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This paper describes the current status of a ma-
chine translation project that aims to develop
Japanese-to-English and English-to-Japanese trans-
lation systems for abstracts of scientific and techni-
cal articles. The paper describes the development of
Japanse-to-English translation systems, and dis-
cusses methodologies for evaluating translation re-
sults. Particular emphasis is placed on technigues
necessary for translation between Japanese and En-
glish — languages having fundamemtally different
Structures.
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L. Qutline of the Project

The Mu project intends to develop a Japanese-
to-English translation system for abstracts of sci-
entific and technical papers written in Japanese,
primarily those published by Japan Information
Center for Science and Technology (JICST). An
English-to-Japanese system will translate abstracts
published by INSPEC *,

About two and a half years have elapsed (as of
the fall, 1984) since the inauguration of the pro-
ject, The first prototype of the Japanese-to-Eng-
lish system has been completed and is currently
being imnproved. The system has the following
features:

(i) Based on a transfer scheme which performs
translation through three steps: analysis,
transfer, and generation. This approach per-
mits the system to be used for multilingual
translation, makes it easier to locate the causes
of translation errors, -and facilitates system
deveiopment by dividing the whole translation
process into three conceptually different
phases.

(2) A programming language called GRADE was
specially designed for grammar rule specifica-
tion, in which (human) grammar writers can
specify arbitrary tree-to-tree transformation
rules. Each node of a tree can be annotated
with any number of semantic features and
other information. The same programming
language is used to specify the three phases of
translation — analysis, transfer and generation.

(3) In GRADE, the grammar is organized in the
form of sub-grammar networks which break
grammatical rules into a number of packages
for application. This speeds up analysis, al-
lows several researchers to develop grammati-

* INSPEC is a document database which covers fields such
as physics, electrical engineering, electronics, computers &
control, and is published by the Instilute of Electrical
Engineers in Greal Britain.
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cal rules in parallel, and helps uncover the
causes of translation errors,

(4), Grammatical rules specific to individual words
can be written in dictionaries. This assists in
dealing with linguistic phenomena that are
dependent on specific lexical items.

{5) Even if an input sentence contains unknown
words, the system can produce partial transla-
tions. Unknown words in the source language
appear directly (i.e., untranslated) in the trans-
lated sentence, this approach significantly out-
performs methods that reject sentences with
unknown words.

2, Analysis of Japanese Sentences

An essential requirement for machine transla-
tion systems is the ability to handle as many
linguistic phenomena as possible. Systems should
be evaluated as to whether they satisfy this de-
mand. To this end, our systerns use the various
techniques described below.

2.1. Overview of the Analysis Process

The Japanese analysis process receives the re-
sults of the morphological analysis, determines the
phrase structure of an input sentence, and comn-
verts the structure into a dependency structure
which expresses the semantic relationships among
the words in the sentence. Our analysis grammar
has the following features:

(1) Instead of outputting all possible interpreta-
tions, it provides a single interpretation which
seems most appropriate both syntactically and
semantically. When local ambiguity exists, the
grammar tries several times to analyze that por-
tion, compares the results of the analyses to find
the one seemingly best for that stage, and pro-
ceeds with the subsequent stage of analysis.

(2) Rules specific to individual words can be
stored in the lexical entry of a dictionary as lexical
rules. This allows the grammar to handle word-
specific phenomena without the necessity of sig-
nificantly modifying the entire grammar system.

(3} The current grammar is domain-specific,
iL.e., it has been specifically developed to translate
abstracts of scientific and technical papers pub-
lished by JICST. This grammar is highly modular,
consisting of several subgrammars, each of which

handles a particular linguistic phenomenon. This
configuration permits the grammar to be applied
to a new field only by adding a subgrammar
related to that field.

2.2, Anglysis: Flow

The processing flow in the analysis process is
shown in Fig. 1.

2.3. Examples of Japanese Analysis

(1) Disambiguation of words that can be assigned
to multiple parts-of-speech categories. Words inter-
preted as belenging to multiple parts-of-speech
categories appear in Japanese sentences, although
their frequency is lower than in English. For ex-
ample, the word “ T {de)” can be interpreted as
either the renyo-form of the auxiliary verb * /&
(da)” or as postpositional case particle, Also, the
renyo-form of some adjectives and adverbs are
identical to certain words belonging to different
parts-of-speech categories. These words are disam-
biguated in the first stage of the analysis.

P ZDOFEIR. Bellman OBE,F SH VLD
T, BATEABROBATE 5,
This method is one derived from theories of R.
Bellman, and this method is an application of
geometric diffraction theories.

P RS, 2RAF-FEHE#E AT LZ20TD
BEkr@ET5 2 2H»E T, New England B35
EHOFEET T 5,

As for this theory, aims are to report current
conditions about energy management and control
systems, and this theory has given examples of
New England Telephone Company.

P AEBRRGRT, WES V5T ~A ) LB,

Ty ¥R,
Measurement interfaces, relays and printers
are equipped by computer control types.

P ORI LT HOBET, MoK LER
T&5,
This circuit can also be connected with other
computers by slight correction.
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Fig. 1. Processing Flow in the Analysis Process,
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P tosETEERABYEEL TERETHT
E, ~KLHEALY ZRTOBSCRERICHIRTE
5,

It can be separated by designating directions of
propagation by this method, and first-order equa-
tions can be easily expanded to multidimensional
cases.

» Hg, I, Na, Sc, Sc*, Scl» 6D HERERHD
ERFAGRELER L BRrSB2BLURE
Sz E I,

Net radiation coefficients of the self-absorp-
tion radiation from Hg, the I, Na, Sc¢, Sc*and Sc¢l
are derived from experiments and theories indi-
vidually and comprehensively.

P YT RROEMESE EL, #ERMEr Y E
(e l), BIROHEFBIMA BRI L~ 72,

The integration of the printed wiring is improv-

ed, the conductor spacing becomes narrow, and

the insulation resistance of substrates becomes

important.
P RE S AR EREAEC & » Tl

It is also confirmed that the specific viscosity in
interfaces can be decreased by the variation of
initial temperatures.

(2) Determination of the scope of sentences en-
ding with ‘renyo’ form verbs. Abstracts of scientific
and technical papers in Japanese inctude many
sentences terminating in renyo-form verbs, which
indicate that the sentence is related to the subse-
quent sentence. The analysis stage determines the
scope of sentence connection by referring to the
semantic category of the preciates (intensional,
extensional, descriptive verb, etc.),

P HEBTEIRD s — L BE R T, BEOTFER
PLEMFTHOEIELHE TS > A F LB,
The systems are studied which carry out the
pattern design of substrates by computers, and
control each process from arrangements of parts
up to products,

P AHEBTRIED I — LB EITY, BREOFE
oMM ETOEIRIZIG 2 2R 8HE,

The pattern design of substrates is carried out
by computers, and effects on each process from
arrangements of parts up to products are studied.

P THRAREEROER v r— P EIZODVWTER
B9, @AYy, BRI OV THE L, EBOLRH
FETHERL RN, AHEOHSEIZ>0THX
FAR

Subject packaging methods of power semicon-
ductors are studied about electrical and thermal-
mechanical properties, the performance in applica-
tion fields the practice is described, and advan-
tages of this method are described.

P N PEREFERBOTHELTE2OERS
WhiktmL, AHEHREEBR 5@+ 5IE0,
Each required quality level is shown by classi-
fving the printed wiring by use purposes, and the
points are enumerated which should be noticed in
respect of the quality control.

(3) Determination of the semantic relationships
antong senlences. A single postpostional particle
that connects two independent clauses indicates
several different semantic relationships between
the clauses; different relationships must be ex-
pressed by different conjunctiops like ‘because’ or
‘in order that’ in English ** Therefore, whether
the correct relationship can be established directly
affects the translation.

B EpEsWw, X ERT S, BAGEETHS,
Observations are difficult because the intensity
shows fluctuations.

P AMI L 2ERYDLEETTLD, BRI
Thh,
The control is difficult because # R by A R
shows fluctuations,

P oErEEIC L 2EROTEEM ST 20, KR

iCEEL .
JCEEH 4% was noticed in order to show the possi-
bility of & by computers.

** Note that the postpositional particle “NODE” can ex-
press two different relationships, which should be trans-
lated as either ‘because’ or ‘in order that’.
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P T UHICELARR, BEICL ARSI
~, AkAoER E OB YT,
Detectors by the current voltage formed in
capacitors are described, and effects and relation-
ships to human bodies are shown.

P hERESEZ CTERERENESH 2RI,
The surface current absolute value distribution
is shown by changing excitation conditions,

(4) Determination of the scope of noun phrases
 linked by conjunction. Abstracts of scientific and
technological paper contain a huge number of
conjuncted noun phrases. It is therefore crucial to
exactly determine the scope of the conjunction.
This can be done with considerable precision by
referring to the semantic categories of nouns, as
well as by referring to particular nouns and func-
tion words. ’

P RATLTH, MRTYE, V7 POLTIELY
WL oREoRELSREIZL), IEESLUERT
H¥ERNEO Y~ TOESHBEIL 12,

Rapid growth of new technology such as sys-
tems engineering, information engineering and
software engineering moved the emphasis of IEE and
electrical engineering education in all pattern.

P EREAERE, VEEFRSEE HERNCLZ
AT 28 FRBREEL L UBROHAE, B
CEBLBEHA L3, '

The regulation for permissible contact voltages
and currents by International Electrotechnical
Commission Soviet national regulation health
regulation to human bodies and major protection
systems are described.

P ittAEDRA v FFXE oo 2 (SCrAKO S
HNMFIEH 7T - h— 0 PHE LB EREN T
DT FRIGTBIENTED,

The output noise of almost all switched capaci-
tor (SC) circuits can be divided into two classes
of sample hold noise and broadband noise.

P EBP o SHEEBREOKREE X CEREGERIZ B
B KRS Ze A RRER,

State space analyses in time and frequency
domains of lnmped /distributed networks.

P DoMEEE L AT AFERICET (. REATHE
EREEICMY b 2ERR T Y5 A TH D CAD-
AMoflRE, £EYS, SHOEES, Fxa >
T—ia RO BHRLTT,

The utilization of the CADAM which is inter-
active design programs about the geometric con-
struction function, the productivity, the accuracy
of the design and improvement effects of the doc-
umentation quality based on this new design sys-
tem methodology are shown,

(5} Determination of embedded clause types. Em-
bedded clauses in Japanese do not always directly
correspond to relative clauses in English. For ex-
ample, such clauses must often be transiated using
infinitive phrases or that-clauses in apposition,
depending on the context. This requires the analy-
sis phase to correctly distinguish the semantic
relationship between an embedded clause and the
noun modified by that clause.

P <274 OB OWTOBREORB LR
ET 21 20KHEEFTT,
A method for measuring the utility about totals
of the benefit of buyers is shown.

P BB SN BRIERT AL 5 (H
MELRETLHELRET S,
Methods of generating high magnetic fields by
compressing the magnetic flux applied to the
initial stage are proposed.

» AEROBBERICAHT 2 ETEORFIZLY
£ 2EEEOWERIRE L o HRRORMERI:
L0 RMT,

Complex amplitudes of the surface waves form-
ed by the diffraction of the plane waves emitted
to dielectric plates in vacuums are found by
numerical solutions of integral equations.

P BREHOBRRICHITLRH LEBT~NEZ L IR
it
What should be considered in respect of the
)
{thatBi Tl2 % { whatBiilc % - Tvw 2 Z Li2FEH)
design in the selection of the adhesive is studied.
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(6) Interpretation of the meaning of the optional
cases * A Japanese postpositional case particle
represents various deep case relationships. There-
fore, it must be translated into different English
prepositions depending upon the relationship rep-
resented by the particle.

P E-BEEBD T 4 — 7 (3 RERERORFRTE
FERHFEIILIINETHLNI LEETAHMWD
RHBEIZEDCTBIRTNETHS L,

It is mentioned that parameters of phase-volt-
age circoits should be selected on the hasis of
design voltages of 43 3% & S i& Mwhich can be ob-
tained by the processing of measurement results
by mathematical statistical methods.

P EREBOHEBICLIVAT 7 I TRADET
NEFRTH S,
Models of the force are useful in layouts by
computers of electric circuits. -

P oL TREGHTERL TV 5 REHEEER
ATz oW T,
The numerically-controlled superhigh speed
drilling machines are explained which are active
mainly now in markets.

P EEE RS kA L —FIRIUEIZ W T OOl
DIRWHTRES 2, BiERERNHT,
Problems are solved by two handling methods
about laser absorption terms by the inverse damp-
ing radiation, and numerical sclutions are obtain-
ed.

P LSInFETT) >~ FEGER1I KL ) D BERE
AL, BELRBEOERIZL -,
Advances of LSI increase the integration of
printed circuit boards per one piece, and reliable
testing methods become important.

*** The case element which is strictly governed by a verb can
be translated appropriately by referring to the verb dict-
ionary. The verb dictionary contains the information on
how to instantiate the deep case relations using English
prepositions. Such case elements constitute the obligatory
case. On the other hand, other case clements are col-
located with almost all verbs, and their omission does not
yield ungrammatical sentences. Such case elements con-
stitute the “optional case”.

(7) Determination of the predicate linked by
“'td ” (Ha). A noun phrase followed by the post-
positional particle “}{3 ” (Ha) is connected to the
predicate most remotely located in the sentence.

P BT BB EFHH S~ b AL T Z
LR,
It is confirmed that the motion of charged
particles accompanies diffractive radiation bursts,

P REA Y~ TOERBRBEARA 7Y — > LB
BN EHEFL O L ETT,
It is shown that the propagation by amplitude
screens has the law common qualitatively with
phase screens.

P HENZ~Z P LHHOEBE TORBEOMBE
AwbZ L NAEETHE,
The adjustment of the spectrum output of the
discharge is possible by using the heating of the
discharge.

(8) Derermination of the syntactic structure of
noun phrase and semantic relationships between
words in them,

P FRIEE R L OWHERR LN, K
iz Schutz DI+ BH 52,
First, second law of thermodynamics and the
physical interpretation are described, and Schutz’
s theory is explained next.

> mEXNLFRENTIFA VBT E S XA LE
Gk,
The analysis of accelerated charged fields to
bradyonic and tachyonic parts.

P RENKTEHRO L F ) —~BROEREL Rk T
birhil, RFE—4 &7 7 X>iRBDOBEERL
ERL, Ehit 77 XeniRE, BME, SEEC
SL2MREZBFELI,

Interactions between particle beams and plas-
ma vibration were considered, and effects on
temperatures, ionization degrees and conductiv-
ity of the quasi-neutral plasma were studied in
order to solve the difficulty of streamer’s theories
of the spark breakdown of the gas.
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P #LERFOBRLoNLEBOIR SIS
i,
The cooling of heated cylinders in the still air
by coronas.

P NSinEBEFL—oBERCEELEMT S LA
15BN EEEIMRL, 6K 25 83K OBE RN
ERBOREHIHT,

If the oxygen is added during the electron beam
evaporation of the NbSi, the stability of A 15
phases will increase, and the generation of the
superconductive transfer from 6 K to 8.3 K incre-
ases,

(9) Handling of ‘fukw’ postpositional particles.

P REHTHESRLBEORETFFA B E
FxAVETEICHBL, BENVAHEHIZL-T
BEENR2£2FINX—2HFET LI L 2R,

Fields of the charges accelerated in vacuums
are decomposed with bradyonic and tachyonic
parts, and it is shown that the contribution is
made to the total energy which only the latter
release by charges.

P FHEBEEEOSK: JoEBNC I o T
FHET 2 BEICLBRTE S,
This method can also be applied to the cases in
which macromodels of integrated microcircuits
of wide areas are formed.

P EELA DT T2 ADES-OHR, F
FA AL BEOHR, BEREEEODHR, Nl
HE, Xr v 7EOMRL S OWTERE,

Effects of degrees of the imbalance of positive
and negative ions, effects of the mean positive ion
density, effects of polarity inversion voltages,
effects from the diffusion, effects of the gap lengt-
h, and so on are studied.

P IHEENERS AT ALDCTHANRS, (3¢
B S RN AR L X OBREIERIZ OV T
a8k & K.

Comparative tests are carried out about me-
chanical properties such as shearing strength,
peel strength and adhesion durability about three
types.of adhesion systems.

(10) Handling of special expressions, such as
parenthetical text. Abstracts often include, paren-
thetical text, algebraic expressions, units of mea-
sure, itemizations, etc. In practical MT systems,
we have 1o treat such ‘non-linguistic’ symbols as
parentheses, symbols in mathematical formulas,
etc. Parenthetical expressions for example, can be
used for different purposes such as additional
explanation, abbreviations, apposition, etc. Each
of these must be translated differently.

P EEFHFEBITC OISR FRLERA 7T
47wl R, BEZ 205/ 7TVv—%, VL
24 F)EBRL

Methods for analyzing and analysis sample
(lifting magnets, solenoid clutch ~brakes andsol-
enoid) are introduced about the subject analysis
of static magnetic field.

P EREHEEN - O FAF—ZBEL 2K
2 EEE L IR,
The concepts related to the energy of the
nonlinear time-varying n-port_: passivity and
fosslessness.

P4 BREHETCEZOFDO AR — 7 BEHIHAER
PERTES 74X b r~RBEERX(NEA
A 775y ANERN L MEHE, BRkED
FHEEE, ) TREAEME), REWHE (EERE,
HERTE, AA—27H0 Lk BEDHER).

4) snake thermal behavior calculation formulas
of OF can be applied to the thermal behavior
design: wire shielding layer transmission loss (the-
oretical formulas, measured values, calculation
methods and eddy current loss) and thermal be-
havior characteristic (basic study, wire extension
techniques, snake catching techniques and thermal
behavior tests).

3. Japanese-to-English Transfer Process
3.1, Overview of Transfer

The Japanese analysis described above pro-
duces a dependency structure which represents the

semantic relationship between the words in an
input Japanese sentence. The transfer process uses
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the dependency structure to construct its English
equivalent, The transfer process performs the fol-
lowing tasks:

" (1) An appropriate English equivaleni of a
Japanese word by examining the syntactic and
semantic environments in which the word is used.
For verbs, for example, word selection is con-
ducted by referring to semantic information (e..g,
a noun of a particular semantic category is filled
in a certain specific case slot of the verb.) and
idiomatic information {e.g., the verb is collocated
with a specific noun.) Such information is stored
in dictionaries for the Japanese-to-English conver-
sion.

(2) For a pair of languages, such as Japanese
and English, each belonging to quite different
language family, translated sentences often appear
to be odd, unless the syntactic structures of input
sentences are substantially transformed. The
transfer process includes such structural transfor-
mation, depending on the language pair involved.

The transfer process must be redesigned for
each new language pair. This requires the system
to be as modular as possible so that it can be
expanded in the future inte a multilingual version.

3.2. Transfer Flow

The transfer process is outlined in Fig. 2. As
the figure illustrates, transfer takes place in three
stages.

(1) Pre-transfer loop. If a sentence structure is
unigue to Japanese and thus has no direct English
equivalent, the pretransfer converts it to a more
neutral one.

(Ex.“ (X be many)

- »{Many Xs exist or There

are many Xs)

Dependency structure
of Japanese

%

: Pre*'frary_éfa‘ foop

Dependency structure
of English

transfer -

Fig. 2. The Transfer Process.

(2) Transfer. This stage performs word selection
and local structural conversion accompanying such
selection as described step-by-step below, transfer
starts with the top node of the Japanese depend-
ency structure, and recursively activates conver-
sion of the lower nodes.

a. Input sentence: " A XV -4 DT 5 F &
Btk 28824 RBACL - TERT S
LEHTEE” (The burden on over-
worked plant operators can be reduced by in-
troducing a computer.) This sentence is
analyzed to have the following dependency

structure:

3N

T RiB (%) FHREREA (12K 9) T3

TIv L EE 2k B)

A —F (D)

b. Checking of collocation of predicate and case
elements. (This step handles idiomatic relation-
ships between predicates and nouns. It does
not apply to this example.)

¢. Dictionary look-up of thevpredicate. (This step
determines the appropriate English equivalent
for the predicate by referring to the semantic
categories of case elements linked to the predi-
cate.)

AGT OBJ

d. Conversion of obligatory cases

reduce reduce reduce reduce

AGT OBJ ? ; . 9

burden

plant plant
operation operation

|

operator operator

operator
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e. Conversion of the optional cases. (This step
handles not only the optional cases of noun
phrases, but also adverbs and subordinate
sentences used as case elements.)

reduce

AGT

introduction
of computer

can

When a case element in the sentence is mod-

ified by an embedded clause, the embedded

clause is converted into a corresponding En-
glish dependency structure by recursively cal-
ling the above steps.

{3) Post-transfer loop. English dependency
structure are modified to produce more English-
like expressions. (Ex.}* A 2 pigz 3¢ 3”7
(A is rotated.)

AG’l/mt')EBt{Je GOA roe
G AGT OBJ
? ? rotatff-(vi) g A

A

3.3. Examples of Transfer

(1) Translation based on collocation of predicate
and case elements. Translation between Japanese
and English must deal with the correspondences
between words occurring in pairs. Particularly,
ideas expressed by a paired noun and verb (or
adjective) in Japanese are often represented by a
single verb (or adjective) in English (e.g, “ &8
(influence) % 5 % (to give)” (to influence)). Such
phenomena can be dealt with by word-specific
rules, such lexical rules are stored in the transfer-
dictionary entry for each noun.

P KER 2 b > New England BESH Iz 5w
T, PA 7003 Ba—-F2xR—2b ¥
—EEHIE 2T AXBML, ALY —BiE{E
BT L B4 B4,

The cases are introduced in which the success
is made in the reduction of energy costs by equip-
ping the energy management and control systems

based on microcomputers in New England Tele-
phone Company of the United States Boston.

P omBRIAEL, SwHERL,
The comparigon is made with experiments, and
good coincidence is obtained.

(2) Translation of verbs (adjectives) with wide
ranges of usages. Japanese verbs such as “ 3 % ”
(suru) (to make, do, perform,...) “ /& © ” (naru
(to consist of, provide, ...) and ©« & 5 ” (miru)
(to look, regard, try, ...) have an extensive range
of usage, and therefore must be translated into
different English verbs depending on context. A
dedicated subgrammar provided for each of these
verbs is activated during the transfer to select the
appropriate translation by examining various
sources of information,

P oRBEEICEA S Y =% b - TR} SR
TALFED b,
Testing methods include in-circuit tests and
independent functional tests.

> EBEESBOOCEREELICRRSEPL,
WEHE LR P <t ERREEMOFXRBER» X
EnditBREY DD,

Characteristics are that electric fields concen-
trate on the back electrode because the dielectric
thickness is thin and the charging current between
the streamer on surface wire and the back electr-
ode is large.

P EROERGEEN TN L FEEP LTI 0%
W% LB <, HREBE, HRBLENT
WaH, KAF, NaReKAFnFRELEORA
hH5,

Above-mentioned substrates are inexpensive in
comparison with the ordinary printed circuit
boards and ceramic boards above 10 %, the
mechanical strength and the thermal conduction
are also excellent, and it has shortcomings such
as voids, Na and the existence of K ions.

P oEFEE LTI, P72 27 7K &SRB
HYN, FRENEER, KER, AREEHIIOVTH
B, HEH,

The transfer formation and the injection mold-

ing provide molding techniques, the comparison is
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respectively made about metal molds, molding
machines and molding conditions, and the expla-
nation is made.

(3) Transiation of ordinary verbs (adjectives).
Japanese verbs not handled by mles (1) and (2)
can be translated into their English equivalents by
referring to the semantic categories of nouns lin~
ked to the verbs as case elements (e.g., The
Japanese verb “ 4 U 3 » should be translated
into ‘to form’, ‘to occur’, ‘to produce’, ‘to hap-
pen’ eic., depending on the semantic categories of
nouns in the ‘OBJECT case slot.)

P 520N ERNERRLIZIUENRETEED
B L T, By tiReGE SR I LIz kY
fHRE % 88,

Lemmas are verified by showing specific consti-
tution methods about constitution methods of the
normal double orthogonal bases which include
given normal double orthogonal systems.

P FRUTLBIFEIERAY 2T LERURE
KEET — 7 OKE B & U RAER,
The radiation and convection models of the
vertical mercury arcs which contain the sodium
and the scandium iodide.

P oRELT T u—Fit, SBHEPOBERS
HOEMELTREIZHE (.
This strict approach results in accurate deter-
mination of the eddy current distribution in con-
ductive materials.

P Hg I, Na, Sc, Sc*, Scl # 5 0B SRS
EHRBESREFERLER» BRIl I UBSE
BYIZ BT,

Net radiation coefficients of the self-absorp-
tion radiation from Hg, the I, Na, Sc, Sc*, and
Scl, are derived from experiments and theories
individually and comprehensively.

(4) Modification of source language dependency
structures. The main flow of the transfer process
assumes that the dependency structure of Japanese
closely parallels that of English. Word selection is
recursively performed stating with the top node,
Therefore, when the dependency structure differs
between the two languages, the Japanese structure

should be modified in the pre-transfer loop. The
expression “ X i ~F s HHRPILH S ” (X
tends to do something) for example, is interpreted
by the Japanese analysis grammar as having “ &
%4 ™ as the main verb, “X” as the subject, etc. The
sentence is translated into English using the aux-
iliary-verb-like expression ‘tends to”.

P =TI I F TR TOEERESGHRD
LSISEEERNX—F 7 /uy—& b HEI
FBEZEETLR,

It is shown that packaging methods of ceramic
chip carriers tend to become the key technology
of LSI high-density packagings.

P FroErEEAr, WMXBHTXICEELEIENDE
L &5,
Then, aims are also to rearrange numbers per
storage units and the transportation unit.

P AR, TV P EBENERBL  F
ZreAl, RV~ FRRAZHIIEBE(T 2B
SITHAEZN TS,

The solder plating is used in order to improve
the soldering of the metal etching resist and part
leads of printed circuit boards.

(5) Handling of affixes. The major parts of
speech in Japanese, such as verb and noun, are
expressed by English words of similar parts of
speech, Affixes, such as “ B * (for), “ H1 ” (in),
and “ 21X ” (whole), and nouns of special nouns,
however, must be translated into words of various
parts of speech in English, such as prepositions,
determiners, reflective pronouns, and adjectives.
This requires that a number of rules be written in
advance for individual words.

p AEFOHABEECART L FRECRITIZL D
AL FEEANERIEN: FEEREERTH LMW
SHEROBEMRC LI RET.

Complex amplitudes and equivalent surface
current distribution of the surface waves formed
by the diffraction of the plane waves emitted to
dielectric plates in vacuums are found by numeri-
cal solutions of integral equations,

P 1981 SFE ORI AT RN,
The electrical technology for marine vessel in
1981,
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P RFLEREEGTET— V=2 2T 4,
ERERAERICEBLAHT M, $E/EHRL
METIZEHLHRL Y280,

The drilling and the outline machining and new
systems for manufacturing multilayer boards
which are important for the artwork systems
affecting the whole system and industrial substra-
tes are introduced.

(6} Conversion of auxiliary-verb-like expressions
into verbs. Auxiliary-verb-like expressions in
Japanese, such as “ Kk 9 & 3 % (10 attempt)
and “ #z35% ” (to want) are converted into En-
glish expressions using verbs.

P BEARGENRBELABRERFTETHAL LS
LT AMESH B,
There is movement to recently attempt to
analyze the crosstalk of the wired transmission
by the logarithmic normal distribution.

(7) Conversion of causative expressions into tran-
sitive verbs. The Japanese causative expresssion
“ & ¥ % ” (to make) of often used only to en-
able intransitive verbs to function as transitive
ones; when literally translated into English, the
expression is likely to be redundant. Such expres-
sions should be expressed simply using English
transitive verbs,

P EEnzey P EEEICTHRIC S ST
ME—BRAERMBTED,

The particle energy loss by the radiation can be

continuously controlled by rotating coupled slots.

b kERELE LSBT 2 DVATY
7, '
The laser microsoldering improving the pro-
ductivity, ‘

P o ARKTFLAES S LIS, KFE
HETLEROVBELREL oo, ZMER L ER
BET 2 HEEREL, BREZwFHELTVS
B R REMOER 2 AIE,

Methods of performing the direct measurment
while eliminating effects of the charges attached
to elements by rotating Pockels elements are

proposed, and electric fields between the double

curved needle flat plate electrode between which
DC positive coronas have been formed are meas-
ured space field.

4. English Generation Process
4.1, Overview of the Generation Process

The generation process converts an English de-
pendency structure passed by the transfer stape
into an English phrase structure expression. To
produce grammatically correct English sentences,
information about grammatical number is added
to the expression, tense/aspect/modal expres-
sions with auxiliary verbs are generated, concord
processing (i.e., number agreement of subject and
verb) is performed, and verb tense are adjusted.
When necessary, the generation process also re-
fines the style of the sentence using ‘It-that’,
‘There’, and other structures to make it easier to
understand.

4.2. Generation Flow

Generation is accomplished in three stages.

(1) Pre-generation. This stage performs any
structural transformations that can be done before
English generation.

(2) Generation. In this stage, dependency struc-
tures are converted into phrase structures. Genera-
tion subgrammars are applied recursively to the
dependency structure, from the top node down to
all the lower nodes. The processing flow is briefly
described below.

a. Generation of delimiters

b. Dictionary consultation

¢. Generates the obligatory cases and determines
their positions in the phrase structure

d. Generates the optimal cases and determines
their positions in the phrase structure

e. Deletes the delimiter and generates an S-node.

Performs passivization or uses a substitution

verb, *

g. Handles verb phrases

-

*1% 1T L 72 (1o execute). if we cannot find both the
agent and the object of this verb in the sentence, we
generate an English sentence such as “execution was
performed.” In this sentence, the predicate “ to execote” is
nominalized and the substitution verb (1o perform} is
insented,
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(3} Post-generation. English sentences generated
by the preceding stages have a passable English
* structure but may sometimes be extremely hard to
read. The post-generation stage therefore, converts
the sentence into more readable English by apply-
ing the following rules:
Introduction of expletives, ‘it" and *there’.
. Reduction of cenjuncted noun phrases **
Determination of number
. Determination of person
Adjustment of comparative, tense, etc.
Pre-transformation of prepositional phrases
Determination of articles
. Placement of a relative clause after the verb
Generation of adverbs to modify noun phrases
Deletion of dummy nodes
. Reduction of co-ordinate conjunctions of verbs

FTOM DM e AC TR

4.3. Sample of Generation Processing

(1) Transfer of case slots, such as instrumenis
and causes, t¢ the subject position. To produce
more readable English expressions, a phrase of the
tool or cause case should be moved to the subject
position. The result is a sentence with a non-living
thing,

b TR F—-s0E ABLEEOESTAH
shibAGHm L 22,
Advances in electrical measurement, dataproc-
essing_and automatic equipment increased the
number of automated ships.

P LSIDHETT) L FERERINLYOER
EhrAL, BMELKBEXERIZL -1,
Advances of LS] increase the integration of
printed circuit boards per one piece, and reliable
testing methods become important,

P2 FaTE BET¥ V7T TIEREHR
Ly dmiEicd N, TEELIUERT
FHEOE I — L TOHERIEHL 2,

Rapid growth of new technology such as sys-
tems engineering, information engineering and

** Direct translation of conjuncted Japanese NPs often leads
1o redundant expressions such as ‘development of A and
development of B’. Therefore, such expressions are re-
duced.

software engineering moved the emphasis of IEE
and electrical engineering education in all pattern.

(2) Placement of relative clause after the verb. A
relative clause qualifying the subject tends to make
the subject phrase very long, thereby causing the
sentence to be hard to read. To prevent this, the
relative clause should be placed after the verb.

P 2o —rHERENEL DT A T YR
E.
The parameter range is.determined in which
screens have the converging capability,

» EvE&KEK, FBOBR VAR ELE
HIZET L REMELFR,
The skin effects are studied which are pro-
duced in logg linear conductors when rectan-
gular current pulses were passed.

P 0L ENHDEREERNTO KR L —HEE
BT 5k Green B TR HVRBIEN £ 5872,

The relational expressions were obtained which
were shown by Green functions of the waves
propagating reflected waves in scattering mediu-
ms with fluctuations in one direction.

(3) Reduction of conjunci noun and verb phrases.
This process removes duplicate modifying phrases
in conjunct noun phrases. It also eliminates or
pronomializes duplicate case elements in com-
pound sentences.

P FEERI RS L E— RS HS D,
Equivalent currents consist of uniform and non-
uniform components.

P HERLEAE) ——oPRAELBRYERAY S
BitL, ERNVLEBEDERESIE & HE,
Elongation processes of the streamer on sur-
face wire are studied according to high-speed mo-
tion pictures, and compared with conventional de-
velopment processes of the surface discharge.

» 7N AT L ERS O B EhER T R T
FErsthgh, FAEFH. P05, IC, F
w7 OMIZREL 2,

Automatic mounting machines of parts to print-
ed circuits start from the axial terminal type,
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and they are developed in the order of the parallel
terminal type, transistors, IC and chips.

(4) Nominalization of the main verb and substitu-
tion of verb. When a Japanese sentence lacks both
agent and object, even passive transformation can-
not produce a grammatically correct English
sentence. In this case, the main verb is nominal-
ized as the subject, and a verb phrase like ‘is
made’ or ‘is performed’ is added as the main

predicate.

P AT LTRAIRNDZ Edbir T,
The examination is made by the helium, and
following facts are found.

P KE &2} New England BFE S HIZ 5V
T, P4 703y Ba—-Fk~N—2 LR
—EBRRE L X T LAEERBL, =R X R
IR L A REE 8,

The cases are introduced in which the success
is made in the reduction of energy costs by equip-
ping the energy management and control systems
based on microcomputers in New England Tele-
phone Company of the United States Boston.

p B FoHiiiERE BEEMMERCBRREE
MHEHPEN TV A LHTERIZSHEN T30,
YN EEELY s FAEB LT ERNTHE
HMERKEVEVWIRIEER T,

Subject capacitors are abundantly used for the
industry because they are exXcellent in reliability,
E# &% and resistance to the limit temperature,
and they have shortcomings, the volume is large
in comparison with more expensive tantalum
electrolytic capacitors.

(5) Introduction of the preparatory subject “it’.
When the subject phrase is too long, the prepara-
tory subject ‘it’ is introduced to make the English
sentence easier to read. :

b EEROBHCEET ZERIEDBERIE, BT
WREHICOWTREL 2GRN 7274 Lol
FHATBREMBROMMER OFE & REDSITE &
HOLBRETHAA S L#ERL 12,

It is concluded that capacitive eddy currents

will be essential factors deciding characteristics
of the initial rotation of the complex magnetic
dispersion curve of above-mentioned ferrite
measured in the relaxation of the conductivity
about conical test pieces.

P LTI 7 F TR NTOEEFENSHOL
SImEEEFNF—-T 7 /oy — k% s A
hbZEEmL Iz
It is shown that packaging methods of ceramic
chip carriers tend to become the key technology
of LSI high-density packagings.

p T VEBIREREL ATV Fy P UREBEE
BT +5 2 B,
It is pointed out that printed circuit board
productions also change to systematic equipment
industries,

(6) Determination of the adverb position. The
position of adverbs in English sentences should be
determined depending on their syntactic subcate-
gorization.

P ER-L T, BEORMEIMIOZRO BB S
ITOHREEHLIETE S,
In the same way, the magnetic flux density
distribution of inside and the outside of cylinders
in regions of the air can also be determined.

P I TBOYEIEN L T OMBNRR LR, K
iz Schutz HBim % BHT 5,
First, second law of thermodynamics and the
physical interpretation are described, and Schutz’
s theory is explained next.

P EREEEORIE Grant DERTE D ANT,
EXREHBEO NIy L HiaRt I HHL 2,

The relaxation of the complex conductivity is
incorporated by the formula by Grant, and initial
parts of the complex permeability are theoretical-
ly reproduced.

P FERAREOTRBENESWHERE~ERT 5
ErEREICHEL .
The conditions in which the AC current dis-
charge of sound wave frequencies transfers to
the contraction state are studied experimentally.
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P CoOBREECE T, RERLERTES,
Backward waves can also be propagated in this
magnetic field construction.

(7) Selection of negation expression. English
differs from Japanese in that the negative word
‘no’ can be used to negate noun phrases. This
technique is used when applicable,

P ErESLSHEEOELSOBETE, EERH
UG XI5 v,
No positive real conditions become necessary
and sufficient in mixed networks of lumped and
distributed constants.

P FELTOLOREFOEBORTERIZ DV,
The stability of the motion of the dipoles which
are not charged.

5. Evaluation of Machine Translation Systems

The Mu project is evaluating the translated
results using ease of understanding and fidelity.
For ease of understanding, native speakers of the
target language read the translated texts and rate
the degree of their understanding using a five-level
grade. For fidelity, checkers familiar with both
source and target languages verify whether the
content of the input sentence is transferred to the
output, and evaluate each sentence using a seven-
level grade.

Sentences evaluated to date total 1983, Senten-
ces 1 to 683 (Group A) were used for the develop-
ment of the system; the other 1,300 sentences
(Group B) have been subjected tc new experiment
only ounce. All the sentences were taken in the
order of their occurrence from abstracts of scien-
tific and technical papers in the electrical en-

Table 1
Evaluation Resuits of Group A sentences
Ease of Fidelity . _

understanding| ¢ 1 2 3 4 5 6 7 i Impetfect | Total |Percentage
1 229 0 17 8 11 1 1 ] 1 268 392
2 1 167 31 12 6 5 0 0 0 | 22 325
3 0 0 71 35 27 4 4 0 2 143 209
4 0 0 6 15 22 3 2 0 i 49 7.2
5 0 0 0 0 [, 0. 0 1 0 0 | 0.1

Total | 230 167 125 70 66 13 8 0 4 683
Percentage | 33.7 | 245 18.3 10.2 9.7 19 12 06
Table 2
Evaluation Results of Group B Sentances
Ease of ~ Fidelity .

understanding] ¢ 1 2 3 4 5 6 7 | Imperfect | Total |Persentage
i 256 1 34 13 6 6 .2 0 0 318 24.5
2 1 | 274 36 31 26 | il i 0 1 381 293
3 0 0 | 157 | 87 79 [ 26 [ 29 0 6. 384 | 295
4 0 0 19 | 39 61} 16 24 - 1 3 162 12.5
5 0 0 2 3 .18 2 10 0 0 35 2.7
? ' 1 1 18 20 15

Total 257 275 248 174 190 61 66 1 28 1,300
Percentage 198 | 21.2 19.1 134 | 146 4.7 5.1 0.1 2.2
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gineering field published by JICST. No pre-edit-
ing was performed. Algebraic expressions and
chemical reaction equations were eliminated, be-
cause subgrammars to handle such expressions
had not been completed when the experiment
started. Every sentencé was collected from ab-
stracts in order of occurrence.

Tables 1 and 2 summarize the evaluation re-
sults for Group A and B, respectively. The overall
evaluation results are less favorable for Group B,
because these sentences were used for the first
time in these experiments and therefore contain
words unknown to the system. These unrecog-
nized words caused errors in morphological analy-
sis, inadequate lexical information led to ad-
ditional errors.

As shown by these tables, ease of understand-
ing decreased with fidelity. While few sentences
had higher fidelity and lower ease of understand-
ing, those with lower fidelity but higher ease of
understanding accounted for a fairly large num-
ber.

6. Conclusion

Considerably sophisticated machine translation
systems are still unable to handle all sentences.
This makes the idea of restricted language essen-
tial. To perform translations as smoothly and cor-
rectly as possible, some restriction rules must be
imposed on input sentences or pre-editing must be
performed on them. Particularly for abstracts,
some restriction on style can facilitate sentence
analysis and help produce better translations.

Work on machine translation systems not only
helps implement practical systems, but also tech-
nological innovations resulting from such research
also contribute to progresses in a number of other
research fields, From this standpoint, it seems well
worth the effort to complete the project.
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