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ABSTRACT

The Asi an | anguage versions of the OpenVMS operating system all ow
Asi an-speaking users to interact with the OpenVMS systemin their
nati ve | anguages and provide a platform for devel opi ng Asi an
applications. Since the OpenVMS variants nust be able to handle
nmul ti byte character sets, the requirenments for the interna
representation, input, and output differ considerably fromthose
for the standard English version. A review of the Japanese,

Chi nese, and Korean writing systems and character set standards
provi des the context for a discussion of the features of the

Asi an OpenVMs variants. The |l ocalization approach adopted in
devel opi ng these Asian variants was shaped by busi ness and

engi neering constraints; issues related to this approach are
present ed.

| NTRODUCTI ON

The OpenVMS operating system was designed in an era when English
was the only | anguage supported in conputer systens. The Digita
Command Language (DCL) commands and utilities, system help and
nmessage texts, run-tine libraries and system services, and nanes
of system objects such as file names and user nanes all assune
English text encoded in the 7-bit American Standard Code for
Information I nterchange (ASClI1) character set.

As Digital's business began to expand into nmarkets where common
end users are non-English speaking, the requirenent for the
OpenVMS systemto support | anguages other than English becane
inevitable. In contrast to the migration to support single-byte,
8-bit European characters, OpenVMS | ocalization efforts to
support the Asian | anguages, nanely Japanese, Chinese, and
Korean, must deal with a nore conplex issue, i.e., the handling
of multibyte character sets. Requirenents for the interna
representation, input, and output of Asian text are radically
different fromthose for English text. As a result, many
traditional ASCII programm ng assunptions enbedded in the OpenVMS
system are not valid for handling Asian nmultibyte characters.

Since the early 1980s, Digital's engineering groups in Asia have
been localizing the OpenVMS system to support Asian |anguages.
The resultant Asian | anguage extensions all ow Asi an-speaki ng
users to interact with the OpenVMs systemin their native

| anguages. These extensions also provide a platform for

devel opi ng Asi an applications. This paper presents a high-Ieve
overview of the mpjor features of Chinese, Japanese, and Korean
support in the OpenVMS operating system and di scusses the



| ocal i zati on approach and techni ques adopted.

ASI AN LANGUAGE VARI ANTS OF THE OpenVMS OPERATI NG SYSTEM

The following five separate Asian |anguage variants of the
OpenVMS operating systemare available in the Pacific Rm
geogr aphi cal area:

LANGUAGE COUNTRY  OpenVMs VARI ANT

Japanese Japan OpenVMS/ Japanese

Chi nese Peopl e's OpenVMS/ Hanz
Republ i c
of Chi na

Chi nese Tai wan, OpenVMS/ Hanyu
Republ i c
of Chi na

Kor ean Republic OpenVMS/ Hangul
of Korea
(Sout h
Kor ea)

Thai Thai |l and OpenVMS/ Tha

Thi s paper covers the first four variants, omtting the Tha

vari ant because of space linitations. Each Asian |anguage vari ant
of the OpenVMS systemis designed to be installed and to run as a
separate system Currently, no provision exists to formally
support nultiple Asian | anguages sinultaneously on a single
OpenVMsS system Each variant provides a bilingual system

envi ronnent of English and one Asian | anguage. Such an
environnent, called Asian OpenVMS node in this paper, supports
ASCl | and one multibyte Asian character set. The variants are
avail abl e on the VAX and the Al pha AXP platfornms with identica
features. Throughout the paper, the generic nane Asian OpenVMS
vari ant denotes any of the Asian | anguage variants of the OpenVMsS
operating system regardl ess of the hardware platform

To achieve full downward conpatibility for existing users,
applications, and data fromthe standard OpenVMS system each

Asi an OpenVMs variant is a superset of the standard OpenVMS
system In fact, a user can operate in the standard OpenVMS node,
i.e., the 1-byte DEC Multinational Character Set (DEC MCS), on an
Asi an OpenVMs variant without noticing any difference in the
functi onal behavior conpared to a standard OpenVMS system The
conponents of an Asian OpenVMs variant are installed on a



standard OpenVMsS systemin a manner simlar to that of a |layered
product; files (executable inmges and other data files) are added
and replaced on the standard OpenVMS system |In general, three
types of conponents are supplied in an installation

1. A standard OpenVMS conponent suppl anted by an Asi an
| ocalized version that includes the standard OpenVMS node
as a subset. At the process level, the user can set the
conmponent to run in either standard OpenVMs node or Asian
OpenVMs node. The DCL and the termnal driver are
exanpl es of this type of conponent.

2. A standard OpenVMs conponent suppl enented by an Asian
| ocalized version that runs only in Asian OpenVMS npde.
Bot h versions of the conponent run simultaneously on the
system Exanples are the TPU/ EVE editor and the MAIL
utility.

3. A new Asian-specific conponent created to provide
functionality for Asian processing that does not exist in
the standard OpenVMS system An exanple of this type of
conmponent is the character manager (CMGR), which is
di scussed later in this paper

OVERVI EW OF ASI AN WRI TI NG SYSTEMS

Bef ore | ooking at specific features of the Asian OpenVMS
variants, this paper briefly reviews the Chi nese, Japanese, and
Korean witing systenms. For a nore detailed discussion of the

di fferences anong these writing systens, refer to Tim G eenwood' s
paper in this issue of the Journal.[1]

The Chinese Witing System

The Chinese writing system uses ideographic characters called
Hanzi, which originated in ancient China nore than 3,000 years
ago. Each ideographic character (or ideogram) is a synbol made up
of elenmentary root radicals that represent ideas and things. Sone
i deograns have very conpl ex glyphs that consist of up to 30 brush
strokes. Over 50,000 Chinese ideograns are known to exi st today;
however, a subset of 20,000 or less is typically sufficient for
general use. Two or nore ideograns are often strung together to
represent nore conpl ex thoughts.

| deographic writing systens have characteristics that are quite
different fromthose of al phabetical witing systens, such as the
Latin | anguages. For instance, the concept of uppercase and

| ower case does not apply to ideographic characters, and collation
rules are built on different attributes. The input of ideographic
characters on a standard keyboard requires additional processing.

Two forms of Chinese characters are in use today: Traditiona



Chi nese and Sinplified Chinese. Traditional Chinese is the
original witten formand is still used in Taiwan and Hong Kong.
In the 1940s, the governnment of the People's Republic of China
(PRC) launched a canpaign to sinplify the witing of sone

traditi onal Chinese characters in an effort to speed up the

| earni ng process. The resulting sinpler set of Chinese characters
is known as Sinplified Chinese and is used in the PRC, Singapore,
and Hong Kong.

The Japanese Witing System

The Japanese witing systemuses three scripts: Chinese

i deographi c characters (called kanji in Japan), kana (the native
phoneti c al phabet), and romaji (the English al phabet used for
foreign words). The kanji script comonly used in Japanese

i ncl udes about 7,000 characters. There are two sets of kana
scripts, nanely, hiragana and katakana; each conprises 52
characters that represent syllables in the Japanese | anguage.
Hiragana is used extensively interm xed with kanji.

Kat akana is used to represent words borrowed from ot her

| anguages.

The Korean Witing System

The Korean witing systemuses two scripts: Hangul (the native
phoneti c characters) and Hanja (Chinese ideographic characters).
The Hangul script was invented in 1443 by a group of scholars in
response to a royal directive. Each Hangul character is a
grouping of two to five Hangul letters (phonenes) that forms a
square cluster and represents a syllable in the Korean | anguage.
The nodern Hangul al phabet contains 24 basic letters -- 14
consonants and 10 vowel s. Extended letters are derived by
doubl i ng or conmbining the basic letters.

ASI AN CHARACTER SETS

During the early days of Asian | anguage conputerizati on when de
jure standards did not exist for Asian character sets, individua
vendors in the local countries invented their own | ocal character
sets for use in their Asian | anguage products. Although nost
vendors have mgrated to conformwi th the national standards, a
variety of local character sets still exists today in |egacy
systenms, thus creating interoperability issues. This paper
reviews only the national standard character sets that are
supported by the Asian OpenVMS vari ants.

Nat i onal St andards

Nat i onal standards bodies in each of the Asian Pacific
geogr aphi es have established character set standards to



facilitate information interchange for their |ocal characters.

For | anguages that use Han characters (which are |large in nunber)
in their witing scripts, the character set standards all share a
simlar structure, which is illustrated in Figure 1. Characters
are assigned to a 94-row by 94-colum structure called a plane.
Each character is represented by a 2-byte (7-bit) value in the
range of 0x21 to Ox7E. A plane, therefore, has a total of 8,836
code points avail able. Such a structure avoids the ASCI| contro
code val ues, thus preventing conflicts with existing operating
systens and conmuni cati on hardware and sof tware.

Figure 1 Code Structure in Asian Character Set Standards

COLUWN
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94+4--------- + TWO- BYTE CODE STRUCTURE
A PLANE

*Note that the first bit of each row and colum can be either 0 or 1

Japan. Japan was the first country to announce a 2-byte
character set standard, the Code of the Japanese Graphic
Character Set for Information Interchange (JIS C 6226-1978).[ 2]
This standard has since been revised twice, in 1983 and 1990, and
renamed JI'S X 0208. The JI'S X 0208-1983 standard includes 6, 353
kanji characters divided into two |evels, according to frequency
of usage.[3] Level 1 has 2,965 characters, and |evel 2 has an
additional 3,388 characters. This standard al so i ncludes conplete
sets of characters for hiragana and katakana, ASCII|, and the
Greek and Russian scripts -- a total of 453 characters. The 1990
revision, JI'S X 0208-1990, added two characters to the
standard. [ 4] An additional plane of kanji characters becane
standard in 1990 with the announcenent of JIS X 0212-1990.[5]

Prior to the introduction of the 2-byte standards, Japanese
systens that support katakana used the JI'S X 0201-1976 standard
for a 1-byte, 8-bit character set.[6] Today, there is still a
demand to support this standard, in addition to the 2-byte
standards, due to its pervasive use primarily in | egacy mainfrane
syst ens.

Peopl e's Republic of China. |In 1980, China announced a 2-hbyte
standard, Chinese Character Coded Character Set for Information



I nterchange -- Basic Set (GB 2312-1980).[7] Its structure, which
foll ows that of the Japanese standard, includes two |evels of
Hanzi. Level 1 has 3,755 characters, and |level 2 has an
addi ti onal 3,008 characters. The standard al so has 682
characters, including ASCII, Greek, Russian, and the Japanese
kana characters. Subsequently, China has announced additi ona
character set standards.

Tai wan, Republic of China. The Tai wanese national standard,
Standard | nterchange Code for Generally Used Chinese Characters
(CNS 11643-1986) was first announced in 1986.[8] Again, the
structure is simlar to the Japanese and PRC standards. It
defines two planes of characters with a total of 13,051 Hanzi
651 synbols, and 33 control characters. The standard was revi sed
in 1992 and renaned Chi nese Standard | nterchange Code (CNS
11643-1992).[9] An additional five planes were defined in this
revi si on, adding 34,976 characters.

Republic of Korea (South Korea). The |atest version of the
Korean 2-byte character set standard is the Korean Industria

St andards Associ ati on Code for Information Interchange (KS C
5601- 1987), announced in 1987.[10] This standard includes 2,350
preconposed Hangul characters, 4,888 Hanja (Chinese characters),
and 352 other characters such as ASCI |, the Hangul al phabets,
Japanese kana, Greek, Russian, and special synbols.

User -defi ned Characters

Character set standards do not always encode all known characters
of the writing scripts for which the standards are intended. For

i nstance, when the total number of known characters exceeds the
avail abl e code space, only subsets of the nmpbst conmon characters
are included. In addition, new characters are invented over tine
to describe new i deas or objects, such as new chenical el enents.
The concept of user-defined characters (UDCs), sonetinmes known as
gaiji in Japan, was introduced to address the user's need for
characters that are not coded in a character set standard. Many
conmput er vendors, including Digital, provide extended code areas
for assigning UDCs and vendor-defi ned nonstandard characters.
Attributes of these characters for various operations such as

di splay fonts, collation weights, and input key sequence are
often made available, e.g., by registering themin a system

dat abase. From an end-user and application perspective, UDCs
shoul d be processed transparently and in the sane way as standard
characters.

ASI AN OpenVMs SYSTEM OVERVI EW

From an operating system perspective, three basic issues need to
be addressed to support Asian character processing, nanely,



internal representation, (i.e., how Asian characters are
represented and stored inside the conputer), basic text input,
and out put.

I nternal Representation

Asi an OpenVMsS vari ants support the respective national standard
character sets. To achieve full conpatibility with existing ASCl
data, each Asian OpenVMs vari ant sinultaneously supports one
mul ti byte Asian character set and ASCII. A variety of schenes can
be used to conbine nultiple coded character sets. |In general, the
schenes fall into one of the followi ng three types:

1. Shift code-based representation. |In this schenme, the
1-byte code is conbined with a 2-byte code by inserting
shift control codes to switch between the two code sets.
A 1-byte "shift out" control code changes the node from
1- to 2-byte, while a 1-byte "shift in" control changes
the node back to 1-byte characters. This scheme is in
conmon use in mainframes.

2. 1SO 2022-based representation. The |SO 2022 Code
Ext ensi on Techni ques all ow a desi gnated character set to
consist of two, three, or four 7-bit bytes in addition to
the 7-bit sets.[11] The only requirenment is that al
bytes of a character have the sane high-order bit setting
(all 0 or all 1). A sinple schenme of sinultaneously
supporting ASCI|I and one 2-byte character set can be
achi eved by statically designating ASCII to & and
invoking it to graphics left (&) and designating a | oca
2-byte set (e.g., one of the Chinese, Japanese, or Korean
sets) to GL and invoking it to graphics right (GR). The
resulting mxed 1-byte/2-byte representation is shown in
Fi gure 2.

The high-order bit of each 8-bit byte provides
self-identifying information for the |ocal 2-byte set.
This schene can be further extended to include two
additional character sets by statically designating them
to & and G3 and invoking them by the single shift codes
SS2 and SS3. The Extended UNI X Code (EUC) schene enpl oys
thi s additional extension.

Figure 2 Exanple of an | SO 2022-based Representati on That
Combi nes Mul tiple Coded Character Sets
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3. Shift range-based representation. This schene, a hybrid
of the previous two schenes, is used by the "Shift JIS
Code" on PC-based systens in Japan. Bytes with codes 0 to
127 are interpreted as 1-byte ASCII, codes 160 to 191 and
192 to 223 are interpreted as 1-byte
kat akana (as specified by the JIS X 0201 standard), and
codes 128 to 159 and 224 to 255 are conbined with the
byte that follows to forma 2-byte code that is
interpreted as a kanji character (as specified by the JIS
X 0208 standard). This schene all ows nore single-byte
characters to be represented at the expense of the nunber
of 2-byte characters allowed.

Asi an OpenVMs variants enploy the | SO 2022-based representati on
for Digital's Asian code sets (the DEC Asian code sets) and are
nanmed respectively DEC Kanji, DEC Hanzi, DEC Hanyu, and DEC
Hangul for the Japanese, Sinplified Chinese, Traditional Chinese,
and Korean character sets. This encodi ng schene naintains ful
downward conpatibility with all existing ASCI|I software and data.
In particular, a string or record that consists of only ASCI
characters has the formof sinple ASCI|. Because there is no need
to keep state information about the data, this scheme sinplifies
processi ng, when conpared to the shift code-based schene.
However, wi thout explicit support for coded character set

desi gnation, simultaneous support for Chinese, Japanese, and
Korean is not possible.

To support UDCs, each DEC Asian code set contains an extended
code area for their assignnent. The high-order bit of the second
byte no | onger has to be set; thus, an additional 94 by 94 plane
of code positions is available. The di sadvantages of this
approach are that synchronizing a character boundary requires
scanning forward fromthe beginning of the string and that the
second byte can now conflict with the ASCI| characters.

The DEC Asi an code set internal representation corresponds to
mappi ng a character plane (94 by 94) to one of the (1,1) and
(0,1) quadrants of the 2-byte code space in Figure 3. The exact
mappi ngs of individual DEC Asian character sets supported by

Asi an OpenVMs vary. Table 1 provides a summary of the conmon code
range assi gnnents.

Figure 3 DEC Asian Code Set Internal Representation
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Table 1 Summary of DEC Asi an Code Range Assignnents

CODE RANGE

(OXXXXXXX)
( IXXXXXXX
5601- 1987
( IXXXXXXX
(000xxxX)
(100xxxXx)

Not es:
* denot es

I denotes

DEC Kanj i .

supports ASCI I,

in Table 1

described in Table 2.

Table 2 The DEC Kanj i

AREA USAGE

User Area
DEC Reserv

Recent |y,

DEC KANJI DEC HANZI DEC HANYU DEC HANGUL
ASCI | ASCI | ASCI | ASCI |
Ixxxxxxx) JI'S X 0208 GB 2312-1980 CNS 11643-1986(1)* KS C
Oxxxxxxx) UDC ubC CNS 11643-1986(2)! - -
CO0 Control CO Control CO0 Contr ol CO0 Contr ol
Cl Control C1 Control C1l Control C1l Control
pl ane 1 of CNS-11643-1986.
pl ane 2 of CNS-11643-1986.
The DEC Kanji (OpenVMS/ Japanese) code set currently
JI'S X 0208-1983, and an area for UDCs, as shown
. The UDC area is further divided into the two subareas
UDC Area
NUVBER OF
QUADRANT ROWS CHARACTERS CODE RANGE
(1,0) 1-31 2,914 O0xAl21- OxBF7E
ed (1,0) 32-94 5,922 0xC021- OXFE7E
Super DEC Kanji, a revision and extension to the DEC



Kanji code set, has been proposed to support additional character
sets such as JI'S X 0201-1978 and JIS X 0212-1990, which are
speci fied as foll ows:

ADDI TI ONAL
CODE RANGE PLANES
(SS2 1IXXXXXXX) JI'S X 0201

(SS3 Ixxxxxxx 1Ixxxxxxx) JI'S X 0212
The redefined UDC area includes both a user/vendor-defined area

(UDA) and a user-definable character set (UDCS), as described in
Tabl e 3.

Table 3 The Super DEC Kanji UDC Area

NUMBER OF
AREA USAGE QUADRANT ROWS CHARACTERS CODE RANGE
JI'S X 0208 UDA (1,1) 85-94 940 OxF5A1- OXxFEFE
JI'S X 0212 UDA SS3 (1,1) 78-94 1,598 (SS3 + OxEEA1L) - OXFEFE
UDCS (1,0) 1-94 8, 836 0xA121- OXFE7E

DEC Hanzi. The DEC Hanzi (OpenVMS/ Hanzi for Sinplified Chinese)
code set supports ASCII, GB 2312-80, and a UDC area described in
Tabl e 4.

Table 4 The DEC Hanzi UDC Area

NUMBER OF
AREA USAGE QUADRANT ROWS CHARACTERS CODE RANGE
DEC Reserved (1,1) 88-94 658 OxA1Al- OXFEFE
User Area (1,0) 1-87 8,178 0xA121- OXF77E
DEC Area (1,0) 88-94 658 OxF821- OXFE7E

DEC Hanyu. The DEC Hanyu (OpenVMsS/ Hanyu for Traditional Chinese)
code set currently supports ASCII, CNS 11643-1986 (first and
second pl anes), and the Digital Taiwan Suppl enental Character Set
(DTSCS). The DTSCS suppl enments the characters defined in CNS
11643-1986 with an additional collection of characters that
address custonmer needs. Currently, the DTSCS defines the 6,319
characters recommended by the El ectronic Data Processing Center
(EDPC) of the Executive Yuan, a Tai wanese governnment body. The
CNS 11643-1992 standard includes the DTSCS

To support the additional DTSCS, the nmixed 1-byte/2-byte schene
is extended to a 1-byte/2-byte/4-byte schenme. Each DTSCS



character maps to a 4-byte code, in which a fixed | eading 2-byte
code (0xC2CB) conbines with the followi ng 2-byte code to forma
4-byte code. OF course, the code point OxC2CB is reserved for
this purpose. This schenme nakes avail abl e another two 94 by 94
pl anes of code positions:

(OXC2CB 1IXXXXXXX IXXXXXX) (OXC2CB IXXXXXXX OXXXXXX) .
Table 5 shows the current definition of the DTSCS. An additiona
area is available for UDCs in the CNS planes, as defined in Table

6.

Table 5 The DEC Hanyu DTSCS Area

NUMBER OF

AREA USAGE QUADRANT ROWS CHARACTERS CODE RANGE
EDPC Recomrended

Characters C2CB (1,1) 1-68 6, 319 0xC2CBA1A1- OxC2CBE4B5
Reserved C2CB (1,1) 68- 94 2,517 0x C2CBBEB6- 0x C2CBFEFE
Reserved C2CB (1, 0) 1-94 8, 836 0xC2CBA121- OxC2CBFE7E
Table 6 The DEC Hanyu UDC Area

NUMBER OF

AREA USAGE QUADRANT ROWS CHARACTERS CODE RANGE
ubC (1,1) 93-94 145 0x FDCC- OxFEFE
ubC (1,0) 82- 94 1,186 0xF245- OXFE7TE

DEC Hangul . The DEC Hangul (OpenVMS/ Hangul) code set supports
ASClI | and KS C 5601-1987 (with the exception of UDCs).

Asi an Text | nput

The nost wi dely used conputer input device renmins the keyboard.
Because it is inpossible to assign thousands of ideographic
characters to a standard QAERTY keyboard, new net hods nust be
devised to facilitate the Asian text input process. In this
context, an input nethod is basically an algorithmthat takes
keystroke i nput representing certain attributes (e.g., phonetics)
of a character or string and uses a | ookup table to find
characters or strings that have those attribute val ues.
Typically, a user inputs several keystrokes and selects the
desired character or string froma candidate |ist by neans of an
iterative dialog with the input nethod. This process is sonetines
referred to as preediting. Depending on the physical |ocation of
where the dialog takes place, a preediting user interface can be
one of three styles: off-the-spot, over-the-spot, or on-the-spot.
Di fferent input nmethods may have different preedit interface
requi renents. Usually, several screen areas are needed for the



preediting dialog to take place. Input nethods differ from
culture to culture and fromscript to script.

The major difference in the inplenentation of input nethod
support anmong the Asian OpenVMs variants is in the character cel
term nal environnent. Sone input nethods are suitable for
programm ng into the termnal firmvare. The Chinese and Korean

i nput met hods supported on the OpenVMS/ Hanzi, OpenVMs/ Hanyu, and
OpenVMS/ Hangul systens are exanpl es of such nmethods. O her input
nmet hods are too conplex or require so many resources as to nake
themtoo costly for firmvare inplenentation. This is true of the
Japanese i nput nmethod, which needs to be inplenmented on the host.
Such i npl ementati on causes a nunmber of technical issues with the
traditional ASCI| character cell term nal-oriented application
programm ng nodel, where an application does not have to be
concerned with input nmethods and expects to receive character
codes directly. The followi ng three alternatives have been used
to i npl enent host-based i nput nmethods on the OpenVMS/ Japanese
syst em

1. Application. All Japanese applications directly program
the input nethod thenselves. An application nust cal
| ow- |l evel routines (a set of kana-kanji input nethod
routines are available in the JSY Run-tine Library) to
access the input nmethod dictionary and directly controls
the preedit interface in relation to its own screen
managenment. This nethod is used by applications such as
text editors, which need to directly nanage the screen
di splay. The nmethod requires substantial reengi neering of
an ASClI| application to support a Japanese input nethod.

2. Run-tinme library (RTL). Japanese applications cal
special text line input routines, which handle the
Japanese i nput nmethod. This nmethod is suitable for
applications that require sinple line input of text. The
RTL nmethod hides the details of the input nethod fromthe
application but lacks the flexibility to control the
preedit user interface. The reengi neering needed to
handl e the Japanese input nmethod is shifted fromthe
application to the RTL routines. This approach requires
| ess application reengineering, but all standard |ine
i nput routine calls in the application nust be repl aced
by Japanese line input routine calls.

3. Front-end input processor (FIP). The Japanese input
nmet hod i s enbedded as a front-end process inside the
term nal queued I/O (Q O systemservice. This nethod of
i mpl enmentation benefits existing high-level RTL text |ine
i nput routines and requires little application or RTL
reengi neering to support the Japanese input nethod in the
single-line input of Japanese text.[12]

The Asi an OpenVMS graphical user interface on workstations is
cal l ed Asi an DECwi ndows/ Motif. Current input nethod support is



provi ded through a Digital extension inplenented as an X client.
Wth release 5 of the X11 standard, the inplenmentation wll
mgrate to using the standard X i nput nethod (XIM support in the
Xlib l'ibrary routines.

Most Asian PCs have a front-end processor inplenentation of input
net hods resident on the PC. Therefore, PC desktop conputers can
send Asian characters directly when comunicating with an Asian
OpenVMS host .

The following is an overview of the input nmethods supported
by each Asian OpenVMS vari ant.

Japanese | nput Method. Kana characters can be typed directly on
a standard keyboard using a kana keyboard | ayout. For kanji
characters, the de facto standard input nmethod is called the
romgj i / kana-to-kanji conversion, which is based on phonetic
conversion. The process of entering a kanji string involves
typi ng the kana (hiragana or katakana) or the romgji
pronunci ati on of the string. The input nmethod then |ooks in a
conversion dictionary for the list of kanji strings that have the
same pronunci ation. Since nost Japanese words have hononyns, the
user usually needs to go through a selection process to find the
desired kanji string. Mre advanced inpl enentations involve
perform ng syntactic and semantic anal ysis of the sentence to

i ncrease the efficiency of the input nmethod. On the

OpenVMS/ Japanese system the kana-to-kanji input nethod has a
provi sion for separating conversion units into word, clause, and
sentence. The nethod also has a learning capability that reorders
the candidate |ist entries by nmeans of a personal dictionary,
putting the characters selected at the top of the list so that
nore frequently used words appear first in the hononymlist.

Chi nese I nput Method. No standard exists for the Chinese input
nmet hod. The | arge nunmber of input nethods that have been proposed
over the years can be classified into one of two ngjor types:

1. Pattern deconposition-based nethod. Each character is
deconposed into basic strokes or patterns. Each stroke or
pattern, e.g., a root radical, is assigned a code (mapped
to a key) and each character is retrieved by inputting a
sequence of such codes.

2. Phonetic-based nmethod. Each character is transcribed
into phonemic letters and retrieved by this phonem c
transcription. The systemused in Taiwan is based on the
Nat i onal Phonetic Al phabet (Boponofo), whereas the PRC
uses Roman al phabets based on the Wade-G | es system

The OpenVMS/ Hanzi system supports the foll ow ng Chinese input
nmet hods:



0 Fi ve stroke
o] Fi ve shape
o] Pi nyi n

0 Tel ex code

0 GB 2312 code

The OpenVMS/ Hanyu system supports the foll ow ng Chinese input
nmet hods, which are inplenmented by firmvare on the Digital VT382
series Chinese termnals:

o] Tsang- Chi

o] Qui ck Tsang- Chi
0 Phonetic

0 I nternal code

0] Phr ase

Korean I nput Method. Hangul characters are conposed by directly
typi ng the individual Hangul letters. The conposition sequence

al ways starts with a consonant, is followed by a vowel, and
finishes with a consonant, if present. The input method validates
the conposition sequence keyed in by the user at each step. The
di spl ay device updates the internedi ate rendering of the
partially formed Hangul character as the shape and position of
each letter changes during conposition. Hanja characters are
entered by typing their Hangul pronunciation. The input method

di splays a list of all possible Hanja characters (honmonyns). More
sophi sticated inplenmentati ons can perform Hangul -t o- Hanj a
conversion in word units simlar to that of the

kana-to-kanji conversion. On the Digital VT382 Korean term nal
both the Hangul and the Hanja input nethods are inplenented by
firmaare.

Asi an Text CQutput

Asi an character fonts are usually displayed or printed as bit-map
graphics. To neet the requirenments of specific applications such
as scaling and plotting, these fonts can al so be defined as
outline fonts using vector representation. International codes of
Asi an | anguage characters are mapped to the correspondi ng font
dat a when needed for output. Predefined character fonts are
usually stored in the read-only nenory (ROM of termnals and
printers for better performance. As for the English al phabet,

di fferent standards, styles, and sizes exist for Asian | anguage
character fonts. The following list contains sone of the nore



popul ar font styles used in the respective markets:

MARKET  FONT STYLE
Japan M ncho, Gothic, Round-Cothic
Kor ea Myuncho, Got hic

PRC Song, Quasi - Song,
Hei (bol df ace), Ka

Tai wan Sung, Hei (bol dface), Ka

In general, Asian ideographic characters require high-definition
fonts, i.e., at least a 24-by-24 dot matrix, to achieve
acceptable visual quality. As a result, menory requirement is a
maj or i ssue when supporting Asian fonts.

Har dwar e

Supporting Asian | anguage processing requires nodifying the
standard video terninals and printers. In general, software
products need to recognize the different functiona
characteristics of Asian terminals and printers. For exanple, the
character set designation and invocation defaults differ from

t hose of standard term nals.

Wor kst ati ons do not require any nodifications (except for
exchangi ng a | ocal |anguage keyboard for the standard one),
because i nput and display are directly supported by software.

Asi an Video Terminals. The traditional character cell ternina
provi des certain |ocal display and i nput functions on behalf of a
software program For exanple, the termnal firmnvare preprocesses
scan codes generated by keyboard input and converts themto
character code before sending themto an application. Simlarly,
character fonts are usually stored in the termnal ROM Digita
has devel oped a variety of video term nals to support Asian

| anguage processing.

Some nmmj or hardware considerations for Asian video termnals are

o] Hi gh-resol ution video display. |deographic characters
have conpl ex gl yphs, which require at |east a 24-by-24
dot matrix cell to be of acceptable display quality.
Such a cell would occupy two ASCII colums. As a result,
to maintain a 26-1ine (40 i deograns per line) display
requires a screen resolution of at |least 960 by 780
pi xel s. Typically, Digital's Asian video terninals use
nonitors that run at a 60-hertz noninterlaced node, a
node substantially higher than that of standard ASCI



term nal nmonitors.

o] Font nmenories and | oading protocol. The term na
requires additional ROMto hold the fonts of standard
characters in an Asian character set, typically 7,000 to
20, 000 characters. Also, for characters outside the
standard set, i.e., UDCs, the term nal requires
random access nenory (RAM to downline load the fonts
fromthe host. Digital Asian term nals support
font-1oading protocols that work with the host software
to downline load fonts into RAM either on demand or on a
prel oadi ng basis. The font cache in Digital's Asian
term nals can usually hold about 400 characters at once.

o] I nput nethod. Inplenmenting i nput nmethods on a video
term nal requires additional hardware nodification. The
i nput method al gorithns nmust be progranmed into the
firmvare together with extra nenory for the input method
| ookup tables. In addition to the main display area, one
extra line on the screen is needed as an input nethod
work area, e.g., for displaying candidate |ists for user
sel ection. Some keys nust be assigned pernmanently for
i nvoking different input nethods. The printing of |egends
on the tops of the keys is now nore conpl ex, because the
keyt ops must include additional |egends for the input
nmet hod keyboard | ayout. For exanple, on Digital's
Hanzi term nals, four ideogranms nust appear on the tiny
area of one keytop.

Asian Printers. Digital supports a range of Asian printers.
Simlar to Asian video term nals, Asian printers nust support
font-1oading protocols to downline |oad fonts for UDCs by either
prel oadi ng or on-denand-| oadi ng net hods. Additional RAMis
required to hold these fonts. Also, Digital's Asian printers
general ly support nultiple font typefaces and si zes.

Asi an OpenVMS Structure

The conponents provided by the Asian OpenVMS variants on top of
the standard OpenVMS system can be divided into five main groups:

1. System support for transparent processing of UDCs

2.  An enhanced OpenVMsS termnal |/O subsystemto support
Asi an term nal devices

3. Aset of run-tinme libraries to facilitate Asian
application devel opment on Asian OpenVMS systens

4. A set of localized utilities and conmands for users to
perform comon tasks on OpenVMS systens in their native
| anguages



5. Autility to set the operating nodes (standard OpenVMS
node or Asian OpenVMsS node) of the |ocalized conponents

Figure 4 summari zes the Asian OpenVMS system structure.

Figure 4 Asian OpenVMS System Structure
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ASI AN OpenVMs COVPONENTS

This section reviews the major conponents of the Asian OpenVMS
variants.

User-defi ned Character Support -- The Character Manager

Attributes of characters in the standard character sets supported
on an Asian OpenVMS system are known and fixed. Therefore,
attribute support can be built into the systemstatically. In
contrast, UDCs usually require their attributes to be dynam cally
defined and accessed. A new utility called the character nanager
(CMGR) enables users to create, nanage (nodi fy and update), and
retrieve UDCs and their attributes. UDC support is currently

of fered on the OpenVMS/ Japanese, OpenVMS/ Hanzi, and OpenVMS/ Hanyu
systenms. I n the OpenVMS/ Hanyu system the CMGR al so supports
Digital -defined characters, e.g., the DTSCS and DEC Recommended
Characters (DRC).

The CMGR manages a set of systemn de dat abases that store UDC
attributes. Two UDC attributes are currently supported, glyph
i mmges and col | ati ng val ues.

To represent the UDCs in the conputer, the CMGR allows a user to
assign each UDC a code point in the designated UDC area.



Currently, UDC characters are entered by directly typing their
bi nary code. The code point serves as the key in the CMGR
dat abases for retrieving other attributes of the character

The CMGR utility provides a user interface to create and nmenage
the UDC attribute database. The user interface includes a font
editor for users to create the glyph image of a UDC and entries
for other attributes. To allow applications to retrieve the UDC
attributes, the CMGR has a set of application programing
interfaces (APIs) used to access the individual attribute

dat abases. In particular, the on-demand font | oadi ng of UDCs
supported by the Asian termnal 1/0O subsystem enpl oys the CMGR
font databases, and the SORT/MERGE utility uses the collation
dat abases for UDC sorting.

CMGR Font Database. To output a UDC to a display or printing
device, the UDC s glyph image nust first be defined. The CMGR
provi des a screen font editor for users to create the glyph

i mmges. The CMGR supports nultiple typefaces (e.g., Hei, Sug, and
Default) and font sizes (e.g., 24 by 24, 32 by 32, and 40 by 40)
in multiple databases. There are two ways to |load the UDC fonts
to Asian output devices, nanely, preloading and on-denmand

| oadi ng.

Fonts can be preloaded by sending a file that contains the
appropriate control sequences and font patterns, which are

di scussed in nore detail later in this section. The CMGR provi des
a command that generates a preload file fromthe font database
for required UDCs.

On-denand font loading is a nore conplicated nechani sm which
i nvol ves an on-denmand | oadi ng protocol. Font patterns are
retrieved fromthe font database through the CM3R call able
interface by a font-handling process.

CMGR Col lation Attribute Database. To facilitate the sorting of
data, including UDCs, the collation weights of the characters
nmust be defined. Currently, only the OpenVMS/ Hanzi and

OpenVMS/ Hanyu systens offer this feature.

Asian Term nal |/ O Subsystem

The Asian terminal |/0O subsystemis an extension of the standard
OpenVMs ternminal 1/0O subsystem It consists mainly of the OpenVMS
termnal class drivers/port drivers, auxiliary class drivers, and
server processes, and handl es both standard and Asian termnals
si mul taneously. For Asian term nals, the subsystem provi des
extended functions to support nultibyte character handling in the
term nal Q O system service, input nethod, code set conversion,
and font | oading.



Terminal Q O System Service/ Mul ti byte Character Handling. The
enhanced term nal Q O system service can handl e ni xed ASCI| and
mul ti byte Asian characters in line input calls. Line editing
(e.g., character echo, cursor novenent, character deletion
character insertion, word delinmters, and character overstrike),
i ne wrappi ng, uppercasing, and read verifying will handl e Asian
characters correctly. Because the Q O system service is the

| owest -1 evel routine that handles ternminal 1/0O all other text
/O routines such as LIB$GET_I NPUT, $GET RMS service, and the
text 1/Ofacility of programm ng | anguages such as C, Fortran
and COBOL are layered on it. The enhancenments automatically
benefit all of these higher-Ilevel routines.

Font Loading. Asian term nal devices have witable font nenory
(WEM, and the firmvare supports font-Ioadi ng sequences and
logic. Atext file is scanned by a utility programprior to
output to a termnal or printer. The Asian terminal |/O subsystem
then creates a preloading file, which contains the font-I|oading
sequence for all nonresident characters found in the file. Next,
the subsystem sends this preloading file to the ternminal or
printer, causing the required fonts to be |oaded in the font
menory. Finally, the text file is output to the term nal or
printer. This nmethod is limted by the size of the font nmenory,
typically 300 to 500 characters. The font prel oading nmethod is
used mainly in batch operations, such as line printers, where
performance is an inportant factor.

When an Asian video ternminal or printer receives an Asian
character code and deternmines that it is a UDC, the terninal
firmvare automatically halts the current processing and generates
a font request to the OpenVMs system The terninal driver traps
this request and passes it on to a process called the font

handl er. On behalf of the ternminal, the font handler retrieves
the font bit map of the requested character fromthe system font
dat abase and sends it back to the terminal or printer, which in
turn loads it into its RAM and resunes the display processing.
Because it involves XOV XOFF flow control, which is done at a
very low |l evel of the system the process requires nodifications
to device drivers. The anpunt of UDC font is not linmted by WM
capacity, because the terminal firmvare automatically updates the
menory.

Front-end | nput Process (FIP).[12] One of the biggest

di fferences between Japanese and ot her Asian | anguage (e.qg.

Chi nese and Korean) support on the OpenVMS systemis in the

i mpl ementation of the input method. The nature of the
kana-to-kanji input nmethod makes it unsuitable for inplenmentation
in termnal firmvare. The nmethod requires a huge input method
dictionary (about 1 negabyte in size) and a dynamic nmenory work
area for syntactic and semantic analysis. Also, updating an input
met hod dictionary that is inplemented in firmvare is a very



costly operation.

Code Set Conversion. Prior to the introduction of the Asian
OpenVMS variants, Digital's customers used video termnals and
printers that support proprietary |ocal |anguage code sets from
third-party vendors. To protect custoner investnments and to
ensure a smooth mgration path for |egacy equi pnent, the Asian
termnal 1/0O subsystem provides an application-transparent, code
set conversion facility. This facility is based on the term na
fall back facility (TFF) introduced in OpenVMS version 5.0, which
provides a simlar function for conversion between 7-bit Nationa
Repl acenent Character Sets (NRCSs) and the 8-bit DEC MCS. TFF
provi des a m ddriver that converts both incom ng and out goi ng
data from one code set to another. For the Asian OpenVMS
variants, the conversion logic is extended to support 16-bit
character entities. Currently, TFF supports the conversion

bet ween t he DOOSAN code and the DEC Hangul code on the

OpenVMS/ Hangul system and the M TAC TELEX code and t he DEC Hanyu
code on the OpenVMS/ Hanyu system

In addition, code set conversion is necessary between

het er ogeneous systens because of the proliferation of encoding
schenmes used by different vendors. For instance, Chinese PCs in
Tai wan use the BIG 5 code. To facilitate the comunication

bet ween the OpenVMsS system and PC desktop conputers, the
OpenVMS/ Hanyu system supports the conversion between the BIG 5
code and the DEC Hanyu code.

Asi an Application Progranmm ng Support
To hel p software devel opers wite Asian applications on Asian
OpenVMs variants, Digital provides a set of commpn Asian
nmul ti byte character processing RTL routines to supplenent the
standard OpenVMs RTLs. |In particular, our Asian l|localization
effort to devel op OpenVMS | ayered products utilizes these RTLs.
Functions provided by the Asian | anguage RTL (approximtely 240
routines) are classified into the foll owi ng categories of
routines:

o] Char acter conversion

o] String

o] Read/write

o] Poi nt er

o] Conpari son

0] Sear ch

o] Count



o] Character type
0] Date/tine
0] Code set conversion

The majority of the routine interfaces are common to all Asian
countries. Currently, one library imge supports the Hanzi

Hanyu, and Hangul | anguage vari ants. Language-specific code is

hi dden under this generic nmultibyte interface and switched at run
time by a system | ogical nanme defined during systemstart-up

The OpenVMS/ Japanese system has a set of routines for handling
kana-to-kanji conversion, both high |evel and | ow | evel. The

hi gh-1evel routines, such as JLB$GET_| NPUT, JLB$GET_COWAND, and
JLB$GET_SCREEN (Japanese versions of LIBSGET | NPUT,

LI BSGET_COVMMAND, and LI B$GET_SCREEN), hide the

kana-to-kanji input nmethod details fromthe application. These
routi nes use the off-the-spot preediting that usually takes place
at the last line of the screen; however, the flexibility of the
preedit user interface is limted. A set of |owlevel routines
performs primtive functions such as opening the conversion
dictionary, finding the next candidate kanji string, and getting
the contents of the internal buffer. The kana-to-kanji i nput

nmet hod is programmed by calling a sequence of these routines.
This inplenentation gives the application the ability to directly
control the screen managenent and allows flexibility in the
design of the preedit user interface; however, the application
nmust deal with every detail of the input nmethod, which is a

di sadvantage. In addition, the library | MIB hel ps the
application custom ze the keyboard mappi ng for

kana-to-kanji conversion.[12]

The screen managenent (SM5) RTL on the OpenVMS system provides a
suite of routines for designing, conposing, and keeping track of
conpl ex images on a character cell video termnal in a

devi ce-i ndependent manner. The standard SMG version supports only
the ASCI|I and DEC Special Graphics character sets and cannot
correctly handle multibyte Asian characters. For exanple,
operations such as screen update optim zation, boundary
processing (clipping on borders), and cursor novenents operate on
part of a multibyte Asian character and cause screen corruption
because of the "one-character-is-equal -to-one-byte" assunption

The Asian OpenVMS variants provide an extended version of SMG
(about 20 percent of the original routines have been extended) to
support nultibyte character sets and DEC MCS, in addition to
ASCl | and DEC Speci al Graphics. To maintain downward
conpatibility, nmost routine entries remain identical, with an
optional character set argunent added at the end of the argunent
list to indicate desired character set operations. Alternatively,
users can define a |ogical name SMGSDEFAULT_CHARACTER SET wi t hout
explicitly passing the character set argunment in the routine



call. Existing ASCI| applications run unnodified with the Asian
SMG. New Asi an applications that use nmultibyte features relink
with the new library.

Asi an Commands and Utilities

The OpenVMS user interface determines the way an end user
interacts with the system The interface includes such conponents
as the DCL conmmand line interpreter, system help and nessages,
and all the systemutilities provided by the OpenVMS system

Sel ected user interface conponents of the OpenVMsS system have
been |l ocalized to support Asian characters on the Asian OpenVMS
variants. A description of sone of these |ocalized conponents
foll ows.

DCL Command Line Interpreter. The algorithms in the standard DCL
that assunme characters to be equal to 1 byte and interpret these
characters as ASCI|I/DEC MCS are enhanced for the follow ng DCL
primtives in the Asian code set nodes:

o] Command parsing. Parsing of command input in single-byte
units causes data corruption, because part of sone
nmul ti byte Asian characters can be m staken for one of the
special DCL ASCI| characters such as !, @ or ". Conmmand
parsing is now done in character units instead of byte
units, and operations such as termnator, deliniter
checks, and quotation mark conpression are skipped on
Asi an characters, since the DCL special characters are
all in ASClII.

o] Character uppercasing and | owercasi ng. Uppercasing and
| owercasing are applied only to ASCII characters, because
the concept of uppercase/l owercase does not exist in
Asi an character sets. Uppercasing/lowercasing in
single-byte units corrupts Asian character data, because
part of an Asian character can be indiscrimnately
upper cased/ | ower cased.

o] Synmbol s and | abels. Certain 8-bit values (those with no
character assigned in the DEC MCS) are currently
di sal l owed for DCL synmbol nanes, synbol val ues, and
| abel s. This restriction has been renoved in the Asian
nodes to allow all Asian characters in DCL synbols and
| abel s. The enhanced al gorithnms maintain separate synbol
tables for each of the code set npdes, because of the
possibility of code collision issues across different
code sets.

The Asian DCL conmand line interpreter is currently supplied with
t he OpenVMS/ Hanzi, OpenVMS/ Hangul, OpenVMs/ Hanyu, and

OpenVMS/ Thai systens in the sane binary imge, i.e., a single

i mage supports nultiple code sets. The default code set node for



DCL for a particular systemis established during systemstart-up
by means of a defined |ogical nane supplied with the start-up
procedure of each Asian OpenVMS variant. Switching the code set
node between DEC MCS and the particul ar Asian code set of the
systemis acconplished through a utility, e.g., HANZIGEN in the
OpenVMS/ Hanzi system The Asian DCL is not supplied with the
OpenVMS/ Japanese system because until only recently the Japanese
i nput method was not available at the DCL |evel.

System Hel p and Messages. The OpenVMS/ Hanzi, OpenVMS/ Hanyu, and
OpenVMS/ Hangul systens include a translated Asian | anguage
version of the OpenVMS system help library (accessed by typing
HELP at the $ pronpt). The Asian version of the system help
library is placed in a directory that is separate fromthe
original English one but that has the same file name. The user
can switch the | anguage (English or the particul ar Asian

| anguage) of system help by using the ASIANGEN utility, which
redefines the file specification logical to point to the
appropriate file.

The OpenVMS/ Japanese system provi des a transl ated Japanese
version of the system nmessages (SYSMSG EXE), which is placed in a
subdirectory of SYS$MESSAGE. Users can sw tch the | anguage of the
syst em messages by using the SET LANGUAGE command, which rel oads
the nessage file into nmenory.

In addition, nost of the localized original utilities and
Asi an-specific utilities provide bilingual help and nessages.

SORT/ MERGE. Collation rules in the Asian |anguages are very
different fromthose of the Latin |anguages.[13]

o] Asi an collation sequences. An Asian character has
different collation sequences based on different
attributes. The SORT/ MERGE command is extended as follows
to include new subqualifiers for the Asian collating
sequences: /KEY=(POS: m CSIZE:n, <collating sequence
subqual i fier>). The Asian OpenVMsS SORT/ MERCGE utility
supports the Asian collating sequences shown in Table 7.

o] Col lation weights. Unlike ASCII, the collation weights
of the Asian collating sequences cannot be derived by
virtue of the code value. Rather, the string comparison
for Asian collation sequences are driven by collation
wei ght tables. For the standard characters, these tables
are built into binary images that are linked with the
utility for fast access.

o] Mul ti byte characters. String conparison in the origina
SORT/ MERCGE operation is done in byte units, because a
character is assunmed to be equal to 1 byte. For the Asian
SORT/ MERGE, a conparison operation nust be aligned by



character, i.e., multibyte, units rather than by byte
units. The operation nust be able to handle the case in
which the start position of a sort key (specified by a
byte position) in a record is in the nmddle of a
mul ti byte character. Also, to avoid a truncation problem
at the key boundary, the size of the sort key (m xed
ASClI | and nultibyte characters are allowed) is specified
as a nunber of characters instead of a nunmber of bytes.

o] Mul tipl e passes. Sorting Asian characters by any of the
i ndi vi dual collating sequences (except QuWi) may not
produce a uni que sort order. In general, multiple
successi ve passes using different collating sequences are
needed to do so. Thus, the Asian OpenVMS SORT/ MERGE
utility allows a sort key specified with nmultiple passes
of different collating sequences. In addition, if the
/ STABLE qualifier is not specified, QuWi collation is
al ways added last to the sort key to further classify
records with identical collation values.

o] User-defined characters. The Asian OpenVMS SORT/ MERGE
utility supports collation of UDCs. When a UDC is
encountered, the SORT/ MERGE operation retrieves the
collation weight froma system database mai ntai ned by the
CMGR utility with the value defined by a user when the
character was registered

Table 7 Asian Collating Sequences Supported
by the OpenVMS User Interface

COLLATI ON
SEQUENCE TYPE OpenVMS/ JAPANESE  OpenVMS/ HANZI  OpenVMS/ HANYU
Pronunci ati on Onyomi * Pi nyi n Phoneti c_Code
Kunyom !
Kokugo!!
Kana8bi t
Radi cal Bushu Radi cal Radi ca
St roke Count Sokaku St roke St roke
I nternal Code JI Scode QUi QuWe
Not es:

* denotes a Chi nese reading.
I denotes a Japanese readi ng.
I'l denotes a Kana reading.

MAIL. Mst of the work involved in localizing the MAIL utility
enhances the user interface to use Asian characters. String
search enhancenents all ow processing by character units instead
of by byte units. String uppercasing is not applied to Asian
characters. The subject field, the personal name field, and the
fol der nanmes can all contain Asian characters. The listing of



mai | folders can be displayed in sorted order in any of the
supported coll ati on sequences using the new command qualifier
DI R/ FOLD/ COLLATI NG_SEQUENCE=( <col | ati ng sequences>).

The MAIL utility invokes the Asian text editors by default

i nstead of invoking the standard ones. The OpenVMS/ Japanese
system i ncorporates the Japanese input nethod to allow users to
enter Japanese characters.

EDT. The Asian OpenVMS EDT editor was |ocalized and enhanced for
Asian text editing. Much of the work involved driving the

term nal display correctly for Asian characters. In addition, the
editor has a | arge nunber of new editing features.

TPU/ EVE. Localization of TPU and EVE deals mainly w th nanagi ng
the screen update for nmixed ASCI|I and Asian characters, such as
cursor novenent and screen boundary handling. Both the TPU
editing engine and the EVE interface were nodifi ed.

Asi an-specific TPU built-in procedures were added, and existing
ones were enhanced. String search is now aligned at the character
boundary rather that on byte units.

For the Japanese TPU EVE, one of the nost difficult tasks is to
i ncorporate the Japanese input nmethod. This requires managi ng
overlap windows in a character cell term nal between the input
met hod wor ki ng area and the background editing area.

DECw ndows System Wth the increasing enphasis on
internationalization features in the X11 and OSF/ Mtif standards,
OpenVMS DECw ndows systens provide these features and the

| ocalization features demanded by the narket. For a description

of the latest internationalization support in the X Wndow System
standard, refer to the book by Scheifler and Gettys.[ 14]

ASI AN OpenVMS LOCALI ZATI ON | SSUES

The Asian OpenVMS effort has been addressing various technica
and engi neering issues.[15,16,17] This section discusses the
maj or ones.

Techni cal |ssues

Local i zation of the OpenVMS conponents to support the Asian

| anguages requires reengi neering the program codes and text
transl ation. The need to reengi neer source code arises for two
mai n reasons.

1. OpenVMs conponents make fundanmental progranmm ng
assunptions and practices based on the ASCI|I and DEC MCS
character sets. For exanple,

- OpenVMS conponents assunme the character set to be



ASClI | (plus DEC MCS in sone cases), and blindly
upper case and | owercase characters, validate
characters agai nst the DEC MCS, and define printable
characters according to the ASCII and DEC MCS

encodi ngs.

- OpenVMS conponents assunme characters to be 1 byte and
use string mani pulation al gorithns based on 1-byte
units.

- OpenVMS conponents assune the display width of a
character to be of fixed length (1 byte) and use
screen di spl ay managenent al gorithnms based on the
assunption that 1 byte equals one display colum.

- OpenVMS conponents assume that the character count,
the byte count, and the display width are the sane,
and use string mani pul ation algorithnms and character
cell term nal screen display managenent based on this
assunpti on.

2. Some functionality that is required to support Asian
| anguages is missing in the standard OpenVMS environment.
For exanpl e,

- Keyboard i nput of Asian characters requires nore
conplicated i nput nethod processing than is avail able
in the standard OpenVMS environment.

- Col lation rules of Asian |anguages are radically
different from English collation rules, on which the
standard OpenVMS environnment is based.

- The standard OpenVMS envi ronnment does not support the
application-transparent processing of UDCs.

- The witing direction of Asian | anguages can be

vertical, i.e., fromtop to bottom The standard
OpenVMS envi ronment assunes horizontal, left-to-right
| anguages.

Engi neeri ng | ssues

Hi storically, the Asian localization of the OpenVMS system has
been organi zed as an engineering effort that is separate from
mai nstream devel opment. As a result, a nunmber of engineering
constraints and overhead costs exist.

o] Si ngl e | anguage support. The design goal for the Asian
OpenVMs variants, as driven by the |ocal market
requi renents, has been targeted at supporting a single
| anguage on one system i.e., one |anguage variant per
system As a result, no special design considerations are
given to supporting nultiple |languages on one system



o] Full upward conpatibility. The top design requirenent is
to keep full downward conpatibility with origina
ASClI | / DEC MCS OpenVMS systens. All ASClI|/DEC MCS
applications with existing data nmust be able to run
unchanged on the Asian OpenVMs variants. In fact, an
Asi an OpenVMS system can, at any tine, be reset to
operate in the original DEC MCS npde, if desired.
Therefore, nost |ocalized conmponents nust be able to
switch between the standard and Asi an code paths. System
mechani snms for determ ning the current |anguage vari ant
and operating node are required.

o] Optimal performance. Another design goal is to mnimze
any performance inpact on standard English conponents. As
a result, Asian codes are designed around standard code
pat hs. For exanple, branches for Asian code are placed at
the end of a conditional statenent, and Asi an code
branches out fromthe main |ine code using special hooks.

o] Limted or no kernel changes. Since Asian code changes
are not nmerged into the nmainstream kernel changes in
Asi an code would be very difficult to maintain with new
OpenVMS rel eases. In addition, any kernel changes in the
standard OpenVMs release will likely break the Asian
code. This puts a constraint on supporting Asian
| anguages i n OpenVMS kernel conponents.

o] Commonal ity. Because the Asian | anguages share a | ot of
commonal ity, techni ques such as conmon source are used
for nost Asian localized conponents to naxinize
engi neering return by sharing conmon Asian |ocalization
code.

CONCLUSI ONS

Local |anguage processing has becone a mandatory functionality
for conputer systens sold in Asian markets. Fromthe OpenVMS
operating system perspective, the basic | ocal Asian |anguage
processing requirenments are being addressed by its Asian | anguage
variants in a single-language-for-a-single-locale manner. Wth
gl obal trade and the technology trend of distributed conputing
systens, the challenge for the future is to be able to provide
OpenVMS services simultaneously to multiple clients operating in
di fferent | anguages and code sets. Such a requirenent |eads to
the concept of a multilingual operating system which allows
software applications to run irrespective of the | anguage and/or
code set they support. Wth the availability of the | SO 10646
Uni versal Character Set (UCS) standard, the set of tools for

buil ding such a rmultilingual operating system has been
enhanced. [ 18]

From an engi neering perspective, the current Asian |ocalization
approach of OpenVMS has been adopted historically because of a



nunber of factors and constraints, such as the organization of
engi neering resources and the initial need to bring the
capability rapidly to the nmarket. The reengi neering techniques
are geared toward the character set encoding schenes currently
supported. The arrangenment of perform ng |ocalization renotely
and i ndependently fromthe original mainstream devel opment has
meant costly reengi neering and mai ntenance overheads in the |ong
term Wth the industrial trend of shipping global software
simul taneously satisfying multiple different |ocal market

requi renents, an international product engineering approach mnust
be taken to minim ze the cost of worldw de system engineering to
deliver a global product. In particular, the original product
nmust be internationalized fromthe ground up, so that no separate
reengi neering i s needed during |localization to support a |oca
market. In addition, to achieve sinultaneous worl dw de delivery,
concurrent engineering of |ocalization needs to be perforned
closely in parallel with the product devel opnment.
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