 16 zeros to F’(x) and dividing by G(x) and comparing the
calculated remainder RB(x) to the received CRC value R’(x):

16
(x"*xF(x) RB(x)
G(x) BTG

In the gbsence of errors in F’(x) and R’(x), the remainder RB(x) is equal to R’(x).

The regeiver may check M’(x) validity by dividing M’(x) by G(x) and comparing the calculated remainder RC(x)
to zero

M'(xX) _ RC(x)
RN

In the gbsence of errors in F’(x) and R’(x), the remainder RC(x) is equal to zero.

Both methods of checking M’(x) validity are mathematically equivalent.

4.16.3.4 CRC test cases

Several CRC test cases are shown in table 8.

Table 8 — CRC test €ases

Pattern CRC

32 bytes each set to 00h 0000h
32 bytes each set to FFh A293h
32 bytes of an incrementing_pattern from 00h to 1Fh 0224h
2 bytes each set to FEh)followed by 30 bytes set to 00h 21B8h
32 bytes of a decrementing pattern from FFh to EOh AOB7h

4.16.4 Application of protection information
Before jan application clieht transmits or receives logical blocks with protection information it shall:

1) | determine if avlogical unit supports protection information using the INQUIRY command (see the
PROTECT bitin the standard INQUIRY data in SPC-3);

2) | if protection information is supported, then determine if the logical unit is formatted to accept
protection information using the READ CAPACITY (16) command (see the PROT_EN bit in 5.11); and

3) | if¢he-dogical unit supports protection information and is not formatted to accept protection inforjnation,

If the logical unit supports protection information and is formatted to accept protection information, then the
application client may use commands performing read operations that support protection information and
should use commands performing write and verify operations that support protection information.

4.16.5 Protection information and commands

The enabling of protection information enables fields in some commands that instruct the device server on the
handling of protection information. The detailed definitions of each command’s protection information fields
are in the individual command descriptions.

The commands that are affected when protection information is enabled are listed in table 9 (see 5.1).
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Commands that return the length in bytes of each logical block (e.g., the MODE SENSE commands and the
READ CAPACITY commands) shall return the length of the USER DATA field and shall not include the length of
the protection information (i.e., the LOGICAL BLOCK GUARD field, the LOGICAL BLOCK APPLICATION TAG field and
the LOGICAL BLOCK REFERENCE TAG field) (e.g., if the user data plus the protection information is equal to 520
bytes then 512 is returned).

4.17 Grouping function

A grouping function is a function that collects information about attributes associated with commands (i.e.,
information about commands with the same group value are collected into the specified group). The definition
of the attributes and the groups is outside the scope of this standard. Groups are identified with the GRouP
NUMBER Tield in the CDB of certain commands (e.g., the PRE-FETCH (10) command (see 5.3)).

The cojlection of this information is outside the scope of this standard (e.g., the information~may| not be
transmitted using any SCSI protocols).

NOTE |An example of how grouping could be used, consider two applications using a subsystem; one appli¢ation streams fata and
another accesses data randomly. If the streaming application groups all of its commands with one value (e.g-%), and the randgm appli-
cation groups all of its commands with another value (e.g., y), then a group x defined to hold performancé meétrics collects all the perfor-
mance fnetrics for the streamed commands together and a group y defined to also hold perfarmance metrics collects all the
performgnce metrics for the random commands together. The result is two sets of performance metrics (i.e., x and y). A manpgement
applicatipn then reads the performance metrics and determines if the performance of a specific group is acceptable.

Support for the grouping function is indicated in the GRouP_suUP bit in the Extended INQUIRY Data VPD page
(see SFPC-3).
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5 Commands for direct-access block devices

5.1 Commands for direct-access block devices overview

The commands for direct-access block devices are listed in table 9. Commands with CDB or parameter data
fields that support protection information (see 4.16) or for which protection information may be a factor in the
processing of the command are indicated by the fourth (i.e, Protection information) column.

Table 9 — Commands for direct-access block devices (Sheet 1 of 4)

Command name Osscl;aetit’)n Type P .:;:-,t-;c:::,nn Reference
ACCHESS CONTROL IN 86h 0] no SPC-3
ACCHESS CONTROL OUT 87h 0] no SPC-3
CHANGE ALIASES A4h/0Bh 0] no SPC-3
EXTHNDED COPY 83h 0] no SPC-3
FORMAT UNIT 04h M yes 52
INQUIRY 12h M yes SPC-3
LOG SBELECT 4Ch @] no SPC-3
LOG BENSE 4Dh 0] no SPC-3
MAINTENANCE IN 222;822 _(();g;] X € no SgC-2
MAINTENANCE OUT 2:2;832 ) 832 X € no SQC-2
MODE SELECT (6) 15h 0] no SPC-3
MODE SELECT (10) 55h 0] no SPC-3
MODE SENSE (6) 1Ah 0] no SPC-3
MODE SENSE (10) 5Ah 0] no SPC-3
MOVE MEDIUM ATTACHED A7h X T no SMC-2
PERSISTENT RESERVE IN 5Eh 0] no SPC-3
PERSISTENT RESERVEYOUT 5Fh 0] no SPC-3
PRE-FETCH (10) 34h 0] no 53
PRE-FETCH (16) 90h 0] no 54
PREVENT.AELOW MEDIUM REMOVAL 1Eh 0] no SPC-3
READ (6) 08h M © yes 55
READ (10) 28h M ves 5.6
READ (12) A8h 0] yes 5.7
READ (16) 88h ) yes 5.8
READ (32) 7Fh/000%h | O ves 5.9
READ ATTRIBUTE 8Ch 0] no SPC-3
READ BUFFER 3Ch 0] no SPC-3
READ CAPACITY (10) 25h M no 5.10
READ CAPACITY (16) 9Eh/10h X d yes 5.11
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Table 9 — Commands for direct-access block devices (Sheet 2 of 4)

Command name 05332“2" Type P i:;g:;c;:;nn Reference
READ DEFECT DATA (10) 37h @) no 5.12
READ DEFECT DATA (12) B7h @) no 5.13
READ ELEMENT STATUS ATTACHED B4h X no SMC-2
READ LONG (10) 3Eh @) yes 5.14
READTONGT16) 9EN/ ) YES 5115
REA$SIGN BLOCKS 07h @) no 5/16
RECEIVE COPY RESULTS 84h @) no SPC-3
RECEIVE DIAGNOSTIC RESULTS 1Ch oM ¢ né SPC-3
REDYNDANCY GROUP IN BAh X € no SgC-2
REDYNDANCY GROUP OUT BBh X € no SgC-2
REPOQRT ALIASES A3h/0Bh o no SPC-3
REPQRT DEVICE IDENTIFIER A3h/05h O no SPC-3
REPOQRT LUNS AOh M no SPC-3
REPOQRT PRIORITY A3h/OEh @) no SPC-3
REPQRT SUPPORTED OPERATION CODES A3h/0Ch O no SPC-3
EEEE?'ﬁToEgPPORTED TASK MANAGEMENT A3h/ODh 0 no I o
REPQRT TARGET PORT GROUPS A3h/0Ah o no SPC-3
REQUEST SENSE 03h M no SPC-3
SENID DIAGNOSTIC 1Dh M no SPC-3
SET DEVICE IDENTIFIER A4h/06h O no SPC-3
SET PRIORITY A4h/OEh @) no SPC-3
SET TARGET PORT GROUPS A4h/0Ah @) no SPC-3
SPARE IN BCh X € no SgC-2
SPARE OUT BDh X € no SgC-2
START STOPUNIT 1Bh o no 517
SYNCHRONIZE CACHE (10) 35h 0] no 5/18
SYNCHRONIZE CACHE (16) 91h ) no 519
TEST UNIT READY 00h M no SPC-3
VERIFY (10) 2Fh @) yes 5.20
VERIFY (12) AFh @) yes 5.21
VERIFY (16) 8Fh @) yes 5.22
VERIFY (32) 7Fh/000AN @) yes 5.23
VOLUME SET IN BEh X € no SCC-2
VOLUME SET OUT BFh X € no SCC-2
WRITE (6) 0Ah o°¢ yes 5.24
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Table 9 — Commands for direct-access block devices (Sheet 3 of 4)

Command name 05332“2" Type P i:;g:;c;:;nn Reference
WRITE (10) 2Ah 0 yes 5.25
WRITE (12) AAh 0 yes 5.26
WRITE (16) 8Ah 0 yes 5.27
WRITE (32) 7Fh/000Bh 0 yes 5.28
WRITEAND VERIFYT10) 2EN ) YES 5129
WRITIE AND VERIFY (12) AEh O yes 5130
WRITIE AND VERIFY (16) 8Eh 0] yes 531
WRITIE AND VERIFY (32) 7Fh/000Ch 0] yes 5132
WRITE ATTRIBUTE 8Dh 0] no SPC-3
WRITE BUFFER 3Bh 0] no SPC-3
WRITIE LONG (10) 3Fh o yes 5133
WRITIE LONG (16) 9Fh/11h 0 yes 534
WRITE SAME (10) 41h 0 yes 535
WRITE SAME (16) 93h 0 yes 5136
WRITE SAME (32) 7FR/000Dh 0 yes 5137
XDREAD (10) 52h 0 yes 538
XDREAD (32) 7Fh/0003h O yes 5139
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Table 9 — Commands for direct-access block devices (Sheet 4 of 4)

01H
16h
30H
33H
39H
40H
80H
92h
B3}

The fi
02f
10¥
20k
Co

All op
stand

Command name Oggcrlztign Type P i:frg:;c;:;nn Reference
XDWRITE (10) 50h o) yes 5.40
XDWRITE (32) 7Fh/0004h ) yes 5.41
XDWRITEREAD (10) 53h o) yes 5.42
XDWRITEREAD (32) 7Fh/0007h O yes 5.43
XPWRITETTO) 5th O YES 544
XPWRITE (32) 7Fh/0006h o) yes 545
The fpllowing operation codes are obsolete:

(REZERO UNIT), 0Bh (SEEK (6)),

(RESERVE (6)), 17h (RELEASE (6)), 18h (COPY), 2Bh (SEEK (10)),

(SEARCH DATA HIGH (10)), 31h (SEARCH DATA EQUAL (10)), 32h (SEARCH DATA LOW (
(SET LIMITS (10)), 36h (LOCK UNLOCK CACHE (10)),

(COMPARE), 3Ah (COPY AND VERIFY),

(CHANGE DEFINITION), 56h (RESERVE (10)), 57h (RELEASE (10H))]

(XDWRITE EXTENDED (16)), 81h (REBUILD (16)), 82h (REGENERATE (16)),

(LOCK UNLOCK CACHE (16)), and

(SET LIMITS (12)).

bllowing operation codes are vendor-specific:

, 05h, 06h, 09h, OCh, ODh, OEh, OFh,

, 11h, 13h, 14h, 19h,

, 21h, 22h, 23h, 24h, 26h, 27h, 29h, 2Ch, 2Dhcand
h through FFh.

eration codes for direct-access block devices not specified in this table are reserved for future
ardization.

2 Sq
CO
b M
im
C AF
1
d I(?E
e If
Su
fof
SuU
SuU

me commands are defined by a.¢ombination of operation code and service action. The operat
de value is shown preceding the slash and the service action value is shown after the slash.

plementation requirements.are detailed in the reference.
plication clients should migrate from READ (6) to READ (10) (see 5.5) and from WRITE (6) to W)
D) (see 5.24).

he sccs bit istsetto one in the standard INQUIRY data (see SPC-3), these commands shall bg
pported astequired by SCC-2. If the sccs bit is set to zero, these commands shall not be supg
he MCHGRbit is set to one in the standard INQUIRY data (see SPC-3), these commands shall
pported-as required in SMC-2. If the MCHGR bit is set to zero, these commands shall not be
pported.

= command implementation:is’mandatory. O = command implementation is optional. X = Command

EAD CAPACITY ((16) is mandatory if protection information is supported and optional otherwise]

on

RITE

orted.
be

9 TH

is5\command shall be supported if the ENCSERYV bit is set to one in the standard INQUIRY data (

see

SPC-3) and may be supported otherwise.

5.2 FORMAT UNIT command

5.2.1 FORMAT UNIT command overview

The FORMAT UNIT command (see table 10) requests that the device server format the medium into
application client accessible logical blocks as specified in the number of blocks and block length values
received in the last mode parameter block descriptor (see 6.3.2) in a MODE SELECT command (see SPC-3).
In addition, the device server may certify the medium and create control structures for the management of the
medium and defects. The degree that the medium is altered by this command is vendor-specific.
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If a device server receives a FORMAT UNIT command before receiving a MODE SELECT command with a
mode parameter block descriptor the device server shall use the number of blocks and block length at which
the logical unit is currently formatted (i.e., no change is made to the number of blocks and the block length of
the logical unit during the format operation).

Table 10 — FORMAT UNIT command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (04h)
1 FMTPINFO | RTO _REQ | LONGLIST | FMTDATA | CMPLIST DEFECT LIST FORMAT
2 Vendor specific
3
Obsolete
4
5 CONTROL

The simplest form of the FORMAT UNIT command (i.e., a FORMAT UNIT command with no parameter data)
accomplishes medium formatting with little application client control over defect management. The|device
server Implementation determines the degree of defect management that .is¢o be performed. AdditionII forms
of this gommand increase the application client's control over defect management. The application clignt may
specify

a) | defect list(s) to be used;

b) | defect locations;

c¢) | that logical unit certification be enabled; and

d) | exception handling in the event that defect lists are not accessible.

While gerforming a format operation, the device server-shall respond to commands attempting to erfter into
the task set except INQUIRY commands, REPORT-LUNS commands, and REQUEST SENSE compmands
with CHECK CONDITION status with the sensekey set to NOT READY and the additional sense codg set to
LOGICAL UNIT NOT READY, FORMAT IN PROGRESS. Handling of commands already in the task set is
vendorispecific.

The PRIOGRESS INDICATION field in parameter data returned in response to a REQUEST SENSE command
(see SIPC-3) may be used by the application client at any time during a format operation to poll the{ logical
unit’s progress. While a format @pgration is in progress unless an error has occurred, a device servgr shall
respondl to a REQUEST SENSE command by returning parameter data containing sense data with th¢ sense
key sef to NOT READY and‘the additional sense code set to LOGICAL UNIT NOT READY, FORMAT IN
PROGRESS with the sense key specific bytes set for progress indication (see SPC-3).

A format protection information (FMTPINFO) bit set to zero specifies that the device server shall disable the use
of protection information (see 4.16) and format the medium to the block length specified in theg mode
paramgter block-descriptor of the mode parameter header (see SPC-3). A FMTPINFO bit set to one specifies
that thg device'server shall enable the use of protection information (see 4.16) and format the medium to the
block Igngth specified in the mode parameter block descriptor of the mode parameter header plus eig
if the b i ; i : i ; |
bit in the READ CAPACITY (16) parameter data (see 5.11) indicates whether protection information (see 4.16)
is enabled.

The reference tag own request (RTO_REQ) bit specifies whether the application client or the device server has
ownership of the LOGICAL BLOCK REFERENCE TAG field in protection information (see 4.16.2). If the FMTPINFO bit
is set to zero and the RTO_REQ bit is set to one, the device server shall terminate the command with CHECK
CONDITION status with the sense key set to ILLEGAL REQUEST and the additional sense code set to
INVALID FIELD IN CDB. If the FMTPINFO bit is set to one and the RTO_REQ bit is set to one, the device server
shall enable application client ownership of the LOGICAL BLOCK REFERENCE TAG field. If the FMTPINFO bit set to
one and the RTO_REQ bit is set to zero, the device server shall disable application client ownership (i.e.,
enable device server ownership) of the LOGICAL BLOCK REFERENCE TAG field. Following a successful format,
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the RTO_EN bit in the READ CAPACITY (16) parameter data (see 5.11) indicates whether application client
ownership of the LOGICAL BLOCK REFERENCE TAG field is enabled.

When protection information is written during a FORMAT UNIT command (i.e., the FMTPINFO bit is set to one)
protection information shall be written to a default value of FFFFFFFF_FFFFFFFFh.

A LONGLIST bit set to zero specifies that the parameter list, if any, contains a short parameter list header as
defined in table 13. A LONGLIST bit set to one specifies that the parameter list, if any, contains a long parameter

list hea

der as defined in table 14. If the FMTDATA bit is set to zero, the LONGLIST bit shall be ignored.

A format data (FMTDATA) bit set to zero specifies that no parameter list be transferred from the data-out buffer.

ansferred

ization pattern descriptor, followed by an optional defect list.

A complete list (CMPLST) bit set to zero specifies that the defect list included in the FORMAT-UNIT pa

list sha

Jl be used in an addition to the existing list of defects. As a result, the device server shall con

new GLIST (see 4.8) that contains:

a)
b)
c)

A CMPL
list of d
device

a)
b)

If the FI

The DE
is set g

the existing GLIST;

the DLIST, if it is sent by the application client; and

the CLIST, if certification is enabled (i.e., the device server may add any defects it detects dur
format operation).

server shall construct a new GLIST (see 4.8) that contains;

the DLIST, if it is sent by the application client; and
the CLIST, if certification is enabled (i.e., the devicé/server may add any defects it detects dur
format operation).

TDATA bit is set to zero, the CMPLIST bit shallbe ignored.

FECT LIST FORMAT field specifies the format of the address descriptors in the defect list if the FMT
one (see table 11).

ptional

ameter
struct a

ng the

5T bit set to one specifies that the defect list included in the FORMAT UNIT parameter list is a complete
efects. Any existing defect list except the PLIST shall be ignoted by the device server. As a regult, the

ng the

DATA bit
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Table 11 defines the address descriptor usage for the FORMAT UNIT command.

Table 11 — FORMAT UNIT command address descriptor usage

Field in the FORMAT UNIT CDB DEFECT LIST LENGTH
DEFECT ;:Src:lé?etrﬁst Type 2 | Comments f
FMTDATA | CMPLST LIST P head !
FORMAT eader
0 any 000b Not available M Vendor-specific defect information
1 0 5 O See Yand ©
ero
1 1 000b 0 See Pand ©
(short 3
1 0 block) (0] See and
Nonzero
1 1 0 See Pand ©
. (0] See ?and d
011b ere 0 See P and.®
(long 5
1 0 block) (0] See f,and
Nonzero
1 1 0 See ©and ©
1 0 (0] See Pand d
100b Zero B
1 1 (bytes 0 See "and ©
1 0 from o) See ®and ¢
index) Nonzero
1 1 o] See ®and ©
1 0 . (0] See ?and d
ero
1 1 ( :]01.b I o See Pand ©
physica
Nonzero
1 1 o] See ®and ©
1 0 110b (0]
(vendon ™| Vendor specific
1 1 specific) o
All\others Reserved.
a8 M = implementation is mandatory. O = implementation is optional.
b Np DLIST is included in the parameter list.
¢ A|DLIST igincluded in the parameter list. The device server shall add the DLIST defects to the new
GLLIST.
4 The device server shall add existing GLIST defects to the new GLIST (i.e., use the existing GLIST).
€ The device server shall not add existing GLIST defects to the new GLIST (i.e., discard the existirpg
GLTST).
f All the options described in this table cause a new GLIST to be created during processing of the
FORMAT UNIT command as described in the text.
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5.2.2 FORMAT UNIT parameter list

5.2.2.1 FORMAT UNIT parameter list overview

49

Table 12 defines the FORMAT UNIT parameter list.

Table 12 — FORMAT UNIT parameter list

Byte\Bit 7 6 5 4 3 2 1 0
Oéot(;?);)r Parameter list header (see table 13 or table 14 in 5.2.2.2)

Initialization pattern descriptor (if any)(see table 15in 5.2.2.3)

Defect list (if any)

The pafameter list header is defined in 5.2.2.2.

The inilialization pattern descriptor, if any, is defined in 5.2.2.3.

The de

ect list, if any, contains address descriptors (see 5.2.2.4) each.specifying a location on the medium

that thg device server shall exclude from the application client accessible part. This is called the DLIST (see

4.8).

5.2.2.2|Parameter list header

The parameter list headers (see table 13 and table 14).provide several optional format control parameters.
Device|servers that implement these headers provide the application client additional control over the use of
the fouf defect sources, and the format operation:df‘the application client attempts to select any function not
implemiented by the device server, the device server shall terminate the command with CHECK CONDITION
status with the sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN
PARAMETER LIST.

The shprt parameter list header (see table 13) is used if the LONGLIST bit is set to zero in the FORMAT UNIT

CDB.
Table 13 — Short parameter list header
Byte\Bit 7 6 5 4 3 2 1 0

0 Reserved

1 Fov DPRY DCRT STPF IP Obsolete IMMED Ve anr
specific

(MSB)
DEFECT LIST LENGTH
3 (LSB)
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ng parameter list header (see table 14) is used if the LONGLIST bit is set to one in the FORMAT UNIT

Table 14 — Long parameter list header

Byte\Bit 7 6 5 4 3 2 1 0

0 Reserved

1 FOV DPRY DCRT STPF IP Obsolete IMMED Vendgr
specific

2 RUDUerUd

3 Reserved

4 (MSB)

DEFECT LIST LENGTH
7 (LSB)

for the

A format options valid (FOV) bit set to zero specifies that the device server shall use lits default settings
DPRY, DCRT, STPF, and IP bits. If the FOV bit is set to zero, the application client shall'set these bits to zer
FOV bitlis set to zero and any of the other bits listed in this paragraph are not set to zero, the devicq
shall tefminate the command with CHECK CONDITION status with the sense’key set to ILLEGAL RE
and thq additional sense code set to INVALID FIELD IN PARAMETER LIST.

p. If the
server
DUEST

A FovV bit set to one specifies that the device server shall examinecthevalues of the DPRY, DCRT, STPF|

bits. W

A disal
identifigd as defective in the PLIST for application client.accessible logical blocks. If the device servg

able to
by the

A DPRY
mediunp. The PLIST shall not be deleted.

A disal

mediunm certification operation to generate’a CLIST. A DCRT bit set to one specifies that the device sery
not per

The std

a)

b)

A STPF
proces

and IP
nen the FOv bit is set to one, the DPRY, DCRT, STPF and IP, bits ‘are defined as follows.

le primary (DPRY) bit set to zero specifies that the deVice server shall not use parts of the medium
ris not
locate the PLIST or it is not able to determine whether a PLIST exists, it shall take the action specified

ETPF bit.

bit set to one specifies that the device server shall not use the PLIST to identify defective areafs of the

le certification (DCRT) bit set to zero*specifies that the device server shall perform a vendor-gpecific
er shall
orm any vendor-specific meditim certification process or format verification operation.
rs:

GLIST
ne

p format (STPF) bit controls.the behavior of the device server if one of the following events occl

the device server has been requested to use the PLIST (i.e., the DPRY bit is set to zero) or the
(i.e., the cMPLST.hitlis set to zero) and the device server is not able to locate the list or determ
whether the list'exists or

the device.server has been requested to use the PLIST (i.e., the DPRY bit is set to zero) or the
(i.e., the-€MPLST bit is set to zero) and the device server encounters an error while accessing
defectlist

GLIST
he

bit’set’'to zero specifies that, if one or both of these events occurs, the device server shall continue to
i at the

completion of the FORMAT UNIT command with the sense key set to RECOVERED ERROR and the
additional sense code set to either DEFECT LIST NOT FOUND if the condition described in item a) occurred,

or DEF

A STPF

ECT LIST ERROR if the condition described in item b) occurred.

bit set to one specifies that, if one or both of these events occurs, the device server shall terminate the

FORMAT UNIT command with CHECK CONDITION status and the sense key shall be set to MEDIUM
ERROR with the additional sense code set to either DEFECT LIST NOT FOUND if the condition described in

item a)

NOTE

occurred, or DEFECT LIST ERROR if the condition described in item b) occurred.

The use of the FMTDATA bit, the CMPLST bit, and the parameter list header allow the application client to control the source of

the defect lists used by the FORMAT UNIT command. Setting the DEFECT LIST LENGTH field to zero allows the application client to
control the use of PLIST and CLIST without having to specify a DLIST.
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An initialization pattern (IP) bit set to zero specifies that an initialization pattern descriptor is not included and
that the device server shall use its default initialization pattern. An IP bit set to one specifies that an
initialization pattern descriptor (see 5.2.2.3) is included in the FORMAT UNIT parameter list following the
parameter list header.

An immediate (IMMED) bit set to zero specifies that the device server shall return status after the format
operation has completed. An IMMED bit value set to one specifies that the device server shall return status
after the entire parameter list has been transferred.

The DEFECT LIST LENGTH field specifies the total length in bytes of the defect list (i.e., the address descriptors)
that follows and does not include the initialization pattern descriptor, if any. The formats for the address
descriptor(s) are shown in 5.2.2.4

Short Hlock format address descriptors and long block format address descriptors should be in~asg¢ending
order. Bytes from index format address descriptors and physical sector format address descriptors shall be in
ascendjing order. More than one physical or logical block may be affected by each address-descriptqr. If the
address$ descriptors are not in the required order, the device server shall terminate the contmand with CHECK
CONDITION status with the sense key set to ILLEGAL REQUEST and the additional-sense cod¢ set to
INVALID FIELD IN PARAMETER LIST.

5.2.2.3|Initialization pattern descriptor

The inifialization pattern descriptor specifies that the device server initialize logical blocks to a specified
pattern| The initialization pattern descriptor (see table 15) is sent to the,device server as part of the FORMAT
UNIT pprameter list.

Table 15 — Initialization pattern(descriptor

Byte\Bit 7 6 5 4 3 2 1 0
0 IP MODIFIER Sl Reserved
1 INITIALIZATION PATTERN TYPE
2 (MSB)
INITIALIZATION PATTERN LENGTH (n - 3)
3 (LSB)
4
INITIALIZATION PATTERN
n

The inifialization pattern medifier (IP MODIFIER) field (see table 16) specifies the type and location of alheader
that mddifies the initialization pattern.

Table 16 — Initialization pattern modifier (IP MODIFIER) field

Code Description

(00]¢ No header. The device server shall not modify the initialization pattern.

The device server shall overwrite the initialization pattern to write the LBA in the first four bytes
of each logical block. The LBA shall be written with the most significant byte first. If the LBA is
larger than four bytes, the least significant four bytes shall be written ending with the least
significant byte.

01b

The device server shall overwrite the initialization pattern to write the LBA in the first four bytes
of each physical block contained within the logical block. The lowest numbered logical block or
10b part thereof that occurs within the physical block is used. The LBA shall be written with the
most significant byte first. If the LBA is larger than four bytes the least significant four bytes
shall be written ending with the least significant byte.

11b Reserved.
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A security initialize (SI) bit set to one specifies that the device server shall attempt to write the initialization
pattern to all areas of the medium including those that may have been reassigned (i.e., are in a defect list). An
Sl bit set to one shall take precedence over any other FORMAT UNIT CDB field. The initialization pattern shall
be written using a security erasure write technique. Application clients may choose to use this command
multiple times to fully erase the previous data. Such security erasure write technique procedures are outside
the scope of this standard. The exact requirements placed on the security erasure write technique are
vendor-specific. The intent of the security erasure write is to render any previous user data unrecoverable by
any analog or digital technique.

An s3I bit set to zero specifies that the device server shall initialize the application client accessible part of the
medium. The device server is not required to initialize other areas of the medium. However, the device server
shall fo i T i MAT ONIT command:

e sI bit is set to one, the device server need not write the initialization pattern over the-heagler and
other pprts of the medium not previously accessible to the application client. If the device ser¥eris unable to

accesdible to the application client in the future (e.g., by clearing the defect list), it'shall terminjate the
nd with CHECK CONDITION status with the sense key set to MEDIUM ERROR and the additional
sense pode set to the appropriate value for the condition. The device server shall attempt to rewrite all
remaining parts of the medium even if some parts are not able to be rewritten.

The INITIALIZATION PATTERN TYPE field (see table 17) specifies the type of pattern the device server shall use to
initialize¢ each logical block within the application client accessible part of the'medium. All bytes within g logical
block shall be written with the initialization pattern. The initialization pattern'is modified by the IP MODIFIER field
as desg¢ribed in table 16.

Table 17 — INITIALIZATION PATFERN TYPE field

Cogde Description
0Qh Use a default initialization pattern @
olh Repeat the pattern specified in thedNITIALIZATION PATTERN field as required to fill the logical

block P
02h {7Fh Reserved
80h {FFh | Vendor-specific

@ |f the INITIALIZATION PATTERN LENGTH field is not set to zero, the device server shall terminate the
cgmmand with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and the
additional sense code set to INVALID FIELD IN PARAMETER LIST.

b |f the INITIALIZATION PATTERN LENGTH field is set to zero, the device server shall terminate the command
with CHECK CONDIHON status with the sense key set to ILLEGAL REQUEST and the additional
sdnse code set to INVALID FIELD IN PARAMETER LIST.

The INITIALIZATION'PATTERN LENGTH field specifies the number of bytes contained in the INITIALIZATION RATTERN
field. Ifthe initialization pattern length exceeds the current block length the device server shall termirjate the
commgnddith CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and the additional
sense code Setto INVACID FIECD TN PARAMETERTIST:

The INITIALIZATION PATTERN field specifies the initialization pattern. The initialization pattern is modified by the
IP MODIFIER field.

5.2.2.4 Address descriptor formats

5.2.2.4.1 Address descriptor formats overview

This subclause describes the address descriptor formats used in the FORMAT UNIT command, the READ
DEFECT DATA commands (see 5.12 and 5.13), and the Translate Address diagnostic pages (see 6.1.2 and
6.1.3) of the SEND DIAGNOSTIC command and the RECEIVE DIAGNOSTIC RESULTS command.
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The format type of an address descriptor is specified with:

53

a) the DEFECT LIST FORMAT field in the CDB, for the FORMAT UNIT command and the READ DEFECT
DATA commands;

b) the SUPPLIED FORMAT field, for the Translate Address diagnostic pages; or
c) the TRANSLATE FORMAT field, for the Translate Address diagnostic pages.

Table 18 defines the types of address descriptors.

Table 18 — Address descriptor formats

Format type | Description Reference
000b Short block format address descriptor 52242
011b Long block format address descriptor 52243
100b Bytes from index format address descriptor 52244
101b Physical sector format address descriptor 5.224.5
110b Vendor-specific

All others Reserved

5.2.2.4]2 Short block format address descriptor

A format type of 000b specifies the short block format address descriptor defined in table 19.

Table 19 — Short block format addréss descriptor (000b)

Byte|Bit 7 6 5 4 3 2 1 D
0 (MSB)
SHORT BLOCK ADDRESS
3 (LBB)

For the] FORMAT UNIT command, the SHORTBLOCK ADDRESS field contains the four-byte LBA of a defect. For
the READ DEFECT DATA commands, the SHORT BLOCK ADDRESS field contains a vendor-specific fdur-byte
value. fror the Translate Address diagnostic pages, the SHORT BLOCK ADDRESS field contains a four-byte LBA
or a vehdor-specific four byte value-that is greater than the capacity of the medium.

5.2.2.413 Long block format.address descriptor

A format type of 011b specifies the long block format address descriptor defined in table 20.

Table 20 — Long block format address descriptor (011b)

Byte|Bit 7 6 5 4 3 2 1 0
0 (MSB)
LONG BLOCK ADDRESS
7 (CSB)

For the FORMAT UNIT command, the LONG BLOCK ADDRESS field contains the eight-byte logical block address
of a defect. For the READ DEFECT DATA commands, the LONG BLOCK ADDRESS field contains a
vendor-specific eight-byte value. For the Translate Address diagnostic pages, the LONG BLOCK ADDRESS field
contains a four-byte LBA or a vendor-specific four byte value that is greater than the capacity of the medium.

5.2.2.4.4 Bytes from index format address descriptor

A format type of 100b specifies the bytes from index address descriptor defined in table 21. For the FORMAT
UNIT command and the READ DEFECT DATA commands, this descriptor specifies the location of a defect
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that is either the length of one track or is no more than eight bytes long. For the Translate Address diagnostic
pages, this descriptor specifies the location of a track or the first byte or last byte of an area.

Table 21 — Bytes from index format address descriptor (100b)

Byte\Bit 7 6 5 4 3 2 1 0
0 (MSB)
CYLINDER NUMBER
2 (LSB)
3 HEAD NUMBER
4 (MSB)
BYTES FROM INDEX
7 (LEB)

The CYLINDER NUMBER field contains the cylinder number.
The HEAD NUMBER field contains the head number.

The BY[ES FROM INDEX field contains the number of bytes from the index (e.g., from the start of the track) to
the locgtion being described. A BYTES FROM INDEX field set to FFFFFFFFh Specifies that the entire frack is
being described.

For sorting bytes from index format address descriptors, the cylinder number is the most significant paft of the
addres$ and the bytes from index is the least significant part of the, address. More than one logical blgck may
be des¢ribed by this descriptor.

5.2.2.4]5 Physical sector format address descriptor

A format type of 101b specifies the physical sector addtess descriptor defined in table 22. For the FORMAT
UNIT command and the READ DEFECT DATA commands, this descriptor specifies the location of g defect
that is ¢ither the length of one track or the length-efione sector. For the Translate Address diagnostic| pages,
this degcriptor specifies the location of a track or a“sector.

Table 22 — Physical\sector format address descriptor (101b)

Byte|Bit 7 6 5 4 3 2 1 0
0 (MSB)
CYLINDER NUMBER
2 (UsB)
3 HEAD NUMBER
4 (MSB)
SECTOR NUMBER
7 (4sB)

The CYLINBER NUMBER field contains the cylinder number.

The HEAD NUMBER field contains the head number.

The SECTOR NUMBER field contains the sector number. A SECTOR NUMBER field set to FFFFFFFFh specifies
that the entire track is being described.

For sorting physical sector format address descriptors, the cylinder number is the most significant part of the
address and the sector number is the least significant part of the address. More than one logical block may be
described by this descriptor.

5.3 PRE-FETCH (10) command

The PRE-FETCH (10) command (see table 23) requests that the device server transfer the specified logical
blocks from the medium to the volatile cache and/or non-volatile cache. Logical blocks include user data and,
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if the medium is formatted with protection information enabled, protection information. No data shall be
transferred to the data-in buffer.

Table 23 — PRE-FETCH (10) command

Byte\Bit 7 6 5 4 3 2 1

OPERATION CODE (34h)

Reserved IMMED Obsolete

(MSB)

L OGICAI Bl OCK ADDRFSS

(U

SB)

Reserved GROUP NUMBER

(MSB)
PREFETCH LENGTH

(

SB)

O 0| N[ O] O M| =

CONTROL

An imm]

ediate (IMMED) bit set to zero specifies that status shall be returned after,the operation is comp

IMMED bit set to one specifies that status shall be returned as soon as the CBDB has been validated.

The LO
block 3
CHECH
to LOG

The GR
collect
comma

The PR|
transfe
ADDRES
specifig
other v
the pre
CHECH
to LOG
that alr

If the IN
device

a)
b)

5ICAL BLOCK ADDRESS field specifies the first logical block aceessed by this command. If the
ddress exceeds the capacity of the medium the device sérver shall terminate the comma
[ CONDITION status with the sense key set to ILLEGAL REQUEST and the additional sense ¢
ICAL BLOCK ADDRESS OUT OF RANGE.

OUP NUMBER field specifies the group into which_attributes associated with the command sh
bd (see 4.17). A GROUP NUMBER field set to zerarspecifies that any attributes associated v
nd shall not be collected into any group.

FFETCH LENGTH field specifies the number.of contiguous logical blocks that shall be pre-fetch
rred to the cache from the medium), starting with the logical block specified by the LOGICAL

d in the LOGICAL BLOCK ADDRESS field to the last logical block on the medium shall be pre-fetch
hlue specifies the number of logical blocks that shall be pre-fetched. If the logical block addre
fetch length exceeds the capacity of the medium, the device server shall terminate the commg
[ CONDITION status with(the sense key set to ILLEGAL REQUEST and the additional sense ¢
CAL BLOCK ADDRESS.OUT OF RANGE. The device server is not required to transfer logica
pady are contained-in:the cache.

MED bit is set to.zero and the specified logical blocks were successfully transferred to the cag
server shall return:

CONDITION MET status if the LINK bit is set to zero in the CONTROL byte (see SPC-3); or
INTERMEDIATE-CONDITION MET status if the LINK bit is set to one.

ete. An

logical
nd with
pde set

buld be
ith the

bd (i.e.,
BLOCK

s field. A PREFETCH LENGTH field set-to zero specifies that all logical blocks starting with the one

ed. Any
ss plus
nd with
pde set
blocks

he, the

If the INMED-bit is set to zero and the cache does not have sufficient capacity to accept all of the specified
Iogical%wwmmmmmmwmﬁat fit. If

these logical blocks are transferred successfully it shall return:

a)
b)

GOOD status if the LINK bit is set to zero in the CONTROL byte (see SPC-3); or
INTERMEDIATE status if the LINK bit is set to one.

If the IMMED bit is set to one and the cache has sufficient capacity to accept all of the specified logical blocks,
the device server shall return:

a)
b)

CONDITION MET status if the LINK bit is set to zero in the CONTROL byte (see SPC-3); or
INTERMEDIATE-CONDITION MET status if the LINK bit is set to one.
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If the IMMED bit is set to one and the cache does not have sufficient capacity to accept all of the specified
logical blocks, the device server shall return:

a) GOOD status if the LINK bit is set to zero in the CONTROL byte (see SPC-3); or
b) INTERMEDIATE status if the LINK bit is set to one.

If the IMMED bit is set to zero and one or more of the specified logical blocks were not successfully transferred
to the cache for reasons other than lack of cache capacity, the device server shall terminate the command
with CHECK CONDITION status with the sense key and the additional sense code set to the appropriate
values. If the IMMED bit is set to one and one or more of the specified logical blocks were not successfully
transferred to the cache for reasons other than lack of cache capacity, the device server shall report a
deferred error (see SPC-3)

5.4 PRE-FETCH (16) command
The PRE-FETCH (16) command (see table 24) requests that the device server transfer the spécified logical
blocks from the medium to the volatile cache and/or non-volatile cache. Logical blocks inglude user data and,
if the medium is formatted with protection information enabled, protection information. No data ghall be
transfefred to the data-in buffer.
Table 24 — PRE-FETCH (16) command
Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (90h)
1 Reserved IMMED Reserved
2 (MSB)
LOGICAL BLOCK ADDRESS
9 (LSB)
10 (MSB)
PREFETCH LENGTH
13 (LSB)
14 Reserved GROUP NUMBER
15 CONTROL
See the PRE-FETCH (10) command-(see 5.3) for the definitions of the fields in this command.
5.5 READ (6) command
The RHAD (6) command (see table 25) requests that the device server read the specified logical blocK(s) and
transfef them to the data<in buffer. Each logical block read includes user data and, if the medium is fofmatted
with protection information enabled, protection information. Each logical block transferred includes uder data
but dogs not include protection information. The most recent data value written, or to be written if caghed, in
the addressed-logical blocks shall be returned.
Table 25 — READ (6) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (08h)
1 Reserved (MSB)
2
LOGICAL BLOCK ADDRESS -
3 (LSB)
4 TRANSFER LENGTH
5 CONTROL
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The cache control bits (see 5.6) are not provided for this command. Direct-access block devices with cache
may have values for the cache control bits that affect the READ (6) command; however, no default values are
defined by this standard. If explicit control is required, the READ (10) command should be used.

See the PRE-FETCH (10) command (see 5.3) for the definition of the LOGICAL BLOCK ADDRESS field.

The TRANSFER LENGTH field specifies the number of contiguous logical blocks of data that shall be read and
transferred to the data-in buffer, starting with the logical block specified by the LOGICAL BLOCK ADDRESS field. A
TRANSFER LENGTH field set to zero specifies that 256 logical blocks shall be read. Any other value specifies the
number of logical blocks that shall be read. If the logical block address plus the transfer length exceeds the
capacity of the medium, the device server shall terminate the command with CHECK CONDITION status with
the sense key set to ILL EGAL REQUEST and the additional sense code set to LOGICAL BLOCK ADDRESS
OUT OF RANGE. The TRANSFER LENGTH field is constrained by the MAXIMUM TRANSFER LENGTH field in the
Block Limits VPD page (see 6.4.2).

NOTE 1| For the READ (10) command, READ (12) command, READ (16) command, and READ (32) command, a TRANSFER
LENGTH field set to zero specifies that no logical blocks are read.

NOTE 2| Although the READ (6) command is limited to addressing logical blocks up to a capacity of 1 GiB.(i.e., 1 073 741 834
bytes)(sde IEC 60027-2:2000), for block lengths of 512 bytes, this command has been maintained as mandatory since some
system initialization routines require that the READ (6) command be used. System initialization routines‘should migrate from th¢
READ (6) command to the READ (10) command, which is capable of addressing 2 TiB (i.e., 2 199 023 255 552 bytes) with blog
lengths gf 512 bytes or the READ (16) command to address more than 2 TiB.

~
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The device server shall check the protection information read from the medium before returning status for the

command as described in table 26.

Table 26 — Protection information checking for READ (6)

Logical unit Shall device
formatted server Field in Extended b
. . . INQUIRY Data If check fails ° €, additional
with transmit protection .
. . . . e VPD page bit sense code
protection protection information value @
information information?
LoGICAL BLocK | SRD_OPK=T | coCok FalLeD oL
GUARD
GRD_CHK =0 No check performed
LOGICAL BLOCK
LOGICAL BLOCK APP_CHK =112 APPLICATION.TAG CHECK
(es APPLICATION TAG FAILED
No APP_CHK =0 No check'performed
LOGICAL BLOCK
LOGICAL BLOCK REF_CHK =1 REFERENCE TAG CHECK
REFERENCE TAG FAILED
REF_CHK =0 No check performed
No No protection informationsavailable to check
@ The device server checks the logical block applicationtag’only if it has knowledge of the contents pf the
LAQGICAL BLOCK APPLICATION TAG field. The method for acquiring this knowledge is not defined by this
stpndard.
b If Bn error is reported, the sense key shall be set,to ABORTED COMMAND.
 If multiple errors occur, the selection of which error to report is not defined by this standard.
d Sge the Extended INQUIRY Data VPD page (see SPC-3) for the definitions of the GRD_CHK bit,
ARP_CHK bit, and REF_CHK bit.
If the device server detects a LOGICAL BLOCK APPLICATION TAG field set to FFFFh, it shall not check any
priotection information in the associated logical block.
If the RTO_EN bit is set to zero injthe READ CAPACITY (16) parameter data (see 5.11), the device
sgrver checks the logical block-reference tag by comparing it to the lower 4 bytes of the LBA asso¢iated
with the logical block. If the RTO_EN bit is set to one, the device server checks the logical block
reference tag only if ithas knowledge of the contents of the LOGICAL BLOCK REFERENCE TAG field. [The
method for acquiring.this knowledge is not defined in this standard.

5.6 READ (10)¢ommand

The READ (10)»command (see table 27) requests that the device server read the specified logical k
nsfer.them to the data-in buffer. Each logical block read includes user data and, if the me
formatted\with protection information enabled, protection information. Each logical block transferred i

and tr

lock(s)
dium is

hcludes
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user data and may include protection information, based on the RDPROTECT field and the medium format. The

most recent data value written in the addressed logical block shall be returned.

Table 27 — READ (10) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (28h)
1 RDPROTECT DPO FUA Reserved FUA NV Obsolete
2 (MSB)

LOGICAI Bl OCK ADDRESS
5 (USB)
6 Reserved GROUP NUMBER
7 (MSB)

TRANSFER LENGTH
8 (UsB)
9 CONTROL
See the PRE-FETCH (10) command (see 5.3) for the definition of the LOGICAL BLOCK ADDRESS field.

See the PRE-FETCH (10) command (see 5.3) and 4.17 for the definition of\the GROUP NUMBER field.
The deyice server shall check the protection information read from the-medium before returning statug for the
commgnd based on the RDPROTECT field as described in table 28.
Table 28 — RDPROTECT field~(Sheet 1 of 3)
Logical .
unit Shasltrc\l;‘:we Field in Extended
formatted . . INQUIRY Data If check fails 9 f,
Codp . transmit protection . o
with . . . h | VPD page bit additional sense code
. protection information g
protection . . value
. . information?
information
GRD CHK = 1 LOGICAL BLOCK
LOGICAL BLOCK - GUARD CHECK FA|LED
GUARD
GRD_CHK =0 No check performed
LOGICAL BLOCK
LOGICALBLOCK | app_cHk =1° | APPLICATION TAG
Yes APPLICATION CHECK FAILED
i TAG
000k No APP_CHK =0 No check performed
~ | LOGICAL BLOCK
LOGICALBLOCK | rer_cHk =1 ] | REFERENCE TAG
REFERENCE CHECK FAILED
I1AG
REF_CHK =0 No check performed
No No protection information available to check.
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Logical

. Shall device
unit server Field in Extended
formatted . . INQUIRY Data If check fails 9 f,
Code . transmit protection . o
with . . . h | VPD page bit additional sense code
. protection information g
protection . PN value
information information?
GRD CHK = 1 LOGICAL BLOCK
LOGICAL BLOCK - GUARD CHECK FAILED
o GRD_CHK =0 No check performéd
LOGICAL BLOCK
LOGICALBLOCK | app_cHk =1° | APPLICATION'TAG
001b P APP_CHK =0 | Nocheck performed
| LOGICAL BLOCK
LOGICALBLOCK | grer_cHk =1 | ["REFERENCE TAG
REFERENCE CHECK FAILED
TAG
REF_CHK=S0 No check performed
No 2@ No protection information available to transmit to the data-in buffer or for
checking
LOGICAL BLOCK No check performed
GUARD
LOGICAL BLOCK
LOGICALBLOCK | app_cHk =1° | APPLICATION TAG
APPLICATION CHECK FAILED
Yes Yes © TAG
010bb APP_CHK =0 No check performed
~ | LOGICAL BLOCK
LOGICALBLOCK | rer_cHk =1 ] | REFERENCE TAG
REFERENCE CHECK FAILED
TAG
REF_CHK =0 No check performed
No @ No protection information available to transmit to the data-in buffer or for
checking
LOGICAL BLOCK No check performed
GUARD
LOGICAL BLOCK
Yes Yes © APPLTli/C:TmN No check performed
011b
LOGICAL BLOCK
REFERENCE No check performed
TAG
No @ No protection information available to transmit to the data-in buffer or for

checking
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Table 28 — RDPROTECT field (Sheet 3 of 3)

Logical Shall device
unit server Field in Extended
formatted . . INQUIRY Data If check fails 9 f
Code . transmit protection . o
with . . . h | VPD page bit additional sense code
. protection information g
protection . . value
. . information?
information
_ LOGICAL BLOCK
LosicALBLOCK | GRO_CHK=1 | G,ARD CHECK FAILED
o GRD_CHK =0 No check performéd
. LOGICAL BLOCK
_ Yes Yes APPLICATION | No check performed
100b P TAG
LOGICAL BLOCK
REFERENCE No check performed
TAG
No @ No protection information available to transmit to\the data-in buffer or for
checking
101H -
116 Reserved
a8 Alread operation to a logical unit that supports protectiondnformation (see 4.16) and has not been
fgrmatted with protection information shall be terminatéd with CHECK CONDITION status with the

s¢nse key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CDB.

adlditional sense code set to INVALID FIELDYN CDB.
The device server shall check the logical block application tag if it has knowledge of the contents pf the
LPGICAL BLOCK APPLICATION TAG field. If the READ (32) command (see 5.9) is used and the ATO hit is
s¢t to one in the Control mode page (see SPC-3), this knowledge is acquired from the EXPECTED)
LOGICAL BLOCK APPLICATION TAG figld’and the LOGICAL BLOCK APPLICATION TAG MASK field in the CIDB.
Otherwise, this knowledge may-be acquired by a method not defined by this standard.
Iffan error is reported, the sense key shall be set to ABORTED COMMAND.
Transmit protection information to the data-in buffer.
If[multiple errors occur, the selection of which error to report is not defined by this standard.
See the Extended INQUIRY Data VPD page (see SPC-3) for the definitions of the GRD_CHK bit, the
APP_CHK bit, and the REF_CHK bit.
Iffthe application:client or device server detects a LOGICAL BLOCK APPLICATION TAG field set to FFFFh,
~ the checking ofall protection information in the associated logical block shall be disabled.
' Iffthe RTO_(EN bit is set to zero in the READ CAPACITY (16) parameter data (see 5.11), the device
server-may process the command. If the RTO_EN bit is set to one, READ (10) commands, READ|(12)
cmmands and READ (16) commands with the RDPROTECT field set to OOOb may be processed hjy the
ands,

READ (12) commands and READ (16) commands with the RDPROTECT field not set to 000b with
CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and the additional sense

_ code set to INVALID COMMAND OPERATION CODE.

J"If the RTO_EN bit is set to zero in the READ CAPACITY (16) parameter data (see 5.11), the device
server checks the logical block reference tag by comparing it to the lower 4 bytes of the LBA
associated with the logical block. If the RTO_EN bit is set to one (i.e., the command is a READ (32)
command), the device server checks the logical block reference tag based on the EXPECTED INITIAL
LOGICAL BLOCK REFERENCE TAG field in the CDB (see 4.16.2).

A disable page out (DPO) bit set to zero specifies that the retention priority shall be determined by the
RETENTION PRIORITY fields in the Caching mode page (see 6.3.3). A DPO bit set to one specifies that the device
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server shall assign the logical blocks accessed by this command the lowest retention priority for being fetched
into or retained by the cache. A DPO bit set to one overrides any retention priority specified in the Caching
mode page. All other aspects of the algorithm implementing the cache replacement strategy are not defined in
this standard.

NOTE 1 The DPO bit is used to control replacement of logical blocks in the cache when the application client has information on the
future usage of the logical blocks. If the DPO bit is set to one, the application client is specifying that the logical blocks accessed by the
command are not likely to be accessed again in the near future and should not be put in the cache nor retained by the cache. If the DPO
bit is set to zero, the application client is specifying that the logical blocks accessed by this command are likely to be accessed again in
the near future.

The force unit access (FUA) and force unit access non-volatile cache (FUA NvV) bits are defined in table 29.

Table 29 — Force unit access for read operations

FUA FUA NV Description

The device server may read the logical blocks from volatile cache, non-volatjle
cache and/or the medium.

If the Nv_SUP bit is set to one in the Extended INQUIRY 'Data VPD page (se¢
SPC-3), the device server shall read the logical blocks from non-volatile cache or
the medium. If a non-volatile cache is present and a-volatile cache contains p
more recent version of a logical block, the device sérver shall write the logica
block to
a) non-volatile cache and/or
b) the medium,
before reading it.

If the Nv_SUP bit is set to zero in_the Extended INQUIRY Data VPD page (se€
SPC-3), the device server may)read the logical blocks from volatile cache,
non-volatile cache and/or the medium.

[¢]

The device server shall read the logical blocks from the medium. If a cache
1 Oor1 contains a more recent version of a logical block, the device server shall write the
logical block to the medium before reading it.

The TRANSFER LENGTH field specifies the number of contiguous logical blocks of data that shall be rgad and
transfefred to the data-in buffer, starting with the logical block specified by the LOGICAL BLOCK ADDRESS|field. A
TRANSHER LENGTH field set to zero specifies that no logical blocks shall be read. This condition shal| not be
considered an error. Any other value specifies the number of logical blocks that shall be read. If the logical
block address plus the transfer length exceeds the capacity of the medium, the device server shall tefminate
the command with GHECK CONDITION status with the sense key set to ILLEGAL REQUEST and the
additiopal sense code set to LOGICAL BLOCK ADDRESS OUT OF RANGE. The TRANSFER LENGTH field is
constrgined by the MAXIMUM TRANSFER LENGTH field in the Block Limits VPD page (see 6.4.2).

NOTE 2| For the READ (6) command, a TRANSFER LENGTH field set to zero specifies that 256 logical blocks are read.

5.7 READ{t2)commmand

The READ (12) command (see table 30) requests that the device server read the specified logical block(s)
and transfer them to the data-in buffer. Each logical block read includes user data and, if the medium is
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formatted with protection information enabled, protection information. Each logical block transferred includes
user data and may include protection information, based on the RDPROTECT field and the medium format.

Table 30 — READ (12) command

Byte\Bit 7 6 5 4 3 2 0
0 OPERATION CODE (A8h)
1 RDPROTECT DPO FUA Reserved | FUA NV Obsolete
2 (MSB)
1 OGICAI Bl OCK ADDRESS
5 (LSB)
6 (MSB)
TRANSFER LENGTH
9 (LSB)
Restricted

10 for Reserved GROUP NUMBER

MMC-4
11 CONTROL

See the READ (10) command (see 5.6) for the definitions of the fields inthis command.

5.8 READ (16) command

The RRAD (16) command (see table 31) requests that the device server read the specified logical Block(s)
and transfer them to the data-in buffer. Each logical block'read includes user data and, if the mefium is
formatted with protection information enabled, protectiontinformation. Each logical block transferred includes
user dgta and may include protection information, based/on the RDPROTECT field and the medium format.
Table 31 —READ (16) command
Byte\Bit 7 6 5 4 3 2 0
0 OPERATION CODE (88h)
1 RDPROTECT DPO FUA Reserved | FUA NV | Rederved
2 (MSB)
LOGICAL BLOCK ADDRESS
9 (USB)
10, (MSB)
TRANSFER LENGTH
13 (USB)
Restricted
14 for Reserved GROUP NUMBER
MMC-4
15 CONTROL

See the READ (10) command (see 5.6) for the definitions of the fields in this command.

5.9 READ (32) command

The READ (32) command (see table 32) requests that the device server read the specified logical block(s)
and transfer them to the data-in buffer. Each logical block read includes user data and, if the medium is
formatted with protection information enabled, protection information. Each logical block transferred includes
user data and may include protection information, based on the RDPROTECT field and the medium format.
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If the RTO_EN bit is set to zero in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate the command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE. If the RTO_EN bit is set to one, the
device server may process the command.

Table 32 — READ (32) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (7Fh)
1 CONTROL
2
Reserved
5
6 Reserved GROUP NUMBER
7 ADDITIONAL CDB LENGTH (18h)
8 (MSB)
SERVICE ACTION (0009h)
9 (USB)
10 RDPROTECT DPO FUA Reserved | FUA NV | Regerved
11 Reserved
12 (MSB)
LOGICAL BLOCK-ADDRESS
19 (USB)
20 (MSB)
EXPECTED INITIAL LOGICAL BLOCK REFERENCE TAG
23 (USB)
24 (MSB)
EXPECTED LOGICAL BLOCK APPLICATION TAG
25 (USB)
26| (MSB)
LOGICAL BLOCK APPLICATION TAG MASK
27 (USB)
28 (MSB)
TRANSFER LENGTH
31 (USB)
See the READ (10) command (see 5.6) for the definitions of the GROUP NUMBER field, the RDPROTECT field, the
DPO bit| the FUA bit, the'FUA_Nv bit, the LOGICAL BLOCK ADDRESS field and the TRANSFER LENGTH field.
When ¢hecking of the LOGICAL BLOCK REFERENCE TAG field is enabled (see table 28 in 5.6), the EXPECTED
INITIAL L OGICAL"BLOCK REFERENCE TAG field contains the value of the LOGICAL BLOCK REFERENCE TAG field
expected, in\the protection information of the first logical block accessed by the command instead of p value
based ¢pn\the LBA (see 4.16.2).

If the ATO bit is set to one in the Control mode page (see SPC-3) and checking of the LOGICAL BLOCK
APPLICATION TAG field is enabled (see table 28 in 5.6), the LOGICAL BLOCK APPLICATION TAG MASK field contains
a value that is a bit mask for enabling the checking of the LOGICAL BLOCK APPLICATION TAG field in the
protection information for each logical block accessed by the command. A LOGICAL BLOCK APPLICATION TAG
MASK field bit set to one enables the checking of the corresponding bit of the EXPECTED LOGICAL BLOCK
APPLICATION TAG field with the corresponding bit of the LOGICAL BLOCK APPLICATION TAG field in the protection
information.

If the ATO bit is set to one in the Control mode page (see SPC-3) and checking of the LOGICAL BLOCK
APPLICATION TAG field is disabled (see table 28 in 5.6), or if the ATO bit is set to zero, the LOGICAL BLOCK
APPLICATION TAG MASK field and the EXPECTED LOGICAL BLOCK APPLICATION TAG field shall be ignored.
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5.10 READ CAPACITY (10) command

5.10.1 READ CAPACITY (10) overview

The READ CAPACITY (10) command (see table 33) requests that the device server transfer 8 bytes of
parameter data describing the capacity and medium format of the direct-access block device to the data-in
buffer. This command may be processed as if it had a HEAD OF QUEUE task attribute (see 4.11). If the
logical unit supports protection information (see 4.16), the application client should use the READ CAPACITY
(16) command instead of the READ CAPACITY (10) command.

Table 33 — READ CAPACITY (10) command

Byte\Bit 7 6 5 4 3 2 0
0 OPERATION CODE (25h)
1 Reserved Obsolete
2 (MSB)
LOGICAL BLOCK ADDRESS
5 (UsB)
6
Reserved
7
8 Reserved PMI
9 CONTROL
See thg PRE-FETCH (10) command (see 5.3) for the definition of the LOGICAL BLOCK ADDRESS field.
The LOGICAL BLOCK ADDRESS field shall be set to zero if the'PMI bit is set to zero. If the PMI bit is set to zero and
the LOGICAL BLOCK ADDRESS field is not set to zero, the device server shall terminate the commahd with
CHECHK CONDITION status with the sense key setto' ILLEGAL REQUEST and the additional sense cpde set
to INVALID FIELD IN CDB.

A partial medium indicator (PMI) bit set to zero specifies that the device server return information on the last

logical plock on the direct-access block deyice.
A PMI it set to one specifies that the"device server return information on the last logical block after that
specifigd in the LOGICAL BLOCK ADDRESS field before a substantial vendor-specific delay in data transfer may
be encountered.
NOTE [This function is intended\to assist storage management software in determining whether there is sufficient space stafting with
the logicpl block address spécified in the CDB to contain a frequently accessed data structure (e.g., a file directory or file index) without
incurring an extra delay.
5.10.2 READ CAPACITY (10) parameter data
The READ(CAPACITY (10) parameter data is defined in table 34. Any time the READ CAPACITY (10)
paramgterdata changes, the device server should establish a unit attention condition as described in #.6.
Table 34 — READ CAPACITY (10) parameter data
Byte\Bit 7 6 5 4 3 2 0
0 (MSB)
RETURNED LOGICAL BLOCK ADDRESS SE——
3 (LSB)
4 (MSB)
BLOCK LENGTH IN BYTES SE——
7 (LSB)



https://iecnorm.com/api/?name=2b45253d155fb842493ff16cdc65a0da

66 14776-322 © ISO/IEC:2007(E)

If the number of logical blocks exceeds the maximum value that is able to be specified in the RETURNED
LOGICAL BLOCK ADDRESS field, the device server shall set the RETURNED LOGICAL BLOCK ADDRESS field to
FFFFFFFFh. The application client should then issue a READ CAPACITY (16) command (see 5.11) to
retrieve the READ CAPACITY (16) parameter data.

If the PMmI bit is set to zero, the device server shall set the RETURNED LOGICAL BLOCK ADDRESS field to the lower
of

a) the LBA of the last logical block on the direct-access block device or
b) FFFFFFFFh.

If the PMmI bit is set to one, the device server shall set the RETURNED LOGICAL BLOCK ADDRESS field to the lower
of

a) | the last LBA after that specified in the LOGICAL BLOCK ADDRESS field of the CDB before a,substantial
vendor-specific delay in data transfer may be encountered or
b) | FFFFFFFFh.

The RE[TURNED LOGICAL BLOCK ADDRESS shall be greater than or equal to that specified by-the LOGICAL BLOCK
ADDRESS field in the CDB.

The BLOCK LENGTH IN BYTES field contains the number of bytes of user data in the\logical block indicated by the
RETURNED LOGICAL BLOCK ADDRESS field. This value does not include protection information or adfitional
informgtion (e.g., ECC bytes) recorded on the medium.

5.11 READ CAPACITY (16) command

5.11.1 READ CAPACITY (16) command overview

The READ CAPACITY (16) command (see table 35) requests/that the device server transfer parameter data
descrihing the capacity and medium format of the direct*access block device to the data-in buff¢r. This
commgnd is mandatory if the logical unit supports protection information (see 4.16) and optional otherwise.
This command is implemented as a service action ofthe SERVICE ACTION IN operation code (see A.R). This
command may be processed as if it had a HEAD*OF QUEUE task attribute (see 4.11).

Table 35 — READ CAPACITY (16) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (9Eh)
1 Reserved SERVICE ACTION (10h)
2 (MSB)

LOGICAL BLOCK ADDRESS
9 (4SB)
10 (MSB)

ALLOCATION LENGTH

13 (SB)
14 Reserved PMI
15 CONTROL

See the READ CAPACITY (10) command (see 5.10) for definitions of the LOGICAL BLOCK ADDRESS field and
the PMmI bit.

The ALLOCATION LENGTH field specifies the maximum number of bytes that the application client has allocated
for returned parameter data. An allocation length of zero indicates that no data shall be transferred. This
condition shall not be considered as an error. The device server shall terminate transfers to the data-in buffer
when the number of bytes specified by the ALLOCATION LENGTH field have been transferred or when all
available data has been transferred, whichever is less. The contents of the parameter data shall not be altered
to reflect the truncation, if any, that results from an insufficient allocation length.
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5.11.2 READ CAPACITY (16) parameter data

The READ CAPACITY (16) parameter data is defined in table 36. Any time the READ CAPACITY (16)
parameter data changes, the device server should establish a unit attention condition as described in 4.6.

Table 36 — READ CAPACITY (16) parameter data

Byte\Bit 7 6 5 4 3 2 1 0
0 (MSB)
RETURNED LOGICAL BLOCK ADDRESS _
7 (LSB)
8 (MSB)
BLOCK LENGTH IN BYTES
11 (usB)
12 Reserved RTO.EN PROT_EN
13
Reserved
31

The RE[TURNED LOGICAL BLOCK ADDRESS field and BLOCK LENGTH IN BYTES field,of the READ CAPACI[TY (16)
paramgter data are the same as in the READ CAPACITY (10) parameter data(see 5.10). The maximufn value
that shall be returned in the RETURNED LOGICAL BLOCK ADDRESS field is FFEFFFFF_FFFFFFFEh.

A refergnce tag own enable (RTO_EN) bit set to one indicates that application client ownership of the LOGICAL
BLOCK REFERENCE TAG field in protection information is enabled (i.e., the medium was formatted with
protectjon information (see 4.16) enabled and the RTO_REQ.bit was set to one). An RTO_EN bit set [to zero
indicatgs that application client ownership of the LOGICAL BLOCK REFERENCE TAG field in protection infofmation
is disahled.

A PROT|_EN bit set to one indicates that the medium was formatted with protection information (seg 4.16)
enabledl. A PROT_EN bit set to zero indicates that\the’ medium was not formatted with protection infofmation
enabledl.

5.12 READ DEFECT DATA (10) command

5.12.1 READ DEFECT DATA (10) command overview

The RHAD DEFECT DATA (10) command (see table 37) requests that the device server transfer the medium
defect dlata to the data-in buffer.

Table 37 — READ DEFECT DATA (10) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (37h)

Reserved

o !
INESCIVCU REW_FLIST REW_GLIS] UEFECUT LIST FURNAI

Reserved

(MSB)

ALLOCATION LENGTH _
(LSB)

©O| 0| N[ O W| N| =

CONTROL

If the device server is unable to access the medium defect data, it shall terminate the command with CHECK
CONDITION status. The sense key shall be set to either MEDIUM ERROR, if a medium error occurred, or NO
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SENSE, if medium defect data does not exist. The additional sense code shall be set to DEFECT LIST NOT
FOUND.

NOTE Some device servers may not be able to return medium defect data until after a FORMAT UNIT command (see 5.2)
has been completed successfully.

A request primary defect list (REQ_PLIST) bit set to zero specifies that the device server shall not return the

PLIST.

A REQ_PLIST bit set to one specifies that the device server shall return the PLIST, if any.

A request grown defect list (REQ_GLIST) bit set to zero specifies that the device server shall not return the

GLIST.
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defect ljst header (i.e., the first four bytes of the defect list).

A REQ |

PLIST
not is v,

The DE
device
5224

and indicate that format in the DEFECT LIST FORMAT field in the defect list headen (see table 38).

A REQ_GLIST bit set to one specifies that the device server shall return the GLIST, if any.

n

+ 4l

(TP TR
A= 10

endor-specific.

servers capable of returning more than one format, as defined in the FORMAT UNIT comma
. A device server unable to return the requested format shall return the defect list in its defaul

ronly the

PLIST bit set to one and a REQ_GLIST bit set to one specifies that the device server shall@eturn hoth the
hnd GLIST, if any. The order the lists are returned in is vendor-specific. Whether the lists are mgrged or

FECT LIST FORMAT field specifies the preferred format for the defect list. This fieldis intended fgr those

nd (see
format

If the rgquested defect list format and the returned defect list format are-not-the same, the device server shall

transfe

set to RECOVERED ERROR and the additional sense code set tocDEFECT LIST NOT FOUND.

| OCATION LENGTH field is defined in the READ CAPACITY (16) command (see 5.11). The application
5 responsible for comparing the allocation length réquested in the CDB with the defect lis{ length

The AL
client i

the defect data and then terminate the command with CHECK-CONDITION status with the se

nse key

returned in the parameter data to determine whether a partial list was received. If the number of gddress

descriptors the device server has to report exceeds the-maximum value that is able to be specified in the
ALLOCAJTION LENGTH field, the device server shall transfer no data and return CHECK CONDITION status with
the sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CDB.
5.12.2 READ DEFECT DATA (10) parametefr’data
The RHAD DEFECT DATA (10) parametendata (see table 38) contains a four-byte header, followed by|zero or
more afldress descriptors.
Table(38 — READ DEFECT DATA (10) parameter data
Byte|Bit 7 6 5 4 3 2 1 0
0 Reserved
1 Reserved PLISTV GLISTV DEFECT LIST FORMAT
2 (MSB)
DEFECT LIST LENGTH (n - 3)
3 (4sSB)
Dbtcbi ilbi (If dal Iy)
4
Address descriptor(s) (if any)
n

A PLIST valid (pLISTV) bit set to zero indicates that the data returned does not contain the PLIST. A PLISTV bit
set to one indicates that the data returned contains the PLIST.

A GLIST valid (GLISTV) bit set to zero indicates that the data returned does not contain the GLIST. A GLISTV bit
set to one indicates that the data returned contains the GLIST.

The DEFECT LIST FORMAT field indicates the format of the address descriptors returned by the device server.

This fie

Id is defined in the FORMAT UNIT command (see 5.2.2.4).
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If the device server returns short block format address descriptors (see 5.2.2.4.2) or long block format
address descriptors (see 5.2.2.4.3), the address descriptors contain vendor-specific values.

NOTE The use of the short block format and the long block format is not recommended for this command. There is no standard model
that defines the meaning of the block address of a defect. In the usual case, a defect that has been reassigned no longer has an LBA.

If the device server returns physical sector format address descriptors (see 5.2.2.4.5), it may or may not
include defects in parts of the medium not accessible to the application client. If the device server returns
bytes from index format address descriptors (see 5.2.2.4.4), it shall return a complete list of the defects. A
complete list of the defects may include defects in areas not within the capacity returned in the READ

CAPACITY command.

The DEIEECT LIST LENGTH field indicates the length in bytes of the address descriptors that follow. The [DEFECT
LIST LENGTH is equal to four or eight times the number of the address descriptors, depending on the fgrmat of

the retyrned address descriptors (see 5.2.2.4).

The adgress descriptors may or may not be sent in ascending order.

5.13 READ DEFECT DATA (12) command

5.13.1 READ DEFECT DATA (12) command overview
The RHAD DEFECT DATA (12) command (see table 39) requests that the device server transfer the medium

defect ¢lata to the data-in buffer.

Table 39 — READ DEFECT DATA (12).command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATIONCCODE (B7h)
1 Reserved REQ_PLIST | REQ_GLIST DEFECT LIST FORMAT
2

Reserved
5
6 (MSB)

ALLOCATION LENGTH

9 (UsSB)
10 Reserved
11 CONTROL

See thg READ DEFECT_DATA (10) command (see 5.11) for the definitions of the fields in this command.

NOTE |The application-client may determine the length of the defect list by sending the READ DEFECT DATA (12) commang with an
ALLOCATION LENGTH field set to eight. The device server returns the defect list header that contains the length of the defect]list.
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5.13.2 READ DEFECT DATA (12) parameter data

The READ DEFECT DATA (12) parameter data (see table 40) contains an eight byte header, followed by zero
or more address descriptors.

Table 40 — READ DEFECT DATA (12) parameter data

14776-322 © ISO/IEC:2007(E)

Byte\Bit 7 6 5 4 3 2 1 0
0 Reserved
1 Reserved PLISTV GLISTV DEFECT LIST FORMAT
2 Reserved
3 Reserved
4 (MSB)
DEFECT LIST LENGTH (n - 7)
7 (LsSB)
Defect list (if any)
8
Address descriptor(s) (if any)
n
See the READ DEFECT DATA (10) command (see 5.12) for the definitions of the fields in the defect ligt.
5.14 READ LONG (10) command
The READ LONG (10) command (see table 41) requestsdhat the device server transfer data from a single
logicall block to the data-in buffer. The data transferred during the READ LONG (10) comnjand is
vendorispecific, but shall include the following items récorded on the medium:
a) | user data or transformed user data;
b) [ protection information or transformed protection information, if any; and
¢) | any additional information (e.g., ECClbytes).
If a caghe contains a more recent versionyof a logical block, the device server shall write the logical block to
the mefium before reading it. The valu€s in the Read-Write Error Recovery mode page (see 6.3.4) do not
apply to this command. The device server may perform retries while processing this command.
Table 41 — READ LONG (10) command
Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (3Eh)
1 Reserved CORRCT | Obsolete
2 (MSB)
LOGICAL BLOCK ADDRESS
5 (LSB)
6 Reserved
7 (MSB)
BYTE TRANSFER LENGTH _
8 (LSB)
9 CONTROL

See the PRE-FETCH (10) command (see 5.3) for the definition of the LOGICAL BLOCK ADDRESS field.

If the additional information contain an ECC, any other additional bytes that are correctable by ECC should be
included (e.g., a data synchronization mark within the area covered by ECC). It is not required for the ECC
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bytes to be at the end of the user data or protection information, if any; however, the ECC bytes should be in
the same order as they are on the medium.

A correct (CORRCT) bit set to zero specifies that a logical block be read without any correction made by the
device server. A CORRCT bit set to zero should result in GOOD status unless data is not transferred for some
reason other than that the data is non-correctable. In this case the appropriate status and sense data shall be
returned. A CORRCT bit set to one specifies that the data be corrected by ECC before being transferred to the

data-in

buffer.

The BYTE TRANSFER LENGTH field specifies the number of bytes of data that shall be read from the specified
logical block and transferred to the data-in buffer If the BYTE TRANSFER LENGTH field is not set to zero and does

not ma 3 ONDITION
status with the sense key set to ILLEGAL REQUEST and the addltlonal sense code set to INVALIDFIELD IN
CDB. In the sense data (see 4.13 and SPC-3), the VALID and ILI bits shall each be set toené and the
INFORMATION field shall be set to the difference (i.e., residue) of the requested byte transfer length mipus the
actual available data length in bytes. Negative values shall be indicated by two's complement notation
A BYTE[TRANSFER LENGTH field set to zero specifies that no bytes shall be read. This-cendition shall not be
considered an error.
5.15 READ LONG (16) command
The READ LONG (16) command (see table 42) requests that the device'sérver transfer data from a single
logicall block to the data-in buffer. The data transferred during the\READ LONG (16) comnjand is
vendorispecific, but shall include the following items recorded on the medium:
a) | user data or transformed user data;
b) | protection information or transformed protection information, if any; and
¢) | any additional information (e.g., ECC bytes).
If a caghe contains a more recent version of a logical block, the device server shall write the logical block to
the mefium before reading it. The values in the Read-Write Error Recovery mode page (see 6.3.4) do not
apply to this command. The device server may~perform retries while processing this commangd. This
commgnd is implemented as a service action of the SERVICE ACTION IN operation code (see A.2).
Table 42.=~READ LONG (16) command
Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (9Eh)
1 Reserved SERVICE ACTION (11h)
2 (MSB)
LOGICAL BLOCK ADDRESS
9 (4SB)
10
Reserved
11
12 (MSB)
BY ITE TRANSFER LENGITH _—
13 (LSB)
14 Reserved CORRCT
15 CONTROL

See the READ LONG (10) command (see 5.14) for the definitions of the fields in this command.
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5.16 REASSIGN BLOCKS command

5.16.1 REASSIGN BLOCKS command overview

The REASSIGN BLOCKS command (see table 43) requests that the device server reassign defective logical
blocks to another area on the medium set aside for this purpose. The device server should also record the
location of the defective logical blocks in the GLIST, if supported. This command shall not alter the contents of

the PLIST (see 4.8).

The parameter list provided in the data-out buffer contains a defective LBA list that contains the LBAs of the

logical blocks to be reassigned. The device server shall reassign the parts of the medium used for each logical
block inthe defective LBA list. More than one phyeir\nl block may. be relocated h\l/ each LBA. _If the device

server |s able to recover user data and protection information, if any, from the original logical blocCk| it shall
write the recovered user data and any protection information to the reassigned logical block.clf:the| device
server [s unable to recover user data and protection information, if any, it shall write vendor-specific fata as
the usgr data and shall write a default value of FFFFFFFF_FFFFFFFFh as the protection information, if
enabled. The data in all other logical blocks on the medium shall be preserved.

NOTE [The effect of specifying a logical block to be reassigned that previously has been reassignediis ‘to reassign the logital block

again. Although not likely, over the life of the medium, a logical block may be assigned to multiple physical'block addresses untillno more
spare lo¢ations remain on the medium.

Table 43 — REASSIGN BLOCKS command

Byte\Bit 5 4 3 2 1 0
0 OPERATION CQODE (07h)
1 Reserved LONGLBA | LONGLIST
2
Reserved
4
5 CONTROL

A long LLBA (LONGLBA) bit set to zero specifies that the REASSIGN BLOCKS defective LBA list contajns four
byte LBAs. A LONGLBA bit set to one specifies that the REASSIGN BLOCKS defective LBA list contains eight

byte LBAs.

5.16.2 REASSIGN BLOCKS parameter list

The RHASSIGN BLOCKS-parameter list (see table 44) contains a four-byte parameter list header follgwed by
a defeqtive LBA list containing one or more LBAs.

Table 44 — REASSIGN BLOCKS parameter list

Bytg\Bit 6 5 4 3 2 1 0
@
i Parameter list header (see table 45 or table 46)
9
4
DEFECTIVE LBA LIST (if any)
n
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If LONGLIST is set to zero, the parameter list header is defined in table 45.

Table 45 — REASSIGN BLOCKS short parameter list header

Byte\Bit 6 5 4 3 2

Reserved

(MSB)
DEFECT LIST LENGTH

Wl N =

(LSB)

If LONGLIST is set to one, the parameter list header is defined in table 46.

Table 46 — REASSIGN BLOCKS long parameter list header

Byte\Bit 7 6 5 4 3 2

0 (MSB)

DEFECT LIST LENGTH

3 (L

5B)

The DE
LENGTH

FECT LIST LENGTH field indicates the total length in bytes of the DEFECTIVE LBA LIST field. The DEFE
field does not include the parameter list header length and is'equal to either

a)
b)

The DE
is set tq

If the d
device
HARDV

If the d
device
(see 4.
field of
have b
sense

If the REASSIGN BLOCKS ’command failed due to an unexpected unrecoverable read error that woul
the los$ of data in a logical block not specified in the defective LBA list, the LBA of the unrecoverab
shall bg returned if’the INFORMATION field of the sense data and the VALID bit shall be set to one.

four times the number of LBAs, if the LONGLBA bit is set to(zero or
eight times the number of LBAs, if the LONGLBA bit is sef to one.

FECTIVE LBA LIST field contains a list of defective LBAs. Each LBA is a four-byte field if the LON
zero or an eight-byte field if the LONGLBA bit is setto one. The LBAs shall be in ascending ord

rect-access block device has insufficient cdpacity to reassign all of the specified logical blog
server shall terminate the command withr CHECK CONDITION status with the sense ke
VARE ERROR and the additional sense-code set to NO DEFECT SPARE LOCATION AVAILAH

rect-access block device is unable*to successfully complete a REASSIGN BLOCKS commg
server shall terminate the command with CHECK CONDITION status with the appropriate sen
13 and SPC-3). The first LBA-not reassigned shall be returned in the COMMAND-SPECIFIC INFOR
the sense data. If information about the first LBA not reassigned is not available, or if all the
ben reassigned, the COMMAND-SPECIFIC INFORMATION field shall be set to FFFFFFFFh if fixed
ata is being used or.EFFFFFFF_FFFFFFFFh if descriptor format sense data is being used.

NOTE |[If the REASSIGN BLOCKS command returns CHECK CONDITION status and the sense data COMMAND-SPECIFIC]
MATION field ‘contains a valid LBA, the application client should remove all LBAs from the defective LBA list prior to the one re
the COMMAND-SPECIFIC INFORMATION field. If the sense key is MEDIUM ERROR and the INFORMATION field contains

ECT LIST

5LBA bit

Br.

ks, the
set to
BLE.

nd, the
se data
MATION
defects
format

i cause
e block

INFOR-
urned in
the valid

LBA, th

LOCKS

command with the new defective LBA list. Otherwise, the application client should perform any corrective action indicated by the sense
data and then reissue the REASSIGN BLOCKS command with the new defective LBA list.

5.17 START STOP UNIT command

The START STOP UNIT command (see table 47) requests that the device server change the power condition
of the logical unit (see 4.15) or load or eject the medium. This includes specifying that the device server
enable or disable the direct-access block device for medium access operations by controlling power
conditions and timers.

Logical units that contain cache shall write all cached logical blocks to the medium (e.g., as they would do in
response to a SYNCHRONIZE CACHE command (see 5.18 and 5.19) with the SYNC_NV bit set to zero, the
LOGICAL BLOCK ADDRESS field set to zero and the NUMBER OF BLOCKS field set to zero) prior to entering into any
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power condition that prevents accessing the medium (e.g., before the rotating media spindle motor is stopped
during transition to the stopped power condition).

Table 47 — START STOP UNIT command

Byte\Bit 6 5 4 3 2 1 0

0 OPERATION CODE (1Bh)

1 Reserved IMMED

2
Reserved

3

4 POWER CONDITION Reserved LOEJ START

5 CONTROL

If the ilmmediate (IMMED) bit is set to zero, then the device server shall return statusCafter the opergtion is

comple

The PO
a timer
LOEJ bi

Table 48 — POWER CONDITION field

ted. If the IMMED bit is set to one, then the device server shall return status\as soon as the CPB has
been validated.

WER CONDITION field is used to specify that the logical unit be placed.into’a power condition or t¢ adjust
as defined in table 48. If this field is supported and is set to a value\other than Oh, then the START and
s shall be ignored.

Code Name Description
Oh START_VALID Process:the START and LOEJ bits.
1h ACTIVE Place the device into the active power condition.
2h IDLE Place the device into the idle power condition.
3h STANDBY Place the device into the standby power condition.
4h Reserved Reserved
5h Obsolete Obsolete
6h Reserved Reserved
7h LUSCONTROL Transfer control of power conditions to the logical unit.
8h - 9h Reserved Reserved
Ah FORCE_IDLE_0O Force the idle condition timer to zero.
Bh FORCE_STANDBY_0 Force the standby condition timer to zero.
Ch-~\Eh Reserved Reserved

If the START STOP UNIT command is received with the POWER CONDITION field set to ACTIVE, IDLE or

STANDBY, then

a)
b)

c)

the logical unit shall transition to the specified power condition,
the logical unit shall change power conditions only after receipt of another START STOP UNIT

command or a logical unit reset,

the device server shall disable the idle condition timer if it is active (see SPC-3) and disable the
standby condition timer if it is active (see SPC-3) until another START STOP UNIT command is
received that returns control of the power condition to the logical unit, or a logical unit reset occurs.

If the START STOP UNIT command is received with the POWER CONDITION field set to LU_CONTROL, then
the device server shall enable the idle condition timer if it is active (see SPC-3) and disable the standby
condition timer if it is active (see SPC-3).
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If the START STOP UNIT command is received with the POWER CONDITION field set to FORCE_IDLE_0 or
FORCE_STANDBY _0, then the device server shall

a) force the specified timer to zero, cause the logical unit to transition to the specified power condition,
and return control of the power condition to the device server or

b) terminate a START STOP UNIT command that selects a timer that is not supported by the device
server or a timer that is not active. The command shall be terminated with CHECK CONDITION
status with the sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID
FIELD IN CDB.

It is not an error to specify that the logical unit transition to its current power condition.

If the |qadefect(TOET) bit TS Setto ZeTo, them the togica unit shatttake o actionm regarding foading or gjecting
the megdlium. If the LOEJ bit is set to one, then the logical unit shall unload the medium if the STARThit is set to
zero. If[the LOEJ bit is set to one, then the logical unit shall load the medium if the START bit is set.fo one.

If the START bit is set to zero, then the logical unit shall transition to the stopped power condition, disable the
idle condition timer if it is active (see SPC-3) and disable the standby condition timer if it is’active (see $PC-3).
If the START bit set is to one, then the logical unit shall transition to the active power condition, enable [the idle
conditign timer if it is active and enable the standby condition timer if it is active.

5.18 SYNCHRONIZE CACHE (10) command

The SYNCHRONIZE CACHE (10) command (see table 49) requests that\the device server ensure {hat the
specifigd logical blocks have their most recent data values recorded.in non-volatile cache and/or on the
medium, based on the SYNC_NV bit. Logical blocks include user data’and, if the medium is formatted with
protection information enabled, protection information. Logicalblocks may or may not be removégd from
volatile[cache and non-volatile cache as a result of the synchrénize cache operation.

Table 49 — SYNCHRONIZE.CACHE (10) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (35h)
1 Reserved SYNC_NV IMMED Obgolete
2 (MSB)

LOGICAL BLOCK ADDRESS
5 (USB)
6 Reserved GROUP NUMBER
7 (MSB)

NUMBER OF BLOCKS

8 (USB)
9 CONTROL

See thg PRE-EETCH (10) command (see 5.3) for the definition of the LOGICAL BLOCK ADDRESS field.
See the PRE-FETCH (10) command (see 5.3) and 4.17 for the definition of the GROUP NUMBER field.
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The SYNC_NV bit (see table 50) specifies whether the device server is required to synchronize volatile and
non-volatile caches.

Table 50 — sYNC_NV bit

Device server requirement to synchronize logical blocks currently in the
Code

Volatile cache Non-volatile cache

Device server shall synchronize to the

0 Device server shall synchronize to the medium. .
medium.

It a non-volafile cache is present, device server shall
synchronize to non-volatile cache or the medium. If a
non-volatile cache is not present, device server shall
synchronize to the medium.

No requirement.

An imnjediate (IMMED) bit set to zero specifies that the device server shall not return status until the operation
has beIn completed. An IMMED bit set to one specifies that the device server shall return status as soon as the
CDB has been validated. If the IMMED bit is set to one and the device server does*not support the IMMED bit,
the deyice server shall terminate the command with CHECK CONDITION status with the sense key set to
ILLEGAL REQUEST and the additional sense code set to INVALID FIELD AN CDB.

The NUMBER OF BLOCKS field specifies the number of logical blocks that shall be synchronized, starting with
the logical block specified by the LOGICAL BLOCK ADDRESS field. A NUMBER OF BLOCKS field set to zero specifies
that all Jogical blocks starting with the one specified in the LOGICAL BLOCK ADDRESS field to the last logical block
on the medium shall be synchronized. If the logical block address plus the number of blocks excegds the
capacity of the medium, the device server shall terminate thé.command with CHECK CONDITION stafus with
the sense key set to ILLEGAL REQUEST and the additienal sense code set to LOGICAL BLOCK ADPRESS
OUT OF RANGE.

A logical block within the range that is not in cache/s“hot considered an error.

5.19 SYNCHRONIZE CACHE (16) command

The SYNCHRONIZE CACHE (16) command (see table 51) requests that the device server ensure {hat the
specifigd logical blocks have their most recent data values recorded in non-volatile cache and/or on the
medium, based on the SYNC_NV bitl_L'ogical blocks include user data and, if the medium is formatted with
protectjon information enabled{ protection information. Logical blocks may or may not be removed from
volatilecache and non-volatile cache as a result of the synchronize cache operation.

Table 51 — SYNCHRONIZE CACHE (16) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (91h)

1 Reserved SYNC_NV IMMED Reserved

2 II\IIQB\
(MSB)

LOGICAL BLOCK ADDRESS _
9 (LSB)

10 (MSB)
NUMBER OF BLOCKS _
13 (LSB)

14 Reserved GROUP NUMBER

15 CONTROL

See the SYNCHRONIZE CACHE (10) command (see 5.18) for the definitions of the fields in this command.



https://iecnorm.com/api/?name=2b45253d155fb842493ff16cdc65a0da

14776-322 © ISO/IEC:2007(E) 77

5.20 VERIFY (10) command

The VE

RIFY (10) command (see table 52) requests that the device server verify the specified logical block(s)

on the medium. Each logical block includes user data and may include protection information, based on the

VRPROT

EcT field and the medium format.

If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate this command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and

the add

NOTE
zero rath

itional sense code set to INVALID COMMAND OPERATION CODE.

This command description is referenced by the VERIFY (32) command, which is terminated when the RTO_EN bit is set to
er than one.

Table 52 — VERIFY (10) command

Byte\Bit 7 6 5 4 3 2 1 0

OPERATION CODE (2Fh)

VRPROTECT DPO Reserved BYTCHK Obkolete

(MSB)
LOGICAL BLOCK ADDRESS

Al N -

(sB)

Restricted

for MMC-4 Reserved GROUP NUMBER

(MSB)

VERIFICATION LENGTH

(sB)

CONTROL

Logical
(e.g., a
SYNC_N
BLOCK /
LENGTH

See thg

units that contain cache shall write referenced cached logical blocks to the medium for the logjcal unit
s they would do in response to a SYNCHRONIZE CACHE command (see 5.18 and 5.19) with the
V bit set to zero, the LOGICAL BLOCK ADDRESS field set to the value of the VERIFY command’s LOGICAL
DDRESS field, and the NUMBER OF BLOEKS field set to the value of the VERIFY command’s VERIFICATION
field).

READ (10) command (see 5.6) for the definition of the brPo bit. See the PRE-FETCH (10) command
) for the definition of the rOGICAL BLOCK ADDRESS field. See the PRE-FETCH (10) command (gee 5.3)

erify Error Recoverysmode page (see 6.3.5) is implemented, then the current settings in that page
the verification ¢riteria. If the Verify Error Recovery mode page is not implemented, then the

perferma medium verification with no data comparison and not transfer any data from the data-out

buffer and
1 nratection i . . , iheld in

N
table 53.

If the BYTCHK bit is set to one, the device server shall

a)
b)
c)

d)

perform a byte-by-byte comparison of user data read from the medium and user data transferred from
the data-out buffer,

check protection information read from the medium based on the VRPROTECT field as described in
table 54,

check protection transferred from the data-out buffer based on the VRPROTECT field as described in
table 55 and

perform a byte-by-byte comparison of protection information read from the medium and transferred
from the data-out buffer based on the VRPROTECT field as described in table 56.
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The order of the user data and protection information checks and comparisons is vendor-specific.

If a byte-by-byte comparison is unsuccessful for any reason, the device server shall terminate the command
with CHECK CONDITION status with the sense key set to MISCOMPARE and the additional sense code set
to the appropriate value for the condition.

The VERIFICATION LENGTH field specifies the number of contiguous logical blocks that shall be verified, starting
with the logical block specified by the LOGICAL BLOCK ADDRESS field. If the BYTCHK bit is set to one, the
VERIFICATION LENGTH field also specifies the number of logical blocks that the device server shall transfer from
the data-out buffer. A VERIFICATION LENGTH field set to zero specifies that no logical blocks shall be verified.
This condition shall not be considered as an error. Any other value specifies the number of logical blocks that

shall be_verified. If the logical block address plus the verification length exceeds the capacity of the medium,
the deyice server shall terminate the command with CHECK CONDITION status with the sensekey set to
ILLEGAL REQUEST and the additional sense code set to LOGICAL BLOCK ADDRESS OUT-QE RANGE.
The VERIFICATION LENGTH field is constrained by the MAXIMUM TRANSFER LENGTH field in the Block Lim|ts VPD
page (Yee 6.4.2).
If the BYTCHK bit is set to zero, the device server shall check the protection information-read from the medium
based ¢n the VRPROTECT field as described in table 53.
Tablg 53 — VRPROTECT field with BYTCHK set to zero - checking protection information read from the
medium (Sheet 1 of 3)
Logical unit
formatted Field in INg)l(JtIe;YdeDc;ta
Code with protection . If check fails 9 €, additional sense cpde
. . . g | VPD page bit
protection | information f
. . value
information
LOGICAL GRD_CHK = 1 LOGICAL BLOCK GUARD CHECK FAIUED
BLOCK GUARD |  GRD_CHK,='0 No check performed
LOGICAL APP.CHK = 1 © LOGICAL BLOCK APPLICATION TAG
BLOCK ¥ CHECK FAILED
Yes APPLICATION
000b TAG APP_CHK =0 No check performed
LOGICAL REF chK = 1D LOGICAL BLOCK REFERENCE TAG
BLOCK T CHECK FAILED
REFERENCE
TAG REF_CHK =0 No check performed
No No protection information on the medium to check. Only user data is checked.
LOGICAL GRD_CHK =1 LOGICAL BLOCK GUARD CHECK FAIUED
BLOCK GUARD | GRD CHK =0 No check performed
LOGICAL APP CHK = 1€ LOGICAL BLOCK APPLICATION TAG
BLOCK T CHECK FAILED
Yes APPLICATION
001b ° TAG APP_CHK =0 No check performed
LOGICAL REF chK = 1D LOGICAL BLOCK REFERENCE TAG
BLOCK - CHECK FAILED
REFERENCE
TAG REF_CHK =0 No check performed
No Error condition @
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Table 53 — VRPROTECT field with BYTCHK set to zero - checking protection information read from the
medium (Sheet 2 of 3)

Logical unit
formatted | Field in INg’Sf;feDita
Code with protection VPD pade bit If check fails 9 €, additional sense code
protection | information 9 vaﬁug t
information
LOGICAL
BLOCK GUARD No check performed
LOGICAL APP CHK = 1€ LOGICAL BLOCK APPLICATION TAG
BLOCK - CHECK FAILED
APPLICATION
0106 P Yes TAG APP_CHK =0 | No check performed
LOGICAL REF CHK = 11 LOGICAL BLOCK REFERENCE TAG
BLOCK - CHECK FAILED
REFERENCE
TAG REF_CHK = 0 No check performed
No Error condition @
LOGICAL
BLOCK GUARD No check performed
LOGICAL
BLOCK No check perforpied
APPLICATION
Yes
011b P TAG
LOGICAL
BLOCK No check performed
REFERENCE
TAG
No Error condition 8
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Table 53 — VRPROTECT field with BYTCHK set to zero - checking protection information read from the
medium (Sheet 3 of 3)

Logical unit
formatted | Fieldin |\ oGRS
Code with protection VPD pade bit If check fails 9 €, additional sense code
protection | information ¢ v aﬁug i
information
LOGICAL GRD_CHK = 1 LOGICAL BLOCK GUARD CHECK FAILED
BLOCKGUARD | GRD_CHK=0 No check performed
LOGICAL
BLOCK No check performed
Yes APPLICATION
100b P TAG
LOGICAL
BLOCK No check performed
REFERENCE
TAG
No Error condition 2
101b
111b Reserved

a A Verify operation to a logical unit that supports protectiod-information (see 4.16) and has not begn
formatted with protection information shall be terminatedwith CHECK CONDITION status with the
sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CDB.

b If the logical unit does not support protection information the requested command should be terminated

with CHECK CONDITION status with the sense’key set to ILLEGAL REQUEST and the additional

sense code set to INVALID FIELD IN CDB.

THe device server shall check the logical btock application tag if it has knowledge of the contents [of the

LJGICAL BLOCK APPLICATION TAG field. If.thé VERIFY (32) command (see 5.23) is used and the ATQ bit is

sgt to one in the Control mode page-(see SPC-3), this knowledge is acquired from the EXPECTED

LQGICAL BLOCK APPLICATION TAG field and the LOGICAL BLOCK APPLICATION TAG MASK field in the CO)B.

Otherwise, this knowledge may(be obtained by a method not defined by this standard.

If an error is reported, the sénse key shall be set to ABORTED COMMAND.

If multiple errors occur, the selection of which error to report is not defined by this standard.

See the Extended INQUIRY Data VPD page (see SPC-3) for the definitions of the GRD_CHK bit, tihe

AFAP_CHK bit and the REF_CHK bits.

9 If {he application client or device server detects a LOGICAL BLOCK APPLICATION TAG field set to FFFHh, the

chiecking of allprotection information shall be disabled for the associated logical block.

ne
> LBA
B2)

ociated with the logical block. If the RTO_EN bit is set to one
Siate edevice serve eCk i kTefere NITIAL
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If the BYTCHK bit is set to one, the device server shall check the protection information read from the medium
based on the VRPROTECT field as described in table 54.

Table 54 — VRPROTECT field with BYTCHK set to one — Checking protection information read from the
medium (Sheet 1 of 2)

Logical unit
formatted Field in INS)SF;YCI eD(:ta
Code with protection . If check fails 9 € additional sense code
. . . g VPD page bit
protection information value f
information
LOGICAL BLOCK GUARD CHEECK
LOGICAL BLOCK GRD_CHK=1 | -\ 'ep
GUARD
GRD_CHK =0 No check performed
LOGICAL BLOCK APPLICATION TAG
=1¢9
Yes LOGICAL BLOCK APP_CHK = 1 CHECK FAILED
000b APPLICATION TAG
APP_CHK =0 No check performed
_ . h | LOGICAL BLOCK REFERENCE TAG
LOGICAL BLOCK REF_CHK = 1 CHECK.FXILED
REFERENCE TAG
REF_CHK =0 No ¢heek performed
No No protection information on the medium:available to check
LOGICAL BLOCK
GUARD No check performed
001b
010b LOGICAL BLOCK
0110 Yes APPLICATION TAG No cheek-performed
100b LOGICAL BLOCK
b
REFERENCE TAG No check performed
No Error condition @
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Table 54 — VRPROTECT field with BYTCHK set to one — Checking protection information read from the

medium (Sheet 2 of 2)

Logical unit
R Fieldin |\ oUIRY Data
Gode it protection i If check fails 9 ¢, additional sense code
protection information 9 VPD pagi bit
information value
101b-
111b Reserved

a A erify operation to a logical unit that supports protection information (see 4.16) and has not begn
fofmatted with protection information shall be terminated with CHECK CONDITION status with) the
sgnse key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIEL'D IN CDB.

If the logical unit does not support protection information the requested command should be terminated

with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST andthe additional

sdgnse code set to INVALID FIELD IN CDB.

The device server shall check the logical block application tag if it has knowledge.of the contents |of the

LJGICAL BLOCK APPLICATION TAG field. If the VERIFY (32) command (see 5.23)Vis'used and the ATQ bit is

sgt to one in the Control mode page (see SPC-3), this knowledge is acquired from the EXPECTED

LJGICAL BLOCK APPLICATION TAG field and the LOGICAL BLOCK APPLICATION-TAG MASK field in the CD)B.

Otherwise, this knowledge may be obtained by a method not defined\by this standard.

d If &n error is reported, the sense key shall be set to ABORTED COMMAND.

€ If multiple errors occur, the selection of which error to report is hot‘defined by this standard.

' Sge the Extended INQUIRY Data VPD page (see SPC-3) for-the definitions of the GRD_CHK bit, the
A%P_CHK bit, and the REF_CHK bit.

9 If fhe application client or device server detects a LOGICAL BLOCK APPLICATION TAG field set to FFFHh, the
cHecking of all protection information shall be disabledfor the associated logical block.

h)f the RTO_EN bit is set to zero in the READ CAPACITY (16) parameter data (see 5.11)(i.e., the
cdmmand is a VERIFY (10) command, a VERIEY (12) command, or a VERIFY (16) command), the
dgvice server shall check the logical block reférence tag by comparing it to the lower 4 bytes of the LBA
agsociated with the logical block. If the RT@\EN bit is set to one (i.e., the command is a VERIFY (82)
cdmmand), the device server shall check’the logical block reference tag based on the EXPECTED INITIAL
LJGICAL BLOCK REFERENCE TAG field in'the CDB (see 4.16.2).

If the B TCHK bit is set to one, the:device server shall check the protection information transferred ffom the
data-odt buffer based on the VRPROTECT field as described in table 55.

Table $5 — VRPROTECT field\with BYTCHK set to one - checking protection information transferred from
the data-out buffer (Sheet 1 of 3)
Logical unit
formatted Field in Device
Code with protection server If check fails 9 € additional sense ¢ode
protection information check
information
000b Yes No protection information received from application client to check
No No protection information received from application client to check
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Table 55 — VRPROTECT field with BYTCHK set to one - checking protection information transferred from
the data-out buffer (Sheet 2 of 3)

Logical unit
formatted Field in Device
Code with protection server If check fails 9 ¢, additional sense code
protection information check
information
LOG'SS;:EEOCK Shall LOGICAL BLOCK GUARD CHECK FAILED
Yes LOGICAL BLOCK May © LOGICAL BLOCK APPLICATION TAG
001b P APPLICATION TAG Y CHECK FAILED
LOGICAL BLOCK Shall f LOGICAL BLOCK REFERENCE TAG
REFERENCE TAG CHECK FAILED
No Error condition @
LOGISG;:IID'OCK Shall not No check performed
Yes LOGICAL BLOCK May © LOGICAL BLOCK APPLICATION TAG
010b P APPLICATION TAG Y CHECK-FAILED
LOGICAL BLOCK May | LOGICAL BLOCK REFERENCE TAG
REFERENCE TAG y CHECK FAILED
No Error condition @
LOGISG;:IID'OCK Shall net No check performed
Yes LOGICAL BLOCK Shall not No check performed
011b P APPLICATION TAG
;slfég;‘;g;iiz Shall not No check performed
No Error condition @
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Table 55 — VRPROTECT field with BYTCHK set to one - checking protection information transferred from
the data-out buffer (Sheet 3 of 3)

Logical unit
formatted Field in Device
Code with protection server If check fails 9 ¢, additional sense code
protection information check
information
LOG'ES;:EEOCK Shall LOGICAL BLOCK GUARD CHECK FAILED
Yes LOGICAL BLOCK Shall not No check performed
100b P APPLICATION TAG
LOGICAL BLOCK Shall not No check performed
REFERENCE TAG
No Error condition 2
101b
111b Reserved
a A Verify operation to a logical unit that supports protection information{see 4.16) and has not begn

D

foqmatted with protection information shall be terminated with CHECK CONDITION status with the

sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CIDB.

If the logical unit does not support protection information the requested command should be term|nated

with CHECK CONDITION status with the sense key set to, ILLEGAL REQUEST and the additiong

sehse code set to INVALID FIELD IN CDB.

¢ THe device server may check the logical block application’tag if the ATO bit is set to one in the Coptrol
maode page (see SPC-3) and if it has knowledge of the contents of the LOGICAL BLOCK APPLICATION TAG
fie]d. If the VERIFY (32) command (see 5.23) is used, this knowledge is obtained from the EXPECTED
LOGICAL BLOCK APPLICATION TAG field and the LOGICAL BLOCK APPLICATION TAG MASK field in the COB.
Otherwise, this knowledge is obtained by a method not defined by this standard.

d If an error is reported, the sense key shall-be set to ABORTED COMMAND.

€ If qnultiple errors occur, the selection of\which error to report is not defined by this standard.

f Ifthe RTO_EN bit is set to zero in the READ CAPACITY (16) parameter data (see 5.11)(i.e., the command
is B VERIFY (10) command, a VERIFY (12) command or a VERIFY (16) command), the device sgerver
shgll check the logical block reférence tag by comparing it to the lower 4 bytes of the LBA associated
with the logical block. If the RTO_EN bit is set to one (i.e., the command is a VERIFY (32) commangd), the
device server shall check the logical block reference tag based on the EXPECTED INITIAL LOGICAL HLOCK
REFERENCE TAG field inithe CDB (see 4.16.2).
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If the BYTCHK bit is set to one, the device server shall perform a byte-by-byte comparison of protection
information transferred from the data-out buffer with protection information read from the medium based on

the VRPROTECT field as described in table 56.

Table 56 — VRPROTECT field with BYTCHK set to one — Byte-by-byte comparison requirements
(Sheet 1 of 2)

Logical unit
Code for‘|'1v1iilt1ted Field Byte-by-byte | If compare fails © d additional sense
. Comparison code
protection
information
No protection information received from application client to compare, Only user
Yes . I .
000b data is compared within each logical block.
No protection information or the medium or received from application client to
No . o .
compare. Only user data is compared within each logical Bleck.
LOGICAL BLOCK GUARD CHECK
LOGICAL BLOCK GUARD Shall FAILED
LOGICAL BLOCK LOGICAL BLOCK APPLICATION TAG
APPLICATION TAG Shall
e CHECK FAILED
(ATO = 1)
Yes
001b|? LOGICAL BLOCK
APPLICATION TAG Shall not No compare performed
(ato = 0)f
LOGICAL BLOCK Shall LOGICAL BLOCK REFERENCE [TAG
REFERENCE TAG CHECK FAILED
No Error condition @
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Table 56 — VRPROTECT field with BYTCHK set to one — Byte-by-byte comparison requirements

(Sheet 2 of 2)
Logical unit
formatted e cd i
Code with Field Byte-by-.byte If compare fails © “, additional sense
. Comparison code
protection
information
LOGICAL BLOCK GUARD Shall not No compare performed
LOGICAL BLOCK
FTOGICAC BLOCKAPPLICATION| TAG
APPLICA‘TON ;I'AG Shall CHECK FAILED
(ATO=1)
0106l Yes LOGICAL BLOCK
APPLICATION TAG Shall not No compare performed
(aTo=0)f
LOGICAL BLOCK Shall LOGICAL BLOCK REFERENCE [TAG
REFERENCE TAG CHECK FAJLED
No Error condition 2
LOGICAL BLOCK GUARD Shall LOGICAL BLOCK GUARD CHECK
FAILED
it Shal LOGICAL BLOCK APPLICATION TAG
e CHECK FAILED
(ATO = 1)

0111 Yes

100 LOGICAL BLOCK
b APPLICATION TAG Shall not No compare performed

(aTo=0)f
LOGICAL BLOCK Shall LOGICAL BLOCK REFERENCE [TAG
REFERENCE TAG CHECK FAILED
No Error conditign 2
101b-
1111 Reserved

a A yerify operation to a |dgical unit that supports protection information (see 4.16) and has not begn
formatted with protection information shall be terminated with CHECK CONDITION status with the
sense key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CIDB.

b |f the logical unit'does not support protection information the requested command should be term|nated
with CHECK<{CCONDITION status with the sense key set to ILLEGAL REQUEST and the additional
sense code set to INVALID FIELD IN CDB.

 If &n error.is reported, the sense key shall be set to MISCOMPARE.

d | ultiple errors occur, the selection of which error to report is not defined by this standard.

€ If {he.ATo bit is set to one in the Control mode page (see SPC-3), the logical block application tad shall
not be modified by a device server.

fIf the ATO bit is set to zero in the Control mode page (see SPC-3), the logical block application tag may
be modified by a device server.

5.21 VERIFY (12) command

The VERIFY (12) command (see table 57) requests that the device server verify the specified logical block(s)
on the medium. Each logical block includes user data and may include protection information, based on the
VRPROTECT field and the medium format.
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If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate this command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE.

Table 57 — VERIFY (12) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (AFh)
1 VRPROTECT DPO Reserved BYTCHK Obsolete
2 MSB)
LOGICAL BLOCK ADDRESS
5 (USB)
6 (MSB)
VERIFICATION LENGTH
9 (USB)
Restricted

10 for Reserved GROUP NUMBER

MMC-4
11 CONTROL

See the VERIFY (10) command (see 5.20) for the definitions of the fiélds in this command.

5.22 VERIFY (16) command

The VHRIFY (16) command (see table 58) requests that the) device server verify the specified logical block(s)
on the medium. Each logical block includes user data and may include protection information, based on the
VRPROTECT field and the medium format.

If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
termindte this command with CHECK CONDITION status with the sense key set to ILLEGAL REQUHEST and
the additional sense code set to INVALID COMMAND OPERATION CODE.

Table’58 — VERIFY (16) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (8Fh)
1 VRPROTECT DPO Reserved BYTCHK Reserved
2 (MSB)
LOGICAL BLOCK ADDRESS

9 (4SB)
10 {MSB)

VERIFICATION LENGTH
13 (4SB)

Restricted

14 for MMC-4 Reserved GROUP NUMBER
15 CONTROL

See the VERIFY (10) command (see 5.20) for the definitions of the fields in this command.

5.23 VERIFY (32) command

The VERIFY (32) command (see table 59) requests that the device server verify the specified logical block(s)
on the medium. Each logical block includes user data and may include protection information, based on the
VRPROTECT field and the medium format.
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If the RTO_EN bit is set to zero in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate this command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE.

Table 59 — VERIFY (32) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (7Fh)
1 CONTROL
2
Reserved
5
6 Reserved GROUP NUMBER
7 ADDITIONAL CDB LENGTH (18h)
8 (MSB)
SERVICE ACTION (000Ah)
9 (UsB)
10 VRPROTECT DPO Reserved BYTCHK | Regerved
11 Reserved
12 (MSB)
LOGICAL BLOCK ADDRESS
19 (UsB)
20 (MSB)
EXPECTED INITIAL LOGICAL'BLOCK REFERENCE TAG
23 (UsB)
24 (MSB)
EXPECTED@GICAL BLOCK APPLICATION TAG
25 (UsB)
26 (MSB)
LOGICAL BLOCK APPLICATION TAG MASK
27| (UsB)
28 (MSB)
VERIFICATION LENGTH
31 (UsB)
See the VERIFY (10) conimand (see 5.20) for the definitions of the GROUP NUMBER field, VRPROTECT figld, DPO
bit, BYT[CHK bit, LOGICAL'BLOCK ADDRESS field, and VERIFICATION LENGTH field.
When ¢hecking of the LOGICAL BLOCK REFERENCE TAG field is enabled (see table 53, table 54, table $5, and
table 56 in 5.20), the EXPECTED INITIAL LOGICAL BLOCK REFERENCE TAG field contains the value of the LOGICAL
BLOCK REFERENCE TAG field expected in the protection information of the first logical block accessed by the
commgndinstead of a value based on the LBA (see 4.16.2).
If the ATO bitTssettoomemtheControtmode page(see-SPC=-3)and—checking of thetoGreat BLOCK

APPLICATION TAG field is enabled (see table 53, table 54, table 55 and table 56 in 5.20), the LOGICAL BLOCK
APPLICATION TAG MASK field contains a value that is a bit mask for enabling the checking of the LOGICAL BLOCK
APPLICATION TAG field in the protection information for each logical block accessed by the command. A
LOGICAL BLOCK APPLICATION TAG MASK bit set to one enables the checking of the corresponding bit of the
EXPECTED LOGICAL BLOCK APPLICATION TAG field with the corresponding bit of the LOGICAL BLOCK APPLICATION
TAG field in the protection information.

If the ATO bit is set to one in the Control mode page (see SPC-3) and checking of the LOGICAL BLOCK
APPLICATION TAG field is disabled (see table 53, table 54, table 55 and table 56 in 5.20), or if the ATO bit is set
to zero, the LOGICAL BLOCK APPLICATION TAG MASK field and the EXPECTED LOGICAL BLOCK APPLICATION TAG field
shall be ignored.
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5.24 WRITE (6) command

The WRITE (6) command (see table 60) requests that the device server transfer the specified logical block(s)
from the data-out buffer and write them. Each logical block transferred includes user data but does not include

protect
protecti

ion information. Each logical block written includes user data and, if the medium is formatted with
on information enabled, protection information.

Table 60 — WRITE (6) command

Byte\Bit 7 6 5 4 3 2 1 0

OPERATION CODE (0Ah)

Reserved (MSB)

LOGICAL BLOCK ADDRESS
(IsB)

TRANSFER LENGTH

a| | WO N| —

CONTROL

The ca
values
by this

See thg

The TR
from th
field. A
specifig
exceeq
COND
LOGIC
TRANSF|

NOTE
LENGTH

If a WH
protect

a)
b)

Che control bits are not provided for this command. Direct-access block’devices with cache may have
for the cache control bits that may affect the WRITE (6) command, hiewever no default value is defined
standard. If explicit control is required, the WRITE (10) command-should be used.

PRE-FETCH (10) command (see 5.3) for the definition of the LOGICAL BLOCK ADDRESS field.

ANSFER LENGTH field specifies the number of contiguousdogical blocks of data that shall be trar|sferred
e data-out buffer and written, starting with the logical'\block specified by the LOGICAL BLOCK APDRESS
TRANSFER LENGTH field set to zero specifies that:256 logical blocks shall be written. Any othgr value
s the number of logical blocks that shall be written. If the logical block address plus the transfef length
s the capacity of the medium, the device server shall terminate the command with ¢HECK
TION status with the sense key set to IELEGAL REQUEST and the additional sense cod¢ set to
AL BLOCK ADDRESS OUT OF RANGE® The TRANSFER LENGTH field is constrained by the MAXIMUM
FR LENGTH field in the Block Limits VPD page (see 6.4.2).

For the WRITE (10) command, WRITE~12) command, WRITE (16) command, and WRITE (32) command, a TRANSFER
field set to zero specifies that no logical blocks are transferred.

ITE (6) command is received after protection information is enabled the device server shall[set the
on information (see 4.:16) as follows as it writes each logical block to the medium:

the LOGICAL BLQCK-GUARD field set to a properly generated CRC (see 4.16.3);

the LOGICAL BLOCK REFERENCE TAG field set to:

A) the least'significant four bytes of the LBA, if the RTO_EN bit is set to zero in the READ CARACITY
(16) parameter data (see 5.11); or

B) FEFFFFFFh, if the RTO_EN bit is set to one;

and

c)

the LOGICAL BLOCK APPLICATION TAG field set to:
A) FFFFh, if the ATO bit is set to one in the Control mode page (see SPC-3); or
B) any value, if the ATO bit is set to zero in the Control mode page (see SPC-3).

5.25 WRITE (10) command

The WRITE (10) command (see table 61) requests that the device server transfer the specified logical

block(s
include

) from the data-out buffer and write them. Each logical block transferred includes user data and may
protection information, based on the wRPROTECT field and the medium format. Each logical block
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written includes user data and, if the medium is formatted with protection information enabled, protection

information.
Table 61 — WRITE (10) command
Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (2Ah)
1 WRPROTECT DPO FUA Reserved | FUA NV Obsolete
2 (MSB)
1 OGICAI Bl OCK ADDRESS
5 (USB)
6 Reserved GROUP NUMBER
7 (MSB)
TRANSFER LENGTH

8 (USB)
9 CONTROL

See the READ (10) command (see 5.6) for the definition of the brPO bit. See the PRE-FETCH (10) co
(see 5.8) for the definition of the LOGICAL BLOCK ADDRESS field. See the PRE‘FETCH (10) command (g

and 4.17 for the definition of the GROUP NUMBER field.

The depice server shall check the protection information transferred-from the data-out buffer based

WRPROTECT field as described in table 62.

Table 62 — WRPROTECT field (Sheet 1 of 3)

mmand
ee 5.3)

on the

Logical unit
formatted Field in Device ]
Code with protection server If check fails 9, additional sense code
protection information check
information
000H Yes foh No protection information received from application client to check
No No protection information received from application client to check
e 0% | shall | LOGICAL BLOCK GUARD CHECK FAILED
Yes © FOGICAL BLOCK May © LOGICAL BLOCK APPLICATION TAG CHEICK
001b P APPLICATION TAG y FAILED
LOGICAL BLOCK Shall LOGICAL BLOCK REFERENCE TAG CHECK
REFERENCE TAG FAILED
No @ No protection information available to check
LOGICAL BLOCK
GUARD Shall not | No check performed
Yes © LOGICAL BLOCK May © LOGICAL BLOCK APPLICATION TAG CHECK
010b Pl APPLICATION TAG y FAILED
LOGICAL BLOCK May LOGICAL BLOCK REFERENCE TAG CHECK
REFERENCE TAG y FAILED
No @ No protection information available to check
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Table 62 — WRPROTECT field (Sheet 2 of 3)

Logical unit
formatted Field in Device ]
Code with protection server If check fails 9, additional sense code
protection information check
information
LOGICAL BLOCK Shall not | No check performed
GUARD
e LOGICAL BLOCK
R TS oflldall TTot NO CheCKk periormea
011b b APPLICATION TAG
LOGICAL BLOCK Shall not | No check performed
REFERENCE TAG
No @ No protection information available to check
LOG'gS;:;"CK Shall | LOGICAL BLOCK GUARD CHECK FAILED
) Yes © LOGICAL BLOCK Shall not | No check performed
100b P APPLICATION TAG
LOGICAL BLOCK Shall not | No check performed
REFERENCE TAG
No @ No protection information available 16 check
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Table 62 — WRPROTECT field (Sheet 3 of 3)

Logical unit
formatted Field in Device ]
Code with protection server If check fails 9, additional sense code
protection information check
information
1 10 111bb- Reserved

fomatted with protectlon information shall be termlnated W|th CHECK CONDITION status with the
sgnse key set to ILLEGAL REQUEST and the additional sense code set to INVALID FIELD_HN'CIPB.

b |f the logical unit does not support protection information the requested command should beterminated
with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and the ladditional
sgnse code set to INVALID FIELD IN CDB.

¢ The device server may check the logical block application tag if the ATO bit is set toyone in the Cdntrol
mpde page (see SPC-3) and if it has knowledge of the contents of the LOGICAL\BLOCK APPLICATION TAG
figld. If the WRITE (32) command (see 5.28) is used, this knowledge is obtainéd from the EXPECTED
LJGICAL BLOCK APPLICATION TAG field and the LOGICAL BLOCK APPLICATION TAG MASK field in the CI)B.
Otherwise, this knowledge is obtained by a method not defined by thisstandard.

4 If bn error is reported, the sense key shall be set to ABORTED COMMAND.

€ Device server shall preserve the contents of protection information-(e.g., write to medium, store i
nagn-volatile memory).

' The device server shall write a properly generated CRC (see4:16.3.2) into each LOGICAL BLOCK GUARD
figld.

9 If the RTO_EN bit is set to zero in the READ CAPACITY;(46) parameter data (see 5.11), the devic
sqrver shall write the least significant four bytes of each LBA into the LOGICAL BLOCK REFERENCE TAG
figld of each of the written logical blocks. If the RTOJEN bit is set to one, the device server shall wfite a
vdlue of FFFFFFFFh into the LOGICAL BLOCK REFERENCE TAG field of each of the written logical blpcks.

M |f the ATO bit is set to one in the Control mode page (see SPC-3), the device server shall write FFFFh
info each LOGICAL BLOCK APPLICATION TAG.field. If the ATO bit is set to zero, the device server may| write

_any value into each LOGICAL BLOCK APRLICATION TAG field.

' If multiple errors occur, the selection-of which error to report is not defined by this standard.

I If the RTO_EN bit is set to zero in the'READ CAPACITY (16) parameter data (see 5.11), the devic
sgrver may process the command. If the RTO_EN bit is set to one, WRITE (10) commands, WRITE (12)
cgmmands and WRITE (16) commands with the WRPROTECT field set to 000b may be processed by the
dgvice server. If the RTQ_EN bit is set to one, the device server shall terminate WRITE (10) commlands,
WRITE (12) commands-and WRITE (16) commands with the WRPROTECT field not set to 000b with
CHECK CONDITION.status with the sense key set to ILLEGAL REQUEST and the additional sepse
cqde set to INVALID’"COMMAND OPERATION CODE.

K If the RTO_EN-bitis set to zero in the READ CAPACITY (16) parameter data (see 5.11), the device
sgrver checks.the logical block reference tag by comparing it to the lower 4 bytes of the LBA assotiated
with the dagical block. If the RTO_EN bit is set to one (i.e., the command is a WRITE (32) command), the
dgvice.server checks the logical block reference tag based on the EXPECTED INITIAL LOGICAL BLOQK
REFERENCE TAG field in the CDB (see 4.16.2).

=

A1

L4

1%
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The force unit access (FUA) and force unit access non-volatile cache (FUA_NV) bits are defined in table 63.

Table 63 — Force unit access for write operations

FUA

FUA_ NV | Description

and/or the medium.

The device server shall write the logical blocks to volatile cache, non-volatile cache

If the Nv_sSuUP bit is set to one in the Extended INQUIRY Data VPD page (see SPC

-3),
the device server shall write the logical blocks to non-volatile cache and/or the medium.

If the Nv_SuUP bit is set to zero in the Extended INQUIRY Data VPD page (see SP(Q
the device server shall write the logical blocks to volatile cache, non-volatile cache
and/or the medium.

3),

The device server shall write the logical blocks to the medium, and shall n6t return

Oort GOOD status until the logical blocks have actually been written on the_.medium.

If logicy
the log
and inf

The TR
from th
field. A
not be

logical

terming
the adg
is cons

NOTE

5.26 WRITE (12) command

The W
block(s|
include
written
informg

| blocks are transferred directly to a cache, the device server may return GOOD status prior tg
cal blocks to the medium. Any error that occurs after the GOOD status is ‘returned is a deferre
prmation regarding the error is not reported until a subsequent command.

ANSFER LENGTH field specifies the number of contiguous logical blocks of data that shall be tran
e data-out buffer and written, starting with the logical block specified by the LOGICAL BLOCK A
TRANSFER LENGTH field set to zero specifies that no logical blocks shall be written. This conditi
considered an error. Any other value specifies the number-of logical blocks that shall be writte
block address plus the transfer length exceeds the €apacity of the medium, the device serv
te the command with CHECK CONDITION status with'the sense key set to ILLEGAL REQUE|
itional sense code set to LOGICAL BLOCK ADDRESS OUT OF RANGE. The TRANSFER LENG
rained by the MAXIMUM TRANSFER LENGTH field in'the Block Limits VPD page (see 6.4.2).

RITE (12) command (see table\64) requests that the device server transfer the specified
from the data-out buffer and write them. Each logical block transferred includes user data a

includes user data and,,if the medium is formatted with protection information enabled, prg
tion.

Table 64 — WRITE (12) command

For the WRITE (6) command, a TRANSFER LENGTH'field set to zero specifies that 256 logical blocks are transferred.

writing
d error,

sferred
DDRESS
bn shall
n. If the
er shall
ST and
TH field

logical
nd may

protection information, based on the WRPROTECT field and the medium format. Each logical block

tection

Byte|Bit 7 6 5 4 3 2 1

OPERATION CODE (AAh)

WRPROTECT DPO FUA Reserved | FUA NV Obg

olete

(MSB)
LOGICAL BLOCK ADDRESS

(LSB)

(MSB)
TRANSFER LENGTH

0
1
2
5
6
9

(LSB)

Restricted

10 Reserved GROUP NUMBER

for MMC-4

1" CONTROL

See the WRITE (10) command (see 5.25) for the definitions of the fields in this command.
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5.27 WRITE (16) command

The WRITE (16) command (see table 65) requests that the device server transfer the specified logical
block(s) from the data-out buffer and write them. Each logical block transferred includes user data and may
include protection information, based on the WRPROTECT field and the medium format. Each logical block
written includes user data and, if the medium is formatted with protection information enabled, protection
information.

Table 65 — WRITE (16) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (8Ah)
1 WRPROTECT DPO FUA Reserved | FUA NV '\ Reserved
2 (MSB)
LOGICAL BLOCK ADDRESS
9 (LSB)
10 (MSB)
TRANSFER LENGTH
13 (LSB)
Restricted
14 for MMC-4 Reserved GROUP'NUMBER
1§ CONTROL

See the WRITE (10) command (see 5.25) for the definitions of the fields in this command.

5.28 WRITE (32) command

The WRITE (32) command (see table 66) requests that the device server transfer the specified|logical
block(s) from the data-out buffer and write themxEach logical block transferred includes user data and may
includg protection information, based on the WRPROTECT field and the medium format. Each logical block
written|includes user data and, if the medium is formatted with protection information enabled, prgtection
informdtion.

If the RTO_EN bit is set to zero in the READ CAPACITY (16) parameter data (see 5.11), the device serer shall
termingte the WRITE (32) command with CHECK CONDITION status with the sense key set to ILLEGAL
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REQUEST and the additional sense code set to INVALID COMMAND OPERATION CODE. If the RTO_EN bit
is set to one, the device server may process the command.

Table 66 — WRITE (32) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (7Fh)
1 CONTROL
2
Reserved
5
6 Reserved GROUP NUMBER
7 ADDITIONAL CDB LENGTH (18h)
8 (MSB)
SERVICE ACTION (000Bh)
9 (USB)
10 WRPROTECT DPO FUA Reserved | FUA Nv | Rederved
11 Reserved
12 (MSB)
LOGICAL BLOCK ADDRESS
19 (USB)
20 (MSB)
EXPECTED INITIAL LOGICAL"BLOCK REFERENCE TAG
23 (USB)
24 (MSB)
EXPECTED LOGIGAL BLOCK APPLICATION TAG
25 (USB)
26 (MSB)
LOGICAL BLOCK APPLICATION TAG MASK
27| (USB)
28 (MSB)
TRANSFER LENGTH
31 (USB)
See thg WRITE (10) command (see 5.25) for the definitions of the GROUP NUMBER field, the WRPROTECT field,
the DPQ bit, the FUA bit, the FUA_Nv bit, the LOGICAL BLOCK ADDRESS field and the TRANSFER LENGTH field.
When ¢hecking of the, LOGICAL BLOCK REFERENCE TAG field is enabled (see table 62 in 5.25), the EXPECTED
INITIAL L OGICAL BLOCK REFERENCE TAG field contains the value of the LOGICAL BLOCK REFERENCE TAG field
expected in the(protection information of the first logical block accessed by the command instead of p value
based ¢n the'BA (see 4.16.2).
If the ATODiIt is set to one in the Control mode page (see SPC-3) and checking of the LOGICAL BLOCK

APPLIC

a value that is a bit mask for enabling the checking of the LOGICAL BLOCK APPLICATION TAG field in the
protection information for each logical block accessed by the command. A LOGICAL BLOCK APPLICATION TAG
MASK bit set to one enables the checking of the corresponding bit of the EXPECTED LOGICAL BLOCK APPLICATION
TAG field with the corresponding bit of the LOGICAL BLOCK APPLICATION TAG field in the protection information.

If the ATO bit is set to one in the Control mode page (see SPC-3) and checking of the LOGICAL BLOCK
APPLICATION TAG field is disabled (see table 62 in 5.25), or if the ATO bit is set to zero, the LOGICAL BLOCK
APPLICATION TAG MASK field and the EXPECTED LOGICAL BLOCK APPLICATION TAG field shall be ignored.
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5.29 WRITE AND VERIFY (10) command

The WRITE AND VERIFY (10) command (see table 67) requests that the device server transfer the specified
logical block(s) from the data-out buffer, write them to the medium and then verify that they are correctly
written. Each logical block includes user data and may include protection information, based on the
WRPROTECT field and the medium format. The logical blocks are only transferred once from the data-out buffer
to the device server.

If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate this command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE.

Table 67 — WRITE AND VERIFY (10) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (2Eh)
1 WRPROTECT DPO Reserved BYTCHK Obgkolete
2 (MSB)

LOGICAL BLOCK ADDRESS
5 (USB)
6 Reserved GROUP NUMBER
7 (MSB)

TRANSFER LENGTH

8 (USB)
9 CONFROL

See th¢ PRE-FETCH (10) command (see 5.3) for the. definition of the LOGICAL BLOCK ADDRESS field. $ee the
PRE-FETCH (10) command (see 5.3) and 4.17 for the definition of the GROUP NUMBER field. See the [WRITE
(10) command (see 5.25) for the definitions of the(TRANSFER LENGTH field and the WRPROTECT field. ee the
READ ({10) command (see 5.6) for the definitionof the DPO bit.

If the Verify Error Recovery mode page (see\6.3.5) is also implemented, then the current settings in that mode
page along with the AWRE bit in the Read-Write Error Recovery mode page (see 6.3.4) specify the ver{fication
error crjteria. If these mode pages are(not implemented, then the verification criteria is vendor-specific

A byte|check (BYTCHK) bit set to zero specifies that, after writing, the device server perform a medium
verification with no data comparison. A BYTCHK bit set to one specifies that, after writing, the devicq server
perform a byte-by-byte comparison of data written on the medium with the data just written. If the comparison
is unsuccessful for any.reason, the device server shall terminate the command with CHECK CONDITION
status with the sense key’'set to MISCOMPARE and the additional sense code set to the appropriate value for

The WRITE, AND VERIFY (12) command (see table 68) requests that the device server transfer the specified
logical 0 eFfer—wri cHurr-ahd erify-tha are-sorrectly
written. Each logical block includes user data and may include protection information, based on the
WRPROTECT field and the medium format. The logical blocks are only transferred once from the data-out buffer
to the device server.
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If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate this command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE.

Table 68 — WRITE AND VERIFY (12) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (AEh)
1 WRPROTECT DPO Reserved BYTCHK Obsolete
2 ASBY

LOGICAL BLOCK ADDRESS
5 (LUSB)
6 (MSB)

TRANSFER LENGTH
9 (USB)
Restricted

10 for MMC-4 Reserved GROUP NUMBER
11 CONTROL

See the WRITE AND VERIFY (10) command (see 5.29) for the definitions\of the fields in this command.

5.31 WRITE AND VERIFY (16) command

The WRITE AND VERIFY (16) command (see table 69) requests that the device server transfer the specified
logical plock(s) from the data-out buffer, write them to th€ medium, and then verify that they are cprrectly
written| Each logical block includes user data and may include protection information, based|on the
WRPROTECT field and the medium format. The logical blocks are only transferred once from the data-odt buffer
to the device server.

If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
termindte this command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE

Table 69— WRITE AND VERIFY (16) command

BytelBit 7 6 5 4 3 2 1 0
0 OPERATION CODE (8Eh)
1 WRPROTECT DPO Reserved BYTCHK Reserved
2 (MSB)
LOGICAL BLOCK ADDRESS
9 (LSB)
10 (MSB)
TRANSFER LENGTH
13 {tESB)
Restricted
14 for MMC-4 Reserved GROUP NUMBER
15 CONTROL

See the WRITE AND VERIFY (10) command (see 5.29) for the definitions of the fields in this command.

5.32 WRITE AND VERIFY (32) command

The WRITE AND VERIFY (32) command (see table 70) requests that the device server transfer the specified
logical block(s) from the data-out buffer, write them to the medium and then verify that they are correctly
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written. Each logical block includes user data and may include protection information, based on the
WRPROTECT field and the medium format. The logical blocks are only transferred once from the data-out buffer
to the device server.

If the RTO_EN bit is set to zero in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate the command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE. If the RTO_EN bit is set to one, the
device server may process the command.

Table 70 — WRITE AND VERIFY (32) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (7Fh)
1 CONTROL
2
Reserved
5
6 Reserved GROUP NUMBER
7 ADDITIONAL CDB LENGTH (18h)
8 (MSB)
SERVICE ACTION (000Ch)
9 (USB)
10 WRPROTECT DPO Reserved BYTCHK Regderved
11 Res€rved
12 (MSB)
LOGIGAL)BLOCK ADDRESS
19 (USB)
20 (MSB)
EXPECTED.NITIAL LOGICAL BLOCK REFERENCE TAG
23 (USB)
24 (MSB)
EXPECTED LOGICAL BLOCK APPLICATION TAG
25 (USB)
26 (MSB)
LOGICAL BLOCK APPLICATION TAG MASK
27 (USB)
28] (MSB)
TRANSFER LENGTH
31 (USB)
See th¢ WRITEAND VERIFY (10) command (see 5.29) for the definitions of the GROUP NUMBER fi¢ld, the
WRPROTEET field, the DPO bit, the BYTCHK bit, the LOGICAL BLOCK ADDRESS field and the TRANSFER LENGTH field.
When bilcbkillg of the ToGICAr BEOCK REFERENCE-TAG fietdTsemabted (bb‘c tabte62-m 5.25), the EXPECTED

INITIAL LOGICAL BLOCK REFERENCE TAG field contains the value of the LOGICAL BLOCK REFERENCE TAG field
expected in the protection information of the first logical block accessed by the command instead of a value
based on the LBA (see 4.16.2).

If the ATO bit is set to one in the Control mode page (see SPC-3) and checking of the LOGICAL BLOCK
APPLICATION TAG field is enabled (see table 62 in 5.25), the LOGICAL BLOCK APPLICATION TAG MASK field contains
a value that is a bit mask for enabling the checking of the LOGICAL BLOCK APPLICATION TAG field in the
protection information for each logical block accessed by the command. A LOGICAL BLOCK APPLICATION TAG
MASK bit set to one enables the checking of the corresponding bit of the EXPECTED LOGICAL BLOCK APPLICATION
TAG field with the corresponding bit of the LOGICAL BLOCK APPLICATION TAG field in the protection information.
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If the ATO bit is set to one in the Control mode page (see SPC-3) and checking of the LOGICAL
APPLICATION TAG field is disabled (see table 62 in 5.25), or if the ATO bit is set to zero, the LOGICAL
APPLICATION TAG MASK field and the EXPECTED LOGICAL BLOCK APPLICATION TAG field shall be ignored.

5.33 WRITE LONG (10) command

BLOCK
BLOCK

The WRITE LONG (10) command (see table 71) requests that the device server transfer data for a single

logical block from the data-out buffer and write it to the medium.

The data written shall be the same length and shall be in the same order as the data returned by the READ
LONG (10) command (see 5.14). The device server shall write the logical block to the medium and shall not

return GQQD status until the logical block has actually been written on the medium

Table 71 — WRITE LONG (10) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (3Fh)
1 Reserved Obgkolete
2 (MSB)
LOGICAL BLOCK ADDRESS
5 (USB)
6 Reserved
7 (MSB)
BYTE TRANSFER LENGTH
8 (USB)
9 CONTROL

See the PRE-FETCH (10) command (see 5.3) for the, definition of the LOGICAL BLOCK ADDRESS field.

The BY[TE TRANSFER LENGTH field specifies the ntmber of bytes of data that the device server shall {ransfer

from the data-out buffer and write to the specijfied logical block. If the BYTE TRANSFER LENGTH field is nd
zero arld does not match the data length that\the device server returns for a READ LONG command, t
device|server shall terminate the command with CHECK CONDITION status with the sense ke
ILLEGAL REQUEST and the additional sense code set to INVALID FIELD IN CDB. In the sense dz
4.13 and SPC-3), the ILI and VALID-bits shall be set to one and the INFORMATION field shall be se
differerjce (i.e., residue) of the requested length minus the actual length in bytes. Negative values s
indicated by two's complement notation. A BYTE TRANSFER LENGTH field set to zero specifies that no byt
be written. This condition shall not be considered an error.

5.34 WRITE LONG (16) command

The WRITE LONG (16) command (see table 72) requests that the device server transfer data for 3
logical plock frem the data-out buffer and write it to the medium. The data written shall be the same len
shall b¢ in the same order as the data returned by the READ LONG (16) command (see 5.15). The|
server ghallwrite the logical block to the medium and shall not return GOOD status until the logical bl

t set to
hen the

set to
ta (see
| to the
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bs shall

single
gth and
device
bck has
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actually been written on the medium. This command is implemented as a service action of the SERVICE
ACTION OUT operation code (see A.2).

Table 72 — WRITE LONG (16) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (9Fh)
1 Reserved SERVICE ACTION (11h)
2 (MSB)

1 OGICAI Bl OCK ADDRESS
9 (LSB)
10

Reserved

11
12 (MSB)

BYTE TRANSFER LENGTH
13 (LSB)
14 Reserved CQRRCT
15 CONTROL

See the WRITE LONG (10) command (see 5.33) for the definitions of-the fields in this command.

5.35 WRITE SAME (10) command

The WRITE SAME (10) command (see table 73) requests thatthe device server transfer a single logic
from the data-out buffer and write the contents of that logieal block, with modifications based on the LB

and thq
and m4g

If the RfO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device serv

terming

PBDATA bit, to the specified range of logical block addresses. Each logical block includes us
y include protection information, based on the’/\WwRPROTECT field and the medium format.

te this command with CHECK CONDITION status with the sense key set to ILLEGAL REQUE

Al block
DATA bit

er data

er shall
ST and

the additional sense code set to INVALID COMMAND OPERATION CODE.
NOTE |This command may be useful if largé\areas of the medium need to be written, prepared for certification, or otherwise ipitialized
without having to transfer all the data.
Table 73 — WRITE SAME (10) command
Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (41h)
1 WRPROTECT Reserved PBDATA LBDATA Obgsolete
2 (MSB)
LOGICAL BLOCK ADDRESS
5 (USB)
6 Reserved GROUP NUMBER
7 (MSB)
NUMBER OF BLOCKS T —
8 (LSB)
9 CONTROL

See the WRITE (10) command (see 5.25) for the definitions of the WRPROTECT field. See the PRE-FETCH
(10) command (see 5.3) for the definition of the LOGICAL BLOCK ADDRESS field. See the PRE-FETCH (10)
command (see 5.3) and 4.17 for the definition of the GROUP NUMBER field.
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Table 74 describes the LBDATA bit and the PBDATA bit.

Table 74 — LBDATA bit and PBDATA bit

LBDATA

PBDATA

Description

The device server shall write the single block of user data received from the

data-out buffer to each logical block without modification.

If the medium is formatted with protection information:

a) the value in the LOGICAL BLOCK REFERENCE TAG field received in the single

o fre

bleek-of-datafrom-the-data-out-buffer-shal-beplaced-ntothe+oste
BLOCK REFERENCE TAG field of the first logical block written to the-me
Into each of the subsequent logical blocks, the device server shall p
into the LOGICAL BLOCK REFERENCE TAG field the value of the-previou
logical block’s LOGICAL BLOCK REFERENCE TAG field plus anes;

b) If the ATO bit is set to one in the Control mode page (see’SPC-3), the

logical block application tag received in the single bloek of data shal
placed in the LOGICAL BLOCK APPLICATION TAG field'‘of each logical blg
the ATO bit is set to zero, the device server may.Wwrite any value into
LOGICAL BLOCK APPLICATION TAG field of each logical block; and

c) The value in the DATA BLOCK GUARD field\réceived in the single block
data from the data-out buffer shall be placed in the DATA BLOCK GUAR
of each logical block.

L
dium.
ace

U7

P

be
ck. If
the

of
b field

1 a

The device server shall replace the first@ight bytes of the block received fron
data-out buffer to each physical secter with the physical address of the sect
being written using the physicalsector format (see 5.2.2.4.5).

n the
or

The device server shall replace the first four bytes of the block received fron
data-out buffer with the least'significant four bytes of the LBA of the block b
written, ending with theNeast significant byte (e.g., if the LBA is

77665544 33221100h, 33221100h is written with 33h written first and 00h w
last).

n the
Ping

fitten

The device server shall terminate the command with CHECK CONDITION s
with the sense’key set to ILLEGAL REQUEST and the additional sense cod
to INVALID’FIELD IN CDB.

atus
b set

)

fithe medium is formatted with protection information then the protection information shall be written to
a default value of FFFEEFFF_FFFFFFFFh in each of the written logical blocks.

The NUMBER OF BLOCKS-field specifies the number of contiguous logical blocks to be written, starting

logical plock specified by the LOGICAL BLOCK ADDRESS field. A NUMBER OF BLOCKS field set to zero s
that thg device server write all the logical blocks starting with the one specified in the LOGICAL BLOCK A
field to the lastlogical block on the medium. If the logical block address plus the number of blocks exce
capacity of/the medium, the device server shall terminate the command with CHECK CONDITION sta
the sensexkey set to Il | FGAI REQUEST and the additional sense code set to | OGICAI Bl OCK AD

with the
becifies
DDRESS
eds the
us with

DRESS

OUT OF RANGE.

5.36 WRITE SAME (16) command

The WRITE SAME (16) command (see table 75) requests that the device server transfer a single logical block
from the data-out buffer and write the contents of that logical block, with modifications based on the LBDATA bit
and the PBDATA bit, to the specified range of logical block addresses. Each logical block includes user data
and may include protection information, based on the WRPROTECT field and the medium format.
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If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate the command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE

Table 75 — WRITE SAME (16) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (93h)
1 WRPROTECT Reserved PBDATA LBDATA Reserved
2 MSB)

LOGICAL BLOCK ADDRESS
9 (USB)
10 (MSB)

NUMBER OF BLOCKS
13 (USB)
14 Reserved GROUP NUMBER
15 CONTROL
See the WRITE SAME (10) command (see 5.35) for the definitions of the fields in this command.

5.37 WRITE SAME (32) command

RITE SAME (32) command (see table 76) requests that the(device server transfer a single logic
e data-out buffer and write the contents of that logical block, with modifications based on the LB

The WH
from th
and thq
and mg

If the R
terming

y include protection information, based on the WRRROTECT field and the medium format.

fO_EN bit is set to zero in the READ CAPACITY (16) parameter data (see 5.11), the device serv
te the command with CHECK CONDITIONCstatus with the sense key set to ILLEGAL REQUE

PBDATA bit, to the specified range of logical block/addresses. Each logical block includes us

Al block
DATA bit
er data

er shall
ST and
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the additional sense code set to INVALID COMMAND OPERATION CODE. If the RTO_EN bit is set to one, the
device server may process the command.

Table 76 — WRITE SAME (32) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (7Fh)
1 CONTROL
2
Reserved
5
6 Reserved GROUP NUMBER
7 ADDITIONAL CDB LENGTH (18h)
8 (MSB)
SERVICE ACTION (000Dh)
9 (UsB)
10 WRPROTECT Reserved PBDATA LBDATA Regerved
11 Reserved
12 (MSB)
LOGICAL BLOCK ADDRESS
19 (UsB)
20 (MSB)
EXPECTED INITIAL LOGICALBLOCK REFERENCE TAG
23 (UsB)
24 (MSB)
EXPECTED LOGIGAL BLOCK APPLICATION TAG
25 (UsB)
26 (MSB)
LOGICAL BLOCK APPLICATION TAG MASK
27 (UsB)
28 (MSB)
NUMBER OF BLOCKS
31 (UsB)
See thg WRITE SAME (10).command (see 5.35) for the definitions of the GROUP NUMBER field, the WRPROTECT
field, thie PBDATA bit, the LBDATA bit, the LOGICAL BLOCK ADDRESS field and the NUMBER OF BLOCKS field.
When ¢hecking of the, LOGICAL BLOCK REFERENCE TAG field is enabled (see table 62 in 5.25), the EXPECTED
INITIAL L OGICAL BLOCK REFERENCE TAG field contains the value of the LOGICAL BLOCK REFERENCE TAG field
expected in the(protection information of the first logical block accessed by the command instead of p value
based ¢n the'BA (see 4.16.2).
If the ATODiIt is set to one in the Control mode page (see SPC-3) and checking of the LOGICAL BLOCK

APPLIC -257; ontains
a value that is a bit mask for enabling the checking of the LOGICAL BLOCK APPLICATION TAG field in the
protection information for each logical block accessed by the command. A LOGICAL BLOCK APPLICATION TAG
MASK bit set to one enables the checking of the corresponding bit of the EXPECTED LOGICAL BLOCK APPLICATION
TAG field with the corresponding bit of the LOGICAL BLOCK APPLICATION TAG field in the protection information.

If the ATO bit is set to one in the Control mode page (see SPC-3) and checking of the LOGICAL BLOCK
APPLICATION TAG field is disabled (see table 62 in 5.25), or if the ATO bit is set to zero, the LOGICAL BLOCK
APPLICATION TAG MASK field and the EXPECTED LOGICAL BLOCK APPLICATION TAG field shall be ignored.
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5.38 XDREAD (10) command

The XDREAD (10) command (see table 77) requests that the device transfer to the data-in buffer the XOR
data generated by an XDWRITE command (see 5.40 and 5.41). XOR data includes user data and may

include

protection information, based on the XORPINFO bit and the medium format.

Table 77 — XDREAD (10) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (52h)
( Reserved XORPINFO
2 (MSB)
LOGICAL BLOCK ADDRESS
5 (LEB)
0 Reserved GROUP NUMBER
7 (MSB)
TRANSFER LENGTH
8 (LEB)
9 CONTROL
See the PRE-FETCH (10) command (see 5.3) and 4.17 for the definition-of the GROUP NUMBER field.
If the XIOR protection information (XORPINFO) bit is set to zero, the‘device server shall not check or transmit
protection information.

If the X

formatfed with protection information, the device server.shall transmit protection information but s

check 4

If the x
been fq
COND
INVALI

If the X
server
REQUH

The X(
The LO
specifi
comma
sense
TRANSF|

ny of the protection information fields.

DRPINFO bit is set to one, the device servef supports protection information and the medium

D FIELD IN CDB.

FST and the additional sense code set to INVALID FIELD IN CDB.

GICAL BLOCK ADDRESS field and TRANSFER LENGTH field shall be the same as, or a subset o
bd in a prior XDWRITE command. If a match is not found the device server shall termin

code set+0.INVALID FIELD IN CDB. The TRANSFER LENGTH field is constrained by the m
FR LENGTH field in the Block Limits VPD page (see 6.4.2).

DRPINFO bit is set to one, the device server supports)protection information and the medium has been

hall not

has not

rmatted with protection information, the device server shall terminate the command with CHECK
TION status with the sense key set® ILLEGAL REQUEST and the additional sense cod¢ set to

ORPINFO bit is set to one and.the device server does not support protection information, the| device
should terminate the commiand with CHECK CONDITION status with the sense key set to ILLEGAL

R data transferred is\identified by the LOGICAL BLOCK ADDRESS field and the TRANSFER LENGTH field.

, those
ate the

nd with CHECGK CONDITION status with the sense key set to ILLEGAL REQUEST and the additional

AXIMUM
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5.39 XDREAD (32) command

The XDREAD (32) command (see table 78) requests that the device transfer to the data-in buffer the XOR
data generated by an XDWRITE command (see 5.40 and 5.41). XOR data includes user data and may
include protection information, based on the XORPINFO bit and the medium format.

Table 78 — XDREAD (32) command

Byte\Bit 7 6 5 4 3 2 0
0 OPERATION CODE (7Fh)
CONTROL
2
- Reserved
4 Reserved GROUP NUMBER
1 ADDITIONAL CDB LENGTH (18h)
8 (MSB)
SERVICE ACTION (0003h)
g (LSB)
1P Reserved XORHAINFO
11 Reserved
1P (MSB)
LOGICAL BLOCK ADDRESS
1P (LSB)
2D
Reserved
2y
28 (MSB)
TRANSFER LENGTH
3 (LSB)
See thg XDREAD (10) command (see(5.38) and SPC-3 for the definitions of the fields in this commang.
5.40 XDWRITE (10) command
The XOWRITE (10) command*(see table 79) requests that the device server:
1) | read the specified Togical block(s);
2) | transfer logicakblocks from the data-out buffer;
3) | perform an”XOR operation with the logical blocks transferred from the data-out buffer and the Jogical
blocks\read, storing the resulting XOR data in a buffer; and
4) | if the DISABLE WRITE bit is set to zero, write the logical blocks transferred from the data-out buffer.
Each Iqgical block includes user data and may include protection information, based on the WRPROTHCT field

and the medium format. The resulting XOR data shall be retained as specified in 4.14.4.
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If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate the command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE.

Table 79 — XDWRITE (10) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (50h)
1 WRPROTECT DPO FUA DISABLE FUA_NV | Reserved
WRITE -
2 (MSB)
LOGICAL BLOCK ADDRESS

5 (USB)

6 Reserved GROUP NUMBER

7 (MSB)

TRANSFER LENGTH

8 (USB)

9 CONTROL
See thg¢ WRITE (10) command (see 5.25) for the definitions of the WRPROTECT field, the FUA bit, and the
FUA_ NV bit. See the READ (10) command (see 5.6) for the definition 6fthe bPO bit. See the PRE-FETCH (10)
commagnd (see 5.3) for the definition of the LOGICAL BLOCK ADDRESS<ield. See the PRE-FETCH (10) command

(see 5.

A DISAH
the me
not be

The TR
from th
ADDRES
device
ILLEGA
The TR
page (S
The re
BLOCK

field an|

5.41 XDWRITE (32) command

The X0
1)

B) and 4.17 for the definition of the GROUP NUMBER field,

LE WRITE bit set to zero specifies that the data transferred from the data-out buffer shall be wi

ritten to the medium.

ANSFER LENGTH field specifies the number.of-contiguous logical blocks of data that read, tran
b data-out buffer and XORed into a buffer;, starting with the logical block specified by the LOGICA
s field. If the logical block address plus‘the transfer length exceeds the capacity of the medi
server shall terminate the command with CHECK CONDITION status with the sense ke
\L REQUEST and the additional'sense code set to LOGICAL BLOCK ADDRESS OUT OF R
ANSFER LENGTH field is constrained by the MAXIMUM TRANSFER LENGTH field in the Block Lim
ce 6.4.2).

bulting XOR data is retrieved by an XDREAD command (see 5.38 and 5.39) with starting U
ADDRESS field and FRANSFER LENGTH field that match, or are a subset of, the LOGICAL BLOCK A
d TRANSFER LEN@GTH-field of this command.

WRITEX32) command (see table 80) requests that the device server:

read-the specified logical block(s);

2)

fitten to

Hium after the XOR operation is complete. A DISABLE WRITE bit set to one specifies that the data shall

sferred
| BLOCK
Lm, the

set to
ANGE.
ts VPD

OGICAL
DDRESS

transfer logical blocks from the data-out buffer:

3)

4)

perform an XOR operation with the logical blocks transferred from the data-out buffer and the
blocks read, storing the resulting XOR data in a buffer; and

logical

if the DISABLE WRITE bit is set to zero, write the logical blocks transferred from the data-out buffer.

Each logical block includes user data and may include protection information, based on the WRPROTECT field
and the medium format. The resulting XOR data shall be retained as specified in 4.14.4.
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If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate this command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE.

Table 80 — XDWRITE (32) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (7Fh)
1 CONTROL
. Reserved
4 Reserved GROUP NUMBER
1 ADDITIONAL CDB LENGTH (18h)
§ (MSB)
SERVICE ACTION (0004h)
d (LSB)
1P WRPROTECT DPO FUA DISABLE 1 £ nv Resdrved
WRITE -
11 Reserved
1P (MSB)
LOGICAL BLOCK ADDRESS
1P (LSB)
2D
Reserved
2y
28 (MSB)
TRANSFER LENGTH
3 (LSB)
See thg XDWRITE (10) command (see*5.40) and SPC-3 for the definitions of the fields in this command.
5.42 XDWRITEREAD (10) command
The XOWRITEREAD (10) command (see table 81) requests that the device server:
1) | read the specified logical block(s);
2) | transfer logical blocks from the data-out buffer;
3) | XOR the logieal blocks transferred from the data-out buffer with the logical blocks read, storing the
resulting-XOR data in a buffer;
4) | if the DISABLE WRITE bit is set to zero, write the logical blocks transferred from the data-out buffer; and
5) | transfer the resulting XOR data to the data-in buffer.
Each Id gir‘al block includes user data and may include protection information _based on the WRPROTECT field,

the XORPINFO bit, and the medium format. This command is equivalent to an XDWRITE (10) command (see
5.40) followed by an XDREAD (10) command (see 5.38) specifying the same values for the GROUP NUMBER
field, the LOGICAL BLOCK ADDRESS field and the TRANSFER LENGTH field. This command is only available on
transport protocols supporting bidirectional commands.
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If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate the command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE.

Table 81 — XDWRITEREAD (10) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (53h)
DISABLE
1 WRPROTECT DPO FUA FUA NV | XORPINFO
WRITE —

2 (MSB)

LOGICAL BLOCK ADDRESS
5 (LBB)
6 Reserved GROUP NUMBER
7 (MSB)

TRANSFER LENGTH

8 (LBB)
9 CONTROL

See thg XDWRITE (10) command (see 5.40) and XDREAD (10) command (see 5.38) for the definitions of the
fields in this command.

5.43 XDWRITEREAD (32) command
The XOWRITEREAD (32) command (see table 82) requests that the device server

1) | read the specified logical block(s),

2) | transfer logical blocks from the data-out buffer,
3) | XOR the logical blocks transferred from th€ data-out buffer with the logical blocks read, storing the
resulting XOR data in a buffer,
4) | if the DISABLE WRITE bit is set to zero,@rite the logical blocks transferred from the data-out buffer and
5) | transfer the resulting XOR data to the data-in buffer.

Each Iqgical block includes user data.and may include protection information, based on the WRPROTECT field,
the XORPINFO bit and the medium-format. This command is equivalent to an XDWRITE (32) command (see
5.41) fgllowed by an XDREAD (32) command (see 5.39) specifying the same values for the GROUP NUMBER
field, tHe LOGICAL BLOCK ADDRESS field and the TRANSFER LENGTH field. This command is only available on
transpdrt protocols supporting bidirectional commands.
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If the RTO_EN bit is set to one in the READ CAPACITY (16) parameter data (see 5.11), the device server shall
terminate the command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID COMMAND OPERATION CODE.

Table 82 — XDWRITEREAD (32) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (7Fh)
1 CONTROL
2
Reserved
5
6 Reserved GROUP NUMBER
7 ADDITIONAL CDB LENGTH (18h)
8 (MSB)
SERVICE ACTION (0007h)
9 (L$B)
DISABLE
1d WRPROTECT DPO FUA FUA_NV | XORPINFO
WRITE -
11 Reserved
12 (MSB)
LOGICAL BLOCK ADDRESS
1d (L$B)
2(
Reserved
>
28 (MSB)
TRANSFER LENGTH
31 (L$B)
See the XDWRITEREAD (10) command (see 5.42) and SPC-3 for the definitions of the fields|in this
commgnd.
5.44 XPWRITE (10) command
The XHWRITE (10) command (see table 83) requests that the device server:
1) | read the specified logical block(s);
2) | transfer logieal*blocks from the data-out buffer; and
3) | XOR the-logical blocks transferred from the data-out buffer with the logical blocks read, writing the

resulting-XOR data.
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Each logical block includes user data and may include protection information, based on the XORPINFO bit and
the medium format.

Table 83 — XPWRITE (10) command

Byte\Bit 7 6 5 4 3 2 1 0
0 OPERATION CODE (51h)
1 Reserved DPO FUA Reserved | FUA_NV | XORPINFO
2 (MSB)
LOGICAI Bl OCK ADDRFSS
5 (USB)
6 Reserved GROUP NUMBER
7 (MSB)
TRANSFER LENGTH
8 (UsB)
9 CONTROL
See the READ (10) command (see 5.6) for the definition of the DPO bit. See(the WRITE (10) command (see
5.25) fgr the definitions of the FUA bit and the FUA_NvV bit. See the PRE-FETEH (10) command (see 5.3) for the

definitig

definitign of the GROUP NUMBER field.

If the

informgtion and the medium has been formatted with protectiofivinformation, the device server shall te

the co
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al sense code set to INVALID FIELD IN CDB.

ed with protection information, the device server shall XOR the user data and protection info

g XOR data. The device server shall.net'check any of the protection information fields.

DRPINFO bit is set to one, the deviee server supports protection information, and the medium

D FIELD IN CDB.

FST and the additional sense code set to INVALID FIELD IN CDB.

LOGICA
mediu

| BLOCK-ADDRESS field. If the logical block address plus the transfer length exceeds the capacit
, the-device server shall terminate the command with CHECK CONDITION status with the se

n of the LOGICAL BLOCK ADDRESS field. See the PRE-FETCH (10)"command (see 5.3) and 4.17 for the

OR protection information (XORPINFO) bit is set to zero, the device server supports prdtection

rminate

mand with CHECK CONDITION status with the-sense key set to ILLEGAL REQUEST and the

DRPINFO bit is set to one, the device server supports protection information, and the medium has been

rmation

fred from the data-out buffer with the user data and protection information read and then write the

has not

rmatted with protection information, the device server shall terminate the command with CHECK
TION status with the sense(key set to ILLEGAL REQUEST and the additional sense cod¢ set to

ORPINFO bit is set ta.gne and the device server does not support protection information, the| device
should terminate thé command with CHECK CONDITION status with the sense key set to ILLEGAL

ANSFER LENGTH field specifies the number of contiguous logical blocks that shall be read, XORed with
blocks transferred from the data-out buffer and written, starting with the logical block specified by the

y of the
nse key

set to [LLEGAL REQUEST and the additional sense code set to LOGICAL BLOCK ADDRESS QUT OF

RANGE. The TRANSFER LENGTH field is constrained by the MAXIMUM TRANSFER LENGTH field in the Block Limits
VPD page (see 6.4.2).

5.45 XPWRITE (32) command
The XPWRITE (32) command (see table 84) requests that the device server:

1)
2)
3)

read the specified logical block(s);
transfer logical blocks from the data-out buffer; and

XOR the logical blocks transferred from the data-out buffer with the logical blocks read, writing the

resulting XOR data.
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Each logical block includes user data and may include protection information, based on the XORPINFO bit and
the medium format.

Table 84 — XPWRITE (32) command

Byte\Bit 7 6 5 4 3 2 1 0

0 OPERATION CODE (7Fh)
1 CONTROL
2

Reserved
5
6 Reserved GROUP NUMBER
7 ADDITIONAL CDB LENGTH (18h)
8 (MSB)

SERVICE ACTION (0006h)
9 (LBB)
10 Reserved DPO FUA Resefrved | FUA_NV | XORPINFO
11 Reserved
12 (MSB)
LOGICAL BLOCK ADDRESS

T (LBB)
2(

Reserved
>
24 (MSB)

TRANSFER LENGTH

31 (LBB)

See thg XPWRITE (10) command (see 5.44)@nd SPC-3 for the definitions of the fields in this command.
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6 Parameters for direct-access block devices

6.1 Diagnostic parameters

6.1.1 Diagnostic parameters overview

This subclause defines the descriptors and pages for diagnostic parameters used with direct-access block
devices. The diagnostic page codes for direct-access block devices are defined in table 85.

Table 85 — Diagnostic page codes

Diagnostic page code | Description Referency

00h Supported diagnostic pages SRC:3

01h - 2Fh SCSI enclosure services diagnostic pages SES-2

30h - 3Fh Diagnostic pages assigned by SPC-3 SPC-3
40h Translate Address Output diagnostic page 6.1.2

Translate Address Input diagnostic page 6.1.3

41h Obsolete (Device Status diagnostic pages)

42h - 7Fh Reserved for this standard

80h - FFh Vendor-specific diagnostic pages

6.1.2 Translate Address Output diagnostic page

The Translate Address diagnostic pages allow the application client to translate an address in on¢ of the
formatg supported by the FORMAT UNIT command (seg¢ 5.2.2.4) (i.e., a short block format address| a long
block fgrmat address, a physical sector format address, or a bytes from index format address) into any one of
the other formats. The address to be translated«is'sent to the device server with the SEND DIAGNOSTIC
commgnd and the results are returned to the application client by the RECEIVE DIAGNOSTIC RESULTS
commagnd.

Table $6 defines the format of the Translate Address Output diagnostic page sent with the|[SEND
DIAGNSTIC command. The translated address is returned in the Translate Address Input diagnosiic page
(see 6.1.3).

Table 86 — Translate Address Output diagnostic page

Byte\Bit 7 6 5 4 3 2 1 0
0 PAGE CODE (40h)
1 Reserved
2 (MSB)
PAGE LENGTH (000Ah)
3 (LISB)
4 Reserved SUPPLIED FORMAT
5 Reserved TRANSLATE FORMAT
6 (MSB)
ADDRESS TO TRANSLATE I—
13 (LSB)

The supPPLIED FORMAT field specifies the format of the ADDRESS TO TRANSLATE field. Valid values for this field
are defined in the DEFECT LIST FORMAT field of the FORMAT UNIT command (see 5.2). If the device server
does not support the requested format it shall terminate the SEND DIAGNOSTIC command with CHECK
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CONDITION status with the sense key set to ILLEGAL REQUEST and the additional sense code set to
INVALID FIELD IN PARAMETER LIST.

The TRANSLATE FORMAT field specifies the format the device server shall use for the result of the address
translation. Valid values for this field are defined in the DEFECT LIST FORMAT field of the FORMAT UNIT
command. If the device server does not support the specified format it shall terminate the SEND
DIAGNOSTIC command with CHECK CONDITION status with the sense key set to ILLEGAL REQUEST and
the additional sense code set to INVALID FIELD IN PARAMETER LIST.

The ADDRESS TO TRANSLATE field contains a single address descriptor which the application client is
requesting the device server to translate. The format of this field depends on the value in the SUPPLIED FORMAT
field. The formats are described in 5.2.2.4. If the short block format address descriptor is specified, the first
four byfes of the ADDRESS TO TRANSLATE field shall contain the short block format address descriptdr and the
last four bytes shall contain 00000000h.

6.1.3 Translate Address Input diagnostic page

Table §7 defines the Translate Address Input diagnostic page retrieved with the RECEIVE DIAGNOSTIC
RESUUTS command after the Translate Address Output diagnostic page (see 6.1.2) has been sent With the
SEND PIAGNOSTIC command. If a Translate Address Output diagnostic page has‘\not yet been pro¢essed,
the regults of a RECEIVE DIAGNOSTIC RESULTS command requesting-this diagnostic pdge are
vendorispecific.

Table 87 — Translate Address Input diagnostic page

Byte|Bit 7 6 5 4 3 2 1 0
0 PAGE CODE{(40h)
1 Reserved
2 (MSB)
PAGE LENGTH (n - 3)

3 (LSB)
4 Reserved SUPPLIED FORMAT
5 RAREA ‘ ALTSEC ALTTRK Reserved TRANSLATED FORMAT

Translated address(es)
6 (MSB)

TRANSLATED ADDRESS 1
13 (LSB)
n-|7 (MSB)

TRANSLATED ADDRESS X (if required)

n (LSB)

The Translate Address Input diagnostic page contains a four-byte page header that specifies the page code
and length*followed by two bytes that describe the translated address followed by zero or more translated
addresses.

The PAGE LENGTH field contains the number of parameter bytes that follow.

The SUPPLIED FORMAT field contains the value from the suPPLIED FORMAT field in the previous Translate
Address Output diagnostic page (see 6.1.2).

A reserved area (RAREA) bit set to zero indicates that no part of the translated address falls within a reserved
area of the medium. A RAREA bit set to one indicates that all or part of the translated address falls within a
reserved area of the medium (e.g., speed tolerance gap, alternate sector, or vendor reserved area). If the
entire translated address falls within a reserved area, the device server may not return a translated address.

An alternate sector (ALTSEC) bit set to zero indicates that no part of the translated address is located in an
alternate sector of the medium or that the device server is unable to determine this information. An ALTSEC bit


https://iecnorm.com/api/?name=2b45253d155fb842493ff16cdc65a0da

114 14776-322 © ISO/IEC:2007(E)

set to one indicates that the translated address is physically located in an alternate sector of the medium. If
the device server is unable to determine if all or part of the translated address is located in an alternate sector
it shall set this bit to zero.

An alte

rnate track (ALTTRK) bit set to zero indicates that no part of the translated address is located on an

alternate track of the medium. An ALTTRK bit set to one indicates that part or all of the translated address is
located on an alternate track of the medium or the device server is unable to determine if all or part of the
translated address is located on an alternate track.

The TRANSLATED FORMAT field contains the value from the TRANSLATE FORMAT field in the previous Translate
Address Output diagnostic page (see 6.1.2).
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d by the application client in the previous Translate Address Output diagnostic page. Each.fi

vithin a single physical sector) the device server shall return all possible addresses that are contained
rea specified by the address to be translated. If the returned datadis,in bytes from index format, the
server shall return a pair of translated values for each of the possible addresses that are contained in
A specified by the ADDRESS TO TRANSLATE field in the previoys-Translate Address Output diagnostic
Df the pair of translated values returned, the first indicates the starting location and the secopnd the
location of the area.
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6.2 Log parameters

6.2.1 Log parameters overview

This subclause defines the descriptors and pages for log parameters used with direct-access block devices.
See SPC-3 for a detailed description of logging operations. The log page codes for direct-access block
devices are defined in table 88.

Table 88 — Log page codes

Log page code | Description Reference
00h Supported Log Pages log page SPC-3
01h Buffer Over-Run/Under-Run log page SRPEC-3
02h Write Error Counter log page SPC-3
03h Read Error Counter log page SPC-3
04h Reserved
05h Verify Error Counter log page SPC-3
06h Non-Medium Error log page SPC-3
07h Last n Error Events log page SPC-3
08h Format Status log page 6.2.2
0%h Restricted (see SPC-3)
0Ah Restricted (see SPC-3)
0Bh Last n Deferred Errors Or Asynchronous Events log page SPC-3
0Ch Reserved
0Dh Temperature log page SPC-3
OEh Start-Stop Cycle-Counter log page SPC-3
OFh Application Client log page SPC-3
10h Self-Test:Results log page SPC-3
11h - 16h Reserved

17h Non-volatile Cache log page 6.2.3

18h Protocol-Specific Port log page SPC-3
19h - 2Eh Reserved

2Fh Informational Exceptions log page SPC-3
30h"- 3Eh Vendor-specific

3Fh Reserved

6.2.2 Format Status log page

The Format Status log page (log page code 08h) captures the state of the direct-access block device since the
most recent successful FORMAT UNIT command (see 5.2) was completed. Additionally, this log page
provides Defect Management information for the device server.

The Format Status log page uses the log page format defined in SPC-3.
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Table 89 defines the parameter codes for the Format Status log page.
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Table 89 — Format Status log page parameter codes

Parameter code Description
0000h Format Data Out
0001h Grown Defects During Certification
0002h Total Blocks Reallocated During Format
0003h Total New Blocks Reallocated
0004h Power On Minutes Since Format

0005h - 7FFFh Reserved
8000h - FFFFh Vendor-specific

TER VALUE field and is vendor-specific.

bt to non-zero values is not considered an error and shall have no\effect on the saved values.

cent FORMAT UNIT command failed, the device servershall return a value with each byte sef
N log parameter.

rmat Data Out parameter contains the entire FORMAT UNIT parameter list (see 5.2.2) from th
successful FORMAT UNIT command. This includes:

the parameter list header;
the initialization pattern descriptor, if any; and
the defect list, if any.

pwn Defects During Certification<parameter is a count of the number of defects detected as a 1
only those defects detected and replaced that were not already part of the PLIST or GLI
tion pass was not performed the GROWN DEFECTS DURING CERTIFICATION field shall be set to ze

al Blocks Reallocatéd During Format parameter is a count of the total number of logical blog
allocated during-the’most recent successful FORMAT UNIT command.

realloc

The Pqwer On-Minutes Since Format parameter represents the unsigned number of usage minut
minute$ with-power applied regardless of power state) that have elapsed since the most recent sug
FORMAT\UNIT command.

al New Blocks,Reallocated parameter is a count of the total number of logical blocks that hay
ted since-the-completion of the most recent successful FORMAT UNIT command.

RAMETER LENGTH field of each log parameter (see SPC-3) contains the length of the corresponding

ounts are returned as a result of the LOG SENSE command. The default value for each evernt count
table 89 shall be zero. Attempts to change these event counts by.issuing a LOG SELECT with these

hation about a log parameter is not available, the device server-shall return a value with each byte set
(e.g., if the PARAMETER LENGTH field is set to 02h, the PARAMETER VALUE field is set to FFFFH). If the

to FFh

e most

esult of
s count
ST. If a
0.

ks that

e been

s (i.e.,
cessful

Upon receiving the FORMAT UNIT command, the device server should set all parameters within the Format
Status log page to indicate that no such information is available. Only upon successful completion of the
FORMAT UNIT command should the device server update the affected fields.

The target save disable (TsD) bit in the PARAMETER CONTROL byte (see SPC-3) shall always be set to zero to
indicate that the device server provides an implicit saving frequency.

NOTE Removable media device servers may save log page information with the medium in a vendor-specific manner and location.


https://iecnorm.com/api/?name=2b45253d155fb842493ff16cdc65a0da
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