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1 A new type translation sup-
port is available.

We propose the thivd type of translation support
system in this paper, which enables users to enjoy
simultancously both large man-houwr reduction pro-
vided by the conventional automatic machine traus-
lation systeny, and contentment with the functions
brought by the dictionary reference and granmnatical
consultation. Our new systemn possesses the following
features(4, 5, 6]:

1. it antowatically generates the corresponding En-
glish expressions, simultancously with the execu-
tion of inputting cach Japanese word, phrase or
sentence.

2. It assists word to word, or phirase to phrase trans-
lation, which allows wsers to control translation

process.

3. It minimizes the number of key strokes for English
translation with an aid of fully antomnatic phrase
and simple sentence translation capability.

4. 1t guarantees that users can be content with an
interface by which they can wonitor and cancel
cach process of recognition and conversion of every
input words, phrases, and sentences.

It greatly assists Japanese unative speakers in

preparing Fnglish docunent.

[+

Tet us call it Trauslation Word Processor('l'WD
hercafter), realizing a comfortable  working
platform equipped with a simultancous automatic
Japancse-Euglish conversion facility that contributes
to a drastic reduction of key stroke and mouse clicks.

very

The fivst type of translation support system or ma-
chine franslation(automatic translation) system ana-
s one by one. Fven now

lyzes and generate senter
when more than ten sorts of machine translation sys-
tems are available in the market, all we are forced to
do while waiting for the translation to be outputted
s to pray that the result may unot be like the pleces
of wreckage[l]. Fven i it 1s not wrecked, we need to
recognize damage and spend extra cost fixing it

The second 1ype is the bilingual dictionary consulk
tation facility. This type of assistance systems are al-
ready in wse on vartous kinds of word processors[10],

bul does not achicve satistfactory efficiency in transla-
tion job. Tt demands users to set up the dictionary con-
sultation function, to choose suitable expression out of
the displayed words, phrases; and sample sentences,
aud to arrange them by key and mouse operations to
produce Foglish sentences, Fven if dictionary refer-
ence s quickly and cheaply assisted, most part of En-
glish composition work is left in user’s hands.

The third type ,'T'WP, is designed to visualize the an-
tomatic Japanese-Fuglish conversion(J/I conversion
hereafter) process in parallel to inputting Japanesce
text, and to consequencely achieve the best cost-
efficient performance in a frame work of man and com-
puter interaction. In the TWD, varlous supporting
functions are provided according to user’s English writ-
ing capability:

1. J/E conversion of words, phrases and simple sen-
tences,

2. pattern based J/I couversion of complex sen-

lences,
3. Japancse-English trauslation DI retrieval,

4. learning function of word aund phrase conver-
sion knowledge, and complex pattern couversion
knowledge, which helps user to compose luglish
greatly,

[&a3

automatic ambiguity resolution in conversion and
retrieval desigued to reduce the number of opera-
tions necessary for utilizing those assistance func-
tions.

For the purpose to achieve user’s coutentinent in
TWY operation,

6. flexible "cancel, "undo and "option selection in-
terface are amployed.

The accuracy of ambiguity resolution,

7. rises up greatly by continual use of the learning
function 4.

A Japanese structural editor with functions|7] stated
above, can recognize a logical uuit of & word, a phrasce
and a sentence in sequences of Japanese symbols, The
Japanese Tnglish conversion can start antomatically at
every wmowment a Japanese word, a phrase or a sin-
ple sentence (called logical units) is recognized. When
wore than two simple sentences(clauses) are extracted,
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they are transferred to complex sentence conversion
based on user definable complex sentence J/E transla-
tion patterns.

TWP can make user reach a target English by their
monitoring and controlling Japanese-English conver-
sion process, so that they can feel content with each
step of every interactive assistances or automatic pro-
cesses. It can also save key strokes for arranging word
order as it generates English expressions in a correct
word order by conversion capability of a phrase, a sim-
ple sentence and a complex sentence, besides word
level dictionary consultation facility. TWP also has
proposed a protocol to eliminate redundant user key
strokes for selecting menu or commanding process by
default reasoning to guess user’s next stroke. This
means that no other key strokes are sometimes nec-
essary than those for inputting Japanese sentences, as
translation is over at the same time of that a period of
a Japanesc sentence is keyed-in on a screen.

Whenever any error of conversion is found while in-
putting Japanese, any step during the conversion can
be cancelled and corrected by adopting the second al-
ternative automatically based on key stroke history
learning mechanism. A cheap cancel and undo proto-
col is the key issue to make the best use of each default
reasoning of TWP system, because strokes to select
correct one after cancels and undos are the sources for
tuning up default reasoning by learning mechanism.

2 What is considered of for
comfortable usability?

TWP brings about both users’ contentment with func-
tions that machine translation has failed to realize,
and large cost reduction for sentence generation in tar-
get language that simple dictionary consultation facil-
ity has not fulfilled. No other system has ever been
presented to satisfy two of them at the same time.
Machine translation systemn takes no human cost if
complete translation is acquired. If any errors occur,
however, manual re-translation or post-editing charges
vast amount of expense. Post-editors have reported so
many time high stress by repetitious or utterly unex-
pected errors machine translation caused. Moreover,
even when they use Japanese-English automatic trans-
lation system, they are required to comprehend both
languages in reality. Bxperience of using dictionary
consultation facilities and grammar checkers tells us
that such assistance as bilingual dictionary reference,
sample sentence reference and grammatical check does
not contribute so much to efficiency of translation and
that the key opcration cost taken to call those func-
tions, e.g. key strokes, is essentially no less than that
in case of consulting paper dictionaries.

TWP performs automatic recognition of a word, a
phrase, and a simple sentence, and immediately af-
ter that, successive conversion based on bilingual word
dictionary , and simple phrase and simple sentence
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translation function is executed. These recognition
and conversion processes are supervised by the user
in the course of inputting Japanese text. TWP users
reserve the means of cancelling and resolving the er-
rors that the recognition or conversion created. TWD
makes users feel content with processes on a screen by
confirming every step of translation with their eyes.
TWP supports so much easy use of dictionary con-
sultation facility in such a manner that cither English
and Japanese word on a cursor position s Interpreted
as a key word for looking up word and bilingual dic-
tionaries, and is transferred any time automatically to
consultation facility to retrieve and display the dictio-
nary data on a pull-down window. Users need not to
take a special dictionary look up procedure.

It assists longer sentence generation in English word
order by J/E conversion using complex sentence trans-
lation patterns defined by users[5], as well as using a
phrase and a simple sentence translation facility.

In the following chapter, we explain the overview of
TWP; English producing support system at first then
talk about Japanesc-to-English interactive conversion
framework for comfortable English composition in par-
ticular.

3 Which Resources support
English Composition ?

TWP for English composition support is constructed
from well understood and transparent resources and
mechanisms under an extended, what is called, Kana-
Kanji conversion user interface. The noble feature
of the TWD introduced hereafter, is of great trans-
parency in every process of support mechanism. The
traceability of process and the controllability of the
TWP based on default rcasoning mechanism in recog-
nition and conversion of logical units in Japanese in-
put, and cheap cancellability of wrong steps selected
by TWP or a user are a noble part of invention which
supports a great cost reduction of English production
on Japanese word processors with full of contentment,

The characteristics of TWD 1s summarized as fol-
lows.

1. Japancse to English conversion interface simulat-
ing Kana-Kanji Converston helps an user to learn
so casily[1, 3, 4].

2. User controllable complex scntence transla-
tion pattern based conversion achicves transla-
tion transparency even in long sentence J/E

conversion[5, 8, 9].

e

Automatic learning feature based on user key
stroke history covers learnings for translation dis-
ambiguations of words, verb phrases, complex sen-
tential conversion patterns, etc[6].

4. Tt is fully equipped with consultation facilities of
translation examples, word dictionaries, bilingual



dictionaries and so o

The figure 1 depicts the configuration of T'WID pro-
totype on a structural editor! | with the PIVOT trans-

lation system as a back end conversion processor.
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Figure 1. The coufignration of TWD

The conversion of Japanese into English expres-
sion starts here with determination of scope to convert
mto Iinglish. The sequences of key strokes are trans-
ferred to morphological processing function for detect-
ing logical units like words, phrases, clauses, ete. Any
J/B conversion of cach unit is carred ont casily with
MT subsct of PIVOT J/E translation system as a back
end translator.

The structure editor (Ideal?) on @ robust Japanesce
worpliological processing function detects Japanese
logical mnits and keeps every strokes and every pro-
cesses, during editing , conversion (translation), dic-
tionary look up cte., in order for user to back to any
point from unexpected result in English production by
cancelling cach preceding strokes and processes.

The caucelling protocol between man aud computer
plays a great role of providing users with the most
comfortable operationability, which is backed ap by
the high transparency of system process.

The transparency introduced here is composed of
two aspects; 1) hiding primitive mechanical steps from
a screen and showing every and only logical unit level
steps of edit and conversion on a screen, 2) letting even
phrase, clause J/I conversion to look like Kana-Kanji
conversion to casual users. The similarity of user iu-
terface protocol of the one we propose here and the
widely ackuowledged Kana-Kaujl conversion interface
lots users to believe in controllability of J/1 conver-
sion, T'he coutrollability of J /I8 conversion on Japancse
word processors 1s casily obtainable through the ex-
periences of Kana-Kawji conversion built in Japanese
word processors.

Ihe structure editor called ? ldeal”[7) can maintains the
logical wnits like words, phrases, clauses and permits users to
cdit those nnits so easy while ordinal Japanese word processors
canuol haudle those logical nnils other than charactors.

1— -|m|:u{;ll¥:| E;;I:‘lll@li()llﬂl)’
| —

4 'TWP operation and process

4.1 'What mects casual user’s require-
ment?

There is a big difference between J/E conversion and
Kana-Kanji conversion. The former requires structural
transformation like word order transformation, struc-
tural reduction or expaunsion, and so on, while the lat-
ter only handles a Kana sequence to produce a kanji
sequence without any modification of the word order
in a seutence. The fully automatic machine transla-
tion system can produce English translations of input
Japanese sentences, by making word to word trans-
lation, phrasc to phrase structural translation, clause
to clause structural translation, etc. at once within a
second. User has no chance to see what happens in a
translation systew, so she gets lost at a glance of the
meaningless sequences of word fragments and gets emn-
barrassed in front of pairs of sound Japancse sentence
and miserable English output in case of failure in par-
ticular. She, for example, a student in a college, even if
she would like to have a sort of help for English compo-
sitlon, never try to use a M7 as a tool again, after she
incidentally has had an cxperience to sit beside those
kinds of unconceivable screen outputs. A person like
her usually has a fundamental grammatical and lexical
kuowledge for reading a textbook of English composi-
tion. She nceds to be able to imagine how computer
works and what it produces, before she starts to learn
the operations.

TWP docs have a very limited and robust capability
of automatic translation with a variety of accessories
including a reliable text book function, an useful dic-
tionary function, an casily accessible wording examples
database, cte. as well, It has Deen designed for a help
for Japanese who has basic skill of writing English.

Some of those persons(Group A) who compose En-
glish need a very slight help like English dictionary
lookup facility, some others(Group B) neced a help
like various consulting supports of bilingual dictionary,
word scuse definitions, translation examples, English
grammar text books cte., the others(Group C) need
a perfect help. TWD helps Group A and Group B
mainly who work on Japanese word processor and Iin-
glish word processor for Euglish production. They
need very cheap, timely, comfortable support, and do
not want perfect, expensive support necessarily.

A comfortable support in English composition on
word processors includes the followings at least.

1. limited but sound translation facility if available,

2. a variety of word, bilingual, idiom , and wording
dictionary look-up facilities,

3. a varicty of translation example consultation sup-
ports,
There are many resources like the above available
in the market and appears the following keeu in-
terests of users whenever they use them.
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4, No irritation waiting for respousc: very quick re-
sponse to cvery key or mouse strokes,

5. No eyesorefull data on a screen, becanse capacity
of human cycs is very much limited,

6. Necessary information should be on a screen be-
fore user mentions it,

7. Basy recovery to the preceding screen from any
unexpected result on a screen with no anxiety,

8. Systermn controllability based on system trans-
parency.

The point 1. of simple and fast translation capability
affords to the point 4. and the point 8. transparency.
The points 2. and 3. very simple and fast executable
retrieving function support the point 4. the point 7.
and very much the point 8. The poiuts 4. through
8. are cxplicated here from now ou.

Whenever TWP finds Japancse word end, phrase
end or clausc end, the translation equivalent is dis-
played on a screen line for inputting Japanese. J/E
conversion needs scope determination of phrases and
clauses. The TWDP iterates scope determination and
conversion very explicitly on a screen for realising
traceability and transparency of translation.

Two issues arc left necessary to explain further,

1. How to determine a scope of conversion ?
2. How to find an appropriate type of conversion ?

The figure 2 of intuitive image of J/Il conversion
depicts the two issues more clearly.

4.2 How to align a sequence of conver-
sion step 7

The scope determination for conversion is one of key
issues to specify comfortable user interface. The con-
version should be carried out successfully at any casc.
Otherwise, users cannot rely on the conversion support
and have anxicty of operation. The sequence of con-
version steps should also be traceable within a limited
human’s eye capacity, that is to say, which conversion
scope selected by TWT should be able to guess, and
what sequence of conversions also should be foresee-
able. User can catch up with every process very easily
if user could expect every kind of change on a screen.
TWI's idea to resolve user’s anxiety comes from the
above observation, to afford to the items 4. and 8.
above greatly.

There are two rcasonable scope interpretations for
J/E conversion on the screenl where a cursor stays
just after a Japancse string FAWFHC % which is com-
posed of two Japancse phrases (buusetsujs),|$A:L, i3
Subject-marker,”T is the head of this noun phrase
”bunsetsu),[firsL:  paper, @:0bject-marker,” paper is
the head of this noun phrase” bunsetsu]. One of the
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Screenl FHEFLE
Word  watashi/wa /ronbun/wo
comment I /SM /paper /OM

v :Conversion the scope of ”ronbun”

Screen2  FAld cssay % jtranslation {essay, paper, « }
Word  watashi/wa /ronbun/wo
comment I /SM /paper /OM
| iinteractive pull-down menu selection
of an alternative ”paper”

Screend  FAid paper 3 <,

Word watashi/wa /ronbun/wo /kaku
comment I /SM /paper /OM [write
v ;conversion of the scope of

H:Ni paper %*ﬁ_(]

Screend T write a paper.
;Bnglish word order has been produced
by simple sentence(clause) conversion

SM: subject-marker
OM: object-marker
Figure 2. Stepwise Japanese-English conversion

alternative scopes is "R % C(cursor)”, and the
other is "Fi3 % C”.

TWP adopts such a simple strategy as a scope for
conversion is the biggest logical unit of words, phrases,
and clauses just adjacent to C(cursor) on the left part
of input line. This strategy comes from Japanese in-
trinsic linguistic structure called head final.

Whenever an input is done, it is transferred to mor-
phological processing to find logical units like word,
phrase, and clause. A logical unit is handed to J/E
conversion function to produce English equivalent.
Japanese logical unit has a head word in the right most
part of it usually so that every end of Japanese unit is
guessed much easier than that of English. Fortunately
popular and robust algorithm of detecting end of unit
is widely known and it looks ahead one word or one
phrase to decide whether string on the left of cursor
is on the end or not. In practice, TWI may recognize
the end of unit more easily by hearing unit end signals
from Kana-kanji conversion stroke as well.

TWP can guess scope of logical unit with high preci-
sion accordingly. The screenl and screen? in the figure
3 shows a sclected conversion scope is the left smallest
phrase(bunsetsu) which is usually signaled by kana-
kanji conversion key stroke.

4.3 Simulated Mode of Automatic J/E
Conversion
The "look ahead” algorithm detecting conversion

scope by finding logical unit described above is also
usable in another way. An already guessed logical unit



adjacent to a string on a cursor is finally recognized
as a logical unit automatically if the string on the cur-
sor could be guessed as a logical unit. This is called a
Ydelayed” type of look ahead algorithin to finding log-
ical bunsctsu units ,whicl frees users from inputting
logical unit end signals when mput is displayed from
left to right on a screen line. This algorithm permits
an automatic detection of logical units for conversion.
The figure three depicts clearly an implementation of
antomatic iterative J/¥ conversion of TWP.

The Japanecse input facility is built in TWP au-
tomatically fixes the preceding bunsetsu( smallest
phrase) just at the same thine as a string adjacent to
C(cursor) may be guessed a bunsetsu. The Screcunl
bunsetsu candidate {44 ” with a cursor just after a
bunsetsu end marker candidate ¥ is not transferred
to J/B conversion here. The "1 hunsetsu candi-
date 18 determined as a bunsetsu for conversion unit
and is transferred to J/F conversion at the same time
as a bunsetsu candidate "% 7 s guessed on the
screen? on its tight. The second bunsetsu candidate
ik 7 s lixed and trausferred to J/E couversion
when the next verbal bunsetsu candidated 75w 72 7 is
guesses on the screend. The Japanese period 7y 7
signals an end of verbal bunsetsu 7727 and trig-
gers J /1 conversion of it on screen 4. Here are three
bunsetsus(smallest phrases). TWD recognizes easily a
sentence, all of phrase head words of which have been
converted into English, and transfers three phrases to
J/¥ conversion altogether to produce the English ex-
pression on screeud. The product is well ordered and
well translated with the help of simple translation func-
tiomn.

A Japanese and Alphabet mixed display format of
intermediate conversion is a convention for user’s trac-
ing intermediate steps of J/E conversion casily on a
screeu.  Japanese symbols in a mixed display con-
vention express Japanese functional words like surface
casc-marker, conjunct particles, and auxiliary verbs.
They are key information to determine grammatical
meaning of head word in a sentence, and fo execute
structural J/I conversion, which should be transferred
to translation component. That is to say, functional
words expressed by Japancese symbols help Japanese
users to keep grammatical structure of source Japanese
sentence through English Composition on T'WP. Those
like case markers determine Fuglish simple scutence
structure with case structure mapping schome in a J /B
bilingnal dictionary correspondiug to a head verb of a
clause.

4.4 Screenplay examples of TWP

The figure 4(a) through the figure 4(c) demonstrate
TWD ’s J/14 translation support primitives, The first
explicates traceablity and transparency of TWDP J/B
conversiou. The sccond examplifies an casy and cheap
cancel protocol to achicve user’s contentment.  The
last shows an examples of dictionary consultation pro-

Screenl i C
Word kare/wa /C
Comment He /SM /C

{

Screen2  he HiCH C
s i {ronbun} has plural translations
{paper, paper, ...}

Word He /wa /ronbun/wo /C

Comment IIe /SM /paper /OM /C

} automatic conversion

Sereend  he W essay B3/ C
Word He fwa /paper /wo [kaita /C

Comment He /SM /paper /OM /write /C
v

t

Screend he i essay % write /2o C
|

v
Screenb IHe wrote a paper.C

Me:kare:he

i :wazsubject-marker

i Cronbun: paper/essay /article...

% iwosobject-marker

iz kaitaswrote

SM:subject-inarker

OM:object-marker

C:cursor

Pigure 3. TWP J/E automatic conversion step

cedure on TWP.

The figure 4(a) traces steps of real responses to
Japanese mmput "CDVAF AR Lo /REk [ ik
THI LW/ CEEY [, 7, where ”/” marks bunsetsu
ends. This figure is composed of the five top lines of
5 screen copies from 1) down to 5). The forth line
has three converted bunsetsus ”this system,” ”paper”,
and "make” and onc not converted bunsetsu 7 ¢ & F
¥ The bunsetsu ?fiifid % < & 457 is converted into
the mixed format of "make % & & %%” when and af-
ter inputting the forth bunsetsu is completed.

The figure 4(b) shows a cancel and undo protocol
of TWP by listing five top lines of cousccutive five
screcus from 1) to §). TWP backspace key brings a
status 1) to a status 2). After moving a cursor to
PRI 0 status 3), an user can edit to have 7L
7 instead of P#3C " In a status 4).She can get an J/B
converted expression of a sentence with ” %3 ”:English
n a position of "3 ”:essay ouly moving a cursor to
a sentence end position.

The figure 4(c) is composed of two screens. The
screen 2) with three small windows open depicts what
is displayed when dictionary consultation facilities are
invoked.  Under a mode of dictionary consultation,
moving a cursor to any word cither Japancse or In-
glish triggers dictionary look up with the word as a
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key. The pull-down window wl is opened to hold con-
version dictionary contents of ”essay under a cursor.
The window w2 is opened with "essay” as a key in
the pull-down window wl for further information of
the word "essay”. 'The window w3 has been opened
with ”paper as a key in wl. Lexical information on w2
and w3 comes from conventional bilingual dictionar-
ies. Any word in w2 or w3 can be sclected for a key of
dictionary look-up.

5 Conclusion

TWP brings about both uscrs’ contentment with func-
tions that machine translation has failed to realize, and
large cost reduction for sentence generation in target
language that simple dictionary consultation facility
has not fulfilled. No other system has ever been pre-
sented to satisfy two of them at the same time.

TWP users reserve the means of cancelling and re-
solving the crrors that the TWP or users crecated.
TWP makes unscrs feel content with processes on a
screen by confirming every step of translation with
their eyes. These help them to use it so easy with
no anxiety.
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