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2)

3)

International Standard ISO/IEC 14776-321 was prepared by subcommittee 25: Interconned
of information technology equipment, of ISO/IEC 4oint technical committee 1: Informg
technology.

ISOYIEC 14776-321 is to be read in conjunction with ISO/IEC 14776-411, ISO/IEC 14776
and|ISO/IEC 14776-351.1)

Thig publication has been drafted in aceordance with the ISO/IEC Directives, Part 2.

-8- 14776-321 © ISO/IEC:2002(E)

INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE-3 (SCSI-3) -

Part 321: Block commands (SBC)

FOREWORD

IBO (International Organization for Standardization) and IEC (International Electrotechnical Commijssion)
the specialized system for worldwide standardization. National bodies that are members pf ISO or
darticipate in the development of International Standards through technical committees established by
respective organization to deal with particular fields of technical activity. ISO and IEC techpical commi
dollaborate in fields of mutual interest. Other international organizations, governmental @nd” non-governme
in liaison with ISO and IEC, also take part in the work.

Ih the field of information technology, ISO and IEC have established a joint technical gommittee, ISO/IEC J
Draft International Standards adopted by the joint technical committee are circulated to national bodie
Voting. Publication as an International Standard requires approval by at least)75 % of the national b
dasting a vote.
A
q

ttention is drawn to the possibility that some of the elements of this Intérnational Standard may be the su
f patent rights. ISO and IEC shall not be held responsible for identifying~any or all such patent rights.

form
IEC
the
tees
ntal,

TC1.
5 for
dies

bject

tion
tion

311

1) For details, see clause 2.
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INTRODUCTION

The SCSI command set described in this document is designed to provide efficient peer-to-
peer operation of input/output logical units by an operating system using block transfers. The
SCSI| command set assumes an underlying command-response protocol.

This SCSI command set provides multiple operating systems concurrent control over one or
more input/output logical units. However, the multiple operating systems are assumed to
coordinate their actions properly to prevent data corruption. This SCSI standard provides
commands that assist with coordination between multiple operating systems. However, details

of thetoordimatiomare beyond the scope of the SCStcommandset———————— |
At the time this standard was developed SCSI included the following:

- Iphysical interconnects;

- [transport protocols;

- hared command set;

- [architecture model,;

- lcommon access method.

Please refer to the bibliography for examples of international standards referring to the aljove
items.
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INFORMATION TECHNOLOGY -
SMALL COMPUTER SYSTEM INTERFACE-3 (SCSI-3) -

Part 321: Block commands (SBC)

CSI

mits
hed

CSlI

H in

1 Scope

Thig part of ISO/IEC 14776 defines the command set extensions to facilitate operation ©f '§
blogk devices.

It specifies the functional requirements for the SCSI-Block Command set (SBC)..SBC per
thatl SCSI block logical units, such as flexible disks, rigid disks, optical disks;,.etc. be attad
to cpmputers, and it provides the definition for their use.

Thig standard defines a logical unit model for SCSI block logical units. Also defined are S
commands that apply to SCSI block logical units.

The| clause(s) of this standard pertaining to the SCSI bloCKk-device class, implemente
conjunction with the applicable clauses of ISO/IEC 14776-311, fully specify the standard
command set for SCSI block devices.

The objectives of this standard are the following:

a) permit an application client to communicate with a logical unit that declares itself to

Hirect-access device, write-once device and optical memory device in the device type
pf the INQUIRY command response data-over an SCSI service delivery subsystem;

Hefine commands unique to the typerof SCSI block devices;
Hefine commands to manage the operation of SCSI block devices;
Hefine the differences between types of SCSI block devices.

e a
ield
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Common Access Method

Device—Type Specific Command Sets

Shared Command Set (for all device types)

Architecture Model

Transport Protocols

Physical Interconnects

Figure 1 — SCSI standards — General structure

Figtﬁre 1 shows the general structure .of* SCSI standards. The figure does not imply a
relationship such as a hierarchy, protoecol stack, or system architecture. It indicates|the
applicability of a standard to the implementation of a given transport.
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2 Normative references

2.1

Normative reference overview

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
NOT
2.2

ISO

NOT]
of S

I1ISO

referenced document (including any amendments) applies.

E The term SCSI is used wherever it is not necessary to distinguish between the different types of SCSI.

Approved references
IEC 9316:1995, Information technology — Small Computer System Interface-2

E ISO/IEC 9316 is referred to herein as SCSI-2. The term SCSI-3 in this standard refers to different ver
LS| defined since SCSI-2.

IEC 13614:1995, Information technology — Interchange on 300 mm optical disk cartrig

of the write once read multiple (WORM) type using the SSF method

1SO
(SO

ISO
(SO

I1ISO

IEC 14776-341:2000, Information technology — Small Computer System Interfa
SI-3) — Part 341: Controller Commands (SCC)

IEC 14776-411:1999, Information technology — Small Computer System Inter
S1-3) — Part 411: SCSI-3 Architecture Model (SCSI-3 SAM)

IEC 10090:1992, Information technology — 90nm optical disk cartridges, rewritable

read only, for data interchange

2.3

At t

ISO
Pa

1ISO)
Pa

ISO
Par

References under development

he time of publication, the followingfeferenced standards were still under development.

IEC 14776-311, — Informationtechnology — Small Computer System Interface-3 (SCSI-
t 311: Primary Commands

IEC 14776-351, — Information technology — Small Computer System Interface-3 (SCSI-
't 351: Medium Changer Commands

IEC 14776-362; — Information technology — Small Computer System Interface (SCSI
362: Multimedia commands-2 (MMC-2)

ions

ges
e-3

ace

and

3) —
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3 Definitions, symbols and abbreviations

3.1 Definitions

3.1.1 Definitions specific to direct access devices

3.1.1.1
block device

a device that is capable of containing data stored in blocks that have a unique logical block

address

3.101.2

cache memory

a tgmporary (and often volatile) data storage area outside the user-accessiblge‘area that
confain a subset of the data stored in the non-volatile data storage area

A cache memory is usually faster to access than the medium and thus\has the effeg
increasing data throughput by reducing the number of accesses to the medium.

3.101.3

check data

information contained within a redundancy group that allowsdaest or destroyed user data ¢
recleated

3.101.4

data-in buffer

buf&r identified by the application client to receive data from the device server during
exepution of a command

3.11.5
data-out buffer

may

t of

be

the

buffer identified by the application client to supply data that is sent from the application client to

the [device server during the execution of a command

3.101.6

domain

an YO system consisting of a set of SCSI devices that interact with one another by means
seryice delivery subsystem

3.101.7

excljusive-or

logifal funetion that combines two logical inputs producing a logical output true state if one
not poth.inputs are true

but

This function is used in error correction nlgnrifth In this standard the term encompasse

the

entire algorithm but does not define the specific polynomial. The exclusive-or operation may be

performed by the storage array controller or by the storage device.

3.1.1.8
extent
an extent is a specified number of logical blocks and all or part of a block device

3.1.1.9
host

any combination of initiators and application clients that form a device managing one or more

peripheral devices
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1.10

logical block

unit

3.1.

of data supplied or requested by an initiator

1.1

non-volatile medium
physical storage medium that retains data written to it for a subsequent read operation through
power off/on cycles

An example of a non-volatile medium is a disk within a device that stores data as magnetic

fielgTiammges witichdo ot TequiTe devite power to exist:

3.1.
not

all gr part of the medium having a consistent set of geometry parameters

Not
bet

3.1.
red

groliping of protected space and associated check data into a single type of data redundangy

This

[sesd

3.1.
sto
any
blog

A storage array controller organizes agroup of storage devices into various objects

exa

[sesd

3.1.
sto
con
blog

3.1.
thir|
wheg

prinparytarget with a secondary target on behalf of the host storage array controller

1.12
Ch

ches are used to increase storage capacity by optimizing the number, of) bytes per t
veen the inner and outer tracks.

1.13
indancy group

standard only supports the exclusive-or type of redundancy.
ISO/IEC 14776-341:2000]

1.14

fage array controller

combination of an initiator and application clients that originates SCSI command descri
ks and performs the services of a SACL

mple, redundancy groups, volume: séts, etc.).

ISO/IEC 14776-411:1999]
1.15
rfage array conversion'‘layer (SACL)

k addresses to output logical block addresses

1.16
d party
n used.in/conjunction with exclusive-or operations refers to the operations performed

ack

ptor

(for

verts input logical unit numbers to output logical unit numbers and may convert input logical

by a

3.1.
use
the

3.1.
use
the

17
r-accessible
area of the medium that can be read from or written to by READ and WRITE commands

1.18
r data
addressable logical blocks that are input to the SACL

Check data is not part of the addressable logical blocks.
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1.19

volatile medium
medium that does not retain data written to it for a subsequent read operation through power
off/on cycles

An example of volatile medium is a silicon memory device that loses data written to it if device
power is lost.

3.1.2 Definitions specific to optical memory block devices and to write-once block
devices

3121

blark

the |logical block contains no information detectable by the block device, or is written wi

h a

patrrn that appears to the block device as no data present. The logical block is‘censid¢red
readly for a write operation

3.12.2

generation

inditates a relative revision level of a logical block that has been updated via the UPDATE
BLOCK command

A Idgical block that has never been updated has only one generation associated with it.

3.12.3

reaf-only medium

medium which is not to be written by the application client

The medium contains data prepared in a manner not defined by this standard.

3124

update

to write new data to a logical block without destroying the previous data

Aftgr a block has been updated, a normal read returns the most recent generation of the data.
Earlier generations are still available after the update.

3.12.5

write-once medium

medium which is to be written only once by any application client

Logjcal blocks on write-once media that have not been written are considered blank. Logical
blogks on write-once’media that have been written are not to be written again.

3.2 Symbolsd@nd abbreviations

CDB command descriptor block

1/0 input/output

ID identifier

LSB least significant bit

MMC-2  SCSI-3 Multimedia Command Set-2 [see ISO/IEC 14776-362]

MSB most significant bit

SAM SCSI-3 Architecture Model [see ISO/IEC 14776-411]

SCC SCSI-3 Controller Commands [see ISO/IEC 14776-341]

SCSI either SCSI-2 or SCSI-3

SCSI-2  the Small Computer System Interface-2 [see ISO/IEC 9316:1996]
SCSI-3  the Small Computer System Interface-3

SPC SCSI-3 Primary Command Set standard [see ISO/IEC 14776-311]
XOR exclusive-or
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3.3 Keywords

Several keywords are used to differentiate between different levels of requirements and
optionality, as follows:

3.3.1

expected

used to describe the behavior of the hardware or software in the design models assumed by
this standard. Other hardware and software design models may also be implemented

3.3.|||2
mandatory
indifates items required to be implemented as defined by this standard

3.38
may
inditates flexibility of choice with no implied preference

3.34
obsolete
indicates items that were defined in prior SCSI standards but-have been removed from [this
standard

335
optjonal
destribes features that are not required to be implemented by this standard

However, if any optional feature defined by the standard is implemented, it shall| be
imp|lemented as defined by this standard.

3.36
reserved
refdrs to bits, bytes, words, fields and code values that are set aside for future standardization

Thefir use and interpretation may-be specified by future extensions to this or other standards. A
resgrved bit, byte, word or field-shall be set to zero, or in accordance with a future extension to
this| standard. The recipient/may not check reserved bits, bytes, words or fields. Receigt of
resgrved code values intdefined fields shall be treated as an error.

3.3f7
shalll
inditates a mandatory requirement

Dedigners-are required to implement all such mandatory requirements to ensure interoperability
with other)standard conformant products.

3.3.8
should
indicates flexibility of choice with a strongly preferred alternative

Equivalent to the phrase “it is recommended”.

3.3.9

vendor-specific

items (e.g., a bit, field, code value, etc.) that are not defined by this standard and may be
vendor defined.
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3.4 Conventions

Lower case is used for words having the normal English meaning. 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 clause 3 or in the text where they first appear.

Listed items in this standard do not represent any priority. Any priority is explicitly indicated.
Formal lists (for example, (a) red; (b) blue; (c) green) connoted by letters are in an arbitrary
order. Formal lists (for example, (1) red; (2) blue; (3) green) connoted by numbers are in a
required sequential order.

If a|conflict arises between text, tables, or figures, the order of precedence to resolve canflicts
is tgxt; then tables and finally figures. Not all tables or figures are fully described in text) Taples
show data format and values.

Thel ISO/IEC convention of numbering is used (for example, the thousands and higher
mulfiples are separated by a space, and a decimal comma is used instead,of the decimal point,
as ghown in the following examples: 65 536 or 0,5).

Thel additional conventions are:

a) the names of abbreviations, commands and acronyms.\used as signal names ar¢ in
Lippercase (for example, IDENTIFY DEVICE);

b) fields containing only one bit are referred to as the "NAME" bit instead of the "NAME" field
c) field names are in smaLL caps to distinguish them ftom normal English;

d) phumbers that are not immediately followed by.Jower-case b or h are decimal values;

e) humbers immediately followed by lower-casé'b (xxb) are binary values;

f) pumbers immediately followed by lower=€ase h (xxh) are hexadecimal values;

g) the most significant bit of a binary_.quantity is shown on the left side and represents|the
highest algebraic value position inithe quantity;

h) |f a field is specified as not meaningful or to be ignored, the entity that receives the field
shall not check that field.

4 General

SC$I devices that-conform to this standard are referred to as SCSI block devices. This
inclpdes the category of logical units commonly referred to as flexible disks, rigid digks,
remlovable rigididisks, erasable optical discs, write once optical discs and read only opgical
disgs. The ISO/IEC 14776-362, SCSI-3 Multimedia Command Set - 2 standard is typically ysed
by CD-ROMdevices.

The common attribute of block devices is that they are block addressable (i.e. the data|are
addressed on the block device in groups referred to as logical blocks). The number of bytes of
data contained in a single logical block is the block length. The block length is almost always
greater than one byte and may be a multiple of 512 bytes. In addition, a logical block is not
required to bear any relation to the physical block size of the storage medium.

Each logical block has a block length associated with it. This means that the block length for
the medium can change from logical block to logical block. However, for simplicity the block
length typically remains constant over the entire capacity of the medium.
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5 SCSI block device models

5.1 Direct-access device type model
5.1.0 General

Direct-access block devices store blocks of data for later retrieval. Each block of data is stored
at a unique logical block address. An application client issues WRITE commands to store the
blocks of data (write operations) and READ commands to retrieve the blocks of data (read
operations). Other commands issued by the application client may also cause write and read
operations to occur. A write operation causes one or more blocks of data to be written on| the
medium. A read operation causes one or more blocks of data to be read from the medium. A
verify operation confirms that one or more blocks of data were correctly written and’can be
readl without error from the medium.

Blo¢ks of data are stored by a process that causes localized changes or transitions within| the
medium. The changes made to the medium to store the blocks of data may be volatile (i.e.| not
retdined through off/on power cycles) or non-volatile (i.e., retained \through power off/on
cycles). The medium may be divided in parts that are used for data“blocks, parts that|are
resg¢rved for defect management and parts that are reserved for use’ by the controller for| the
mamnagement of the block device.

5.11 Removable medium
5.1.1.0 General

Thel medium may be removable (for example, used.in a floppy disk device) or non-removable
(forlexample, used in a fixed disk device). The.removable medium may be contained within a
carfridge (or jacket) to prevent damage to the,recording surfaces. The combination of medium
and| cartridge is often called a removable volume.

A removable volume has an attribute .0 being mounted or de-mounted on a suitable transjport
meg¢hanism. A removable volume is.mounted when the direct access block device is capable of
performing write or read operations’to the medium. A mounted removable volume may nof be
accessible by an initiator if.it"is reserved by another initiator. A removable volume is|de-
modynted at any other time (for'example, during loading, unloading or storage).

An ppplication client_may check whether a removable volume is mounted by issuing a TEST
UNIT READY command. A volume that is loaded may need a START STOP UNIT command
issyed to become_aecessible for write or read operations.

The PREVENJF ALLOW MEDIUM REMOVAL command allows an application client to regftrict
the [demounting of the removable volume. This is useful in maintaining system integrity. Iff the
direlct-access block device implements cache memory, it ensures that all logical blocks off the
medium contain the most recent data prior to permitting demounting of the removable volyme.
If the application client issues a START STOP UNIT command to eject the removable volume,
and the direct-access block device is prevented from demounting by the PREVENT ALLOW
MEDIUM REMOVAL command, the START STOP UNIT command is rejected by the device
server.

5.1.1.1 Removable medium with an attached medium changer

When a block device is served by a medium changer, control over a media transport element
may be done using media changer commands sent to the logical unit.

The block device indicates its ability to support these commands by setting the mcHNGR bit to
one in its standard INQUIRY data. An mcHNGR bit of one indicates that the MOVE MEDIA and
READ ELEMENT STATUS commands are supported. Only one medium transport element is
permitted (element 0) and only one data transfer element is permitted.
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5.1.2 Logical blocks

Blocks of data are stored on the medium along with additional information that the medium
controller 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 or write operations. This additional information may be used to identify the
physical location of the blocks of data and the address of the logical block, and to provide
protection against the loss of user data.

The address of the first logical block is zero. The address of the last logical block is [ — 1],
where [n] is the number of logical blocks available to the application client on the medium. A
READ CAPACITY command may be issued to determine the value of [z — 1]. If a command is
issyed that requests access to a logical block not within the capacity of the medium,|the
command is terminated with CHECK CONDITION status and the additional sense keyshall be
set |to LOGICAL BLOCK ADDRESS OUT OF RANGE with the additional sense“code sqt to
ILLEGAL REQUEST.

Thel number of bytes of data contained in a logical block is the block length.*Each logical block
has|a block length associated with it. The block descriptor in the MODE SENSE data descr|bes
the plock lengths that are used on the medium. The FORMAT UNIT command may be required
to change the block length of block devices that support variable block lengths.

The location of a logical block on the medium is not required to have a relationship to|the
locdtion of any other logical block. However, in a typical¢block device the logical blocks|are
locgted in an ascending order. The time to access the logical block at address [x] and then| the
logital block at address [x + 1] need not be less thanctithe to access [x] and then [x + 100]. [The
READ CAPACITY issued with a pwi bit of one may“be useful in determining where lopger
accgess times occur.

5.1]3 Ready state

A djrect-access block device is ready-when medium access commands can be executed. A
blogk device using removable media,is not ready until a volume is mounted. Such a bjock
dev|ce, with a volume not mounted, shall terminate medium access commands with CHECK
CONDITION status and the sense key shall be set to NOT READY with the appropfiate
addjtional sense code for the:condition.

Some direct-access bloeck ‘devices may be switched from being ready to being not ready by
using the START STOP UNIT command. An application client may need to issue a START
STQP UNIT comm@and with a sTaRrT bit set to bring a block device ready.

5.14 Power.conditions

The optional power conditions permit the application client to modify the behavior of a bjock
dev|ce in” a manner that may reduce the required power. There is no notification to|the
appl ication client that a block device has entered one of the power conditions The pawer
conditions may be controlled by the START STOP UNIT command or the power condition page
of the MODE SELECT command. If both methods are being used on the same target/logical
unit combination then any START STOP UNIT commands power condition request shall
override the power condition page’s power control. See the START STOP UNIT command
description and the MODE SELECT power condition page description for more information.
(See 6.1.15and 7.1.3.6.)

No power condition shall affect the SCSI bus.

The lowest power consumption, with power applied, occurs in the Sleep condition. When in the
Sleep condition a block device requires a WAKEUP task management function to be activated.
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In the Standby condition a block device is capable of accepting commands, but media is not
immediately accessible (for example, the spindle is stopped).

In the Idle condition, a block device is capable of responding quickly to media access requests.
However, a block device in the idle condition may take longer than in the active condition, to
complete the execution of a command because it may have to activate some circuitry.

In the Active condition a block device is capable of responding immediately to media access
requests, and operations complete execution in the shortest time compared to the other power
conditions.

Blo
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If in
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7h.

to 4

NOT

a) H

k devices that contain cache memory shall implicitly perform a SYNCHRONIZE-CA(
mand for the entire medium prior to entering any power condition that prevents @ccess|
ia (for example, the spindle being stopped).

nplemented, the block device shall use the optional power condition page to control
er conditions after a power on or a WAKEUP task management function until a ST
DP UNIT command is received with the poweR conpiTiONs field set tojaWalue other than 0
See 6.1.15 and 7.1.3.6.

Figtlldre 2 shows the flow control between the different power conditions in a device that is s§

just itself automatically to the power condition that allows-any command to execute.

I
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E For Active, Idle or Standby, see f).

ath 1: An idle time-out or a START STOP UNIT command with a power condition code of Ah.
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ptup

ath\2: Any command that can be executed within the power constraints of the Idle power condition.

c) Path 3: A standby time-out or a START STOP UNIT command with a power condition code of Bh.
d) Path 4: Any command that exceeds the power constraints of the Idle power condition.
e) Path 5: A START STOP UNIT command with a power condition code 5h.

f) Path 6:

page parameters.

g) Path 7: This path only occurs if the idle bit is set equal to zero.

Figure 2 — SCSI power conditions flow control (automatic switching)

A WAKEUP task management function returns the device to the state defined by the saved power mode
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Figure 3 shows the flow control between the different power conditions in a device that is setup
to only allow changing of the power condition by the application client. Any command received
that requires more power than allowed by the most recent power condition setting shall be
terminated with a sense key of ILLEGAL REQUEST and the additional sense code shall be set

toL

NOT
a) H
b) H
c) H
d) H
e) H

H

A

f)

OW POWER CONDITION ACTIVE.
| Acti
1 ctive
| 1 e | 3
| 4
| L1
ke 2
Idle Standby
— 3 1
5
5 Sleep s |
|
6

E Active, Idle or Standby - see f).

ath 1: A START STOP UNIT command with a power condition\code of 2h.
ath 2: A START STOP UNIT command with a power condition code of 2h.
ath 3: A START STOP UNIT command with a power¢condition code of 3h.
ath 4: A START STOP UNIT command with a powercondition code of 1h.
ath 5: A START STOP UNIT command with a,power condition code of 5h.

ath 6: A WAKEUP task management function returns the device to the state defined by the saved power
arameters.

Figure 3 — SCSI power-conditions flow control (controlled switching)

5.1.5 Initialization

Dirg
initi
and

ct-access block ,devices may require initialization prior to write or read operations.
blization is performed by a FORMAT UNIT command. Parameters related to the geom
performance. characteristics may be set with the MODE SELECT command prior to

format operation.*Some block devices are initialized by means not specified in this stand

The
blod

time when the initialization occurs is specific to the implementation of the direct-acq
k device.
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K\devices using a non-volatile_ medium _may save the parameters and only need tg

be

initialized once. However, some mode parameters may need to be initialized after each power-
on and/or reset. A catastrophic failure of the direct-access block device may require the
FORMAT UNIT command to be reissued.

Block devices that use a volatile medium may need to be initialized at each power-on and/or
reset prior to the execution of read or write operations. Mode parameters may also need
initialization.
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5.1.6 Medium defects

Any medium has the potential for defects that can cause user data to be lost. Therefore, each
logical block may contain information that allows the detection of changes to the user data
caused by defects in the medium or other phenomena, and may also allow the data to be
reconstructed following the detection of such a change. Some block devices provide the
application client control through use of the mode parameters. Some block devices allow the
application client to examine and modify the additional information by using the READ LONG
and WRITE LONG commands.

”‘”;v;‘ii’i”"""”;""" ectton Li~ V P cOM M3

The FORMAT UNIT command defines four sources of defect information. These defegcts, may
be neassigned or avoided during the initialization process so that they do not appear in"a-logical
blogk.

Defects may also occur after initialization. The application client issues a REASSIGN BLOCKS
conjmand to request that the specified LocIcAL BLock ADDRESS be reassignedo‘a different paft of
the Imedium. This operation may be repeated if a new defect appears at,a\later time. The {otal
nunlber of defects that may be handled in this manner can be Ispecified in the mode
parameters.

Defect management on direct-access block devices is vendor-specific. Block devices not uging
a removable medium may optimize the defect management for capacity or performance, or
botlh. Some block devices that use a removable medium:do not support defect management
(forlexample, some floppy disk devices) or use defectzmanagement that does not impede| the
abillty to interchange the medium.

5.1J]7f Cache memory

Some direct-access block devices implement’cache memory. A cache memory is usually an
areg of temporary storage in the direct-access block device with a fast access time that is ysed
nhance performance. It exists separately from the blocks of stored data and is not dirgctly
ssible by the application client~Use of cache memory for write or read operations may

Dur|ng read operations, the-direct-access block device uses the cache memory to store blgcks
of data that the application“client may request at some future time. The algorithm used to
marmnage the cache memory is not part of this standard. However, parameters are provided to
adv|se the device server about future requests, or to restrict the use of cache memory fpr a

Dur|ng write-Operations, the direct-access block device uses the cache memory to store ¢lata
that is written’ to the medium at a later time. This is called write-back caching. The command
may complete prior to blocks of data being written to the medium. As a result of using a write-
back.€aching there is a period of time when the data may be lost if power to the device is|lost
or &—hardware—fatture—eecurs—Fhere—is—also—the—possibitityofan—error—oeeurring—during the
subsequent write operation. If an error occurred during the write, it may be reported as a
deferred error on a later command. The application client may request that write-back caching
be disabled to prevent detected write errors from being reported by deferred errors. Even with
write-back caching disabled undetected write errors may occur. In order to detect these errors,
verify commands are provided.

When the cache memory fills up with blocks of data that are being kept for possible future
access, new blocks of data that are to be kept replace those currently in cache memory. The
disable page out (pro) bit allows the application client to influence the replacement of logical
blocks in the cache. For write operations, setting this bit to one advises the device server to not
replace existing blocks in the cache memory with the write data. For read operations, setting
this bit to one causes blocks of data that are being read to not replace existing ones in the
cache memory.
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Sometimes the application client may want to have the blocks of data read from the medium
instead of from the cache memory. The force unit access (Fua) bit is used to indicate that the
device server shall access the physical medium. For a write operation, setting Fua to one
causes the device server to complete the data write to the physical medium before completing
the command. For a read operation, setting Fua to one causes the logical blocks to be retrieved
from the physical medium.

When the pro and rFua bits are both one, write and read operations, in effect, bypass the cache
memory.

When a VERIFY command is executed, a forced unit access is implied, since the bloeckp of
data stored on the medium are being verified. Furthermore, a SYNCHRONIZE CACHE
opefation is also implied to write unwritten blocks of data still in the cache mempry) THese
blogks of data are stored on the medium before the verify operation begins. The.'bro bjt is
proyided since the VERIFY command may cause the replacement of blocks in-the cache. [The
caching rules also applies to the WRITE AND VERIFY command.

Commands may be implemented by the device server that allow the application client to control
othg¢r behavior of the cache memory:

a) [the LOCK UNLOCK CACHE command controls whether certainfogical blocks shall be held
in the data cache for future use. Locking a logical blocK prevents its replacement by a
future access. Unlocking a logical block exposes it to ‘gossible replacement by a fufure
access (see 6.1.3);

b) |the PRE-FETCH command causes a set of logi¢al blocks requested by the applicdtion
client to be read into the data cache for possible’ future access. The blocks fetched|are
subject to later replacement unless they are locked (see 6.1.4);

c) |the SYNCHRONIZE CACHE command forees any pending write data in the requested| set
of logical blocks to be stored in the physical medium. This command may be used to
ensure that the data was written and any detected errors reported (see 6.1.16);

d) |the MODE SELECT command defines a page for the control of cache behavior [and
handles certain basic elements oficache replacement algorithms (see ISO/IEC 14776-31(1).

5.18 Reservations

The access enabled or access disabled condition determines when an application client may
store or retrieve user data on all or part of the medium. Access may be restricted for rfead
operations, write opeérations, or both. This attribute may be controlled by an extgrnal
meghanism or by thes\RESERVE and RELEASE commands (see ISO/IEC 14776-311).

Thel RESERVE.and RELEASE commands define how different types of restricted access may
be achieved, and to whom the access is restricted. This subclause describes the interaction of
the ppplication client that requested the reservation, as well as the other application clients.

Redervations —are further controlled by the optional PERSISTENT RESERVE IN land
PERSISTENT RESERVE OUT commands. For the requirements of this standard, reservations
and releases made by use of the PERSISTENT RESERVE IN and PERSISTENT RESERVE
OUT commands are the same as those using the RESERVE and RELEASE commands. See
ISO/IEC 14776-311 for a description and the requirements of the various reservation
commands.

An application client uses reservations to gain a level of exclusivity in access to all or part of
the medium for itself or another application client. It is expected that the reservation is retained
until released. The device server ensures that the application client with the reservation is able
to access the reserved media within the operating parameters established by that application
client.
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The following paragraphs explain, on a command by command basis, the appropriate device
server response when a reservation exists. Unless otherwise noted, the appropriate response
to an application client that issues a command to a device server that is reserved to another
initiator is RESERVATION CONFLICT status.

If any initiator has an extent reservation on a logical unit, no other initiator may affect the
operating definition of that initiator by use of the CHANGE DEFINITION command. If the device
server allows different operating definitions for each initiator, then there is no conflict.
Otherwise, a reservation conflict occurs.

Thel COMPARE, COPY and COPY AND VERIFY commands are evaluated for reservdtion
conflict as if they were normal write and read operations even when a device s€rver is
reqliested to copy to or from itself. For example, if a COPY is issued to logical mnit O [that
reqliests the device server to copy from logical unit 0 to logical unit 1, access to logical unit[1 is
alsq to be evaluated for reservation conflicts.

Thel FORMAT UNIT, PREVENT ALLOW MEDIUM REMOVAL (with a_prevent bit of one),
REZERO UNIT, and START STOP UNIT commands return a RESERVATION CONFUICT
status if any other initiator has an extent reservation on the device server.

Thel INQUIRY and REQUEST SENSE commands are not affected by any kind of reservation.

Thel LOG SELECT, LOG SENSE, MODE SENSE, TEST UNFT READY, READ CAPACITY |(pmi
equpl zero), READ BUFFER, WRITE BUFFER and READDEFECT DATA commands are| not
affected by extent reservations.

Thel SEEK, LOCK UNLOCK CACHE, PRE-FETCH.and SYNCHRONIZE CACHE commands|are
evaluated for reservation conflict as if they weresnormal write or read operations.

If ap initiator has an extent reservation.on” a device server, and another initiator attemp}s a
MOPE SELECT command, a reservation conflict occurs if the command affects the manngr of
accgssing the extent by the first initiator. If the command does not affect access to the ex{ent,
or parameters are saved for eachuinitiator, then a reservation conflict does not occur.

Thel SEND DIAGNOSTIC and*RECEIVE DIAGNOSTIC RESULTS commands conflict with an
extgnt reservation only if they affect access to the extent.

Thet REASSIGN BLOCKS command shall not reassign a block that is in an extent reserved to
another initiator.

The SET LIMITS command generates a reservation conflict if the logical blocks specified|are
within anextent reserved to another initiator.

All other commands that request read or write operations are evaluated for reservation conflict
as described in the reserve commands.

When a system is integrated with more than one application client, agreement is required
between the application clients as to how media is reserved and released during operations.
Otherwise, an application client may be locked out of access to a logical unit in the middle of
an operation. For example, an application client in initiator 'A' has a write operation in progress
to a direct-access logical unit that has data stored in cache memory. Then, another application
client in initiator 'B' issues a RESERVE command to the direct-access block device. As a
result, the application client in initiator 'A’ is locked out of issuing a SYNCHRONIZE CACHE
command to ensure the integrity of the data. To prevent this from happening, an application
client may issue a RESERVE command prior to the WRITE command.
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5.1.9 Seek(10)

The SEEK(10) command provides a way for the application client to position the actuator of the
block device in preparation for access to a particular logical block at some later time. Since this
positioning action is implicit in other commands, the SEEK(10) command may not be useful

with

5.1

some direct-access block devices.

.10 Notched devices

A notched (also known as zoned) device has areas of the medium with geometry changes. In

the
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datI is packed more densely on the inner tracks than the outer tracks. By using noiches,

forrxat device page. By sequencing the notch page through each notch, the format de

{11 Rotational position locking
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i to increase capacity of the device. On a disk, the inner tracks are physically shortér A
outer tracks. As a result, if each track is made to store the same number of data“bits,

r tracks may contain a different number of sectors than the inner tracks, while balan
data density. This results in increased capacity.

notch page is used to indicate the notch for assignment of values to /the parameters in

meters of each notch are set. This may be done prior to initialization by the FORMAT U
mand.

btional position locking is an optional feature implemented in some direct-access b
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relative addressing commands. This protects against exceeding the specified set of blo
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{12 Relative addressing

13 Error reporting

x. This may be useful in improving performance in systems that implement arrays of log
5.

SET LIMITS command-(see 6.1.14) is provided to define the limits of a linked chai

SET LIMITS command has no effect on any other initiator.

ny of the following conditions occur during the execution of a command (see Table 1),

mand shall be terminated with CHECK CONDITION status and the sense key shall be
e appropriate sense key with the appropriate additional sense code for the condition. S

ical

htive addressing is a technique that'may be useful in accessing structured data in a uniform
manner. Relative addressing may,.be used when commands are linked.

n of
cks.

some error conditions and the applicable sense keys. The list does not provide an exhaustive

enu

meration of all conditions that may cause the CHECK CONDITION status.
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Table 1 — Sample error conditions

Condition Sense key
Invalid logical block address ILLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST
fLr?)gr;Ti]ctahli;r;iFt)Fl;leizg:ig; r(r:l?edri]tjm change since last command UNIT ATTENTION
Self-diagnostic failed HARDWARE ERROR
Unrecovered read error MEDIUM ERROR or HARDWARE ERROR
Redovered read error RECOVERED ERROR
gl\éeggun:rg;:(tjher error that might be resolved by repeating ABORTED COMMAND
Attgmpt to write on write protected medium DATA PROTECT

In the case of an invalid logical block address, the sense DATA INFORMATION field shall be set to
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{14 Examples

14.0 General

{14.1 Rotating media

cal block address of the first invalid address.

ne case of an attempt to read a blank or previously unwrittenvblock, the INFORMATION

ne case of an attempt to write a previously written dlock when blank checking is enab
INFORMATION field shall be set to the logical block address of the first non-blank b
buntered (optical memory and write-once block devices only).

ptions are possible.

typical applicationtef* a direct-access block device is a disk device. The medium is a
ed with a material.that allows flux changes to be induced. The disk device allows direct

ran

and| a rotating-disk. Data is stored and retrieved through the interaction of the read-write K
and|the disk:

The disk(s) may be divided into cylinders. Each cylinder may be divided into tracks. Each t
may ‘be” divided into sectors. A cylinder is a set of tracks that can be accessed wit

om access to the medium. This is done with an actuator that positions the read-write h

the

ield

| be set to the logical block address of the first blank block.encountered. The data read up
to that block shall be transferred (optical memory and write-otee block devices only).

led,
ock

following examples show some, typical variations of the direct-access block device. Other

disk
and
ead
ead

ack
hout

movement of the actuator. A track i1s a recording path that the read-write head travels over
during one rotation of the disk. A sector is a part of a track that contains the stored data
blocks.

A logical block is stored in one or more sectors, or a sector may store more than one logical
block. A sector may be made up of a header, data and a trailer. The header, if any, may
contain a preamble used to synchronize read circuits to the data, an address field to identify
the sector, flags for defect management and a checksum that validates or corrects the header.
The data field begins with a synchronizing field and a data area that contains user data. The
trailer may contain checksum or error correction information. The checksum or the error
correction information allows the correction of data for medium defects.
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A disk 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. Some disks, particularly removable disks,
require the user to issue load or start commands to bring the disk device to the ready state.

A disk device may have to be formatted prior to the initial access. Exceptions to this are
devices that are formatted at the factory and some optical devices with pre-formatted media. A
disk device format may create headers for each sector and initialize the data field. The MODE
SELECT command is often used prior to formatting to establish the geometry (number of heads
and tracks, sectors per track, etc.) and defect management scheme. Disk devices are usually
non-volatile.

The defect management scheme of a disk device may not be discernible by the userhrdugh
the |interface, though some aspects can be evaluated and controlled by the applicatien client.
The| device server may reserve some sectors and tracks for recording defect |lists and for
reasgsigning defective blocks. The READ LONG and WRITE LONG commands may access| the
usef data and checksum portions of the data field so that defects may be,induced by|the
application client to test the defect detection logic of the device serVer! WRITE LQNG
conmmands may also be used to emulate unrecoverable logical blocks when generating “m|rror
cop|es.”

5.114.2 Sequential media

Some tape logical units are implemented as a direct accessblock device so that they may be
usefl in disk oriented operating system environments. These logical units are sometimes
refdrred to as random access tape or floppy tape. These logical units might be thought of as a
disK device with one or more long tracks. Access timeyto a logical block is usually longer than
for @ disk device, since the tape requires that it be fast forwarded or rewound to the block. As a
resylt, the SEEK command often is more useful\for a tape than for a disk. The only way an
application client may determine if a direct-aecess block device is a tape is by using|the
medium type code returned by the MODE SENSE command.

5.1[14.3 Memory media

Mermory media includes logical «nits that are traditionally used for primary storage within
computer systems, such as s¢lid state static or dynamic random access memories [(for
example, SRAM, DRAM or Efash).

Thelse logical units mayibe non-mechanical and therefore the entire physical medium may be
accessed in virtuallythe same access time. The data may be accessed as a bit or byte and|this
alsq speeds access time. Memory block devices may store less data than disks or tapes [and
are Jusually volatile (except Flash) when not protected by battery backup.

5.1.15 Model for XOR commands

5.1.15.0. General

In storage arrays, a storage array controller organizes a group of storage devices into objects.
The type of object used by this model is the redundancy group. Some areas within the address
space of the storage array are used for check data. The check data is generated by performing
a cumulative exclusive-or (XOR) operation with the data from other areas within the address
space of the storage array known as protected data. The XOR operation may be performed by
the storage array controller or by the storage device.
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Performing the XOR operation in the storage device may result in a reduced number of data
transfers across the interconnect. For example, when the XOR operation is done within the
storage array controller four data transfer operations are needed for a typical update write
sequence, as follows:

- aread transfer from the device containing protected data;
- a write transfer to the device containing protected data;
- aread transfer from the device containing check data;

- a write transfer to the device containing check data.

only
three data transfer operations are needed:

- fa write transfer to the device containing protected data;

- Jaread transfer from the device containing protected data;
- |a write transfer to the device containing check data.
Dur|ng third party XOR operations (see 5.1.15.2) only two data transferioperations are needed:

- |a write transfer from the storage array controller to the device \containing protected data,
and

- Ja write transfer from the device containing protected data’to the device containing check
data.

Performing the XOR operation in the device eliminates _the-heed for the storage array controller
to gerform any XOR operations. A storage array controller supervises three basic operat|ons
thafl require XOR functionality. These are the update write, regenerate and rebuild operatipns.
A command sequence for each of these operations is defined for the following opergting
modes. The command sequences use the device’server to perform the XOR functions negded
for {he major operations.

5.1.15.1 Storage array controller supervised XOR operations
5.1/15.1.0 General

Three XOR commands are.needed to implement storage array controller supervised XOR
operations: XDWRITE, XPWRITE, and XDREAD. The storage array controller also uses READ
and| WRITE commandsfor. certain operations. The XOR functionality may be used when 4l of
the |devices are in thheisame domain, when all devices are in separate domains, or |any
conpbination thereof,‘as long as the domains are accessible by the storage array controller.

5.1.15.1.1 Update write operation

Thel updateswrite operation writes user data to a device containing protected user data |and

updptes\the parity information on the device containing check data. The sequence is:

a) LCD’W‘RWI:_d_H_rW—I—I_W_d_I_Trl_an command IS Sent to the device containing protected user data. This transfers
the user write data to that device. The device reads the old user data, performs an XOR

operation using the old user data and the received user data, retains the intermediate XOR
result and writes the received user data to the medium;

b) an XDREAD command is sent to the device containing protected user data. This command
transfers the intermediate XOR data from the XOR device to the storage array controller;

c) an XPWRITE command is sent to the device containing check data. This transfers the
intermediate XOR data (received in the previous XDREAD command) to the device
containing check data. The device reads the old XOR data, performs an XOR operation
using the old XOR data and the intermediate XOR data, and writes the new XOR result to
the medium.
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5.1.15.1.2 Regenerate operation

The regenerate operation is used to recreate a data block that has an error. This is done by
reading the associated data block from each of the other devices within the redundancy group
and performing an XOR operation with each of these data blocks. The last XOR result is the
data that should have been present on the unreadable device. The number of steps is
dependent on the number of devices in the redundancy group, but the sequence is as follows:

a) a READ command is sent to the first device. This transfers the data from the device to the
storage array controller;

b NIDOWALDLT <l ot | S S £t o ol + h'
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transfers the data from the previous read operation to the device. The device reads its
data, performs an XOR operation on the received data and its data, and retains|the
ntermediate XOR result;

c) [an XDREAD command is sent to the same device as in step 2. This' transfers|the
ntermediate XOR data from the device to the storage array controller;

d) Isteps 2 and 3 are repeated until all devices (except the failed devicé)\in the redundancy
group have been accessed. The intermediate XOR data returned\by the last XDREAD
command is the regenerated user data for the failed device.

5.1]15.1.3 Rebuild operation

The rebuild operation is similar to the regenerate operation; €xcept that the last XOR resylt is
writfen 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 sequgnce
is ap follows:

a) j|a READ command is sent to the first device. This transfers the data from the device to| the
storage array controller;

b) fan XDWRITE command with the pisaBLE(WRITE bit equal one is sent to the next device. This
transfers the data from the previous\read operation to the device. The device reads its
data, performs an XOR operationcusing the received data and its data, and retains|the
ntermediate XOR result;

c) an XDREAD command is_sent to the same device as in step 2. This transfers|the
ntermediate XOR data from,the device to the storage array controller;

d) jsteps 2 and 3 are repeated until all devices (except the replacement device) in|the
redundancy group have been accessed. The intermediate XOR data returned by the |last
XDREAD commandtis the regenerated user data for the replacement device;

e) ja WRITE command is sent to the replacement device. This transfers the regenerated Uiser
data from step-4 to the replacement device. The replacement device writes the regenerated
user data‘to-the medium.

5.1.[15.2~- Third party XOR operations

5.1.15.2.0 General

Five XOR commands are needed to implement the third party XOR operations: XDWRITE
EXTENDED, XPWRITE, XDREAD, REGENERATE and REBUILD. The storage array controller
also uses READ and WRITE commands for certain operations. Third party XOR operations are
restricted to systems where all devices involved in the operations are located in the same SCSI
domain since direct interaction between those devices is required.
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15.2.1 Update write operation

update write operation is used to write user data to a device containing protected data and
ates the parity information on a different device containing check data.

an XDWRITE EXTENDED command is sent to the device containing protected data. This
transfers the new write data to that device. The device reads its old user data, performs an
XOR operation using the old user data and the received user data, temporarily stores the
XOR result and writes the received user data to the medium;

the device containing protected data becomes a temporary initiator and sends an
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data from the device containing protected data to the device containing check datal The

device containing check data reads its check data, performs an XOR operation @sing| the

check data and the received XOR data and writes the resulting XOR result to the medium;

after the device containing protected data receives status for its XPWRIFE|commangd, it
returns ending status for the XDWRITE EXTENDED command to the-storage gfray
controller. This indicates that the operations on both the device containing protected ¢ata
and the device containing check data have completed.

regenerate operation is used to recreate a data block that\is not readable from a ¢ata
ce. This is done by reading the associated data block from~each of the other devices within
redundancy group and performing an XOR operation with each of these data blocks. [The

on

XOR result is the regenerated data that had the error) The number of steps is dependent
he number of devices in the redundancy group, butdhe sequence is as follows (since XOR

opefands are commutable the XOR order is irrelevant and the order of steps 2 and B is

intefchangeable):

a)

b)

e)

REGENERATE command is sent to a»valid device in the redundancy group (a valid
evice is any device in the group 0ther than the failed device). This transfers |the
egenerate parameter list from the sterage array controller to the device;

he device reads the requested™data from its own medium. The device retains|the
equested data for a subsequent XOR operation;

he device becomes a tempeorary initiator and sends a READ command to another deyice
ncluded in the regenerate parameter list. That target device transfers the requested dafa to
he temporary initiator.\¥he temporary initiator performs an XOR operation between|the
ead data from the_previous step and the read data received in this step. The resulting XOR
ata is retained for the next step;

tep 3 is repeated until all devices listed in the regenerate parameter list have Bheen
ccessed. Fhe last XOR data result is retained by the temporary initiator. The tempagrary
nitiator returns completion status for the REGENERATE command to the storage afray
ontrollerwhen this regenerated user data is available;

nXDREAD command is sent from the storage array controller to the device that had hQeen
temporary initiator in the above steps. This transfers the regenerated user data from| the

5.1.

The

last XOR data result from the device to the storage array controller.
15.2.3 Rebuild operation

rebuild operation is similar to the regenerate operation, except that the last XOR result is

written to the replacement device. This is used when a failed device is replaced and rebuilt
data is written to the replacement device. The sequence is as follows:

a)

a REBUILD command is sent to the replacement device in the redundancy group (the
device that replaces a failed device). This transfers the rebuild parameter list from the
storage array controller to the device;
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the device becomes a temporary initiator and sends a READ command to a device included
in the rebuild parameter list. That target device transfers the requested data to the
temporary initiator. The temporary initiator retains this data for a subsequent XOR
operation;

the temporary initiator sends a READ command to another device included in the rebuild
parameter list. That device transfers the requested data to the temporary initiator. The
temporary initiator performs an XOR operation between the read data from the previous
step and the read data received in this step. The resulting XOR data is retained for the next
step;

step 3 is repeated until all devices listed in the rebuild parameter list have been accessed.
The rast XOR data result 1S written to the replacement device s medium, then the deyice
returns completion status for the REBUILD command to the storage array controller¢

hybrid subsystem the redundancy group is divided between two or\more domains (see
15.1) and at least one of those domains contains two or more_of the devices in|the

redindancy group. Such a system could do its XOR operationsas "described in 5.1.15.1

(Std
con

rage array controller supervised XOR operations), but it may chieese to use third party XOR
mands for parts of the XOR operation where all the involved devices are in the same

domain. This subclause describes use of the third party XOR.operations on a hybrid sygtem
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a)

b)

[15.3.1 Update write operation

[15.3.2 Regenerate operation

two domains. For illustration the redundancy group has\six devices, with three devicgs in
h domain.

bn the update write operation involves two devices that are in different domains, the stofage
y controller uses the technique described in storage array controller supervised XOR
rations. When the update write operatien‘involves two devices that are in the same domain
storage array controller may use either the storage array controller supervised operation or
third party XOR operation.

regenerate operation, for'the illustrated case, always involves five XOR devices (all buf the
d device) where three devices are in one domain (referred to as domain A) and [two
ces are in the otherydomain (referred to as domain B). The sequence is as follows (s|nce
R operands are_commutable the XOR order is irrelevant and the order of steps 2 and |3 is
rchangeable. Likewise, the order of steps 7 and 8 is interchangeable):

a REGENERATE command is sent to a device in domain A. This transfers the regenefrate
parameter list (containing the other two valid devices and data extents) from the stofage
array-controller to the device;

theldevice reads the requested data from its own medium. The device retains|the

c)

d)

requesteddata for a future XOR operatiom;

the device becomes a temporary initiator and sends a READ command to another device
included in the regenerate parameter list. That device transfers the requested data to the
temporary initiator. The temporary initiator performs an XOR operation between the read
data from the previous step and the read data received in this step. The resulting XOR data
is retained for the next step;

step 3 is repeated until all devices listed in the regenerate parameter list have been
accessed. The last XOR data result is retained by the temporary initiator. The temporary
initiator returns completion status for the REGENERATE command to the storage array
controller when this partially regenerated user data is available;


https://iecnorm.com/api/?name=5c065d9f7e3c6f1d5a6bf64f7b8f379e

-32 - 14776-321 © ISO/IEC:2002(E)

an XDREAD command is sent from the storage array controller to the temporary initiator
device. This transfers the partially regenerated user data from the last XOR data result
from the device to the storage array controller;

a REGENERATE command with the intermediate data bit set is sent to a device in
domain B. This transfers the regenerate parameter list (containing the other valid device
and data extent) from the storage array controller to the device. The partially regenerated
user data received in step 5 is sent as the intermediate data;

the device reads the requested data from its own medium. The device performs an XOR
operation between the intermediate data and its own data. The resulting XOR data is
retained for the next step;

he device becomes a temporary initiator and sends a READ command to the other de)ice
ncluded in the regenerate parameter list. That target device transfers the requested.dafa to
he temporary initiator. The temporary initiator performs an XOR operation bétween|the
XOR data from step 7 and the read data received in this step. The last XOR data resylt is
etained by the temporary initiator. The temporary initiator returns completion istatus forl the
REGENERATE command to the storage array controller when this regenerated user dafa is
available;

an XDREAD command is sent from the storage array controller to the*device that had been
temporary initiator device in the above steps. This transfers the regenerated user ¢ata
rom the last XOR data result from the device to the storage arfaycontroller.

e rebuild operation for this illustration involves five valid~devices and the replacement deyice
re three valid devices are in one domain (referred_to as domain A) and two valid devjces

and|the replacement device are in the other domain.(referred to as domain B). The sequenge is

flollows (since XOR operands are commutable.the XOR order is irrelevant, and the ordgr of

REGENERATE command is sent to acdevice in domain A. This transfers the regenefrate
parameter list (containing the other two valid devices and data extents) from the stonage
array controller to the device;

he device reads the requested._data from its own medium. The device retains this datg for
future XOR operation;

he device becomes a temporary initiator and sends a READ command to another deyice
ncluded in the regenerate parameter list. That device transfers the requested data to| the
emporary initiator. The temporary initiator performs an XOR operation between the fead
data from the previous step and the read data received in this step. The resulting XOR data
s retained for the.next step;

step 3 is repeated until all devices listed in the regenerate parameter list have been
accessed{The last XOR data result is retained by the temporary initiator. The temporary
nitiator (returns completion status for the REGENERATE command to the storage afray
ontrotler when the data is available;

controller;

a REBUILD command with the intermediate data bit set is sent to the replacement device in
domain B. This transfers the rebuild parameter list (containing the two valid devices and
data extents) from the storage array controller to the device. The partially rebuilt data
received in step 5 is sent as the intermediate data;

the device becomes a temporary initiator and sends a READ command to a device included
in the rebuild parameter list. That target device transfers the requested data to the
temporary initiator. The temporary initiator performs an XOR operation between the
intermediate data and the read data received in this step. The resulting XOR data is
retained for the next step;
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h) the temporary initiator sends a READ command to the other device included in the rebuild
parameter list. That device transfers the requested data to the temporary initiator. The
temporary initiator performs an XOR operation between the read data from the previous
step and the read data received in this step;

i) the last XOR data result is written to the replacement device’s medium, then the device
returns completion status for the REBUILD command to the storage array controller.

5.1.15.4 Additional array subsystem considerations

5.1.15.4.0 General

Thig clause lists considerations that apply to any array subsystem, but describes how usg of
the XOR commands may affect handling of those situations.

5.1[15.4.1 Buffer full status handling

When the storage array controller sends an XDWRITE or REGENERATE/cCommand fo a
device, the device has an obligation to retain the resulting XOR data until the storage afray
controller issues a matching XDREAD command to retrieve the data. This'locks up part of all
(depending on the size of the device’s buffer and the size of the. XOR data block) of|the
dev|ce’s buffer space. When all of the device’s buffer is allocated for’ XOR data, it may nof be
ablg to accept new media access commands other than valid XDREAD commands and it may
not pe able to begin execution of commands that are already in(the task set.

When the device is not able to accept a new command because there is not enough space in
the jpuffer, the device shall terminate that command with a CHECK CONDITION status and| the
senpe key shall be set to ILLEGAL REQUEST with the BUFFER FULL additional sense codé.

When a storage array controller receives thisistatus, it may issue any matching XDREAD
commands needed to satisfy any previous?’XDWRITE or REGENERATE commands. This
resdlts in buffer space being freed for other~commands. If it is a multi-initiator system and| the
storage array controller has no XDREAD;commands to send, the storage array controller may
asspme the buffer space has been allocated to another initiator. The storage array controller
may retry the command in the same manner that a command ending with TASK SET FULL
status would be retried including, net retrying the command too frequently.

The| storage array controllerymay use command linking to avoid a buffer full condition.|For
example, a storage array.controller supervised update write operation would consist of an
XDWRITE command_linked to an XDREAD command.

5.1[15.4.2 Access to an inconsistent stripe

A sfripe is_a set of corresponding strips of consecutively addressed storage from two or more
blogk devices. A strip is an equal division of the storage capacity in a set of consecutively
addressed LBAs on a single block device. When the storage array controller issues an update
writp't67a device, the data in the device has been updated when successful status is retufqned
for the command. Until the device containing check data has been updated, however, the
associated stripe in the redundancy group is not consistent (for example, performing an XOR
operation on the protected data does not produce the check data). The storage array controller
shall keep track of this window of inconsistency and make sure that a regenerate or rebuild
operation for any data extent within the stripe is not attempted until after the device containing
check data 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. The following list
identifies cases where a storage array controller needs to prevent data corruption due to a
temporarily inconsistent stripe:
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when an XDWRITE command has been issued and completed, the device containing
protected data has been updated but the device containing check data has not. The stripe
is inconsistent until the XPWRITE command to the device containing check data returns
completion status;

when an XDWRITE EXTENDED command has been issued, the device containing
protected data and the device containing check data are updated at different times during
the course of the command. The stripe should be treated as inconsistent between the time
the storage array controller issues the XDWRITE EXTENDED command and the
completion status for the command is received,;

any time a regenerate or rebuild operation is in progress for a given stripe, update writes

5.1

5.1.

[15.4.3 Error handling considerations

10 That stripe snould be avolded.

15.4.3.0 General

If amy of the XOR commands end with CHECK CONDITION status and an unrecovered error is

indi
iden
strif

Cated, an inconsistent stripe may result. It is the storage array controllér’s’ responsibilify to
tify the failing device and the extent of the failure, then limit access. to the inconsistent
e. In the case of third party XOR operations the failing device may\be a device contaihing

profected data or a device containing check data. The storage array. controller may identify] the

faili
the

imp
5.1.

5.1

[15.4.3.1.0 General

ng device from the resulting sense data or, it may access thendevices directly to determine
condition of the affected devices. The recovery procedures(that the storage array controller
ements are not addressed by this standard.

15.4.3.1 Errors during third party XOR operations

Thi

d party operations involve the processing of several commands exchanged among threg or

mote devices. For the purposes of this clausera command that causes the recipient of that
command to generate one or more other comimands to another device (or devices) is refefred
to gs a primary command and the recipient'of a primary command is referred to as a primary

tar

coni
sec
and
ass

The
sec
mo
pri
sec
con

et. All commands generated by @, primary target (based on the receipt of a primary
mand) are referred to as secondary commands and are sent to a secondary target or
pndary targets. The definitions(of primary command, primary target, secondary command,
secondary target are temporary, and for this clause only, and they should nof| be
bciated with the more general "SCSI Primary Command" or "SCSI Target" usage.

primary target of_an XDWRITE EXTENDED primary command generates an XPWRITE
pbndary command;~the primary target of a REBUILD primary command generates ong¢ or
e READ secondary commands. The primary command shall not be completed until|the
ary target is\prepared to report the completion status or implied completion status of| the
bndary commands. Two classes of exception conditions may occur during thHese
mands.( One class consists of those resulting directly from the primary command. [The

othe¢r class™consists of those resulting from a secondary command. Either or both of thHese

clas

ses ‘of exception may occur during a third party operation.

5.1.

The

15.4.3.1.1 Primary errors — Errors resulting directly from the primary command

first class of errors consists of exception conditions that are detected by the device that

received the primary command (primary target) and are not due to the failure of a resulting
secondary command. These conditions include, but are not limited to, invalid parameters in the
primary command. Inability of the primary target to continue operating, and parity errors while

tran

sferring the primary command, data, or status byte. In the event of such an exception

condition, the primary target shall:

a)
b)

terminate the primary command with CHECK CONDITION status;
build sense data according to the exception condition.
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5.1.15.4.3.1.2 Secondary errors — Errors resulting from the secondary command

The second class of errors consists of exception conditions resulting from the failure of a
secondary command. The sense data for such errors shall be passed to the initiator of the
primary command in the additional sense bytes field of the sense data.

If the primary target detects the exception (i.e., by some means other than receiving CHECK
CONDITION status from the secondary target), it shall:

a) terminate the primary command with CHECK CONDITION status;

b) ABOR D D ort.

c) [set the first byte of the command specific information field of the sense data to the stafqting
byte number, relative to the first byte of sense data, of an area that contains, thé primary
target's sense data for the secondary error. A zero value in this byté |indicates| no
secondary error has been detected by the primary target. The secondary sehse data ghall
be built in the standard sense data format as defined for the REQUEST/SENSE command;

d) fn the case of a REBUILD or REGENERATE primary command, sefxthe third byte of|the
command specific information field of the sense data to an index.value indicating the target
dentifier of the failing secondary target. This value shall be‘an index into the solirce
descriptor entries of the parameter data of the primary command, and shall point to|the
entry containing the target identifier of the failing device; 0'points to the first entry, 1 pqints
to the second entry, etc. This byte shall be ignored “if_the primary command is n¢t a
REBUILD or REGENERATE.

If tHe secondary target detects the exception, the primary target receives CHECK CONDIT|ON
status from the secondary target. The primary target shall recover the sense data associated
withl the exception condition, clear any exception conditions associated with the CHECK
CONDITION status and shall:

a) [erminate the primary command with CHECK CONDITION status;

b) |set the sense key to ABORTED (COMMAND if there are no primary errors to report.
Otherwise, the sense key shall beset according to the primary error;

c) [set the second byte of the command specific information field of the sense data to|the
starting byte number, relative to the first byte of sense data, of an area that contpins
unchanged) the secondary target’s status byte followed by its sense data. A zero valuge in
this byte indicates no secondary error has been reported by the secondary target;

d) fn the case of a REBUILD or REGENERATE (primary) command, set the third byte of| the
command specific<information field of the sense data to an index value indicating the target
dentifier of the failing secondary target. This value shall be an index into the sourrce
descriptor-entries of the parameter data of the primary command and shall point to|the
entry containing the target identifier of the failing device. 0 points to the first entry, 1 pqints
to thessecond entry, etc. This byte is invalid and shall be ignored if the primary command is
not a REBUILD or REGENERATE.

For=a given primary corminand, fferrors are generdiead Dy maore talh one secondary CoImim nd,
the sense data shall contain error information for the secondary error first obtained by the
primary target.

Since, for secondary errors, the sense key is set to ABORTED COMMAND only if there are no
primary errors to report (see item b) above), the first and second bytes of the command
specific information field should be checked, even when the sense key is a value other than
ABORTED COMMAND, to determine if any secondary errors have occurred.

NOTE 1 All three of the above error types might occur during the same third party operation. If this happens, there
are three unique pieces of error information contained in the sense data: one for the primary error (starting at
byte 0), and two for the secondary errors (in the additional sense bytes).
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5.1.15.4.4 XOR data retention requirements

The target shall retain XOR data while awaiting retrieval by an XDREAD command until
performing one of the following events: a matching XDREAD command, TARGET RESET,
power cycle, CLEAR TASK SET, ABORT TASK if the task matches the pending XDREAD,
ABORT TASK SET.

5.2 Model for optical memory block devices

5.2.0 General

An pptical memory block device is a logical unit that can potentially support a variety of gptical
media, (for example, read-only, write-once, erasable or reversible). In several respécts| an
optical memory block device is similar to a direct-access block device. However,) optical
memory block devices may offer features that are not available with other logi€al upits,
including large capacity removable media.

Thelse logical units often require the functions that are not found in direct-access block devjces
such as logical block update, pre-erasure before writing, or scanning fer' blank medium [and
twel|ve-byte command descriptor blocks. This standard includes specificrdevice types for write-
once and CD-ROM block devices that also use optical media, but are.not capable of supponting
several types of optical media. A logical unit that uses write-onc€ media can be an optical
merory block device. Logical units that use read-only medja can be optical memory block
dev|ces. However, logical units using CD-ROM media have\certain unique characteristics |and
shopld not be implemented as optical memory block devices.

A model of optical memory block devices is complicated by the nature of one of its poteftial
advpntages, that it can support media that has different characteristics. There are three types
of gptical media in general use, read-only, write-once and reversible. Read-only media|are
usef for publishing applications requiring disseniination of large amounts of data since the ¢lata
may be replicated on a disk at low cost. Wtite-once media are used in applications that Have
largle backup or archiving requirements. i is also used in applications that need large amotnts
of @n-line reference information. Revéersible media is used in applications that need large
amaqunts of temporary storage (for example, a graphics workstation) and can take advantagle of
removable media. In some applications, reversible media devices are used instead of dinect-
access block devices.

ReVersible media usually need to be reversed (erased, blanked) before new data can be
writfen. In such cases<an. erase operation is required before data can be written. Some opiical
memory block devices perform this erase operation implicit with each write operation [that
imppcts the data ‘throughput. Some block devices can perform the erase separately. [The
ERASE command may be used to erase areas of the medium with a corresponding increade in
data throughput-on subsequent write operations. Products using optical media should no} be
implemented.as direct-access block devices, due to the overhead penalty on performance from
the |lemutation and the lack of support in direct-access block devices to take advantage of| the
featurés specifically available with optical memory block devices.

The type of medium supported by the block device and the type of medium currently loaded
may be determined by examining the MODE SENSE data. One unique feature of optical
memory block devices is support of media with mixed types (for example, media with read-only
and write-once areas). The INQUIRY command informs the application client that the logical
unit is an optical memory block device. The application client should then determine the
medium type from the MODE SENSE data. The application client needs to be cognizant of the
medium type since the logical unit's characteristics may change when the media are changed.
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Write-once media can have valid data written to a logical block once. This is an important
feature where audit trails and permanent archives are needed. Optical memory block devices
supporting write-once media may have the ability to update a logical block, preserving the
previous generation of data. These logical units may provide a means to recover the previous
data through use of commands that allow read access to the different generations of data that

are

stored at the same logical block address.

An important requirement in dealing with optical media is determining if logical blocks contain
written data and or if they are blank. A blank logical block is one that is properly initialized so
that data subsequently written to it can be recovered. The logical blocks may have a flag

ass

Strgtegies used to manage write once and erasable media may depend on beingJabl
det¢rmine the boundary between written and blank areas of the medium. The MEDIUM S¢
command is useful in finding blank areas for subsequent write operations.

5.2,

Def

thatl used by direct-access block devices with the REASSIGN \BLOCKS command.
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The update operation assigns an alternate physical~block to the logical block W

sim
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techniques. These standards may supersede the requirements pertaining to error and de
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some error conditions«and the applicable sense keys. The list does not provide an exhaug
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1 Defect management
bct management may be performed on logical blocks by updating in a manner similag

hntage of using the updating (that is not supported by direct‘access block devices
bss to the previous data.

Liltaneously writing the data to the block. Commands are provided to allow the recover
ious generations of updated blocks.

standards for some types of optical-memory media that specify defect managen

brting in this standard.

2 Error reporting

ny of the following conditiofs occur during the execution of a command (see Table 2),
ce server shall return CHECK CONDITION status and the appropriate sense key shal
with the appropriate additional sense code for the condition. The following list illustr

Imeration of all conditions that may cause the CHECK CONDITION status.
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Table 2 — Sample error conditions

Condition Sense key
Invalid logical block address ILLEGAL REQUEST
Unsupported option requested ILLEGAL REQUEST

Logical unit reset or medium change since last command
from this application client

UNIT ATTENTION

Self diagnostic failed HARDWARE ERROR

Unrecovered read error MEDIUM ERROR or HARDWARE ERROR
Refovered read error RECOVERED ERROR

Overrun or other error that might be resolved

ABORTED COMMAND

by [repeating the command
Attempt to write on write protected medium DATA PROTECT
Attempt to read a blank or previously unwritten block BLANK CHECK
Attempt tq write a previously written block and blank BLANK CHECK
checking is enabled
Attempt to write on read-only medium DATA PROTECT
In the case of an invalid logical block address, the sense data.information field shall be sgt to

the

ogical block address of the first invalid address.

In the case of an attempt to read a blank or previdusly unwritten block, the sense

info
The

In t
the
enc

5.3
5.3.

The
the

rmation field shall be set to the logical block address of the first blank block encounte
data read up to that block shall be transferred.

ne case of an attempt to write a previously written block when blank checking is enab
sense information field shall be set to the logical block address of the first non-blank b
buntered.

Model for write-once block.devices
0 General

model for the writezonce block device is a variation on the optical memory model. Mos
aspects of a wrjté=once block device are similar to optical memory block devices.

differences are summarized in this subclause.

5.3.

Dat
writ
me(

1 Logical blocks

b may<be written to a logical block only once. A subsequent write to a logical block alrg
ernr may or may not be corrupted, depending on the implementation. Write-once phys
iajis'non-volatile.

Hata
red.

led,
ock

t of
The

ady
ical

SCSI write-once block devices are intended to be archival in nature. Data at a logical block
address is not expected to change once it is written. The update commands are not
recommended for this device type. Logical units that require the update function should use the
optical memory device type.

Block devices may be able to determine the state of a logical block prior to access. These
block devices can determine whether a block is blank or written. This is useful in detecting
previously written blocks and preventing a destructive overwrite. This is also useful in finding
blank areas for later writing. The MEDIUM SCAN command may be used to find blank and
written areas prior to WRITE and READ commands.
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5.3.2 Initialization

The FORMAT UNIT command is not used by write-once block devices. Write-once media is
shipped pre-formatted by the manufacturer and is ready for use when mounted.

5.3.3 Physical medium defects

The raw defect rate may be higher for optical medium than for magnetic medium. Data may or
may not be recovered through the use of sophisticated error correction algorithms. The level of
error correction used for data recovery may be selectable. However, write-once block devices
may have a minimum level that is always used and is not changeable through the error
recpvery mode parameter. Control of the error correction algorithms and level of correctign is
vengor-specific.

Defect management on write-once block devices may be vendor-specific. However, there|are
standards for some types of write-once media that specify defect management techniqpes.
These standards, may supersede the implementation requirements pertaining to error [and
defgct reporting in this standard.

5.3/4 Error reporting

If apy of the following conditions occur during the execution of-a*command (see Table 3)| the
dev|ce server shall return CHECK CONDITION status and the\appropriate sense key shall be
set [with the additional sense code for the condition. The felfowing list illustrates some grror
confitions and the applicable sense keys. The list does not'provide an exhaustive enumergtion
of [l conditions that may cause the CHECK CONDITION status.

Table 3 — Sample error conditions

Condition Sense key
Invplid logical block address ILLEGAL REQUEST
Ungupported option requested ILLEGAL REQUEST

Logical unit reset or medium change since last command

. SO ; UNIT ATTENTION
from this application client

Self-diagnostic failed HARDWARE ERROR
Untecovered read error MEDIUM ERROR or HARDWARE ERROR
Retovered read error RECOVERED ERROR

Overrun or other errorithat might be resolved by repeating

ABORTED COMMAND
the]command

Attempt to write.on write protected medium DATA PROTECT

Attempt towread a blank or previously unwritten block BLANK CHECK

Attempt to'write a previously written block and blank

chgcking is enabled BLANK CHECK

In the case of an invalid logical block address, the sense data information field shall be set to
the logical block address of the first invalid address.

In the case of an attempt to read a blank or previously unwritten block, the sense data
information field shall be set to the logical block address of the first blank block encountered.
The data read up to that block shall be transferred.

In the case of an attempt to write a previously written block and blank checking is enabled, the
sense information field shall be set to the logical block address of the first non-blank block
encountered.
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6 Commands for block devices

6.1 Commands for direct-access block devices overview
6.1.1 Commands for direct-access block devices

The commands for direct-access block devices shall be as shown in Table 4.

Table 4 —- Commands for direct-access block devices

Command name Operation code | Type Subclause
CHANGE DEFINITION 40h 0] ISO/IEC 14776-311,SRC
COMPARE 39h (0] ISO/IEC 14776-31',. SPC
COPY 18h 0] ISO/IEC 14776-311, SPC
COPY AND VERIFY 3Ah (0] ISO/IEC 14 (76-311, SPC
FORMAT UNIT 04h M 6.1.2
INQUIRY 12h M ISO/IEC 14776-311, SPC
LOCK-UNLOCK CACHE 36h o] 6.1.3
LOG SELECT 4Ch 0] ISO/IEC 14776-311, SPC
LOG SENSE 4Dh 0] ISO/IEC 14776-311, SPC
MOPE SELECT(6) 15h (0) ISO/IEC 14776-311, SPC
MOPE SELECT(10) 55h 0 ISO/IEC 14776-311, SPC
MOPDE SENSE(6) 1Ah (0] ISO/IEC 14776-311, SPC
MOPDE SENSE(10) 5Ah (0] ISO/IEC 14776-311, SPC
MONVE MEDIUM A7h (0] SMC
Obgolete 0dh OB 3.3.4
Obgolete 31h OB 3.34
Obgolete 30h OB 3.34
Obgolete 32h OB 3.34
Obgolete 0Bh OB 3.3.4
PERSISTENT RESERVE IN 5Eh o' ISO/IEC 14776-311, SPC
PERSISTENT RESERVEOUT 5Fh o' ISO/IEC 14776-311, SPC
PRE-FETCH 34h (0] 6.1.4
PR AL AR MEDIUM 1Eh 0 ISO/IEC 14776-311, SPC
READ(6) 08h M 6.1.5
READ(10) 28h M 6.1.6
READE(2) A8h Q 624
READ BUFFER 3Ch (0] ISO/IEC 14776-311, SPC
READ CAPACITY 25h M 6.1.7
READ DEFECT DATA(10) 37h (0] 6.1.8
READ DEFECT DATA(12) B7h (0] 6.2.5
READ ELEMENT STATUS B4h (0] SMC
READ LONG 3Eh (0] 6.1.9
REASSIGN BLOCKS 07h (0] 6.1.10
REBUILD 81h (0] 6.1.11
RECEIVE DIAGNOSTIC RESULTS 1Ch (0] ISO/IEC 14776-311, SPC
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Table 4 (continued)

Command name Operation code | Type Subclause
REGENERATE 82h (0] 6.1.12
RELEASE(6) 17h 0? ISO/IEC 14776-311, SPC
RELEASE(10) 57h M ISO/IEC 14776-311, SPC
REPORT LUNS AOh (0] ISO/IEC 14776-311, SPC
REQUEST SENSE 03h M ISO/IEC 14776-311, SPC
RE $ERVESY 46h o° +SOHEEC—H4FF6-31+1+-SPE
RE$ERVE(10) 56h M ISO/IEC 14776-311, SPC
SEEK(10) 2Bh (0] 6.1.13
SEND DIAGNOSTIC 1Dh M ISO/IEC 14776-311, SPC
SET LIMITS(10) 33h (0] 6.1.14
SET LIMITS(12) B3h o 612°8
START STOP UNIT 1Bh (0] 6.1.15
SYNCHRONIZE CACHE 35h 0] 6.1.16
TEST UNIT READY 00h M ISO/IEC 14776-311, SPC
VERIFY 2Fh (0] 6.1.17
WRITE(6) 0Ah o 6.1.18
WRIITE(10) 2Ah (0] 6.1.19
WRIITE(12) AAh (0] 6.2.13
WRIITE AND VERIFY 2Eh (0] 6.1.20
WRIITE BUFFER 3Bh (0] ISO/IEC 14776-311, SPC
WRIITE LONG 3Fh (0] 6.1.21
WRJITE SAME 4dh (0] 6.1.22
XDRREAD 52h (0] 6.1.23
XDWRITE 50h (0] 6.1.24
XDWRITE EXTENDED 80h 0] 6.1.25
XPWRITE 51h (0] 6.1.26
Key
M = Command implementation is mandatory
(0] = Command.implementation is optional
OB| = Obsolete
SP¢ = SGSI=3 Primary Commands
SMC =_8€SI-3 Medium Changer Command Set
NOTE} ~Optional PERSISTENT RESERVE Commands, if implemented, shall both be implemenfed

as @ group.

NOTE 2 Optional RELEASE(6) and RESERVE(6) Commands,

implemented as a group.

if implemented, shall both be

NOTE 3 The following operation codes are vendor-specific: 02h, 05h, 06h, 09h, 0Ch, 0Dh, OEh, OFh,
10h, 13h, 14h, 19h, 20h, 21h, 22h, 23h, 24h, 26h, 27h, 29h, 2Ch, 2Dh and COh through FFh.
All remaining operation codes for direct-access block devices are reserved for future standardization.
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6.1.2 FORMAT UNIT command
6.1.2.0 General

The FORMAT UNIT command (see Table 5) formats the medium into application client
addressable logical blocks according to the application options defined by the client. In
addition, the medium may be certified and control structures may be created for the
management of the medium and defects. The degree to which the medium is altered by this
command is vendor-specific.

Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (04h)

1 Reserved FMTDATA | CMPLST | DEFECT LIST FORMAT

2 VENDOR-SPECIFIC

3 (MSB)

4 INTERLEAVE (4sB)

5 CONTROL

Thel simplest mandatory form of the FORMAT UNIT)command (with no format data)
accpmplishes medium formatting with little application Client control over defect management.
The device server implementation determines the degree of defect management that is t¢ be
performed. Two additional mandatory forms of this ‘command increase the application clignt's
confrol over defect management. Several optional forms of this command further increase| the
application client's control over defect management, by allowing the application client to spgcify

- [defect list(s) to be used,

- [defect locations (in several formats);,

- that logical unit certification be'ehabled, and

- exception handling in the-event that defect lists are not accessible.
If the logical unit is reserved, a reservation conflict shall occur when a FORMAT UNIT
conjmand is interpreted\from an initiator other than the one holding a logical unit reservation.
Thel command shall_bé rejected with RESERVATION CONFLICT status if the reservgtion

conflict is due to 'aJlogical unit reservation, or any extent reservation, from any applicdtion
client, is active forthe specified logical unit.

Dur|ng the_format operation, the device server shall respond to commands as follows:

a) |n‘eesponse to all commands except REQUEST SENSE and INQUIRY, the device sefver

ball $ ClLlECIK _CONMNDITION ‘ot ] EH fliat - 3 H ‘ot
AT TOTUTTT OTT-OUTN CUTVYOTT TUTYH STAtUS UlITeSS™ a Te ST vatiulT CUTITITO T ©TATSTS, 1T UTat €ase

RESERVATION CONFLICT status shall be returned;
b) in response to the INQUIRY command, the device server shall respond as commanded;

c) in response to the REQUEST SENSE command, unless an error has occurred, the device
server shall return a sense key of NOT READY and an additional sense code of LOGICAL
UNIT NOT READY FORMAT IN PROGRESS, with the sense key specific bytes set for
progress indication (as described in ISO/IEC 14776-311, SCSI-3 Primary Commands).
Refer to ISO/IEC 14776-311, SCSI-3 Primary Commands for a description of deferred error
handling that may occur during the format operation.

NOTE 1 The MODE SELECT parameters (if any) should be set prior to issuing the FORMAT UNIT command.

During the execution of the FORMAT UNIT command, the device server may perform a
medium defect management algorithm (that may be controlled by the application client, using
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optional forms of this command). Four sources of defect location information (hereafter called
defects) are defined as follows:

a) primary defect list (pLisT). This is the list of defects, that may be supplied by the original
manufacturer of the device or medium, that are considered permanent defects. The PLIST is
located outside of the application client-accessible logical block space. The PpLisT is
accessible by the device server (to reference while formatting), but it is not accessible by
the application client except through the READ DEFECT DATA command. Once created,
the original pLisT shall not be subject to change;

b) logical unit certification list (cLisT). This list includes defects detected by the device server
uring an optional certification process executed during the FORMAT UNIT command. This
ist shall be added to the cLisT;

c) pata defect list (pLisT). This list of defect descriptors may be supplied to the device-sefver
by the application client in the data-out buffer transfer of the FORMAT UNIT- command.
This list shall be added to the cLisT. The pEFECT LIST LENGTH in the defect list ieader may be
vero, in that case, there is no pLisT;

d) prown defect list (cLisT). The cLisT includes all defects sent by the, application client or
Hetected by the device server. The cLisT does not include the puisT. If\the cmpPLsT bit is Zero,
he cLisT shall include bpLists provided to the device server during.the previous and|the
current FORMAT UNIT commands. The cLisT shall also include;

1) defects detected by the format operation during medium _certification;
D) defects previously identified with a REASSIGN BLOCKS,command;
B) defects previously detected by the device server andiautomatically reallocated.

A fgrmat data (FmTDATA) bit of zero indicates that datasout buffer shall not be transferred. [The
soufce of defect information is not specified.

A FyTDATA bit of one indicates that the FORMAT UNIT parameter list (see Table 6) shall be in
the |data-out buffer transfer. The data-out ‘buffer transfer consists of a defect list header
(se¢ Table 7), followed by an initialization pattern descriptor, followed by zero or more ddfect
desgriptors. Each defect descriptor identifies a location on the medium that the device sefver
sha|l map out of the user-accessible ‘area.

Tahle 6 — FORMAT UNIT parameter list

Bit 7 6 5 4 3 2 1 0
Byt

wr

DEFECT LIST HEADER

INITIALIZATION PATTERN DESCRIPTOR (if any)

DEFECT DESCRIPTOR(s) (if any)

0 DEFECT DESCRIPTOR 0
n (See specific table for length.)
0 DEFECT DESCRIPTOR X
n (See specific table for length.)

The defect list header (see Table 7) provides several optional format control bits. Device
servers that implement these bits provide the application client additional control over the use
of the four defect sources and the formatting operation. If the application client attempts to
select any function not implemented by the device server, the device server shall terminate the
command with CHECK CONDITION status and the sense key shall be set to ILLEGAL
REQUEST with the additional sense code set to INVALID FIELD IN PARAMETER LIST.
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Table 7 — DEFECT LIST HEADER

Bit 7 6 5 4 3 2 1 0
Byte

0 Reserved

1 FOV | DPRY DCRT STPF IP DSP IMMED | Vs

2 (MSB)

3 DEFECT LIST LENGTH (LSB)

A cpmplete list (cmpLsT) bit of zero indicates that the defect list sent by the applicatiop~glient is
an addition to the existing list of defects. As a result, a new cLIsT is constructed that contpins
theExisting GLisT, the puisT (if it is sent by the application client), and the cuisT (if certificatign is
enapled). The device server may add any defects it detects during the format opetration to|this
DLIST.

A cimpLsT bit of one indicates that the defect list sent by the application.client is a completq list
of defects. Any existing defect list except the pLisT shall be ignored by the device server. As a
resylt, a new GLisT is constructed that contains the puist (if it is sent by the application clignt),
and| the cuisT (if certification is enabled). The device server may add any defects it detgcts
during the format operation to this bLisT.
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Table 8 defines the defect descriptor requirements for the FORMAT UNIT command.

Table 8 —- FORMAT UNIT defect descriptor format and requirements

Defect Defect
FMTDATA CMPLST list list Type Comments
format length
0 0 000b N/A M Vendor-specific defect information
BLOCK FORMAT
1 0 000b Zero M See notes (1) and (3)
1 1 000b Zero M See notes (1) and (4)
1 0 000b >0 0] See notes (2) and (3)
1 1 000b >0 @) See notes (2) and (4)
BYTES FROM INDEX FORMAT
1 0 100b Zero (0] See notes (1).and*(3)
1 1 100b Zero (0] See notes (M. and (4)
1 0 100b >0 0] See notes(2) and (3)
1 1 100b >0 0] See-notes (2) and (4)
PHYSICAL SECTOR FORMAT
1 0 101b Zero 000b See notes (1) and (3)
1 1 101b Zero 000b See notes (1) and (4)
1 0 101b >0 000b See notes (2) and (3)
1 1 101b >0 000b See notes (2) and (4)
VENDOR-SRECIFIC FORMAT
1 0 110b
1 1 110b
All Femaining codes are reserved.
Key
M § Command implementationsissmandatory.
O § Command implementation-is optional.
NO[TE 1 No pbLIST is transferred to the device server during the data-out buffer transfer.
NOJTE 2 A puisT is(transferred to the device server during the data-out buffer transfer.
Add the DLIST defects to the new GLIST.
NOJTE 3 Useé\the existing GLIST as a defect source. Add existing GLIST defects to the new GLIST.
NOJTE 4~ Discard the existing GLIST. Do not add existing GLIST defects to the new GLIST.
tl\:‘OTE 5/ All the options described in this table cause a new GLIST to be created during execution| of

The perecT LisT FORMAT field specifies the defect descriptor to be used if the FuTDATA bit is one
(see Table 8).

The INTERLEAVE field specifies the interleave that is used when performing the format operation.
This allows the logical blocks to be related in a way that may facilitate matching the transfer
rate between the application client and the peripheral. An interleave of zero specifies that the
device server use its default interleave. An interleave of one specifies that consecutive logical
blocks be placed in contiguous ascending order. All other values are vendor-specific.
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A format options valid (Fov) bit of zero indicates that the device server shall use its default
settings for the ppPRry, DCRT, sTPF, IP and pspr bits (see below). If Fov is zero, the application client
shall set these bits to zero. If Fov is zero and any of the other bits in this paragraph are not
zero, the device server shall terminate the command with CHECK CONDITION status and the
sense key shall be set to ILLEGAL REQUEST with the additional sense code set to INVALID
FIELD IN PARAMETER LIST.

A rov bit of one indicates that the device server shall examine the setting of the pPRry, DCRT,
sTPF, IP and DSP bits. When the Fov bit is one, the DPRY, DCRT, STPF, IP and DSP bits are defined
as follows.

A d|sable primary (DPRY) bit of zero indicates that the device server shall not use portions of
the Imedium identified as defective in the primary defect PLIST for application client addressable
logifal blocks. If the device server is not able to locate the PLIST, or is not able to determine
whdther a PLIST exists, it shall perform the action specified by the stpr bit. A prRY bit of jone
inditates that the device server shall not use the puisT to identify defective)'areas of|the
medium. The pLisT is not deleted.

A disable certification (pcrt) bit of zero indicates that the device servershall perform a vengor-
spetific medium certification operation to generate a cList. A pcrr hit ,of one indicates thaf| the
dev|ce server shall not perform any vendor-specific medium cettification process or format
verification operation while executing the FORMAT UNIT command-.

The stop format (sTPF) bit controls the behavior of the device server when one of the folloying
evehts occurs:

a) the device server has been requested to use the“primary defect list (prry is zero), or|the
grown defect list (cmpLsT is zero) and the device server is not able to locate the list|nor
Hetermine whether the list exists;

b) [he device server has been requested:to-Use the primary defect list (pPRY is zero) or|the
grown defect list (cwpLsT is zero), \and the device server encounters an error while
hccessing the defect list.

A s1pF bit of zero indicates that, if.ane or both of the above conditions occurs, the device sefver
shall continue to execute the FORMAT UNIT command. The device server shall return CHECK
CONDITION status at the completion of the FORMAT UNIT command and the sense key ghall
be get to RECOVERED ERROR with the additional sense code set to either DEFECT UIST
NOT FOUND if the first.condition occurred, or DEFECT LIST ERROR if the second cond|tion
occlrred.

A st1prF bit of one indicates that, if one or both of the above conditions occurs, the device sefver
shall terminate.:the FORMAT UNIT command with CHECK CONDITION status and the sgnse
key|shall bg set to MEDIUM ERROR with the additional sense code set to either DEFECT UIST
NOT FOUND if the first condition occurred, or DEFECT LIST ERROR if the second cond|tion
occlrred-

NOTE 2 The use of the FMTDATA bit, the CMPLST bit, and the defect header allow the application client to control
the source of the defect lists used by the FORMAT UNIT command. Setting the DEFECT LIST LENGTH to zero allows
the application client to control the use of PLIST and CLIST without having to specify a DLIST.

An initialization pattern (ip) bit of zero indicates that an initialization pattern descriptor is not
included and that the device server shall use its default initialization pattern. An Ip bit of one
indicates that an initialization pattern descriptor (see 6.1.2.2) is included in the FORMAT UNIT
parameter list immediately following the defect list header.

A disable saving parameters (psp) bit of zero specifies that the device server shall save all the
MODE SELECT savable parameters for all application clients to non-volatile memory during the
format operation. A psp bit of one specifies that the device server shall not save the MODE
SELECT savable parameters to non-volatile memory during the format operation. Pages that
are not reported as savable are not affected by the psp bit.
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An immediate (immeED) bit of zero indicates that status shall be returned after the format
operation has completed. An immep bit value of one indicates that the device server shall return
status as soon as the command descriptor block has been validated and the entire defect list

has

been transferred.

The bit designated VS is vendor-specific.

The perecT LIST LENGTH field in the defect list header specifies the total length in bytes of the
defect descriptors that follow and does not include the initialization pattern descriptor or
initialization pattern, if any. The length of the defect descriptors varies with the format of the

A€ O & O REe—GC1TE€ GEeSEHtO G REe—GE1Ee€ a ROYWN 1IN
6.1.2.1 Defect list formats
Thig subclause describes the defect list formats used in the FORMAT UNIT, READ DEFECT
DATA and translate page of the SEND DIAGNOSTIC and RECEIVE DIAGNOSTIC RESULTS
commands.
NOT[E 3 The selected reporting format accounts for variables that impact the infopmation in the returned datal For
example, the specific location of a defect, while constant in angular and radial toeation on the block device,|may
charlge in reported location if a format operation with different geometry \patameters is performed. It id the
resppnsibility of the application client to use a defect list format appropriate\for the intended operation with the
currgnt or future geometry parameters. If the device server is able to deteet that the selected defect list fdrmat
woulld provide inconsistent results, the device server may return CHECK CONDITION status.
Eagh block format defect descriptor (see Table 9) specifies a four-byte defective block address
thaf contains the defect. Use of the Block format is yéndor-specific.
Table 9 — DEFECT DESCRIPTOR — Block format
Bit 7 6 5 4 3 2 1 0
Byte
0 (MSB)
DEFECTIVE BLOCK ADDRESS (4sB)
Thel DEFECT LIST LENGTH is equal to four times the number of defect descriptors.
The| defect descriptors should be in ascending order. More than one physical or logical bjock
may be affected by-each defect descriptor. A device server may return CHECK CONDITIQN if
the [defect descriptors are not in ascending order.
Eadgh byte-from index defect descriptor (see Table 10) specifies the location of a defect that is
no rrore than eight bytes long.
Table 10 — DEFECT DESCRIPTOR — Bytes from index format
Bit 7 6 5 4 3 2 0
Byte
0 (MSB)
2 CYLINDER NUMBER OF DEFECT (LSB)
3 HEAD NUMBER OF DEFECT
4 (MSB)
7 DEFECT BYTES FROM INDEX (LSB)

The DEFECT LIST LENGTH is equal to eight times the number of defect descriptors.
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Each descriptor comprises the cylinder number of the defect, the head number of the defect
and the defect bytes from index to the defect. The defect descriptors shall be in ascending
order. The cylinder number of the defect is the most significant part of the address and the
defect bytes from index is the least significant part of the address. More than one logical block
may be affected by each defect. If the defect bytes from index has a value of FFFFFFFFh, this
indicates that the entire track shall be considered defective.

Each physical sector defect descriptor (see Table 11) specifies the location of a defect that is
the length of a sector.

Table—t Phvsical-sectorf

Bit 7 6 5 4 3 2 1 0
Byte

0 (MSB)

2 CYLINDER NUMBER OF DEFECT (4sB)

3 HEAD NUMBER OF DEFECT

4 (MSB)

7 DEFECT SECTOR NUMBER (UsB)

The DEFECT LIST LENGTH is equal to eight times the number of defect descriptors.

Eagh descriptor comprises a cylinder number of the deféct, the head number of the defect, [and
the |defect’s sector number. The defect descriptors)shall be in ascending order. The cylirmder
number of the defect is the most significant part of the address and the defect’s sector number
is the least significant part of the address. Moré than one logical block may be affected by gach
defect descriptor. A defect’s sector number of,FFFFFFFFh indicates that the entire track ghall
be ¢onsidered defective.

6.1.2.2 Initialization pattern option

The initialization pattern optionspecifies that the logical blocks contain the specified
initiplization pattern. The initialization pattern descriptor (see Table 12) is sent to the de)ice
seryer as part of the FORMAT UNIT parameter list.

Table 12 — Initialization pattern descriptor

Bit 7 6 5 4 3 2 1 0
t

IP MODIFIER Sl Reserved

PATTERN TYPE

INITIALIZATION PATTERN LENGTH (LSB)

0
1
2| “fmsB)
3
4

n INITIALIZATION PATTERN

The 1P moDIFIER field specifies the type and location of a header that modifies the initialization
pattern (see Table 13).
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Table 13 - Initialization pattern modifier

1P Modifier Description
00b No header. The device server shall not modify the initialization pattern.
01b The device server shall overwrite the initialization pattern to write the logical block
address in the first four bytes of the logical block. The LOGICAL BLOCK ADDRESS
shall be written with the most significant byte first.
10b The device server shall overwrite the initialization pattern to write the logical block
address in the first four bytes of each physical block contained within the logical block.
ThG :UVVUDt IIL“II:‘.‘ICIU\‘;I :UBIUG: b:uulr\ T palt thUIGUf that UulLlLuro VV;th;ll thG phyolua: b Ck
is used. The LOGICAL BLOCK ADDRESS shall be written with the most significant byte|first.
11b Reserved.
The  InTIALIZATION PATTERN TYPE field (see Table 14) indicates the type of pattern-the' device sefver
shall use to initialize each logical block within the application client accessible portion of| the
medium. All bytes within a logical block shall be written with the initialization pattern. [The
initiplization pattern is modified by the ip mopIFIER field as described in Table 13.
A sgcurity initialize (si1) bit of one indicates that the device server shall attempt to write| the
initiplization pattern to all areas of the media including those.that may have been reassigned.
An kI bit of one shall take precedence over any other FORMAT UNIT field. The initializgtion
patfern shall be written using a security erasure write<technique. Application clients may
chopse to use this command multiple times to fully €rase the previous data. Such seclrity
eragsure write technique procedures are outside {he' scope of this standard. The ekact

reqliirements placed on the security erasure write technique are vendor-specific. The inter

the
digi

An

area of the media. The device serverZis not required to initialize other areas of the m¢g

security erasure write is to render any preyiaus user data unrecoverable by any analo
al technique.

51 bit of zero indicates that the devicelserver shall initialize the application client access

t of
g or

ible
dia.

However, the device server shall format the medium as defined in the FORMAT UNIT
command.
When the si bit is one, the deyice server need not rewrite (format) header and other informgtion
not |previously accessible-to the application client. If any area of the medium that previously
wag accessible to the application client cannot be written, the device server shall terminate] the
command with CHECK CONDITION status and the sense key shall be set to MEDIUM ERROR
with the appropriate_additional sense code for the condition.
Table 14 — Initialization pattern type
Initialization -
Description
pattern’type
00h Use default pattern (see NOTE 1).
01h Repeat the initialization pattern as required to fill the logical block. (note 2)
02h - 7Fh Reserved
80h - FFh Vendor-specific

NOTE 1 If the initialization pattern length is not zero the device server shall terminate the command with C
CONDITION status and the sense key shall be set to ILLEGAL REQUEST with the additional sense code set to
INVALID FIELD IN PARAMETER LIST.

NOTE 2 |If the initialization pattern length is zero the device server shall terminate the command with C
CONDITION status and the sense key shall be set to ILLEGAL REQUEST with the additional sense code set to
INVALID FIELD IN PARAMETER LIST.

HECK

HECK
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The INnITIALIZATION PATTERN LENGTH field indicates the number of bytes contained in the initialization
pattern. If the length exceeds the current logical block size the device server shall terminate
the command with CHECK CONDITION status and the sense key shall be set to ILLEGAL
REQUEST with the additional sense code set to INVALID FIELD IN PARAMETER LIST. The
pattern is modified by the ip moDIFIER field.

6.1.3 LOCK UNLOCK CACHE command

The LOCK UNLOCK CACHE command (see Table 15) requests that the device server disallow
or allow logical blocks within the specified range to be removed from the cache memory by the
device server's cache replacement algorithm. Locked logical blocks may be written to the
meiilum when modified, but a copy of the modified logical block shall remain in the cgdche
merory.

Table 15 - LOCK UNLOCK CACHE command

Bi 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (36h)

1 Reserved LOCK RELADR

2 (MSB)

3

4 LOGICAL BLOCK ADDRESS

5 LSB)

6 Reserved

7 (MSB)

8 NUMBER OF BLOCKS LSB)

9 CONTROL

If the logical unit is reserved, a reservation conflict shall occur when a LOCK UNLOCK CACHE
conjmand is received from an injtiator other than the one holding a logical unit reservation.[The
command shall be rejected withyRESERVATION CONFLICT status if the reservation confli¢t is
due| to a logical unit reseryation. The LOCK UNLOCK CACHE command shall be evaluated for
extgnt reservation conflicts as if it were performing normal write and read operations. LOCK UNLQCK
CACHE commands with-a reservation conflict shall be terminated with CHECK CONDITION sfatus
and|the sense key shall be set to DATA PROTECT with the appropriate additional sense codg for
the | condition if .any’/ part of the LOCK UNLOCK CACHE operation is prohibited by an extent
resqgrvation.

A Lqck bitcof Zero indicates that all logical blocks in the specified range that are currently logked
into| the{cache memory shall be unlocked, but may not be removed. A Lock bit of one indicates
thatl any’logical block in the specified range that is currently present in the cache memory ghall
be Tocked into cache memory. Only logical bIOCKS that are already present in the cache
memory are actually locked.

A relative address (RELADR) bit of zero indicates that the LocicaL BLock ADDRESS field specifies the
first logical block of the range of logical blocks for this command.

A ReLADR bit of one indicates that the LocicaL BLock ADDREss field is a two's complement
displacement. This negative or positive displacement shall be added to the logical block
address last accessed on the block device to form the LocicaL BLock ADDRESs for this command.
This feature is only available with linked commands. This feature also requires that a previous
command in the linked group has accessed a block of data on the block device.
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The NumBer ofF BLocks field specifies the total number of contiguous logical blocks within the
range. A NUMBER oF BLocks field of zero indicates that all remaining logical blocks on the block
device shall be within the range.

Multiple locks may be in effect from more than one application client. Locks from different
application clients may overlap. An unlock of an overlapped area does not release the lock of
another initiator.

6.1.4 PRE-FETCH command

The GH—e6 and 2 S 3 device ansfer the
sperified logical blocks to the cache memory. No data shall be transferred to the applicdtion
client.

Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (34h)

1 Reserved IMMED RE|ADR

2 (MSB)

3

4 LOGICAL BLOCK ADDRESS

5 (LSB)

6 Resérved

7 (MSB)

8 TRANSFER LENGTH (LSB)

9 CONTROL

If the logical unit is reserved, a reservation conflict shall occur when a PRE-FETCH command
is received from an initiator other than the one holding a logical unit reservation. The command
shall be rejected with RESERYATION CONFLICT status if the reservation conflict is due fo a
logigal unit reservation. The PRE-FETCH command shall be evaluated for extent reservation conflicts
as if it were performing normal read operations. PRE-FETCH commands with a reservation conflict
shall be terminated with CHECK CONDITION status and the sense key shall be set to DATA PROTECT
with the appropriate_additional sense code for the condition if any part of the PRE-FETCH
operation is prohibited by an extent reservation.

An Jmmediate‘(IMmMED) bit of zero indicates that status shall be returned after the operation is
complete.An“imveDp bit of one indicates that status shall be returned as soon as the command
desgriptonblock has been validated.

See 6.1.3 for a definition of the ReLADR bit and the LocicAL BLock ADDRESS field.

The TRANSFER LENGTH field specifies the number of contiguous logical blocks of data that shall be
transferred to the block device's cache memory. A TRANSFER LENGTH Of zero indicates that the
contiguous logical blocks up to and including the last logical block of the block device shall be
transferred to the block device's cache memory. Any other value indicates the number of
logical blocks that shall be transferred. The device server may elect to not transfer logical
blocks that already are contained in the cache memory.

If the mmeD bit is zero and the specified logical blocks were successfully transferred to the
cache memory, the device server shall return CONDITION MET status. If the LNk BIT (see
ISO/IEC 14776-311, SCSI-3 Primary Commands) is one, the device server shall return
INTERMEDIATE-CONDITION MET status.
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If immeD is one, and the unlocked cache memory has sufficient capacity to accept all of the
specified logical blocks, the device server shall return CONDITION MET status. If the LINK bit is
one, and the unlocked cache memory has sufficient capacity to accept all of the specified
logical blocks, the device server shall return INTERMEDIATE-CONDITION MET status.

If mMED is one, and the unlocked cache memory does not have sufficient capacity to accept all
of the specified logical blocks, the device server shall return GOOD status. The device server
shall transfer to cache memory as many logical blocks that fit. If the LiNnk bit is one, the device
server shall return INTERMEDIATE status.

6 1 READLA) Ba-a-a-a-el
- LOTINEARD VU vVTITITITaTmu

Thel READ(6) command (see Table 17) requests that the device server transfer data-to|the
application client. The most recent data value written, or to be written if cached, in|the
addressed logical block shall be returned.

Table 17 - READ(6) command

Bjt 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (08h)

1 Reserved | (vsB)

2 LOGICAL BLOCK ADDRESS

3 (LSB)

4 TRANSFER LENGTH

5 CONTROL

If the logical unit is reserved, a reservation. conflict shall occur when a READ(6) command is
recgived from an initiator other than theone holding a logical unit reservation. The command
sha|l be rejected with RESERVATION@ONFLICT status if the reservation conflict is due fo a
logigal unit reservation. The READ(6) command shall be evaluated for extent reservation conflicts.
READ(6) commands with a reservation conflict shall be terminated with CHECK CONDITION status
and|the sense key shall be set to-DATA PROTECT with the appropriate additional sense codg for
the [condition if any part of the-READ(6) operation is prohibited by an extent reservation.

The| cache control bits«(See 6.1.6) are not provided for this command. Block devices with cgche
memory may have (values for the cache control bits that affect the READ(6) command.
However, no default value is defined by this standard. If explicit control is required,|the
READ(10) command should be used.

The| LocicatBrock ADDRESS field specifies the logical block where the read operation shall bedin.

The TRANSFER LENGTH field specifies the number of contiguous logical blocks of data td be
transferred. A TRANSFER LENGTH of zero indirectly indicates that 256 logical blocks shall be
transferred. Any other value directly indicates the number of logical blocks that shall be
transferred.

NOTE 4 Although the READ(6) command is limited to directly addressing logical blocks up to a capacity of
2 Gigabytes, for logical block sizes of 512 bytes, this command has been maintained as mandatory since some
system initialization routines require that the READ(6) command be used. Application clients should migrate from
the READ(6) command to the READ(10) command which may address 2 Terabytes with logical block sizes of
512 bytes.
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6.1.6 READ(10) command
The READ(10) command (see Table 18) requests that the device server transfer data to the

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

Table 18 —- READ(10) command

Bit 7 6 5 4 3 2 1 0

Byte

0 UFERATION CUODE \LOiI)

1 Reserved DPO FUA Reserved RE| ADR

2 (MSB)

3

4 LOGICAL BLOCK ADDRESS

5 (LSB)

6 Reserved

7 (MSB)

8 TRANSFER LENGTH (LSB)

9 CONTROL

If the logical unit is reserved, a reservation conflict shall occur when a READ(10) command is
recgived from an initiator other than the one holding:a logical unit reservation. The command
shall be rejected with RESERVATION CONFLICT status if the reservation conflict is due fo a
logital unit reservation. The READ(10) command_ shall be evaluated for extent reservation confficts.
READ(10) commands with a reservation conflict shall be terminated with CHECK CONDITION sfatus
and|the sense key shall be set to DATA PROTECT with the appropriate additional sense codg for
the [condition if any part of the READ(10) operation is prohibited by an extent reservation.

A d|sable page out (pro) bit of zere, indicates the priority shall be determined by the RETENTION
PRIQRITY fields in the caching page.“A pro bit of one indicates that the device server shall aspign
the |logical blocks accessed- by this command the lowest priority for being fetched int¢ or
ret:tned by the cache. A prO,bit of one overrides any retention priority specified in the caching
page (see 7.1.3.1). All -other aspects of the algorithm implementing the cache memory
repllacement strategy are*not defined by this standard.

NOT[E 5 The DPO bit\is)used to control replacement of logical blocks in the cache memory when the hos{ has
information on the future usage of the logical blocks. If the DPO bit is one, the host is indicating that the logical
blocks accessed/by. the command are not likely to be accessed again in the near future and should not be put ip the
cachle memory nor retained by the cache memory. If the DPO bit is zero, the host is indicating that the logical blocks
accgssed by.this command are likely to be accessed again in the near future.

A fqrce unit access (Fua) bit of zero indicates that the device server may satisfy the command

b Ao i b aaak WO VA mP - Y-~ | Berab-anae—=anvwvtaaeal-bil ko thaot o P PN 'n
y COTSSTTTy e CauTTC T TITCTTOTy -~ 1T UT TCaU UpPCTatuUTTS, alty rogroar JTOUR S tmat arc— ouorarT |

the cache memory may be transferred to the application client directly from the cache memory.
For write operations, logical blocks may be transferred directly to the cache memory. GOOD
status may be returned to the application client prior to writing the logical blocks to the medium.
Any error that occurs after the GOOD status is returned is a deferred error. Information
regarding the error is not reported until a subsequent command.

A (Fua) bit of one indicates that the device server shall access the media in performing the
command prior to returning GOOD status. Read commands shall access the specified logical
blocks from the media (i.e., the data is not directly retrieved from the cache). If the cache
contains a more recent version of a logical block than the media, the logical block shall first be
written to the media. Write commands shall not return GOOD status until the logical blocks
have actually been written on the media (i.e., the data is not write cached). Read commands
that cause data to be written to the media from cache and that encounter an error shall cause a
deferred error to be reported. See ISO/IEC 14776-311, SCSI-3 Primary Commands.
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See 6.1.3 for a definition of the ReLADR bit and the LocicAL BLock ADDRESS field.

The TRANSFER LENGTH field specifies the number of contiguous logical blocks of data that shall be
transferred. A TRANSFER LENGTH of zero indicates that no logical blocks shall be transferred. This
condition shall not be considered an error. Any other value indicates the number of logical
blocks that shall be transferred.

6.1.7 READ CAPACITY command

The READ CAPACITY command (see Table 19) provides a means for the application client to

request mformation raaardina tha canacitv of tha hlaock device
questinformationregarding-the-capacity-of-the-block-device-

Table 19 — READ CAPACITY command

Bjt 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (25h)

1 Reserved RE|ADR

2 (MSB)

3

4 LOGICAL BLOCK ADDRESS

5 (LSB)

6 Reserved

7 Resefved

8 Resetrved | BFMI

9 CONTROL

If the logical unit is reserved, a reservation conflict shall occur when a READ CAPAGQGITY
conjmand is received from an initiator:gther than the one holding a logical unit reservation.[The
command shall be rejected with RESERVATION CONFLICT status if the reservation confli¢t is
due|to a logical unit reservation. READ CAPACITY commands with a reservation conflict shdll be
terminated with RESERVATION (CONFLICT status. The READ CAPACITY command shall not be
evaluated for extent reservation conflicts (for example, extent reservations do not conflict with the READ
CARACITY command).

Seg 6.1.3 for a definition of the ReLADR bit and the LocicAL BLock ADDRESS field.

Thel LocicAL BLOCk ADDRESS shall be zero if the pmi bit is zero. If the pmi bit is zero and the LOG|CAL
BLO[CK ADDRESS is not zero, the device server shall return a CHECK CONDITION status and the
senpe key-shall be set to ILLEGAL REQUEST with the additional sense code set to ILLEGAL
FIELD/IN.CDB.

A partial medium indicator (pmi) bit of zero indicates that the RETURNED LOGICAL BLOCK ADDRESS
and the BLOCK LENGTH IN BYTES are those of the last logical block on the block device.

A PMI bit of one indicates that the RETURNED LOGICAL BLOCK ADDRESS and BLOCK LENGTH IN
BYTES are those of the last logical block address before a substantial delay in data transfer may
be encountered. This returned LocicaL BLock ADDRESS shall be greater than or equal to the logical
block address specified by the ReLADR and LocicAL BLock ADDREss fields in the command
descriptor block.

NOTE 6 This function assists storage management software. It determines whether there is sufficient space on
the current track, cylinder, etc., to contain a frequently accessed data structure, such as a file directory or file
index, without incurring an access delay.
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The READ CAPACITY data (see Table 20) shall be sent during the data-in buffer transfer of

the command.

Table 20 — READ CAPACITY data

Bit 7 6 5 4 3 2 0
Byte

0 (MSB)

3 RETURNED LOGICAL BLOCK ADDRESS (LSB
4 (MSB)

7 BLOCK LENGTH IN BYTES LSB)
6.1,8 READ DEFECT DATA(10) command
The READ DEFECT DATA(10) command (see Table 21) requests that\the device sefver
transfer the medium defect data to the application client.

Table 21 —- READ DEFECT DATA(10) command

Byte

6

5

4 3

2

o

OPERATION CODE (37h)

Reserved

Reserved

PLIST l GLIST

DEFECT LIST FORMAT

Reserved

Reserved

Reserved

Reserved

(MSB)

ALLOCATION LENGTH

(LSB)

O|lo|[N[ojlo|bh]|W|IN]|~

CONTROL

If t

DAT
res

wit

ne logical unit is reserved, a reservation conflict shall occur when a READ DEFECT
[A(10) command,is received from an initiator other than the one holding a logical |unit
rvation. The\'command shall be rejected with RESERVATION CONFLICT status if|the
resgrvation conflict is due to a logical unit reservation. READ DEFECT DATA(10) commands
a resetvation conflict shall be terminated with RESERVATION CONFLICT status. The RF%AD
DERFECT-"DATA(10) command shall not be evaluated for extent reservation conflicts (for exa
extgntseservations do not conflict with the READ DEFECT DATA(10) command).

ple,

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

NOTE 7 Some device servers may not be able to return medium defect data until after a FORMAT UNIT command

has been completed successfully.

A primary defect list (pLisT) bit of zero requests that the device server not return the primary list
of defects. A pLisT bit of one requests that the device server return the primary list of defects.
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A grown defect list (cLisT) bit of zero requests that the device server not return the grown defect
list. A cLIST bit of one requests that the device server return the grown defect list.

A puLisT bit of zero and a cLisT bit of zero requests that the device server return only the defect
list header.

A puisT bit of one and a cLisT bit of one requests that the device server return the primary and
the grown defect lists. The order the lists are returned in is vendor-specific. Whether the lists
are merged or not is vendor-specific.

The[ DEFECT LIST FORMAT TIEld IS USEd by the application client to indicaie the preferred tormat for
the |defect list. This field is intended for those device servers capable of returning maoreiAhan
one| format, as defined in the FORMAT UNIT command (see 6.1.2.1, defect list farmat)). A
dev|ce server unable to return the requested format shall return the defect list jn its default
format (see the perecT LIsT FORMAT field in the defect list header below).

If the requested defect list format and the returned defect list format aré\not the same,| the
dev|ce server shall transfer the defect data and then terminate the cemmand with CHECK
CONDITION status and the sense key shall be set to RECOVERED ERROR with the additipnal
senpe code set to DEFECT LIST NOT FOUND.

Thet READ DEFECT DATA(10) defect list (see Table 22) contains a four-byte header, followed
by Zero or more defect descriptors.

Table 22 — READ DEFECT DATA(10) defect list

Bit 7 6 5 4 3 2 1 0
Byte

0 Reserved

1 Reserved PLIST | GLIST | DEFECT LIST FORMAT

2 (MSB)

3 DEFECT LIST LENGTH (LSB)
DEFECT DESCRIPTOR(s) (if any)

0 DEFECT DESCRIPTOR 0

n (See specific table for length.)

0 DEFECT DESCRIPTOR X

n (See specific table for length.)

A plisy bit of zero indicates that the data returned does not contain the primary defect ligt. A
pLisT hit'of one indicates that the data returned contains the primary defect list.

A cLisT bit of zero indicates that the data returned does not contain the grown defect list. A GLIsT
bit of one indicates that the data returned contains the grown defect list.

The perecT LisT FORMAT field indicates the format of the defect descriptors returned by the device
server. This field is defined in the FORMAT UNIT command (see 6.1.2.1).

NOTE 8 The use of the block format is not recommended. There is no standard model that defines the meaning of
the logical block address of a defect. In the usual case, a defect that has been reassigned no longer has a logical
block address.
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Defect descriptors returned in the block format are vendor-specific. Defect descriptors returned
in the physical sector format may or may not include defects in areas not accessible to the
application client. Defect descriptors returned in bytes-from-index format shall comprise 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 perecT LisT LENGTH field specifies the length in bytes of the defect descriptors that follow.
The DEFECT LIST LENGTH is equal to four or eight times the number of the defect descriptors,
depending on the format of the returned descriptors (see 6.1.2.1).

If the—= ATFHON S ASH o—tra a6 d d he—PEFEE
LENGTH shall not be adjusted to reflect the truncation and the device server shall not crea
CHECK CONDITION status. The application client is responsible for comparing the perecT|LIST

The defect descriptors may or may not be sent in ascending order. The'application client may
detg¢rmine the exact number of the defects by dividing the perecT LIST LENGTH by the length pof a
sindle defect descriptor for the returned format.

3

6.19 READ LONG command

The READ LONG command (see Table 23) requests that'the device server transfer data tq the
application client. The data passed during the READ~EONG command is vendor-specific,| but
shall include the data bytes and the ECC bytes recorded on the medium. The most recent ¢lata
writfen, or to be written, in the addressed logical block shall be returned. READ LONG is
ind¢pendent of the read-write error recovery page’but does allow retries.

Table 23 — READ LONG command

Bjt 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (3Eh)

1 Reserved CORRCT RE|ADR

2 (MSB)

3

4 LOGICAL BLOCK ADDRESS

5 (LSB)

6 Reserved

7 (MsB)

8 BYTE TRANSFER LENGTH (LSB)

9 CONTROL

If the logical unit is reserved, a reservation conflict shall occur when a READ LONG command
is received from an initiator other than the one holding a logical unit reservation. The command
shall be rejected with RESERVATION CONFLICT status if the reservation conflict is due to a
logical unit reservation. The READ LONG command shall be evaluated for extent reservation
conflicts. READ LONG commands with a reservation conflict shall be terminated with CHECK
CONDITION status and the sense key shall be set to DATA PROTECT with the appropriate additional
sense code for the condition if any part of the READ LONG operation is prohibited by an extent
reservation.
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Any other bytes that can be corrected by ECC should be included (for example, data
synchronization mark within the area covered by ECC). It is not required for the ECC bytes to
be at the end of the data bytes. However, they should be in the same order as they are on the
media.

A correct (corrcT) bit of zero requests that a logical block be read without any correction made
by the device server. A corrcT bit of 0 should result with 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/or sense data shall be set. A corrcT bit of one requests that the data be
corrected by ECC before being transferred to the application client.

Sed 6.1.3 for a definition of the RELADR bit and the LoaicAL BLock ADDRESS field.

The BYTE TRANSFER LENGTH field species the number of bytes of data that should be transferred. If
a npn-zero BYTE TRANSFER LENGTH does not match the available data length, thefdevice sefver
shall terminate the command with CHECK CONDITION status and the sense key shall be| set
to ILLEGAL REQUEST with the additional sense code set to INVALID FIELD N CDB. The yalid
and| L1 bits (see ISO/IEC 14776-311, SCSI-3 Primary Commands) shall be set to one and|the
INFORMATION field shall be set to the difference (residue) of the requested length minus|the
actdal length in bytes. Negative values shall be indicated by two's complement notation.

A BYTE TRANSFER LENGTH Of zero indicates that no bytes shall be)‘transferred and shall nof be
conpidered an error.

6.1/10 REASSIGN BLOCKS command

Thel REASSIGN BLOCKS command (see Table 24){requests the device server to reassign| the
defg¢ctive logical blocks to another area on the medium set aside for this purpose. The deyice
seryer should also record the location of the defective logical blocks to the grown defect list if
such a list is supported. More than one physical or logical block may be relocated by gach
defg¢ct descriptor sent by the application client. This command does not alter the contents of
the pLisT (see 6.1.2, FORMAT UNIT command).

Table 24.= REASSIGN BLOCKS command

Bjt 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (07h)
1 Reserved
2 Reserved
3 Reserved
4 Reserved
5 CONTROL

If the logical unit is reserved, a reservation conflict shall occur when a REASSIGN BLOCKS
command is received from an initiator other than the one holding a logical unit reservation. The
command shall be rejected with RESERVATION CONFLICT status if the reservation conflict is
due to a logical unit reservation. The REASSIGN BLOCKS command shall be evaluated for extent
reservation conflicts. Any overlap in logical block addresses between the REASSIGN BLOCKS command
and an extent reservation of any type shall be an extent reservation conflict. A REASSIGN BLOCKS
command with a reservation conflict shall be terminated with CHECK CONDITION status and the
sense key shall be set to DATA PROTECT with the appropriate additional sense code for the
condition if any part of the REASSIGN BLOCKS operation is prohibited by an extent reservation.
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The application client transfers a defect list that contains the logical block addresses to be
reassigned. The device server shall reassign the physical medium used for each LoGIcAL BLOCK
ADDRESS in the list. The data contained in the logical blocks specified in the defect list may be
altered, but the data in all other logical blocks on the medium shall be preserved.

NOTE 10 The effect of specifying a logical block to be reassigned that previously has been reassigned is to
reassign the block again. Although not likely, over the life of the medium, a logical block may be assigned to
multiple physical addresses until no more spare locations remain on the medium.

The REASSIGN BLOCKS defect list (see Table 25) contains a four-byte header followed by
one or more defect descriptors. The length of each defect descriptor is four bytes.

Table 25 — REASSIGN BLOCKS defect list

Bit 7 6 5 4 3 2 1 0
Byte

0 Reserved

1 Reserved

2 (MSB)

3 DEFECT LIST LENGTH (LSB)

DEFECT DESCRIPTOR(S)

0 (MSB)

3 DEFECT LOGICAL BLOCK ADDRESS (LSB)
n-3 (MSB)

n DEFECT LOGIGAL BLOCK ADDRESS (LSB)

The| perecT LiIsT LENGTH field specifies the “total length in bytes of the defect descriptors |that
follgw. The DEFECT LIST LENGTH is equal tofour times the number of defect descriptors and does
not [include the defect list header length:

Thel defect descriptor specifies.a four-byte defect logical block address that contains|the
defect. The defect descriptors.shall be in ascending order.

If the block device has_insufficient capacity to reassign all of the logical blocks specified in| the
defg¢ct descriptors, ther command shall terminate with CHECK CONDITION status and|the
senge key shall be jSet to HARDWARE ERROR with the additional sense code set to|NO
DEFECT SPARE'LOCATION AVAILABLE.

If the block device is unable to successfully complete a REASSIGN BLOCKS command,|the
command,~shall terminate with CHECK CONDITION status with the appropriate sgnse
informatlon The Ioglcal block address of the first defect descnptor not reaSS|gned shal be
ret p

defect descnptor not reaSS|gned is not avallable or if all the defects have been reaSS|gned
this field shall be set to FFFFFFFFh.

If the REASSIGN BLOCKS command failed due to an unexpected unrecoverable read error
that would cause the loss of data in a block not specified in the defect list, the logical block
address of the unrecoverable block shall be returned in the iINForRMmATION field of the sense data
and the valid bit shall be set to one.
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NOTE 11 If the REASSIGN BLOCKS command returns CHECK CONDITION status and the sense data COMMAND-
SPECIFIC INFORMATION field contains a valid logical block address, the application client should remove all defect
descriptors from the defect list prior to the one returned in the COMMAND-SPECIFIC INFORMATION field. If the sense
key is MEDIUM ERROR and the valid bit is one (the INFORMATION field contains the valid block address) the
application client should insert that new defective logical block address into the defect list and reissue the
REASSIGN BLOCKS command with the new defect 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
defect list.

6.1.11 REBUILD command

The REBUILD command (see Table 26) requests that the target wr|te to the medium the XOR

issues READ commands to retrieve the specified data
Table 26 - REBUILD command
Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (81h)

1 Reserved DPO | FUA | INTDATA PORT CONTRQL

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)

6 (MSB)

7 REBUILD LENGTH

8

9 (LSB)

10 (MSB)

11 PARAMETER LIST LENGTH

12

13 (LSB)

14 Reserved

15 CONTROL
For|a definition of the ppo and Fua bits, see 6.1.6.
If thHe intermediate data (INTDATA) bit is zero, then intermediate data is not sent with the rehuild
parameterlist (see Table 28). If the bit is one, the rebuild parameter list includes intermediate
dat*. The’length of the intermediate data may be calculated by multiplying the ReBuiLD LENGTH by
the |bleck size. This data shall be treated as an additional source, and an XOR operation ghall

be performed with it and the data from the specified sources.

The porT conTRoL field is defined in Table 27. If the porT conTROL field has a value of 01b and
the target is not a multiple port device the command shall be terminated with a CHECK
CONDITION status and the sense data shall be set to ILLEGAL REQUEST with the additional
sense code set to INVALID FIELD IN CDB.
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Table 27 — PORT CONTROL field

Value Description

00b The target transfers the data using the same port that received the command.

01b The target transfers the data using a different port than the one that received the command.

10b The target transfers the data using one port of the target’s choice.

11b The target transfers the data using one or more ports of the target’s choice.

NOT, 40 T " PRrTR : ol ool o — " rn ' : LE } f
TZ e target tmat Teceives e NCOUTCD COMMTana 1S Mot onme- o e Source aevIices T T Onry-one—souree IS

spedified, then an XOR operation does not occur. This case may occur in disk mirroring applications.

If the command terminates with CHECK CONDITION status the sense data shall contain|the
logifal block address of the failed block with the lowest logical block address. All logical blgcks
affefcted by the command and having a logical block address lower than the one)ofsthe repofted
failing block shall have been rebuilt and written to the medium.

The LoacicaL BLock ADDRESs field specifies the starting logical block address where the target
sha|l write the XOR result data on its own medium. The RrReBuiLDENGTH field specifies|the
nuanber of blocks to be written to the medium. It also specifies the ‘number of blocks that|are
read from each source.

The PARAMETER LIST LENGTH field specifies the length in bytes\of the parameter list that shall be
transferred from the initiator to the target. The REBUILD parameter data is described in Table
28.

Table 28 — REBUILD and REGENERATE parameter data

Bit 7 6 5 4 3 2 1 0
Bytp
0 NUMBER OF SOURCE DESCRIPTORS (X)
1 Reserved
2 (MSB)
3 SOURCE DESCRIPTOR/PAD LENGTH (USB)
SOURCE DESCRIPTOR(S) (if any)
4
SOURCE DESCRIPTOR (first)
19
16x 4,12
SOURCFE DESCRIPTOR (last)
16x + 3
16x + 4 PAD, if any (LENGTH y)
16x+y+3
16x+y+4 | (MSB)
INTERMEDIATE DATA, if any (LENGTH z)
16x+y+z+3 (LSB)
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The number of source pescripToR field indicates the number of SOURCE DESCRIPTORs in
parameter data.

the

The soURCE DESCRIPTOR/PAD LENGTH specifies the sum of the lengths in bytes of all of the source

descriptors and the pap.

The source pescriPToRrs identify the source device target identifiers and starting logical block
addresses on the devices for the regenerate or rebuild operation. See Table 29 for the source

DESCRIPTOR format.

Table 29 — SOURCE DESCRIPTOR format

Bit 7 6 5 4 3 2 1 0
Bytq

D (MSB)

SOURCE DEVICE ADDRESS
7 (LSB)
B (MSB)
Reserved
(LSB)
2 (MSB)
SOURCE STARTING LOGICALBLOCK ADDRESS

5 (LSB)
Thel source DEviCE ADDRESs field specifies an ISO/IEC 14776-411:1999. SCSI-3 Architecjture
Model compliant target identifier of a device that is a data source.
The sOURCE STARTING LOGICAL BLoCK ADDRESS field indicates the starting logical block address to
use|when reading data from the souree' specified in the source pDeviCcE ADDRESS field.
The| pap field accommodates gnitiators that require the INTERMEDIATE DATA to be aligned gn a
parficular memory boundary: The pap field shall be ignored.
The INTERMEDIATE DATA field contains data that shall be used in the XOR operation with the ¢ata
from the specified, source devices. The length of the data is equal to the rebuild/regenefate
length multiplied by-the block size.
6.1.12 REGENERATE command
The REGENERATE command (see Table 30) requests that the target write to the buffer| the
XOIR+«data generated from its own medium and the specified source devices. The target, agting

porary dlO Ue N AL O mMana O eve PE cd ddld.
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Table 30 - REGENERATE command

Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (82h)

1 Reserved DPO | FUA | INTDATA PORT CONTROL
2 (MSB)

3 LOGICAL BLOCK ADDRESS
4

5 (L$B)
6 (MSB)

7 REGENERATE LENGTH

8

9 (L$B)
0 (MSB)

1 PARAMETER LIST LENGTH

2

3 (L$B)
4 Reserved

5 CONTROL

The resulting XOR data is retained in the target’s<buffer until it is retrieved by an XDREAD
command with a starting LoGICAL BLOCK ADDRESS, and TRANSFER LENGTH that match, or is a subset
of, fhe LocIicAL BLOoCK ADDRESS and REGENERATE LENGTH of this command.

Seg 6.1.6 for a definition of the pro & Fuabits and 6.1.11 for a definition of the INTDATA and poRT
confRroL fields.

Thel LocicaL BLock ADDRESS field specifies the starting logical block address for the target to fead
data from its own medium. This data is a source for the regenerate operation.

Thel REGENERATE LENGTH field indicates the length in logical blocks of the resulting XOR datp. It
alsq specifies the lengthiin logical blocks that is transferred from each of the specified sourges.

The| parameter data for the REGENERATE command is defined in Table 28. The parameter ¢lata
destribes thecother devices that are sources for the regenerate operation. The target receiyving
the REGENERATE command is implicitly a source and is not included in the parameter data.

6.1.13SEEK(10) command

The SEEK(10) (see Table 31) command requests that the block device seek to the specified
logical block address. This command is included for device types based on the MMC standard.
This command allows the host to provide advanced notification that particular data may be
requested in a subsequent command.

If the logical unit is reserved, a reservation conflict shall occur when a SEEK command is
received from an initiator other than the one holding a logical unit reservation. The command
shall be rejected with RESERVATION CONFLICT status if the reservation conflict is due to a
logical unit reservation. The SEEK command shall be evaluated for extent reservation conflicts as if it
were a read operation. SEEK commands with a reservation conflict shall be terminated with CHECK
CONDITION status and the sense key shall be set to DATA PROTECT with the appropriate additional
sense code for the condition if any part of the SEEK operation is prohibited by an extent reservation.
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Table 31 - SEEK(10) command

Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (2Bh)

1 Reserved

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (1LSB)

6 Reserved

7 Reserved

8 Reserved

9 CONTROL

6.1/14 SET LIMITS(10) command

Thel SET LIMITS command (see Table 32) defines the range where subsequent linked
conjmands may operate. A second SET LIMITS command @&hall not be linked to a chaip of
conmmands if a SET LIMITS command has already been issued in the chain. If a second BET
LIMITS command within a linked list of commands is detécted, the command shall be reje¢ted
witl CHECK CONDITION status and the sense key_shall be set to DATA PROTECT with| the
appfopriate additional sense code for the condition.

Table 32 — SET LIMITS(10) command

Bjt 7 6 5 4 3 2 1 0
Byt¢g

0 OPERATION CODE (33h)

1 Reserved RDINH WIRINH

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)

6 Reserved

7 (MSB) NUMBER OF BLOCKS

8 (LSB)

9 CONTROL

If the logical unit is reserved, a reservation conflict shall occur when a SET LIMITS command
is received from an initiator other than the one holding a logical unit reservation. The command
shall be rejected with RESERVATION CONFLICT status if the reservation conflict is due to a
logical unit reservation. The SET LIMITS command shall be evaluated for extent reservation conflicts.
An overlap with an extent reservation of any type shall be detected as a reservation conflict. SET LIMITS
commands with a reservation conflict shall be terminated with CHECK CONDITION status and the
sense key shall be set to DATA PROTECT with the appropriate additional sense code for the
condition if any part of the SET LIMITS operation is prohibited by an extent reservation.

A read inhibit (rRoiNH) bit of zero indicates that read operations within the range are not
inhibited.
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A rDINH bit of one indicates that read operations within the range shall be inhibited.

A write inhibit (wriNnH) bit of zero indicates that write operations within the range are not
inhibited. A write inhibit (wriNH) bit of one indicates that write operations within the range shall

be i

nhibited.

The LocicaL BLock ADDRESS field specifies the starting address for the range.

The NumBER oF BLOCKS field specifies the number of logical blocks within the range. A humber of
blocks of zero indicates that the range shall extend to the Iast logical block on the block device.

Anyj|
ope
coni
to O

ration within the restricted range shall cause the function to not be performed.

ATA PROTECT with the appropriate additional sense code for the condition.

attempt to access outside of the restricted range or any attempt to perform anCinhibited

The

mand shall be terminated with CHECK CONDITION status and the sense key shall be| set

6.1/15 START STOP UNIT command
Thel START STOP UNIT command (see Table 34) requests that thie,device server enable or
disgble the block device for media access operations and controls‘eertain power conditions
Table 33 — START STOP UNIT command
Bit 7 6 5 4 3 2 1 0
Bytg
0 OPERATION GODE (1Bh)
1 Reserved | IMMED
2 Reserved
3 Reserved
4 POWER CONDITIONS Reserved LOEJ | START
5 CONTROL
If the logical unit is reserved, a reservation conflict shall occur when a START STOP UNIT

coni
coni
due
rese
STA
COl
sen

An

mand is received from-an initiator other than the one holding a logical unit reservation.
mand shall be rejected with RESERVATION CONFLICT status if the reservation confli
to a logical unit reservation. The START STOP UNIT command shall be evaluated for e

RT STOP)UNIT commands with a reservation conflict shall be terminated with CH
NDITION(status and the sense key shall be set to DATA PROTECT with the appropriate additi
5e codesfor the condition if an extent reservation is active for the logical unit.

The
ct is
tent

rvation conflicts../Any extent reservation of any type shall be detected as a reservation corjflict.

FCK
bnal

mmediate (iMveD) bit of zero indicates that status shall be returned after the operation is

completed. An imMED bit of one indicates that status shall be returned as soon as the command
descriptor block has been validated.

The poweRrR conbpiTioNs field requests the block device to be placed in the power condition
defined in Table 34. If this field has a value other than Oh then the starT and the LoeJ bits shall
be ignored.
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Table 34 — POWER CONDITIONS

Code Description
Oh No change in power conditions or in the device that is controlling power conditions.
1h Place device into the Active condition
2h Place device into Idle condition
3h Place device into Standby condition
4h Reserved
5k Place-deviceirto-Sleep-condition
6h Reserved
7h Transfer control of power conditions to block device
8h - 9h Reserved
Ah Force Idle Condition Timer to zero
Bh Force Standby Condition Timer to zero
Ch - Fh Reserved

There shall be no indication from the block device that it has.'entered the requested pgqwer
confdition. An application client may determine if a powercondition is active by issuing a
reqliest sense command to the logical unit (see 5.1.4).

If the START STOP UNIT command is issued with the~PoweRr conpiTIONS field set to 1h, 2h of 3h
the plock device shall

a) rhange power conditions only on receipt ef another START STOP UNIT command ¢r a
RESET task management function or RESET SERVICE DELIVERY SUBSYSTEM,

b) puspend any Power Condition timers (see 7.1.3.6) that are active on receipt of the START
STOP UNIT command until another;START STOP UNIT command is received that retyirns
control of the power condition to the block device or a RESET task management function or
RESET SERVICE DELIVERY SUBSYSTEM occurs,

c) terminate any command received that requires more power than allowed by the START
STOP UNIT command’s-'most recent power condition setting with a CHECK CONDIT|ON
status and the sense key“shall be set to ILLEGAL REQUEST with the additional sense dode
set to LOW POWERICONDITION ACTIVE.

If the START STOP UNIT command is issued with the poweR conDpiTION field set to 5h the sefrver
shall

a) |suspend any Power Condition timers that are active on receipt of the START STOP UNIT
command until a WAKEUP task management function is received by the device server,

b) |not réespond to a task requests until a WAKEUP task management function is received by
the device server

On receipt of a WAKEUP task management function any previously active power condition
timers shall be restored to those values indicated by the saved power condition mode page
parameters. Before returning a function complete response the target shall place itself into a
condition capable of receiving commands and task management functions and shall create a
unit attention condition for all initiators. The sense key shall be set to UNIT ATTENTION and
the additional sense code set to LOW POWER CONDITION ACTIVE.
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If the START STOP UNIT command is issued with the power conbiTiOoNs field set Ah or Bh the
block device shall

a) force the selected timer(s) to zero. Forcing the timer(s) to zero shall place the block device
into the same power condition that would have occurred if the timer(s) would have timed
out. After the timer(s) are set to zero control of the power conditions is returned to the block
device,

b) terminate any START STOP UNIT command that selects a timer that is not supported by
the block device or a timer that has been disabled with a CHECK CONDITION status and
the sense key shall be set to ILLEGAL REQUEST with the additional sense code set to

ANLAL LD —1—1 A

[ oanno
INVALIDU T'ICLDU TIN UUD.

It is| not an error to request that the block device be placed into a power condition that\alrgady
exigdts.

In the Sleep condition the device server shall only respond to a WAKEUP task management
fungtion. When a target has multiple logical units attached it shall enter.the’ Sleep condjtion
only after all the logical units have been placed into a Sleep condition.

A lgad eject (LoeJ) bit of zero requests that no action be taken regarding loading or ejecting the
medium. A LoeJ bit of one requests that the medium shall be unloaded if the sTART bit is zerp. A
LoeJ bit of one requests that the medium is to be loaded if the sTART bit is one.

A sTART bit of zero requests that the block device be stopped (media shall not be accessed by
the fapplication client). A sTART bit of one requests that the block device be made ready for ufse.

Blo¢k devices that contain cache memory shalliimplicitly perform a SYNCHRONIZE CACHE
command for the entire medium prior to executing'the STOP UNIT command.

6.1.16 SYNCHRONIZE CACHE command

The SYNCHRONIZE CACHE command-(see Table 37) ensures that logical blocks in the cdche
metnory, within the specified range;have their most recent data value recorded on the physical
medium. If a more recent data value for a logical block within the specified range exists in| the
cache memory than on the physical medium, then the logical block from the cache memory
sha|l be written to the physSical medium. Logical blocks may not be removed from the cgche
metnory as a result of the synchronize cache operation. The SYNCHRONIZE CACHE fundtion
is also required implicithy'by other SCSI functions as defined in other clauses of this standard.

Table 35 - SYNCHRONIZE CACHE command

Bjt 7 6 5 4 3 2 1 0
Byt¢g

0 OPERATION CODE (35h)

1 Reserved I |M'M‘ED_|—RE_ADR

2 (MSB)

3

4 LOGICAL BLOCK ADDRESS

5 (LSB)

6 Reserved

7 (MSB) NUMBER OF BLOCKS

8 (LSB)

9 CONTROL
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If the logical unit is reserved, a reservation conflict shall occur when a SYNCHRONIZE CACHE
command is received from an initiator other than the one holding a logical unit reservation. The
command shall be rejected with RESERVATION CONFLICT status if the reservation conflict is
due to a logical unit reservation. The SYNCHRONIZE CACHE command shall be evaluated for
extent reservation conflicts as if it were a write operation. SYNCHRONIZE CACHE commands with a
reservation conflict shall be terminated with CHECK CONDITION status and the sense key shall be set
to DATA PROTECT with the appropriate additional sense code for the condition if any part of the
SYNCHRONIZE CACHE operation is prohibited by an extent reservation.

An immediate (ivmep) bit of zero indicates that the status shall not be returned until the
operatiomtrasbeemcompteted—AmTwwED bitof onme—imdicatesthat thedeviceserverstattreturn
status as soon as the command descriptor block has been validated. If the ivmeDp bit is enéefand
the [device server does not support the IMMED bit, the command shall terminate withi"CHECK
CONDITION status and the sense key shall be set to ILLEGAL REQUEST with the ladditipnal
senpe code set to INVALID FIELD IN CDB.

Sed 6.1.3 for a definition of the ReELADR bit and the LocicAL BLock ADDRESS field’

The| NumBER OF BLOCKs field specifies the total number of contiguous. logical blocks within|the
range. A number of blocks of zero indicates that all remaining_Aogical blocks on the bjock
devjce shall be within the range.

A Iqgical block within the specified range that is not in cache memory is not consideredq an
errgr.

6.1.17 VERIFY command

The VERIFY command (see Table 36) requests.that the device server verify the data writtep on
the medium.

Table 36— VERIFY command

Bit 7 6 5 4 3 2 1 0
Byt¢g

0 OPERATION CODE (2Fh)

1 Reserved DPO | Reserved | Reserved BYTCHK RE|ADR

2 (MSB)

3

4 LOGICAL BLOCK ADDRESS

5 (LSB)

6 Reserved

7 (MSB)

8 VERIFICATION TENGTH tLSB)

9 CONTROL

If the logical unit is reserved, a reservation conflict shall occur when a VERIFY command is
received from an initiator other than the one holding a logical unit reservation. The command
shall be rejected with RESERVATION CONFLICT status if the reservation conflict is due to a
logical unit reservation. The VERIFY command shall be evaluated for extent reservation conflicts as if
it were a read operation. VERIFY commands with a reservation conflict shall be terminated with
CHECK CONDITION status and the sense key shall be set to DATA PROTECT with the appropriate
additional sense code for the condition if any part of the VERIFY operation is prohibited by an extent
reservation.
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If the MODE SELECT command is implemented, and the verify error recovery parameters page
is also implemented, then the current settings in that page specifies the verification error
criteria. If the verify error recovery parameters page is not implemented, then the verification
criteria is vendor-specific.

If the byte check (BYTcHk) bit is zero, a medium verification shall be performed with no data
comparison. If the ByTcHk bit is one, a byte-by-byte comparison of data written on the medium
and the data transferred from the application client shall be performed. If the comparison is
unsuccessful for any reason, the device server shall return CHECK CONDITION status and the
sense key shall be set to MISCOMPARE with the appropriate additional sense code for the
conghtiom:

Seg 6.1.3 for a definition of the ReLADR bit and the LocicAL BLock ADDRESS field.

Thel veriFicaTION LENGTH field specifies the number of contiguous logical blocks of-data that ghall
be yerified. A TRANSFER LENGTH Of zero indicates that no logical blocks shall-be verified. This
confition shall not be considered as an error. Any other value indicates the number of logical
blogks that shall be verified.

Sed 6.1.6 for a description of the cache control bit (ppPo).

6.1/18 WRITE(6) command

The WRITE(6) command (see Table 37) requests that the device server write the data
transferred by the application client to the medium.

Table 37 —- WRITE(6) command

Bit 7 6 5 4 3 2 1 D

0 OPERATION CODE (0Ah)

Reserved | (MSB)

LOGICAL BLOCK ADDRESS

TRANSFER LENGTH

1
2
3 sB)
4
5

CONTROL

If the logical unit'is reserved, a reservation conflict shall occur when a WRITE(6) command is
recgived framy'an initiator other than the one holding a logical unit reservation. The command
sha|l be rejected with RESERVATION CONFLICT status if the reservation conflict is due o a
logital unit reservation. The WRITE(6) command shall be evaluated for extent reservation confficts.
WRITE(6) commands with a reservation conflict shall be terminated with CHECK CONDITION status
and the sense key shall be set to DATA PROTECT with the appropriate additional sense code for
the condition if any part of the WRITE(6) operation is prohibited by an extent reservation.

The cache control bits are not provided for this command. Block devices with cache memory
may have values for the cache control bits that may affect the WRITE(6) command, however,
no default value is defined by this standard. If explicit control is required, the WRITE(10)
command should be used.

The LoacicaL BLock ADDRESS field specifies the logical block where the write operation shall begin.
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The TrRANSFER LENGTH field specifies the number of contiguous logical blocks of data to be
transferred. A TRANSFER LENGTH of zero indirectly indicates that 256 logical blocks shall be
transferred. Any other value directly indicates the number of logical blocks that shall be
transferred.

6.1.19 WRITE(10) command

The WRITE(10) command (see Table 38) requests that the device server write the data
transferred by the application client to the medium.

Table 38 — WRITE(10) command

Bi 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (2Ah)

1 Reserved DPO | FUA | Reserved | Reserved REIADR

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 LSB)

6 Reserved

7 (MSB) TRANSFER LENGTH

8 LSB)

9 CONTROL

If the logical unit is reserved, a reservation conflict shall occur when a WRITE(10) command is
recgived from an initiator other than the one holding a logical unit reservation. The command
sha|l be rejected with RESERVATION CONFLICT status if the reservation conflict is due fo a
logifal unit reservation. The WRITE(10)"command shall be evaluated for extent reservation conflicts.
WRJTE(10) commands with a reservation conflict shall be terminated with CHECK CONDIT[ION
statlis and the sense key shall be set to DATA PROTECT with the appropriate additional sense dode
for {he condition if any part of thé WRITE(10) operation is prohibited by an extent reservation.

Seq 6.1.6 for a definition of the cache control bits (bpo and Fua).
Seqd 6.1.3 for a definition of the RELADR bit and the LocicAL BLock ADDRESS field.

The TRANSFERLENGTH field specifies the number of contiguous logical blocks of data that shall be
transferred. A’ TRANSFER LENGTH Of zero indicates that no logical blocks shall be transferred. This
confition ;shall not be considered an error and no data shall be written. Any other value
indipates the number of logical blocks that shall be transferred.

6.1.20 WRITE AND VERIFY command

The WRITE AND VERIFY command (see Table 39) requests that the device server write the
data transferred from the application client to the medium and then verify that the data is
correctly written. The data is only transferred once from the application client to the device
server.
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Table 39 — WRITE AND VERIFY command

Bit 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (2Eh)

1 Reserved DPO | Reserved | Reserved BYTCHK RELADR

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)

6 Reserved

7 (MSB) TRANSFER LENGTH

8 LSB)

9 CONTROL

If tHe logical unit is reserved, a reservation conflict shall occur whén a WRITE AND VERIFY

conimand is received from an initiator other than the one holding.adogical unit reservation. [The

command shall be rejected with RESERVATION CONFLICT status if the reservation confli¢t is

due|to a logical unit reservation. The WRITE AND VERIFY command shall be evaluated for extent

resgrvation conflicts. WRITE AND VERIFY commands with a feservation conflict shall be terminated

with) CHECK CONDITION status and the sense key shall ‘be set to DATA PROTECT with |the

appfopriate additional sense code for the conditiop~if. any part of the WRITE AND VER

ope

If th
imp
the
imp

Ab
con
med
for
set

See
See

See

ation is prohibited by an extent reservation.

e MODE SELECT command is implemented, and the verify error recovery page is

read-write error recovery page specify the verification error criteria. If these pages are
emented, then the verification criteria:is vendor-specific.

yte check (ByTcHk) bit of zerosequests a medium verification to be performed with no
parison. A ByTcHK bit of ohe-requests a byte-by-byte comparison of data written on
ium and the data transferred from the application client. If the comparison is unsucces
Any reason, the device‘server shall return CHECK CONDITION status with the sense
fo MISCOMPARE with the appropriate additional sense code for the condition.

6.1.3 for a definition of the RELADR bit and the LocicAL BLock ADDRESS field.
WRITEMQ) command (6.1.19) for a definition of the TRANSFER LENGTH field.

6.16/for a description of the cache control bit (pro).

IFY

also

emented (see 7.1.3.9), then the current~settings in that page along with the awre bit from

not

Hata
the
sful
key

NOT

(i.e.,

once for the write pass, and once for the verify pass) when performing a byte compare. If there is a need for two
transfers to occur (for example, to ensure the integrity of the path to the media), then the application client should
issue a WRITE command with a LINK bit of one followed by a VERIFY command with a BYTCMP bit of one,
transferring the same data on each command.

6.1.

21 WRITE LONG command

The WRITE LONG command (see Table 40) requests that the device server write the data
transferred by the application client to the medium. The data passed during the WRITE LONG
command is implementation specific, but shall include the data bytes and the ECC bytes.
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Table 40 — WRITE LONG command

Bit 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (3Fh)
1 Reserved RELADR
2 (MSB)
3 LOGICAL BLOCK ADDRESS
4
5 (1LSB)
6 Reserved
7 (MSB) TRANSFER LENGTH
8 (LSB)
9 CONTROL
If thle logical unit is reserved, a reservation conflict shall occur when(a\WRITE LONG command

is received from an initiator other than the one holding a logical uaqit reservation. The comm
sha|l be rejected with RESERVATION CONFLICT status if the reservation conflict is due

and
fo a

logipal unit reservation. The WRITE LONG command shall(be evaluated for extent reservation

conflicts. WRITE LONG commands with a reservation conflict shall be terminated with CH
CONNDITION status and the sense key shall be set to DATA PROTECT with the appropriate additi
senge code for the condition if any part of the WRITESEONG operation is prohibited by an e
resgrvation.

difference (residue)-of the requested length minus the actual length in bytes. Negative va
sha|l be indicated by two's complement notation. A TRANSFER LENGTH Of zero indicates tha
bytgs shall betransferred and shall not be considered an error.

6.1.22- WRITE SAME command

FCK
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The WRITE SAME command (see Table 41) requests that the device server write the single
block of data transferred by the application client to the medium multiple times to consecutive

multiple logical blocks.
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Table 41 — WRITE SAME command

Bit 7 6 5 4 3 2 1
Byte

o

OPERATION CODE (41h)

Reserved | PBDATA LBDATA RELADR

(MSB)

LOGICAL BLOCK ADDRESS

LSB)

Reserved

(MSB) NUMBER OF BLOCKS

LSB)

O|lo|[N[([ojlo|R]|W|IN]|~

CONTROL

If thle logical unit is reserved, a reservation conflict shall occur when(a)\WRITE SAME comm
is received from an initiator other than the one holding a logical uaqit reservation. The comm
sha|l be rejected with RESERVATION CONFLICT status if the reservation conflict is due

and
and
fo a

logipal unit reservation. The WRITE SAME command shall(be evaluated for extent reservation

conflicts. WRITE SAME commands with a reservation conflict shall be terminated with CH
CONNDITION status and the sense key shall be set to DATA PROTECT with the appropriate additi
senge code for the condition if any part of the WRITE~SAME operation is prohibited by an e
resgrvation.

ently being written.

A rgDATA bit of one requests-that the device server replace the first eight bytes of the data t
writfen to the current physical sector with the physical address of the sector currently b
writfen using the physical sector format (see 6.1.2.1).

If PBDATA and LBRATA are one the command shall be terminated with CHECK CONDITION st
and| the sense’key shall be set to ILLEGAL REQUEST with the appropriate additional sg
codp for the.condition.

Sed 6.4,/3 for a definition of the ReLADR bit and the LocicAL BLock ADDRESS field.

FCK
bnal
tent

tion,

htes
nout
s of
ock

b be
bing

atus
nse

The NumBER oF BLocks field specifies the number of contiguous logical blocks to be written.
A NuMmBER OF BLocks field of zero requests that all the remaining logical blocks on the medium be

written.

6.1.23 XDREAD command

The XDREAD command (see Table 42) requests that the target transfer to the initiator
XOR data generated by an XDWRITE or REGENERATE command.

the
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Table 42 - XDREAD command
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Bit 7 6 5 4 3 2 1 0

Byte

0

1 Reserved

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (tSB)

6 Reserved

7 (MSB) TRANSFER LENGTH

8 (lSB)

9 CONTROL
If the logical unit is reserved, a reservation conflict shall occur when an XDREAD command is
recgived from an initiator other than the one holding a logical unit/reservation. The command
sha|l be rejected with RESERVATION CONFLICT status if the reservation conflict is due fo a
logipal unit reservation. The XDREAD command shall be evaltated for extent reservation conflicts.

XDH
and

READ commands with a reservation conflict shall be terminated with CHECK CONDITION st
the sense key shall be set to DATA PROTECT with the appropriate additional sense codsg

atus
for

the [condition if any part of the XDREAD operation is prohibited by an extent reservation.
Thel XOR data transferred is identified by the LagicAL BLock ADDRESS and TRANSFER LENGTH. [The
LOGICAL BLOCK ADDRESS and TRANSFER LENGTH shall'be the same as, or a subset of, those specified
in g prior XDWRITE or REGENERATE comfand. If a match is not found the command is
terminated with a CHECK CONDITION status and the sense key shall be set to ILLEGAL
REQUEST with the additional sense code set to INVALID FIELD IN CDB.
6.1.24 XDWRITE command
Thel XDWRITE command (see.Table 43) requests that the target XOR the data transferred with
the |data on the medium. The resulting XOR data is stored by the target until it is retrieved by
an XDREAD command.
Table 43 - XDWRITE command
Bit 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE (50h)
1 R &l R A R Al B A DISABLE R Al
Reserved—Reserved—Reserved BPS FA WRITE Reserved

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)

6 Reserved

7 (MSB) TRANSFER LENGTH

8 (LSB)

9 CONTROL
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If the logical unit is reserved, a reservation conflict shall occur when an XDWRITE command is
received from an initiator other than the one holding a logical unit reservation. The command
shall be rejected with RESERVATION CONFLICT status if the reservation conflict is due to a
logical unit reservation. The XDWRITE command shall be evaluated for extent reservation conflicts.
XDWRITE commands with a reservation conflict shall be terminated with CHECK CONDITION status
and the sense key shall be set to DATA PROTECT with the appropriate additional sense code for
the condition if any part of the XDWRITE operation is prohibited by an extent reservation.

See

6.1.6 for a definition of the cache control bits (ppo and Fua).

A pisaBLE WRITE bit of zero indicates that the data transferred from the initiator shall be written to

the |medium after the XOR operation is complete. A pisaBLE WRITE bit of one indicates that
data shall not be written to the medium.

Th

XOR operation shall be performed with the data from the medium.

The| TRANSFER LENGTH field specifies the number of logical blocks that shall*be transferred to
XD\VRITE target and the number of logical blocks on which an~XOR operation shal
ormed with the data from the medium.

per

The
ADD

6.1.

The
tran
a s

RESS and TRANSFER LENGTH fields that match, or is a subset of, the starting LocicaL B
ADDRESS and TRANSFER LENGTH of this command.

25 XDWRITE EXTENDED command

LOGICAL BLOCK ADDRESS specifies the starting logical block address of the data‘on whick

resulting XOR data is retrieved by an XDREAD command with starting LocicaL B

XDWRITE EXTENDED command (see Table 44) requests that the target XOR the

condary device using an XPWRITE command.

Table 44 —- XDWRITE EXTENDED command

the

an

the
be

|OCK
lOCK

Hata
sferred with the data on the medium. Thedresulting XOR data may subsequently be sent to

Bit 7 6 5 4 3 2 1 0
Byte
0 Operation Code (80h)
1 A;gifss Reserved | Reserved DPO FUA DV'VS:IE"EE PORT CONTRQL
2 (MSB)
3 LOGICAL BLOCK ADDRESS
4
5 (LSB)
6 (MSB)
7 SECONDARY LOGICAL BLOCK ADDRESS
8
9 (LSB)
10 (MSB)
11 TRANSFER LENGTH
12
13 (LSB)
14 SECONDARY ADDRESS
15 CONTROL
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If the logical unit is reserved, a reservation conflict shall occur when an XDWRITE EXTENDED
command is received from an initiator other than the one holding a logical unit reservation. The
command shall be rejected with RESERVATION CONFLICT status if the reservation conflict is
due to a logical unit reservation. The XDWRITE EXTENDED command shall be evaluated for
extent reservation conflicts. XDWRITE EXTENDED commands with a reservation conflict shall be
terminated with CHECK CONDITION status and the sense key shall be set to DATA PROTECT with the
appropriate additional sense code for the condition if any part of the XDWRITE EXTENDED
operation is prohibited by an extent reservation.

A TABLE ADDRESS bit of zero indicates that the seconpary Abpress field contains the target
idel ilflcl Uf tiIU talgct tildi WI“ chciVU tilU XOR Uldid tldllbfcl. TiIU illlp“cd LU?‘]I Uf the
secpndary target shall be zero. If the transport protocol requires more than one byte-far{ the
target identifier and the TABLE ADDRESS bit is zero, the seconDARY ADDRESSs field specifies(the least
signjificant byte of the secondary target identifier. The upper bytes of the secondary tafget
identifier shall be equal to the upper bytes of the target identifier of the XDWRITE EXTENDED
target.

A TABLE ADDRESS bit of one indicates that the seconDARY ADDRESS field contains a pointer to a [ook
up table of ISO/IEC 14776-411:1999, SCSI-3 Architecture Model compliant target identifiers.
Thel look up table is reserved for future definition.

Seg 6.1.6 for a definition of the prpo and Fua bits.

A pisaBLE WRITE bit of zero indicates that the data transferred*from the initiator shall be written to
the |medium after the XOR operation is complete. A pisasLE wRITE bit of one indicates that| the
data shall not be written to the medium.

Sed 6.1.11 for a definition of the porT conTrOL field. If the PorT conTROL field has a value of|01b
and| the target is not a multiple port device_ the command shall be terminated with a CHECK
CONDITION status and the sense data shall be set to ILLEGAL REQUEST with the additipnal
senpe code set to INVALID FIELD IN CDB:

The| TRANSFER LENGTH field specifiescthe number of logical blocks that shall be transferred to| the
XDWRITE EXTENDED target and to the XPWRITE target.

Thel XOR data transfer to ‘the secondary target is performed using an XPWRITE command.
Thel XPWRITE command shall be sent to the device specified in the seconDARY ADDRESs fleld.
Thel sEcoNDARY LoGIcACBLOCK ADDRESS field value shall be placed in the LocicAL BLock ADDRESS field
of the XPWRITE command. The TrRANSFER LENGTH field value shall be placed in the TRANSFER
LENGTH field of the XPWRITE command. The completion status of the XDWRITE EXTENDED
command shall'not be returned to the initiator until the completion status of the XPWRITE
command has been received.

NOT[E 16{ The XOR data transfer to the secondary target may be broken into multiple XPWRITE commands. If this
is dpné¢ the XDWRITE EXTENDED target calculates the logical block addresses and transfer lengths fof the
indiviidual XPWRITE caommands Also _the rnmplntinn status of the XDWRITE EXTENDED command is not retilrned

to the initiator until the completion status of all XPWRITE commands have been received.

If the prior XPWRITE command terminates with a CHECK CONDITION status and the sense
key is not set to RECOVERED ERROR the XDWRITE EXTENDED command shall return
CHECK CONDITION status.

6.1.26 XPWRITE command

The XPWRITE command (see Table 45) requests that the target XOR the data transferred with
the data on the medium and then write the XOR data to the medium.
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Table 45 - XPWRITE command

Byte

Bit 7 6 5 4 3 2 1

OPERATION CODE (51h)

Reserved DPO | FUA | Reserved

(MSB)

LOGICAL BLOCK ADDRESS

| SB)

Reserved

TRANSFER LENGTH

O O J[O[OT[]|W|IN][~|O

CONTROL

If t
rec
sha
logi
XPV
and
the

See

The
sha
XOl

The
alsg

6.2
6.2.

The

e logical unit is reserved, a reservation conflict shall occur when(an XPWRITE comman
ived from an initiator other than the one holding a logical unit/reservation. The comm
| be rejected with RESERVATION CONFLICT status if the reservation conflict is due
cal unit reservation. The XPWRITE command shall be evaluated for extent reservation conf
VRITE commands with a reservation conflict shall be terminated with CHECK CONDITION st
the sense key shall be set to DATA PROTECT with the appropriate additional sense codsg
condition if any part of the XPWRITE operation is prohibited by an extent reservation.

6.1.6 for a definition of the ppo and Fua bits.

LoagicAL BLock ADDRESs field specifies the “starting logical block address where the ta
| read data from its medium. It also $pécifies the starting logical block address where
R result data shall be written to the medium.

TRANSFER LENGTH field specifiesithe number of blocks that shall be read from the mediur
specifies the number of blocks that shall be written to the medium.

Commands for optical memory block devices
0 General

commands-far optical memory block devices shall be as shown in Table 46.

dis
and
fo a
icts.
atus

for

rget
the

n. It
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Table 46 — Commands for optical memory block devices

Command name Operation code Type Subclause
CHANGE DEFINITION 40h @] ISO/IEC 14776-311, SPC
COMPARE 39h O ISO/IEC 14776-311, SPC
COPY 18h @] ISO/IEC 14776-311, SPC
COPY AND VERIFY 3Ah 0} ISO/IEC 14776-311, SPC
ERASE(10) 2Ch 0] 6.2.1
ERASEHY ACH S 622
FORMAT UNIT 04h 0] 6.1.2
INQUIRY 12h M ISO/IEC 14776-311,"SPC
LOCK-UNLOCK CACHE 36h 0] 6.1:3
LOG SELECT 4Ch ] ISO/IEC 14776-311, SPC
LO{G SENSE 4Dh @] ISO/IEC, 14776-311, SP¢
MEPIUM SCAN 38h O 6.2.3
MODE SELECT(6) 15h (0] ISO/IEC 14776-311, SPC
MODE SELECT(10) 55h 0] ISO/IEC 14776-311, SPC
MODE SENSE(6) 1Ah 0] ISO/IEC 14776-311, SPC
MODE SENSE(10) 5Ah 0) ISO/IEC 14776-311, SPC
MOVE MEDIUM A5h ] SMC
Obsolete 01h OB 3.3.4
Obsolete 31h OB 3.34
Obsolete Blh OB 3.3.4
Obsolete 30h OB 3.34
Obsolete BOh OB 3.3.4
Obsolete 32h OB 3.3.4
Obsolete B2h OB 3.3.4
Obsolete 0Bh OB 3.3.4
PERSISTENT RESERVE IN 5Eh o' ISO/IEC 14776-311, SP¢
PERSISTENT RESERVEOUT 5Fh o' ISO/IEC 14776-311, SP¢
PRE-FETCH 34h 0] 6.1.4
PREVENT-ALLOW MEDIUM REMOVAL 1Eh (0] ISO/IEC 14776-311, SPC
READ(6) 08h (0] 6.1.5
READ(10) 28h M 6.1.6
READ(12) A8h (0] 6.2.4
READBUFFER 3Ch 0} ISO/IEC 14776-311, SP¢
READ CAPACITY 25h M 6.1.7
READ DEFECT DATA(10) 37h (0] 6.1.8
READ DEFECT DATA(12) B7h 0} 6.2.5
READ ELEMENT STATUS B8h o SMC
READ GENERATION 29h o] 6.2.6
READ LONG 3Eh (0] 6.1.9
READ UPDATED BLOCK 2Dh 0] 6.2.7
REASSIGN BLOCKS 07h (0] 6.1.10
RECEIVE DIAGNOSTIC RESULTS 1Ch O ISO/IEC 14776-311, SPC
RELEASE(6) 17h o? ISO/IEC 14776-311, SPC
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Table 46 (continued)

Command name Operation code Type Subclause
RELEASE(10) 57h M ISO/IEC 14776-311, SPC
REQUEST SENSE 03h M ISO/IEC 14776-311, SPC
RESERVE(6) 16h 0? ISO/IEC 14776-311, SPC
RESERVE(10) 56h M ISO/IEC 14776-311, SPC
SEEK(10) 2Bh O 6.1.13
SENBDBHAGNOSHE +Bh i SO H4FF6-31++-SP¢
SET LIMITS(10) 33h O 6.1.14
SET LIMITS(12) B3h o 6.2.8
START STOP UNIT 1Bh (0] 6.145
SYNCHRONIZE CACHE 35h 0] 6.1.16
TE$T UNIT READY 00h M ISO/IEC, 14776-311, SP¢
UPPATE BLOCK 3Dh o] 6.2.9
VERIFY(10) 2Fh o 6.2.10
VERIFY(12) AFh O 6.2.11
WRITE(6) 0Ah o 6.1.18
WRITE(10) 2Ah M 6.1.19
WRITE(12) AAh o 6.2.13
WRITE AND VERIFY(10) 2Eh o 6.2.14
WRITE AND VERIFY(12) AEh O 6.2.15
WRITE BUFFER 3Bh 0} ISO/IEC 14776-311, SP¢
WRITE LONG 3Fh o 6.1.21
Key:

M = Command implementation is mandatory.

(0] = Command implementation jsgptional.

OB| = Obsolete

SP = SCSI-3 Primary Commands

SMC = SCSI-3 Medium Changer Command Set

NOJTE 1 Optional PERSISTENT RESERVE Commands, if implemented, shall both be implementeq

as @ group.

The following~codes are vendor-specific: 20h, 21h, 22h, 23h, and COh through FFh/[ All
remfaining-codes for optical memory block devices are reserved for future standardization.

6.2.1 \ERASE(10) command

The ERASE(10) command (see Table 47) requests that the device server erase the specified
number of blocks starting at the specified logical block address on the medium. As used here,
erased means either the medium shall be erased, or a pattern shall be written on the medium
that appears to the device server as no data present. The blocks erased shall be considered
blank for purposes of blank checking (see 5.2). The previous data recorded on the medium, if
any, shall not be recoverable.
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Table 47 - ERASE(10) command

Bit 7 6 5 4 3 2 1
Byte

o

OPERATION CODE (2Ch)

Reserved | ERA Reserved RELADR

(MSB)

LOGICAL BLOCK ADDRESS

LSB)

Reserved

(MSB) TRANSFER LENGTH

LSB)

O|lo|[N[([ojlo|R]|W|IN]|~

CONTROL

If th
is received from an initiator other than the one holding a logical uaqit reservation. The comm
sha
logi
as if
with
app,
proh

An
If tH
CHIH
sen

See

The
whe
sha
Any

Thig
res¢rvation access conflict exists and no data shall be erased.

NOT]
perf

e logical unit is reserved, a reservation conflict shall occur whef an ERASE(10) comm

| be rejected with RESERVATION CONFLICT status if the“reservation conflict is due
cal unit reservation. The ERASE(10) command shall be evaluated for extent reservation con
it were a write operation. ERASE(10) commands with a reservation conflict shall be termin
CHECK CONDITION status and the sense key shall \be set to DATA PROTECT with
ropriate additional sense code for the condition~if€any part of the ERASE(10) operatid
ibited by an extent reservation.

brase all (ErA) bit of one indicates that all renraining blocks on the medium shall be era

FCK CONDITION, and the sense key shall be set to ILLEGAL REQUEST, with an additi
5e code of INVALID FIELD IN CDB,

6.1.3 for a description of the RELADR bit and LoaicAL BLock ADDRESS field.

TRANSFER LENGTH specifies* the number of contiguous logical blocks that shall be erg
n the ErRA bit is zero. If the ErRA bit is zero a TRANSFER LENGTH Of zero indicates that no bld
| be erased. This condition shall not be considered an error and no data shall be era
other value indicates the number of logical blocks that shall be erased.

commandsshall be terminated with a status of RESERVATION CONFLICT if

E 17/ This command allows the user to separate the erase and write operations. This may increase sy
rmanee in certain applications.

and
and
fo a
flicts
ated
the
n is

sed.

e ErRA bit is one and if the number of blocks is not zero, the device server shall refurn

bnal

sed
cks
sed.

any

stem

6.2.2 ERASE(12) command

The ERASE(12) command (see Table 48) requests that the device server erase the specified
number of blocks starting at the specified logical block address on the medium.
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Table 48 - ERASE(12) command

Bit 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (ACh)

1 Reserved | ERA Reserved RELADR

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)

6 (MSB)

7 TRANSFER LENGTH

8

9 (LSB)

10 Reserved

11 CONTROL

If thle logical unit is reserved, a reservation conflict shall occur when a ERASE(12) command is
recgived from an initiator other than the one holding a logical unit reservation. The command
sha|l be rejected with RESERVATION CONFLICT status df;'the reservation conflict is due fo a
logital unit reservation. The ERASE(12) command shalllbe evaluated for extent reservation conflicts
as il it were a write operation. ERASE(12) commands with)a reservation conflict shall be terminated
with) CHECK CONDITION status and the sense key<shall be set to DATA PROTECT with |the
appfopriate additional sense code for the condition if any part of the ERASE(12) operatign is
prohjibited by an extent reservation.

Seg 6.2.1 for a description of the fields intthis command.

6.2.3 MEDIUM SCAN command

The MEDIUM SCAN command((see Table 58) requests that the device server scan the medium
for @ contiguous set of written*or blank logical blocks.

Table 49 — MEDIUM SCAN command

PARAMETER LIST LENGTH

CONTROL

Bit 7 6 5 4 3 2 1 0

Bytd

0 OPERATION CODE (38h)

1 Reserved WBS ASA RSD PRA RELIADR

2 (MSB)

3

4 LOGICAL BLOCK ADDRESS

5 (LSB)

6 Reserved

7 Reserved

8

9
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If the logical unit is reserved, a reservation conflict shall occur when a MEDIUM SCAN
command is received from an initiator other than the one holding a logical unit reservation. The
command shall be rejected with RESERVATION CONFLICT status if the reservation conflict is
due to a logical unit reservation. The MEDIUM SCAN command shall be evaluated for extent
reservation conflicts as if it were a read operation. MEDIUM SCAN commands with a reservation
conflict shall be terminated with CHECK CONDITION status and the sense key shall be set to DATA
PROTECT with the appropriate additional sense code for the condition if any part of the MEDIUM
SCAN operation is prohibited by an extent reservation.

A written block search (wss) bit of zero indicates that the scan is for blank blocks. A wss bit of

oneg

An
seq

thafl the written and blank areas within the scan area form contiguous extents-(as oppose

sca

NOTE 18 The purpose of the ASA bit is to allow the device server to use a more advanced algorithm (such

bina

A rg¢verse scan direction (rRsD) bit of zero indicates the scan shall,'begin with the first log
blogk of the scan area. A rsp bit of one indicates the scan shall begin with the last logical b
of the scan area.

Ap
sati

sizg to the number of blocks requested, and meets/the’ other criteria specified in the comm

des

of blocks within the scan area that is less than«the number of blocks requested, and meets
other criteria specified in the command descriptor block.

Sed 6.1.3 for a description of the RELADR:BIt and LoaicAL BLock ADDRESS field.

The| PARAMETER LIST LENGTH specifiés the length in bytes of the parameter list that shal

tran
NUM
vall

: T 4 el : — e 1ol 1
IMaicaics iat tic scdll 1S TUT WITUCSTT DIOCRS.

advanced scan algorithm (asa) bit of zero indicates that the scan area is scanne
Lential order (as selected by the rsp bit). An asa bit of one indicates to the device se

tered blocks). This indication is advisory to the device server.

y search) to locate the requested blocks.

sfied until a contiguous set of blocks is found within the scan area that is at least equ

Criptor block. A pPra bit of one indicates that the 'scan may be satisfied by a contiguous

sferred during the data-out buffer transfer. A PARAMETER LIST LENGTH Of zero indicates that
BER OF BLOCKS REQUESTED field’has a value of one, and the NUMBER oOF BLOCKS TO scaN field h

d in
rver
d to

as a

ical
ock

artial results acceptable (Pra) bit of zero indicates, that the scan shall not be considéred

Bl in
and
set
the

be
the
hS a

e of zero. This condition)shall not be considered an error. The contents of the paramgeter

list fre specified in Table 50.
Table 50 — MEDIUM SCAN parameter list
Bit 7 6 5 4 3 2 1 D

Bytg

0 (MSB)

1

2 NUMBER OF BLOCKS REQUESTED

3 (LSB)

4 (MSB)

5

6 NUMBER OF BLOCKS TO SCAN

7 (LSB)
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A LNk BIT of zero indicates a non-linked command; if the scan is satisfied, the command shall
be terminated with a CONDITION MET status. A REQUEST SENSE command may then be
issued to determine the starting logical block address of the area that meets the request. If the
scan is not satisfied and no error occurs, the command shall be terminated with GOOD status.

A LINK BIT of one indicates that a command is linked to the MEDIUM SCAN command; if the
search is satisfied, CONDITION MET status is returned and the next command is executed. If
the ReLADR bit in the next command is one, the LocicAL BLock ADDREss of the next command is
used as a displacement from the logical block address where the search was satisfied. If a
linked scan is not satisfied, the command is terminated with a CHECK CONDITION status.

OO EO

AR

AR

a)

The

reqliirements. The NUMBER oOF BLoCKks REQUESTED field, if zero, indicates that the scan shall

take

The
the
for

of grror reporting.

6.2.

The

app
com

E oY oY ! 4l 1 : }
GULOo T OLINOoL CUTTTTTarta 1riay it V€ 1ssuUcU.

FQUEST SENSE command following a satisfied MEDIUM SCAN command shall

return a sense key of EQUAL if the scan was satisfied by a contiguous set _¢f| blocks e
n size to the number of blocks requested. If the Pra bit is one and the scan was satisfie
b contiguous set of blocks less than the number of blocks requested, then a sense ke
NO SENSE shall be returned,

return the valid bit set to one,

return the logical block address of the first logical block of the €Contiguous set of blocks
satisfied the scan criteria in the information bytes,

return the number of contiguous logical blocks meeting the scan criteria in the comm
specific information bytes.

FQUEST SENSE command following an unsatisfied " MEDIUM SCAN command shall

return a sense key of NO SENSE if no errors 9ccurred during the command execution,
return the vaLip bit set to zero.

NUMBER OF BLOCKS REQUESTED field specifies the number of blocks that meet the spec

place. This shall not be considered an error condition.

NUMBER OF BLOCKS TO scaN field specifies the length in blocks of the area to be scanneq
medium. The NuUMBER 0OE-BLOCKS TO scaN field, if zero, indicates that the scan shall cont
bll remaining blocks on the medium or until the scan is satisfied. See 5.2.2 for a descrip

4 READ(12) command

READ(12)~command (see Table 51) requests that the device server transfer data to
ication 'client from the medium. See 6.1.6 for a complete description of the fields in
mand;

qual
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Table 51 —- READ(12) command
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Bit 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (A8h)

1 Reserved DPO | FUA | Reserved RELADR

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 LSB)

6 (MSB)

7 TRANSFER LENGTH

8

9 LSB)

10 Reserved

11 CONTROL

If the logical unit is reserved, a reservation conflict shall occurnwhen a READ(12) comman
recgived from an initiator other than the one holding a logical unit reservation. The comm
sha|l be rejected with RESERVATION CONFLICT statusdf;'the reservation conflict is due
logital unit reservation. The READ(12) command shall be evaluated for extent reservation conf
READ(12) commands with a reservation conflict shall\be terminated with CHECK CONDITION
the pense key shall be set to DATA PROTECT with thé. appropriate additional sense code for

confition if any part of the READ(12) operation is prohibited by an extent reservation.

6.2/5 READ DEFECT DATA(12) command

The

READ DEFECT DATA(12) comimand (see Table 52) requests that the device se
transfer the medium defect data to the application client. See 6.1.8 for a description of

fields in this command.

Table)52 - READ DEFECT DATA(12) command

d is
and
o a
icts.
and
the

rver
the

Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (B7h)

1 Reserved PLIST GLIST DEFECT LIST FORMAT

2 Reserved

3 Reserved

4 Reserved

5 Reserved

6 (MSB)

7

8 ALLOCATION LENGTH

9 (LSB)

10 Reserved

11 CONTROL
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If the logical unit is reserved, a reservation conflict shall occur when a READ DEFECT
DATA(12) command is received from an initiator other than the one holding a logical unit
reservation. The command shall be rejected with RESERVATION CONFLICT status if the
reservation conflict is due to a logical unit reservation. READ DEFECT DATA(12) commands
with a reservation conflict shall be terminated with RESERVATION CONFLICT status. The READ
DEFECT DATA(12) command shall not be evaluated for extent reservation conflicts (for example,

extent reservations do not conflict with the READ DEFECT DATA(12) command).

The READ DEFECT DATA(12) list header (see Table 53) contains an eight byte header,
followed by zero or more defect descriptors.

Table 53 — READ DEFECT DATA(12) list header

Bjt 7 6 5 4 3 2 0
Byte
0 Reserved
1 Reserved PLIST GLIST DERECT LIST FORMAT
2 Reserved
3 Reserved
4 (MSB)
5
6 DEFECT LIST LENGTH
7 (LSB)
DEFECT DESCRIPTORS
0
n
Sed the description of the READ DEEECT DATA defect list (see 6.1.2.1) for a description of

the

6.2,

The
the

fields in this header.

6 READ GENERATION command

READ GENERATION command (see Table 54) requests that the device server transfgr to

application client thesmaximum generation address for the logical block specified.

Table 54 — READ GENERATION command

Bjt L4 6 5 4 3 2 0
Byte
0 OPERATION CODE (29h)

ALLOCATION LENGTH

CONTROL

1 Reserved RECADR
2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)
6 Reserved

7 Reserved

8

9
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If the logical unit is reserved, a reservation conflict shall occur when a READ GENERATION
command is received from an initiator other than the one holding a logical unit reservation. The
command shall be rejected with RESERVATION CONFLICT status if the reservation conflict is
due to a logical unit reservation. The READ GENERATION command shall be evaluated for extent
reservation conflicts. READ GENERATION commands with a reservation conflict shall be terminated
with CHECK CONDITION status and the sense key shall be set to DATA PROTECT with the
appropriate additional sense code for the condition if any part of the READ GENERATION
operation is prohibited by an extent reservation.

See 6.1.3 for a description of the RELADR bit and LocIcAL BLock ADDRESS field.

Thel READ GENERATION data is defined in Table 55.

Table 55 — Maximum generation data block

Bjt 7 6 5 4 3 2 0
Byte

0 (MSB)

1 MAXIMUM GENERATION ADDRESS LSB)

2 Reserved

3 Reserved

The maximum GENERATION ADDRESS field defines the maximim generation address available for the

LOGICAL BLOCK ADDRESS specified.

6.2)7 READ UPDATED BLOCK(10) command

The READ UPDATED BLOCK(10) command (see Table 56) requests that the device sefver

transfer data to the application client from the specified generation and logical block.

Table 56 — READ UPDATED BLOCK(10) command

3it 7 6 5 4 3 2 (
Byt
0 OPERATION CODE (2Dh)
1 Reserved DPO | FUA | Reserved RELADR
2 (MSB)
3
4 LOGICAL BLOCK ADDRESS
5 (LSB)
6 Latest (MSB)
7 GENERATION ADDRESS (LSB)
8 Reserved
9 CONTROL
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If the logical unit is reserved, a reservation conflict shall occur when a READ UPDATED
BLOCK(10) command is received from an initiator other than the one holding a logical unit
reservation. The command shall be rejected with RESERVATION CONFLICT status if the
reservation conflict is due to a logical unit reservation. The READ UPDATED BLOCK(10)
command shall be evaluated for extent reservation conflicts. READ UPDATED BLOCK(10) commands
with a reservation conflict shall be terminated with CHECK CONDITION status and the sense key shall
be set to DATA PROTECT with the appropriate additional sense code for the condition if any part
of the READ UPDATED BLOCK(10) operation is prohibited by an extent reservation.

See 6.1.6 for a description of the cache control bits (prPo and Fua).

Sed 6.1.3 for a description of the RELADR bit and LoaIcAL BLock ADDRESS field.
Ong block of data is transferred during the data-in buffer transfer.
The| LATEST bit determines the meaning of the GeneraTioN AppRess field. A‘CATEsT bit of zero
indifates that the GeENERATION ADDRESS is specified relative to the first generation of the blpck;
GENERATION ADDRESS zero specifies the first generation. Increasing generation addresses sp¢gcify
latef generations.
A LATEST bit of one indicates that the GENERATION ADDRESs isgspecified relative to the Igtest
gengration of the block; GENERATION ADDRESs zero specifies“the most recent generafion.
Increasing generation addresses specify earlier generations.
If the requested generation does not exist, the command shall be terminated with CHECK
CONDITION status and the sense key shall be sett BLANK CHECK with the additional sgnse
codg set to GENERATION DOES NOT EXIST.
Thig command shall be terminated withCa status of RESERVATION CONFLICT if [any
resgrvation access conflict exists and no.data shall be transferred.
6.28 SET LIMITS(12) command
Thel SET LIMITS(12) command-(see Table 57) defines the range where subsequent linked
commands may operate. See 6.1.14 for a description of the fields in this command.
Table 57 — SET LIMITS(12) command
Bit 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (B3h)

1 Reserved RDLNH WHRINH

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)

6 (MSB)

7 NUMBER OF BLOCKS

8

9 (LSB)

10 Reserved

11 CONTROL



https://iecnorm.com/api/?name=5c065d9f7e3c6f1d5a6bf64f7b8f379e

- 88 — 14776-321 © ISO/IEC:2002(E)

If the logical unit is reserved, a reservation conflict shall occur when a SET LIMITS(12)
command is received from an initiator other than the one holding a logical unit reservation. The
command shall be rejected with RESERVATION CONFLICT status if the reservation conflict is
due to a logical unit reservation. The SET LIMITS(12) command shall be evaluated for extent
reservation conflicts. An overlap with an extent reservation of any type shall be detected as a reservation
conflict. SET LIMITS(12) commands with a reservation conflict shall be terminated with CHECK
CONDITION status and the sense key shall be set to DATA PROTECT with the appropriate additional
sense code for the condition if any part of the SET LIMITS(12) operation is prohibited by an extent
reservation.

6.2 9 UPDATE BLOCKcommmand

The UPDATE BLOCK command (see Table 58) requests that the device serverlogigally
repllace data on the medium with the data sent during the data-out buffer transfer.

Table 58 - UPDATE BLOCK command

Byte

o

OPERATION CODE (3Dh)

Reserved RELADR

(MSB)

LOGICAL BLOCK ADDRESS

LSB)

Reserved

Reserved

Reserved

|| N[ojlo|h|W|IN]| ~

CONTROL

If the logical unit is reserved,\a reservation conflict shall occur when an UPDATE BLOQCK
command is received from andinitiator other than the one holding a logical unit reservation. [The
command shall be rejected\with RESERVATION CONFLICT status if the reservation confli¢t is
due| to a logical unit reservation. The UPDATE BLOCK command shall be evaluated for extent
resgrvation conflicts ag-if\it were a write operation. UPDATE BLOCK commands with a reservdtion
conflict shall be terminated with CHECK CONDITION status and the sense key shall be set to DATA
PROTECT with the appropriate additional sense code for the condition if any part of the UPDATE
BLOQCK operation:is prohibited by an extent reservation.

Sed 6.1/3 for a description of the RELADR bit and LocicAL BLock ADDRESS field.

Ll 1 F I A S £ PR . 4l b P 4 £
On('. VIVCR UTUdld 15 TdlTsSITITCU UuTriiTy Ui Udata=Out DUTITT WhdlisIicr.

NOTE 19 See 7.1.4.3 for a description of the behavior of the UPDATE BLOCK command relative to the enable
blank check (EBC) bit.

This standard does not define the result of a WRITE command issued to a block previously
updated by an UPDATE BLOCK command when blank checking is disabled. It is recommended
that the device server inhibit this behavior.
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A logical block may be updated until the alternate block area is exhausted. The alternate
blocks used for the update operation shall not be reported in the READ CAPACITY data. If the
alternate block area is exhausted, the command shall be terminated with CHECK CONDITION,
the sense key shall be set to MEDIUM ERROR and the additional sense code set to NO
DEFECT SPARE LOCATION AVAILABLE.

If the report updated block read (rRusr) bit specifies posting of recovered errors for a read
operation of a logical block that has had a successful update operation performed, and a
recovered error occurs, the command shall terminate with a CHECK CONDITION status and
the sense key shall be set to RECOVERED ERROR with the additional sense code set to

ATER-RILAOOIL D AN o 2 4 4 4 ! . tl bt
UPDI‘\I LU DLUCUN INEAU. oCC 7. 1.94.9 TUl a UTSUITPLUUITT UT'UTNCS RUBR DIL.

6.2/10 VERIFY(10) command

Theg VERIFY command (see Table 59) requests that the device server verify the, data on|the
medium.

Table 59 — VERIFY command

Bit 7 6 5 4 3 2 1 q
Bytel

0 OPERATION CODE (2Fh)

1 Reserved DPO | Reserved [ BLKVFY BYTCHK RELADR

2 (MSB)

3 LOGICAL BLOCK,ADDRESS

4

5 (LSB)

6 Reserved

7 (MSB) VERIFICATION LENGTH

8 (LSB)

9 CONTROL

If thle logical unit is reserved; a reservation conflict shall occur when a VERIFY(10) command is
recgived from an initiatar other than the one holding a logical unit reservation. The command
sha|l be rejected with"RESERVATION CONFLICT status if the reservation conflict is due fo a
logigal unit reservation. The VERIFY(10) command shall be evaluated for extent reservation conflicts
as if it were a read\operation. VERIFY(10) commands with a reservation conflict shall be terminated
withf CHECK_CONDITION status and the sense key shall be set to DATA PROTECT with|the
appfopriate\additional sense code for the condition if any part of the VERIFY(10) operatign is
prohjibited-by an extent reservation.

If theMODBE-SEEECTecommandistmpltemented—and-the—verify-errorrecovery-parameters—page
is also implemented, then the current settings in that page define the verification criteria. If the
verify error recovery parameters page is not implemented, then the verification criteria is

vendor-specific.

A byte check (ByTcHk) bit of zero causes a medium verification to be performed with no data
comparison. A BYTcHK bit of one causes a byte-by-byte compare of the data written on the
medium and the data transferred from the application client. The data shall be transferred as it
would be for a WRITE command. If the compare is unsuccessful, for any reason, the device
server shall return CHECK CONDITION status and the sense key shall be set to
MISCOMPARE with the appropriate additional sense code for the condition.
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A blank verify (BLkvFY) bit of zero indicates that it is not requested to verify that the blocks are
blank. A blank verify (BLkvFY) bit of one causes a verification that the blocks are blank.

If the BYTCcHK is one and the BLkvFy bit is one the device server shall return CHECK CONDITION
status and the sense key shall be set to ILLEGAL REQUEST with the additional sense code set
to INVALID FIELD IN CDB.

See 6.1.6 for a description of the cache control bit (pro). See 6.1.3 for a description of the
RELADR bit and LocicAL BLocK ADDRESS field.

The
sha
Thi

VERIFICATION LENGTH specifies the number of contiguous logical blocks of data or blanks [that
| be verified. A VERIFICATION LENGTH Of zero indicates that no logical blocks shall be-verified.
condition shall not be considered as an error. Any other value indicates the ‘numbgr of

logifal blocks that shall be verified.
6.2/11 VERIFY(12) command
Thel VERIFY(12) command (see Table 60) requests that the device server verify the data on
the medium. See 6.2.10 for a description of the fields in this command.
Table 60 — VERIFY(12) command
Bit 7 6 5 4 3 2 1 0

Byte

0 OPERATION CODE (AFh)

1 Reserved DPO Reserved BLKVFY BYTCHK RELADR

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 LSB)

6 (MSB)

7 VERIFICATION LENGTH

8

9 LSB)

10 Reserved

11 CONTROL
If thle logical-unit is reserved, a reservation conflict shall occur when a VERIFY(12) command is
recgived from an initiator other than the one holding a logical unit reservation. The command
shall.bé -rejected with RESERVATION CONFLICT status if the reservation conflict is due fo a
logieatunitreservation—he VERHY-{42)commancd-shatt-be-evaluated-for-extent reservatiorncontlicts

as if it were a read operation. VERIFY(12) commands with a reservation conflict shall be terminated
with CHECK CONDITION status and the sense key shall be set to DATA PROTECT with the
appropriate additional sense code for the condition if any part of the VERIFY(12) operation is
prohibited by an extent reservation.
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6.2.

12 WRITE(10) command

Table 61 —- WRITE(10) command

Bi
Byte

t 7 6 5 4 3 2 1 0

o

OPERATION CODE (2Ah)

Reserved DPO | FUA | EBP Reserved RELADR

(MSB)

LOGICAL BELOCK ADDRESS

| SB)

Reserved

(MSB) TRANSFER LENGTH

| SB)

Ol (N|ooJO|_h|[W|IN]| -

CONTROL

If th

rec
Th

conflict is due to a logical unit reservation. The WRITE(10))command shall be evaluated for e
resgrvation conflicts. WRITE(10) commands with a reservation conflict shall be terminated
CHECK CONDITION status and the sense key shall be“set' to DATA PROTECT with the appropi

add
exte

An

writ
eray
acc

See
the

The
tran
sha

nunjber of logical blocks that shall be transferred.

This

e logical unit is reserved, a reservation conflict shall occur when a WRITE(10) commar
ived from an initiator other than the one holding a logical-unit reservation (see Table
command shall be rejected with RESERVATION GONFLICT status if the reservg

tional sense code for the condition if any part:of'the WRITE(10) operation is prohibited b)
nt reservation.

brase by-pass (EBr) bit of zero indicates that the block device shall default to the no
e operation. An esp bit of one indicates that the device server is allowed to by-pass
be operation prior to writing the_data. When accessing write-once media and for dir
bss block devices, the esp bit shall be considered reserved.

6.1.6 for a description of\the cache control bits (ppo and Fua). See 6.1.3 for a descriptio
RELADR bit and LocicAL BLock ADDRESS field.

TRANSFER LENGTH( specifies the number of contiguous logical blocks of data that shal
sferred. A TRANSFER LENGTH of zero indicates that no data shall be transferred. This cond
| not be considered an error and no data shall be written. Any other value indicates

cammand shall be terminated with a status of RESERVATION CONFLICT if

resefrvation access conflict exists and no data shall be written.

dis
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6.2.

13 WRITE(12) command

The WRITE(12) command (see Table 62) requests that the device server write the data
transferred from the application client to the medium. See 6.1.19 for a description of the fields
in this command.
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Table 62 — WRITE(12) command
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Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (AAh)

1 Reserved DPO | FUA | EBP Reserved RELADR

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)

6 (MSB)

7 TRANSFER LENGTH

8

9 (LSB)

10 Reserved

11 CONTROL

If th

recgived from an initiator other than the one holding a logical unit reservation. The comm

sha
logi
WR|

e logical unit is reserved, a reservation conflict shall occur when a WRITE(12) comma

| be rejected with RESERVATION CONFLICT statusfthe reservation conflict is due

cal unit reservation. The WRITE(12) command shallbe evaluated for extent reservation conf
ITE(12) commands with a reservation conflict sshall be terminated with CHECK CONDIT
statlis and the sense key shall be set to DATA PROTECT.with the appropriate additional sense ¢

dis
and
o a
icts.
ION
ode

n

for {he condition if any part of the WRITE(12) operation is prohibited by an extent reservation.
6.2/14 WRITE AND VERIFY(10) command
Thel WRITE AND VERIFY(10) command (see Table 63) requests that the device server yrite
the |[data transferred from the application client to the medium and then verify that the dafa is
corfectly written.
Table'63 — WRITE AND VERIFY(10) command
Bit 7 6 5 4 3 2 1 0

Bytel

0 OPERATION CODE (2Eh)

1 Reserved DPO Reserved EBP BYTCHK RELADR

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)

6 Reserved

7 (MSB)

8 TRANSFER LENGTH (LSB)

9 CONTROL
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If the logical unit is reserved, a reservation conflict shall occur when a WRITE AND
VERIFY(10) command is received from an initiator other than the one holding a logical unit
reservation. The command shall be rejected with RESERVATION CONFLICT status if the
reservation conflict is due to a logical unit reservation. The WRITE AND VERIFY(10) command
shall be evaluated for extent reservation conflicts. WRITE AND VERIFY(10) commands with a
reservation conflict shall be terminated with CHECK CONDITION status and the sense key shall be set
to DATA PROTECT with the appropriate additional sense code for the condition if any part of the

WR

ITE AND VERIFY(10) operation is prohibited by an extent reservation.

If the MODE SELECT command is implemented, and the verify error recovery parameters page

An

writ
eray
con

See
RELA

The
tran
con
indi

6.2.

The
the

corfectly written. See.6.2.14 for a description of the bits in this command.

ify error recovery parameters page is not implemented, then the verification critefi
Hor-specific.
yte check (BYTcHk) bit of zero causes a medium verification to be performed| with no

parison. A BYTCHK bit of one causes a byte-by-byte comparison of the data“written on
ium and the data transferred from the application client. The data shall'be’transferred

Id be for a WRITE command. If the compare is unsuccessful for any reason, the de
er shall return CHECK CONDITION status and the sense™Key shall be sef
COMPARE with the appropriate additional sense code for the condition.

brase by-pass (EBP) bit of zero indicates that the block device shall default to the no
e operation. An esp bit of one indicates that the device Server is allowed to by-pass
be operation prior to writing the data. When accessing write-once media, the esp bit sha
sidered reserved.

6.1.6 for a description of the cache control\bit (DPO). See 6.1.3 for a description of
DR bit and LoaicAL BLock ADDRESS field.

TRANSFER LENGTH specifies the number of contiguous logical blocks of data that shal
sferred. A TRANSFER LENGTH of zero indicates that no logical blocks shall be transferred.
dition shall not be considered assan error and no data shall be written. Any other v
cates the number of logical blocks that shall be transferred.

15 WRITE AND VERIFY(42) command

WRITE AND VERIFY(12) command (see Table 64) requests that the device server
data transferred from the application client to the medium and then verify that the daf

the
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Table 64 — WRITE AND VERIFY(12) command

Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (AEh)

1 Reserved DPO | Reserved | EBP BYTCHK RELADR

2 (MSB)

3 LOGICAL BLOCK ADDRESS

4

5 (LSB)

6 (MSB)

7 TRANSFER LENGTH

8

9 (LSB)
10 Reserved

11 CONTROL
If the logical unit is reserved, a reservation conflict shalloccur when a WRITE AND
VERIFY(12) command is received from an initiator other than the one holding a logical |unit
resIrvation. The command shall be rejected with RESERVATION CONFLICT status if|the

res
shal

to D
WR

6.3

The

rvation conflict is due to a logical unit reservation<{The WRITE AND VERIFY(12) com
be evaluated for extent reservation conflicts. WRITE AND VERIFY(12) commands wri

ATA PROTECT with the appropriate additiopal'sense code for the condition if any part of
ITE AND VERIFY(12) operation is prohibited-by an extent reservation.

Commands for write-once block devices

commands for write-once block devices shall be as shown in Table 65.

and

ith a
resgrvation conflict shall be terminated with CHECK CONDITION status and the sense key shall b

set
the
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Table 65 — Commands for write-once block devices

Command name Operation code | Type Subclause
CHANGE DEFINITION 40h 0 ISO/IEC 14776-311, SPC
COMPARE 39h ) ISO/IEC 14776-311, SPC
COPY 18h (0] ISO/IEC 14776-311, SPC
COPY AND VERIFY 3Ah 0 ISO/IEC 14776-311, SPC
INQUIRY 12h M ISO/IEC 14776-311, SPC
LOCK-UNLOCK CACHE 36h 0 6.1.3
LOG SELECT 4Ch ) ISO/IEC 14776-311, SRQ
LOG SENSE 4Dh 0 ISO/IEC 14776-311(SPC
MEDIUM SCAN 38h ) 6.2.3
MPDE SELECT(6) 15h ) ISO/IEC 14776811, SPC
MODE SELECT(10) 55h 0 ISO/IEG, 12776-311, SPC
MPDE SENSE(6) 1Ah ) ISO(EC 14776-311, SPC
MODE SENSE(10) 5Ah ) ISO/IEC 14776-311, SPC
MPVE MEDIUM AS5h ) SMC
Opsolete 01h oB 3.3.4
Opsolete 31h OB 3.3.4
Opsolete B1h OB 3.3.4
Opsolete 30h OB 3.3.4
Opsolete BOh OB 3.3.4
Opsolete 32h OB 3.3.4
Opsolete B2h OB 3.3.4
Obsolete 0Bh oB 3.3.4
PERSISTENT RESERVE IN 5Eh o' ISO/IEC 14776-311, SPC
PERSISTENT RESERVE OUT 5Fh o' ISO/IEC 14776-311, SPC
PRE-FETCH 34h ) 6.1.4
PREVENT-ALLOW MEDIUM REMOVAL 1Eh 0 ISO/IEC 14776-311, SPC
READ(6) 08h ) 6.1.5
READ(10) 28h M 6.1.6
READ(12) A8h 0 6.2.4
READ BUFFER 3Ch 0 ISO/IEC 14776-311, SPC
READ CAPAGITY 25h M 6.1.7
READ ELEMENT STATUS B8h 0 SMC
READ,LONG 3Eh ) 6.1.9
REASSIGN Bl QCKS Q7h Q 6110
RECEIVE DIAGNOSTIC RESULTS 1Ch ) ISO/IEC 14776-311, SPC
RELEASE(6) 17h 0? ISO/IEC 14776-311, SPC
RELEASE(10) 57h M ISO/IEC 14776-311, SPC
REQUEST SENSE 03h M ISO/IEC 14776-311, SPC
RESERVE(6) 16h 0? ISO/IEC 14776-311, SPC
RESERVE(10) 56h M ISO/IEC 14776-311, SPC
SEEK(10) 2Bh 0 6.1.13
SEND DIAGNOSTIC 1Dh M ISO/IEC 14776-311, SPC
SET LIMITS 33h o) 6.1.14
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OB = Obsolete

Command name Operation code | Type Subclause
CHANGE DEFINITION 40h (0] ISO/IEC 14776-311, SPC
SET LIMITS (12) B3h (0] 6.2.8
START STOP UNIT 1Bh (0] 6.1.15
SYNCHRONIZE CACHE 35h (0] 6.1.16
TEST UNIT READY 00h M ISO/IEC 14776-311, SPC
VERHY46 2k o 6240
VERIFY (12) AFh (0] 6.2.11
WRITE(6) 0Ah (0] 6.1.18
WRITE(10) 2Ah M 6.2.40
WRITE(12) AAh (0] 6.2.13
WRITE AND VERIFY (10) 2Eh (0] 6:2.14
WRITE AND VERIFY (12) AEh (0] 6.2.15
WRITE BUFFER 3Bh (0] ISO/IEC 14776-311, SPC
WRITE LONG 3Fh (0] 6.1.21
Kdy:
M| = Command implementation is mandatory. SPC = SCSI-3\Rrimary Commands
o} = Command implementation is optional. SMC = SGSJ-3 Medium Changer Command Set

group.

NQTE 1 Optional PERSISTENT RESERVE commands, if implemented, shall both be implemented as a groy
NQTE 2 Optional RELEASE(6) and RESERVE(6) commands, if implemented, shall both be implemented as

Q0 o

The following command codes are vendor-specific: 02h, 05h, 06h, 09h, 0Ch, 0Dh, OEh, QFh,

10h} 11h, 13h, 14h, 19h, 20h, 21h,.22h, 23h, 24h, 26h, 27h, 29h, and COh through FFh
remfaining command codes for writesonce block devices are reserved for future standardiza

7 Parameters for block devices

7.1 | Parameters for direct-access block devices

7.11 Diagnostic parameters

7.1[1.1 Diagnostic parameters overview

Thig subclause defines the descriptors and pages for diagnostic parameters used with din
accpess_block devices. The diagnostic page codes for direct-access block devices are def

All
ion.

ect-
ned

in Tabte66:
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Table 66 — Diagnostic page codes

Page code Description Subclause
00h Supported diagnostic pages ISO/IEC 14776-311, SPC
40h Translate address page — SEND DIAGNOSTIC 7.1.11
40h Translate address page — RECEIVE DIAGNOSTIC 7.1.1.2
41h Device status page — SEND DIAGNOSTIC 7.1.1.3
41h Device status page — RECEIVE DIAGNOSTIC 7.1.1.4

01h - 3Fh Reserved (for pages that apply to all device types) ISO/IEC 14776-311, SPC

42h - 7Fh Reserved (for this standard)

80h - FFh Vendor-specific pages

7.11.2 Translate address page — SEND DIAGNOSTIC

The translate address page allows the application client to translate a logical block addrgss,
phypical sector address or physical bytes from index address into any one:of the other formats.
The address to be translated is passed to the device server with-the SEND DIAGNOSTIC
command. The results are returned to the application client by the/RECEIVE DIAGNOSJTIC
RE$ULTS command. The format of the translate address page SEND DIAGNOSTIC is shpwn
in Table 67. The translated address is returned in the translate address page RECHIVE
DIAGNOSTIC RESULTS (see Table 68).

Table 67 — Translate address page-< SEND DIAGNOSTIC

3it 7 6 5 4 3 2 1 q
Byt
0 RAGE CODE (40h)
1 Reserved
2 (MSB)
3 PAGE LENGTH (000Ah) (LSB)
4 Reserved SUPPLIED FORMAT
5 Reserved TRANSLATE FORMAT
6 ADDRESS TO TRANSLATE
13

Thel sUPPLIEDFORMAT field specifies the format of ADDRESS TO TRANSLATE field. Valid valueg for
this|field are defined in the FORMAT UNIT command (see 6.1.2). If the device server does| not
support he' requested format, it shall terminate the SEND DIAGNOSTIC command with
CHECK“CONDITION status and the sense key shall be set to ILLEGAL REQUEST with|the
addjtional sense code set to INVALID FIELD IN PARAMETER LIST.

The TRANSLATE FORMAT field specifies the format the application client requests for the result of
the address translation. Valid values for this field are defined in the FORMAT UNIT command
(see 6.1.2). If the device server does not support the requested format it shall terminate the
command with CHECK CONDITION status and the sense key shall be set to ILLEGAL
REQUEST with the additional sense code set to INVALID FIELD IN PARAMETER LIST.

The ADDRESS TO TRANSLATE field contains a single address 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 6.1.2.1. If the logical block format is specified the
block address shall be in the first four bytes of the field with the remaining bytes set to zero.
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7.1.1.3 Translate address page — RECEIVE DIAGNOSTIC

The translate address page allows the application client to translate a logical block address,
physical sector address or physical bytes from index address into any one of the other formats.
The address to be translated is passed to the device server with the SEND DIAGNOSTIC
command and the results are returned to the application client by the RECEIVE DIAGNOSTIC
RESULTS command. The translated address is returned in the translate address page
RECEIVE DIAGNOSTIC (see Table 68).

Table 68 — Translate address page — RECEIVE DIAGNOSTIC

Bit 7 6 5 4 3 2 1 D
Byte
0 PAGE CODE (40h)
1 Reserved
2 (MSB)
3 PAGE LENGTH LSB)
4 Reserved SUPPLIED FORMAT
5 RAREA | ALTSEC ALTTRK Reserved TRANSLATED FORMAT
6 (MSB)
TRANSLATED ADDRESS 1
13 LSB)
n
n+|7 TRANSLATED ADDRESS x (if required)

The translate address 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 address(es).

The pPace LENGTH field contains the number of parameter bytes that follow.

Thel suppLIED FORMAT-field contains the value from the SEND DIAGNOSTIC command suPHLIED
FORMAT field (see-7.1.1.2).

A rgserved-area (RAREA) bit of zero indicates that no part of the translated address falls within a
reserved_area of the medium. A rRaARea bit of one indicates that all or part of the translated
addréess” falls within a reserved area of the medium (for example, speed tolerance gap,
alternate sector, vendor reserved area, etc.). If the entire translated address falls within a
reserved area, the device server may not return a translated address.

An alternate sector (aALTsec) bit of 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 aALTsec bit of 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.
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An alternate track (ALTTRK) bit of zero indicates that no part of the translated address is located
on an alternate track of the medium. An ALTTRK bit of one indicates that part or all of the
translated address is located on an alternate track of the medium or the device server is

una

The

ble to determine if all or part of the translated address is located on an alternate track.

TRANSLATED FORMAT field contains the value from the SEND DIAGNOSTIC comm

TRANSLATE FORMAT field (see 7.1.1.2).

and

The TRANsSLATED ADDRESS field contains the address(es) the device server translated from the
address supplied by the application client in the SEND DIAGNOSTIC command. This field shall

be in the format specified in the TRANSLATE FORMAT field. The different formats are described in
6.1.2.1. If the logical block format is specified, the block address shall be in the first folr bytes
of the field and the remaining bytes shall be set to zero.

If the returned data is in the logical block or physical sector format and the)address tq be
translated covers more than one address after it has been translated (for example, accounrting
for gpeed tolerance or multiple physical sectors within a single logical block, or multiple logical
blogks within a single physical sector) the device server shall return all possible addresses [that
are|contained in the area specified by the address to be translated.

If the returned data is in bytes from index format, the device\s€rver shall return a pair of
translated values for each of the possible addresses that are contained in the area specified by
the [ApDDRESs TO TRANSLATE field. Of the pair of translated values’ returned, the first indicates| the
starting location and the second the ending location of thecarea.

7.1.[1.4 Device status page — SEND DIAGNOSTIC

The device status page allows the applicationclient to query the device regarding operatipnal
status of the device. The format of the device status page SEND DIAGNOSTIC, is showp in
Table 69. The device status information<is returned in the device status page RECHIVE
DIAGNOSTIC.

Table 69 — Device status page — SEND DIAGNOSTIC

Bi 7 (] 5 4 3 2 1 D
Byte

0 PAGE CODE (41h)

1 Reserved

2 (MSB)

3 PAGE LENGTH (0008h) LSB)

4

7 Reserved

8

11 Reserved
7.1.1.5 Device status page — RECEIVE DIAGNOSTIC

The device status page allows the application client to query the device regarding operational
status of the device. The format of the device status page RECEIVE DIAGNOSTIC is shown in

Tab

le 70.



https://iecnorm.com/api/?name=5c065d9f7e3c6f1d5a6bf64f7b8f379e

- 100 - 14776-321 © ISO/IEC:2002(E)

Table 70 — Device status page — RECEIVE DIAGNOSTIC

Bit 7 6 5 4 3 2 1 0

Byte

0 PAGE CODE (41h)

1 Reserved

2 (MSB)

3 PAGE LENGTH (n-3) W

4

5 Reserved

6 Reserved | SYNCHRONIZATION RRL

7 Reserved Ssis SSIE sqsL

8

47 Reserved

Vendor-specific
48
n Reserved

Thel SYNCHRONIZATION field is used to report whether or net the spindle has synchronized with
the |reference signal or to report that the synchronization is in progress. The definitiong of
vales in this field are shown in Table 71.

Table 71 — SYNCHRONIZATION field

S{atus Description
D0b Synchronization status reportingiis not supported or the status is not determined.
1b Spindle is synchronized with\the reference signal.
Ob Spindle is not able to synchronize with the reference signal or no reference signal is pregent.
1b Spindle is in process'of synchronizing with the reference signal.

If the logical unit has nof*been selected as a master, master control or slave, or if the repoifting
of synchronous status is not supported, the synchronous status shall be set to 00b.

If np reference“signal is being received but the logical unit is currently a master, slave or
magter control; the syncHRoNizATION field is set to 10b.

Onge the reference signal is received, the logical unit shall begin its internal synchronization,
attemypting to match the device's spindle speed to the reference signal. During this time,|the
sYNCHRONIzATION field shall be set to 11b. The amount of time required to achieve
synchronization is not defined by this standard.

If the logical unit is unable to synchronize to the reference signal, the logical unit shall set the
syNcHRONIzATION field to 10b. The sense key shall be set to UNIT ATTENTION, the additional
sense code shall be set to RPL STATUS CHANGE.
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Once the logical unit successfully synchronizes with the reference signal, if the synchronization
signal is lost due to a loss of the reference signal or a malfunction, unit attention conditions
shall be generated for all application clients and the syncHronizaTiON field shall be set to 10b.
The sense key shall be set to UNIT ATTENTION. If the logical unit has successfully achieved
synchronization and then loses synchronization while executing a task and no other error
occurs, then the device server shall return CHECK CONDITION status and the sense key shall
be set to RECOVERED ERROR if the logical unit is able to complete the task, or HARDWARE
ERROR if the logical unit is unable to complete the task, with the appropriate additional sense
code set to RPL STATUS CHANGE. The rotational position locking (RPL) field shall be returned
as the current value found in the rigid disk geometry page (see Table 93).

An synchronous spindle invalid signal (ssis) bit of zero indicates, no signal is present or.alyalid
synchronization signal is being received. A ssis bit of one indicates that the synchrorjous
spindle signal received by the device was invalid or not recognized by the device as a \alid
synchronization signal. An example of this event is the receipt of synchronous) signals from
multiple masters.

A synchronous spindle internal error (ssig) bit of zero indicates no internal electronic failure|has
beenh detected by the device. A ssie bit of one indicates that the 'synchronization spindle
elegtronics has detected an internal failure and the spindle is, fot synchronized with|the
synchronization signal.

A synchronization spindle signal loss (sssL) bit of zero indicates that a spindle synchronizgtion
sigrjal is being received. A sssL bit of one indicates that the device detects receiving no
synchronization signal.

The above three synchronization status error reporting fields, ssis, ssie and sssiL, are usef to
indifate error conditions of a device set to masteror slave spindle synchronization mode uping
the figid disk geometry MODE SELECT page RgreL field. A device not set as master or slave ghall
report zero in these fields.

712 Log parameters
7.12.0 General
Thig subclause defines the~descriptors and pages for log parameters used with direct-acgess

blogk devices. See ISO/IEC“14776-311, SPC for a detailed description of logging operatipns.
Thel log page codes for direct-access block devices are defined in Table 72.

Table 72 — Log page codes

Page code Description Subclause
04h Buffer overrun/under-run page ISO/IEC 14776-311, SPC
03h Error counter page (read) page ISO/IEC 14776-311, SPC
UZ4h ETfror countier page (read reverse) page TSO/IEC 14776-37171, SPT
05h Error counter page (verify) page ISO/IEC 14776-311, SPC
02h Error counter page (write) page ISO/IEC 14776-311, SPC
07h Last n error events page ISO/IEC 14776-311, SPC
06h Non-medium error page ISO/IEC 14776-311, SPC
00h Supported log pages ISO/IEC 14776-311, SPC
08h Format status page 7.1.21

09h - 2Fh Reserved
3Fh Reserved

30h - 3Eh Vendor-specific pages
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7.1.2.1 Format status page

This page (pace cope 08h) captures the state of the block device since the most recent
successful FORMAT UNIT command was completed. Additionally, this page provides Defect
Management information for the device server. Table 73 defines the parameter codes for the
format status log page.

Table 73 — Format status log page

Parameter Description

code
UU00R Format DATA OU
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 parameters

Evelnt counts are returned as a result of the LOG SENSE command. LOG SELECT shall| not
preiset (a value other than zero) for any of the event counts)listed in Table 73. Attempts to
chahge these event counts by issuing a LOG SELECT with_these fields set to non-zero values
is npt considered an error and shall have no effect on the 'saved values.

All ¢f the log parameters described above shall be réeported as the value -1 (FFh in all bytes of
the|log parameter) if the most recent FORMAT UNIT command failed. Individual|log
parameters described above shall be reported” as the value -1 if no such informatiop is
avallable.

Thel FORMAT DATA ouT field contains thé entire data-out buffer transfer of the most recgntly
suctessful FORMAT UNIT operation~completed. This includes the perecT LIST HEADER (4 byfes),
the | INITIALIZATION PATTERN DESCRIPTOR(S) if any (variable number of bytes), and the bpefecT
DESERIPTOR(S) if any (variable number of bytes). Refer to 6.1.2.1 for details about these fields.

Thel GROWN DEFECTS DURING CERTIFICATION field is a count of the number of defects detected as a
resilt of performing Certification during execution of a FORMAT UNIT command. This count
reflects only those _defects detected and replaced that were not already part of the puisf or
cLisf. If a Certification pass was not performed this field shall be returned with a zero value.

The TOTAL BLOCKS REALLOCATED DURING FORMAT field is a count of the total number of blocks [that
have been-reallocated since the completion of the last successful FORMAT UNIT command.

Thel POWER ON MINUTES SINCE FORMAT field represents the unsigned number of usage minttes
(power applied regardless of power state) that have elapsed since the most recently successful
FORMAT UNIT command.

Upon receiving the FORMAT UNIT command, the device server should set all fields within the
format status log page to reflect no such information being available. Only upon successful
completion of the FORMAT UNIT command should the device server update the affected
fields.

The target save disable (1sp) bit is always returned as 0 to indicate that the device server shall
provide an implicit saving frequency.

NOTE 20 Removable media device servers may save log page information with the media in a vendor-specific
manner and location.
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7.1.3 Mode parameters
7.1.3.0 General

This subclause defines the descriptors and pages for mode parameters used with direct-
access device types.

The mode parameter list, including the mode parameter header and mode block descriptor are
described in ISO/IEC 14776-311, SPC.

The[ MEDIUM-TYPE CODE 1ield IS contained In the mode parameter header (ISO/IEC 14776-B11,
SPQ). Table 74 defines this field for direct-access block devices.
Table 74 — Direct-access medium-type codes
‘c,::lﬂz Medium type
00h Default medium type (currently mounted medium type)
01h Flexible disk, single-sided; unspecified medium
02h Flexible disk, double-sided; unspecified medium
Flexible disks
Diameter Bit density Track density Number
mm (in) Bits/radian /mm (/in) of sides
05h 200 (8,0) 6 631 1,9 (48) 1
06h 200 (8.0) 6 631 1,9 (48) 2
09h 200 (8,0) 13 262 1,9 (48) 1
0Ah 200 (8,0) 13 262 1,9 (48) 2
0Dh 130 (5,25) 37979 1,9 (48) 1
12h 130 (5,25) 7 958 1,9 (48) 2
16h 130 (5,25) 7 958 3,8 (96) 2
1Ah 130 (5,25) 13 262 3,8 (96) 2
1Eh 90 (3(5) 7 958 5,3 (135) 2
Direct-access magnetic tapes
Width Density
mm (in) Tracks Ft/mm (ft/in)
40h 6,3 (0,25) 12 394 (10 000)
44h 6,3 (0,25) 24 394 (10 000)
Code values 80h — FFh are vendor-specific. All remaining code values are
reserved.

The DEVICE SPECIFIC PARAMETER field (see Table 75) is contained in the mode parameter
header (see ISO/IEC 14776-311, SPC).

Table 75 — Device specific parameter

Bit

6 |

5

4

3

2

1

WP

Reserved

DPOFUA

Reserved
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When used with the MODE SELECT command the write protect (wpr) bit is not defined.

When used with the MODE SENSE command a wp bit of zero indicates that the medium is
write enabled. A wr bit of one indicates that the medium is write protected.

When used with the MODE SELECT command, the pporua bit is not used and the field is

reserved.

When used with the MODE SENSE command, a pporua bit of zero indicates that the device

server does not suppart the neo and rFua bits When used with the MODE SENSF command, a
pPoFuUA bit of one indicates that the device server supports the pro and Fua bits (see 6.1.6):
The| pensiTy cope field is contained in the mode parameter block descriptor (see ISO/IEC 14176-
311} SPC). This field is reserved for direct-access block devices.
Thel mode page codes for direct-access block devices are shown in Table 76.
Table 76 — Mode page codes
Page code Description Subclause
D8h Caching page 7.1.3.1
D2h Disconnect-reconnect page ISO/IEC 14776-311, SPC
D5h Flexible disk page 7.1.3.2
D3h Format device page 7.1.3.3
10h XOR control mode page 7.1.3.10
Ch Informational exceptions control page ISO/IEC 14776-311, SPC
DBh Medium types supported page 7.1.3.4
DCh Notch and partition page 7.1.3.5
DOh Peripheral device page ISO/IEC 14776-311, SPC
Dh Power condition page 7.1.3.6
Ah Power condition_page ISO/IEC 14776-311, SPC
D1h Read-write errorrecovery page 7.1.3.7
D4h Rigid disk geometry page 7.1.3.8
D7h Verify_error recovery page 7.1.3.9
D6h Reserved
OEf - OFh Reserved
111 - 1Bh Reserved
1Dh - 1Eh Reserved
DOh Vendor-specific (does not require page format)
20h - 3Eh Vendor-specific (page format required)
3Fh Return all pages (valid only for the MODE SENSE command)

In some cases the mode pages do not apply to the entire logical unit (see the notch page

7.1.3.5).
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7.1.3.1 Caching page

The caching parameters page (see Table 77) defines the parameters that affect the use of the

cache.
Table 77 — Caching page

Bit 7 6 5 4 3 2 0
Byte

0 PS Reserved PAGE CODE (08h)

PAGE LENGTH (12h)
? Ic | ABPF CAP DISC SIZE | WCE MF | RCD
DEMAND READ RETENTION PRIORITY WRITE RETENTION PRIORITY

3 (MSB)

b DISABLE PRE-FETCH TRANSFER LENGTH | SB)

{ (MSB)

T MINIMUM PRE-FETCH | SB)

(MSB)

D MAXIMUM PRE-FETCH | SB)

10 (MSB)

11 MAXIMUM PRE-FETCH CEILING | SB)

12 FSW | LBCSS DRA Vs Vs Reserved

13 NUMBER OF GACHE SEGMENTS

114 (MSB)

15 CACHE SEGMENT SIZE | SB)

116 Reserved

17 (MSB)

118 NON CACHE SEGMENT SIZE

19 | SB)
The parameters savable (ps) bit is only used with the MODE SENSE command. This bjt is
resg¢rved with the MODE SELECT command. A ps bit of one indicates that the device server is
cappble of saving the-page in a non-volatile vendor-specific location. If the PS is one in MQDE
SENSE data then the page shall be savable by issuing a MODE SELECT command with the sp
bit ¢f one.
The] initiator control (ic) enable bit, when one, requests that the device server use the number
of GAGHE-SEGMENTS or CACHE SEGMENT size fields, dependent upon the Size bit, to control|the
caching’algorithm rather than the device server’'s own adaptive algorithm.

The abort pre-fetch (aepr) bit, when one, with the pra bit equal to zero, requests that the device
server abort the pre-fetch upon receipt of a new command. The aspr bit of one takes
precedence over the Minimum Pre-fetch bytes. When the aspr bit is zero, with the pra bit equal
to zero, the termination of any active pre-fetch is dependent upon caching page bytes
4 through 11 and is operation and/or vendor-specific.

The caching analysis permitted (car) bit, when one, requests that the device server perform
caching analysis during subsequent operations. When zero, cap requests that caching analysis
be disabled to reduce overhead time or to prevent nonpertinent operations from impacting
tuning values.
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The discontinuity (pisc) bit, when one, requests that the device server continue the pre-fetch
across time discontinuities, such as across cylinders (or tracks in an embedded servo device),
up to the limits of the buffer or segment space available for the pre-fetch. When zero, the pisc
requests that pre-fetches be truncated (or wrapped) at time discontinuities.

The size enable (size) bit, when one, indicates that the cacHE SEGMENT size is to be used to
control caching segmentation. When size equals zero, the application client requests that the
NUMBER OF CACHE SEGMENTS is to be used to control caching segmentation. Simultaneous use of
both the number of segments and the segment size is vendor-specific.

A Wk aach nahbl Lo bit oFf 2o anacifiac that tha daoviio caorvarahall xratiiea NN of -.tus
Wt Ca tTC—CTaoTC— (W oot UT ZCTO SpPr TSt rat o Ot vt C—SCTrve T STan roturTT oo oo oStd

for @ WRITE command after successfully writing all of the data to the medium. A wce bijt‘of|one
spegifies that the device server may return GOOD status for a WRITE command after
sucfessfully receiving the data and prior to having successfully written it to the medium.

A multiplication factor (mF) bit of zero specifies that the device server shall interpret the minjmum
and|maximum PRe-FETCH fields in terms of the number of logical blocks for each-of the respegtive
typgs of pre-fetch. An vr bit of one specifies that the device server shall\interpret the minjMum
and|maximum PRE-FETCH fields to be specified in terms of a scalar numberithat, when multiplied by
the [number of logical blocks to be transferred for the current command, yields the numbgr of
logifal blocks for each of the respective types of pre-fetch.

A rpad cache disable (rcp) bit of zero specifies that the~device server may return data
reqliested by a READ command by accessing either the*cache or media. An rRcp bit of [one
sperifies that the device server shall transfer all of the, data requested by a READ command
from the medium (i.e., data shall not be transferred from the cache).

The| bEMAND READ RETENTION PRIORITY field (see Table'78) advises the device server the retention
priofrity to assign for data read into the cachg that has also been transferred from the logical
unit|/to the application client.

Table 78 — Demand read retention priority and write retention priority

Value Description

Oh Indicates the device server should not distinguish between retaining the indicated data
and data placed ' into the cache memory by other means (for example, pre-fetch).

1h Demandread retention priority: Data put into the cache via a READ command should
be replaced sooner (has lower priority) than data placed into the cache by other njeans
(for-example, pre-fetch).

Write retention priority: Data put into the cache during a WRITE or WRITE [AND
VERIFY command should be replaced sooner (has lower priority) than data placed into
the cache by other means (for example, pre-fetch).

Fh Demand read retention priority: Data put into the cache via a READ command should
not be replaced if there is other data in the cache that was placed into the cache by
other means (for example, pre-fetch) and it may be replaced (i.e., it is not locked).

Write retention priority: Data put into the cache during a WRITE or WRITE AND
VERIFY command should not be replaced if there is other data in the cache that was
placed into the cache by other means (for example, pre-fetch) and it may be replaced
(i.e., it is not locked).

2h - Eh Reserved

The wRrITE RETENTION PRIORITY field advises the device server the retention priority to assign for
data written into the cache that has also been transferred from the cache memory to the
medium.

An anticipatory pre-fetch occurs when data is placed in the cache that has not been requested.
This may happen in conjunction with the reading of data that has been requested. All the following
parameters give an indication to the device server how it should manage the cache based on the
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last READ command. An anticipatory pre-fetch may occur based on other information. All the
remaining caching parameters are only recommendations to the device server and should not cause
a CHECK CONDITION to occur if the device server is not able to satisfy the request.

The pISABLE PRE-FETCH TRANSFER LENGTH field specifies the selective disabling of anticipatory pre-
fetch on long transfer lengths. The value in this field is compared to the number of blocks
requested by the current READ command. If the number of blocks is greater than the disable
pre-fetch transfer length, then an anticipatory pre-fetch is not done for the command.
Otherwise the device server should attempt an anticipatory pre-fetch. If the pre-fetch disable
transfer length is zero, then all anticipatory pre-fetching is disabled for any request for data,
including those for zero logical blocks

Thel minimum PRE-FETCH field indicates either a number of blocks or a scalar multiplier-of| the
TRANSFER LENGTH, depending upon the setting of the mF bit. In either case, the resulting number
of blocks is the number to pre-fetch regardless of the delays it might cause)in execuyting
subpequent commands.

The pre-fetching operation begins at the logical block immediately after the, last logical blodk of
the |previous READ command. Pre-fetching shall always halt before exceeding the end of the
media. Errors that occur during the pre-fetching operation shall” not be reported to|the
application client unless the device server is unable to, as a.%€ésult of the error, exegute
subpequent commands correctly. In this case, the error may be~eported either immediately as
an error for the current READ command, or as a deferred erfor;”at the discretion of the depice
seryer and according to the rules for reporting deferred errors.

If the pre-fetch has read more than the amount of data“indicated by the miniMum PRE-FETCH then
pre{fetching should be terminated whenever anothér command is ready to execute. This
conpideration is ignored when the miNniMuM PRE-FETCHNiS equal to the MAXIMUM PRE-FETCH.

The maximum PRe-FETCH field indicates either™a number of blocks or a scalar multiplier of| the
TRANSFER LENGTH, depending upon the setting of the wr bit. In either case, the resulting number
of hlocks is the number to pre-fetch¢i*the pre-fetch does not delay executing subseqlient
commands.

Thel maximuMm PRE-FETCH field contains the maximum amount of data to pre-fetch into the cache¢ as
a rgsult of one READ command. It is used in conjunction with the DISABLE PRE-FETCH TRANSFER
LENGTH and MAXIMUM PRE-FETCH CEILING parameters to trade off pre-fetching new data pwith
displacing old data already stored in the cache.

Thel maxiMum PRE:FETCH CEILING field specifies an upper limit on the number of logical blacks
computed as thesmaximum pre-fetch. If this number of blocks is greater than the maxivum pre-
FETQH, then the humber of logical blocks to pre-fetch shall be truncated to the value stored in
the MaxiIMUM\PRE-FETCH CEILING field.

NOTE 2¥ If the MF bit is one the MAXIMUM PRE-FETCH CEILING field is useful in limiting the amount of data {o be
pre-fietehed.

The force sequential write (Fsw) bit when one, indicates that multiple block writes are to be
transferred over the SCSI bus and written to the media in an ascending, sequential, logical
block order. When the rsw bit equals zero, the device server is allowed to reorder the
sequence of writing addressed logical blocks in order to achieve a faster command completion.

The logical block cache segment size (Lscss) bit, when one, indicates that the cacHE SEGMENT
size field units shall be interpreted as logical blocks. When the Lscss bit equals zero the cacHE
SeGMENT size field units shall be interpreted as bytes. The Lscss shall not impact the units of
other fields.
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The disable read-ahead (pra) bit, when one, requests that the device server not read into the
buffer any logical blocks beyond the addressed logical block(s). When the pra bit equals zero,
the device server may continue to read logical blocks into the buffer beyond the addressed
logical block(s).

The vendor-specific (vs) bits may optionally be used for vendor-specific purposes.

The NUMBER OF CACHE SEGMENTS advises the device server how many segments the host requests
that the cache be divided into.

The[ CACHE SEGMENT SIZE T1eld Indicaies the requested segment size In byies. This standard
defines that the cacHe seeMeNT size field is valid only when the size bit is one.

If tHe NoN cAcHE BUFFER size field is greater than zero, this field advises the devicé.server how
many bytes the application client requests that the device server allocate for aybuffer fungtion
whgn all other cache segments are occupied by data to be retained. If the number is at least
one} caching functions in the other segments need not be impacted by cache misse$ to
perform the SCSI buffer function. The impact of the NoN cACHE BUFFER size lequals 0 or the sum of
this|field plus the cacHE SEGMENT size greater than the buffer size is vendor-specific.

7.13.2 Flexible disk page

The flexible disk page (see Table 79) contains parameters for’control and reporting of fleyible
disd device parameters.
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Table 79 - Flexible disk page

Bit 7 6 5 4 3 2 0

Byte

0 PS Reserved PAGE CODE (05h)

1 PAGE LENGTH in bytes (1Eh)

2 (MSB)

3 TRANSFER RATE (LSB)

4 NUMBER OF HEADS

5 SECTORS PER TRACK

6 (MSB)

7 DATA BYTES PER SECTOR (LSB)

8 (MSB)

9 NUMBER OF CYLINDERS (LSB)

10 (MSB)

11 STARTING CYLINDER-WRITE PRECOMPENSATION (LSB)

12 (MSB)

13 STARTING CYLINDER-REDUCED WRITE'\CURRENT (LSB)

14 (MSB)

15 DEVICE STEP RATE (LSB)

16 DEVICE STEP RULSE WIDTH

17| (MSB)

18 HEAD\SETTLE DELAY (LSB)

19 MOTOR ON DELAY

20 MOTOR OFF DELAY

21 TRDY SSN MO Reserved

22 Reserved SPC

23 WRITE COMPENSATION

24 HEAD LOAD DELAY

25 HEAD UNLOAD DELAY

26 PIN 34 PIN 2

27| PIN 4 PIN 1

28 (MSB)

29 MEDIUM ROTATION RATE LSB)

30 Reserved

31 Reserved

The parameters savable (ps) bit is only used with the MODE SENSE command. This bit is
reserved with the MODE SELECT command. A ps bit of one indicates that the device server is
capable of saving the page in a non-volatile vendor-specific location.

NOTE 22 Table 79 defines parameters of flexible disk devices, but may be used for other logical units, if

applicable.

The transfer rate indicates the data rate of the peripheral block device. See Table 80 for
examples of common transfer rates.
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Table 80 — Examples of transfer rates

Value Transfer rate
00FAh 250 kbit/s transfer rate
012Ch 300 kbit/s transfer rate
01F4h 500 kbit/s transfer rate
03E8h 1 Mbit/s transfer rate
07DO0h 2 Mbit/s transfer rate
1388hH 5 Mbittstranrsferrate

The
the

The

The
app

The

The
pre
for
pre

The

cur
diss

The

The
vall
dev

The
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ent is equal to the value in the NumBER oOF cyLINDERS field, reduced write current shal
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default value.

NUMBER OF HEADS field specifies the number of heads used for reading and writing datd

SECTORS PER TRACK field specifies the number of sectors per revolution pér head.

DATA BYTES PER SEcTOR field specifies the number of bytes of. data per sector thaf
ication client can read or write.

NUMBER OF CYLINDERS field specifies the number of cylinders used for data storage.

STARTING CYLINDER FOR WRITE PRECOMPENSATION field ‘specifies the cylinder where v
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ompensation is to begin. Cylinders are numbered-starting with zero. If the starting cylipnder

write precompensation is equal to the valu@ ‘ih the NuMmBER OF cYLINDERS field,
ompensation shall be disabled by the device server.
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STARTING CYLINDER FOR REDUCED WRITE CURRENT field specifies cylinder where write curreft is

bled by the device server.

DevIcE STEP RATE field specijfies the step rate in units of 100 us. This value may be roun

irite
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efined in ISO/IEC 14776<311, SPC. A value of zero requests the device server to sef its

DEVICE STEP PULSE WIDTH field specifies the width of the step pulse in microseconds.
e may be roundéd as defined in ISO/IEC 14776-311, SPC. A value of zero requests
ce server to:set its default value.

HEADSETTLE DELAY field specifies the head settle time in units of 100 ys. This value ma

ts'default value.
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If a true ready signal is not available, the moTor on DELAY field specifies in tenths of a second the
time that the device server shall wait before attempting to access the medium after the motor
on signal is asserted. If a true ready signal is available, the moTor oN DELAY field specifies in
tenths of a second the time that the device server shall wait for device ready status before
aborting an attempt to access the medium. This value may be rounded as defined in
ISO/IEC 14776-311, SPC.

The moToR oFF DELAY field specifies in tenths of a second the time that the device server shall wait
before releasing the motor on signal after an idle condition exists. A value of FFh indicates that
the motor on signal shall not be released. The START STOP UNIT command is not affected by

this

parameter. This value may be rounded as defined in ISO/IEC 14776-311, SPC.
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A true ready (TRDY) bit of one specifies that a signal is provided that indicates the medium is
ready to be accessed.

A start sector number (ssN) bit of zero specifies that sectors are numbered starting with zero. A

SSN

bit of one specifies that sectors are numbered starting with one.

An motor on (mo) bit of zero indicates that pin 16 (motor on) shall be asserted. A mo bit of one
specifies that pin 16 (motor on) shall remain released. This bit shall be set to one when using
high capacity (192 tracks per inch) devices and their pre-formatted diskettes.
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Thej‘step pulse per cylinder (sppc) field is used to specify the number of additional step pu

ired per cylinder. Non-zero values allow a device to read a diskette formatted on-a.de
a lower number of tracks per inch. For example, a value of one allows a 96 track=per-
ce to access tracks on a diskette that was formatted for 48 tracks per inch.

WRITE coMPENSATION field is used to specify the amount of write compensation to be
ting at the cylinder specified in the STARTING CYLINDER FOR WRITE PRECOMPENSATION field.
elation of any values used in this field to actual write precompensation.time values is ven
cific. If a zero is specified in this field, the device server shall use its default
ompensation value. This value may be rounded as defined in ISO/IEC 14776-311, SPC.

HEAD LOAD DELAY field specifies the head loading time inCnjilliseconds. This value may
ts default value.

HEAD UNLOAD DELAY field specifies the head unl6ading time in milliseconds. This value

et its default value.

PIN 34 field defines the usage of pin 34 of the flexible disk device interface. The use of
varies among flexible disk vendors and flexible disk devices. The settings allow
ication client to select how pin 34-shall be used by the flexible disk interface. See Tabl¢

Table 81 — PIN 34 field

Bit 7 6 .54 Description of pin 34 use
P~00 0 Open
PO 01 Ready
P 010 Disk changed

NQTE 1 P is a polarity bit, where 0 is active low and 1 is active high.

NOTE 2 All undefined values are reserved.
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The

PIN 2 field definition is vendor specific.

The pin 4 field defines the usage of pin 4 of the flexible disk device interface. The use of this pin
varies among flexible disk device vendors and flexible disk devices. The settings allow the
application client to specify how pin 4 shall be used by the flexible disk interface. See Table 82.
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Table 82 — PIN 4 field

Bit 7 6 54 Description of pin 4 use
P O0O0O Open
P O0O01 In use
P 010 Eject
P100 Head load
NOTE 1 P is a polarity bit, where 0 is active low and 1 is active high.
I\If\TE 2 Al undoefinad valugs arg raonr\lnﬁl_

Thel pin 1 field defines the usage of pin 1 of the flexible disk device interface. This-use of|this
pin |varies among flexible disk vendors and flexible disk devices. The settings allow|the
application client to specify how pin 1 shall be used by the flexible disk interface._ See Table[83.

The

MOPE SELECT command.

7.13.3 Format device page

The

Table 83 — PIN 1 field

Bit 7 6 54 Description of pin 34-use

PO0OO Open

P O0O1 Disk change reset

NOTE 1
NOTE 2

P is a polarity bit, where 0 is active low and 1 is active high.
All undefined values are reserved.

MEDIUM ROTATION RATE field specifies the speed where the medium rotates. The unit of
meagsure is rotations per minute (for example;>2°400 rpm). This field shall not be changed by a

format device page (see Table-84) contains parameters that specify the medium format.
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Table 84 — Format device page

Bit 7 6 5 4 3 2 1 0
Byte

0 PS Reserved PAGE CODE (03h)

1 PAGE LENGTH (16h)

2 (MSB) TRACKS PER ZONE

3 (LSB)

4 (MSB) ALTERNATE SECTORS PER ZONE

5 (LSB)

6 (MSB) ALTERNATE TRACKS PER ZONE

7 (LSB)

8 (MSB) ALTERNATE TRACKS PER LOGICAL UNIT

9 (LSB)

10 (MSB) SECTORS PER TRACK

11 (LSB)

12 (MSB) DATA BYTES PER PHYSICAL SECTQOR

13 (LSB)

14 (MSB) INTERLEAVE

14 (LSB)

16 (MSB) TRACK SKEW,RACTOR

17 (LSB)

18 (MSB) CYLINDER SKEW FACTOR

19 (LSB)

20 SSEC | HSEC RMB SURF Reserved

21

23 Reserved
The| parameters savable (ps) bit is only used with the MODE SENSE command. This bjt is
resgrved with the MODE SELECT command. A ps bit of one indicates that the device server is
cappble of saving the page in a non-volatile vendor-specific location.
NOT[E 23 If the application client changes any of the current physical parameters defined below, the device server
may| not be able_to\access the media until a subsequent FORMAT UNIT command has been success$fully
completed.
If the defecthandling format parameters (TRACKS PER ZONE, ALTERNATE SECTORS PER ZONE, ALTERNATE
TRAGKS,PER ZONE and ALTERNATE TRACKS PER LOGICAL UNIT) requested by the application client are not
supporied by the device server the device server may round these fields to acceptable values
as described T FSOAEES 74776-377, SPE-

The TRACKs PER zONE field specifies the number of tracks per zone to use in dividing the capacity
of the block device for the purpose of allocating alternate sectors. A value of zero means that
one zone is defined for the entire block device. The last zone on the block device might not
contain the same number of tracks as the previous zone(s).
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The ALTERNATE SECTORS PER zONE field specifies the number of sectors per zone the device server
shall reserve for defect handling. The device server shall de-allocate these sectors from the
application client addressable blocks during the FORMAT UNIT command. If the notch page is
implemented and the np bit of the notch page is one and the acTtive NoTcH field of the notch
page is zero, then a value of zero indicates that no alternate sectors shall be reserved.
Otherwise, a value of zero indicates that the number of alternate sectors is vendor specific.

The ALTERNATE TRACKS PER zONE field specifies the number of tracks per zone the device server
shall reserve for defect handling. The device server shall de-allocate these tracks from the
application client addressable blocks during the FORMAT UNIT command. If the notch page is

impmmrmmmmmmnge
is zpro, then a value of zero indicates that no alternate tracks shall be reserved. Otherwiske, a

valye of zero indicates that the number of alternate tracks is vendor specific.

The ALTERNATE TRACKS PER LoGICAL UNIT field specifies the number of tracks per.logical unit|the
dev|ce server shall reserve for defect handling. The device server shall .de-allocate tHese
tracks from the application client addressable blocks during the FORMAF\UNIT commangd. If
the |notch page is implemented and the np bit of the notch page is oneand the ACTIVE NQTCH
field of the notch page is zero, then a value of zero indicates that no alternate tracks shall be
resg¢rved. Otherwise, a value of zero indicates that the number of @lternate tracks is vengdor-
spegific.

The secTors PER TRACK field specifies the number of physicalsséctors included within each track.
Thig number includes any alternate sectors the device server may allocate. A value of zero in
this| field during MODE SELECT indicates that the device server shall define the numbgr of
secfors per track. For block devices with a variable<number of sectors per track, the value in
MOPE SELECT shall be zero and the value reperted in MODE SENSE for the number of
secfors per track is vendor specific.

The DATA BYTES PER PHYSICAL SECTOR field specifies the number of data bytes per physical selctor
thatl the device server shall use. This value may be different from the logical block Eize
reported in the MODE SELECT data(;The device server shall return CHECK CONDIT|ON
status if it determines that the combination of this field and the secTtors PER TRACK field exdeed
the [capability of the medium. A value of zero indicates that the data bytes per physical sectfr is
defined by the device server.

For[MODE SENSE the INTERLEAVE field returns the same parameter that was used in the|last
completed format unit.gperation. The device server shall report this field as defined in|the
corfflesponding MODE SENSE command. For MODE SELECT this field shall be ignored. [The
INTERLEAVE field shall) be marked non-changeable and application clients shall send the value
returned in MOBE'SENSE.

Thel TRACKISKEW FACTOR field specifies the number of physical sectors between the last logical
blogk of one track and the first logical block on the next sequential track of the same cylindegr.

The cYLINDER skew FACTOR field specifies the number of physical sectors between the last logical
block of one cylinder and the first logical block on the next sequential cylinder.

The ssec bit of one indicates that the device server shall use soft sector formatting.

The Hsec bit of one indicates that the device server shall use hard sector formatting. The Hsec
bit and the ssec bit are mutually exclusive in MODE SELECT commands.

The combinations of sector formatting supported that are reported in response to a request for
default values are defined in Table 85.
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