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1.0 Definitions, symbols, abbreviations, keywords, and conventions

This clause contains the definitions, symbols, abbreviations, keywords and, conventions used throughout this
manual. These items are from the American National Standards Institute T10 committee as referenced in the
SCSI Primary Commands SPC-4 rev 2 draft and the SCSI Block Commands SBC -2 rev 16 draft.

Applicable Documents:
T10/1416-D SCSI Primary Commands - 3 (SPC-3) Revision 23
T10/1731-D SCSI Primary Commands - 4 (SPC-4) Revision 2
T10/xxxx-D SCSI Block Commands - 3 (SBC-3) Revision 2
T10/1560-D Fibre Channel Protocol for SCSI, Third Editon (FCP-3) Revision 4
T10/1760-D Serial Attached SCSI - 2 (SAS-2) Revision 00
T10/1683-D SCSI Architecure Model - 4 (SAM-4) Revision 3
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1.1 Definitions

Access control list (ACL)

The data used by a SCSI target device to configure access rights for initiator ports according to the access
controls state of the SCSI target device.

Access control list entry (ACE)
One entry in the access control list.

Access controls

An optional SCSI target device feature that restricts initiator port access to specific logical units and modi-
fies the information about logical units in the parameter data of the INQUIRY and REPORT LUNS com-
mands.

Access controls coordinator

The entity within a SCSI target device that coordinates the management and enforcement of access con-
trols for all logical units within the SCSI target device. The access controls coordinator is always address-
able through the ACCESS CONTROLS well known logical unit and LUN 0.

active power condition
When a device server is capable of responding to all of its supported commands, including media access
requests, without delay.

additional sense code
A combination of the ADDITIONAL SENSE CODE and ADDITIONAL SENSE CODE QUALIFIER fields in
the sense data.

Alias list
A list of alias values and their associated designations maintained by the device server and managed by
the CHANGE ALIASES command and REPORT ALIASES command.

Alias value
A numeric value associated to a designation in the alias list and used in command or parameter data to ref-
erence a SCSI target device or SCSI target port.

Application client
An object that is the source of SCSI commands. Further definition of an application client may be found in
SAM-3.

Attached medium changer
A medium changer that is attached to and accessed through some other type of SCSI device.

Attribute
A single unit of MAM information.

Auto contingent allegiance (ACA)
The task set condition established following the return of a CHECK CONDITION status when the NACA bit
is set to one in the CONTROL byte. A detailed definition of ACA may be found in SAM-3.

Blocked task
A task that is in the blocked state. Tasks become blocked when an ACA condition occurs. The blocked
state ends when the ACA condition is cleared. A detailed definition of the blocked task state may be found
in SAM-3.

Byte
A sequence of eight contiguous bits considered as a unit.

Cache
See cache memory.
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Cache memory
A temporary and often volatile data storage area outside the area accessible by application clients that
may contain a subset of the data stored in the non-volatile data storage area.

Check data
Information contained within a redundancy group that may allow lost or destroyed XOR-protected data to
be recreated.

Command
A request describing a unit of work to be performed by a device server. A detailed definition of a command
may be found in SAM-3.

Command descriptor block (CDB)
The structure used to communicate commands from an application client to a device server. A CDB may
have a fixed length of up to 16 bytes or a variable length of between 12 and 260 bytes.

Command standard
A SCSI standard that defines the model, commands, and parameter data for a device type (e.g., SBC-2,
SSC-2, SMC-2, MMC-4, or SES-2).

Company_id
Synonym for OUI.

Control mode page
A mode page that provides controls over SCSI features (e.g., task set management and error logging) that
are applicable to all device types.

Control Extension mode page
A mode page that provides controls over SCSI features that are applicable to all device types.

Copy manager
The device server that receives an EXTENDED COPY command and performs the operation requested.

Copy target device
The name given by the EXTENDED COPY command to a source or destination logical unit (i.e., a copy
target device is a logical unit, not a SCSI target device).

Cyclic redundancy check (CRC)
An error checking mechanism that checks data integrity by computing a polynomial algorithm based
checksum.

Data defect list (DLIST)
A list of defects sent by the application client to the device server during a FORMAT UNIT command.

Data-in buffer

The buffer specified by the application client to receive data from the device server during the processing
of a command.

Data-out buffer
The buffer specified by the application client to supply data that is sent from the application client to the
device server during the processing of a command.

Default protection information
Values placed into protection information fields if an application client does not specify specific protection
information values.

Deferred error

A CHECK CONDITION status and sense data that is returned as the result of an error or exception condi-
tion that occurred during processing of a previous command for which GOOD, CONDITION MET, INTER-
MEDIATE, and INTERMEDIATE-CONDITION MET status has already been returned.
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Designation
When used in reference to access controls, a name and optional identifier information that specifies a
SCSI target device or SCSI target port for association with an alias value in the alias list. Otherwise, a dis-
tinguishing name, identifier, or title.

Device Identification VPD page

A VPD page that provides the means to retrieve identification information about the SCSI device, logical
unit, and SCSI port.

Device server

An object within a logical unit that processes SCSI tasks according to the rules of task management. A
detailed definition of a device server may be found in SAM-3.

Device service request

A request, submitted by an application client, conveying a SCSI command to a device server. A detailed
definition of a device service request may be found in SAM-3.

Device service response

The response returned to an application client by a device server on completion of a SCSI command. A
detailed definition of a device service response may be found in SAM-3.

Device type

The type of peripheral device (i.e., device model) implemented by the device server and indicated by the
contents of the PERIPHERAL DEVICE TYPE field in the standard INQUIRY data.

Direct-access block device
A device that is capable of containing data stored in blocks that each have a unique logical block address.

Disconnect-Reconnect mode page

A mode page that provides the application client the means to tune the performance of the service delivery
subsystem.

Domain

An I/O system consisting of a set of SCSI devices that interact with one another by means of a service
delivery subsystem.

Element

An addressable physical component of a medium changer SCSI device that may serve as the location of a
removable unit of data storage medium. A detailed definition of an element may be found in SMC-2.

Enabled task state

The only task state in which a task may make progress towards completion. A detailed definition of the
enabled task state may be found in SAM-3.

Error correcting code (ECC)

An error checking mechanism that checks data integrity and enables some errors in the data to be cor-
rected.

Exclusive-or (XOR)
A Boolean arithmetic function on two binary input values that results in an output value of 1 if one and only
one of the input values is 1.

Extended Unique Identifier, a 48-bit globally unique identifier (EUI-48)
The I|IEEE maintains a tutorial describing EUI-48 at http://standards.ieee.org/regauth/oui/tutorials/
EUI48.html.

Extended Unique Identifier, a 64-bit globally unique identifier (EUI-64)

The IEEE maintains a tutorial describing EUI-64 at http://standards.ieee.org/regauth/oui/tutorials/
EUI64.html.
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Extent
A fixed set of logical blocks occupying contiguous logical block addresses on a single logical unit.

Faulted |_T nexus
The |_T nexus on which a CHECK CONDITION status was returned that resulted in the establishment of
an ACA. The faulted |_T nexus condition is cleared when the ACA condition is cleared.

Field
A group of one or more contiguous bits, a part of a larger structure such as a CDB or sense data.

Format corrupt

a vendor-specific condition in which the application client may not be able to perform read operations, write
operations, or verify operations.

Grown defect list (GLIST)
All defects sent by the application client to the device server.

Hard reset

A condition resulting from the events defined by SAM-3 in which the SCSI device performs the hard reset
operations described in SAM-3, the standard, and the applicable command standards.

Host

A SCSI device with the characteristics of a primary computing device, typically a personal computer, work-
station, server, minicomputer, mainframe computer, or auxiliary computing device. A host includes one or
more SCSI initiator devices.

IEEE company_id
Synonym for OUI.

I_T nexus
A nexus between a SCSI initiator port and a SCSI target port.

|_T nexus loss

A condition resulting from the events defined by SAM-3 in which the SCSI device performs the |_T nexus
loss operations described in SAM-3, the standard, and the applicable command standards.

I_T_L nexus
A nexus between a SCSI initiator port, a SCSI target port, and a logical unit.

|_ T L _Q nexus transaction

The information transferred between SCSI ports in a single data structure with defined boundaries (e.g., an
information unit).

Idle power condition
When a device server is capable of responding to all of its supported commands, including media access
requests, but commands may take longer to complete than when in the active power condition.

Implicit head of queue
An optional processing model for specified commands wherein the specified commands may be treated as
if they had been received with a HEAD OF QUEUE task attribute.

Initiator device name
A SCSI device name of a SCSI initiator device or of a SCSI target/initiator device when operating as a
SCSl initiator device.

Initiator port
Synonymous with SCSI initiator port.
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Initiator port identifier
A value by which a SCSI initiator port is referenced within a SCSI domain.

Initiator port name

A SCSI port name of a SCSI initiator port or of a SCSI target/initiator port when operating as a SCSI initia-
tor port.

Internet protocol domain name

The name of a computer or hierarchy of computers within the domain name system defined by the IETF
(see RFC 1035 and RFC 1591). The Internet Assigned Numbers Authority maintains a list of domain name
assignments at http://www.iana.org/assignments/domain-names.

Internet protocol number

A coded value assigned to identify protocols that layer on the Internet protocol (see RFC 791). The Internet
protocol number assigned to the transmission control protocol (TCP, see RFC 793) is six. The Internet
Assigned Numbers Authority maintains a list of Internet protocol number assignments at http://
www.iana.org/assignments/protocol-numbers.

Linked command

One in a series of SCSI commands processed by a single task that collectively make up a discrete 1/0
operation. A detailed definition of a linked command may be found in SAM-3.

Least significant bit (LSB)

In a binary code, the bit or bit position with the smallest numerical weighting in a group of bits that, when
taken as a whole, represent a numerical value (e.g., in the number 0001b, the bit that is set to one).

Left-aligned

A type of field containing ASCII data in which unused bytes are placed at the end of the field (highest off-
set) and are filled with ASCII space (20h) characters.

Logical block
A set of data bytes accessed and referenced as a unit.

Logical block address (LBA)
The value used to reference a logical block.

Logical unit
An externally addressable entity within a SCSI target device that implements a SCSI device model and
contains a device server. A detailed definition of a logical unit may be found in SAM-3.

Logical unit access control descriptor (LUACD)

The structure within an ACE that identifies a logical unit to which access is allowed and specifies the LUN
by which the logical unit is to be accessed.

Logical unit certification list (CLIST)

Defects detected by the device server during an optional certification process performed during the FOR-
MAT UNIT command.

Logical unit inventory
The list of the logical unit numbers reported by a REPORT LUNS command.

Logical unit number (LUN)

An encoded 64-bit identifier for a logical unit. A detailed definition of a logical unit number may be found in
SAM-3.

Logical unit reset

A condition resulting from the events defined by SAM-3 in which the logical unit performs the logical unit
reset operations described in SAM-3, the standard, and the applicable command standards.
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Media
Plural of Medium

Medium

A physical entity that stores data in a nonvolatile manner (i.e., retained through a power cycle) in accor-
dance with commands processed by the device server.

Medium auxiliary memory (MAM)

An auxiliary memory residing on a medium that is accessible to the device server (e.g., a tape cartridge).
Medium auxiliary memory may be nonvolatile and independent of the main function of the device server.

Medium changer

A device that mechanizes the movement of media to and from the SCSI device that records on or reads
from the media. A detailed definition of a medium changer may be found in SMC-2.

Most significant bit (MSB)

In a binary code, the bit or bit position with the largest numerical weighting in a group of bits that, when
taken as a whole, represent a numerical value (e.g., in the number 1000b, the bit that is set to one).

Name

A label of an object that is unique within a specified context and should never change (e.g., the term name
and worldwide identifier (WWID) may be interchangeable).

Network address authority (NAA)
A field within a name that specifies the format and length of that name. See FC-FS.

Nexus

A relationship between two SCSI devices, and the SCSI initiator port and SCSI target port objects within
those SCSI devices.

Non-volatile cache
Cache that retains data through power cycles.

Non-volatile cache memory
Cache memory that retains data through power cycles.

Non-volatile medium

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

Null-padded

A type of field in which unused bytes are placed at the end of the field (i.e., highest offset) and are filled
with ASCII null (00h) characters.

Null-terminated

A type of field in which the last used byte (i.e., highest offset) is required to contain an ASCII null (00h)
character.

One
The logical true condition of a variable.

Operation Code
The first byte of a SCSI CDB shall contain an operation code identifying the operation being requested by the CDB.

Organizationally unique identifier (OUI)

A numeric identifier that is assigned by the IEEE such that no assigned identifiers are identical. OUI is
equivalent to company_id or IEEE company_id. The IEEE prefers OUI for EUI-48 identifiers and
company_id for EUI-64 identifiers. However, the numeric identifier is called an OUI when it is assigned by
the IEEE. The IEEE maintains a tutorial describing the OUI at http://standards.ieee.org/regauth/oui/.
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Page
A regular parameter structure (or format) used by several commands. These pages are identified with a
value known as a page code.

Persist through power loss
An optional capability associated with some features that allows an application client to request that a
device server maintain information regarding that feature across power failures.

Persistent reservation holder
The |_T nexus(es) that are allowed to release or change a persistent reservation without preempting it.

Power cycle
Power being removed from and later applied to a SCSI device.

Power on

A condition resulting from the events defined by SAM-3 in which the SCSI device performs the power on
operations described in SAM-3, the standard, and the applicable command standards.

Primary defect list (PLIST)
The list of defects that are considered permanent defects.

Protection information

Fields appended to each logical block that contain a cyclic redundancy check (CRC), an application tag,
and a reference tag.

Protocol identifier
A coded value used in various fields to identify the protocol to which other fields apply.

Protocol specific

A requirement that is defined by a SCSI transport protocol standard. A detailed definition of protocol spe-
cific may be found in SAM-3.

Protocol standard
A SCSI standard that defines SCSI transport protocol (e.g., SAS, SPI-5, SBP-3, or FCP-2).

Proxy token

An identifier for a logical unit that may be used to gain temporary access to that logical unit in the presence
of access controls.

Redundancy group

A grouping of XOR-protected data and associated check data into a single type of data redundancy (see
SCC-2). the standard only supports the XOR type of redundancy.

Request for comment (RFC)
The name given to standards developed by the Internet Engineering Task Force.

Registered

The condition that exists for an |_T nexus following the successful completion of a PERSISTENT
RESERVE OUT command with a REGISTER service action, REGISTER AND IGNORE EXISTING KEY
service action, or REGISTER AND MOVE service action and lasting until the registration is removed.

Registrant
An |_T nexus that is registered.

Right-aligned

A type of field containing ASCII data in which unused bytes are placed at the start of the field (i.e., lowest
offset) and are filled with ASCII space (20h) characters.
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Relative port identifier

An identifier for a SCSI port that is unique within a SCSI device. Application clients may use the SCSI Ports
VPD page to determine relative port identifier values.

Relative initiator port identifier
A relative port identifier for a SCSI initiator port.

Relative target port identifier
A relative port identifier for a SCSI target port.

SCSIl device

A device that contains one or more SCSI ports that are connected to a service delivery subsystem and
supports a SCSI application protocol.

SCSI device name

A name of a SCSI device that is world wide unique within the protocol of a SCSI domain in which the SCSI
device has SCSI ports. The SCSI device name may be made available to other SCSI devices or SCSI
ports in protocol specific ways.

SCSl domain

The interconnection of two or more SCSI devices and a service delivery subsystem. A detailed definition of
a SCSI Domain may be found in SAM-3.

SCSl initiator device

A SCSI device containing application clients and SCSI initiator ports that originate device service and task
management requests to be processed by a SCSI target device and receives device service and task man-
agement responses from SCSI target devices.

SCSlinitiator port

A SCSl initiator device object acts as the connection between application clients and the service delivery
subsystem through which requests and responses are routed.

SCSI port

A port of a SCSI device that connects the application client, device server or task manager to the service
delivery subsystem.

SCSI port identifier

A value by which a SCSI port is referenced within a domain. The SCSI port identifier is either an initiator
port identifier or a target port identifier.

SCSI port name
A name of a SCSI port that is world wide unique within the protocol of the SCSI domain of that SCSI port.
The name may be made available to other SCSI devices or SCSI ports in that SCSI domain in protocol
specific ways.

SCSI Ports VPD page

A VPD page that allows retrieval of information about all the SCSI ports in a SCSI target device or SCSI
target/initiator device.

SCSIl target device

A SCSI device containing logical units and SCSI target ports that receives device service and task man-
agement requests for processing and sends device service and task management responses to SCSI initi-
ator devices.

SCSl target port
A SCSI target device object that acts as the connection between device servers and task managers and
the service delivery subsystem through which requests and responses are routed.

SCSl transport protocol standard
A SCSI standard that defines a SCSI transport protocol (e.g., FCP-2, SAS, SRP, or SBP-3).
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Sense data

Data describing an error or exceptional condition that a device server delivers to an application client in the
same |_T_L_Q nexus transaction as a CHECK CONDITION status or in response to a REQUEST SENSE
command. The format of sense data is defined in SPC-4.

Sense key
The contents of the SENSE KEY field in the sense data.

Service action

A request describing a unit of work to be performed by a device server. A service action is an extension of
a command.

Service delivery subsystem

That part of a SCSI I/O system that transmits service requests to a logical unit or SCSI target device and
returns logical unit or SCSI target device responses to a SCSI initiator device.

Standby power condition

When a device server is capable of accepting commands, but not capable of processing media access
commands.

Status

One byte of response information sent from a device server to an application client upon completion of
each command.

Storage array controller

Any combination of an initiator and application clients (see SAM-3) that originates SCSI commands, con-
verts input LUNSs to output LUNS, and converts input LBAS to output LBAS. A storage array controller orga-
nizes a group of direct-access block devices into various objects (e.g., redundancy groups and volume
sets). See SCC-2.

System
One or more SCSI domains operating as a single configuration.

Target device name

A SCSI device name of a SCSI target device or of a SCSI target/initiator device when operating as a SCSI
target device.

Target port
Synonymous with SCSI target port.

Target port asymmetric access state

The characteristic that defines the behavior of a target port and the allowable command set for a logical
unit when commands and task management functions are routed through the target port maintaining that
state.

Target port group
A set of target ports that are in the same target port asymmetric access state at all times.

Target port group asymmetric access state
The target port asymmetric access state common to the set of target ports in a target port group.

Target port identifier
A value by which a SCSI target port is referenced within a SCSI domain.

Target port name

A SCSI port name of a SCSI target port or of a SCSI target/initiator port when operating as a SCSI target
port.

10 SCSI Commands Reference Manual, Rev. A



Task
An object within a logical unit that represents the work associated with a command or a group of linked
commands. A detailed definition of a task may be found in SAM-3.

Task set
A group of tasks within a logical unit, whose interaction is dependent on the task management (queuing)
and ACA rules. See SAM-3 and the Control mode page.

TCP port numbers
One of the data needed to establish a TCP connection. TCP port numbers may be assigned to protocols
that layer on TCP by the Internet Assigned Numbers Authority. The Internet Assigned Numbers Authority
maintains a list of TCP port number assignments at http://www.iana.org/assignments/ port-numbers.

Third-party command
A command sent to one SCSI device requesting than an operation be performed involving two other SCSI
devices (e.g., the EXTENDED COPY command may perform copy operations between two or more SCSI
devices none of which are the SCSI device to which the EXTENDED COPY command was sent).

Unit attention condition
A state that a logical unit maintains while it has asynchronous status information to report to the initiator
ports associated with one or more I_T nexuses. See SAM-3.

Universal time (UT)
The time at longitude zero, colloquially known as Greenwich Mean Time. See http://aa.usno.navy.mil/fag/
docs/UT.html.

URI Schemes
The Internet Assigned Numbers Authority maintains a list of schemes for URI and URL names at http://
www.iana.org/assignments/uri-schemes.

User data
Data contained in logical blocks that is not protection information.

UTF-8
A character set that is a transformation format of the character set defined by ISO 10646. See RFC 2279.

Vendor specific (VS)
Something (e.g., a bit, field, or code value) that is not defined by the standard and may be vendor defined.

Volatile cache memory or Volatile cache
Cache memory that does not retain data through power cycles.

Volatile medium
Medium that does not retain data written to it for a subsequent read operation through power cycles (e.g.,
a silicon memory device that loses data written to it if device power is lost).

Well known logical unit
A logical unit that only does specific functions. Well known logical units allow an application client to issue
requests to receive and manage specific information usually relating to a SCSI target device.

Well known logical unit number (W-LUN)
The logical unit number that identifies a well known logical unit.

XOR operation

Performing an XOR bitwise on two identical-sized multiple-bit input values (e.qg., the current value of a log-
ical block and the new value for that logical block). In a storage array implementing a redundancy group,
the XOR operation is used in error correction algorithms and may be performed by the storage array con-
troller or by the direct-access block devices.
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XOR-protected data
Logical blocks, including user data and protection information, if any, that are part of a redundancy group.

Zero
The logical false condition of a variable.

Zero-padded

A type of field in which unused bytes are placed at the end of the field (i.e., highest offset) and are filled
with zeros.

1.2 Symbols and abbreviations

See Table 1 for abbreviations of standards bodies (e.g., ISO). Additional symbols and abbreviations used
in the manual include:

Abbreviation Meaning

< less than

> greater than

ACE Access Control list Entry

ACL Access Control List

ACA Auto Contingent Allegiance

ADC Automation/Drive Interface - Commands

ADT Automation/Drive Interface - Transport Protocol

ASC Additional Sense Code

ASCII American Standard Code for Information Interchange
ASCQ Additional Sense Code Qualifier

ATA AT Attachment (see www.t13.0rg)

ATAPI AT Attachment with Packet Interface (see www.t13.0rg)
CcDB Command Descriptor Block

CRC Cyclic Redundancy Check

CLIST logical unit certification list

D ID Destination Identifier (defined in FC-FS)

DLIST data defect list

ECC error correcting code

EUI-48 Extended Unique Identifier, a 48-bit globally unique identifier
EUI-64 Extended Unique Identifier, a 64-bit globally unique identifier
FC-FS Fibre Channel Framing and Signaling Interface

FCP-2 Fibre Channel Protocol for SCSI -2

GLIST grown defect list

HTTP Hypertext Transfer Protocol (see RFC 2616)
le] input/output

ID Identifier or Identification

IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
IETF Internet Engineering Task Force

IP Internet Protocol

IPv4 Internet Protocol version 4

IPv6 Internet Protocol version 6

iISCSI Internet SCSI

ISO Organization for International Standards
LBA Logical Block Address
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LSB
LUACD
LUN
MAM
MMC-4
MSB
NAA
n/a
INCITS
OCRW
OsD
oul
PLIST
RAID
RBC
RDMA
RFC
RMC
SAM-2
SAM-3
SAM-4
SAT
SBC-2
SBC-3
SBP-3
SCC-2
SCC-3
SCsl
SES
SES-2
SMC-2
SMC-3
SPC
SPC-2
SPC-3
SPC-4
SPI-5
SRP
SSC-2
TCP
URI
URL
uT
uUsB
VPD
VS
W-LUN

Least Significant Bit

Logical Unit Access Control Descriptor

Logical Unit Number

Medium Auxiliary Memory

SCSI Multi-Media Commands -4

Most Significant Bit

Network Address Authority

not applicable

InterNational Committee for Information Technology Standards
SCSI Specification for Optical Card Reader/Writer
Object-based Storage Devices Commands
Organizationally Unique Identifier

primary defect list

Redundant Array of Independent Disks

SCSI Reduced Block Commands

Remote Direct Memory Access (see SRP)

Request For Comments

SCSI Reduced Multi-Media Commands

SCSI Architecture Model -2

SCSI Architecture Model -3

SCSI Architecture Model -4

SCSI/ ATA Translation

SCSI Block Commands -2

SCSI Block Commands -3

Serial Bus Protocol -3

SCSI Controller Commands -2

SCSI Controller Commands -3

The architecture defined by the family of standards described in clause 1
SCSI-3 Enclosure Services

SCSI Enclosure Services -2

SCSI Media Changer Commands -2

SCSI Media Changer Commands -3

SCSI-3 Primary Commands (ANSI INCITS 301-1997)
SCSI Primary Commands -2

SCSI Block Commands - 3

SCSI Primary Commands -4

SCSI Parallel Interface -5

SCSI RDMA Protocol

SCSI Stream Commands -2

Transmission Control Protocol (see RFC 793)
Uniform Resource Identifier (see RFC 2396 and RFC 3305)
Uniform Resource Locator (see RFC 2396 and RFC 3305)
Universal time

Universal Serial Bus (see www.usb.org)

Vital Product Data

Vendor Specific

Well known logical unit number
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1.3 Keywords

Expected

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

Ignored

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

Invalid

A keyword used to describe an illegal or unsupported bit, byte, word, field or code value. Receipt of an
invalid bit, byte, word, field or code value shall be reported as an error.

Mandatory
A keyword indicating an item that is required to be implemented as defined in this
standard.

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

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

Need not
Keywords indicating a feature that is not required to be implemented (equivalent to “is not required to”).

Obsolete

A keyword indicating that an item was defined in prior SCSI standards but has been removed from the
standard.

Optional
A keyword that describes features that are not required to be implemented by the standard. However, if

any optional feature defined in the standard is implemented, then it shall be implemented as defined in the
standard.

Reserved

A keyword referring to bits, bytes, words, fields and code values that are set aside for future standardiza-
tion. A reserved bit, byte, word or field shall be set to zero, or in accordance with a future extension to the
standard. Recipients are not required to check reserved bits, bytes, words or fields for zero values. Receipt
of reserved code values in defined fields shall be reported as an error.

Restricted
A keyword referring to bits, bytes, words, and fields that are set aside for use in other SCSI standards. A
restricted bit, byte, word, or field shall be treated as a reserved bit, byte, word or field for the purposes of
the requirements defined in the standard.

Shall
A keyword indicating a mandatory requirement. Designers are required to implement all such mandatory
requirements to ensure interoperability with other products that conform to the standard.

Should
A keyword indicating flexibility of choice with a strongly preferred alternative; equivalent to the phrase “it is
strongly recommended.”

Vendor-specific

Something (e.g., a bit, field, or code value) that is not defined by the standard and may be used differently
in various implementations.
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1.4 Conventions

Certain words and terms used in the standard have a specific meaning beyond the normal English meaning.
These words and terms are defined either in this clause or in the text where they first appear. Names of com-
mands, status codes, sense keys, and additional sense codes are in all uppercase (e.g., REQUEST SENSE).

If there is more than one CDB length for a particular command (e.g., MODE SENSE(6) and MODE
SENSE(10)) and the name of the command is used in a sentence without any CDB length descriptor (e.g.,
MODE SENSE), then the condition specified in the sentence applies to all CDB lengths for that command.

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

Normal case is used for words having the normal English meaning.

A binary number is represented in the standard by any sequence of digits comprised of only the Western-Ara-
bic numerals 0 and 1 immediately followed by a lower-case b (e.g., 0101b). Underscores or spaces may be
included between characters in binary number representations to increase readability or delineate field bound-
aries (e.g., 00101 1010b or 0_0101_1010b).

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

A decimal number is represented in the standard by any sequence of digits comprised of only the Western-Ara-
bic numerals 0 through 9 not immediately followed by a lower-case b or lower-case h (e.g., 25).

When the value of the bit or field is not relevant, x or xx appears in place of a specific value.

the standard uses the ISO convention for representing decimal numbers (e.g., the thousands and higher multi-
ples are separated by a space and a comma is used as the decimal point). Table 1 shows some examples of
decimal numbers represented using the 1ISO and American conventions.

Table 1 — ISO v American Numbering Conventions

ISO American
0,6 0.6
3,141 592 65 3.14159265
1000 1,000
1323462 1,323,462.95

Lists sequenced by letters (e.g., a) red, b) blue, c) green) show no ordering relationship between the listed
items. Lists sequenced by numbers (e.g., 1) red, 2) blue, 3) green) show an ordering relationship between the
listed items.

If a conflict arises between text, tables or figures, the order of precedence to resolve the conflicts is text, then
tables, and finally figures. Not all tables or figures are fully described in the text. Tables show data format and
values. Notes do not constitute any requirements for implementors.
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2.0 General Concepts

This manual defines behaviors that are common to all Seagate SCSI device models. This manual defines the
SCSI commands that are basic to more than one disc drive model and the SCSI commands that may apply to
any SCSI Interface, including Parallel, Fibre Channel, and Serial Attached SCSI (SAS).
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2.1 Command Descriptor Block (CDB)

2.1.1 CDB usage and structure

A command is communicated by sending a command descriptor block (CDB) to the device server. For several
commands, the CDB is accompanied by a list of parameters in the Data-Out Buffer. See the specific com-
mands for detailed information.

If a logical unit validates reserved CDB fields and receives a reserved field within the CDB that is not zero, then
the logical unit shall terminate the command with CHECK CONDITION status, with the sense key set to ILLE-
GAL REQUEST, and the additional sense code set to INVALID FIELD IN CDB.

If a logical unit receives a reserved CDB code value in a field other than the OPERATION CODE field, then the
logical unit shall terminate the command with CHECK CONDITION status, with the sense key set to ILLEGAL
REQUEST, and the additional sense code set to INVALID FIELD IN CDB.

The fixed length CDB formats are described in 2.1.2. The variable length CDB formats are described in 2.1.4.
The CDB fields that are common to most commands are described in 2.1.5. The fields shown in 2.1.2 and
2.1.3 and described in 2.1.4 are used consistently by most commands. However, the actual usage of any field
(except OPERATION CODE and CONTROL) is described in the subclause defining that command. If a device
server receives a CDB containing an operation code that is invalid or not supported, the command shall be ter-
minated with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, and the additional
sense code set to INVALID COMMAND OPERATION CODE.

For all commands, if there is an invalid parameter in the CDB, the device server shall terminate the command
without altering the medium.
2.1.2 The fixed length CDB formats

All fixed length CDBs shall have an OPERATION CODE field as their first byte and a CONTROL byte as their last byte.
Table 2 shows the typical format of a 6-byte CDB. Table 3 shows the typical format of a 10-byte CDB. Table 4 shows the
typical format of a 12-byte CDB. Table 5 shows the typical format of a 16-byte CDB. Table 6 shows the format of a 16-byte
CDB for commands that provide for a long LBA.

Table 2 — Typical CDB for 6-byte commands

Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE

1 Miscellaneous CDB information (MSB)

2 LOGICAL BLOCK ADDRESS (if required)

3 (LSB)

TRANSFER LENGTH (if required)
4 PARAMETER LIST LENGTH (if required)
ALLOCATION LENGTH (if required)

5 CONTROL
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Table 3 — Typical CDB for 10-byte commands

Bit 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE
1 Miscellaneous CDB information SERVICE ACTION (if required)
2 (MSB) LOGICAL BLOCK ADDRESS (if required)
3
4
5 (LSB)
6 Miscellaneous CDB information
7 (MSB) TRANSFER LENGTH (if required)
PARAMETER LIST LENGTH (if required)
8 ALLOCATION LENGTH (if required) (LSB)
9 CONTROL
Table 4 — Typical CDB for 12-byte commands
Bit 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE
1 Miscellaneous CDB information SERVICE ACTION (if required)
2 (MSB) LOGICAL BLOCK ADDRESS (if required)
3
4
5 (LSB)
6 (MSB) TRANSFER LENGTH (If required)
PARAMETER LIST LENGTH (if required)
7 ALLOCATION LENGTH (if required)
8
9 (LSB)
10 Miscellaneous CDB information
11 CONTROL

SCSI Commands Reference Manual, Rev. A

19




Table 5 — Typical CDB for 16-byte commands

Bit 7 6 5 4 3 2 1 0
Byte
0 OPERATION CODE
1 Miscellaneous CDB information SERVICE ACTION (if required)]
2 (MSB) LOGICAL BLOCK ADDRESS (if required)
3
4
5 (LSB)
6 (MSB) Additional CDB data (if required)
-
8
9 (LSB)
10 (MSB) TRANSFER LENGTH (If required)
PARAMETER LIST LENGTH (if required)
1 ALLOCATION LENGTH (if required)
12
13 (LSB)
14 Miscellaneous CDB information
15 CONTROL
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Table 6 — Typical CDB for long LBA 16-byte commands

Bit 7 6 5 4 3 2 0
Byte
0 OPERATION CODE
1 Miscellaneous CDB information
2 (MSB)
3 LOGICAL BLOCK ADDRESS
4
5
6
7
8
9 (LSB)
10 (MSB) TRANSFER LENGTH (If required)
PARAMETER LIST LENGTH (if required)
11 ALLOCATION LENGTH (if required)
12
13 (LSB)
14 Miscellaneous CDB information
15 Control
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2.1.3

The variable length CDB formats

The first byte of a variable length CDB shall contain the operation code 7Fh. The CONTROL byte is the second

byte in the variable length CDB (see table 7)

Table 7 — Typical variable length CDB

Bit 7 6 5 4 3 2 1 0
Byte

0 OPERATION CODE (7Fh)

1 CONTROL

2 Miscellaneous CDB information

3 Miscellaneous CDB information

4 Miscellaneous CDB information

5 Miscellaneous CDB information

6 Miscellaneous CDB information

7 ADDITIONAL CDB LENGTH (n-7)

8 (MSB) SERVICE ACTION

9 (LSB)

10 Service Action specific fields

n

ADDITIONAL CDB LENGTH field

The ADDITIONAL CDB LENGTH field specifies the number of additional CDB bytes. This value in the ADDITIONAL CDB
LENGTH field shall be a multiple of 4. If the number of CDB bytes delivered by the service delivery subsystem is not suffi-
cient to contain the number of bytes specified by the ADDITIONAL CDB LENGTH field, then the command shall be termi-
nated with CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, and the additional sense code set to

INVALID FIELD IN CDB.

SERVICE ACTION field

The SERVICE ACTION field specifies the action being requested by the application client. The SERVICE ACTION field is
required in the variable length CDB format and is described in 4.3.4.2. Each service action code description defines a num-
ber of service action specific fields that are needed for that service action.

A 32-byte variable length CDB format is defined for long LBA operations (see table 8)
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Table 8 — Typical variable length CDB for long LBA 32-byte commands

ALLOCATION LENGTH (if required)

Bit 7 6 5 4 3 2 0
Byte
0 OPERATION CODE (7Fh)
1 CONTROL
2 Miscellaneous CDB information
3 Miscellaneous CDB information
4 Miscellaneous CDB information
5 Miscellaneous CDB information
6 Miscellaneous CDB information
7 Additional CDB Length (n-7) [9]
8 (MSB) SERVICE ACTION
9 (LSB)
10 Miscellaneous CDB information DPO FUA Miscellaneous CDB information
11 Miscellaneous CDB information
12 (MSB) LOGICAL BLOCK ADDRESS
19 (LSB)
20 Miscellaneous CDB information
27
28 (MSB) TRANSFER LENGTH (If required)
PARAMETER LIST LENGTH (if required)
31 (LSB)

SCSI Commands Reference Manual, Rev. A

23




2.2 Common CDB fields

2.2.1 Operation Code

The first byte of a SCSI CDB shall contain an operation code identifying the operation being requested by the CDB. Some
operation codes provide for modification of their operation based on a service action (see 2.1.4.2). In such cases, the oper-
ation code and service action code combine to identify the operation being requested. The location of the SERVICE
ACTION field in the CDB varies depending on the operation code value.

The OPERATION CODE (see table 10) of the CDB has a GROUP CODE field and a COMMAND CODE field. The three-bit
GROUP CODE field provides for eight groups of command codes. The five-bit COMMAND CODE field provides for thirty-
two command codes in each group. A total of 256 possible operation codes exist. Operation codes are defined in the stan-
dard and other command standards. The group code value shall determine the length of the CDB (see table 11).

Table 9 — OPERATION CODE byte

Bit 7 6 5 4 3 2 1 0

GROUP CODE COMMAND CODE

The value in the GROUP CODE field specifies one of the groups shown in Table 10.

Table 10 — Group Code values

(érg;f Meaning Typical CDB Format

000b 6 byte commands see Table 2

001b 10 byte commands see Table 3

010b 10 byte commands see Table 3

011b Reserved &

100b 16 byte commands see Table 5 and Table 6

101b 12 byte commands see Table 4

110b Vendor Specific

111b Vendor Specific
a The format of the commands using operation code 7Fh is described
in 2.1.3. With the exception of operation code 7Fh, all group code
011b operation codes are reserved.

2.2.2 Service action

All CDB formats except the 6-byte format provide for a SERVICE ACTION field containing a coded value iden-
tifying a function to be performed under the more general command function specified in the OPERATION
CODE field. While the SERVICE ACTION field is defined for CDB formats, it is used as described in this sub-
clause only in those CDB formats that contain a SERVICE ACTION field. When the specific field SERVICE
ACTION is not defined in a CDB format, the bits identified as the SERVICE ACTION field in a CDB shall be
used or reserved as specified by the particular CDB format.

2.2.3 Logical block address

The logical block addresses on a logical unit or within a volume or partition shall begin with block zero and be
contiguous up to the last logical block of that logical unit or within that volume or partition.
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A six-byte CDB may contain a 21-bit LOGICAL BLOCK ADDRESS field. The ten-byte and the twelve-byte
CDBs may contain 32-bit LOGICAL BLOCK ADDRESS fields. The sixteen-byte CDB has two formats: one
allows a 32-bit LOGICAL BLOCK ADDRESS field (see Table 5) and the other allows a 64-bit LOGICAL BLOCK
ADDRESS field (see Table 6). LOGICAL BLOCK ADDRESS fields in additional parameter data have their
length specified for each occurrence. See the specific command descriptions.

2.2.4 Transfer length

The TRANSFER LENGTH field specifies the amount of data to be transferred, usually the number of blocks.
Some commands use transfer length to specify the requested number of bytes to be sent as defined in the
command description.

Commands that use one byte for the TRANSFER LENGTH field may allow up to 256 blocks or 256 bytes of
data to be transferred by one command.

In commands that use multiple bytes for the TRANSFER LENGTH field, a transfer length of zero specifies that
no data transfer shall take place. A value of one or greater specifies the number of blocks or bytes that shall be
transferred. Refer to the specific command description for further information.

225 Parameter list length

The PARAMETER LIST LENGTH field is used to specify the number of bytes sent from the Data-Out Buffer.
This field is typically used in CDBs for parameters that are sent to a device server (e.g., mode parameters,
diagnostic parameters, log parameters). A parameter length of zero specifies that no data shall be transferred.
This condition shall not be considered as an error, unless otherwise specified.

2.2.6 Allocation length

The ALLOCATION LENGTH field specifies the maximum number of bytes that an application client has allo-
cated in the Data-In Buffer. An allocation length of zero specifies that no data shall be transferred. This condi-
tion shall not be considered as an error. The device server shall terminate transfers to the Data-In Buffer when
the number of bytes specified by the ALLOCATION LENGTH field have been transferred or when all available
data have been transferred, whichever is less. The allocation length is used to limit the maximum amount of
variable length data (e.g., mode data, log data, diagnostic data) returned to an application client. If the informa-
tion being transferred to the Data-In Buffer includes fields containing counts of the number of bytes in some or
all of the data, then the contents of these fields shall not be altered to reflect the truncation, if any, that results
from an insufficient ALLOCATION LENGTH value, unless the standard that describes the Data-In Buffer format
states otherwise.

If the amount of information to be transferred exceeds the maximum value that the ALLOCATION LENGTH
field is capable of specifying, the device server shall transfer no data and terminate the command with CHECK
CONDITION status, with the sense key set to ILLEGAL REQUEST, and the additional sense code set to
INVALID FIELD IN CDB.
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2.2.7 Control

The contents of the CONTROL byte are defined in SAM-4. The CONTROL byte has the same definition for all
commands.

SAM-4 clause 5.2 states:

All CDBs shall contain a CONTROL byte (see table 11). The location of the CONTROL byte within a CDB
depends on the CDB format (see 2.1.2 and 2.1.3).

Table 11 — Control Byte

Bit 7 6 5 4 3 2 1 0

Vendor Specific Reserved NACA Obsolete [1] LINK

[1] Bit 1 of the Control byte was formerly the Flag bit See Flag bit below).

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

NACA (Normal ACA) bit
The NACA (Normal ACA) bit specifies whether an auto contingent allegiance (ACA) is established if the command returns
with CHECK CONDITION status. An NACA bit set to one specifies that an ACA shall be established.

0 An NACA bit set to zero specifies that an ACA shall not be established. The actions for ACA are specified in SAM-4
clause 5.8.2. Actions that may be required when an ACA is not established are described in SAM-4 clause 5.8.1. All
logical units shall implement support for the NACA value of zero and may support the NACA value of one (i.e.,
ACA). The ability to support a NACA value of one is indicated with the NORMACA bit in the standard INQUIRY data
(see SPC-4).

1 If the NACA bit is set to one but the logical unit does not support ACA, the command shall be terminated with
CHECK CONDITION status, with the sense key set to ILLEGAL REQUEST, and the additional sense code set to
INVALID FIELD IN CDB.

LINK bit

The LINK bit is used to continue the task across multiple commands. Support for the LINK bit is optional. The application
client sets the LINK bit to one to specify a request for continuation of the task across two or more commands.

1 If the LINK bit is set to one and the command completes successfully, a logical unit that supports the LINK bit shall
continue the task and return a status of INTERMEDIATE or INTERMEDIATE-CONDITION MET and a service
response of LINKED COMMAND COMPLETE (see SAM-4). If the LINK bit is set to one and the logical unit does not
support linked commands, the command shall be terminated with CHECK CONDITION status, with the sense key
set to ILLEGAL REQUEST, and the additional sense code set to INVALID FIELD IN CDB.D FIELD IN CDB.

FLAG bit -- declared Obsolete by T10
Bit 1 (formerly the flag bit) was made obsolete prior to the release of SAM-2 in September of 2002.

Note. In older model drives the Flag bit may have been used in conjunction with the Link bit to notify the
initiator in an expedited manner that the command has completed.

Support for the Flag bit is a logical unit option. If the Link bit and Flag bit are both set to one, and if the
command completes with a status of Intermediate or Intermediate-Condition Met, a drive that supports the
Flag bit returns a service response of Linked Command Complete (with Flag).
The drive completes the command with a status of Check Condition and a sense key of lllegal Request if:
[a] * The Link bit is set to one and the drive does not support linked commands, or
[b] « The Flag bit is set to one and the drive does not support the Flag bit, or
[c] * The Flag bit is set to one and the Link bit is set to zero.
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2.2.8 Grouping function

A grouping function is a function that collects information about attributes associated with commands (i.e.,
information about commands with the same group value are collected into the specified group). The definition
of the attributes and the groups is outside the scope of this standard. Groups are identified with the GROUP
NUMBER field in the CDB of certain commands (e.g., the WRITE (10) command (see 3.54)).

The collection of this information is outside the scope of this standard (e.g., the information may not be trans-
mitted using any SCSI protocols).

Note. An example of how grouping could be used, consider two applications using a subsystem; one
application streams data and another accesses data randomly. If the streaming application groups
all of its commands with one value (e.g., x), and the random application groups all of its commands
with another value (e.g., y), then a group x defined to hold performance metrics collects all the per-
formance metrics for the streamed commands together and a group y defined to also hold perfor-
mance metrics collects all the performance metrics for the random commands together. The result
is two sets of performance metrics (i.e., x and y). A management application then reads the perfor-
mance metrics and determines if the performance of a specific group is acceptable.

Support for the grouping function is indicated in the GROUP_SUP bit in the Extended INQUIRY Data VPD page
(see SPC-4).
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2.3 Parameter rounding

Certain parameters sent to a SCSI target port with various commands contain a range of values. Targets may
choose to implement only selected values from this range. When the target receives a value that it does not
support, it either rejects the command (CHECK CONDITION status with lllegal Request Sense key) or it
rounds the value received to a supported value. The target shall reject unsupported values unless rounding is
permitted in the description of the parameter.

Rounding of parameter values, when permitted (Rounding is enabled by MODE SELECT command, page
code 00h, byte 2, bit 2) shall be performed as follows:

a SCSil target port that receives a parameter value that is not an exact supported value shall adjust the value to
one that it supports and shall return CHECK CONDITION status with a sense key of Recovered Error. The
additional sense code shall be set to Rounded Parameter. The initiator is responsible to issue an appropriate
command to learn what value the target has selected.

Implementor’s Note: Generally, the target should adjust maximum-value fields down to the next lower sup-
ported value than the one specified by the initiator. Minimum-value fields should be rounded up to the next
higher supported value than the one specified by the initiator. In some cases, the type of rounding (up or down)
is explicitly specified in the description of the parameter.
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2.4 Sense data

2.4.1 Sense data introduction

Sense data shall be returned in the same |_T_L_Q nexus transaction as a CHECK CONDITION status and as
parameter data in response to the REQUEST SENSE command. Sense data returned in the same |_T_L_Q
nexus transaction as a CHECK CONDITION status shall be either fixed or descriptor format sense data format
based on the value of the D_SENSE bit in the Control mode page. The REQUEST SENSE command may be

used to request either the fixed format sense data or the descriptor format sense data.f

The first byte of all sense data contains the RESPONSE CODE field that indicates the error type and format of
the sense data (see table 12).

Table 12 — Sense data response codes

Response Error type Sense data format
Code Description Reference Description Reference
00h - 6Fh Reserved
70h Current 2413 Fixed 2412
71h Deferred 2414 Fixed 24.1.2
72h Current 2413 Descriptor 2411
73h Deferred 24.1.4 Descriptor 2411
74h - 7Eh Reserved
7Fh Vendor specific

The RESPONSE CODE field shall be set to 70h in all unit attention sense data in which:
a) The ADDITIONAL SENSE CODE field is set to 29h; or
b) The additional sense code is set to MODE PARAMETERS CHANGED.
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24.1.1 Descriptor format sense data

24.1.1.1 Descriptor format sense data overview

The descriptor format sense data for response codes 72h (current errors) and 73h (deferred errors) is defined
in table 13.

Table 13 — Descriptor format sense data

Bit 7 6 5 4 3 2 1 0
Byte

0 Reserved RESPONSE CODE (72h or 73h)

1 Reserved SENSE KEY

2 ADDITIONAL SENSE CODE

3 ADDITIONAL SENSE CODE QUALIFIER

4

5 Reserved

6

7 ADDITIONAL SENSE LENGTH (n-7)

Sense Data Descriptor(s)

SENSE DATA DESCRIPTOR 0 (see table 14)

SENSE DATA DESCRIPTOR X (see table 14)

RESPONSE CODE field

The contents of the RESPONSE CODE field indicate the error type and format of the sense data (see 2.4.1). For descriptor
format sense data, the RESPONSE CODE field shall be set to 72h or 73h.

SENSE KEY, ADDITIONAL SENSE CODE and ADDITIONAL SENSE CODE QUALIFIER fields

The SENSE KEY, ADDITIONAL SENSE CODE and ADDITIONAL SENSE CODE QUALIFIER fields provide a hierarchy of
information. The hierarchy provides a top-down approach for an application client to determine information relating to the
error and exception conditions.

SENSE KEY field

The SENSE KEY field indicates generic information describing an error or exception condition. The sense keys are defined
in2.4.1.5.

ASC (ADDITIONAL SENSE CODE) field

The ADDITIONAL SENSE CODE (ASC) field indicates further information related to the error or exception condition
reported in the SENSE KEY field. Support of the additional sense codes not required by this standard is optional. A list of
additional sense codes is in 2.4.1.5. If the device server does not have further information related to the error or exception
condition, the additional sense code shall be set to zero.
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ASCQ (ADDITIONAL SENSE CODE QUALIFIER) field

The ADDITIONAL SENSE CODE QUALIFIER (ASCQ) field indicates detailed information related to the additional sense
code. If the error or exception condition is reported by the device server, the value returned shall be as specified in 2.4.1.5.
If the device server does not have detailed information related to the error or exception condition, the additional sense code
qualifier shall be set to zero.

ADDITIONAL SENSE LENGTH field

The ADDITIONAL SENSE LENGTH field indicates the number of additional sense bytes that follow. The additional sense
length shall be less than or equal to 244 (i.e., limiting the total length of the sense data to 252 bytes). If the sense data is
being returned as parameter data by a REQUEST SENSE command, then the relationship between the ADDITIONAL
SENSE LENGTH field and the CDB ALLOCATION LENGTH field is defined in 2.4.1.1.1.

SENSE DATA DESCRIPTORS field

Sense data descriptors (see table 14) provide specific sense information. A given type of sense data descriptor shall be
included in the sense data only when the information it contains is valid.

Table 14 — Sense data descriptor format

Bit 7 6 5 4 3 2 1 0
Byte

0 DESCRIPTOR TYPE

1 ADDITIONAL LENGTH (n-1)

2 SENSE DATA DESCRIPTOR SPECIFIC

n

DESCRIPTOR TYPE field

The DESCRIPTOR TYPE field contains a type code (see table 15) that identifies the type of sense data descriptor. No
more than one sense data descriptor of each type shall be included in the descriptor format sense data.

Table 15 — Sense data descriptor types

Type Description Reference
00h Information 24.1.1.2
01h Command specific information 24.1.1.3
02h Sense key specific 24114
03h Field replaceable unit 24.1.15
04h Stream commands SSC-3
05h Block commands SBC-2
06h OSD object identification OosD
07h OSD response integrity check value OSsD
08h OSD attribute identification OosD
09h ATA Return SAT

0Ah - 7Eh | Reserved
80h - FFh | Vendor specific 24.1.1.6
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ADDITIONAL LENGTH field

The ADDITIONAL LENGTH field indicates the number of sense data descriptor specific bytes that follow in the sense data
descriptor.

24.11.2

Information sense data descriptor

The information sense data descriptor (see table 16) provides information that is device-type or command spe-

cific and is defined in a command standard.

Table 16 — Information sense data descriptor format

Bit 7 6 5 4 3 2 1 0
Byte
0 DESCRIPTOR TYPE (00h)
1 ADDITIONAL LENGTH (0Ah)
2 VALID (1b) Reserved
3 Reserved
4
INFORMATION
11

DESCRIPTOR TYPE and ADDITIONAL LENGTH fields

The DESCRIPTOR TYPE and ADDITIONAL LENGTH fields are described in 2.4.1.1.1. For the information sense data
descriptor, the DESCRIPTOR TYPE field shall be set to 00h and the ADDITIONAL LENGTH field shall be set to OAh.

The VALID bit shall be set to one.

Note.

In previous versions of this standard and in the fixed format sense data, the VALID bit indicates
whether the contents of the INFORMATION field is valid as defined by a command standard. Since
the contents of the INFORMATION field are valid whenever an information sense data descriptor is
included in the sense data, the only legal value for the VALID bit is set to one.

INFORMATION field

The contents of the INFORMATION field are device-type or command specific and are defined in a command standard.
When a four byte quantity is stored in the INFORMATION field, the first four bytes shall be zero.

32

SCSI Commands Reference Manual, Rev. A



24.1.1.3 Command-specific information sense data descriptor

The command-specific information sense data descriptor (see table 17) provides information that depends on
the command on which the exception condition occurred.

Table 17 — Command-specific information sense data descriptor format

Bit 7 6 5 4 3 2 1 0
Byte

0 DESCRIPTOR TYPE (01h)

1 ADDITIONAL LENGTH (0Ah)

2 Reserved

3 Reserved

4 COMMAND-SPECIFIC INFORMATION

11

DESCRIPTOR TYPE and ADDITIONAL LENGTH fields

The DESCRIPTOR TYPE and ADDITIONAL LENGTH fields are described in 2.4.1.1.1. For the command-specific informa-
tion sense data descriptor, the DESCRIPTOR TYPE field shall be set to 01h and the ADDITIONAL LENGTH field shall be
set to OAh.

COMMAND-SPECIFIC INFORMATION field

The COMMAND-SPECIFIC INFORMATION field contains information that depends on the command on which the excep-
tion condition occurred. When a four byte quantity is stored in the COMMAND-SPECIFIC INFORMATION field, the first four
bytes shall be zero.

Further meaning for the COMMAND-SPECIFIC INFORMATION field is defined within the command description in the
appropriate command standard (e.g., see SBC-2 for the REASSIGN BLOCKS commands, or SPC-3 the EXTENDED
COPY command).
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24114

241141

Sense key specific sense data descriptor

Sense key specific sense data descriptor introduction

The sense key specific sense data descriptor (see table 18) provides additional information about the excep-
tion condition. The format and content of the sense-key specific data depends on the value in the SENSE KEY
field (see 2.4.1.1.1).

Table 18 — Sense key specific sense data descriptor format

Bit 7 6 5 4 3 2 1 0
Byte

0 DESCRIPTOR TYPE (02h)

1 ADDITIONAL LENGTH (06h)

2 Reserved

3 Reserved

4 SKSV (1b)

) SENSE KEY SPECIFIC

6

7 Reserved

The DESCRIPTOR TYPE and ADDITIONAL LENGTH fields are described in 2.4.1.1.1. For the sense-key specific sense
data descriptor, the DESCRIPTOR TYPE field shall be set to 01h and the ADDITIONAL LENGTH field shall be set to 06h.

SKSV (Sense-key specific valid) bit

The sense-key specific valid (SKSV) bit shall be set to one.

Note.

In previous versions of this standard and in the fixed format sense data, the SKSV bit indicates
whether the contents of the SENSE KEY SPECIFIC field are valid as defined by a command stan-
dard. Since the contents of the SENSE KEY SPECIFIC field are valid whenever a sense key spe-
cific sense data descriptor is included in the sense data, the only legal value for the SKSV bit is set

to one.
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The definition of the SENSE KEY SPECIFIC field (see table 19) is determined by the value of the SENSE KEY
field (see 2.4.1.1.1).

Table 19 — Sense key specific field definitions

Sense Key Sense Key Specific Field Definition Reference
ILLEGAL REQUEST Field pointer 24.1.1.4.2
HARDWARE ERROR, Actual retry count 2.4.1.1.4.3

MEDIUM ERROR, or
RECOVERED ERROR

NO SENSE or NOT READY Progress indication 241144
COPY ABORTED Segment pointer 24.1.1.45
All other sense keys The sense key specific sense data descriptor shall not appear in the descriptor for-
mat sense data and the SKSV bit (see 2.4.1.2) shall be set to zero in the fixed format
sense data.
241142 Field pointer sense key specific data

If the sense key is ILLEGAL REQUEST, then the seNSE KEY SPECIFIC field shall be as shown in table 20.

Table 20 — Field pointer sense key specific data

Bit 7 6 5 4 3 2 1 0
Byte
0 SKSV (1b) C/D Reserved BPV BIT POINTER
1 (MSB)
FIELD POINTER
2 (LSB)
SKSV bit

The SKSV bit is described in 2.4.1.1.4.1 for descriptor format sense data and in 2.4.1.2 for fixed format sense data.

C/D (Command Data) bit

A command data (C/D) bit set to one indicates that the illegal parameter is in the CDB. A C/D bit set to zero indicates that
the illegal parameter is in the data parameters sent by the application client in the Data-Out Buffer.

BPV (Bit Pointer Valid) bit

A bit pointer valid (BPV) bit set to zero indicates that the value in the BIT POINTER field is not valid. A BPV bit set to one
indicates that the BIT POINTER field specifies which hit of the byte designated by the FIELD POINTER field is in error.
When a multiple-bit field is in error, the BIT POINTER field shall point to the first bit (i.e., the left-most bit) of the field.

FIELD POINTER field

The FIELD POINTER field indicates which byte of the CDB or of the parameter data was in error. Bytes are numbered start-
ing from zero, as shown in the tables describing the commands and parameters. When a multiple-byte field is in error, the
field pointer shall point to the first byte (i.e., the left-most byte) of the field. If several consecutive bytes are reserved, each
shall be treated as a single-byte field.

Note. The bytes identified as being in error are not necessarily the bytes that need to be changed to cor-
rect the problem.
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241143 Actual retry count sense key specific data

If the sense key is HARDWARE ERROR, MEDIUM ERROR, or RECOVERED ERROR, then the SENSE KEY
SPECIFIC field shall be as shown in table 21.

Table 21 — Actual retry count sense key specific data

Bit 7 6 5 4 3 2 1 0
Byte

0 SKSV (1b) Reserved

1 (MSB) ACTUAL RETRY COUNT

2 (LSB)

The SKSV bit is described in 2.4.1.1.4.1 for descriptor format sense data and in 2.4.1.2 for fixed format sense
data.

The ACTUAL RETRY COUNT field returns vendor specific information on the number of retries of the recovery
algorithm used in attempting to recover an error or exception condition.
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Note. This field should be computed in the same way as the retry count fields within the Read-Write Error
Recovery mode page.

24.11.4.4 Progress indication sense key specific data

If the sense key is NO SENSE or NOT READY, the SeNSE KEY SPECIFIC field shall be as shown in table 22.

Table 22 — Progress indication sense key specific data

Bit 7 6 5 4 3 2 1 0
Byte

0 SKSV (1b) Reserved

1 (MSB) PROGRESS INDICATION

2 (LSB)

The SKSV bit is described in 2.4.1.1.4.1 for descriptor format sense data and in 2.4.1.2 for fixed format sense
data.

The PROGRESS INDICATION field is a percent complete indication in which the returned value is a numerator
that has 65 536 (10000h) as its denominator. The progress indication shall be based upon the total operation.

Note. The progress indication should be time related, however this is not an absolute requirement. (E.g.,
since format time varies with the number of defects encountered, etc., it is reasonable for the
device server to assign values to various steps within the process. The granularity of these steps
should be small enough to provide reasonable assurances to the application client that progress is
being made.)

2.4.1.1.45 Segment pointer sense key specific data

If the sense key is COPY ABORTED, the SENSE KEY SPECIFIC field shall be as shown in table 23.

Table 23 — Segment pointer sense key specific data

Bit 7 6 5 4 3 2 1 0
Byte

0 SKSV (1b) Reserved SD Reserved BPV BIT POINTER

1 (MSB) FIELD POINTER

2 (LSB)

The SKSV bit is described in 2.4.1.1.4.1 for descriptor format sense data and in 2.4.1.2 for fixed format sense
data.

The segment descriptor (sb) bit indicates whether the field pointer is relative to the start of the parameter list or
to the start of a segment descriptor. An sD bit set to zero indicates that the field pointer is relative to the start of
the parameter list. An sSD bit set to one indicates that the field pointer is relative to the start of the segment
descriptor indicated by the third and fourth bytes of the COMMAND-SPECIFIC INFORMATION field.

A bit pointer valid (BPV) bit set to zero indicates that the value in the BIT POINTER field is not valid. A BPV bit
set to one indicates that the BIT POINTER field specifies which bit of the byte designated by the FIELD
POINTER field is in error. When a multiple-bit field is in error, the BIT POINTER field shall point to the most-
significant (i.e., left-most) bit of the field.
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The FIELD POINTER field indicates which byte of the parameter list or segment descriptor was in error.

If the parameter list is in excess of 65 528 bytes in length and SD is set to zero, the FIELD POINTER value
may not fit in two bytes provided by the sense key specific sense data descriptor.

24.1.15 Field replaceable unit sense data descriptor

The field replaceable unit sense data descriptor (see table 24) provides information about a component that
has failed.

Table 24 — Field replaceable unit sense data descriptor format

Bit 7 6 5 4 3 2 1 0
Byte

0 DESCRIPTOR TYPE (03h)

1 ADDITIONAL LENGTH (02h)

2 Reserved

3 field replaceable unit code

DESCRIPTOR TYPE and ADDITIONAL LENGTH fields

The DESCRIPTOR TYPE and ADDITIONAL LENGTH fields are described in 2.4.1.1.1. For the field replaceable unit sense
data descriptor, the DESCRIPTOR TYPE field shall be set to 03h and the ADDITIONAL LENGTH field shall be set to 02h.

FIELD REPLACEABLE UNIT CODE field

Non-zero values in the FIELD REPLACEABLE UNIT CODE field are used to identify a component that has failed. A value
of zero in this field indicates that no specific component has been identified to have failed or that the data is not available.
The format of this information is not specified by this standard. Additional information about the field replaceable unit may
be available in the ASCII Information VPD page, if supported by the device server.

24.1.1.6 Vendor specific sense data descriptors

Vendor specific sense data descriptors (see table 25) contain vendor specific data that further defines the
nature of the exception condition.

Table 25 — Vendor specific sense data descriptor format

Bit 7 6 5 4 3 2 1 0
Byte

0 DESCRIPTOR TYPE (80h - FFh)

1 ADDITIONAL LENGTH (n-1)

2 Vendor specific

n

DESCRIPTOR TYPE and ADDITIONAL LENGTH fields

The DESCRIPTOR TYPE and ADDITIONAL LENGTH fields are described in 2.4.1.1.1. For the vendor specific sense data
descriptor, the DESCRIPTOR TYPE field shall be set to a value between 80h and FFh, inclusive.
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2.4.1.2 Fixed format sense data

The fixed format sense data for response codes 70h (current errors) and 71h (deferred errors) is defined in
table 26.

Table 26 — Fixed format sense data

Bit 7 6 5 4 3 2 1 0

Byte
0 VALID RESPONSE CODE (70H OR 71H)
1 Obsolete
2 FILEMARK EOM ILI RESERVED SENSE KEY
3
4 INFORMATION
5
6
7 ADDITIONAL SENSE LENGTH (N-7)
8
9
10 COMMAND-SPECIFIC INFORMATION
11
12 ADDITIONAL SENSE CODE
13 ADDITIONAL SENSE CODE QUALIFIER
14 FIELD REPLACEABLE UNIT CODE
15 SKSV
16 SENSE KEY SPECIFIC
17
18
N ADDITIONAL SENSE BYTES

VALID bit
0 A VALID bit set to zero indicates that the INFORMATION field is not defined in this manual or any command stan-

dard.

1 A VALID bit set to one indicates the INFORMATION field contains valid information as defined in this standard or a
command standard.

RESPONSE CODE field

The contents of the RESPONSE CODE field indicate the error type and format of the sense data (see 2.4.1). For fixed for-
mat sense data, the RESPONSE CODE field shall be set to 70h or 71h.

FILE MARK bit
See the SSC-2 READ and SPACE commands for examples of FILEMARK bit usage.
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EOM (End-of-Medium) bit
See the SSC-2 READ, SPACE, and WRITE commands for examples of end-of-medium (EOM) bit usage.

ILI (Incorrect length indicator) Bit

See the SBC-2 READ LONG, SBC-2 WRITE LONG, and SSC-2 READ commands and for examples of incorrect length
indicator (ILI) bit usage.

SENSE KEY, ADDITONAL SENSE CODE, and ADDITIONAL SENSE CODE QUALIFIER fields

The SENSE KEY, ADDITIONAL SENSE CODE, and ADDITIONAL SENSE CODE QUALIFIER fields are described in
452.1.

INFORMATION field
The contents of the INFORMATION field are device-type or command specific and are defined in a command standard.

ADDITIONAL SENSE LENGTH field

The ADDITIONAL SENSE LENGTH field indicates the number of additional sense bytes that follow. The additional sense
length shall be less than or equal to 244 (i.e., limiting the total length of the sense data to 252 bytes). If the sense data is
being returned as parameter data by a REQUEST SENSE command, then the relationship between the ADDITIONAL
SENSE LENGTH field and the CDB ALLOCATION LENGTH field is defined in 2.2.6.

COMMAND-SPECIFIC INFORMATION field

The COMMAND-SPECIFIC INFORMATION field contains information that depends on the command on which the excep-
tion condition occurred.

FIELD REPLACEABLE UNIT CODE field
The FIELD REPLACEABLE UNIT CODE field is described in 2.4.1.1.5.

SKSV (Sense-key Specific Valid) bit
1 A sense-key specific valid (SKSV) bit set to one indicates the SENSE KEY SPECIFIC field contains valid informa-
tion as defined in this standard.

0 An SKSV bit set to zero indicates that the SENSE KEY SPECIFIC field is not as defined by this standard.

SENSE KEY SPECIFIC field
The SENSE KEY SPECIFIC field is described in 2.4.1.1.4.

The additional sense bytes may contain vendor specific data that further defines the nature of the exception
condition.

2.4.1.3 Current errors

Response codes 70h and 72h (current error) indicate that the sense data returned is the result of an error or
exception condition on the task that returned the CHECK CONDITION status or a protocol specific failure con-
dition. This includes errors generated during processing of the command. It also includes errors not related to
any command that are detected during processing of a command (e.g., disk servo-mechanism failure, off-track
errors, or power-up test errors).

24.1.4 Deferred errors

Response codes 71h and 73h (deferred error) indicate that the sense data returned is the result of an error or
exception condition that occurred during processing of a previous command for which GOOD, CONDITION
MET, INTERMEDIATE, and INTERMEDIATE-CONDITION MET status has already been returned. Such com-
mands are associated with the use of the immediate bit and with some forms of caching. Device servers that
implement these features shall implement deferred error reporting.

The deferred error may be indicated by returning CHECK CONDITION status to an application client accessed
through a defined |_T nexus as described in this subclause.
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If the task terminates with CHECK CONDITION status and the sense data describes a deferred error, the com-
mand for the terminated task shall not have been processed. After the device server detects a deferred error
condition, it shall return a deferred error according to the following rules:

(@)

(b)

(©)

(d)

(€)

Note.

If no external intervention is necessary to recover a deferred error, a deferred error indication shall not
be returned unless required by the error handling parameters of a MODE SELECT command. The
occurrence of the error may be logged;

If it is possible to associate a deferred error with an |_T nexus and with a particular function or a partic-
ular subset of data, and the error is either unrecovered or required to be reported by the mode param-
eters, then a deferred error indication shall be returned for a command received on the |_T nexus
associated with the deferred error. If an application 