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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liasison with 1SQ_also take part in the work |SO collaborates closely with the International Electrotechnical

Commissipn (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

Draft Interpational Standards adopted by the technical committees are circulated to the . member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies cast|ng a vote.

Attention is drawn to the possibility that some of the elements of this International-Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard I1SO 12142 was prepared by Technical Commiittee I1SO/TC 171, Document imaging
applicationys, Subcommittee SC 1, Quality.

Annexes A to D of this International Standard are for information only.

© 1SO 2001 — All rights reserved \%
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Introduction

Data and records managers in many organizations are already using optical disk-based information systems for
storing and retrieving large data sets and for storing valuable information. The optical disk drives that are part of
these systems are designed with powerful, but not unlimited, error correction capabilities. If the level of errors in an
optical digital data disk sector exceeds the error detection and correction mechanisms implemented in the optical

disk drive co

ntroller _the sector cannot be corrected (dnfa loss mighf nr‘mlr) defnm managers would like

to be able

to use medig
both initially
Media Error
data saved o

This Internat
stored data @

a high-le

— animplg
The high-lev:
the interface]
addition, this
Write-Once-f
media sizes
integrators td
and manufaq
media error i

error monitoring and reporting techniques to verify the information stored on optical digital
when the data is transferred to that media and periodically to monitor the status of-their
| evels of correction taking place in the optical disk drive controller give an indication of th
n these optical digital data disks.

onal Standard documents two approaches of media error monitoring and reporting techniqug
n optical digital data disks:

vel approach with functional commands;
mentation of a set of Small Computer System Interface-2 (SC81~2) commands.

el interface approach is independent of the host operating:system (e.g. DOS, UNIX, OS/2
that communicates between the optical disk device and the host (e.g. SCSI-2, IPI, LAN
high-level interface is media type and size independent. That is, it can be used with systen
Read-Many (WORM), rewritable, or partially read-only media; and with optical disk drives f
from 90 mm to 356 mm media. Standard information about media errors allows end users a
retrieve the same information even if their_configurations consist of drives of different ty

hformation utilities or device drivers.

The SCSIl in
This selecte

data verificafon tools at the SCSI level through the use of media error monitoring and reporting techn

use of a selg
implementor

The media e

correctid

warning

a list of feallocated séctors;

rface can be used instead of the(high-level interface by using the selected set of SCSI-2 ¢
set of SCSI-2 commands allews system manufacturers to develop drive type and size in

cted standard set of commands and approaches for media error monitoring and reporting
to use a common set of software tools that do not change from drive to drive.

ror information that'can be obtained using the high-level or SCSI-2 tools includes:

ns above.some Media Error Levels;

above some Verify Media Error Levels;

jata disks,
data. The
b status of

bs to verify

etc.) and
l, etc.). In
s that use
br different
nd system
Des, sizes,

turers. This information can be retrieved wusing the same software, which can be integrated into the

pmmands.
Hependent
ques. The
bllows any

error in any sector codeword;

the uncorrected or corrected sector content;

synchronization signals;

the maxi

mum length of contiguous defective bytes.

the total number of bytes in error, the number of bytes in error per sector, and the maximum number of bytes in

errors encountered when reading header information, such as the sector address, sector marks, and

By acquiring optical disk-based information systems that comply with this International Standard, system managers
will be able to access media error information at both a functional (higher) level and an interface level for optical

Vi
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disk drives that implement ISO/IEC 9316. These tools facilitate a better understanding of the status of information
stored on optical digital data disks. The tools provide for design of more efficient media error monitoring and
reporting techniques, and data verification and recopying policies for transferring recorded data to similar or
different media in a timely and economic manner.

These media error monitoring and reporting techniques also allow system managers to obtain media error
information either in quasi-real time or during off-line operations. These techniques provide data recovery and
media error monitoring tools with different levels of sophistication. Information on media errors can be obtained,
which will enable the highlighting of trends on particular selected disks or in their entire data sets. Decisions on
frequency of use of these tools and the level of sophistication selected are not part of this International Standard.

© ISO 2001 — All rights reserved vii
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Electronic imaging — Media error monitoring and reporting
techniques for verification of stored data on optical digital data

disks

1 Scope

This Intern

data storefl on optical digital data disks:

— high-l
— SCSI;
It specifieg

— syste
softw

— optic
devic

Compliang
This Intern

Part of the
for that ted

2 Norrn

The follow
this Intern

publications do netapply. However, parties to agreements based on this International Standard are e
investigate the possibility of applying the most recent editions of the normative documents indicate

undated r

ational Standard specifies two techniques for media error monitoring and reporting for the

bvel, which uses a set of functional commands;
2 level, which uses a set of SCSI-2 commands.
two media error monitoring and reporting levels:

level, which uses a set of functional commands that ¢an'be used by the operating systen
re, and remote users;

| disk device level, which uses a set of SCSI-2t%commands that can be used by the devig
application programme.

e to the requirements of this International*Standard is specified in clause 4.
ational Standard applies to both reéwritable and read only optical disk media.

information in this International Standard may be useful for CD-ROM subsystems, but imp
hnology are beyond the scope of this International Standard.

native references

ng normativedocuments contain provisions which, through reference in this text, constitute

pferences, the latest edition of the normative document referred to applies. Members of

erification of

N, application

e driver or a

lementations

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

bopatar topnatianal Qtoam Ao rAa

maintain r

ISO/IEC 9

Pt aaforrranth, oA e
CYISICTrS O oaroray vanu e atorar otanuaras,

316:1995, Information technology — Small Computer System Interface-2

ISO 12651:1999, Electronic imaging — Vocabulary

3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in ISO/IEC 9316, ISO 12651 and

the followi

© 1SO 2001
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3.1
band
specified number of contiguous tracks

NOTE It is a useful notation for referencing disk regions and plotting physically descriptive media error results.

3.2

byte error rate

BER

total number of bytes in error in a given sample divided by the sample size

3.3
constant angular velocity
recording mdthod in which the number of clock periods per revolution is constant, independent of radius

NOTE This method implies that the amount of data per track is independent of radial position.

3.4
continuous-tservo media
media on whjch the servo information for tracking is continuously available on adjacént'grooves

35

data field
user data, defect management pointers (DMP), cyclic redundancy check (CRC), and error correction cpde (ECC)
bytes of a regorded sector

3.6
format
arrangement]or layout of the data on the disk

3.7
initiator
SCSI device|that requests an 1/O process to be performed by another SCSI device (a target)

3.8
interleaving
process of aljocating the physical sequence of units of data in order to render the data more immune to bprst errors

3.9
native format
error correctipn code (ECC)data and control bytes, and stripping sync bytes

3.10
Reed-Solomon codes
error correctipn code-particularly suited to the correction of errors that occur in bursts or are strongly corr¢lated

3.1
sampled-servo media

media on which the servo information for focusing and tracking, along with clock information, is obtained by means
of periodic sampling of information on the optical disk

3.12
target
SCSI device that performs an operation requested by the initiator

3.13

verification of data
verification of the integrity and status of data

2 © 1SO 2001 — Al rights reserved
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4 Requirements

This Intern

ational Standard specifies the following two levels of compliance:

— the BASIC level which uses a minimal set of functions and commands;

1ISO 121

42:2001(E)

— the EXTENDED level which uses all of the functions and commands in the BASIC level plus a MEDIA ERROR
LOG and user-set optical disk device programmable Media Error Levels and Verify Media Error Levels. The
EXTENDED level also allows users to interrogate the optical disk system (using the functional commands) or
the optical disk device (using a set of SCSI-2 commands) about the current setting of the optical disk device
set Media Error Levels and set Verify Media Error Levels.

Statements of compliance to the requirements of this International Standard shall state the level 0

used, BAS

An optical
requireme|

An optical

IC or EXTENDED, at the system level interface and device level.

hts specified in clause 7 (for BASIC or EXTENDED compliance).

disk-based information system is in accordance with this International Standand when it

disk device that conforms to ISO/IEC 9316 is in accordance with this.International Stan
meets all the requirements specified in clause 8 (for BASIC or EXTENDED compliance).

f compliance

meets all the

dard when it

Table 1 s§immarizes the BASIC and EXTENDED levels of compliance<at the optical disk-based [system level
(system Igvel). Table 2 summarizes the BASIC and EXTENDED levels. of compliance at the optical disk device
level (application of SCSI-2 commands for optical disk devices).
Table 1 — System level'compliance
Functional level for optical disk-based subsystems: Level of compliance
Function description BASIC EXTENDED

Define media error recovery procedures (DMERP) Yes Yes

Read defect data list (RDDL) Yes Yes

Read media error data (RDMED) Yes Yes

Read log data (RLD) — Media efforlog and current Media Error No Yes

Levels

bet Media Error Levels (SMEL) No Yes

Bet Verify Media Erfor,Levels (SVMEL) No Yes
© 1SO 2001 — All rights reserved
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Table 2 — Conformance at the optical disk device level

Application of SCSI-2 commands for Level of compliance
optical disk devices BASIC EXTENDED
The FORMAT UNIT command Yes Yes
The LOG SELECT command and the following pages: No Yes
— The media error log (MEL) page No Yes
— The clear MEL page No Yes
The LOG SENSE command and the following pages: No Yes
— The MEL page No Yes
— The clear MEL page No Yes
The MODE SELECT command and the following pages: No Yes
—  The read-write error recovery page for optical disk devices No Yes
—  The verify recovery page for optical disk devices No Yes
The MODE SENSE command and the following pages: No Yes
— The read-write error recovery page for optical disk devices No Yes
—  The verify recovery page for optical disk devices No Yes
The READ DEFECT DATA command and the PDL, SDL, and WDL Yes Yes
The READ LONG command Yes Yes
The REQUEST SENSE command, the sense keys 01h or 03h, and Yes Yes
the related ASC or ASCQs
The VERIFY command Yes Yes
The YWRITE AND VERIFY command Yes Yes
5 Conventions
This Internafional Standard follows the™“conventions given in 4.2 of ISO/IEC 9316:1995. For the gurpose of
identification| the parameters “Media Efror Levels” and “Verify Media Error Levels” used in this Infernational
Standard arg shown with first uppercase letters. The following conventions from ISO/IEC 9316 are repro¢luced:

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

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

6 Capabilities of media error monitoring techniques

The high-level interface functions specified in clause 7 and the application of SCSI-2 commands specified in
clause 8 provide two approaches for retrieving the following information about a disk:

— consumption of spare sectors (physical address of each sector reallocated and of spare sectors still available
in the reallocation table, when a reallocation table exists, or a list of sector addresses of the replaced sector
and its replacement);

— corrections that exceeded Media Error Levels;

— warning on Verify Media Error Levels;

4 © 1SO 2001 — Al rights reserved
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— the total number of bytes in error, the number of bytes in error per sector, and the maximum number of bytes in

error i

n any codeword;

— the uncorrected or corrected sector content;

— errors encountered when reading header information (bad IDs, sector missing marks, data syncs, and resync
marks);

— maximum length of contiguous defective bytes.

Media Error Levels and Verify Media Error Levels can be set.

7 High
7.1 Intr
The purpd
reporting
Standard,
— setM

— obtain

— setV
Verifyf

— obtair
— obtair
— retrie

— obtair
corred

The high-l
the interfa
interface i
partially re

Standard
drives of

-level techniques

pduction

se of this clause is to provide high-level (a set of functional commands) media error m
echniques for verifying stored data on optical digital data disks. ByJimplementing this
the following are enabled:

bdia Error Levels to reallocate sectors whenever one of the Mé&dia' Error Levels is exceeded;

the value of the Media Error Levels;

prify Media Error Levels to obtain early warning information on the status of the data whe
Media Error Levels is exceeded;

the values of the Verify Media Error Levels;
information about all the reallocated sectors and a defect list of initial media defects;

e a media error log with information about the media error activity detected by the drive;

tion code (ECC) bytes.

evel interface approach is independent of the host operating system (e.g. DOS, UNIX, OS
Ce between the-optical disk device and the host (e.g. SCSI-2, IPI, LAN, etc.). In addition, t
5 media typecand size independent. That is, it can be used with systems that use WORM,
ad-only media, and optical disk devices for different media sizes (e.g. 90 mm to 356 mm).

ormats._for disk errors will allow the retrieval of the same information from configurations
different types, sizes, and manufacturers by using the same routines integrated into the

informatio

bnitoring and
International

n one of the

the corrected sector content or the uncorrected sector content including user data bytes and error

/2, etc.) and
nis high-level
rewritable or

consisting of
media error

n Utilities or device drivers.
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7.2 Functi

The following

7.21

The following

Command name [parameter 1] [parameter 2] [parameter 3]

onal commands

functional, or high-level (host), commands shall be used for verifying the data.

Generic command description

command syntax is used in this International Standard:

[parameter n]

At least one parameter shall be included with the command name. A parameter that can be set ON or OFF is

indicated as:

[ Parameter

L

7.2.2 Define Media Error Recovery Procedures (DMERP)

The DMERP|command shall be used to define to the optical disk device the following error recovery proc
— media efror reporting;
— media efror data transfer that shall be executed.
The default fpr an unspecified parameter shall be OFF.
DMERP [WR ON] [RE ON] [RRE ON|
L  OFF] L  OFF] L «LOFF]
WR: Sector Reallocation on Write Error
— ON: Enables the device error recovery.procedures to automatically reallocate a sector(s) to a sp

area on [the disk whenever the optiCal disk device encounters an error level that exceeds the set M
Levels during writing operations;

RE: Sector

spare sqgctor area on the disk, whenever the optical disk device encounters an error level that exced

ON]

OFF]

eallocation)on Read Error

ON: Enables, the optical disk device error recovery procedures to automatically reallocate a sec

bdures:

are sector
edia Error

OFF: Dipables the optical diSk device error recovery procedures from automatically reallocating & sector(s)
whenevér the optical disk_drive encounters an error level that exceeds the set Media Error LeV
writing operations.

els during

for(s) to a

ds the set

Media Error Levels when reading a sector(s);

OFF: Disables the device error recovery procedures from automatically reallocating a sector(s) whenever the

optical disk device encounters an error level that exceeds the set Media Error Levels when reading a sector(s).

RRE: Report

ON: The

OFF: Th

Recovered Errors
optical disk device shall report recovered errors to the host computer;

e optical disk device shall not report recovered errors to the host computer.
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The RDDL command shall be used to read the defect data list from the optical disk device. The defect data list is

shown in Table 3.

Table 3 — Defect data list

Description

Number of entries in the list (MSB)

Number of entries in the list (LSB)

Defective sector track number (MSB)

Defective sector track number

Defective sector track number (LSB)

Defective sector number

Defective sector track number (MSB)

Defective sector track number

Defective sector track number (LSB)

Defective sector number

RDDL [List Size]

List Size dpecifies, in hexadecimal, the number of bytes to'be transferred. The defect list data shall bg returned to
the host iI the format shown in Table 3. If List Size is\set to zero, no data shall be transferred. Bytes shall be

transferre

in hexadecimal values.

7.2.4 Read Media Error Data (RDMED)

The RDMED command shall be used to.request the optical disk device to transfer the content of a[sector to the

host computer. The data transferred to-the host shall include the following:

— the uger data bytes;

— the ECC bytes;

— the d¢fect management pointers (DMP) bytes;

— any ofher bytes'that are part of the sector data field and can be corrected by the ECC.

These bytes-shall be sent to the host in the same order as they occur on the medium, according to any existing

related medium Inteérnational Standard (e.g. for ISO/TEC 10089, format A media, the type of byies shall be Data,
DMP, CRC, and ECC. See ISO/IEC 10089:1991, annex G). The bytes shall be expressed in hexadecimal values.
The most recent data written to the addressed sector shall be read from the medium and returned.

RDMED [ADDR BXFER

L
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where

ADDR is the logical or physical address of the sector that shall be transferred expressed as track and sector

number (expressed in hexadecimal values);

BXFER is the number of bytes that shall be read by the optical disk device and transferred to the host

computer (expressed in hexadecimal values);
CORR is the data corrected by the ECC. The default shall be to turn ECC correction ON.

— ON: Causes data to be corrected by the ECC before being transferred to the host computer.

— OFF: C4duses uncorrected data to be transferred to the host computer.

7.2.5 Read Log Data (RLD)

The RLD command shall be used to request that the optical disk device report log data to the host. Each
included with the command identifies a different log.

The logs shall be returned to the host in the order that the log parameters are passedto the optical disk d
RLD [MEL [CLRMEL ON] ] [CMELL] [VCMELL]
L L OFF] ]

MEL is the Media Error Log; it provides detailed information aboutdifferent media error indicators. The
MEL shall b¢ sent to the host in the sequence defined in clause 8 and Table 22. That is, number of r

parameter

evice.

Hata in the
pbad retries

shall be senf first, followed by number or write retries, etc. Each parameter shall have a length of 6 bytes. This is

the same pafameter length specified for the same parameters in 8.12.3.2 and Table 21. The paramete
transferred af hexadecimal values.

CLRMEL sp¢cifies that the MEL shall be cleared when read. The default shall be OFF.
— ON: Thg MEL shall be cleared when it is read.

— OFF: The MEL shall not be cleared when it is read.

's shall be

CMELL is the Current Media Error-Levels Log; it reports the current set media error level values. The¢se values

shall be used by the optical disk'device to reallocate a sector(s). Table 4 shows the four specified media
parameters.

The media grror level-values shall be sent to the host in the sequence shown in Table 4. Each pararn
have a length of 6 .byies. This is the same parameter length specified for the same parameters in 8.
Table 18. The parameters shall be transferred as hexadecimal values.

error level

heter shall
2.2.1 and

Table 4 — Media Error Levels

Maximum number of bytes in error per codeword per sector

Number of bytes in error per sector

Number of bad IDs

Number missing resync 2

a

If the medium does not use resyncs, this level is N/A and the parameter shall be FFh.

If either the WR or the RE parameters from the DMERP command is ON, the optical disk device shall
sector(s) that have an error recovery level exceeding one or more of the set Media Error Levels as s
Table 4.

reallocate
pecified in
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VCMELL is the Verify Current Media Error Levels Log; it reports the current set verify level values. These levels
shall be used by the optical disk device to provide an early warning to the host computer that the correction level
exceeded the value for the related set level as defined in Table 5.

The sector(s) that provoke the early warning can be found through the MEL. Table 5 shows the four specified verify
media error level parameters. The data in the VCMELL shall be sent to the host in the sequence shown in Table 3.
Each parameter shall have a length of 6 bytes. This is the same parameter length specified for the same
parameters in 8.12.2.2 and Table 19. The parameters shall be transferred as hexadecimal values.

Table 5 — Verify Media Error Levels

Verify maximum number of bytes in error per codeword per sector

Verify number of bytes in error per sector

Verify number of bad IDs

Verify number missing resync @

@ If the medium does not use resyncs, this level is N/A and the parameter shall be FFh.

7.2.6 Sef Media Error Levels (SMEL)
The SMEL command shall be used to set Media Error Levels thatthe optical disk device shall use for error
recovery. [The four Media Error Levels that can be set with this command are specified in Table 4. The Media Error
Levels arg the same as those that are reported by CMELL using the'RLD command.
The Medig Error Levels shall be used for reallocating sectors. If the ECC level of correction exceeds ohe or more of
the set leVels and the parameters WR or RE in the DMERP command are ON, the sector shall be reallocated to a
spare secfor. If the parameters WR or RE in the DMERP command are OFF, the optical disk de\ice shall not
reallocate [the sector. In either case, the optical disk(device shall report that a set level was exceeded, identify the
level, and jndicate whether the data were recovered or unrecovered.

SMEL [LBECW = n1] [LBES = n2] [LID-='n3] [LMRS = n4]
where n1 {o n4 are the level values (expréssed in hexadecimal) specified below:
— LBEQW: level for maximummumber of bytes in error per codeword per sector;
— LBESY} level for number-of bytes in error per sector;

— LID: I¢vel for number of bad IDs;

— LMRS: level for missing resync.

7.2.7 Set Verify Media Error Levels (SVMEL)

The SVMEL command shall be used to set Verify Media Error Levels that the optical disk device shall use for error
recovery. The four Verify Media Error Levels that can be set with this command are specified in Table 5. The Verify
Media Error Levels are the same as those that are reported by VCMELL using the RLD command.

These levels shall be used for obtaining an early warning of media errors that exceeded any level set by this
command. The optical disk device shall report that a set level was exceeded, identify the level, and indicate
whether the data were recovered or unrecovered.

SVMEL [ VLBECW =n1][VLBES =n2][VLID =n3][VLMRS = n4 ]
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where n1 to n4 are the level values (expressed in hexadecimal) specified below:

VLBES:

VLBECW: verify level for maximum number of bytes in error per codeword per sector;

verify level for number of bytes in error per sector;

VLID: verify level for number of bad IDs;

— VLMRS: verify level for missing resync.
8 SCSI-Z level techniques
8.1 Introduction

The purpose

Selected cor
according to

of this clause is to provide an application of a selected set of SCSI-2 commands:

nmands from the SCSI-2 command set can be used to tailor the retrieval) of media error i

hformation

system requirements. The application of a selected set of SCSI2”commands from t

command s¢t in this International Standard is related to media error information only and is to

conjunction
here. Howev
to ISO/IEC 9

In 8.2 to 8.1
information 3
users with n
Standard. R
supersede tH
covered in th
request from

The FORMA
certify the m
READ DEFE

The LOG SH
provides infg

The LOG SH
The read-wr

devices, as {
implementor

vith ISO/IEC 9316. Some of the SCSI-2 commands that are specified in ISO/IEC 9316 a
er, to use the SCSI-2 commands for applications other than média error monitoring and rep
316.

1, requirements for media error monitoring and reporting are described. These requireme
bout methods for implementing better media error.moénitoring and reporting approaches, a
nore information on how to satisfy the system_requirements through the use of this In
pquirements for media error monitoring and, reporting described in each command imple
e implementation requirements given in ISQAEC 9316. Any command, option, or impleme
is International Standard will remain as specified in ISO/IEC 9316. It is the responsibility of
the target any information provided by:the commands as specified in this clause.

T UNIT command shall be used to)format the media. This command allows users, as an
CT DATA command (see 8:2.and 8.7).

LECT command shall-be used to clear the MEL page specified in this International Stand
rmation about different media error indicators (see 8.3 and 8.12.3.3).

NSE command shall be used to retrieve the MEL (see 8.4 and 8.12.3.3).
te error recovery page for optical disk devices and the verify error recovery page for o

pecified-iry this International Standard, shall be implemented by a device/subsystem manu
claiming EXTENDED compliance to this International Standard (see 8.12.2).

The MODE &

e SCSI-2
used in
included

rting refer

nts define
nd provide
ernational
mentation
htation not
he user to

option, to

bdia and create a certification list,- which is retrievable as part of the information available tihrough the

ard, which

ptical disk
facturer or

el el ol N ol

LU T Curtrianryu

ol Ll ol A £ ' L clale ol H ool lo d
dlid urc 1cau=winc TITuUr TTLUVCTY paytT TUTI UptLdl Ul UTVILTS Slidll UT tise tO Set

Media Error Levels different from the drive default values (see 8.5 and 8.12.2). When automatic reallocation is set,
the set media error level values shall be used by the optical disk device to reallocate sectors that have exceeded
the reallocation criteria defined in Table 4.

The MODE SELECT command and the verify error recovery page for optical disk devices shall be used to set new
verify media error level values (see 8.5 and 8.12.2). The set verify media error level values shall be used by the
optical disk device to warn users that the disk has exceeded one or more of the Verify Media Error Levels defined
in Table 5.

The MODE SENSE command shall be used to retrieve from the device the Media Error Levels in the read-write
error recovery page for optical disk devices and the Verify Media Error Levels in the verify error recovery page for
optical disk devices, both specified in this International Standard (see 8.6 and 8.12.2).
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The READ DEFECT DATA command shall be used to retrieve information about bad sectors and sectors that have
been reallocated (see 8.7).

The READ LONG command shall be used to retrieve the corrected content of a sector or the uncorrected content
of a sector including user data, ECC, and other sector bytes (see 8.8). This command can also be used to
determine the length of media defects (see 8.8.2.2).

The REQUEST SENSE command shall be used to transfer sense data to the initiator (see 8.9).

The list of the selected set of SCSI-2 commands included in this International Standard is shown in Table 6.

Table 6 — Selected set of SCSI-2 commands

SCSI-2 Command Rer‘:lv;i(:iaable rggi":{y
FORMAT UNIT v —
LOG SELECT v v
LOG SENSE v .
MODE SELECT v v
MODE SENSE v ¥
READ DEFECT DATA v v
READ LONG £ v
REQUEST SENSE v v
VERIFY v %
WRITE AND VERIFY v v

8.2 The FORMAT UNIT command

8.2.1 Introduction

In 9.2.1 ofl ISO/IEC 9316:1995; the use of the FORMAT UNIT command is documented. That information shall be
considered part of this International Standard.

8.2.2 Reqquirements'for media error monitoring and reporting

Before using the FORMAT UNIT command, disks shall be inspected, and reasonable precautions taken to ensure
that the digk-is clean and free of contamination. If the disk is not clean or free of contamination, it shall be cleaned
using procedures recommended by the media vendor. Formatting a disk with an unclean surface forces sectors
that could be used to be reallocated. The original manufacturer of the device or media might not certify the media. If
the media is not certified, the disk should be formatted with certification ON before implementing media error
monitoring and reporting techniques. Formatting with certification ON will create a defect list and baseline
information useful for media error monitoring.

Table 7 provides the results of executing the READ DEFECT DATA command. The acronym PDL stands for
primary defect list; SDL is the acronym for secondary defect list. PDL and SDL, as well as the Plist and Glist bits
are defined in ISO/IEC 9316 under the READ DEFECT DATA command (see 9.2.8 of ISO/IEC 9316:1995).
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Table 7 — Result of using the READ DEFECT DATA command

Plist bit Glist bit Result transmitted Qualifier
ON OFF PDL If it exists
OFF ON SDL
ON ON PDL first followed by SDL 2

8  For WORM media and devices, a working defect list (WDL) might exist. See both 8.7 (which

describes the READ DEFECT DATA Command) and Table 10, Defect descriptor 2 format (WDL).

It is recomm
ON, immedis
definition stri

ended that the READ DEFECT DATA command should be executed with the Glist and.th
tely after certifying the media. When the SDL and the PDL exist on the media, they arg part
cture (DDS). This structure is defined in the media standards listed in the Bibliography-

In the case ¢f alternative structures (such as other defect management pointers or sector maps) when

READ DEFH
reallocated s

It is recom
Otherwise, t
default valu
manufacture

CT DATA command with the Glist bit ON, the data transferred to the initiator shall be
pctors and replaced sectors sent to the host computer in the format of a SDL (see 8.7 and T

ended that MODE SELECT parameters be set before executing.the FORMAT UNIT

e values recorded on the media will be used, if available. If thése“values are not on the

bs of the optical disk device will be used (to set the MODE SELECT parameters
's SCSI-2 programming manual for the appropriate optical disk device).

Defect descriptors shall be returned in either the block format or the physical format. The paramete

expressed in
apply to this

For impleme
the paramet
defect” parar

Parameters 3

8.3 Thel
8.3.1 Intro
In 8.2.6 of I

considered p

hexadecimal values. The bytes from index format incTables 112 and 114 of ISO/IEC 9316:1
nternational Standard.

htations of this International Standard, bytes\0 to 2 in Table 115 of ISO/IEC 9316:1995 sh
br “Track number of defect” (the track where the defect occurred) instead of “Cylinder
neter specified in ISO/IEC 9316.

hall be expressed in hexadecimal‘values.
ODG SELECT command

Huction

O/IEC 9316:1995;“the use of the LOG SELECT command is documented. That informatia
art of this Intérhational Standard.

8.3.2 Req

The LOG S
provides info

a)

irements.for media error monitoring and reporting

KEC

b Plist bits
of the disk

using the
the list of
hble 9).

command.
media, the
see the

r shall be
D95 do not

all contain
humber of

n shall be

MEL page

T command shall be used to clear the MEL page (see 8.12.3 and 8.12.3.2). The

L page.

The first alternative is to use the LOG SELECT command with the clear MEL page (see Table 23). When a

target receives this page, it shall clear the MEL page. The page code for the clear MEL page shall be 3Ah for
SCSI-2 compliant devices and 0Ah for SCSI-3 compliant devices as shown in Table 20.

b)

The second alternative is to use the LOG SELECT command with the parameter code reset (PCR) bit set to

one and the parameter list length set to zero (see 8.2.6 of ISO/IEC 9316:1995). No page shall be sent to the
target. All implemented parameters of the target are set to their default values.

c)

The third alternative is to use the LOG SELECT command with the page code (PC) set to 11b and the

parameter list length set to zero (see 8.2.6 of ISO/IEC 9316:1995). No page shall be sent to the target. All the

cumulati

12

ve parameters are set to their default values.

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=085076c5f6021a21a305ffc3d2bc48e9

ISO 12142:2001(E)

8.4 The LOG SENSE command

8.4.1 Introduction

In 8.2.7 of ISO/IEC 9316:1995, the use of the LOG SENSE command is documented. That information shall be
considered part of this International Standard.

8.4.2 Requirements for media error monitoring and reporting

The LOG SENSE command shall be used to retrieve the MEL page (see 8.12.3 and 8.12.3.2). The MEL page
provides information about different media error indicators. The MEL page is retrieved through the use of a log
page spedified by the page code field.

The page rode for the MEL page shall be 39h for SCSI-2 compliant devices and 09h for SCSIt3 compliant devices
(see Tablg 20, 8.12.3.2 and Table 21).

8.5 The MODE SELECT command

8.5.1 Introduction

In 8.2.8 and 8.2.9 of ISO/IEC 9316:1995, the use of the MODE SELECT command is documented. That
information shall be considered part of this International Standard.

8.5.2 Rejquirements for media error monitoring and reporting

Some applications are more critical than others and systemsiimplemented in more critical applications might want
to adjust fthe sector retirement or early warning threshdolds according to their applications. For [instance, an
application might want highly reliable media error reporting. Other applications need recoverable dafa but cannot
afford to perform frequent recopy operations because, of the large size of the data sets and consequent high cost.
For these ppplications, obtaining the maximum usefullifetime from their media may be important.

The target shall provide user-modifiable Media Error Levels to decide when to reallocate defective [sectors, and
Verify Media Error Levels to warn that the' disk has exceeded a certain level of errors. The following media error
conditions|are specified:

— number of bytes in error per sector;

— maximum number of bytes-in error per codeword per sector;
— numbgr of bad IDs¢

— numbgr of missing resyncs.

The levels| shall be set for the optical disk device through the read-write error recovery page for opticall disk devices
and the verfrerrerreceverypage-for-optical-disk-devices-spesified-in-thistrterrational-Stanrdard{see!8.12). These

specified pages are extensions of the original read-write and verify recovery pages specified in ISO/IEC 9316
(see 9.3.3.6 and 9.3.3.8 of ISO/IEC 9316:1995).

The MODE SELECT command shall be used to set the new Media Error Levels through the read-write error
recovery page for optical disk devices, and to set the new Verify Media Error Levels through the verify error
recovery page for optical disk devices.

If a media error level is exceeded during reading or writing operations, the optical disk device shall return a CHECK
CONDITION status with a sense key of 01h (RECOVERED ERROR) if the PER bit was set to ONE, or 03h
(MEDIUM ERROR). Additional sense codes (ASCs) and additional sense code qualifiers (ASCQs) can be retrieved
with the REQUEST SENSE command (see Tables 11, 12 and 13).
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If a verify media error level is exceeded during a VERIFY command or the verify operation of a WRITE AND
VERIFY command, the optical disk device shall return a CHECK CONDITION status with a sense key of 03h
(MEDIUM ERROR). Additional sense codes (ASCs) and additional sense code qualifiers (ASCQs) can be retrieved

with the REQUEST SENSE command (see Table 14).
8.6 The MODE SENSE command

8.6.1 Introduction

In 8.2.10 and 8.2.11 of ISO/IEC 9316:1995, the use of the MODE SENSE command is documented. That

information shall be considered part of this International Standard.

8.6.2 Requirements for media error monitoring and reporting

The requirements for media error monitoring and reporting are specified in 8.5.2. The MODE|SENSE|[command
shall be used to retrieve the values of the current Media Error Levels defined in the read-write error recqvery page
for optical digk devices, and the values of the current Verify Media Error Levels specified lin the verify errqr recovery

page for optigal disk devices.
8.7 The READ DEFECT DATA command

8.7.1 Intro@uction

In 9.2.8 of I$O/IEC 9316:1995, the use of the READ DEFECT DATA)ommand is documented. That information

shall be congidered part of this International Standard.

8.7.2 Requirements for media error monitoring and reporting

See Table 7 ffor the result of using the READ DEFECT BATA command. A primary defect list (PDL) might or might
not exist on the media. If the PDL exists, it shall be.sent through the READ DEFECT DATA command usging defect
descriptor O (see Table 8 for reading the PDL.).The bytes of the defect descriptor 0 format (PDL|) shall be

expressed infhexadecimal values.

If a secondary defect list (SDL) exists onithe media (empty or not), it shall be sent through the REAQ) DEFECT
DATA commiand using defect descriptor-4 for reading the Glist (see Table 9.) The bytes of the defect descriptor 1

format (SDL) shall be expressed in hexadecimal form.
Table 8 — Defect descriptor 0 format (PDL)

Byte Description
0 (00h)
1 (01h) (Defect list identifier)
2 Number of entries MSB (each entry is 4 bytes long)

Numbper or entries Lob

Address of the first defective sector (track number MSB)

Address of the first defective sector (track number)

Address of the first defective sector (track number LSB)

N|([o|lo| b~ Y

Address of the first defective sector (sector number)

4n-3 Address of the nth defective sector (track number MSB)

4n-2 Address of the nth defective sector (track number)

4n-1 Address of the nth defective sector (track number LSB)

4n Address of the nth defective sector (sector number)

14
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Table 9 — Defect descriptor 1 format (SDL)

Byte Description
0 (00h)
1 (02h) (Defect list identifier)
2 (00h)
3 (01h)
4 MSB of the list length specified in number of bytes from byte 6 to byte x-1
5 LSB of the listlength
6 (02h) (SDL)
7 (01h)
8 MSB of the list length specified in number of bytes from byte 10 to byte x-1
9 LSB of the list length
10 Address of the first defective sector (track number MSB)
11 Address of the first defective sector (track number)
12 Address of the first defective sector (track number LSB)
13 Address of the first defective sector (sector number)
14 Address of the first replacement sector (track numbherMSB)
15 Address of the first replacement sector (track ndmber)
16 Address of the first replacement sector (track number LSB)
17 Address of the first replacement sector(sector number)
x-8 Address of the last defective sectaf.(track number MSB)
x-7 Address of the last defective sector (track number)
x-6 Address of the last defective sector (track number LSB)
x-5 Address of the last defective sector (sector number)
x-4 Address of the lastreplacement sector (track number MSB)
x-3 Address of thelast replacement sector (track number)
X-2 Address.of the last replacement sector (track number LSB)
x-1 Address of the last replacement sector (sector number)
For WORM media, a third list might exist — the working defect list (WDL). The WDL shall be sen
dReEf:c[?t SEFECT DATA command using defect descrlptor 2 with the Glist b|t ON (see Table 10.) The

through the
bytes of the
interchange

standards forthe def|n|t|on of the WDL )Note that the WDL might not eX|ston the medla or |f it eX|sts it might be
empty. The format of defect descriptors 0 (PDL), 1 (SDL), and 2 (WDL) shall be as shown in Tables 8, 9, and 10.

For optical digital data disks that do not specify defect lists (such as PDL, SDL and WDL) but use spare areas and
defect management pointers (DMP) only or other types of defect management, such as sector maps, the

information on defective sectors shall be provided to the host computer as defined in Table 5.
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Table 10 — Defect descriptor 2 format (WDL)

Byte Description
0 (00h)
1 (03h) (Defect List Identifier)
2 (00h)
3 (00h), indicating that the WDL has no sublist
4 The list length specified in number of bytes from byte 6 to byte x(*)(MSB)
5 The listlength specified-in-number of bytes from byte 6 to byte x(*}(LSB)
6 (00h)
7 The page number of the WDL
8 (FFh)
9 (FFh)
10 Address of the first defective sector (track number MSB)
11 Address of the first defective sector (track number)
12 Address of the first defective sector (track number LSB)
13 Address of the first defective sector (sector number)
14 Address of the first replacement sector (track number MSB)
15 Address of the first replacement sector (track number)
16 Address of the first replacement sector (track number LSB)
17 Address of the first replacement sector (sector number)

(each unit shall correspond to byte 10\to 17)

y+1 This byte shall be set to (FFh)

za This byte shall be set to (FFh)

[V

x is the last byte that has the newestlink information of the replacement; z is usually equal to 1023 for a 1024
byfte sector and equal to 511 for a 512 byte sector.

8.8 The READ LONG command

8.8.1 Intro@uction

In 9.2.9 of I$O/IEE.9316:1995, the use of the READ LONG command is documented. That informatign shall be
considered plartof this International Standard.

8.8.2 Requirements for media error monitoring and reporting

8.8.2.1  Format of the data passed during the READ LONG command

The data passed during the READ LONG command shall include the user data bytes, the ECC bytes, and any
other bytes that can be corrected by the ECC (e.g. data synchronization mark within the area covered by ECC). It is
not important for the ECC bytes to be at the end of the data bytes; however, they shall be in the same order as they
occur on the media, according to any existing media interchange International Standard for the type of media used.
For example, for ISO/IEC 10089 Format A media, the type of bytes shall be Data, DMP, CRC, and ECC; see
ISO/IEC 10089 listed in Bibliography. The most recent data written to the addressed logical block shall be read
from the media and returned. The bytes shall be expressed in hexadecimal values.
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Use the fo

a)
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How to determine the defect length using the READ LONG command

llowing procedure to determine the length of a defect in a sector:

LONG command with error correction OFF.

b)

8.9 The REQUEST SENSE command

Compare the data obtained using the READ LONG command with error correction ON followed by the READ

Analyse the contiguous bytes which are in error to tabulate the defect length for any defect found in that sector.

8.9.1 In
In 8.2.14
be consid
specified i
or a verify

8.9.2 Regquirements for media error monitoring and reporting

8.9.2.1

If a media
CONDITI(
(MEDIUM
Tables 11

If a verify

VERIFY, the optical disk device shall return a CHECKSCONDITION status with a sense key of O

roauction

f ISO/IEC 9316:1995, the use of the REQUEST SENSE command is documented. Thabinfo
bred part of this International Standard. An additional requirement for the REQUESTVSENS
h this International Standard is that a CHECK CONDITION status returned because a meg
media error level was exceeded shall set the ASCs and ASCQs (see 8.5.2 and 8:9.2).

Media Error Levels and Verify Media Error Levels

error level is exceeded during reading or writing operations,dhé’optical disk device shall rety
DN status with a sense key of 01h (RECOVERED ERRQ@R) if the PER bit was set to
ERROR). The REQUEST SENSE command shall be used to retrieve the ASCs and the 4
12 and 13).

media error level is exceeded during a VERIFY eammand or during the verify operation of a

rmation shall
BE command
ia error level

rn a CHECK
DNE, or 03h
A\SCQs. (See

WRITE AND
Bh (MEDIUM

ERROR). The REQUEST SENSE command shall be-used to retrieve the ASCs and the ASCQs (see Tlable 14).
Table|11 — Sense codes when reallocation'is ON and the drive is able to reassign defectivel sectors
Condition Sense key ASC ASCQ Description

Maximum bytes in error per
codleword per sector
— when writing 1 03h 00h Peripheral device write fault
— when reading 1 18h 00h Recovered data with error
correction applied
ID 1 10h 00h ID CRC or ECC error
Regync 1 11h 07h Data resynchronization erro
Table 12 = Sense codes when reallocation is ON and the drive is unable to reassign defective sectors
Condition Sense key ASC ASCQ Description
Maximum bytes in error per
codeword per sector
— when writing 3 0Ch 02h Write error — auto reallocation
failed
— when reading 3 11h 04h Unrecovered read error — auto
reallocate failed
ID 3 11h 00h ID CRC or ECC error
Resync 3 11h 07h Data resynchronization error

© 1SO 2001 — All rights reserved

17


https://standardsiso.com/api/?name=085076c5f6021a21a305ffc3d2bc48e9

1ISO 12142:2001(E)

Table 13 — Sense codes when reallocation is OFF

Condition Sense key ASC ASCQ Description

Maximum bytes in error per
codeword per sector

— when writing 3 03h 00h Peripheral device write fault
— when reading 3 11h 00h Unrecovered read error
ID 3 10h 00h ID CRC or ECC Error
Resync 3 11h 07h Data resynchronization error
Table 14 — Sense codes used when a verify media error level is exceeded
Condition Sense key ASC ASCQ Description
Maximum bytes in error per 3 11h Unrecovered read error
codeword per sector
ID 3 10h ID CRC or ECC error
Resync 3 11h Data resynchronization error

8.9.2.2 ID} sector mark, and sync mark error monitoring

In addition t¢ monitoring the user data portion of a sector, users should monitor the sector header information,
specifically the IDs, the sector mark, and the sync mark.

8.9.2.2.1 Recovered errors

The optical disk device shall report recovered errors in the sense data with a sense key of 01h (Recovered Error).
The optical disk device, as part of its error recovery, shall also report when detecting sector mark, ID [CRC, and
sync mark efrors using the ASCs and ASCQs; as shown in Table 15. As part of its error recovery, the gptical disk
device might|reassign the sector to a spare\sector area of the disk.

Table 15 — ASC and ASCQ for sector marks, IDs, and sync mark errors

Error ASC ASCQ
No_index sector signal 01h 00h
ID CRC error 10h 00h
Data sync mark error 16h 00h

Users might want to either clean the media or copy the data to another optical disk if there are excessive recovered
errors or if there is excessive reallocation of sectors.

8.9.2.2.2 Unrecoverable errors

The optical disk device shall report the error in the sense data with a sense key of 03h for errors that are not
recovered. The ASC and ASCQ shall be as shown in Table 15.
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8.10 The VERIFY command

8.10.1 Introduction

In 9.2.19 of ISO/IEC 9316:1995, the use of the VERIFY command is documented. That information shall be
considered part of this International Standard.

8.10.2 Requirements for media error monitoring and reporting

The MODE SELECT command, the MODE SENSE command, and verify error recovery page for optical disk
devices shall be implemented

The VERIFY command shall use media error monitoring criteria that are more demanding than the_criferia used by
the drive dquring normal reading and writing. The more demanding criteria shall ensure that thedata can be verified
under this|condition and shall set the levels shown in Table 16. The Verify Media Error Levels|shall be [expressed in
hexadecimal values.

Table 16 — Verify Media Error Levels

Verify maximum number of bytes in error per codeword per sector

Verify number of bytes in error per sector

Verify number of bad IDs

Verify number of missing resync 2

a  |f the medium does not use resync, this level shall notbe implemented in the device.

When a verify media error level is exceeded during a*VERIFY command, the optical disk device ghall return a
CHECK CPNDITION status with the appropriate ASC-and ASCQ sense key (see 8.5.2 and 8.9.2).

8.11 Theg WRITE AND VERIFY command

8.11.1 Introduction

In 9.2.22 ¢f ISO/IEC 9316:1995,the use of the WRITE AND VERIFY command is documented. Thdt information
shall be cqnsidered part of thislnternational Standard.

8.11.2 Rejquirements formedia error monitoring and reporting

The MODE SELECT command, the MODE SENSE command, the Read/Write error recovery page fdr optical disk
devices, ahd the_verify error recovery page for optical disk devices shall be implemented.

The verify|operation of the WRITE AND VERIFY command shall use media error monitoring criteria that are more
demanding than the criteria used by the drive during normal reading and writing. The more demanding criteria shall
ensure that the data can be verified under this condition and shall set the levels shown in Table 16.

When a verify media error level is exceeded during the verify operation of a WRITE AND VERIFY command, the
optical disk device shall return a CHECK CONDITION status with the appropriate ASC and ASCQ sense key.

The Media Error Levels are shown in Table 17. When one of these levels is exceeded during the write operation,

the optical disk device shall return a CHECK CONDITION status with the appropriate ASC and ASCQ sense key
(see 8.5.2 and 8.9.2). The Media Error Levels shall be expressed in hexadecimal values.
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Table 17 — Media Error Levels

Maximum number of bytes in error per codeword per sector

Number of bytes in error per sector

Number of bad IDs

Number of missing resync 2

@ If the medium does not use resync, this level shall not be implemented in the device.

8.12 Parar*eters for optical disk devices

8.12.1 Media error monitoring and reporting associated parameters

In 8.3, 9.3,
commands
with media e
9.3 and 16.3

~
g
A

g

nd 16.3 of ISO/IEC 9316:1995, parameters, descriptors, and page structures)used by diffe
re specified. The following specify only the parameters, descriptors, and page structures
rror monitoring and reporting in optical disk devices. When appropriate, information extracte
of ISO/IEC 9316:1995 has been combined to apply to optical disk devices only.

8.12.2 Modg¢ parameters

In 8.3.3 ang
considered {
SELECT and

16.3.3 of ISO/IEC 9316:1995, the mode parameters.;are described. That informatior

MODE SENSE commands.

Two mode pgges shall be implemented:

the read

the verif

These two p
extended to

8.12.21 TH

This subclau
four new par

the max

the num

-write error recovery page for optical disk devices;
/ error recovery page for optical disk-déeyices.

hges are based on the Read-Write and verify error recovery pages specified in ISO/IEC 93
specify additional error level patameters and vendor-specific parameters.

e Read-Write error recovery page for optical disk devices

5e describes a Read-Write error recovery page for optical disk devices (see Table 18), whic
bmeters:

mum number of bytes in error per codeword per sector;

ber,of\bytes in error per sector;

rent SCSI
hssociated
l from 8.3,

shall be

art of this International Standard. These subclauses of ISO/IEC 9316 shall be used with {he MODE

6, but are

N specifies

the num

er Of bad 1Us,

the number of missing resyncs;

These parameters are expressed in hexadecimal values.

Sixteen byte length vendor-specific registers are provided for the vendor to add other Media Error Levels not
specified in this International Standard. With the exception of the parameters specified in this new page (bytes 12
through 83), the implementation of the parameters and bits specified in this new page shall follow the
implementation of the Read-Write recovery page specified in ISO/IEC 9316 (see 9.3.3.6 of ISO/IEC 9316:1995).
That information shall be considered part of this International Standard.

20
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When one of the Media Error Levels (bytes 12 through 35) is exceeded during reading or writing operations, the
optical disk device shall return a CHECK CONDITION status with the appropriate sense key. If the AWRE bit or the
ARRE bit is set to one, the defective sectors shall be reallocated.

The optical disk device shall return the sense key RECOVERED ERROR (01h) (if the PER bit was set to ONE) if
reallocation was ON (AWRE or ARRE bit ON), and the drive was able to reassign the sector. If the drive was
unable to reassign the sector or reallocation was OFF, the drive shall return the MEDIUM ERROR (03h) sense key.
Users can retrieve ASC and ASCQ with the REQUEST SENSE command (see 8.9).

Table 18 — Read-Write error recovery page for optical disk devices

Byte Bit
7 6 5 4 3 2 1 0
0 PS Reserved Page code (01h)
1 Page length
2 AWRE |[ARRE B RC EER PER DTE DGR
3 Read retry count
4 Correction span
5 Head offset count
6 Data strobe offset count
7 Reserved
8 Write retry count
9 Reserved
10 (MSB)
Recovery time limit
11 (LSB)
12|- 17 | Maximum number of bytes in error per codeword per sector
18(— 23 | Number of bytes in error per sector
24]-29 | Number of bad IDs
30|]— 35 | Number of missing resync a
36/- 51 | Vendor spetific
52|- 67 | Vendor specific
68— 83 | Vendor specific
a f thezmedium does not use resync, this level is N/A and the parameter shall be Ffh.

8.12.2.2 The verify error recovery page for optical disk devices

This subclause describes a verify error recovery page for optical disk devices (see Table 19) that specifies four new
parameters:

— the verify maximum number of bytes in error per codeword per sector;
— the verify number of bytes in error per sector;

— the verify number of bad IDs;
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— the verify number of missing resync;

— These parameters shall be expressed in hexadecimal values.

Table 19 — Verify error recovery page for optical disk devices

Byte Bit
7 6 5 4 3 2 0
0 PS Reserved Page code (07h)
Parametertength
2 Reserved EER PER DTE DCR
3 Verify retry count
4 Verify correction span
5 Reserved
q Reserved
1 Reserved
8 Reserved
9 Reserved
10 (MSB)
Verify recovery tifme limit
1 (LSB)
12417 Verify maximum number of bytes in error per codeword per sector
18 423 Verify number of bytes in error per sector
24 429 Verify number of bad IDs
30435 Verify number of missing resync @
36 451 Vendor specific
52 467 Vendor specific
68 483 Vendor specific
a2  |f fhe medium does not use resync, this level is N/A and the parameter shall be Ffh.
Sixteen byte[length vendor-specific registers are provided for the vendor to add other Verify Media Error |Levels not
specified in this International Standard. With the exception of the parameters specified in this new pagg (bytes 12
through 83)] thee implementation of the parameters and bits specified in this new page shall follow the
implementatipn_of the Verify Recovery Page specified in ISO/IEC 9316 (see 9.3.3.8 of ISO/IEC 9316:1P95). That

information shall be considered part of this International Standard.

When one of the Verify Media Error Levels (bytes 12 through 35) is exceeded, the optical disk device shall return a
CHECK CONDITION status with the MEDIUM ERROR (03h) sense key. Users can retrieve ASC and ASCQ with

the REQUEST SENSE command (see 8.9).

8.12.3 Log parameters

In 8.3.2 and 16.3.2 of ISO/IEC 9316:1995, the log parameters are described. That information shall be considered
part of this International Standard. These subclauses of ISO/IEC 9316 shall be used with the LOG SELECT (see
8.3) and the LOG SENSE commands (see 8.4).

22
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8.12.3.1 Log page codes for optical disk devices

Two log pages shall be implemented:

SCSI-3 compliant devices.

and 0Ah for SCSI-3 compliant devices.

ISO 12142:2001(E)

The MEL page: the log page code for the MEL page shall be 39h for SCSI-2 compliant devices and 09h for

The clear MEL page: the log page code for the Clear MEL page shall be 3Ah for SCSI-2 compliant devices,

Table 18 speC|f|es these new Iog page codes for optlcal dISk dewces the MEL page and the clear MEL page.

Except fo

implementations, Table 20 is the same table as that shown in 16.3.2 of ISO/IEC 9316: 1995

8.12.3.2 [The MEL page

The MEL page provides cumulative media error information. This page includes 32 data counters (s
that can Re retrieved with the LOG SENSE command (see 8.4.) The page length, parameter cod

length and the 32 data counter shall be expressed in hexadecimal values.

Table 22 shows the parameter codes (from 0000h to 001Fh) associatedwith the log paramets
Parametet (LP) bit in the parameter control byte shall be set to zero (defihing data counters). The oth
parameter| control bytes are not qualified by this International Standard.

Table 20 — Log page code usage for optical memory devices

and SCSI-3

ee Table 21)
b, parameter

rs. The List
er bits of the

P4ge code Description Comments
01h Buffer overrun/underrun page
03h Error counter page (read) page
05h Error counter page (verify) page
02h Error counter page (write)-page
07h Last n error events page.
00h List of supported(parameters page
06h Non-media error’page
04h Reserved
08h Reseryed
09h Reéserved for SCSI-2 devices
The Media Error Log (MEL) page for SCSI-3 | Reserved for this International Stapdard
optical memory devices
0Ah Reserved for SCSI-2 devices
The Clear Media Error Log page for SCSI-3 | Reserved for this International Standard
optical memory devices
0Bh - 2Fh Reserved
30h — 38h Vendor Specific pages
3%h Media Error Log (MEL) page for SCSI-2 optical | ISO/IEC 9316 defines this code as a
memory devices vendor specific page
3Ah Clear Media Error Log page for SCSI-2 optical | ISO/IEC 9316 defines this code as a
memory devices vendor specific page
3Bh — 3Eh Vendor specific pages
3Fh Reserved

© 1SO 2001 — All rights reserved
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Table 21 — Media error log page

Bit
Byte
7 6 5 4 3 2 1 0
0 Reserved Page Code — 39h for SCSI-2 devices or 09h for SCSI-3 devices
1 Reserved
2 (MSB)
Page length
3 (LSB)
4 (MSB)
Parameter code
5 (LSB)
6 DU DS TSD ETC T™MC Reserved LP
7 Parameter length
8113 Number of read retries
14 (MSB)
Parameter code
14 (LSB)
16 DU DS TSD ETC TMC Reserved LP
17 Parameter length
18 23 Number of write retries
24 (MSB)
Parameter code
2] (LSB)
26 DU DS TSD ETC T™MC Reserved LP
21 Parameter length
28 —{33 Number of total bytes corrected
34 (MSB)
Parameter code
35 (LSB)
36 DU DS TSD ETC T™MC Reserved LP
31 Parameter length
38 —143 Number of sectors read
44 (MSB)
Parameter code
45 (LSB)
46 DU DS TSD ETC T™MC Reserved LP
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Table 21 (continued)
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Bit
Byte
7 6 5 4 3 2 1
47 Parameter length
48 — 53 Number of sectors uncorrectable by the ECC
54 (MSB)
Parameter code
55 (LSB)
56 DU DS TSD ETC T™MC Reserved LP
57 Parameter length
58 — 63 Number of sectors having codewords with more than 8 bytes in error
64 (MSB)
Parameter code
65 (LSB)
66 DU DS TSD ETC T™MC Reserved LP
67 Parameter length
68 —73 Number of sectors with a maximum of 8 bytes in errerper codeword
74 (MSB)
Parameter.code
75 (LSB)
76 DU DS TSD ETC TMC Reserved LP
77 Parameter length
78 —83 Number of sectors with a,maximum of 7 bytes in error per codeword
84 (MSB)
Parameter code
85 (LSB)
86 DU DS TSD ETC TMC Reserved LP
87 Parameter length
88 — 93 Number of sectors with a maximum of 6 bytes in error per codeword
94 (MSB)
Parameter code
95 (LSB)
96 DU DS TSD ETC TMC Reserved LP
97 Parameter length
98 —-103 Number of sectors with a maximum of 5 bytes in error per codeword
104 (MSB)
Parameter code
105 (LSB)
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Table 21 (continued)

Bit
Byte
7 6 5 4 3 2 1
106 DU DS TSD ETC T™MC Reserved LP
107 Parameter length
108 —113 Number of sectors with a maximum of 4 bytes in error per codeword
114 (MSB)
Parameter code
11p (LSB)
11p DU DS TSD ETC TMC Reserved LP
11y Parameter length
118 {123 Number of sectors with a maximum of 3 bytes in error per codeword
124 (MSB)
Parameter code
12p LSB)
12p DU DS TSD ETC TMC Reserved LP
12y Parameter length
128 {133 Number of sectors with a maximum of 2 bytes in ert6f per codeword
13¢ (MSB)
Parameter code
13p (LSB)
13p DU DS TSD ETC TMC Reserved LP
13 Parameter length
138 {143 Number of sectors with.asmaximum of 1 bytes in error per codeword
144 (MSB)
Parameter code
14p (LSB)
14p DU DS TSD ETC TMC Reserved LP
14y Parameter length
148—-[153 Total number of bytes in error
15¢ (MSB)
Parameter code
155 (LSB)
156 DU DS TSD ETC T™MC Reserved LP
157 Parameter length
158-163 Number of sectors with over Maximum number of bytes in error a
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Table 21 (continued)
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Bit
Byte
7 6 5 4 3 1
164 (MSB)
Parameter code
165 (LSB)
166 DU DS TSD ETC TMC Reserved LP
167 Parameter length
168-173 Number of sectors with [7*Maximum/8] to Maximum bytes in errora, b
174 (MSB)
Parameter code
175 (LSB)
176 DU DS TSD ETC TMC Reserved LP
177 Parameter length
178-183 Number of sectors with [6*Maximum/8] to [7*Maximum/8]-1-bytes in errora, b
184 (MSB)
Parameter code
185 (LSB)
186 DU DS TSD ETC TMC Reserved LP
187 Parameter length
188-193 Number of sectors with [5*Maximum#8] to [6*Maximum/8]-1 bytes in errora, b
194 (MSB)
Parameter code
195 (LSB)
196 DU DS TSD ETC TMC Reserved LP
197 Parameter length
198-203 Number(of,sectors with [4*Maximum/8] to [5*Maximum/8]-1 bytes in errora. b
204 (MSB)
Parameter code
205 (LSB)
206 DU DS TSD ETC T™MC Reserved LP
207 Parameter length
208-213 Number of sectors with [3*Maximum /8] to [4*Maximum/8]-1 bytes in errora b
214 (MSB)
Parameter code
215 (LSB)
216 DU DS TSD ETC TMC Reserved LP
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Table 21 (continued)

Bit
Byte
7 6 5 4 3 1
217 Parameter length
218-223 Number of sectors with [2*Maximum/8] to [3*Maximum/8]-1 bytes in errora. b
224 (MSB)
Parameter code
22p (LSB)
22p DU DS TSD ETC TMC Reserved LR
22y Parameter length
228-p33 Number of sectors with [Maximum/8] to [2*Maximum/8]-1 bytes in errora. b
234 (MSB)
Parameter code
23p (LSB)
23p DU DS TSD ETC TMC Reserved LP
23y Parameter length
238-p43 Number of sectors with 0 to [Maximum/8]-1 bytes in etrqh?: P
244 (MSB)
Parameter code
245 (LSB)
24p DU DS TSD ETC TMC Reserved LP
24y Parameter length
248-p53 Number of sectors with 3 sector’IDs in error
254 (MSB)
Parameter code
25p (LSB)
25p DU BS TSD ETC TMC Reserved LP
25y Parameéterlength
258-p63 Number of sectors with 2 sector IDs in error
264 (MSB)
Parameter code
265 (LSB)
266 DU DS TSD ETC TMC Reserved LP
267 Parameter length
268-273 Number of sectors with 1 sector ID in error
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Table 21 (continued)

Byte Bit
7 6 5 4 3 1 0
274 (MSB)
Parameter code
275 (LSB)
276 DU DS TSD ETC T™MC Reserved LP
21 Parameter Length
278-283 Number of Sectors with 0 Sector ID in Error
284 (MSB)
Parameter code
285 (LSB)
286 DU DS TSD ETC TMC Reserved LP
287 Parameter length
288-293 Number of sectors with errors in the Sector Mark — sectors.readable
294 (MSB)
Parameter code
295 (LSB)
296 DU DS TSD ETC T™MC Reserved LP
297 Parameter length
298-303 Number of sectors with errors in the'Data Sync — sectors readable
304 (MSB)
Parameter code
305 (LSB)
306 DU DS TSD ETC T™MC Reserved LP
307 Parameter length
308-313 Number(of,sectors with missing ReSync Marks — sectors readable
314 (MSB)
Parameter code
315 (LSB)
a | “Maximum” refers to a value that the device might use as a criterion for reallocating sectors. See the device manufacturer
for information-about-this-value-
b Brackets indicate the greatest integer less than or equal to the number. For example, [3,15] is 3.
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Table 22 — Parameter codes for the media error log page

Parameter Description
code
0000h Number of read retries
0001h Number of write retries
0002h Number of total bytes corrected
0003h Number of sectors read
0004h Number of sectors uncorrectable by the ECC
0Q0o5h Number of sectors having codewords with more than 8 bytes in error
0qoeh Number of sectors with a maximum of 8 bytes in error per codeword
0Q07h Number of sectors with a maximum of 7 bytes in error per codeword
0Q0o8h Number of sectors with a maximum of 6 bytes in error per codeword
0Q0%Sh Number of sectors with a maximum of 5 bytes in error per codeword
0(JOAh Number of sectors with a maximum of 4 bytes in error per codeword
040Bh Number of sectors with a maximum of 3 bytes in error per codeword
0goCh Number of sectors with a maximum of 2 bytes in error pef. codeword
0dJobDh Number of sectors with a maximum of 1 bytes in errarper codeword
0qQOEh Total number of bytes in error
0QOFh Number of sectors with over maximum number.of bytes in errora
0Q10h Number of sectors with [7 x maximum [8}t0 maximum bytes in errora. b
0011h Number of sectors with [6 x maximum /8] to [7 x maximum/8] — 1 bytes in errora, b
0Q12h Number of sectors with [5 x maximum /8] to [6 x maximum/8] — 1 bytes in errora, b
0Q13h Number of sectors with [4 & maximum /8] to [5 x maximum/8] — 1 bytes in errora, b
0Q14h Number of sectors with'{3 x maximum /8] to [4 x maximum/8] — 1 bytes in errora, b
0Q15h Number of sectafs with [2 x maximum /8] to [3 x maximum/8] — 1 bytes in errora, b
0Q16h Number of sectors with [maximum /8] to [2 x maximum)/8] — 1 bytes in errora. b
0Q17h Numbet.of 'sectors with 0 to [maximum /8] — 1 bytes in errora b
0Q18h Number of sectors requiring no correction with ECC
0019h Number of sectors with 3 sector IDs in error
041Ah Number of sectors with 2 sector IDs in error
0018h Number of sectors with 1 sector IDs in error
001Ch Number of sectors with 0 sector IDs in error
001Dh Number of sectors with errors in the Sector Mark — sectors readable
001Eh Number of sectors with errors in the Data Sync — sectors readable
001Fh Number of sectors with missing ReSync Marks — sectors readable

a  “Maximum” refers to a value that the device might use as a criterion for reallocating sectors. See the device

manufacturer for information about this value.

b Brackets indicate the greatest integer less than or equal to the number. For example, [3,15] is 3.
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8.12.3.3 The clear MEL page
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Three approaches to clear the MEL page are defined in this International Standard.

1) The first alternative is to use the LOG SELECT command with the clear MEL page (see Table 23), which does
not have any log parameters. When a target receives this page, it shall clear the MEL page.

2) The second alternative is to use the LOG SELECT command with a parameter code reset (PCR) bit set to 01h
and the parameter list length of 00h (see 8.2.6 of ISO/IEC 9316:1995). No page shall be sent to the target. All

implemented parameters of the target are set to their default values.

3) The thirdattermative—istousethe tOG—SELECT command—with—thepage—code(P€)—=setto 11b and a
parameter list length of 00h (see 8.2.6 of ISO/IEC 9316:1995). No page shall be sent to the“target. All the
cumulative parameters are set to their default values.

Table 23 — Clear MEL page
Bjte Bit
7 6 5 4 3 2 1 0
D Reserved Page Code — 3Ah for SCSI-2 devices or QAh for SCSI-3 devices
1 Reserved
D (MSB)
Page length =0
3 (LSB)
© 1SO 2001 — All rights reserved 31
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Annex A
(informative)

Recommendations on Verify Media Error Levels for early warning and Media
Error Levels for sector retirement

A.1 Introduction

This annex provides two examples of sector retirement guidelines, as follows:
a) recommendations on Verify Media Error Levels for early warning;

b) more demanding criteria definitions for different media types.

The information has been extracted from two media interchange standards. It is hot'uncommon that some errors

might occur in the media. Therefore, it is not recommended to set overly conseryative Media Error Levelq for sector
reallocation. Refer to the documentation associated with a particular drive.

A.2 Sector retirement guidelines according to ISO/IEC.10089
Annex H (infprmative) of ISO/IEC 10089:1991 recommends the following set of sector retirement guidelines.
ISO/IEC 100B9 assumes that up to 2,048 sectors can be replaced in any of the following cases:
— a sector|has fewer than two reliable headers;

— the Sectpr Mark is not readable;

— a single [defect of more than 30 bytes-in‘a 1024-byte sector is detected (15 bytes in a 512-byte secto

~

— the totall number of defective bytes exceeds 40 in a 1024-byte sector (15 in a 512-byte sector), dr 5 in one
ECC codeword of a 1024-byte-sector (3 bytes in a 512-byte sector).

A.3 Sector retirement guidelines according to ISO/IEC 13403

Annex H (informative) of ISO/IEC 13403:1995 recommends that a sector is assumed to be defective dnd will be
replaced by the defect management when any of the following conditions exist:

— a sector has two or three address fields with an error detected by the CRC check;

— a column in the Data field (see Figure E.1 of ISO/IEC 13403:1995) contains more than three defective bytes
A

n.

For other examples of sector retirement guidelines, refer to the International Standards listed in the bibliography.

32 © 1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=085076c5f6021a21a305ffc3d2bc48e9

ISO 12142:2001(E)

Annex B
(informative)

Guidelines for use of media error monitoring and reporting techniques for

the verification of stored data on optical digital data disks

B.1 Intrpduction

Data and frecords managers in many organizations are already using optical disk-based information

storing an

incorporate powerful, but not unlimited, error correction capabilities. If the level of errors incan optica
disk sectof exceeds the error detection and correction mechanisms implemented in the@ptical disk dr
the sector[becomes uncorrectable and data loss occurs.

This Interpational Standard provides a comprehensive set of media error monitering and reporting

tools will
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Depending

retrieving large sets of valuable information. The optical disk drives that are used by th

nable managers and users of optical disk libraries to verify the integrity of stored data b
h are transferred to the media and periodically — when monitoting the status of data. The
n that can be obtained using drives that are fully compliant with.this International Standard in
f reallocated sectors;

ngs about exceeded Verify Media Error Levels;

tions above media levels;

al number of bytes in error, the number of\bytes in error per sector, and the maximum numb
n any sector codeword,;

rrected or uncorrected sector content;

encountered when header.information such as the sector address, sector marks, and syl
s is read;

aximum length of contiguous defective bytes.
, this International Standard provides information about Media Error Levels that are set in
to modify.these Media Error Levels. The media error monitoring and reporting techniques 3

Hia errorinformation whenever required and at different levels of sophistication.

upon the importance of stored data, the organization’s data storage requirements, and

systems for
ese systems
| digital data
ve controller,

tools. These
pth initially —
media error
cludes:

er of bytes in

nchronization

he drive and
llow users to

the required

data rete

ion pprind, users migh’r want to implpmpnt some ar all of the toaols pm\/idnd hy drives co

plying to this

International Standard. The use of statistical techniques and the maintenance of reported media error data should
also be considered. Users whose population of optical digital data disks is very large might require the application
of sampling techniques to test disks from their population. In addition, consideration should also be given to
defining appropriate early warning indicators of data degradation and to the development of backup and data
transferring policies.

This annex provides an introduction to the command set specified in this International Standard. It also provides
useful information on:

sampling data;

displaying measured values;
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using modelled distributions as baselines for comparing media error results.

Data retirement and transfer policies should balance user requirements of data integrity and storage costs. This
annex outlines the optical digital data disk media error monitoring and reporting tools defined in this International

Standard and provides guidelines for their implementation. The procedures addressed include:

the maintenance of information on media errors and data degradation;

when they develop policies and procedures for data backup and data transfer).

the use of statistical models and sampling plans (data that would allow users to make more informed decisions
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B.2 Media error monitoring tools provided by this International Standard

B.2.1 Introduction

This International Standard provides a comprehensive set of commands for reporting media error information to
users. To interpret this information properly, users require some understanding of the sector and codeword format
of their recorded data. This clause:

of any reported media errors;

34

summarizes the different levels and conformances of media error reporting provided;

provides information about the sector and codeword structure of data that will help users judge the significance

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=085076c5f6021a21a305ffc3d2bc48e9

ISO 12142:2001(E)

— briefly summarizes each of the available commands.

For precise information on each set of commands, users are referred to the relevant clauses of this International
Standard.

B.2.2 Interpreting media error reports

The user data recorded on optical disks is partitioned into blocks called “sectors.” Each sector contains a specified
number of bytes, e.g. 512 or 1024 bytes, depending upon the format. The format of these bytes depends upon the
media recording method. For example, significant differences exist between sampled-servo and continuous-servo
media. Users are strongly advised to study the media interchange standards relevant to their media type. In B.2.2.1
to B.2.2.31j an example of a continuous composite-servo media format is described. This type ,off media uses
interleaved error correction codes. Each sector contains 512 bytes that are five-way interleaved (1024+byte sectors
use a simijar format to generate a 10-way interleave). Figure B.1 shows how bytes are positioned-withjn a sector of
this format.

B.2.2.1 Data field format

The data field of a sector contains all the user and error management bytes, but’it'does not contain the header or
resynchronizing bytes. The data field is contained within the rectangle shown-in Figure B.1. (Follpw the outer
rectanguldr border drawn with a double line.) It contains two portions: thé)portion above the double, bolded,
horizontal |line contains mostly user data bytes, and the portion below thisdine contains only error cofrection code
(ECC) bytes.

The user data portion of the data field contains the following:

— user-gdlata bytes represented by D, to Dg4».

— data management pointers (DMP) bytes, P44, Pq3, ..., P34, contain information on sector regllocation by
linking defective sectors and replacement sectors;

— bytes|containing a value of FFh;

— checH bytes for the cyclic redundancycheck (CRC), C, to C,.
The ECC ¢ata portion of the data field contains correction bytes for the ECC, E1’1, E2’1, E5’16.

In addition to the user data and"ECC data portions, the sector also contains:

— syncHronization bytes (SB), SB, to SB3, which synchronize the data signal and the drive clock;

— resynghronjzation bytes (RS), RS, to RS,,, which preserve synchronization within the sector.

B.2.2.2 Therecorded format

Sector bytes are recorded onto the disk as they appear in Figure B.1, from left to right and from top to bottom
(according to the sequential order SB4, SBy, SB3, Dy, Dy, ..., E4 16, E5 16)-

B.2.2.3 The coded format

The column with the bold outline (D3 down to Ej44) represents one of the five codewords. CRC bytes are
computed from the user, DMP, and (FFh) bytes. All of these bytes are then five-way interleaved into a
two-dimensional matrix with 106 rows and 5 columns. Each of these five columns represents an error control
codeword. Once the user data portion is complete, the ECC data portion is generated for each codeword. In this
example, a Reed-Solomon code is used. Consider, for example, the codeword emboldened in Figure B.1. The 106
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bytes, D3, Dg, ..., D5gg, P41, P22, P33, Cy, are used to compute the 16 ECC bytes Ej 4, E3 5, ..., E3 46, Which
complete the 122-byte codeword.

Notice that if, for example, a 10-byte error burst occurs in this sector, it would affect 10 consecutive bytes, Dy, to
D,o. However, each codeword would contain at most 2 bytes in error (D5 and Dg for codeword 3). Interleaving
disperses error bursts, thus reducing the number of bytes in error per codeword.

Codeword No. = 1 2 3 4 5 Row No.!

SB } SB { SB+ B B> = B B +65
D6 D7 Ds Dg D10 104
D11 D12 D13 D14 D15 103
| RSy D16 D17 D1sg D19 D20 102
D21 D22 D23 D24 D5 101
D26 D27 D2g D29 D30 100

| RS2 D31 D32 D33 D34 D35 99

| RS33 D496 D497 D498 D499 D500 6
D501 D502 D503 D504 D505 5

D506 D507 D508 D509 D510 4

| RSa4 D511 D512 R P1,2 P13 3
P14 P21 P22 P23 P24 2

P31 P32 P33 P34 (FF) 1

| RSss (FF) C C2 C3 Cs4 0
E11 E21 E3,1 E4.1 Es5,1 -1

E12 E22 E32 E42 E52 -2

| RSse E13 E2,3 E3,3 E4,3 E5,3 -3
E14 E24 E34 Eq.4 E5,4 -4

E1,14 E2 14 E3,14 E4,14 Es5,14 -14

RS40 E1,15 E2,15 E3,15 E4,15 Es5,15 -15

E1,16 E2 16 E316 E4,16 E5,16 -16

Figure B.1 — Example of a five-way interleaved data field format

B.3 Deciding what to test

B.3.1 Introduction

Some users of this International Standard might administer large libraries of optical disks that require frequent
media testing to verify data integrity. However, frequent tests of an entire population of disks could be unacceptably
time-consuming. Administrators might, therefore, require statistical sampling methods to estimate the data integrity
of individual disks or batches of disks.

A sampling procedure is an algorithm for selecting a statistically equivalent subpopulation; one that is
representative of the entire population from which the sample items are drawn. The desired measurements are
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performed only on the sample, and conclusions are drawn for the entire population. Samples might be sectors,
tracks, or bands of tracks from a specific disk or disks taken from a population. Practically, however, the time
required to obtain media error information for each sample item should be considered. Where sampling is used to
reduce test time, sampling individual sectors or even individual tracks could defeat this objective.

Inherent in any sampling operation is the risk of estimation errors that could lead to the acceptance of defective
items or the rejection of non-defective items. Users of this International Standard might find that rejecting
non-defective items is acceptable; it could result only in unnecessary data transfer. However, the risk of accepting
defective items might be unacceptable because it could lead to data loss.

If the limitations of sampllng are approprlately con3|dered sampllng methods can be used to provide useful

estimationg

also be uskd as a screening techmque to determine the need for add|t|onal tests

B.3.2 Sampling methods

B.3.2.1 Random sampling

Items can|be sampled from a population in a number of ways; some involve “randem” number gene]
might or rpight not be confirmed to be fully random. For example, random (&)»the C-language ran
generator,| chooses an integer from 0 to N-1. The items comprising the population should be numb
physical lpcation. The generated values could then be used to select{a random sample of ite
population.

An alterngtive to random population sampling is to partition the population into M physically contigug
each contgining m items. Forcing the selection of x samples from each of the M locations would the
sample of|[size m x x = n. This sampling decreases the likelihood of neglecting any physical area of th
especially
circumstances to dispense with the random number genérator altogether. The sample could be distr
throughouf the population by sampling items at regular physical intervals.

New disks
sparse an
and handl
different.
representa

that have been stored and handled according to the manufacturer's recommendations mig
l seemingly random error profiles( However, disk defect distributions can become less rang
ng. In addition, storage or usage/handling conditions within populations of disks might bg

tive of the population.

Disk defe¢ts can result from improper user handling, storage conditions, or usage. Once created,
damage and effects can spread preferentially to adjacent areas. Sectors in a particular area might
while the @average BER oyer-the entire disk might be too low to result in general degradation of data in
the media

In the cas¢ of data-errors localized in particular defective sectors, three situations can occur.

The rjumber of defective sectors is relatively low and the level of bytes in error within these s

sampling can

rators, which
dom number
ered by their
ms from the

us locations,
h generate a
e population,

if the “random” number generator deviates from*randomness. In fact, it might be acceptable in some

buted evenly

ht have very
om with age
significantly

The samples could then violate*the assumption of statistical equivalence, that is, the sanples are not

the resultant
have a BER
tegrity within

pctors is low

enough to be handled by the ECC. Only the defective sectors are reallocated, and hence no data

0SS OCCUrs.

The number of defective sectors is relatively low but the level of errors within at least one sector
ECC capacity. Data might be lost.

disk drive might be exceeded, and data could be lost.

exceeds the

The number of defective sectors is excessive, whatever the byte error rate. The reallocation capability of the

These kinds of defects might not be detected by random sampling methods. Scanning the entire disk could be
necessary. Restricting the investigation to particular areas where one suspects the data are affected might also be

useful.
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One criterion for determining whether defects are localized or randomly distributed over the entire disk could be the
clustering of bytes in error or error bursts over the disk (the variation in the distribution of errors over different areas
of the media). Variations can be evaluated by representing the distribution of the mean BER per sector over the
entire disk or by using lag plots to identify correlations in sector or track error events.

B.3.2.2 Adaptive error—driven sampling

The sampling procedures discussed within B.3.2.1 are not varied, no matter how many defective items are
detected. By contrast, an adaptive error-driven method forces the retrieval of items adjacent to defective items. For
example, if an item randomly selected to be a part of a sample is in error, then neighbouring items along or across
tracks might be included in the sample. This adaptive error-driven sampling is more complex than random sampling
procedures, [put,” where errors are localized, this method would tend to detect more errors. It would produce a
sample that might be of more interest to users of this International Standard, whose priority is the integrity of stored
data.

B.3.3 Estimation from sampling methods

B.3.3.1 Estimating confidence intervals

By applying sampling methods to data storage media, an inherent risk exists. Ifdcorrect estimations of the state of
data within the submitted disk or population of disks could occur because all data’are not tested. The losp of stored
data could rgsult, which would certainly be unacceptable.

Statistics aspociated with a sampling method should provide a confidence interval, 4. For example, if this
parameter is|the BER, a specified probability exists that the true BER.exceeds the measured BER by m¢re than 4.
The user is ffesponsible for choosing an appropriate sampling precedure, including the size of the samgle and the
way it is drayvn from the total population. The user must ensure‘that the uncertainty of the measured pgrameter is
acceptable fgr data integrity requirements.

B.3.3.2 Control charts

Control char{s are frequently used to monitor of ‘manufactured products over time. They are also used [to monitor
the ability of measurement systems to yield reproducible results over time by periodically measuring and comparing
an unchanging artefact. Historical data are ‘neéded to set the target level and the acceptable error bourjds (two or
three standafd deviations are often used), Statistical theory predicts the proportion of measurements that should
normally be expected to occur outside_these bounds. However, a tendency to drift away from the target| value can
often be obsgrved even before measurements appear outside the bounds.

Control charfs can be a usefullway of detecting gradual deterioration of a disk or collection of disks. The BER"
distribution of a fixed sample‘of sectors or disks, for example, can be monitored over time. An increase in their level
could signal fthe need forrmore frequent monitoring, or even for transfer of data to new media. Taking [this action
could prever|t the loss, of valuable data if the initial error rate is well below dangerous levels. A limitafion of this
approach is {hat the continuously monitored sample might become unrepresentative of the entire populdtion (disks
or sectors). The’sample can be checked by comparing it to a different sample. Another limitation is that the bytes in
error, or othgr‘measured quantity, might increase catastrophically rather than gradually. In this case, control charts
would be of limited use.

B.3.3.3 Example of a control chart

Figure B.2 uses simulated data to demonstrate a media error control chart for a magneto-optic disk. In this case the
BER is monitored." Upper acceptance limits for measured BER are shown. Lower acceptance limits are not
usually appropriate in media error monitoring charts because data are not adversely affected by low error values.
Upper limits depend:

1) A limitation of using only BER to monitor data integrity is discussed in B.3.2.1.
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In the example shown in Figure B.2, initial BER readings are used to calculate an average, x4, and a standard
deviation, o. The upper limit of variation of the BER was then determined by upper limit is ¢+ k x o, where: the
value of k£ was set according to the degree of confidence desired. (k = 2 in the example of Figure B.2.)

Degradation in a medium can then be detected if values exceed these limits. It is important to note, however, that

the BER ig an average measure of media errors, which is a limited indicator of data integrity.'’ Clause|B.4 provides
examples pf other media error measures that can be monitored. Users should refer to the normative clauses of this

Internationjal Standard for a full list of all the media error measures available.

3,1E-p

3,0E46

Byte Error Rate (BER)

2,9E

2,8E

2,7E-

2,6E-

2566 | | | | | | | | | | | |
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— % — Rereadable tracks

—x—— Rewritable tracks

———  Control limit for rereadable tracks
— Control limit for rewritable tracks

Figure B.2 — Example of a BER control chart
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B.3.4 Using baseline media error parameters

Error data collected from tests performed on disks can be used to obtain values of characteristic media error
parameters describing the status of data stored. For example, these values might be BERs, mean burst lengths, or
burst length distributions. To estimate error levels, compare these measured values to equivalent baseline values

or benchmark values that can be obtained by:

retrieving baseline values or distributions from published literature;

retrieving baseline values or distributions from the disk or drive manufacturer's guides;
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media error limits (e.g. user-defined acceptance limits, Verify Media Error Levels, or Media Error Levels), users can
improve the performance of media error testing. For example, media error testing could be incorporated as a
continuous function in large data sets and organized such that the testing procedure is transparent to normal
operation.

B.4.3 Media error testing and log maintenance

B.4.3.1 Logging media error reports

In order to monitor media errors and hence data integrity properly, a log of media error reports specified in this
International Standard should be maintained for each disk tested. Each media error test should be allocated a test
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number. The results of each test should be appended to the relevant media test log, so reports can be monitored
over time. The test log should also include both:

the test date and the time elapsed since the previous test;

— ameasure of disk usage since the previous test.

In this way, logged error statistics can be reported correctly in terms of disk age or usage. In addition, in those
cases in which sampling methods are employed, a record indicating the sampling parameters should also be
included.
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Monitoring sector reallocations and bad sector IDs

An increase in sector reallocation could indicate a degradation in data integrity and therefore be used to monitor
media errors. A cumulative or interim measure of sector reallocations could form part of each media test log. Line
graphs could then be used to identify any undesirable behaviour. Figure B.3 gives an example of a line graph
visualization indicating an increase in sector reallocation, an increase which lies within user-specified acceptance
limits. Similarly, Figure B.4 shows a line graph that monitors an increase in bad sector IDs.
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B.4.4.2 Monitoring BERs and codeword maxima

The BER is often used as a measure of data integrity. However, it should be used with care because it is only an
average measure of data integrity (see B.3.2.1). Figure B.5 shows a line graph that enables test results to be
compared to a user-specified limit. Monitoring averaged test statistics presents a problem: worst-case values are
not explicitly represented. Because error control coding has a finite correction capacity beyond which errors can
persist, the monitoring of worst-case byte errors is important to data integrity.

Users of this International Standard tool kit should check the ECC correction capacity of their system. (For some
optical data disks, the correction limit of the ECC is a maximum of 8 bytes in error per codeword.) The verification
tools provided by the tool kit specified in this International Standard enable users to specify a lower value for bytes
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Figure B.3 — Sector reallocations
The scatter graph shown in Figure B.3 uses simulated data to show changes in the proportion of sectors

reallocated for a given disk. The graph could be used to compare the results of several disks. Test numbers can be
replaced by test dates, so sector reallocations can be monitored over time. The upper limit is determined by the
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number of spare sectors available for sector reallocation. A lower user-specified acceptance limit, selected by users
of this International Standard, can also be represented. Any undesirably high values can then be easily identified.
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Figure B.4 — Monitoring bad sector IDs
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The scatter graph shown in Figure B.4 uses simulated data to show changes in the proportion of sectors that have
bad IDs. The graph could be used to compare the results of several disks. Test numbers can be replaced by test
dates, so sector IDs can be monitored over time. Reductions in the proportion of sectors with bad IDs can occur as
a result of sector reallocation. ID formats and default reallocation procedures vary between different systems.
Users of this International Standard should check the relevant media interchange standards and system
specifications to determine an appropriate user-specified acceptance limit that indicates undesirably high values.
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Figure B.5 — Monitoring BERs
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The scatter graph shown in Figure B.4 uses simulated data to show changes in the BER. The graph could be used
to compare the results of several disks. Test numbers can be replaced by test dates so that BERs can be
monitored over time. The BERs shown in this graph were calculated by dividing the number of user bytes in error
by the total number of user bytes. Users of this International Standard should determine a BER acceptance limit
appropriate to their requirements, one that can be used to indicate undesirably high values.

ECC limit

Maximum number of bytes in error per codeword per sector

WUser-specified limit
0

1 2 3 IA 5 6 7
Test number

Figure B.6 — Monitoring the maximum number of bytes in error per codeword per sector

The scatter graph shown in Figure B.6 uses simulated data to show changes in the maximum, or worst-case,
number of bytes in error per codeword for a given disk. The graph could be used to compare the results of several
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disks. Test numbers can be replaced by test dates, so the maximum number of bytes in error per codeword per
sector can be monitored over time. Error correction code capabilities, error level warnings, and reallocation
procedures vary according to the device. Users of the tools specified in this International Standard (or similar tools)
should check the relevant media interchange standards and obtain the appropriate information from the drive
manufacturer. Set Media Error Levels and Verify Media Error Levels can be usefully represented on this graph by
replacing the user-specified limit.
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Figure B.7 — Relative frequency distribution of the maximum number of bytes in error
per codeword per sector
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The bar chart shown in Figure B.7 used simulated data to show the relative frequency distribution of the maximum
number of bytes in error per codeword per sector for a given disk. The relative frequency for a maximum of m bytes
in error per codeword per track sector is calculated by dividing the number of sectors with this maximum by the
total number of sectors tested. These data are provided by the MEL.
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Figure B.8 — Relative frequency distribution of the number of bytes in error per sector
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The bar chart shown in Figure B.8 uses simulated data to show the relative frequency distribution of sectors with
between [M x (n—1)/8] and [M x (n/8)] — 1 bytes in error?), where M refers to a maximum value that the device
might use as a criterion for reallocating sectors. See the device manufacturer for information about this value.
These data are provided by the MEL.
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Figure B.9 — Maximum number of bytes in error per codeword per sector per radial area

2) [x] is the greatest integer < x. For example, [3,15] = 3.

© 1SO 2001 — All rights reserved 49


https://standardsiso.com/api/?name=085076c5f6021a21a305ffc3d2bc48e9

1ISO 12142:2001(E)

The bar chart shown in Figure B.9 uses simulated data to show the maximum number of bytes in error per
codeword per sector for each radial area of a given disk. This data is not directly provided by the MEL.

Maximum number of bytes inerror per codeword per sector
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Figure B.10 — Maximum number of bytes in error per codeword per sector per band of tracks
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The bar chart shown in Figure B.10 uses simulated data to show the maximum number of bytes in error per
codeword per sector per band of tracks across a given disk. This data is not directly provided by the MEL.

B.4.4.3 Monitoring media error topography

A topographical description of media errors can be provided by three-dimensional (3-D) graphs. For example,
reports from monitoring the maximum number of bytes in error per codeword can be used to formulate 3-D
visualizations that represent their locations across the disk. Figure B.11 shows an example of a 3-D bar chart
depicting the maximum number of bytes in error per codeword per band of tracks. The tracks are banded (collated
into contiguous groups) in order to reduce the number of values plotted. For example, 130 mm magneto-optic disks
that conform to the ISO/IEC 10089 contain over 18,000 tracks.
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Figure B.11 — Maximum number of bytes in error per codeword per sector
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Figure B.12 — Maximum number of bytes in error per sector (»)

The 3-D bar chart shown in Figure B.12 uses simulated data to show variations in the maximum number of bytes in

error per sector (n) for each disk area (defined by a band of tracks in a given radial area).
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