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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Committee) 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 Commlttees establlshed by the respectlve organization

to deal p

interest,

In the figld of information technology, ISO and IEC have established a joint technical committee, ISO/EC JTC 1

The ma
technics

— tyf

repepted efforts;

— typ
but n

— type 3, when a technical committee has collected data of a differént kind from that which is normally publ
as an International Standard (“state of the art”, for example).

Technicpl Reports of types 1 and 2 are subject to review within\three years of publication, to decide whether

can be

reviewefl until the data they provide are considered to be no*fonger valid or useful.

ISO/IEG
JTC 1,
software

Other mternatlonal orgamzaﬂons governmental and non- governmental in liaison with 1ISO and /EC
take paft in the work.

| committee may propose the publication of a Technical Report of one of the followifig-types:

e 1, when the required support cannot be obtained for the publication of an Intefnational Standard, de

e 2, when the subject is still under technical development or where for-any other reason there is the f
ot immediate possibility of an agreement on an International Standard;

transformed into International Standards. Technical“Reports of type 3 do not necessarily have

Information technology, Subcommittee SC)22, Programming languages, their environments and s)
interfaces.

mutual
also

n task of technical committees is to prepare International Standards, but in exceptiénal circumstanges a

spite

uture

shed

they
o be

TR 11017, which is a Technical Report of-type 3, was prepared by Joint Technical Committee ISQ/IEC

stem

Vi
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Introduction

Background

ISO/IEC JTC 1 created SC 22/WG 20 with a specific task to address internationalization in programming da
and gpplications. The development of a Technical Report for a framework for internationalization of(progr
langupges and applications was selected as the first project of the working group. The update.of 1SO
10176:1991 "Information technology — Guidelines for the preparation of programming language ‘standard
added to the projects of the WG 20 to ensure that the other working groups in the SC 22 profit from WG 2
by in¢luding the services described in the framework document, into the development and'update of progr
langupge standards.

After purveying the various requirements, ISO/IEC JTC 1 SC 22 defined a set of senvices that might be proj

appligations.

The revision of ISO/IEC TR 10176, introduces the services definedinthis Technical Report into the develog
progremming language standards. The recommendations in the guide will enable programming languages
with fhe issues of internationalization and to create programs'that can run in culturally different envirg
withopit changes to the program code.

Whilg preparing this Technical Report, it became obvious that the culturally correct ordering (sorting) of dg
essential part of most commercial processing. This is particularly difficult when the underlying characte
capable of representing all of today's written languages. SC 22 therefore proposed, and was assig
additipnal work item to develop a standard for\!information technology — International String Ordering —
for Comparing Character Strings and Description of Default Tailorable Ordering”, ISO/IEC 14651.

“The specification of cultural conventions’in language independent form" is another work item assigned to
Programming language specific specifications for such repositories exist in ISO/IEC 9945-2 and in publicly ¢

guages
Aamming
IEC TR
s", was
D's work
amming

vided in
d in this
hey are
ures in

ment of
to deal
nments

ta is an
r set is
ned, an
Method

SC 22.
vailable

specifications from various consortia. It is a requirement that output from this work (ISO/IEC 14652) must be

compgtible with the work already done by ISO/IEC JTC 1 SC 22/WG 15 (POSIX working group) in this
workihg draft exists for this. Technical Report.

This|Technical Report

The rple ofiinformation technology in daily life is rapidly growing, and its prevalence now approaches that
infrastructures such as water or power supplies, public communications links and road or public transg

ield. A

bf social
ortation

systems To ensure the future success of this h:r\hnnlngy7 all communication between systems and usen

of the

systems must be in the natural language of the user in the user's script, and must fit the natural behaviour of the

user.

Traditionally, the process of the adaptation to a user culture has been called the internationalization (or localization,

or customization in an intermixed way) of information technology.

Historically, the internationalization of information technology has been provided on a demand/requirement basis,
and thus solutions have been based on the "best available technology" approach. As a result, the solutions to
internationalization for different systems do not necessarily share any common directions or goals. In many cases,

different technology solutions have different goals altogether.

vii
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This Technical Report is intended to present an organised overview of, and relationship between, the various
requirements, approaches and solutions to the internationalization of information technology systems. In addition,
this Technical Report recommends services for internationalization of software.

This Technical Report refers to the ISO/IEC JTC 1 TSG-1 final report as a base document (see Annex A).

The purpose of the ISO/IEC JTC 1 internationalization activity is to establish the goals and directions for its
production of applications adapted for use in the international environment which can be customised to local cultural
conventions, and then to produce the necessary standards. The common internationalization standards will benefit
a number of parties in the information technology field: '

— usgrs will have a much greater chance of having applications which are compliant with their local cfltural
conventions, and will also be able to experience a much greater commonality between the handlingZof clltural
conventions in different applications.

— application developers will be relieved from specifying a number of internationalization parameters, which can
simply be taken from ISO/IEC member bodies specifications.

— prdcurers can specify cultural convention sets and obtain well-defined uniform behaviour across hardwarg and
software platforms.

— ISQ/IEC member bodies can produce specifications for their national cultural’ conventions, which then can be
applied uniformly across application platforms.

— ISQ/IEC JTC 1 working groups can produce bindings to ISO/IEC JTC 1 standards that use the specificatipns of
culfural conventions from ISO/IEC JTC 1 member bodies, <and thus reuse internationalization datg and
specifications without further work.

As the [nternationalization activity involves many parties, it istplanned to have a staged approach to producing the
relevanf standards. First a framework document will be produced (this document); then the "Guidelines for the
prepardtion of programming language standards" will:be revised with respect to internationalization (a rgvised
ISO/IEG TR 10176); and finally the various internationalization standards will be produced.

This Teghnical Report is structured as follows:
Clause[1 describes the scope of this Technical Report, clause 2 lists the documents referenced, and clalise 3

defines| the key terminology (Only those items necessary for the understanding of this Technical Repolt are
referenged in clause 2 and clause 3).

Clause |4 presents many different categories of internationalization, all of which are useful in internationplized
information systems.

Clause |5 recommends thie INTERNATIONALIZATION/LOCALIZATION model as a comprehensive solution to
accomrodate the different types of internationalization described in clause 4.

Clause |6 itemises’the major conventions which differ between cultures, also emphasizing that number of [these
conventions are open ended.

Cla se Z Arancantc tha hacis oAl £, 104 ' H | 4 PN | o 4 of H [ L]
u —PTeSEMoTEoaSiIC— Moo tmermanonanZzed—SyStemsS—ang—recommenasS—a—Setor—Sservices—wnicn are

necessary to support the major cultural differences (described in clause 6) based on the model.

Annexes provide supporting information to the main text.

viii
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Information technology — Framework for internationalization

1 Skope

This [Technical Report presents the framework and
reconmended model for internationalization and
identlfies the services required for the international-
izatign of information technology.

This [Fechnical Report:

— (iscusses the requirements of internationalized
bystems and their users,

— sguggests a concerted,
nternationalization,

unified approach to

— Lecommends services to fulfil the requirements,
nd lists the standards related to the services.

This [Technical Report is intended to be a reference for
futur¢ standards on the internationalization of
inforxnation technology, to act as a communication
vehidle between those who provide standards-and
those¢ who request them, and also to function) as a
basid for all future ISO/IEC JTC 1/SC 22/WG 20
activities.

NOTE 1 This Technical Report does not propose any
specific solutions for internationalization. Future standards
are pxpected to provide the soldtions, reflecting the
directions in this Technical Report.

NOTE 2 Internationalization services consist  of
interrjationally generic_‘services and nationally specific
information (data). Thig Technical Report covers only the
interrfationally generic portion of software, so it does not
discups:

— preparation of internationalized information technology
ystems for localization by a local user.

3 Definitions

For the purposes of this Technical “Repprt, the
following definitions apply.

3.1 application platform:
A set of resources on which-an application will{run.

3.2 application program interface (API):
The interface betwéen the application software and
the application platform, across which all sendices are
provided.

3.3 byte:
A bit string that is operated as a unit.

3.4 character repertoire:
A~ specific set of characters that are represented in a
coded character set.

3.5 coded character set:
A set of unambiguous rules that establjshes a
character set and the relationship between the
characters of the set and their coded represenfation.

3.6 cultural convention:
A convention of an information system which is
functionally equivalent between cultures, but may
differ in presentation, operational behaviour of degree
of importance.

3.7 cultural convention set:
A set of cultural conventions for which | support
services are defined to be ideally located wjthin the
application platform. (Services are normally available
through Application Program Interfaces [APIs]

— hardware-related issues or requirements.

— requirements related to system ergonomics.

NOTE 3 The internationalization solutions and services
available in the mid-late 1980s are the technical basis for
this Technical Report.

2 References

See annex A.

3.8 INTERNATIONALIZATIONT{ITSN)—

A process of producing an application platform or
application which is easily capable of being localized
for (almost) any cultural environment. (Note, therefore,
that an INTERNATIONALIZED information system
does not have a dependency on any specific culture
unless it is LOCALIZED to that selected culture.)

3.9 LOCALIZATION (L10N):
A process of adapting an INTERNATIONALIZED
application platform or application to a specific cultural
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environment. In LOCALIZATION, the same semantics
are preserved while the syntax may be changed
(Refer to clause 5).

3.10 octet:
An ordered sequence of eight bits considered as a
unit.

3.11 ordering:
An operatior—by W
e two character strings) are assigned a context
erministic order.

3.12 skript:
A set off graphic characters used for the written form of
one or more languages.

4 Categories of user culture for
internationalization

Internatfonalization is the adaptation of a user-
interface to a user culture. However, it is a fact that
there are many different views on user culture. Each
user cylture may define its own requirements for
internatipnalization which are different from each
other. [This clause gives an overview of those user
culture fifferences which are needed to understand
the requirements for internationalization.

4.1 User interfaces

Applicatjons must be user-friendly. A user interface
containing familiar terms is of paramount importance
to user-friendliness.

The user interface needs to ensuré meaningful input
and outgut for the user. Messagés and representation
of cultural conventions sucH_as dates and times
should be provided in a langtage and format which is
natural {o the user. Inedfporating these capabilities
into a [system incréases user acceptance and
decreasgs error rate$’in human-machine interactions.

The reqyirement-for this user-friendliness to support a
wide range.Of.Cultures in the world is called the "need
for the intérnationalizati i i

in a general sense.

4.2 Scope of user culture

The scope of user interface applicability varies from
person to person. An application which is to be
implemented in several different countries or cultures
will clearly need to be implemented in such a way that
it can provide suitable output for, and accept suitable
input from, its different users. Even applications
produced for a single country or a single location may

2

© ISO/IEC

still need to accommodate users with different cultural
backgrounds within that environment: for example
Canada, Belgium, European Union Secretariat or
airports.

The requirements for user-friendliness can vary widely
depending on the combinations of cultural adaptation,
languages, scripts etc.

se— 2 bf the
variations. Note that all of the requirements dés¢ribed
in 4.2.1 to 4.2.7 are just one aspect of ‘the qverall
internationalization requirement.

4.2.1 Mono-culture/script/language

This is the most simple case<of user-friendlinesy, and
the most primitive and “basic requirement for
internationalization.

The requirement is.for:

— Users\to be able to read and writd one
lariguage using one script.

— CAll users to have a single clltural
background.

4.2.2 Mono-culture/script/language, including
ISO/IEC 646

A user interface that offers a  mono-
culture/script/language is regarded as normal, and the
basic requirement for user-friendliness. Howeve [, the
history of information technology shows that ISQ/IEC
646-IRV, a national version, or a similar charactef set,
is also necessary in most cases in addition t¢ the
basic native script. In practice, therefore, the cbded
character set which supports the native script of the
user might be expected to include the repertoire qf the
ISO/IEC 646-IRV coded character set, if it doe$ not
already include it.

The requirement is for:

— Users to be able to read and write|one
language using their own native script, which

may __includ he ba atin _alphabgt of
ISO/IEC 646.
— All users to have a single cultural view.

— Some (or most) system-level user interfaces
and programming languages to use a
‘computer language” written in a "computer
repertoire" based on the Latin alphabet
(ISO/IEC 646).

This is the basic requirement, and the most widely
accepted user interface applicability of international-
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ization. This is often called a bi-lingual system, but in
reality, it is a system with dual coded character sets.

4.2.3 Mono-culture/language, Multi-script

The extension of the mono-culture/script/language
requirement, including ISO/IEC 646, to allow additional
scripts is a possible user requirement. In this
Technical Report, this is called a Multi-Script system.
Note that this refers to a single language and culture;

ISO/IEC TR 11017:1998(E)

aims to maximize the scope of user interfaces and the
acceptance of international standards. Simulta-
neously, the number of necessary interfaces
decreases, and conventional ambiguities, such as
date format, disappear. (For example, a date format of
01-02-03 means February 3, 2001, January 2, 2003,
or February 1, 2003 depending on cultural con-
ventions. For Global Uniformity, one standard format
would be chosen, thus eliminating ambiguity.)

document for Korean user in Korean language and

embe"Ided French or Spanish text in a Korean
culture might be an example of this type of application.

4.2.4 |Mono-culture, Multi-script/language

The gxtension of the mono-culture/language, multi-
script [requirement to multiple languages is a natural
extengion to the above.

Some| countries or regions share almost similar
cultural requirements with an acceptable degree of
compromise, even if the languages and scripts are
different.  Sometimes unification of these cultural
aspecys will satisfy the user needs for this type of
internationalization requirement. Some of the pan-
Europpan systems which support "Western culture”
and s¢veral European language might be a sample of
this type of multi-lingual system.

There| are two types of multi-lingual/script monos
culturg systems. One is the sequential and the othef
is the [concurrent type. (see 4.2.5.1 and 4.2.5.2for a
description of these two types in the multi-cultural
case.)

4.2.5 |Multi-culture/script/language

Finally, multiple solutions for each’ components may
be required. In this Technical Report this is termed a
multi-lingual system. In pragtice, multi-lingual systems
can bg classified into twg-groups:

4.2.5.1 Sequentialmulti-lingual

A sequential.multi-lingual system is able to service
severgl kinds~of users, but only one kind of user at a
time.

4.2.5.2 Concurrent multi-lingual

A concurrent multi-lingual system is able to service
several kinds of users as if the services are provided
simultaneously from the human user's point of view.

4.2.6 Global Uniformity

Global Uniformity aims to minimize the information
ambiguity due to the culturally dependent muitiple
solutions for the same items of information. It also

NOTE 4 Historically, ISO and IEC have pursyed this
Global Uniformity strategy with respectOyto| other
technologies. In the field of information’)technology,
however, multiple views of internationalizatiqn and
international standards are also necessary!

4.2.7 Cross-Cultural Friendliness

Like Global Uniformity, “Cross-Cultural Friendliness
aims to maximize user interface applicability and user-
friendliness. In this context, “friendliness" dendtes the
ease with which)" unfamiliar culturally-degendent
information can be understood by persons who [are not
familiar with this culture. This is accomplished {hrough
strategic adaptation of cultural conventions within one
cultureswhich appear familiar to new users. |As the
populdrity of information technology increasgs, the
frequency of confrontations with unfamiliaf data
increases, thus justifying the need for Cross-Cultural
Friendliness.

Cross-Cultural Friendliness supports users who are
unfamiliar with the culture by widening the |overall
applicability of cultural conventions. For example,
Spanish dictionaries order CH after CZ, | which
contrasts with the collation sequence of most ¢f other
Latin script based languages. Users unfamiliar with
the Spanish alphabet might assume an| order
consistent with the system already known from other
languages; users familiar with the Spanish alphabet
would not, however, feel comfortable with the ofdering
system provided for users who are unfamiliar with
Spanish (CH after CG, before Cl). Another example of
this kind of situation occurs in Denmark, wherg AA is
ordered as one single letter at the end of the alghabet.

Another example of Cross-Cultural Friendliness is the
input method for unfamiliar characters. The CJK
i i ied input

method for users who are not familiar with the CJK
ideographs may not be acceptable to Chinese,
Japanese or Korean natives, but it might be easy to
use for those who are infrequent users of CJK
ideographs.

Cross-Cultural Friendliness is, therefore, one of the
aspects of internationalization considered in this
Technical Report.
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4.2.8 User-Culture Summary

In summary, a "friendly" system could mean one of the
following:

— a system which supports one of many
different cultures (that is, "friendly" to one
culture);

— a system which supports one of many

© ISO/IEC

convert the information into the appropriate form for
the recipient. This is the future vision of the
internationalization of information technology.

The issue of the requirement for support services for
this future vision of internationalization is not
addressed in this Technical Report, because the
technology to implement this future vision is not yet
widely and reliably available.

different cultures (that is, "friendly" to one
culture) as well as supporting ISO/IEC 646-
IRV coded character set;

— | a system which supports several scripts
simultaneously within one culture and one
prime language;

— |a system which supports multi-script/
language sequentially in one culture;

— |a system which supports multi-script/
language concurrently in one culture;

— | a system which supports multi-culture/script/
language sequentially;

— | a system which supports multi-culture/script/
language concurrently;

— | a system which supports Global Uniformity;

— | a system which supports Cross-Cultural
Friendliness;

4.3 A Future Vision

The nedds of internationalization expressed in 4.2.1 to
4.2.7 afe necessitated by current-information tech-
nology. | Inter-personal commuynication via information
technoldgy has traditionally been confined to text and
keyboard applications within machines in a single
culture. The requirements and standards for
internatipnalization agé highly volatile. Communication
media afe broadening to include multi-media data, and
informatjon technology is growing toward an age of
general [ machine-facilitated communication between
humans|frém diverse backgrounds.

5 INTERNATIONALIZATION and
LOCALIZATION

The requirement for the integration“ef script, natural
language and local practice intg information systems is
additional to basic system“{requirements.  [Such
integration is a user requirement and is thup an
"fundamental requirement"; because it constitufes a
basic constraint which\the system must satisfy. |f the
system meets all-fundamental requirements and is
sufficiently user-friendly, the methodology which
ensures this "ftiendliness” is not a primary concefn for
its users.

However, this methodology does concern suppliers
whose goal is to meet user requirements efficlently
and economically. INTERNATIONALIZATION facili-
tates the provision of similar applications to different
cultures with maximum economic gain, efficiency and
quality.  Although numerous approaches exigt for
providing local adaptation solutions, each faces similar
initial problems and cultural differences.

This clause presents an INTERNATIONALIZATION/
LOCALIZATION approach as the recommended
methodology of this Technical Report.

5.1 Local adaptation

Providing "User friendliness" to the end user is part of
the adaptation of an information system to local n¢eds.
There are very many varieties of "locals" and many
varieties of "friendliness", as described in 4.2[1 to
4.2.7 and it is possible to respond to any of localization
requirement by optimising the technology to suit that
specific requirement. However, meeting the require-

The required technology components for message
passing between cultures must first be present at both
ends of a communication link. The people
communicating must also have knowledge about the
conversation topic, and must also have an adequate
understanding of all the cultures involved in the
discussion. Only then can the true inter-cultural
communication take place directly through the
machine. Each user can interact with the machine in a
different natural language, and the machine will

ments of all combinations individually is impractical in
terms of resources. There is a need for a basic
universal solution to meet the fundamental needs of all
cases, such that the total resources required for the
local adaptation of information technologies to specific
local needs may be minimised.

NOTE 5 The end user should see no difference between
the results of specific local adaptations and the results of
applying a uniform and universal methodology. What end
users are looking for is simply friendliness and familiarity to
them.
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5.2 Current local adaptation approach

Many system developers incorporate into an
application the hard-coding necessary to support one
cultural environment. That application then requires
substantial rewriting to support other cultural
environments. Thus, programs with identical functions
are developed repeatedly. Not only does this waste
design and programming effort, but it creates the
following problems:

ISO/IEC TR 11017:1998(E)

with a variety of cultural backgrounds. Services are
required which insulate the application platform and/or
the application from a variety of cultural differences
that are not relevant to its functionality.

A system which provides this service is referred to as
an INTERNATIONALIZED system in this Technical
Report.

5.3.1 INTERNATIONALIZATION

— Application development is expensive because
gode is rewritten for different cultures;

High cost inhibits many applications from being
developed for multiple environments, which
gutomatically limits the potential market of those
dpplications;

Justification of the cost of the local adaptation for
rhinorities is very difficult. Sometimes, this fact
ynfairly penalises the requirement of small
rharkets;

The rewriting of code results in staggered
harketplace introductions of an application. This
may cause serious problems with some
gpplications, such system software distributed in
orld-wide networks;

— The possibility of application inconsistencies ¢n
ifferent cultures arises even though the extenal
functional interfaces may be identicalx O This
reates problems in world-wide networks and
leads to updating/maintenance -complications
uch as inconsistent next-generation system
dpgrading.

— Qwnership of rewritten (applications becomes
ynclear, so mainfepance and  support
responsibilities become lost.

For these reasons,-alteérnative systematic approaches
are required to make application development more
efficignt and consistent.

5.3 The
INTERNATIONALIZATION/LOCALIZATION

An INTERNATIONALIZED system has)ya| distinct
function, but its code contains predetermined dlots into
which cultural information will be loaded. This cultural
information relates to the cultural “conventigns and
messages in the natural language(s) and script of the
user of the system, and allows the {iser to
communicate with the system in familiar termg and in
familiar forms. Ideally, information from any| culture
can be fitted into‘‘any system framework, thus
changing the system user interface but maintaiping the
functionalities, ©fythe system unchanged. |n other
words, the system is free of any culturally dependent
items.

INTERNATIONALIZATION is the process of cgnstruct-
ingyosuch a system framework. Once the |INTER-
NATIONALIZED system is associated with a|specific
cultural information and system platform (a cpmputer
or an operating system), the entire system is called a
LOCALIZED system. Such an approach can satisfy
the needs of users from different cultures | without
requiring modifications to system functibns or
application software.

5.3.2 LOCALIZATION

LOCALIZATION is the adaptation of |[INTER-
NATIONALIZED systems to the specific cultural needs
of users. This occurs when cultural information is
fitted into the predetermined slots in the system
framework. Thus, the cultural data is the only
component of an INTERNATIONALIZED system that
changes, and this change occurs only to buit the
culture of the user. The functions and basic cpding of
the system always remain same.

LOCALIZATION data may be provided not pnly for

approach

INTERNATIONALIZATION/LOCALIZATION simplifies
the development of systems for different cultural
environments and substantially reduces the necessary
production efforts. It also facilitate the uniform addition
of cultural features to all applications.

INTERNATIONALIZATION is intended to permit the
design and implementation of an application platform
and/or an application which can accommodate users

specific single cultures, but also for multiple cultures.
In fact, all culture combinations described in 4.2.1 to
4.2.7 may be loaded into an INTERNATIONALIZED
system as part of the LOCALIZATION process. Even
Global Uniformity and Cross-Cultural Friendliness are
only examples of single cultural data sets for
LOCALIZATION.

NOTE6 It is not necessary to start the process of
internationalization from the U.S. culture. Once an
INTERNATIONALIZED system is in place, it can be
LOCALIZED to the U.S. culture.
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5.3.3 Summary

In summary, INTERNATIONALIZATION is "super-
localizability" which ensures lower cost, higher quality,
and faster delivery of LOCALIZED applications. All
INTERNATIONALIZED applications must still be
subsequently LOCALIZED, but the LOCALIZATION
process is cost and time effective.

© ISO/IEC

The pictures in FIGURE 1 symbolise the INTER-
NATIONALIZATION/LOCALIZATION approach. Once
space for any language is provided, the girl can speak
any language in any script — even a Global Uniformity
solution is possible.

On the other hand, it is very difficult to carry out local
adaptation when the message is hard-coded, as in
FIGURE 2, without some or even significant
degradation. Local adaptation from one culture to

another is impossible in practice.

Figure

%

pubaK

1) hard coded message (low localizability) (Messages in Japanese
characters are part of the picture.)

Figure 2 — Hard-coded localization
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Wish to have a reply soon

it

Figyure 4 — Examples of a LOCALIZED Korean system

W aER

Figure 5 — Examples of a LOCALIZED Japanese system
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FIGURE 6 shows a sample of cultural conventions. FIGURE 7 is a LOCALIZED example which is
Without adapting the cultural conventions to the target achieved by Global Uniformity. The question mark
culture, the true user friendliness of the solution is lost and light-bulb in the message space do not require
to some degree. translation to any culture (see 4.2.6).

Mooagee
.

o

:

2) The address format of mail and the "Post" mark on mailboxes are<sulture
dependent.

Figure 6 — Cultural conventions to be localized

3) The meaning of a question mark is understood in almost all cultures.

Figure 7 — Global Uniformity
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5.4 Environments for internationalization

The requirements for "user friendliness" in different
cultures are often facilitated by the introduction of new

ISO/IEC TR 11017:1998(E)

technologies, and new technologies encourage further
requirements for user friendliness. TABLE 1 contrasts
the traditional common practice with the needs of
international environments for information technology.

Table 1 — Environments for internationalization

Common Practice

(ad

International environmer

coded character set

specific to each application
platform (mostly ISO/IEC 646-IRV)

any coded character set

character repertoire

tightly linked with character code

code independent

one character

one byte

one or more bytes

one byte

7 or 8 bits

8 bits or more

Q.

isplay width of a character

one column on a character cell
display

fixed width

variable numbers of columns pn a

character cell display

variable width

character count

=byte count, =display‘width

not always equal to byte count,

not always equal to display wjidth

maximum number of a character

128 or 256’in most cases

unknown

printable character

ISO/IEC 646-IRV

no assumption can be made

collating sequence

ISO/IEC 646-IRV, per code

no assumption can be made

sequence
input from keyboard direct specially designed device, or indirectly
using(interactive) interpreting methods
message in English in any language

writing difection

left to right and top to bottom

might vary, even within one exefution

environment

coded character set of program
source code

same as execution coded
character set

an execution coded character sef might
be different from the coded chatacter

setof nroaram caovirca. r\nr{e
oprogtrat oSO

coded character set of file

coded character set of program

not always the same as coded character

set of program
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5.5 Relationship between INTERNATIONAL-
IZATION and Application Portability

In principle, the environment of an application consists
of a human user and the application platform. Usually,
Application Portability indicates the ability of an
application to run on different platforms without
change to the program source code. To accomplish
this, the Application Programming Interface (API) must

© ISO/IEC

has been achieved by modifying systems at user sites.
This provision of further cultural APIs for customer
support is called Customization.

INTERNATIONALIZATION and LOCALIZATION are
distinct from Customization even though they may
share some features. Any system has first to be
INTERNATIONALIZED in order to be adaptable to the
different cultures and geographical requirements.

a ~H =i £ ES N Y YN claff +
be Star AATUILTU LAY4] \./UIII’JC!.UUIII\y VVILTT UTTCTorit

applicatipn platforms.

INTERNATIONALIZATION, on the other hand,
effectively allows an application to be run for any user.
Howevef, only the user interface is modified for
compatilyility with different users, and the application
platform| (or the family of application platforms)
remains| same. In  principle  therefore,
INTERNATIONALIZATION does not require the
considerption of Application Portability across different
applicatipn platforms.

In practi¢e, Application Portability and INTERNATION-
ALIZATIDN may share some support functionality;
thus, INTERNATIONALIZATION can be done while
maintainjng Application Portability, however, as
describefl above, this is not a necessary condition.

Most applications only communicate with users
through |application platforms. So, applications are
only useful when paired with platforms.  Thus;
applicatipn and platform should be INTERNATION-
ALIZED [as paired set. This is another reason why
INTERNATIONALIZATION should not be cersidered
as being similar to Application Portabilify ybetween
applicatipn platforms.

5.6 What is culture? (Relationship to
functiopality for Customization)

There arg many other custemer requirements that can
be cateqorised as cultdral”requirements. However,
those fupctional requitements that do not stem from
cultures,[geographiedlly and socially speaking, are not
considergd in detall’in this Technical Report. In other
words, this¢ Technical Report addresses generic
cultural [requirements that are common among

Normally, after INTERNATIONALIZATION, LOCALIZ-
ATION is first carried out for each culture to implefent
the generic cultural conventions spegcified for| this
culture, and then Customization takes_place ag the
final step to cater for non-generic gultural needs|that
are relevant to a specific industry,\profession or |ocal
area.

The LOCALIZATION and.Customization procekses
need not always be in'this sequence. For example,
world-wide organizations need to Customize [their
information systems-for their own operational cultdires,
and the Customized systems must be LOCALIZED to
suit each local culture and location in which they are
deployedy  If the three layers mentioned were tp be
implemented simultaneously, considerable confysion
wouldyresult for the support and maintenance of the
systems. To avoid this, each layer of the adaptation
work needs to be isolated as cleanly as possible.

In conclusion, INTERNATIONALIZATION/LOCALIZ-
ATION, Application Portability and Customization |may
look somewhat alike and may share some common
features in the work necessary to achieve them, blit as
a matter of principle they must be considered|and
handled separately.

5.7 What is the cultural data to be loaded?

Clause 4.2.8 discusses the nine different kinds of juser
friendliness which are recognised as providing some
measure of internationalization. However, only|one
approach, the INTERNATIONALIZATION/LOCALIZ-
ATION model, is recommended in this Techpical
Report.

This means that to support all aspects of [user

applicatiors—as-wettas ptatforms(ctause 6.3 provides
an initial list of those requirements).

There are a number of cultures for which functionality
is not discussed in this Technical Report; for example,
all organizations have their own habits, customs and
methods, which are known collectively as
organizational culture. Similarly, each profession has
its own terminology and methods, which are seen as a
culture of the specific profession. Traditionally, the
adaptation of systems to cultures (or sub-cultures)
such as organizational and/or professional cultures

10

friendtiness;—one——cutturatty—independent—sotution is
recommended, and all differences should be catered
for by the data loaded into the INTERNATIONALIZED
system. There may be a need to "load" single culture
data into the INTERNATIONALIZED system to
achieve a mono-lingual system solution, or to
accommodate multiple culture data for multi-lingual
environments.

The data load is, in principle, totally user-defined,
given the international application. The data can vary
across language, country, organizational and
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professional culture, application or other user
preferences.

Qccasionally, different cultures may exist within the
same geographic location.  For instance, some
countries use two different scripts, along with
associated cultural conventions, to represent their
natural language; for example, Cyrillic and Arabic
script may both be used to represent some Iranian

be fdressed by applying different cultural data to the
m

sa INTERNATIONALIZED system, perhaps
simyltaneously.

A Qlobal Uniformity solution envisages the use of
spegial data, having an agreed uniform meaning
world-wide, within the INTERNATIONALIZED system.
Glohal Uniformity can, therefore, be specified as a
locajization for the Global culture of an
integnationalized system.

5.8 | Localization Data must be loaded in a
flexible manner, allowing future growth and
proyiding for competitive innovation

Extgnsion of the principle of INTERNATIONALIZ-
N/LOCALIZATION opens the door to the

een new easy-to-use Japanese input methods,
using the same ‘interface to the system, users of
information-systems have benefited greatly from the
avalflability”of a standard interface and from the on-
goingciree competition between input methods. It
follows—that—rigid—optimisation—of—the t of—the
"vacancy" for Global Uniformity and/or Cross Cultural
Friendliness data should be avoided.

6 Cultural differences

The requirement for user-friendliness has four key
components:

ISO/IEC TR 11017:1998(E)

— Communication with the system should be in the
user's language.

— The user's language should be written using the
user's familiar script.

— The data written in the user's script should be
processed in a manner which is "culturally
correct" for that user.

and M&W—S&Hﬁm_
issug for INTERNATIONALIZED systems, but should — Other behaviour of the system shouldalso be in

accordance with the user's culture.

The requirements for each of the_componepts listed
above differ from culture to,culture. This clause
describes the differences, \itemising the| various
specific requirements ,©f- cultures (fundamental
requirements), but not discussing the methodologies
necessary to provide 'solutions for these requirements
within a real system+énvironment. Example$ of such
solutions are discussed in clause 7 of this Technical
Report.

It shodld "be noticed that a direct ome-to-one
relationship between a requirement (listed in this
clause) and a specific solution for the regpirement,
samples in clause 7, is not necessary. | Rather,
fundamental requirements dictate the need for
additional functionality (secondary requirements) to
accommodate the fundamental requirements within
the system. For example, a cultural environmental
switching mechanism is not a user requirement, but it
is a secondary requirement and may be ome of the
mechanisms necessary in order to fulfii the
fundamental requirements.

6.1 Requirements for Cultural Dependencies

It is necessary to adapt systems to handle¢ culture-
dependent representations and functionality.| In prac-
tice, the four requirements (Cultural dependencies)
described in clause 6 can be divided |into two
categories: the first relates to the scripts rgquired to
present natural language; the second relates to
culture-dependent items such as cultural corventions.
Subclause 6.2 of this Technical Report is cpncerned
with scripts, whilst culture-dependent items are

Note that the installation of locally specific require-
ments (described in 6.2 to 6.4) onto an INTER-
NATIONALIZED system ensures the desired
behaviour of the localized system. An INTER-
NATIONALIZED system should, therefore, be cul-
turally neutral for those items described in 6.2 to 6.4.

NOTE7 This is only a list of the differences or
requirements; it is not always necessary to support all
these items by means of Internationalization. To try to
accommodate all (or any) requirements to make systems

11
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universally friendly to all (or any) users inevitably leads to
diversification, which is somewhat contradictory to the
standardization that both ISO and IEC are aiming to
achieve.

6.2 Script (from the process viewpoint)

At the present time, more than 3000 languages are
spoken throughout the world. Just over a hundred or
so of these languages are actually written. About one
half of thew

Latin scrpt whilst the other half use various different
scripts. | There are many published methods of
expressing these scripts from linguistic points of view.

Present-flay computer systems need adaptation to
accommpdate the scripts discussed below for data
entry, |processing and information display.
Internatipnalized systems must be capable of
supporting all operations in many languages. For this
purpose, the script may be seen from the processing
viewpoint.

In additign to the linguistic classification, scripts in the
be categorized into three writing schemes
processing viewpoint, namely alphabetic

including diacritical elements), syllabic and

gorization may vary by the coding"method of
a coded|character set even for the same, script, and
one scrigt does not necessarily always-belong to one
category| For example, Korean Hangul is categorized
as syllablic in most cases, due to the fact that Hangul
is undergtood as being compesed by using Hangul
Jamo, th|s is the linguistic yiew. If the coded character
set inclugles only Jamo and-the combination method of
Jamo is|required, then-it is undoubtedly a syllabic
script. @n the other(hand, if the coded character set
includes [all possible’ combinations of Jamo (like KS C
5700), then there is no need to categorize Hangul as
syllabic [from* the processmg vrewpomt and it is

set lncludes only frequently used Hangul (like KS C
5601), then the Hangul can be categorized as an
ideographic script due to the open-ended nature of the
coded character set (again only from processing view
point). Classification is clearly, therefore, dependent
upon the coding method used.

These different characteristics significantly increase
the difficulty of building one INTERNATIONALIZED
system that can run applications in any script, and it is
obvious that the complexity of an internationalized

12
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system is highly dependent on coded character sets.
For simplicity of data processing, therefore, it is highly
recommended that the coded character set should be
as close as possible to the alphabetic script (even if
the linguistic meaning of the writing system is
different).

Furthermore, the new multi-lingual and multi-script
cultures of the world indicate that specific scnpts are
= ed with
given linguistic fammes Therefore defmmg a culture
and a specific language no longer automatically imply
one script.

6.2.1 Alphabetic scripts

An alphabetic script is a¢jscript with (almost)
independent symbols which fiave no specific megning
attached to each symbol, (vowels and consonantd). It
requires a string ofi{such symbols (alphabetic
characters) to represént meanings. In most cfses
each character représents a pronunciation sound} but
this is not always.true.

About one-half of the world's population uses some
version“of the Latin script, which is an alphapetic
scriptsiIn addition, Cyrillic, Greek, Arabic, Hebrew| and
Japanese Katakana/Hiragana are examples of pon-
Latin alphabetic scripts from a purely procegsing
viewpoint.

AQ T A I
Hry I O 5

Figure 8 — Examples of Alphabetic charactefs

Normally, each coded symbol does not have|any
prlonty of importance Vowels and consonants

ve—eqtatmportance ipts,
and vowels are distributed throughout the alphabets.
One of the important features of alphabetic scripts is
that the number of characters in each script is
relatively stable. This helps the open-ended number
possibility of combining characters of the alphabet as
required. Most alphabetic scripts also possess both
uppercase (such as CAPITAL) and lowercase (such
as small) forms of each letter.

In addition, some alphabetic scripts contain diacritical
marks or ligatures. Support of such scripts may
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require great complexity in the technology. However,
to facilitate the development of information technology,
linguistic categorisations need to become more
sensitive to both the limitation and the strengths of the
supporting technology of the diacritical marks and/or
ligatures. Even so, in the case of alphabetic scripts,
the independent coded symbols are a base unit for
processing.

ISO/IEC TR 11017:1998(E)

and has meaning associated to the individual
character.

EIF-b BRtS

In syllabic scripts, vowels are represented either as
single characters or as components of characters. If
vowgls appear above, below, within or beside their
assgciated consonants, the characters maintain
indiyidual integrity. Alternatively, vowels and
congonants may combine to form single characters,
diffefent from either the constituent vowel or
congonant. Most South-East Asian scripts contain
independent vowels, and Korean Hangul contains
vowgl consonant character combinations.

In spme of these scripts however, vowels are never
congidered to be separate characters, which illustrates
the |different definitions of “character" in different
cultres. Thus, the processing unit can be either
syligbic (different from script to script) or individual
vowgls and consonants. The number of character
components in syllabic scripts is relatively small and
stable; on the other hand the number of syllables is far
larger, but also stable (not fully open ended).

=
() &

Figure 9 — Examples. of Syllabic characters

6.2.8 Ideographic Scripts

Ideqgraphic cRaracters, such as Chinese Han
chafacters, ‘symbolise a concept and a sound, or
several  sounds. Moreover, from the process
viewpoeint, ' ideographic scripts have an open-ended
nature-in terms of the number of characters within one

Figure 10 — Examples of Ideographic ch*racters

6.2.4 Script and culture

A specific script is not uniquely, associated with a
linguistic family. For example; Persian is [an Indo-
European language, written with Arabic characters
which were designed for'a Semitic language.

6.3 Culture-dependent items and |cultural
differences

This subclause lists many culture-dependgnt items
(features) ~that occur in the processing and
presentation of information, and gives examples of
some of the different conventions that apply to each
feature. The correct handling of each [of these
conventions can be considered as a requirgment for
internationalized information processing systgms.

The acceptability of various methods of handling these
cultural differences is dependent on the locgl culture.
For example, tolerance of inconvenient megthods of
character input varies with the frequency of the
inconvenient characters, with the result that U.S. users
may accept the inconvenience of multiple kely strokes
to enter accented characters more readily thgn French
users, because of the low frequency of agcents in
English text.

Furthermore, the degree of requirement for some
culture-dependent features may be different from one
culture to another. For example, the requirement for
box-ruling (keisen) in text is very high in Japgn, but is
relatively low in the U.S. This Technicgl Report
includes such culture-dependent features.

6.3.1 Character encoding and handling

script; moreover, the large number requires a new
encoding scheme that invites new processing as a
reality.

Apart from their open-ended nature, ideographic
scripts are not much different from alphabetic scripts,
although the characters look complex in shape and
large in number.

Alphabetic and syllabic scripts are all phonetic, with no
specific meaning attached to the individual character,
while ideographic scripts are normally non-phonetic

Coded character sets are used for application data,
and also for literal, source code, search functions, and
identifiers in programming languages etc., and vary
according to language and culture. These variations
occur in the choice of the characters themselves (for
example, national characters), the size (number of
bits) of the encoded form of a character (for example,
multi-octet coding), and the allocation of characters
within the code-table. For example, in different coded
character sets the same character may be allocated to
different code-table positions corresponding to code

13
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elements of the same or different size. Therefore, the
character range should not be hard coded.

6.3.2 Writing direction

The direction of writing is dependent on language and
culture (e.g. from left-to right, right-to-left, top-to-
bottom, etc.). Furthermore, some languages such as
Hebrew or Arabic are written from right to left while
numbers within the text of these languages are written

© ISO/IEC

6.3.6 Expression of numbers as words

When numbers are expressed as words for the
purpose of explanation, numbers with identical
numeric format may have different word
representations within a language. For example:

— 10 can be written as "ten",

— 1200 can be written as "one thousand two

from left-tp-right.

Differencgs in writing direction can also affect the use
of mirrored characters, such as parentheses. In
Arabic ah "open parenthesis" character is a right
parenthegis, but in English an "open parenthesis"
character|is a left parenthesis. Thus, for parentheses,
the terms| "open" and "close" are more appropriate for
an internationalized system than the terms "right" and
"left" (segl Annex C).

6.3.3 Character ordering sequence

When cparacter strings are listed in so-called
"alphabetjc order", or some other conventional order
that is familiar to users, the order of the strings
depends jon the language. For example the German
sharp-S i regarded as SS, and Spanish CH appears
after CZ.

6.3.4 Myltiple forms of characters

Some cofled character sets include multiple forms(of
individuallcharacters, and mapping charts are required
to relate the different forms of a character,-\In-"some
cultures, however, this is unnecessary because each
characten has only one form. Some examples of such
relationships are:

— Normalized-Character{

— Uppercase/Lowerease,

— Free-Standing/Initial-Form/Medial-
Form/Final-Form,

— Bubscftipt/Superscript,

hundred" or as "twelve hundred".

— 10000 is written in Japanese as "man” (sipgle
word) and 100000000 as "oku"® (a simgle
word).

6.3.7 Character classification

The classification of  (€haracters as numegric,
alphabetic, etc. differs by culture. Examples are|the
special characters jm\\the Latin alphabetic coded
character sets, and-fanja and Hangul characterp in
the Korean coded character set might be classified as
separated infuture.

6.3.8 Meéssages and Dialogues

If native languages are used for computer-human
dialogue, the headings, prompts, error messages, jand
warnings will be replaced by equivalent text in|the
local language. The order of words in the lpcal
language may need to be different from the original
order depending on the grammar of the language. |For
example the equivalent of "open file" in spme
languages has the same word order as "file open"”.

The following considerations should, therefore,| be
adhered to for all messages and dialogues, inclufling
commands, key words and user responses:

— Message text must not be dynamigally
constructed

— Messages and dialogues must not be st¢red
in a fixed length location

6.3.9 Text length

— Simplified-Form/Variation-of-Form/
Traditional-Form(CJK), etc.

6.3.5 Hyphenation, Spacing and Punctuation

Languages such as English contain hyphens, spaces,
and abundant punctuation, while others such as
Japanese do not. Thus, hyphenation, spacing, and
punctuation differ according to natural language. In
addition, the rules for using hyphenation, spacing and
punctuation differ according to the language.

14

Equivalent text in_different languages may occupy
different amounts of storage space in information
processing systems.

6.3.10 Spelling

The spelling of some words varies from one culture to
another. For example, Center or Centre, Color or
Colour, are respectively the U.S. and the UK.
spellings of the same words.
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6.3.11 Documentation

Documentation of information processing systems and
applications should be provided in the user's natural
language. Also, the format of a document such as
indentation is cultural dependent.

6.3.12 Layout of text on a page

The rules for the Inynm of text on a page are culture-

ISO/IEC TR 11017:1998(E)

6.3.16 Icons and Symbols

Icons and standard recognisable symbols are different
depending on the country and culture. For example,
the icon for a trash can in a user-interface intended for
the U.S. is not recognised to be a trash can by
Japanese users.

6.3.17 Mathematical symbols

dependent. For example the rule that a word at the
end| of a sentence should not be broken for
confinuation on the next line.

Alsq, special page layouts for documents (mainly legal
docyuments) are required in some cultures, such as the
cen{re-folded, double-sided (Fukurotoji) in Japan.

6.3.13 Character (Glyph) size, Line size and Line
sparing

The| size of printed/displayed characters, the line
lendth, and the spacing between lines, differ among
cultrr‘res and scripts (for example, the Han script is
normnally wider than the Latin script).

6.3.14 Font requirements

Thel| preferred style of fonts for rendering of characters
diffgrs among cultures even for the same character.
For| example, Chinese users prefer a more brush-
writlen style to the plainer style that Japanese-users
like] An unfamiliar font style may give readers a
strohg foreign impression, so the choice ‘of-font may
diffgr between localized applications.

For| users in some cultures, the -attributes of a
chafacter, such as an overlinevor underline on a
chafacter or the style of it§ background (mesh for
example), belong to that(individual character (as it's
attriputes). However users in other cultures may see
the [overline, underlife;) or mesh as an attribute of the
worf or section ofytext as a whole, independent of the
individual charaeters. In printed form these views do
not| differ much, however they affect the actions
needed at\lhe user-interface to create the text or
seldct the' font. This difference may depend on the
use| either of a character repertoire having a relatively

Common mathematical symbols/format are)djfferent in
some cultures. For example, a dot above‘and below a
horizontal bar is a division symbol, for.most| cultures,
but it is a subtraction sign in Denmark, while the
position of the minus sign, eduation order| etc. are
different in Arabic.

6.3.18 Paper sizes

The standard sizes-s of paper sheets thgt are in
common use for)‘\printing in offices (in information
processing application) depend on the cultire. For
example, North American standard lette size is
different from ISO standard A4 size.

6.3:19" Data input method

The method of data input differs from one ulture to
another, and not only because of differences in the
layout of character keys on the keyboard. There may
not even be a one-to-one correspondence| between
keystroke and character for some scripts.

Furthermore, in some languages, two [or more
methods are available for entering characters on the
keyboard. For example, on Japanese keybpards the
user can enter the characters in Kana|and the
processor can automatically convert them| to Kaniji
characters. The method in use is selected according
to user preference, and the preferred input| methods
differ from culture to culture.

6.3.20 Voice messages

Some applications require translation of the spoken
component of the message into the user's |language
(but a music component might remain unchav||ged).

small fixed size, or of a large and open ended
character repertoire.

6.3.15 Drawing of boxes in text

The degree of importance of ruled lines (or boxes) in
text is different from one culture to another. In fact,
one of the largest problems of localized foreign word
processors in the Japanese market is their poor
capability for drawing boxes.

6.3.21 Date, Iime and Calendar

The presentation of date, time, and calendar details is
culture-dependent; for example, the sequence of
writing the day, month, and year. Different presen-
tations of this data are commonly used within a single
culture; for example, 09/18/90 and September 18,
1990, or 2:00 p.m. and 14:00. Some countries
express year names using their local Eras, while some
cultures use a lunar calendar.
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6.3.22 Number format

The presentation of numbers is culture-dependent; for
example:

— 99,999.99 in some cultures is equivalent to
99.999,99 in others.

— the digit separator character can be the
comma (,) , period (.) or space()

© ISO/IEC

6.3.27 Postal address format

Presentations of postal addresses vary by country.
For example, the state-town-street sequence in China
and street town-county sequence in the U.K.. The
postal address code uses only numeric characters in
some countries, but includes non-numeric characters
in other countries.

6.3.28 Measurement system

ha Ainit caanara e AnATire At 2
1T Ulygit scparaitvl vLiurs willi

t
in some cultures, and with each 4 digits in
qthers.

— the notation of symbolic shapes.
6.3.23 Number rounding

Rules fof truncating and rounding numbers are
culture-dependent.  For example, they can vary
depending on the sign of the number, negative or
positive.

6.3.24 Currency symbols

Currency [symbols can appear at the beginning of a
numeric string that represents a currency amount (for
example, [$15.23 in the U.S.), or in the middle (for
example, | 15$23 in Portugal) or at the end (for
example, |15,23F in France). The currency signs,
monetary [field size, formatting, etc., are also culture-
dependent.

Global cufrency symbols are defined in ISO 4217.
6.3.25 Price expression

In additioh to the different presentation of currency
amounts, | expressions of price \can be different
according|to the culture (for example, in some cultures
$123.45++ means tax and‘Setrvice charge are not
included).

6.3.26 Telephone number format

The presgntation of telephone numbers varies from
country td country. Also the telephone number to be
used to cpllZa particular destination telephone varies

r ayvamnla Ai
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speed) are culture dependent. Moreover, sgme
cultures have both a modern measurement system
and traditional units. 1SO standards define a Gldbal
Uniformity ~ measurement  system, but his
measurement system is not used in‘daily life in sgme
of countries.

Aanna (uaitht
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6.3.29 Colour significance

The significance ofccolours differs depending on [the
culture; for examplée; white clothing is used for d¢ad
bodies in some Asian cultures. Some languages 4lso
have fewer-terms for some groups of colours; this
usually méaris that the people using those languages
are less\sensitive to the differences in colour ampng
those groups of colours.

ISO 3864 is one of the international standards related
with the colour significance.

6.3.30 Function names

Sometimes the words of a natural language are uged
as function names within computer programs. For
example, many English function names are useqd in
non-English speaking cultures. In  English, |the
function names usually carry meanings indicativg of
their functions, but in a non-English speaking cultlire,
that meaning may be lost. However translatior| of
such words to the local language may give risq to
other problems.

6.3.31 Personal titles

Methods of addressing people differ from culturg to
culture.

depending on the location of the caller. For example,
5432-9876 is a number for a Tokyo destination as
used by a caller within Tokyo, 03-5432-9876 is a
number for a Tokyo destination as used by a caller
within Japan, and 81-3-5432-9876 is a number for a
Tokyo destination as used by caller from another
country.
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6.3.32 Taboo words (terms)

Each culture has its own taboo words and terms which
are not problematic in other cultures. For example,
the word ‘interest" as a financial term is not
acceptable in some cultures.
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6.3.33 Regulatory requirements regarding
information systems

Many countries have their own regulatory or legal
rules for information systems, such as requiring all
manuals to be printed in that country's natural
language. However, these regulations differ from
country to country.

6.4 Additional culture-dependent items

Cuityire-dependent features in information processing
are Mot limited to those listed in 6.3. As the computer
becgmes used for a wider range of applications, the
numper of such features will grow. To satisfy the
requjrements of all those culture-dependent features
by means of one method for the design of systems is
not practical or possible. Methodologies to satisfy the
INTERNATIONAL requirement need to be flexible
enoygh in principle to allow new local requirements to
be afided in future.

lodel and Services required for
INTERNATIONALIZATION

This| clause introduces the model, functionality, and
services required to produce INTERNATIONALIZED/
LOCALIZABLE systems which will satisfy the original
requjrements described in clause 6. In particular, this
clausge highlights the functionality and services which
programmers expect in programming languages or
operpting systems (or platforms).

It is |expected that most programming languages will
provide these services through the particular syntax of
language, or through access to platform-
provlded services. Each of\the services should
behdve identically toward. every different cultural
convention that it supports. For example, it is
antigpated that programmiing language services will
be able to format™numeric values in a manner
satisfactory to usérs-in each of the supported cultural
envifonments,

An eitension'is proposed to the data model for textual
data] as typically implemented today. The extension

W|” docommodata character ranorto.
o
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facilitated by a wide range of methods for the user to
innut identified chara

HipUL iuwiiiinivu viiaia
The diversity of cultures to be supported justifies an
implementation strategy which minimises the number
of different versions of an application program required
to satisfy different cultural environments. For
example, current internationalization standards

recommend the capability for dynamic selection of

cultural bnn\lnn'ﬁr\'n' H p|ication
program, and the support of multiple coded-¢haracter
sets. This clause also refers to some standdrds such

as the Universal Coded Character “Set [ISO/IEC
10646-1) and POSIX (ISO/IEC 9945), and tg industry

proposals such as the object-Oriented intefnational-

vSsais Sy VJOUERUVLITT WU 1T iauvi il

ization specifications from industry consortial These
examples should be tredted as a base fgr further
discussion and not as an endorsement or a mandatory

requirement to supportthe described services|

7.1 A Model for Information Processing
Systems

Before defining the functionality and serviceg needed
to meet'the original (first level) requirement, {he basic
assumptions about the system structure must be
stated. The assumed structure is called the "model" in
this clause. All functions and services described in the
following subclauses are based on the model. If a
different model were adopted, then the corregponding
functionality and services might be different from those
described in this Technical Report.

The basic model has the following features:-

a) Application programs are supported| by an
application platform.

b) The user communicates with the agplication
program through the application platform.

c) The application platform communicates |with the
user through its presentation layer, and [the user
communicates with the application |platform
through its input layer.

d) The character input part of the input layer
provides a stream of coded characters to the

oo PY o
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methods cannot be handled by the "single-byte equals
character" model at present in common use.

Programming languages will use the services
described here to facilitate communication between
the user and the computer in the user's native
language. For example, the native language should
be used in computer-generated messages, source
code literals, and embedded program comments.
Computer-human communication can also be

application platform; at this boundary there is no
culture-dependency within the coded character
stream. Almost all of the culture-dependent input
conversions are handled within the input layer.

e) The output stream of coded characters, which has
little culture-dependency, is rendered to culture-
dependent shapes within the presentation layer of
the application platform. Only a very limited set of
culture-dependent processes are handled within
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the application platform, other than in the
presentation layer.

f) In the same way, the culture-dependent
processing of a data stream for a communication
link (if any) is handled within the communication
layer of the application platform.

g) Frequently-used functions and reference data

within—a epositorny—are—placed—within—the—

e and date will access this clock to obtain
cessary data. Also, those data should be
convdrted into culture-dependent formats for the
user according to the stored reference data within
a reppsitory in the application platform. Another
example is the reference data within a repository
or upper/lower case conversion for the supported
culturp(s). These data are stored within the
applidation platform for reference when required.

any n

h) On the other hand, rarely-used culture-dependent
functipns and reference data are placed within
those|application programs which need to use the
rarelytused case data frequently. It is not
econgmical to hold all culture-dependent functions
and neference data within application platforms.
Postall address format is an example of a cultures
dependent feature that would typically, be
suppqrted by functions and data withip® an
applidation program.

i) Somd of the reference data willSprovide for all
kinds |of cultural conventions relevant to a culture-
dependent feature; the choice~of convention will
be selectable by a switchsFor other features the
referdnce data can be-swapped (from archive
storage) to permit alchange of convention from
one clture to another.

i) LOCALIZATION tools are a particular kind of
appligation \’program intended to support the
LOCALIZATION of the INTERNATIONALIZED

© ISO/IEC

unknown). It is also important to have a clear
definition of all culture dependent functions that an
application program offers to its users, and a
statement of which functions are assumed to be
supported by the application platform and which are
provided by the application program itself.

In conclusion, ISO/IEC JTC 1 has extended the model
of INTERNATIONALIZATION given in the TSG-1 final
cper-to—aliar—-with—the—trode deseribed—here—The

model defines a number of service interfaces®etwgen
its various components. Those can be identified as;

— Application Program Interfage(API): Thig is
the interface between the Application and the
Application Platform, <which provides the
INTERNATIONALIZATION services. ltis the
only interface which-needs to be visible to|an
application

— Input/Output” (1/0): This is the interfgce
betweeny* the 1/0 components of the
Application Platform and the actual |/O
devices such as display units, printers, files,
communication services etc..

+— User (U): This interface can be considered to
have two parts - the user interaction throygh
the Application Platform and user interacfn

with the Application Platform directly. The
latter is the service interface referred to within
the model and is needed to support direct
user control at run-time over cultyral
conventions, language selection, etc.

— Internal (INT): There are a number | of
services which are needed within the
Application Platform in order to support the
interfaces described above; these pre
identified as internal interfaces.

TABLE 2 indicates which of the different services|(in
7.2 and 7.3) can be satisfied by each of the serfice
interfaces described above.

7.2 Service Requirements

applicatiorptatformmand-apptication programs:.

The above assumptions make it clear that some
culture-dependent functions will be present within
every part of a system. It is not possible to
consolidate all culture-dependent functions in one
place, such as within the application platform.
However, to ensure the portability of application
programs between different types of application
platform, it is important to have a clear definition of the
services which the application platform provides for
any application program (whether already known, or

18

The service requirements for INTERNATIONALI-
ZATION are identified in this subclause. The services
defined in this subclause may, or may not, be part of
the platform (or system) depending on the nature of
each service. In this context, programming language
compilers or interpreters can be considered to be
applications running on a platform (hardware plus
software). The services can be provided by the
platform (such as through POSIX interfaces for
INTERNATIONALIZATION to the operating system) or
they can be provided as part of the application.
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Clearly a solution where these services are provided
by the platform for all applications is preferable.
Examples of standards which are related to the
required INTERNATIONALIZATION services are
identified.

ISO/NIEC TR 11017:1998(E)

Services defined here are intended to satisfy the
original requirements described in clause 6, and are
suitable for installation into systems. Each
requirement is not necessarily satisfied by one
corresponding service. For most of the requirements
several different services are needed to perform the
functions necessary to satisfy them.

APPLICATION - SPECIFIC -

LIBRARIES

LANGUAGE

APPLICATION - PROGRAM

(API)

(INT) (1/0)

including

OPERATING SYSTEM INPUT/OUTPUT OUTSIDE
G —>

(V) USER

part of 1/0O devices

APPLICATION - PLATFORM

NOTE This is an.extension of the model in the TSG-1 final report.

Figure 11 — Model
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7.2.1 Coded Character Set and Data
Representation Service

7.2.1.1 User Requirements

Dialogues in the local language between users and
system platforms or applications require the support of
language-specific coded character sets. For example,
German text contains "umlauts” and the "sharp S" -
these are characters which are not used in the English
language, [but are essential in German.

Most landuages have requirements either for extra
characterg which are not included in the ISO/IEC 646-
IRV set (dften called ASCII, American Standard Code
for Information Interchange), or for an entirely different
character [set to support a different alphabet or script.
The coded character set comprises characters which
meet the heeds of one or more scripts. The scripts
are classjfied into various groups based on their
fundamental characteristics as described in 6.2. Also
the chardcters have to be processed correctly in
accordande with the conventions of the target culture.

Note that|the composite sequence may need to be
considereg as the equivalent of a character.

Table 2 — Categories of INTERNATIONALIZATION services (in 7.2)

© ISO/IEC

7.2.1.2 Coded Character Set Handling Service

To support the user's language(s) in the user's
script(s), it is necessary to support one or more coded
character sets which include the user's script(s). Thus
support of the necessary coded character sets must
be provided throughout the system. The Coded
Character Set Handling Service provides the capability
to recognise, process, store, retrieve, communicate,

The following significant attributes of coded charagter
sets should be noted, since they may differ\betwgen
one set and another:

— the number and size of bytes used for codjng
each character of thée. set (the codjng
method),

— the type of caemibining method allowed |for
creating composite characters, if required

— the behaviour of the scripts, as described in
6.2.

Application Program Interface (API)
Coded Character Set Handling Service 7.2.1.2 (part)
Coded Character Set Invocation Service 7.2.1.3 (part)
Message Service 7.2.1.8.4 (part)
Compare, Sort and Search~Service 7.22.2
Case Mapping Service 7.2.2.3
Date Format Service 7.2.41
Time Format Service 7.2.4.2
Day Numbering Service 7.2.4.3
Week Numbering Service 72.4.4
Numeric Formatting Service 7.2.45
Currency Formatting Service 7.2.4.6
Cultural Convention Synchronisation Service 7.3.4

continued
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Table 2 (continued)

Internal Services (INT)
Coded Character Set Handling Service 7.2.1.2 (part)
Coded Character Set Invocation Service 7.2.1.3 (part)
Coded Character Set Identification Service 7214
Coded Character Set Registry and Repository Service 7.21.5
Data Announcement Service 7.2.1.6
Coded Character Set Identification 7217
Data Class Definition Service 7.2.21
Data Conversion Service 7224
Multi-Lingual Synchronisation Service 7.2.8.2 (part)
FDCC-set Repository Service 7.3.2.1
FDCC-set Invocation Service 7.3.2.2
Input/Output Services (I/0)
Coded Character Set Handling Service 7.2.1.2 (part)
Data Presentation Service 7.2.1.8.1
Data Input Service 7.2.1.8.2
Data Communication Service 7.2.1.8.3
Message Service 7.2.1.8.4 (part)
User Services (U)
Coded Character'Set Invocation Service 7.2.1.3 (part)
LanguagedSelection Service 7.2.31
Multi-Lingual Synchronisation Service 7.2.3.2 (part)
ExamplesZof the various coding methods used in 4) single-octet-byte multiple-hyte codihg (such

different standards for coded character sets are:

1) single-byte coding with 7-bit bytes  (such as
ISO/IEC 646),

2) single-byte coding with 8-bit bytes  (such as
ISO/IEC 8859-1),

3) multiple-octet-byte single-byte coding (such
as ISO/IEC 10646-1),

as JIS X 0208 which uses two 7-bit bytes per
character. or UTF-8 form of ISO/IEC 10646),

5) multiple-octet-byte multiple-byte coding (such
as UTF-16 form of ISO/IEC 10646).

The Coded Character Set Handling Service ideally

should provide a service for all of these types of coded
character sets.
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Most of the coded character sets (such as ISO/IEC 646)
do not include any "non-spacing" characters. If
necessary, characters may be combined by the use of
control functions, for example, to combine a diacritical
mark with a base letter. However ISO/IEC 10646-1 has
combining characters which may be used to create
"composite sequences" for various purposes.

Association of a single coded diacritical mark with a

© ISO/IEC

Some standards related to this service are:
— |ISO/IEC 2022
— ISO/IEC 9945-1
7.2.1.4 Coded Character Set Identification Service

When different coded character sets are used to
represent text in different languages, and those sets are

tter is a primary feature aof ISO

Some stahdards related to coded character set are:
— ISO/IEC 646
— SO 6937

— ISO/IEC 8859-1 (and other parts of ISO/IEC
8859),

— ISO/IEC 10646-1

— JIS X 0201

— JIS X 0208

— JIS X 0212
7.2.1.3 Qoded Character Set Invocation Service
Since different coded character sets are used to present
different languages, a Coded Charagter'Set Invocation
Service is necessary. The Coded Character Set
Invocation Service provides the/capability to specify the
coded chpracter set to be uSed for input, processing,

and outpyt of data. This fungtionality can be invoked in
any of thg following ways:

— User selection

— defatlt(specification

ata announcement techniques

— information about the presentation capabilities
of specific output devices

The service may also allow the user to switch

dynamically from one coded character set to another, if
required.
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switched according to the requirement, then a method is
needed to identify the coded character set wijth a|coded
identifier (such as a character string) that can be|stored
or communicated as an item of data.

The Coded Character Set |dentification
provides unique identification of coded charact

systems or networks, and allows the selec
appropriate  translation tables between different
encoding ofthe’same character repertoire.
Some standards related to this service are:

=~ ISO/IEC 2022

— 180 2375

— ISO/IEC 7350

— ISO/IEC 8824

— ISO/IEC 8825

7.2.1.5 Coded Character Set Repository| and
Registration Service

The Coded Character Set Repository Service provides

Coding method (7.2.1.2)

— Coded character set identifier (7.2.1.4)

— Character classes (6.3.7)
— Mapping rules (6.3.4)

— Code extension techniques (7.2.1.2)
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The requirement for the repository of coded character

L thnat
sets implies that such sets need to be registered.

Registration requires some methods of specification for
the registered sets, and a registration authority.

Some standards related to this service are:

— ISO/IEC 2022

— 1sQ 2375

ISO/IEC TR 11017:1998(E)

7.2.1.8.1 Data Presentation Service

The Data Presentation Service provides the capability
to present data on different display units, printers, or
other output devices. Using the rules stored in a
repository, this service includes escapement of
characters and selection of different shapes. Preparing
data for presentation may involve extensive translation
and/or transliteration due to hardware selections or
limitations The service also provides default

— |ISO 7350
7.2.1.6 Data Announcement Service

The Data Announcement Service provides the
capability to recognise the coded character set used by
data enfities (files, messages, etc.). This capability
allows the processing and storage of data using
different| coding methods within the same system, but
avoids [the risk of data corruption. International
Standarglization bodies are presently addressing the
announgement mechanism.

7.2.1.7 |Identification of individual coded characters

A large] amount of character-related data must be
defined | to provide the services described in the
previoug subclauses. This data will need to include a
unique |dentification for each character to which the
data is|related. For many purposes it will be an
advantafe if these unique identifications are short forms
which cén be stored as compact items of data.

From this point of view, the unique charactet names
defined[in ISO/IEC 10646-1 are too long.for some of
purposgs. A short unique identifier for_each character
should [be specified as an alternative. A short
mnemofic name for each character would be ideal in
principlg. But due to the factthat the total number of
characters is so large, and.that the assignment of easily
memorgble names is_‘eulture-dependent, it is not
practicdl to look for upiversal short mnemonic names for
all of fhe characters. Instead the assignment of

presentation forms for coded characters thab-fjave no
associated graphic shape. It is recommepded that this
service should include the functionality to*handlg control
of the presentation of bi-directional text\and sonpe kinds
of vertical writing, as well as presentation fgrms, in
order that the character code within the softwarg can be
free from culturally dependent presentation style
requirements.

Data presentation includés several components [such as
a font selection sefvige, for which the requirements vary
widely from application to application. Thus, it [s better
to handle each. component of the presentation| service
as an independent application-oriented service.

The. basic and common parts of the presentation
service are mostly related to hardware.

A standard related to this service is:
— ISO/IEC 6429
7.2.1.8.2 Data Input Service

Having standard interfaces for a wide range |of input
methods for a wide range of characters is g part of
INTERNATIONALIZATION. At such an interface,
different characters should simply be different dharacter
code values, which are to be processed upiformly.
Complex culture-oriented input methods and kgyboards
are matter of LOCALIZATION.

Some standards related to this service are:

mnemohic namies ' should be included during the — 180 1092
localizafion of \the part of the user-interface that is
related fo the input of character data. — 1802126
ISO/IEC JTC 1 is in process of development of the short — o0 8884
identifier of the characters as amendment-9 of ISO/IEC

— ISO/IEC 9995

10646-1: 1993.
7.2.1.8 Other Character related Services

The usefulness of the various coded character set
related services will be considerably weakened without
the availability of certain associated input/output and
message services, as detailed in this subclause.

— |ISO/IEC CD 14755
— CSA Z243.200
7.2.1.8.3 Data Communication Service

The Data Communication Service provides the
capability to transmit and receive data to and from
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communication systems, while maintaining the integrity
of the data. For this purpose, the services described in
7.2.1 (such as the data identification service) should be
used for both internal and communication purposes. In
international communication environments, this may
include data translation due to different coded character
sets being used in different service categories.

7.2.1.8.4 Message Service

© ISO/IEC

Annex D contains a detailed example of this type of
service.

A standard related to this service is:
— CSA 7243.4.1
7.2.2.3 Case Mapping Service

Some scripts _have upper case and lower case

The Mesgage Service provides the capability to present
(display, [print, etc.) messages, menus, forms, help
informatidn, and on-line documentation in the language
selected by the user. Different languages can be used
simultaneously. The service maintains the
independence of the messages from the applications,
allows for variable message length (German
translations of English messages tend to be 30%
longer), has a delivery service to insert parameters into
translatedq messages using the correct grammar and
syntax, apd uses the cultural convention repository for
format definitions. It also allows users to interact with
applicatiopns and operating systems in the language of
their choice. It allows the entering of local language,
using local characters, and parsing of local formats as
defined in the cultural conventions repository.

A well defined message service is at the heart of
INTERNATIONALIZATION functionality, and substan-
tially redyices the resources required for LOCALIZ-
ATION.

7.2.2 Seyvices for character data processing

The serdices described in 7.2.1 are for\handling
character$ as they stand. It is a common requirement
for charagters to be processed as a part'of data in most
data progessing applications; additiohal services are
needed ih order to process characters in culturally
correct ways.

7.2.2.1 Data Class Definition Service

Characters have different character classes. Since
processing often.<depends on the classification of
characterg as space, numeric, alphabetic, or as special
characterg, &\ Service is provided to identify these
classes.

characters. The Case Mapping Service provides| upper
case to lower case and lower case to alpper case

mapping.

This idea can be extended to character conversion
mapping  services which  support more | than
conventional case conversionyfor example conyersion
between traditional charactérs*and modern chafacters
in the ideographic script.

7.2.2.4 Data Conversion Service

The same language can be presented using deveral
different coded’character sets, for example, 1SO/IEC
10646-1 includes all characters in ISO 8859-1.| Thus
Danish<an be written in both ISO/IEC 10646-1 and ISO
8859:1. The data conversion service has to provide a
conversion service between two such coded character
sets whenever it is necessary. A transliteration dervice
might be another form of data conversion service.

A standard related to this service is:
— 180 6936
7.2.3 Services for muiti-lingual support

Mono-lingual support for variety of cultures can be
performed by supporting and processing selected
coded character set(s) in the correct way. Multi-lingual
support, however, requires additional services [which
are unique to the multi-lingual case.

If services are required for multi-lingual support, then
there will be substantial differences between a mpno(or
bi)-lingual system and multi-lingual system. This is
contrary to the principal goal of INTERNATIQNAL-
IZATION. Services for multi-lingual support, thetefore,

7.2.2.2 Compare, Sort, and Search Service

Comparison, sorting and searching of characters are
culturally dependent. Since these functions occur in
many places within information systems, there are two
kinds of requirements to be satisfied. The first is that
the Compare/Sort/Search result should be fully
predictable, and the second is the need for a standard
method of access to the service.
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should to be minimised and should be as independent
from any other services as possible.

7.2.3.1 Language Selection Service

This service provides the capability for the user to
specify the language of interaction with the application.
If none is chosen, the default language is selected.

Note that this service may not necessarily be the same
as the FDCC-set invocation service described in
7.3.2.2. The wider the view that is taken of
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internationalization, the less relation there will be
between language selection and the determination of
culture from the FDCC-set.

7.2.3.2 Multi-Lingual Synchronisation Services

The Multi-Lingual Synchronisation Service provides the
capability to support more than one natural language
S|multaneous|y For example a word processor might
be req
on theg

aximum user friendliness, each cultural

The services required for this group of cultural
ions, other than character-related services, are
described in the following sub-clauses.

7.2.4.1 | Date Format Service

Normally, a computer system holds one item of data for
the dat¢ which may be used to control all date related
functiorfs throughout the system. The date format
required for reading by humans, however, varies from
culture fo culture as described in 6.3.21.

The Date Format Service provides the capability<for the
user to pelect the appropriate format.

Some standards related to this services are:
—| 1SO 8601
—| JIS X 0301

7.2.4.2| Time Format Service

Time fgrmat requiremeénts are different from culture to
culture| However)'the computer system only requires
one time datasthroughout a single system. The Time
Format|Service has the capability to handle the various
formatq as)well as taking account of world time zones

ISO/IEC TR 11017:1998(E)

some lIslamic countries. The day numbering service
provides the number of the day of the week. Note that,
in addition, the names of the days of the week need to
be represented in the user's language.

A standard related to this service is:

— 180 8601

In some applications it is often more convenient to use
week numbers for calculations than mdnths apd days.
The first week in a year is defined differently ip various
countries. The Week Numbering "Service supports
these conventions and provides.conversion roufines.

A standard related to this Service is:
— 1S0 8601
7.2.4.5 Numeric-Formatting Service

The interpretation of numeric fields in unfamilia formats
is one gf\the major contributors to human errors in data
procéssing. Within a computer system, orle single
method is used to express a number for [machine
processing purpose; however this is not friendly to most
of users. The Numeric Formatting Service proyides the
capability to handle different cultural conventions, such
as the point decimal delimiter used commonly in the
U.S. and the U.K. vs. the comma used in|[most of
Europe. Other differences are the use of spaces or
periods to separate groups of 3 digits, fand the
identification of negative numbers by use of Igading or
trailing minus signs or by surrounding parentheses.

A standard related to this service is:
— 1SO 6093
7.2.4.6 Currency Formatting Service

The Currency Formatting Service descripes the
handling of currency fields and symbols. The|symbols
for currencies vary from country to country, gnd their
placement before, after, or between the integef and the
fractional part of the amount varies as well. [The field

and their offset values relative 1o UTC.
Some standards related to this service are:
— IS0 8601
— JIS X 0302
7.2.4.3 Day Numbering Service

In some countries a week begins on a Monday, in
others on a Sunday, and it begins on a Saturday in

lengths and the number of digits after the decimal point
depend on the monetary system. Negative amounts
are indicated according to local rules and regulations.

A standard related to this service is:
— 1SS0 4217
7.2.5 Services for other cultural conventions

There is another group of cultural conventions which
are very important for some types of application
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program but less so for others. For example, the postal
address format are very important for certain

applications, but are of no significance for most
applications.

Support services for those less common cultural
conventions are required in a similar manner to those
for commonly used cultural conventions.

However, the placement of such a support service

© ISO/IEC

A standard related to this service is:

— SO 11180
7.2.5.4 Other cultural conventions

There are a number of other cultural conventions listed
in 6.3, many of which are not commonly used.
Furthermore, new cuitural conventions which will need
to be recognised in the future, due to the open ended

within a| system may be different from the more
commonly used cuitural conventions.

A sampl¢ of services for the other cultural conventions
follow:

7.2.5.1 Measuring System Service

Presentaftion of dimensions in inches, feet, yards, and
miles arg different from millimetres, centimetres, meters,
and kilorpetres; ounces and pounds convert into grams
and kilograms, cups and gallons into litres, and degrees
Fahrenhgit into degrees Celsius. Conversion facilities

and coumtry specific presentation formats are provided
by the Mgasuring System Service.

A standafd related to this service is:
— [ISO 1000
7.2.5.2 Paper Size Service

This seryice provides the capability to select various
paper siges according to cultural requirements.

Some stgndards related to this service are:
— [SO 216
— |ISO/IEC 6429

— SO 6716

NOTE 8 | ISO/IEC 6429.s a standard for control, and
includes the control sequences that define common paper
sizes in dlferent parts ‘of the world.

7.2.5.3 PostallAddress Format

nature of cultural conventions, will be categorised as
iess commoniy used during the eariy-\-8tages of
recognition.

However, as technology progresses;and more [system
resources become economically,available for the user,
then some of less commonly used cultural conventions
will be re-categorised as“.commonly used [ultural
conventions in the future. ;There can be no cle@n and
clear separation betwéér common and less cdmmon;
there will always be‘gray areas.

7.3 Organization and Management of cultural
conventions

Cultural/conventions can, in theory, be handled|at any
placé.within a computer system. However, thel model
presented in 7.1 indicates where it is anticipated {hat the
various services will, in practice, be situated.

In particular, most of the commonly-used FEultural
conventions are expected to be handled by sprvices
situated within the application platform. Less
commonly-used cultural conventions, on the other hand,
are expected to be handled by services situated within
each independent application program. It is possible
that some of these may initially be grouped together as
utilities on a commercial basis, with the result that de-
facto standards will be created by these commercial
utilities.

7.3.1 The Formal
Conventions (FDCC)

Definition of Clultural

Before a cultural convention can be used in the dreation
of an appropriate cultural environment, there mupt be a
formal definition of the cultural convention for that
cultural environment. It is not proposed to discyss this

As desctibed—m6:3-28,postat—address formats are
different from culture to culture. It is very doubtful
whether it is possible to provide an automatic format
conversion service for all postal addresses. On the
other hand, a different type of consideration is
necessary for this cultural convention. For example, the
postal code in the U.S. (ZIP code) is expressed using
only numbers, whereas in the UK, it also includes
alphabetic  characters. Therefore, for some
applications, data validation design needs to consider
this cultural difference.
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process In any defall in this Technical Repori, as this
will be subject of subsequent International Standards;
however it is appropriate to briefly outline the key
stages in this process and the subsequent use of these
formal definitions. In this Technical Report the term
FDCC will be used as a short-hand for the formal
definition of a cultural convention.

The definition of FDCCs for cultural conventions defined
as an application platform responsibility must be the
same for any application platform in order to ensure
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portability of applications between application platforms.
Standards for the definitions (specification method) of
FDCCs will, therefore, required.

Note that the cultural conventions that are to be
supported by applicaticn platforms may be up-dated
from time to time as a result of developments in
technology and/or market pressures. It is important that
the FDCCs supported by application platforms are

ISO/IEC TR 11017:1998(E)

7.3.2.2 FDCC-set Invocation Service

Once more than one FDCC-set is available on an
application platform then it is necessary to be able to
select the required FDCC-set. The FDCC-set
Invocation Service provides the capability to invoke the
FDCC-set (by default from the FDCC-set repository) as
requested by the user or by the application.

7.3.3 Cultural Conventions within Application

clearly and consistently defined, and such definitions
should, therefore, always be provided via International
Standargls. '

Note algo that with these application platform supported
FDCCs,| it is possible to provide pre-localized
internatipnalized applications. In many cases,
thereforg, these cultural conventions might be seen as
being ttle only cultural conventions necessary for the
internatipnalization of information systems. However,
without | additional cultural conventions which are
supported within the application it is not possible to
provide | the comprehensively internationalized appli-
cations which many users require.

7.3.2 The
Envirorijment

Formal Definition of a Cultural

In ordef to provide the information necessary for the
definitioh of a cultural environment appropriate to a
specific[culture it is first necessary to collect the set of
FDCCs|which define the various cultural conventions
approprlate to that culture. Such a set will be referredito
in this Report as an FDCC-set.

These FDCC-sets may need to be standardized or
registered in an appropriate internationally’ accessible
manner|in order to ensure that applications can utilize
the varipus FDCCs in a consistent fnanner.

7.3.2.1 |FDCC-set Repository Service

The FPCC-set Repository Service provides the
capability to maintain-and access the Formal Definitions
of Cultyral Conventions (FDCC), and to maintain the
collectigns of such'FDCCs which have already been
defined| as EDCC-sets. The repository, therefore,
containg thé.information that supports the other cultural
convenfion/services.

Programs

Cultural conventions that are to bej,suppdrted by
application programs and/or by independent library
functions are, as already discussed, open endegd. It is
not practical, therefore, to define and specify all jof those
cultural conventions in a standard manner. Hoever, if
application providers do motShave enough information
about these cultural cofiventions, it is not posgsible to
provide internationalizéd applications utilising these
cultural conventions:

One possibletsolution would be the provision| of data
books or,on-line information sources which| itemise
these cultural conventions and describe the ¢ulturally
differént ‘requirements about each cultural corjvention.
Suchhdata cannot be perfect, however, and wi|l be the
best available knowledge base of the day, fequiring
periodical up-dating.

7.3.4 Cultural Convention Synchronisation $ervice

Because cultural conventions need to be supported in
several places within computer systems, it| will be
necessary to provide mechanisms to synghronise
FDCCs and FDCC-sets which are handled in|different
places. The FDCC-set Invocation Service only applies
to FDCCs implemented within application platforms, and
it is, therefore, necessary to have a synchrgnisation
service to ensure that the modification of thg cultural
content of the various FDCCs, especially those
implemented within applications, are synchronised with
each other.

A similar situation arises with FDCCs t’pat are
implemented on different platforms that communicate
with each other.

Note that the FDCC-set repository service is only
possible for FDCCs that are supported by the
application platform, and that, therefore, it is not
practical to expect every item of culturally dependent
information to be provided by the repository service.

A standard related to this service is:

— ISO/IEC 9945-2

7.3.5 Considerations for distributed applications

The current model for producing internationalization was
developed at a time when systems were typically
standalone, with character based terminals. For such
environments, the current global internationalization
model based on "setting FDCC-set data for selected
culture" is a reasonable solution, but it has its
limitations; for example, in distributed software or
software designed to interact simultaneously with
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several users, each of whom uses different customs
and conventions.

The simplicity of the current FDCC-set model makes it
easy to write internationalized mono-lingual programs.
At the same time it makes it difficult to write applications
that deal with many different languages simultaneously.

Examples of such programs include:

© ISO/IEC

In a threaded environment, two or more threads may be
in execution phase at any given time. If either of these
threads affects the default FDCC-set, any FDCC-set
sensitive operations in the other thread will be affected:

— The global state cannot be maintained by
saving and restoring the FDCC-set without
blocking other threads.

— A spread sheet program that uses multiple
currencies and date formats.

— Ledger programs for international companies.

— [Database programs that merge and process
data bases from different languages or coded
character sets.

— |Window manager programs that control and
label the windows of all applications displayed
on a workstation.

— [The portion of a windowing system library that
creates the resource data base for an
application, merging data bases from several
systems and sources, each of which could be
created in a different language and coded
character set.

— |Window based process control applications;
that is, a single application that interacts with
many different users. Each user wants’ to
interact in a different language and each user
expects data to be processed (that is; number
formats, time and date, sorted lists;”...) per his
or her local rules.

— |A word processing application for multi-
language texts (such.astranslated documents,
international  standdrds and  annotated
literature), with the-need for language sensitive
hyphenation ustification, and so on.

Such mylti-lingual>applications need to be able to call
functions| (sepvices) that provide the current
internatlcnahzatlon services for data consisting of an
arbitrary
sets. Con3|der two cases of remote procedure calls
dealing with international text in a heterogeneous
network. The simple case (single thread, single FDCC-
set) allows the handling of international text with the
current FDCC-set model. The more complicated case
(multiple threads, multiple FDCC-sets) illustrates remote
procedure call problems that cannot be resolved with
the current FDCC-set model.
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EDCC-.setsensitive—functions—cannot be

guaranteed to take place in a given FB[CC-set
without blocking all other threads.

Given that it were possible to specify a RDCC-set as an
additional argument to FDCC-set sensitive funcfions, it
cannot be guaranteed that if a client passes| some
FDCC-set identifier to a servef.then the identifier|can be
used to reconstruct the original FDCC-set. Sonpe type
of FDCC-set agreementneeds to take place.

For all of the above(situations that cannot be hanglled by
the current FDCEC-set, a new type of (extended) FDCC-
set approach may provide a common solution for these
issues.

Furthertechnological development is necessary ip order
todhave a stable solution for this problem.

7.4 LOCALIZATION related services

Once various FDCC-sets, and the related servicgs, are
available, it will be possible to provide INTERNATION-
ALIZED systems which can then be LOCALI¥ED to
conform to specific cultural requirements. Hgwever,
when considering the goal of INTERNATIONALIZ-
ATION, the services described above are not s

necessary cultures.
additional services are
LOCALIZATION.

necessary to

7.4.1 LOCALIZATION Support Services

translation into the Iocal Ianguage in the user's script(s).
The translation work should be done in an organised
fashion by using LOCALIZATION tools to be
defined/developed in the near future. Note that this
does not mean machine translation of the language, but
rather that management tools will be necessary to
ensure consistency of translated terminology and to
indicate the messages which need to be translated.
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7.4.2 Maintenance Services for the LOCALIZED
system

To ensure appropriate delivery schedules and quality of
updating and maintenance, various Maintenance
Service Tools will also be needed. Once
LOCALIZATION (and Customization for specific needs
as well) has been carried out on a specific application
platform and/or application programs, the resulting
products that are delivered to the users will not be

ISO/IEC TR 11017:1998(E)

Result Type: Default integer.

Result Value: If FDCC_SET is present, then it must
represent the name of a FDCC-set supported by the
processor; the result will be a processor-dependent
integer which will identify this a FDCC-set within this
processing system. If FDCC_SET is not present the
result will be the processor-dependent integer which
identifies the cultural environment in which the
processor is currently operating.

identicgl with the original products. However, the
providef of the original INTERNATIONALIZED products
has a responsibility for the maintenance and up-dating
of the HOCALIZED systems which the original provider
has never seen. It will, therefore, be necessary to
provide| maintenance and updating tools to overcome
this "nejver seen" problem.

7.5 INTERNATIONALIZATION in Fortran - A
Possible Approach

The following description indicates one way in which the
functionality and services required for support of
INTERINATIONALIZATION might provided in Fortran. It
is not |ntended to imply that this is a recommended
approagh, it is simply presented as an example of an
existente idea/proof to indicate that it would not be too
difficult[to add the necessary functionality to the current
version| of major programming languages. Similar
approaghes could be used in any other programming
languages which contain suitable language extensign
facilities.

This edample shows one way in which two key issues
might Be approached, namely the identification and/or
specifidation of an appropriate cultural environment, as
specifigd by a FDCC-set, and the use of that cultural
environment to automatically ifvoke the culturally
appropfiate form of string comparison to enable an
array, dqr other collection, of téxtual items to be sorted in
the corfect order for the environment.

In this approach threg_néw intrinsic procedures provide
all thg necessary>~control, and these are briefly
described first inva/simplified version of the style used in
the Forfran Standard (ISO/IEC 1539: 1991).

b) REPERTOIRE_KIND (ENVIRONMENT)

Description:  Returns the kindMype of the ¢haracter
repertoire  associated with "“\the current | cultural
environment.

Class: Inquiry function.

Argument: ENVIRONMENT is optional, but must be
scalar and of type’default integer if present.

Result Type: Default integer.

Result Value: If ENVIRONMENT is present thgn it must
represent the integer code for a cultural environment
specified by an FDCC-set supported by the pfocessor;
the result will be the kind type of the ¢haracter
repertoire which is associated by default with this
cultural environment.  If ENVIRONMENT is no} present
the result will be the kind type of the ¢haracter
repertoire  which is associated by default with the
cultural environment in which the processor is [currently
operating.

C) SET_ENVIRONMENT
(ENVIRONMENT, CHAR_KIND)

Description: Changes the current cultural envirbnment.
Class: Subroutine.

Arguments:

ENVIRONMENT must be scalar and of typg default

a) CULTURAL_ENVIRONMENT (FDCC_SET)

Description: Returns the processor dependent code for
the cultural environment specified.

Class: Inquiry function.

Argument: FDCC_SET is optional, but must be scalar
and of type default character if present.

integer. It specifies the cultural environment to be used
for subsequent processing.

CHAR_KIND(optional)
default integer.

must be scalar and of type

If present, it specifies the kind type to be used by
default for any subsequent character declarations;

If absent, the kind type associated by default with the
environment specified will be used.
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An example of the use of these procedures to
automatically localize a program to the environment
which is current when the program commences
execution might be as follows:

PROGRAM Automatic_Localization

IMPLICIT NONE

© ISO/IEC

! Estaldlish current cultural environment

INTEGER, ARAMETER: : environment=CULTURAL_ &

ENVIRONMENT (), ch_kind &

=REPERTOIRE_KIND /()

!  Chajacter variable declaration

CHARACTER (KIND=ch_kind, LEN=20) : : &

stringl, string?2

! etc |

I Stant of execution

CALL SH

END PR(

T _ENVIRONMENT (environment)
! This is not strictly necessary,

! but is Pyobably good practice

GRAM Automatic_Localization

One of the effects of setting an environment could be
to overload the comparison operators between
character strings of the character kind specified or
implied so as to use the correct culturally comparison

algorithm
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Thus the statement

IF (stringl < string2) THEN

END IF

which would normally compare two strings character-
by-character using the rules specified in the Fortran
Stanflard would compare them using the cor-
rect | culturally sensitive algorithm once a
SET |ENVIRONMENT statement had been obeyed.
Anngx D contains an example of how this might be
achigved in Fortran.

A cau to a standard sorting routine would then carry
out the sorting using this same algorithm without the
need to make any adjustment to the sorting procedure
at all ‘

There are many other INTERNATIONALIZATION
functionalities which could be incorporated into Fortran
in a $imilar way with relatively little effort, and with only
minimal extensions to the language. It is believed,
morgover, that this functionality could initially be added
by means of a module, in similar fashion to\that
dempnstrated for varying length string datatype in
ISO/|EC IS 1539-2:1994.
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Annex B

Samples of cultural conventions to be included in FDCC-sets

This anndx lists a sample of cultural conventions which are recommended to be a part of a FDCC-set. Further, it is
recommepded to list:

a) Cultural conventions which are not in this list and b) Cultural conventions which<arein this list and which
which arg¢ included in the FDCC-set of a standard or are not included in the FDCC-set of a standard or
product should be identified. product should be identified, with a justification| for

their exclusion.

The recommended cultural conventions for inclusion in FDCC-sets are:
— Calendar

— Case Mapping

— Currency symbols

— Date format

— Number format

— String ordering and Comparison

— Time format
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Annex C

Bi-directional text

This Ainnex explains some of the aspects of Arabic and Hebrew languages, which are written in Di-directior al form,

in order to assist in the understanding of some parts of this Technical Report.

C.1 |Writing direction

In many coding systems, the definition of certain
contrpl functions assumes that data associated with
thesa functions will be serially processed forwards.

The ferm "forwards" is generally understood to mean a
left-tg-right data path; this interpretation corresponds
with the normal direction of writing in most languages.
However, for Semitic languages, where the normal
direclion of written texts is from right-to-left, but where
numeérals are written from left-to-right, the term
“forwards" is not adequate. Additional processing
must| be implemented to ensure that control functions
operfite correctly to obtain desired results.  This
addiffonal processing must attempt to develop, the
highgst possible degree of applications transpargncy
in ofder that a single application may be,able to
process both left-to-right and right-to-left data-paths, or
ever| a mixture of both types of path.

C.2 | Contextual Analysis

In some scripts, such as (the” Semitic scripts, a
charhcter may assume/~several different forms
depgnding on the placé~of the character within the
word, as well as on thé-characters on either side of it.

For | these langUages, there is no one-to-one
corr¢spondence)’ between a character and that
charpcter's<graphic form. This graphic form is
deteymined by a process of context analysis. For
examplé, in Arabic, each character may have up to

line, the current position returnsito-the beginning of the
following line, which is the line‘immediately bglow the
current line.

In Latin-based languages, characters are writfen from
left-to-right and linesfrom top-to-bottom.

For some of “other languages, this order does not
apply. ,InDArabic and Hebrew, the nontnumeric
charactéf path is from right-to-left, while |numeric
characters are represented from left-to-right; | in Thai,
characters may be written above, below, or tothe right
of'the previous character; and, of course, i certain
languages characters are written from top to bpttom.

These space generation characteristics must be
wholly independent of other processing functipns. An
application must function according to a| "virtual
presentation model that consists of a succgssion of
virtual lines. Each line is a succession of characters.
The order of presentation of characters and |ines are
defined just before the materialization gf these
characters on the presentation device, within the
presentation layer.

For each writing system, the following must be
defined:

— The main script direction:
— left-to-right

— right-to-left

four different graphic forms: initial, medial, final or
isolated.

C.3 Space generation characteristics

The term ‘"space generation" designates the
movement of the current position after presentation
(display or print) of the character.

In Latin-based languages, the current position moves
forward from left to right by one character space after
a character has been presented. At the end of each

— top-to-bottom

— Space generation must be defined for each
character in relation to the main script direction:

— positive space generation advances the
current position in the main script direction.

— negative space generation advances the set

of characters behind the current position by
one position in the main script direction but
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does not modify the location of the current
position.

— zero (nil) space generation affects neither the
current position nor the position of the
characters behind the current position.

— neutral space generation corresponds to

characters ihat present no specific space
generation characteristics, but which follow

© ISO/IEC

logical order of those characters required for
processing from the physical order necessary for the
presentation of the characters.

When implementing specific space generation
functions in an application using multi-lingual data, the
aim must be to ensure that any required multi-lingual
processing remains transparent to the user.

C.4 Justification

the space generation direction established by

in characters may present different space
gengration characteristics depending on the
context in which they are used: for example, the
comma in Arabic may be considered as a text
comma and be assigned a positive space
gengration, or be considered as a radix character
in which case space generation is negative.

— During multi-lingual operations, there may be
more than one main script direction, with several
nested presentation modes.

To solvg these problems, a general presentation
model mpust ensure the complete independence of the

n the language:
Arabic for example, wor are not divided |and
justification is achieved by adding, -connefting

characters between two joinable characters.

1Y%

Q.
[

C.5 Numeric representation
in certain languages, such as Arabic, where| the
direction of alphabetic characters is different from| that
of numeric characters," the representation of pon-
significant zeros by,-means of symbols other [than
spaces (for example a "digital" space) eliminates| any
ambiguity between an alpha-field space and a numeric
field space~sharing with the other characters ir{ the
field the “space generation functions specifi¢ to
numerie. fields.
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