
Although the first emergence of computerized
Kanji that IBM Japan developed in the early
1970s was a breakthrough,1 this progress in
capabilities was limited and did not satisfy the
entire Asian market. At the high end, newspa-
per publishing systems that computerized
Kanji were developed.1 However, these required
a sizable amount of equipment and software at
considerable expense, affordable only by large
companies.

The IBM 2245 Kanji printer, a first step for
general-purpose products in 1971, could not ade-
quately meet all market requirements for Kanji
data processing. The small number of single dot-
pattern type font print positions, and the cum-
bersome data entry via punched cards, limited
the chances for wider acceptance. The cost for
providing sufficient memory to accommodate
more varieties of Kanji characters and sizes would
have been prohibitive at that time. Further, the
selected printing technology did not allow pro-
viding more than 16 characters per line.

IBM Japan, through its daily sales activities,

however, was continuously under pressure
from customers for Kanji data processing. The
sales organization decided to ask the IBM
Corporation to make Kanji capabilities a stan-
dard feature in all its future products, rather
than developing them as special features as had
been done with the IBM 2245 Kanji printer.
Thus, IBM Japan made a formal request of
IBM’s product development divisions to devel-
op a Kanji capability.

Steps to meet market requirements
Because of the rising market needs and new

technologies in hardware and software, the
IBM Corporation decided to establish a prod-
uct development laboratory in Fujisawa, west
of Tokyo. It started with 92 members initially,
all having the competence and experience in
developing custom products for the Japanese
market, which included handling Far Eastern
languages in computing.

Kanji linguistic study
During 1972–1973, IBM Japan’s develop-

ment laboratory conducted several linguistic
studies on the Japanese language to find
parameters that could facilitate improvements
in system performance and human factor
aspects. The goals of the studies were as follows:

• Analyze the character usage frequency to
help minimize the access time for identifi-
cation of a character on the keyboard layout
during data entry.

• Define the keyboard layout to reflect the
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most natural and most commonly used way
of finding a character, whether by stroke
pattern or by pronunciation with subse-
quent selection from groups, based on the
Hiragana sequence, or alphabetical method,
or any other methods.

• Determine the optimized data entry
method—evaluating the trade-offs of key-
board (with or without shift keys); stylus;
stroke pattern; and Katakana mnemonic
input.

• Compare the efficiency of Kanji selection via
pronunciation of individual characters ver-
sus lookup from an electronic dictionary.
The latter often results in multiple Kanji.

• Define the minimum dot pattern matrix size
to ensure sufficient resolution even for the
most complex Kanji character.

Language support for future systems
Several developments took place during the

early 1970s that contributed to Kanji language
support. For example, during 1972 through
1974, Masumi Iwao was assigned to several IBM
product development laboratories in the US to
participate in the development of the IBM 3767
Katakana Communication Terminal.

A designated Kanji project was initiated in
1973 by the marketing division of IBM Japan.
It was upgraded to a regional IBM Asia/Far East
(A/FE) project in the following year, and staffed
mainly by personnel from IBM Japan’s Product
Development Laboratory.

The IBM Japan marketing division also start-
ed research projects for Kanji processing joint-
ly with a few customers in 1975. Valuable
experience had been gained with the IBM 2245
Kanji printer system, enhanced by the findings
of the Kanji linguistic study.

In the early 1970s, both Toru Takeshita and
Toshiaki Igi were assigned to product line man-
agement at IBM World Trade Corporation
Headquarters primarily to define national
requirements for FS (the official code name for
a next generation of future systems under
development). Both men frequently visited
IBM’s Data Systems Division and General
Products Division development laboratories to
explain the hardware and software require-
ments for Kanji.

Programming languages
Takeshita, as Advanced Systems product

manager in A/FE headquarters, provided pre-
liminary specifications—for the inclusion of
Kanji in programming languages—to projects
in IBM’s software development laboratory in
Santa Teresa, California.

Takeshita’s work led to the introduction of
the Kanji data type to handle Kanji data and
Kanji comments or remarks in coding.
Keywords and reserved words in programming
languages and file names remained in English.
Katakana was no longer contemplated, because
the experiment with the PL/I language key-
words in the IBM System/360 era had not
proved useful enough. Katakana was not even
considered in the Japanese Industrial Standards
(JIS) for Cobol and PL/I languages. Because sub-
sequent programming languages—Pascal, C++,
Java, and so on—were mainly used for systems
and engineering programming, very few peo-
ple were interested in using Katakana keywords
because they did not make coding significant-
ly faster or easier.

New product developments
In the early 1970s, a whole variety of new

technologies in hardware and software had
become available. This offered opportunities
for developing novel products, and a full-
fledged product development effort com-
menced in 1977 under the overall coordination
of IBM Japan. All of IBM’s data processing
know-how and technologies throughout the
world would be used. Particularly noteworthy
major new technologies included:

• Virtual memory, a software concept for
automatically anticipating information
exchange between the limited-size main
memory and large mass storage devices.
Fritz-Rudolf Guentsch at Technical
University in Berlin had first invented the
principle in a PhD dissertation,2 but it was
not published in the scientific press of the
1950s. This concept was implemented in
IBM’s System/370 product line and known
as the dynamic relocate function. A histori-
cal note on Guentsch’s work has been
recently published in the IEEE Annals.3 It
contains references regarding the re-inven-
tion of virtual memory,

• Data entry by keyboard and display linked
under a processing function control.

• High resolution, all-points-addressable (APA)
technology. Applied in displays and printers
(ink jet, laser, and photo composing), this
technology changed the world from the
character-based approach to an addressable-
points approach, which provided the solu-
tion for Kanji and Far Eastern languages
representation.

As top priority for the overall development
of Kanji capability, the design concept empha-
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sized the need for compatibility of Kanji sys-
tems with existing alphanumeric systems,
inclusive of Katakana, instead of isolating any
Kanji system as a dedicated and unique system.

This concept inevitably called for coexis-
tence of new Kanji codes and existing alphanu-
meric codes, without interfering with each
other in entirely intermixed usages. It became
a fundamental requirement for all database and
data communications (DB/DC) application
software of general-purpose systems.

Another important design objective for IBM
Japan was to ensure that Japanese customers
could perform easy transitions from Katakana
data to Kanji through software.

To meet these design objectives, develop-
ment of each Kanji system component, both
hardware and software, had to be carried out by
those IBM development laboratories that were
responsible for the individual system element.
Thus, IBM sites located in various countries
across the world became involved:

• Product development of core hardware
underlying the Kanji control unit, Kanji dis-
play unit, and Kanji printer that constituted
the IBM 3270 Kanji Information System was
carried out by IBM Japan’s Product
Development Laboratory, with strong assis-
tance from the IBM development lab at
Kingston, New York.

• The IBM San Jose development laboratory
developed the IBM 3800-2 Kanji printing
subsystem.

• DB/DC and high-level language develop-
ment, which showed the use of the Kanji
data type and comments, was carried out at
the IBM development laboratories in Santa
Teresa, California, and Hursley, UK.

• The IBM 5924-T01 Kanji Keypunch was
developed in collaboration between the IBM
Japan Product Development Laboratory and
the IBM Toronto, Canada, development lab-
oratory. The IBM Raleigh Keyboard Product
Engineering Laboratory developed the Kanji
keyboard subassembly.

• IBM Japan’s Program Development Center
in Kawasaki, called the Tokyo Programming
Center, developed a series of Japanese lan-
guage processing software programs.

For all these widespread efforts, the marketing
division of IBM Japan consistently played the
role of leader and negotiator of the projects.

New Kanji system announced
Upon successful completion of these devel-

opment activities, IBM announced a new Kanji
system in September 1979. It consisted of the
IBM 3270 Kanji Information Display System (see
Figure 1), the IBM 5924-T01 Kanji Keypunch,
the IBM 3800-2 Kanji Printing Subsystem, and
associated programming support in form of sys-
tem software and utility programs.

The system was implemented to function
under the control of either an IBM System/370
processor, virtual memory functions of an IBM
303X CPU, or under an IBM 8100 Information
System. It applied the design concept of Kanji
system compatibility with existing alphanu-
meric systems, including Katakana, and was no
longer a unique system dedicated to Kanji. Its
basis was a well-designed code structure using
two bytes per Kanji character in an extended
alphanumeric, extended binary-coded data-
interchange code (EBCDIC) encoding system.

IBM Japanese character set
An IBM Japanese character set was defined

and published in August 1979 for the new IBM
Kanji system.5 Its defined 7,190 characters
became a superset of JIS C 6226 (the Japanese
Industrial Standard C 6226-1978, Code of the
Japanese Graphic Character Set for Information
Interchange). Based on a Kanji usage study con-
ducted by the IBM Japan marketing organiza-
tion, 388 characters were added to the JIS
character set. The IBM Japanese character set
provided 4,370 character code positions for
additional characters that users could define
and add for their application needs. An IBM
Corporate Standard (C-S 3 3220-024, IBM
Japanese Graphic Character Set, Kanji) eventually
formalized this IBM Japanese character set.

IBM 3270 Kanji Information Display System
The IBM 3270 Kanji Information Display
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Figure 1. IBM 3270 Kanji Information Display
System. (Photo by Toshiaki Igi.)4



System in Figure 1 consisted of the IBM 3274
Model 52C Control Unit, the IBM 3278 Model
52 Display Unit equipped with a 12-shift key
Kanji keyboard, and the IBM 3283 Model 52
Printer.

The IBM 3274 Model 52C Control Unit con-
tained a UC.5 (UC stands for Universal
Controller) microprocessor and microcodes for
supporting the Kanji functions. The microcodes
interpreted the IBM 3270 Kanji data stream (the
IBM 3270 data stream architecture was extend-
ed for Kanji data) from the host system and sent
it to the display or the printer. The microcode
also tracked the shift- and data key depressions
on the Kanji keyboard attached to the display
unit and generated the two-byte EBCDIC Kanji
code for the IBM 3270 data stream.

The IBM 3278 Model 52 Display Unit dis-
played the Kanji characters in a 16 × 16 dot
matrix, which was generated by large-scale
integration (LSI) logic and the Kanji font stored
in ROM, using the two-byte EBCDIC Kanji
code. The display screen could display 960
Kanji (40 Kanji in a row and 24 rows), or 1,920
alphanumeric characters in a 7 × 9 dot matrix
(80 characters in a row of 24). Any mixture of
Kanji with alphanumeric data was done on a
field by field basis.

The Kanji keyboard subsystem was common
to the IBM 3278 Model 52 Display and the IBM
5924-T01 Kanji Keypunch. This keyboard dif-
fered from the Kanji keyboard of the former
IBM 2245 Kanji system, but followed the simi-
lar concept of a multishift operation. It featured
12 shift keys and 254 data keys. For direct data
entry, the keyboard layout included a mixture
of 2,567 alphanumeric, Katakana, and most
commonly used Kanji characters. In addition,
this keyboard provided the input capability for
those characters that were not in the layout, by
entering the character reference number. The
conventional alphanumeric typewriter key-
board layout was integrated into the center of
the keyboard for a single-byte alphanumeric
data entry operation.

The IBM 3283 Model 52 Ink Jet Printer com-
posed each Kanji character in a matrix of 28 ×
28 dots. This product was developed by the
IBM Japan development laboratory, using the
electrostatic ink jet technology developed by
the IBM Office Products Division in Lexington,
Kentucky (which later became the independ-
ent Lexmark Company). This technology had
a 240-dots-per-inch resolution, producing high
Kanji print quality.

In summary, the IBM 3270 Kanji Informa-
tion Display System facilitated interactive oper-
ations between a host system and a display

unit—specifically, between Information Man-
agement System (IMS) and Customer Informa-
tion Control System (CICS) Kanji applications
and a display unit with a Kanji keyboard. The
IMS and CICS were enhanced to support the
IBM 3270 Kanji data stream.

IBM 5924-T01 Kanji Keypunch
The IBM 5924-T01 Kanji Keypunch was

based on the IBM 029 and 129 card punch
units and used the same 12-shift-key Kanji key-
board subsystem as the IBM 3278 Model 52
Display Unit. The keyboard subsystem was con-
nected to the IBM 029 or 129 card punch via
LSI logic and generated two-column punched
holes on IBM 80-column cards, using ROM
tables for code conversion.

IBM 3800-2 Kanji Printing Subsystem
The IBM 3800-2 Kanji Printing Subsystem

was the Kanji version of the IBM 3800 Printing
Subsystem based on photocomposing and
developed at the IBM San Jose, California,
development laboratory. It was enormous,
almost the size of a trolley car, featuring an
ultrahigh printing speed of 10,000 alphanu-
meric lines per minute (see Figure 2). This print-
er utilized an electrophotographic drum, the
same technology as in most recent plain-paper
copiers, printing on continuous paper forms.

Utility and system programming support
Software support expansion for Kanji data

type handling was made available by IBM
mainframes’ Operating System/Virtual Storage
(OS/VS), Disk Operating System/Virtual Storage
Extended (DOS/VSE), the IBM 8100 Informa-
tion System’s and Distributed Processing Pro-
gramming Executive (DPPX) software. Kanji
data type handling support was provided for
database and data communication by IMS/VS
and CICS/VS software.

The programming languages PL/I and Cobol
were enhanced to handle Kanji characters.

IBM Japan developed several utility pro-
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grams such as one for printing data sets con-
taining Kanji characters, a code conversion pro-
gram between JIS and IBM Kanji codes, and
another conversion program from Katakana
data to Kanji.

IBM Japan’s Tokyo Programming Center
provided a very flexible sort/merge program
that covered four sorting methods (basic Kanji
type, the Japanese dictionary method, and
character look-up by both pronunciations, on-
yomi and kun-yomi).

IBM Kanji system enhancements
An IBM 3200 Kanji printer was announced

in June 1982 as a smaller and more economic
printer than the IBM 3800-2. This printer used
the same electrophotographic drum as the
3800-2 printer. However, because IBM could
not produce it to its customers’ timing and
price constraints satisfaction, this was an OEM
product from Hitachi.

The IBM 3273 Model 53 Kanji Printer was
announced in October 1981 as another printer
for the IBM 3270 Kanji Information Display
System. It was an impact printer, capable of
printing on multiple-copy print forms and
employed a 24 × 24 wire dot matrix print head
from the Oki Electric Company.

In July 1980, IBM announced a Japanese
Language Processing System software program.
Its key elements were these Kanji application
programs:

• Kanji document input/editing program for
the Kanji keyboard

• Kanji document input/editing program for
the Katakana keyboard with Kana to Kanji
conversion capabilities

• Kanji document composition program
• Print program for the IBM 3800-2 Kanji

Printing Subsystem and IBM 3283 Kanji
Printer

These application programs were supported
for IBM’s Multiple Virtual Storage (MVS) system
and Virtual Machine (VM). IBM Japan’s Tokyo
Programming Center in Kawasaki performed
the development.

IBM Kanji System/34
An IBM Kanji System/34 was announced in

the fourth quarter of 1979, developed by the
IBM Product Development Laboratory in
Rochester, Minnesota. This system provided
Kanji interactive display capability similar to
the IBM 3270 Kanji Information Display
System. Its 12-shift Kanji keyboard subassem-
bly was the same as in the IBM 3270 Kanji
Information Display System.

Workstation business unit
A workstation business unit was organized

in 1982 to develop the double-byte character
sets (DBCS) for the IBM PC, collect customer
requirements, make requests to IBM develop-
ment divisions, and market workstation prod-
ucts. The Kanji character set for a PC
double-byte code page called Shift JIS was intro-
duced in the Japanese PC industry.

IBM 5550 Kanji Multistation
In 1983, the IBM 5550 Kanji Multistation

(see Figure 3) was announced. It consisted of a
desktop CPU with up to three drives for 5.25-
inch 720-Kbyte floppy disks, a keyboard, and a
monitor. A wire dot matrix printer was also
offered, providing single-style, single-size Kanji
fonts in a 24 × 24 dot matrix. The IBM 5550
found wide use as multiple online workstations
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Figure 3. IBM 5550 Kanji multistation.6

Figure 4. Large system with IBM 5550
workstations.6



in large computer systems (see Figure 4).
However, it was still rather expensive for the
general public as a stand-alone PC. A character
set and code reference manual was published.7

The IBM 5550 came also with a Japanese
word processor, which was based on the IBM
Displaywriter operating system. Later, for the
Japanese PC DOS of the IBM 5550, a non-
IBM—and very popular—Japanese word
processor called Ichi-Taro and developed by the
Justsystem Company was also made available.

Data entry for Kanji was done by a Kanji PC
DOS keyboard input front-end processor,
which provided a Kana (user-selectable
Katakana or Hiragana) to Kanji (pronunciation
to ideograph) function. The conversion was
accomplished through a software dictionary
and conversion algorithm on a single Kanji
character basis, or on a Kanji word basis. 

Double-byte Technical Coordination Office
To better support the implementation of the

national language requirements in East Asian
countries, Toshiaki Igi established the Double-
byte-character-set Technical Coordination
Office (DTCO) in 1982. Located at the IBM
Japan Product Development Laboratory, a
group of dedicated engineers from IBM Japan
was made responsible for planning, guiding,
and coordinating the development of all East
Asian language features at all IBM laboratories
worldwide.

National language support
The DTCO developed an IBM strategy and

implementation proposal for national language
support (NLS) by establishing the technical def-
inition of DBCS programming support for
Japan and Asia. These definitions documented
the required support based on the application
need of each software component. IBM prod-
uct development headquarters at Harrison,
New York (at that time), recognized the need
for initiating an organized approach to provide
systemwide support for DBCS, and it decided
to conduct a corporate-wide task force with
major software development laboratory partic-
ipation. The task force developed modifications
of IBM MVS systems software based on the
DBCS support level definition.

The DTCO presented the NLS implementa-
tion proposal to IBM Corporation top manage-
ment in May 1984. In a favorable response,
IBM set aside a significant amount of money as
an approved development fund for five years of
work, to modify IBM S/370 MVS software for
DBCS support.

Further, to ensure automatic implementa-

tion of NLS in any future product, an appropri-
ate IBM corporate policy for NLS was docu-
mented and issued internally as an IBM
Corporate Instruction, declaring this support
to be a fundamental policy.

So that IBM programmers worldwide could
develop DBCS-enabled software products, the
DTCO developed and published various English
guidebooks for design, testing and application.8,9

DBCS competency centers were organized in
five locations at IBM programming laboratories
to provide on-site technical support, and DTCO
sent assignees to these locations.

IBM Personal Computer JX
Not too long after the appearance of the per-

sonal computer in the US, IBM Japan followed
suit in 1984 with the introduction of its IBM
Personal Computer JX (see Figure 5). Different
models came with a tabletop CPU that had one
or two 3.5-inch floppy disk drives, or even a
hard drive. The IBM Personal Computer JX was
one of the first PCs in Japan that introduced
3.5-inch floppy drives.

The JX Word Japanese word processor was
using ATOK, a phonetic input to Kanji/Kana
text conversion program and a key part of Ichi-
Taro. A plug-in circuit card housed the fonts.

The customary keyboard cable was the
means of basic connection to the system unit.
Wireless infrared technology was used as a sup-
plemental connection for convenience, offered
as an advantage. This advantage, however,
turned into a handicap if the keyboard was not
properly pointed toward the CPU.

The printer offered a new thermal technol-
ogy with electrode print wires thinner than
those in mechanical devices. The requirement
for special thermal-sensitive paper was a draw-
back. Printing was later replaced by a wire dot
matrix. Again, Kanji was available only in sin-
gle-style, single-size fonts.
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Large advertisement posters from IBM
Japan, announcing the first IBM Kanji Personal
Computer, showed a student holding the CPU
under his arm, and the keyboard sticking out
of his backpack! (A precursor of things to
come?)

Twenty years after our work on a Kanji solu-
tion had started, our dream had come true. It
was exciting to buy a JX in Japan and be able to
do Japanese word processing in any part of the
world.

Operating systems supporting Kanji
On the software side, the IBM 5550

Multistation and the IBM JX PC ran on a
Japanese-unique PC DOS called Kanji PC DOS.
Although the file system was compatible with
English PC DOS, the application compatibility
between the two systems was not very good,
primarily because of the conflict between Shift
JIS encoding and the English encoding scheme.
To solve the problem, IBM Japan developed
DOS/V (the “V” stood for Video Graphics
Array). This epoch-making contribution elimi-
nated the need for providing a Kanji character
font generator in output devices (displays and
printers). Competitors (Fujitsu, NEC, Toshiba,
and others) followed and adopted this method.

Kanji requirements for IBM sites outside Japan
The need for Kanji processing outside Japan

emerged first at the IBM Corporate Standards
office where Kurt Hensch had worked since
1977 as program director of standards. One of
his responsibilities was the publication of IBM
internal standards. Previously, these documents
were contracted out to graphic designers and
publishers for printing. He changed this to an
internal task, from camera-ready masters to
making them electronically available over the
IBM internal network.

For the development of future Kanji prod-
ucts, all IBM sites worldwide had to be provid-
ed with IBM standards on coded character sets
of Asian languages. Consequently, Hensch
designed a layout that would fit on both the
international standard A4 paper size as well as
on the US standard size of 8 1/2 by 11 inches.
This was a relatively easy task, but getting doc-
uments with good quality Kanji into the hands
of all IBM product developers was not.

As a first step, Hensch ordered one of the
IBM 5550 Workstations for his office and used
it until retirement. However, the quality of dot
matrix single-style, single-size Kanji fonts was
inadequate.

Because the photo composer developed by
IBM’s Systems Development Division in

Boulder, Colorado, had just been installed at a
few selected IBM sites, Hensch started using
one of them to produce IBM standards docu-
ments in-house. However, this method meant
that the Corporate Standards office would have
to distribute all these documents by mail,
which was not acceptable. Print quality was
excellent, but the host system had no Kanji
fonts. Further, the production of camera-ready
masters still required the additional step of
chemically processing the documents at the
site of the photo composer.

Here a new IBM 4250 high-resolution print-
er (600 dots/inch) offered a less complicated
solution. This machine, developed during the
1970s by IBM Germany’s development labora-
tory, could produce brilliant, high-quality cam-
era-ready masters, using black paper coated
with aluminum powder. Hair-thin electrodes
eroded tiny dots and exposed the black paper
to compose the letter in a dot matrix so fine
that it could be recognized only under a mag-
nification glass. Unlike the photo composer,
this technology did not require any additional
treatment of the printed output.

Hensch installed one of the IBM 4250 print-
ers in his office and produced a large number of
documents for topics other than Kanji. Kanji was
still a problem, but a new one dwarfed it,
although it may have been an unjustified cause
for alarm: When Hensch heard that deposits of
aluminum were found in the brains of deceased
Alzheimer patients, he immediately stopped
using the IBM 4250 and moved to another office.
More practical reasons for discontinuing the use
of this machine, however, were the requirement
for the special paper, and the fact that it was not
available at all IBM facilities. In any event, mar-
keting of this printer soon ceased when the supe-
rior laser printers became available.

The solution for the online retrieving of IBM
standards on Kanji at all IBM sites eventually
came with the IBM 3820 Laser Printer. This
machine was installed in every IBM site at mul-
tiple locations in large numbers. The lack of
Kanji fonts on IBM systems outside Japan was
overcome by implementing a unique method
with embedded graphics.

The first IBM standard for a Japanese Kanji
character set was ready to be published in 1979,
and the English text was ready. However, there
was no Kanji font library on any IBM host sys-
tem except in Japan. The solution was a page
segment (PSEG) feature of IBM’s internally used
text-processing software ISIL (later announced
as an IBM product under the name
BookMaster). It allowed inserting such page
segments (graphics) between texts.
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The PSEG feature meant that we needed to
produce one page segment for each of the thou-
sands of Kanji characters, which appeared to be
a monstrous task. However, two brilliant young
programmers of IBM Japan, Takashi Ogura and
Akio Kido, accomplished it. They devised a pro-
grammed semi-manual method to convert the
Kanji fonts called FONT3820 into PSEGs and
inserted those into the ISIL source file of the doc-
ument. It worked, although formatting of the
file brought the host system almost to its knees.

Other East Asian countries make
progress

From the mid-1960s to the mid-1980s, IBM
development capabilities mean that China,
Korea, and Thailand also experienced progress
in computerizing their respective languages.

China
During the two decades beginning in the

mid-1960s, a few products with Chinese lan-
guage capability were marketed by IBM, but only
in Taiwan. Specific information proved to be
very difficult for us to obtain for purposes of this
article, because the present generation of local
IBM employees has only a vague recollection of
DBCS products marketed in Taiwan before 1984.

Likely products that were involved are the
IBM 3283 C52 Ink Jet Printer, with the IBM
3278 Display Unit and a large multishift data
entry keyboard, adapted from the IBM Japan
Kanji system. The data entry operator had to
remember the positions of all characters pre-
cisely; presumably, there must have been a cer-
tain arrangement pattern on the key tops.

Because the IBM PS/55 dot matrix printer
could print Japanese Kanji, it is likely that it
could have been adapted to print Hanzi.
Likewise, IBM CICS were enabled to accept,
process, and output 3270 DBCS data strings.

Korea
Hensch’s proposed implementation for

Hangul on the IBM System/360 was docu-
mented in the IBM Special Engineering Catalog
of RPQ offers (Request for Price Quotation; a
simplified method IBM used to expedite the
development of special products). Therefore, it
is conceivable that some products with Korean
language capability were marketed by IBM
between the mid-1960s to the mid-1980s.
However, we were unable to obtain relevant
documentation for this article.

Thailand
Supported by Thai RPQ designs of IBM

026/029 keypunches and IBM 056/059 verifiers

for data entry, a number of products with Thai
language capability were marketed by IBM
Thailand (see Figure 6). Because a Thai National
Standard for a coded character set was not pub-
lished until 1986, IBM Thailand used the inter-
nally defined Thai EBCDIC encoding.

In 1984, IBM Thailand established a nation-
al language development (NLD) team. Its ini-
tial task was to develop Thai language support
for controllers, printers, display terminals, and
specifically required software such as terminal
emulation. Later, through the early 1990s, the
team assisted numerous IBM development lab-
oratories in implementing the Thai language
requirements on IBM products. The NLD team
has been providing not only development cod-
ing and testing support but also educational
material, test procedures, translation, and local-
ization services.

East Asia DBCS standardization
A number of factors, beginning with IBM

corporate standards, played a role in the stan-
dardization of numerous Far East character sets.

Start of Kanji standardization efforts
During the development phase of the new

IBM 3270 Kanji Information Display System
(see Figure 1), which was announced in
September 1979, the standardization of Kanji
coded character sets became urgent. A standing
procedure at IBM was that the announcement
of any new product required the official sign-off
from designated key functions at IBM corporate
headquarters. One of those was the IBM corpo-
rate standards function. Consequently, the IBM
new Kanji system required the preparation and
publication of an IBM corporate standard for
the IBM Japanese coded character set.

This was only the beginning of a still-ongo-
ing effort, which has stretched over decades.
The IBM DTCO was given the responsibility to
prepare IBM standards for countries in the Far
East. The work had to be based on previously
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established ground rules for character encod-
ing, available in four fundamental IBM stan-
dards documents:

• IBM Corporate Standard C-S 3-3220-002,
Extended BCD Interchange Code EBCDIC

• IBM Corporate Standard C-S 3-3220-019,
Coded Character Sets Implementation

• IBM Corporate Standard C-H 3-3220-050,
Registry, Graphic Character Sets and Code Pages

• IBM Corporate Standard C-S 3-3220-102,
Double-Byte Character Set (DBCS) Terminology
and Code Scheme

IBM and national documentation
Although the character sets in Western lan-

guages are of finite numbers, East Asian lan-
guages could be labeled open ended. National
authorities in East Asian countries define their
sets in groups of usage. While most characters
find their way into a group that will be encoded
for computer applications, there are still many
others of lesser usage that remain unencoded,
perhaps forever. Revisions are made all the time,
which must be reflected in IBM standards.

Figure 7 shows the list of IBM standards doc-

uments, which needed to be published on cod-
ing topics for Japan, and that reach into the
present. Each of these documents underwent at
least one, but usually more, revisions to accom-
modate changes. Figure 8 shows IBM standards
documentation activities for China and Korea.
Both figures are an indication of how often the
standards required revision.

Japanese coded character sets, IBM
Within the large number of code points of

the 16-bit structure (meaning double bytes),
IBM defined many code pages on a global scale.
To be responsive to all national requirements
in the future, it was necessary to cover all lan-
guages and special characters, plus controls.

Relying on the most comprehensive Japanese
dictionary available, IBM Japan defined an
EBCDIC code page, assigning two 8-bit bytes for
each Kanji character. At this time, unlike the
arbitrary code assignments that were used for
the IBM 2245 Kanji system, IBM considered
important logical aspects for the new set.

IBM standards for Japanese coded character
sets emerged in two versions, one for host sys-
tems, and the other for PCs. Newly defined JIS
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character sets were included as subsets. Several
subsequent revisions to the IBM standards
became necessary to recognize changes or addi-
tions to Japanese industrial standards, and
those too came in different versions.

Japanese Industrial Standard
There was no Japanese Industrial Standard

in 1971 for a Kanji character set when IBM
announced the IBM 2245 Kanji printer. IBM
filled this void by pioneering the definition and
publication of its Kanji Character Set and Code
Reference Manual.12

On a national scale for Japan, a JIS standards
committee began to develop a standard Kanji
coded character set for the country in 1976.
Since then, Kanji JISs have continuously been
revised and expanded. Together with represen-
tatives from industry, universities, publishing
companies, and other experts in this area, qual-
ified and designated IBM employees from the
Kanji development team at the Fujisawa lab,
and the DTCO continuously and actively par-
ticipated in the JIS committee work. The goal
of this committee was to allocate a unique pair
of 8-bit bytes to every Kanji character on desig-
nated code pages.

Toshiaki Igi was a member of the first JIS
Kanji Industry Standard committee, which pub-
lished JIS C 6226-1978 (subsequently changed
to JIS X 0208, Japanese Industrial Standard C
6226-1978, Code of the Japanese Graphic
Character Set for Information Interchange). His
experience from having assisted in defining the
IBM 2245 Kanji printer character set greatly
benefited the JIS committee. Other key contri-
butions from IBM were made later through
Tsuneo Oda, secretary of JIS X 0208:1997,
Japanese Industrial Standard X 0208:1997 7-
and 8-bit Double Byte Coded Kanji Sets for
Information Interchange, and Akira Oda, group
leader for defining the Shift JIS encoding from

the de facto standard into a JIS standard in JIS
X 0208:1997. These people and unnamed oth-
ers deserve high praise for their efforts in the
development of JIS standards for Kanji coded
character sets. Readers interested in more detail
may wish to consult additional sources.13–17

Development of industry standards was
tedious and difficult, because the IBM commit-
tee representative would frequently be in con-
flict between the committee objective and
IBM’s product direction and computer archi-
tecture. The task required considerable work
and patience. The following examples illustrate
the complexities of some of the problems
encountered over the years:

• The JIS committee defined the standards for
information interchange primarily for com-
munication line use, based on the 7- and 8-
bit International Standard Code for
Information Interchange scheme. JIS stan-
dards for coded Kanji character sets, and the
code extension technique of mixing one-
byte and double-byte code, could not be
implemented in the internal code for oper-
ating system processing in a mainframe,
Unix machine, and PC. This internal code
implementation required a code conversion
from the JIS standard by code mapping or
table translation.

• In JIS C 6226:1983, Japanese Industrial
Standard C 6226-1983 (changed to X 0208-
1983 in 1987), Code of the Japanese Graphic
Character Set for Information Interchange, the
code points for 22 pairs of Kanji characters
were swapped, affecting 44 Kanji characters.
This created a code point compatibility
problem. IBM could support both JIS C
6226-1978 and JIS C 6226:1983 for infor-
mation interchange since a table translation
method was used. IBM kept consistency
with the EBCDIC Kanji internal code and
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customer database code integrity. Some
other mainframe manufacturers could not
support the JIS C 6226-1983 standard
because they implemented direct code map-
ping from the JIS 1978 standard to their
internal Kanji EBCDIC code.

• For PC internal code, Japanese Control
Programs for Microcomputers (CP/M) and
Japanese Microsoft DOS introduced the
Shift JIS method in early 1980. IBM was one
of the first companies to adapt Shift JIS, and
implemented it for the IBM 5550 in 1983.
IBM assigned code page 932 for Kanji Shift
JIS in the IBM Standard for Graphic Character
Set ID. Shift JIS for the PC became the de
facto standard until it was included in JIS X
0208 in 1997.15

The DTCO team followed the JIS activities
very closely, to ensure that future IBM products
would support all of the nationally standardized
Kanji. To continuously meet this objective
throughout the following years, they produced
and maintained an internal IBM document titled
IBM Coded Character Set for Japan.5,7,12,18 Derived
from IBM’s Kanji usage study for data processing,
this document always included additional Kanji
characters over and above the JIS Kanji set. IBM
declared that compatibility would be maintained
with the JIS committee, by always making the
IBM character set a superset of the JIS standard
when the JIS standard changed. See Figure 7 for
an overview of the history.

Eventually, as a result of these activities, an
official JIS Kanji dictionary emerged.19 It lists all
Kanji characters with their pronunciations,
along with their double-byte code assignments
in all relevant code schemes. A designated spe-
cial section provides the means with which any
Kanji can be found by its basic stroke pattern.
This book is a masterpiece example of years of
hard, tedious, and detailed work.

Chinese coded character sets
For China, the DTCO prepared two IBM

standards for Chinese coded character sets.
Assisted by native employees from local branch-
es in Taiwan and Hong Kong, one document
addressed Traditional Chinese (the center col-
umn of Figure 8). A second effort, undertaken
with native employees from mainland China,
resulted in an IBM standard for Simplified
Chinese (rightmost column of Figure 8). Every
Chinese Hanzi was allocated to a unique pair of
8-bit bytes on designated code pages.
Subsequent revisions to the Chinese standards
were required, resulting from changes made by
national standards committees.

According to author Ken Lunde’s book,
CJKV Information Processing,20 the Kanji charac-
ters used in Hong Kong and Vietnam are based
on Traditional Chinese, but they have their
own unique standards.

Korean coded character sets
The standardization of Korean character sets

was comparably complex. The leftmost column
of Figure 8 summarizes IBM and national doc-
umentation. The Kanji characters used in Korea
are based on Traditional Chinese. North Korea
has its own standard, which differs from the
South Korean document. Each of the Jamo,
Hanja, and the large number of Hangul per-
mutations were given a unique, two 8-bit byte
assignment on designated code pages.

Thailand coded character sets
After IBM Thailand had established the NLD

function in 1984, its representatives began work-
ing with the Thai Industrial Standards Institute
(TISI) and other vendors to define national stan-
dards. This work resulted in the issuance of TIS
620-1986 on the Thai Coded Character Set
Standard. A revision was published in 1990.

IBM internal standards for Thai were devel-
oped in compliance with national and inter-
national standards. They are registered as code
pages number 874 (PC-ASCII) and number 838
(EBCDIC), as part of IBM Standard C-H 3-3220-
050, Registry Graphic Character Sets and Code
Pages.

Unlike IBM Korea, IBM Thailand decided to
standardize only code pages for the set of com-
ponents in a single 8-bit byte structure, but not
the symbols themselves. IBM Thailand wanted
to stay in single-byte format, because the DBCS
PC at that time required special hardware like
display adapter cards and fonts. IBM Thailand
developed a small rendering engine (a print
program routine) to display composed symbols
from variable-byte encodings, which simulat-
ed a single-byte data stream from the viewpoint
of application programs. This approach
enabled them to use many English application
programs without modification.

Business size was relatively small in
Thailand, and the first requirement was to be
able to handle Thai data. Special efforts for
translating all of the programs were to be
avoided.

International code page system
National character set standards for all lan-

guages had to be prepared in concert with an
international effort conducted by the
International Organization for Standardization
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(ISO) and the International Electrotechnical
Commission (IEC) in a joint technical com-
mittee, ISO/IEC JTC1/SC2, for a global structure
of code pages documented in ISO/IEC 10646.
The key standard on Far Eastern languages, ISO
10646 Information Technology—Universal
Multiple-Octet Coded Character Set, was not pub-
lished until 1993.

IBM Japan code experts closely coordinated
the Kanji coding with IBM’s globalization
department, which had worldwide responsibil-
ity for coded character sets standardization.
Careful consideration was essential, so that
national code page assignments would not
conflict with each other. Thus, only certain
areas of code points were selected for Kanji.
This was the beginning of an ongoing interna-
tional effort.

ISO/IEC 10646 is a fundamental standard,
potentially affecting all parts of information
technology. However, it specifies only coded
character sets, not a complete system for text
representation. It provides the basis for inter-
nationalization, but does not give a perfect
solution to the problems in this field.

Outlook universal code
First published in 1993, the Universal

Multiple-Octet Coded Character Set System—
Unicode—is a character set specified by a con-
sortium of major US computer manufacturers.
Its primary objective was to overcome the chaos
of different character sets in use with multilin-
gual programs, and facilitate the development
of software for international applications.

Unicode assigns a unique number to each
character in each of the world’s major lan-
guages to eliminate any conflicts or incompat-
ibilities during information interchange. It
started on a 16-bit basis (UCS-2), but a later ver-
sion was based on 31 bits (UCS-4). With a
clever system of mapping onto different 16-bit
planes, it has the potential to cope with more
than one million characters.

The international code page system is com-
plex. For detailed information, consult
Lunde.20 Other recommended sources are
Fowels21 and the Unicode standard.22 The lat-
ter is a voluminous book of more than 1,200
pages. Other details are available at http://
unicode.org.

Major changes through new
technologies

As explained in Part 2,1 suitable technolo-
gies did not exist in the early 1970s to encode,
store, process, and print the enormously large
numbers of complex characters of Asian lan-

guages, with a performance compatible to lan-
guages with limited character sets. Several
major breakthroughs occurred during the
1980s, which threw the gates wide open for
opportunities in the area of computer-related
technology. IBM was not alone, because many
companies took advantage of this, and devel-
opment work ensued. A whole new industry
emerged, competing with innovative hardware
products and related software support. The
problems faced in the 1970s could now easily
be coped with. New PC designs started to
become available at short intervals. With these,
development of affordable, high-quality Kanji
systems became a reality. Millions of people in
China, Japan, Korea, and Thailand were finally
able to utilize the Internet and e-mail like
everyone in alphabet-based countries.

Main memory
Integrated circuits on chips had long

replaced magnetic core memory. RAM capaci-
ty grew ever larger, while processor speed
became faster. Interestingly, PC prices steadily
drop even while continuously offering increas-
ing power.

Disk storage
Progress in storage technologies virtually

exploded. It started with the 720-Kbyte low-
density floppy disks, soon to be doubled and
quadrupled. Hard disks have become smaller,
cheaper, faster, and of greater capacity than any-
one could have imagined 25 or 30 years ago.

Printing
Laser technology, fast and noiseless,

approached a stage of perfection, which facili-
tated building machines that outclassed all pre-
vious impact printers. The IBM 3820 printer
was one of IBM’s early, successful laser printer
products. Laser printing was soon followed by
the technology of ink jet printing. Both
allowed printing at much finer resolutions than
mechanical wire dot printers could ever offer.
High-quality printing, particularly of Kanji
characters, became possible, accompanied by a
large variety of fonts and at low costs. Ink jet
printers, with rapidly dropping prices, espe-
cially turned out to be attractive for PC users.
These evolutions provoked an abrupt end to
impact printing in the mid-1980s.

Same monitor for Latin and for Kanji
Monitors of the early years had their own

code generators for Latin character sets, and
text-processing applications mushroomed. For
Kanji, however, in particular for small PC users,
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all-points-addressable monitors were needed as
well as exceedingly fast access storage to grab
letters from fast font libraries and dictionaries.

Good-bye, IBM punched cards
Lower cost monitors connected to proces-

sors resulted in the obsolescence of IBM
punched cards. Direct data encoding with
input into CPUs and memories via computer
terminals called workstations became a reality
in the late 1970s. Hard-wired and dial-up con-
nections via acoustic couplers and modems
emerged, which were the beginning of pre-
Internet local, and wide, area networks (LANs
and WANs).

Compact discs, memory sticks, and smart cards
Although punched cards are surely a thing

of the past, CDs might soon suffer the same
fate with the appearance of high-capacity
memory sticks and smart cards, usable with
both PCs and digital cameras. Attachable to
newer PCs via USB connections, they might
become a superior competitor for CD drives in
the not too distant future.

Data entry method for Japanese
With punched cards having fallen into dis-

use, data entry methods settled on the use of
keyboard layouts that were very similar to the
physical arrangement of keys on English-lan-
guage keyboards. To permit the entry of
Japanese text, however, the key tops of work-
stations, desktop PCs, and laptop computers
carried Hiragana symbols in addition to the
familiar English QWERTY arrangement. Figure
9 is an example of such a keyboard, the IBM
ThinkPad Model G40 that was used for writing
this article. Users can choose to enter Japanese

text by pronunciation in either Hiragana or
English alphabet mode. Interestingly, even
many Japanese people use Latin to key in the
pronunciation of Kanji, with subsequent selec-
tion of the character they are looking for.

In addition to key tops with graphics, key-
boards such as the G40’s have several additional
control keys not seen on western keyboards. For
example, a special key switches full-size charac-
ters (double-byte) to half size (single-byte) and
back. Latin characters, numbers, special charac-
ters, and Katakana are encoded in both single
and double byte and require this feature.

These enhanced, versatile keyboards need
powerful software support to fully handle dou-
ble-byte-coded character languages. The
Justsystem Company was leading this develop-
ment with its program called ATOK. It uses not
only a pure Japanese dictionary (similar to an
English thesaurus), but also certain syntax and
grammar rules to find the most suitable Kanji
character first. (Microsoft implemented this
method later in its software called MS IME (IME
stands for “Input Method Editor”).

The major breakthroughs in Kanji data
entry became possible only through the avail-
ability of low-cost storage, such as hard disks,
combined with fast processing speed. Whole
dictionaries can be stored with the advantage
of keying in the pronunciation of words that
consist of more than one Kanji character and
added Hiragana as needed for grammatical
reasons.

Thus, the selection of Kanji by pronunciation
on a single character basis effectively came to an
end. As a consequence, other previously ven-
tured approaches were abandoned, such as
selecting a Kanji character from a huge template,
either by a stylus or by multishift keyboards.
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Data entry method for traditional Chinese
Data entry for traditional Chinese is a mul-

tistep process. Unlike Japanese with its ambi-
guities of several pronunciations for the same
Kanji, Chinese Hanzi basically have only one,
which typically remains unchanged even
when combined with another Hanzi.
Compared to Japanese, this seems like an
advantage, but a superimposed tone (flat, up,
down and up, or down) will change the pro-
nunciation and the meaning and, therefore,
result in a different Hanzi.

The Zhuyin system includes a set of 37

sound symbols (see Figure 10) plus four tone
identifiers on the keyboard. It takes into
account the melodic Chinese pronunciation
for the desired Hanzi. One of the four levels
shown in Figure 11 must be selected by press-
ing the corresponding key.25

The entire process of getting one Hanzi on
the screen will take from two to five keystrokes.
Once the desired Hanzi is found, it is tagged
with its designated double-byte code for further
processing, display, printing, and storing. A fur-
ther step of sophistication is in the software
that sometimes displays a second Hanzi for a
likely combination.

Several keyboard layouts and systems
emerged, all based on the English QWERTY
physical arrangement. Some use the pronun-
ciation and tone approach, while others rely
on stroke-pattern input. Individual keyboards
with corresponding key top arrangements are
available.

IBM came out with a universal combination
of the QWERTY layout, featuring the Latin
characters together with three additional
Chinese symbols on each key top (see Figure
12). Software support allows the user to toggle
between several keyboard layouts to activate
and display the desired one on the screen. This
is called a soft keyboard, which facilitates data
entry but without a physical keyboard.
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Figure 10. Alphabetized Zhuyin sound list
(partial).24

Figure 11. Zhuyin tone selection criteria.24

Figure 12. IBM keyboard for Traditional Chinese keyboard.24 (Photo provided by Satoru Kimura.)



Data entry method for simplified Chinese
Simplified Chinese data entry itself has been

greatly simplified, by using only the regular
English QWERTY keyboard. The Pinyin list is
used directly, but may require as many as six
keystrokes. A tone mark selection is not used,
however, which results in a larger number of
displayed Hanzi candidates (see Figure 13, right
box). The upper right buttons permit scrolling
through additional selections.

Traditional vs. simplified Chinese
Both boxes of Figure 13 show the Hanzi 

which means “Please” and is the first character
of the Chinese sample sentence in Figure 14.

In the left box, the three designated
Traditional Chinese Zhuyin pronunciation
symbols of the initially pressed keys appear
below the Hanzi, followed by the tone mark.

The right box shows the corresponding sim-
plified Hanzi, with the previously keyed in pro-
nunciation using the alphabetical letters qinq.

The large shaded boxes demonstrate that
the number of Hanzi candidates has narrowed
down to five for Traditional Chinese, reflecting
the tone mark entry. However, many more
Hanzi must be inspected in the case of
Simplified Chinese.

Science fiction in sight
Recent research raises hope for an increase

in efficiency for Chinese data entry. The

approach is to have the computer know where
its user is looking, or gazing. A paper in the
Communications of the ACM27 reports an exper-
imental eye-tracking system that could be used
for selecting a Hanzi character simply by gaz-
ing at it long enough among a displayed group,
and then pressing the space bar.

This could eliminate the presently needed
last step of character selection, whereby the
user must take the eyes away from the screen
to press the designated number key.

Data entry method for Korean
The keys in Figure 15, an IBM keyboard for

Korean users, show basic phonetic symbols
called Jamo, which are consonants and vowels.
The Jamo set is a bit larger than the available
keys, forcing some Jamo symbols onto the
upper shift location in the QWERTY row.
When entering two to four Jamo symbols from
the keyboard, those are combined under cer-
tain rules and arranged into one character print
or display position. Once found, the Hangul
character is tagged with its designated double-
byte code for further processing, display, print-
ing, and storage.

Data entry method for Thai
Unlike the Japanese, Chinese, and Korean

keyboards, the keys on the Thai keyboard carry
no English alphabet, but only the 87 Thai sym-
bol components. These are the consonants,
vowels and tone marks that are used to com-
pose a complete Thai symbol. Numbers are
shown in Thai, and only some are placed on
the same keys as on the QWERTY layout (see
Figure 16).
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Figure 13. Hanzi data entry screen displays.24

Figure 14. Sample Chinese sentence.26

Figure 15. IBM Korean keyboard.24 (Photo provided by Satoru Kimura.)



Unlike Japanese, Chinese, and Korean, the
composed Thai symbols (more than 2,000) are
not double-byte encoded. Therefore, the
inherent programming support as well as
translation work is not required. The penalty
for this advantage, however, is that English
must be used with many application pro-
grams. Automatic (program controlled) com-
posing of Thai characters was introduced
during 1987–1989.

IBM Thai keyboards are registered under the
numbers 190, 191, and 192 in the IBM key-
boards standards document. For data entry of
mixed Thai and English, the user must switch
between the Thai and the English keyboard.
Most operating systems allow such language
switching by a certain key combination. Arabic
numerals are available on the English layout.

Multifont Kanji printers
Since converting its Lexington facility into

the independent company Lexmark, IBM
stopped making printers under contract for sev-
eral years. Therefore, IBM PCs were forced to
use products from other manufacturers, such as
Lexmark, Hewlett-Packard, and Epson. Because
these use either laser or ink jet technology,
printing fine dot pattern matrices, they can all
handle Kanji without any special features or
modifications.

Dictionaries and font sets usually reside on
hard disks, together with programming routines
that handle pronunciation group displays.

Thus, a large selection of type fonts emerged
for practically every written language to accom-
modate not only thousands of characters, but
also a multitude of different fonts for each
character, thanks to the breakthrough progress
in micromemory circuit chips.

Kanji fonts
By exploiting significant advances in high

density, low-cost memory technology, the use

of high-quality and multiple Kanji fonts
became the way of life even for PCs. High res-
olution ink jet printers attached to PCs can
now produce almost the same quality Kanji
printing as was possible only by expensive
Kanji publishing systems like JPS. Kanji fonts
evolved from dot matrix representations of
only 16 × 16 or 24 × 24 in bitmap format to a
range from 8 × 8 to 96 × 96 in both bitmap and
outline format.25

Because the Kanji character set is infinite, a
font design editor called Gaiji (meaning outside
character) Editor to create unsupported Kanji
fonts became mandatory. This capability had
to be provided from the advent of Kanji imple-
mentation in computing and was part of the
IBM 2245 Kanji printer system. Also, today’s
Windows operating system comes with the
Gaiji Editor.

PC software
As an operating system, IBM used OS/2 ini-

tially, but later largely replaced it by Microsoft
Windows on most IBM and IBM compatibles
(clone) PCs.

For Japanese text processing, IBM products
can use a variety of non-IBM software products,
such as Ichi-Taro and EGWord, both local prod-
ucts purely in Japanese, as well as Microsoft
Office with Japanese language support.

Considerable effort went into making
Japanese word processing possible on US
English–based PCs. The intent was to serve
Japanese users in the US so they could avoid
the need for buying a second (Japanese version)
PC. One such product was a Kanji kit, requiring
that the hard drive be partitioned, thus simu-
lating two computers in one PC.

Voice entry of Japanese words and text,
voice server for transcription products, bilin-
gual translation, optical character recognition,
and Internet versions all emerged after the time
frame (1960s through 1990s) of this article.25
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Continuation of developments
Developments are by no means coming to a

halt now. Considerable work is still required to
make products ever more user friendly. Specific
problem areas to focus on are multilingual
applications in PCs, error-free code page struc-
ture control, multilingual operating systems,
flawless processing of e-mail across different
languages, and multilingual Internet applica-
tions.25 Kiyokane and Suehiro28 provide guide-
lines for internationalization to Japanese
programmers.
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