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An introduction

In December 1981, TELDOK published a Reference Document
containing a large number of case stories regarding selected
office automation installations in Japan. The information
was supplied by Scantech (Scandinavian Technology Transfer)
-~ by Tadashi Andoh and Andreas Odermatt at the Scantech
Tokyo Office.

When the TELDOK Editorial Board later asked Scantech to
update some of the findings from the earljer study, it was
felt that each of several distinct technology trends in
Japan warranted comment and desciption in more detail;

and so, Robert Kelley and Andreas Odermatt with their
Stockholm-based coordinator, Bengt Lagergren, agreed to
cover more extensively the topics forming the first four
parts of this Reference Document:

Japanese next-generation facsimile developments
Computerized translation
Speech technology
and Captain, the Japanese videotex system

To their report, Scantech has added a number of detailed
appendices -- brochures, article reprints, etc. While these
are not included in this Reference Document, they are stored
at the TELDOK Secretariat.

We trust that you will find the material fascinating.

Bertil Thorngren
Chairman, the TELDOK Editorial Board
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The fundamental topic of this report is office automation and
related technologies in Japan, and five sub-topics, as
selected by TELDOK, were taken up: (I) Telefax G-4, (I1I)
Machine Translation, (III) Voice Technology, (IV) Captain,
and (V) Update of 8 of the 25 cases reported in "OFFICE
AUTOMATION IN JAPAN", TELDOK, Reference Document C, February
1983. Below, a few words will be devoted to the current
status of office automation in Japan with reference to some
findings of the Japan Institute of Office Automation, and
then a summary of our findings as to each of the five parts
will be presented.

GENERAL COMMENTS ON OFFICE AUTOMATION IN JAPAN

Informatization of society/economy is now in process in the
industrialized nations of the world, i.e., these nations are
entering an era of "advanced information telecommunication".
In this context, Japan considers automation (increasing
value-added), particulary that pertaining to communications
and networking, a very important factor for future security,
and automation is proceeding in a wide range of sectors.
However, as Japan has very little accumulated experience in
the field of office automation, progress is slow and
approach 1is experimental.

Each year, the Japan Institute of Office Automation (JIOA)
conducts a survey in an attempt to monitor the progression of
cffice automation in Japan. Approximately 300 firms of all
sizes are sampled in these surveys. A comparison of the
average number of office automation equipment per company in
1983 and 1982 is as follows:

'83 '82
~GENERAL PURPOSE COMPUTER 2.38 2.33
~-OFFICE COMPUTER 6.46 5.93
-PERSONAL COMPUTER 25.98 18.59
-FACSIMILE 24.56 18.72
-WORD PROCESSOR 11.21 7.12
-ON-LINE TERMINALS 138.91 88.50
-ELECTRONIC FILE 1.45 1.00
~ELECTRONIC SWITCHING EQUIP. 2.08 2.09
-PPC 37.91 28.67
-MICROFILM EQUIP. . 7.27 8.38
.-~-LOCAL AREA NETWORK 2.58 -
-SMALL PRINTING PRESS 5.91 5.19
The JIOA defines 6 stages of office automation and attempts
to pin-point at which stage Japan is today: (1) study/stan-
dardization, (2) planning, (3) stand-alone utilization of



office automation equipment, (4) approach to office
automation using only general purpose computer, (5)
electronic-ization of data processing with general purpose
computer while using other office automation equipment in
parallel, (6) networking of general purpose computer and all
other equipment. The survey revealed that 75% of the
companies sampled fall somewhere between stages (3) and (5),
that is, using various types of equipment and/or general
purpose computer with very little inter-linkage.

From the standpoint of communications/office automation,
three controlling factors which will, in ideal circumstances,
progress in parallel fashion are: (1) infrastructure (i.e.,
available networks), (2) hardware, (3) office automation
system of each firm. (see appendix 9 for interesting report
on "Information Technology and Organisations"™ by Paul A.
Strassman, Vice President, Xerox Corp., 1982).

As to infrastructure, NTT, the domestic telephone authority,
has been expanding its network services to accomodate
informatization needs. Some recent improvements are the
implementation of a facsimile network, or the expansion of
their digital data network (DDX), both of the packet switched
and circuit switched type. 1In addition, KDD, the interna-
tional telephone authority, is now considering adding a new
circuit switched network, the VENUS-C. Thus, it can be
summarized that diversification of services is occurring on
the network side in order to cope with the needs of the
informatization trend. However, it must be noted that this
trend is on a short term basis and that, in the long run,
the Information Network System--INS, which is now under ex-
perimentation on trial basis, concept, (that is, to integrate
all networks under one digital optical fiber network), will
take hold.

On the hardware side, many improvements are being made on
existing telecommunicative equipment, including both
terminals and electronic switching/exchanging equipment, and
other new equipment, such as the teletex/fax "mixed modal”
machines, are being developed and worked on.

From the systems point of view, networking, or inter-linkage
is very limited so far. However, as can be seen in figures 3
and 12 below (the figures provided in the preface were all
taken from JIOA), local area networking can be anticipated to
progress rapidly in the future, evolving into a wide area
network by the end of this decade.
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Figure 1: Background Factors Necessitating OA
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Figure 3:

Number of OA Equipment in Use and Forecasting
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SUMMARIES

TELEFAX G-4: The fundamental difference between the G-4 and
other facsimiles is that it is digital and hence, it can
access digital networks, transmission time is shorter, it can
be linked with other digital terminals, and a “mixed mode"
relationship with the teletex becomes possible. Currently,
at the CCITT, international standards are being discussed,

a tentative version of which will be released this
fall(1984), and thereafter, the first of the G-4's are
expected to enter the market. However, under the tentative
standards to be released this fall, compatibility with the G-
3 machine will not be established, and therefore, in Japan,
where diffusion of the G-3 machine is extremely high, the
demand for G-4's is expected to be severely limited. The G-3
will predominate until compatibility with the G~3 is esta-
blished--three-to-four more years.

MACHINE TRANSLATIONS: Although machine translations
technology is still crude--on a syntax analysis level, the
first of such systems will enter the Japanese marketplace
this year. R & D in this area is very intensive but there is
a need to conduct analysis on a semantic and even a
contextual level. This requires the inclusion of elements of
artificial intelligence--being studied by the Institute for
New Generation Computer Technology, where research on machine
translation applications are expected to begin in 1985.

VOICE: Voice-related products have been on the market since
the late 1970's, however, this market is still in a
pioneering stage. On the manufacturer side, technological
capacity falls short of the unlimited vocabulary level, i.e.,
number of recognizable/synthesizable words are limited (to
approximately 200 words voice recognition and 100 - 200 words
voice synthesis). On the user side, interest is high but
there is a lack of applications know-how. In order to attain
technology on the unlimited vocabulary level, as in the case
of machine translations, elements of artificial intelligence
bacome necessary.

CAPTAIN: The CAPTAIN System is the Japanese version of
videotex. This system is to be commercialized in November
1984 and is expected to become the first financially self
supportive system to be implemented on a national scale
(break-even is expected to be attained within one year after
inception). Services will include (1) information search &
retrieval, (2) order entry, (3) closed user group. Dis-
tinctive features are (1) closed user group, (2) melody
function, (3) the fact that protocols of various other video-
tex systems (TELIDON, PRESTEL, etc.) have been incorporated.
One major inconvenience, however, is that financial services
such as banking services have not been legalized.

CASES: 1In 1982, SCANTECH provided TELDOK with a report

- 18 -



containing 25 case studies of office automation applications
in Japan. Of these, 8 companies were selected and updates of
these 8 are provided in part V of this report. The 8 cases
were those of: (1) Nisshin Steel, (2) Nippon Seiko, (3) Tokyo
Sagawa Express, (4) Kawasaki Steel, (5) Kawasaki Heavy
Industries, (6) Misawa Home/MRD, (7) Mitsui & Co., and (8)
Nippon Credit Bank. In approaching this update four topics
were sought: (1) original needs/intentions/expectations,

(2) actual implementation (at the time of previous report),
(3) results, and (4) modifications and future office
automation plans. As to the question of quantitative
measurement of results, most of these companies interviewed
had, at best, very little data. (see fig. 13, which explains
problems encountered when measuring work volume).



PART I: TELEFAX G-4
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INTRODUCTION

s o ————— ——— — o —— A I~ G S = M Y= =D S G D TEE = G S T A S Y G G e S D - — -

The topic of part I is "G-4 IN JAPAN", with additional
background information as to facsimiles in general and
infrastructure in Japan provided in the latter two sections.
Minute details as to the proceedings of the CCITT conference
are not provided for the Swedish delegation should have
first-hand knowledge and their reports should be available
in Sweden.

Before beginning this report, the following point should be
kept in mind. The Japanese writing system is made up of two
KANA (alphabet-like systems consisting of 41 "letters")
systems, plus many thousands of Japanese (originally Chinese)
ideographic characters--far more complicated than Western
alphabet systems. Thus, programs for word processors and the
like become highly sophisticated, operation of these
terminals become equally complicated and far more time-
consuming to use than Western equivalents. Therefore,
facsimiles which operate on a bit/image basis and can there-
fore transmit graphic, type-written, and hand-written texts
are easier to operate, less expensive (cost/performance), and
quicker. For these reasons, facsimiles are more popular than
many of the other bit/character systems available in Japan.



SECTION ONE: G-4 FACSIMILE
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The first facsimiles of the 1960's were noncompatible, that
is, various firms produced facsimiles of various specifica-
tions and very often, communication between the facsimile
terminals of two different producers was not possible. This
situation greatly inhibited the potential of the facsimile as
a means of communication and thus created a demand for stan-
dardization, not just on a domestic level but on an interna-
tional level. The CCITT (below) is where such international
standards are made. Groups 1, 2, 3, and 4, are international
standard classifications set by the CCITT, each group having
different specifications.

1.2 CCITT

The INTERNATIONAL TELEGRAPH & TELEPHONE CONSULTATIVE COMMITTEE
(CCITT) under the INTERNATIONAL TELECOMMUNICATION UNION--an
crgan of the UNITED NATIONS, is where international standards
for various types of telecommunications equipment including
facsimiles are made. Its attendants are comprised of
delegates from various nations and here, proposals, debates,
compromises, and finally, international agreements are made.
The CCITT operates on a four year per session basis, the
current session ending in 1984.

1.3 HOW CCITT PROPOSALS FOR FACSIMILES ARE MADE IN JAPAN

- — — . o ——— — — —— = Y b e G GIs P D G G e I S ST MR G G I S L G G G S GER ST S M M A e e

A. Topics for further study are agreed upon at the previous
CCITT meeting.

B. The Japanese CCITT delegates present the above “topics”
to the DENKI TSUSHIN SHINGIKAI (°"Telecommunications
Commission"). This commission is comprised of persons from
the MINISTRY OF POSTS & TELECOMMUNICATIONS (MPT), KDD
(international telephone authority), NTT (national telephone
authority), universities, major manufacturers, and users.
Here, thorough discussion proceeds and ...

C. The Japanese proposal is ready for presentation to the
CCITT.

1.4 GROUPS 1 - 4

As stated above, groups 1 through 4 are CCITT's standard
classifications for various levels of specifications. The
international standards for groups 1 through 3 have already

- 22 -



been determined and today, standards for the G-4 are being
discussed. The G-1 terminal is capable of transmitting an A4
page in 6 minutes and is analogue. The G-2 terminal is also
analogue but requires only 3 minutes for A4 transmission.

The G-3 terminal scans and prints digitally but transmits
analogue (a modem is built-in) and requires less than 1
minute. The G-4 will be digital and transmission speed will
be shortened to 6 seconds (at 48kbps). The protocols,
resolutions, and coding methods vary for each one of these
groups but many of the more recent facsimile terminals on the
market are compatible (G-4 terminals are not on the market
yet) with terminals belonging to differing groups. It should
be noted here that the speed classifications for each of the
groups are very rough estimates. Some "high-end” G-3 class
terminals on the market today are capable of transmitting an
A4 page in 10 seconds.

1.5 G~-4 ISSUES

The G-4 standards are presently being discussed at the CCITT
and these discussions will be carried on to the next session
(ending '88). The general issues in need of discussion are
as follows:

A. Coding Method
B. Resolution
C. Protocol

1.6 JAPAN'S FUNDAMENTAL STANCE REGARDING THE G-4

— e e . W T G S —— — — e — S . G ——— > S TEP T M S S e S S G S — —————

Proposals submitted by Japan and Europe regarding the G-4
clash at a fundamental level. The Japanese view the G-4 as
essentially an extension of the G-3 and their primary objec-
tive is to secure compatibility between the G-4 and the
already widespread G-3. Europe, on the other hand, is
primarily interested in establishing compatibility and
furthermore, integration (that is, being capable of sending
both graphic and character information on one page by coordi-
nated use of the two terminals, the teletex sending character
symbols and the G-4 sending graphic bit/image symbols--refer-
red to as mixed mode) between the G-4 and the teletex. To
understand these fundamental differences, the following two
points should be taken into consideration:

A. FACSIMILE: Nearly half of the facsimile terminals in use
worldwide today are located in Japan and approximately half
of these are of the G-3 type. The facsimile is by far the
most prominent means of domestic "written" telecommunications
in Japan. ©On the other hand, in all of Europe, the number of
units in use is approximately one-forth that of Japan and
other forms of telecommunications predominate. However,
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sales of facsimile termlnals is growing rapidly in Europe
today.

B. TELETEX: The teletex is essentially a European product.
It is estimated that 5000 teletex units are in use today, of
which 4500 are employed in FRG and the remaining 500 are
located in other European nations. As mentioned in the
introduction, when compared to alphabet-based systems, the
japanese writing system is far more complicated and as a
result, Japanese word processor type systems are relatively
difficult to operate and far more time consuming to utilize
than are Western systems. Despite this fact, Japanese/
English language teletexes have been available on the market
since April 1984--this month.  Forecasts as to how well
teletexes will sell are very difficult to make. On one hand
word processors are becoming popular in Japan, facilitating
the transition to teletexes, but on the other hand, the
diffusion of teletexes worldwide is extremely low and none
are being utilized in the USA, greatly inhibiting the
telecommunication potential of the teletex. At any rate, the
immediate prospects for the teletex in Japan are not very
bright and diffusion is expected to take some time. On the
other hand, Japan recognizes the latent potential in the
mixed mode system and regards its standardization as a very
important step into the future.

Taking the above two points into consideration, the
differences between the stances of Japan and Europe become
natural and unavoidable (the United States shared the same
stance as Japan). Hence, the CCITT study group sought a
"middle of the road" arrangement. Here, some problems arise.
The resolution standards of the G-3 and the teletex do not
ratch. The resolutions of facsimile units are as follows:
Standard Mode - 100 pels per inch (ppi), Fine Mode - 200 ppi,
Superfine Mode -~ 300 and 400 ppi. G-3 facsimiles are
operable at 200 ppi with some having 300 ppi for special
applications. On the other hand, resolutions of 180, 240,
300, etc., (multiples of 60) ppi are more suitable for tele-
texes. As a compromise, three classes within the G-4 will be

constructed:
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CLASS 1 CLASS 2 CLASS 3

RESOLUTION 200ppi 200ppi 200ppi
(standard) 300ppi 300ppi
RESOLUTION 240, 300, 240ppi 240ppi
{optional) 400ppi 400ppi 400ppi
TELEX COMPA- NONE RECEPTION RECEIVE/SEND
TIBILITY ONLY CHARACTER INFO
MIXED MODE NONE RECEPTION YES
ONLY

When the above standards are finally set (in next session
ending 1988), all three classes will be G-3 compatible, class
2 will capable of receiving mixed mode (character + graphic
information) transmissions, and class 3 will be capable of
both sending (in conjunction with teletex terminal) and
receiving mixed mode information. In addition, differences in
protocol between the standard facsimile terminal and the
teletex must also be resolved. The protocol will be set
according teletex standards.

1.7 CHARACTERISTICS OF THE G-4

——— e — —— o —— — —— ——— - — — - —— — > San —

A. PDN ACCESS: Digital Public Data Networks having superior
transmission capacity in terms of speed and quality, and to
which are linked other digital terminals such as teletexes and
computers will be accessible in addition to telephone
networks.

B. DIGITAL
C. HIGH SPEED: Transmission speed will be enhanced greatly.
At 48kbps--the maximum transmission speed of the Japanese

PDN called DDX, an A4 page can be transmitted in 6 seconds.

D. HIGH RESOLUTION: G-4 classes 2 and 3 will offer 300 ppi
as standard and all three classes will offer 400 ppi as an
option--superfine mode.

E. COMPATIBILITY WITH OTHER DIGITAL TERMINALS
F. MIXED MODE
G. ADOPTION OF "ESSENTIALLY ERROR FREE" FUNCTION: Automa-

tic correction of errors, said to improve bit/error ratio by
three to six digits as compared to conventional facsimiles.
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H. ADOPTION OF HALF TONING (GREY SCALE)

1.8 PROBLEM AREAS

A. PROTOCOL: Protocol will be based on teletex protocol.
Facsimile terminals will have to be sophisticated and there-
fore, cost will rise. '

B. RESOLUTION: As illustrated in the table above, the
resolutions of the conventional facsimile and the teletex do
not match and therefore, gradation is necessary, again tending
to boost the cost of facsimile terminals.

C. PDN AVAILABILITY: Accessibility to PDN's worldwide is in
need of much improvement. On the other hand, even if
accessibility is high, their is a subscription problem, each
user must apply and make new investments (if not previously
subscribed) in order to gain access to this network.

D. PDN COST: Generally speaking, telecommunications via PDN
can prove expensive if transmission volume is not sufficiently
high. 1In contrast to telephone networks, to which practically
every company/individual is a subscriber, for many,
subscription to the PDN means additional investment.

E. TELEPHONE NETWORK: Although telephone networks have their
limitations as to maximum transmission speed (bps) and
quality, availability and subscription is extremely high. All
previous facsimile terminals have had access to telephone
networks and the G-4 is also scheduled to have access,
however, this access will not be possible until the end of the
next CCITT session in 1988--a major drawback for the near

future.

F. G-3 COMPATIBILITY: One of the objectives of the CCITT is
to secure G-4 compatibility with the G-3, however, this will
not be possible until after the next session--another major
drawback. (compatibility with the G-2 & G-1 will not be

possible).

G. MIXED MODE: The ability to operate on a mixed mode basis
is the most distinguishing and promising characteristic of the
G-4 and this too, will not be possible in the near future.

H. COST OF G-4 TERMINAL: The cheapest facsimile on the
Japanese market sells for less than ¥200,000. A "low-end" G-
3 sells for ¥800,000 and a "high-end® G-3 sells for
¥2,500,000 - ¥3,000,000. Taking into account the sophistica-
tion of the G-4, it will definitely sell for more than
¥3,000,000, making it unaffordable for many.

I. TELETEX DIFFUSION: Teletex diffusion is a major area of
concern for the future, when mixed mode becomes possible.
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1.9 Gf4 OUTLOOK FOR THE NEXT 3 - 4 YEARS

e = —— - ——— — ————— W —— — — T ———— W = W — G =

The current CCITT session ends this year--1984. Much
discussion as to the G-4 standards will be carried over into
the next session, however, a limited and tentative version of
class 1 G-4 standards will be released this autumn. According
to this standard, G-4's will not be compatible with G-3's,
i.e., G-4's will only be capable of communicating with other
G~-4's. Mixed mode and telephgone network access will not be
possible.

In Japan, the next three to four years are expected to remain
an era for G-3's., In addition to the restrictions and
problems mentioned above, a comparison between G-3's and G-~4’s
support this conclusion:

A. SPEED: G-4 transmission time for A4 is roughly 6
seconds. A standard G-3 takes 1 minute, however, high-end
G-3's are as fast as 9 - 10 seconds, thus the difference in
transmission speed is not as great as may appear upon first
glance. Furthermore, in addition to transmission time,
"handshaking” time should be taken into consideration.
Handshaking time refers to the time spent by the operator in
preparation for transmission such as inserting the documents
and pushing the appropriate buttons. 1In this respect, G-4's
are expected to be slower than G-3's due to the sophistica-
tion of the G-4 terminal.

B. PRICE: A low-end G-3 can be purchased for ¥800,000 and a
high-end for ¥3,000,000. A low-end G-4 is anticipated to sell
for over ¥3,000,000--very expensive.,

C. NETWORK ACCESS: The G-3 has access to telephone networks
vhile G~4's do not.

D. "ESSENTIALLY ERROR FREE": A similar function known as
Automatic Repeat Request (ARQ) is already available on many
high-end G-3's.

E. RESOLUTION: 400 x 400 can also be attained with G-3's.

The CCITT will release the tentative class 1 G-4 standards
this autumn and the first of the G-4 terminals are expected
to be on the market by the end of this year, however, short
term prospectives appear unfavorable for G-4 performance, at
this stage, is not much better if not worse than that of the
G-3 while cost is expected to be higher.
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1.10 LONG-TERM PROSPECTIVES

When questioned about the long-term prospectives of the G-4,
Japanese administrators and manufacturers were less certain
but seemed to agree that the G-4 has very interesting poten-
tial. Some key points to the opening of the G-4 era, in
addition to completing standardization at the CCITT in the
next session, were mentioned as:

A. PDN AVAILABILITY: The ISDN movement worldwide must
progress further, this is expected to take five or six years.

B. COST OF G-4 TERMINAL: At over ¥3,000,000 for the G-4
terminal alone, rapid and widespread diffusion cannot be
expected. There is a strong need to lower cost.

C. TELETEX DIFFUSION: At present, diffusion is low and
and growth has been limited. This situation should be
improved.

1.11 EXPERIMENTS WITH THE G-4

————— —— —— - —— o —— > S —— O ——  — G T o —

At the Information Network System (INS) model system
experiments to be conducted in the Musashino/Mitaka district
in Tokyo this fall over a period of roughly 2.5 years (see
materials enclosed in appendix 1), various experiments with
the G-4 facsimile will be conducted along with that of many
other systems. Some facsimile models which are expected to
be tested in this experiment are as follows:
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1.12 SOME IDEAS AS TO NEW FAX APPLICATIONS IN INS ERA

A. TELECONFERENCE: Telephone, still & motion image
transmission, electrornic blackboard, facsimile, etc., are
potential components of such a system. Various combinations
of the above components are expected to be integrated
according to needs and facsimiles should be utilized for
making hard copies.

B. FACSIMILE NEWSPAPER: A large facsimile terminal is
necessary on the receiving end for wide-subscription daily
newspapers. At the model system, experiments with smaller
newspapers, such as, digests, newsletters, highlights,
advertisements, etc., are planned.

C. "INFORMATION": Access to information such as, bargains,
new products, events (concerts, movies, etc.), foreign
exchange, TV & radio guide, economy, stock/investment,
medical, hobby, technology, tourism, etc., etc. Unlike tele-
phone information, these can be kept on record for later
reference. Some will be on free access basis, others on
membership basis, at intervals, or on demand.

D. CENTER/END TRANSMISSION: Connection of facsimile with
the computer along with other data processing equipment.

E. PUBLIC FACSIMILE: As with public telephones today,
facsimiles should also become accessible outside of the
office, on the street. This arrangement exists today in a
very limited form (accessable to public at local post

offices).

F. COMPATIBILITY WITH OTHER TERMINALS:

G. FACSIMILE SHIPPING: Exchange of catalogues, price,
delivery time, address, order, etc.

H. FACSIMILE BROADCASTING:
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SECTION TWO: INFRASTRUCTURE

In order for a facsimile to function, a network must

exist. The capacity of a facsimile is determined by both the
capacity of the terminal itself and of the network(s)
utilized. In order to provide a balanced view of facsimiles
in Japan, a brief summary of those aspects of the Japanese
infrastructure pertaining to facsmiles will be introduced in
this section.

2.1 DOMESTIC

The NIPPON TELEGRAPH & TELEPHONE PUBLIC CORPORATION (NTT) is
the domestic network authority. In Japan, basically five
networks are accessible by facsimile: (A) telephone network,
(B) facsimile network, (C) "Digital Data Exchange" (DDX)--
Circuit Switched, (D) DDX--Packet Switched, and (E) private
networks. A brief description as to the significance of each
is as follows:

A. TELEPHONE NETWORK: It is estimated that over 90% of all
domestic facsimile transmission is conducted via this
network. The primary reason is wide availability and
subscription. Practically every office and household
nationwide has a telephone and the vast majority of the
facsimiles in use today are linked to this network.

B. FACSIMILE NETWORK: This network is relatively new and an
estimated 5% of domestic facsimile transmission utilizes this
network today. Many facsimile services are included in

this network system, however, utilization is still low
because of small subscription volume and because only
facsimiles that match the specifications of NTT can access
this network. The MINIFAX~I and most of the more recent
models on the market meet these NTT specs. The various
services available when utilizing this network (outlined
below) can be used as a substitute for functions built into
each individual terminal, which means more functions can be
satisfied with low-priced terminals. Another important
characteristic is that this network is semi-digital, that is
access is through the ordinary telephone network, where the
the signals are digitized, transmitted, reconverted, and
delivered--a step in the direction of INS. Although the
utilization rate is low at present, this network is thought
to have a promising future.

C. DDX~--CS: As of 1982, only 27 facsimile terminals were
linked to this network. This .network is mainly utilized for
data transmission and is regarded to be too expensive for
facsimiles at present. Another problem is that coverage and
subscription volume is low. However, for the digital G-4
with mixed mode capacity, this will be an important network.
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D. DDX--PS: This network is theoretically accessible by
facsimile, but packet switched networks are generally
regarded as unsuitable for facsimile use. The number of
facsimiles utilizing this network today is believed to be
zero.

E. PRIVATE NETWORKS: This category includes those lines
borrowed from NTT and those which are "truly" private.
Many facsimiles are known to be connected to these lines,
however, the proportion as compared to total domestic
facsimile transmission is very small.

More details regarding the three most important networks
are as follows:

A. TELEPHONE NETWORK:
WHEN: Liberalized 1971.
AVAILABILITY: Throughout Japan.

SUBSCRIPTION: Extremely high for telephone, relatively
high for facsimile.

COST: See NTT pamphlet in appendix 2, (Note:
these rates have been revised in 1983).

SPEED: 2400, 4800, 9600 bps, 2400 is most commonly
used, 9600 has bad transmission quality.

B. FACSIMILE NETWORK:
WHEN: September 1981.

AVAILABILITY: 1981--Tokyo & Osaka area.
End of '84--all cities having populatlon
over 100,000.
Future--will continue extending.

SUBSCRIPTION: Low at present.

COST: Initial fee--¥300
Transmission fee per page--(-100km=¥40 for
standard mode, ¥55 for fine mode) (-500km=
¥50/8SM, ¥70/FM) (+500km=¥60/FM, ¥85/FM),
for short distances, telephone network is

cheaper.

SPEED: Access--same as telephone network, but
converted to digital and transmitted via
64kbps network (see network configuration
below). Actual transmission time is not
very fast for the message must pass through
a multi-layer of stations.
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CONFIGURATION:

64kbps
[ sToc | _5585']
———p L
..... 64 __:[_-
[ FCAP ] kbps [ FCAP ]
- ) . --0--
[ FDIC ]
48/9.6
64 kbps
kbps
[“Epﬁ'] |
- T -
[ FCAP ] [ FCAP ]
I N
[TS-FX ] [TS—FX ]

5]
51 =) (=) 1)

[ree] [ras] [mee] [eaa] [ma] [ema] [mea] o]

*KEY: FDIC=Fax Signal Conversion & Interface Control Equip.
STOC=Fax Storage & Conversion Equip.
FCAP=Fax Signal Conversion & Procedure Contral Equip.
TS-FX=Tall Switch equip. with Fax Service Control
Facility.

RESTRICTION: Only A5 at present, A4 transmission will be
permitted beginning this summer
(MINIFAX 1II), B4 transmission is being con-
sidered for 1986.

SERVICES (TODAY):

a. Automatic Reception.

b. Automatic recording of date, time and
sender's telephone number.

c. Redial--if line is busy, will automatically
redial 5 times in the next 30 minutes.

d. Busy Message--if even after redial, 1line is
busy, sender will be notified.
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e. Dial Memory--can memorize up to 40 numbers.

f. Dial Memory Check--when numbers in memory
need be confirmed, the network will supply a
full list upon request.

g. Sequential Broadcasting--if the same message
need be sent to more than one location, the
message along with all of the desired
destinations need only be transmitted once.

SERVICES (FUTURE, to begin summer of '84):

a. A4 Service--with the coming of the
MINIFAX II, A4, in addition to A5 will be
transmittible.

b. Center/End Transmission--through the FDIC
(see configuration above), make
facsimile/computer, computer/facsimile
transmission possible.

c. Confidential Transmission--receiver is
informed of arrival of confidential message,
in order to retrieve this message, receiver
must punch in the appropriate code number.

d. Facsimile Box--upon request of subscriber,
facsimile box will receive all messages on
behalf of subscriber and store in memory, the
subscriber can retrieve the messages at his
convenience.

e. Closed circuit--line is reserved for
transmission amongst a group of consenting
subscribers.

C. DDX--CS.
WHEN: December 1979.

AVAILABILITY: 1984--all cities with population over
200,000. Expansion will continue in the
future.

SUBSCRIPTION: Still limited to users with big
transmission volumes.

COST: See appendix 2.
SPEED: 200bps - 48kbps (see appendix 2).

The above three networks are considered most important for
the near future. Utilization of telephone networks are
expected to continue rising and utilization of the facsimile
network is expected rise even more quickly. The DDX-CS is
expected to play an important role when the G-4 facsimile
arrives.



2.2 INTERNATIONAL

-—— s o o —— - St ——— —— ———

KOKUSAI DENSHIN DENWA CO., LTD., (KDD) is the authority in
charge of the international networks. Basically 4 networks
are accessible by facsimile: (A) telephone network, (B)
VENUS-P, (C) DATEL, and (D) private lines.

A. TELEPHONE NETWORK: As was the case with domestic
facsimile transmission, the bulk of international
transmission is believed to utilize this network.
According to a recent KDD study, 60 ~ 80% of total I.S.D.
calls from Japan to Europe and the United States, were
facsimile transmissions.

B. VENUS-P: It is believed that facsimile transmission via
these cables are minimal if not zero for packet switched
systems are not suitable for facsimile transmission.

D. DATEL: This network resembles the telephone network only
coverage is much lower and concentrated in the far east where
facsimile units are still few. Utilization is near zero.

E. PRIVATE LINES: It is believed that a significant but
relatively small amount of facsimile transmission is
conducted over these lines.

None of these networks are ideal for G-4 transmission as they
ere today, however, as a possible network of the future, the
VENUS-C (Circuit Switched) is now being considered.
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SECTION THREE: GENERAL FACSIMILE RELATED TRENDS IN JAPAN

3.1 JAPAN INC.: INDUSTRIAL POLICY

The term "Japan Inc." is often used abroad to describe the
relationship between government and industry in Japan. In
some key industry/product cases, such as computers, the
Japanese government has played an active role in supporting
development, in the form of guidance, initiative, and
assistance. In the case of the telecommunications industry,
under the authority of the Ministry of Posts and
Telecommunications (MPT), no "such" industrial policy exists.
the field of telecommunications, generally speaking, the
private sector is one step ahead of the government in terms
of technology and therefore there is no need for government
to provide initiative (although both NTT and KDD do conduct
R&D). Thus, MPT promotes this industry by participating in
standardization (coordination), and providing outlooks
(guidance). The manufacturers of telecommunications equip-
ment are in day-to-day contact with officials of MPT, NTT,
and KDD and information flow is highly favorable, thus, as a
result, advancements in both terminals and networks are
relatively balanced in Japan.

3.2 THE PRODUCERS

——— — —— — ————t— — ——— -

There are 18 producers of facsimiles in Japan. Of these, the
top five are Matsushita, Ricoh, NEC, Toshiba, and Hitachi
with market shares (1981) of 27.3%, 16.6%, 10.3%, 8.5%, and
8.3% respectively (source: "Market Share in Japan: Industrial
Data on 800 Products", Yano Research Institute). Catalogues
(some were available only in Japanese) have been collected
from each of these top five producers + NTT and they are
included in appendix 3.

3.3 PRODUCTION/FORECAST

95% of the facsimiles produced worldwide today are made in
Japan. Some recent sales statistics are as follows:

¥million, (quantity)

'78 '79 '80 '81 '82
44,874 66,922 84,659 120,335 144,214
(53,417) (75,406) (104, 225) (153,265) (241,919)

(source: Communications Industries Association of Japan)
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Forecasted sales are as follows:

¥million
'83 '84 '85 '86 '87
170,900 202,100 237,900 278,200 323,000

(source: Communications Industries Association of Japan)

Facsimiles are divided into three classes, high, medium, and
low speeds. Sales of both high and low speed terminals has

been and is expected to continue rising. On the other hand,
sales of medium speed terminals is declining each vyear.

3.4 PRICE TREND

There are two price trends within the facsimile market. One
is moving in the upward direction and the other is moving in
the downward direction. On one hand there is a strong demand
for high-end, high-speed, multifunctional facsimiles and
these are continuously being improved and becoming
increasingly expensive. On the other hand, there is also a
strong demand for low-end, low-speed, easy operation,
inexpensive facsimile terminals. These two trends are
expected to continue in the future. ®

3.5 CONSUMER TREND

) Large firms
T Medium-sized firms

__-——-5 **** Small firms

---------- ;"""___- Households

Diffusion began at level 1 and is now penetrating levels 2 &
3. Demand at level 1 today is for high-end G-3's. At level
2, demand is for low-end G-3's priced at around ¥800,000. At
level 3, demand is for slower models priced at ¥400,000.
Level 4 is yet to be penetrated and remains a big question

mark.

3.6 COMPUTER/FAX: OA

A spokesman for Matsushita envisioned that before or around
the turn of the century, total system integration of office
automation equipments will be completed. Today, copiers,
word processors, facsimiles, computers, etc., etc., are
seperate units functioning independent of each other. 1In the
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future, total integration tailored to fit office needs 1is
anticipated. Recently, Japanese facsimile producers have
been striving to establish and improve the link between the
facsimile and the computer and primitive forms of computer/
fax linkages exist today, such as, borrowing computer memory
to conduct sequential broadcasting, utilizing the facsimile
as an output terminal (replace plotter), or using the
facsimile as an input terminal (using mark sheets). "Mixed
mode" type arrangements between the computer and the
facsimile in its pure form are not yet possible but are
expected to come out soon. On the other hand, mixed mode
type arrangements between computers and scanner/printers
(which are technically becoming very similar to the fac-
simile) in which character, graphic, and photographic
information can be combined, are available on the market
today.

3.7 POSITION OF FACSIMILE IN WRITTEN TELECOMMUNICATIONS

A. INTERNATIONAL: For international written
telecommunications, the options today are (1) telex, (2)
facsimile, and (3) teletex. Of these, the telex is still the
predominate means, however, facsimiles, though still
proportionately small, have been increasing in importance. A
recent KDD study estimates that some 60 - 80% of total ISD
international calls bound for Europe and the USA are
facsimile transmissions. Teletex transmissions are zero at
present for they are still brand new in Japan and diffusion
worldwide is still very low. It is expected that facsimiles
and teletexes will gradually come to replace telexes in the
future.

B. DOMESTIC: The options are (1) facsimile, (2) Japanese
language telex, and (3) Japanese/English language teletex.
It is estimated that current proportion is facsimile=80%,

telex=20%, and teletex=0%. In the future, facsimiles are

expected to grow very quickly, teletexes also quickly, and
telexes will disappear.

3.8 CLOSING

As mentioned above, the trend in office automation is in the
direction of integration of various hitherto independent
equipments into one system. Digitalization is a key factor
in attaining these ends. The G-4 is the first of the
standard digital facsmiles (some G-3's are also digital),
making the interlinkage/integration possibility more

real. Mixed mode between facsimiles and teletexes is an
important step in the direction of integration. However,
mixed mode will not be available until 1988 and the cost of
the G-4 terminal as it looks today will be very high. The
needs of the market (cost -vs- performance -vs- needs) as
well as technical capacity (network & terminal) must be taken
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into consideration when viewing the transition from G-3 to G-
4. In the immediate future, the G-4 is not expected to play
a major role due to market and other conditions described

above.
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PART II: MACHINE TRANSLATION
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INTRODUCTION

In recent years, R & D in the field of machine translation
(MT) has intensified. Resulting systems are still far from
satisfactory for much pre and/or post editing is required,
but considering the immensity of the translation market, and
the performance of some of the recent systems in terms of
cost, time, and quality, the first of the MT systems are
expected to be commercialized soon. In fact, one system of
U.S. origin (Weidner Communications) and offered by Bravice
International in Japan, is already on the market. Various
Japanese systems are expected to follow suit--beginning with
Fujitsu's ATLAS/I in August or September of this year--1984.

The first section of this report will give a brief overview
of MT technology in Japan. Section 2 will introduce the
primary organs of R & D for MT, along with outlines of some
of the systems undergoing development right now. Section 3
will focus on Bravice International and their already
commercialized system. In section 4, focus will be placed

on the importance of MT services in Japan and part II will be
concluded with a presentation of topics for the future.
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SECTION ONE: OVERVIEW OF MT TECHNOLOGY IN JAPAN
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There are three basic stages in the translation process,
namely, (1) analysis, (2) transfer, and (3) generation. A
large proportion of the task, perhaps 60 or even 70%, is said
to be in the analysis stage and thus, most R & D has been
ioncintrated here, especially at the syntactic and semantic
evels.

source text target text
| T
morphology|------~ ¥|morphology
A ]
syntax] ------ > syntax
1 ANALYSIS I T 3 GENERATION
semantic} ------ » |semantic
| ]
context] ~----- > context
» 1

[intermediate expression

2 TRANSFER
Figure 1.1: Outline of the MT Process.

Methods of approach in MT systems can be categorized into
three general levels according to analytical depth:

(1) DIRECT TRANSFER METHOD--word-for-word translation with
elementary levels of syntax analysis.

(2) TRANSFER METHOD--includes morphological, syntax, and
usually, some semantic analysis.

(3) PIVOT METHOD--includes morphological, syntax, and in-
depth semantic analysis.

The Transfer Method is most common in Japan. The Direct
Transfer Method is too simplistic for two major reasons: (1)
sentence structure of the Japanese language differs largely
from that of Western languages and therefore, requirements as
to syntax analysis when translating between two such diverse
languages, are more severe, and (2) Japanese grammar is
loosely defined as compared to that of Western languages and
a certain degree of semantic analysis is a necessity for
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correct interpretation of the interrelationships between
words. On the other hand, the Pivot Method is a concept
which is still far from concrete. In contrast to the Direct
Transfer and Transfer Methods which deal with translations
between only two languages, the Pivot Method proposes to
extract a universal intermediate expression (Pivot Word)
which can be a base for generation into any language. Many
researchers presently have doubts as to whether this is even
possible. For the above reasons, the Transfer Method is by
far the most common method utilized in Japan. It should be
kept in mind, however, that even within the Transfer Method,
analytical depth varies widely from system to system.

At present, it is not possible to identify any concrete
trends in MT technology for this technology is still in a
highly experimental phase. Different researchers are trying
different approaches and opinions as to which methods are
best vary widely.

MORPHOLOGICAL ANALYSIS/GENERATION: Technology at this level
is relatively established, but exceptions, and there are
many, continue to pose a problem.

SYNTAX ANALYSIS: This is an area in which much of R & D is
concentrated and approaches are varied. However, case

grammar is widely accepted as the most suitable method when
working with Japanese. ATNG, DCG, and Extended Lingol are

also common.

SEMANTIC & CONTEXTUAL ANALYSIS: Both, and especially the
latter, are extremely difficult subject areas which will be
major topics of future R & D. Although much research is
currently being conducted on the semantic level, most of the
systems (especially those to be commercialized soon) that
will be introduced in this report include very little, if any
semantic analysis.

GENERATION: This is an area which has been afforded very
little R & D for it was hitherto considered easy. Recently,
however, it is becoming increasingly clear that some of the
problems posed here are extremely difficult.

PROGRAMMING LANGUAGE (PL): PL is an important factor which
can determine the capacity of an MT system. Traditional PL's
were meant to handle numbers and not languages, therefore,
much is left to be desired here. More than half of the
Japanese MT systems utilize Lisp or Prolog which are
relatively suitable for handling languages. On the other
hand, many of the systems of the private enterprizes use
other PL's such as PL/I or C which have larger scale and
guicker processing capacity. Yet, as Lisp and Prolog
machines have been and are still being developed, processing
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capacity for these two languages is on an upward trend.
Further, as the Institute for New Generation Computer
Technology has chosen Prolog as its main language for
eartificial intelligence, the odds are in the favor of Prolog
as the PL for MT in the future.
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SECTION TWO: THE PRIMARY ORGANS OF R & D IN JAPAN
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Professor Nagao of Kyoto University was the first to begin
R & D for MT in Japan. Shortly thereafter, ETL (MITI) and
ECL (NTT) joined in, followed by Fujitsu and other private
enterprizes. In addition, ICOT (fifth generation computer
project) is expected to begin R & D next year.

The primary research organizations at the government,
university, and private levels are introduced below.

Both the Ministry of International Trade & Industry (MITI) and
the Ministry of Posts & Telecommunications (MPT), especially
the former, are heavily involved in R & D in the MT field.

2.1(a) MITI

MITI has two major projects underway. The first project is
generally referred to as the "Science & Technology Agency MT
Project® and the second is to be conducted by the

Institute for New Generation Computer Technology--ICOT.

These two projects came about for three major reasons: (1)
MITI feels it has a responsibility to conduct R & D and to
establish model systems, which can be a base for widespread
diffusion, in selected fields; (2) MITI should have an
accumulation of knowledge in advanced fields so that it can
play a meaningful role in the event that international R & D
cooperation occurs in the future; (3) The Agency of
Industrial Science and Technology (AIST) under MITI has
approximately 3000 researchers, and therefore, a great number
of theses are submitted each year--in Japanese, MITI is
attempting to develop an MT system for translation of these
documents into English in order to improve accessibility to
foreigners. In addition, there is a third project of smaller
scale being conducted within the Electro Technical Laboratory
(ETL) which is part of AIST, MITI.

A. SCIENCE & TECHNOLOGY AGENCY PROJECT:

This project began in 1982 and will be completed in 1985 with
a budget totalling approximately ¥800 million. The concept
behind this project is to develop the optimal system using
the best hard and software AVAILABLE at the time this project
was being planned--1981. The IBM 3081K and the Fujitsu M 380
were chosen. Participating organizations are the Japan
Information Center of Science and Technology (JICST) under
the Science & Technology Agency, ETL and the Tsukuba
Information Center (RIPS) under AIST, and Kyoto University.

Under this system, analysis will be on a high-level syntactic
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(semi semantic) basis and translations will be handled on a
sentence-by-sentence (not contextual) basis. The system
outline is as follows:

-TARGET LANGUAGE: J-E, E-J.

-TARGET TEXT: Abstracts from S & T theses.

-DICTIONARY CAPACITY: Several tens of thousands of
words.

-SYNTAX ANALYSIS: Case grammar.

-TRANSFER: Tree parser.

-PROGRAMMING LANGUAGE: UTI-LISP
(see appendix 4 for further details regarding this project)
B. ICOT PROJECT:

This is a ten year project which began in 1982 and it is
often referred to as the Fifth Generation Computer Project
(MT system research is only one of many subprojects within).
40 - 50 researchers from ETL, ECL, Fujitsu, NEC, Toshiba,
Hitachi, Mitsubishi Electric, Oki, Sharp, and Matsushita are
directly involved in this project. Funding originates from
the above mentioned eight private enterprizes and MITI. This
project is divided into three phases, the intitial phase
lasting three years, the intermediate, four years, and the
final, three years.

With regards to MT R & D, the original concept was to develop
the optimum MT system possible by 1990 with hard and software
NOT YET AVAILABLE as of 1981. Thus, the Science & Technology
Agency Project, whose goal is to develop the optimum MT
system with tools ALREADY AVAILABLE in 1981, and the ICOT
Project are sister projects.

FY 1984 is the final year of the initial phase in which
efforts were concentrated on developing new tools. Although
much of the research done in the initial phase, such as that
regarding natural language understanding of simple Japanese
sentences, is applicable to MT, direct R & D for MT will not
begin until the intermediate phase beginning next year
(April). Members are currently discussing possible methods
of approach and implementation to MT development but no
consensus has been arrived at yet for many diverse interests
are involved. However, as the primary target of the ICOT
Project is to develop an intelligent computer, approach to MT
will undoubtedly be on an intelligent level--i.e., in
addition to syntax analysis, semantic and even, contextual
analysis is likely to be applied. What makes the ICOT even
more interesting is that various types of technology, such
as, voice technology (man-machine interface), as well as MT
technology and many others will be integrated under this

project.
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C. ETL PROJECT:

Approximately 3 years ago, Professor H. Tanaka (now at Tokyo
Institute of Technology) of ETL began research on using an
"integrated", as opposed to a step-by-step approach to MT.

source text target text

analysis grammar grammar |we

dictionary dictionary

generation

dictionary
rules

!
results transfer

Figure 2.2: Step-by-step Transfer Method.

source text ) target text
syntax result of
analysis semantic
analysis
_|dictionary |_ _ - - ~.

o am == Ew o

grammar

parser

¥
]
!
tree ¢
!

semantic analysis
transfer
generation

Figure 2.3: Integrated Method.

As figure 2.3 reveals, under the ordinary transfer method,
diagnosis (dictionary & rule consultation) is required within
each of the three steps. The Integrated Method is an attempt
to eliminate such redundancy (fig. 2.3). During the process
of extraction of semantic structure (after semantic
analysis), transfer and generation, that is, selection of
words and word-order in the target language is conducted.

The system outline is as follows:
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~-TARGET LANGUAGE: E-J.

-TARGET TEXT: S & T theses.
-DICTIONARY CAPACITY: About 200.
-SYNTAX ANALYSIS: Extended Lingol.
-TRANSFER: Integrated.

-PROGRAMMING LANGUAGE: LISP

2.1(b) MPT

Two organizations under the Ministry of Posts &
Telecommunications (MPT) are involved in MT. One is the
Musashino Electrical Communication Laboratory (ECL) of Nippon
Telegraph & Telephone Public Corporation (NTT), the domestic
telephone authority. The other is the Kokusai Denshin Denwa
Co., Ltd., (KDD) the international telephone authority.

A. ECL - Musashino:

At ECL R & D is centered around their MT system “"LUTE" and
the development of a screen editor "JMACS®", in which both
Japanese and English text can be displayed on the screen
simultaneously. The outline of LUTE is as follows:

-TARGET LANGUAGE: J-E, E-J.

-TARGET TEXT: S & T commentaries.

-DICTIONARY CAPACITY: 150 - 200.

-SYNTAX ANALYSIS: Case grammar + ATNG.

~-TRANSFER: Transfer of semantic structure.

~-PROGRAMMING LANGUAGE: MAC LISP.
B. KDD:

KDD is developing a system “KATE" whose system outline is as
follows: :

~-TARGET LANGUAGE: E-J.

~TARGET TEXT: CCITT literature.

~-SYNTAX ANALYSIS: Extended Lingol + Prohibition
Pattern.

-TRANSFER: Pattern matching & production rule.

-PROGRAMMING LANGUAGE: FRANZ LISP.
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2.2 UNIVERSITIES
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Many universities are involved in MT research. The three
majors are listed below.

A. KYOTO UNIV.:

-- computer manuals.
titles for S&T theses.

Professor Nagao: J-E
J~-E
J=F -- S&T commentaries.
E-J
(al

titles for S&T theses.
also S&T Agency Project).

Professor Doshita: -E -- computer manuals.
J L L}

B. TOKYO INSTITUTE OF TECHNOLOGY:

Professor Tanaka: E-J -- S&T theses.
(formerly ETL)

C. KYUSHU UNIV.:

Professor Tamachi: J-E -- weather forecasts.
E-J -- " " .

2.3 THE PRIVATE SECTOR

Basically, those manufacturers heavily committed to R & D of
MT systems are computer manufacturers, such as, Fujitsu, NEC,
Toshiba, Hitachi, IBM Japan, Mitsubishi Electric, and Oki.

Of these, Fujitsu was the first to become involved in MT and
is thought to be relatively advanced. The systems of each of
the manufacturers mentioned are introduced below.

A. FUJITSU:

Fujitsu has two systems currently undergoing development:
ATLAS/I, to be commercialized this year, and ATLAS/II.
The system outline for the ATLAS/I is as follows:

-TARGET LANGUAGE: J-E, E-J.

~-TARGET TEXT: Manuals, thesis abstracts.
~-DICTIONARY CAPACITY: Roughly 10,000.

-SYNTAX ANALYSIS: Frame Knowledge Representation-0.
-TRANSFER: FKR-0 based production system.

-PROGRAMMING LANGUAGE: PL/I.
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System outline for ATLAS/II:
-TARGET LANGUAGE:
-TARGET TEXT:
~-DICTIONARY CAPACITY:
~-SYNTAX ANALYSIS:
-TRANSFER:

-PROGRAMMING LANGUAGE:

J-E, E-J.

Manuals.

40 - 50 thousand.

Grammatical rules for binomial
coefficients.

Syntax pattern & co-generative
relationship.

System programming language.

System configuration of ATLAS/II:

source text

—L

dictionary f analysis
\

grammatical general

rules concept

knowledge
base

target text

— synthesis

B.

NEC:

NEC also has two systems undergoing development:
near completion, and TRAP.

which is
VENUS is as follows:
-TARGET LANGUAGE:
-TARGET TEXT:
-DICTIONARY CAPACITY:
~-SYNTAX ANALYSIS:

-GENERATION:
~-PROGRAMMING LANGUAGE:

System outline of TRAP:

-TARGET LANGUAGE:
-TARGET TEXT:
~-DICTIONARY CAPACITY:
-SYNTAX ANALYSIS:
-TRANSFER:
-PROGRAMMING LANGUAGE:

- 50

genéral___; transfer )
syntax

general
structure

VENUS,
The system outline for

J-E.

Manuals.

Several thousand.

Relational analysis based on
indeterminate automaton.

Case structure.

SHAPE UP-PROLOG.

E-J.

Manuals.
Roughly 1000.
DCG.

Tree parser.
C-PROLOG.



C. TOSHIBA:

Toshiba's system is called TAURUS whose system outline is as
follows:

-TARGET LANGUAGE: E-J.

-TARGET TEXT: Manuals, S&T documents.
-DICTIONARY CAPACITY: Roughly 30,000.

-SYNTAX ANALYSIS: ATNG.

~TRANSFER: Relational network.

-PROGRAMMING LANGUAGE: C.
D. HITACHI:

Hitachi is working on two systems: ATHENE (E-J) and NEAT

(J-E). The ATHENE system outline is as follows:
-TARGET LANGUAGE: E-J.
-TARGET TEXT: High school English textbook,
manuals.
~-DICTIONARY CAPACITY: Roughly 10,000.
-SYNTAX ANALYSIS: Recognition of phrase & clause.
-TRANSFER: Rearrangement of word order.

-PROGRAMMING LANGUAGE: PL/I.
E. IBM JAPAN:

IBM is working on an English-to-Japanese system for translation
of computer manuals and messages.

F. MITSUBISHI ELECTRIC:

Mitsubishi Electric is working on a Japanese-to-English
system for translation of business correspondence.

G. OKI:

Cki is developing a Japanese-to-English system for
translation of computer related materials.

- 51 -



SECTION THREE: = THE CASE OF BRAVICE INTERNATIONAL
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Weidner Communication Inc. of USA offers many MT systems
involving languages such as English, Spanish, French, German,
Portugese, and Arabic. In September of 1981, Weidner and
Bravice International of Japan (which holds a large share of
Weidner stock) began joint development for an MT system
involving Japanese and English. Their original goal was to
establish a system in which satisfactory results can be
attained with the help of post editor who need not see the
original text. The resulting systems are the BRAVICE PAK
11/73/80 and the BRAVICE PAK 11/73/40 which handle Japanese-
to-English translations and were commercialized on June 1,
1984. Another system handling English-to Japanese
translations is to be commercialized sometime next spring
(1985). Some highlights of the above systems follow:

TARGET MARKET: Bravice claims that their MT systems can be
utilized for a wide variety of translations such as,
scientific documents, manuals, instructions, newspaper and
magazine articles, etc., and they have set their target
market as firms involved in international trade, research
institutes, universities and government organizations.

SYSTEM & COST:

11/73/80 CPU basic memory 256KB 1
serial 4-channel interface
80MB disk unit
Q22 - BUS
256KB additional memory, cable
NEC PC - 100, with CRT

1 ¥19,500

2
printer 1

1

1

1

thousand

0S=RSX-11M-PLUS (license)
RS-11M CP/M communication soft
J-E MT soft
11/73/40 CPU basic memory 256KB 1
serial 4-channel interface
40MB disk unit
Q22 - BUS
256KB additional memory, cable
NEC PC - 100, with CRT
printer

1 ¥15,800

1

1
0S=RSX-11M-PLUS (license) i

1

thousand .

RS-11M CP/M communication soft
J-E MT soft

OPTION magnetic tape unit with 2400 feet ¥3,008
800/1600B, 45/ips, 9 track thousand
controller 1

e e e e e A — — —— —— — —— —— e —— - o = - e = e e s = e s e s e e S S e e e e

The price for the J-E software alone is roughly ¥8 million.
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ANALYSIS: Bravice claims they use an integrated
syntax/semantic analysis approach.

DICTIONARY: The basic dictionary, which is included in the
above system, contains 40,000 words, however, as different
users have different vocabulary needs, the user is expected
to input vocabulary words of their own choosing by them-
selves. Time required to prepare a complete dictionary is
estimated to be three months.

EDIT NEEDS: Both pre- and post-edit are necessary.

SPEED: The 11/73/80 can handle 3000 words per hour excluding
edit time. The 11/73/40 can handle 2000 words per hour.

TRAINING: Training is free of charge and requires the
operator to take one week of lessons at Bravice
International. Another three weeks of "hands-on" experience
is required for the operator to become sufficiently skilled.
However, as mentioned above, the building of a suitable
dictionary can take three months.

SALES: As this is not only a new product for Bravice but for
Japan as a whole, sales is slow. Bravice claims they have
sold "several®" of the 11/73/80 systems since
commercialization in June and that many firms have shown
interest in their product.



SECTION FOUR: POTENTIAL & TOPICS FOR THE FUTURE
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In 1982, the Japan Electronic Industry Development
Association conducted a survey in an attempt to estimate the
§ize and characteristics of the translation market existing
in Japan. This study estimates that the translation market
is worth ¥500 billion and is doubling every two years. Below
ari some breakdowns of the samples (questionnaires to firms)
taken. '

Figure 2.4. Volume of Translations by Language.
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PAGES 3
Japanese-English 725,420 62.07
English-Japanese 316,650 26.67
Japanese-Chinese 11,400 1.03
Chinese-Japanese 9,630 0.87
Japanese-Spanish 5,790 0.52
Spanish-Japanese 2,050 0.19
Japanese-French 16,730 1.51
French-Japanese 7,760 0.70
Russian-Japanese 5,790 0.52
Other 62,415 6.09
TOTAL 1,168,635 100.00

Figure 2.5. Translation Volume by Document.

Ll R e e e e e e e iy S S ——

PAGES $
Manual/catalogue/technical 1lit. 682,330 56
Contracts 107,722 9
Theses 127,600 10
Letters 152,193 13
Patents 69,150 6
Other 71,385 6

The size and therefore, importance of the translation market
is significant and growing rapidly in parallel with the world
economic integration process. Thus, the introduction of MT
systems is desirable and would have important implications.
Another factor evident in this study is that an overwhelming
majority of the translations involve English and Japanese and
that over half of these translations are that of manuals,
catalogues, and technical literature. This is why
practically all systems of private enterprizes in Japan are
targetted toward translating manuals from Japanese to English

anc vice versa.

- 54 -



4.2 TOPICS FOR THE FUTURE

The final target of MT research is to develop a system in
which man need not interfere. 1In order to reach this goal,
simulation of manual translation becomes necessary. In
manual translation, the translator focuses on translating the
theme (contextual level) or meaning (semantic level), and
tends to disregard syntax. The MT systems under development
today take a syntactical approach. In order to raise MT
technology to a contextual level, syntactic and semantic
analysis technology must be established. This entails
incorporating natural .language processing technology as well
as artificial intelligence technology in general. Thus, the
short term topic for the future is to refine syntactical
analysis and to further develop semantic analysis in order to
pave the way for R & D for contextual analysis.
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PART III: VOICE TECHNOLOGY
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INTRODUCTION

Products of both the voice recognition (VR) and voice
synthesis (VS) type have been on the Japanese market since
the late 1970's, however, much was left to be desired both in
terms of cost and performance. Recently, however, as the
prices of these products are rapidly declining while
performance quality is improving, more customers are showing
interest. But, nevertheless, actual sales is still quite low
and it can be said that the market is still in a pioneering
stage. Problems in cost, performance, and particularly
applications technology remain today.

Section 1 will present an overview of voice technology:
goals and achievements thus far. Section 2 will introduce
Japan's most active researchers of voice technology.
Sections 3 & 4 will introduce some typical Japanese products
and applications. Section 5: Conclusion.



SECTION ONE: OVERVIEW OF VOICE TECHNOLOGY

1.1 VOICE RECOGNITION TECHNOLOGY

Figure 3.1 below presents a classification of voice
recognition (VR) technologies with varying levels of
sophistication.

discrete (a)
speaker dependent“z:connected (b)

limited vocab.<::::
speaker independentgzdiscrete (c

connected (d)

speéker dependent (e
monosyllable.==::::::speaker independent (

unlimited vocab!<:/word speaker adaptive (
phrase speaker independent (
sentence

Figure 3.1. Classification of VR Technology.

The final target of VR research is to enable a machine to
recognize and understand ordinary convesation regardless of
speaker (h), and this target is far from being attained at
present. For levels (a) through (d) above, recognition is
conducted on a word basis and the number of words
recognizable is limited. Tasks at these levels can generally
be conquered by utilizing DP matching technology for
discrete, (a) & (c), and two-level DP matching technology for
connected, (b) & (d); thus, although much R & D is still
being devoted to these levels, technology is relatively
established and is reaching its limit at roughly 300 words,
discrete, speaker dependent. On the "unlimited vocabulary"
side, (e) through (h), the situation is quite different.
Apart from (e), current levels of technology cannot
accommodate. In order to achieve these levels, natural
language understanding and processing technologies (syntax,
semantic, context--artificial intelligence) become necessary.
As to level (e), as there are a total of only 100 syllables
(68 basic) in the Japanese language, VR is possible provided
it is on a discrete and speaker dependent basis.
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1.2 OVERVIEW OF VOICE SYNTHESIS TECHNOLOGY

Figure 3.2 below is a presentation of voice synthesis
technology (VS) classified according to general approach.

waveform compilation (a)
limited vocabulary.‘=:::::barameter compilation (b)

unlimited vocabulary.::::waveform rule
parameter rule

—~ o~
—

Figure 3.2. Classification of VS Technology.

Unlimited vocabulary text-to-speech systems, (c) & (d), are
one of the primary targets of VS research and although much
is still left to be desired, some systems are already
available. With levels (a) & (b), synthesis data is stored
on a word (or phrase) basis and technology is relatively
established. Level (a), which involves technologies such as
PCM, ADPCM, ADM, etc., is best in terms of intelligibility
but also requires the most data. (b), on the other hand,
utilizes compressed data using technologies such as LPC,
PARCOR, FORMANT, LSP, etc., meaning memory requirement is
smaller although intelligibility is reduced. Taking cost/
performance into consideration, (b)-type products presently
outnumber (a), however, as the cost of memory units are
falling rapidly, (a) might become interesting in the future.
In the case of rule synthesis, (c) & (d), methods such as,
cv, Cv-CvC, VCV, PARCOR-VCV, LSP-VCV, etc., are utilized and
much of the current R & D is centered here though speech
quality is still poor. In comparing (c¢) & (d), (c) has
superior intelligibility but pitch control is more difficult.
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SECTION TWO: VOICE TECHNOLOGY: R & D IN JAPAN

Japanese R & D pertaining to voice is very advanced. Some
key dates (very rough estimates) related to Japanese voice
technology are presented below, followed by highlights of the
major research institutes at the government (2.1) and

private (2.2) levels.

VOICE RECOGNITION:

'70 DP matching NEC

'74 continuous word NEC, ECL

'79 speaker independent ' NEC, ECL, Fujitsu, Kyoto Univ.
'80 syllable Hokkaido Univ., Fujitsu, NEC,

ECL, Toshiba, Hitachi

VOICE SYNTHESIS:

‘65 VCV ECL
'69 PARCOR ECL
'74 PARCOR-VCV ECL
'75 Line-Spectrum ECL
'79 LSP ECL
'81 LSP-CV ECL
'82 LSP-VCV ' ECL

2.1 GOVERNMENT

Both the Ministry of International Trade & Industry (MITI)
and the Ministry of Posts & Telecommunications (MPT) are
heavily involved in voice research.

2.1(a) MITI

—— e —— ——————

Two research institutes under the authority of MITI are
especially worth mention: (A) Electro Technical Laboratory
(ETL), and (B) Institute for New Generation Computer

Technology (ICOT).

A. ETL:

ETL is the largest national research institute regarding
electricity/electronics in Japan. They are noteworthy for
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they have over 20 years of experience in dealing with voice
technology and because they took leadership in the large-
scale project "Pattern Information Processing System® (PIPS)
in which voice technology was one of the sub-topics. PIPS
was carried out from FY 1971 - 1980 and the total budget was
¥22 billion, of which roughly ¥450 million was allocated to
voice research. The ETL approach to voice technology was
voice analysis via vocal tract shape analysis. Today's voice
topics are voice rule synthesis (improving naturalness),
syllable recognition by spectral approach, voice data base,
and antimetrical vocal tract shapes. The ETL researcher
interviewed claims that they have achieved good results as to
interspeaker variation and coarticulation with the
antimetrical approach and that this approach appears very
promising.

B. ICOT:

The ICOT (Fifth Generation Computer) Project is a ten year
project which began in 1982.  This group consists of 40 -

50 researchers from ETL, ECL, Fujitsu, NEC, Toshiba, Hitachi,
Mitsubishi Electric, Oki, Sharp, and Matsushita and the
project is divided into an initial (3 yrs), intermediate (4
yrs), and final (3 yrs) phase.

The central theme of this project is artificial intelligence
with man-machine interface tools such as, voice technology,
as a sub-topic. ICOT is scheduled to begin research on voice
related applications in the intermediate phase (FY 1985 -
1988), however, specific topics and approach are yet to be
determined. In any case, it can be anticipated that ICOT
will serve as a merging ground for natural language
processing technologies (syntax, semantic, context, etc.) and
the more traditional approaches to voice.

2.1(b) MPT

The most active research institute under MPT is the
Electrical Communication Laboratory (ECL), NTT. As can be
seen from the chronological presentation of VR and VS
technologies given at the beginning of this section, ECL has
been very active in developing technologies ranging from VCV
and PARCOR to LSP and LSP-VCV. Using these technologies, NTT
is providing a variety of services primarily over the
telephone network (see "applications® section 4).

2.2 PRIVATE

Various manufacturers such as, NEC, Matsushita, Fujitsu,
Toshiba, Hitachi, Oki, Mitsubishi Electric, Sanyo, Sharp,
etc., are involved in voice related R & D, with generally
more emphasis on development than basic research. It is very
difficult to compare the levels of technologies each of these
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companies have for final products are similar, however, if
forced to choose, NEC would be the ultimate choice for they
were the first to become involved in voice.

A. NEC:

NEC became involved in voice R & D at a very early stage

even before the government research institutes were well on
their way. Thus, as NEC had no forerunner to learn from,
they were forced to do some research at a very basic level.
As has been mentioned above, NEC developed DP matching around
1970 and has since developed two-level DP matching,
compressed DP matching, and more recently, clockwise DP

matching.
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SECTION THREE: INTRODUCTION OF SOME JAPANESE PRODUCTS
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Currently, there are a great number of voice related products
available on the market, however, the Japanese market is
still in a pioneering stage and therefore, actual sales is
still small. Although many clients are interested, they lack
knowledge on how to use the technology, thus, the manu-
facturers must first persuade them of its advantages and then
teach them how to use it (applications assistance). The
products introduced below are primarily NEC products for time
restrictions do not allow for wide coverage--manufacturers
and products in Japan are too numerous. Catalogues for most
of these products are included in appendix 5 along with other
reference materials.

A. VR: LSI.

VR LSI's have been on the market since the latter part of
1981, however, it is only recently that actual sales has
begun to expand. Prices are falling at an annual pace of 20
to 30%¢ and, within one or two years, it is anticipated that
the price of a 3-chip set such as the one described below,
will fall below the ¥10,000 mark.

In 1982, NEC introduced an LSI chip set consisting of the
MC4760, a speech waveform digitizer, the uPD7761, speech
analysis/compressed DP matching processor, and the uPD7762,
system control processor. Classification: 1limited
vocabulary, speaker dependent, discrete. Can recognize 128
words with external 16Kb RAM, 512 words with 64Kb RAM.
Response time is 0.5 seconds and accuracy is over 98%.

More recently, NEC introduced the uPD7764 which can operate
under the following two classifications: (a) limited
vocabulary, speaker dependent, discrete = 340 words, and (b)
limited word, speaker dependent, connected = 40 words.

B. VR: BOARD.

Many VR boards are available on the market now. Prices range
from ¥60,000 to ¥250,000 and number of recognizable words
range from 60 to over 200. All of these products utilize

DP matching based technology. NEC's PC-8012-03 is an
optional voice input board for NEC's personal computers PC-
8001 and PC-8800. Classification: limited vocabulary,
speaker dependent, discrete, recognizes 60 words, uses
compressed DP matching and costs approximately ¥60,000.

Three of Sanyo Electric's representative systems are the SRB-
64A, the SRB-S, and the MSR-10V. Classification of SRB-64A:
limited vocabulary, speaker dependent, high speed discrete
{almost connected), 64 words recognizable, costs ¥125,000.
Classification of the SRB-S: 1limited vocabulary, speaker
dependent, discrete, 46 words recognizable, costs ¥59,000.
Classification of the MSR-10V: wunlimited vocabulary
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(monosyllable), speaker dependent, discrete, recognition of
68 monosyllables + 20 words--an option to Sanyo's MSX
personal computer.

C. VR: TERMINAL.

Several voice input and voice input/output terminals of NEC
and Fujitsu are introduced below.

NEC SR-100: A voice input terminal. Classification:
limited vocabulary, speaker dependent, high speed discrete,
expansion DP matching method, 120 words recognizable, 99%
accuracy, costs ¥490,000.

NEC SR-200: Voice input terminal. Classification: both
limited and unlimited vocabulary, speaker dependent,
discrete, DP matching based method, 68 syllables and 50 words
recognizable, 95% syllable and 99% word accuracy.

NEC DP-200: Voice input terminal. Classification: 1limited
vocabulary, speaker dependent, both discrete and connected,
two-level DP matching method, recognizes 100 or 450 (option)
words discrete and 50 words connected (maximum of five
connected words at a time), costs ¥4,900,000.

NEC DP-300: Voice input/output terminal consisting of VRU
(recognition) and ARU (synthesis). VRU classification:
limited word, speaker dependent, both high speed discrete
and connected, recognizes maximum of 450 words discrete and
50 words connected. ARU classification: 1limited vocabulary,
waveform compilation (ADPCM), maximum voice output duration
is 175 seconds. This terminal is equipped with wireless
system.

Fujitsu FACOM2371A: I/0 terminal for Fujitsu computer.

Input classification: 1limited vocabulary, speaker dependent,
discrete, 256 words recognizable. Output classification:
limited vocabulary, parameter compilation (PARCOR), maximum
voice output duration is 300 seconds. Total system cost is
¥1,300,000.

NEC VWP-103N Model-2: Japanese language voice word
processor--speech-to-text. Classification: wunlimited
vocabulary (syllable), speaker dependent, high speed
discrete, DP matching based method, costs ¥2,346,000
including display, printer, and floppy. (NOTE: Japanese
language word processors are relatively sophisticated for
most syllables must be converted to the appropriate
ideographic character of which there are many thousands to

choose from).

NEC SR-1000 SERIES: Voice response systems primarily for
telephone line use. NEC offers three models. SR-1101:
limited vocabulary, speaker independent, discrete, four words
recognizable, modified pattern matching method, 64 channels
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available (extension is possible), costs ¥4,000,000.
SR-1201: 1limited vocabulary, speaker independent, discrete,
16 words recognizable, classification function method, 64
channels, costs ¥5,000,000. SR-1301: 1limited vocabulary,
speaker independent, discrete, 128 words recognizable, modi-
fied classification function method, 32 channels, costs
¥15,000,000. Demand for these types of systems is primarily
in the banking sector. 1In the case of NEC, the SR-1201 is
most popular for the SR-1301 is too expensive.

D. VS: LSI.

In the case of VS LSI, competition is fierce and better
balanced. Below are highlights of some LSl's available on
the Japanese market today. Generally speaking, the products
of the more prominent manufacturers fall in one of two
cetegories. Firms such as Hitachi, Mitsubishi Electric,
Sanyo Electric, Matsushita Electronics, Toshiba, and Fujitsu
favor parameter compilation technologies (primarily PARCOR).
Oki clearly favors waveform compilation (ADPCM). NEC on the
other hand, offers chips using formant, ADPCM, and phoneme
particle methods. Sales of VS LSI's fo