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PREFACE

The communication between man and machine has become a very
important problem to be fealized, as the use of computer flourishes
rapidly in these days. This communicafioh is‘desirable to be performed
by human languages so that everyone can give instructions to the com-
puter. But the mechanical ?rocessing of natural languages is very
difficult because of their diversity or flexibility in syntactic and
semantic structure. Especially, mechanical translation of natural
languages belonging to the different 1anguage-familieé is one of the
most difficult ﬁroblems. This topic, however, is a very interesting
computer application to nonarithmetic problems, and a mechanical

processing is useful to study many linguistic probléms which are
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hidden in a great number of data. This problem may not be attained
completely in a short time, but the increase in number of documents or .
literatures needs rapid processing of them, And now, the mechanical
processing of natural languages 1s in urgent demand of the time.

This doctoral thesis describes the procedure of mechanical transla-
tion which converts the syntactic structure of English intovthe sfn-:
tactic structure of Japanese. It may not be said to be a real language
translation, if semantic information is not taken into consideration.
It is diffiéult, however, to separate clearly semantic aspect from
syntactic aspect. This paper does not aim at a completely automatic
high quality translation, but intends only machine-aided translation,
for the deep_structure of meanings is not known explicitely even to
human beings. Even if it 1is restricted to the syntactic translation,

the problem is not so easy in case of English-Japanese translation.

In this paper the syntactic structures of English and Japanese
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are supposed to be phrase-structure, Of course, there are many struc-
tures which can not be treated by phrase-structure grammar, But
several experiments and. the consideration of verbal behaviour of human
beings will show that a large part of the sentences (in scientific .
papers) have such structure,

One of the characteristic features of the translation method described
in this paper is that this method can treat both simple sentences and
complex‘sentences without any distinction. The computer program is
separated from grammar so thaf the.main procedure of program is to
look the list of grammatical rules., This becomes possible because of
the hierarchy in phrase structure grammar which is introduced in this
paper. By this hierarchy the context-free style rules can play the
same role as context-sensitive rules play. The hierarchy in phrase-
structure rules, however, depends on the analysis method (parsing-

direction), and also depends on the classification of words and phrases
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(clusters). The ordinary analysis of English syntax is begun at the
top of the sentence, but the methoad described in this baper begins at
the end of the sentence, because English has right-recursive structure,
and Japanese has left-recursive structure. As for the classification
of part of speech, it must be performed by considering the correspond-
ence between English and Japanese syntactic structure,. Therefore, this
method is specialized to English-Japanese translation, but if the number
of steps in procedure are taken into consideration, this method is more
effective than other universal methods which use common intermediate
languages between source-language and target-language.

An experiment, which was carried out with : 400 idioms, 8000
English words, 1000 phrase-structure-rules, and 1300 sample sentences,
may not be enough to draw a hasty conclusion about the possibility of
English-Japanese mechanical translation even from the syntactic point

of view. But it may be said that the hypothesis of phrase structure is
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adequate for English and Japanese syntax, and this method is useful for
syntactic analysis and synthesis in natural language processing, if
only the determination of working function of words in the-sentence is
performed correctly.

One of the most important problems which must be studied yet is
how to 1ntr9duce sgmantic information in connection with syntactic
information. Someone may say, however; that it is an "alchemy" in
modern times to try to treat "semantics? by the digital computer which
is thought to be a monster of abacus,

The Japanese sentences which are written in KANA in the lower
part of these pages are the results of mechanical translation of''preface"
obtained by the method described in this doctoral fhesis. Several

corrections (post-edition) are made to inadequate words and expressions,
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Chapter 1
INTRODUCTION

"In the beginning was the Word", says John at the beginning of
Gospei. The "Word" in it, however, may not méan human being'é lan-~
guages which are uttered in vocal sound or written using several kinds
of alphabet, but it metaphorically represents the stéte of nature or
its image reyfected in our brain. So he says "the Word was God",

If it is possible to suppose that there exists.harmony and regu-
larity in the "Word", that is, in God or Nature, it is also possible
to believe that there exists harmony and regularity in dur human lan-
guages, Because human language originally grew to notify the existence
of some objects in the natural world or to inform other people of the
structure or relation in the natural world, and images in one's brain.
This is the fundamental nature of human communication,

Human language, however, would not show its graceful shape before
us, though it had not less harmony and regulafity than the language of
mathematics which transcribes thé structure of natural world very ele-
gantly. Since olden times, many philosophers and linguists have been
trying to strip the veil from human language, but to their disappoint-~
ment and, at the same time, to their great surprise, they have taken
off a surface veil only to find a new veil had been ready under the
old one. This characteristic, that is, the inability of cogplete grasp
of the natural shape, may be an essential feature of human language,
and 1s very misterious to us human beings, for it was man himself who
constructed language.

Modern science and technology, however, are going to strip all



veils by force without any mercy, using the electronic computer which
even God did not make. One of the approaches to:this purpose 1is the
problem of "meéhanical translation" (MT) of natural language, which
keeps étép with the progress of digital computer and has a history of
two decades. To translate one language into another is very difficult
even for human beings, who have been learning-languageé these fifty
thousand years, therefore it may be thought to be impossible for a
machine. But the recent ppogreSs in linguistics, physiglogy,.psycholo—
8y, and also electronic engineering, gives us a faint hope of the actu-
alization of mechanical translation. It is true that in mechanical
translation it is the machine which translates, but a machine by itself
can not do anything; it working only wheﬁ we give definité procedures
to 1t. In this sense, the mechanical translation dependé on the lin-
guistic knowledge of human Beings. At present, however, we can not '
say that mechanical translation 1is realizable, though, of course,

there is no reason why it is impossible, This is only because we can
not yet discover the harmony and regularity in languages, and not be-
cause the present computer does no; work well enough.

Nevertheless, if we think of the fact that many people who studied
mechanical translation early in its history gave up the idea of "full
automatic high quality translation", it is necessar& to reconsider the
simple belief that there exists harmony and regularity in any human
languages. The full automatic trahsiatioﬁ_may be impossible, or it
may not be of practical use, if possible, because of the cost or tinme
needed, Even if it is true, we must make a through study of the struc-
ture of natural languages to find the reason why it is impossible or
not practical, There must be many hidden aspects of languages which

are not yet investigated by human beings because of their complex



' structures. .

The problem the author raises here is whether it is possible to
transform the syntactic structure of ono language into that of another
one only using syntactic ihformation. The énswer to this is negstive'
without any trials, but to know the degree of impossibility is very
interesting, and the author intends to investigate what kind of infor-
mation other than syntax_is effective or in what way we'can make good
use of syntactic information. Therefore, here, a practical use of
mechanical translation is not necessariiy the sole object of this'study.

‘ The author believes that human languages reflect the{meohsnism of
humao thinking in the bottom of the structure. The mechanism of;think-
ing is perhaps common to all people of different nationalities. If‘we'
standAon that ground, there must lie some common features at the Basis
of several languages which apparently look different, From the meta-
physical point of_view, it is natural to think‘like above. There are,
hovwever, some different- points on the surface of human thinking and
natural language. What is it, then ? Persuing this different points
and looking for the deep structure, we will be able to know little by
little the real structure Up to this time many philosophers, lin-

‘guists, psychologists, phisiologists, and also ethnologists have stud-
iled various languages from many angles, and make several experiments
about them, s0 that the hidden part of languages have partially been
brought to light, And now, with the aid of computers we ‘can make new
steps to analyze all parts of languages and to ask what is the essen-
tial difference among them,

As the first stsp3 the author takes up the computér analysis of

the syntactic aspects of English and Japanese, Concerning the syntax

of English or Russian, a lot of rapers have been already written by



foreigners in various manners. Indo-European languages have hearly the
same syntactic structures, and so even translation needs not so complex
algorism. On the other hand, concerning to Japanese which, at first
glance, presents very different syntactic structure (and also semantic
structure) from Indo-European languages, it is not too much to say that
there are no more than ten papers even in Japan, and there are much
less papers which present explicitly the grammatical rules by which the
syntactic analysis and synthesis of both English and Japanese can be
carried out mechanically. In this paper such grammatical rules are
listed and explained.

Though English and Japanese have not linear correspondence in
word order and one-to-one correspondence in word itself, we can find
in a sense that they have very similar syntactic structure when seen
from a certain standpoint. That is, when the result of immediate con-
stituent analysis is depicted in tree diagrams, both trees of typical
sentences look like the same except for some branches, In this case
the branches of a tree do not intersect each other. The language
whose branches in structure trees do not intersect is called "phrase
structure language'", and the treatment of this is easy even’for machines.
It is very doubtful, however, whether all languages in the world, or
at least English and Japanese, have tree structures or not. But it is
probably true that in the semantic or concept tfees, if they can be
expressed in trees, the branches may not intersect, because otherwise
it is very difficult for us to conceive the other elements squeeze
themselves in the unity, in other words, we recognize the unity as a
whole and can not divide it into some blocks and put the different
kind of words:. into them like sandwich. If it is reasonable to think

that semantic aspect of language may affect the syntactic structure,



human languages can be supposed to be "phrase structure", It may be
such phisiological or psychological characteristics of human recogni-
tion mechanism which make it possible to process natural languages
mechanically.

In this paper it is supposed that English and Japanese have phrase
structure in syntax, and this hypothesis is, the author believes, large-
ly verified by the experiment,

' Now, in modern society, mechanical translation, as well as other
mechanical processing of natural languages, are coming to be not only
an interesting problem, but also a necessary problem. Because it is
true thét by the aid of electronic computers human culture and civili-
zation can progress increasingly, if only every man can use computers
and communicate with them as in ordinary conversation using human lan-
guages, though it is not necessarily an incorrect opinion to regard the
computer only as a kind of abacus in the sense that it works only accord-
ing to the instructions provided by human beings. It is indeed true,
however, that in arithmetic calculation or bussiness calculation includ-
ing its tabulation, such programming languages as FORTRAN, ALGOL, COBOL,
or PL/1 are rather more convenient than natﬁral languages, and in the
proceséing of language-like data out of a special symbolic system or
the simulation of a certain system, it is also convenient to use symbol
manipulating artificial languages, suchvas COMIT, LISP, SNOBOL, ERIZA,
or DYNAMO etc. But if we can .not express our questions in arithmetic
equations or extremely festricted symbol Strings, for example, in the
case of information retrieval such as document retrieval or fact re-
trieval or content analysis etc., we can not but ask question in natu-

ral languages. In this situation when asked in a natural language,

computers must be fully equipped with various kinds of technique or



algorithm to analyze input sentences, retrieve the desired information, -
and answer in a natural language. There are, howéver, two kinds of
system, In one system, the computer works only as a transformer of
symbols, and 1nterprétation of contents is done by man, In the other
system, the computer works both as a transformer and as an interpreter.
Mechanical translation, though it is the most difficult problem in natu-
ral language processing, may be looked‘on as a transformer because both -
terminals of the system are connected with men; énd the machine only ex-
changes the input symbols inﬁovoutput symbolé withoﬁt, as it were, know~
ing what these.symbols represent, Of course tranéforhation is not so
simple a code inversion as in data transmission; but it requires as com-
plex algorithm as in the case of interpretation, though such content-
underétanding is somewhat different from that of the natural language
proéramming or infqrmation retrieval. Nevertheless, the problem of me-
qhanipal‘franslation involves all sorts of techniques contained in the
mechanical processing of natural languages, such as construction of word
dictionary, its effective use, structure analysis and synthesis téchnique,
or editing etc. Then, to study the problem of mechanical translation
-plays a central role in the mechanical language processing systems.
Nowadays people are interested to see what kind of jobs the elec-
tronic computer can not do. They say that.computers are inferior to
men in language processing, game-playing, pattern recognition, and
cfeative*power including art-activity. The evaluation of these subjects
ekceptucreatiye power depends on the time required and the quality of
the results. If there is not fime-limitation; even mechanical transla-
tion may not be so difficult in both syntax and semantics. Of course,
in semantic aspects, the possibilities of interpretation become as

many as nearly infinite, but.ofdinary usages do not vary in so many



cases. If the examples of possible usage are supposed to be stored,
though it maf come to an eno{mous amount of information, the.machine
will be able to research needed information, if given sufficient time.
In such a system the mechanization of ‘data-input plays a central role,
But this system takes too much time to be practical and of interest.
Therefore, time-reducing technique is the main subject in computer
appliéation‘té non-arithmetic problems.

English-Japanese translation methods which were presented up to
now have been experimented by using a rather small number of words or
rules, and they treated 6nly simple sentences, therefore, even if they
got good points. for suéh samples, it does not guaranteé'their effective-
ness. In this ﬁaper, the algorithm is tested in almost all real situ-
ations, using complete sentences raﬁdomly selected from several fields,
and word dictionary containing 8000 English words.

Chapter 2 describes a short history of mechanical translation and
- several problems which prevent this subjects. 1In cﬁapter 3, somewhat

ideological contemplations on phrase structure ‘in natural 1angﬁages
'are given, though they‘are rather inqpmplete; Also in éhgpter 3, the
criteria for classification of parts of speech. and pfiority of réwrit-
ing rules are described, and a list of all rewriting rules and explana-
tiontion of some of them are given. Chapter 4 describes the structure
of each dictionary, and some of examples are given in lists, Chapter 5
is concerned with the algorithm of mechanical traﬁslation, and a few
concrete examples which were printed out by thebcomputer itself are

given. In chapter 6 the results of experiments are analyzed.



Chapter 2
HISTORY AND PROBLEMS IN MECHANICAL TRANSLATION

2.1 History and necessity of mechanical translation

It is not so queer that the idea of mechanical translation was
brought up by "decipher'" in the World War II, for the object of decipher
is to translate from an unknown sentence into the known one. The modern
technique of mechanical translation, however, is not similar to that of
decipher at all, which transforms some sequences of letters of the
alphabets or numerals into sequences of meaningful words by aid of a
statistical knowledge and a decision on the circumstances where the
code was obtained.

In the_early history of mechanical translation, say in 1946, A.D.
Booth and W. Wiever discussed, in the analogy of decipher, the applica-
bility of a digital computer to language translation. In it the mean-
ing of the word "translation' was only to substitute words in one langu-
age for the corresponding words of another language, that is, word~for-
word translation., Between Indo-European languages, even this word-for-
word translation might be useful (though not enough), but it was noticed
that syntactic analysis is necessary even to substitute word for word,
and mechanical translation-camé to be studied from the fundamental
linguistic points of view, departing from the analogy of decipher.

There were a few demonstrative experiments of mechanicai transla-~
tion on rather a small scale between English and Russian in the United
States of America and also in Russia; in 1954 and 1955; in those days

word-for-word translation were yet the leading ideé, and the study was

_directed towards the construction of a mechanical dictionary: classifi-



cation and processing of conjugations, reduction and compression of
information in order for effective use of computer memory. The method
of éyntactic analysis was considered for oniy one language so that it
was not a translation oriented method. If the two languages belong to
the similar language family, these monolingual analysis might even be
sufficient, but when we treat different languages from different famil-
ies, the relation between the anaiysis of the object language and the
synthesis of the target language must be considered. That is, the
analysis ﬁethod of the object languaée will debend on the structure of
the target laﬁguage.

It was not until N. Chomsky published the idea of new type approach
to iinguistics, that is, bhrase structure gréhmar, that.the fairly
systematic treatment of natural language became possible, .It was in
1957, The emergency of phrase structure grammar brought not so much
the new analysis method as the new descriptive tool which consolidates
the traditional/analysis method from a cognitive point of view,

But almost all methods presented so far, which treat gatural
languages (mainly Indo-European languages), stand on fhe hypothesis
that their object languages have a phfase sfructure grammar; Several
famous analysis methods, such as Kuno-Oettinger's "Predictive Analysis",
Hays' "Dependency grammar", Bar-Hillel's "Categorial grammar", and
Chomsky's‘"Immediate Constituenténalysis", etc., are verified to be
equivalent each other in the sense that they can be accepted by "the
push down store automaton" which wés introduced by N. Chomsky. The
method presented by P, Phodes which is based on the lattice theory
belongs to the dependehcy-analysis method, and is no exception to the
phrase structure gramﬁar. Any:languages, however, can be looked on as

a phrase structure, if sufficiently large units of concept are taken
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for units of grammar. But we are not interested in such a treatment.
Our interest exists in the factthat small units (which correspond to
"word") can c0nstruct sentences by using comparatively few numbers of
rule., Phrase structure grammar, however, can not analyze all sentences,
if its units are restricte& to elementary concept, Then a transforma-
tion grammar is introduced to support pnrase structure grammar. But
the transformation grammar is, as it were, a list of irregular expres-—
sion, and seems to be not sc intrinsic rules in natural languages,

since there is no'necessary reason why such transformation rules work

7 well, though the rules are useful from the practical point of view.

ln the course of'the>history, there were presented'some ideas of
making an intermediate lariguage between object and target 1angua5es to
facilitate easy and effective translation, There are, however, probab-
1y no such'lntermediate.languages which human beings can understand
and-also the machine can easily treat. Such a system as symbolic
loéic may partially be cf use, but-among the natural lanéuages there
are no candidates. Even if an artificial language which is slmilar to
a' natural one, such as ESperanto; ls constructed, it may not be used
readil& as a world language'because such a language can not largely
depart from the existing languages.

Tnough to create quite a new artificial language may be impossible,
tnere is a comparatively practical solution., That is, since natural
languages have phrase-structure or immediate-constituent structure
in most (not but whole) parts of ‘them, then the sentences which are to
be mechanically translated or processed have only to be transformed
into wholly phrase-structure from by human editing before mechanical
processing, or to be written in phrase- structure at the beginning.

Those edited languages may not be called intermediate language, but
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recently pre-editing and post-editing are coming to be a leading idea
in place of an intermediate artificial language. As for the concréte
examples of pre- and post-edition, however, few pavers describe them,
In this paper some examples of edition are shown in later sections,

Linguistic problems have three aspects: phonology, syntax, and
semantics. In the so-called mechapical translation, phonology is only
treated in connection with word inflection, and not so much studied,
Semantics is the mbst important and involves so many difficult aspects
in human communication, énd Qithout intensive study of it mechanical
translation will not be.realized.v But our concept of meanings is too
vague and too compiex_to grasp the uhderlying éssential relation, to
say nothing of processing byvthe computer. It 1s only since about 1961
that the study on semantics especially in relation to mechanical pro-
cessing are actively investigated, but it is apt to diverse rather to
general seméntiés thén to go hand in hand with syntax andvmechanical
'procedure, so'that the proﬁlems become more and more difficult, and
there are no promissing syStemétic treatment of meanings at. present,
In this paber semantic problems aré not explicitly considered, but in
connection with éyntax several points are discussed in some sections.

"Generally speaking, the present state of mechanical translation
can not be said to be progressive.' As for Russian-English translation,
it is almost near practical use with the aid of human pre- and post-
edition, but editing is too tedious and takes much cost and time even
in such translation between somewhat similar languages.

As regards English-Japanese translation, the first paper appeared
in 1958 but it only treated simp¥e sentences, Sinée then, not more than
five papers have beenipublished, and they only deal wiéh very limited

sentences and are not aiming at practical use, though it is undeniable
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that they gave an impetusrto the study of computer aéplication to
natural language processing., In Japan; to my great regret, mechanical
translation is paid attention to only as an interesting application of
the computer, and not studied by a large group trying to put it to

practical use in near future.

2.2 Mechanical translation and Information_Ret;ieval

Is mechanical translatiéﬁ really needed? " It is said that the
translation of scientific papers, titles of booké, panphlets or abstract
papers are in urgent demand. Title translation, however, can be dbne
by use of the wprd dictionary without'such‘a comﬁlex technique as
mechanical translation. As for scientific papers, not to say literary
works, it'seems to be impossible to translate them as well as human
beings do, especially between English and Japanese. Then the remaining
possibility is to translate abstracts only incompletely. (Completeness
can not be_hoped for forever). Not that sentences in abstracts have .
different structures from ordinary sentences and are less difficult, but
that abstracts are often used toknow whether there is any need to fead
through the whole—faper or not,  Therefore, its rule is to attract the
reader's interest, so that ambiguity in syntax aﬁd semantics, if any,
will be allowed. Then, the criteria for tranélation are looéened,
and even mechanical translation is of use in many -cases.

if, however, the aim-of abstracts is to select.the primary docus
ments, then the information retrieval system will give an answer to

this question instead of mechanical translation, That is, if one gives
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some words concerning his interest or request without reading abstracts
or selecting the'original paperlhimself, the information retrieval
system will directly take out the desired documents to hlm. In this
system, the key word index takes the place of abstracts, and plays
their part as_secondery'documents representing also semantic relations
in the_original'one. As seen in the above mentioned case, the complete-
ness of the information retrieval system will'eliminate such human
activities as reading end_understanding abstracts and to select primary
documents; and the desired llteratures can be obtained directly. And
the_algorithm of comparing input words uith the stored index is mainly
to consult the word dictionary or thesaurus, and to analyze simple
semantic relations.

As long as these uses of abstracts are concerned, therefore,
mechanical translation is not necessarily an indispensable systen, and
it remains only en interesting application of the computer But in
such a country as America, where scientific papers or official- documents
in Russian or French must be processed in haste, the computer-aided
translation which needs post-editing and is.slightly faster than human
translation is now in practical use, These machine-aided translations
will go with the tide from this time forth.

Although mechanical translation can not stand by itself as a com-
plete system without eny human aids, the relation hetween the computer
and human 1anguage will become probably closer and closer- from now on,:
The operations of mechanical translation include all sorts of problems
concerning natural language processing; therefore, the studies of them
are fundamental to the general field of mechanical processing of natural
languages. Perheps the studies contribute also to linguistics, that is,

phonology and syntax and semantics. The true value of human languages,
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hoﬁever; may exist where a machine can not intertene, but the computer
can investigate a lot of linguistic data which.human beings can not
process, and discover the latent regularity especially in syntax and
phonology. Recently computers are going to be applied to the study of
literature, such as author identification, writing tendency of a certain
author, statisticai analysis of 1iteratures,~deciphering of unknown

language, and so on.

2.3 Problems in mechanical translation ,

It is the problem of "ambigeity" that people admit as a reason
why mechanical translation is difficult, There are syhtactic aﬁbiguit~
ies and semantic ambiguities, and the close connection between these
tﬁo ambiguities makes the probiem‘more ahd more complex.
* As the first ambiguous case which belengs to the syntactic one,
a problem of unique determination of parts of speech is considered.
The word "part of speech" here does not necessarily mean the real func-
tion of a word in the sentence, but only the symbol used as a clue for
judging the function of the word. - For example, in the sentence "They
are flyingﬂplanes."; the word,ﬁflying" say be used as an adjectival
word or as a progressive formﬂ They are determined by the context in
the sentence, the‘wordv"flying" being recognized as the ing-form of
the verb "fly", 1In the above example it is certainly»determined by
its form. ' On the other hand, in the‘sentence "The information research

requests,...", the word "research" and "reduests" can not be definitely

determined as nouns by theirvmorphological-eppearance or extremely
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limited syntactic context alone, If these parts of speech are not de=-
termined, their functions can not be determined, either, and so the
syntactic analysis will not proceed, In éuch cases where one word has
two parts of speech, if that word is situated just before or just be-
hind a special word, the selecﬁion of adquate symbols may be possible.
For example, in "The request...", the word '"request" can be determined
as a noup because a wofd just behind a determiner is looked on as a
noun rather than a verb, Prepositions and auxiliary verbs, as well as
determiners, giVe a clue to settle.tﬁe paris»of speech of multifunction
words,.if.only the words appear néar‘such key words, otherwise there is
no effective algorithm to choose the correct one out of two possibilifies,
noun or verb,

One method is to try for all possible combinations, but the number
of trials increases exponentially as the number of multi-function words
increases; nevertheless they are not necessarily goodvsolutions‘tc
these_probléms. Human beings, however, generally can chbose correct
ones by looking at the wide range ofvsequences.of'pgpts of speech,
without knowing explicitly théir'méanings in‘mény,cases.' Fbr example,

in the next sentence, the paft of speech of "hHelp" can be determined as

" Since it requires understanding of the content of the

C2 N3 VT/N94 GT P2 IT N1 P2 T
document it cannot be regulated to.clerical help. "
N1 N3 vA VL - PT T0 AO VT/N1

Nl(noun)*. The criterion for this case may be compound of some features:
(1) there exists a word which is clearly a verb, (2) it comes just be-
hind an adjectival word and the adjectival word is preceded by a pre-

position "to", (3). it appears at the end of the sentence, etc.

>

*

Symbols for part of speech are explained in Table 3.,4.1.1
in section 3.4.1.
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‘'he above example is rather a simple one, but in the next sequence of

parts of speech which corresponds to the sentence '"the only words in that

DT B1 N1 P{ TH N1 TH VI VL PT VL N1 C1 Ni
VT N1

request that need be considerd are malignance and stomach", it is not

so easy. <~1hose key words - UT (determiner), Pl\Preposition 1), TH(that),
Vi(be-verb) etc; are not usefuliin selecting one of the two symbols:
for the underlined words. In this case, man'will count the number of
verbs’ and relative pronouns, and investigate the relation between them,
or he will generate a sentence putting an appropriate word in each
position. ‘This process may differ from case to case, and utilize the
semantic information as tacit consent, so that it is very~difficult
for the machine to perform. I'hen the question is whether there is an
effective method to infer the roles of'WOrds‘not‘only from determiners
or auxiliary verbs but also from several words which are situated
oefore or behind the ambiguous words, avoiding tne,case-by-case pro-
cedure. For this purpose, it is probably effective to use the connec-
tion table of partsbof speech, whicn corresponds to digrams or tri-
grans'in letter comtinations. That is, by using fairly 1arge samples,
we make such a frequency table of symbol connections as shown in Table
6.2.21in section 6, .2 and nhen anbiguous words appear the'most proba-
ble case is determined mechanically from the probabilistic p01nt of
'view by investigating in the table the possibilities of a certain
sequence including an ambiguous word, But our human languages may
perhaps not obey the,statistic-rules, and so this metnod does not give
a:complete solution,~though it. is practical. in some degree.

Now, even if the parts of speech are determined uniquely for each
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word, its role in the given sentence can not be determined. It is the
wide-range context which determines its real grammatical role in the
sentence; however, there are many ambiguous cases which make the opera-
tion very difficult. iiere the word "ambiguous" is used. in a broad
sense; that is, in the case of "ihey are flying planes", the word
"flying'* is certainly ambiguous because bothiadjectival and progressive
uses are semanticaly possible, but in the next sentence
" Iﬁ typing isolated words a columnar layout
is equally satisfactory to a typist."
the wofd "isolated" works only as an adjectival word, but it is diffi;
cult to detefmine by the restricted context whether the word "isolated"
has an adjectival use; even in such a case the word "isolated" is said
to be ambiguous from the syntactic point of view, ‘
it is the cases of prépositional phraseé which appear most frequent-
ly in an ambiguous way. For example, the next two sentences have

quife thé'same syntactic structure, but in (1) the prepo;itional

I bought a car with no wheel. (1)

I bought a car with my money. (2)

phrase (underlined part) is used as an adjectival phrase, and in (2)
it is used as an adverbial phrase. Therefore, it is impossible to
decide whether it works as adjectival phrase or adverbial phrase,
simply byiusing the~syntactié information, The above difference
between (1) and (2) comes from the fact that human beings intérpret
any sentence according to the association with the word meanings., If
we let the computer perforn this.hdman-like processing, a large amount

of'detailed information about concepts of words must be given to the
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computer. It is,-however,‘almost impossible to give machines all sorts
of information considering possible uses of various words. Therefore,
it may be advisable to begin the semantic study in connection with such
syntactically ambiguous cases,

Furthermore, difficult problems for the machine arise in the case
of inserted phrases or clauses, The grammatigal roles of such phrases
are determined by the semantic relations rather than syntactic ones.

For example, in the next sentence, the phrase led by '"together' is a

" New results are presented, offering insight into
the performance and optimization of linear and
adoptive delta modulation, together with a com-
parison with pulse code modulation.”

syntactically ambiguous case. In the following example, the phrase

" This report describes the results of a study of
" statistical delta modulation, a new method of

digital transmission of analog information.

"a new....information" is in apposition to the phrase '"the results...",
but in the‘next example which is of almost the same structure in syntax,
" This book deacribeé very-intereatingstory, Jack., "

the noun phrase "Jack", which corresponds to "a new...'", has no relation
to "very interesting story". ‘The latter example may not be exactly
‘analogous io the former one, but there ére many such cases.

At any rate, syntactic inforhation is not powerful enough to de-
termine how a set of words relate to other words. This freedom of
sjntactic étructufe is one reason why the- language can express infinite-

Iy many affairs using only a finite number of symbols and rules, On

the other hand, this fact prevents the machine, which operates in a
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deterministic manner, from processing natural languagesmore effectively,
Lf, however, it is the characteristics of languages that the struct-
ure can not be determined uniquely by the syntax, theq it is perhaps
possible to translate them by taking it the other way round. That is,
in Japanese, all adjectival and adverbial phrases or clahses come before
the words to be modified, so even if the roles of phfases differ from
sentence to sentence, the word order in both languages is the same,
though particles which must be added to the phrases are different
according to the roles of the phrases. For example, in the next two

sentences, a prepositional phrase in (a) is adjectival, and in (b) it

I saw a flower in the vase. watashi wa kabin no naka no hana o mita. (a)

I put a flower in fhe vase. watashi wa kabin no naka ni hana o ireta. (1)

is adverbial, and the only difference is their particles NO and NI,
Therefore, if the syntax‘in'English can not be clearly analyzed, it is
probably a good idea to insert ambiguous parficles in Japanese so that
it can be interpreted in two ways. In the above case a particle NI(NO)
is to be inserted. in other words, it is to translate source language
into target language, preserving the ambiguity in the original text as
it is. This idea is analogous to code inversion in information trans-
mission. sBut in complex sentences it becomes difficult even to preserve
ambiguity as it is; namely, the translated'senience includes more ambi-
guity than the original sentencé does because of the intervention of
noise information; here by "noise' is meant wrong word order exchange
and insertion of ambiguous particles. These facts make mechanical )
translation more difficult. Especially in knglish-Japanese translation,

exchange of word orders brings about outrageous translation, so that in
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some cases post-editing becomes impossible, - For example, in the next
translation, the result is obtained by applicatien of locally correct

rules, but it is almost impossible to apply post-edition to this trans-

(English) An ideal natural language information system would
permit storage of documents and their retrieval by
normal human process, in such a manner that the
user could be unaware of the existence of the ope-

rative computer system.

(Japanese) sono tukawu koto ga sono OPERATIVE konpyutaa soshiki
no sono sonzai no siranai kotoga dekiru sonoyona 1no
taido no naka hiv1no risono sizenno gengo jyoho sosﬁi
ki wa syorui sosite hutuno ningenno katei ni yotte

karerano kensaku no chikuseki o yurusu darowu.

lation without reference to the original text,.

It goes without saying that semantic ambiguity is the intrinsic
characteristic of the natural languages. Most of the cases belong to
the selection problem of multivocal words. This problem is difficult
to be-solvea even in sentence-to-sentence transletion. For example,
the meaning of the word "paper" in "The paper describes the fact...
can not be judged whether it is "newspaper" or "thesis" by this simple
sentence only. Also in the exemple uThere are two principal tables in
the logic file.",'the word ‘''tablen means a "1list", but not "desk" but
there is perhaps no algorithm to select a word which means "list" lf

there are several mult1voca1 words in a sentence, to select-the appro-

priate translation is very difficult, even if plenty of meaning-informa—

tion is given to each word. in these cases man must select the. correct

one,
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1n semantics, as well as in syntax, the criteria for selection of
words and rules mustlbe changed from case to case, and to judge when
the process must be changed is a very difficult problem, 'fhe main
reason why mechanical translation is difficult consists in this flexi-
ble character of natural languages. As for a human being, he communica-
tes with each other not 6n1y by the system of symbols but also through
the real world which the symbols represent: therefore, slight changes
in word brdér or e#istence of multi-meaning words do not prevent him.

from finding the correct situations, wWe must analyze and abstract the

_relation hidden in the real world to make mechanical translation possi-

ble; however, this is tremendously difficult if not impossible.

Oﬁe of the promising ways to the study of semantic problems is to
clarify the mechanism of analogical ‘inference and metaphor, which is
the leading process in human recognitlon or perception activity (associa-
tion)., It 1s also important to study how the contents or meanings of
Sentences-can-be recognized, and how they are expressed in another
language by using another method than by the s;mple ohe-to-one corres-

pondence for word and syntax.
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Chapter 3
PHRASE STRUCTURE AND ENGLISH-JAPANESE TRANSLATION

3.1 Phrase structure in natural languages
The concept of "phrase structure" or "immediate constitutent struc-
ture" is the characteristic feature of natural language in syntax which
is the most beautiful and plays a leading role in natural language.
This suggests that natural languages are generated énd developed by
human beings and they reflect the physiological or biological aspect
of human recognition ahd perception. Therefore, the study of language
'gives an important clue to make clear the various human activitieé.
Phrase structure(PS) and immediate constituent structure(ICS) are

the structures in which, as shown in Fig.3.1.1, adjacent elements are

This is a tree structure. quinque post annis in patriam redibunt
N3 VL DT N1 N1

AO P1 N1 P1 N1 VI
N \/
N1 ’ N1 PA
N4 PA VE
-VE \/

VE
58
Fig., 3.1.1 Fig. 3.1.2
Phrase structure. Non phrase structure.
. ¥
v

connected into larger unité, and elements whichvare apart from each
other do not form a group directly. The structure shown in Fig.3.1.2
is not a phrase structure. Such a structure shown in Fig.3.1.1 is

called "tree", in which branching points are called 'node'" and the
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tips of the branches are "terminals", The tree structure can be ex-

b

pressed by the set of rewriting rules which have such forms as below
A - QB —_ 6’ CA (é

N

¥

Fig. 3.1.3 Rewriting rule and tree structure.

WhereCX,Q , and ¥ are node symbols (or non-terminal symbols) or termi-
nal symbol. This rule means that adjacent elements ok and Q are connect-
ed into X . These sets of rules are equivalent to the tree expressions
where no branches intersect each other. '

Though ICS and PS treat the same character of languages, ICS attach-
es great importance to analysis, and PS to synthesis or generation,
That is, in PS, the rewriting rule has the inversely directed arrow

comparing to that of ICS, and generates a tree using substitution rules,

X—ed\-@
o/\@

Fig. 3.1.4 Generating rule and tree structurs.

The tree generated by PS grammar may cover all trees reduced from natu-
ral sentences by ICS grammar; in other words, PS grammar generates too
many trees which do not belong to the structures of natural languages,

Now, is it truly adequate to look upon the structure of a language
as PS or ICS? The‘discussiqn of several.points is giveh below, '

Roughlybspeaking, languages can be thought to be kinds of tools,
and in order to communicate with each other in such 1aﬁguage§ of the
present form is not necessarily needed. 1If one wants to transmit to
others the existence of matter or object; he can attéin it vy brihging

the object itself or its equivalent before other people, or by bringing
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them to the place where the matter exists. 'If it is difficult to move
the materials, he can express them by plctures, It is shown in the

fact that encient communication was done by means of pictures on the
stone or wall, etc. The.object itself or stones with pictures drown
ionvthem, however, can not be moved freely in time and space, and also
they take much space and timerto express themselves. Then, gestures,
which do not take much space end time and might co-exist with picture
painting, came to be used 1ndenendently. And»it is probab1§ true that
vocal sound which acompanied gestures as a supplementary tool took the
place of-gestures.v Voice, however, goes down, as it were, one dimen31on-
“al scale. So it is difficult to retain fixed images continuously,
unlike objects or pictures. Then there arpeared letters which represent
vocal sounds, Letters need two-dimensional Space as pictures do, but
they consist of combinations of a comparatively small number of symbols
which correspond to sound units, so an expression represented by letters
can be looked upon as one—dimensional as a.flow of thinking. Therefore,
the sentence or sequence of letters can be’ thought to preserve its
relation to materlals in three—dimensional space or pictures in two-
dimensional space:. Then its structure can not be quite free. That 1is,
language reflects the nature of human recognition of real world, The
ability for recognition which is ascribed to physiological structure

is common to all human beings and does not depend on race or age.

Then ;pere nust-be something'common to ever&‘langnage'wnich looks dif-
ferent at surface.

First, there is an undividable unit for our recognition. Though

this unif differs in size for the object to which we pay attention,
disjoint meterials or mixture ef different kinds of material can not

be thought to be a unit, but continous and homogeneous ones are recog-

Y‘
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nized as fundamental units. The word "unit" or "material" is not used
to mean chemical substance which consitutes the matter, but it means

a functional role. Second, the spacial distance and arrangement, Qf
functional relation of separate units are paid attention to. Though
there coexist various kinds of phenomena and subjects in the real world,
only some of events or objects in which we have interest rise to the
surface of our recognition. VThis fact is well illustrated in the cock-
tail party effect in hearing or figure-grouhd perception in Lebin's
experiment. The psychological explanation of these phenomena can be
summarised into two fundamental éoncepts: (1) contiguity,vevents or
matters which are éituated near ‘in distanée-or time are recognized as
intimate in relation to each otﬁer, (2) analogy, events or matters
which are analogous in figures, size, 6r funciion are’recognized as
intimafe in relation to each other. The cause-result recognition
follows from the contiguity of their times of océurrence. The images
of materials or events in sbaée pefhaps are storéd in our brain in two-
dimensional forms rather than in cubic forms. Evéry thing is remember-
ed by abstracting its characteristic relation from the view point of
each one's interest. That is, a certain subject which is paid chh
interest to is set in the central position in the brain, and other re-
lated matters are arraﬁgedin plane around it in the positions determin-
ed by their relative distance (or psychological distapée) from the cen-
tral one. 1In this statement the word "position'" or "distance" doesA
not mean a physicai oﬁe, but rather means a mental one, They are con-
nected by the association mechanism. To represent this two-dimensional
relation or image by a one-dimensional‘flow ofllettefs, it is necessary
to give a hierarchy to each part of the plane, because in a one-dimen-

sional expression.two parts can not be mentioned at the same time: one
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of them must be expressed before others, But the hierarchy in the
plane figure is not definitely determined, and nor it is linearly -
ordered. Therefore, the word order in languages is not so intrinsic.
If materials or concepts, A and B, are connected with each other in
space or functional role, then the representatives of A and B must be
situated also in intimate positions and not sepafated apart when ex-
pressed in a linear language, though it may not matter wheﬁher A is
described before B or not. Ii is true that continuify remains continu-
ous when projected on to the lower dimensional world, Hefeupon, the
psychological basis that ICS of PS can be a‘maianharacter in human
language is still in existence.
For the above reason, the author believes it is not wrong on the
whole to think that human language has ICS or PS, . It is said, however,
that all existing languages in the world do-not necessarily have phrase
structure, It may be true as for their preseni forms. But froﬁ the
development poiht of view, in the early times when only vocal sound
were used as a language, 1t might have had phrase structure,.and in the
next stage when letters were‘used to represent sound elements, its
structure was deformed little by 1ittlé into the present form. The
author supposes this change was brought about by the mechanism of human
memory. 'That is, there are two kinds of memory, short-time memory
(primary memory) and long-time memory (secondary memory). Languages in
the form of vocal sounds are stored in primary memory in the first +
stage. But fhe capacity of primary memory is rather small and can hold
But only for a short time, so if the spoken language has the crossed
branches in syntactic structure, the previously stored infbrmation will
be thrusted out before the related phrase'appears. Therefore, that

seems .to be difficult.for man to understand, and it can not be true
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that such a difficult structure survives as a human language, On the
other hand, whén it is written in letters, it remains for a long time
as 1t is before our eyes; since a sheet of paper plays the same role
as long time memory does in the human brain. Then, even if the sentence
is deforméd, we can compare both forms, and recognize the deformed
sentence as deformed one in relation to the original one, Therefore,
we can accept the written language smoothly even if it is not PS, unlike
the case of the spoken language. ‘hese deformed sentences, this time,
are expressed in voice sounds, this spoken language may not have phrase
structure, but it is accepted because the listener can imagine its
original form with the aid of secondary memory. By the repeated process
of this experience, transformed structure comes to generally accepted
because of the adaptive ability of human beings., There may be some
counter view which asserts that man can speak without knowing the writ-
ten language. It is true, but in that case, the spoken language may
have nearly phrase structure,

If it is reasonable to suppose that the present forms of written
languages were caused by the modifications in a long time, the "frans-

formational grammar” introduced by N, Chomsky can be said to represent

.the characteristic feature of human language activity, though trans-

formation rules themselves are rather ad hoc. It is ad hoc because the
transformations which are applied to the phrase structure language may

not be neceésary ones, but are only to give a strength or rhythm to

the sentence, or clues for descrimination. Latin or other ancient

languages may not possess phrase structure at surface structure, but
they must have PS in their deep structure.
In any way, phrase structure is a good model of natural languages,

if only the structure of language has something to do with the human
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recognition or perception mechanism.

As mentioned above, the author believes that human languages have
very regular rules in its basis which.come from their physidlogical
functions, and that English, as well as Japanese, has phrasevstructure
in its very‘large parts,. It is not necessarily easy to translate them
mechanically because both English and Japanese have their own- phrase
stfucture. As in Fig.3.1.5, if a tree in one language differs from
that of the othef, then simple rule-by-rule tranélation can not be
applied. These cases occur when units of recognition differ from langu-
age to language, and one-to-one correspondence in their units does not
exist, even though the algorithm of recognition is the same in both

languages. Therefore, if such case occurs, it is impossible to trans-

a c) (a) (v)
a\/b/c d | ()\(/)/h{
e
\\T (£') .
\8 (g)
Fig. 3.1.5

late one sentence into another preéerving one to one correspondence in
words and syntax., But in the present state, to try far more fiexible
translation, concept to concept, is practicall& impossible because of-
the. defects of our knowledgelabout our own lénguages. Then this paper
will mainly be devoted fo phrase structure, and investigate to what

extent rule-by-rule translations are useful for English and Japanese.

$“‘
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3.2 Syntactic structure in English and Japanese

The manifest difference between English and Japanese in syntactic
structure is word order and existence of particles in Japanese, It
may'be involved in the fact that the Japanese language is difficult to
segment into word units, since KANA and KATAKANA and KANJI are used in
mixture. This character prevents Japanese from being put into the com-
puter and processed in it. But the problems of segmentation and alpha-
bet system are not treated in this paper. |

First, as for word order, it is apparently very different between
English.and Japanese. For ekample, in Fig.3.2.1, the word‘order in
Japanese is almost reverse to that in English.

1 2 3 4 5 6 T 8 9 10 11
He refgsed to hire a lawyer with experience in such cases

\

ﬂm WL 3 o 43EE Li%-k w) ggﬁ b b BIFSAIR
1 10 1 9 8 7 5 6 4 3 2

Fig. 3.2.1 Corresponding trees between English and Japanese structure.

But their tree structures show very beautiful relation hidden in both
languages. That is, except for their subjective parts, both trees

have very similar branches, and if one of them is put on another one,
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turning inside out, both trees coincide quite closely. These trees
shown in Fig.3.2.1 represents the typical structures of English and
Japanese. In the English tree the right-side branches stretch up and
the most extreme node is embeded in the extreme right side part, so
that it is called right-recursive étructure. On the other hand, in
the Japanese tree the left-side branches éxtend upword, so that it is
called left-recursive structure. In the fypical example exclqding the
subject parts, the right-most paft in English corresponds to the left
mdst part in Japanese. Then to analyze English in order to translate
it into Japanese, it is probably adequate or effective to begih pars-
ing frdm the end of the ééntence; In the reverse case, from Japaﬁese
to English, it‘may be good to begin from the top of the sentence,
Locally speaking, however, word order in English is not necessari-
1y reverse to the Japanése one., 6 They differ in noun phrase and verb
phrase; in‘noun phrases, the words before the main noun, such as de-
terhinerror ad jective or adjectival words, modify the main noun in sucﬁ
‘é manner that if they are situated neérer to the main noun, they are
connected earlier than the_farfher words, As for the structure of
‘modification in noun phrase, it is said that such structure as showﬁin
513.3.2.2—3» is n&t adequate, but all modifiers équaily relate to the
‘main‘Word as. shown infig-3-2-2-b. But the farther the modifier is apart

from the main noun, the wider difference in intimacy reveals the con-

DT Al ATl AT N1 T AT AT AT N1
&5—1 \[//
a . b

Fig. 3.2.2 Two structures of noun phrase; a-context free form

b-true structure
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cept of the modifier. Therefore, such a modification structure as inFig.
3.2,2-a may be thought to be an acceptable one. As for the right-

side modifier such as prepositional phrase or adjectival clause, they
modify the noun phrase before them in the order of their appearance

(Fig.3.2.3).

Fig. 3.2.3 Structure of noun cluster.
In verb phrase, the priority mode between the 1eft§?§ﬁ the right-side
phrase is changed. That is, the righf-side words or phraées modify
the main verb before the left-side ones do. But the_principal rule
does not change, that 15, the nearer they are to the main vgrb, the
more intimate they are to the main verb (Fig.3.2.4). Usually left-side
modifiers in verb phrase are adverbs, and the right-side modifiers are

adverbs,'noun phrase, prepositional phrase, and adverbial clause,

Aq .A2 A} v B4 Br)' B6

Fig., 3.2.4 Structure of verb cluster.
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A few concrete examples are shown in Fig.3.2.5.

Noun'cluster;

P R
the genial mifi_zzgiector {on my right) (who was smoking a pipe)
M/

the 0ld trée surgeon (in the yard) (who had been waiting)

Verdb cluster;

T
(usually) went.(to the water cooler) (when he was thirthty)

5 T~
(seldom) spoke (politely) (to his father)

‘\\\\_____‘q

Fig. 3.2.5 Concrete examples of noun cluster and verb cluster.

The discussion mentiongd above treats English struéture alone, But
the same modification principle can be applied to Japanese noun phrase
and ferb phrase. In Japanese, however, the direction of modification
is one-way, that is, ieft to right (or up to down), and its principle
is that the word nearest to.the main word ;s connected most intimately

to it quite in the same way as in English (Fig.3.2.6).

550 wo kKK BE-TW>  tok ZE w2 HT E‘E—\

Fig. 3.2.6 Typical structure of Japanese.
It is very interesting that the order of modification in both languages

is the same frqm.the éonceptual point of view, though the apparent

4™~
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word order is different in both languages. lhat is, as shown in Fig.
3.2.7, if we put the.numoer on each word according to the order in
which the word modifies the main word, then the corresponding word or

phrase in both 1anguagés have the same number,

a  beautiful flower (in the vase)
2 1 3

(kabin no naka no) 1no utukusii hana
: 3 2 1

usually read (a book)  (in the morning)
I 1 2 .

taitei (gozencyu ni) (1no hon) 0 yomu
3 2 1 - '

Fig. 3.2.7 Modification order in English and Japsneae;

this fact is not trivial, because modification order is independently
determined in each language by using only syntactic informatidn. This,
howevef, does not mean that English speaking people read.seﬁfences for-
ward and béckward'because the word oraer is differenf from the modifica-
tion order in English.

The difference‘between Lnglish and Japanese in word order suggests
thét there ar; some differences in transforming tree or from two-di-
mensidnal relatioh to one~dimensional expression. However, the fact
thaf the corresponding‘words have the same}modificatidn numbers tells

us that the original materials in the real world which the. phrase or

clause describes are the same 1in both

languagés.. This is analogously 11lus- /,"---_-_;;;5?
_trated in Fig.3.2.8. That is, the ,_,—----41",\ E

images of A and B projected onto the f /I ' ; E

x-axis and ;hé y~axis are different Be—A A—>B

Fig. 3.2.8 Schematic explanation

in order, but the original relation of word order in languages.
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“in two-dimensional plane is unique.

Though word order is different in both languages, it may be said
to be a common feature in syntax that a verb and its object phrase are
situated adjacent to each oﬁher in English and Jépane§e. This fact
has no rélation to mechanical translation. But if wé look on the verb
as an operator in mathematical forﬁulae, then English and Japanese
structure can be expressed like A + B and A B #, The former type is
the normal e#pression form,-and the latter looks iike a polish notation
which is convenient to be-tregted by the computer. Then Japanese may
become a compqter-orientéd_language, if it is'well symbolized.

‘ Now, the seéond point of aifference bétweenAEnglish and Japanese
is that in English the role of the word is determined by its position
in the senfence,’but iﬁ-Japanese the functional role is chéracterized
by:the particle, JYOSI;~ Therefore, in Jépanesg, word order is not so
stfict, and if only JfOSI's are predicted from the English structure,
the word with adequatg particlesihay be apranged almost arbitrarily so
that mechanical translation becomes easier. If both languages have
riéid struéture, then rule~by-rule translation may be of no use because
such occassion mentioned later in section 3.1 will occur. Japanese,
however, is ;ery flexible in a certain sense, so it is fairly possible
to conform to English., But it is the question whether or not JYOSI's
are correcfly>predi§téd by the English syntax; and hoa long a séquence
of Qordé_is needed for this, VGeherally speaking,ythe number of branches
coming into thé«node,is4uSually two in immediate analysis, and about
99 percent of the sentences in English are o Q
said to befmade.up of two-branch nodes. \\\\///'

Also in Japanesé it is possible to parse K

two nodes ‘into one, though the treatment ‘Fig. 3.2.9

Two-branch node,

*)‘
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of JYOSI is somewhat different from ordinary cases from the grammatical
polnt of view, This two-branch analysis, howevgr, is only effective to
analyze one language as it is, and it is not enough>when target langu-
age structure must be predicted by the analysis of the source language,
as in the case of mechanical translation. For example, a phrase "the

book which I read" is translated into "(WATASHI WA YONDA) HON" by two-

the book which I read

(I) wa (read) (the) (bqok)

Fig. 3.2.10 Two-branch analysis.
branch analysis, because the émbeded clause "I read" predict JYOSI
"WA" in’ Japanese as in "WATASHI WA YONDA"., But correct Japanese must
be "{WATASHI GA YONDA) HON", The subject in a relative clause usual-
ly takes GA;band WA is used for a subjéct in the main clause. Then,

for the above example, the tree looks as in Fig.3.2.11.

the book which I read

AN

(1) ga (read) “(the) (book)

Fig. 3.2.11 Correct analysis by é&ee-branch rule.

This analysis tree may not be able to be called a grammatical one
from the English syntactic point of view, This is a Japanese-language-

oriented English analysis. This tree can be explained by mapping, as
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shown in Fig.3.2.12.

RS
| RS
SS
(noun) wa (verd) {(noun) ga (verd)

Fig. 3.2.12 A transformation in Japanese tree.
The idea of mapping is introduced to rescue the weak points of context-
free grammar; then it is not necessary if contextesenéitive grammar is
introduced. Context-sensitive rules, however, are somewhat troublesome'
to apply to the machiﬁe; so it is desirable tq reduce them tolconkext-
free forms. 'This can be achieved by,cons;dering a somewhat long se-
quence of words as a left side of rewriting rules, that is, three (or
more)- branch analysis. For example, context-sensitive fules (a), (b)

are equiQalent to (a)' and (b)'; )
Nk B —AY @ AR B — @

7 ¢ —s 5 M A Y — 5 (W
Fig. 3.2.13 (a) and (b) is equivalent to (a)' and (v)'.

In general, phrase-structure‘grammar does not restrict the number of
symbols in the right hand of a rewriting rule, But to construct -a tree

having two-brahches at every node, two-symbol rules (n=2) must be intro-
A — Q\" Qz" e th

ducee in cohtext-sensipive form: If a node is‘allowed to have more
than three branches,lcbntext-free rules can substitute for context-
sensitive'rﬁles. At any rate it ié necessary to take into considara-
tion faibly wide~range context'to'inserﬁ appropriate JYOSI's in transla-

ted Japanese.

P
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In summary, English and Japanese have, in its most parts, phrase
structure, and both structures correspond to each other very well in
‘tree diagrams, which can be expressed in the embeded box schema as in

English Japanese
1+x(1+x(1+x(1+x(1fx)))) ((((x+1)X+1)x+1)x+1)x+1

Fig. 3.2.14 Schematic structure of English and Japanese.
Fig.3.2.14, It is easily understood that English structure is right-
recursive, and Japanese is ‘left-recursive ffom the apalogy of calcula-
tion of polyominals., To calculate an English-type polynominal, it is
necessary to begin at,the_right part, that is, the mos£ deep1y embeded
position. And if it is arranged in its caléulation order,'the result
is a Japanese-type polynominal. Therefore, in English-Japanese transla-
tion it is advisable to begin analysis of Eﬁglish at the riéht most
part toward the left part; unlike the ordinary English structure analy-
sis, left to right.

3.3 Hierarchy in rewriting rulesX
In the previous section 3.2, it is shown that there is the order
of modification in noun phrase and. verb phrase, here more detailed in-

vestigation will be given to each rule in syntax.

%& . :
Most of the symbols for parts of speech used in this section

are listed in Table 3,4,1.1 (section 3.&.1). Other symbols will

be.easily understood by the analogy of the listed-ones.
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First, in a tree of Fig.3.3.1, the rewriting rule AB—F is
applied before FC—>H .+ In this case we call AB———»F is higher in
hierarchy than FC— H ,, or node F is

of higher rank than H. That is, node \ / D

X is said to be in higher rank than node \
y below it,  if there are b.ran‘ches:which \ /
connect x ‘to y without passing root-
point S. Otherwise X and y are not Fig. 3.3.1 p tree
compared in rank and said to be the same rank, In Fig.3.3.1, nodes
F and G, or H and G are the ‘same rank

Here the simple sentences which have typical structures are taken
up to 'investigate 'hierarchies.:_ In Fig.3.3.2, such a sentence is shown,

and the hierarchies of rewriting rules are indicated.

DT N1 VP DT N1 P1 DT N1t

(1) Dr N1— N4 }4/ }4/ \/114

(2) Pt N4—PA \/-m

(3) N4 PA—>N4' N4
(4) VT N4'—VE VE
(5) X4 VE—»ss ss

it
Fig. 3.3.2 Elementary hierarchies in rewr&ng rules.

If the hierarchies are ignored, the example shown iri Fig.3.3.3 is ana-
'lyzed'in a wrong way, because there are N1 PA-> N4 ‘ and N4t PA-‘._>NI} ,
and analysis is 'beguﬁ at the end of the Sentlence, N1 PA-—>Ni:, is
applied before DT N1— NAi', then it is as shown in Fig 3.3.3.  If the
hierarchies indicated in Fig.3.3.2 are. considered DT N1—>N4! is

applied before N1'PA—>N4 , and the correct tree can be gotten, as
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shown in Fig.3.3.2. -

T M ve DT 1

N{ P1 DT N
\ W
N4
\ b
/
N1
/

N
VE// !
S8

Fig. 3.3.3 A wrong analysisby ignoring hierarchies,

These hierarchyies, however, depend on the direction of analysis, that
is, left-to-right or right-to-left parsing,. 'For example, by the right
to left'ahalysis the sentence "She has books in her hand" is correctly

analyzed without éhy hierarchy, but in the left toright analysis, the
passing is blocked, as shown in Fig.3.3.4,

N4 VT N1 P1 T N1

N

58

N4

_—

f///}A

Fig. 3.3.4 An imcomplete tree by left-to-right parsing.

N

The reason why rewriting rules must be classified into several hierarch~
ies is that in ordinary sentences nouns with.or without'determiners or
adjectives are modified by prepositional phrases, or verbs appear with-

out their objects, then there must be prépared such rules as

N1 PA—s Ny N4 PA—» Ni! DT N1 Ny AI N1 -5 N1

N1l VT - sS
VI Nl VE Nl VE— SS
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etc., and that these rules, if applied in the same hierarchy, lead to
the wrong result in case of N.V D NI'VT DT N1 Pl DT N1 regardless of

the parsing direction, as shown in Fig.B.B.SQ

PP N4 VT DT N1 P1 DT M1 DT N4 VI DT N1 P1 DT N1

Ss N4 N3 N4
PA/ p\ y!

SS- N4

N4
right-to-lef# parsing left-to-right parsing
fig. 3.}.5' Incomplete analysis by'ignofing hierarchies.
Then at least,five‘ﬁiererehies mentiened'above are needed. If these
hierarchies are taken into coneideretioﬁ, the direction of parsing for
simple sentences is féee, but right-to-left analysis is preferable in
reducing the number of procedures for parsing.
In the previous example (Fig 3,3, 5), such rules as N1 PA— Nb .

N4y* PA—> N}y , VT Nl-—)VE ,, NLVP=> SS, N1 VE—>SS etc., are
put into the same class and given the same hierarchy, so that they
interact on each. other. But there are several rules which do not inter-
act on eaéh other. If the parsing direction, right-to left, is taken
into consideratlon, then 1t may be possible to reduce the number of
hierarchies, Then, as the first step, all rules are divided into two

classes'so that each: class does not include any intersecting rules.

(I) DT N1-» Nu! "P1 Ni4'—s PA N4' PA—s> N4t Pl N1-> PA
VI N4y—>VE N4 VE—> SS N4 vﬁass
(II) Nl PA—SN .
b VT N1 VE VT Nyt —VE N1 VE — 58

N4 VT— S5 N1 VT —»SS
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They are (I) and (II). In each class all rules have the same hierarchy,
but the rules in class (1) are in a higher hierarchy than those of

class (II)., in this classification all simple sentences can be analyz-
ed correctly by right-to-left parsing, " DT N1 VI NI P1 DT N1 »
(DNV NPDN), for example, takes the form as in Fig.3.3.6, where the

wave-line branch shows that class (II) rules are applied. In class (I),

T N1 v N1 P1 T N1

Fig. 3.3.6 Analysis using (I) and (II).

there are typical case rules, and in class (II) somewhat irregular

type rules, o put class (I) rules in a higher hierarchy than class

.(II) makes context-free style rule (II) equivalent to a context-sensitive

one, because the context for rule (II) is investigated by the rule (I)
which is applied to it before them,

When only simple sentences are concerned, it is enough to divide
them into class (I) and (II), as mentioned above, But to translate
also complex sentences, as well as simple sentences, some further
consideration is needed. If simply we add R1 SS—> RS , N4' RS - Ni ,
and VT N4—»VE  to class (I), and N1 RS=> N4  to class (II), then
"DNVDNPDNRDN V", for example, becomes as below,

DT N1 vT T N1 P1 DT N1 R1 DT N1 VP
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This result is not correct. That is because the main part of this
sentence is a standard form, and is analyzed only By using class (1)
rules, but the right part of the relative pronoun, (DNVN), belongs to
the irregular sentence, so it is left unanalyéed. This fact, however,
depends on the algorithm of applying rule (I) and (II), To tell the
truth, the rule must be applied at first to the simple sentence embeded
in theright most part, and then the same processing must be applied
recursively to the result of the previous proceduré. But generally,
it is very difficult to find out a simple sentence in a somewhat complex
structure. For example, in " /I will show you /some results/ obtained
by the digital computer ", thére are several possibilities to cut.
Further, if there are inserted phrases or clauses, as in "I will show
you, here, some results obtained by the digital computer', then verb
phrase beginning with "obtained" may be looked on as predicate of ''some
results", |
Then classification of rules is slightly changed, as shown in (I)'

and (II)'., Class (I)!' includes mainly nohn-type rules and preposition-

(1) DT N1—>N4' Pl N4'—>PA Pl N4 —>PA
Pl N1 —> PA N4' PA—> N4 . N4' RS —sN4
(II)* VT N4'—VE VI N4y —>VE VI N1 —VE
N4y VE —»SS N4' VE —> 85 N1 VE-—>SS:
Rl N1 VE-»RS Rl N4' VE—RS _ etc.

al phrase, and class (II)' includes verﬁ-type rules and sentence-form
rules., By applying the class (I)' rule first, a noun modified from
the left side (determiner, adjective) becomes noun phrase before it is
connected to a verb, so such a case as sﬁown in Fig.3.3.5 does not

appear. The previous example which is analyzed incorrectly by class
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(I) and (II) become as follows;
: N1 VT T N1 P1 DT N1

As illustrated above, it is only necessary to classify all rules
into two groups, (I)' and (II)', though in the above class (I)' and
(II)' only necessary.fules are illustrated. This is because right-to-
left parsing is pre-supposed. The meanihg of "right-to-left parsing",
however, must be described. In the above parsing, in the first step,
a limited length string (substring) of parts of speech in the given
‘'sentence is taken up in turn beéinning at the end part of the whole
string, and each time it is compared to the rule in class (I)' and
processed if necessary, and in the second step, class (II)' rules are
used in the same way. Therefore each rule in class (I)' or.(II)"is
in the same hierarchy. If one rule is pickéd up from class (I)* or
(I1)' and comparedvto every substring and processed according to the
rulé, it is equivalent to the case of the totally ordered rules. The.
totally ordered rules aré effective but it takes increésingly more
tihe to analyzeAas the number of rules increase, 1In this péper it is
one of the aims to reduce~proce$s1ng time, so the total order system
is not'adopted.

The above discussions are based on the hypothesis that English
structure is right-recursive, but in actual situatibns, there often

appear not simply right-recursive sentences. For example, in the sentence

" In many cases [difficulties which appeared to arize from
semantic or synfactic problem] were rather easily cured

by slight modification in structure.”
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the subject part bracketed by r7J which contains a clause in it,
appear before the predicate. So if the

i ¥4 R1 VI KN4 VI N4
parsing is carried out from right to

Y
left in one way, the predicate of the \\é///
S

main sentence is apt to be parsed with

_ . Fig. 3.3.8
the noun phrase embeded in the adjec- A wrong analysis
tival clause in the subject parts before the subject part is correctly
parsed (Fig.3.3.8). As for the solution of these cases, it is one
method to modify slightly the original sentence itself, just as ex-
plained in the above sample sentence, or another is to divide class

(II)' rules into two more parts, (II)'1 and (II)'a, giving (II)'1
a higher rank than (II)'Z'

(I1)*; VI N4'—> VE, R1:N1- VE—>RS
(I1)', NLVE—>SS, N4+ VE—>SS, N4-VE—7SS

As for modification, it is simple to insert a comma between subject
part and predicate part as a barier , in the above case between
"problem" and "were",

To sum up the discussion in this section, first, if in rule-by-
rule translation scanning one direction is always adopted, then re-
writing rules in context-frée form must be classified into several
hierarchies. - Second, the hierarchy_of rules depends on the gcanﬁing
direction, right to left or left to right.’ Third, through possession
of a proper hiefarchy, context-free rules function as if fhey were
context-sensitive. . ‘

The‘hierarchy of rules depends on the symbols or parts of speech
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which constitute the rules. For example, in DT> N1 —>N4',two symbols
Nland N4'are used to represent necked noun and modified noun. But

when N1+ PA—N4 and DT'N1— N1 are separéted, symbol N4'is unneces-
sary, Therefore, to introduce new symbols is equivalent to classifying
rules into smailer classes, that is, to increase the number of hierarch-
les. 1Increase in kinds of symbols,‘however, leads to the increase in
the number of rules., On the contrary, decrease in kinds of symbols
makes it difficult to analyze English and to predict Japanese structure.
So it is a very important problem to choose appropriate symbols so

that they represent our grammatical concept as well as possible and

characterize both English and Japanese,

3.4 Classification of parts of speech

in the case of human translation one not necessarily needs gram-
matical knowledge about parts of speech, but has only to know the
meanings of words and functions of a comparatively small number of
words. This is because he knows the real objects which the words
signify, and relations between words in a sentence can be recognized
through the actual relation among objects themselves; therefore, such
information as noun, verb, or adjective, etc. are not necessary for
him, On the other hand, when we are to decipher a cryptogram or to
read unknown languages, we can not get concrete images from the words
in it, then some information substituting for meaninés is needed. The
part of speech plays its role. 1In English-Japanese mechanical transla-

tion, the part of speech gives a clue of finding the departure point
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in syntax between the source and the farget languages, by which 1t is
possible to exchange word orders and insert adequate JYOSI(Particle)
in the target language. For this purpose, traditional classification
of parts of speech, as in descriptive linguistics which is human-orient-
ed grammar and treat only one language independently, is not useful,
Also such a classification method as C.C. fries', wﬁere frame sentences
determine the word class as a set of words which can occupy the same
position in the frame sentence, may lead superficially to the same re-
sult as will be explained in this paper, but it is not applicable to
mechanical translation in its fundamental philosophy, especially in
the case of treating such languages from different,lénguage-families.
Even the parts of speech of the source language must be classified by
taking into consideration the structure of the target language. The
term "part of speech", however, is used in this paper as having an
équivélent meanings with an identification symbol, and not used as a
traditional concept.

The fundamental attitude for word classification is illustrated by
a few examples,

In the next two sentences (1) and (2), phrases led by "to" work
differéntly in syntactic structure, and so the Japanese word for "to"

also differs in Japanese.

(1) I go to school. watashi wa gakko e iku.
(2) 1 eat to live. watashi wa ikiru tameni taberu.

It is only determined by the conteit in what way the word. "to" works.
Therefore, it must be distinguished from ordinary prepositional words,

though it may work as a preposition.
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In the next phrases, the adjectival words "interesting" and ''use-

ful" play the same role in the sense that both words occupy the same

(3) This is an interesting book. (3)' This book is interesting.

(4) This is an useful book. (4)' This book is useful.

position in the sentence. Therefore "interesting" and '"useful" rnay be
put into the same class according to the ordinary classification. The
corresponding Japanese for above examples; hOWever,vare different, as

below,

(3)J kore wa omoshiroi hon de aru. (3).'1 kono hon wa omoshiroi.

(4)J kore wa yuekina hon de aru. (4).'1 kono hon wa yueki_ de aru.

‘'he points of difference are concerned with the inserted particles.
That is, the word "interesting" requires the same particle "-I" in
both cases (3) and (3)'; on the other hand, the-word "useful" requires
different particles " -DE" and " -NA" because. of its contextual dif-
ferences. If both words are given the same symbol, they can not be
translated correctly because there is no clue to distinguish between
them from the syntax. Therefore, they Qust‘be separated form the
Japanese translation's point of view. .

In the other examples (5) and (6) below, if "in" and "of" have
the translation "NO NAKA" and "NO", example (6) needs no particles for

(5) an apple in the basket kago no naka no ringo

(6) a friend of mine watasi no _ yuujin
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preparational phrase in Japanese. If "of" is given the same symbol,
then the translation (6) becomes " watasi no no yuujin".

Therefore, prepositions "in'" and "of" must be put into different classes
from each other.

As shown above by a few examples, word classification must be
performed by considering the correspondence in word order between both
languages, the necessity of particle insertion, the inflection of appro-
priate words in translation, and also the syntactic character of English
itself. .

First, English words are divided into two cgtegories, that is,
form class and function class. Form class includes most of so-called
nouns, verbs, adjectiVes,_and adverbs., This class is almost the same
as the ordinary form class., A word which is named as verb, howevef,
does not necessarily construct thepredicate; it may be of adjectival
use or even of noun use in the given context. The word "context" means
a sequence of some symbols., The part of speech (or word class or
symbol) is used to give special features to contexts, connects words
and phrases and makes it easier to translate English into Japanese.

The other words which are not in the form class belong to the function
class. A word which has the possibility of wofking both as a form-class
word and as a function-class word, is given a special symbol and put
into the'function clasé. In the form class, each word can belong to

at most two sub-classes, The detailed explanations are given below,

3,4,1 Form class

The form class is divided into four sub-classes, that is, noun
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class, adjective class, verb class, and adverb class. The criteria

for sub-classification follows the common usage.

Noun : N1

The noun class has no sub-class, because there is no special
structual difference to distinguish among abstract nouns, concrete
nouns, and material nouns. Pronouns, however, belong to the function
class. As for proper nouns, it is convenient, if possible, to dis-
tinguish them from the other nouns, but in the present system input
texts are typed, using only capital letters without putting any special
marks to proper nouns, so it can not be distinguished automatically.
Singular nouns and plural nouns can be in large part recognized by
their inflection endings automatically, but such distinction is almost
of no use because the number of a noun is not explicitly represented
in Japanese syntax, and also because the case of cohcordance of noun
and verb in number is in most cases redundant. -And when it is not
redundant as in the case where the antecedent of a relative pronoun is
situated aﬁart, it is too complex to treat by rule;by-rule translation.
Nevertheless, sometimes the plural form is useful in finding fhe end
point of a noun phrase; for examﬁle,

In many cases difficulties which .... "
P1 AOQ N1 N1 R1 coee

in the above example, if plural information is considered, then its
structure can be looked on as " in (many cases) difficulties which
", because the plural-form noun usually déeé not modify the word
behind it. On the contrary, if plural information is ignored, then
the structure of the above éase becomes " 1in (many cases difficulties)

which ", because the "noun + noun = noun" pattern often appears.
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To distinguish numerals or signs from ordinary nouns (N1) is use-
ful in case of date expressions or equations in mathematics. Because
such sentences as shown below which have différent structures in mean-
ing are looked on as if they were the same in syntactic structure, if

there is no distinction between nouns and numerals.,

It happens in August 28, 1967.
N3 VI P1 N1 N1, N1

I will give you some money, Jack.
N4 VA VD N4 A0 N1 , M1

Numerals, hoWever,'are used in many ways other than in date expression,
and so it is difficult to judgé whether they represent dates or not.
This problém is raised by ;He co-existence of scientific texts and
rather conversational texts. If the latter texts are ignored, then it
is possible to treat date expressions or equations without further

classification of noun classes,

Adjective : (AX, AN, AO)

Adjectives are classified into three sub-classes according to
their endings or conjugation suffixes when they are translated into
Japanese. That is, class AI contains such words as require particle
"~I" when they modify nouns, ciass AN requires '"-NA", and c1as§ AO re-

quires "-NO", For example,

a beautiful flowers utukusi-i hansa
AI
a pretty flowers ' kirei-na hana
- AN
a brown flowere kassyoku-no hana
A0 ‘

These words which belong to class AN and AO are also used as noun-
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like words, and in that case their conjugations differ from those of

ad jectival use. Therefore, it 1is not a good way to store.in the dictior-
ary their equiQalents in Japanese with inflection particles, The stem
forms which are registered in the word dictionary and their conjugated

form are shown below,

English clags Japanese Example -

word word

: English Japanese

small AL tiisa It is small. sore wa tiisai.

easy Al yasasi It is not small. sore wa tiisakunai.
disobedient AI Jyujyundena a small apple ino tiisaj ringo
abnormal AN ijyo He is abnormal. kare wa ijyo de aru.
cynical AN reisyoteki He is not abnormal. kare wa ijyo de aranu.
strange AN kimyo an abnormal man 1no ijyona otoko
final A0 saigo "it is final. sore wa saigo de aru,
handwritten A0 tegaki It is not final, sore wa saigo de aranu.
lospless A0 musonshitsu & final notice 1no saigong tsukoku

Such particles as "I", "NA", "NO", and "DE" are instructed by rewriting
rules.

The comparative or superlative'degree (RA) of class AI, if it is
distihguished_by different symbols from the positive degree, makes
translation into Japanese more delicate. But from the syntactical
stand . point, they are not necessarily effective because they do not
differ from ordinary adjectives in word order both in English and

Japanese,
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Verbs VI, VT, VD, GI, GT, GD, PI, PT, PD

Except some verbs which belong to the function:class yverbs are
classified into three sub-classes which correspond, on Fhe whole, to
intransitive verb, transitive verb, and dative verb. . In the ordinary
grammar it is said that transitive verbs take objects, and intransitive
vefbs take complements, and dative verbs take double objects; however,
the distinction between objects and complements>dependvon the meanings
of the words. Here, verbs are élassified according to the particles
in Japanese which the verbs require, when an English séntence_in which
nouns or their equivalents are situated just behind the verbs is trans-

lated into Japanese. That is, as shown below,

He accepts the opinion. kare wa sono iken o ukeireru.
VT

He becomes a chief. kare wa 1no syunin ni naru.
Vi -

He gives her a floweres. kare wa kanojyo ni 1no hana o ataeru.
VD -

When a sentence which has "...V-N1 NZ'" is translated into Japaneée,
if the verb requires particle "O", then the verb is named VT, and if
it requires "NI", then it is named vI, and if it is translated as

"Nl = N23 V" or "N1F N2 = V¥ , then it is named vD, There are,
however, several English words which can not belbng to any class by
this criteria; for example, those words.which always éppegr éolitarily
without any noun-like word, or such a word as "seem" which requifes
~somewhat different‘particles. These words are put into class VI. The
syntactic priority-order is given to these three classes, That ‘is,

the first order is given to VD, the next to VT, and the last to VI.

Therefore, if a word has a poSsibility of belonging to more than one
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class, the word is classified into the highest priority class,

kach c¢lass VI, VT, or VD_is divided into three sub-classes accord-
ing to the conjugational forms of English words., They are the present
form (VI, VT, VD), past (participle) form (PI, PT, PD), and ing-forﬁ
(GI, GT, GD). The past participle form can not be distinguished from
the past form only by usiné morphological informatibn except in case of
some irregular verbs, so they can not but have the same syhbol. But
their rdleg in the sentence can be distinguished by thg context in most
cases, For example, in the sequence of symbols "Ny PH PT DT N1t
the word named PT 1s used as a past,ﬁarticiple be@ause'a word (VH)

Just before it belongS'td thé "have-class" and PH PT construct a
past perfect expression. About the more complex cases such as "NL4
VT DT N1 PT P2 N1"(he wants a result obtained by computer) , they
will be expiained in the next section.

It may seem to be unnecessary to distinguish transitive verbs
from dative &erbs because their function can be determined by the con-
text., In fact, if a_verb appears in the context V Nﬂ Ny , tﬁis wo rd
is prébably a dative verb, and if it appéars in, V Nh'., then it may
be a transitive verdb, But sométimes there day appear such cases as
shown below where the first noun Nhl is the true object but the second
noun Nua is a subjedtvfor the follbwing parts; therefore, itris not

reliable to judge such a verb as dative frbm the mere sequence of parts

(eeveeee VP N41 ) (W42 vr .......)

of speech, If dative verbs are separated from transitive verbs, the
syntactic information is increased and so the parsing becomes more

probable even in such ambiguous cases,
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TABLE 3.4.1.1 Classification of English words,
Symbol Mnemonic name ' Example
Form class

Nl .... Noun ..e0ce0vv..... book, books, air, 23, Jack, Monday, etc.
AI .... Adjective ........ beautiful, ambiguous, big, cute, ‘etc.

AN ... " ¢esess.. profitable, stupid, traditional, etc,
A0 .... " eeess... native, normal, passive, sensory, -etc.
RA .... " comparative ... best, better, larger, biggest, etc.

Bl .... Adverb ........... mainly, however, now, then, thus, etc.
VD .,... Dative verb ...... give, makes, etc. '
PD .... " past-form .... gave, given, made, etc,

6D .... " ing-form ..... giving, making, etc.

VI .... Intransitive verb..go, coincide, obey, etc.

PI .... " past-form .... went, gone, lived, etc.

GI .... " ding-form ..... going, occuring, running, attending, etc.
VT .... Transitive verb .. avoid, compute,,hurt,'kills, love, etc.
Pl .... " past-form .... invited, taught, thought, supposed, etc.

G .... " 4ing-form ..... speaking, reading, reducing, étc.

Function class _

DT .... Determiner ....... a, an, the, my, their, each, such, etc.
DY .... n reee.es €VEry, etc,

N3 .... Pronoun .,........ it, this, these, those

Ny .... Noun ....e00000... I, he, me, us, she, etc.

Pl .... Preposition ...... at, in, on, under, beside, between, etc.

P2 .... " eceses Of, with, across, by, per, etc.

P4 .... " eee... for, since, after, etc. -

AS ... " ceee.. 85

TO .... " essses toO

Cl .... Conjunction ...... and, or, but, nor

C2 ..o " veesso if, though, because, so that(idiom), etc.

— e " essess = (hyphen)
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TABLE 3.4.1.1 Classification of English words., (continued)

Symbol

Function

VA
Py
VF
PF
GF
VH
PH
GH
VL
PL
GL
HH
QQ
XX
EE
R1
R2
R3
TH
Wl
w2
WN
WH
LR
¢
))

seo0 e
ssoe
soe o
see 0
co e e
s oae
see e
secee
ce e
se 0
se s
es e e

L

Mnem

clas

Auxi
"
Do v
"

Have
"

" \
Be v
n

n g
Adve
"

1"

onic name

5 (continued)

lially verd ....
past-form. ......
13 o < T
past-form ......
ing-form veesses
~Verb ..ceeeneee

past-form scccee

ing-form seoecse
13 of < T

past-form ......
ng-form ........
rbial ..........

Relative pronoun ..,

"

.s.. Punctuation mark ...

Example

will, shall, can, may, must, etc.
would, should, could, might, etc.
do, does,

did, done

doing

has, have

had

having

be, 1s, am, are

was, were, been

being

there, here

yes, no

"let, please

not

who, which

whose

whom

that

where, why

how

when

what

(comma)
(left-bracket)
(right-bracket)
(apostrophe)

(question mark)

! (exclamation mark)
(beginning mark of sentence)
+ (end mark of sentence)
(sentence boundary)

- Nt e

-
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Adverbs : (Bl)

There is no sub-classification of adverbs in the present system.
But there are some words which are difficult to classify as adverbs,
because they are used both as adverbial and noun like;words. For
example, in the sentence "I do not go to school every Sunday.", the
phfase "every Sunday" is used as adverbial, Then, is the word_"Sunday"
an adverb? The answer must be "yes" in this case from the semantical
point of view. But in the next sentence "Sunday is a public holiday",
the same word "Sunday" is clearly used as a noun, Where does this dif-
ferénce come from? It is difficult to answer such a question only
from fhe syntactic stand point. One of the explanations may be as
folloﬁs. Thefe may exist adverbial nouns which have meanings concerning
tiﬁe or place, andvif they are modified by such words as "every",
"later", etc., they work as adverbs, Otherwise, they function as nouns,
Therefore, if such words as "every" and "later" are given a special
symbol’ which represents only such words, and adverb-like nouns are
diétinguished from ordinary nouns, then it may Se possible to correct-
ly translate the above two sentences., In the scientific readings, .
however, the adverbial use of such words is comparatively rare so that
in this paper they are included 1n'the same class as noun, Nevertheless,
more detailed classification of adverbs may bé effective in machine
translation.

In Engiish, adverbs Qr‘adyerbial words can be put in almost any
position between phrases; this feature makes it difficult for mechani-
cal translation to:proceSS all syntax by the ruie-by-rule method.

The form class mentioned above has, in total, fifteen sub-classes.
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3.4.2 Function class

Determiner (DT)

The words which belong to the determiner class modify nouns on
the.right side of them, but unlike adjectiﬁeé they are not modified by
other words from the left side. In other words, determiners work as
initial words of noun phrases, Some examples of determiners are shown
below, DY is a éub-class of determiners, andiqrdsmelonging to this

class’constrhqt adverbial - phrases when they modify some nouns, for

T a, san, the, such, all, any,

each, his, my, its, their, etc.

DY : every

exampie,-"e?ery day' or "every tiﬁe"; But in the present system the
noun ciass is not classified into sub-élasses by considering semantic
aspects; therefore, it is erroneoﬁs to régard.a concatenation of DY
and noun simply as an adverbial phrase, There are several exceptional
expfessioqs with determiners; for examplé, "such a" or "many aﬁ'etc;
In these cases, "a"‘is modified by an other word, so strictly speaking,
it can not bélong to the determiner class by definition. Nevertheless,
these pﬁrasés "suéﬁ sﬁ and '"many a' ‘can be. looked qn-aé,if they were
one wofd, so they are to bevsubStituted by a single word belénging to
the determiner class at the idiom-processing stage in the mechanical
translation system, R

Severél words, such as "allﬁ}and "each", work rather irregularly,

as compared with other words; for example,
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They all went to the station.

They cost six pence each.

Therefore, such a word must be distinguished from ordinary determiners,

though sometimes it is possible to determine its role ffom the context

only.
Pronouns : (N3, Ni)
Pronouns are divided into two classes N3 and N4,
N3 :+ 4it, this, these, those
N4 s+ I, he, we, him, they, their, etc.
These words are not modified from the left side, ‘and except some of N3,

they-do not modify other nouns. ‘The main difference between N3 and Ni

is that in the next sentence it is differently translated into Japanese,

It is very curious that he did not know it.
Lo RS
kare ga sore o siranakkata kotoc wa taihen kimyo de aru.
- RS

He believes that languages have phrase-structure.

N4 .. RS
kare wa gengo ga ku-kozo o motu koto o sinjiru.:
N4 RS

depending on whether the first position is occupied by N3 or N4j. The
translation word for an English word named N3 does not appear in Japanese, 3

it is substitufed by a phrase named RS.

U
Functional Verbs : (VA, VF, VH, VL, Pi, PF, PH, PL, GF, GH, GL)
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Such words as shown below play characteristic roles in indicating
the aspect of verbs and also making sentence structure (intefrogative

’( .
or negative sentence).

VH ¢ have, has GH ¢ having PH : had
VF 1 do,does GF :+ doing PF s did, done
VL ¢+ 1is, am, be, are GL ¢+ %being PL : been, was, were

VA : will, can, may, PU ¢+ would, could, might,

Sometimes VH class words (have) or VF class words (do) are used

as if they were transitive verbs. In such cases, however, their func-
tion éan be recognized by the context, for example, in the sequences
"...N4 VH N4..." and "...N4 VF N4..." , VH or VF are used as transi-
tive verbs, and in the sequence "...N4 VH PT N4i..." or ", , N4 VF
EE PT N4..." VH and VF are used as auxiliély'verbs. The word "may"
or "will" is sometimes confused with the word which means "month" or
"intention". To avoid these coﬁfusidns,.they must be, as a rule, given
speclal symbols different from those for other VA class words, but it
is not impossible to decide by the syntactic context alone in Which way
the Words are used in the given éenience. fherefore, they are included

in VA class.

‘ Preposition : (P1l, P2, P3, P4, ...)
+ Preposition or preposition-like words are divided into several
classes accdrding to their roles and the kinds of particles which they

require,

P1 ¢+ in, on, below, between, under, etoc.
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P2 ¢+ of, across, against, by, into, from, etc.

Pl and P2 classes include prepositions which do not work as conjqnctions. ve
* Words in P1 group need particles when they modify nouns or verbs as pre-
posifional phrase; on the other hand, words in P2 do not need particles,

as shown below.

He lives in a large house. kare wa 1no ookii ie no ngka ni, sumu.
P1 -
This book was written by him. kono hon wa kare ni yotte kakareta.
P2 ' -

Several words serve as both preposition and conjunction, and they
are given special symbols, because their rules are only determined in

the course of analysis., For example, if.a word in P4 class appears in.

"I can not agree with you , for the proposal is too severe.
© P4 N4 VE '
' B2

tne contexf ", ..P4 N4 VE..." , it may be probable to infer that it
serves as snbordinate conjunction,

Other words which work like prepositions or conjunctions are Tto"
and "as" or "like", etc., As fbr ﬁto",‘it differs from other prepositions
by the fact that it san take ths root-form of a verb just behind it,.
and its translation, as well as structure, in Japanese is very different
according to nhether it takes noun phrase or verb phrase ss an object?
Iésmay be, however, nbssible to identify by the contekt ths case where
Ugon is.hsedvas part of'a to-infinitive even if "to" is included in Pl
class, becsuse‘it‘is £he only word that takes the verb as its object.

But in complex sentences it is convenient and reliable to distinguish
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it from other prepositions. The function word "as" behaves in a more
complex way, and must be given a special symbol to recognize its role

in the given sentence.

Relative Pronouns and Interrogative Pronouns,

Relative pronouns or interrogative pronouns play many roles and
behaves in a éomewhat complex manner, and so it is difficult to give
them appropriate translations. Perhapsvit is necessary to give a dif-
ferent symbol to each word to characterize their syntactic aspects.
But in scientific literatures, interfogative sentences ééldom.appear,
50 several words gaﬁ be'grouped according to their typical use., The
classes afe shown‘beiow. "THAT",is a multic function word, and con-

structs. one class,

R1 ¢+ who, which, W1 : where, why,etc. WH : what

whoever, .etc. W2 t  how WN : when, etc.
R2 1 whose

TH ¢ that
R3 s+ whom

Conjunction (Cl, C2, --.)

There are three kinds of conjunctions, that is, co-ordinate con-
Junction(Cl), subordinate cqnjunction‘(ca), and hyphen (--). A hyphen
"1is not a conjunction iﬁ an ordinary- sense, bﬁt from the syntactical view
point, it behaves like ; co-ordinate conjunctionf‘ The different use of
hyphen and co-ordinate cbnjunctiqn appear 1ﬁ such expressions as "time-

sharing system" or "inflected-form",

C1 s and, but, or, etc.
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C2 :+ if, because, though, etc.

The words which belong to C2 class govern the sentence structure
and make it an adverbial clause., The syntactic character of Cl, C2 and

hyphen is as below,

boys and girls 4 syonen sosite syojyo
N1 C1 N1 N1 c1 N1
if you go : anata ga iku nara
C2 R4 VI N4 Vi c2
punched - card : sankoosareta - kaado
PT -- N1 : PT - N1
Miscelaneous

It is necessary to distinguish the word "not"(EE) from ordinary
adverbs, because its translation affects the conjugation of a verb.
The word "there" and "here"(HH) are also separated from other adverbs
because they are used in a special way as "There’is a book on the desk".
The translation of the example becomes "TUKUENO UENI HON GA ARU", and
the correspondence of English to Japanese in this case is a very special
one; therefore, such a word must be given a speéial symbol to recognize
‘the characteristic feature of English syntax. It is not necessarily
-effective to distinguish such words as "yes" or "no"(QQ), but sometimes
in .high school texts they are useful. To such words as "please" and
"let"(XX), a special symbol must be given to treat imperative éentences.
These words (EE, HH, QQ, XX) can be looked on as belonéing to a sub-
class of adverbs, but they are very different in use from the ordinarf

adverbs.
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Punctuation mark

Punctuation marks are as important as the parts of speech., These
marks are considered at the same level as ordinary parts of speech.

The initial mark (#A) is useful to specify a verb at the beginning
of a sentence, and to recognize the syntactic feature of imperative
sentence or participial construction. The final mark (A7) which corres-
ponds to the period guarantees that there are no more words to the right
side of it. The intermediate mark (**) is used to separate two sentences
5o that the rule may not be applied to the two successive sentences
when many sentences are translated at a time, Commas (,,) plays a very
important role in segmenting phrases or clauses, though sometimes
they make sentence analysis rather difficult. The brackets ( ((,)) )
are also used at the same level with nouns or verbs. Apostrophies ('!')

and question mark (¥¥) are also considered as parts of speech.

3.4.3 Cluster symbols

The above mentioned symbols are functional ones, and there are in
total 'hl symbols. These symbols which belong to the form class and
the function class are, in pr1n§ipie, given to single wofds when each
word is looked up in the word diétionary. Oﬁ the other-hand, several
symbols‘are necessary to represent phrase,'claﬁse and some sequence of
symbols which correspond to the node names in the syntactic tree, 1In

this paper such symbols are called "cluster symbols", but they are
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TABLE 3.4,3.1 Classification of clusters,

Symbol Mnemonic name Example
Nl .... Noun phrase .......... AT + N1, N1 + N1,
N ... " “eeeesee.. DI + N1, N4 + RS, N4 + PA,
PA .... Prepositional phrase.., Pl + Nij, P1 + GT + N1,
FB .... n - .. P2 + Ny, P2 + PI + N1,
VE .... Verb phrase .......... VI + N4, VI + AI, VL + N4,
PE .... " past-form ........ PT + N4, PH + N,
GE .... " ing-form ......... GT + N4, ,, + GE + ,,
B2 vv.o AGVETD wevevevesenenee 55 + BL + ) ,, + Bl + ¥,
Ll .... " ceeesecenvenees TO + N,
L2 veee ™ tireveseeeesess TO + VE,
RS .....Relative clause ,...., Rl + N4 + VE, R2 + N1 + VE, Rl + VE,
Ws .... . "o eeesse Wl + N4 + VE, .
5SS .... Sentence ..eev0.0..... N4 + VE, N3 + VE + RS, SS + ,, + 85,
€3 .... Conjunctive .......... 45 + Cl
Ch weue eeveenes 79 + NMC3
UU .voo TOp WOrd ..cvveceoeess #A + HH
FP .... " Cveevevecesees HA + PF
CLP .... " teeeseeeeeees H#A + PL
e ssss " esessvssesses HO+ VA
H. .... " evesecescsses Ha+ VH
HP .... " eseciecesseee #O + PH
AP .... " ceeecccesese. #A + PU
Fo veee M iiieeeesscses H#OA+ VF
) AR " tereerecneees #O+ VL
WI .... " ceeerencecees W2 + AI
WA .... " Ceeessseesess W2 + AN
£ n *% 4 S5, *% 4 %
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often used on the same level as ordinary parts of speech. Cluster
symbols must reflect the features of constituents, that is, it is

desirable to be able to guess the structures
N4 VI N4

of sub-trees growing on the node by the

symbol given to the node. It is apparent \\\//}
that if the number of clusterisymbols are 55

allowed to increase, it is easy to guess the structure of-a sub-tree by
the node name. Incfease}in the number of symbols, however, causes the
increase in the n@mber of rewriting rules which are made of concatena-
tions of several symbols, and also téke much time for sentence analysis,
In the present system there are 27 cluster symbols, They are shown

in the Table with some examples, A simple explanation is given in
the following linés.

N1l: This symbol, though the same with a single noun, represents
the nounvphrase which has the possibility of being modified from both
sides, such as AI (adjective) + N1 (noun) or N1 + N1,

N4: This symbo%, which is the same with the pronoun, represents
the noun phrase which can not be modified from the left side, for
example, DT + NL.  or DT + PT + N1,

PA: This represents the prepositional phrase which is mainly led
by Pl élass and takes some parﬁicles when.it modifies noun or verb,

PB

This prepositional: phrase mainly-led by P2 class does.not
need ény particles when it modifies noun or verb, the typical structure
for this is P2 + Ny.

L1

This phrase has such structure as TO + N4 , this is almost

same with PA. )
L2: - Thié means "to-infinitive", and its typical structure is

TO + VE. This symbol is translated into Japanese in many ways, as
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shown below,

L2 + VE —>SS (L2) koto wa (VE)
N3 + VE + L2 -—8S (L2) koto wa (VE)
88 + L2 —»Ss (L2) tameni (Ss)
L2 + S5 —»SS (L2) tameni (SS)

etc.

RS: This is a relative clause which is led by relative pronoun
Rl (who, which), R2 (whose), R3 (whom), aﬁd TH (that), and its structures
are Rl + N4 +'VE or Rl +VE , etc, This clause works as an
adjectival clause or noun clause depeﬁdiné on the'coﬁtgxt.
. WS: ‘This has the same stfucture'as RS if WN or WH replaces Rl or‘
TH in RS.

VE, GE, PE: As for verb phrases, there are.thrée kinds of phrases
VE, GE and PE according toﬂtheir verb forms; that is, pfesent,,ing-form,
and past form.  The #erb in phrase VE is already givén a conjugation

suffix, as below. On the other hand, the verbs in PE and GE are not

buy (2 book) (VE)
VI N4

N vT
VE (n4) ° (n ) a
ino hon kaw

( 1no hon o kawu )
yet given conjugation suffixes, because PE apd GE play many foles, such
as adjectival or adverbial or predicative ones, and according to them
the conjugati§n suffixes differ; therefore, the suffixes can not be
determined until their roleé are determined by the context. Their

typical forms are as follows.

bought  (a book) (EE)
% (N§ o (Pr)~~

( 1no hon o kaw )

~
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buying (a book) (GE)
GT Na NG
\cg/ (nmw‘

( 1no hon o kaw )

B2: This symbol represents adverbial phrase or adverbial clause,

in the next sentences some examples are shown,

Thus , such coding can be expected to be inaccurate.
#v B1,, DT GT VA VL PT TO VL AN A#

B2

This situation,therefore,is best described by an'example.
# N3 N1 . B1 ,,VL RA PT P2 DT N1 A4
[

B2

SS: This represents sentence form, <the typicalbstructure is
N4 + VE.

The above mentioned symbols represent the grammatically accepta-
ble phrases and clauses, But there are some symbols which are used as
conventional ones.

’ C3 and C4: These symbols are used to parse a marshaling of same

kind words, for example, "N4, N4, and N4" or "VE, VE, and VE" etec.

The structure of C3 and C4 are shown below.

N4 'y N4 X €1 N4
] I | S
\ g

c4
]

C4

Other symbols are those which characterize the words at the begin-

ning of a sentence., If interrogative sentences need not be translated,
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most of these symbols are unnecessary. Some of them are shown below,

Are you a boy ? Can you swim 7?7
#%L N4 DT N1 ¥¥ A# #IA_A‘XIA N4 VI ¥ A#
There 1is &a book . Have you a book ?
A HH VL DT N1 A #A VH - N4 DI N1 ¥¥ A#
e~ I~

In short, in this section, the fundamental attitude of word classi-
fication is described. They are as follows, (1) A special symbol is
given to such words which cause the transition of word 6rder, or re-
quire particles to be inserted in Japanese. (2) The name‘of phrase or
clause must represent our grammatical coﬁcept as well as possible.‘

(3) The number of symbols is desirable to be as small as possible,

3.5 Rewriting rules
Rewriting rules or patterns are rules for mechanical translation
which are make of concatenation of several symbols. The general form

| A B Y — o (0 ,%)

The left side symbols of arrow,c Y , consist of part of speech and
represent some phrase or clause, and § is a‘symbol which substitutes
Q¥ . o is a instructor for word order which indicates how the trans-
lation ofd , @, ¥ 1is aranged in Japanese. ‘g represents three symbols
J

J 'Js which are symbbls for JYOSI which must be inserted in

1 "2
Japanese between the translation of & ,@, and ¥ . Schematic representa-
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tion of rewriting rule is shown below, |Where (x) means Japanese
correspond to x. -

- (59
\I |

o
?

i
N

1)
L.| —
— WLI (VY]

) W (M) T (X))

Fig. 3.5.1 Yree expression oi“ rewriting rule o ¢-¥ —>b (.2'1’3;3.1'-}:'53)
The instructorg-= 2.1f3 means that the translation of the ;ecénd word
(@) in the sequence is arranged in the first position in Japanese,
and the translation of the first one (&) is put in the second position
(- = 2 1.3), and the third one (f) in‘English is pué in the ﬁhird
position in Japanese. Then JYOSI, Jl, JZ’ and J3 are‘inserted in that
order between.translations. Another example is 'shown bglbw. The in+

structor g~ = 2-0-0 means that only second word ine@Y , that is, €]

Lok

Q/K - 5y
L7 e N
\ | () 1 =®©

Fig. 3.5.2 Tree expression of rewriting rule AB XIS Qerry-08)

is taken into 'consideration in Japanese., Then JYOSI 4 and v are put
after (8) in that order.

It is generally said that syntactic analysis in English can be
done by dichotomy, that is, by the rule having two symbols on the left

side of the arrow, ci: Q-) ¥(e,%). Though dichotomy analysis may be
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enough to analyze only English syntax, there aré some cases where it
can not exchange correctly the word order or insert appropriate JYOSI
in translated Japanese. For example, three rewriting rules N4 PP —y
SS (1-2¢0., WA-IMASITA-Q) can give a correct syntactic analysis for

the part of sentence ".,.book which he bought..." as shown in Fig,3,5.3.

seee. book which he. bought ...

N1 Ri Ng/m' (84)
\ > w57
RS | (1)
3 (ss) hon

(N3) wa  (PT) imasits
"n n"
kare kaw

Fig. 3.5.5 An example which shows a dichotomy-analysis

is not adequate for insertion of Japanese JYOSI.

‘But its translation becomes "...KARE WA KAWIMASITA HON...". The JYOSI,
WA, is not correct in this case. This 1s because the fact that the
subject in a subordinate clause requires usuélly JYOSI GA can not be
considered in the dichotomy pattern, 1f a rule WI N4 PT-——)WS (2:3-0",
GA-IMASITAa@) is added to the previous three rules, and given avhigher
hierarchy because of its wider context, then the above example becomes
like Fig.3.5.4. Of course it is possible to get a correct result by
using dichotomy rules which have a context-sensitive form, for example,
1 2

R1T N4 PP~—>R1 55 (1.2, ga- imasita )
but context-sensitive rules are tedious to apply mechénically. If only -
they are context-free form, two symbol or three symbol pattern are pro-

cessed with quite the same procedure.
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«sss book which he bought ....
N1 Rt N4 PT (Ng)

RS (rS) (N4)
hon
N4
(§4) ga (PT) imusita

kare kaw

Fig. .3.5.4 An adequate analysis for insertion of
a correct Japanese JYOSI /ga/.

in the above example, three symbol patterns are used only to make
translated Japanese more natural, and not because it is essentially
required in English syntax analysis. Are there three term relations
really in languages? In English the next example (Fig.3.5.5) may be
one of the rare cases,

‘I give you ( a flower )
N4 VD Ng N4

VE

Fig. 3.5.5 i example of essentially three term relation.

As for the four term relations in essence, there are perhaps no such
relations in natural languages or even in pathematics. .mhe‘next examples,
however, can be looked as a four term relation if a simple correspondence
between English and Japanese is taken into consideration, though it may

be for the sake of convenience, and not essencial.
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eeee book which ( in the morning ) he read ....

N R\P}A/MT
RS

N4

"In this example, a prepositiénal phrase PA is inserted irregularly, so
COntext-free ruleé reqpires:long sequence to predict éorrect'JYOSI
/éA/ for the Subject of a subordinate élause. Except these irregular
cases, there.may be scarcely four term relation., Therefore in this
translation system two term and three term patterns aré thought to be.
enough té’analyze and synthesize large parts of English and Japanese.

It must be noted that, in the present system, a once parsed string
can not be separated or disjoined again.  For example, suppose that
a séquence ",...abc..." becomes "...y..." and its word order in Japanese

is (b)(a)(c), by the rules a‘b—>x (21 , #:0) and x.c—>y (12,

2:8).

f\v//p s - (y)

X (x) c)
(v) _ a)

Fig. 3.5.6 Two-term context-free correspondence.

If it is a rule in the translated language that (c) always precede to

(a), then the structure of translated tree must be changed as below,
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This procedure, however, is very bothersome,

though flexible as a system, so these changes (v)
’ y
are not allowed in the present system. This — $>

(x)

can be treated by mapping, or by the rewrit-
(v) (e) a)

ing‘rule a-‘ﬁ.c—+y (2-31 , 20-97.

a b ¢ (y) (y)

| (0
/N R
(v) (c) (a) (v) (a) (e) (v) (c) (a)
Three-term rule Mapping

Fig. 3.5.7 Correct tree bythree<term rulq or mapping.
Therefore even fixed context-free rules are very useful, But if such

a case as is shown below happens, rewriting rules which have only three

symbols:onthe left side of the arrow can not treat,

a b c d (z)
\x/\/\y/ (" )"
1 (v) (a) (a) | (e)
English Japanese

In the following, various kinds of patterns are.explained-u81ng
concrete examples,

3.5.1 Noun phrase

Most frequeﬁt patterns are noun phrases which are modified by

determinefs, ad jectives or their equivalent words from the left side
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of the main noun. Some typical cases are shown below,

1 & book DT Ni—N4 (1-2, g-8 )

2 many books A0 N1— N1 (1:2 , no-8 )

3 a beautiful flower DT+ AL« N1— N4 (1-2.3 , §.1:8 )

4 cat's eyes N1« "'+ N4— N1 (1-3.¢4 , no.g:¢ )

5 punched - card PT+ ==+ N1— N1 (1.2:3 , rareta.g-§ )

6 the dotted line DT - PT* N1— N4 (1-2-3 , f.rareta. g )
7 a starting point DT GI- N1-—§N4 (1:2-3 , ¢'itutuary:¢ )
8 'a well formed formula DT : B1+ PT—DT (1.2.3 , @§-P-rareta )

DT« N1—N4 (1.2, g8 )

There are many other examples which are transfigurations of the above
examples, for example, "a pretty little girl '~ school" is analyzed by
the combination of 1 and 2. A phrase "an 1y ed_ " is the same
structure as ‘DTiPV N1 ,;f_é pattern Bl-PV—>DPV is applied first.
but_as mentioned in section 3.2, adverbs which modify verb phrase from
the left side of the verd is given a lower hierafchy than right side
modifier, So itcan not be épplied at first., In this case, however, the
sequence of‘part of speech . d...DT Bl PT N1..." determine that the
word named PT is used as an adjectivalAword, so such a rule DT-Bl-PT
—>DT (1-2-3 ;.Q'B?RARETA) is introduced, though it does not obey

the modification rule mentioned in section 3.2,

T B1 T M1

L1

True structure

Fig. 3.5.10 Two structures of DI B1 PT N1 (to be continued).
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Conventional structure

Fig. 3.5.10 Two structures of DT B1 PT Ni. (continued)

In the above example a determiner "DT" plays a leading role in determin-
ing the function of PT, so if the determiner is missed, it is difficult
tolpredict that PT works as adjectival.

| Thefe are several rules which have almost the same structure each
other, such as DP-PI-NL—>N4 (1-2.3 , ©“IMASITA-®) DT:PI.N1 —>
Ny (1-2-3 , ©.IMASITA.9), aﬁd DT- PD-N1—> N4 (1-2-3 , ©-IMASITA-9),
they differ only in the second symbol. PI PT and PD are sub-classes
of verbé, so these rulesvcag be merged into one form DT-PV.-N1 ——
N4 (1°2-3 , O9-IMASITA«©). But the algorithm to compare pattern with
the sequence in the given sentence becomes rather tedious., If the
above three rules are stored in the péttern table, the comparison
algorithm becoﬁes a simple table-look-up, though the number of rules

increases.

dogs , cats , horses , and oxen
Nt ,, N ,, N1 C1 N1

2 (A pattern)
\ca/ vs* C1—C3 (102, p g )
c4 se* N1 C3>cC4 (1°2:3 , 844 )

\\\\\ (B pattern)

N1 N1.C4. N1—>N1 (102:3 , g g g )

Fig. 3.5.11 Parsing of itemized nouns by context-free rules.
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Frequently several nouns are arranged in a low as shown in Fig.

3,5,11. Since it is not so easy to parse this sequence

into noun phrase

by context-free rules, somewhat convenient symbols C3 and. C4 are intro-

duced. These rules are only effedtive'when the input sequence has

such a standard form as shown in Fig.3.5.11. If the input sentences

are "A,” B, C and D" or "4, B, C, D", then they must be

standard form by simple pre-editing.

changed to a

The noun phrases in whidh the main nouns are modified by several

phrases or clauses from the right side are shown below.

1 ( a fiower )(in the vaaé) .
, N4 PA - N4-PA-> N4
2 ( & flower )(which she gave me)
N4 RS , N4-RS N4
3 :see (an example)(mentioned in this paper)
VT N4 PE © VT.K4- PEVE
4 (an example)(showing & noun phrase)
N GE N4-GE—N4
5 uge (all data )(availavle )
ve N4 AN N4+ AN—Ng

Fig. 3¢5.12 Noun phrases in which the main nouns are
from the right side to them.

As seen from Fig.3.5.12, the right side modifiers

(2-1 , ni(no)-g )
(2.1, ¢.¢ )

(3.2 1, rareta-o.ru )
(2:1, itutuaru.g )
(2-1., na-b }-

modified

for nouns are

prepositionai phrase (PA, PB), relative clause (RS), verb phrase led

by the past form verb (PE) or ing-form verb (GE), and some special

adjectives (AN). As for the detailed ekplanation of PA PB RS PE and

GE, it will be given later in this section. The rewriting rules in

Fig{3.5.12—(3) exéept ~VT+N4:PE—>VE may be easily

understood,

but VT'N4:PE—>VE is a complex one, The verb phrase in past tense

does not necessarily work as an adjectival phrase only

because it is

situated just behind a noun. It depends on a larger context. A typical

example is shown below (Fig.3.5.13).
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(1) He wants (a result) (obtained by the computer).
B\ VTNM/PE
SS ‘
(2) He (obtained by the computer).
N4 PE

Ss

Fig. 3.5.13 Differeht function of PE according

to the different contexts.
In the example (1), PE is recognized as a modifier by the context
"...VT Ny PE...", and the rewriting rule VT.N4ePE —>SVE (3:2:1 ,
RARETA- 0-RU)  leads to the correct translation, " #7 v, 3:t297 = 247
TG 1517 *7“Vh. The reason why PE is recognized as a modifier
is that.in the séiehtific'papers the tense‘of main verbs is usually pre-
.sent, so if there exist present form-and past form verbs in the neaf
position as in the above case, it is natural to infer that VT is a verdb
and PE led by a paét form verb works as an adjectival phrase. On the
other hagd, in the'example (2), the same phrase PE is looked as a main
predicate and it ;é translated into "#l7 V) 3>C=97=397 F=ALRYY " by
the rule N4+PE—>SS (1.2 , WA~IMASITA). The only difference
between fl) and (2) is that in (2) there is no present form verb just
before‘fhe noun phrase N4, In the next example (3), a verb Just before

(3) He wanted results (obtained by the computer).
N4 PT N1 PE
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the noun N1 has a past tense, then there are two possibilities in

syntactic structure, as below.

PT Nl\\//;E PT N1 PE
\/N1 \NQ

The former case is the same structure‘as (1), but in the latter case

PT is looked as an adjectival use as in the case "...sfored pfograh..",
and PE as a méip predicate, It must be noted that it is not N4, but

N1 iﬁich appears between PT and PE in this case. If N4 appears in the
position'or N1, the structhre PT(N4 PE).is possible, These ambiguities
becomévdefinite by loéking a larger context, but for this, purpose, re-
writihg rules must contain long seéuence of parts of speech, but they
bééome.more tedious to be aéplied. Therefore at the risk of making
several errors, the rule PPMN1.PE—>PE (321 , RARETA-Q-RU) is
adoptéd_from the probabilistic point of view.

- As for GE, it is‘nqt s0 ambigudus as ;n fhe case of PE, and almost
~always GE just behind N4 or N1 can be thought to be a modifier, and its
rule is N4- GE —> N4 ka-l s TUTUARU «&) . A concrete example is

shown below,

» It is gratifying to receive news that
the resolusion calling for an immediate ceasefire
N4 - GE
was passed unanimously tuesday night, New York time"

It is possible to apply Just the same rule to the case where an ing-

verb phrase’is thoughtto be complementary in ordinal grammar, as shown
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below,
I saw (the thief) (running away).
N4 PT N4 GE
N4 GE-—N4 (21, itutuaru.g )

watasi wa nigetutuaru doroboo o mita
PT N4 GE—PE (2:3.1 , ga.ru no o.f )

watasi wa doroboo ga nigeru no o mita.
If such a rule as PD. N4 GE—> PE (2:3+1 , GA*RU:NO+.Q) 1is used, then

the translation of above‘example become more natural in‘Japanese as
"4 9 Yoty f'fﬁh,;alsy". But the a&equacy of this rule, especially
in JYOSI, depends on thelsemantic aspect of verb VT,

It is difficuit, howevér} to treat a participial construction

which has two different éubjects. For example,

" The sun having set, we put up at inn."
N4 GE ,, N4 * PE

in this case GE can not be recognized correctly by slmple pattern as
a predicate. If fhe subject of a participial coﬁstruétion is the same
as that of the main clause, it is possible to judge that GE works as
a subordinate clause by the rules #A-GE,, —> B2 (2:3 , ITUTU:®) or

88+,,°GE—>SS (3-2+1, ITUTU--@) , y»° GEA# —B2 (2-1-& , ITUTU-£.0),

Using the Multilist technique , the total information has beén integrated.
#A GE ’e ss A#

B2
One posaibility is the preplanning s preparing control cards in advance.

#a Ss ' GE A#

B2

Pig. 3.5.14 GE working as a subordinate clause.
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Some adjectives constitute similar structures to those of GE,
They modify nouns just before them,
(the example) available in this case
N4 AN

(a aifference) appreciable to the eye .
N4 AN

the sun keep (us) warm
N4 Al

In the third example, the word "woram" is usee as a complement, and it

1s more natural to treat it by the rule - VI*N4-AI—>VE (2:3-1°, &*KURU).
As for the first example, N4.AN — N4 (201 ;'NAuej " translate "The
example available in this case " into "KONO BAAI NI RIYOKANONA REI",
This«twe—;erm rule, however, may give erroneous results to interrogative

sentences., It is also the same as>the case of GE. For example,

Is . (her sister) (working at the desk) ?
VL N4 - GE. vy

Is (this milk) .( warm) 7
VL N4 AT 3¥

Thesevcases must be translated by VL'N4¢GE-——>SS (2+3-1 , WA. ITUTU+RU)
and  VLeNhAI—>SS (230, WA-1-0).

As for the prepositional phrase which is situated behind a noun
phrase, there are ambiguous cases from semantical point of view That
is, such a prepositional .phrase does not necessarily modify the noun
Just before it, but may work as an adverbial phrase. It is impossible
to determine which iS which by the syntactic information. According
to. the correspondence of word order in Japanese with that of English,

which is mentioned in section 3.2, the word order in Japanese is the
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same in both cases, though particles which accompany the prepositional
phrase in Japanese differ in the case of an adverbial use from an

adjectival use, A few examples are shown below,

He built a house on the hill. kare wa oka no ue 3} ie o tateta.
adverbial
He lives in a house on the.hill. kare wa oka no ue no ie ni sumu.
adjectival

It will be one method to use an ahbiguous JYOSI NI(NO), thinking that
the prepositional phrase always modifies the noun when it comes after
the noun. Therefore instead of a correct structure VT N4 PA -,

an apparently a wrong analysis VT Ny PA 1is adopted., But in

Japanese both cases are correct in word order, "PA [Sl®) N4 % VI" and

"PA (S(D) Nu b VIM,

3.5.2 Prepositional Phrase

The general structufe of a prepositional phrase consists of a pre-
position followed by the noun phrase mentioned'in 3.5.1, or noun equiva-
lents, such as PL*N4j—> PA (2°1 , ©°®) or PLGE—>PA (2:1 ,
RUKOTO0:2), etc. A few examples which belong to rather a special case

are shown,
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in variably format;id pages Pl Bl N1—PA (2:3-1 , Z-@9)

in operating speed : Pl GT N1-->PA (2-3-1, ITUTUARU-ﬁ-h)
with user-spﬁiified-labels P2 N1—>PB (2'1_; g-a)

by adding th%Eappropriate plot P2 GE—PB (2-1 , RUKOTO-¥)
(routines) for commonNinalysis P4 N1—>PB (21, &-9)

In the second example, it is difficult to infer whether the word "operat-
ing" works as an adjectival or gerund, and it depends on the semantic
aspect of the verb and noun. From the syntactic point of view, it can

be only said that an ing-form and a past-form verb are probably used as
an adjectival word, if they are situated between a preposition and a
single noun. Prepositions play the same role as determiners in this
respect. Then the rules have the next form, P1:GI-N1—PA (2:3-1 ,
ITUTUARU: 2 @) or Pl-PI-N1—> PA (2¢3.1 ; RARETA- &- ), etc,

3.5.3 Verb phrases

Typical forms of verb phrase are as follows.

It is easy. VL+* AI—>VE (2.9 , i-8 )
VL AL ' _
I am & boy. VLe Ny —>VE (2+1., de-ru )
VL N4
She follows him, _ VI+ N4 —>VE (2-1-, ni-Tu )
VI N4
I give him a book. VD N4+ N4 —>VE (2-3.1 , ni-o-ru )

VD w4 N4
Attention must be paid to the conjugation in Japanese with respect to

these rules., The translation word for an English verb is given in the
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dictionary in its stem form of present tense, therefore the conjugation

in Japanese must be taken into consideration when a rule is applied.

(a)

VT N4 (VE)

VE (N4) ) (vr)

(v) PT N4 (PE)
PE (n4) o (pr)
Fig. 3.5.19 Structure of VE eaend PE,.

As a principle, conjugation particles such as RU, IMASITA, RARETA,
etc,, are 1nsertéd‘when the role of a verb is determined by the context,
For example in Fig.3.5.19, the present tense verb is clearly understood
to be a predicate, so that conjugation particles for the present tense
"RU" is given. But the verb phrase led by the past form verb in the
second example can not have its role determined by such a sort oé string
as PT Ni, and.then any conjugation particles are not giﬁen. though they
are substituted by PE. vThe conjugation of PE is determined, for example,
by thé next context (Fig.3.5.20), the branch enclosed by the dotted line
VI N4 PE

¢ (u) s

Pig. 3.5.20

shoys the previously constructed tree in the second example of Fig.

3.5.19. It is also the same as the case of ing-form verb. An example
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is shown with a complete tree structure.

The person making the request specifies one of the other kind.

DT N1 GD T N1 VT A0 P2 DP AO AN
N4 GE VE
N4
Ss © (ss)
(N4 wa (VE)

7\
(GE) itutuaTu (Ng)
et et

(RT) (§1) tukur sono hito
]
sono yokyu

Fig. 3.5.21 Correspondence tree between English and Japanese.

In the case of the dative verb (VD), the rewriting rule VD N4 Ni
—>VE (2:3:1 , N1-0O-RU) is applied. Several other verbs concerning
perception, causality, etc., require verb phrases}as'complements. _For

example

I found him working at his desk.

I 1like to hear her sing.

I must get my hair cut.

I will help you carry that box upstairs.

In the above examples, the main verbs are all named :VT (transitive verd),
but if they are classified into sub-classes according to their meaning
and usage, then their translations become more Japanese-like, and also

less ambiguous in syntax,
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3.5.4, Tense and Mood of verbd

The tense of verb is also.processed by using a fixed length context-
freé rewriting rules, In table 3.5.4.1, all cases of tense are listed.
Some of them are explained below,

Future tense and Potentiallmood: An affirmative case of future
tense or potential mood is treated by the next rule., Auxiliary verbs

(will, must can etc.) are included in the same class VA, so future tense

VA VI ———> Vi(21,88)
will g0 (v1)
can go (vi) (Va)
" 11}
ik " ru darow
ik ru kotogadeki

is not distinguished from potential mood. This leads to a inadequate
‘expression for a negative case of future tense, Japanese words which
correspond aﬁxiliary verbs in English have somewhat queer forms; will

= *U DAROW , can - *U KOTOGADEXI » 8tc. But these expressions are
inadequate for interrogative sentenses, so it is desirable to change
their form as follows; will 5 DAROW ; can KOTOGADEKI , etc. Accord-

ing to these change, the rewriting rule also must be changed as below,
VA VI—>VI(21, rug)

Perfect tense: 1In Japanese, roughly speaking, there is no such
tenses corresponding to the English perfect tense, it is included in
the past tense. Therefore the perfect tense in English is substituted
by past tense in this translation system, That is, "have studied" and
"had studied" are equivalent to "atgdied". As for the negative case of

perfect tense, it is somewhat difficult to insert anadequate particles,
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Infinit

Negative
Passive

Negative

Perfect

Negative
Passive

Negative

Progressive

Negative

Perfect

Progressive

" Negative

Table 3,5.4.1 Tense table

Present
vT
KAK=-u

VF EE VT
KAK-an-u

- VL PT

KAK-are-ru
VL EE PT
KAK-are-n=-u

VH PT
KAK-imasita
VH EE PT

KAK-anakatta
des-u

PH PL PT

- KAK-are-masita

VH EE PL PT

KAK-are-nakatta
des-u

VL GT
KAK-itutuar-u

VL EE GT
KAK-itutuar-an-u

VH PL GT

KAK-itutuar-ima
sita

VH EE PL GT

KAK-itutuar-
anakattades-u

Past
PT :
KAK~-imasita
PF EE VT

KAK-an-akatta
des-u

PL PT
KAK-are-masita
PL EE PT

KAK-are~nakatta
des-u

PH PT
KAK-imasita
PH EE PT

KAK-anakatta
des-u

PH PL PT
KAK-are-masita

PH EE PL PT

KAK-are-nakatta
des-u

PL GT

KAK-itutuar-
imasita

PL EE GT

KAK-itutuar-
anakattades-u

PH PL GT

KAK-itutuar-ima
sita

PH EE PL GT

KAK-itutuar-
anakattades-u

Future

VA VT

KAK-u darow-u
VA EE VT
KAK-an-u darow-u

VA VL PT
KAK-are-ru darow=-u
VA EE VL PT
KAK-are-n~u darow-u

VA VH PT
KAK-imasita darow-u
VA EE VH PT

KAK-anakattades-u
darow-u

VA VH PL PT

KAK-are-masita
darow-u

VA EE VH PL PT

KAK-are-nakatta
des-u darow-u

VA VL GT

KAK-itutuar-u
darow-u

VA EE VL GT

KAK-jtutuar-an-u
darow-u

VA VH PL GT

KAK=-itutuar-ima
sita darow-u

VA EE VH .PL GT

KAK-itutuar-
anakatades-u
darow-u
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have studied
VH PT VH: PT—>PT (2:9 , $-9 )

had studied
PH PT PH+ PT—PT (2:8 , #<8 )

Fig. 3.5.22 Perfect tense.
sa such a rule as VH.EE-PT —> VT (3-2' & , ANAKATTADES.Qd) is used.

For example

I have not studied English.

N4 VH EE PT N1 (ss)
VT : (N4) wa (VE)
"
E watagi
(§1) o (vt) -
S eigo
(P?) anakattades
mafab

Fig. 3.5.23 Negative case of perfect tense.

Passive: Passive form is processed by next rule,

VL: PT—>VI (2-¢ , rare ¢ )

PL: PP—>PI (2.4 , rare ¢ )

In this rule, a substituted symbol is VI, not VT, because the object
of PT is placed before VI (subjective case), and VL PT works as if it
is intransitive verdb., Therefore if noun of objective‘are.there Just
behind PT, then the word will be complement. 'In the case of dative

verbs, it is substituted by transitive verb, as below,

VL+ PD ~>VT (2:¢ , rare @ )
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He was given (a book)
N4 PL ( S)

(N4) (PE) inasita

(N4) (PT)

AN

(DT) (N1 ) (PD) rare

Fig. 3.5.24 Passive form of dative verb.

Progress tense: Simple progress tense is processed by the next
rule,
VL 6P — Ve (2 1, itutu g )
PL G —PT (21, itutu g )

He is looking a girl.
N4 VL  GT DT N1 (ss) -

\{ \N{ (Nﬂwﬂa\(VE)

VE : (N4) o (VI)

(GT) itutu (VL)
FPig. 3.5.25 Progress tense.

As for present perfect p:ogress,'combinations of progressive tense and

perfect tence are used,

He has been looking (a girl)

N4 VH (s8)

(ngita
(¥4) o (PD)
(PT)

(6T) itutu (PL)

mi ar

Fig. 3.5.26 Present perfect progress form.
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By the way, the treatment of negative case will be shown below,
The most simple types are as follows.

do not g0
VF EE VI —> VI (3@, angg) (v1)
| (v1) an

ik
did not go

PF EE VI ——VI (38 @ , anakattades § ¢ )
(vI)

(XI) anskattades

Fig. 3.5.27 Simple negative case. 1k
In the seﬁond example, a rather crude conjugation suffix (-ANAKATTADES)
is inserted, and a substitute word is VI not PI. The reason is as
follows, The negative conjugation suffix of past tense in Japanese is
" — ANAKATTA" or " —IMASENDESITA". These suffixes can not be con-
structed by the combination of the negative particle "-AN" and past
particles ".TMASITA", In other words, it belongs to the irregular ex-
pression., Then to ﬁake it apparently regular such crude suffixes are
introduced. It is possible, however, to conjugate in a more natural
way 1f new parts of speech are introduced. That is, if a new symbol
PI' is introduced and, instead of the second rule in above eiample,
new rules PF-EE:-VI—> PI' (3.8 ’ ANAKATTA'Eﬁ07, Ny+PI'—SS (12 ,
WA @), etc., which are obtained by!substitutihg PI by PI' and erasing
JYOSI "IMASITA", are introduced, the negative case of past tense can

be naturally'traqslated into Japanese as shown in the next page.
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He did not g0

N4 PF EE VI (ss)
PI' (¥4) wa (PI')
ss (v1) anakatta
ik

Fig. 3.5.28 Adequate structure of
negative case of past form.

The introduction of new symbols increases the number of rules, then,

it is deéirable, if possible, to make shift ﬁith existing symbols‘with-
out any confusion. If PF EE VI is substituted by PI,-it can not be
distinguished from the single past form word, and past tense conjugation
suffix for affirmative case "-IMASITA" is given. To avoid this, PF EE
VI is substituted by VI, and suffix "_ANAKATTADES" is inserted to match
the present form suffix "RU" when it is given to VI. An example is

given below. The translated.sentence becomes "KARE WA IKANAKATTADESU".

He did not go

N4 PF EE vi (ss)
\\\\\L///// .//”/j;77\27\\\\“*-\
VI (N3) wa (vI) Tu

(VI) anakattades
L1}

Fig. 3¢5.29 ' ik

‘The combination rule forAconJugation suffixes are given in later section.

Another examples of negative case are shown below only in tree

I am not (a girl) Ss
N4 VL EE N4

dgtructure.

N N2) w& (fB) Fu
VL : )
- .
> P @D de (VL) o
A 1no syojyo - ar

Fig. 3.5.30 An example of negative case.
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I can not go

K4 VA EE VI (s8)

\\\\\Jf//// (N——”"’i:;;’\tt\\\\\

4) wa (vi) ™

S8 (v1) (va) an

Fig. 3.5.31 An example of negative case.

3.5.5 Relative clause
Typical form of relative clauses, which are led by relative pronouns
or relative adverbs, are shown below, Usuaily the translation word of
R1 - N4. VI —> RS (2-3-¢ , ga.ru.g )
W1 N4’ VI —s WS (1:2:3 , g.ga-Tu )
R2. N1 - VE —> RS (1-2.3 , @.ga-g )

Rt  VE —> RS (2:¢ , g6 )

C2. N4 - VE —> B8 (2 3-1, ga-@B-¢ )
Fig. 3.5.32 Some examples of relative clauses and
adverbial clause (the last one).
a relative pronoun itself is neglected in Japanese, In a special case

the translation word appears, as below,

(a boy) whose father 1is (a teacher) (x4)
N4 R2 N1 VL N4
VE

§4)

ino syonen

S
sono  titi (N4) de (VL) Tru

N4 ino sensei

Pig. 3,5.33 ar
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Other examples which include relative clause are shown,

It is true that he did it (ss)
N3 VL A0 TH N4 PF N3 (RS)” kotowa  (VE)
VE ' VE ,
-l (N4) ga (VE) (40) de (VL) ru

RS

SS

(N3) J (PF) imasita

(kare ga sore o simasita kotowa honto de aru)

Pig. 3.5.34 4n example of "it-that-clause".

(a book) , which I bought yesterday , is interesting. (s3)
N4 ,, Rl N4 PT B1  ,, VL Al P
PE VE }Q 'B}Q
RS (RS)  (N4) (AI)
1) "
RS (RS) 1no hon omosiro
N4
(Ni) ga (PE) imasita
Ss " .

watasi (§1) (ET)

kino kaw

V ( watasi ga kino kawimasita ino hon wa.omosiroi )

- Fig. 3.5.35 An example of an inserted relative clause.

In this example a relative clausé is inserted. ‘These cases may be

thought to be difficult to analyze in a ordinary method, but it is

easily recognized by context-free rules that the relative clause modify

noun~-phrase "a.book'".

3.5.6

Sentence

The most typical form of sentence is like this,

i
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I ama bo
1 am a boy.
Na VE N4 « VE —>8S8 (1°2 , wa:.g )
There isg a book. ’
EE VL N4 HH.s VL* N4 —>SS (3-2:¢ , ga-rusff )

Sometimes to-infinitives appear in the position of subject,

It is easy to go.
N3 . VE - L2 —>SS (3.2 # , kotowa-§-§ )

N3 T VE L2
" To know is difficult.
#a L2 — VB #5p L2 VE—>SS (2-3-¢ , kotowa @:9 )

If N3 is replaced by N4 in the above rule, it becomes another structure

I eat foods to live.
N4 VE 12 N4~ VE~L2—>SS (1-3-2 , wa-tameni*§ )

Interrogative sentences generally have such a structure as "do +

SS + ?2 ", for example,

Do you want the book 7
VF N4 VI DP N1 ¥¥

SS

Then the next rules are used to translate it.

SS . ¥ —>58 (119 , ka-§ )

VF - S8 —>SS (2-¢ , -8 ) .

In the simple interrogative sentence, "do(does)" can be thought to be

redundant from_the syntactic point of view, because it can be recog-



94

nized as an interrogetive sentence by the existence of interrogative

mark without do-verb., 1In the case of "Can you play the piano ?", such

VAe 5S¢ ¥¥——>5S5 (219, ¢ ruka )

a rule must be used. If VA.SS-—>SS (2:1 , £'RU) is used instead of
the above rule, the result of the ‘above example becomes like below

because of right to left passing.

VA  ss y¥ (ss)

\/}S/ (ssmu

S5 <7\

(S8) ka
Fig. 3.5.36

But VA:S5 —>SS (2-1 , O“RU) is necessary in the case of "Can you go to

the station, Jack ?". This analysis tree becomes as below.

Can you go to the station , Jack ?

(ss)
VA SS ,y N1 ¥y s5Y i
N /) -y *

B2 ﬁ?) (8s)
/\
\\\\\\\\\?ﬁf///”//,’ (§1) \?;,) (ss) (XA) u

SS Jack R kotogadeki

Fig. 3.5.37
. Though these cases seldom appear in scientific papers, they are shown

to show that they can be treated by pattern method. As for the past
form of interrogative sentence hdwever, it is difficult to give a
correct cbhjugations because the main verb in the bracket have already
been conjugated and the past tense conjugation can not be given without

-‘disjoiping connected words, which, however, is prohibited in this

system,
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Did you go to the station ?

(anata wa gakko e iku) ka
/r

"did" can not affect the conjugation.

If the four-term rule is used, it is correctly processed, but the number

of patterns which seldom appear increase.
Did you go 1o the station *?
PP N4 Vi 1 ¥y
1 1 ! J
58 J
S8

Other interrogative sentences are shown.

(ss
What do you have ? .
w1 ¥¥ (w1 Ss)
"
b nanio _,,——£§§l\\\\k
S a
(N4 (VH)

anata

How old are you ?
H2 AI 5 a
wa (wI) VL u
1"
anata (H2 (AI) ar

ikani furu
It is very difficult to treat such a sentence as "What time is it now 2"

or "Who is that 2" by the pattern method only, they must be treated as

idiomafic expressions. Imperative sentences are processed by the next

rules,
Let's go for a walk. XX+ VE—>SS (1 2 , @ besi )
Let the number be five. XX: N4* VE—>SS (23 ¢, O+ toseyo« § )

Open the window. #A- VE—SS (2 8 , besi g )
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Let the number be five ______i:gﬁil.______f~n
XX DI W1 VL AO (x4) o~ (VE) oBeyo
\/ N
N4 VE
(pt) (N1) (AO) de (yL) Tu
H " " \J

S -
sono: kazu go ar

Exclamatory sentences, if necessary, can be processed like below,

How beautiful it is !

w2 Al N3 V
-~ 3 VL !t Ss
w;___-‘-§/£//’ . _—_——_;§253=:::___7—-_ kotoka
S (WI) (N3) ~wa (VL Tu
L1} 1}
S ore ar

(W2) (AI) Tku
ikgni ﬁtukusi

~3.5.7 Other structures,

If sentences have a standard structure, though it is a question
what '1s a standard,'a large part of them can be.treatéd by the rule-
b&-rule'translation.' Acpual senténqeé surely have, in a local, standafd
phrase structures, nevertheless 1@_15 difficultito recognize as a whole

how each part relates to other parts. For example,

" It .is certainly desirable to have document index,

that is, descriptor 1lists, as short as possible."

" Such structure have been popularized in recent
years in ,for ?xample,pert networks, and lend
themselves readily to automatic data processing
me thods." o
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they seem to be very natural and not complex, but it is not so easy to
recognize by the patterﬁs what role the underlined parts play in the
whole sentence. As regards tHeabove example, they @ay be solved by
looking at such a phrase ", that is," or ";for example,'" as idiomatic
expressions, and by giving them such parts of speech Cl (conjunction)
or B2(adverbial phrase); But,,generélly speaking; the treatment of a
inserted phrase or adverbiél phrase is one of the difficult problems
in pattern method.

Several rﬁles, which seem to be rather adhoc, are explained in the
following.

PA-RS—>PA (2-1 , 240) : 1In this rule, it seemsas if the relative
clause (RS) modifies the prepositional phrase kPA), but in the translated
sentence, RS modifies the noun phrase which is included in the preposi-

tional phrase. This case occurs frequently, for example, in the next

sentence.
in the sentence which I showed you pA)
PA \/ns (Rs) PA)
" "
PA
(watasi ga anatani sim-  (sono bunsyo
esimasita ) no naka

The prepositional phrase (PA) is parsed before -the relative clause
modifies the noun phrase '"the sentence"; because the rules which in-
clude the verb are lower in hierarchy than the noun phfase or preposi-
tional phraée; In this case, hoyever,'the structure of PA is known to
be "prepoéitionb+ noun phrése", and the_structu;e'of its translation

;s also known to be "noun phrase + prepositioh" according to the rule
P1-Ny —>PA (2-1 , 040§, therefore, by the rule PA*RS —>PA (2-1 ,
o), it is possible to make such word order as if RS modifies the
noun phrase in PA. 1In Fig.3.5.4.2, the right side structure is correct,

but the word order in both structures are the same,
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P1 N4 RS (Pa) P1

N4 RS (Pa)
PA (RS) Tra) 7 an_ Xe1)
PA 84)  (p1) PL (&ST (Ng)
(a) (b)

Fig. 3.5.4.2

There are several rules which are similar to this case,.

in a system of searching files PA+PB—PA (201, §.8)
PA PB ‘

to table 1 and 2 in memory L1+« PA—>L1 (21, no.§ )

L1 PA '

,,*Bl-,,—>B2 (1:+2-3 , & @& : This rule is used in such a

sentence as

This rule , however , is very effective.

N4 B2 VE (ss)

ss (Bz)/’W( VE)

(sikasinagars kono kisoku wa taihen kooka
teki de aru )

B2 corresponds to an adverbial phrase.

(( - Nl - ))—>N1 (1-2-3 , @-2-4) : 1In scientific papers brackets
appear frequently. This rule is applied as follows.

| (¥4)
the equation ( 1) is ..
(ofy )
7y N1 (( N1)) s:no (Nf(_\/(ﬁ_L
al tostks (1 (1) 1))
N1 _

- - ( 1 )
N4
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A more complex case can be processed even by the context-free rule.

the index ( which is mentioned in section 2 ;)..

DT N1 (( Rt VL PT P1 N1 K
N4 VI N1
| PA
. VE
-
L RS |
L R.S

The next fornm also occurs frequently,

( 1 it is very fast.
(( ¥4 )) N3 VL B1 Al (ss)
N1 AL Wiy (ss)
Ve (OGN 05 =
_______ES ( 1 ) - sore ——Lﬁz i
53 (1) l\?hl)
taihen haya

SS,,GE—>S85 (3-2:1 , ITUTU-9-@) : This rule processes the case

of participial construction,

The program translates this sentence , using c-f rules.

Ng VT N4 sy GT N1 (ss)
T R _,,———77‘-\\\
VE GE (GE) 41tutu (ss)
ss ‘
(n4) o”(eT) (¥4) wa  (VE)
" 1" "
c-f tukaw sono
kisoku puroguramu (N4) o (XT) ru
"

kono bunsyo honyakus

There are many other patterns, which are listed in Table 4.5.1 in
séction 4.5,

One of defects may be that in this rewriting rule system it is
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impossible té eliminate some sequence of symbol because the rewriting
rule requires to be substituted always by one symbol. It is a question,
however, whether such an operation'is neéessary or not, but when a
given sentence is too complex to be treated by patfern, it may be one
method to eliminate the ambiguous part in order to avoid mistranslation,
Some examples are shown, in Appendix-A (Fig. A-1 Fig. A-8), to

show how sentences are parsed and synthesized.
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Chapter 4
DICTIONARIES FOR MECHANICAL TRANSLATION

4.1 Word-ending processing

A word dictionary must be consulted one way or enother in mechani-
cal translation as well as in natural language processing, Though the
conjugation of English and Japanese words is limited, 1t becomes a
very important problem to study how to treat such conjugated words.,
That is, whether all paradigms are to be stored in the dictionary or
not has a great influence on the processing method and efficiency.
If word stems or original forms are to be stored as entries in the word
dictionary by taking off the so-called inflection parts, the number of
entries will greatly decrease. In this case, however, each coﬁjugated
word in the input sentence must be processed to the same stem form or
original fbrm as stored in the dictionary.. But, generally'speaking,
it is difficult or may be even impossible to separate the real stem
part from the‘inflectipn part by only one processing. For example,
whether the word ending "ing" in the word "spring" is really ah in-
flection or not is only determihed after at least two frials. That is,
if "sﬁring" is a conjusatg& form of a verb, the stem or the original
form is "spr" or "spre", so both possibilities must be searched in the
dicﬁionary. But in this case éven if."spr" or "spre".is found in the
dictionary, it can not be adesired word unless its pariiof speech is
a verb. Because the inflection "ing" is possible only for a verb,
On the other hand, if "spring" is not a conjugated word, the word
"spring"hitself must be searched. The reason why such tedlous process

is needed is that there are many cases in which one {spring) is not a



102

-conjugated word but another (going) is a conjugated one, though both
words have the same ending. The same holdsiin the cases of "-ed" and
"_es", For example, the word "bed" is not a verb but it has a past-
form ending, or the stem form of "machines" can not be determined by
one trial because whethef the word ending letter "es" is an inflection
or can not be determined only from the morphological point of view,
Therefore it may be easy to store stem forms or original forms, but it
is difficult to find a stem form or an original form from a given conju-
gated word by mechanical procedure., Becsause, generally, the word
dictionary for mechanical processing of a natural language contains a
very large amount of information, however efficiently search algorithm
may work, it takes much time to consult the dictionary several times
pér one word. Therefore it is necessary to design a more effective
methqd which reduces the searching time.

. The method which is described in this paper is simple but effective.

Namely, if a word has one of such word endings as shown below, which

Table 4.1.1 Word-endings
E’ F’ S’ v’ Y)
ED, ER, ES, FE, FS, YS,

ERS, EST, FED, FES, IED, IES,
ING, SED, SES, VED, VES, YED,

VING -

may or may not be a real iﬁflection suff;x, the endipg is seﬁarated
from the word without any condition. If the remaining part has a
duplicated consonant at the end of it and the taken-off ending are
"-ed" or "-ing" or "er", the last letter (consonant) is cut off, for

example, the word "running" first becomes "runn", and then the duplica-

ted consonant is cut off and becomes "run". The remaining part which
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is taken off the word ending, if any, is called the 'pseudo-stem", and
this pseudo-stem is registered in the dictionary as an entry. A few
examples are shown, The pseudo-stem of "analyze" which has a word
ending '"e" becomes "analyz", and this form is registered, Now, if such
words as "analyzes", "analyzed" or "analyzing" are given in the input
text, by the end-processing the pseudo-stem of these words becomes
"analyz"; therefore only one entry is necessary for four forms. As for
the words ''baby" and ''babies', their pseudo-stem is "bab". The words
"stop", "stops", "stopping" and "stopped" become "stop". in the case
of "wife" and "wives", their pseudo-stem is "wi",

The unconditional separation of word endings which are not real
inflection endings causes such cases where originally different words

have the same pseudo-stem, Some examples are shown below.

A B/E CIT/E SH/E
A/S B/Y cIT/Y SH/ED
B/ED , SH/Y
AN B/EST I
AN/Y I/F TO
BE/E I/s T0/E
APPL/E BE/ER TO/Y
APPL/Y BE/ING SHOULD
SHOULD/ER

In these cases, they can not be distinguished only by the pseudo-stems;
therefore each word ending which is taken off is considered when a wofd
dictionary is consulted. The explanation of this procedure is describ-
ed in section 5.1.

Sometimes there appear such words which have.a word ending in their
original form and further conjugate., For example, the word "enter'" has

the pseudo-stem "ent", and this form is registered in the dictionary.
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Then if the input words are "enter" and "enters', their pseudo-stem
becomes "ent", and so they can be foﬁnd in the dictionary. But if the
input words are "entered" and "entering"; their pseudo-stem becomes
“enter" and this does not éoihcide with the registered entry "ent".
Therefore in this case both "ent" and "enter" must be sotred as entries

for the verb "enter". Similar examples are shown.

DISCOVER —> DISCOV + ER INFER —> INF + ER
DISCOVERING — DISCOVER + ING INFERING — INFER + ING
INVEST —> INV + EST NEED —> NE + ED
INVESTED —> INVEST + ED NEEDED — NEED + ED

This double registration of the same word can be avoided if word end-
ings are allowed to be taken off repeatedly., For example, "entered"
becomes "enter+ed" and then "ent+er+ed"; therefore its pseudo-stem
becomes "ent". Then only one entry "ent" is sufficient for "enter",
"enters", "entered" and "entering". By this method, however, the number
of word pairs having some pseudo-stems increases, and to avoid the am-
biguity, a larée memory than a double registration is necessary. For
exaﬁple, "seg", "sees", ﬁseeing", "sing"; "singing'", "sings", '"seed"
and "singer" are constructed only‘by the word endings, so their pseudo-
stem disappear by the repeated end-processing. If, however, only one
endingsis separated, the next four stems are needed,

s ( siNe, sINGS ) |, SE ( SEE, SEES, SEEING ) |,
SE ( SEED ) . SING  ( SINGING, SINGER )
Word-endings whose last letters are D, G, T, and R serve as morph-
emes which give some information as to parts of speech. That is; D
suggests that if a word which has this word endings is a verb, it is

a past or past participle form, and G suggests that it is an ing-form
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ve:b, T and R suggest that in the case of an adjective it is compara-
tive or superlative degree. But G and D do not give any information

to other parts of speech except verbs, and R or T is only effective in
the case of adjectives, Therefore the word ending "ed" in the word
"bed" does not serve as a morpheme, because the part of speech of "bed"
is not a verb.

As for the words which are not registered in the dictionary, their
word endings are useful in infering parts of speech. That is, if their
endings are D or G class, they are probably past form verbs or ing-form
verbs, and if their ending is "iy", they may surely be adverbs,

Now, the following discussion concerns the conjugation of Japanese
words. In Japanese verbs and adjectives conjugate, but it.is too
troublesome to give each word the information about the conjugation
type. Then, a siﬁple processing is applied to verbs and adjectives
before they are registered in the dictionary. The processing is as
below.

(1) As for the five-conjugation-type verbs (GODAN KATUYO), such as
KAKU (KAKANAI, KAKIMASU, KAKU, KAKE BA, KAKO) or YOMU (YOMANAI, YOMIMASU,
YOMU, YOMEBA, YOMQ) etc., the word ending U 1is taken off from the
third conjugation form, For example, KAKU and YOMU become KAK
and YOM , and these stems are stored in the dictionary, But as a
speciél case if the last syllable is constructed by only oné vowel U ,
for example, KA/U or 0/MO/U , the last sylable U 1is substituted
with WU and then the word ending U 1is. taken off. ‘Therefore KAU
and OMOU become KAW and OMOW , Another exceptional case is that
such words whose last syllable is SU are stored in the dictionary
without any processing. They are TOBASU (fly), KOROSU (kill),
DAMASU (cheat) etc., It is to distinguish from the words in the case
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of (4).
(2) As for the single-conjugation type words (KAMI ICHIDAN KATUYO,
SHIMO ICHIDAN KATUYO), such as MIRU (MINAI, MIMASU, MIRU, MIREBA, MIYO)
or SHIMERU (SHIMENAI, SHIMEMASU, SHIMERU, SHIMEREBA, SHIMEYO), the
word ending RU dis taken off from the third form, and stored in the
dictionary. For example, MIRU and SHIMERU become MI and SHIME
respectively.
(3) As for the irregular verb KURU (KONAI, KIMASU, KURT, KUREBA, KOI)
which corresponds to English "come", the word ending RU is taken off,
therefore KURU becomes KU .,
4) As for another irregular verb SURU (SINAI, SIMASU, SURU, SURERA,
SEYO) and its family words, the word ending URU is taken off, This
type of word includes many compound words which have such a structure
as "noun+SURU", for example, BENKYOSURU » KENKYUSURU (study), or
SEISANSURU (produce) etc. They become BENKYOS , KENKYUS , or
SEISANS .
(5) As for adjectives or adjectival words, the word endings I ,
NA , or NO 1is taken off from the modification forgs. For example,
UTUKUSII HANA (beautiful flower) becomes UTUKUSI , and SIZUKANA
UMI (quiet sea) becomes SIZUKANA , and IKUTUKANO TAMAGO (some eggs)
becomes TKUTUKA .

The above mentioned rules from (1) to (5) are used by man when he
stores the translation words for verbs and adjectives:in the dictionary.
It is very easy for Japanese people to distinguish conjugation type of
verbs and to separate stems from word endings. He can do it evén by
punching the words into éomputer.

On the other hand, the rules of cqnjugatipg these processed words,

which will be explained in detail in Section 5.1, are very simple. 1In
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short, if the last letter of a stem is a vowel, the inflection part is
slightly shifted to begin with a consonant. On the contrary, if a
stem gnds in a consonant, the inflection part is make to begin with a
vowel, For example, when the inflection RU 1is to be connected to
ASOB (the stem form of ASOBU ), the inflection part is changed to
U Dbecause the stem ends in a consonant B , and the result is ASOBU .
If the stem is OSIE , and the inflection is RU , it becomes

OSIERU because OSIE ends in a vowel, so the inflection must be
begun with the consonant RU . When the past form inflection IMASITA
is to be connected to YOM (stem of YOMU ), it becomes YOM IMASITA
because YOM ends in a consonant, and so the inflection part must be
begun with a vowel. In the case of MI (stem of MIRU ), it becomes

MI MASITA . As for the special stems which have —SU or —KU

forms, they are considered by the special routine.

‘The translation word which correspondsto thé auxilially verb "will"

or "shall" is stored in the form DAROW (stem of DAROU ), Because if
RU 1is connected to it, it becomes DAROWU and this Roman letters

are trénslated into KANA letter as 4o, 1In this connection, it must
be noted that the vowel after an assimilated sound is confusable with
the syllables NA, NI, NU, NE, NO, so such single voweél (*) must be re-
written by W* form, and the syllable W* is transformed into KANA form
in the same letter with a single vowel (*), For example TANI (unit)
must be stored in the dictionary in a form TANWI ,.and when it is ex-
pressed in KANA letters, it becomes 4+ 1 .
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L.2 Word compression by cut-sum method

English words are constructed by the indefinite number of letters
(usually from 1 to 16), If such words of varying length are stored in
the dictionary as they are, it takes much time to search them and a
large mémory to store them., This Becomes more serious as the number of
words in the dictionary increases. .Therefore some. good methods which
convert words of indefinife length to those of constant length must be
studied. A calculation-address method is only effective when number
of words is rather small and there are many core memories, The abbfevi-
ation method is not practical since its algorithm is complex. The
effectiveness of tree like storage method is doubtful in reducing the
memory size, Then the most simple and effective method which will be
called the "cut-sum" method is to cut a word by every n letters and to
add each segment simply looking like numerals, For example, the word
"segmentation" 1s cut by evefy 5 letters, segme/ntati/on, and these
segménts are added, each segment looking like the binary number of 30

figures, as shown below.

SEGME 110010 010101 010111 100100 010101
NTATI 100101 110011 010001 110011 011001

+ ON ' + 100110 100101 000000 000000 000000
7 111110 101101 101001 010111 101110

The‘result 1$ 5 character length ignoring overflowing figures. There
are, however, some risks that originally different words may become
the‘same head by this cut-sum method., The possibility of the risk
differs according to the number of letters in each segment. For about
eight thdusaﬁd English words which the author used in the translation
syéteﬁ, there éppeared.Z?h.:pairs which become the sa@é head by three

letter cutting, and’ p4 pairs by four letter cutting, Some examples
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are shown below.

LOOP IMPORTANT CAT : TOUR NARRATION
POOL TRANSLATION  CONVERGENT ROUT/E VARIATION
NOON (AUA) (CAT) ()ou) Q')
('00)

COURS/E MATERIAL SHEEP HIGH COLLID/E
SOURC/E MISERABL/E WHEEL NIGHT GALLER/Y
(50UR) (A¥4Y) (IHEE) (HIGH) (4@LL)

By the five letter cutting, no same head appeared. Then in this
English-Japanese translation system, the five letter cutting method is
adopted. The possible number of words which can be constructed by five
letters (30 bits) are 230 = 109, and it is quite enough fo; English
words.,

The characteristic feature of this cut-sum method is that it is
simple, and the same heads do not appear even by the five-letter cut-
ting, and it needs a comparatively small number of bit per word to
store, But this compression is non-reversible, that is, the cut-summed
word can not be restored to the original form. But this is not a defect
in the ordinary use of dictionary because the head word is only used
to check if it coincides with the input word, and it is the information
about parts of speech and translatiqn words which are really wanted.

The compression is performed on the word whose word ending is

processed by the method mentioned in Section 4.1,

4,3 Idiom dictionary

One of the obstaclas to translation between natural languages



1ST WORD

0o
Is
AJsQ
WILL
IF.

THAT
"HOW

o O o o o

HAVE

o o o

[=]

MOST

2ND WORD

THE
NOT
10
You

CIT

IN

- Is.

[le]
IS
IN
AND

NO

AS

AS

50
OF

Table 4.3.1

MAIN WORD

SIGHTS
T00

SAY
PLEASE
WERE
SPITE
DISTINGUISH
REFER
TOGETHER
T0

YOU

FOND

TURN

SEEK
APEEK
USE
NEED
SOON
THANK
LONG
LONG
us
BORNE
OUGHT

4TH WORD

OF
MUCH

NOT

. OF

WITH
T0
WITH
SAY
Do
OF

ON
FOR
OF
FCk
NOT
AS
You
AS
AS

out
T0

Examples of idiom dictionary

SUBSTITUTE

AJRQ
AJSQ
AJTQ
AJUQ
AJVQ
AJYQ
‘AJZQ

AKAQ

'FUNCTION

VT
B1
VL
B1
B1
P2
VI
vl
P2
B1
ss
V1
B1
B1
V1
V1
VT
VA
WK
81
WN
WN
N4
VA

VA

CURRESPONDING=JAPANESE

KENBUTUS
UOKUNA[
KAGONDE WA ARAN
DOOKA

NAKEREBA
NIMOKAKAWARAZU
KUBETUS
GENKYUS

TO TOMONI
SUNAWACHI
IKAGADESU

SUK

JUNNI

NADO

SAGAS

KATAR

HITUYD TO SIN
* NIOYOBAN

YA INAYA
ARIGATO

KAGIRI

NARARA
WAREWARE NO OOkuy
*U BEKIDE AR

*U BEKIDE AR

OTt



1ST WORD

AS

o

(=) o o

-MAY

FELL

2ND WORD

IN
1T

0
AS
CANNOT
0

0 .

a

HAVE
10

NOT

NEW
OF

IN

MAIN WORD

VIEW
WERE
ASMAT
KNOw
LOOK
MADE
MAKE
MAKE
PLENTY
ABUNDANCE
MANY
DOZENS
Lorv
~ELL
CHCOSE
MUST

" HAVE

HAD
GOT
HAVE
ONLY

[

YORK
COURSE
LOVE

Table 4.3.1

4TH WORD

oF
0
FACT
oF
out
uP
up
uP
oF

OF

OF

OF

BUT
NEEDS

- To

T0
T0

WITH

SUBSTITUTE

INV
IWABA
JISAI
KNOW
LOOK
MADE
MAKE
MAKE
MANY
MANY
MANY
MANY
MANY
MAY
MUST
MUST
MUST
musT
~UST
MUST
NONL
NOT
NYK
0BuUKD
RENAIL

Examples of idlom dictionary

FUNCTION

P2
B1
Bl
vT
vT

PD

w

Vo
AQ
AQ
AO
AQC
AQ
VA
VA
VA
VA
VA
VA
VA

81

" EE

N1
)}

Pl

CORRESPONDING=JAFANESE

NO TENKARA
IWABA
JIS5A1

SIR

M1

TUKUR

TUKUR

TUKUR

OOKU

00Ky

0CKU

00Ky

00Ky

*U KAMOSIREN
*E NEBANAKA
*E NEBANARA
*E NEBANARA
#E NEBANARA
*E NEBANARA
#E NEBANARA
TANNI

N

NYUYOOKU
QT IRON
HORE

11t



Table 4,.3,1 Examples of idiom dictionary

15T WORD 2ND WORD MAIN WORD 4TH WORD SUBSTITUTE . FUNCTION  CURRESPONDING=JAPANESE
o BY TURNS 0 WG Bl K AWARUGAWARU
HAVE NO USE FOR AHNG VT HITUYOTO SIN
"AFTER A WHILE 0 AHOG 81 SIBARAKUSITE
AS A wHOLE 0 AHPQ 81 ZENTAITOSITE
WORD FOR WORD o . AHOQ 81 1601G0

0 A DAY 0 AHRU B1 INICHINI
BEST oF " oALL 0 AHSO 81 ICHIBAN

0 WAS BORN o AHTO Pl UMARE

o o CAME out AHUG Pl DETEK

THANK You . VERY © MUCH AHVU 81 ARIGATO

THE DAY BEFORE YESTERDAY AHWG B1 010701

0 FAR AWAY 0 AMXOQ . Al 100

o} 0 WAKE upP . AHYQ 1 K1

0 0 LOOK . AROUT : ATAU VI SAGAS

0 0 CONSULT WITH AIBO v1 SUDANS

0 0 COME BACK AlcQ vl MODO

o 0 STAND up AIDO vr AT
HERE AND THERE 0 AlEQ B1 KOKOKASIKO
up AND DOWN 0 AIFG P1 NU ACHIKOCHI
0 AT ALL 0 ALGG B1 SUKOSIMO

AS Yoy KNOW 0 ATHU B1 GOZONJINOYONI
0 YEAR AFTER YEAR Al10 Bl NENNEN

0 o puT up ATJQ vi TOMAR

OVER AND OVER AGAIN AILQ b1 NANKA MO

0 WOULD LIKE 0 AIMQ VA *U KOTOO HOS

it



15T wORD

AS
ouT
THIS
ON

AT
T0

IN
" MAKE
MADE

2ND WORD

IN
IN
THE
OF
OF
MATTER
A

OF
DAY
THE
WITH
FOR
FOR
THE
SOME
IN
AT
ON
THE
BY
IN

AT

Table 4,.3,1 Examples of idiom di;tioﬂary

MAIN WORD

CONCLUSION
CONTACT

CONTRARY

.COUSE

COUSE
AFOQ
MATTER
DATE

'wEEK-

DECREASE
EASE
INSTANCE
EXAMPLE |
EXPENSE
EXTENT
FACT
FIRST
FOOT
GROUND
HEART
HONQR
HURRY
JOURNEY
JOURNEY

LAST

4TH wORD

WITH

AFQQR

® o 2

SUBSTITUTE

AFNQ

AFOQ

CaFPQ

AFQE
AFQQ
AFRY
AFSW
AFTQ
AFUU
aFvU
AFwQ
AFXQ
AFxQ
AFYL
AFZUQ
AGAU
AGRy
AGCY
AGEQ
AGFQ -
AGGL
AGHQ
AG10
AGJC

AGK

FUNCTION

Kl
P2
31
81
8]
N1
B1
AOQ
31
81
~1
Bi
B1
F2
F2
Bl
Bi
el

4

[p¥
—

81
VI
Pl

81

CURRESPONDING=JAPANEDE

SAIGONI

10 SESSYOKUSITE
HANTAINI
MOTIRON
MOTIRON
TOZENNOKOTO
TUZEN
KYUSIKI
PATSHUNO KYU
GENSYOSITE
YUINI
TATCEBA
FTATCEBA

8] DASINISIIé
ARUTEIDO.
2155A1
HAJIMEwWA
ARUITE

NO RYUDE
SOREDE

MO KINENNI
AWATETE
RYOKO O 5
RYOKO O S

TUINI

¢1T



15T WORD

HAPPY
0
0

0
CONGRATURATION
0

2ND WORD

NEW

AT

BY
BY

BY

CALL

BE

ON

MAKE
IN
THAT

Table 4.3.1

MAIN WORD

YEAR

[ ]
ARRIVE
PRESENT
BECAUSE
DINT
MEAN
MEANS
FOR
ABLE
COME
YOUR
cut
DEALT
EQUIVALENT
EVERY
BIT

out
GENERAL
GENERAL
ouT

1

HASTE
SHORT
1s

4TH WORD
0
R
AT

OF
OF

oF

10
OVER

OFF
WITH
10
DAY
OF
OF

RULE

SUBSTITUTE

AQAQ
ARE
ARRIVE
ATp
BEKO
nf

RY

BYM
CALL
CAN

ComMt

CONGRA

cuT
DEALT
EQVIO
FVRLA

FEW

FROM
GENERALLY
GENERALLY
G0
HATIO
HURRY
INSY

INSY

Examples of idiom dictionary

FUNCTION

sS
VVL
vi
Rl
P2
P2
P2
P2
Vi
VA
Vi
P2
Vi
PT
p2
Bl
AQ
P2
B1
B1
VI
SS
T vl
B2

82

N1

Al

N1

CORRESPOND ING=JAFANE SE

SINNEN OMEDETOL

AR

TOTYAKUS
MUKK A
NO TAME

NE YOTTE

‘ML oYOTTE

NL YOTTE

YoB TunloUe

*U KOTOGADEK!
KU
OMEDETOO

KIR RILTA

ATUKAW

NI HITOSI!
MAINITI
SUKOS1

KARA

CTAITEX

TAITEL
IK 1KY
HAL

1506

SUNAWATI

SUNAWATI

111
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which belong to different lénguage families is fhat there are many
characteristic expressions in each language, in which it is very diffi-
cult to grasp the whole meaning of expression from their constituents,
It is, as it weré, exocentric structure in meaning. Such expressions
do play an essential role in natural languages, so it is a very important
problem to study how to translate them, But there is no general algo-
rithm to translate idiomatic expressions as well as ordinary structures
by means of the same procedure. IThere is no choice but to translate
the whole idiomatic expression into another phrase using one-to-one
correspondence table. Of course there is not, in the strict sense,
any conectly one-to-one correspondence, but partially equivalent ex-
pressions can be found out. The idiom dictionary contains such one-to-
one correspondent expressions,

Idiomatic phrases usually consist of several words, say, from two
to four, and they very rarely consist of more than six words, They
are supposed here to be constructed by continued sequence of words,
and discontinuous expression (correlative one) such as‘"not...but" or
"so..;that" etc, are not treated because they are difficult to substi-
tute with one word and to process with fixed pattern matching.

It is a question how idioms are to be stored in the dictionary.
The number of words which'éonstitute idioms is not definite, then to
make it easy to search idioms it is desirable to convert them’into
regular forms having the same length. But unlike the ﬁord dictionar&
such a simple compression method is not effective with the idiom dic-
tionary, because the elements of idioms are wbrds cérrying meanings
‘and a simple cut-sum method loses much information involved in each

word. Therefore the following method is adopted to make it possible

to understand its forms easily and also to make the program simple and
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quick, though it takes rather redundant memories,

- Usually an idiomatic expression contains a word which characterizes
a phrase. Take for example, such words as "spite!", "advantage" or
"rate" in the next expression "in spite of", "take advantage of" or
“at any rate", Such words generally appear less frequently;:therefore
it is efficient to set them in such a position that they are first
looked for., Most idioms have the structures like CCM, CMC, CM, MC,
and CCMC, where M is a main word and C is the other word in an idiomatic
expression, ‘Then they are arranged so that the main words are situated

in the third position, as shown below,

18t 2nd main 4th o substitution
c c M c S
- c M S
- - M S
- M - S
c M - S

L

Fig. 4.3.1 Structure of idiom dictionary.

Except CCMC they contain redundant memories (slashed part), but by
putting thém, the search program becomes easy to make. As for the
idioms which consist of more than five words or have such structure as
CMCC or MCC, they are stored by dividing : them into'seQeral parts,‘

For example, the set phrases "as a matter of faet" or "not to much

" to sayn are stored in the next forms,
18t 2nd main 4th substitution
A/S A MATT/ER O/F QXQ
- - QXQ FACT QXYQ
1/s NOT TO0 MUCH Qz2Q

QZQ TO SA/Y - QzYQ
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A word which substitutes the idiom is situated in the fifth position.
This word is not necessarily a usual English word, but it is, in most
cases, a sign to distinguish idioms from other words, and regpistered

in the word dictionary. The word QXYQ in the above example is register-
ed in the word dictionary together with other usual words as below

(Fig., 4.3.3).

original head’ part of " Japanese
form speech

BOY - BO00O N1 SYONEN

GONE GONoOO PI IK

QXYQ ‘ QXYQO B1 JISSAI

QZYQ ) Q2YQ0 VI' IISUGIDE ARAN

Fig; 4.3.3 4wor& dic. for idiom equivalence.
Each wofd in the ididm is in its pseudo-stem form and compressed
into five characters by the cut-sum method mentioned in Section 4.2.
Therefore one idiom is stored using 5 X 5 characters in the memory.
Several exémples are shown in Table 4.3.1 together with all informa-

tion which is contained in the word dictionary.

4,4 Word dictionary

The ﬁord dictionary is the most important dictionary in the
mechanical processing of natural languages, by which several kinds of
iInformation is given to each input word dccording to its purpose of
processing. The information which must be included in the word diction-
ary for mechanical syntactic translation from English into Japanese is

English head words, corresponding Japanese, and grammatical informa-
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tion about English words. Grammatical information about Japanese is
not necessary in the syntax-to-syntax translation treated in this paper
because almost all information is taken into consideration in the
syntactic rules and the conjugation of verbs and adjectives in Japanese
is recognized by investigating the last letter of verbs and adjectives.
No semantic information is given in the present system.

The memory necessary for one word is 13 characters plus the number
of letters in Japanese words. The stored form is shown below With its
original form included in the ordinary English-Japanese dictionary.

Original form

study ; vt. kenkyusuru , n. kenkyu

i no. of letters

[STUDo]VTN1|nnnm

address 1 «+../kenkyus/kenkyu/....

Fig. 4.4.1 Necessary memory for

a word in the word-dictionary.

Internal form

Five characters are used for the compressed word head, and foﬁr charac-
ters are reserved for the two parts of speech, two characters for each.
The three characters indicate the top address of Japanese words. The
second translation words, if any, are indicated by the relative address
to the first one by one character. Thé reason wh& translation words
are stored in a different‘place and linked by a pointer is simply to
express each entry in a regular form and to reduce the number of steps
to consult the wofd dictionary.

Allbentries, about 8000 words, -are sorted in ascending order tak-
" ing the pseudo-stems of five characters as key words. There are,
however, éeveral words which have the same pseudo~-stems on account of
Qord-énd processing. In this case correct information can not be ob-

tained. Therefore such words are registered in a special manner.

—
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That is, the word ending which is taken off is stored instead of the
pseudo-stem except for the first head among the same head words, For
example, these words "I", "IF", and "IS" all become "IZ@@FP" by the end
processing and cut-sum compression, If they are arranged simply in

ascending order, the same head words appear in succession. Then the

" (original form) head : (original form) head
I 10000 TO 70000

IF 000OF TOE O00OE

IS 00005 TOY 0000Y

TOYS 000YS

Fig. 4.4.2 Arrangement for the same head words

second and third head wbrds are substituted by their endings as shown
in Fig. 4.4.2. The endings are stored from the least significant
character and arranged in ascending order. 1In this case, however, it
is a question which of them must be put in the first position. Though
this depends on the search algorithm, generallj it is reasonable to put
such word as conjugates, Because the first head word among the same
head words is not given its word ending, conjugated words coincide
with the head if their endings are taken off, ;f verbs are not

stored as shown in Fig.4.4.3. But if verbs of frequent occurence are

stored in the first position, the number of entries can be reduced.

head H head

LIoo0  (14e) LI000 (live,lived,lives,living)
OOOFE  (1life) 0000E  (1ie)

000VE  (1ive) O000FE  (1ife)

00ING  (1living)
OOVED (1ived)
OOVES  (1lives)

Fig. 4.4.3 Comparison between two arrangements



ENGLISH

ASHAMED
ASHORE

ASIA

“ASIAN

ASIDE

ASK

ASPIRE
ASSUME
ASSURE

ASTRAY
ASUNDER

AT

ATE

ATOM

ATP
COMMEMORAT 10N
ATTER
ATTEST
ATTIRE

AUNT
JUSTIFICATION
CONTEMPLATION
AUTO

AVAIL

. AVENGE

Table 4,.4.1

SYMBOL JAPANESE

N1

81

Y

AO
81
vT

VI

VT
VT
B1
81

oy

PT

N1

N1

81
N1
Vi
vT
vT

N1

N1

Np--

N1
N
N
VI

vT

N1

HAZITE
RIKUZYONI
AZIA
ASIA/ASIAJIN
WAKINI
TAZUNE
NETUBUS
HURIOS

TASIKANE

"MITINIMAYOTTE

HANARETE
NO TOKGRU
TABE,
GENSI
MOKKA

KINEN

SHOMELS
SEIS0SAS/Y0S001
oBA

T SEITOKA

TINSIMOKKO

JIDOSHA -

© YAKUNITAT/RIEK]

KATAKIOUT

Samples of word dictionary

HEAD

ASHAM
ASHOR
ASIAD
ASIAN
asIDo
ASK0O

ASPIR

ASSUM

ASSUR
ASTRA
ASUND

AT000

.OOOOE

ATOMo

‘ATPQO

ATSWS8

‘PARAPARAFUR/PARAPARAOTATTOQ

00EST
ATTth
AUNTO
AUY¥S:
AU#54
AUTO0
AVAIL
AVENG

ENGLISH

AVERSE
AVOID

AWAY

AWAITE

AWAKE,
AWARE
AWARD
AWFUL
AWHILE
AX
AXIS

AXLE

ASSIMILATION

BE

BY

" BED
‘BEST

. COM3INATORTAL

RELINQUISH
INFLUtﬁTIAL
INSIDENTALLY
BAY

BASES

BABY

BABBLE

SYMBOL

AQ

VT

Bl

vT
vI' Al
N1

N1l VT
Al
Bl .
Ty VT
N1
NYC
N1

VL

P2

RA
‘AU
vT
AN
Bl
Ny VT
N1
N1

VI N1

JAPANE SE

KIRATTE

SAKE

HANAKETE

MAT

MEZ2AME JMEMUURANA

SITTE

"SHO/ATAE

0SOROST
SIRARAKU
ONO/NATAOHURY
JIKU

SINBO

DCKA

AR

NI YOTTE
NEDOKO
MOTTOMOYO

KUMIAWASE

SLYAME

EIKYOTEV]
FUZUITEKINI
WAN/HUE
KIS0
AKANBU

07O U TATE/SESERAGI]

HEAD

AVEKS
AVOLD
AWAQO
AWAIT
ARAKQ
AWARY)
AxAKD
AwFUL
AWHIL
AX0O0O
AXxIon
AXLODO
Ashis
BnNOCOo
0nooy
oooeL
00EST
BY€L?
89%=%
8=26%5
B=N#X
BAQOO
00SES
BABNO

BABBL

oct



ENGLISH

CORE
CORAL
CORD
CORN
CORNER
CORPS
CORPSE
COSMOS
cosT
€OSTLY
cosuL
couLo
COUNTER
COUPLE
COURSE
_couaf
COVER
COVET
‘cow
cozy
CRY’
CREST
CRAVE’
CRAB
CRAFTY

Table 4.4.1

SYMBOL JAPANESE.

N1

N1 AO

N1
N1
N
N1
NY
N1
vT
AN
N1
PU
N
N1

N1

N1

vT
vT
N1
a1
vT
Ny
vl
N1

AN

N1

vT

vT

N1

SIN
SANGO/SANGO
TUNA
KOKUMOTU
KADO

GUNDAN

SITAI

UCHU .
YOS/HIYO
KOKA

RYOZ1

#U KOTOGADEK1
KAZOERUMONG
1TTUL/TUNAG
KOOSU
KYUTE1/AIOMOTOME
oow

HOSIGAR

MEUSHI/ODOKAD
~ 1GOKOTINOYQ

SAKEB.
TOSAKA

KONGANS

KANI

KOKATU

Samples of word dictionary

'EEAD

CORo0

CORAL

CORDO

CORNO

000ER”

CORPOD
CORPS
COSMO
cosTo

‘CosTL

cosuL

‘couLD

COUNT
COuPL
COURS

‘COURT

COVER
COVET
)

0200

CRo00

00EST
CRAoo
CRABo

CRAFT

ENGLISH

CRAM
CRANE
CREED
CREAM
CREATE
CREEX
CREEP .
CRIE
CRIB
CRIME
CRISIS
CROOK
CROSS
CROW
CROWED
CROWD
CROWY
CRUDE
CRUISE
CRUISER
CRUMS
CRUSH
CRUST
CRVEL
MANIFESTATION

SysacL

vl
N1
Ni
N1
vT
N1
Vi
N1
© N1
Ni

N1

ND

vT i

N1

MY

N1
™
© AN
vl
N1
N1
vT

N

AN-

‘N1

vi

N1

vl

vl

vl

vT

N1

N1

vl

JAPANESE

TUMEKOM/SUSTZUME
TURU/KUBIONOBAS
SINJO »

KURIMU

5020

IRIE

HA/HALKOTO
DANGAL . .
SHOINYOSHINDAIL

1umMl

SKIKI

MAGA T TAMUND
YOKOGIRZJIYLJI
KARAS/NAK
GUNSYU/MURAGAR
GUNSYUL/0STSUSUM
OKAN/ZOINITUKASE
SUMATUL

JUNKUS /JUNKD

JUNYUK AN

PANKUZU
0S1TuBUS

" PANNUKAWA/GATHIDEOUW

ZANNIN

METJL

HEAD

CRAMO
CRANQ
CREGO
CREAM

CREAT

CR&CK'

CREEP

CRloo

CRIBoO

crRimp
CrRI>I
CROUK
CRO5p
(331 TH]
000ED
CROWD
CROWN
CRrRUVO
CRU}S
OOOER
CRUMB
tKUbH

CRUST

CRVEL.

Cae¥9

1t



ENGLISH

SEMICOLON
SECTION
MANCHURIA
TOUGHNESS
VISUALLY
SCISSORR
MIRACULOUS
MINTMUM
SHAMPQO
SEASHORE
SPENDTHRIFT
1

1F

15
OPPRESIVE
MANOEUVER
TERMINUS
UNCOMMON
UNANIMOUS
UNANIMOUSLY
SHALLOW
NUTRITION
SPONSOR
VACUUM
MANEUVER

5YMBOL

"Ny

Ny vT

.Nl
N1
B1
N1
AN

N1
N1
N1
N1
N4

c2

vL

AN
N1
N1
AN
AO
B1
Al

Ny

Np-

N1
Ny

vl

Al

vT

B1

N1

vl

vT.

Table 4.4.1  Samples of word dictionary

JAPANESE

~ SEMIKORON

SETUDAN/KUBUNS
MANSYU '
YOJINSA
SIKAKUTEKINI
HASAMI

KISEKITEK]

SAISYO
SENPATU/KAM[0ARAW

KATGAN

ROHIKA/KANEZUKATNOARA

" WATASHI

NARA
AR

ASSEITEK]

TENSYU/ENSYUS

MOKUTEXITI

 HIBON/MAREN]

MANZYOITTI

 IKUCHIDOONNI

ASA/ASASE
EIY0
SPUNSOR/KOENS
“INKU

ENSYU/ENSYUS

HEAD

HZY 0
HeCTI

He &)

H(OGH
H{SUA
H%255
H&a+5C
HANIM
H fEt
H $+2
HS

10000
0000F
0000S
10PRE
16NOE
19RM]

I=YOM

"1:5N1

1:6G1(
I>ALL
I>3>1
1+0NS
TACUU

IANEU

ENGLISH

OUTLET

oUTRUT

CIvy

‘IVURY
IWABA
NEEDFUL
TENSION
PRUPOSAL
TEASPUON

TEXTS00K

CHARACTERISTIC

CHARACTERISTICS

PHILOSOPIC
POSSESIVE
OPERATION
PROVISION
MATHEMAT ICAL
PERMISSION
PERSIST
PERSISTENCE
PERSISTENCY
PENINSULAKR
PURPOSELY
SMALLPOX

PIANIST"

‘SYMBOL

N1
N}
N1
AQ
81
AN
M1
N1

N1

A0
A
N1
N1
AO
N1
vI
N1
N1
ACQ
B1
N1

N1

vT

vT

JAPANESE

DEGUTI
SYUTURYOKU

TUTA/TUTADEOO

‘20GE

IWARA
HITUYC

K INCHU
MOSIKUMI
CHASAUT
KYOKASYO
T0KUCYQ
YOKUCYO
TETUGAKU
SYOYU

S00SA
JUNBI/KYOKYUS
UGAKU

KYOKA

KOSITUS
KOsliu

k0s1Tu

HANTO

WAZARU
TENNENTO

PIANISUTO

_HEAD

TUTLE
[uTky

1voee

1vOrp

IwABA
‘TYELF
IeNs]
I1+9~0
Ivwsp
1t
FSON#¥
00005
1s0¢2
1855k

50(>A

22t



ENGLISH

INFLUENZA
INNOCENT
ENVIRONMENT
INSOLENT
EXPEDIENCE
EXPEDIENCY
EXPERIENCE
EXPEDIENT
IMMODERATE
IMMATERJAL
INNUMERABLE
INNUMERABLY
INTOLERABLE
INTORERAMCE
EGQUATION
ERUPTION
ORTHONORMAL
INTERESTED
INTERESTING
IMMEASURABLE
EXCLAIM
EXPERIMENT
EXPLAIN
EXTERIOR
FAMILIAR

Table 4.4.1

SYMBOL  JAPANESE

N1
AN
N1

AN

'

Ny

N1

. N

AN
AO
AN
AQ
81

‘Al

N1
N1y
N1
Ao
PT
Al
A0
vT

vT
N1

vl

Ny .

vT
AO

Al

Nl

INHURUENZA
MUJYAK ]
KANKYO

BUREI

BENGI

BENGI
KEIKEN/KEIKE
KOTUGO/BENGT SHUDAN
KADO
HI1BBUSITUTEK]
MUSU A
MUGENNT
GAMANDEK [NA
GAMANDEK [NUXOTO
HOOTEISIKI
BAKUHATU
CYOKKO

MIRYOS
OMOSIRU
HIKASUKU
SAKEB/KANTANS
JIKKEN
SETUMEIS
GAIBU/GAIBU
SITASI

Samples of word dictionary

HEAD

1=6UU
1=HOC
1=I1>

1=NOL

©1.:QD

oononY

1 :0R

! WID

*1 SLF

1>X77
0000Y
16426
1ese (
161AT
1+1PT
1e) iX

1HOER

001ING

11 oL
1.CLA
lele)

1IPLA.
! JER

1L IL

ENGLISH

FAMILIARITY
FANATIC
ETERNITY
SURPRISINGLY
TELEGRAPHIC
FRONTIER
GROWTH
EXHIAIT
EXPLOIT

EXPEDITION

" EXPOSITION

FINACIAL
PERSEVERANCE .

REVOLUTIONARY

"FUGITIVE

IMPCRFECT
IMPERFECTLY
FEMINIGE
INTERFERE
FERUCIOUS
FOOTLIGHTS
FORESIGHT
FORTNIGHT
INTENTIONAL

CONSERVATISM .

SYMBOL

N1
AN

N1

AO
Nl
N1
vT

vT

N1
AO
N1
A0
N
AN
Bl
A0
vT
AN
N1
n
N1
AN

N1

N1

NJ

Al

vl

JAPANESE

SINKU
NEKKYOTEKI/KYOSINSHA
EIEN
ODOROKUHODONI
DENSIN

2ENSEN

SEITYU
MISE/TENZI
KATHATUS/TEGARA
TANKEN

SETUME]

2ZA1SEL

NINTAL

KAKUME [
TOBOSHA/NIGETA
HUKANLEN
FUKANZENN]
ZYOSEL

KANSYOS

oCMO

KYAKKC
SENKENNOME ]
NISYUKAN
KEIKAKUTEK]

HOSHUSHUGI

HEAD

1L IF
IMNAT
|UERN
1P3. 0
|P*rc
IRUNT
thUnT
|#H1D
1#PLC
1¥0+2
1¥1 G
1¥3+C
1¥C3e
156 o
JuGsT
14 +6R
1£49:
1EMIN
I.)ﬁk
|(§UC
15800
' 23t
| 737=
1slew

ISXNZE

¢et



ENGLISH

UsE

- USA
USABLE
_USAGE -

- USHER
ASSAIL
USSR

USUAL
INAUGURAT JON
uiélA“
QTIER'
AUDIBLE
JUSTICE
AVOWAL
ACTUALLY
BLANCKET
LANDMARK
LxéeaAL
L;aERALISM
LIBERALLY
vs

VEST
LITERARY
LABORATORY
ANNUALLY

SYMBOL -

vT

Na
AN
N1
vt

vT

N1

AD
Ny
N
A0
A0

Nl'

N1

vT

B1

N1
N1
AN
N1
B1
P2
N1
AQ
N1

81

vT

Table 4.4,1

JAPANESE

TUKAW

GASSYUKOKU
S1YOKANO

YOHO
MO&EI/TQRITUG
SHUGEK TS
sOBIET

FUTY
sHunz&srxy
RISOKYO:
MATTAKU/KUTINIDAS
KATYD

SEIGI

KOGEN

HONTONI
MOHU/MOHUDE TUTUM
KYOKAIHYOSIKI
iIYU
JIYUSHUGI
KANDAINI

NI TAISITE
CHOKK I
BUNGAKU
ZIKKENSITU

NENNEN

Samples of word dictionary

HEAD

usono

USAQD,

USABL
USAGO
USHOO
USsAI

USSRo

USUAL

UTLP<
UTPIA

UTToo
uuDIB
uusTI
UVOWA
UWTUA
UZ4NC
U, 70M
U(BER
utxs -
U(VER
V0000
00EST

_V2TER

V4Z2ER
VBNUA

ENGLISH'

LOGICAL

"LITERATE

LIMITATION
LITERATURE
VAGUE

VAIN

‘VALVE

VALID
VALLEY
VALUE

VANIY

CVANITY

VARY -
BARREL
vasT
ACADEMY
BEGUILE
VEIL
VEIN
VERY
VERB
VERDUE

VERGE

-VERIFY

VERSE

AN

Al
N1
N
AN

A

SYMBOL

N1

Np

AN
N1
N1
N1
N1
vT
N1
AN
N1
vT

N1

‘N1

B1
N1
N1
N1
vt

N1

vT

vi

JAPANESE

RON#ITEKI
KYOIKUNOCARU/KYOYOSHA
SEIGtN
BUNGAKY
AIMAL

MUEK |

EN

TASIKA

TANI
KATI/HYOKAS
KUK YU

KYOQE L

KAE

TARU

KODA{

GAKKO

DAMAS

BERU

KEXKKAN

TATHEN

DOSI

-MIDOR1

FUT1/MUKAW
RISSYUS

INBUN

HEAD

VvoGiC
veTer
vi 22
vVP R
VAGUO
vAIND
VALOO
VALILD
VALLE
VALULG
VANIQ
VANLT

VAROOQ

VARKE

VASIQ
VCAVE
VeEGUI
velito
vELnD
VEKQO
thuo
VERDU
VERGO
VERIF

VERSQ

f12t
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Several examples of compressed words and their arrangement are shown

in Table 4.4.1.

4,5 Syntactic dictionary

‘ In section 3.5 several structures of syntactic rules are shown,
Their internal forms are described here, The rewriting rules are
divided into two classes according to the number of characters which

are needed to store., They are 3-symbol rules (a) and 2-symbol rules(b).
@ k-8 ¥—§ (¢, %)
(b) h B — ¥ (o, %)

Their internal character construction is shown below,

1 ! T

(@ || 6|y |8 |osnls

| ol 8] 7 lelnz

The 3-syﬁbol rule has 12 characters, thai is, 6 characters for the
English pattern, 2 for the substitution symbol, 1's for the word-order
indicator and 1 for particles to be inserted. The 2-symbol rule has
10 characters: 4 characters for the English pattern, the remaining
part is the same as the 3-symbol rule, There are 21 kinds of word
order indicétors @), and 63 different parficles to be inserted.

The rewriting rules are classified into two major classes accord-

ing to their syntactic hierarchy. This corresponds to (I) and (II) in
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section 3.3. Each class is divided into sub-classes, that is, 3-symbol
rules and 2-symbol rules, Therefore thefe are four classes, that is,
- (A-3), (A-2), (B-3) and (B-2) classes, and their hierarchy is in that
order. Though there are only four classes, they are equivalent to at
least eight classes because of the repeated application of them by the
matching algorithm which will be explained in section 5.1.

All fewriting rules are listed in Table 4.5.1, but for the sake of

easy understanding some editions are applied to the stored forms, that

Stored forml . . . =213
- Listed form »
PATTERN SUBSTI-
(1) 2) (3) TUTE CORRESPONDING-JAPANESE
ol @ ¥ $ (2)/47 Q)/a/ (3)/ N/

is, instead of symbol expression, corresponding Japanese are explicitly
pxpressed.

There are no rules which have the same pattern part 81£L§'”5S ),
and in each class the rules are sorted simply in ascending order with
pattern part, because there is no difference in hierarchy between the

rules in the same class,



Table 4.5.1

~ PATTERN suBSTI-
() (2) 4 TUTE

Bl s B2
GE e B2z

= L1 SS SS
= N1 = 55
= Ny. = 55
= PA o B2
= PI" Ny N&
= S5 z SS

WS s 82
Al AS N4 Al
Al C1 Al Al

Al -=- N1 Ny
Al ~-- PT N1
Al PI S5 SS
AI' PT 55 SS
AN AS N3 AN
AN Ci Al ~ Al
AN C1 My N1
AN Ca4 No Na
AN ~= PI N1
AN PI N N1

AN o9 . AO. AD
AD AS N& AD

A0 C1 M1 N1
AD- == NI N1
A0 PI Ny Ny
AO s+ 5SS 5SS
Bt AN N1 M
Br C1 By 21
By RA N1 Ny
C1 B1 5SS S5
C3 N4 )) 1)
DT B1 Ny Na
DT Bir PT DT
oT- .Gl Nt N&
DT GT M No
DT PIL N1 N4
0T RA Ni N&

EE VH PD vD
EE. VH PIL VI
EE VL. GD VD
EE VL 6! vl
EE vL PD VY
EE VL PT vl
GE C1 GE GE

. Gl - N1 Ny
GT == N1 Ny
Lty G Ly L1

Ltz < L2 L2
L, N3 BN SS

SYNTACTIC PATTERNS FOR MECHANICAL TRANSLATION eee A -- 3

CORRESPONDING~JAPANESE

(2) (3
(2)/RU TO/(3)

2/ E/(3)

(2).

(2)

(217 NIz (3

(2) /RARETA/ (3)

(21

(2)(3)

(3)7 TO ONAJI/Z (D)

(1) /KU7 (2} (3)

(11 /7117¢2)(3)
(1)/7117(2) (3)/1MASITA/
(1)/711/(2) /RARETA/(3)
(1) /141742) /RARETA/ (3}
(3)/ .TO-ONAJI/Z (1)
(1}7 DE/Z ()

(1) /NA/(2) (3)

(1) {2)¢(3)
(1)/NAZ(2) (3) 7/ IMASITA/
(1) /NA/Z(2) /IMASITA/ (3)
(1}/NAZ (2) (3)

(317 TO ONAJIZ (1)

(1} /NO/ (2) ()
{1)/NO/7 (2) (3)

(1) /NO/ (2) 7IMASTITAZ (D)
(13 (2¥ (3

(1) (2) /NAZ (3)

(1) (2)¢€3)

(1) (2)/7117(3)

(1) (2)(3)

(1y{2)(3)

(1Y 12)(3)

(1) (2) (3} /RARETA/

(1) (2) 71 TUTUARY/ (3)
(1) (2) 71TUTUARU/ (3)
(1) (2) /RARETA/(3)
(1)7 YORI/Z(2)/11/(3)
(3) 710E//AN/
(3)/710E//AN/
(3)71TUTU/ /AN/-
(3)/1TUTU/ /AN/

(3) /RARE//AN/
(3)/RARE//AN/

(1) /1TUTUARU/ (2) (3)

(1) 71TUTUARU/ (2) {3}

(1) 71TUTUARU/ (2} (3)

(11 (21(3) :

(D 2)(3)

(2)/ wAz(3)/ DE/(1)/RU/

PATTERN
() 2 (3)
= GE SS
= Gl. SS
= L> 55
= Nt~ SS
= PA 55
= PR SS
= PT M
= VE =
Al AS N1
Al Bl NI
Al C1 NI
Al == Pl
Al PI N
Al PT N1
A, S5 V¥¥
AN AS N4
AN C1 AN
AN Cs4 AO
AN =-- NI
AN == PT
AN PT N1
AQD AS N
AD C1 AO
A0 =-- AO
AD -~ PT
A0 PT N1
By Al N1
B1 A0 N1
B1 C1 NI
B2 +e SS
Cc? 55 SS
DT e NI
DT B1 PI

T N1

DT GT AO
DT PD N1
DT PT NI
DT VT Ny
EE VH PF
EE VH PT
EE VL GF
EE VL GT
EE VL PF
Fe S5 ¥¥
Gl C1 Gl
GT Civ GT
-= Cy -
Ly Cy Ly
Le N3 Al
Le N3 AO

SUBSTI=~
TUTE

CORRE SPOND ING-JAPANESE

(2)y/RU TO/(3)
(2)/1TUTUARU/ (3)

(2)/ TAMENI/(3)

(2y(3) .

(237 NI7(3)

(2)(3)

(2) /RARETA/(3)

(2)/7 BESI/

(3)/ TO ONAUL/Z (1)
(Ly/7117(2)(3)

(1) /KU/z (2} (3)
(11/117102)(3) 7 IMASITA/
(1)711/(2)7IMASITA/Z(3)
(1)/711/(2)7IMASITAZ(3)
{2y (1) /RU// KA/

(337 TO ONADI/ (1)
(1)/NA/ (2) (3)

(11 /NA/(2) (3)

(1) /NA/ (2) (3)

(1) /NA/(2) (3) 7/ IMASITA/
(1) /NA/(2) /1IMASITA/(3)
(317 TO ONAJI/ (1)

(11 /NO/ (2) (3)
(1)/N0/ (2) (3)
(1)/NO/(2) (31 /1MASITA/
(1) /NO/ (2) 71IMASITA/ (3)
(11 (2)/11/(3)

(1) {2)/NO/ (3)

(1 (2)(3)

(11 (2)(3)

(21 01}/ o/ (3)

(1) (3)

(1)(2) (3)/RARETA/

(11 (2) (3)

(1) (2) /I TUTUARU/ (3)
(1) (2) /RARETA/ (3)

(1) (2) /RARETA/ (3)

(1) (2) /RU/ (3)
(3)/10E//AN/
(3)/10E//AN/

€3y /1TUTU/ /ANy
(3y71TUTU/ 7AN/

(3) /RARE//7AN/

(217 KA/

(11 711/7€2)(3)
(L/711702)(3)

(11121 (3)

(1) (2) (3

(2)7 WAZ(3)/711/

(2)7 WA/7(3)7 DE/{(1)/RU/

Let



Table 4.5.1

PATTERN

(1) (2) (3
N1 ¢ NI
N1 Ci N4
N1 . == Ny
N1 PL RS
N3 . AT N
N3 A0 My
N3 PE :RS
N3 PL RS
N3 VE L>
N3 VI RS
N3 VL RS
N4 B2 PE
Ne €1 Ne
N4 C4 Na
N4 == N4
N4 N1 PE
N4 PL RS
N4 Ry} PE
.Ng - TH PE
N¢ VE VE
N4 VT RS
P1 Bz NI
P1 Gl L2
P1 6T L»
Pt GT  N&
P PI N
P TH Ny .
P2 B} N
P2 GI Ly
P2 6T Ly
P2 GT Na&
P2 P Ny
P2 PT N
P2 TH RS
PA C1 PA
PA - ¢s PA
PB C1 PB
PB GT. L1
PD N& - AN
PE C1 PE
PF EE VF:
PF EE VI
PH EE PO
PH EE PI
PH EE PT
PL- EE - GF
PL EE PF
PL: GL PD
. PL GL TPT
"PU EE Al

SUBSTI-

TUTE

N1
Ny
N1
55
N4
N4

SYNTACTIC PATTERNS FOR MECHANICAL. TRANSLATION see A == 3

CORRESPONDING~JAPANESE -

(1)/NO/(3)

123 (3)

(1) (2) (3)

(1)7 WA/(3)7 KOTODE/(2)/IMASITA/ .

(1 (23 /7117(3)

(1) (2)/NO/ (3}

(3)/ KOTOWA/(2) /IMASITA/
(1)/ WA/(3)/ KOTODE/(2)/IMASITAY
(3)/ KOTOWA/(2)

(1)/ WA/(3)/ KOTO O/(2})/RU/
(1)/ WA/(3)/ XOTODE/ (2} /RU/
(2)Y/7 o/7(1)/7 WAZ(3)/1IMASITA/
(1) (2) (3)

(1)(2) (3)

(1)(2)(3)

(2)7 GA/ (3 ()

(1)7 WA/(3)/ KOTODE/(2)/IMASITA/
(3) /IMASITA/ (1)
(3)/IMASITA/ (1)

(1)7 WA/Z(3)(2)

(1)7 WA/{3)/ KOTO Os(2)/RU/
(2)(3) (1) /ES/

(3)/7 E/Z(2)/RU XOTO/ (1)

(3)/ E/(2)/RU KOTO/ (1)

(3)/ 0/(2)/RU KOTO/ (1)

(2) /RARETA/(3) (1)

(21 (3) (1)

(2)(3) (1)

(3)7 E/(2)/RU KOTO/ (1)

(3)7 E/(2)/RU KOTO/ (1)

(3)/ 0/(2)/RyU KOTO/ (1)

(3} (2) (1)

(2) /RARETA/(3) (1)

(3)/ SORE/(})

(1)(2)(3)

(1) (2)(3)

(1) (2)(3)

(3)/ E/(2)/1TUTUARU/ (1)
(2)7 0/7(3)7 NIZ(1)

(11 /7IMASITA/(2) (3)

(3) /ANAKATADES/

(3) /ANAKATADES/

(3) /ANAKATADES/

(3) /ANAKATADES/

(3) /ANAKATADES/

(3)/ITUTU/ /ANAKATADES/

(3) /RARE//ANAKATADES/

{3) /RARE//TUTUAR/

.(3) /RARE//TUTUAR/

(31 /KU7 (1) /ANAKATADES/

PATTERN

(1{ (2) (3)

N1
N1
Ny
Ny
N3
N3

N3

N3
N3
N3
N3
N4
N4
Ne
N4
N4
N4
Na
Na
Neo

cl

VL
AN
PE
Pl
PT
VE
VL
vT
Q1
Cs
HH
N1
Ny
PT
R
TH
VL.
B1
GD
Gl
GT
N3
PT
&1
B2
G1
GT

. N3

P1
TH
P1
(&)
(4]
GI
Na
N&
23
EE
EE

" EE

EE
EE
EE
EE
GL

EE

N1
31
PT
RS
N1
L2
RS
RS
RS
PB
RS
N1
N1
VE
PE
VE
RS
VE
VE
RS
N1
N1
Ny
N1
N1
N1
N1
N4
N1
N1
N1
N1t
N1
N1
PB
PA
L
Al
AO

vD -

VH

vT

PF
PL
GD
GT
PT
PF
N1
N&

SuUBSTI=-
TUTE

N1
N1
N1

CORRESPOND ING=JAPANESE

(1) (2)(3)

(1){2) (3) 7ITUTUARY/

(1) (2) (3) /RARETA/

(1)7 WA7(3)7 KOTODE/(2)/RU/

(1) (2)/NA/(3) .

(3)7 KOTOWA/{2)/1MASITA/

(1)/7 WA/(3)/ KOTO 0/(2)/7IMASITA
(1)7 WA/7(3)/7 KOTO O/(2)/IMASITA
(3y/ KOTOWA/(2)

(1)7 WA/7(3)7 DE/{(2)/RU/

(1)/ WA/7(3)/ KOTO 0/(2)/RU/

(1) (2)(3)

(1) (2) (3)

(117 WA/Z(2)3)

(217 GA/(3)/71MASITA/ (1)

(2y/ GA/(3) (1)

(1)7 WA/Z(3)7 KOTO O/(2)/IMASITA
(3) (1) ‘

EINSY)

(1)/ WA/(3)/ KOTODE/(2) /RU/
(2) (3) (1)

(2) 7ITUTUARUZ (3) (1)
(2) 7/ITUTUARY/ (3) (1)
(2)71TUTUARU/ (3) (1)
2y (3) (1)
(2)/RARETA/(3) (1)
(2y(3) (1)

{2y (3) (1)

(2) 7ITUTUARU/ (3) (1)
(21 71ITUTUARU/ () (1)
(21 (3).(1)
(2)/RARETA/(3) (1)
(2y (31 (1)

(2) /RARETA/(3) (1)
(1)7 NI(NO)Y/(2)(3)
(1Y (2} (3)

(3)/7 E/(2)/71TUTUARU/ (1)
(27 0/7(3)/KU/ (1)
(217 07(3)/7 NI/(D)
(3) /ANAKATADES/

(3) /ANAKATADES/

(3) /ANAKATADES/

© (3) /ANAKATADES/

(3) /ANAKATADES/
(3)7/ITUTU/ /ANAKATADES/
(3)71TUTU/ /ANAKATADES/
(31 /RARE/ /ANAKATADES/
(3) /RARE//TUTUARY

(1) /RARETA/ (2} ()

(3)7 DE/(1)/ANAKATADES/

get



Table 4.5.1

PATTERN

(1). (2}

PU
PU
Py
QQ
R1
RA
RS
S5
$S
8S
SS
S5
S5
TH
70
70
10
TO
VA
VA

VA

VA
VA
VA
VA
VA
VA
VA
vD
vD
VE
VF
VF
VF
VH
VH
VH
VH
vL
vL
vL
vL
vL
VL
vL
vT
WH
WS

EE
EE
EE
LR
VE
P2
c3
AS
B2
C1
c3
¥¥
(X}
PA
Al
Gl
N1
Na
AOD
EE
€E
EE
VH

VH
VL'

vL
vL
vL
N4
N4
C3
EE
EE
EE
DT
EE
EE
EE

(3)

PD
VH
vT
$S
¥y
Na
RS
S5
¥¥
5SS
SS
GE
5S
Ny
N1
PE
PE

vT -

VF
vI
vT
PF
PT
GF
6T
PF
PT
Al
AD
VE
vD
VH
vT
PF
PF
Pl
PT
EE

‘Al

GF
N
PF

- PD

PT

Al

N3
WS

- C3

[}

SuUBSTI-
TUTE

PD
VH
vT
SS
SS
Al
RS
SS
SS
SS
5SS
SS
SS
RS
L
]
L1
L
vT
VF
Vi
vT
v1
vT
vT
vT
vl
vi
VE
VE
VvE
vl
VH
vl
Pl
VF
vl
vT
vl
VvE
vT
VvE
vl
vD
vli
vi
5S
WS
Co
Ca

SYNTACTIC PATTERNS FOR MECHANICAL TRANSLATION eee¢ A == 3

CORRESPONDING=JAPANESE

(3)/RU/ (1) /ANAKATADES/
(3)/RU/ (1) /ANAKATADES/
(3) /RU/ (1) /ANAKATADES/
(1) (2} (3) .

(17 GA/(2)/ KA/
(31¢2) (1)

(1) (2)(3)

(3)/7 NI TURETE/ (1)

(21 ¢1)/ KA/

(1) (2){(3)

(1) (2)¢3)

1)/ KA/
(3)/1TUTU/ (2) (1)

(2)7 NI/ (3)

(2)/11/7(3)

(2) 71TUTUARU/ (3)

(3) /RARETA/(2)

(3} /RARETA/(2)

(2)7 NI/ (3)/RU/ (1)
(3) (1) /AN

(3) (1) 7AN/

(3) (1) 7AN/

(3)/710E/(1)
(3)/1CE/(1)

(3) 71TUTU/ (2) (1)
(3)/71TUTU/ (2) (1)

(3) /RARERU/
(3)/RARE/ (V)

(2)7 07(3)/KU/ (1) /RU/
(237 Os(3)7 NI1/(1)/RU/
(1) (2)(3)

(3) /ANy

(3) /ANy

(3)7AN/

(2) (3)

(3) /ANAKATADES/

(3) /ANAKATADES/

(3) /ANAKATADES/
(2)/AN/ (1)
(3)/KU//ANALY
(3)71TUTU/ /ANY/

(3)/7 DE/(1V/AN//RU/
(3) /RARE//AN/
(3)/RARE//AN/

(3) /RARE//TUTUAR/

(1) /RU/ (23 (D)

(3)7 WA7(1)7 DE/(2)/IMASITA/
(1) (2)(3)

(1y{2)(3)

(11 (2)(3)

PATTERN

(3R]

PU
Py
PU
R1
RA
RS
* %

(21

EE
EE
SS
PE
P2

(3)

VF
Vi
¥¥
¥y¥
Ny
RS
SS
¥¥
PE
VE
¥¥
B2
S5
SS
N1
N4
vT
N3
vD
VH
VL

SuBSTI1-
TUTE

CORRESPONDING=JAPANESE

(3)/RU/ (1) 7/ANAKATADES/
(3) /RU/ (1) /ANAKATADES/
(2) (1) 7/IMASITA// KA/
(117 GA/(2)/1MASITAZ/ KA/
(3)(2).(1)

(1) (2) (3)

(1) (2)(3)

(217 +7(1)7 KA/

(1)(2) (3)/IMASITA/

(11 (2)(3)

(217 #7113/ KA/

(3)(1)

(1) (2) (3)

t21(3)

(21 (3)

{21/ 1TUTUARUY/ (3) /ES/

t2)(3)

(3)/7 0/s(2)/RYU/
(3)(1)/AN/

(3)/ NODE/(1)/AN// NODE/
(3) (1) /7AN/

(21 (1) /RU/ 7 KA/
(3)/10€E/ (1) '
(3)/71TUTU/ (2) (1)
(31y/71TUTU/ (2) (1)
(3)/RARE/ (1)
(3)/RARE/ (1)

(3) /RARE/ (1)

(2y7 0/7¢3)/7 Nl/(1)/RU/

(1) (2) (3)

(1) (2) (3)

(3)/7/AN/

(3)/AN/

(2)/ KA/

(3) /ANAKATADES/

(3) /ANAKATADE S/

(3) /ANAKATADES/

(3) /ANAKATADES/

(2) (3)/71TUTU/ (1)
(3)/71TUTU//7ANY
(3)/71TUTU/ /AN, -

(3) /RARE/7AN/

(3) /RARE/ /AN/

(3) /RARE//TUTUAR/

(2) /KUy (3) /RARERU/

(2)7 GAs(3)7 KOTO O/ (1)/RU/
(3)7 WAZ(Y)/ D?/(Z)/RU/
(1) {2)/RU BESI/

(2)

(1)/RU TO/(2)(3)

621



Table 4,5.1  SYNTACTIC ‘PATTERNS ' FOR MECHANICAL TRANSLATION vee A —= 3

PATTERN SuBsTI- CORRESPONDING=JAPANESE . PATTERN SUBSTI- CORRESPONDING=JAPANESE

(1} (2) (3 TUTE ) (1) 2) (3) - TUTE

e L2 'S5 sS ’ (1) (2)/ TAMENL/(3) +s N1 C3 Ca ()2 (3)

ss N1 Ca Co (11 (2)(3) ‘v N1 ) 1R (1)(2) (3)

v No C3 Ca (1) (23 (3) : vs N&e Co Ca4 (1 2) (3

«s No o)) Vo (1) (2)(3) : ve PaA = B2 (2y7 NI/7(D)
ve PA " SS SS (1) (2)7 NIZ() ss PA e PA (2)

ss PB_ e» PB (2) ss PT o B2 (2)/RARETA/
es RS 40 RS (2) +s VE C3 Ca (1)y(2) (3)

e VE Ca& C4 (11(2)(3) X} WS X B2 (M 2) (3

(¢t AI Ny (M 2y2117( (C AN 1)) N1 (1) (2} /NA/ (3)
(t A0 ) N1 (1) (2)/NO/ () (C N o)) N1 2y (3

(C N&e M) Ny (1) (2) (3) (C PA 1)) PA (1 (2)(3)°

(«t PB N PB (1) ¢2)(3) (€ RS M) RS- (11 (2)(3)

(€ S8s ) Ne (1 €2)13) (¢ VE )} VE (1) (2) (3)

(¢ v M N1 (1) (2} /RU/ (3} (¢ VT 1)) N1 (11 (2) /RU/ (3)

OQI



PR 00nun
——

PATTERN
23
“HH

PA

PF

PU

$S

VF

VL

AN
N1

AN AN
AD AN
A0 L1
A0 PB
AS Al
AS PA
B1 Al
81 AO
B1 GI
B Ny
B1 RA
81 VE
B2 SS
C1 PA
€2 SS
DT Al
DT AO
DT N1
DT PA
DT RA
0T VI
DY N}
FP 5SS
GH B)
Gl Al
Gl AO
GL AN
GL PT
GT A0
GT RS
- N1
Lty PB
L1 WS
N1 N1
N3 A0
N4 GE
N&  PA
N4 RS
P1 =
P1 AN
P1 GE

Table 4.5,1

SUBSTI=-

TUTE

uu
B2
Fp
AP

55

Fe
Le
N1

N1

N1
AN
L

N&
Al
B2
Al
AD
Gl
Ny

RA
VvE
sS
FA
B2
N&
Na
No
PA
Na
Na
B1

5SS
GK
GE
GE
GE
Gl
GE
GE
N1

L1

L1

N1
N&
N&
N&
N4
B1
PA
PA

SYNTACTIC PATTERNS FOR MECHANICAL TRANSLATION see A == 2

CORRESPONDING=JAPANESE

(2)

(2)7 N1y

(2)

(2)

2)

(2)

(2)

(1 /711/7(2)
(y/117(2)

(1) /NAz (2}

(1) /NO/(2)

(2)

(2) (1)

)

(2)7 TO ONAUI// N1/
(11 (2)

(1) (2)

(1) (2)

(1) (2)

(112}

(1) (2)

(1) (2}

(1) (2)

2y (1)

1) (2)/11/7 MONO/
2

(1) (2)

(2)

(1) (2), MONO/
{1)(2)/RU xOTO/
(1) (2)7 NIy
(2)Y/TAy

(1) (2)
(2)/KUz7 (1)

(2y7 NIz (1)
(2)s7 DE/t1)

{2) /RARE/

(2)7 O7¢(1)

(2)s7 KOTO 0/ (1)
(1) (2)

(2 (1)

2y 1)

(1) (2)

(1) (2)

(2) 71TUTUARUY (1)
(2)7 NIINOY/ (1)
(2)(1)

(1)

{2) (1)

(2)/RU7 (1)

PATTERN
(1} (2)
= N1
= PB
= PL
= R
= VA
= VH
Al Al
Al A0
Aes SS
AN Ny
A0 AO
A0 Ny
AP SS
AS L
AS PE
81 AN
B1 B1
81 GT
B1 PE
B1 5SS
By WS
B2 VE
€y Ss
DT =
DT AN
0T By
DT Ns&
DT PR
DT RS
DT VT
Fe SS -
GE B
Gl =
GI AN
GL Al
GL A0
GT AN
GT N3
HH =
Ly PA
L1 RS
Ny *o
N3 AN
N3 N
No Ly
Ne PB
No WS
P1 Al
P A0
P} N3

suBsSTI-

TUTE

Na&
B2
LP
WH
A.
H.
Al
N1
55
N1
N1
N1
55
PB
B2
AN
Bl
GT
PE
R
82
VE
S5
81
N&
N4
No
Na
RS

CORRESPOND ING=-JAPANESE

(2)
2y
{2)
(2)
(2)
(2)
[SSNRS VAT
(1y71I742)
(2) (1) /RU/
(11/NA/(2)
(1)/NO/ (2)
(1)/NO/ (2)
(2){(1)/7A/

(2)/RARETA/7 TO ONAJL/
(ni2)

(1) (2)

(1) (2}

()

()

(ne)

(1) (2)

(1)(2)

(2)7 N1z
(1)(2)

(1) (2)/ MONO/
(1 (2)

(2) (1) /7 MONO/
(2)

(1) (2)/RU KOTO/,
(2) :

2y

(1)

(2)/7 NIsz(1)
(21 /KU/ (1)
(2)y7 DE/ (1)
(2y/7 0/(1)
2y7 0/(1)

(I

(2)3/N0/ (1)
)
(11/NO// MONO/
(2

(11(2)

(2 7 E NO/ (1)}
()

) (1)

(2)71 MONO/ (1}
(2 (1)

t2) ()

1¢t



Table 4,5,1 SYNTACTIC PATTERNS FOR MECHANICAL TRANSLATION eae A == 2

PATTERN sUBSTI= CORRESPOND ING=JAPANESE PATTERN SUBSTI- CORRESPOND ING~JAPANESE
(1 () : TUTE (1) (2) TUTE

P1 N& PA (2)(1) ‘Pl PA PA )

P1 Ry R (2) P2 = Bl (n

P2 Al PB (2)/71 MONO/ (1} P2 AN PB 2y (1)

P2 A0 . PB 2y (1) P2 GE PB (2)/RU KOTO/ (1)
P2 N3 P8 - 2y (1) P2 N4 P8 . 2y (1)

P2 PB PE 2y (1) P2 R R1 (2y

P4 GE - PB (2} /RU KOTO/ (V) PA L1t PA (2y7 E NO/ (1)
PA  PA PA (2)7 NI(NOY/ (1) PA PR PA (2) (1)

PA RS PA 2y PA WS PA 2y (1)

PB L1 P8 (2)/ E NO/s (1) PB PA P8 (2)7 NI(NOY/ (D)
PB PB PB 2y (1) PB RS PB (2) (1)

PB WS PB (2)(1) PF VE VE (2)

PH PF PT 3] PH FPH PT (2)

PH PI Pl (2) PH PL PL (2)

PH PT PT (2) PI Al VE (2)/KU/ (1) 71MASTITA,
PI 81 PI 2y (1) Pl Gl PE (2r/71 NIz (D)
Pl GT PE (2)/71 NI/ () Pl WS PE (2)y/ KOTO 0/1(1)
PL Al VE (2)/KATTA/ PL AN VE (2)7 DE/(1)/IMASITAY
PL  AO VE (2)7 DE/(1)}/IMASITA/ PL &1 PL 2y (1)

PL EE VL (1) /ANAKATADES/ PL €D PD (2)/71TUTU/ (1)
PL GF PT (2)71TUTU/ (1) PL  GI Pl (2)71TUTU/ (1)
PL GT PT . (2)y/71TUTU/ (1) - - PL FD PT (2)/RARE/

PL PE PE (2) /RARE/ PL PE Pl (2) /RARE/

PL PI PI (2) /RARE/ PL PT PI (2)/RARE/ |

PT 81 PT 2y ) - PT RS PE (2y/ KOTO O/ (1)
PT WS ) PE {2)/ KOTO 0O/(1) PU VD . PD (2

PU VE - VE (2) (1) 7IMASITAY PU VF PT 2y (1)

PU VH PT 2y Q1) - PU VI vl 2y (1)

PU VL PL 2y PU VT vT (2)(1)

[e]e] = R (1) Q0 B '$S (21(1)

00 GT N1 (2)/7 BESI// KOTO/ Q0 Ny N4 (12

00 SS SS (11 (2) R1 SS RS (2)

R3 S5 5S (1) (2) . RA = :}} (1) /KU/

RA Al Al (1) (2) RA AN AN (1y/KU7(2)

RA A0 AC (1) (2) /ES/ RA B) Bl (11 €2)

RA N1 N1 (1)y/7117.(2) RA PR Al 2y (1)

SS H ' sS (1) 5S By S5 (FARSE]

5SS B2 5S (217 «/701) 5SS HH SS 2y (1)

SsS L2 - 5S (2)7 KOTOWA/ (1) 55 Ns S5 (1) (2)

5SS PA sS (2y7 NI/7(1) SS PB SS (2y (1)

SS  ¥¥ SS (1)/7 KA/ TH 5S RS (2)

TO AO . L (2) T0 GE ~PB (2y/ E NO/

.TO N1 L (2) ‘TO N3 L1 (2y (1}

T0 N& . L (2) TO VE L2 (2)

VA EE VA (1) (2) . VA VD vD 2y (1)

VA VE VE €2) (1) /RU/ VA VF vT (2y (1)

VA VH vT )1 VA VI vl 2y (1)

VA VL vL (2).(1) VA VT vT (2y(1}

vD RS VE (2)7 O/ (1) /RU/ VE Al VE (2y/711741)

VE AN Y3 (2)/NAZ (1) VE A0 VE . (2)/NO/ (1)

2¢ 1



Table 4,5.1

PATTERN SUBST]=
(1) (2} TUTE
VE 81 VE
VE L2 VE
VF PA VE
VH = VvE
VH PE vE
VH PH PT
VH PL PL
VH VI Pl
VI s VE
vl B2 VI
VI WS VE
VL Al VE
VL AQ VE
vL B2 VL
VL GD vD
vL eI vl
VL L2 VE
vL PD . vT
vL PI vl
vL QO vbL
vT 81 Al
VT GE VE
vT GT VE
vl SS VE
W] S5 S5
W2 AN WA
W2 5SS N4
WH S5 5SS
WN 5SS 55
«s PE PE
«s WS B2

SYNTACTIC PATTERNS FOR MECHANICAL

CORRESPONDING-JAPANESE

(2) (1)

(2)/ TAMENI/ (1)
(2Y/7 NI/(1)/RUy

(1) /RU/
(2)/IMASITA/

(2)

(2)

(2}

(1)/RU/

(2) (1) .

(2)/ KOTO O/ (1) /RUY
(2y/11,

(2)s DEs (1Y /RU/
(2)(y)
(2)/71TUTU/Z 1)
(2)71TUTUZ (1)

(2)7 YOTEDEs (1) /RU/
(2) /RARE/

(2)/RARE/

(1) /AN/

(2) (1)

(2) 7/RU MONQ/ (1) /RU/
(2) /RU MONO/ (1) /RU/
(2)7 kOTO O/ (1) /RU/
12y

(1) (2)

(1)(2)7 KA/

(1y7 O7(2)

(2)7 TOKI/

(2)

(2) (1)

TRANSLATION ¢ee A == 2

PATTERN
(23

(1)

VE
VF
VF
VH
VH
VH
VH
VH
VI
vl
VL
VL
vL
VL
VL
vL
vL
vL
vL
vT
vT
vT
vT
vT
W2
W2
WA
WI
X
‘e

[N

GE
EE
VE
PD
PF
PI
PT
VT
81
GI

AN
By
EE
GF
oT
PR
PE
PT

8>
GE
RS
WS
Al
(4
S5S
SS
(9
RS
))

SuUBSTI-

TUTE

VE
VF
VE
PD
PT
Pl
PT
PT
vl
VE
VE
VE
vL
vL
vT
vt
VE
vl
vl
VE
vT
VE
VE
VE
Wl

CORRESPOND ING=-JAPANESE

(2)/1TUTU/ (1)
(1) /ANy

(2)

(2)

2y

(2)

(2)

(2)

2y(1)

(271 NIz(1)/Ru/
(1)/RUy

(2)7 DE/s (1) /RU/
(2y(1)

(1)/7AN/
(2)71TUTU/ (D)
(2)/71TUTU/ (1)

2y

(2)/RARE/

(2) /RARE/

(1)/RU/

(2y(1)

(2)/RU MONO/ (1) /RU/
(217 XOTO O/(})/RU/
(217 KQTO O/ (1) /RUy
()

(2)7 HOHO/

(1) /NA/(2)
(1)/KU/(2)

(nt2)

(2)

(1) (2)

€s1



Table 4,5.1

PATTERN suBSTI-
(1) (2).t3) TUTE

GE  vo PA
L2 VE SS
RS PE 55
vl Ly S$
AS N4 VE 82
AS TH "PE RS
C2 N4 VE B2
HH ** N4 SS
HH VL Na SS
L1 TH VE L
Le N3 N SS
Le N& GE S5
Le TH Na& $S
N3 vv Gl SS
N3 VF = 5SS
N4 ¢ Na SS
N4 B2 'PE 55
N4 GE VE SS
N4 N4  PE N4
N4 N5 VE N
‘N6 PE VE SS
Nao  PT  VE 5SS
N4 R1 VE NG

N4 TH VE' N&
N& VA = S5
N4 VF = 55
N&e o8 S5 55
P4 N4 - PE 82
PB R1 VE PR
PD " N4 L1 PE
PH 0QQ Na PH
PT N& PI VE

R1 A0 PE RS
R1- N4 PE RS
RI N4 PH RS
Ry N4. VD RS
VF RS
R1 N4 VI RS
R1 PA VE RS
Rt PB VE RS
R1- VL Al RS
RL VL TH S5
R2 N4 VE RS
R3 N&a PT RS
R3 N4 VT RS
RA P2 N4 Al
SS  4s  GE 55
TH N4 VE RS
TH VT N4 RS
L VL Ne  SS

SYNTACTIC PATTERNS FOR MECHANICAL TRANSLATION eee B -- 3

CORRESPONDING-JAPANESE

(2)/RU TO/

(2)7 KOTOWA/ (3}

(2)/ KOTOWA/(3)/IMASITA/
(3)s E/12)/RU BESI/

(2)/ GA/(3)/ NI TURETE/
(3) /RARETA// MONO/

(2)7 GAs{(3) (1)

(3)/7 DE ARU/

(3)/ GA/(2)/RU/

(3) (1)

(217 WA/(3)/ DEs (1) /RU/
(2)/7 WA/ (3)/1TUTUARY/
(2)/ WA/(3)/ DE/(1)/RU/
(1)/7 WA/ (3)/ITUTUARU/
(1)/ WA/

(1)/7 WA/ (3)/ DE ARU/
(2)7 +/01)7 WA/ (3)/IMASITA/
(2) /ITUTUARU/Z (1)} 7 WA/ (3)
(2)7 GA7{3)/IMASITA/ (1)
(2)7 GA/Z (3 (1)
(2)/RARETA/(1)/ WA/ {(3)
(2) /RARETA/(1)/ WA/ (D)
(33 (1)

(3)(1)

(1) / WA/

(1) /7 WA/

(1) (2)(3)

(2)/ GA/(3)/IMASITA// NODE/
(3 (1)

(317 NI/(2)/7 G/ (1)

(3)/ O/(1)/ANAKATADES//RU/
(3) /RARETA/(2)/ O7(1)/IMASITA/
(27 N1/(3)/1IMASITA/
(2)/7 GA/(3)/IMASITA/
(2)/7 GA/(3)/IMASITA/
(2)/7 GAs(3)/RU/

(2)/ GA/(3)/RU/

(2)7 GA/(3)/RU/

(2)7 NIz(3)

(2)(3)

(3)/7T17

(3)/ WA/(1)/ DE/{(2)/RU/
(1)(2)7 GA/(3)

(2)7 GA/(3)/IMASITA/
(2)/7 GAs(3)/RU/

(3)(2) (1}

(1) (2) (3)/RU TO/

(2)/7 GA/(3)

(3}, 0/(2)/RU/

(3), GA/(2)/RUy

PATTERN

Q1)

ITaoanNnx»nn un
IOoONW0»

(2)

L2
Na
RS
XX
Na
Ne
No
PL

N

HH
Ng
Neg
(]
(X
e
AS
B>
GT
N&
PE
PF
Ry
TH
TH
VE
VI
AN
Na
N3
NG
Ng
Na
Na
Na
Na
Ng
Na
PA
PB
PT
VL
vT

(3)

PE
e
VE
VE
vT
PE
N4
N&
N4
N4
Al
N&
Al
Na
GE
N&
VE
VE
Pl
Pl

PE
PE
VT
PE
RS
VE
VE
L

N&
PE
pT

PD

PF
PT
VE
VH
PE
PE
N4
N&
N4
P1
Vi
DT
LX)
PE
Na
Na
VI

SuUBSTI-
TUTE

55
Né&
5SS
55
55

CORRESPONDING=JAPANESE

(2)/ KOTOWA/ (31 /IMASITA/
(2)

(217 KOTOWA/(3)

(2)(3)/7 BESI/

(237 GAz{3)/RuUss N1 TURETE/
(217 GA/(3)7IMASITA/ (1)
(2)/ NI7(3)/7 0/(1)

(3)/ GA/(2)/IMASITA/
(2y/ WA/7(3)/ Os(1)/RU/
(3)/ GA/(1)/Ruy
(2)/7-WA7(3)/711y

t2y/ WA/(3)7 DE/{1)/RU/
(1)/ WAZ(3)/711/

(1)/ WA/ (3)/ DE ARU/
(1)/7 WA/7(3)/1TUTUARU/
(3)/7 YO ONAJI/ (1)

(217 o/(1)7 WA/ (3)
(2)/ITUTUARU/Z (1) /7 WA/ (3)
(217 GA/{3)/IMASITA/ (1)
(2)/RARETA/ (1) /7 WA/(3)/1IMASITA/
{13/ WA/

(3)/IMASITA/ (1)
(3)/IMASITA/ (1)

(3)/RU/ (1)

(1)7 WA/ (3)/RARETA/(2)
(3)(1)7 WA/7(2)/RU/
(2)/NA/ (1) /7 WA/ (3)

(2)/ GA/(3)/ NGDE/

(2)7 0/7(3)/ N1/ (1)

t2y7 NI/7(3)7 0/(1)

(3) JRARETA/ (2) 7 07(1)/IMASITA/
(3)/RARETA/(2)/ 0/(1)7IMASITA,
(217 GA/(3)/IMASITA/
(2y/ GA/7(3)/IMASITA/
(217 GA7(3)/IMASITA/
(217 GA/(3)

(217 GA/(3)/RU/

(217 NI/(3)/1IMASITA/
(2)(3)/IMASITA/

(3)7 07(2)/71MASITAY

(3)7 DE/(2)/RU/

(3)7 0/(2)/RU/

(2)7 GA/(3)/1MASITA/
(2)y7 GA/(3)

(N i2) (1)

(2)

(217 GA7(3)/71MASITA/
(3)7 O7(2)71IMASITA/

(3)/ GA/(2)/1MASITA/
(2)/ WA/Z(3)(1)/RU/

et
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N4
N4

Table 4.5.1

PATTERN
(1) (2 ()

vT
AN

"N&

Ng
Al

.Gl

N&
PT
Al
AQ

. PE

PT
13

" PE

VE
SS
PE
N3
PA
Na
N4
N&
PE
sS
VE
Na

suBsTl-
TUTE

SYNTACTIC PATTERNS FOR MECHANICAL

CORRESPONDING-JAPANESE

(2)7 WA/ (3)(1)/RU/

(2)/ GA/s(3)/7 DE ARU/(1)/RU/
(2)7 N1/(3)7 O/z(1)/RU/

(3)7 O/ (1) /ANATY/

(2)7 WA/ (3)/11/

(2)7 WA/ (3)/1TUTU/ (1) /RU/
(2)7 WA/ (317 DE/Z (1) /RU/
(3)/IMASITA/(2)/ DE/(1)/RU/
(3)/11/70(2)7 07 Q1) /RU/

-(2)7°0/7(3)7 NI/(1)/RU/

(3)/RARETA/(2)/7 O/ (1) /RU/
(3) /RARETA/(2)/ Q7 (1) /RU/
(2)Y(3)7 KA O/ (v)/RU/

(2)7 GA/13)/IMASITA/

(2)7 GA/ (D)

{11 (3)

(2)/7 GA/(3)/IMASITA/7 KOTO/
(3)/7 WA/(1)/ DEs{(2)/1IMASITA/
(3)/7 wAs(1)/ DE/(2)/IMASITA/
(3)7 WA/ L1Y/ O/ (2}/RU/

(3)/7 WAs(1)/ DE/(2)/RU/

(3)7 WA/7{1)/KU/(2) /RU/

(2)/7 GA/(3)/IMASITA//s TOKI/
(1) (3)

(2)/7 GAs(3)7 TOSEYO/

t1)(3)s Os(2)/ BESI/
(2)/RARETA/

TRANSLATION see B == 3

PATTERN
1) 2y (3
vD N3 L1
vD N& L1
VD N4 VE
V1 N4 VE
VL N4 GE
VL N4 GT
VL N4 PE
vL 0Q Na
VT N4 AN
VT N4 N&
VT N4 PI
vT N4 VI
Wi ¢ N&
w1 Na PI
W1 N4 VI
WH ** Neo
wWH N4 VE
WH PL  Neo
wH VF 55
WH VL N3
WH VL PA
WN N3 V]
WN N4 VE
XX %+ VE
XX N4 VI
s Na =
se FE o0

SUBSTI-
TUTE

VE
VE
VE
VE
SS
SS
VE
VE
VE
VE
VE
VE
S5
WS
W5
55

CORRESPOND ING~JAPANESE

(2y/7 0/(3)7 N1/7(1)/RU/
(3y/7 N1/7(2)17 O/ (1) /RU/

(2)/ GA/(3)/ KOTO O/ (1)/RU/
(3)€2)7 O/ (1) s/kU/

(2)7 WA/(3)/71TuTU/ (1) /RU/
(2)7 WA/Z(3)/1TUTU/ (1) /RU/
(3)/IMASITA/(2)/ DE/ (1} /RU/
(3)/7 GA/(1)/AN//RU/

(237 07(3)7 NI/(1)/RU/

(2y/ NI/7(3)7 Qrs(1)/RU/
(3)/RARETA/(2)/ O/(1)/RU/
(237 GA/(3)}/RU MONO/(1)/RU/
(3)/7 WA/(1)/ DE ARU/

(217 GA/(3)/1MASITA/

(27 GA/(3)/RU/

(3)7 WA/(1)/ DE ARU/

(2)7 GA/(3)/ KOTO/

(3)/7 WA/(1)7 DE/(2)/IMASITA/
(1r7 07(3)

(3)7 WA/(1)7 DE/(2)/RU/
(3)/ WA/7(1)7 DE/{2)/RU/
(217 GAs(3)/RuUs/ TOKI/

(217 GA/z(3)7 TOKI/

(1)¢3), BESI/

(217 O/(3) /ASIMEYO/

2y

(2)/RARETA/

198



PATTERN
(2)

(1)

Table 4,5,1

SURSTI~

TUTE

SS
Al
Al
N&
5SS
AN
PR
PD
PH
PL .
PU
vD
VH
VL
Na
GE
GE
GE
GE
GE
GE
GE
GE
85
L
59
55
N&
Na
Na
SS
55
sS
B2
PB
PA
PE
PE
PE
PE
PE
PE
VE
VE
PE
PE
PE
PE
PE
PE

SYNTACTIC- PATTERNS FOR  MECHANICAL TRANSLATION eee B == 2

CORRESPONDING-JAPANESE

(2)/ BESI/

(2}7 E NO/s (1)
2y (1)

(2)7 NI(NOY/ (1)
(1}/ WA/Z(2)

2)

(2)/ TO ONAJIZ
(1) (2)

(11(2)

(1) (2)

(1)(2)

(1 (2)

(1) (2}

(1) (2}

(1Y (2)

2y Ez()

(27 NIzt
t2y7 O711) .
(2)7 NI/ (D)

(21 (1)

(27 E/Z(1)

(2)y7 O/7(1)

(21 (1)
/ES//ES//ES/
(23 /RARETA/ (1)
(1)/ KCOTOWA/ (2)
(1) 7 WAZ(2)
(2)/ TAMENO/ (1)
(2

(2)¢1)

(1) 7 WA/(2)/RU/
(1)/7 WA/ (2)/RU/
(1)/ WA/(2)/IMASITA/
(2)

2y

(2) /RARETA/ (1)
(2)7 NIz()
(2)/ - EZ (1)

(2)7 0s(1)

(2)7 NIz
(2)7 Ez(1)

(2)/ N1/(1)
(2)s 0/(1)/1MASITA/
(2)7 NI/(1)/IMASITA/
(1)

(2)7 TAMENI/Z (1)
(2)/ NIZ(1)

(2) (1)

(2)/ DE/ (1)

(1)

PATTERN
() ()
= vT
Al PA
AN =
AQ H
AS Al
AS AO
B1 Ne&
B1 PF
81 PI
Br PT
B1  va
81 VF
By VI
B1 VT
GD Na&
GE L»>
GE PB
GI L
GI ~ PA
GL Na
GT N3
GT Pa
HH VE
L1 GE
L> PE
N3 PF
N4 GE
Ne PA
Ne PI
N4 VH
N4 VI
Ng WS
N5 VE
P4 N3
P& 5SS
"PB PE
PD A0
PD L>
PD Ns&
PD . PB
PE L»
PE P8
PH Na
PH PB
PI L1
PI Na
PI PA
PL =
PL PA
PT AN

SUBSTI=-

TUTE

SS
Al

N4

N
Al
AO
Né
PF
Pl
P
VA
VF
vl

. vT

GE
GE
GE
GE
GE .
GE
GE
GE
5SS
L1
55
$S
N4
N4
S5
SS
8S
N4
55
PB

CORRESPOND iNG=JAPANESE

(2)/RUs/ BESI/
(2y7 NI7 (1)

(n

(1)

(2

2y

1y t2)

(1) (2)

(1 (2)

(11 (2)

(1)»(2)

(1 2)

(1 (2)

(1).02)

(2yv7 071

(217 TAMENI/ (1)
(21(1)

(2y7 EZ (1)

(2y7 NIZ(1)

(2v7 DE/ (1)

(2y7 O/11).

(2y7 NI/z(1)

(2)
(2)/71TUTUARU/ (1)
(1)/7 KOTOWA/(2)1/7IMASITA/
(117 WA/Z(2)/IMASITA/
(2)/1TUTUARU/ (1)

(217 NI(NO)/ (1)
(1y/7 WA/Z(2)/RU/

(117 WA/7(2)/RU/
(117 WA7Z(2)/RU.

2y (1)

(117 WA/ ()

2y ()

(2)7 NODE/
(2)/RARETA/ (1)

(2y7 NIzZ(D)

(2)7 KOTO Q7 (1)
2y O7(1)

)

(27 TAMENI/ (1)

(2) (1)

(237 0/(1)/IMASITAY
(2) (1) 7IMASITA/
{27 E/Z(D)

(2)/7 NI7(1)

(217 NI/7(1)

(1) : :

(2)/7 DE/(1)/7IMASITA/
(2y7 O7(1) .

9¢1



Table 4.5.1 -SYNTACTIC PATTERNS FOR MECHANICAL TRANSLATION eee B ~- 2

PATTERN SUBST] = CORRESPOND ING=JAPANESE PATTERN SUBST [~ CORRESPOND ING=JAPANESE
1y (2) TUTE Q) ) TUTE

PT A0 - PE (2)/ 0/(1) . PT L1 PE (2y/ E/Z(1)

PT L2 PE (2)7 TAMENI/ (1) PT N3 PE (2y7 0/1(1)

PT N& PE (2y7 0s(1) PT PA PE (2y7 NI/7(D)

PT . PB PE (2) (1) R PE RS (2)/71IMASITA/

R1 Pl RS (2)/1IMASITA/ Ry PT RS (2)/IMASITA/

R1 VE RS 2} R1 VI RS (2)/RU/

R1 VT RS (2)/RUy RA PA ‘Al (2)7 NIz(1)

RA" PB Al (2) (1) X AR *x {(1y(2)

*% S5 *% (1(2)Y7 & / TH  Ng N (13 (2)

T0 PE L2z (2) /RUy TO VF L2 (2)/RUy/

T0 VH L2 (2)/RUy T0 VI L2 (2)/RU/

TO0 VT L2 (2) /RUy Uu VE 55 2y

VD AN vE (2)/7 NI/1)/RU/ VD A0 VE (2)/7 NI/ (1) /Ru/
vD L1 VE (2y7 E/ (1) /RU/ vD L» VE (2)ys KOTO O/ (1) /RUy
vD N3 3 (2)7 0/7(1Y/RU/ vD Na VvE 27 07(1)/RU/

VD PA vE (2Y/7 NI/(1)/RU/ vD P8 VE (2) (1) /RU/

VE L1 VE (2)s Ez (1) VE L»> VE (2y/7 TAMENI/ (1)
VE  PA VE (2)7 NIz VE F8 ‘VE 2y (1)

VF S5 S5 (2) VH N3 VE (2y7 071y /RU/

VH N4 vE (2)7 Os(1)/RU/ VH PA VE (2)7 NIz(1)/RU/
VH PA3 vE (2) (1) /RU/ vl Al vE 2y /KUy (1) /RU/

Vvl AN vE (2)7 N17(1)/RUz vl A0 VE (217 NI/z(1)/RU/
vl GE vE (2)71TUTUs (1) /RU/ vVl Ly VE (2y7 E/(1)/RU/

vl L2 VE . (2) 7 TAMENI/ (1) /RU/ VI N3 VE (2)7 NIz(1)/RU,
VI N4 VE (2)7 NIz (1Y /RUY/ vl Pa VE (2)7 NI/ (1) /RU/
vl PB VE {(2) (1) /RU/ VL GE VE (2y71TUTU/ (1) /RU/
VL N& VE (2)/ DE/ (1) /RU/ VL PA VE (2)/ DE/ (1) /RU/
vL RS VE (2)7 KOTODE/ (1) /RU/ VT Al VE (2)/KU/ (1) /RUYy

vT AN VE (2)7 NIz /RU/ VT A0 VvE (2)7 O/(1)/RU/

vT Ly VvE (2)7 Ez1)/RU/ vT L»2 VE ~(2)7 KOTO O/ (1) /RUy
VT N3 VE (2)7 0/(1)/RU/ VT Na VE (2y/7 O0s(1)/RUy

vT PA VE (2Y7 NI/ (1)/RU/ vT P8 VE (2) (1) /RU/

VT RA VE (2)/KU/ (1) /RU/ WN GE B2 (2)/RU/7/7 TOK1/

WN PE 82 (2) /RARETA/7 TOKI/ XX VE S5 (1)(2)s BESIs

LeT
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Chapter 5
ALGORITHM OF MECHANICAL TRANSLATION

5.1 Algorithm of English-Japanese translation

The program of mechanical translation from English into Japanese
consists of seven parts as shown in a block diagram in Fig.5.1.1. The
following lines give the detail explanation of each program, and the

next section will give a concrete example,

5.1.1 Reading of the original text.
~Input sentences are supposed to
be English,.ahd constructed by 26
alphabets in capital letter and
numerals and several symbols such
as comma, brackets, hyphen, apostro-
phe, question mark, period, space,
and a few symbols used in mathematics.
When original sentences are punched
on paper tape, some slight modifica-
tions are made. That is, a period
which is attached to indicate abbrevi-
ation is ignored, and abbreviated
words which are confusable with normal
words are deformed. For example, AM
(ante meridiem) is confused with am
(1inking verd), US(united state):
us(pronoun), or MISS(mistress): miss

(to make mistake) etc. In such cases

READING OF THE
ORIGINAL TEXT

WORD-ENDING PROCESSING
AND WORD COMPRESSION

IDIOM PROCESSING

I

WORD-DICTIONARY-SEARCH

ALTERNATION AND INFERENCE
OF PART-OF-SPEECH

l

ANALYSIS OF ENGLISH

SYNTHESIS OF JAPANESE

Fig. 5.1.1 Block diagram

of mechanical translation.
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a special symbol * is attached to the abbreviation words like AM*, US*,
MISS*, Furthér, somewhat exceptional expressions such as "“out-of-date"
and "the present paper deals only with and and not type searches", are
transformed into "out of date" or ",..with and* and not* type...",
In some cases, the pre-edition which is different from the above mention-
ed one is effective. The pre-edition, however, does not mean a complex
one, but it treats a simple one such as the insertion of comma between
very iarge phrases, or the deletion of redindant comma, or the substi-
tution of syntactically ambiguous words with other equivalent words,
for example, the underlined word in "...about five years.,." is changed
to "...nearly five years...'". Such pre-edition can be done without
stopping the text-punching. More detailed explanation about pre-edition
will be given in section 6.4.

When a input sentence is fed into a computer from the paper tape
reader(PTR), some special symbols which are not on the tape are insert-
ed by the program. They indicate the beginning of a sentence (#4A) and

the ending of a sentence (A#) and a boundary between sentences (**).

(Original form) I AM A BOY . SHE IS A GIRL .
(Internal form) ** #A I AM A BOY A# ** #a SHE IS A GIRL 4#

beginning mark boundary mark ending mark

These symﬂols are useful in characterizing the functional role of the
words. situated near them,'or preventing the influence of one sentence
from going beyond the other sentence when many sentences are translap-
ed together, because all sentences which are read into a computer at
a time are processed as if they were.a single sentence. The numbef of

words which can be treated at a time are about 90 words if syntactic



10

analysis trees need not be printed, and in the case of printing the
tree, it must be less than 60 words, This limitation comes only from

the number of core memories used in the experiment.

5.1.2 Word-ending processing and word compression.

When a sentence is being read into a computer from the paper tape,
the end of a word or segment is recognized by space or punctuation
mérks including brachets, hyphen and apostlophe, Each mark is regarded
as a single word, but space is not regarded as a word. For example,
the next sentence which is punched in the same manner with ordinary

type-writing is segmented into 23 words including boundary symbols.

MR BROWN'S HAT, WHICH IS OLD-FASHIONED, IS SELD AT 1 DOLLAR (360 YEN),

/ ** [/ # /MR/BROWN/ ' /s /HAT/ , /WHICH/IS/OLD/ - /FASHIONED/
/ » /1S8/SELD/AT/ 1 /DOLLAR/ ( / 360 /YEN/ ) / # /

If a special sign indicating the end of an input sentence is read,
then word-end processing mentioned in section 4.1 is applied to each
word. That is, if a word has one of the endings shown in Table 4,1,1
in section 4.1, the longest one is taken off unconditionally., For
example, "cities" has three endings "s", "es"; and "ies", but the long-
est one "ies" is taken off from the 'cities'"; then it becomes "cit",.
The taken;off endings are reserved till the word dictionary is consult-
ed, but in the case of four-letter-ending only the last three lgtters
aré regarded as word-ending. The remaining part of the word after the
end-processing is applied is called a pseudo-stem{ and segmented évery

five letters, then the segments are added each other simply as binary
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number, As for a segment which consists of less than five letters,

zeroes are inserted in the least significant figure. Some examples

are shown below.

Original-form End-processing Segmentation Compression
BOY BO BO0OOO BOO0OO

" EXAMPLE EXAMPL EXAMP/L0O000 YXAMP
S 0 00000 00000

SYSTEMATICALLY SYSTEMATICALL SYSTE/MATIC/ALLOO  Q#9:Q

Fig. 5.1.2.1 Word-end processing and compression.

Internal memories used for one word are 11 characters each as

shown below,

SYSTEMATICALLY ; Ql£l9]3 | ofo|Y

Fig. 5.1.2.2 Internal form of an input word.

Five characters are used for the compressed stem, and three charac-
ters are used for the word endings, and if the word has no ending,
this part is blank. The last letter of the word ending, if any, 1is
regarded as a morpheme sign which represents the character of the word
endings. The remaining three characters are not used in this step.
The memory area is segmented every 11 characters and the information
for the input words are stored into the "sub-area" in the same order
as the input words.

The original words must be reserved to be used as the translation

words when the input English words are not found in the dictionary,.
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5.1.3 .Idiom processing.

It is supposed.that there is such an idiom dictionary as mentioned
in section 4.3, and each word in the read-in sentence is numbered 1,2,
... from the top of the sentence. A compressed pseudo-stem for the
input words will be called "element'", and a compressed form in the
idiom and word dictionary will be called '"head" or "key'" or "entry",
in the following discussion.

The main procedure in the idiom processing is to substitute a
sequence of some elements with one element if the sequence is the same

. one stored in the idiom dictionary. Now, suppose that the ith element

coincides with the kth head in the main word column of the idiom dic-
tionary. Then investigate whether the 4th head in the kth row is
blank or not, If it is ﬁot blank, then compare it with.the i+lth
element. If they coincide and the 2nd head in the kth row is not blank,
the 2nd head is compared with the i-1th element. If they coincide and
the 1lst head is not blank, then the i-2th eiement is compared with it.

In this manner the comparison is carried out. If a blank head appeares

substi-
. 18t 2nd main 4th - o .40,
2 m
I 1 . . I . .
(12) (%) () ;
a e : .
eeBip 8401 %4 Fie1 Pae2 P4 o2 o g4 o
‘ ko4 Xk X
8
I .
( k) . k""l . . Ik+1 .
"'31—2 bk ai+2... . .

Fig. 5.1.3.1 Schematic expression of idiom processing.

in the course of comparison, the further comparison is unnecessary,
and it is regarded as a successful comparison. If their comparisons

are all successful, the sequence of elements which has the same struc-



-

143

ture as the kth idiom is substituted by the substitutional word 1n.the
kth row, For example; in Fig.5.1.3.1 above, iflizA’Ii=ai—l’ Iﬁ=ai71ﬁ
=ay.99 Ié:bk.the original sequence of element becomes "ay > bk 81+2o-.-"
When an idiom is found and substitution tﬁkes place, the mark is trans-
mitted to b ag an ending mark of ié, if the ending mark of ai-l or

ai or ay.4 ist or D. This is to reduce the memory by éliminating a
similar idiom which is different from the others only in conjugation,
for examplé, "acount for'" and "accounted for",

When the comparison with the kth row is unsuccessful, the 1ith
element is compared with the k+lth head in the main word column., If
this comparison is successful, regarding k+1 as k, the same procedures
mentioned above are repeated, till there appears a head in the main
word column which does not coincide with the ith element. This is
because there are several idioms which have the same main words. If
there are no idioms which have as main words, the i+lth element is
compared with the main word column and the same procedure are perform-
ed.

By the idiom processing procedure, the sequence of elements is

substituted with one element, and such information as part of speech

and translation words are not given in this step.

5.1.4 Word-dictionary-search.

After the idiom processing, the word dictionary is consulted in
order to get the information of part of speech and translations. The
word dictionary for the mechanical processing must be divided into

several pages because of its large amount of information, though it



144

depends on the memory size of the computer. Moreover the method of
arranging head word must be taken into consideration with the relation
to page division and search algorithm, To arrange words in alphabetical
order as in an ordinal diétionary is not effective when such word com-
pression is done. In this paper, all compressed wbrds are arranged in
ascending order regarding them simply as binary numbers of 5 x 6 bits,
and this ordered entries are divided into éeveral pages, to which the
largest head word in the page is given as an index.

The binary numbers of the compressed word in the input sentence
do not appear heéessarily in ascending order; therefore they must be
rearranged in ascending order not to diminish the ‘search efficiency.
The reason is that a word dictionary contains a very large amount of
information, and they are stored in guxiliary memory such as a magnetic
tape or magnetic disc or magnetic ‘drum; therefore the number of open
pages must be as less as possible 1ﬁ order to lessen the transfer time,
However; if each element is searched in the order which it appears,
it takes much time to search all elements.

To lessen tﬁe search time, it is necessary to inveStigate in
advance to what pages each word belongs by the help of index, and then
necessary pages must be opened in turn. If a certain page is épened,
all the words which may be contained in the page are searched at a
stretch independent 6f the input order. Iﬁ this case, however, the
relation between search time and necessary core memories must be con-
sidered. It requires many memories to list all the words which belong
to the same page for each page. On the other hand, if each word is
given the page-number to which the word belongs, less memories may be
needed; but much search time will be necessary. Therefore as an inter-

mediate method, the next method is adopted in this paper. First, the

v
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head address of storage area for each word is regarded as the index for
the word, and these indexes are put into the stack in the input word
order, Second, the index of the first page of thé word dictionary is
compared with the elements by the aid of index in the stack. If there
are no elements which belong to the first page, this page need not be
opened. In this manner, the index of each page is compared with the
elements in the sentence, and if there appears an element which may
belong ta a certain page, the page is opened, that is, the information
contained in the page is transfered to the core memory. Then the element
is searched in the page, and the index 6f the element is rejected from
the stack., Once the page ié opened, all the elements which have the
possibility of belonging to the page are searched in the page independ-
ent of the input word order, and their indexes are all rejected from
the stack. Therefore, after a certain page is closed, the reémaining
indexes in the stack represent the elements which are not yet processed,
s0 the procedure to judge whether the element is searched for in the
dictionary can be omitted. The same stack can be commonly used as the
stack for the unprocessed elements; therefore the number of memories
for the stack can be the same as the number of the input words, and

the number is smaller than when each page has its stack.

In the following, the search algorithm for an open page will be
explained, The head words in the dictionary are sorted in ascending
order, so that it is only necessary to look for the coincident entries
by the simple look-up method. - Bﬁt as a result of the word-end process-
ing, some words have the same elements, In this case the entries of
the dictionary have special forms as shown in section 4.4; therefore
the taken-off word endings must be taken into consideration., Then the

treatment of such a case will be explained in detail,
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Now, suppose that an element (Wi) in the input sentence is com-
pared with the dictionary entries in a certain open page by the simple
look-up method, and then the kth head coincides with Wi. If the k+lth
head is not a suffix entry, tﬁen the information of the kth head is for
this word (wi). Here a suffix entry is judged by investigating whether
the upper tWo figures of the entry are zero or not. A suffix entry
aiways has gg*** form. If the k+lth word is a suffix, the suffix (X1)
of the element (Wi) is compared with the k+lth head. ' If they coincide
with each other, the k+1lth information is giQen to Wi. If Xi is larger

than H Xi is compared with H - and so on, tiil there appears such

Tk+1’ k+2’

head (Hk+j)which coincides with Xi, or larger than Xi. If Xi‘<Hk+j’

there are no heads, which coincide with Wi, in the following entries

after Hk+l' Therefore Wi is regarded as equal té the kth head (Hk)'
If Xi = Hk+j" the information of Hk+j is given to Wi.
head(H)
ko1 ) .
Wi |I0o0000/0lo00O0OS k 10000 (N4;WATASI)
k+1 0000F  (C2;NARA)
element Xi k+2 00005  (VL;AR)
k+3 IN000  (P1;NO NAKA)

Fig. 5.1.4.1 Dictionary search for the same head word.
In this method, however, the head which is smaller than 1
is confusable with a sufix entry, then for such words a special algo-
rithm is considered, That is, if a suffix entry diéturbs the normal
ascending order, there must be ét least one place where a small number
comes after a larger one; therefore by investigating this point the

boundary between a suffix and an ordinal head can be recognized.
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If the element has the possibility of belonging to page i, and a
coincident word can not be found in the page, the word is not repister-
ed in the dictionary. Most of such words are '"proper nouns" or '"techni-
cal terms", then their parts of speech are thought to be "noun'(N1),
and the original English words themselves are given as their transla-
tions, )

When a coxincident entry is found, the information which the entry
contains is given to the element, They are parts of speech and transla-
tions. Thus, after the word dictionary search the information con-

tained in each sub-area is changed as follows,

'3 or 8 means length

(is) VILI t {n|n|n|3|0l0l0
of first translation
word,

( obtained ) VIT| | |[mimim|8|OIE|D
nmn mmm

...../ar/teniire/....

As for the word ending, if it is referenced to find its entry, it is
ignored, because the information of word ending is reflected already

on the part of speech in such a case,

5.1.5 Alternation and inference of part of speech,

A part of speech which is obtained from the word dictionary is,
as it were, a static one, and it may be different from the practical
role in the sentence. Here the ﬁord "part of speech" only concerns
the syntacticvroles, and not the semantic function. For example,

in "a rolling stone", the word "rolling" may be adjectival as a semantic
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function, but it can be only said to be a ing~form of verb from the
syntactic point of view, It is very important‘to distinguish the ing-
form and past-~form of verb to know the function of the verb. Then
according to the word ending, the static parts of speech gotten from

the dictionary are changed into rather dynamic ones. That is, such
ending marks as D(ed, ied, ved), G(ing), and R(T)(er, est) have the
possiBility of changing the static part of speech, but the other endings
do not affect the syntactic role., There are three transformation tables

corresponding to the end marks D, G, R (Table 5.1,5.1),

Table 5.1,5.1 Transformation table for parts of speech
according to the word-end-mark D,G,R,

Word-end-mark Initial part-of-speech Changed part-of-speech

D (vx, ) (px, )
( N1,, VX ) (PX , N1)
( AY , VX ) ( PX , AY )
(VX , vx) ( PX , PX )
(22, ) ( PX , )
G (vx , ) ( 6x , )
(N1, VX ) (6X , N1)
( AY , VX)) ( 6X , AY )
(VX , VX)) (6X , GX )
(22, ) ( GX , )
R ( AT, ) ( RA, )
( AT , N1) ( RA, N1)
( N1, AI ) ( RA , N1)
(VI , AI ) (RA, VX))

where X =D, F, H, I, L, T, and Y = I, N, O.

If a word has one of the end marks D, G, or R(T), the part of speech of
that word 1s searched in the transformation table corresponding to the

end mark, and they are substituted by the transformed one. 1In the
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table a priority betwéen two parts of speech as well as morphological
transformation is taken into consideration, For example, if a word
which is given two parts of speech N1 and VT in this order has an end
mark G, then G table is looked up for N1 VT, and they are substituted
GT N1. Because the word ending "ing" indicates that the word is possi-
bly used as verb of ing-form rather than as a noun. But if a word is
given only N1, it is not changed because noun can not be thought to
conjugate.

The above mentioned transformation is applied to the parts of
speech which were obtained from the dictionary. But as for the word
which is given temporally a "noun" symbol because it. is not registered
in the dictionary, its adequancy must be tested by another method., 1If
a word which is found in the dictionary has "N1", it is not necessary
to exchange its symbol'even if its end mark is G or D. As for a word
which is not found in the dictionary, however, it is probably adequate
to adopt GT or PT or Bl(adverb) rather than N1 accoréing to their end-
ing mark "ing" or "ed" or "“ly",

This morphqlogical inference of part of speech gives fairly correct
results when the’word dictionary,contains a large number of words, If
the dictionary is a small size and the word '"bed" is.not registered in
it, its part of speech may be infered as a past form (PT) by morpholo-
gical information., Therefore such inferencé is not necessarily reliable.
though helpful in some cases,

Then another inference which uses contexual informations is tried,
Now, as a simple example, suppose the word "beé" is regarded as the
past form of a verb because it was not registered in the dictionary.

If the word appears in the circumstance "the gég is " it is inferencel

to be a "noun" because the word just behind a determiner is often a
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noun., But sometimes a past form appears in the same circumstance "the
—ed —-", and so this is not also reliable. But if a farther context
is considered, the inference of part of speech may become more accurate,
though it will be never perfect.

As for words which have only one part of speech, it is only neces-
sary fo change their symbols by the word-ending information, and. not
necessary to infere from the context. Because in the dictionary all
possible uses of the word is registered as parts of speech, so the fact
that they have only one symbol means that in any sentence the words
work according to the symbol., Their functions are determined in the
context by syntactic patterns.

The most important problem in this step is to select the adequate
one out of the two symbols which a word has, For example, in the sentence
"the rapid search requests...", the word "seérch" and "requésts" have
VT N1 and N1 VT respectively, but it is difficult to judge from the
syntactical context of which part of speech must be selected in this
sentence. 1In this case, however, the part of speech for "search" may
be probably N1 rather than VT because the word is situated just behind
an adjective, Then in the above example the sequence of parts of speech

becomes DT — AN_ VI N1... Which of them (N1 or VT) should be selected
N\N1 VT

for "requests" depends on several factors which differ from case to

case, One of the methods is to use probability concerning symbol connec-
tion, that is, the probability of DT AN N1 N1 and DT AN N1 VT, Accord-
ing to the probability table which was obtained from several théﬁsand
words, the probability ratio of DT AN N1 N1 and DT AN N1 VT is 5 ; 1.
Then, from the statistical point of view, the part of speech for "request"

is determined as a "noun", In the above example this result is correct,
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but it is not always so, If there is no effective information to
select one of two parts'of(speech, the first part of speech is to be
used.

Another method to treat multi-part of speech is to make all possi-
ble combinations of parts of speech of the input words, and to analyze

each one. For example, in the case of "DT Al VT DT N1 ", there are
N1 N1l vT

eight poséible combinations. If the analysis of a certain possible
sequence is blocked, that combination is rejected. By this method,
several piausible combinatioﬁs can be obtained. But this gives no
complete solution to the selection of part of speech at all,

In general if the wrong part of speech is given to the word, the
syntax analysis does not go well, so the correct determination of part
of speech is one of the most important problems in the mechanical pro-
cessiﬁg of natural languages. The problem, however, can not be solved
only by morphological'information or the restricted context in syntax,
and therefore semantic information and some flexible scanning method
must be ihtroduced.

‘ In this .paper very simple inference rules are adopted which are
shown in Table 5.1.5.2. These are simple context-sensitive rules
whose form is ;00(ch, Q) —w(Q ,0) , if w3 is plausible, w(c,Q)
—> w(d,Q) , otherwise, where (h, Q) is a set of part of speech

given to a word, for example, "help": (VT,N1),

Table 5.1.5.2 Inference table for parts of speech

DP (VX , N1) — DP (N1 , VX) DP (VX , AY) —>DP (AY , VX)
N1 (P4, )—>N1 (P2, )
EA (N1, VX) — EA (VX , N1) EA (AY , VX) —>EA (VX , AY)

X=D, I, T Y=1, N, O DP=DT, P1, P2 EA= EE, VA
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After this procedure, the information contained in the sub-area

for each word becomes as follows

Link A Link B
4 4

(help) VTN I1nnn|7|§ 3]

.../tasuke/tasuke/. ...
1 .

I v l
a.i.‘l at airl
T T

Each sub-area is connected by the link part (which will be called
“connector"), and this list structure makes it easy to parse and make
sub-translations, The connection order is reverse to that of input
Qords, that is, the top of the list structure is the last word in the

input sentence. This is because of the convenience for syntax analysis.

5.1.6 Syntax analysis .

The main procedures in mechanical translation are syntactic analy-
sis of source language and synthesis of target lgnguage, and these pro-
cedures are carried out by the use of rewriting rules (patterns) shown
in Table 4.5.1 in section 4.5. Patterns have context-free forms, and
its applicatioﬁ algorithm is very simple. But they are classified
into several hierarchies, theréfore the application of them takes some
steps, which are explained below,

The string of part-of-speech of the given sentence is supposed to

be as follows, where a, is a part of speech for ith element.

i
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8.1 8.2 8.3 veecone &i seeee B a a

n-2 n-1 n

First step: In the first step only A-3 and A-2 patterns are
used, At first, three symbols are taken out from the end of string,
that is, a, 5. 3, 9. 3y is taken out. Then A-3 table is simply look-
ed up to search whether there is a pattern which has a,.o- 8, 1 &, as
a head part. In each table the patterhs are in the same Hierarchy, s0
they are sorted with the head part in ascending order, ‘If there is no
coincident pattern in Table A-3 , a _, a, is taken and searched in
Tabel A-2 . The patterns which are searched in Table A~2 are the
sgb-strings of 3-symbol patterns, aé shown bglow, so the patterns in
A-2 can be said practically to be context-sensitive, though their

form is that of context-free patterns. 1If a, 1@ is not found in

A-2 Table, the next three symbols an_3 a _> a,_, are taken out and

searched in A-3 Table. If they are not in A-3 , a,_, a, | are

n

seeees 8 a
n-5 n-4 %n-3 ®pp By 8

Fig. 5.1.6.1 Parsing order.
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searched in A-2 . The same process is continued in the manner shown

in Fig.5.1.6.1. If in the course of table-looking-up there is a pattern
whose head part coincides with a sub-string ay 1. 84- 8449 in the
original string, ay 1+ 24- 844 is substituted by the substitution
symbol indicated by the pattern, and ai;l’ a3, ay,q are arranged accord-~
ing to the word order indicator, and indicated particles are inserted.

This procedure is shown in Fig.5.1.6.2.

/]\

a, Y

Q2 i-2|(|T1-2 Q-3 852 i-2 |%4-3
/1\_“1 ™

Yo B[] Yie1 {4 Bic1 | [3ffi-1 [ Y4q
1l__________1 T

Q Y =
a,

i i i Q'i--1 j‘ 8y 1 Yl Q1_1

st B ) Yaer & T N PN L

Qe | Paegl || Yien | Q4an 8iv2] | Yiv2 | &
P T i

Fig. 5.1.6.2 Reformation of linkage by application

of &, 4 a;- ai+1-—>bj (213 ,4-a-n)
That is, first, the links between a4 o and aj_ 1, 3y gnd 25,10 3441
and a; , are cut off, and the new symbol bj is inserted between a, ,
and 8y,0- Second, ay.1s 84» and éi+l are linked according to the
word-order indicator, the link part of the last word'being make blank.
Third, the particles are inserted in the indicated order. To dis-
tinguish the terminal symbol and the non-terminal symbol, 1 bit informa-

tion(*) is added'to the newly inserted container for the non-terminal

-
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symbol. The sub-area (or container) for the newly inserted symbol(b

j)

has two link parts; One is an ordinary link (connector) which makes
the main string of the sentence, and the other link indicates the top
of the connected symbol, the latter link indicates the top address of
its translation words,

If the above mentioned procedure is continued till there appear
no patterns, in  A-3 and A-2 , which have the same head as the sub-
string of the sentence, it goes into the second step. But if the second
Step was already passed, it goes into the third step.

Second step: In the second step, some parts of speech in the
main string are cﬁanged. That is, N1 is changed to N4, and VH and VF
are changed to VT, if interrogative snetences are not considered.

And again it goes to the first step. The reason is as follows. If
N1'PA —> N4 exists in A-2 , "DT N1 PA" become " DT(N1 PA) ".
But this is not cérrect. .It must be (DT N1) PA ., On the contrary,
if that pattern is‘rejected from A-2 , "N1 PA" can not be parsed.
In the latter case, howaver, if "N1 PA" is changed to "N4 PA", 1t will
be corréctly parsed using A-2 patterns; Therefore such a change of
part of speech 1s applied instead of storing rather irregular case
patterns., This procedure is equivalent to di?iding A-3 and A-2
into sub-classes. As for A-2 class, for example, the sub-class
A-2 1 includes N4=PA;»N4(221, NI(NO)-¢), and the sub-class A-2 2
includes N1«PA->N4 (2 1, N1(NO)+¢), and A-2 1 is in a higher hierarchy
than #-2 , .

It is possible to infer and alternate parts of speech by looking
somewhat wider context in this step., For this purpose the connection

table of parts of speech which is given in Appendix B will be useful.
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Third step: In the third step, the pattern table B-3 and B-2
which are in a lower hierarchy than A-3 and A-2 are used., The
procedure is almost the same as that of the first step except some
process after substitution, That is, threé symbols are taken out from
the end of string, and searched in B-3 table, If it is not in B-3 ,
two symbols are taken out and searched in B-2 , and so on. If a co-
incident pattern is found, the quite same substitntion, however, the
- B tables are not looked up continuously, but A table is used for
the string which includes newly substituted symbol, as in Fig.5.1.6.4.

a a b a

i-3 i-2 3 iv2 B3

Fig. 5.1.6.4 Pattern matching after substitution.

If there is no coincident pattern in A Tables, the look-up procedure
returns to table B again, and the same procedure is continued.

If the length of string for a given sentence becomes only one,
it is said that the original sentence is correctly translated structual-
ly. But this does not necessarily mean that the translation is also
correct from the semantic point of view. Only it can be said that if
each word is substituted with an appropriate word, the translation may
become a semantically correct one.

If the length of string does not become one after the application

of B and A patterns, N4 in the remaining string is changed to N5,
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and the third step is applied again. This 1is equivalent to the sub-
division of B patterns, _

Notwithstanding the change of part of speech and the reapplication
of the third step, if the length of string does not become one, it is
said that the sentence can not be analyzed or translated by this system,
Even in this case, however, corresponding Japanese sentence 1s obtained,
which is perhaps wrong as a whole but partially correct. The block

diagram of syntactic analysis and synthesis is shown in Fig.6.1.6.5.

]SW 1 onl

A-3
A -2

SW 2 - B-3
? A-s
N1-—N4 A<D :
VF —> VT 59 4
VH —VT SW 3 O———> Next step
SW 2 on

Fig. 6.1.6.5 Block diagram of pattern processing.

5.1.7 Synthesis of Japanese

It is very easy and simple to synthesize Japanese, because a part-
ial translation has already been synthesized at the stage of pattern
processing, where the word order is changed and the particles are
inserted and each word is connected by the links in Japanese order,
Then it i1s only necessary to print out in turn following the links,
For this purpose, a push down store is used to simplify the‘aléorithm.

In this section, the sub-area which consists of 1l characters and con-
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tains some information about the terminal or node points in the tree
structure of the sentence will be called '"container", which is shown in

Fig.5.1.7.1 by a rectangular box,

lss| « | I'Q? ] Y1 = watasi

Q3 Y2 = ar

el oz o oS oT el - e
J1=ru Q4 52 Y4 = syonen
oeae [T [a Te——Yw] [#[=lX

N

ol T o o8 T Tal<]

Fig. 5.1.7.1 List structure of synthesized Japanese.

At first, the last container which is make at the final step of
pattern processing is put into the push-down store(Fig.5.1.7.2-a).
Then it is investigated whether it is a terminal container or a non-termi-
nal container, If it is nonéterminal, the container which is linked by
the link A part is pyt into the push-down store and the link A is erased

(Fig.5.1.7.2-b).

DT 13 Qo
N4 |*1J3|Q1]|Q2] |N4(*|J3 Q2
N4l |J2(Yq|Qs| [vE(* Q4 VE [* VE |+
SS’*, ,Q5 S5 * SS|* ’ ss % ss|*
vatasi wa
(a) (v) (e) (a) (e)

Fig. 5.1.7.2 State‘of push down store.

Then the same procedure is applied to the up most container in the push-
down store. If the up most container is a terminal one, Japanese in

Roman style is taken out from the address which is indicated by the

link A part. After Japanese is taken out, the up most container is
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investigated whether it has a particle symbol. If it has a particle
symbol, the symbol is interpreted and the parﬁicle is taken out and
placed immediately after the previous translation words, 1In this case
if the particle is an inflection part of a verb or an adjective, its
particle may be necessary to be changed slightly according tq the last
letter of previous words. It is explained later in this section about
this change. After a particle is taken out, the link B part is investi-
gated whether it links another container or not. If it does not link
an another container, that is, the link B part is blank, the all process-
ing concerning to the up most container is finished and it is rejected
from the push down store. If the link B part is not blank, the container
linked by its part substitute the top contéiner (Fig.S.}.?.Z-c).

In short, always the top most container of the push down store 15
only the object of processing, and}in a container, the terminal or non-
terminal indicator is first investigated, and the link A part is second,

and then a particle symbol, and next the link B part is investigated.
N1 Y4

N4|*}J3 Q2 [N4|*iJ3 Q2| (VL] [J1]Y2

VE|* VE| % VE|* VE | *
SS|* SS|* S5 | * SS|*
watasi wa 1no watasi wa 1no watasi wa 1no watasi wa 1no
syonen syonen de syonen de ar-u
(£) (8) (n) (1) (3)

Fig. 5.1.7.2 (continued)
If it is non-terminal and the link A part is blank and a particle
symbol exists, the corresponaing particle is taken out. When the link
B part is investigated, if it is blank, the container is rejected, but
if it is not blank, the container indicated by the link B substitute
the top-most container. This procedure is continued till the push

down store becomes vacant, and at this point the synthesis of Japanese
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is completed.

Next, the rules of conjugation in Japanese will be explained.
These rules can be regarded as a transformation rule,

As mentioped previously in section 4.4, the translation words of
verbs and adjectives are stored in the dictionary only with its stem
parts, and the information concerning conjugation types is not given
to each word. Therefore the conjugation in Japanese must be carried
out using only the information of the stem ending and particles to be
connected., The inflection particles are distinguisehd from the other
particles by their first letter., That is, the inflection particles
which are shown below begin with R, I, A, or K, but the other particles

begin with space mark or other letters. (AWA, ADE, AN1(NO) etc, Ameans

space).
RU/ RARERU/ RARETA/  RARE/ RU BESI/ RU KOTO/
RU T0/ RU MONO/ masiTa/ 11/ ITUTU/
IOERU/  IOE/ - I MoNO/ I NI/ ITUTUARU/
ANAL/ AN/ ASIMEYO/ ANAKATTADES/ KU/

General rules are as follows:
() If the last letter of the previous word is a vowel, the first
letter of the inflection particle must be a consonant. If the last
letter of the previous word is a consonant, the first letter of the
inflection particle must be a vowel. The inflection particle which is
indicated by the rewriting rule is one of the above particles., There-
-fore these forms must be changed according to.the last letter of the

previous word, But it is very simple, That is, if the first letter
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of the inflection particles is not 5 desired one, the first letter is
ignored, For example, if the indicated particle "RU" must begin with
a vowel, the first letter "R" is ignored and it becomes "U",

(2) If the last letter of the previous word is "S", and the particle
is "RU", then "U" is inserted between them. (-S + RU—> =S + U + RU).
(3) If the last letters of the previoué word are "SU", and the
particle is "RU", the particle is'ignored, and if the particle is not
"RU", the last letter ("U") of the previous word is irnored.

(4) If the last letters of the previous word are "KU", and the
particle begins with "A", the last letter "U" is changed to "O". And
then rule (1) is applied. If the particle begins with "I'", the last
letter "U" is ignored.

(5) If the first letter of the particle is "A", and the last letter
of the previous word is "S", "A" 1s changed to wg" (=S + AN—/8> -5 +

EN). Some examples are shown in Tabel 5.1.7.1

Table 5.1.7.1 Some examples of conjugation.

KAK + RU—>KAK + _U—> KAKU

KAK + AN + RU—> KAKAN + _U—> KAKANU

KAK + ITUTUAR + RU-—> KAKITUTUAR + _U-—> KAKITUTUARU

KAK + RARE + RU—> KAK + _ARE + RU —> KAKARE + RU —> KAKARERU
KAK + IMASITA —> KAKIMASITA

ATAE + RU—> ATAERU
ATAE + AN + RU—>ATAE + _N + RU—> ATAEN + _U —>ATAENU

ATAE +ITUTUAR + RU—>ATAE + _TUTUAR + RU —>ATAETUTUAR + _U

—> ATAETUTUARU
ATAE + RARE + RU—>ATAERARE + _U —> ATAERARERU

ATAE + IMASITA—>ATAE + _MASITA —>ATAEMASITA
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Table 5.1.7.1 (continued)

KENKYUS + RU—> KENKYUS + U + RU—> KENKYUSURU

KENKYUS + AN + RU—> KENKYUS + EN + RU—>KENKYUSEN + _U
——> KENKYUSENU

KENKYUS + RARE + RU—> KENKYUS + _ARE + RU —> KENKYUSARE + RU
———> KENKYUSARERU
DAMASU + RU—> DAMASU + __ —>DAMASU

DAMASU + AN + RU—>DAMAS + AN + RU —> DAMASAN + _U —>DAMASANU

KU + RU —> KURU
KU + AN + RU—> KO + AN + RU—>KO + N + RU—> KON + _U—> KONU
KU + ITUTUAR + RU—>K_ + ITUTUAR RU—> KITUTUAR +_U-—> KITUTUARU

5.2 Concrete Example.

A concrete explanation is given below using a sample (Fig.5.2.1)
which was translated by the algorithm mentioned in the previous sectionm,
and printed out by the computer itself. .

First, the input sentence which is shown in Fig.5.2.1-(1), is
punched on paper tape and fed into the computer from PTR. The boundary
mark (**) and the beginning mark (#A) are not punched on the input tape,
but they are inserﬁed by a program, .Eéch word 1is separated into a
pseudo-stem‘and a word ending, and each pseudo-stem is compressed to
five characters. When a period is read in, it is replaced by the end-
ing mark (t&#). If the other sentences continue, the sentence boundary
mark (**) and the beginning mark (#A) is inserted and the sentences

are read in. Each word becomes as follows by the word ending processing.

-
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W/E , AR/E, VER/Y , GLAD/, 0/, B/E, ABL/E , 1o/ ,
siow/ , You/ , TH/E , RESULT/S , O/F , MACHIN/E , TRANSLATION/ |,

WHICH/ , WER/E , OBTAIN/ED , »B/Y , TH/E , DIGITAL/ , COMPUT/ER ,
IN/ , OUR/ , LABORATOR/Y

The left side of the slant is a pseudo-stem, and the right side is a
word-ending. The pseudo-stem is segmented per five characters, and
each segment is added as a binary number. Their compressed word

(element) becomes as follows,

wggpp ARPEP VERBS GLADS TOpP
BRgS ABL@ TOggg SHOWg Yougg

THEGS JESUL ol f) 9ACHI v 43H
WHICH WERGP #BTAN BEGPS TGP
N{GIT 60MPU INg@d OUR@@ V42&R

Among the above words, there are the same words BEJg@, one is
for "BY", the other is for "BE", But in the word dictionary they are
stored as Fig.5.2.2, and so the confusion can be avoided by use of

word—-ending.

Now, the idiom dictionary is searched. BEEPS (for'be>
In this example, "be able to'" is found in ol (for by)
the dictionary and is substituted by "can" Fig.5.5.2

is not printed in Fig.5.2.1, but in the memory "be able to" is substi-
tuted by "can"., There is only one idiomatic expression in this example.
Next, each word is looked up in the word dictionary, and its part
of speech and translation words are taken cut. 1In Fig.5.2.1=(2), the
part of speech for each word is shown beneath each word, The part of

speech of "we" is N4, "ARE" is VL,..., and '"be able to", which is



166

equal to '"can", is given VA, To the word 'results", two parts of speech
N1 and VI are given. The order of N1 and VI is the same as that of an
ordinary English dictionary, that is, N1 is the first and VI is the
‘second. But the actual role in the given senﬁence is determined by
the word ending and synlactic context., The word "obtained" has "VT"
because its'pseudo—stem "obtain" is the same form as present tense
form, After the word dictionary is éonsulted, the alternation and
inference of part of speeéh are tried, It is only "VT" for '"GSbtained"
which must be changed by theAword ending information, that is, VT
becomes PT because of the ending mark D(ed). As for "results", its
part of speech is determined as "N1", because the word just behind the
determiner is probably Nl(noun) rather than VT(present verb) in almost
all cases. On the contrary if a word having N1:VI appears just behind
an auxiliary verb, its part of speech will be fegarded as VI rather
than N1, 1In this example, there are no other words which need the
changing of part of speech., As a result, the string of part of speech
for the input senfence becomes as shown in line (3) in Fig.5.2.1.
Then, the syntactic analysis and synthesis of the source and
target language are carried out., First, the three mrts of speech DT,
N1, and A# are taken out from the end part of the main string, and
seafched in A-3 Table by simple table looking-up. There is no
pattern which conincides with this. Then N1-A# is searched in A-2
table. This is also not found. Then the next substring P1 DT N1 is
searched in A-3 . Again this is not found. Then DT N1 is searched
in A-2 . This is found in the table, that is, DT N1—> N4
(1-2, 0+-0). This rule indicated that DT N1 is substituted by Ni, and
the word order in Japanese is the same as that of English (l;g,ifﬂﬂ,
and no particles are inserted (1'2, &:8).'After the substituticn the
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parsing procedure is again continued in the same manner, but this time,
the substring is taken out so that the newly substituted symbol is
included in it. In the example, the sequence of substring are Pl-
Ni - A#, "N4e+o#, NlePleN4, and Pl-N4 . They are searched
in A-3, A-2 , A-3 , and A-2 in that order. The pattern P1l- N4
is found in A-2 , and it is substituted by PA (prepostitional phrase)
according to the rule Pl. N4y—> PA (2-1, 0+0-0)., Then the same pro-
cedure is applied till the first symbol of the main string comes to be
included in the sub-string, If the length of String is not one at the
end of the above procgdure, the symbol Nls in the remaining string

are changed to N4, and again the same procedure is applied to the re-
maining string. As for this example, there are no Nls in the remaining
string (** #A N4 VE TO VD N4y Rl PI PB A#), and so the chang-
ing process has no effect.

The next step uses B-3 and B-2 table in place of A-3 , A-2 ,

and the parsing procedure is almost the same as the previous one.
That is, the three part of speech PI, PB, A# are taken out from the
end part of the remaining string, and searcheéd in B-3 . This is not
found in B-3 , and then PBvA# are searched in B-2 , and so on, The
pattern "PI- PB" is found in B-2 , and processed by the rule PI PB ——>
PE (2-1 ;,OWRUAQ?. After this processing, the pattern table A-} and
A-2 are used again for the sub-string including the newly.substituted
symbol PE. If there are coincident patterns in A tabie, that table

is used in succession, If A ‘table any more contains the coincident
pattern with the sub<string, again B table is used. 1In this example,
Ny« RI «-PE is found in A-3 , and so A table is used in succession.
The rule N4+« Rl+PE —sN4 (3+140 , IMASITA-0-0) treats a relative

clause which rlays an adjectival role. I£ must be noted that complex
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sentences including relative clauses can be analysed by these rules as
if they were simple sentences.

Thus in the third step, A and B tables are used. Finally the
whole strings become only one symbol "**"_,  This time the translation
into Japanese 1s already made, and it is only needed to print out uéing
the push-down store.

The tree structure of Japanese will suggest how the push-down
store is used. The symbols at the tree nodes and tip of branches are
parts of speech of English words, and it can be clearly understood
that what part of English corresponds to which part of Japanese from
the comparison of the English tree and Japanese tree. 1In the Japanese
tree, the terminal words connected to the branches which have no part
of speech are particles which are inserted by patterns.

As for the conjugation of verbs and adjectives, several examples
are shown in the Japanese tree. For example, the rule PL~ PT — PI
(2-0°, RARE-£.0) indicates that "TENIIRE" is to be followed by "RARE",
In this case, "RARE" is connected to "TENIIRE" because the last létter
of "TENIIRE" is a vowel and the first letter of the particle is a con-
sonant. On the other hand, the rule N4y« Rl+ PE —>N4 (3-1-2°, IMASITA

- ) indicates "IMASITA" is connected to " RARE"(PE). But the last
letter of the previous word (RARE) is a vowel, éo the first letter of

.the particle which is a vowel is ignored. Then it becomes " RAREMASITA".
As for the rule VL .:.AI—VE (2.0 , I1..9) , "II" must be connected

to " URESI"(AI), but the last letter of the previous word (URESI) is

a vowel, so the first letter of the particle which is a vowel is ignor-
ed, and then it becomes " URESII".

A translation (6) in Roman letters is composed by gathering the

right most words of each branch in that order, A translation in KANA

-
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letter is gotten from (6) by simple transformation of Roman letters
into KANA. This transformation is not difficult, but there are some
cases where the syllabic nasal (N) is confusable with the contracted

sound and the N series (NA, NI, NU, NE, NO), For example,

H O N Y A K U T A N I
— . — | S— — M N
v X 9 9 v 1
H ONY A K U T A N I
[— | I W— | S— —_— —
A =5 2 7 =

HO/ NYA/ KU and HO/ N/ YA/ KU can not be distinguished from the morpho-
logical point of view,. Therefore it must be written as HONIYAKU if it

needs tovbe read HO/ NYA/ KU. As for TANI, it must be written TANWI,

if tt needs to be transformed 934
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Chapter 6

6.1 Mechanical translation system

EXPERIMENT

An experiment has been carried out using a rather small size

general purpose digital computer, NEAC 2200/200 (a family of Honeywell

computer). The specification of this computer is shown in Table 6.1.1.

Table 6.1.1 Specification of the computer

Central processor

Minimum data unit

Instruction

Main memory (core)

Index register

Memory cycle time

Kind of instructions
Arithmetic
Logic/Condition
Control
Input/Output
Interrupt
Eqit

Processing speed

(5ch. )

used in the experiment

NEAC 2200/200

6 bits (1 ch. )
Variable length

Two address
16,384 ch.

6
2
38
8
8
15
2

4
1

P%

Comparison 38 /(,4‘5

Addition

48 /MS

Peripherals

Magnetic tape
N204B1
(5 units)

Paper tape reader
N209A1
(1 unit)

Papef tape puncher
N21041
(1 unit)

Line printer
N206A1
(1 unit)

20,000 ch/sec
556 bit/in

300 ch/sec

60 ch/sec

420 line/min
120 ch/line
alphabets,kana

numerals, signs

The main core memory is only 16 Kch, and it can not contain all

programs and dictionaries, so magnetic tapes are used as auxiliary

memories. The composition of equipments is shown below.
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( PROGRAM ) TIO£§§Y
Fig.6.1.1.

The program is written in assembler language EASYCODER, and con-

sists of about 1200 statements (about 7200 ch), and is divided into
five segments because of the limitation of memory size. The size of

each segment and various dictionaries are shown in Fig.6.1l.2.

Program .. |FEADING OF THE TEXT IDIOM-DICTIONARY
IDIOM PROCESSING 400 IDIOMS (10,000 ch)
190 WORD-DICTIONARY """ngD-DICTIONARY
000 WORDS
SEARCH 1 (16 PAGES, 10,000 ch/PAGE)
CHANGE OF
90 PARTS OF SPEECH
250 SYNTAX ANALYSIS PATTERN-DICTIONARY
A-3; 330, A-2; 260
OF ENGLISH B3 320! B3 488
400 SYNTHESIS OF JAPANESE| (11,000 ch)

IN ROMAJI AND KANA

Fig.6.1.2 .The size of each segment and various dictionaries

The translation time is about 0.5 - 1 second per word, and its dis-
tribution is shown below (Fig.6.1l.3 shows a time table for a sentence
composed of 45 words)., If there are many core memories, say about 250
Kch, then the translation:time will become about 0.3 - 0.6 second per
word, or 5000 - 12000 words per hour, At this rate, one page of techni-

cal paper which includes 1000 words can be translated in five or twelve
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Fig. 6.1.3 Time table for translation of 45 words-sentence
(bracketed time is for 30 words-sentence),

minutes. If the cycle time of the computer becomes much faster, the
translation time will become one-tenth or less, Therefore as far as
translation time is concerned, mechanical translation is far faster
than human translation and will be of practical use,

The speed-up of translation time is achieved by the separation of
program and grammatical information and by the adoption of the simple
table look-up method. These techniques make it easy to study the ef-
fectiveness of several grammars by alternation of rewriting rules and
parts of speech without affecting the program itself.

Natural language, however, is not so stiff that it seems to be
rather unnatural to treat all parts of processing by fixed phrase struc-
ture like patterns. Eséecially in idiom processing, selection of part
of speech, or treatment of adverbial words, their structures are dif-
ferent‘from case to case; therefore a.more complicated procedure may be
needed, But judgement of "when" and "which" in application of several
kinds algorithm is very difficult for a machine; therefore it takes
much time, if case by case treatments are pefformed{ So human inter-
vention is necessary in mechanical processing of natural languages at
a certain stage. The purpose of the experiment described in this paper
is to 1nvéstigate to what extent such a hard and fast rule can be appli-

ed to natural languages.
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6.2 Samples for translation

Sample sentences for mechanical translation are selected from
several filelds at random. This translation system makes scientific
papers or their abstracts an object of syntactic study, paper in other

fields being taken up as a reference. Such samples are as follows.

(1) Scientific papers

(a) B.G.Lamson and B.Dimsdale, "A natural language information retrieval
system", Proc. of IEEE,vol.54,no0.12,pp1636-1640, 1966,

(b) Abstracts of 19 papers appeared in Proc. of IEEE,v0l1.55, no.3, 1967.

(c) T.Toshihiro, "Germanium hyper abrupt varactor", -ABSTRACTS- Jour.
Inst. Elec. Comm. Engrs. Japan, vol.49, no.2, pot-3, Feb., 1966

(d) H.Elliot,et al., "Satellite observations of the ene;getic particle
flux produced by the high-altitude nucleér explosion of July 9,
1962", NATURE , no.4848, pp1245-1248, Sept. 29, 1962.

(2) News papers .
{a) "UNSC calls for immediate mideast truce", see (v).
(v) "EDITORIAL", The mainichi daily news, June 8, 1967, page 1,
(¢) "Taiho's Europe trip may hurt next performance", The Japan times,
June 8, 1967, page 7. '

(3) English text of middle school : - B
W.L.Clark, "The junior Crown English course 1 ", SANSEIDO, 1967,

(4) Essay

A.G.Gardner, "A man and his watch", from 'Many furrows', 1924,

In order to clarify the syntactic difference between these sample
sentences from different fields} the length of a'sentence (the number
of words in a sentence) and degree of complexity are calculated for
each group of sentences; and they are compared. Complexity degree is
defined as the number of words which cause the inversion of wrd order

in Japanse or require the insertion of particles. Such words {(complex
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words) are mainly function words and verbs; these words whose parts of
speech are DT, N1, N3, N4, AI, AN, AO, Bl are not regarded to contribute
to the complexity degree.

Several examples of the calculation of complexity degree are shown
in Fig.6.2.2. In example (1), only one word "am"(VL) belongs to the
complex word clgss, 50 the complexity degree of sentence (1) is 1, As
regards sentence (2), two words "have"(verb) and "in"(Pl) belong to a

Complex degree
(1) I am a Dboy.

N4 YL DT N1 1

(2) I have a book in my hand.
N4 VH DI N1 Py DT N1 ) 2

(3) This is a result which was obtained by the computer.
N3 VL DT N1t R1 PL P P2 I7 N1 5

(4) This is a result obtained by the computer.
N3 VL DT N1 PT P2 DT N1 3+2=5

complex word group, so the complexity degree of (2) is 2. The complexi-
ty degree of (3) is 5., But past form verbs or ing-form verbs are dif-
ferent in understanding from present forms when they are used as adjec-
. tival words which modify noun phrase from the right side. Then in that
case, complexity degree of such word gets another two'points. lFor
example, sentence (4) gets only three points in ordinary counting, but
the verb "obtained" works as an adjectival word, it gets another two
points. The judgement of the role of verb is performed by man. The
results of complexity calculation are shown in Fig.6.2.3.

This complexity factor reflects in a certain degree the real dif-

ficulty Japanese people hawe in understanding English., The complexity
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Fig, 6.2.3 Length of the sentence vs complex degree

for each sample sentences.
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Complex degree

(3) English text .... 762 sentences
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Fig, >6.2.3 hongth of the sentence va complex degree

for each sample sentences (continued).
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of a sentence, however, can not be determined only the number of
function words or by the relative position of those words, but it
depends, of course, on the deepness in syntactic structure as well as
semantic structure; But the amount of contribution of relative position
or deepness to complexity can not be heasured objectively only by parts
of speech, It is an interesting problem whether it is possible or not
to measure the difficulties of a natural sentence as a computable
quantity, using only syntactic information.

A connection table of part of speech, which is a frequency list
of some sequence of symbols, will become one of the data which charac-
terize the difference between some groups of sentences, Trigrams of
part of speech are given in Table 6.2.2.for each field. These tables
were constructed by the computer by using almost the same process of
translation. That is, input sentences punched on paper tape are fed
into the computer from PTR, idiom processing and word dictionary con-
sulting'process are carried out, and then parts of speech are given
to each word. Then alternation and inference of part of speech 15 per-
formed. But if the determined parts of speech are not adequate, they
are corrected by man, Connection tables are made according to these
correct sequence of parts of speech,

The examples, which were used for this experiment, are not enough
in number and also in variety. But the purpose of this experiment is
not to get a translation score for evaluation of the system, but rather
to investigate what kin@s of patterns are to appear and how they differ
from typiqal structures, and to find out effective patterns for such
structures, rherefore, the score of the result is not so important,

but it must be usqd only as reference,
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6.3 Analysis of results

The results of mechanical translation for the samples shown in
section 6.2 are roughly scored in Table 6.3.1, which were obtained by
using the rewriting rules listed in Table 3.5.1 in section 3.5.

Table 6.3.1 Score of the results.

Correct Almost correct Erroneous
(1) Scientific papers 58 % 23 % 19 %
(2) News papers 45 % 23 % 32 %
(3) Text book of
middle school 96 % 2 % 2 %
(4) Essay -4 % 23 % 36 %

The correct results are such ones whose tree structures are perfect
as shown in Fig.6.3.1. A sample of "almost correct results'" is shown
in Fig.6.3.2, which has not a complete tree, but its main part is
correctly analyzed, or a slight modification of input form leads to a
correct analysis. For example, an original sentence "THE PRESENT
PROGRAM DEALS ONLY WITH AND AND NOT TYPE SEARCHES" is not analyzed
correctly because of a irregular expression of "AND" and "NOT", if the
first "AND" and "NOT" are changed to"AND+*" and "NOT*", they will be
regarded to be nouns, and the sentence is correctly analyzed,

Examples of erroneous cases are shown in Fig.6.3.3 or Fig.6.3.4,
in which several sub-strings are parsed correctly, but as a whole their
mutual relation are not analyzed correctly.

An above mentioned evaluation is very rough, and even inadeguéate
to investigate the degree of fitness of phrase structure grammar to the
syntgx of English. In order to examine the adegquacy of phrase structure

grammar, more detail analysis of results must be adopted. Such a method
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as mentioned in the following may be one evaluatiqn.

That is, in the structure .tree of English which was printed by
the computer, erroneous branches are cut off and only cqrrectly parsed
branches are left, and the number of independen; sub-tree are counted,
This number will be called, "resolution degree". Then the mark of a
result is equal to complexity degree minus resolution degree plus one,
For example, Fig.6.3.5-a is a result of translation, but checked branch~
es are wrong parsings and cut off, so that the amended tree becomes
liké Fig.6.3.5-b, which has 5 sub-trees (a beginning mark and a boundary
mark are ignored). Therefore, the mark of the sentence in Fig.6.3.5

is1 (=5 -5+ 1).

T v
P H w w A
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S H N 0 0 I
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H v I 0 N 0 E 0 E 0 E
E E T P G w N U E W S
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Fig. 6.3.5 Calculation of "resolusion degree" : (a) result obtained

by MT, (b) decomposed form by cutting off erroneous branches.
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By this evaluation, the adequacy of phrase structure grammar becomes
about éighty-percent for scientific papers,

Such kind of marks mentioned above may not be effective to evalu-
ate the translation system from the practical point of view, but they
are useful as reference data to understand how much the phrase struc-
ture grammar can be applicable to the English sentences. If such a
result as Fig.6.3.2 is classified into erroneocus groups only because
it has not a complete trée, it may be too severe evaluation to adopt
as an adquate judgement of the system,

The above mentioned evaluation treats only the general aspects of
translation results, but in the following, erroneous results are examin-
ed one by one, and difficult points in mechanical translation from
English into Japanese are investigated. Furthermore, what kinds of
improvement in algorithm and rewriting rules, or restriction to input
sentences can make them correct is considered, and this leads to the
pre-editing and post-editing. The meaning of "correct", however, is
only in syntactic level, and semantic aspect is not considered.

In the gross, erroneous results are classified into the following
four cases.

(1) Errors by mis-determination of part of speech( 55 % )

(2) Errors by lack of rewriting rules ( 20 % )

(3) Errors by wrong rules or wrong hierarchy( 5% )

(4) Errors by irregular forms of input sentences( 10 % )
Percent numerals in parenthesis indicate the error ratio to total
erroneous reshlts. They are not rigid numbers but only for reference.

Each case is explained below,
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5.3.1 Errors by mis-determination of part of speech

‘¥ There are several instances in errors of part of épeech. One of
them is the case where classification of part of speech is inadequate.
For example, the words "half" works as noun or adjective or prepositional
word and "above" works as adverb or preposition, Nouns, adjectives

and adverbs belong to form class, and prepositions to function class,

In the present system, a function word can not have two parts of speech;
therefore a new part of speech must be given to such a word. "Equiva-
lent" or "oneself" etc. also plays an irregular role as compared wWith
an.ordinary adjectiQe or pronoun or adverb, so a characteristic symbol
must-be‘given to these words. In the experiment "half"(in Fig.6.3.1.1),
"above'(in Fig.6.3.1.2), "equivalent" and "oneself" are named N1, Pl,
AN, and N4, but they are inadequate. Next; idiomatic expressions are
considered. The parts of speech of idiomatic expressions are sometimes
difficult to determine because of their rather irregular use. For
example, in the first sentence; shown below, the idiomatic expression
", that is, " is used as a conjunctive phrase which connects words

or phrases, but sometimes the same expression connects clauses, as
shown in the third sentence. - '

(1) " Perhaps the most difficult problems are associated with

syntax, that is, structure of phrases and sentences "

(2) " It is certainly desirable to have document indexes

, that is, descriptor lists, as short as possible "

{(3) " The principal rule does not change, that is, the nearer
they are to the main verb, the more intimate they are
to it. "
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Therefore, if C1l symbol (which means co-ordinate conjunction) is given
to " | that is, ", sometimes wrong parsing is made for the third example,

Errors which appear most frequently in part of speech are failures
to select an adequate one out of the two symbols which are given to a
word. For example, in Fig.6.3.1.3, the last word "help" which has two
parts of speech VI and N1 in the dictionary was looked on as VT when
syntactic analysis was carried out. Because no key words such as de-
terminer or preposition or auxiliary verb can be fognd just before the
word '"help", the first part of speech, which is usually used more fre-
quently than the second one, is adopted. The order between two parts
of speech given to a word in the dictioﬁary is ;he same as that of an
ordinary word dictionary as a rule. 1If, in Fig.6.3.1.3, the word on
the left side of "help" is a key word; its part of speech is correctly
determined as noun by the algorithm mentioned in section 5.1.

In Fig.6.3.1.4, "implemented" and "study" are wrong in part of
speech. As regards "implemented", only the noun use is registered in
the wrong Qictionary so the word ending "ed" is ignored and "implemented"
is looked upon as a noun. If it is not régistered in the dictionary,
the ending "ed" is taken into consideration and the part of speech of
"implemented" is infered as PT (pasﬁ form verb). This error is caused
by the defect of word dictionary because the verb use of "implemgnt"
is overlooked, the same holds with a word "subordinate" in Fig.6.3.1.5.
The case of "study" is the same as the previous example "help", If,
in these cases, thé context of wider range is taken into consideration,
it may be thought possible to choose an adequate part of speech, but
it is difficult to determine part of speech from the static sequence of
parf of speech; “static" here meaning that each word is given a part of

speech independently of other words. If dynamic sequence must be con-~-
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sidered, however, the analysis of sentence must be carried out, but to
do so part of speech must be determined. It is a céntradiction. This
.is one of the most important problems to be solved in machiné transla-
tion, 1In the case of "study" in Fig.6.3.1.6; it is correctly chosen
as a noun because it appears jJust after a determiner.'

Analysis of all possible combinations of parts of speech for the
words in the sentence is recommended; if there are several words which
have two parts of speech and can not be determined uniquely by the
context or word-endings. Contrary to expectation, however, the numbers
of possible combinations is comparatively small, but the solution of
the problem is far from complete. Because there exist many cases where
even the wrong sequence of parts of.speech can be analyzed into the
complete tree., For example, in Fig.6.3.1.7, the word 'control" is
looked upon as VT (present form verb) in stead of a right one (Nl), but
the structure tree is completed, so that there is a fear that even a
wrong part of speech is looked upon as a right one, A right tree 1s
of course obtained by giving a right part of speech N1 to "control".
Though their tree structures are different from each other{ it can not
be determined which of them is correct from the syntactic point of view,
but it depends on the semantic context of the text. Then, it is neces-
sary to know what kind of semantic information will determine the part
of speech of, for example, "control" in Fig.6.3.1.7, but it is almost
impossible in the present state of linguistic knowledge in the computer, 4
Therefore, we must seek more effective algorithm to select adequate
parts of speech by making the most use of syntactic 1nformation;

In some cases, word-end processing causes a coﬁfusion in giving
a part of speech to a word, A word which is not actually registered in

the dictionary is regarded as if it were found in the dictionary,
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because its psegdo-stgm becomes the same with that of other word., For
example, in Fig.6.3.1.8 a word "managers" is given a part of speech

" vt "; which corresponds to that of "manage ". This is because
pseudo-stems of"managefs" and " manage ' are the same, and an entry
corresponding to "manager" is not registered in the dictionary,
therefore the word "managers'"is regarded to be coincided with "manage
by the algorithm mentioned in section 5.1.3. This error, however, is
easlily solved by registering a word "manager" into the dictionary in

a form shown below.
MANAG VT KANRIS
JPIER N1 KANRISYA
#PERS N1 KANRISYA

6.3.2 Errors by lack of rewriting rules

The cases where rewriting rules do not exist occur when irregular
or unfamiliar éxpressions appear which are not previously expected.
In these cases, it is generally difficult to make rewriting rules.
For example,in Fig.6.3.2.1,the later part of the sentence '"on the
basis of what is known about vision" remains: unanalyzed, because it
is doubtful whether it is possible to make such a rule as P2 S8
PB which means preposition takes a clause as its object. If such
rules are added newly, it ﬁay interfere oﬁher normal cases, Therefore
the introduction of new rules must be carefully investigated by ana-
lyzing many examples.

Other examples which contain rather an exceptional sequence of
‘parts of speech are éhown‘in-Fig.6.3.2.2. The sequence "RA P2 PT"
which corresponds to "later than scheduled" may be classified into
an incomplete case of the original sentence, but it is desirable to

be treated as it is by the rewriting rules because such an expression
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appear comparatively frequently, though the forms of the‘rewriting rules
which treat these cases can not be definitely determined.

Further, examples which cnntainb"as" are tedious and di fficult
to be processed by the fixed context-free type patterns, although "as"
is distinguished from all other words;.and their rules are used accord-
ing to their hierarchy. Especially in-the expression "as A as B",
various kinds of words, phrases, or sentences can come in the position
A or B. A rule whose length is limited to less than three makes it
difficult, in this case, to seize enough context to determine the role
of phrases, That is, possible combinations are "A as B', "as A as",

"as A", or "as B", and their substitution symbol differs from case to
case, so that their rule can not be uniformly determined. ,

Another case belongs to a special one but appears very frequently
in scientific papers. It is the date expression as shown in Fig.6.3.2.3.
Numerals are not distinguished from noun class, and they are included
in ordinary noun class, so it is difficult to;descriminate the date
expression from the appearance of " , N1, ", Then a parsing given
below is generally not a suitable one because it lessens the information

which commas convey, though convenient in this case.

N1 , N1 , N1 N1 , N1 , N1
—
| |
N1 -
or
N1 N1

“ff, however, the limitation of kinds of input sentences guarantees that
sentences which include nominatives of address do not appear,- the:

pattern ", N1,, "N1" is effective because this pattern can be applied
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to the case of aposition or array of nouns., But if there seems to be
some apprehension of confusing cases, it is the most sound solution to
deform the input sentence itself by the pre-edition,‘about which will
be explained in the next section, without introducing the new rule

" ,N1i,,—> N1V,

Furthermore, it is difficult to make adequate rules when commas
or hyphens are inserted to make the sentence easy for man to read,
because such special symbols separate the originally adjacent words
or phrases, so the rules of restricted length can not sometimes grasp
correctly the mutual relation between words or phrases squeezed by a
comma. For example, in Fig.6.3.2.4~a, the existence of comma makes
the structure complex, If the comma is rejected, its structure becomes
a‘typical form, so the correct parsing is performed as shown in Fig.
6.3.2.4-b,

The existence of commas or hypheng is very useful for man to understand
easily or smoothly when long phrases or clauses are intermingled. As
for the mechanical processing, however, it has nothing to do with the
length of phrases or clauses nor with the formal complexity if the
structure'obeys the typical grammar, In other words, the existence of
commas makes the sentence readable for man, rather than it gives him
grammatical information. He can generally understand without comma,

To the machine, however, commas give an important clue to the analysis
of sentence structures. Therefore their existence have a great influ-
ence on sentence structure.

The same discussion holds witﬁ expressions which consists of an
array of nouns or verb phrgses. A typical form in arranging several
things is "A, B, C, and D", But in actual sentences there are various

kinds of deformations, such as "A, B, C, D", "A, and B, and C, and D"
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or "A, B, C and D", For example, in Fig.6.3.2.5, the inner part of
parenthesis is a typical form "A, B, and C". But in Fig.6.3.2.6-a, a
"and" is missing, therefore the array expression is left unanalyzed.
Insertion of "and" leads to a correct analysis as shown in Fig.6.3.2.6-b.
As regards the use of parenthesis, generally the part of speech of
the words or phrases set ih the parenthesis is the same as that of the
words or phrases before the parenthesis as shown in Fig.6.3.2.5.
Sometimes parentnesis are used as a supplementary expression, in such
case as shown in Fig.6.3.2.7 it is only enough to treat them by the
rule "((-RS-))—>RS" and "((+PA-)) —>PA", But if parenthesis
expressions require translating into Japanese in the same form as
English has, sometimes somewhét adhoc rewriting rules must be intro~-
duced. If, however, parenthesis need not be expréssedlin Japanese,

the simplest solution is to ignore them when they are fedbinto computer.

6.3.3 Errors by wrong rules or wrong hierarchy

There are some rules which are not necessarily applicable to all
cases. This is a kind of ambiguity in syntax, Such rules are effective
in some cases, but cause erroneous analysis in other cases. For example,
the rule "leNlpVE—')Nl; (2 31, GA-g-2)n, which 1s constructed
by supposing the actual case where a relative pronoun is abbreviated,
works well in the sentence "The range the samples are éxpected to
occupy within a\block is predicted from observation of the previous
block.", but in such‘a sentence as "Fop this reason the program has been
written to aécoquate batchedjrequests.", the same rule ieads to an

erfoneous result. Also the rule "Ny ,, SS—>SS (1-2.3 , edo)"
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treats very well such cases as "(1), it is used in editing documents
and search requests to identify pertinent discriptors." (Fig.6.3.3.1),
but if such a sequence of symbol appears in the middle‘partAof a com-
paratively long sentence,bthe noun N4 may be an object of éome verb,
therefore this rule also has the possibility of_giving a wrong analysis.

In such a sentence as this; "In order to make change in logic
structure, including those chénges which are reduired to create the
file initially, a set of requests is provided", its structure becomes
"L2, GE, SS" in the course of analysis. Then, the adoption of one of
two rules ",, GE ,, —QGE (2 .0°0 , &0 2" (adjectival phréses which
modifies nouns from the right side) and " ,, GE ;;—>B2 (288 , ITUTU
& 2)" (adverbial phrases) affects the following analysis. 1In real
sentences both cases occur, and their selection depends on the semantic
information, but not the syntactic one, which the phrase GE conveys in
the sentence. 1In the present system; however; patterns are prohibitea
from having the same head (the left side of the arrow in the rewriting
rule), so the above two rules can not be co-exist; and only " ,, GE ,,
-~ GE" rule is introduced because this rule is perhaps more proBable
than another one, if we reflect our activity of generating sentences
which have such structure.

Although in the next erroneous case the rules themselves are not
ambiguous, but their application order (hierarghy) is wrong. As shown
in the middle part of the analysis tree in Fig.6.3.3.2, "N4 L2 VE" is
parsed wrong because of the two. rules "Ny L2 —> N4 (2 1 , TAMENO-@)"

" and "L2.VE—>8S (1-2 , KOTOWA-@3"  which are in the same class the
later rule is applied first by the right-to-left parsing method. ‘But
strictly speaking, the former rule must be applied before the latter

one, namely, "N4f L2 —>N4" is to be stored in A class, and "1L2 VE —>
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Fig, 6.3.4.1
An exaaple in which a
relative pronoun is
missing betveen “effect"
and "a",

rig. 6.3.4,2
An example which 1s parsed
wrong becsuse of the ab~
sence of a cousa detween
“cases" and "difficulties™,
and also because of the
wrong pattern "PB-PE —s PB",
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SS" is B class. There are a few other rules which are stored in a
wrong class. They must be revised through the actﬁal translation of

many kinds of sample sentences,

6.3.4 Errors by irregular form of input sentences

When input sentences are difective, there are, as a matter of
course, possibilities of errors. The majority cases of defection in
input sentences are fhose of omission of some words., For example,
a compléteAform of the sentence shown in Fig.6.3.4.1, which apparently
seems to be correct in analysis though it is erroneous, must be as

below.

" Data compression techniques are classified into four catego-
ries which describe the effect which a compression method

has on the form of the signal transmitted."”

In this case, it is almost impossible to judge whether there is an ab-
breviated word or not from the syntactic point of view, Another example
in which a verb phrase is omitted is shown below, the verb phraée in
brackets being omitted. Therefore, the underlined part is looked upon

as the predicate for the second sentence,

* Experience with the language of surgical pathology is given,
also an out put line of an automatic data processing system

applied to the problem [is given] oM

The omission of verbs is rather less frequent than that of relative

pronouns. For example,
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" TAIHO, himself, replying to reporter, said ( that) he did not

think ( that) his marriage would affect his wrestling. "

" Simple calculation shows that the minimum distance (which)
the fission fragments would have had to travel in the

maximum permissible time of 30 sec is about 5600 km ."

These sentences appear so natural that we can not think there are omis-
sion of relative pronouns, but in the case of a mechanical processing
they are looked upon as quite different structures according as there
exist relative pronouns or not,

In some cases the boundaries of phrase or clauses can not be clear-
ly recognized by lack of commas., For example, in the next sentence the

right most word in the prepositional phrase at the beginning of the

" In many cases difficulties which appeared to arize from
semantic or syntactic problems were rather easily curred

by slight modification in structure. "

sentence is looked upon as "difficulties", because both "cases" and
"difficulties" have N1 as part of speech, and there is no comma between
them, s0 "cases" is looked upon as if it modified "difficulties" by
the existence of the rule "N1:N1—>N1", Also in the same sentence
above, the predicate part led by "were" is analyzed as if it modified
the prepositional phrase led byv"frqm" by the rule "PB'PE—»PB (2.1 ,
RARETA*QJ", as shown in Fig.6.3.4.2. But this error can be avoided

by the insertion of a comma just before the word "were", though the

error is caused by the fact that: the two rules "VT:PB —>VE" and
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"PB PE —>PB" are set in the same class. The next sentence is also
the same case as the above example. A comma must be inserted just

after the word "problem",

" In the present problem/\?ssociation memory has been provided."
?

On the contrary, an extra comma sometimes makes the structure too
complex to be recognized by fixed length patterns. For example, in

the sentence

" In order to fulfill these requirements it must relate descriptors

in their prose form to internal codea(:)and also to a synonym class."

a comma just before the word "and" isolates the word group following
"and", therefore it must not exist. This is caused by the fact that

the rule "N4-C3:Niy —>N4 (1.-2-3 , 0-.0-0)" can not exist, because this
rule, if it exists, leads the sequence "N4 VH DT N1 ,, Cl N4 VH DT N4"
which corresponds to "I have a book, and he has a book" to the erroneous
parsing "N4 VH N4 VE" which corresponds to "I have (a book, and he) has
a book", Words or phrases which are to be connected together must be
connected directly by the co-ordinate conjunction (Cl) like A Cl A, or
by the use of " ,, C1 —C3" (A class), " ,;.NQ-CB-—e cy" (A class),

and "Ny C4 N4 —> N4 (B class) as below.
A ’ B , C N and D

C4

N4

# p205,206 are misplaced after p208.

-
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‘can be clearly recognized, so special signs are not necessary,

" It is written twice on an output tape, where its association

with request is noted for later sorting. "

Among the adverbial uses, if the past-form verb modifies the noun

from the right slde, such a verb has the sign *, attached to it.

" Another function of the editted program is to *produce hard copy,
*giving the report itself as key-punched from original document

together with the lists of description *extracted from text."

Underlined word is used to modify nouns from the left side, and‘so *
sign is not attached to it (but it is not error to attach sign). As

for "giving"; special sign * is not necessarily needed, because the next
word is a determiner which is not modified from the left side,

Although this pre-edition is useful; but it is rather doubtful
whether this is an easy process or not. In some case where text is
complex or highly special, it may be probably difficult to put sign to
verb without understanding the content of the text, but generally this
processing is easy for everyone,

(2) . Substitution of ambiguous words,

There are several words which have many functions in similar con<
texts but do not appear so frequently, As regard such words one solu-
tion is to substitute them with words fit for the context. For example,
“about" works both as an adjective and a preposition, and it is often
difficult to distinguish its function from the limited context.
Therefore, when "about" 1is used as an adjective, it is enough to sub-

stitute "about" with another word, say "almost", For example, in the
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example below, "about" is substituted by "almost".
' The dlctionary for surgical pathology developed at UCLA presently
includes about several thousand descriptors. "
almost

As for several words which have two parts of speech, that is, con-
junction and preposition, sometimes their function can be distinguished
by the context, but it is not always possible to distinguish a preposi-
tion from a conjunction, especially suéh words as "for"; "after",
"before" etc, Then, such words must be substituted by other words
when they are used as a conjunction.

Further, there are several other words whose function it is dif-
ficult to determine because they are used in a quite different way.
Such words are "need", "may", "half"; "near", or '"close'", '"like" etc.
"May" is used as an auxiliary verbd and also as a name of the fifth
month; therefore, when it is used as the latter meaning; something
must be done to distinguish from the former 6né.

In some expressions, abbreviated words or signs are confusable
with ordinary words because capital letters and small letters are not
distinguishedf- For example; in the example "Fig A and'I show..."
A is confusable with a determiner, and sigh I is confusable with a
personal pronoun, The sequence of parts'of speech for an above phrase
becomes "Nl DT C1 N4 VT ... ", and this leads.to quite a nonsensical
result, Therefore, abbreviated words such as sts; US, etc, and signs \
must be adequately transformed by, for‘example, attaching a special .
letter to them, before they are fed into the computer,

(3) 1Insertion or delglion of comma and hyphen.

As mentioned in previous section, the absence of comma makes the

boundary of phrases vague, whereas the excess of comma and hyphen makes

* Tt is easily dlstlngulshed if additional information
is added.
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A symbol C3 (= ,, + Cl) is used to connect other phrases than noun
equivalents, For the same reason the second comma in the next sentence

must be rejected,

" That is to say , the structure is a political ordering 'of synonym

classes<:>or a directed graph. "
14

In Fig.6.3.4.3 below, the prepositional phrase is correctly parsed,

though there is no comma between "reasoﬁ“ and "the",

" For this reason the program has been written to accomodate batched

requests , and will handle as many as 225 at one pass."

The reason is that the determiner can not be modified from the
left side, so the relation between '"reason" and "the'" is cut off at
that point. And also in this case the comma just before "and" is not
nécessarily needed; because the phrasés on both sides of the conjunction
are different from noun phrases, and they are connected correctly by

the rule "VE:Cl.VE —>VE" or "VE.C3-VE——VE",

6.4 Pre-edit and post-edit

In the previous section, several types of erroneous samples were
given. These samples are in most cases very difficult to be correctly
processed only by machine. On the contrary, such cases are comparatively

easy for man to recognize their real grammatical structure even from the
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deformed appearences, Therefore, 1f slight transformations which are
very easy for man are applied to the input sentences, 1t 1is apparent
that even the mechanical translation can be of use. Then, what kind

of transformations are effective? It may be a very good idea to compel
the original sentences to be written in such styles as can be easily
translated by machine, but this restriction is too severe to the writer.
Thérefore, the more generous treatment must be suggested in which English
sentences written in an usual way are amended without any disturbance
of the original word order by any person who knows only English, when
he reads them only once in one direction., Several important cases
are explained in the following.

(1) On the case of verbs.

The most reliable method to determine the function of verbs is to
put a special sign on the verbs before the sentence is fed into the
computer, though it may be somewhat tedious if there are many verbs in
one sentence, But it does not necessarily mean that such signs are
attached to all verbs, because such words as functional verbs (be, have,
do, may, will, etec.), or ing-form verbs and past-form verbs which are
used as adjectival words, passives, progressives or perfect tenses
etc., can be easily recognized as verbs from the limitted context. For

example, as shown below,

" The search *proceeds to *test the next document index. "

-

a special sign (*) is added to the words which work as verbs in the
sentence, The process of translation is the same as the ordinary one
mentioned in the early section, but as for the word with the sign * its
part of speech is determined as verb in disregard of the order of part

of speech registered in the dictionary. In the next example all verbs
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the structure complex. Therefore several editting rules must be intro-

duced as to the use of comma and hyphen.

(a)

(v)

(¢)

(d)

(e)

(£)

When several phrases of the same kind are arranged, the
form must be as "A, B,...., and X",

If a conjunction connects sentences, a comma must be placed
Jjust before the conjunction (S, and S).

If the end of phrase can not be determined clearly from the
syntactic information, a comma must be inserted there,

It is desirable to eliminate a.hyphen in the next sentence,
" band width compression system for both black-and-white
and colour television " or ¥ with the present state-of-
the-art"

Such a hyphen as shown below need not be eliminated.

n into a three-word representation ", or" in the

large-scale studyﬁ

It is advisaﬁle to insert a hyphen in such cases as shown
below,

" information-processing machine " or "a punched-card

and delayed-access memory and batched-process "

There are several other cases which need some pre-edition, such as

treatment of parenthesis or quotation mark, idiomatic expressions which

seem to-be difficult for the machine, etc. These forms differ from

case to case, so they can not be definitely described, but only shown

by -examples. Several examples of pre-edition are shown in the next

page, where V mark means deletion, /) means insertion of comma, and

' 1 )
ij means that I is substituted by 1.
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Table 6.4.1 Example of pre-edition

Various types of system blueprints have been discusseQé\
and some of the questions *raised have generated considerable
heatéﬁ%tably the problem of financing and the related question
of government vs/r private controwf’ Another’/ somewhat more
technlcal// problem 1is the question of geographic distribution
of centers and of centralization vs// decentralization, This
situation is summarized in lable @zfdwhere an example 1is given
first of geographically decentralizedx;ﬁnits, next of a disci-
pline—orienteai;élan where only a single center ¥stores the
main materials *pertaining to a given subject area, and final-
ly of a hybrid setup.

The centralization 1issue is a difficult one to *deal with,
On the one hand, it has often been claimed that centrally
managegi;f;cilities could lead to more rational operations,
particularly (si:§€§M%;e vexing questions of compatibility between
centers,/ and of cooperation and interaction among a variety of
semi-independent units would not then *arise. On the other
hand, at least one study ¥exists which Yuses a mathematical
model to ¥show that centralized\/information facilities could
not operate satisfactorily, ©because of the great bulk of in=«
formation which must then be handled in one central location

{20]. (from " Proc. of IEEE, vol. 54, no. 12, p 1666-r, 1966" ) \

6.5 About the translated Japanese
In section 6.3, mainly the results of English syntax analysis
were discussed, and now the translated Japanese will be discribed here.

It is interesting to investigate what kind of translations on earth
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were obtained, although even nonsense translations are not minded be-
cause from the very beginning of the study the semantic information is
supposed not to be used., In Appendix A some of them are shown. Only
one translation word is selected from an ordinary English-Japanese
dictionary for each part of speech which each English word has, and
registered in the word dictionary without any semantic information.
There fore, however equivocally the word is used in the real situations,
only one meaning which is used comparatively frequently is given to
the word, if the grammatical function is unique. This is the same con-
cerning the preposition which changes its expression in Japanese accord-
ing to the meaning of the word related to it: therefore, it cah not be
helped that the translated sentences are rather nonsensical when there
are'many equivocal words or function words. For example, the next is
a translated Japanese for a sentence which was correctly analyzed in
syntax.

Japanese; sono gooseino kaikyu no sono sizen sosite

kino wa sono tansgku puroguramu o gironsuru

sono setudan no naka ni kijyutuserareru darowu.

English ; The nature and function of the compaund class
will be described in the section which discuss

the search program.

It may be difficult to understand the meaning of the whole sentence
from this translation, but if we substitute equivocal words with ade-~
quate ones without changing the word order in the above result, it

become somewhat readable and understandable, as shown in the next page.
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Japanese; fukugo kaikyu no seisitu to kino wa tansaku

puroguramu o atukau syo ni kijyutusareru.

7‘@(/.\77;%&@ [eG v FRRE s R 750
917_3)‘— LYk,

One method to improve this situation is to print out several transla-
tion words for equivocal words, and make a reader select an adequate
one out of them, As for the preposition (in); such method has already
been adopted in this system, and its translation is "N1(NO)", "N1" or
"Ro" is selecte& by the reader according to the semantical function of
the prepositional phrase, that is, adverbial or adjectival. As regards
the ordinary words, to print out several possible translation words is
" rather complex to edit afterwards, and much more for prepositions,
although in the presént state there is no other good method than this
post-selection by man to treat semantic inforﬁation as simple as possi-
ble, A simple sample is shown below, It is ﬁp be desided that this

post-edition is to be carried out without referencing original English

A man with a cap broke the papers .

(hitorind] _[boosi |\ [to hitorino}-s{otoko 7 somo
hitotuno kabuse de hitotuno ningen j\[
Llppikino futa o motta 1ppik1no

' : o tureta '

(kami kowasita
‘N shinbun yabutta
ronbun otta

kujiita
watta
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sentences, but unlike Russian-English translation, it is very difficult
to do so only by reading stiff Japanese in English-Japanese translation.

In the previous example (Fig.6.5.1), the translation words for
"the (SONO)", "a (1NO)" and "an (1NO)" appear very frequently and they
are hard to read because in ordinary Japanese such words seldon appear
except in special cases. It is very easy to erase such words from the
translated Japanese, namely, it is only necessary to give suqh words
(the, a, an) a blank word 1nsteéd of "SONO" and "I1NO" when a mechanical
dictionary is constructed.

Even in syntax-to-syntax translation, one-to-one correspondence
between the source language and the target ianguage is kept in the sense
that all words except particles in Japanese have their corresponding
English words, as in word-for-word translation. This comment is not
trivial, for in human translation one word does not necessarily corres-
pond to one word, but sometimes corresponds to more than two, or in=
versely many words may correspond to one word,

That is, schematically speaking, the

same domain can be segmented into

several sub-domains as in Fig.6.5.2.

In other w&rds, a set of words in

both languages correspond to each

other, and an English component word ' Fig. 6.5.2

does not necessarily éorrespond to a Japanese componént word, This is
one of the reasons why the results of mechanical translation from
English into Japanese is thought to be awkward, and also the translation
itself is difficult,. Furthermore; connective words which represent the
relation between phrases to be connected can not be adquately determin-

ed by the syntactic information only, this also contributes to the
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awkwardness of mechanical translation. Both results are compared in
the next sample, where human translation closely follows the original

structure of English.

English '; In order to make change in the logic structure, including
those changes which are required to create the file initially, a set

of requests is provided.

Machine translation ; - sono ronri koozoo no naka ni(no) henka o tukuru
tameni, hajimeni fairu o soozoosuru tameni hituyootoserareru sorera

henka o fukumitutu, yookyu no 1no kumi wa yooiserareru.

Human translation ; hajimeni fairu o tukuru noni yoosuru henko mo

fukumete, ronri koozoo o kaeru niwa, ichiren no situmon ga hituyoo to
naru.
The above example may not be suitable for explaining the awkwardness
of mechanical translation, But even if individual translation words
are adequate in that sentence, there are many cases where the transla-
tion is not understandable or stiff because relational words do not
reflect the relation between phrases or clauses, The suitable selection
of these words is tremendously difficult. In these foints there is a
negative possibility that mechanical translation can not be of practical
use, though syntactical analysis may be applied to other purposes, for

example, a question analysis in an information retrieval system.
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Chapter 7
CONCLUSION

The problem studied in this thesis was a mechanical translation of
English syntax into that of Japanese using a general-purpose digital
computer. The fundamental attitude is that both English and Japanese
are supposed to be phrase-structure in syntax, and classification of
part of speech, construction of rewriting rules, and parsing algorithm
were studied, based on the belief that the analysis of the source langu-
age must depend on the character of the target language.

It is doubtful, in the strict sense, that English and Japanese
have phrase-structure, but the hypothesis may be effective for the ordi-
nary scientific papers from the practical point of view., It is obvious,
however, that their structures are not context-free, and then they must
be treated as context-sensitive, but to store various kinds of contexts
or usage is not of practical use. Therefore, such information was
taken into consideration to make formally context-free rulesvpractically
context-sensitive. That is, character;stic features of English and
Japanese syntax should be reflected on the rewriting rules in some
aspecté: (1) in determining parts of speech or symbols for English words
and phrases, (2) in giving hierarchy to each rule, (3) in parsing the
structure from right to left. By these ruleé, analysis of the source
languége and synthesis of the target language can be easily performed.
As regards ambiguous structures, one of the possible cases is obtained.
In this case, it is a very important problem whether it is possible to
restrict the number of rules and also to unify the form of each rule,

that is, to limit the length n in o(,-o(;---o(m_—>g . It may te said
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that in knglish n can be 2, but in the case of English-Japanese trans-
lation, there apﬁear several cases which require n to be four,
Although it depends on the performance of the computer, to process the
rules of different length by the same algorithm needs extra time,
Therefore, the length.of rules must be made as short as possible, 1In
this paper the length was restricted to only two or three, ignoreing
some cases which need four. This restriction, however, was comparative-
ly satisfactory. But if the computer speed becomes faster, it is not .
necessary to limit the length. A
As for the hierarchy of rewriting rules, they were divided into
two major classes according to their grammatical function, and each
class was further divided into two sub-classes according to the length
of rules. Though there are only four classes, they are equivalent to
at least eight classes because they are repeatedly used by the parsing
algorithm. To tell the truth, it is desirable to set order to every
rule, but it may be rather wasteful. One of the problems is to know
whether there is a systematic method to classify rewriting rules into
several hierarchies. In natural languages, however, unlike in the
formal one, the hierarchy of rules can not be determined absolutely,
but it is only relatively determined, investigating'various real samples,
In this paper, the length of rules was limited to two or three,
and the hierarchies were also limited formally to four, ““The reason is
that the object of this thesis was to investigate what kind of syntactic
translation could be obtained in the most severe condition, therefore
if this condition is proved to be too severe, then it is gradually to
be loosened. It may be concluded that it is possible in outline to
analyze English syntactic structures and synthesize corresponding

Japanese structures by the method and dictionaries described in this
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paper, if several minor points are excluded. As for parts of speech,
however, they need to be classified into minor classes and their func-
tion must be more definitely determined in a given sentence. And fur-
ther, there were several immoderate cases which could not be treated
by such stiff context-free phrase-structure rules, and so a separate
treatment was sometimes necessary.

‘The characteristic points of this method are summed up as follows:

(1) This method is oriented to English-Japanese translation.

(2) Context-free rules are used according to their hierarchy.

(3) Right to left scanning is adopted in parsing, unlike in an

ordinary method,

(4) Program is independent of grammar,

(5) This is syntax-to-syntax translation.

Now, the reason why mechanical translation is difficult is consid-
ered below from the general aspect, though one reason was described in
section 6.5 from the syntactic point of view.

In the present state, only the information which the machine can
utilize is concerned with the functions in syntaceic structure, How-
ever, such information is not necessarily needed to understand the
sentence, but inversely it is determined by the contents of the sentence.
Therefore, to understand the contents of the sentence is most necessary,
but we can not give enopgh informations to the computer, Though vari-
ous kinds of information can be given partielly, they are too incomplete
for the computer to be able to associate a certain event with other
ones (association mechanism is the most important function of human
‘brain activity). Syntactic information treatpsurface relation of sub-
Jects, but it does not give mutual deep relation, as if it were a frame

of. cross word puzzle which provides mutual positions'of'words, but
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does not give the words themselves. When we perceive or think of some-
thing, such recognition may consist of several units of minimum meaning
which may be called semantic-element.
Namely, concept of a certain word (Wi)
is recognized as supperposed portion
of several unit concepts (Ci,Cj,Ck..).
Therefore, Wi and WJ which have the
common concept (Ci) will give us a
impression that they are mutualy

related, and when one of them

appears, the other one is associaﬁed
with it and both of them come to co-exist in our brain, because they

are connected by the rings of fundamental concepts. Then, is it possi-
ble to give the fundamental concept to the computer? The answer 1is
rather negative, because there exist no fixed concepts, but only rela-
tive concept exist which depends on the subject, just as no one measures
the distance between Earth and Venus down to the unit millimeter.
Therefore, it is practically impossible to provide all fundamental con-
cepts in advance taking all situations into consideration. Then, tak-
ing it the other way round, the concept (Ci) can be constructed by the
set of words (Wi, Wj...). ‘That is, a set of words which have the simi-
lar aspect when looked from a certain angle is thought to be a concept.
This concept can hot be fxpressed explicitly, but can be used through
the words belonging to the same group.v To do this, however, association
algorithm which constructs the word group of similar kind from the

given verbal data must be developed. Of courée some information other
than'samples of usage must be given directly, but the computer can

gradually get several groups of words., 1In this case, syntactic analysis
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is useful in investigating the positional relation among some words.

The syntactic analysié method, which is studied in this paper,
may aid several language processing systems, such as automatic abstract-
ing, contents analysis, sentence generation, and also man-machine

communication especially.in information retrieval,
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NN
PP
0T
PP
NN
3
«

v
NN
Pa
VL

-NN
P4

‘NN
AD
VA
oT

NN

LAD .

vv

DT

-TH

L 2 2

NN
DT
AJ
AJ

NN
NN
NN
NN
o
ot
AJ
RP
NN
AD
v
VL
VP
VH
ot

AD

VG .

VG
DT
P4

FREQ.
0825

0449
0270
o128
0096
0085
0075
0067
0061
0056
0052
0049
0047
0044
0039
0037

0035

© 0033

0031
0030
0026
0024
0023
0021

0020

CONNECTION

DT
PP
NN
»*x
*e
T0
* %
Ay
c1
VL
NN
NN
AD
VG
AD
NN
RA
x
AD
.
c1
VP
a1
oT

ve

APPENDIX

B

(Obtained from about 11,000 words)

TABLE OF PARTS OF SPEECH eses 2==~5YMBOL

NN
NN
VL
o7
1
v
PN
AJ
o1
DT

Pa
AJ
oT
PP
VA
NN
AD
VP
AD
aJ
AD
AD
AD

(B ]

FREQe
0759

0353
0205
0127
0095
0083
0074
0064
0058
0053
0052
0048
0046
0040
0039
0036°
0035
0032
0031
OOZ?
0026
0024
0023
0021
Q019

NN
NN
VL
NN

NN

NN

vv

NN
1
TUL
T0
PP

AJ

1o

PL

NN
vV
RP
AD
AJ

VA

PP
#* %
vP
c1
w
NN
VP
DT
PP
NN

AJ

0T
NN
d
10
VL
vP
aJ
ot
10
v
v
a1

vV

FREQ,
0676

0324
0201
0121
0093
0078
0072
0063
0057
0053
0050
0047
0045
0040
0038
0036
0034
0032
0030
0028
0025
6024_
0022
0021
0019

AJ
NN
vP
PN
vV
vP
NN

PP

‘vG

PN

vP
vL

NN

AY

TAY

e
P
AJ
HH

PN

vH

vG
AD

NN

NN

\AJ

PP

NN
0T
NN
T0
PN
NN
viL
T0

AD

vG

PP

PP
PP
Pa
AR

vL

A

PL

pp

AD

“AS

FREQe
0515

0299

014l
0105
0090
0or?
0068
0062
0057
0053
0049
o] 9
0045
0039
0038
0036
0033
vo31
0030
0027
0025
0023

0021

0021 -

0019

1-g xtpueddy



ve

N
L
a1
RP
NN
e
AS

’e
PN
ot

vv

V6

RA
AD

o

PN

*

EE

w

vL

pL

P4
NN
AJ
VA
vv
LT
AJ
AS

T0

A
PN
&)
VL
AD
VG
1
1
VL
TH

FREQ,
0018

0017
0015
0015
0014
0014
0013
0013
0012
0012
0012
0011
0011
0010
0019
0010
0010
0009
0008
0008
0008
0007
0007
0007

0006

CONNECTION

ve

Vv

70

AD

Py

AS
VL
AJ
g
P4
AS

Vv

c2

Vv
TH
PU
v
EE
ww
RP
N

PP

EE

AJ

LA

TABLE OF PARTS OF SPEECH eess 2-~SYMBOL

TH
AJ
Ad
T0

A\

o1
T0
AS
AJ
AJ

vp

PN

DT
v
NN
VL
AS
AJ
DT
VH
vpP
PP
vV
Id
€2

FREQ.
0018

0016

0015
0015
0014
0014
0013
0013
0012
0012
0012
0011
0011
0010
001n
0010
0009
0009
0008
0008
0008
0007
0007
0007

0006

bT’

pp

PN

Vh
NN

~S

[

AC
TH
N
I
Bp
AS

VL

. RP

M

VG

ur-

VL

PN

AD
PN
C1
}(

Vv

RA
RP
AJ
DT
™
AJ
HH
NN
vL
..
P4
AD
RA

.o

DY

CPN

o7
RA

PU

T AS

VH
PN
ot
T

FREQ,
0018

0016
0015
0014
0014
0014
0013
0013
0012
0012
0012
0011
oull
0010
0010
0010
0009

0009

0008

0008
0008
0007 °
000%
0006

0006

vV

vP

P4

TH

NN

AJ

NN’

'y

PP

X
vL
RA
AD
* %

.y

v

Vv

TH

Al

‘PN

Pn

PN

* %

Py

ve
VP

Vv

. RP

VG

Vv

- NN

PP

* %

wWw

1

FrEWQ.
0017

0015

0015

ObIQ
0014
0014
0013
0012
0012
0012
0011
0011
0nl10
0010
0010
0010
0009
[#1e]e1-)
0008
noda

0Qo7

© 0007

0007
0006

0006

2-4 xtpueddy



NN
DT
Ay
NN
AJ
PP
oT
NN

N

NN
o1
NN
10
AJ
NN
NN
NN
PP
NN
AJ
10
a
L
NN

PP
AJ
NN

PP

NN
NN
NN
NN
PP
(2]
NN

.

v

NN

NN

NN

L
DT
PP
NN
oT
pT
oT
P4

NN

NN

PP
NN
PP
PP
NN
NN
PN
o7
PP
DT
o7

NN
NN
NN
AJ
DT

NN
P
NN
PP
o1
DT

NN

NN

AJ

AJ
NN
NN
C1
AJ
C1
T0
* %
X3
NN
PP
NN
NN
NN

FREQ,

0093
0066
0Q49
0038
0033
0030
0027

0026

0025

0024
0023
0022
0021
0021
0020
0019.
0018
0017
0017
0016
0015
0015
0014
0014

NN
o7

. NN

DT
o7
NN
Vv

* %

*a
NN
AJ

NN

VL
DT
NN
Ny
PP
PP
AD
NN
Ay
PP

NN

CONNECTION
PP OT
NN PP
PP o7
AJ NN
NN NN
(( NN
DT AN
DT NN
NN NN
CcT AJ
NN * %
NN NN
2 PN
VP PP
v PP
NN NN
NN NN
VH PL

E DT NN
oT vP
PP DT
VL VP
PP DT
AJ NN
NN NN

TABLE OF PARTS OF

NN
DT
AJ
NN

Po

PP
PP
NN
NN
PN
*R
NN

DT

NN -

vL

VP
C1
NN
NN
P4
NN
PP

vL

FREG.
0161

0089
0062
0048
0038
0031
0029
0026
0025
0024
0024
0023
0022
0021
0020
0020
0019
0018
0017
ools
0016
0015
0015
0014
0014

PP

NN

NN -

NN
NN
DT

NN

PP

PP
NN
vL
AJ
NN

*

T

DT
oT
NN

AN

NN

X
NN
CT

SPEECH 4e4s 4=-=~5YMBOL

NN

oT

NN
NN
N
AN
X
AJ
NN
1

vP

AN

DT
AJ
NN

NN

v

VA

T

*n

DT
vL

NN

PP

W)

or
PP

* %

VL

TR

N

AJ

NN

VL

DI

vL
NN

PN

CAY

DT
<1

NN

NN

oT
o7
NN
NN
(X
NN
xR

NN

)
PP
Nh
NN
’e
VP
NN
vP
PP
vL
NN
NN

NN

FREG,
0099

0080
0061
0043
0037
0031
0029

0026

0025

0024
0024
0022
0022
0021

. 0o20

0020

0019

0618

0017
0016
0015
0015
0014
0014
0014

PP

pp

NN
‘vp

NN
NN
NN
NN
NN
NN
AJ

pp

W

D1

pp

Pa
Pp
NN
Ay
vv
NN
vP

NN

ot -
© 0T

PP

PP

NN

NN

NN

PP

(X

vL

NN
PP
AJ
DT
Cc1
o7

" NN

vi
NN
oT
NN

PP

NN -

NN
NN
AJ
DI
PP
vL
NN
NN
&
vP
NN
NN
2
NN
NN
D1
NN
NN
vP
PP
AJ
1
NN
AD

*?

N

PP

EhY

NN

“NN

VP

* %

T
PP
N

NN

PP

PP
#* %
Ay
NN
AN

NN

Ni

FREQ.
0094

0077 .

2059 -
0039
0037
003{
0028
1026
002%
0024
V024
0022
0021

‘0021

0020
0019
0018
0017
0017

0016

0015

0015
0014
0014

0013

¢-9 x7pueddy



vV
NN
bT
VL
PP
NN
NN
4
PP
NN
NN
A
"

vL

Pp

NN
NN
DT

P4
NN
NN
o7
AJ
w

NN
v

NN

VP

NN

* %

oT
o7
PP
NN
NN
c1
oT
PN

PP
AJ
PP
NN
PP
NN
AJ
AJ
10

PP
PP
PP
T0
*%
AJ
NN
NN
AJ
V6
VL
NN
oT
NN
NN
C1

NN

0T
NN
PN
P4
NN

NN

DT

oT
o7
PN
v
DT
NN
PP
PP
AJ
pT
o7
'
AJ
PP
*%
AD
VP
NN
NN

‘AJ

NN
vP
LR

NN

FREQ,.
0013

0013

0013

0012
0012
0012

0012

0012

o011
0011
0011
0011
0010
0010
0010
0010
0010
o010
0009
0009
0009
0009
0009
0009

0008

VL

NN
Ay
VA
PP
NN
NN
Ve
NN
NN
ot
AJ
vP
VG
PP
NN
NN

AJ

VV.

NN
NN
DT
DY

AD

VP

CONNECTION

oT

NN
~NN
vl
A
PP
a1
1.3 ]
.
‘PP
AJ
NN
10
DT
NN
vL
NN
NN
DT
vpP
PP
vp

AJ

PP

NN

113
vP
NN
NN
DT

bT

PP

NN

NN
NN
Vv
NN

* %

.AD

VP

NN

PP
NN
NN
NN
o7

NN

TABLE OF

NN
o1
DT
PP
VL
VL
NN
NN
or
a1

PP
o1
PP
PN
VP
VG
PP
NN
NN
V6
NN
VL
NN

PP

PARTS OF

FREQ.
0013

0013
0013
0012
0012
0012
0012
0011

0011

0011 .

0011
0011
0010
0010
0010

0010

0010 ~

0010
0009
0009
0009
0009
0009
0009

0008

PP

NN

vP

* %

- NN

NN
VP
NN
NN
<1
<
vP
* %
PP
NN
NN
o
VG
NN
NN
DT
Cl
.y

viL

SPEECH saee 4==SYMBOL

NN
NN
pp
PN
* %
NN
AN
PP
"
PP
o1
NN
pp
PN

AY

.10
a1

NN

oT

NN

NN

NN

VP

PP
* %
o1

vL

pp -

VL
NN
AJ
o1
or

AY

NN
1N
NN
Vv

NN

NN
PP
vp
NN
NN
NN

* %

NN
pP
AJ
vp
o1
AD
NN
AN

Al

VP

NN

X
vL
*%

DT

v
NN
NN
PP
vV

L33

NN

FREQ,
0013

0013
0012
o012
0012
ovl2
0012
0011
0011
0011
0011
0010
0010
0010
0010
0010
0010
0009
0009
0009
0009 .
0009
0009
0008

0008

NN
NN
vp
Pp
NN
NN
o1
VG
NN

NN

NN

NN

L1

PN

NN

P2

Ay

vL

Pa

]
* R
NN
NN
PP

viL

NN

NN
DT
vP

DT

*e
*
NN
NN
NN

RP
NN

AJ
NN
NN

AD

NN

NN

or’

D1

NN

vP

DT

DT

* R

NN

P4
NN
1
NN

AY

- VL
Vv

#* %

NN

NN

AJ

NN

NN

NN

NN

NN

“NN

PP

Ay
NN
PN
NN
DT
VL
NN

PP

NN,

NN

VP

ot
AD

Cw

vL

1
To

FREQ,
0013

0013
ootz
0012
0012
o012
0012

0011

0011
oo1l
ontl
0010

ao1n

0010

0010
0010
0010
0009
0009
0009
0009
0009
0009
0008

0008

f-g xTpuaddy



VG
PP
NN
NN

-

DT
C1

VH

#*#
PP
PP
NN
NN
Ay
AJ
.
VP
T0
PP
PP
PN
NN
NN
NN
NN

DT
DT
* %
NN
NN
NN
NN
PL
PP
NN

oT -

VG
C1

.10

Ay
PP
* R
VL
PN
OT
VL
VG
* %
PP
NN

AJ
NN

HH,

PP
NN

NN

VP

PN

NN

oT.

NN
o1
NN
AJ
NN

. ve

AY
RA
AD
PP

NN

"NN

NN

vP
VL
PN

P4

NN

PP

NN
NN
10

NN

NN
NN
NN
PP
PP
NN
NN

AY

‘o1

NN

v

FREQ,.
0008

0008
0008
0008
0008

0008

. oons

0007
0007

0007

0007

0007
0007
0007
0007
0006
0006
0006

.0006

0006
0006
0006
0006
0006

0006

10
PP

NN

NN

LT

© AS

T0

L2

pp

pp’

NN
oT
AJ
AD
’e
VL
T0

pp

PP

Ps

NN

NN

NN

NN

CONNECTION 'TABLE OF PARTS OF

DT
0T
PP
NN
NN
NN
vP
w
AD
NN
AJ
®R

NN

PP
NN
VP
oT
NN
o1
oT
10

NN

NN

AJ
NN
vP

NN
PP
NN
.
PP
NN
PN
.
* %
oT
NN
%* %
NN

NN

AJ

vv

PP

vv

NN

NN
AJ
NN
NN
PP
NN
NN
PP
o1
AJ
LR ]
Vv
'3
NN
AY
NN

or

NN
C1
vL

NN

NN

PN

PP

VH

FREQ.
0008

0008

0008

0008

0008

0008
0008
0007
0007
0007
0007

0007

‘0007

0007
0007
0006
0006
0006
0006
0006

0006

0006 °

0006 .

0006

0006

xR
P4
NN
NN
HH
DT
Ad
10
RP
PP
PN
NN
DT
AJ
AD

vv

“vL

* R

PP

PP

NN

NN

NN

NN

NN

SPEECH eeee 4=~SYMBOL

HH
0T
PP
NN
VL
AD

" NN

Vv
vv

NN

VL
NN
NN
AN
DT
PP
VP
NN
NN
Ay
e

70

VL
NN
P
Ay
D1
A
10
AJ
o1
NN
vp
NN

PP

VH

NN

DT
NN
DT
NN
NN

NN

Vv

NN
NN
Ci
TH
[
RP
VG
pp
NN
NN
NN
vV
NN
Vv
VP

oT

PL

C1

FREQ,
0008

0008
0008

ouos

-0008

0008
0008
0007
0007
0007
0007
0007
0007
0007
0007
0006
0006
0006

0006

0006

- 0006

0006
0006.
0006

0006

PP

NN

NN -

o1

<

LE S

PP

PP
NN
NN
o7
Ay
AD

vv

10

PP
PP
NN
NN
NN
NN

NN

NN
VL
NN
NN
NN
NN

NN

RP
NN

vv

NN
NN
DT
AD
vV
DT
o1
AJ
vl
10
PP

NN

vt
vP
xR
PP
AR

NN

NN
D1
1

NN

NN

NN
C1
NN
PP
D1
NN
Vo
AJ
AD
NN
VG
10

E3 ]

vP
X
P4y
NN
DT
NN
)
n
NN
NN

PP

RP
NN
NN
o7
Ay
vv
NN
NN
AJ
NN
NN
NN

oT

rReQ,
0008

nooe
0008
0008
oons
0008
00907
0007
won?
0oo7
onov
0007
0Ga7?
a7
0007
0006
Qo006
0006
0006
0006
0006
0006
0006
boob

0006

¢-g xtpueddy
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