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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC]TC 1.

International [Standards are drafted in accordance with the rules given in the ISO/TEC Directives, [Part 2.

The main tasi of the joint technical committee is to prepare International Standards. DraftIaternational
Standards adopted by the joint technical committee are circulated to national bodies” for yoting.
Publication af an International Standard requires approval by at least 75 % of thé)national podies
casting a votd.

Attention is drawn to the possibility that some of the elements of this documént may be the suljject of
patent rights.[ISO and IEC shall not be held responsible for the identifying any‘er all such patent gights.

ISO/IEC 29171 was prepared by Joint Technical Committee ISO/IECHTC 1, Information techhology,
Subcommitteg SC 23, Digitally recorded media for information interchdange and storage.

This second ¢dition cancels and replaces the first edition (ISO/IEC 29121:2009), of which hap been
technically rejvised.

iv © ISO/IEC 2013 - All rights reserved
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Introduction

Many organizations now use optical disks for long-term storage of information. It is assumed that a disk
selected for recording has already been qualified for that purpose. It is therefore important to be able
to verify that data has been recorded correctly and remains readable for the required amount of time.
Previous International Standards clearly defined requirements for interchange, but did not contain
requirements for longevity.

Longevity is limited both by disk degradation and by technology obsolescence. Interchange shall be
regularly verified to assure that information on existing recorded disks will continue to be recoverable.
Users can have a maintenance policy that protects disks against unanticipated failure or use, such as by
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red. Methods described in this International Standard define a quality-control p|
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, DVD-RW, DVD-RAM, +Ryand +RW disks are based on the technology now widely K
market. This entails the-use of red laser diodes, two 0,6-mm thick substrates bol
dhesive layer to protect the recording layer from dust, write-once (DVD-R, +R) or
ing layers (DVD-RW; DVD-RAM, +RW), and a 0,60 or 0,65 NA objective lens to ensur
1s required for @ professional data preservation. Disks having dual recording layers
en them arewused in addition to those with a conventional single recording layer.
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INTERNATIONAL STANDARD ISO/IEC 29121:2013(E)

Information technology — Digitally recorded media for
information interchange and storage — Data migration

method for DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks

1 Scope
This Iptermationat-Standardspecifiesadatanrigra ong-termrdatastorage. According to
the standard, manufacturers are able to construct storage systems that use DVD-R, DV,D:RW, DVD-RAM,

+R, or
longev
potent
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Disks 3

ith sufficient
monitor the

+RW disks for information storage. A user of the storage system can select disks
ity potential, on the basis of an initial performance test, and can continuousl
ial for retrieving data from those disks on the basis of periodic performance test.

data can be migrated to a next new disk without loss from the present disk as long ps data errors
mpletely corrected before and during the migration, and provided copying of the djta is allowed.

bthodology for data migration is intended to be applied te'disks with longer storagg lifetime. It is
mended to use disks with estimated life time is given as.a mean value and a standard deviation
fified in ISO/IEC 16963. If the estimated lifetime of the disks is known, users can defermine a test
hl according to the estimated lifetime. If the estimated lifetime is known as a megn value and a
rd deviation, regardless of the test method for'the estimation, it is recommended to carry out
igration based on this standard. If the estimated lifetime is unknown, the test interval should be
ears or less. Considering the generational changeover of systems or applications} the user can
1ine a migration interval disregarding tHe-estimated lifetime of the disks.

vith shorter estimated lifetimes have,more rapid degradation and require more frequent periodic

tests. In addition, degradation of recorded data occurs by complex failure mechanisms. Stprage lifetime,
therefgre, varies depending not only*on temperature and humidity but also on many othgr effects such

as ex

sure to light, corrosive gases, contamination, handling, and variation in playback subsystems.

Consequently, severe storage envitonments require more frequent periodic tests. The frequehcy of periodic
testing also needs to be fixed based on the quality of the disks for storing data and the storagg environment.

2 Normative references

The following doéuments, in whole or in part, are normatively referenced in this document and are
indispensable (for its application. For dated references, only the edition cited applies] For undated

1S0/1

referepces,the latest edition of the referenced document (including any amendments) ap]dies.

16963, Information technology — Digitally recorded media for information inlerchange and

storage — Test method for the estimation of lifetime of optical media for long-term data storage

ISO/IE

C 12862, Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gbytes per side)

DVD recordable disk for dual layer (DVD-R for DL)

ISO/IE

C 13170, Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gbytes per side)

DVD re-recordable disk for dual layer (DVD-RW for DL)

ISO/IE
ISO/IE

C 16448, Information technology — 120 mm DVD — Read-only disk

C 17341, Information technology — Data interchange on 120 mm and 80 mm optical disk using +RW

format — Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 4X)

ISO/IE

C 17342, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70 Gbytes per side)

DVD re-recordable disk (DVD-RW)

© ISO/IEC 2013 - All rights reserved 1
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ISO/IEC 17344, Information technology — Data interchange on 120 mm and 80 mm optical disk using +R

format — Cap

acity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 16X)

ISO/IEC 17592, Information technology — 120 mm (4,7 Gbytes per side) and 80 mm (1,46 Gbytes per side)
DVD rewritable disk (DVD-RAM)

ISO/IEC 23912, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70 Gbytes per side)
DVD Recordable Disk (DVD-R)

ISO/IEC 25434, Information technology — Data interchange on 120 mm and 80 mm optical disk using +R
DL format — Capacity: 8,55 Gbytes and 2,66 Gbytes per side (recording speed up to 16X)

ISO/IEC 2692
HS format —

ISO/IEC 2964
DL format —

3 Terms 4

For the purpo

3.1

BER max
maximum by
decoder befor

Note 1 to entry

3.2
lifetime for u
distribution (

3.3
Bs Life
5 percentile o

3.4
(Bs Life)y,
95 % lower cd

3.5
Bsg Life
50 percentile

3.6

data migratio

C ’njfnrmnf‘fnn f‘a/‘hnn’ng}l Datainterchanae on 120 mm and 80 mm npl'innl disl ycin
—HHHHHAHGHEEHABHE G- cdHH e+ -G HHH-OPHEGHEHSHHSH

g +RW

[apacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed 8X)

D, Information technology — Data interchange on 120 mm and 80 mm optical disk usin
[apacity: 8,55 Gbytes and 2,66 Gbytes per side (recording speed 2,4X)

nd definitions

ses of this document, the following terms and definitions apply:

e error rate at any consecutive 32 ECC blocks on a disk as measured in the first pas;s
e correction

: BER max is applied to DVD-RAM disks.

.2.0,000 1 % failure time) or 99,999 9 % survival lifetime (see Annex E)

If the lifetime distribution/(i.e. 5 % failure time) or 95 % survival lifetime

nfidence boundof Bs Life

of the lifetime distribution (i.e. 50 % failure time) or 50 % survival lifetime

g +RW

of the

e of data migration and same as Bgyppo 1 Life which is 0,000 001 quantile of the lifetime

n

process to copy data from one storage device or medium to another

3.7

Error Correction Code

ECC

mathematical computation yielding check bytes used for the detection and correction of errors in data

Note 1 to entry: For DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks, the Reed-Solomon product code defined in

ISO/IEC 16448

3.8
error rate
rate of errors

:2002 for DVD-ROM systems is applied.

on the recorded disk measured before error correction is applied

© ISO/IEC 2013 - All rights reserved
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39
initial performance test
test of the recording performance of data recorded on a disk before storing

3.10
lifetime
time that information is retrievable in a system

3.11

PI SUM 8 max

maximum inner-parity (PI) error count at any consecutive 8 ECC blocks on a disk as measured in the
first pass of the decoder before correction

Note 1 fo entry: See ISO/IEC 16448, ISO/IEC 23912, ISO/IEC 17341, ISO/IEC 17342, and ISO/IEC1Y344.

3.12
periojic performance test
periodiic test of the recording performance of data recorded on a disk duringthe storage

3.13
retrieyability
ability|to recover physical information as recorded

3.14
storage time
time that a disk is being stored since data is recorded on-tlie disk

3.15
substrate
transparent layer of the disk, provided for meehanical support of the recording or r¢corded layer,
through which the optical beam accesses the fecordable/recorded layer

3.16
system
combihation of hardware, software, storage medium, and documentation used to record| retrieve, and
reproduce information

3.17
uncorfectable error
error in the playback data that could not be corrected by the error correcting decoders

3.18
migration interval (year) which is determined by user

Note 1 toéentry: See Annex F.

4 Test methods

4.1 Test parameters

For DVD-R disk defined in ISO/IEC 23912 and ISO/IEC 12862, DVD-RW disk defined in ISO/IEC 17342
and ISO/IEC 13170, +R disk defined in ISO/IEC 17344 and ISO/IEC 25434, and +RW disk defined in
ISO/IEC 17341, ISO/IEC 26925 and ISO/IEC 29642, the maximum inner-parity error shall be measured
at any consecutive 8 ECC blocks (PI SUM 8 max) in the first pass of the decoder before correction.

For a DVD-RAM disk defined in ISO/IEC 17592, the maximum Byte error rate (BER max) shall be
measured (see Annex C).

© ISO/IEC 2013 - All rights reserved 3


https://iecnorm.com/api/?name=5cb34b96d6fe683e3242ae0487dea7b6

ISO/IEC 29121:2013(E)

4.2 Test Drive

The test drive shall comply with ISO/IEC 16448 for DVD-R, DVD-RW, +R, and +R disks and ISO/IEC 17592
for DVD-RAM disks. It shall have the capability to measure PI SUM 8 max for DVD-R, DVD-RW, +R, and
+RW disks and BER max for a DVD-RAM disk, respectively.

4.2.1 Testdrive calibration

The test drive shall be calibrated by using a calibration disk prepared by the test drive manufacturer
based on the calibration procedure defined by the manufacturer. The calibration shall be done at the
intervals recommended by the manufacturer.

4.2.2 Testpreparation

Prior to condicting tests, the disks shall be visually examined to determine whether they contai
finger prints, pr other contaminants. If appropriate, such contaminants shall be removed*in acco
with the diskimanufacturer’s recommendations. Certain options are contained in Annex A. Micr
examination may reveal physical deterioration, such as delamination and porosity ofthe’protective c

4.2.3 Test dxecution

Before testing disks, the test drive shall be verified by checking the calibration disk supplied w|
test drive or publicly verified. If the drive passes the calibration check, the disk to be checked s
tested by the fest drive.

Testresults s
for a DVD-RA

all be judged by the PI SUM 8 max for DVD-R, DVD-RW, +R, and +RW disks or the BH
M disk.

4.3 Test arjea

The entire req

(see Annex G)|

5 Testres

5.1 Initial

When data is
checked. The
DVD-RW, +R,

At least, the i
performance

orded area of all the disks should betested in order to confirm the readability of t}

ult evaluation

performance testresult evaluation

recorded on disks, the initial recording performance on the whole recorded area s
nitial recording performance is categorized as Level 1, 2 and 3 by PI SUM 8 max for I
hnd +RW-disks and BER max for DVD-RAM as shown in Table 1 (see Annex C).

hitial yecording performance shall be within Level 1. Disks showing the initial rec
bf llevel 2 should not be used for long-term data storage, and those of Level 3 are ou

h dust,
Fdance
scopic
pating.

ith the
hall be

R max

e data

hall be
DVD-R,

prding
[ of the

specification amd strattmotbeused:

If the initial recording performance is worse than Level 1, the performance of the disk and drive used for
recording the data should be verified because PI SUM 8 max and BER max depend on the performance
of both disks and drives. If the drive is not good, the drive should be replaced. If the disk is not good,

another lot of

disks should be used.
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Table 1 — Category of initial recording performance

DVD-R, DVD-RW,
Level Status DVD-RAM
+R, +RW

1 Recommended <140 <5,0x10-4

2 Should not be used 140 to 280 5,0 x 10-4to 1,0 x 10-3

3 Shall not be used > 280 >1,0 x 10-3

Recording performance PI SUM 8 max BER max
indicator

5.2 Periodic performance test result evaluation

Disks ysed for storing data should be periodically checked with the test interval described i Clause 6. The
recording performance at the periodic performance test is categorized in Level 4,5 and 6 by|PI SUM 8 max
for DVD-R, DVD-RW, +R, and +RW disks and BER max for DVD-RAM as shown inTable 2 (seg Annex C).

If the lecording performance is within Level 4, the disk is good enough to continue to be ysed.

If the fecording performance is within Level 5, the data stored on the\disk shall be migrated to another
disk ag soon as possible.

If the recording performance is in Level 6, the data stored on'the disk shall be copied tq another disk
immediately, as far as the data can be retrieved, Please néte that PI SUM 8 max and BER|max are high

enough in Level 6 to disable retrieval the data withoutangorrectable errors.

Data npigration flow for the initial performance test and periodic performance test is shown in Figure 1.

Table 2 — Category of recordingperformance at periodic performance t¢st

DVD-R, DVD-RW,

Level Status DVD-RAM
+R, +RW
4 Use asitis <200 <71 x/10-4
Migrate(ddta
5 200 to 280 7,1 x 10-4t0d 1,0 x 10-3
as soomas possible
6 Migraté data immediately > 280 >1,010-3
Recording performance PI SUM 8 max. BER thax.
indicator

© ISO/IEC 2013 - All rights reserved
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» Level 3: Shall not use.

Pl Sum 8 max or Level 2: Should not use.

BER max

Test drive
Level 1: Recommend to use.

performance test

Initial
Data are recorded and

disk will be kept in certain environment.

i @ Level 6: Migrate data

>
>

©

immediately.

Level 5: Migrate data

Pl Sum 8 max or .
as soon as possible.

BER max

Test drive

performance test

Periodic » Level4: Use as it is.

Figure 1 — Data migration flow for DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks

6 Testint

If estimated

erval

ifetime of the disks is knowui)the test interval may be determined according

estimated lifgtime, otherwise the disks shéuld be checked every three years or less.

If the estimat
and Annex F.

Disks having
carefully han
satisfactory |

The occurren

bd lifetime is given using ISO/IEC 16963, the disks should be checked according to Al

well defined characteristics that are stored under conditions described in Annex|
dled, and are.read infrequently may require testing only every few years. A his
pngevity with'similar disks would encourage longer intervals between testing.

Ce of retrievability problems or long read times may indicate a need for immediate t

When tests irjdieate deterioration of one disk, additional tests may be performed on other disks

to the

nnex E

| B, are
ory of

psting.

of the

same type, a

considered if such additional tests indicate significant problems.

7 Prevention of deterioration

) . dann. el - ol D 1 b £ 1l - -l 1 £L. R B L | 1 ldb
, UNTUL LU d5LTT LAIIT ULIITIT CUITUILIULL. INCPIALTIITIIU UL 411 STIITIAT Ty dITTULTU UISKRS sSmou e

Necessary precautions shall be taken to reduce the possibility of deterioration, in orderto assure the integrity
of the disks during their use, storage, handling, or transportation. Causes of deterioration and their effects
are noted in Annex A. For long-term storage, the recommendations in Annex B should be implemented.

Disks intended for long-term storage should not be left in readers, nor remain exposed to light, dust, or

to extremes o

f temperature or humidity:.
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Annex A
(informative)

Causes of deterioration for DVD-R, DVD-RW, DVD-RAM, +R, and
+RW disks

A.1 DPeterioration

DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks are composed of a recording layer andja r¢flective layer.
Deteripration of the recording and reflective layers may occur in the following environments;

— stprage at high temperature and/or high humidity

— stprage under sun light or UV light

— stprage in a high density of corrosive gases (hydrogen sulfide, etc:)

— stgrage in fluctuating environments (temperature change, humidity change, etc.)
In addjtion, the laser incident surface may be damaged or ¢entaminated during use.

This de¢terioration will increase the error rate of disks:

A.2 Disk structure

DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks comprise a recording substrate covered with recording
andreflective layers bonded to adummy.substrate, for a single-sided disk, or another recordling substrate
for a double-sided disk. The angle hetween the two substrates is controlled to minimifze distortions
associpted with changes in ambient conditions. The adhesive material selected for bondjng of the two
substrptes is selected to minimize-stresses resulting from the bonding process.

DVD-R and +R disks adopt.organic dye recording layers, whereas DVD-RAM, DVD-RW ahd +RW disks
adopt Inorganic phase-change recording layers.
A.3 Causes ofdeterioration

Recording and reflective layers may deteriorate during long-term storage in an extremelenvironment,
as indicated jh A.1 above.

Recordinglayersmay-be-degraded-by-corrosionerackingdecompeositionete—As-arestlt, reflectivity
and quality of recording signals are degraded. Recorded marks may be also deformed during long-term
storage in such an extreme environment. In the case of phase-change disks, amorphous recorded marks
may be partially crystallized at random, and then fluctuations of the rim and change of the reflectivity
of each mark may occur. Those phenomena result in reduction of the signal modulation or increase in the
jitter noise. In the case of dye-type disks, a recorded mark is formed with a change in refractive index
of the dye material or with physical deformation of the substrate material. On receiving environmental
stress, discoloring of the dye material or a relaxation of the physical deformation may occur. Those
phenomena also result in the reduction of signal modulation or an increase in jitter noise.

Reflective layers may be degraded by corrosion, cracking, decomposition, etc. As a result, reflectivity
and the quality of recording signals are degraded.

As with all optical disks, small defects are allowed at the time of manufacture. Over along period of time,
under extreme environmental exposure, these defects may grow. The growth of defects as well as the

© ISO/IEC 2013 - All rights reserved 7
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deterioration of recording and reflective layers as mentioned above can be shown to follow Arrhenius
laws and this method can be used to confirm the predicted lifetime of DVD-R, DVD-RW, DVD-RAM, +R,
and +RW disks.

Storage in fluctuating environments may also degrade mechanical property, such as tilt, and axial or
radial runout.

Damage or contamination on laser-incident surface can obscure the recording layer and create dropouts
in the data. Additionally, particulate damage or contamination may cause transients in the servo signals
used by the drive to maintain focus and tracking to the required accuracy. One of the most-frequent
causes of uncontrolled contamination is casual cleaning of disks using unapproved materials and
procedures. Cleaning of disks should only be carried out in accordance with the procedures contained
in Annex B.

A.4 Nature of deterioration

The operating environment will determine the nature of the deterioration. In theycase of diskis used
in a library this environment is well controlled, however, operation of disks in,stand-alone |drives
will potentially subject the disks to a wider range of contamination and environmental extrerpes. In
particular, diks left in uncontrolled storage may be subject to physical\abuse or contamination in
contraventior] of manufacturers’ recommendations.

A.5 Effects$ of deterioration

The combinatfion of beam obscuration and possible disturbarice of the servo signals will be to ggnerate
a dropout in fthe data reaching the decoder. While the Error Correction Code has a very high burst
correction capability (6 mm maximum), a large dust particle may cause this capability to be excgeded.

A.6 Unexpected deterioration

For protection from unexpected serious deterioration of the disks, it is recommended to have a hackup
system for th¢ long-term data storage according to the characteristics and importance of the datp.

8 © ISO/IEC 2013 - All rights reserved
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Annex B
(informative)

Recommendations on handling, storage and cleaning conditions
for DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks

B.1 Hamdiing

The frpgile protective coating on the label surface is vulnerable to damage and should

toget
outer ¢

Disks
rewrit
neutra

r with the readout surface. It is recommended to handle the disk carefully; toud
dge and inner hole. It is strongly recommended not to touch the readout $urface.

should be protected from dust and debris. This is especially important for re
able disks during the recording process. The use of a deionizing,environment is red
lize static charges on the disk that can attract and retain loose.contaminants.

be protected
hing only the

cordable and
ommended to

B.2 S$torage
For general storage such as in an office environment, it isre€ommended to limit the storagg environment
to the fanges given in Table B.1.
Table B.1 — Recommended conditions for general storage
Ambient Condition Recommended Range
Temperature 52Cto302C
Relative humidity 15 % to 80 %
Absolute humidity 1 g/m3to 24 g/m3
Atmospheric préssure 75 kPa to 106 kPa
Temperature gradient 10 °C per hour maximum
Relative humjdity gradient 10 % per hour maximum
If long-term storage“is desired, the storage conditions should be more tightly contrdlled and it is
recommended todimit the storage environment to the ranges given in Table B.2.

Table B.2 — Recommended conditions for controlled storage

AmmbtentComdition Recommended Range
Temperature 102 Cto 252C
Relative humidity 30 % to 50 %
Absolute humidity 3g/m3to 12 g/m3
Atmospheric pressure 75 kPa to 106 kPa
Temperature gradient 10 9C per hour maximum
Relative humidity gradient 10 % per hour maximum

There should be no condensation of moisture on the disk. Cool and dry storage condition is preferred.
To maintain the desirable temperature and humidity fluctuation tolerance levels, and to protect against
high intensity light and pollutants, storage of DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks in clean

©150/1
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insulated records containers is suggested. Dust or debris in operational or storage locations should be
minimized by appropriate maintenance and monitoring procedures, especially when recording disks.

B.3 Cleaning

Prior to performing cleaning operations of disks containing useful data, tests should be carried

out on

disks of the same type and from the same supplier that do not contain any useful data, in order to ensure

that no adverse reaction will occur.

Loose contaminants may be removed by short, one second bursts of clean, dry air, avoiding expulsion
of cold propellants If the manufacturer has not supplled any cleanlng 1nformat10n organlc polymer

water. It is re ommended not to use detergents or solvents such as alcohol All wiping actlons
be in a radial|direction, taking care not to exert isolated pressure or to scratch the disksltis st
recommendedl not to use abrasives. It is recommended not to use acrylic liquids, waxes, ox other cd
on either surface.

] soapy
should

rongly
atings
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Relation between BER and PI SUM 8
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The byte error rate BER is the number of erroneous bytes divided by the total number of bytes. Because
the length of one code word of the inner code is 182, the probability of an erroneous inner code word

Npi canbe pvprnccpd asabinomial pr‘nh:\hi]ify onthe assumption that errors occuratrandom, and it is
& - 182—i
Npizz 182C i xp' %(1-p) (C1)
i=1
where|p denotes BER.
The nymber of PI errors in 8 ECC blocks Np;sg can be expressed by Forrhiula (C.2) becaus¢ the length of
the outer code word is 208, as shown in Figure C.1.
N isg =208x8xN ), (C.2)
1800 0. J
,‘,:,: dl - j
1600 R /
1400 /
/
1200
w \
= 1000 |
7 :
— 800
& '
600
AB0
200
O s—
1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01
BER (0)
Figure C.1 — Relationship between BER (p) and PI SUM 8
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Annex D
(informative)

Guideline for adjustment of the estimated lifetime to higher
stress conditions

In actual storage conditions, the temperature and relative humidity may deviate from 25 °C/50 % RH,
which changdSthe estimated lifetime. In this case, the estimated lifetime at 25 “C/50 % RH shquld be
adjusted to the estimated lifetime at the actual storage conditions as described below.

According to ISO/IEC 16963, the estimated lifetime B Life, based on Eyring Method, is derived as fpllows.
By Life = ¢xp (B + B, X 1o + ByX 5, — 1,646 ) (D.1)
where,

X190 and Xp¢ | denote the temperature-dependent factor and thefelative-humidity-dependent f4ctor
at the Controlled storage condition (25 °C / 50 % RH) respectively.

A denotes the pre-exponential time constant
AH denotes the activation energy per moleetile
k denotes the Boltzmann constant

B denotes the RH exponential constant

Ifthe storage temperature and humidity différ from 25 °C /50 % RH, Bs Life is replaced with Bs Life (, nf which
willbe expresged by the following formuld, where mand n denote numerals representing the temperatyre and
the relative humidity respectively. Xq,;and X2, represent the temperature-dependent factor at tempgrature
m and the relative-humidity-dependent factor at relative humidity n respectively in following equations.
Bs Life in the §q. D.1 can be also déscribed as Bs Life(, 0) in this Annex D applying Eq. D.2.

By Life(,, ) = exp B+ By Xy, + ByXy, —1,646) (D.2)
Then, the adjustment coefficients normalized by Bs Life (A (m,n) = Bs Life(m,n) / Bs Life) are derived as fpllows.

Ad(mn) = PPy ¥ By ¥ ByXo, ~ L64G | [ex0(By ¥ PXyg + ;X5 — 1,640

= eXP(ﬁ1 (le - X10) + [}2 (XZn - Xzo)) (D.3)

Corresponding to the ISO/IEC 16963, an example computation of the adjustment coefficients Ag (m,n) for
the estimated lifetime Bs Life (Year) (Bs Life/24/365) is shown in Table D.1. It is calculated by changing
the temperature from 25 °C to 30 °C in unit of 1 °C and the humidity from 50 % to 80 % in units of 5 %,
under the condition that Bsg Life(Year) at the 25 °C/50 % RH is 1101 years and Bs Life (Year) is 887 years.

Table D.1 shows that the estimated lifetime shortens abruptly when the storage conditions become more
severe than 25 °C/50 % RH even in the recommended conditions for general storage shown in Table B.1.
For example, the estimated lifetime at the storage conditions of 30 °C/80 % RH shortens by about 1/6

12 © ISO/IEC 2013 - All rights reserved
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compared with that of 25 °C/50 % RH. Therefore, careful consideration should be given to the actual
storage conditions.

In addition, in order to calculate the adjustment coefficients for a disk, the estimated lifetime of the
population to which the disk belongs and the estimation values of the coefficients based on the Eyring
method are needed. Except for the case where life estimation using ISO/IEC 16963 is performed, it is
recommended to inquire of the disk manufacturer as to the adjustment coefficients of the disk.

Table D.1 — - Adjustment coefficients for the estimated lifetime (calculated by using the test
data of Annex B of ISO/IEC 16963)

n 0 1 2 3 4 5 6
m 50 % RH 55 % RH 60 % RH 65 % RH 70 % RH 75 % ,RH 80 % RH
0 25°C 1,00 0,86 0,74 0,64 0,55 0,47 0,41
1 26 °C 0,84 0,72 0,62 0,54 0,46 0,40 0,34
2 27 °C 0,70 0,61 0,52 0,45 0,39 0,33 0,29
3 28°C 0,59 0,51 0,44 0,38 033 0,28 0,24
4 29°C 0,50 0,43 0,37 0,32 0,27 0,24 0,20
5 30°C 0,42 0,36 0,31 0,27 0,23 0,20 0,17

© ISO/IEC 2013 - All rights reserved
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Annex E
(informative)

Calculation for Bpjg Life using Bsg Life and Bs Life

ISO/IEC 16963 defines the estimated lifetime of optical disks as Bsg Life, Bs Life and 95 % lower
confidence bound of Bs Life (= (Bs Life);). The estimated lifetime of Bs Life means 5 % of products reach

failure. Therefore from the viewpaoint of rnlinhi]ifyl itis notappropriate to use Bc | ife as the estimated
lifetime, wheh determining a test interval and deciding on data migration, for long-term stoiage to
retain the intggrity of original data.

In the case of data migration, it is necessary to have low enough failure probability."Therefofe, the
time at whiclf one millionth products reach their time to failure is used as the estimated lifetime to
determine th¢ test interval or migration interval in this standard. Bg,000 1 Life is®®;000 001 quantile of
the lifetime djstribution (i.e. 0,000 1% failure time) and defined as Bmig Life in'this standard. Byig Life
can be calculdted using Bsg Life and Bs Life as follows:

According to ]SO/IEC 16963, In B , isgivenasEq. (E.1)

B, = By + Bixyg + ByXag * 21000 (E.1)
Where, z derotes percentile OfN(O,GZ) and {xqq,X,04.denotes the Controlled storage condition
(25°C and 50/ % RH)

Using Eq (E.1], In é0.0001 which is the estimated lifetime with the failure probability of one millipnth is
given by Eq. (E.2). The estimated lifetime with-the failure probability of one millionth correspdnds to
4,75 o provided the distribution is normal.

In By 4o 4| = By + B1X1g + ByXy ~4:756 =In B, — 4,756 (E.2)
On the other hand, In E’S is given by Eq. (E.3)

In By = B§ + B,x, + Byxoy — 1,646 =In By — 1,646 (E.3)
Putting Bsg Life and Bs-Life into Eq. (E.2) and Eq. (E.3)

B Life~ esen{1n B A'7l:/r\_mn(1ﬁ13 A'7l:1nB50_lnB5\

0.000 1~ SEATTES0 T - L“‘ =50 Y 1,64 J

= exp(2,9In By —1,9In By ) (E4)
Thus

B yglife = By ggq 1 Life = exp (2,9 n By —1,9 In By ) (E.5)

For example, Annex B of ISO/IEC 16963 gives the data of Bsg Life and Bs Life.

Bs Life=1101years(=9 648593 hours)

14
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In B, =In (9 648 593) = 16,082 3
Bs Life =887 years(=7 770875 hours)
In B, =1n (7 770 875) = 15,865 9

Bmig Life is calculated by substituting these values to equation (E.5).

B gLife = exp (2,9 In Bs—1,9InB,,) =exp (2,9x158659-1,9%x16,082 3)

=5151199 hours =588 years

© ISO/IEC 2013 - All rights reserved
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Annex F
(informative)

Guideline of test interval and migration

This Annex describes guidelines for choosing the test interval and performing data migration both for
disks whose lifetime is estimated and known and for disks whose lifetime is unknown.

According to
specified valu
long enough, {

However if ge
and/or applic
Moreover, if t
safety. In cons
and this valug

The migration interval X mjg may be also applied even if the estimated lifetime of disks is unknoy

In Annex E, th
Life: 0,000 1
the periodica
intervals reac
three years ol

Ifthe testinte

F.1 Testir

this standard, optical disks are periodically tested and when disks errors exge]
es in Table 2, data migration is carried out. Therefore, if the estimated lifetime of ¢
he migration interval of disks can also be increased.

htions, occur during the migration interval, the stored data may not-be easily ret
he stored data has high value, the user might like to migrate after a’shorter inter
ideration of these factors as stated above, the migration intervalis-defined as X mig
is determined by use of this standard.

e estimated lifetime for test interval and data migration is defined as Bnjg Life (=4
06 failure time). A half of B g (hereafter B mjg{years)) is set as the test interv
performance test (PP test) is carried out. After two times of PP test, which mea
h to B mig, in case the test result is equal tq Level 4 in Table 2, next test interval i
less. In this case the test is recommendedsto be limited twice.

val is long, itis recommended to carry,gut sampling check of the disks in appropriate

iterval and data migration

ed the
isks is

nerational changes of the system, including reading devices, and/or the-file stryctures

rieved.
val for
years)

/n.
0.000 1
hl, and

hs test
set to

iming.

br than

1) Incase the initial performance testresultis equal to Level 1 (Recommended) in Table 1. ( Othg
Level 1, should not be used or shallnot be used)
a) If X nfig - Bmig /2 is greaterthan 0, test interval of the first periodic performance test (PP test)
should be set to Bmig7/2-
b) If X njig - Bmig /2-S:}ess than or equal to 0, test interval of the first PP test should be set t¢ X mig.
Data migration,Should be carried out at the first PP test in spite of the test result.
2) Incase the PP(testresult of a) is equal to Level 4 (Use as itis) in Table 2. ( Other than Level 4, npigrate
data as sqoei¢as possible or migrate data immediately)
¢) If X mig- 2xBmig /2 is greater than 0, test interval of the second PP test should be set to Bnig /2.
d) If X mig - 2xBmig /2 is less than or equal to 0, test interval of the second PP test should be set to
X mig- Data migration should be carried out at the second PP test in spite of the test result.
3) In case the test result of c) is equal to Level 4 (Use as it is) in Table 2. ( Other than Level 4, migrate
data as soon as possible or migrate data immediately)
e) In case of X mig - 2xBmig /2 - 3 is greater than or equal to 0, the test interval of the third PP test
should be set to three years.
16
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