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ABSTRACT

Software internationalization standards all ow devel opers to
create applications that are neutral with respect to | anguage and
cultural information. X/ Open adopted a nodel for

i nternationalization and has revised the nodel several tines to
expand the range of support. The latest version of the X Open

i nternationalization nodel, which supports nultibyte code sets,
provi des a set of interfaces that enables users in nost of Europe
and Asia to develop portable applications independent of the

| anguage and code set. One inplenentation of this nodel, the

i nternationalized DEC OSF/ 1 AXP version 1.2 (based on OSF/ 1

rel ease 1.2) supports conpl ex Asian | anguages such as Chi nese and
Japanese.

| NTRODUCTI ON

Software internationalization standards initiatives began in the
| ate 1980s. This paper provides a brief history of

i nternationalization standards activities followed by a
description and an anal ysis of the X/ Open nodel for

i nternationalization. The Open Software Foundation's OSF/1
release 1.2 and Digital's DEC OSF/ 1 AXP version 1.2

i nternationalization inplenmentations serve as reference software
for the description. The anal ysis covers both the strengths and
the limtations of the nodel. The paper concludes with a

di scussion of current and future rel ati onshi ps between this node
and other work in the field.

| NTERNATI ONALI ZATI ON STANDARDS

The International Organization for Standardization (1SO is the
primary group that is currently publishing or devel oping

i nternationalization specifications, including code sets,
programm ng | anguages, and franmeworks. Before the | SO adopts
energi ng specifications, much work is done by other groups. In
the case of interfaces that support the devel opnent of

i nternational applications, the Uniforum Internationalization
Techni cal Wrk Group, the X/ Open Internationalization Wrk G oup,
t he Uni code Consortium and the X Consortium have been

i nstrumental .

Internationalization is generally considered to be the processes
and tools applied to create software that is neutral with respect
to | anguage and cultural information. This neutrality can be
acconpl i shed by providing a set of application interfaces
designed to isolate sensitivity to | anguage and cul ture-specific
i nformati on. Such interfaces include functionality to



o] Attain character attributes independent of coded
character sets, i.e., code sets

o] Order relationships of characters and strings

o] Process culturally sensitive formt conversion (e.qg.
date, tinme, and nunbers)

o] Mai ntai n user nessages for multiple | anguages

St andardi zation of internationalization interfaces began
predom nantly in the UNI X environnment. Conpani es such as
Hew ett- Packard and AT&T provided early proprietary solutions.[1]

When X/ Open announced its intention to include support for
internationalization in Issue 2 of its X/ Open Portability Guide
(XPG2), Hew ett-Packard submitted its Natural Language Support
System as a proposal for an internationalization nodel. X/ Open
further devel oped this proposal and published the guide in
1987.[ 2] Sone principles devel oped for these solutions found
their way into the energi ng C programmi ng | anguage standard
(1'SO 1 EC 9899) and the PCSI X operating systeminterface
specification (1SO I EC 9945-1).[ 3, 4]

The subsequent version of the X/ Open Portability Guide, XPG3,
publ i shed in 1989, denonstrated further inprovenent in

i nternationalization support.[5] The guide was aligned with the
| SO I EC C standard and the | SO | EC POSI X speci fication, both of
whi ch neanwhi |l e had been finalized.

A maj or drawback of the XPG3 specification is that it is

limted to single-byte code sets. Such code sets are used
primarily for western European | anguages and preclude use of the
X/ Open internationalization nodel for Asian and eastern European
| anguages.

The Japanese UNI X Advi sory G oup devel oped specifications to
extend support to character sets that are encoded in nore than
one byte. These code sets are generally known as nultibyte code
sets. The Multibyte Support Extensions devel oped by this group
are now i ncluded in an addendumto the ISO I EC C programm ng

| anguage standard.[6] This work was al so adopted by X/ Open for
inclusion in Issue 4 of the X/ Open Portability Guide (XPHA),

whi ch was published in 1992.[7,8, 9]

However, the underlying nodel used by X/ Open and POSI X does not
fully neet the needs of distributed and rmultilingual conputing
environnents. Therefore, in 1992 X/ Open and Uniforumcreated a
joint internationalization work group, comonly referred to as
the XoJI G This group investigated internationalization

requi renents for distributed and multilingual environments and,
i n Novenber 1992, published a revised nodel for

i nternationalization.[10]



THE X/ OPEN | NTERNATI ONALI ZATI ON MODEL

When X/ Open first investigated the need for internationalization
servi ces, several needs were identified:

o] Meet the market requirenents of the X/ Open nenber
conpani es. (Many of these requirenents were based on the
needs of the European Economic Community [EEC].)

o] Support nore than one | anguage and cul tural environnent,
i ncl udi ng messages and date/tine.

o] Provi de for data transparency, i.e., renove 7-bit, U S
ASCI| restrictions fromthe environment.

As di scussed previously, X Open adopted a nodel for
i nternationalization and has updated and revi sed the nodel nany
times. The next section describes the current X/ Open nodel .

Overview of the X/ Open Portability Mdel, |ssue 4

There are five conponents to the current X Open
i nternationalization nodel, X/ Open Portability Cuide, |Issue 4
(XPHHA) :

1. Local e announcenment nechani sm
2. Local e dat abases
3. Internationalization-specific library routines

4. Internationalized interface definitions for standard
C language library routines

5. Message catal og subsystem

The | ocal e announcenent nechani sm provides a way for an
application to load, at run tine, a specific set of data that
describes a user's native | anguage and cultural information. An
application user can specify a |language, a territory, and a code
set by means of environnment variables. The | ocal e announcenent
mechani sm checks the environment variables. If the variables are
set, the application attenpts to |oad the |ocal e-specific data.
If the environnment variables are not set, nobst applications
default to the use of the POSI X (i.e., C language) |ocale or an
i mpl enent ati on-defined | ocale. The PCSI X | ocal e definition is
based on the U S. ASCI|I code set and the U.S. English | anguage.

In conjunction with | ocal e databases, the announcenent mechani sm
provi des access to code set specification data, character
collation information, date/tine/nunmerical/nonetary formatting



i nformati on, negative/affirmative responses, and
application-specific nessage catal ogs.

Figure 1 shows the relationshi ps anong the conponents of the
X/ Open internationalization nodel.[11] Refer to Figure 1

t hroughout this section, as the various elenents of the figure
are descri bed.

[Figure 1 (Conponents of the X/ Open Internationalization Mdel)
is not available in ASCII format.]

The | ocal e announcenent nmechani smis based on the setl ocal e()
function

char *setlocal e(int category,
const char *locale)

The categories correspond to conponents of the | ocal e database
and have a set of correspondi ng user environment variables. The
announcenent nechani sm supports an order of precedence when
querying the user's environment to establish the preferred

| ocal e. Table 1 shows the environnment variables specified by
XPGA.

Table 1 Local e-specific Environnment Variabl es

Vari abl e Use

LC ALL For all categories

LC COLLATE For collation

LC _CTYPE For character classification
LC_MESSAGES For responses and nessage cat al ogs
LC_MONETARY For monetary information

LC_NUMERI C For numeric information

LC TI ME For date/tine information

LANG If no others are set

If no others are set The LC_ALL environnment variable has
precedence over all others, whereas the LANG environnment variable
has no precedence. The other LC * environnment variables are of
equal wei ght.

Al t hough it does not provide a nanmi ng convention for |ocales, the
X/ Open nodel does specify the | ocale argunent as a pointer to a
string in the form

XPG3:
| anguage[ _territory[.codeset]][ @modifier]

XPG4:
| anguage[ _territory][.codeset][ @modifier]

Exanpl es of environnent variable settings are



LANG=en_US. | S08859- 1
and

LC_COLLATE=j a_JP. j pEUC

The nmodifier is sonetines used to specify a particular instance
of a language or cultural information for a | ocale. For instance,
if support for a particular sort order is necessary, in a German
| ocal e the user might specify

LC_COLLATE=de_DE. | SO8859- 1@hone

to sort al phabetically according to the tel ephone directory
rather than the dictionary.

Local e dat abases can be provided by either the system vendor or
an application devel oper. A description of utilities that convert
a source format specification of a locale to a binary file

foll ows.

The setlocal e() function accesses the binary | ocal e databases and
provi des a global locale within a given application. The gl oba
locale is simlar to a global variable in that it is shared by
all of an application's procedures. Locale switching can be done
within an application, but within the scope of the XP&4 node

such locale switching is unnecessarily conplex and costly, in
terms of performance. A later section discusses additiona
limtations of this mechanism

The set of interfaces shown in Table 2 supports internationa
application devel opment and was first introduced as part of the
I SO IEC C and the XP& and XPG3 specifications. These interfaces
are used primarily to access data in the |ocal e databases or to
mani pul ate | ocal e-sensitive data.

Table 2 Interfaces for International Application Devel opnment

Interface Use

| ocal econv() For retrieving | ocal e-dependent formatti ng paraneters

nl _l angi nfo() For extracting information fromthe | ocal e database

setl ocal e() For | ocal e announcenent

strcoll () For | ocal e-based string collation

strftinme() For converting date/tinme formats based on | ocal e
strxfrm) For transforming a string for collation in current |ocale

The XPG3 specification is based on the use of ISOI|EC 8859-1 as
the transm ssion code set.[12] Sone inplenentations use this as
an internal code set, instead of the ASCI| code set.

Alinmted set of functions that support nultibyte characters is
al so avail able: nblen(), nbtowc(), nbtowcs(), wctonb(), and



westonmbs(). Each of these functions is based on the ISOIEC C

wi de character (wchar_t) data type. The size of the data type is
not specified by the standard and can vary from one

i mpl ementation to the next, depending on the code set support

of fered by a particular vendor. This multibyte function set does
not provi de adequate support for Asian |anguage application
devel opnent .

In addition to the nb* and wc* functions, the X Open

i nternationalization nodel specifies a set of extensions for nany
library functions and commands. These extensions enabl e the
support of 8-bit characters as well as provide the functionality
required to neet the original goal of ensuring data transparency.
For exanple, changes to the printf() and scanf() famlies of
functions allow the ordering of arguments to be specified in
transl ated nessage catal ogs. In addition, about 80 commmands,

i ncludi ng sort and date, were nodified to support the |ocale
categori es.

The XPG specifications include a nessage catal og subsystem

Al t hough not very sophisticated, this subsystem provi des much
needed functionality. M nor updates have been nmade with each new
i ssue of the Portability Guide. The subsystem conprises only
three functions: catopen(), catclose(), and catgets(). A comand,
gencat, is used to convert a nessage source file into a binary
nmessage catalog that is accessed at run tine by an application.
The behavi or of the catopen() function is dependent on the user's
chosen |l ocale allowi ng selection of transl ated nessages.

XP& Specification and the OSF/ 1 Rel ease 1.2 | nplenmentation

This section discusses the XP&X4 nodel in terms of the OSF/1

rel ease 1.2 inplenentation. Topics include code set support, the
locale definition utility (the utility for handling data in m xed
code sets), worldwi de portability interfaces, and |ocal |anguage
support.

Code Set Support. As nentioned in the previous section, the XPG3
specification primarily supports code sets based on the I SO I EC
8859-1 specification. The XPG4 nodel goes beyond this by

i ncludi ng additional interface specifications to support
nmul ti byte | ocales and internationalized conmands.

The XP&4 nodel is a superset of the five basic conmponents of the
XPG3 nodel. The use of the wchar_t data type is a key feature of
the new interface specifications, because this data type supports
mul ti byte code sets. In the internationalized DEC OSF/ 1 AXP
version 1.2 system the size of wchar_t is 32 bits, which enables
t he support of conplex Asian | anguages such as Chi nese. This

i mpl enmentation is based on the OSF/1 release 1.2, which is itself
designed to support 8-, 16-, or 32-bit wchar_t definitions. The
X/ Open internationalization nodel is based on the concept of



process and file codes. In the internationalized DEC OSF/ 1
version 1.2 inplenentation, the whar_t data type is used as
process code. That is, internal to an application, characters are

converted to the wchar_t data type before use. File code, i.e.
on-di sk data, is always stored as multibyte characters. An
application converts all internal process code (i.e., wchar _t

data type) character to nultibyte character prior to storing it
on disk. This enables file conpression and enforces the use of a
constant width for the processing of character information. The
nb* and wc* functions convert between the two types of data. The
size of the wchar_t data type conmbined with the capability to
support nultiple encoding schenmes provides the flexibility
required to have a code set-independent inplenentation

Restrictions exist on the use of certain characters in the second
and subsequent bytes of a nultibyte character so that full code
set independence is difficult to achieve. An exanple of such a
restriction is the slash character /. The UNIX file system uses
this character as a delimter in absolute and rel ative pathnane
speci fications. |nplenmentations based on OSF/ 1 release 1.2
restrict the use of characters in the range 0x00-0x3F to the
ASCI | code set. However, even with this restriction, it is
possible to build robust systenms that support a w de range of
nmul ti byte code sets.

To gain the necessary flexibility, the Open Software Foundation
i ntroduced an object-oriented architecture for the

i nternationalization subsystem This architecture specifies the
vari ous conponents of the X/ Open nodel as subcl asses. At run
time, an application instantiates objects built fromthese
subcl asses by neans of the setlocale() function call

| ocal edef, iconv and Code Set |ndependence. XPG3 does not
provide a utility for describing |ocales. Therefore, the nunber
of different approaches to the problem matched t he nunber of
vendors. Introduced in the POSI X specification | SOIEC DS 9945-2
and hence adopted by X/ Open, the l|ocal edef utility provides a
mechani sm for specifying a locale in a portable manner.[13] For
each code set supported in the internationalized DEC OSF/ 1 AXP
system there is a corresponding charnmap file and one or nore
corresponding locale definition files that adhere to the POSI X
speci fications. Conbined with a set of |ocal e-specific nethods
and code set converter nodul es, these subcl asses provide the
foundation for the OSF internationalization architecture.

Local e-specific nmethods provide a way for the |1SO |IEC C | anguage
nbtowc(), wctonb() fam |y of functions to work in a multiple code
set environnment. The wchar _t encoding of a nultibyte character in
the Japanese SJIS code set is different fromthat for a character
in the Super DEC Kanji code set. At execution time, the correct
method is instantiated based on the user's choice of |ocale. An
exanpl e of such an instantiation is shown in Figure 2.



Figure 2 Instantiation of nbtowc()

LANG=j a_JP.SJI' S

nmbtowc() -- > sjis_nmbtowe()
or
LANG=zh_TW eucTW

nmbtowc() -- > eucTW.nbt owc()

A user-level utility (iconv) and several library functions
(iconv(), iconv_open(), and iconv_close()) provide a way to
handl e data that nay be in m xed code sets. Internationalized DEC
OSF/ 1 version 1.2 provides an extensive set of code set
conversi on nodul es. New conversion nethods are easily added to
the system

Worl dwi de Portability Interfaces. The XP& internationalization
architecture parallels the XPG3/1SO C nodel . For exanple, XPG4
specifies a famly of isw* functions simlar in design to the is*
functions (e.g., isalpha) specified in the ISOIEC C standard. As
menti oned previously, the XPG3 nodel does not include all the

i nterfaces necessary for application developers to handl e
nmul ti byte code sets. A new set of interfaces, which parallels the
set of ISOIEC C 8-bit interfaces, was devel oped and i ntegrated
into the XP&4 specification. The final version of the interface
speci fication was proposed to the ISOIEC C committee as the
Mul ti byte Support Extensions.

Cul tural Datal/lLocal Language Support. Local |anguage support is
achi eved through the use of |ocal e databases and nessage

catal ogs. The catal ogs enable transl ati on of user nessages.
Local e dat abases have two conponents: the charmap file and the

| ocale definition file. These databases are created by neans of
t he | ocal edef command.

The charmap file contains a POSI X-conpliant specification of the
code set, i.e., a one-to-one mapping fromcharacter to code
point. The locale definition file contains the cultura

i nformati on. Various sections of the definition file correspond
to the categories referenced by the setlocal e() function. The
definition file contains collation specifications, nuneric and
monetary formatting information, date/tine formats,
affirmati ve/ negative response specifications, and character
classification information. In the OSF/1 rel ease 1.2

i mpl ementation, these definition files are independent of the
code set. For exanple, the definition for Japanese (ja_JP) can be
combined with multiple charmap files such as SJI'S or eucJP.



STRENGTHS COF THE X/ OPEN MODEL

The greatest strength of the X/ Open internationalization nodel is
that it is in place today and enabl es the devel opnent of

portabl e, |anguage- and code set-independent applications. The

i nternationalized DEC OSF/ 1 AXP version 1.2 system provides
support throughout the commands and utilities for 20 code sets
that represent mmjor European and Asian | anguages. All this is
acconpl i shed usi ng XP&4 application progranmm ng interfaces
(API's). In addition, the programr ng paradigmis consistent with
ANSI C, nmaking it easier for application developers to nodify

exi sting applications for international support.

LI M TATI ONS OF THE X/ OPEN MODEL

As described previously, the X/ Open nodel for

i nternationalization provides a conprehensive set of application
i nterfaces, thus enabling the devel opnment of applications that
can be used worl dwi de. Yet, as with many standards, there are
limts to what can be acconplished. In this case, linmtations
mani f est thensel ves in several areas:

o] C | anguage API

o] Di stributed conmputing environnents

o] Mul tithreaded applications

o] Mul tilingual applications[14]

o] Uni code and | SO | EC 10646 support[ 15, 16]

Because the X/ Open and POSI X specifications are based on UN X
i mpl enentations, the APls are specified only for the C
programm ng | anguage. For progranmm ng | anguages such as COBQOL,
FORTRAN, and Ada, it is not necessarily possible to match the
syntax and semantics of the API. The renmi nder of this section
expl ores generic problens with the gl obal |ocale nodel and
addresses specific issues in nore detail

G obal Local e | ssues

The X/ Open nodel is based on the concept of a global locale. This
aspect of the nodel is achieved through the use of |ocale data
that is maintained in a private, process-w de gl obal structure.
The use of a global locale is one of the nore severe drawbacks to
usi ng the overall nodel.

When working with this nodel, application developers typically
assunme that a single |anguage-territory-code set conbination is
in use at a given tinme and will remain constant on a per-process
basis. Although it is possible to use the announcenent mechani sm



to determ ne the run-tinme | ocale of a process, this nechanismis
cunmber sone. The application nust both save and restore the | ocale
i nformati on.

Anot her drawback of the X/ Open nodel is that existing APls do not
include a way to share | ocal e-specific information between
processes. This, conbined with the difficulty of |ocale
switching, limts the ability to support nultilingua

and distributed applications.

Di stributed Processing |ssues

In a client-server environnment, the problem of supporting
nmul tiple | ocal es becones a serious issue. Consider the follow ng
exanpl es:

o] A server gets requests fromvarious clients, each running
their own |ocale. These requests are processed using the
| ocale of the client. The process includes returning
| ocal e-specific user nessages to the client and
processi ng user-local e-sensitive date/tine formats,
collation informati on, and string mani pul ati on.

o] A wi ndow manager that supports nultiple clients displays
menus for a client based on the client's |ocale. The user
error nmessages di spl ayed are based on the |ocale of the
server.

When a client sends a request to a server, the request paraneters
that are passed between the client and the server inply an
associated | ocale. Since the global locale is not an explicit
argunment in any of the XP& functions, this locale is difficult
to pass to the server. Consider the specific case of renpote
procedure calls (RPCs), where an interface definition |anguage
(IDL) m ght be used to generate client stubs. Because of the

gl obal nature of the locale, insufficient information is
available to the IDL to deternmine if the locale informtion needs
to be used as an argunent to any generated functions. Thus, the
server may need to change its locale for each client request,

whi ch nmay be unacceptable in terms of system performance

Usi ng the current XPG nodel, synchronizing the use of a specific
| ocal e between a client and server may not be possible. Even if a
client could specify a locale as part of the request, the |ocale
may not be available at the server side or may be replicated
incorrectly on the server side. This situation exists because

| ocal e nanmes and content are not standardized.

Al t hough the XP&4 specification includes the | ocal edef comand
for specifying the content of a |ocal e database, there is no
provi sion for standardizing the content. The only locale for

whi ch an X/ Open specification exists is the POSIX or C locale. In



addition, there is no specification for explicitly nam ng a

| ocal e. Local e nanes are conposed of |anguage, territory, and
code set conponents. Many vendors use | SO | EC 639 and | SO | EC
3166 for the | anguage and territory conmponents, but there is
little agreenment on code set naming conventions.[17,18] This

nam ng schene is not sufficient for uniquely identifying |ocales,
as is required in a client-server nodel.

Anot her problemw th the X/ Open nodel that inpacts application
performance and the ease with which an application can be
internationalized is related to the process code. The
representation of the process code, i.e., wchar_t, is

i mpl enent ati on defined, and the mapping of nmultibyte characters
to wi de character codes may be |ocale sensitive. Therefore,
wchar _t-encoded data cannot be exchanged freely between the
client-server pair. The only exception would be if the end user
guaranteed that the process code was identical for a given |ocale
for each part of the client-server pair. The XP&4 specification
does not include functionality to identify or to interrogate the
wchar _t encodi ng schene used.

Mul tithreaded Applications

The problens encountered in a distributed processing environnent
beconme nore conplex if the application is also rmultithreaded.
Usi ng POSI X threads, conmonly referred to as pthreads, nore than
one thread is in the execution phase at the sanme tine.[19] Again,
a problemwi th the global, process-wi de |ocale is evident. The
application cannot maintain the state of the global |ocale,
acconpli shed by a save/restore process, w thout bl ocking al

ot her threads. Likew se, execution of |ocale-sensitive functions
requires locking all threads to ensure that the global state is
not altered prior to conpletion. The need to continually |ock and
unl ock threads, in addition to being undesirable, results in a
performance problem for internationalized applications. Another
approach is to make | ocale data thread-specific.

Mul tilingual Applications

The X/ Open internationalization nmodel is oriented toward the
devel opnent of nonolingual applications. Therefore, the node
does not provide functions to handle data that consists of an
arbitrary mxture of |anguages and code sets.

The foll owing are sone exanpl es of applications that may require
mul tilingual services:

o] Applications that sinmultaneously interact with a nunber
of users (e.g., transaction processing systens), where
each user can choose a | anguage

o] A word processing application for nmultilingual texts that



need | anguage-sensitive formatti ng, hyphenation, etc.

Uni code Support

Wth the arrival of the Unicode universal character code and the
adoption of ISOIEC 10646 as its form both POSI X and X/ Open have
to address the issues of support.[15,16] The X Open
Internationalization Wirking Goup is preparing a paper on

Uni code support within the existing specifications; this
publication should be available in |late 1993. Sone of the issues
that the C | anguage, POSI X, and XP&4 are facing to support

Uni code or I SO I EC 10646 are character conpatibility, code
restrictions, and valid character strings.

Uni code characters are inconmpatible with the C | anguage char*
data type used in the POSI X and X/ Open nodel s. Uni code characters
are 16-bit entities, whereas the POSI X and X/ Open characters are
in practice 8-bit bytes, even though theoretically the byte size
is inmplementation dependent. Most APIs defined in the POSI X and
X/ Open nodels inplicitly assunme 8-bit characters. This principle
is extended to cover Asian multibyte characters by considering
each character to be a sequence of 8-bit char data el enents.

Uni code characters, however, cannot be broken down into sequences
of valid 8-bit char* data el enents.

The POSI X character nodel requires that the code values for char*
data protect the code ranges for control characters between

0x00- Ox1F and 0x80- 0x9F, the code position DELETE, and the sl ash
character /. No such restrictions exist in Unicode.

The C | anguage postulates that a null character terminates a
char* string. Since the Unicode string nost likely contains zero
bytes, these bytes would be interpreted as string term nators. In
principle, the Clanguage would allow a conpiler to define the
char* data type to be of 16-bit w dth. However, given the
prevailing assunption in POSI X and XP&4 that one character equals
one 8-bit byte, a Unicode character string cannot be a valid
char* string.

For these reasons, Unicode cannot be a valid file code as defined
by the PGSI X and X/ Open specifications. Unicode is not usable as
an XPG4 process code either. Unicode and | SO | EC 10646 all ow t he
combi ning of 16-bit characters.[15] However, in many operations
the conbining character (e.g., in the French character set, the
grave accent) and the base character (e.g., the letter

e) have to be processed together. This situation contradicts the
XP& nodel, where each character of the process code is

i ndi vidual |y addressed and processed.

Using a wel | -defined encoding as XP& process code woul d al so
violate the principle that the process code i s opaque,

i mpl ement ati on defined, and not valid outside the current
process. For all these reasons, the X/ Open Joint



Internationalization Group decided to propose using Unicode in a
nodi fied formof the universal multiple-octet coded character set
(uUcs) transformation format (UTF).[ 16, 20]

PROPOSED CHANGES TO THE MODEL

The XPG4 nodel limtations described in the previous sections are
wel | understood in the internationalization community. X/ Open has
publ i shed a Snapshot specification for a set of distributed

i nternationalization services.[10] This specification does not
solve all the problens identified in this paper. It does,

however, address the problens associated with the use of the

gl obal | ocale nmechanism locale identification, and text object
mani pul ati on. Note that these are proposed changes and have not
been adopted by any standards organization

The proposed changes incl ude

o] A | ocal e nam ng specification that enables the
identification of a given locale in a distributed
envi ronnent

o] Definition and support of a locale registry

o] A new set of APIs that enables application software to
- Concurrently manage and use many di fferent |ocal es
- Mani pul at e opaque text objects[21]

- Support stateful and nonstateful encodings and file
codes that are excluded by the current standards
(e.g., nonzero byte terminators used in the Unicode
code set)

Local e Nam ng and the Local e Registry

In an internationalized environnent, the server nust replicate
the client's locale. If the client's |ocale can be uniquely
identified, the renote code can replicate the | ocal e by obtaining
it and specifying this information as part of the operation. To
solve the locale replication problem the XoJl G devel oped a

| ocal e nam ng schene, referred to as the |l ocale specification

The |l ocal e specification is a character string that contains the
| ocal e nane for each category that exists within the |locale. The
syntax for locale nanes is a |list of keyword-value pairs, where
each pair defines a |locale category. Certain keywords, such as
code set nane, encodi ng nane, and owner or vendor nane, are
standardi zed as part of the registration process. Table 3 shows
two exanpl es of |ocal e specifications.



Table 3 Network Local e Nam ng Specifications
Ameri can English Locale Using the SO IEC Latin-1 Code Set

CTYPE=ANSI ; en_US; 01_00; | SO- 88591-1987; ;/
COLLATE=ANSI ; en_US; 01_00; | SO- 88591-1987; ; /
MESSAGES=ANSI ; en_US; 01_00; | SO- 88591-1987; ; /
MONETARY=ANSI ; en_US; 01_00; | SO- 88591-1987; ; /
NUMERI C=ANSI ; en_US; 01_00; | SO- 88591-1987; ; /
TI ME=ANSI ; en_US; 01_00; | SO- 88591-1987; ;/

Japanese Local e Using Japanese Extended UNI X Code (EUC) Encodi ng

CTYPE=I SG; j a_JP; 01_00; JI S- X0208- 1987, JI S- X0201- 1987, JI S- X0212- 1991; EUC; /
COLLATE=I SO, ja_JP; 01_00; JI S- X0208- 1987, JI S- X0201- 1987, JI S- X0212-1991; EUC, /
MESSAGES=I SO, j a_JP; 01_00; JI S- X0208- 1987, JI S- X0201- 1987, JI S- X0212- 1991, EUC, /
MONETARY=I SO, j a_JP; 01_00; JI S- X0208- 1987, JI S- X0201- 1987, JI S- X0212-1991; EUC, /
NUMERI C=1 SO; j a_JP; 01_00; JI S- X0208- 1987, JI S- X0201- 1987, JI S- X0212-1991; EUC; /
TI ME=I SG; j a_JP; 01_00; JI S- X0208- 1987, JI S- X0201- 1987, JI S- X0212- 1991; EUC; /

Al t hough this nam ng schene provides for unique identification of
| ocal es, the nanes are long. The specification calls for the use
of ASCI| characters to nanme | ocales. The Anerican English |ocale
specification is over 200 bytes in length. A shorthand notation
cal l ed network | ocal e specification token has been proposed.

The network | ocal e specification token is an unsigned integer

val ue that can be represented within four bytes. The two nost
significant bytes represent the registration authority. Under the
proposal , national and international standards bodies, conpanies,
and consortia, etc., that wish to use network |ocale

speci fication tokens will receive unique identifiers. A block of
values will be reserved for private use between consenting
systenms. A set of new functions will allow conversion between the
full locale specification and the |ocale specification token

The | ocal e specification proposal solves the problem of unique
nam ng for |locales. Conmbined with a locale registry, this
proposal overcones sone of the limtations of the current X Open
nodel . Wthin the registry, each locale will have a name defi ned
according to the new syntax. Assum ng vendors add these

regi stered locales to their systens, |anguage-sensitive
operations in a distributed environment will obtain the sane
results across systens. This registry has been established by

X/ Open, and several |ocal es have been subnitted.

Mul til ocal e Support

A new set of interfaces, the set of o* functions, has been
proposed. These interfaces provide capabilities simlar to those
defined by the XP&4 nodel. These new functions address many of
the nmodel's limtations, including nultithreaded applications,



distributed systenms, and multilingual applications.

Most of the o* functions utilize three new data types: |ocale
object, attribute object, and text object. To overcone the
limtation inposed by a gl obal, per-process l|ocale, the
fundamental XPG4 programm ng paradigmis altered to define

| ocalization on a per-call rather than a per-process basis. This
change is acconplished by defining a new opaque data type called
a locale object. Alocale object identifies the |ocale and can be
passed as an argunent to | ocal e-sensitive functions on a per-cal
basis. In this way, the basic progranm ng paradi gm becones

1. Performoperation X on data Y using |locale Z
and not

1. Set global locale Z

2. Performoperation X on data Y

An attribute object is a generic opaque object that serves as a
contai ner to other opaque objects, such as a |ocal e object. Use
of an attribute object in the proposed APIs provides a solution
that is not specific to solving internationalization problens. It
is anticipated that objects, in addition to the | ocal e object,
will be identified. The additional objects mght result from
requi renents in such areas as nultinmedia, network security, and
X11-specific extensions to the |ocale.

A text object is a new data type that replaces the character
(char) and wi de character (wchar_t) data types used in the XPX4
i nternationalization nodel. As previously defined, a text object
refers to a collection of text characters that may or may not
have netadata associated with them Support for directionality,
as required for right-to-left |anguages such as Hebrew, is an
exanpl e of when such netadata would be introduced. If a text
object has a |l ocale defined as part of the netadata (i.e.

sel f-announci ng data), the |locale specified as part of the data
supersedes the | ocal e passed as an argunent to the o* functions.
The locale that is passed as a function argunent acts as a
default locale for operations that require it. Al o* functions
allow a locale identifier to be passed as an argunent. This
capability elimnates the lintations of the XPG4 gl obal | ocale.
The support of netadata associated with text objects is

i mpl enent ati on defi ned.

A text object data type is represented by a text pointer of type
txt_ptr. A text pointer represents all the information associated
with a particular character position within the text object. This
information is sufficient to performany kind of operation, such
as classification, extraction, or uppercasing.

In sutmmary, the o* functions allow text objects to be classified,



converted, transferred to and fromfiles, etc. The functionality
of the o* functions is designed to parallel the
character-handling functionality provided by the X Open

i nternationalization nodel. For exanple, functions for
mani pul ati ng text pointers and for concatenating text objects are
tuned to the nultilocale nodel. Interfaces have al so been

i ntroduced to provide managenent functions for new objects.

CONCLUSI ONS

When introduced, the X/ Open Portability Guide Issue 3 nodel for

i nternationalization net about 90 percent of the known

requi renents in the western European market. The introduction of
the XPG4 worl dwi de portability interfaces expanded the region to
i nclude Asia, Japan, and eastern Europe. Consequently,
application devel opers can wite portable code that supports a
vari ety of |anguages. The use of the worldw de portability
interfaces for conputer-aided design applications that are

di stributed worl dwi de i s one exanple of such code.

However, the use of the client-server nodel expanded greatly in
the tinme it took to devel op these standards. Also, the need to
support truly nultilingual applications in a distributed

envi ronnent becane evi dent. New code set specifications (i.e.
Uni code) have been adopted, and systens supporting Unicode as
both file and process code have been inplenented. Application
vendors are beginning to see their markets expand into every
corner of the world.

The XP&G4 nodel will continue to provide nmuch-needed interfaces
for quite sone tinme. Yet, to neet the challenges of the truly
di stributed environment, a new API, simlar to the o* functions
presented here, nust be devel oped and accepted.
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