MACHINE TRANSLATION: APROBLEM
OF UNDERSTANDING

INTRODUCTION

Expsctations surrounding the develop-
ment and use of commercial machine
translation systems are running extremely
high today. However, quite a few prob-
lems remain to be solved before sys-
tems capable of “‘automated”’ translation
can be realized. One of the most for-
midable probiems facing machine trans-
lation at this stage of the technology
is how to overcome differences in the
sermantic structure of source and target
language sentences resulting from the
distinctive ways of thinking endemic
to the different cuitures upon which
those languages are based. To be more
precise, the biggest problem facing auto-
matic transiation foday is the inability
to effectively deal with the idiosyncratic
gaps inherent between different lan-
quages, i.e. machine transiation systems
are still incapable of “understanding.”
Therefore, even the large-scale commercial
machine translation systems on the
market today are still, for the most part,
in the developmental stage.

The first section of this paper is
devoted to language modelling, the tech-
nigues for which form the basis of
presentday machine translation systems,
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This is followed by a brief discussion of

the differences between human transla-
tion and machine translation from the
standpoint of language understanding
capabilities. The third section of this
paper
structural differences that exist bhetween
the Japanese and English languages, and

describes certain  idiosyncratic

presents examples of these differences
brought out by comparing English and
Japanese sentences with the same mean-

ings. These comparisons are made using a
new method called the “Cross Transla-
tion Test” {CTT), which reveals the deep
gaps that exist in the sentence structures
of English and Japanese as a resuit of
the distinctive cultures, i.e. the peculiar
ways of thinking and expressing con-
cepts, in which these languages have their
respective origins. By showing the extent
dif-
ferences, or ‘‘gaps’” as they are called

of these idiosyncratic structural

here, CTT paoints out the futility of trying
to dea! with them via formal processing
methods. At the same time, however,

CTT also provides encouraging evi-

~dence pointing to the fact that even

36

the

tion systems that comprise the brunt
of today's commercial systems possess
the ability, or at ieast latent capability,

structure-bound machine transla-



to- produce translations that can be
judged ‘‘acceptable.”” And finally, this
paper concludes with a brief summation
of the main points made throughout the
argument, plus a short discussion of
metalanguages, such as sublanguages and
normalized language, which are presently
being studied as passible means of aug-
menting the capabilities of today's
still unperfected machine translation
systems.

NATURAL LANGUAGE MODE L;
ING

Before a natural language can be pro-
cessed by a computer, it must first under-
go something catled language modeling
to remove the superficial complexities
that abound in l;nguistic exprassions,
accurately extracting and formalizing
only that intrinsic language data required
for computer processing.

There are currently a number of

¢ Lo i -4 114
Kono kusuri-wa itsi-ni
[this] [medicine] [on stomachache]

* [Lit. This medicine takes effect on stomachache immediatedy.]

kiku

kona

A, L.M : Semantic Roles (or Case Markers),

A Agentive, M : Modifier,

techniques being wsed in the model-
ing of natural languages, including phrase
structure models, network models, boo-
lean models and a variety of graphic
models." 2} For our purposes, here, how-
ever, we will limit our discussion to two
very fundamental techniques, the depend-
ency structure model (See Figure 1) and
the phrase structure model {See Figure 2).

Dependency structure modeling makes
it possible to build a very basic semantic
representation that labels the semantic
roles of the words in the source sentence
by classifying the dependency relations
that exist ameng them and by assigning
them case markers. Dependency struc-
ture modeting is indispensable for the
analysis
sentence sturctutes.”
modeling labels the syntactic roles of
words by determining the governor-
dependent relation, the head-compiement
relation or the mother-daugher relation.

and generation of Japanese
) Phrase structure

Phrase structure modeling is very effec-

+ M,

Sugu kiku
[immediasely] [take effect] (05}
(E'1)

L: Locative,

Figure 1. An Example for Dependency Structure Modeling
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» This medicine has an immediste effect on stomachache, (E1)

o [Lit. z0 M2

WED LicHiren BEBE HoTVa.] ¢y

Kono kusuri-wa itsi no ve-ni subaysi kikime-wo motte-ird,

SUBJ, PRED, OBJ, ADV : Syntactic Roles,
SUBJ : Subject, PRED: Predicate, OBJ: Object, ADV: Advesbial.

¥ !
/m\ 70‘0\
an immediate effect on stomachache.,

Figure 2. Example of Phrase Structure Model

tive for anslyzing and gensrating English
sentence structures. !

Two major questions of great interest,
not only with regards to the field of
machine translation, but for all fields
related to natural language processing,
are the extent to which semantic in-
formation should be incorporated in
the language model, and the degree
to which the {meaning)
of the source language sentence is related
to the model representation. Unfortu-
nately, the scope of this papetr does not
permit a discussion of these points. But
it should at [east be pointed out that

semantic network modeling,""} which is

semantics

once again being looked upon as an effec-
tive and practical approach to represent-
ing the semantic structures of source

language sentences, can be considered as
a variation or extension of dependency

structure modeling.
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MACHINE TRANSLATION vs.
HUMAN TRANSLATION

Most of the machine translation sys-
tems on the market todays’ i
ally "structure-bound’” systems. That is,
they are designed to translate source

sentences in strict adherence to the

are gener-

syntax structures of those sentences,
i.e, they perform literal, word-for-word
translations. The principal reasons for

this are as follows:

1} The machine transiation process is
controlled by structural information
extracted from the source language

{The term

formation here refers to syntactic

sentence structural in-
data, i.e. information concerning the
way words are put together to form
phrases, clauses and sentences.):

2) Therefore, all target sentences pro-



duced by machine translation systams

are literal transiations of source
sentences, and as such closely re-
semble the source sentences in terms
of wording and structure;

3) Machine translation systems are in-
capable of judging whether or not the
meanings of the target sentences
they produce accurately convey the
meanings of the source sentences

upon which they are based; and

4) Machine transiation technology is -

still unable to make adequate use of
information other than the linguistic
information contained in source sen-
terices 1o produce target sentences
that convey the full meaning of the
text, The non-linguistic
information referred to here consists
of data ccmcerning the situation
text, the
context within which a sentence or

original

surrounding the original

passage is used, plus commaon sense
factors and world knowledge possessed
by both the authors and readers alike,
i.e. information that can shed light on
the meaning of a sentence.

Figure 3 presents a simplified overview
of a typical Japanese to English translation
process, based on the dependency struc-
ture and phrase structure models dis-
cussed earlier.  This diagram clearly
indicates the strong control gver the lan-
guage transformation and generation
phases of the machine translation process
exerted by the structural information
obtained from the source sentence,

Another point brought out in this dia-
gram is the characteristic differences that

exist between predicate verbs in Japansse
and English. As you can see, the Japa-
nese verb “KIKU," which literally means
"to take effect,’ has been transformed
to the English verb "“to have,” the literal
Japanese translation of which is usually -
“MOTSU,” plus the noun *“‘effect,”
“KOKA™ in Japanese, which serves
as the object of the verb. This is a
typical example of a ‘structural idio-
syncratic gap’ (SIG) something present.
day commercial machine transiation
systems still find extremely difficult
to handla. This is because SIGs require
precise, formal rules before they can be
processed by a machine translation sys-
tem, and formulating the universal gram-
matical rules needed to manipulate these
S1Gs correctly is an exceedingly difficult
task. At present, S1Gs are being dealt
with to a certain degree by heuristic {trial
and error) rules put together based on
experience obtained via in-depth analysis
of the two languages. But appropriate
heuristic rules are not easy to come by,
and therefore are not always available
when the system needs them.

Compared to machine translation,
human translation, i.e. the translation of
a source language to a target language by
a human translator, is essentially semantic
oriented, that is, it places much more em-
phasis on comprehending the meaning of
the source language and preserving that
meaning in the target language. Of course,
human translators also must be concerned
with sentence structure (syntax}, and
have difficulty understanding source lan-
guage sentences that feature structural

abnormalities. But while there is no
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Source Sentence:

3): oo ER wHC TC M,
Kono kusuriwa itsé-ni sugu kiku.

uAnalysis

. Model Representation:
kiku (TNS: PRESENT, ....., SEM: KK, )
{take effect]
_ A L
kusuri (..., SEM: KS, ...} itsd (....) sugt (.....)
[medicine] [stormachache] {immediately]
“
kono
[this] Transformation ——{ Maybe some heuristic rule,
HR {KK, XS, ....) suggests
the change in the predicate-
argument relation.
motst (...}
{have)
A L‘ O
kusuri (.....) itsd () koka (...}
fmedicine] {stomachache] [effect]
o] M
kono sugu (...}
{this} [immediate]

ﬂ(}eﬂeration

Phrase Structure Formation:

Phrase Structure as in Figure 2,

Target Sentence:
(E1): This medicine has an immediate effect on stomachache,

Figure 3. Simplified Sketch of Machine Transtation Process
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doubt as to the vital role played by struc-
tural information derived from the source
sentence in the human understanding
process {at least in the initial stage of
that process}, in the final stage much
more emphasis is placed on semantics, on
grasping the rheaning of a sentence in
order to create adequate translations.
The rsasoning behind this statement can
be summed up as follows:

1} Human translators, uniike their ma-
chine counterparts, are capable of
understanding, and can therefore com-
prehend the meaning, both explicit
and implicit, of a source language sen-
tence, completely free of the restraints
inherent in the structure, wording and
phrasing of that source sentence;

2) Hurnan translatqrs are therefore capa-
ble of ‘creating’ a target language sen-
tence based on & ‘mental mode!’ or
‘image-like mental diagram’ they con-
struct in their minds predicated on
their understanding of the meaning
of the source language sentence (See
Figure 4}; _

3} And in his/her efforts to understand

the meaning of a source language sen-
tence, the human translator can also
rely on non-inguistic information
(sometimes referred to as  extra-
linguistic information} not contained
in that sentence, such as data concern-
ing the situation surrounding the
original text, the context within which
the sentence is used, and common
sense factors and world knowledge
which the author of the source sen-
tence and the translator share in

" common; and
4} Thus, the human translator is able to
overcome SIGs that occur between
the source and target language sentences

quite easily, even unconsciously.

We still have no idea whatsoever what
the mental model or image-like mental
diagram of a source language sentence
formed in the mind of a human translator
is, or how it is constructed. But a simple
experiment can be used to show that such,
a mental model must really exist.

For instance, if we were to show a
person the sample Japanese sentence (J1)
or English sentence {E1) given in Figures

Understanding )
Source Sentence(s) Something
like
Image Diagram
Creation t th
Target Sentence(s) s‘z::enc:(:;rﬁ:;(s

Figure 4. Human Translation Process

4
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3 and 4, and ask him/her to draw a dia-
gram using key words and relational
links to iltustrate what -hefshe under-
stands that sentence to mean, we might
wind up with a diagram such as that
shown in Figure 5 {apart from the slight
differences on linking topology and key
words). Conversely, if we were to ask
a different person to look at the dia-
gram in Figure 5, and then based on
his/her understanding of that diagram,
to render that meaning into either Japa-
nese or English, we might end up with
sentences such as J1 or E1, or perhaps
like J2 or E2, shown below (apart from
the delicate differences on determiner,
tense, aspect and mood). For example,
£'1 is a literal translation of J1 (See
Figure 1) and J'1 is a literal translation of
E1 (See Figure 2). Also, the pairs *J1 and
E1‘ in Figures 1 and 2, respectively, and
*J2 and E2’ shown below, are free trans-
lations of each other.

To get back to the point of this exam-
ple, for a person (read human translator}
who is capable of constructing a mental
model or diagram like the one shown in
Figure 5 in his/her mind based on an
understanding of the meaning of a sen-
tence, it is no problem whatsoever for

him/her to create free translations of that
source sentence, translations that deftly
manipulate any SIGs that might exist
between the source language and target
language sentences.

Figure 6 illustrates the difference be-
tween machine translation and human
translation, which briefly put, is the
ability to grasp and understand the
meaning of a sentence. The human trans-
lator is capable of understanding the
meaning of a source sentence, and is there-
fore able to manipulate S1Gs quite easily;
commercial machine translation systems
on the market today do not possess these
capabilities.

DIAGNOSING SIGs

The best method we can think of for
analyzing concrete examples of SiGs
would be to construet and fix the seman-
tic information in a single, abstract,
universal semantic representation such as
a mental model/diagram, and then com-
posg sentence structures possible in a
variety of target languages based on this
fixed semantic information in order to
clarify the differences inherent in these
sentences by comparing them with one

LD -3 B HOMA T tha, (1)
Kono kusuri-wo nomu-to i-no-ttami-ga sugu tare-mu,
[this]  [medicine] {if (you) take] [stomachache] [soon]  [deprived]
= [Lit. If you take this medicine you will soon be deprived of a stomachache. | (E'2)
+ This medicine will soon cure you of the stomachache, ED
s {Lit, L@ Ex  BULE OFCE BEAS HOHEED *IH
Kono kusuri-wa anata-wo sugu-mi  itsi.kara  sukuu-dard.

[you]

{this] [medicine]

Japan Computar Quarterly
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{ Various Situations )

‘o
S ,{VariousAssociations}
e
~”
-
e
Sold at: pharmacy
{drugstore) Location e e ] :
Exst at: SIS -~ -— . .{.Vanous Expenel.-l.c.es}
Obtainable from: — : :
Y
> Dosage
b
™ Y
Action \v( T;kue 3 t_atll:‘:les . }
Indications Property ~ - oraly with waler.
i {(Help: digestion) l
Cure: stomachache very effective
{ quick remedy. |
indigestion
LouLause ) poisoning
overeating
intemperance
stress
' | overwork
: Symptom want of sleep
¥ .
poor appetite
pale look
heartburn
NAUSE3
sickness
belch
wind
— [nformation ditectly obtained from a source sentence.
---= Information obrained from outside of a source sentence;
{including common sense, world knowledge, and 30 on);
Source Sentence:
g1}y v ¥ B +¢ e,
Kono kusuri-wa  itsu-ni sugy kiku.

{this] [medicine] {stomachache| {immediately] {take effect]
[Lit.{E'L} : This medicine takes effect on stomachache immediately.].

Figure 5. Image Diagram for Sentence Understanding by Humans
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another. Unfortunately, at present we
have no way of representing the mental
in the heads of
human translators. Therefore, we have
devised the second best method to
analyzing S1Gs. This is the CTT method
mentioned earlier in this paper. '

An intuitive understanding of the CTT
method can be obtained from the follow-
ing CTT test procedure. However, space
does not permit a completa description of

models constructed

the analysis code system or S1G measure-
ment methods used with CTT.

CTT involves the following steps:
1) Select or preduce a sample sentence

correctly written in one language
{for example, in English) and label
itE; .

2) Select or produce a free translation
of sample sentence E in the other
language {for example, in Japanese},
and label this translation J;

3} Finally produce a literal translation
of E in the same language as J and
label it J', and produce a literal trans-
fation of J in the same language as E
and iabel it E'.

The term free translation as used here
refers to translations that correctly con-
vey the meaning of the source sentence,

LT=MT

CM: Computational Modeling

Structure Analysis

by

IM: Image Diagram

Meaning Understanding

by

LT: Literal Translation,
MT: Machine Transiation,
FT: Free Translation,
HT: Human Translation,

SIG: Structural idiosyncratic Gap

*1 o Itisvery difficult for MT (=LT) to take this root because of the gap G.

**:  Mediocre HT often drifts into this root:

J.  Source Language Sentence,
E:  Target Language Sentence,
E':  (Awkward) Literal Translation.

Figure 6. Machine Translation, Human Translation and Structural ldiosyncratic Gap
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while the term literal transtation refers to
translations that preserve the wording,
phrasing and syntactic structure of the
source sentence. For our purposes here,
we can assure that machine translation
is almost equivalent to literal translation;
and human transiation is almost equiva-
lent to free translation. In other words,
the term literal transiation can be used to
represent the "“competence’’ or capabilities
of the structure-bound commercial ma-
chine translation systems on the market
today, while the term free translation can
be assumed to represent the semantics-
oriented translation capabilities of human
translators.

This being the case, the SIGs that exist
between English and Japanese sentences
that possess the iarne meaning can be
measured, For example, the English and

Japanese sentences selected or produced
for a CTT test (E, E’, J and J’) can be
used to express SIGs as shown in Figure
7, where |E — =G, |J=J1=GandIE
—E't=6G.

Although space does not permit a
complete description of CTT here,
the intuitive meaning of the CTT is
inspecting and analyzing the S5IGs by
means of comparing the four sets of
sentences (E, J’, J, E} as is indicated in
Figure 7,

The utitity of CTT does not reside
simply in accurately measuring the struc-
tural'gaps that appear between source
and target sentences at translation time.
Rather, the results of CTT can be used
to derive clues to the formulation of
heuristic rules for dealing with these gaps
whenever they crop up. CTT results can

LT 3y
et S - T g
£p
SIG 5 SIG
_____ Y __ g LT ) G R

SIG: Structural Idiosyncratic Gap
LT: Literal Translation
FT: Free Translation
E,E’: Sentences Written in English
J, I Sentences Written in Japanese
In this paper, we have assumed that:
LT =MT and FT = HT,
where, MT: Machine Translation, and HT: Human Translation.

Figure 7. Hlustrative Definition of ldiosyncratic Gap
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also be used to devise andfor select
metalinguistic methods aimed at reducing
SiGs, such as sublanguages,® controlled
!anguageg} and normalized Ianguage.m‘

The remainder of this section is devoted
to analyzing a few actual examples of
SiGs using CTT.

The Japanese sentence above marked
{J3) is the opening sentence in a famous
novel, titled ““Yukiguni,” written by one
of Japan's literary greats, Yasunari
Kawabata, (E3]} is the English rendering
of that sentence produced by Edward G.
Seidenstickar in his equally famous trans-
lation of that novel, “Snow Country”,
This example was selected because ot the
major S51Gs that exist between the Japa-
nese and English sentences.

The first, and most obvious SIG is the
lack of a subject in the original Japanese
sentence:

...... nukeru-to

>1-ga
[Subject] [Object] [Predicate + Conjunction]
B2-wa
[Subject] {Complement]

de-atta.
{Predicate]

yuki-guni

Where @ is the empty mark denoting
the omitted term, (J3) is a poetic and
Iyrical Japanese sentence. But it is also
guite common in ordinary Japanese

to omit the subject of a sentence when

that subject is “understoed,” i.e, when
the writer or speaker feels reasonably
certain that the reader or listener will
understand what he is writing/speaking
about from the context. The omission of
the subject in Japanese is considered to
give the sentence a certain lyric appeal, to
make it postic and concise in nature.
This device is so common in Japanese
that it is even used quite frequently in
technical papers andfor business reports.
And the Japangse people are so accus-
tomed to not using subjects in their
sentences, that they don‘t feel the least
unnaturaf with this type of construction,
and their understanding of the meaning
of such sentences isn’t impaired in the
least. This is 2 major idiosyncracy of the
Japanese language.

However, in English, the subject of the
sentence must be clearly stated. There-
fore, in his translation (E3) of the original
{J3) sentence, Seidensticker supplied the
missing subject, “'train {=RESSHA),” the
$1 of the predicate “NUKERU (='pass
through’ or ‘come out’},” based on his
understanding of the situation surround-
ing the sentence (J3}, But then, 10
preserve the simplicity and lyric appeal
of the original Japanese as much as possi-
ble, Seidensticker chose not to provide a

* o 1N bR &t g i< THn1, (J3)
Kokkydno  nagai  tonneru-wo  nukeru-to yukiguni de-atta.
[of border) [long) [tunned] [after passing through] [snow country]  [was]
¢ (Lit, After passing through the long border tunnel, it was the snow country.] +E'3}
e The train came out of the long tunnel into the snow country. (E3)
* [Lit. #®mu f1N bk anT 2Rz [: EA {J'3)
Ressha-wa nagai tonneru-wo nuke-{e yuki-guni-ni de-ta.
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subject $2 for the Sécond predicate
*YUKI-GUNI DE-ATTA {=was the snow
country}),”. instead opting to use the
locative adverbial phrase
country” as a goal of the first predicate
“NUKERU.” Thus, while the poetic
style of the original sentence written
by Kawabata was rendered into some-
what more ordinary English prose by

“into snow

Seidensticker, the translation stil! managed
to preserve a good deal of the original
simplicity.

But what kind of mental model/dia-
gram did Seidensticker form in his mind
based on his understanding of the mean-
ing of the source sentence? Although any
number of explanations are possible,
without going into too much detail, the
following sentence can be given as an
example of how he might have filled in
the blanks {the misding subjects ®1 and
2 of the sentence {J3)} in his head prior
to translating the sentence,

Ressha-ga kokkyo-no nagai tonneru-wo

[train} &1

nukeru-to ressha-ni_notte-iry watashi-
[what | encountered was]

no_{=of Shimamura) me-ni tobikonde-
kita mono-wa yukiguni de-atta.

o2
+ One thing is
{hitotsu-pno) {koto) {de-aru)
* [Lit. —0 L $.H [ $28
Hitotsu-no  koto-ga  tashika
* HEdy i -3
Tashika-na koto-ga hitotsu
{certain) [ thing] [one]
® [Lit. A certain thing exists
[tashika-na] fkoto} [am)

This kind of Japanese sentence is much
too verbose, 1o wordy, and is therefore
unnatural. It completely lacks a sense of
'literary appeal. The omission of sub-
jects from Japanese sentences is an idio-
syncracy that is firmly rooted in our
history and culture, and as such, is not
likely to change in the near future. But
if we try to omit subjects from English
sentences in the same way, then we wind
up with very awkward, il-formed and
hard to wunderstand sentences which
exhibit extremely large SIGs.

A literal translation of the source sen-
tence {J3}, such as that given as {E’3), is
totally unacceptable.
{E‘3) preserves the structure of the origi-

This is because

nal, and only provides the subject “it.”
This usage of “it"” is unacceptable because
it can be interpreted to mean that “it
became the snow country, only after the
train passed through the long border

in fact it had always
1)

tunnel,” when

been snow couniry, Therefore,
a machine translation of (J3) would
mast likely result in a sentence similar to
(E3),

acceptable for its inability to overcome

and would be considered un-

the major SIG present in this sentence.

certain. (E4)
{tashika-na}
THBe | #(1'4)
de-aru.
b {J4)
aru.
[exist)
by one] #(E'4)
[ hitotsu-dake)
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* What a great artist dies with me ! (E5)
[nanto=iu ] [idai-na] [geijutsuka) [shinu] {to-tomoni] [watashi]

» [Li @3 mxn T Hriite X @ KBS, HI'S)
Nante-iu  idaina geijutsuke-gg  watashi-to-tomoni shinu no-dard-ka.

* i B @evd BAE EBNEN —A colths £324ik BBOEB3M, (J5)

Watashi-ga shine-ba nanto-iu idai-na gejjutsuka-ga hitori konoyo-kara saru koto-ni naru-no-dard-ka.
(1] [if die] {what] [great] [artist] [one) [from this world]|[that will imply)
| [disappear}
e [Lit. ¥ 1 died, it would imply that one great artist (E'5)
[Moshi] [shinu] {koto-naru-dard] [idaina]
{ watashi] [hitori-no]

disappeared from this world. |
[saru) [konoyo-kara]
[geiiutsukal

construction by any means.

The human translation of English sen-
tence (EB} into the Japanese sentence
identified as {J5) obviously made use of
knowledge concerning the situation, in-
formation not directly perceivable from
Otherwise,
the prepositional phrase “with me”

Let us just look at a couple more ex-
amples of major §5)Gs that exist between
Japanese and English.m

In the above exampile, a human trans-
lation of the English sentence {E4)} is
shown as Japanese sentence {J4}). In this
translation, the adjective “certain’’ in the the linguistic data available.

original sentence has been changed from

a predicative {TASHIKA DE-ARU) to an
attributive (TASHIKA-NA KOTO-GA).
This is another example of a SIG that
machine translation systems find very
difficuit to handle. The literal transtation
shown as (J'4), while understandable, is
unnatural. Therefore this machine trans-
lation cannot be considered successful,
Similarly, the machine translation of
{J4) back intc English {E‘d) might be
capable of being understood by some
readers, but it is not a natural English

would most likely have been translated
as  “WATASHI-TO-TOMO-NI,” which
would indicate that more than one person
is dying; or rather, 'l (=the speaker}’
and ‘the great artist’ are going to commit
a double suicide. Since a machine transia-
tion system is not capable of drawing on
this type of situational knowledge, i.e. the
speaker and the great artist are one in the
same person, it would produce a literal
translation such as {J'8), and would there-
by distort the meaning of the source

{(NOTE}

The symbofs “#", "# and "“+" which appear to the left of the sample sentence identifiers

possess the following meanings:

*: Ungrammatical sentence that cannot be understood;
#: A littte unnatural, but grammatically accurate, and therefore capable of being understood

with some effort;

+: No grammatical errors, and therefore understandable, but does not preserve the meaning of

the original sentence; and

No symbol: Grammatically and semantically accurate and understandable,

Japan Computer Quarterly
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* He may have saved the
repeat
[hanpuku] | jikké ]  [nol

people in Chicago  in 1979.
[hito-bito] [Chicago-de] [1979 nen-ni)

e Lit @ik €0 R, 1579564

TAVAY MED DC-100 %ED

#WBLE LA,
kyijo-shi-ta kamo-shirenai.

shick-T O Wi, ES

EZWHD £EMD

= Lit. It may safely be said that, by this,
[to-ie-you]

tragic repetition of

flight
[kare) [kamo-shire-nail [ kyiljo-shi-ta] [sono} [teikibin) (kara] [higeki-teki]
performance of the American Airlines DC-10 ¢rash that  killed

wh AT
Karewa sono teiki-bin-wo, 1972 nen-ni Chicago-de 275 nin-no  hito-bito-wo koroshi-ta
ity
American-KokG-no DC-10-no tsuirsku-no higeki-teki hanpuku-no jlkké-kara

275%% MLk
kore-ni-yotte kono ki-wa, shisha 275 mei-wo dashi-ta 1979 nen-no Chicago-klikd-de-no
—omE BERRE I kS,

tsuiraku-jiko-no higekirno ni-no-maiwo sake-eta-to ie-yd.

this.airplane
[kore-ni-yotte] [kono hikouki] [sake-eta] {karal
¢rash

from atragic

275

r (E6
(tsuirku) (koroshi-ta) [275 nin-nel (E6)

27540 Axk ;L

:21 (o) ¥iFted - #5(1°6)

1979 D v IBETD

(36}

could escapelrom

accident of American Airlines HEB)

fhigeki-teki] [hanpuku, ni-no-mail [no} [esuiraku] [jiko} {nol

DC-10 in Chicago Airport in [979
[Chicago-Kikd-de-no)
*

sentence.

Mot all SIGs lead to improper machine
translations, however. The above source
and target sentences are good examples
of cases where a machine translation
system, although incapable of process-
ing the S!Gs, has produced an acceptable
sentence

translation of the original

(E6) by ignoring them. The sample
sentence (E6) was taken from an article
in the January 18, 1982 edition of News-
week,™ and the free {human transiation
(J8} was lifted from an English-language
textbook used in Japan.'® (J'6) is the
literal translation of {EB) and thus is the
most conceivable output of the machine
translation.

Although (J'8) is translated in very
faltering Japanese, it adequately conveys
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that produced 275 dead persons.
{ 1979 nen-nil {dashi-ta]

[shisha]

the meaning of the original English sen-
tence. if the machine translation system
had been capable of anlyzing the function
of the model auxiliary verb “may have”
more accurately, the final translation of
the source sentence might have ended
"Kyhjo-shita-to itte-yoi de-ard” instead
“kyQjo-shita the
former being the better transiation,

In the case of (J'6}, the machine trans-
lation systern did a good job rendering
the word “crash” in {EB} as "TSUIRAKU
[a sudden fall]l in sentence {J'6}, selecting
the correct translation for a word that has
multiple meanings. More often than not,

of kamo-shirenai,”

however, a machine translation system
will fail to come up with the correct word
when it has more than one meaning to
choose from. This is because the machine

Japan Computer Quarterly



translation system is not able to deduce
the correct meaning from the context of
the sentence andfor by making a judge-

ment based on its understanding of the
situation involved.

According. to a widely-used and re-
spected English-language dictionary,ﬁ}
*crash” has at least three different mean-
ings in Japanese, all three of which could
be applicable in the case of (E6). The
meanings given are:

1) “SHOTOTSU" [= the violent striking
of one solid object against another] ;

2) “DAI-ONKYO" [= a sudden loud
noise] ; and

3} “TSUIRAKU”  [= the sudden, ac-

cidental fall of an aeroplane] .

As you can sge, even if we limit our-
selves ta the field of aeronautics, any one
of these three translations of “crash” is
The fact that this one
English word, “crash,” represents "one”

still possible.

concept that has at least three Japanese
translations, can be said to be a kind of
idiosyncrasy of the English language (as
far as that language is related to Japanese).

The literal translation {E'6) is another
example of where the machine transiation
system used some pretty awful expres-
such as ‘“‘produced 275 dead
persons,”” but nevertheless did an accept-
able translation,

To get a better idea of where the SIG
ties between the source sentence (E6} and
the free translation {J6), let us break the
wo down into their kernel sentences

sions,

and label them using case markers.

{EB): Agentive + Predicate-Head
+ QObjective + Locative

Japan Computer Quartecly
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{J6) : Instrumental + Agentive + Qbjec-

tive + Predicate -Head

The above two case patterns indicate
that the agentives denote a different
entity in the two sentences. In (E6} the
agentive is “he” {“KARE”}, whereas in
{JB} it is “KONOQ K1 ([“this airplane’).
Thus we can say that there are many
SiGs which are more complicated than
simple word-ordering differences. {n {J6}
the case marker “Instrumental” denotes
the phrase "KGQRE-NI-YOTTE” in Japa-
nese (which means “by this’” in English}),
Since this expression is not found in the
original source sentence {E6), it must
have been introduced by the translator as
a result of his or her understanding of the
situation surrounding the contents of
the sentence.

The point we are trying to make
clear so far with the examples is that
even SIG-neglecting machine translation
can generate target sentences that convey
the correct meaning of source sentences,
when the latter are writien using simple,
logical structures.

CONCLUSIONS

This paper has dealt with the limita-
tions and potentials of machine trans-
lation from the standpgint of the 51Gs
that exist between Japanese and English,
The commercial machine translation sys-
terns currently on the market are inept at
handiing SIGs since they are stil not
capable of understanding the meaning of
sentences like human translators can, and
are thus bound by the syntactic struc-
tures of the source sentences they trans



late. This was pointed out by applying
the Cross Translation Test (CTT) to
several sample sentences, to bring the
performance limitations of structure-
bound machine translation into sharp
relief. But the CTT applications also
showed that if the -source language
sentence is simple, logical and containg
few ambiguities, today's S{G-neglecting
machine translation systems are capable
of generating acceptable target sen-
tences, sentences that preserve the mean-
ing of the original (source] sentences
and can be understood,

However, source sentences are not al-
ways simple, logical and unambiguous.
Therefore, to improve the performance
of machine translation systems it will be
necessary to develop technology and
techniques aimed & rewriting source
sentences prior to inputting them into
systems, and at formalizing {narmalizing}
and controlling source sentente prepa-
ration. One move in this direction in
recent years has had to do with the
spurce language itself. Research has been
steadily advancing in the area of sub-
language theory. Sublanguages are mors
reguiated and controlled than everyday
human languages, and therefore make it
easier to create simple, logical sentences
that are relatively free of ambiguities.
Some examples of sublanguages current-
ly under study are controiled language
and normalized tanguage. '®

The aim of these sublanguage theories
is to assign certain rules and restrictions
to the everyday human fanguages we use
to transmit and explain information,
improving the accuracy of parsing ope-
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rations necessary for machine pr'ocess-
ing, and enhancing human understanding.
Some examples of the linguistic rules and
restrictions envisioned by sublanguage
theory are ruies governing the creation of
lexicons, rules governing the use of func-
tion words related to the logical construc-
tion of sentences and rules for the expres-
sion of sentential dependency patterns.
Quite naturally, there are many people
who exhibit an almost allergic reaction
to the mere mention of ideas aimed at
“assigning restrictions to everyday human

languages.””  Nevertheless, in speciaity

fields such as medicing, pharmacology,

military and computer appfications,m

this assignment of restrictions and rules
to the everyday languages used in these
fields has already resulted in a number of
sublanguages that are being used daily
by experts in these fields to communicate
with one another., These sublanguages
arg full-fledged languages in both the
lexical and semantic, as the
discourse sense of the word, and have

as wel

enabled specialists in these fields to
exchapge information with one another
more accurately and economically than
was possible before these sublanguages
were developed.
those people still “allergic” to the devel-

It may be time for

opment of such sublanguages to re-
consider the issue in light of current
realities.

This paper is a revised version of
ong presented by the author at the
{nternational Symposium of Machine
Transiation, 1986, held at the Keidanren
Kaikan Hall in Tokyo on October 14,

1985 under the co-sponsorship of
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