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Editorial

If It’s Tuesday...

his issue of RS/Magazine introduces a
E new column called 118N. That'’s
shorthand for internationalization, a

term used to describe all the work being
done “to allow software to handle other

cultures, other natural languages and other
alphabets.” As this introductory column illustrates, transforming an
application written in C and used by Americans into the same application to
be used by a Japanese in Osaka or a Czech in Prague is daunting, to say the
least. In fact, the differences between seemingly identical languages, like
French spoken in France and Canada or German spoken in Germany and
Switzerland, present enough problems to give any programmer a migraine. ([
know just the thought of producing the Cyrillic alphabet or too many cedillas
has caused a few headaches for our production department.) But as the article
points out, there is a huge software market outside the United States and with
a little patience (and the help of our new column) even the most fearsome
task is possible. The column is written by Jeffrey Haemer and Jeffrey
Copeland, both with Interactive Systems Corp., the original developer of AIX.

Our cover story, “Entering the Glass House,” derives its title from the
traditional 1BM stronghold-the glass room where the mainframe holds
court. PCs have been connected to the mainframe since their genesis. Now
RS/6000 users are finding reasons to tap into the mainframe in much the
same way PCs do. This article covers the various schemes for doing that
and the IBM products and third-party software available to help you
accomplish it. “Customizing SMIT,” by Q&AIX columnist Dinah McNutt
and Pencom’s Paul Martin, uses a simple exercise to show readers how to
tailor the RS/6000 systems managment tool. And Technical Editor Barry
Shein reviews some popular products—dBASE 1V, for example-for the
RS/6000 in “Tried and True.”

In “RS/News,” check out IBM's new $96,000 high-end server. According to
IBM, the system has hit an industry high with 100 SPECmarks.

oY

Anne Knowles
Editor
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118N

Internationalization:
An Introduction

by Jeffreys Copeland and Haemer

Consider this program:

#include <stdio.h>

main()

{

printf("hello, world\n");
}

There’s not much question that it
wouldn’t be very interesting to the
average non-English-language
speaker. But who cares? First, most
computer users are American, and of
the ones who aren't, most speak
English. Second, UNIX and C pro-
grammers are even more English-
language-oriented, if that's possible.
C, after all, has keywords in English,
and everyone learns it from
Kernighan and Ritchie.

These were good points once, but
a bit behind the times now, espe-
cially for IBM. By 1993, the project-
ed U.S. software market will be
$26.4 billion, according to
International Data Corp. IDC fore-
casts the 1993 Japanese software
market will be $7.45 billion-not as
large as the U.S. market, but still
enough to make vendors sit up and
take notice. And the European soft-
ware market should be $25.9 bil-
lion. Moreover, for historical rea-
sons, UNIX is much more important

relative to other operating systems
in Europe and Japan than it is in the
United States.

What to do, what to do? Must we
now confront special compilers that
expect programs like this to take
advantage of the international UNIX
market?

#incluye <estenex.h>

principal ()
{

imprimef (" ;hola! al mundo\n");

}

Well, not right away.

Our Purpose

In this column, we'll provide an
overview of changes taking place in
UNIX and C to allow software 1o

Jelfrey Copeland (jeff@itx.isc.com) has been with Interactive Systems Corp. in California
and Texas since 1981. His specialties includc text processing, interationalization and software test-
ing. He is only two-sevenths of the way to his goal of porting troff on every continent. Jeffrey S.
Haemer (jsh@ico.isc.com) has worked at 1SC’s Colorado Technical Office since 1983. He has
experience working, writing, and speaking on the interrelated topics of open systems, standards, soft-
ware portability and porting, and internatienalization. This year, Dr. Haemer has been a featured

speaker at Usenix, UniForum and Expo Kuwait.
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handle other cultures, other natural
languages and other alphabets. These
changes are spread across many parts
of the system; accordingly, nonoverlap-
ping changes to C and UNIX are being
proposed, designed and pitched by
numerous different organizations.
Although their efforts influence one
another, these organizations act inde-
pendently, so we'll try to treat their
contributions separately to leave you
with a clear picture of which changes
are due to the C standards committee,
which to the POSIX committees, which
to X/Open, which to the Unicode
consortium and so on. There are a
couple of reasons we want to do this:

1. There’s no way to avoid hearing
the organization names. You
might as well get used to them.
Besides, partitioning the topics by
the group involved with them
also provides handy mental orga-
nizers that will help subdivide an
otherwise enormous topic.

2. Some organizations’ proposals are
inherently more stable than oth-
ers. This doesn't just mean that
some organizations are more con-
tentious than others, though that's
certainly true. It just points out
that some of the organizations are
official standards bodies, with
industrywide participation and
support, while others are vendor-
sponsored consortia.

Naturally, we will concentrate on
solutions either provided by AIX or
likely (in our opinion) to appear in
AIX in the future, but many of the
things we say will also apply to other
platforms.

Although the columns will strive to
be practical, we'll try to avoid making
the columns strict, how-to treatises.
These columns are meant to be edu-
cational works, not reference works.
We'll try to help you develop a sense
of the basic problem being addressed,
and a feeling for why the current
solutions are what they are. Besides,
if we make our articles too dry, you
won't read them.

f18N

Software Localization

Application developers have been
trying to sell software in markets
outside the United States for a long
time. After all, some of those appli-
cation developers aren’t even in the
United States. And although pro-
grammers often speak English,
customers often don’t.

The simplest change to make is to
provide screens, prompts and output
messages in the local language, and
to let the programs accept input in
that language as well:

#include <stdio.h>

main()

{

printf("ihola! al mundo\n"):
}

Such an approach assumes that the
engineers speak English, but the
local customers—ordinary end
users—need not.

Localization—tailoring software for
new locales—presents a couple of
technical problems. The first is
accepting and displaying the right
characters. Even if a Spaniard recog-
nizes buenos dias as meaning
buenos dias, what do we do about
Greek or Russian? A transliteration?
pleos instead of mAeoo? End users
may not know how their alphabet
maps into ours. Besides, a customer-
billing package that will accept and
print names spelled correctly is cer-
tain to sell better than one that
drops diacriticals or transliterates
characters.

The 1BM PC provides many char-
acters that support non-English
alphabets, and most MS-DOS soft-
ware accepts these characters, but
important parts of UNIX have his-
torically assumed an ASCII character
set, and ASCII was built to display
English. Even MS-DOS balks at lan-
guages that are written quite differ-
ently from English, like Japanese,
Arabic or Hindi.

The second problem is more subtle:
Some application features have cultural

or linguistic dependencies that UNIX
or C were not designed to handle.

printf("$5.3f\n", 5.0/2.0);

prints
2.500

In much of Europe this means two
thousand five hundred, and 2,500
means two and a half. What this
means is that some support for soft-
ware localized for non-American
markets must be provided by C itself.

Early AIX Localization

1BM responded early to demands for
national language support-support of
languages other than English-in
UNIX, coming out originally (1987)
with a version of A1X on the RT that
supported a wide variety of European
characters, and later with a version of
AIX that handled Japanese characters.
Both versions had interestingly
expanded character sets, together
with a miscellany of other changes to
support the countries, languages and
cultures of their target markets.
Significantly, both versions went out
of their way to be compatible with
English-only versions of UNIX. This
same strategy was in play for AIX 3.1
on the RS/6000.

What makes this compatibility
interesting? Well, character-set sizes,
for one. First, both versions used a
much larger character set. To support
a wide range of European languages,
the European version added 488 char-
acters. The Japanese version added
even more; even moderately straight-
forward Japanese requires something
like 50,000 glyphs. C's confusion
between characters and bytes—C'’s key-
word for a byte is char—turned this
into an instant problem. There are
only 256 different eight-bit bytes.

IUs easy to think of schemes to rep-
resent large character sets: Put more
bits in a byte, make all characters two
bytes instead of one, provide escape
sequences that let the same byte rep-
resent multiple characters, and so on.
You can probably design two or three
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in under five minutes; most of the
ones you come up with have been
used by someone at some time. Many
vendors, including IBM, chose to add
the constraint that ASCII had to be a
proper subset of the code set-the
encoding of the characters-to ease
data interchange with other, ASCII-
only machines. Some characters had
to be one byte long; others had to be
more than one. Non-ASCII characters
were recognized by either having the
high bit set or by beginning with a
special byte. (These two methods of
recognizing non-ASCII differ: AIX
chose to use the Japanese default PC
standard, SJ1S-shifted JIS—which
ensures all bytes of a non-ASCII char-
acter have their high bits set. The
IBM European character set reserves
the single-byte characters for com-
mon text characters, and uses the
roughly 500 two-byte characters for
graphics, superscripts and the spe-
cial-purpose characters that typeset-
ters refer to as pi characters.)

A decision to use these new code
and character sets cascaded into a
variety of other design changes. Here
are some examples:

* Printers and terminals had to be
built that would print and display
the characters in the character set.
Drivers had to be written to drive
those devices. Keyboards had to be
made that had the right keycaps.
Library routines had to be con-
structed to deal with variable-
width characters.

All programs that deal with data as
chars needed to be examined to
see if they were processing charac-
ters or bytes. (Sometimes the
intent isn't entirely clear. What
should the last column of we
show? Bytes or characters?)
Programs that dealt with characters
had to be recoded. Sometimes,
changes were as simple as using
new library routines—calling
NCstrlen(), instead of strlen()
to determine the length of a string
in characters. Other routines called

[18N

for more dramatic recoding. Quite
a few routines keep and traverse
arrays indexed by characters.
Changing the size of the array from
128 (or 256) to 65,536 (2562) often
calls for new algorithms.

As a special case, anything that dealt
with the alphabet had to be
rethought. Examples? The entire
ctype library, and anything that uses
it, for starters. What's an upper-case
“é”: “E” or “E”? (It depends, and not
even on the language; in French, it's
one, in French-Canadian, it’s the
other.) German scharfe-S, R, is a
lower-case letter with no upper-case
equivalent. And what happens if you
call toupper() on a Japanese char-
acter? The complement to that is
missing functionality. The Japanese
character set has at least four major
pieces-Hiragana, Katakana, Kanji
and Romaji-that the Japanese pro-
grammer will want to distinguish. A
useful Japanese ctype library needed
lo provide new character classifica-
tion functions.

Worse than that was anything that
had to do with sorting. Far too
much code assumes that the order
of the ASCII lower-case characters
and the order of the alphabet are
the same. Stick to English and
you're fine, but there is no single
character-set ordering that even
works for all of Western Europe.
This means that an entire mecha-
nism had to be invented and
installed for character collation.
Allied to collation problems, though
distinct from them, were problems
with regular expressions. Not only
were the algorithms hopelessly tied
to small character sets (transition
tables went from 256-by-256 arrays
to 65,536-by-65,536 arrays!), but
the shorthands we're all used to
were 1o longer adequate. Should [a-
z] span the lower-case letters if “z”
isn't the last letter in the alphabet?
How do 1 look for any variety of “a,”
including “4,” “a,” “4” and so on?
Every program that handled some
variety of regular expression, from

the editors to awk to the shells to
find, had to be retooled.

Those, of course, are just character-
set related changes. Other changes,
alluded to above, were also required:
Changes to library functions to allow
proper formatting of numbers, curren-
cy, dates. (In Europe, you just need
different date formats. In Japan, the
year depends on when the emperor
was enthroned.) Changes to format-
ting routines that assume that white
space delimits words (not true in
Japan!). Changes to anything that
controls the screen that assumes that
all glyphs—the displayed versions of
characters—are the same width
(Japanese mixes single- and double-
width glyphs) or character widths are
the same as glyph widths (true in SJIS,
but not in the AIX European character
set). Changes to the documentation.

And messages. We almost forgot.

Pick a Language,
Any Language

To make a localized UNIX back-
ward-compatible with other UNIX
versions requires that many program
messages appear in English. (Think
of shell scripts that recognize specific
output from a UNIX command, like
the total line from a wc command.
Think of the American maintenance
programmers.) To make a localized
UNIX useful requires that those mes-
sages appear in the local language.
Thus (except in English-speaking
countries), the language in which
messages display must be selectable
at run time, on a per-user basis.

Well, not just messages reaily.
Actually, this applies to most of the
things in the previous section, in fact,
almost all the text the program is
likely to display. On top of every-
thing else, the behavior of the system
was made to depend on the value of
an environment variable SLANG,
which indicated the language and
culture the user wanted.

Most user-selectable behavior can
be implemented by having the action
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Figure
. #include <stdio.h>
. #include <stdlib.h>
#include <nl_types.h>
© #include <locale.h>
- #include

j nl_catd catd;

: main(int argc, char **argv)
-
: setlocale(LC_ALL, ""):

catd = catopen(MF_HELLO, 0);
printf ("$s\n",

catgets(catd, HELLO_SET, HELLO_MSG, GRTNG));

catclose(catd) ;
}

of library routines depend on $LaNG,
but messages are special. Most mes-
sages are hard-coded strings (or,
worse still, strings constructed at run
time from hard-coded substrings).
Nearly all strings had to be replaced
by calls to library routines that
extract strings to be printed from
message catalogs—the external files
that contain the text strings for each
language. The message catalog your
program uses is decided at run time,
based on $LANG. (Feeling like practic-
ing your Espariol today? When you
pour your first cup of coffee, type
LANG=ESES. Or try your Swiss
German with LANG=DeCH. Offended
by Americanisms in your English?
Use LANG=EnGB.)

Under AIX, a “messagized” version
of the program we wrote earlier looks
like the figure above.

Internationalization

The design alluded to in the last
section has some bonuses. First,
users in multilingual countries, like
Switzerland and Canada, can run in
more than one language on one
machine. Second, distributors in
multilingual markets, like IBM
Europe, can stock and ship one set of
binaries instead of a dozen. Third,
adding a new market—say, Eastern

"hello_msg.h" /* decls of HELLO_MSG, etc. */
#define GRTNG "hello, world\n"" /* default message */

18N

Europe-only requires adding new
message catalogs and other data files
to describe the new locale-informa-
tion about how the system should
behave for the new market.

Fourth, development organiza-
tions, like IBM's AlX developers, can
maintain a single European version,
instead of having to propagate bug
fixes across the English version, the
Spanish version, the French version,
the Croatian version and so on.
With maintenance costs typically
half of the cost of software even in
proprietary environments, where
porting is a smaller proportion of
costs, savings from being able to
maintain fewer versions can over-
shadow all else.

What's missing from this design is
the ability to switch character sets.
Reflecting on some of the character
set-related changes described earlier,
one would expect that making a truly
character set-independent version
would add extra wrinkles. Still, main-
tenance costs are so important that
industry focus is turning away from
localization and toward international-
ization (or, in Britain, internationali-
sation, hence the internationalized/
sed abbreviation, which replaces the
18 characters “nternationalizatio”
with two digits, making it easier to

write in a dark conference room) cre-
ates single-source products that are
truly independent of language, coun-
try and character set, by taking all
those dependencies out of the code
and storing them somewhere else.

Contributing to this is the expected
emergence and growth of UNIX mar-
kets in places like Korea, China, the
Middle East and India, each of which
introduces one or more new scripts.
(The world's largest employer is the
Indian national railway system, with
six million employees. Payroll is
done by hand.)

Standards

As you may imagine, IBM isn’t the
only vendor interested in internation-
al markets. Because portability is a
hallmark of open systems, the recent
standards mania sweeping the UNIX
community includes efforts to stan-
dardize facilities that support i18n.
IBM’s localized variants predated
many of these efforts. Two pieces of
fallout from that:

* IBM’s early efforts have influenced the
direction of the standards efforts.

*» [BM’s efforts aren’t identical to the
standards, which, given the open
systems orientation of the IBM of
today, means that you can expect
IBM to change what they offer to
support the emerging standards.

We'll try, throughout this series, to
outline the emerging standard solu-
tions, because we believe these are
the keys to i18n for the RS$/6000 user.

Still to Come

We've tried to set the stage for the
articles that follow by sketching the
problems that an English-language
UNIX faces in evolving to serve an
international market. We’ll return to
many of the points we raise above in
issues to come, treating both the
problem and the solutions in more
detail. We hope we've raised enough
questions, fears and curiosity to get
you to read what we write. A
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Internacionalizacion:

Standard C

by Jeffreys Copeland and Haemer

Sow a Thought, and you reap an Act;
Sow an Act, and you reap a Habit;

Sow a Habit, and you reap a Character;
Sow a Character, and you reap a Destiny.

~Anon. |

ast month, we sketched the
problems that software con-
fronts in an international

world. This month, we launch into a’

tour of the various pieces of solu- -

tions provided by the different parts
of AIX. We begin with ANSI/ISO C

for several reasons:” ‘

1. It’s the oldest and most portable
standardized piece. Programs that
use only the standard C facilities
can, with a little care, be guaran-
teed to work on any machine
with a standard C compiler.

2. Most of the other internationaliza-
tion-related facilities are features
added to enhance or complement
the stanclard C facilities. Although
there is no unified design for the
internationalization facilities, the
design of C's features profoundly
influences that of the others.

3. We organize our explanation by

the standards organizations that
specify the partial solutions,
rather than by the areas the solu-
tions address, in part because
internationalization standards are
somewhat disjointed and have
grown by accretion rather than
by a coherent plan. Also, if you
know what standards bodies are
responsible for what, and what
standards a certain platform con-
forms to, you can better under-
stand what parts will work
together as you move from plat-
form to platform.

Standard C attacks two interna-

Jeffrey Copeland (Jeff@itx. isc.com) has heen with interactive Systems Corp. in Caltfornia
and Texas since 1981 His specialties include text processing, internationalization and software test-
ing. He is only two-sevenths of the way 1o his goal of porting troff on cvery continent. Jellrey S.
Haemer (§sh@canary . com) is an independent consultant bascd in Boulder, CO. He works, writes
and speaks on the interrelated topics of open systems, standards, software portability and porting,
and internationalization. This year, Dr. Haemer has been a featwred speaker at Usenix, UniForum

and Expo Kuwait.
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tionalization problems: large charac-
ter sets and locales. For most pro-
grams, large-character-set handling
is the more pervasive and more
interesting change, so we’ll start
with it.

All Characters,
Great and Small
Consider this program:

#include <stdio.h>
#include <string.h>
#include <stdlib.h>
main{)
{
char s[1024);
int Len,
while (gets(s) != NULL) {
Len = strlen(s);

max=0;

max = (Len>max)?Len:max;

}

princf("longest line: ");
printf("%d characters \n", max);

exit(0);

What should it print for this input?

hello, world

<Bh, Y4

Well, what's strlen (98D, ¥ tw4)?
Here are three arguably rationat
answers: -

1. There are 11 characters in
%Eb,fmw,sb C
strlen (988, ¥ 1) is 11,
which means the“longest” line is
the English one, and the program
prints '

longest line: 12 characters

2. 98D, Y"1 s clearly longer than
“hello, world,” because some of
the Japanese characters are dou-
ble-width; strien(48H, ¥ 174)
is the width of 14 single-wicth
characters, so the program prints

longest line: 14 characters

18N

3. The binary representation of
€806, Y174 must be more than 12
bytes. A single byte can only repre-
sent 256 characters, and Japanese
has more than 30,000 Kanji char-
acters in fairly common use. 1f we
use a two-byte internal representa-
tion for each character, strlen
(986, ¥"1m4) is 22-the number
of bytes it takes to represent the
string-and the program prints

longest line: 22 characters -

Why the ambiguity? The assump-
tion that a character will fit in a char
pervades traditional C programming
practice-obvious just from C's word
for byte: char. You may-have done
ports that stumbled because the code
assumed pointers could fit in inte-
gers. In an internationalization proj-
ect, the biggest stumbling block is
the byte/character problem. In our
experience, at least half the battle of
internationalizing an existing suite of
applications is teasing apart the two
meanings for char.

Near the end of the standardization
process, the ANSI C committee,
X3J11, realized that it had to address

" internationalization. If it didn't, the

International Standards Organization
(1SO) would shoehorn something in
after it left X3J11’s hands. To fore-
stall this, the committee decided to
add features to C that would help
internationalize applications.

Three proposals were advanced to
help programmers distinguish char-
acters from bytes:

© The simplest proposal, Doug
Gwyn's, made char the keyword
for characters and permitted a new
type, short char, to hold bytes in
cases where bytes and characters
were diflerent sizes.

© The largest, favored by the Japanese,
specilied a new type to hold charac-
ters and a large library of functions
that operated on that type.

© The committee adopted a third,
compromise route, which provides

a new, wide-character type,
wchar_t, together with a handful
of facilities that permit program-
mers to express and print data in
those types, and to interconvert
char and wchar_t data.

Many Versions of AIX before 3.2

offered similar internationalization

features. Because they predated the
ANSI standard, they differ from the

| ANSVISO standard syntactically, but

they have nearly identical semantics.
We'll treat the standard features and
let you do any necessary conversions.

Oh, the answer is the third propos-
al. In standard C, strlen() deals in
bytes. (By the way, the Japanese line
says: “kon-nichi wa, jyufurii"=“Good
afternoon, Jeffrey.”)

How AIX C
Programs Handle Data

Here's the basic approach AIX
takes to large character sets. First, it's
important to handle ASCII input and
output. After all, most systems with
which RISC System/6000s exchange
data can only handle ASCII. Yet one
byte can’t hold all the needed charac-
ters, so some non-ASCII characters
must take up more than one byte.
The logical conclusion is that charac-
ters outside the programs must have
variable lengths. (We'll postpone
talking about the encodings to
another column; ALX supplies scver-
al.) These variable-length characters
are called multibyte characters.

Inside programs, however, it’s crit-
cally important to be able to process
strings a character at a time, like this:

for (p = s; *p: p++) |
/*
process next character
in array s
*/
}

To this end, standard C provides a
new, constant-width internal represen-
tation: the wchar_t |, typedef'd in
stddef .h (an unsigned short on AlX).

How do we get from multibyte
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characters to wide characters and
back again? stdlib.h provides two
basic functions for this:

int mbtowc(wchar_t *pwc,
const char *s, size_t n)

which converts a multibyte character
to a wchar_t , and

int wctomb(char *s, wchar_t wchar)

which converts a single wchar_t to a
multibyte character. We also have
three functions that are helpful:

int mblen{const char *s, size_t n)
to provide the length in bytes of a

(possibly multibyte) character in a
byte array,

size_t mbstowcs (wchar_t *pwcs,
const char *s, size_t n)

to convert a string of multibyte char-
acters to a wchar_t string, and

size_t wcstombs(char *s,

const wchar_t *pwcs, size_t n)
1o convert a wchar_t string to a
multibyte string.

The arguments are self-explanatory.
For example, in mbtowc (), the third
argument says “convert no more than
the next n bytes.” All the functions
follow this basic model.

Sort of. Input values are declared to
be constants, so calls can’t change
them. Except for wetomb(). And
notice that the input to wetomb () is
the wehar_t being converted, but the
input to mbtowe () is a pointer. And
wctomb () doesn’t have a third argu-
menlt, because the size of the input is
fixed, yet westombs () has a third argu-
ment, which is the maximum number
of bytes in array s that will be modified.

Return values are just as bad. All of
them return -1 on error. It's when
they succeed that things get confus-
ing. For example, mptowc () returns
the number of bytes contained in the
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converted multibyte character, unless
*s is /07, in which case it returns
zero. Unless, of course, s itself is
NULL, in which case mbtowc () either
returns zero or it doesn’t, depending
on the details of the character-encod-
ing scheme. Unless it's a leap year, in
which case. ...

Mind you, much of this isn't even
wrong. A little thought reveals that
mbtowc () has to take a pointer, since
what's being converted is potentially
a muliibyte character—that is, a
string. Still, the lack of uniformity
bears all the marks of design by com-
mittee and makes the details hard to
remember and easy to get wrong.

Which, in wrn, means that you
have to pay attention to what you're
writing, and how you use the wide
character features. You can trip your-
self up—see Pragmatics below. The
good news is that when written prop-
erly, your software will be portable
not only from platform to platform,
but from language to language and
country to country. (How is Izvestia—-
NsBecTra -typeset today? How do
you think it will be typeset once the
Russians have hard currency to buy
computers? And how many desktop-
publishing packages support Cyrillic
keyboards and produce their error
messages in Russian?)

Other wchar_t Odds and Ends

Before leaving the wide, wide
world of wide, wide characters, we’ll
touch on a pair of macros, a pair of
constants and printf().

Macros

Whenever we've used mbtowce () or
mbstowcs (), we've set n, the maxi-
mum number of bytes to examine,
to the maximum length we expect a
multibyte character 1o be. stdlib.h
provides a convenient macro to use
for this: MB_CUR_MaX. Don’t confuse
this with MB_LEN_MAX, in limits.h,
which is the maximum length we're
allowed to make a multibyte charac-
ter, or with the value given in sec-
tion 2.2.4.2.1 (really) of the ANSI

standard for the minimum value
that MB_LEN_MAX can have: 1. Aren't
standards nifty?

Here’s what's going on. As we'll
explain in a bit, it’s possible to run
the same executable with different
multibyte character sets—different
encodings for the individual charac-
ters. In theory, it's even possible to
change character sets on the fly.

MB_LEN_MAX is the largest possible
character from all the possible char-
acter sets on your system. (Section
2.2.4.2.1 helpfully requires that you
have at least some characters of non-
zero width.) MB_CUR_MAX, in contrast,
is the length of the biggest character in
your current character set (on AlX,
typically one, two or three). Because
character sets can change at invocation
time, or even at runtime, this is re-
evaluated each time it's encountered.

Thus, MB_LEN_MAX is really a
#define'd constant, while MB_CUR_MAX
is really a parameterless function,
implemented as a macro, evaluated
at runtime. Someday you, or some-
one maintaining your code, will wish
the committee had written it
MB_CUR_MAX() .

Constants

[t's convenient to be able to write
“a” instead of (char) 0141. It doesn’t
take much imagination to realize that
generating wide-character equiva-
lents of character constants using the
stdlib.h functions would quickly
lose its appeal.

#include <stddef.h>
#include <stdlib.h>

wchar_t wc;
char ¢ = 'a’;

mbtowc (&weC, &C, MB_CUR_MAX);

Helpfully, standard C provides the
syntax L’a’, which means “the wide
character constant that corresponds
to 'a'.” (Usefully, the ASCII charac-
ters needed to print C programs—
upper- and lower-case letters, under-
scores, digits plus punctuation like
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&" and so on-are guaranteed to
be numerically identical (when
appropriately cast) to their wchar_t
counterparts. AIX goes farther, pro-
viding this identity for all ASCIL. You
might even guess that a multibyte
character, like L' 9", would be
(wchar_t) ' 49 which would allow
us to replace mbtowc () by
sprintf (). You might, but you'd be
wrong.) The conversion is guaran-
teed to be the same as that provided
by mbtowc (). (That is, if 1 say L*a’,
I've done the equivalent of execute
the program fragment above.) Simi-
larly, L" ¥"1794" is a wide-character
string constant—the wchar_t array
you'd get from handing " ¥ t79¢" to
mbstowcs { ). Incidentally, wide-char-
acter strings, like L" ¥"179¢," end with
L' 0', which is guaranteed to be zero.
The syntax is a little odd—it adopts
neither the suffix model used for
long, unsigned and floating-point
constants, like 3034940924L, or the
backslash-style prefixes of hex and
octal character constants, like \xa5.
Moreover, why L for “wide charac-
ter?” Still, you get used to it quickly.
Warning: Remember a moment ago,
when we said that there might be
more than one multibyte character set
at runtime? These are compile-time
constants. Which character set does
the system use for the encoding? The
standard says the answer is system-
dependent. Don’t use wide character
strings and constants unless you have
some strong reason to believe you
know the runtime encoding.

Output

[t would be great if standard C
provided printf conversion charac-
ters for wide characters and wide-
character strings, so you could say

printf("%s, %S n",
L*world");

"hello",

It doesn’t.

AlX provides such a printf con-
version, but be aware that programs
that use it may not be portable.
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Pragmatics

Fine, so the wide character addi-
tions are confusing and incomplete.
How do you use them? The answer
depends on the application, but here
are some guidelines:

1. Keep a copy of ANSI X3.159-
1989 or 1SO 159989:1990 handy.
(Contact: Sales Department, Ameri-
can National Standards Institute,
1430 Broadway, New York, NY
10018 (212) 642-4900.) Alternative-
ly, get a book that reprints enough
of the standard to be useful. We can
highly recommend P.J. Plauger’s The
Standard C Library. (Plauger, P.].,
The Standard C Library, Englewood
Cliffs, NJ: Prentice-Hall, 1992, ISBN
0-13-131509-9.)

2. Examine each application to
see if it's handling bytes or charac-
ters. If you're internationalizing old
applications, just searching for char
will find many of the trouble spots:
variables, parameters and functions
of type char and char *, plus invo-
cations of getchar () and
putchar ().

Don't just blindly change to wide
characters. Surprisingly, many applica-
tions will require no wchar_t changes.
Anything that's just handling bytes
(e.g., cac) shouldn’t need any changes.
Ditto [or spots where char is just a
convenient size for a small integer.

3. mbtowe () and friends can be
slow. Even if you're handling charac-
ters, try to avoid converting to wide
characters if you can. Even with vari-
able-width characters, this loop still
finds the string-terminating NUL:
for (cp = s;

*Cp: Cp++)

7

You do not need to use the follow-
ing, more complicated, fragment:

mbstowcs (wes, s, MB_CUR_MAX) ;
for (wep =wes; wep '= L' 0°; wep++)

'

In fact, on AIX, any byte less than 0x3f
in a multibyte string is guaranteed to

be the corresponding ASCII charac-
ter, so this loop finds a new line:
for (cp = s:

*cp != ' \n'; cp++)

‘

4. 1f you convert to wide charac-
ters, don't convert back unless you
want to do output.

5. Where you can process multi-
byte strings one (wide) character at a
time, do so. Use loops like this:

for (cp = s; *cp ; cp += n) {
n = mbtowc (&wc, cp, MB_CUR_MAX);
if (wc == 'a')
/* but remember, 'a' == L'a' is
only true for ASCII */
break;

(By the way, you'll usually use
mbtowc () instead of mblen(). They're
often similar in cost, and both give
you the size, but mbtowe () gives you
the conversion as a side effect.)

6. Keep alert to the possibility of
rethinking algorithms. A program
that keeps an array indexed by letters
of the alphabet will still work if you
change the array to have a wchar_t
subscript, but the array now jumps
from having 128 (or 256) elements,
to having 65,536.

7. Don't be too clever. Avoid the
temptation to save a tiny bit of exe-
cution speed by using a lot of com-
plex code. If you can make the code
simple by converting to wide charac-
ters once on input and once on out-
put without losing too much perfor-
mance, do so.

Don't forget that maintenance will
be a major cost. We have had to
reinternationalize code from time to
time, to change internationalization
schemes. It's been our experience
that clever and complex internation-
alization is often also wrong.

Locales

Most of standard C’s new interna-
tionalization features, besides the
ability to deal with new character
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sets, are wrapped around the idea of
locales, which are sort of a solution
to sort of a problem. (The trigraphs
(e.g., 72/ ) are related to internation-
alization, too. We'll skip them, since
they are intended for input from ter-
minals without the full ASCII charac-
ter set. So should you.) Locales are
intended to encapsulate the informa-
tion needed to change program
behavior for different...well...locales.
For example, many countries use a
decimal comma, “,” instead of a dec-
imal point. Standard C retains its tra-
ditional, American conventions
inside programs, but lets scanf (),
printf () and their relatives recog-
nize and generate decimal commas in
certain locales.

Depending on the locale,
printf("%f \n", 0.6):;
can print 0.6 or 0, 6. So how do you
set a locale? Standard C provides a
function:

char *setlocale(int category,
const char *locale)

Let's explore this call a little.

The LC_ Categories

Six categories are defined by the
standard: LC_ALL, LC_COLLATE,
LC_CTYPE, LC_MONETARY,
LC_NUMERIC and LC_TIME. These par-
tition the locale into several compo-
nents, so C programmers can actual-
ly make their programs format
numeric data to suit a Spaniard,
while formatting time the way a
Japanese might and printing all mon-
etary quantities in Kuwaiti dinars.

Do real people do this? Hardly
ever. Almost all invocations of set -
Jocale() are at the beginnings of
programs, and look like this:

main()
{
setlocale(LC_ALL, "");

This sets all components of the
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locale to an “implementation-defined
native environment.” (That is,,
LC_ALL sets the other five cate-
gories.) On AIX, this means the
locale specified by the LANG environ-
ment variable.

Don’t explicitly
name locales in
your program if you
can help it,
because the names
probably won’t be
portable.

In practice, every internationalized
program starts like this, because the
committee decided to require that
programs without a setlocale()
call behave in a fixed, predictable
way-roughly, in traditional C fash-
ion. (Never mind that traditional C
and UNIX never addressed money,
collation or externalized messages.)

The only other way you're likely to
use setlocale is with a NULL second
argument, like this:

char oldlocale[100]:
strepy (oldlocale,
setlocale(LC_ALL, NULL));

This saves the name of the current
locale for future use. Having saved it,
you can switch to a new locale, with
another setlocale() call, then later
restore the original by calling

set.locale(LC_ALL, oldlocale);

Locale Names

You may have noticed that we've
mentioned a C locale, and suggested
that there are other locales, but
avoided naming any. There is no
standard form for locale names.

In AIX Version 3.2, the names fol-
low the formula “ll_CC.codeset.” “I1”
is a language, like “fr” or “Fr” for
French, or “jp” or “Jp” for Japanese.
“CC” is a country code, like “CH”
for Switzerland or “BE” for Belgium.
“codeset” is the character set encod-
ing, like “IBM-850,” “ISO8859-1" or
“IBM-eucJP.”

On the other hand, AIX versions
before 3.2 used a different scheme.
In other words, don’t explicitly name
locales in your program if you can
help it, because the names probably
won't be portable.

What Does the Locale Affect?
Earlier, we mentioned the effect of
LC_NUMERIC on printf (). What else
can a setlocale() call change?
Here’s a breakdown by category:

® LC_COLLATE: strcoll() and
strxfrm() depend on this:
strecoll() is a locale-specific
stremp (). strcemp () compares two
byte strings numerically.
streoll() lets you specify what
the ordering of the characters
should be, though the standard
doesn’t specify how, except that it
will depend on LC_COLLATE.
strxfrm() is a hall-way
strcoll (), which uses the user-
specified collating sequence to
transform an input string into a
form suitable [or later numerical
comparison via strcmp(). You can
think of strcoll() as perlorming
a strxfrm() on each of its argu-
ments followed by a strcmp ().
Because the transformation is like-
ly to be expensive, a large set of
intercomparisons (e.g., for a quick-
sort library routine) might be done
at less expense by doing all the
transformations first, then doing
simple stremp () calls.

¢ 1.C_CTYPE: This category can affect
all the ctype functions except
isdigit () and isxdigit (), and
the multibyte functions. We con-
fess we're not sure why LC_CTYPE
would affect the multibyte func-

42

RS/Magazine JUNE 1992



tions, but the standard says so.
Our only thought is that there is
no component of the environment
that specifically points at the code
set, and the intent may have been
for this to serve that purpose in
addition to the more clear-cut pur-
pose of indicating locale-specific
rules for character classification.

° LC_NUMERIC: This determines the
rules for formatting numbers. It
affects formatted /O [unctions,
like printf () and scanf(), and
string conversion functions, like
atof () and stretod().

° LC_TIME: This determines the rules
for printing times, used by
strftime(). strfcime(), declared
in time.h, is what you'd get if you
replaced asctime() by a cross
between printf () and date. Like
asctime(), it takes a tim structure-a
UNIX broken-down time—-and con-
verts it into a printable string. Like
princf (), it does the conversion
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based on a format string, which can
contain a mix of ordinary characters
and any of 22 (1) different %-pre-
fixed conversion specifiers. The
good news is that, the conversion
specifiers for strftime() and date
mostly overlap, and where they do
so they are identical.

© Last, and arguably least, both
LC_MONETARY and LC_NUMERIC can
affect the information returned by a
call to localeconv () -another com-
mittee invention. This function
returns a struct |, defined in
locale.h, containing a hodgepodge
of information about formatting
numbers and money. You cannot
use this structure to {eed to
setlocale(), nor can you use it to
ask for any of the information deter-
mined by the other locale cate-
gories.

These six categories, including
LC_ALL, are a minimum set. Imple-

mentations may define additional
LC_ categories, but the value of any
such new categories can't alter the
behavior of standard library func-
tions. (AIX provides a seventh,
LC_MESSAGES, which is required by
x/Open. See? There’s a reason you
want to read the column on ¥/Open
internationalization features, a few
issues hence.)

Summary

We've talked about multibyte char-
acters, wide characters and
locales—things ANSI C added to tradi-
tional C to support internationaliza-
tion. What else does AIX supply to
help you write internationalized pro-
grams? Plenty. You'll see some more
next time, when we discuss the inter-
nationalization facilities from another
key standard: ANSVIEEE 1003.1-1990
(ISO 159945-1:1990). For those of
you who don’t memorize standard
numbers, that's POSIX.1. A
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pR1E
POSIX.1

by Jeffreys Copeland and Haemer

ast month we talked about the
I features Standard C provides
for internationalization. This
month, we peel back another layer
of the onion and discuss

internationalization in the POSIX.1
specification.

What’s POSIX Anyway?
Our topic is POSIX.1, or, more

formally, IEEE Std 1003.1, Portable
Operating System Interface (POSIX)-
Part 1: System Application Program
Interface (API) [C Language]. It’s also
a standard of Joint Technical
Committee 1 (JTC1) of the
International Standards Organiza-
tion and the International Electro-
technical Commission, as
International Standard 1SO/1IEC
9945-1. The current edition was
published in December 1990, and if
you keep track of these things, the
volume is an international-standard-
A4-sized paperback, with a gaudy
purple, yellow and red cover.
POSIX, as a whole, describes a
portable computer environment that
looks more or less like UNIX. It
currently has about 20 parts,
omitting the kitchen sink only

because household fixtures are not
within the POSIX charter. They
range from POSIX.0, which is the
POSIX guide, through POSIX.4
(real-time extensions) and POSIX.6
(security extensions) to POSIX.20
(Ada binding to POSIX.4). POSIX.1
and POSIX.3 (which gives general
rules for developing test assertions
and related test methods to ensure
POSIX conformance) are the only
published interfaces. However, many
others are nearly complete.

Because POSIX.1 describes an
API-a set of subroutine interfaces—
you may wonder how it differs from
the Standard C library. There is

Jeffrey Copeland (jeff@itx.isc.com) has been with Interactive Systems Corp. in California
and Texas since 1981. His specialties include text processing, internationalization and software test-
ing. He is only two-sevenths of the way to his goal of porting troff on every continent. Jeffrey S.
Haemer (jsh@canary.com) is an independent consultant based in Boulder, CO. He works, writes
and speaks on the interrelated topics of open systems, standards, software portability and porting,
and internationalization. This year, Dr. Haemer has been a featured speaker at Usenix, UniForum

and Expo Kuwait.
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deliberately little overlap between the
C standard and the POSIX.1
standard. Standard C specifies about
100 library functions, POSIX.1
specifies about 100 more functions
that aren’t required in a Standard C
implementation but are necessary for
a UNIX-like operating system. For
example, POSIX.1 specifies fork ().
A typical MS-DOS C environment
lacks this, but you can’t be POSIX
without it. To get a quick feeling for
what other kinds of functions
POSIX.1 provides, look at
<unistd.h>, which declares a large,
representative sample.

Besides adding functions, POSIX.1
also sometimes extends the Standard
C functions; i118n (that’s the common
abbreviation for “internationaliza-
tion,” if you're jumping in late) is a
major source of such extensions. For
example, Standard C specifies
getenv (), to get values from the
environment, but is silent about the
names of any specific environment
variables. POSIX.1 defines a dozen:
HOME, LOGNAME, PATH, TERM, TZ, LANG
and a half-dozen LC_ variables. Of
these, the last eight have to do with
i18n.

The LC_ Categories
Let’s start with [ocales. Standard C

provides the function setlocale()
to let programs set part or all of the
locale. But where the C standard is
vague about “implementation-
defined” behaviors, POSIX.1 lets
setlocale() get information from
its environment. For example, we
told you last month that the typical
call (setlocale (LC_ALL, "");)
normally causes AlX to set these
categories based on the environment
variable LANG. Though that’s true, it's
because of POSIX.1, not because of
Standard C. It's also not the whole
story. You can also set an '
environment variable corresponding
to any LC_ category. There’s a strict
hierarchy. When you call

setlocale (LC_ALL, ""); the value
of the environment variable LC_ALL is
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used for all components of the locale.
If LC_ALL isn't set, the environment
variables for the categories are
examined. For any category that
doesn’t have a corresponding LC_
environment variable set, the value of
SLANG is used. Usually, you just set
LANG and have done with it, but you
really can have your program print
its numbers to suit a Spaniard, its
time as a Japanese imperial date and
its money in Kuwaiti dinars just by
setting environment variables.

All this works. If you have all the
locales installed on your RS/6000,
you can type:

LANG=Ja_JP
export LANG
Xinit

and the X Window System will start
up with Japanese labels, instead of
English ones. This is how we
composed the title of this month’s
column.

In the absence of a setlocale()
call, the default is still the “C” locale
(roughly American English with the
ASCII character set) but POSIX.1 also
defines a “POSIX" locale, which is
currently identical to the “C” locale,
but will probably add extensions as
POSIX evolves. Watch this space.

Time Zones

Traditional UNIX has a simple
model of time zones that works well
in the United States, but not
internationally. Time zones, specified
by the environment variable Tz,
originally looked like ESTSEDT. This
named the time zone EST, and set it
five hours west of Greenwich, or
Coordinated Universal Time (UTC):
during the summer, the time-zone
name changed to EDT, set one hour
later than standard time.

But when does summer start and
end? And what about India and
central Australia, which have time
zones on half-hour differences from
UTC? Or even worse, Singapore,
which once had a seven-hour, 45-

minute offset? POSIX.1 addresses all
these problems.

The time-zone difference from UTC
is still given in hours but can also
take optional minutes and seconds.
This means Delhi has a time zone
offset -5:30, and Nova Scotia is
+3:30.

The most complicated new feature
allows a rule to define the times to
shift between standard and daylight-
saving time, or “sumrmer time” as the
British call it. Traditional UNIX hard-
wired these shift times into the time
routines, using the rules in place in
the United States at the time. Now,
you can provide the information,
encoded as text, through the Tz
environment variable.

The general rule is to provide

‘month, week, day and time of the

change: So 10:30 a.m. on the first
Monday in October is M10.1.1/10:30,
and 5 p.m. the last Tuesday in July is
M7.5.2/17. (There are a couple of
alternate forms that allow you to
specify a fixed date in the year.) For
example, in the United States,
daylight-saving time extends from 2
a.m. on the first Sunday in April to 2
a.m. on the last Sunday in October,
so the full time zone specification for
Austin, TX, is:

CST6:00CDT7:00,M4.1.0/
2:00,M10.5.0/2:00

In Denmark, however, daylight-
saving time switches on and off the
last Sunday of March and September
respectively, so the Tz specification—
taken directly from page 320 of the
POSIX.1 document-is:

CET-1CET DST,M3.5.0/M9.5.0

Limits.h—
How Many? How Big?
POSIX.1 takes some of the
guesswork out of system limitations
by encapsulating them in the header
file <limits.h>.
There’s more to these limits than
you might imagine at first. Let’s go
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through an example. How big can the
name of the time-zone name be?
Notice that the name for daylight-
saving time in Denmark, given a
moment ago is CET DST. (Time-zone
names can have embedded blanks!)
POSIX.1 says that the time-zone
names will be no larger than
TZNAME_MAX bytes (that’s not
characters!), where TZNAME_MAX is
defined in <limits.h>. But that
maximum is specific to your system,
and POSIX.1 is concerned with
writing portable applications, so
POSIX.1 also specifies portable
maxima in <limits.h>.

For example, how big can we make
an AIX filename? <limits.h> gives
this value, called NAME_MAX, as 255.
However, other systems may not
allow filenames this large. How many
bytes in the largest portable
filename? In other words, how small
can NAME_MAX be on any POSIX.1-
conforming system? Section 2.8.3 of
the standard calls this value
_POSIX_NAME_MAX and says it must be
14. In general, the smallest allowable
value of FOO_MAX is named
_POSIX_FOO_MAX, and both values
can be found in <limits.h>.
_POSIX_TZNAME_MAX is 3.

Unfortunately, on AIX, TZNAME_MAX
is _POSIX_TZNAME_MAX. This means
that the Danish time-zone example
we extracted from the POSIX spec
won't work on AIX.

Now, if we told you that POSIX.1
had ALL THIS, how much WOULD
YOU PAY? But WAIT.. .there’s
MORE!!

Suppose you're writing a portable
application and you want to get the
value of TZNAME_MAX at run time.
POSIX.1 supplies the function long
sysconf (int name), defined in
<unistd.h>, which can be used to
retrieve the values of system limits.
(Some system limits, like filename
lengths, can depend on where you
are on the system, and are retrieved
instead with the POSIX.1 functions
pathconf () and fpathconf ().)

There’s a subtlety here that requires

a moment’s digression. Because the
system on which your application is
written may have different limits
from the system on which it's run,
the call cannot be

sysconf (TZNAME_MAX)

since TZNAME_MAX will be expanded at
compile time, and we want a
parameter that is evaluated at run
time. One approach would be to have
the parameter to sysconf () be a
string: sysconf ("TZNAME_MAX").
Instead, POSIX.1 provides yet
another macro, _SC_TZNAME_MAX,
which is guaranteed to return the
correct answer.

Versions
One useful sysconf () argument is

_SC_VERSION, which returns the
value of _POSIX_VERSION, the version
of the POSIX.1 standard you're
running under. Why? Because some
of the features we've mentioned, like
TZNAME_MAX, are new to the 1990
version of the standard and won't be
found in versions of AIX written to
conform to the older, 1988 standard.

If you were wondering what POSIX
your system conforms to, you can
write a program like:

#include <stdio.h>
#include <unistd.h>

main()
{
printf( "POSIX.1l version is:
%1d n", sysconf(_SC_VERSIN) );

}

which, on AIX 3.2, gives the helpful
information:
POSIX.l version is: 199009

Bytes Versus

Characters, Revisited
We've discussed how in the larger

world, where ASCII isn't sufficient to
encode words like “mtinster,” and
“fagade,” bytes don’t always hold
characters. We've also talked about
the new Standard-C data type
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wchar_t.

With that in mind, you might be
surprised to find out that POSIX.1
mentions wchar_t only once, in an
informative (nonbinding) Annex,
which lists the symbols that will
appear in header files for Standard-C-
based POSIX.1 implementations. All
the routines in the APl handle their
character arguments as chars or
char * s—that is, bytes or byte strings.

In practical, international terms,
this means that if, for example, the
filename size NAME_MAX were set to its
minimum value of 14, an eight-
character Japanese filename might be
too long. (This assumes a SJIS
character set, in which all characters
are one or two bytes. If we're using
EUC, which has three-byte Japanese
characters, a five-character filename
might go over the limit.)

Environment variables returned by
getenv () are also byte strings, as are
directory entries parsed by the
routines in <dirent.h> and
filenames passed to routines like
open() and unlink (). A little
reflection will show that this was the
right choice. If we changed the file
and directory functions to operate on
wide characters instead of bytes, too
much existing code would break. On
the other hand, if you're parsing
environment values or paths and
need to search for specific characters,
dust off your notes on mbtowc () and
mbstowes () and don't be afraid to
use them.

A Red Herring:

Language Independence
What version of C are we talking

about? POSIX.1 is of two minds on
this. Currently, POSIX-conforming
implementations can have either
Standard C, or “Common-Usage C”
APls. Common-Usage C is roughly
the C specified in the first edition of
K&R, so POSIX.1 enumerates a
handful of Standard C functions,
such as setlocale() and
strftime(), that must be added to
Common-Usage C implementations

to give full POSIX.1 functionality.

This brings up the important point
that POSIX.1 is really two separate,
yet intermingled, kinds of
specifications:

* Functional specifications of system
facilities and

* calling sequences to invoke those
facilities.

In theory, it should be possible to
distill out the functional specifications
and relegate language bindings.to a
separate document. Right now, the
POSIX.1 committee is working to
create just such a functional
specification, and a separate but
closely coordinated, parallel effort,
POSIX.17, is writing a Standard C
language binding to it. Close at their
heels you can expect Ada-language
and FORTRAN-language bindings,
which will allow programmers full
access to the POSIX.1 facilities from
other programming languages. There
are hints that still more bindings are
in the works {Modula-2 and perhaps
C++).

This is such a powerful idea that
the 1EEE has promised I1SO it will
provide all future base POSIX
standards as functional specifications
without calling sequences. Such
specifications are called “Language
Independent Specifications,” but
have nothing to do with natural
languages, except that they will
provide programmers in other
programming languages access to the
POSIX i18n facilities.

Stay Tuned for POSIX.2

We've now surveyed the major
internationalization features provided
by Standard C and POSIX.1. Some
important things that aren’t covered
by either API are [eatures you don't
get without a command interpreter.
Such features are described in
POSIX.2-Shell and Utilities. The final
version of POSIX.2 will almost
certainly be published this year, so
we'll discuss them next month. A
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POSIX.2

by Jeffreys Cop'eland and Haemer

o far, in our tour of AIX’s inter-

nationalization, or i18n, facili-

ties we've confined ourselves to
C programns. This time, we're going
to look at the facilities available at
the shell level, by surveying the i18n
facilities provided by the upcoming
POSIX.2 Shell and Utilities standard.

Draft 11.2 of the POSIX.2 standard
is nearly 1,000 pages—three times the
size of the POSIX.1 standard. That's
not even counting the POSIX.2a work,
which will be inserted as Section 5,
User Portability Utilities Option, by
the time it becomes an ISO standard
early next year (9945-2). POSIX.2a
is being worked on separately. We
won't treat it here explicitly, but it’s
another 324 pages.
This is more than we can sensibly

cover in one column (or even five),

so our plan is to do a pair of
columns: this month’s to give a feel-
ing for what sorts of i18n topics the
standard addresses, and next
month’s to discuss a few major top-
ics in more detail. That confessed,
we begin.

Standard? What Standard?

POSIX.2 probably won’t become a
final standard until the fall of 1992.
(The draft we're writing this column
fromis 11.2.) Why bother with a
standard that isn’t even out?

AIX tracks the POSIX standards
very closely. How closely? Not only
can you bet that every AIX release
following that standardization will
be fully POSIX.2-conforming, but
many of the command-level facilities
already are and others are just pre-

Jeffrey Copeland (jeff@itx.isc.com) has been with Interactive Systems Corp. in California
and Texas since 1981. His specialties include text processing, internationalization and software test-
ing. He is only two-sevenths of the way 1o his goal of porting troff on cvery continent. Jeffrey S.
Haemer (3snh€ico.isc.com) has worked at ISC’s Colorado Technical Office since 1983. He has
expericnce working, writing and spealing on the interrelated topics of open systems, standards, soft-
ware portability and porting, and internationalization. This year, Dr. Haemer has been a featured

speaker at Usenix, UniForum and Expo Kuwait.
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mature guesses at what would be
adopted, soon to be updated.

Actually, everyone tracks the
POSIX standards very closely, which
is another reason to learn about it. If
you're interested in i18n because
you're going to be moving applica-
tions from one country to another or
one language to another, you may
also find yourself moving them from
one platform to another, so 1oday’s
RISC System/6000 application may
be yesterday’s MS-DOS or Sun appli-
cation and tomorrow’s...well, who
knows? But whatever it is, it’s likely
to be POSIX.2-conforming.

Ho Hum?

Why is a command-level standard
even interesting? After all, most of
your programs are probably in C, and
the C-level internationalization facili-
ties we've already covered look fairly
well-defined, even if occasionally a
little tortuous.

The first reason is perspective.
After all, on AIX commands are appli-
cations—most of them C programs, just
like yours. The influence of interna-
tionalization on a shell and tools
standard should give you some feel
for how much you'll have to pay
attention to internationalization in
your applications. How much is that?

Let's begin at the end. The index
tells us that of the 80 standardized
commands, neither true nor false is
affected by Lc_ALL. That's it. The rest
change their behavior when the locale
changes, so chances are your applica-
tion will have to, too. Not every com-
mand cares about every LC_ environ-
ment variable, of course. LC_CTYPE
hits a lot, but LC_NUMERIC only affects
awk, od, printf and sort-and
LC_MONETARY doesn't affect any.

Working backward from there, a
pair of the Annexes (that’'s POSIX for
“appendices”) reinforce this theme.
Annex F is a “Danish National
Profile,” which specifies how the
POSIX.2 internationalization features
should be used to create a localized,
Danish version. Annex E of the

POSIX.1 standard is also a Danish
national profile, but it’s four pages
long; this one’s 70. And first but not
least is Annex D, the bibliography. Of
the 31 references, more than a third
are on some aspect of international-
ization.

In short, the internationalization
you've seen so far isn’t hidden by
going up a level; it’s magnified and
pops up everywhere.

The second reason is that you may
write more shell script than you real-
ize. Even on the earliest UNIX instal-
lations, shell scripts outnumbered
executable C programs by about 4%
to one. (See, for example, Kernighan
& Mashey: “The Unix Programming
Environment,” Computer, April 1981,
Pages 25-34.) Give users a really ade-
quate set of filters and commands
plus a programmable, genuinely use-
ful command language and they'll
write shell scripts. But without any
guarantee of which filters or shells
will be available, or what their flags
and options might be, the scripts
aren't portable. POSIX.2 solves that
problem. What's more, it does it in an
internationalized way.

What'’s There?

So how do we approach this behe-
moth? First, don't think of the size as
unreasonable. The system calls and
library functions standardized by
POSIX.1 and the C standard come
from Sections 2 and 3 in the tradi-
tional UNIX manuals. (In the AIX
info hypertext, these have become
the “Subroutines” section.) The
POSIX.2 standard covers Section 1
(or the AIX info “Commands” sec-
tion) which has always been much
larger. (Despite this, the traditional
complaint has always been that
Section 1 is too terse.)

Most of the POSIX.1 features resur-
face at the shell level, though some-
times in slightly different guises, and
this is also true for its 118n features.

One example of this is getconf,
which lets you get at the configura-
tion. It’s just thinly disguised calls to
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sysconf () and pathconf ().
Thus,

tlen=$(getconf TZNAME_MAX)

puts the value of TZNAME_MAX into the

variable tlen. (As you can see, the

POSIX.2 shell looks a lot like the

Korn shell. That’s just a welcome

upgrade for a typical Bourne shell

user, but if you've been a C shell
user, you might want to start boning
up now.)

The three interesting differences
are:

1. getconf takes the symbolic name,
not the integer sysconf ()
requires. (sysconf () makes you
remember to prefix symbolic con-
stants you want to ask about with
_SC_. The equivalent call is
sysconf (_SC_TZNAME_MAX) ; .)

2. getconf returns a string, not
sysconf ()’s long;

3. getconf guarantees that the evalu-
ation is done at runtime. (The
POSIX.2 rationale also points out
that on some implementations,
sysconf () is permitted to return a
value determined at compile
time-probably not what you want
atall.)

We like this.

Allowing return values to be
strings also opens the door to more
functionality. Originally, getconf
was supposed to provide shell
scripts with a trusted default path:
getconf PATH returns the value of
the system path to the standard loca-
tions of the POSIX.2 utilities, so that
putting

PATH=S (getconf PATH)

at the beginning of shell scripts helps
to guard against Trojan horse securi-
ty attacks. (Unfortunately, on AIX

3.2, getconf doesn’t recognize PATH.)

Locales

As we mentioned, the standard
locale-related variables resurface in
POSIX.2. There are also a new pair

18N

of variables: 1.C_aALL and LC_MESSAGES.
LC_MESSAGES responds to the need

to have internationalized utilities

emit error and warning messages in a

user-selectable language. In a

POSIX.2 environment, LC_MESSAGES

selects that language for all utilities

(except, it seems, true and false).

Because dot two defines it as an

environment variable, but it’s not

defined in dot one, there’s no guar-
antee that sezlocale (LC_MESSAGES,

") ; will do anything withina C

program. But remember the POSIX.1

standard permits new LC_ cate-
gories, and you can bet that any
environment that supports POSIX.2
will add Lc_MESSAGES and that set -
locale() call will have the antici-
pated effect.

Note, though, that POSIX.2 stan-
dardizes how to specify the language
in which messages are shown, but it
says nothing about how these mes-
sages are stored or retrieved, nor does
it say how to do those operations
from either the shell or any other
programming language.

LC_ALL is a third-class LC_ catego-
ry. POSIX.1 establishes a hierarchy in
which the Lc_aLL setting overrides
the settings of each of the other indi-
vidual LC_ categories. With LC_ALL,
POSIX.2 provides a default that each
of the individual categories overrides.
For example:

* If nothing is set, your application
uses the POSIX (or C) locale by
default.

* If LC_ALL is set, but nothing else is,
then the locale is $LANG.

¢ If only LC_ALL and LC_MESSAGES
are set, then LC_MESSAGES tells
where to get warnings and error
messages from, and everything else
is determined by the value of
LC_ALL.

* If LC_TIME, LC_MESSAGES and
LC_ALL are set, then only LC_ALL
counts.

(All this assumes that your applica-
tion is even paying attention, which
it can only do by calling setlo-
cale(LC_ALL, ""):.)

Where Am I?

If you forget where you are, you can
use the locale command. This help-
ful tool will tell you how LaANG and the
LC_ environment variables are set. For
example, see the first invocation of
locale in the figure below.

You can also get an exhaustive list
of all the available locales by using
the -a flag. On AIX 3.2, this gives a
long list beginning

da_DK.IS08859-1
Da_DK.IBM-850
de_CH.IS08859-1

and ending

sv_SE.IS08859-1
Sv_SE.IBM-850
tr_TR.IS0O8859-9

How can 1 tell what the locale cate-
gories I've chosen really mean? Many
of the parameters set in the locale can
be examined with the -ck flag (which
writes both category names and key-
word values) of the locale command.
For example, continuing from the
above example, I can ask for the days
of the week, the name of the currency
and the way my numbers are format-
ted. (See the second and third invoca-
tions of locale in the figure.) What
does all that output mean? My bank
uses “L.” (for Italian lire) as its cur-
rency symbol and separates the thou-
sands in my balance with periods; my
Swiss calculator uses a period for a
decimal point but separates thousands
with apostrophes (instead of the
American comma); my Canadian cal-
endar uses the French names for days.

The complete list of these keywords
is given in Section 2.5 of POSIX.2,
which describes how the locale itself
is set up.

While you can set a locale in a shell
script, there's no guarantee that the
system you port it to will use the
same name for the same locale. (AIX
standardizes both-or, to be precise,
adopts a standard for them: the one
proposed by X/Open.)
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New I18n Topics in POSIX.2

That was extensions to old stuff,
but some brand-new things also
appear at the command level.

{POSIX2_LOCALEDEF} and localedef:
What happens if you don’t like the
locales available on your system? You
can define a new one, which will sup-
port French time format, German
monetary practice and Spanish
punctuation of numbers. POSIX.2
defines a symbolic constant,
POSIX2_LOCALEDEF, which tells if
your system supports building locales
and a utility localedef to compile
the text version of the locale into a
version the system and utilities can
use. For now, it's enough that you
know these exist. Next month, when
we talk about the structure of locale
sources in more detail, we'll explain
how localedef works.

Characters and charmap files:
Characters and their codes are
defined in charmap files. These are
mostly long lists of lines such as:

Figure. Invoking Locale

!
i
|

'$ export LANG=POSIX

'$ export LC_MONETARY=It_IT # my
$ export LC_NUMERIC=De_CH # my
$ export LC_TIME=Fr_CA # my
$ locale

LANG=POSIX

ILC_COLLATE="POSIX"
LC_CTYPE="POSIX"
LC_MONETARY=It_IT
LC_NUMERIC=De_CH
LC_TIME=Fr_CA
LC_MESSAGES="POSIX"
LC_ALL=

$ date

118N

<semicolon> \x3b

Again, we'll discuss these in detail
next month along with locales.

Reformed regular expressions: Here
you'll find big changes, mostly for the
better. Anyone who’s tripped over the
dozens of little, incompatible differ-
ences in regular expression rules in
the dozens of utilities that use them,
from find through vi to grep, will be
grateful to hear that POSIX.2 has cut
this down to two sets: Basic Regular
Expressions (BREs) and Extended
Regular Expressions (EREs). Soon you
can learn this pair and forget the rest.
What's more, they tackle i18n head-
on. Instead of making us change grep
"[a-z]" to grep " [a-z&éidun] " for
Spanish-speaking locales, POSIX.2
gives us grep " [ [:lower:]]", which
works everywhere.

We'll defer discussing these in
detail to next time.

Shell Pattern Matching: The one
place POSIX.2 regular expressions

bank is in Rome
calculator is from Zurich
calendar is from Montreal

Lun Jun 8 14:21:00 1992\" this is Caroline Megan Tulloh’s birthday
$ locale -ck day currency_symbol mon_thousands_sep

LC_MONETARY
currency._symbol="L."
mon,_thousands_sep="."
LC_NUMERIC
decimal_point="."
thousands_sep=""'"

. LC_TIME

i day="Dimanche"; "Lundi"; "Mardi"; "Mercredi"; "Jeudi"; "Vendredi"; "Samedi"

| S

don’t take over is in the shell. Who
wants cd .. to mean “change to some
subdirectory whose name is two
characters long”? At the same time,
some extensions are again necessary
to help the shell handle international
characters. Bracket expressions in file
names, like vi [Mm]akefile, can
now take the new character-class
expressions:

nroff -mm R{{=e=]}]sum([=e=].mm]

C Functions?

[t usually comes as a surprise to
people that there are also C-level
interfaces in POSIX.2. In hindsight, it
makes sense. You can't call popen (),
pclose () and system() until the
shell has been standardized.

As a convenience to the program-
mer, POSIX.2 also provides program-
ming-language interfaces to many of
the internationalization extensions

‘that it defines. Locale control, system

configuration, regular expression
matching and shell pattern matching
are all examples.

We've begun discussing POSIX.2,
which rivals the New York City
phone book in size. We've touched
briefly on several commands, and, we
hope, whetted your appetite for a
more detailed discussion next month.
We still need to talk about locales
and how they are defined, regular
expressions in more detail, and touch
on some more specific commands in
the canonical POSIX.2 set.

Art Notes

The Cyrillic font used in the head-
line this month is based on a beauti-
ful Metafont by Nana Glonti and
Alexander Samarin of the Institute
for High Energy Physics in Protvino,
Russia. We admit with regret than an
aesthetic loss was caused by our
modifications.

Similarly, the kanji characters in
last month’s headline were built
using pic and troff beginning with
the 16-bit JIS bitmaps. Again, blame
us for any mistakes, particularly the
rough edges in the kanji for sai. A
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POSIX.2 Continued

by Jeffreys Copeland & Haemer

ast month, we discussed the

general features of POSIX.2-

the Portable Operating System
Interface Shell and Utility Standard,
or 1IEEE 1003.2, which will soon also
be ISO 9945-2. This month, we will
discuss two of those features in
detail. A quick reminder: 1003.2 still
isn't a final standard. 1t's expected to
be ratified this fall. We’re writing
this article based on Dralt 11.2 of the
proposed standard.

Locales

In our ongoing discussion of inter-
nationalization features of various
standards, we've talked a bit about
locales. We discussed what a POSIX.1
locale contains. However, because
POSIX.2 has more i18n implications
than POSIX.1 (as we discussed last
month), the POSIX.2 locales are a
little more complicated than the
POSIX.1 locales. In fact, the complete
description of how to construct a
locale in the standard is roughly 60
pages, densely packed with text and
tables. And, as we've mentioned, the
sample Danish locale in annex F is
70 pages.

What use is this information? To

begin with, you need it if you're
planning to build or modify a locale.
More importantly, once you begin to
experiment with the international-
ization features of AIX, you will like-
ly find yourself referring to the text
of the locale sources to understand
why things work the way they do.

Character Sets

Locales begin with a character set
description, or charmap file. This is a
list of the names and encodings for
all the characters to be used by the
system. (On AlX, the charmap liles

Jeffrey Copeland (Geff@ictx.isc.com) has been with Interactive Systems Corp. in California
and Texas since 1981, His specialties include text processing, internationalization and software test-
ing. He is only two-sevenths of the way to his goal of porting troff on every continent. Jeffrey S.
Haemer (1sh@canary.com) is an independent consultant based in Boulder, CO. He works, writes
and spcaks on the interrelated topics of open systems, standards, softwarc portability and porting,
and internationalization. This year, Dr. Hacmer has been a featured speaker at Usenix, Uniforum

and Expo Kuwait.
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live in /usr/1lib/nls/charmap/.) Each charmap file
starts with some descriptive lines:

<code_set_name> "IBM-932"
<mb_cur_max> 2
<mb_cur_min> 1

These name the code set and tell us how big the char-
acters can be. In this example, we have the IBM-932 code
page, which is a multibyte character set, corresponding
roughly to the Japanese Shift-]IS set. The largest charac-
ter (<mb_cur_max>) is two bytes.

This is followed by the character map itself, which is a rela-
tively dull list, consisting of symbolic character names and val-
ues. In this list, the “portable character set” must appear. The
portable characters are the characters in ASCII, which are used
(among other things) to compose file and command names we
need to be portable between the different character sets on the
system. In general, we assign the portable characters their
ASCI values. More importantly, the portable characters must
have the same encoding across all the character sets in your
system. This last restriction makes sense, if you think about it:
Ifa “J” is 0x4A in one character set, but 0xD1 in a different
character set, how can you encode the file name “JeffDraft™?

So, selecting some lines from the character map itself,
we have:

CHARMAP

<exclamation-mark> \41l

<quotation-mark> \42

<number-sign> \43

<kana_a> \dl67

<kana_i> \d168 LC_CTYPE
<j1601>..<j1618> \X88\x9f upper
<j1619> \xe9\xch

<j1620>..<j1694> \%88\xb2

END CHARMAP

There are four things to notice here: First, the
characters in the portable set have preset sym-
bolic names, which are listed in Table 2-3 of the
standard. Next, we can add new symbolic
names as needed for the nonportable charac-
ters, as long as the symbolic names contain only
the portable characters. Third, we can provide
the character encoding as octal, decimal or hex.
Lastly, notice that we have a special syntax for
ranges of characters. In this case, the multibyte
characters have been given the JIS “kuten”
numbers—more or less the row and column in
which they appear on the JIS character chart.
The encoding is given for the first character in
the range, and the remaining characters in the range are
formed by incrementing the previous one. This trick works

digit
toupper

because the symbolic names contain a numeric string, and
we increment both the value in the symbolic name and in
the character encoding.

The Locale Source File

Varying the character set is only one of the things we need
to be able to do. We also need to have a way to describe the
language- and location-dependent items, such as the cur-
rency and date formats and collation order of the characters.
This information is provided in the locale file itself, which
along with the charmap file, is compiled by the localedef
program into a form readable by the setlocale() function.

A warning before we proceed: In the following discus-
sion, we've included excerpts from the AIX Fr_FR locale
source as examples. You'll find this text in
/ustr/lib/nls/loc/Fr_FR.IBM-850.src on your RS$/6000.
However, we've dissected the original to illustrate points
under discussion. In some places, we've even modified
the ALX version to illustrate something a little more
clearly. As a result, don’t assume the examples here rep-
resent a correct implementation of the French locale.

As we've discussed previously, there are six locale cate-
gories: LC_COLLATE, which controls collation order;
LC_CTYPE, for character types (such as the famiiar UNIX
ctype functions); LC_MONETARY and LC_NUMERIC, controlling
formatting of monetary and numeric information; LC_TIME,
to manage time and date [ormats; and LC_MESSAGES, which
controls formats of messages. Not surprisingly, there is a
section concerning each of these in the locale.

Let's begin with some excerpts from the LC_CTYPE sec-
tion of the AIX French locale (see below).

<A>;..;<Z>;\
<A-grave>;<A-circumflex>; <AE>; <C-cedilla>;\
<E-grave>; <E-acute>;<E-circumflex>;<E-diaresis>; \
<I-circumflex>;<I-diaresis>;<O-circumflex>;\
<U-grave>; <U-circumflex>;<U-diaresis>
<Zero>;..;<nine»

(<a>, <A>); (<b>,<B>); (<c>, <C>) ; (<d>, <D>) ; (<e>,<E>) ;)\
(<>, <F>); (<g>, <G>) ; (<h>, <H>) ; (<i>, <I>); (<]>,<d>) :\
(<k>, <K>) ; (<l>, <L>); (<>, <M>) ; (<n>, <N>) ; (0>, <0>) ;\
(<p>, <P>) ; (<@>, <Q>) : (<x>, <R>); (<s>,<S>) ; (<t>,<T>) 5\
(<u>, <U>) ; (<v>,<V>) ; (<w>, <W>) ; (<x>, <X>) ; (<y>, <Y>) ;\
(<z>,<2Z>);\

<a-grave>, <A-grave>) ;\

<a-circumflex>, <A-circumflex>) ;\

(<ae>, <AE>) ;\

<c-cedilla>, <C-cedilla>)

END LC_CTYPE

The first and second sections, upper and digit, define the
corresponding character classes. There are similar lists for
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lower, alpha (which defaults to the upper set plus the 1ow-
er set), alnum (which defaults to alpha plus digit), space,
entrl, punct, print (alnum plus punct plus <space>),
graph (alnum plus punct) xdigit and blank. The toup-
per section defines the mapping for the toupper () func-
tion. There can be a corresponding tolower section; if it’s
missing, the inverse of the toupper mapping is used. Notice
that we don’t use the character codes, but the symbolic
names we've defined in the charmap file. This makes this
character classification independent of the character encod-
ing actually used. What do the character classifications
affect? First and foremost, the familiar character classifica-
tion routines from the ctype.h header file. But they also
change the way regular expressions work, as we'll see below.
Next, we need to define the collating order of the charac-
ters. Obviously, this is important for programs such as sort,
but it is also necessary for regular expression ranges, such as
la-®] . Again, let’s look at an excerpt from the French locale:

LC_COLLATE

order_start forward

order_end

This substitutes the virtual character <M-pref> (which
we haven't yet defined in the charmap file) any place the
two characters “Mc” appear and sorts this virtual charac-
ter as though it were the three characters “Mac.”

This brings us to numeric formatting. The correspond-
ing fragment of the locale source file is:

LC_NUMERIC
decimal_point <comma>
thousands_sep <period>

grouping 4;0
END LC_NUMERIC

This causes numbers to be formatted with a decimal
comma, and period as the grouping separator, used every
three digits. For example, “123.4567,89.” (Note that
printf () will print the correct decimal separator but
won't automatically handle the thousands grouping;
that’s managed with the localeconv() routine.)

<a> LC_TIME is pretty simple: It tells us how the
<a-grave> strftime() function and date command format time
<a-circumflex> and date information. It provides the text for substitution
<ae> <as<e> into the format strings of those commands, giving us the
<b> abbreviated day names (abday), full day names (day),
<c> and the abbreviated and full month names (abmon , mon).
<c-cedilla> The 1.c_TIME specification also gives us the default date
<e> <e> formats. For example, again in French:
<e-grave> <e> _ e o
<e-acute> <e> LC TIME
<e-circumflex>  <e> abday "<D><is><m>" ; "<L><u><n>"; "<M><a><r>";\
order_end

day "<Dr<i><<a><n><c><h><e>"; \
END LC_COLLATE "<L><u><n><d><is>"; \

"<M><a><r><d><is>";\
First of all, this tells us we have only one sort pass,

and it is forward. It tells us to sort the characters in abmon - "<J><a><n>";"<F>ce-acute><v>;"<M><ar<r>";\
the given order: a, 4,4, @ b, ¢, ¢, followed by e, &, ¢ _

mon "<I><@><N><V><i><e><r>" ;\

and &. However, the last four characters act as an
equivalence class, and all sort as though they were equal.
The character “2” is sorted as though it were two

characters, “a” and “e.” (We can add multiple sort
passes, with additional equivalence classes, for real-

"<F><e-acute><vs><r><i><es<r>";\
"<M><a><r><s>";\

dt_fmt "%a %e %b ¥H:IM:%S 3Z %Y"

ly strange sorting requirements.) We can also sup- d_fme "3d.3m. &y
ply some additional rules, for special features, such t_fme $H:8M: 35

as:

collation-element <M-pref> from <M><c>
order_start

<M-pref> <M><a><c>;

END LC_TIME

This also tells us the default date and time format used
by date (d_t_£fmt) is the familiar one: weekday, fol-
lowed by day, month, time, time zone and full year, for
example, Lun 22 Jun 16:41:23 CDT 1992. Similarly,
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the date and time formats for the date %x and x field
descriptors are provided by d_fmt and t_fmt.

Lastly, the LC_MESSAGES category provides us with a
means to handle messages. However, the messages them-
selves don’t appear in the locale; they appear in message
catalogs (which we discussed in our second column, on
standard C). Instead, what appears in the locale are the
two definitions yesexpr and noexpr, which are used to
compare your response to a query like:

rm: Do you wish to override protection setting
444 for lifes-work/only-copy?

To answer “yes,” you'd enter something matching the
yesexpr, such as y; similarly, “no” matches the noexpr.
For English, these lines are:

' yesexpr "<circumflex><left-square-bracket><y><Y><right-square-bracket>" :
"<circumflex><left-square-bracket><n><N><right-square-bracket>"

noexpr

Notice that we're still using the symbolic characters we
defined in the charmap file.
So, except for LC_MONETARY, which has a lot in common
- with LC_NUMERIC, that's what’s in a locale source file.
Now what?

Localedef

The program localedef compiles our charmap and
locale files into a form useful to programs upstream,
such as the setlocale() routine.

Simply put, we say:

localedef -f IBM-850 -i Fr_FR.src Fr_FR

which, if we're lucky, and haven't made any errors, gen-
erates the French locale for us.

Following the AIX naming conventions, we can create
a different version of this locale, using an alternate char-
acter set, with the command:

localedef -f ISO-8859-1 -i Fr_FR.src fr_FR

Now you see why the character mapping is separate, and
all the locale categories are defined in terms of symbolic
names.

(A warning;: This actually won’t work for French, since
there is not perfect overlap between the characters in the
IBM-850 and 1SO 8859-1 code sets, and you will end up
with unrecognized symbolic character names in your
locale and loads of error messages. However, on AIX there
is a one-to-one mapping between the two different
Japanese code sets available. This means AIX uses the
same locale source for both versions of the Japanese locale,
just changing the charmap file in the 1ocaledef invocation.)

Regular Expressions ,

The other topic we promised to treat in detail is regular
expressions, which is probably a bit more interesting
than the minutia of locale definitions. '

As we explained in the last column, instead of a slight-
ly different regular expression syntax for each of sed,
awk, ed, grep and egrep (to name but the tip of the ice-
berg), there are now simply two kinds of regular expres-
sions defined in POSIX.2: Basic Regular Expressions
(BREs)-sort of like what used to be used by grep-and
Extended Regular Expressions (EREs)-sort of like what
was used by egrep. For those of us who've spent hours
reading the regular expression discussion in the ed(1)
man page, the following will be mostly familiar.

Regular expressions are made up of strings of charac-
ters and metacharacters. Let's use some examples to

- R 1

show some simple REs:

* Single characters match
themselves. For example,
ABC matches the substring
in “Now I've sung my ABCs...”

» Circumflexes and dollar signs are special at the beginning
and end of expressions, respectively. “Allie only matches
when the string “Allie” is at the beginning of a line. Similarly,
zoe$ only matches when “Zoe” is at the end of line.

* Also, the dot matches any non-null character, so J. .
matches a “J” followed by any two additional characters.
* Asterisk means zero or more of something, except at the
beginning of an expression, so *foo matches “*foo,” but
foo* matches “fo” or “foo” or “fooo™ or...Well, you get the
idea.

So far, we've just described the rules in the old, familiar
AT&T or BSD universe. Once we start adding square
brackets, things start to get more interesting.

* The first use of brackets is familiar. Characters grouped
between square brackets represent a choice from among
a group of characters. So, (xYZ] matches any of the char-
acters X, Y or Z.

* Inside of brackets, we can now use more brackets. We
can use collating symbols we defined in the locale with
the open/close pair [. .]. So, in a Spanish locale, where
the two characters ch act as a single character we can use
the expression (a[.ch.]b] to match the single charac-
ters a or b or the pair of characters ch.

* We can also find any character in an equivalence class,
as defined in the LC_COLLATE category, with open/close
pair [= =]. For example, in the locale we defined above,
[{=e=]] will match any of e, ¢, & or & However, for
most of the locales defined on AIX, these equivalence
classes are not defined.

¢ Lastly, we can find a character class (such as upper or
lower) with the [: :] brackets. A good expression to find
odd combinations of upper- and lowercase characters in a
word would be:
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{{:upper:]}{[:upper:){:lower:})[[:upper:][:lower:]]*

That is: an uppercase character, followed by an upper-
or lowercase character, followed by zero or more upper-
or lowercase characters.

» We can still use the old-style ranges, also, so that the
last example could also be rendered (for English) as:

(A-Z) [A-Za-z] [A-Za-z]™*

* Substitutions are still possible: We can “grab” a sub-
expression with \ ( \),as in:

\ ([A-Z]{a-z]*\ )} Mc\ ({{:upper:]].* \)

and then “redeposit” these subexpressions by back reference:

s/ \ ([A-Z][a-z}*\ )} Mc \({[:upper:]].* \)/Mac\ 2,

These are useful for transforming lines like “Angus
McDonald” into “MacDonald, Angus.”

Similarly, we can use the back reference inside the
search expression, so ~\ (. *\)\1$ finds lines containing
two adjacent appearances of a string.

We add several extra wrinkles for EREs, as we’ll now
explain:
¢ In addition, to the repeat operator *, we add + as a

repeat character, meaning one or more, and ?
meaning zero or one.

* We can enclose EREs in parentheses, so (foo+) is
equivalent to foo+.

» We can separate EREs in parentheses by vertical bars,
meaning “any.” Thus, (foolbar) will match either “foo”
or “bar.”

EREs will sound familiar to any of you who regularly
use egrep. Added to the powerful new features of collat-
ing symbols, equivalence classes and character classes,

EREs can be very useful. Expanding our name substitu-
tion ex-ample above, we can add some Italian and
German variants:
- .- . - e
s/ \{{[:alpha:1]\ ) \ ([dD]}' *[[:alpha:]]}* )/ \2, \1
s/ \([(:alpha:]]\ ) \ (von [[:alpha:]]* )/ \2, \1/
\1/ This ensures that names like “d’Andrea,” and
“von Beethoven” are sorted with their connectors
intact.

We've completed our discussion of POSIX.2 with a
detailed discussion of the construction of locales and reg-
ular expressions, two of the features of the standard that
permeate a large number of commands. Next month,
we'll move on to the third edition of the X/Open
Portability Guide and discuss the X/Open model of inter-
nationalization. A
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Overview and X/Open

by Jeffreys Copeland & Haemer

his is the sixth in our series of

columns on il8n-internation-

alization. Now is a good time
to pause and briefly review the mate-
rial we've covered so far. Then we’ll
continue with an overview of the
X/Open family of standards and
specifications.

Our Story So Far

UNIX users are no longer guaran-
teed to speak American English. As a
result, we need to either localize or
internationalize software. Localiza-
tion assumes a specific environment.
For example, if the program will
always be run in Iceland, we would
translate all the text printed by the
program to Icelandic, change all the
dollar signs printed in numerical
amounts to “kr,” adjust the date
printing routines to say “lau-
gardagur” instead of “Saturday,” and
make similar hard-wired changes to
account for local practice. Among
those other changes, we'd need to
account for characters peculiar to the
local language and how they are
sorted into the English alphabet in

the ASCII code. Most of the pro-
grams you've written started out
localized for American English.
Internationalization is more gener-
al. We externalize all the text printed
by the program and select the correct
set of text based on our local lan-
guage. Similarly, we use external
routines to format dates, times and
monetary and numerical informa-
tion. We accept that the collation
order of characters doesn't necessari-
ly match their numeric order in the
code sel we use. We are very careful
about assumptions on the order and

Jeffrey Copeland (jeff@itx.1sc.com) has been with Interacuive Systems Corp. in California
and Texas since 1981. His specialties include text processing, internationalization and software test-
ing. He is only two-sevenths of the way to his geal of porting troff on every continent. Jeffrey .
Haemer (jsh@canary.com) is an independent consultant based in Boulder, CO. He worls, writes
and spcaks on the interrelated topics of open systems, standards, software portability and porting,
and internationalization. This year, Dr. Haemer has been a featured speaker at Usenix, UniForum

and Expo Kuwail.
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character codes available in our code

set. '

All the information we need to
describe the environment-language,
cultural peculiarities of numeric rep-
resentation, names of the days of the
week-is encapsulated in a locale.
Locales encapsulate six aspects of the
local culture and language:
¢ Collation sequence-In what order

are the characters sorted?

* Character type-What character
codes represent numerals, upper-
case characters and lower case?
How do I convert between them?

* Money-What's the local currency
symbol?

¢ Numbers-Do I use a point or a
comma for separating the decimal
part of the number? What about a
thousands separator?

¢ Time-What are the names of the
weekdays?

* Messages—How do [ recognize a yes
or no answer? What language do !
use for message text?

If we are localizing our programs,
we effectively need to port them once
for each language/country combina-
tion—once for France, twice for
Canada, [our times for Switzerland-
the numbers get large with combined
speed. In contrast, if we are interna-
tionalizing a program, we write it
once and sequester all the environ-
ment-specific information outside the
program. To port our program for a
new country, we add a new locale
and translate the external text-and-
messages files. The locale is not pro-
gram-specific~we use standard rou-
tines for extracting information from
it that can be used by every program
to be run in a particular language
environment.

In addition to locales, stan-
dard C provides other fea-
tures for internationalization.

118N

in an 8-bit char. A wide character is
large enough to hold them all.
Standard C also provides us with a
handful of routines for converting
between bytes and wchar_t’s.

Besides supplying Standard C, AIX
is also POSIX-conforming. The IEEE
POSIX.1 standard is also a C applica-
tion programming interface, but it
ensures a UNIX-like environment by
specilying the behavior of the operat-
ing-system-level routines absent from
Standard C, like fork (). This sys-
tem-call standard connects locales to
the operating system environment
and specifies how the operating sys-
tem handles time zones. The stan-
dard also gives us a guaranteed way
to determine system-dependent infor-
mation, such as whether the system
supports job control or the maximum
number of bytes in a time-zone
name.

The POSIX.2 standard for UNIX
commands and utilities describes the
user interface for a UNIX-like system;
that is, this Denver-phone-book-sized
volume explains how familiar com-
mands like £find and 1s work. It also
explains, in detail, POSIX’s view of
locales, and the extensions to regular
expressions and the shell’s syntax [or
internationalization and non-ASCI1
character sets. At the moment, any-
one talking about POSIX.2 is talking
about a draft-the standard won'’t be
ratified until late in 1992, but AIX is
careful to track standards develop-
ment, and all these features can be
found in the current releases.

Message Catalogs

On top of being proactively stan-
dards-conforming, AlX is X/Open-
branded, which means it conforms to

a set of standards and specifications
set out in the XPG-the X/Open
Portability Guide-and will run any
application that sticks to these speci-
fications and interfaces.

What more than POSIX and stan-
dard C does the XPG provide? In its
current incarnation, XPG3, not
much. This isn’t because X/Open is
conservative, but because many of
X/Open’s internationalization-relat-
ed inventions have now been sub-
sumed into the C and POSIX stan-
dards.

A few still haven’t. The biggest is
message catalogs, which we've
already grazed up against several
times. XPG3 specifies a detailed for-
mat for message-text source files, a
new message-catalog type, ni_catd,
and a handful of routines that handle
message catalogs, together with an
include file, for all the necessary dec-
larations. All are derived from a
scheme used a few years back by
Hewlett-Packard.

Message-text sources are line-ori-
ented text files, with keywards and
comments marked by “¢$""in the first
column. “Why not ‘#?” you're ask-
ing. “Why not let comments start
anywhere on the line?” Unfortunate-
ly, the design is not consistent with
other pieces of C and UNIX, though
much is similar enough to be confus-
ing. We can only be thank[ul it isn't
“Cin column 1L.”

Messages are grouped into sets, and
message lines are a message number
(which must be positive ~there is no
message O-and in ascending order
within message sets), followed by a
tab or blank, and a (possibly quoted)
line of text. Below is a sample mes-
sage catalog:

R — —_ - . [ . -

$ this is a comment because the dollar-sign is followed by a space (!)

wnich has no default

The most important is a new  $delset 1

type, wchar_t, which holds a $set 1

“wide character.” Some lan- $ the next line sets the quote character,
guages, such as Japanese, Squote "

have too many characters for 1
all of them to be represented

"hello,

world\n"

42

RS/Magazine OCTOBER 1992






	RS Magazine 1992 .pdf
	RS Magazine May 1992
	1.An Intoduction
	2. Standard C
	3. POSIX. 1
	4. POSIX.2
	5. POSIX.2 Continued
	6. Overview & X-Open
	7. XP4- Wide Characters
	8. Code Set
	9. Input and Output
	a10. Output Problems
	b11. Some Problems
	c12. Wrappimg it up



