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FOREWORD

This book gives an account of the problem of
automatic translation from one language to another,
and of some results of the work being done in this
direction in the Institute of Precise Mechanics and
Computing Technique and in the Institute of Scient-
ific Information of the U.S.S.R. Academy of Sciences.

This work was begun in January 1955; at the end
of 1955 the first experiments were made in transla-
tion of scientific and technical material from
English into Russian, using the BESM electronic comp-
uter of the U.S.S.R. Academy of Sciences.

The philological part of the problem was worked
out by I.K.Bel'skaya, and questions of programme
planning and coding by I.S.Mukhin, L.N.Korolev, S.N.
Razumovsky, N.P.Trifonov and G.P.Zelenkevich.

The first edition of this book appeared at the
beginning of 1956. During the time which has since
elapsed a great amount of work has been done in the
field of automatic translation in the Institute of
Precise Mechanics and Computing Technique of the
U.S.S.R. Academy of Sciences, and in other institut-
ions also. The present edition has been enlarged to
give information on some new results. In the period
just past different points of view have appeared on
the principles which should be made the basis of
machine translation, and on the scientific problems
connected therewith. Mention is made in this book
of these controversial matters as well.

D.Y.Panov.



1.INTRODUCTION

The idea of automatic translation is not new.
For a long time there have been in existence devic-
es for whose use no knowledge of the foreign lan-
guage 1s required. Such are the various 'phrase
books' and special dictionaries intended for travel-
lers arriving in a foreign country and unable to
make themselves understood in any other way. In
dictionaries of this kind translations are given
into another language of a certain number of words
and common expressions, and it is an essential point
here that the translation is always unambiguous.
This spares the person using the dictionary any men-
tal effort whatsoever, and enables him to find the
word or expression needed automatically, so long as
he is able to read it.

With the help of such phrase books it is easy
to learn that the Russian phrase 'mo cBumaHbsa'
will be translated into French as 'au revoir',
into German as 'auf Wiedersehen', into Finnish as
'Nakemaa asti' , and so on.

It is however obvious that translation of this
kind cannot satisfy us in many instances, even in
some very simple ones. If, for example, we wish to
indicate the English equivalent of the Russian ex-
pression 'mo cBumanbsa', then we shall have to give
two expressions - 'good-bye' and 'bye-bye' -
which are used by English people according to circ-
umstances difficult to explain in the dictionary.
Moreover it is highly characteristic of a living
language that it uses different words to describe
one and the same concept, and equally characteristic
that several varying meanings are given to one and
the same word. This explains the uselessness in
practice of such very simple 'automatic translators'
as 'phrase books' and similar publications.

One may however ask - Cannot some more perfect



system of translation be devised to cover the even-
tualities arising in the translation of a foreign
text, at least of a not too difficult one to start
with? Cannot dictionaries and rules for translation
be worked out which would take into account all the
structural peculiarities of a given sentence and
make it possible to establish without ambiguity the
sense of the words composing it and their inter-
relation in the text? In short, cannot rules for
automatic translation be elaborated which would make
it possible for a translation to be executed, on
condition that the rules be punctiliously observed,
by a person who does not know the language concern-
ed and can only read its letters? As it happens,
this can be done. And if this can be done, then

one can obviously hope to make the translation quite
automatically, without any human participation, using
programme-directed machines such as those, for
instance, which automatically carry out highly com-
plex computations.

At first glance the assertion that it is poss-
ible to elaborate rules for automatic translation
appears incredible. But if a little thought be giv-
en to this problem, it is easy to understand that
there is nothing impossible about it. After all, a
language is a definite system in which ideas and
concepts must of necessity find a material express-
ion. The different meanings of words, and likewise
any changes in the meaning of words, are reflected
in the language materially by the media of vocabul-
ary and grammar. In a language there are no words
which mean nothing (unless they have been specially
invented), and there can be no content which
does not find its reflection in an order of words
and their mutual connection.

If it were otherwise, the language would not be
able to fulfil its basic function - to be a means
of communication between people; it would be imposs-
ible to convey one's meaning to another person by
its means. And since each one of us knows from his
own experience that this happens continuously and
that in conversation and when reading we distinguish
exceedingly fine shades of meaning expressed in
words - then clearly some material means must exist
which would enable us to distinguish those words in
some definite, objective way.



It seems that the first attempt, chronologically
speaking, to mechanise translation to some extent
was made in 1933 by P.P. Troyansky. He proposed
the construction of a 'machine for the selection
and printing of words while translating from one
language into another or into several others simul-
taneously.' For this invention P.P.Troyansky recei-
ved an author's certificate (Fig.l), but at the
time he did not succeed in carrying his project
through. This is understandable, since at that time
automatic installations suitable for the purpose
had not yet been created.
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In recent years, in connection with the enormous
successes achieved in devising programme-directed
automatic electronic computers, the idea of autom-
atic translation has acquired particular interest
for scientists. In 1948-49 British and American
scientists discussed the question of whether it was
possible to translate automatically from one langu-
age to another by means of electronic computers
(Ref. 1, pp. 2-3). In various scientific institut-
ions in Britain and the U.S.A. work in this direct-
ion was begun in the years 1950-51. On January 7,
1954, in the New York office of the International
Business Machines Corporation, the first public
demonstration was made of machine translation from
Russian to English by means of that firm's computer
IBM-701 (Ref. 2). A special dictionary consisting
of 250 Russian words written in Latin characters was
prepared for the test. The words were selected in
such a way that each of them had one, or at the most,
two meanings in English. The dictionary included,



besides words, some case endings as well. For some
words only the root was included, while some words
were given in full, even the personal endings in
the case of verbs, or in the plural. Table 1 shows
an extract from this dictionary.

Besides the meaning in English, the dictionary
also gives for each word three code numbers, used
for directing the work of the machine. Very simple
Russian phrases consisting of words included in the
dictionary were taken for translation. Six syntact-
ical rules were also worked out, which ensured a
correct translation through code numbers. Using
these rules and the dictionary one could translate
phrases such as 'BejguumHa yrja onpenesysgeTCsa OTHOI-
eHyeM IOJMHE OyTu kK panuyc'. Table 2 shows words
and parts of words corresponding to those in the
phrase, as given in the glossary, with indication of
their equivalents in English, the guiding codes and
the rules applied.

A formal application of the rules makes it poss-
ible to obtain automatically the translation: "mag-
nitude of angle is determined by the relation of
length of arc to radius."

For automatic translation the dictionary was
first copied on to punch-cards of the type used in
machine accounting installations, then inserted into
the machine and recorded on a magnetic drum in the
same way as a recording is made on magnetic tape in
a tape recorder. A special programme was worked out
containing about 2,400 instructions for the direct-
ion of the machine. The programme was then likewise
inserted into the machine, after which the sentences
to be translated were punched on cards and inserted.
After an interval the machine automatically printed
the translation in its output unit.

The report on the tests quotes examples of tran-
slations, which are shown in Table 3.

The International Business Machines experiment
evoked immense interest all over the world. The
numerous comments published in general and special-
ised journals, however, indicated that the experim-
ent had been undertaken in pursuit of publicity
rather than of scientific aims, and that it would be



TABLE 1

TAKEN FROM DICTIONARY

English equiv. Codes
Russian words I II I II IIT
K to for 121 XXX 23
KMcJjiopon— oxygen XXX XXX XXX XX
JIMIEeHV — deprival XXX XXX 222 XX
MaTepran- material XXX XXX | XXX XX
MBI we XXX XXX XXX 23
MBICJIN thoughts XXX XXX XXX XX
MHOT'— many XXX XXX XXX XX
Menb copper XXX XXX | XXX 21
MeCcT place site 151 XXX 23
MexXaHUUEeCK— mechanical XXX XXX 242 XX
MexIyHaponH- lnternational XXX XXX XXX XX
Ha on for 121 XXX 23
HalaoeHu— attack attacks 121 XXX XX
HaykKa a science XXX 121 242 XX
obpaboTka processing XXX XXX | XXX XX
0OBEeKT objective objectives 121 XXX XX
oduiiepan officer the officer XXX XXX | XX
-0oT0 of XXX 131 XXX 23
—OM by XXX 131 XXX XX
ompenesseT determines XXX XXX| XXX XX
onpenensercsa [s determined XXX XXX | XXX XX
ONTUYECK— optical XXX XXX | XXX | XX
opyInHEe gun XXX XXX 241 XX
oTImes— section XXX XXX | XXX | XX
oTIesIeHE division squad 121 242 XX
OTHOLEHME ~ relation the relation 151 | XXX XX

hard to rely upon practical results in the immediate
future. The majority of scientists were agreed that
what was first required was work on questions con-
nected with the translation of scientific and tech-
nical texts, in particular the compilation of

specialised dictionaries for each branch of technic-
al science.

Articles published noted the great difficulties
connected with automatic translation. It was pointed
out that the programme directing the work of the



machine was extremely complicated; even for the
translation of the simplest phrases a programme was
required embodying considerably more instructions
than were required for the solution of complex mathe-
matical problems. Many scientific workers drew
attention to the size of the dictionary needed for
automatic translation, indicating that in modern
German, for example, there are about 400,000 words,
and that this makes impossible demands on the extent
of the dictionary. On the other hand, however, it
was noted that in 90 per cent of cases only 5,000 of
these words are used (Ref. 3). The extent of the
dictionaries needed for specialised subject-matter
was estimated in the case of English at 1,000 words
of a general nature and 1,000 specialised terms (Ref.
4). But in the opinion of most scientific workers

a dictionary of this size is still impossible to use
as yet, and for this reason it is not so far possible
to undertake the translation even of specialised
scientific books, still less that of works of liter-
ature .

TABLE 2
English equiv. Codes
Russian Rule
words I II I II IIT [used
BeJIMUMHA magnitude XXX |XXX| XX 6
yTII- coal angle 121 XXX 25 2
-a of 131 222 25 3
Onpenensercsa is determined XXX |XXX| XX 6
OTHOUEHV— relation the relation 151 | XXX|[ XX 5
-eM by 131 XXX XX 3
OJIMH— length XXX [XXX]| XX 6
-m* of 131 |XXX 25 3
oyr— arc XXX XXX XX 6
n- of 131 [XXX 25 3
K to 121 XXX 23 2
pammuyc— radius XXX 221 XX 6
-y to 131 XXX XX 3

*No distinction between b and H.

It is quite clear that the translation of
colloquial speech or of a literary work presents
considerably greater difficulty than that of scien-
tific material. It is not merely a matter of vocab-
ulary nor even of special expressions (idioms) which
cannot be translated according to the usual grammat-
ical rules, but must be replaced by an expression in




the other language which is equivalent to it in
meaning (e.g. the English greeting "How do you do",
etc.). From the material that follows it will
become clear that such idioms can without difficulty
be included in the vocabulary in the same way as
separate words. The difficulties arise over the
fact that in works of literature the sentences are
sometimes very intimately bound up with the very
nature of the language, and have their roots deep
in the life and habits of the people. When a trans-
lation is made which takes into account all these
considerations, it evokes in the reader thoughts
and associations more or less corresponding to what
the author of the text translated had in mind.

Gogol ends his story "The Nose" like this: "..A
OOHAaKO Xe, IIpM BCeM TOM, XOTHA, KOHEYHO, MOXHO IOOIIyC-—
TUTL M TO, U IOPYyTroe, M TpeThbe, MOXEeT Jaxe... HYy Ia u
TIe X He ObIBAaeT HeCoOOpasHOCTEeM? — A BCe OIHAKO Xe,
KakK I[IOopasMBC/MIEL, BO BCEM 2TOM, NIPaBO, €CTb UTO-TO.
KTo 4uTO HM TOBOPM, a NOIXOOHHE MNPOUCIECTBUS OBBAKT Ha
cBeTe; penxKo, HO OwBanT".

In these phrases there is no single word that
would not have its equivalent in English. It is
possible without especial difficulty to put together
combinations of English words, each of which will
correspond to the appropriate Russian word and which
will bear the appropriate grammatical relationships
one to the other. One can be sure, though, that in
such a formal translation these phrases will be
completely incomprehensible to an English reader,
and in order to convey in English the import of the
passage quoted, one would have to do something quite
different - in effect, one would have to re-write
it as an English text which would convey with a
greater or lesser degree of fidelity the content of
Gogol's words. To make a translation of this kind
by machine is, of course, a problem of exceptional
complexity.

It would seem that it will not soon be possible
to use machines for the automatic translation of
literary works. But besides the translation of 1lit-
erature there are other questions requiring a
solution. The scientists of all countries are faced
with the immense task of making themselves familiar
with scientific literature in other languages, and
this is a task that we can undoubtedly hope to



master with the help of automatic translation.

The

first steps in this direction have already been taken
and real progress in this field can be looked for

in the next few years.

TABLE

Russian phrase

Machine Translation

KauecTBO yrua omnpenesi—
geTcsa KaJIOPUMHOCTHIO.

KpaxMmasn BrelpabaTeEBaeT—
CAa MeXaHMUYeCKUM IIyTeM
n3 kaprobdpens.

ObpaboTka MIOBHUIAET
KayecTBO HedTHU.

ﬂMHaMMT HpMPOTOBHHeT—
Csa XVMMMUYECKMM IIpOollec—
COM M3 HUTPOTJIMIIEPMHA
C TIpPVMEHEHMVEM MHEPTHHX
COenMHEeHUN .

MexnyHapOoOHOE [IOHMMAaH-—
Ve ABJISeTCS BaXHEIM
GaKTOPOM B peEleHUMU
IIOJIMTNYECKNMX BOIIPOCOB.

The quality of coal is
determined by calory con-
tent.

Starch is produced by
mechanical methods from
potatoes.

Processing improves the
quality of crude oil.

Dynamite is prepared by
chemical process from nitro-
glycerine with admixture of
inert compounds.

International understand-
ing constitutes an import-
and factor in decision of
political questions.




2. THE TECHNIQUE OF ORDINARY
TRANSLATION

In order to gain a clearer idea of how auto-
matic translation must proceed, let us consider in
some detail what a translator does when translating
an ordinary scientific or technical text of medium
difficulty, without pretensions to literary merit.
In so doing we shall try to note very small details
of the translation process which usually pass
unnoticed.

Let us suppose that the translator is to some
extent familiar with the language from which he is
translating - English, say. Let us assume that he
knows the rules of grammar and has in his memory a
number of "key" words, i.e., of the kind which appear
as signposts in the sentence, as it were, enabling
one to make a quick assessment of its structure and
to determine what syntactical functions are per-
formed in it by different words. Some "key" words of
this kind are the pronouns, prepositions and verbs,
and some other words; the translator must remember
a sufficient number of them if the process of trans-
lation is not to advance too slowly.

Before starting to translate, the translator
reads a phrase and, using the words he remembers and
some grammatical rules, determines the structure of
the phrase just read.

By way of example, let us take any piece of
scientific or technical text (Fig. 2).

Let us consider the process of translating one
phrase. "All these operations can be done almost
automatically by punch-card machines". (2,1.)

Reading this phrase, the translator easily
establishes that the words can and be are the verbs
and form part of the predicate. Translating these
words as "can be", the translator then easily finds

9



For example, in a life insurance company, much routine handling
of information about insurance policies is necessary:

Writing information on newly issued policies.

Setting up policy-history cards.

Making out notices of premiums due.

Making registers of policies in force, lapsed, died, etc., for
purposes of valuation as required by law or good man-
agement.

Calculating and tabulating premium rates, dividend rates,
reserve factors, etc.

Computing and tabulating expected and actual death rates;
and much more.

All these operations can be done almost automatically by punch-
card machines.

49

Fig. 2.

the subject, which is clearly All these operations.

Let us suppose that the translator, who is an
engineer and has by this time forgotten some of his
English, knows such words as all, operations, auto-
matically, machines (he knows the word all from the
expression 'all right', and the others are compre-
hensible from analogous words in Russian). He can
then produce the following outline for a translated
sentence - 'Bce these onepaumm mMoryT OBTBH done
almost aeTomMaTMuecku by punch-card mammube'. (2,2)

Using the word by also, the translator forms the
instrumental case from the nominative mammuer thus
getting mammHamMm and omitting the word by. Then he
begins looking in the dictionary, since the mental
'dictionary' of words he remembers is no longer
sufficient. The word almost is easy; it has only
one meaning - noutrm . The word these likewise does
not cause especial difficulty, since the dictionary's
reference back to this provides the meaning needed.
Done has a very large number of meanings (Fig. 3);
in the given case the most suitable is provided by
the verb do. If the translator is not very good at
English he will have a bad time here, because the
different variations on the word do take up two whole
columns in the dictionary (Fig. 4). By using the
structure of the phrase which he has already deter-

10



mined, the translator will in all probability pick
out the first meaning given, here the correct one;
but the chances are that he will use the verb
mejaTb instead of BHIIOJHATH.

The word punch-card is as a rule not found in
dictionaries, and if the translator is not a special-
ist on computing machines he will have a painful
mental search for connections between the words
LUHPSBUTEH, KapTa and mammHa. After some fruitless
cogitation he will write down his translation like
this 'Bce »TM omnepauuy MOTYT OBTbL CIEJIaHE [IOYUTU
aBTOMaTMUecku punch-card mMammHamm' (2,3)

After a little more thought, taking into
account the preceding text, the translator will
probably make one more correction and re-write the
phrase like this - 'Bce »Tu onepauum MOI'yT OBITH
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*| dizziness [“dexinis] n romomoxpymé-

AMe,

dizzy ['diz1] 1. @ 1} uyscreyromuh ro-
noeokpyxéuwe; I am d. y news ro-
okl xgymcrcs: 2} roncEOKpYMH-
TeALHEA; 2, ¢ BUSEEATE MOTOBOKFY-
WERHE; ORIEAOMAKT L.

do 1 |du (noanns Popaa); du, ds,
& (pedyyuposannwe gopas)] o (did,
dahe) )y maénath, BunonndATh: to
do one’s work zéaats ceoir pabéry;
to do lecluring wutate aékumn: lo
do a snm pewdTb ApHPMETAYECKY N
sanjuy, whai is done cannot be un-
done nceos. CAEAABKGrO Ee Bopd
Taine; to do one's best (si. one's
damnedest) oe waldte yodawit, caé-
naTe Bed OT cefid  mmblcAwes, 2]
yerpduears, mparorobadts; to do
cne’'s hait npuakcwsatsical;, to do
one's correspondence muciTe NdAcemMa
¥ OTHEUATL WA MACEMAL
room yOApaTe kdmuary
uiTh; Lo do hwm apes
to do one goid OulTe
WaTH Ba ndaeay; 4
to do homage ordausar
1o do juslice moapanis
3) ocmirpragre (Focmon

Peg. 4.

do in this soll uperss ne Byayr pacri
Ha $1odl ndwae; |2) KowwATh, 3aKhn.
wusaTE (x dopaax perfecty: | have
done with my work = wbHemn ceon
pagéry; lei vs have dome with it
TICESHWRM ¢ STHW, ocTARWM $T0;
13) & xavecmie ScnOMc2GRT, EAGZOAR
£ OMPURAMm. & gonpocum. opmOx
presend w past indefinite: 1 do not
speak French A ke rosopir no-
~£pauu§scuk: ke did nol see me on
Mend we piden; did not you see mep
paase pu MeRfd we mizean?; do you
smoke? pu RypAted; 14) dax pruse.
dua: do come noxdnyficra, nprxo-
akre; | did say so and | do say now
Az, A 570 cxa’dAA B elE p23 RGBETO-
prw; 153 xax sauena Jpyroso sagzosa
80 WS OHNE 820 AOIMOPENUR: he
works as much as you do (=work)
on patdrast ¢TORBKG Me, CKdobKO
B pul; he likes bathing and sa do 1
OH JIOBNT KYynETecn kA Tome: 16)
npn uwerpeo: well do 1 remember
11 R XOpOUIo $T0 DéMRID, ¢ RPpE R ROT.
H mapew: do again nepenénn-
aare; do away whh yhEweTomdTs;
paszénateen; this old custom s
dane awey with Sror crépull obu-
waft yuusrdmen; he did away with
himself on noubwura ¢ cobbh; do
by oGpawmdtscs; de as you wonld
be gore by nocTyrdh ¢ apyrimig
TaK, K&K TH xGTén S8, wrSOH AocTy-
n§an ¢ ToGdh; do down pade. moboe
POTE, NPe0ROTENL, BIRTH BLPX; NOJ
yHaiTh clié; do tor a'), {HCIRGpT ]
6} ry6iTh, ySwpits; he iy dore for
¢ RHM Tokdrdeno; B) 2260THTRCR,
npHcMATPHEATS; o do fer oneself
ofixoaiTicR  Sez  pocrepdrwel  na-
o In si. a) obmanyre; 5}
noryfiTe; B) pASPYUINTA]
TOMHTE: A} oACNETH; nobe-
eTRadwid; do inte nepesc-
i info English nepeseaerd
fRewad (asux); do off a)
&) aa. pEapEAHTE, OTES-
peropdarod); do on nage-
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BBEIIIOJIHEHBl NOUTM abBToMaTuuecku' punch-card 'mammHamm'

(2,4)
having changed the meaning of the verb do and
selected the one (carried out) which is most
suitable in the Russian language to the nature of
the text.

And lastly, it is wvery probable that he will

re-write the phrase again like this - 'Bce sTm
onepauuM MOTYT OBITH BHIIOJIHEHH punch-card mammHamm
[IOUTM aBToOMaTHUUecKu'. (2,5)

If our imaginary translator is a really
ingenious individual, he may possibly now replace
the English words punch-card by the 'Russian'
nanu-kapn, after which it becomes immediately
possible to make the phrase 'look Russian', like
this - 'Bce sTu omnepauuy MOT'YT OBITH BBIIIOJIHEHH
IaHY-Kapld MallMHaMM [IOYTM aBToMaTHUUeCKu'. (2,06)

Technical literature has also been enriched
thereby through the introduction of a new term.
It would seem that this is indeed the way in which
our technical literature has acquired a plethora
of such words as XOHMHI', pPUbAVHMHT, CylIepduHMIl etc.
(Trans. note: English words 'honing', 'refining',
'superfinish', transliterated into Russian).

It is of course also possible that the trans-
lator knows the subject and can find the correct
Russian term without difficulty. In this case the

phrase will assume this final form - 'Bce atm
ornepauuy MOTYT OBITH BBIIOJIHEHH CUETHO- aHaJMUTUUeCKUMU
MallMHaAMM IIOUTM aBTOMaTUMUEeCKM'. (2,7)

Now let us consider in order the operations
performed by our translator in the process of trans-
lating. They may be described as follows (Table 4):

13



TABLE 4

No. of Content of Example
operation operation

1 Reading of English Reading of
phrase to be trans- phrase (2,1)
lated.

2 Comparison of all Translation of
words of phrase with words can, be,
words remembered by operations, auto-
translator, and matically,
extraction of those machines in phrase
which coincide. Deter4q (2,1), and deter-
mination of meanings mination of their
and elucidation of grammatical
certain of their characteristics:
grammatical charact- | can - verb; be -
eristics verb, infinitive;

all - pronoun;
operations - noun,
feminine gender,
plural; automatic-
ally - adverb;
machines - noun,
feminine gender,
plural.

3 Elucidation of Elucidation of

additional grammat-
ical characteristics
of words extracted
under 2 by comparison
of these with one
another and with
remaining words of
phrase

14

following addit-
ional character-
istics: can -
3rd person,
plural, indic-
ative (compar-
ison with opera-
tions); machines
instrumental
case (comparison
with by); oper-
ations - nomin-
ative case (as
subject) .




No. of
operation

4

TABLE 4 - concluded

Content of
operation Example

Search for remaining
words in dictionary,
determination of their
meanings and grammatic-
al characteristics.

a)direct determination Search for and
of unambiguous words translation of
word almost -
adverb.
b) finding words with Search for words
back references. These,done; ref-
erence to this,do.
c) selecting meaning These - pronoun,
for words which have plural; done -
several by compar- participle; do -
ison with other mejlaTb (compar-
words in phrase. ison with opera-
tions and machines,
done - cneJiaHB

Rejection of words not Rejection of word
to figure in transla- by, after use
tion under 3

Composition of Russian Composition of
phrase from Russian phrase (2, 3)
words found under 2 and

4, to correspond to

grammatical character-

istics determined under

2 and 3.

Indication of words Note of word
outside limits of punch-card in
dictionary used, in phrase (2, 3)

order to define them
by other means

Editing to improve Production of
Russian phrase phrases (2,4),
(2,5), (2,7).

15



3. MECHANICAL TRANSLATION OF
SCIENTIFIC AND TECHNICAL MATERIAL

Scientific and technical texts have a number
of special characteristics. The most important of
these are the following:

1. A comparatively small number of words is
used. As has already been indicated, the number of
words needed in a vocabulary for translating
scientific and technical material has been estimated
at 1,000 words of a general nature and 1,000
specialised terms for the field of work concerned

(Ref.4)

2. The number of possible meanings for words
with multiple connotation is very sharply reduced
when one is dealing with a scientific or technical
text. The word consider, for instance, which in
general can mean 'paccMaTpuBaThL, PACCYXIaThb, pas3-—
MBIIJIATE, YBaxXaTb, IIOYMTaThb, IIPMHVMMaATbL 3a, I1oJilar'aTb.
in a scientific text has only one meaning -
'paccMmaTpuBaTh ' .

3. The structure of the sentence is as a rule
simpler in a scientific or technical text than in
other forms of writing. In a Russian scientific
text, for instance, many forms of the verb are in
practice not used at all (the imperative mood, the
first person singular and the second person singular
and plural of the present and future tenses).

The order of words in the sentence is more
standardised than in colloquial speech or literary
prose. A count made by American workers, for
example, showed that in only 1 case out of 1,469 did
a noun stand before its adjective in Russian
scientific texts (1, p.68), while in conversation
the reverse order is often used ('uejyorek xopoumi',
'opyr Muiemt', etc.).

Obviously, it is much easier under these
circumstances to formulate the rules to be acted
upon in automatic translation.

16



Let us see which of the operations performed
by a translator and listed in Table 4 could be
performed automatically.

Operation 1 (Table 4) can easily be mechanised,
if the phrase is written down in an appropriate
manner, punched out in holes, for instance, as is
done on teletape. A machine can then 'read' it.

Operations 2 and 4 can be mechanised if the
dictionary is 'recorded' in some way inside the
machine and the words fed into the machine can be
compared with those in this dictionary. The
matter will be quite simple for such words as
almost, for instance, which do not change their
form and have only one meaning. With words having
many meanings and forms the situation is consider-
ably more complex, but it will be shown below how
the difficulties which arise here can be overcome.

Operations 3 and 5 are rather more complicated
to mechanise, and the main task of the philologist
working on mechanisation of translation is the
compilation of schemes for the execution of these
particular operations.

Nevertheless this can also be done, at least
for a particular type of text.

Operation 6 can be mechanised without any
great difficulty, since by working to quite
definite rules, it is possible to compose a correct
Russian sentence from words whose grammatical
characteristics and place in the sentence are known.

Operation 7 presents no difficulties, and
operation 8 really belongs to the sphere of literary
editing and will not be dealt with here for the time
being.

Thus all the operations performed by a trans-
lator can be fitted into a system of rules that
allows of automatic functioning. But both the
degree of complexity of these rules and the extent
of the dictionary will vary for different types of
text. It is natural to start with the simplest
form, scientific and technical text.

17



A general scheme for automatic

shown in Fig.

5.

Introduction
English
Text

Anglysis
English
Text

Synthesia
Russlan
Text

Emipzion
Ruaeian
Text

Fig. 5.
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4. ELECTRONIC COMPUTERS
AND THEIR USE FOR AUTOMATIC TRANSLATION

We have seen that for the automatic execution
of the translating operations indicated in Table 4
there must be a dictionary recorded inside the
machine and it must be possible to compare the
words fed into the machine with the words included
in the dictionary. Determining the meaning of a
word and its grammatical characteristics calls for
the elucidation of the nature of many words in the
phrase, and a very large number of comparing oper-
ations is therefore required - hundreds and
thousands of them in order to determine the meaning
of one word alone. To do this in a short time, the
machine must work very rapidly. The speed of the
machine will in any case be such that there will be
no time to direct it by ordinary methods; the
machine must have automatic direction, programme
direction at that, since it will have to execute
further actions according to the results of the
preceding ones.
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There are already in existence machines with
such properties. These are what are known as
electronic computers, which perform at immense speed
(several thousand operations per second) arithmet-
ical calculations according to a complex previously-
prepared programme, and provide the answers to highly
complicated mathematical problems. Fig. 6 shows
one of these machines - the BESM high-speed
electronic computer of the U.S.S.R. Academy of
Sciences, planned and built under the direction of
Academician S.A.Lebedev.

Input -
Unit Infor-
mation Arith-
storage metical
unit unit

I

Gontrol Unit

utput
Unit

Fig.7.

An electronic digital computer consists of a
complex system of interconnected electronic elements
including several thousand valves, the principal
units within the machine being the following:

1) input unit, 2) information storage unit (the
store), 3) arithmetic unit, 4) control unit, and 5)
output unit (Fig. 7).
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The input unit is that into which are fed the
data - numbers and instructions - needed for the
work of the machine. Both numbers and instructions
are introduced in coded form, by means of perforated
tape (Fig.8). When a machine is used for trans-
lating, one can in the same manner feed in the
letters making up the words and the instructions
which tell the machine what it is to do with these
letters, if what is known as numerical code 1s used
for the recording of the letters.

FEach letter of the Latin alphabet being
replaced by a particular two-digit number, each
word of the English text can be recorded in numer-
ical form.

Fig. 8.

If the letters of the Latin alphabet be repre-
sented by means of the well-known Baudot telegraphic
code, the numbers corresponding to them will be as
follows (Table 5):

TABLE 5
Letter| Number [Letter] Number| Letter |Number |Letter| Number
a 16 i 12 q 23 N 04
b 06 Jj 18 r 07 Z 25
c 22 k 19 s 05
d 30 1 27 t 21 00
e 08 m 11 u 20 . 31
f 14 n 15 v 29 , 03
g 10 o) 28 % 13
h 26 P 24 X 09

Once such a system of recording the letters
has been decided on, any English word can be
replaced by a number.

The words the equations, therefore, method, for
instance, will be represented by the following
figures:
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the 21-26-08 = 212608;

equations 08-23-20-16-21-12-28-15-05

082320162112281505;
therefore 21-26-08-07-08-14-28-07-08 =
212608070814280708
method 11-08-21-26-28-30 =
110821262830

The words included in the dictionary are
recorded in the storage unit using the same system.
The main store is what is known as a magnetic drum
- a metal revolving drum whose surface is covered
with the same material as is used for coating the
tape of an ordinary tape-recorder (Fig. 9).

Fig. 9.

Figures, instructions and letters are recorded
on this surface, using the same code as on perfor-
ated tape; the only difference being that with
perforated tape holes are punched, while on a
magnetic drum magnetised spots are made, the record-
ing in the latter case being much more closely
spaced. The whole surface of the drum is divided
into separate sections or 'locations' (Fig.10),
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each of which has its own number. This number is
called the 'address' of that location. It is by
this address that the location containing a certain
word can be found.

The looking-up of words in the dictionary is
easily done by a comparing operation which the
electronic computer executes. This process may be
visualised in a simplified way as follows. Suppose
that from all the figures which represent the words
in the dictionary, one after the other, be sub-
tracted one and the same figure, corresponding to
the word in the text whose meaning we wish to
determine. When the remainder after such a sub-
traction is zero, our search is over: the number
in the dictionary which corresponds exactly to the
figure being subtracted has been found, therefore
the word needed has been found in the dictionary.

Fig. 10.

The words found in the dictionary are
recorded in the storage unit of the machine in the
form and order dictated by the programme, which
takes into account the requirements of grammar.

When all the requirements of the programme
concerning alteration and rearrangement of words
have been met, those words are printed by the
output unit in Russian letters corresponding to
figures found in the Russian section of the
dictionary, with the required case-endings etc.
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5. THE AUTOMATIC DICTIONARY

Words which have only one meaning are easily
translated from the dictionary, if the way in which
they are written coincides exactly with that in
which they appear in the dictionary.

Matters are considerably more complicated when
words have many meanings. In this case one meaning
out of the many possibilities must be chosen, which
is the biggest difficulty in using a dictionary of
the ordinary sort. The word do, for example, has
numerous meanings (Fig. 4).

In order to pick out one of these, one must
know the language very well, i.e., one must know in
what combinations with what other words do will
have this or that meaning. But the fact that the
meaning of such a word depends upon the words
surrounding it, while causing difficulty in trans-
lation, at the same time indicates the way to over-
come the difficulty: in order to establish the
needed meaning of a word which has many meanings,
the words surrounding it must be analysed, attention
must be paid to what words stand before it and what
after, what their meanings and grammatical charac-
teristics are, and so on. Such an analysis can be
reduced to certain rules indicating a special set
of criteria ensuring the correct choice of meaning
for a word having many meanings.

The fact that we are translating scientific or
technical material is of help in that it reduces
considerably the number of words in our dictionary
which have many meanings, but it does not exclude
them altogether; even in such a dictionary about
one-fifth of the words have many meanings. Given a
set of criteria, however, choice of the correct
meaning is no longer a difficulty and is executed
automatically. The principle on which this is done
is very similar to that used for finding plants or
butterflies in a flora or entomological handbook.
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These works, as everyone knows, arrange a number of
characteristics in such a way that the species to
which a given plant or butterfly belongs can be
determined by their presence or absence.

Part of a page from a flora handbook is shown
in Fig.1ll. Each of the numbers has under it two
mutually exclusive characteristics - a thesis and an
antithesis. No. 58, for instance, has as thesis
'several pistils' and as antithesis (marked 0) "1
pistil'.

If the thesis is correct, one must go on to
No. 59, if the antithesis is correct - to No. 62.
Exactly the same thing can be done with words. The
English word example is translated differently
according to whether or not it is preceded by the
word for.

This can be shown schematically (Fig.12). The
same process 1s written out in Fig. 13 in the manner
employed in the flora.

56. Credes1b BbIOLIUIICS.
Convolvulus arvensis L. — Boronok (428).
0. Ctebenb He BBIOIMIiCS 56.

56. CTos10MK HaBepXy Tpéxpa3aeabHblii. JIUCThSI HemapHonepu-
cThIe.
Polemonium coeruleum L. — Cunioxa (429)
0. CT0JIOMK L eJbHbIH.
Cem. Solanaceae — nacnénoguwie. Ctp. 367

67. Benunk HenpaBWbHblii. ThIuMHOK 8, cpocmMXxcsi HUTAMH

B TPYOKY
Polygala vulgaris L. — Hcmoo (353).
O. BeHYHNK NpaBHJIbLHBIH 58.
58. IlecTUKOB HECKOJIbKO 59.
0. Ilectux 1 62.

69. JIenecTKOB M YamIeJHCTUKOB 10 5. ThruuHok 10.
Cem. Crassulaceae — moncmsankoguie. Ctp. 237
0. OkoJIoOIBeTHUK MecTUpa3ebiii. TorunHok 6 uiau 9 60.

60. IBeTkn B 30HTHKAX. ThiunHOK 9 (6 + 3). IlecTUKOB 6.
Butomus umbellatus L. — Cycax (33).
O. Pacrenust uuble. ToryuHok 6 61.

Fig. 11.
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As can easily be seen, the analogy is complete.
Furthermore it can be seen how with such a system
the correct meaning of a word can be found auto-
matically.

Fig. 14 shows an extract from an automatic
dictionary of this type; the section containing the
rules for translating the words many and much. In
Russian these words have five different meanings,
and the dictionary indicates how to determine which
of these meanings is to be taken. On each line
there is a note of what test is to be made, and at
the beginning there is an indication of which line
to pass on to next. Thus in line a, for example,
there is a sign a (b,c). This means that if the
result of the test is positive, one should proceed
to line b, and if negative - to line c¢. In order
to gain a better understanding of how such a dict-
ionary works, we shall take some cases of analysis
of actual sentences.

1. The subject would have been much better
standardised.

On line a the requirement is to test whether
or not the word much or many is preceded by how.

Test the pre-
ceding word

for for
Yes No

\ 4 \ 4
Translation: Translation:
Characteristics Characteristics
introductory nouns, 1lst decl.
word masc., hard stem

Fig.12.

This last word is not in the sentence, so the

answer 1s no, and we must proceed to line c. Now

we must test whether or not much or many is preceded
by as. Again the answer is no, and we pass on to line
line e. We test whether the word we have here is
much.
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119. example ~ IIpexsinymee cioso - for
HAIPUMEP - 6600HOE CLOBO
0. ~ [penpinymee cnoBo-He for
npumep-ums cyw., 1 cku.,mysic.p.,me.ocH.

Fig.13.

The answer is yes, and we pass on to line g. We
test the preceding word and discover that it is not
the word very. We proceed to line k. We test the
succeeding word. In our case this is the word
better, i.e. it is not a noun, and we therefore
pass on to line j. Here the final answer is given

- MHOTO. This answer is final because on this line
we have the sign j (0,0), indicating that the search
is at an end. Besides the exact translation of the
word, we now also know some of its grammatical
characteristics, and in particular that it is an

adverb.

Fig. 14.
|62 (a, 63) |lmany, much
a(b,c) a(b,c) Check preceding word (directly)
for how
b (0,0) CKOJIBKO (numeral, not declined)
c(d,e) Check preceding word (directly)
for as
d(0,0) CTOJIBKO XE (numeral declined)
e(g,1) Check given word for much
£(0,0) Not translated (adverb)
g (f, k) Check preceding word (directly)
for very
h(0,0) MHOI'UM (adjective, hard stem, with
sibilant)
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Fig. 14 - cont.

i(h,3) Check preceding word for prepos-
ition and succeeding word for noun.

3(0,0) MHOTO (adverb)

k(1,3) Check succeeding word for noun

1(0,0) MHOT'O (numeral, declined)

2. The polynomial interpolating function is the
most useful, and for many reasons.

We go in order through the following steps:

a - answer no, pass to c;
Cc - answer no, pass to e;
e - answer no, pass to ij;
i - answer yes, pass to h;
h - translation: 'mHOTMI.

3. How many places in the value found for x
are reliable?

a - answer yes, pass to Db;

b - translation: 'CKOJBKO.

4. There should be as many equations as there
are dependent variables.

a - answer no; pass to c;
C - answer yes; pass to d;
d - translation 'cTonpko xe.

This, then, is the way in which determination of
the meaning of words proceeds when an automatic
dictionary is used. It will easily be understood
that it is simpler for a person who does not know a
language very well to use a dictionary of this sort
rather than an ordinary one, even when a translation
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is being made without the aid of a machine. The
first such dictionaries are under preparation at
the present time.

Up to now we have been assuming that the way
in which the word concerned is written corresponds
exactly to the way in which it is shown in the
dictionary. Often, however, one must deal with
words which do not appear directly in the given
form in the dictionary. We shall not, for instance,
find the word equations in the dictionary, because
it has the ending - s for the plural number, whereas
the dictionary gives the singular. In this case
the search is somewhat complicated, since first one
must get rid of the ending - s, or in other cases
of analogous endings - - ing, - ed, - er, - est, - e,
-y, etc.

If exact coincidence of a word in the text with
a word in the dictionary is not found, a comparison
is made of the ending of that word against all the
above endings. When an ending is found it is then
discarded, and the search through the dictionary
repeated with the word minus its ending. The whole
process of looking up words proceeds on a plan shown
in Fig. 15, whose principle is the same one, of
giving 'yes' or 'no' answers to questions, as we have
seen used in the determination of the meaning of
words which may have several, meanings.

We can now describe in more detail the diction-
ary which is used for automatic translation by
machine. This consists of two parts. In one of
these there are English words represented by digits.
This part we shall refer to as the English section.

Each English word included in the dictionary
has, besides its digital representation, a particu-
lar order number (dictionary number). For example,
the words below (0608272813), device (300829122208),
region (070810122815), whole (1326282708) have the
following numbers in the dictionary: 110,211,570 and
748.
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The dictionary for automatic translation
differs from an ordinary dictionary again in showing
besides the Russian word corresponding to the given
English word, a number of further facts about, or
characteristics of, that word. These characteristics
relate to the grammar of the Russian word. For
nouns there is an indication of their gender and
declension, and of whether they denote animate or
inanimate objects, and so on; for verbs conjugation,
aspect etc. are shown. An extract from a diction-
ary of this type is given below.

22.admirably - npekpacHo (adverb)
23. affect - BJMATH (verb 1lst conj.)
24, after - nocye (preposition and
genitive)
25. again - OIATH (adverb)
26. aid — IIOMOIIb (noun fem. 3rd
declension)
27.all - BeCcb coBceM (pronoun,
adverb)
28. almost - noutu (adverb)
29. along - manee (adverb)
30. also - Takxe (adverb)
31. alternate - UepenoBaTbCH (verb.1lst
conj.)
32.altogether - BoOOOme (adverb)
33. always - Bcerma (adverb)
34. among - cpemu (preposition and
genitive)

For English words having many meanings there
are special figures indicated which represent the
numbers of Russian words and show that these English
words can have several translations into Russian,
Choice of the word needed is made with the aid of a
separate section of the automatic translation
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programme - the dictionary of words with multiple
meanings; this part of the programme is a collect-
ion of systematised procedures like that described
earlier and shown in Fig.l1l4.

If a word in the phrase being translated is
not to be found in either the dictionary or via
these procedures, it will be kept in the store of
the machine. When the translated phrase is printed
this untraced word will be printed in Latin letters
(Fig. 10). It is interesting to note here that
although the word remains untranslated, its place
and part in the translated phrases are as a rule
determined; looking at the example given in Fig. 16,
one can already see that the word establishes is a
verb of some sort.

THIS RECURRENCE RELATION ESTABLISHES THE LAW OF PROPAGATION
OF ERROR THROUGHOUT THE COMPUTATION . PROVIDED THE VALUES OF T AND C ARE KNOWN
FOR EACH N.

9TO PEKYPEHTHOE COOTHOLUEHUE ESTABLISHES 3AKOH PACNPOCTPAHEHUA
OLWWBKU HA BYNCNEHUA. ECNTU 3HAYEHUA T U C USBECTHU ANA KAXAOIO H.

Fig. 16.

The second part of the dictionary consists of
Russian words written in the following code:

a—1l6 %29 H-15 vy—20 m—23

6—06 3—25 o0—28 ¢—14 »-17

B—13 w—12 n—24 x—26 b—09

r-10 x—19 p—07 u—22 04

0—30 27 c¢—05 u—23 001

e-08 wM—11 721 w09 g-03
7-18 00

and given in a special order (corresponding to the
numbers of the Russian words shown in the English
section of the dictionary). This part will be
referred to as the Russian section of the diction-
ary.
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6. DIGITAL EQUIVALENTS OF WORDS

We have seen that the numbers which represent
words in the machine are very long. But besides
the words themselves there is a great deal that we
must know about them - the grammatical character-
istics mentioned earlier. On the other hand, if
the dictionary number of a word is known, it can
always be found thereby. Hence the thought natur-
ally arises of operating not with the words them-
selves, not even as written in numerical form, but
with numbers which will represent them - with their
digital equivalents, which will contain information
on all their grammatical characteristics and on the
dictionary numbers of the words.

TABLE ©
Figure Meaning
First 3 - adjective
Second 0 - word with hard stem
1 —_ " A SOft "
Third 0 - second declension
1 - first "
Fourth 0 - stem of word does not end
in sibilant or r1,k,X
1 - stem of word ends in
sibilant or 1,K,Xx
Fifth 0 - word mutable
1 - "  immutable
Sixth 0 - plural number
1 - singular "
Seventh 0 - not predicate
1 - predicate

32



TABLE 6 (continued)

Figure Meaning

- case not defined
- nominative case

- genitive case

- dative case

- accusative case

- instrumental case
- prepositional case

Eighth

o Ul b W DN o

- person of word not defined
- masculine gender

- feminine "
- neuter

Ninth

"

ol whr o

- word indicates inanimate
object

1 - word indicates animate

object

Tenth

(@)

- adjective has full form
- adjective has short form

Eleventh

=

Twelfth 0 - word has no indication of
number

1 - word has indication of
number

Thirteenth| 0 - indication of degree and
participle not present
1 - adjective of superlative
degree
2 - adjective of comparative
degree
- word 1is a participle

Fourteenth - past tense

- present tense

- word 1s not subject
- word 1is subject

Fifteenth

= O = ol w

Sixteenth 0 - word does not require definite
case
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TABLE 6 - concluded)

Figure Meaning
Sixteenth 1 - word requires nominative
(cont.) 2 - " " genitive

3- " " dative

4 - " " accusative

5- " " instrumental

6 - " " prepositional
Seventeenth | 0 - English word has no ending

1 - " " " ending
Eighteenth No. of word in English part of

dictionary.

The digital equivalents are obtained in the
following way. After a word has been found in the
dictionary, all the information about the word is
taken from the latter, the number of that word in
the English section of the dictionary, the number
of the corresponding Russian word, and the grammat-
ical information given on that Russian word. Then,
after working with the dictionary, the machine
replaces the English words by their digital equi-
valents. Two locations per English word are set
aside in the store for the storage of this infor-
mation. The allowance of two locations rather than
one, three or any other number is dependent upon the
construction of the BESM machine used for automatic
translation. The digital equivalent of the word is
now put into the two locations of the store, where
the information from the dictionary is kept.

In order that the machine shall be able auto-
matically to distinguish the parts of speech, the
figures denoting these are transferred from the
dictionary to the locations where the digital equiv-
alents of the words now stand always being placed in
the same position in the location. The figure 1
corresponds to a noun, 2 - to a verb, 3 - to an
adjective, 4 - to a numeral, 5 - to an adverb, 6 -
to a preposition, 7 - to a conjunction, etc.

It has already been stated that two locations
are set aside for each English word. 1In Tables 6-8
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examples are shown of the meaning of the figures
denoting a word's characteristics (and their
positioning in the first location); for an adject-
ive in Table 6, for a conjunction in Table 7, and
for an adverb in Table 8.

TABLE 7
Figure Meaning
First 7 - conjunction
Second 1 - weak conjunction
2 - strong "
Third 0 - indication of beginning and end

of clause not present

1 - indication of beginning of clause
2 - indication of end of clause
3 - indication of end of one clause
and beginning of another
Fourth 0 - not subject
1 - not subject
Fifth No. or word in English part of
dictionary.
TABLE 8
Figure Meaning
First 5 - adverb
Second No. of word in English part of
dictionary

Examples are given in the appendix (pp. 67 - 77 )
which show what a first location in the store looks
like with the digital equivalent of a word in it.

In a second location there will be only a figure
indicating the number of the word in the Russian
section of the dictionary. If, after the whole
programme has been completed, this number has not
been discovered, the corresponding English word will
be printed in with the translation.
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7. THE PROGRAMME FOR AUTOMATIC
TRANSLATION

The programme for automatic translation falls
into two main parts - analysis and synthesis. Part
one is the analysis of the English sentence. The
task of this first part of the programme is to deter-
mine the grammatical form of the corresponding
Russian words and their place in the translated
sentence, from the way in which the English words
are written, their places in the sentence and the
presence of other words there, and their grammatical
characteristics as taken from the dictionary. The
information obtained is expressed by symbols and
makes it possible to proceed to the second part of
the programme - the synthesis of the Russian sentence.
By means of this part of the programme Russian words
from the dictionary which are there given in their
basic form, acquire the form which corresponds to
the rules of Russian grammar as applied to fit in
with the symbolically-represented characteristics
recorded, and are sorted into their proper places.

Grammar is represented in both the English and
the Russian sections of the dictionary by a system
of special 'procedures' for the main parts of speech:
noun, verb, adjective, numeral, etc. The working of
each procedure is based on one and the same system
of 'testing' for the presence or absence of this or
that grammatical (or morphological, or syntactical)
characteristic in the word under analysis. Two
answers, affirmative or negative, are possible, to
each test. Either of them makes possible either a
final conclusion and the elaboration of the corres-
ponding characteristics for the given word, or the
continuation of testing for successive character-
istics until the final answer 1s obtained, indicat-
ing what grammatical characteristics must be elabor-
ated for the word.

The order in which separate sections of the
automatic translation programme come into operation
is shown schematically in Fig. 17, while on pp. 40-42
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are given parts of the grammatical procedures
followed in treating English nouns and Russian
verbs.

In these procedures, as in the dictionary, the
following symbols are used: a marking A(B, (C) means
that if test A is answered in the affirmative, one
should proceed to test B, while if it is answered
in the negative one should proceed to test C. A
marking A(B,B) obviously indicates obligatory
procedure to test B. A marking A(0,0) indicates
the final answer and the cessation of further
search.

The different parts of the programme are
arranged in an order which ensures that the character-
istics first obtained are those which are required
for further operations. The part played by differ-
ent sections of the programme can be seen from their
descriptions; a word should however be said about
those sections which are called 'syntax' and
'changes in word order'.

Punctuation marks are put in, and the complex
sentence broken down into simple ones by insertion
of markings showing 'beginning' and 'end', by means
of the programme section called 'syntax'. The
programme section called 'changes in word order'
carries out rearrangement of the words to accord
with the rules of Russian grammar.

A repeat of the programme section for 'verbs'
is called for because the final elaboration of the
characteristics of the verbs involves preliminary
execution of the sections for 'syntax', 'numerals',
'nouns', and 'adjectives'. Application of the 'verbs'
section before that of the above-mentioned sections
is essential because elucidation of some of the
unknown quantities of the verbs, obtained through
the first application of the 'verbs' section, 1is
required for the working of the 'syntax', 'numerals',
'nouns' and 'adjectives' sections.
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6(0,0)

7(8,13)
8(13,10)

10(0,0)

13(14,15)

14 (0,21)

15(16,19)

16(17,17)

17(18,14)

18(0,0)

19(16,20)

20(14,14)

ENGLISH NOUN

Test given word for 'us'

Test next word for noun

Elaborate characteristic of
dative case

Test
word for

'let!

(immediately) preceding

Flaborate nominative case

Test given word for 'it'

Test 'it'

for pre

sence of

characteristic of any gender

Take gender from nearest
preceding noun

Test for
istic of
number

Test for
istic of

Test for

presence
singular

presence
any case

ending '

of character-
or plural

of character-

- g

Elaborate characteristic of
plural number

Test preceding word for formula
without sign =

Elaborate characteristic of

genitive

case

Test preceding word for 'much'

(*)

Elaborate characteristic of
singular number
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The English noun (cont.)

21(22,23)
22(0,0)

23(24,28)

24(28,25)

25(26,27)

26(0,0)

27(0,0)

28(18,29)

115(116,120)

116(117,118)

117(0,0)
118(0,0)

119(115,115)

Test preceding word for 'let'

Elaborate characteristic of
nominative case and subject

Test preceding word for
characteristic of 'weak conjunc-
tion'

Test words immediately preced-
ing and following (in relation
to weak conjunction) for adject-
ive.

Test all words for identity
with given word

Take case from noun thus found

Take case from nearest preced-
ing noun

Test for ending '- s'

THE RUSSIAN VERB

Test for presence of character-
istic of 'plural number’

Test for presence of character-
istic of 'lst person'

Add ending - EM
Add ending - VYT

Take given word without change
from dictionary but before it

place another word: BY]I-

plus ending found according to
scheme
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120(0,0)
122 (123,124)

123(0,0)

124 (125,126)

125(0,0)

126 (0,0)

128(129,130)

129(157,157)

130(131,132)
131(157,157)

132(133,134)

133(157,157)

134(135,136)
135(157,157)

136(137,138)
137(157,157)

THE RUSSIAN VERB (concluded)

Add (to BYI- ) ending - ET
Test for word WUCIIPABUTL
Discard last three letters and

in their place add -BTE to
remaining part

Test for word IIOKABHBATbH

Discard last six letters, then
add ending -XUTE to remaining
part

Add to remaining part of word
ending -UTE

Test for word BHUMCIIATH
Translation: BHUNCJINTEJILHHNA

Elaborate characteristic of
"hard stem"

Test for word MIOTU

Translation: IPOMCXOIAINNA
Elaborate characteristic of
'soft stem with sibilant'’

Test for word MNPEINECTBOBATLH
Translation: MIPEIHOYIIMA

Elaborate characteristic of
'soft stem with sibilant'

Test for word YIVBUTH

Translation: YHMBMTEHEHHﬂ
Elaborate characteristic of
'hard stem’

Test for word OTJIIMYATHCH

Translation: PARJIMYHHIA
Elaborate characteristic of
'hard stem'
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8. EXPERIMENTS IN AUTOMATIC TRANSLATION
FROM ENGLISH INTO RUSSIAN ON THE BESM
ELECTRONIC COMPUTER OP THE U.S.S.R.
ACADEMY. OP SCIENCES

For the first experiments in automatic trans-
lation, made on the BESM electronic computer at
the end of 1955, a dictionary of 952 English and
1073 Russian words was compiled, intended for the
translation of specialised mathematical text, and
a programme drawn up which could be used for the
translation of such material.

This programme does not depend upon the diction-

ary for practical purposes. Extracts were
taken for translation from Milne's Numerical
Solution of Differential Equations.

'When a practical problem in science or
technology permits mathematical formul-
ation, the chances are rather good that it
leads to one or more differential equations.
This is true certainly of the vast category
of problems associated with force and
motion, so that whether we want to know the
future path of Jupiter in the heavens or the

Fig. path of an electron in an electron micro-

19. scope we resort to differential equations.
The same is true for the study of phenomena
in continuous media, propagation of waves,
flow of heat, diffusion, static or dynamic
electricity, etc., except that we here deal
with partial differential equations.'

Fig. 19 shows the Russian translation
of this as printed by the machine.
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BBEJEHUE

ecnIM npakTMdeckass 8ajada B HayKe MIM TEeXHMKe OOonyCcKaeT MaTeMaTUYeCKYo d)opuynupoak.y,
WaHCH QOOBOJIBHO BEJIMKM YTO 3TO NPMBOAUT K OOHOMY WMIN Bornee ;:md)(bepeﬂuuanbmm YPaBHEHUsIM .
BSTO BEPHO 6eBYyCJIOBHO AJsT OOUMPHOM KAaTeropuM Bafad CBABAHHEX C CUJIION M JBMXEHMEM,

TaKk YTO XOTMM JIM MH BHATh OyAyumi OyTh OMTepa B He6ecax MM NYyTE SBJIEKTPOHA B
snekmponuoﬁ MMKPOCKOIIe Ml npuéeraem K nud}d}epeﬂuﬁanbm YPaBHEHMUsIM. TO Xe& BEepPHO nIOisi
MBYYEeHUsI SIBJICHM) B HENPEPHBHOM Cpejle, PacCHpoOCTPaHEeHMsI BOJIH, NOTOKa Temna, anbdyswmi,
CTaTMUECKOTO MM [AMHAMMUECKOTO BJIEKTPMUECTBA, M T [, Ba MCKIKNYEHMEM TOTO UTO MH 3Jech

6y.1:|;eu paccMaTpMEaTh nMQ@epeHuMaJIEHHe YPaBHEHMSI B YAaCTHBIX IIPOMBBOIHBIX .

Fig. 19.

Since then the dictionary has been enlarged to
cover approximately 5000 Russian and English words,
and many translations of separate sentences and
pieces of text have been made. Examples of these
are given below.

Equations involving more than ~ VpaBHenwus, conepxaruue 6oiee
one independent variable and the ~ 4eM oHY He3aBHCHUMYIO TIEPEMCHHYIO,
partial derivatives of the de- w uacTHble NIPOM3BOIHBIE 3aBHCH-
pendent variables with respect MbIX MHEPEeMEHHBIX OTHOCHTEIHHO
to the independent wvariables He3aBUCHMBIX MNEPEMEHHBIX Ha3bl-
are called partial differential Barorcs muddepeHTaTbHBIMU YpaB-

equations. HEHHSIMHU B YaCTHBIX TPOU3BOJIHBIX.

Suppose that both equations ac- [lomycTuM, 4T0 00a YpaBHEHHS
tually contain all the possible JICHCTBUTENBHO COAEPKAT BCE BO3-
partial derivatives of second MOJKHBIC YaCTHBIC IPOM3BOJHBIEC BTO-
order. poro nopsiaxa.
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In problems of this type nu-
merical methods become a neces-

sity due to absence of other me-
thods for getting the requisite
information out of the differen-
tial equations.

Even in cases where explicit
or implicit solutions are known,
it is sometimes easier to obtain
a numerical solution than at»
tempt to calculate numerical
values from the known solution,

It is often impossible, however,
to perform the actual elimina-

B 3amauax sToro Tuma 4ncieHHbIe
METOZIBI CTAHOBSITCSI HEOOXOJIUMOCTEIO,
00yCIIOBIICHHOH OTCYTCTBHEM JPYTHX
METOJIOB IS IOy IeHUsI HEOOXOd-
Moro cBeZieHHs 13 T depeHnnans-
HBIX ypaBHCHUIL.

Z[an(e B cClIy4yasaX, TAC ABHBIC
WJIA HESABHBIC PCIICHUA U3BECTHBI,
HHOTr' Ia 0ojiee  JIerKo TIOJIYYUTDH
YHCJICHHOC PCUICHUEC, YEM IBbITAThCA
BBIYHCJIUTh YUCJICHHBIC 3HA4YCHUSA
N3 U3BECTHOI'O PEIICHUA.

YacTo HEBO3MOXHO, TEM HE
MECHEe, BBITOJHUTD ICHCTBUTEIbHBIC

tions, and hence this transforma-
tion is of theoretical rather than
practical interest.

HCKJIIOYEHHS, U CIIeI0BATENBHO
3T0 IpeoOpa3oBaHNe HMEET Teope-
TUYECKUI CKOpee YeM MPaKTHYECKUI
HHTEpEC.
B sToM MeToze HOBas TOYKA

(x,y) ompemenHTCs TMpPU TOMOIIH
IIPOU3BOJHO B U3BECTHOM TOYKE
(x.y)

MeTo HILTIOCTPUPYETCS TEM Ke
MIPUMEPOM, KOOPBIH OBLI HCHONb-
30BaH 111 MeToga L.

In this method a new point
(x, y) is located by means of the
slope at known point (x, y).

The process is illustrated by
The same example that was used
for Method 1.

Vo6Hoe 3nauenue i ectb h =
=0,1, xoTOpoe B JaHHOM IIpUMepe
JaeT UpPHOIM3UTENBHO TPH OECs-
TUYHBIX 3HAKA TOYHOCTH B ).

A convenient value of s is
h=0.1, which, in the present
example will produce roughly three-
decimal place accuracy in y.

The translation programme which has been
elaborated is quite universal in character. This
was tested out by the following two experiments.

A fragment of text from The Times was taken, which
differed quite markedly in character from the

texts from Milne's book previously used. The
machine made a translation of it without any alter-
ations to the programme. All that was required

was to add to the dictionary a few words not prev-
iously given there. This translation is given
below.

This was based on an expensi-
ve experiment done by myself and
Dr. R. H. Richens, of Cambridge
University, in which we worked
out a method of translating small
sections of selected text in foreign
languages. We gave an account
of this at a conference in Massachu-
setts in 1952, after which the In-
ternational Business ~ Machines
Company, in conjunction with
Georgetown University, applied
our methods to give a popular
demonstration which was limited
to translating a few sentences
from Russian into English. There

3710 OBUIO OCHOBAHO Ha JOPO-
TOM 3KCIEPUMEHTE IPOBEICHHOM
MmHo# 1 nokTopoMm R. H. Richens,
ot KaMOpumkckoro YHUBEpcUTeTa,
B KOTOPOM MBI pa3paboTaad METO
HepeBojia MaJlbIX OTPBHIBKOB BBI-
OpaHHOTO TEKCTa Ha HMHOCTPaH-
HBIE S3BIKM. MBI Jaiu OTYET O
9TOM Ha KoH(pepeHuHH B Massa-
chusetts B 1952, mociie KOTOporo
I. B. M. xomniaHus B COTpyAHHYE-
cTBe ¢ JPKOpIKTayHCKUM Y HUBEP-
CHUTETOM IPUMEHMIIN HAIINA METOJBI,
9TOOBl JaTh HAIITHYIO JEMOH-
CTpalyio, KoTopasi ObUIa OrpaHu-
YeHa  IIEPEeBOJOM  HECKOJBKHX
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is no possibility at present of
translating a book as a work of
art.

MPEeIJIOKEHUH C PYCCKOro Ha aH-
rautickuii. He mMeeTcss BO3MOXKHO-
CTH B HACTOSIILIEE BpeMs IepeBoja
KHUT'M Kak TIPOM3BEACHUSI HCKYC-
CTBa.

The second experiment was made with an
extract from Dickens' David Copperfield. 1In this
case the only guidance provided for the making of
the translation was that of the rules incorporated
in the automatic translation programme, and of the
automatic dictionary already available. 1In this
case as well the translation was made without any
alterations to the programme, though a number of
words were missing from the dictionary. This
translation is given below.

«My entrance, and my saying
what I wanted, roused her. It distur-

bed the Doctor too, for when I went
back to replace the candle I had
taken from the table, he was pat-
ting her head, in his fatherly
way and saying he was a merci-
less drone to let her tempt him
into reading on; and he would
have her go to bed.

But she asked him, in a rapid,
urgent manner, to let her stay...
And as she turned again towards
him, after glancing at me as I
left the room... Isaw her cross
her hands upon his knee, and look
up_at him with the same face,
something quieted, as he resumed
his reading.

It made a great impression on
me, and I remembered it along
time afterwards, as I shall have
occasion to narrate, when the time
comes»*. (Ch. Dickens. David
Copperfield, p. 243, Ch. XVI [Cm.,
1949])

«Moii npuxoa U TO, 4TO 5 CKa-
3aJ1, 40 51 XOTeJI, B3BOJIHOBAIH €€.
OTO paccTpomiIo JJOKOpa TOXKe
T.K. KOT/1a sl IpUIIes 00paTHO, Y4TO-
ObI 3aMEHUTB CBEYY, KOTOPYIO 51 B3sUI
CO CTOJIA, OH OTEYECKH MOTJIAXKUBAI
€€ TOJIOBY U TOBOPHIL, YTO OH OBLIT
Oeccep/ieuHbIM HEroJsieM, KOTOphbIit
MO3BOJIMJI €l CKJIOHUTh €T0 YNTATh
nanpire. M oH OBl XOTEN, YTOOBI
OHa TIOILIa CHaTh.

Ho ona OblcTpo, HacTOW4MBO
MOIPOCUIIA €ro IO3BOIHTE el OC-
Tathes... M korja oHa omsTh moBep-
HyJIach K HEMy, IIOCMOTPEB Ha Me-
HS B TO BpeMs KaK s IOKUJaT KOM-
HaTy... 1 YBUJIEN, 4TO OHA CKPECTHIIA
PYKH Ha €ro KoJeHe ¥ CMOTpelia Ha
HETO C TeM K€ CaMbIM BEIPAKCHHEM
JINIA, HECKOJIBKO YCIIOKOGHHasI, B TO
BpeMsl KaKk OH BO30OHOBMII CBOE
YTCHHE

Oto mpomseno Oonbmioe BIe-
YaTJICHUE HA MEHS U 51 TOMHMII 3TO
IIOTOM JIOJITOE BpeMsl Kak s Oymy
HMeTh CIyd4ail pacckasaTh, KoOrja
HPHIET BPeMsi».

* The words underlined were missing from the

dictionary.

Of course this translation is extremely

imperfect and can in

factory translation of a work of art,

no way be considered a satis-
but it does

show that in the programmes elaborated for auto-
matic translation much has been taken into account
which is not directly connected with the require-

ments of specialised

scientific material.
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It is interesting to compare the automatic
translation with one made by an experienced trans-
lator. This is how the same fragment appears in
the translation of A. Beketova:

"Mo npmuxon kakK OB Npobyamil ee, a Takxe
MBMEHMJI HallpaBJIeHMe MeICJeM nokropa, ubo, korma 4
BEPHYJICH, UYTOOH IIOCTABMTbL Ha MECTO B34TYI Ha CTOJIe
CBedy, OH OTeUeCKM IJlaOuJl XeHy II0 T'OJIOBEe U yIpeKal
ceba B DeccepmIedHOCTM 3a TO, UYTO [NO3BOJIMII €M CO0D-—
JJal3uThL cebg npenjioxeHreM II0OYMTAaThb OTPEIBOK M3 CBOEI'O
Tpyloa, B TO BpeMSa KaK XeHylKe IaBHBIM—IOAaBHO HaOo
OBLJIO Jleub B IIOCTEJIb.

Ho oHa Hauajla CKOPOT'OBOPKOM HACTOMUMBO yIpall—
MBATbL MyXa [O3BOJIUTH OCTATLCH. ...

BEpocuB Ha MeHd OeTJibl B3IJIAO B TOT MOMEHT,
KOI'Ja 4 BBRIXOIWMJI M3 KOMHATEI, MMCCHUC CTpOHP CHOBa
[IOBEPHYJIACb K MYXY, CKpecTwujla CBOM PYKM Ha €TI0
KOJIEHSX M CcTaJla CHOBa Tak Xe IJISIeTh Ha HeTo.
[Moxanyl, JMLIO €e IOoKasaJIoOCh MHE BCeEe Xe& HECKOJIbBKO
CIIOKOVMHee. A IOOKTOP ONATh NPMHSAJICA 3a UTEHMEe CBOEeM
pykonmcu. ... ClileHa B2Ta OpOoM3BeJla Ha MeHHd CUJIbHelNlee
BreyvaTJieHre, UM g IOJITO He MOT 3abelTh O Hen".

Comparison shows that the automatic translation
is much closer to the original. On the other hand,
there are inaccuracies in our translation which stem
from the fact that the dictionary being used was for
mathematical material and in it some words have a
meaning different from that they bear in the Dickens
extract. In our dictionary, for instance, the word
replace has only one meaning - 3ameHuTb, and
this was employed in the translation. But in
Dickens' text it has the meaning nocraBuTb Haszan.

THIS IS TRUE CERTAINLY OF THE VAST CATEGORY OF PROBLEMS

ASSOCIATED WITH FORCE AND MOTION.

STO BEPHO KOHEUHO MJII OBIMPHOM KATET'OPMM 3BAJIAY CBSIBATHX C

CHMJION ¥ IOBWXEHUEM,
Fig.20.

46



SO THAT WHETHER WE WANT TO KNOW THE FUTURE PATH OF
JUPITER IN THE HEAVENS OR THE PATH OF AN ELECTRON IN AN
ELECTRON MICROSCOPE WE RESORT TO DIFFERENTIAL EQUATIONS.

TAK YUTO XOUEM JIM MH 3HATH BYIYIMM NYTH KIUTEPA B
HEBECAX WM IIYTH SJIEKTPOHA B 3JJIEKTPOHHOM MMKPOCKOIIE MBI NPUEETAEM K
IN$SEPEHIVAJIEHEIM YPABHEHWSAM.

Fig. 21.

As in any new enterprise, we encountered a
number of mistakes in these first experiments in
automatic translation. These were made, of course,
not by the machine, but by the people who had drawn
up the working programme for it. Examples of such
mistakes in translation are given in Figs. 20 and
21. In both cases errors had been made in the
compilation of the programme for the synthesis of
the Russian sentence, and as a result words were
given endings which did not belong to them. When
these mistakes were discovered the programme was
corrected, and now such mistakes do not appear,
either in these or in analogous cases.
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9. NEW INVESTIGATIONS IN THE FIELD OF
AUTOMATIC TRANSLATION

Detailed investigation of the process of
mechanising translation from English into Russian
made it possible to start work on mechanising
translation into Russian from further languages,
and in particular from the Oriental languages.
Work has now begun on mechanising translation from
Chinese and Japanese into Russian. This is a very
interesting though a very difficult task. Even the
first step of all, the feeding into the machine of
the characters used in Chinese and Japanese, 1is a
serious problem. A solution of it can be found
however. The key to it is the fact that there does
exist a system of coding Chinese characters for
transmission by telegraph. A page from a Chinese

telegraph code book is shown in Fig. 22. This shows
the characters in a certain order, and above each of
them a four-digit number - its code. This coding

does not differ in principle from that in use here,
only instead of the two-digit numbers used for the
Russian and Latin alphabets four-digit numbers must
be used for the Chinese, as there are about 10,000
characters to be coded. 1In Fig. 23 a telegram from
Peking to Shanghai is shown coded in this way; in it
are employed, among others, characters nos. 6643 and
6670, which occur in Fig. 22. Clearly a text for
feeding into a machine can be coded in exactly the
same way as the Chinese telegraphists code telegrams.
The programme for automatic translation from Chinese
into Russian is very complicated. It has nevertheless
been compiled, and the first experiments in automatic
translation of Chinese mathematical texts have
already been made.

Examples of such translations are given on page
51. These translations, which were made to check
the programme, were not carried out on the machine
but were made by a man who did not know Chinese,
following the rules laid down in the automatic
translation programme. It is, of course, too early
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at the moment to say that the problem of automatic-
ally translating from Chinese into Russian is
solved. Only the very first steps towards a solu-
tion of this most knotty problem have as yet been
taken; work on it will be continued at the U.S.S.R.
Academy of Sciences and in the Academy of Sciences
of the Chinese People's Republic, the two bodies
having concluded an agreement on mutual aid.
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3. HEAIRABBARTUNES o
Coraacno Teopeme | JHocratouno AOKaaaTs ciyaaft, Koria A
ABNACTCA HERBPOMACHARM.
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Sample translations using the Chinese programme




10. SOME SCIENTIFIC QUESTIONS CONNECTED
WITH THE PROBLEM OF AUTOMATIC TRANSLATION

The problem of automatic translation lies on
the borders of such apparently heterogeneous
sciences as linguistics and mathematics. It is
precisely this circumstance which makes it espec-
ially interesting. The first steps which were made
in this field obliged scientists to turn their
attention to a number of new and interesting scien-
tific questions. In this chapter we should like to
say a little about some of these.

STRUCTURAL ANALYSIS OF LANGUAGE

The first investigations in the field of auto-
matic translation were made by mathematicians and
engineers. These investigations were naturally
more mathematical than linguistic in character.
Some of these research workers posed the problem of
automatic translation as a problem of decoding
coded text. Warren Weaver, for instance, wrote
that 'a book written in Chinese is simply a book
written in, English but coded in Chinese code' (1).
If this assertion were correct, then it would be
possible to apply the same methods to automatic
translation which have been successfully used for
reading codes - statistical analysis and other
mathematical procedures, i.e., one could make the
problem basically a mathematical one. Among ling-
uists also there are schools of thought which
apply similar methods of analysis (analysis of
structures, etc.), and a number of works on auto-
matic translation follow the line of applying this
method. It is however easy to understand that the
task of decoding and the task of translating are
in no way identical. In coding or decoding we
are only changing the outward form of the words
without touching the language itself, and it is
natural that a task of this kind should be quite
capable of solution by formal methods. But in
translation we are changing the language, i.e., the
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whole highly complex and subtle system of expressing
thoughts, a system that has been elaborated down the
ages by each nation and that is bound up in the
closest possible fashion with that nation's thinking,
history, way of life, etc.

Here we have the reason why the attempt to fit
a language into some abstract scheme has proved of
little effective use. For the purposes of trans-
lation, indeed, application of such methods is
hardly reasonable at all. For any attempt to rep-
resent a language as an abstract scheme inevitably
involves some abstraction from details, some rejec-
tion of the concept contained in them. And this is
extremely detrimental to a translation; in a living
language every word, the form of that word, and its
place in the sentence, all have their sense, all
give this or that shade to what is being said; if
it were not so, the language would not have
preserved the words and forms concerned. Further-
more, attempts to establish unvarying correspondence
between linguistic structures in different languages
do not yield sufficiently good results since struc-
tures develop in their own way in every language,
and often there is in fact no such correspondence;
two sentences completely identical from the point
of view of form, in one language, will be trans-
lated into another language by means of sentences
of different structure. English sentences using
the verbs should and would are well-known examples.

Identical English Different Russian
constructions constructions

He should knock at the CrnemoBajio OB eMy IIOCTy4YaTb

door before coming in. B IOBEPL, IIpexne ueM BOWUTU.

He would knock at the OH OHBAJIO NOCTYUYMT B IOBEPDb,

door before coming in. npexne 4yeM BOWTU.

Another example is provided by the translation
into French of the Russian phrases s o0 »ToMm
ToBopw - j'en parle, and s o6 sToM myman - J'y
pense.

In Russian these two phrases have a formal
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structure which is identical, whereas the French
make a quite subtle distinction, using in the first
case en, equivalent to de cela, and in the second
vy, equivalent to a cela, thus giving what may be
called a direction to the actions described by the
verbs. One more example is the sharp change in
meaning produced by changing the positions of noun
and adjective in French in some cases, though in
others such a change is possible. For instance,

un vrai conte will be "HacrTosmas ckaska'in Russian
while un conte vrai will be 'mcTuHHOe npucmecteue'’
or 'Gwmyb'. But un joli papillon or un papillon joli
will both mean 'kpacurpasa Gabouka'.

Such difficulties arise even in the simplest
cases of translation. What then is one to say of
the more complex cases in literary translation?
Clearly abstract structural analysis is powerless
here. The nuances to be distinguished are too fine.
We have already quoted an extract from the text of
Gogol's The Nose, a text which it is extremely
difficult to translate into another language. One
can quote examples of another kind - sentences which
are quite primitively simple in structure and yet
exceedingly hard to translate. The concluding lines
of Tyutchev's poem On the Road can be quoted as an
example:

Jlmme koM-rHne OJenHee OepesH,
KyCcTapHMK MeJIKMM, MOX CeInolM,
Kak JnmxopanouHble I'Pes3H,
CMymanT MEePTBEHHEI ITOKOM.

The difficulty in translating these sentences
lies not in their structure, but in finding equi-
valents for precisely those individual words which
the poet has used, and which have entered into
mutual relationships with one another which are
exceedingly subtle and at the same time exceedingly
precise. All that we have just stated will, we
feel, explain why from our point of view the analysis
of linguistic structures cannot solve the problem of
translating automatically, although some scientists
are attempting to apply this method in the U.S.A.
and even in the U.S.S.R.
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UNAMBIGUOUS LANGUAGES

One of the great difficulties that have to be
taken into account in translating, particularly in
making an automatic translation, is the multiplicity
of meanings in all living languages, i.e., the
presence in them of different means of expressing
one and the same conception, and the possibility of
one and the same word being used to mean different
things. This multiplicity is no accident. A lang-
uage reflects life in all its multiplicity of
facets, life in which there are never two completely
identical situations, life in which, in Heraclitus'
words, "one cannot twice enter the same stream".
But such richness of language is by no means always
necessary. In a number of cases language has to
fulfil much more modest functions. Let us suppose,
for instance, that we are consulting a library cata-
logue for literature on the resilient properties of
solid bodies. This is usually done from what is
called a "subject catalogue"™, in which the titles
of books or journal articles dealing with these
subjects are given under headings such as "resil-
ience", "solid state", "resilient properties", etc.
The selection of books and papers to go under such
subject headings is a very complex task, since it
is very common to find that the title of a paper
does not directly mention any of the words of which
the headings are composed. Suppose, for example,
that a paper is called "Hardening of Steel under
Deformation". In order to relate this paper to the
headings given above, one must know that the resil-
ience of solid bodies is connected with their
deformation, and that hardening is one of the
resilient properties. 1In order to avoid cases when
a paper which was needed could not be found owing
to the incorrect description of its content, investi-
gations were started into the possibility of
creating an "information language" i.e., a language
which would make it possible to outline the content
of the paper in a highly summarised form and to do
it in such a way that the summary would reflect all
the essential material in the paper without any
ambiguity whatever, i.e., with only one possible
meaning. The absolute necessity of unambiguity is
here obvious, as if this is neglected we shall not
know whether the paper concerned should be included
in a bibliography provided in answer to a request
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for literature. The information language has not

as yet been created, but work is in progress on the
elucidation of the properties it must possess, and
the first attempts in this field are already being
made. First of all it is clear that one can omit
all the connecting words, e.g., prepositions and
conjunctions, in this language. Adverbs and

pronouns are likewise not essential. What is more,
one can attempt to do without verbs, as the Chinese
and Japanese poets have done. This is the way in

which the lines quoted below are constructed; they
are from a poem by the Japanese poet Baso.

(Re-translated from Russian)
Winter night in the garden
Moon in the sky like fine thread
and the scarce-heard ringing of cicadas.

If one pursues this course, it is easy to
realise that the information language must be a
language of concepts, in which, however, the
connections between those concepts or character-
istics which make up the informational elements
replacing sentences in our language, must be indic-
ated. The need to show some logical connections is
clear from the following examples. Let us suppose
that the subject-matter of a paper whose content
is to be described in the information language 1is
the destruction of microbes by X-rays. In this
case an informational element consisting of the
characteristics 'destruction', 'microbes', 'X-rays',
will unambiguously describe the content of the
paper. But if the paper deals with the destruction
of microbes by organic substances, an analogous
compilation of characteristics - 'destruction',
'microbes', 'organic substances' - will no longer
describe the paper's content unambiguously, since
it is not clear what is destroying what. In this
case a characteristic for the connection is also
necessary, to indicate what is being destroyed.

We may note here in passing that in our ordinary
language this characteristic is introduced by means
of alterations to the form of the words - 'yHUUTOX-
eHre MUKPOOOB opranmueckuMl BemecTBaMi'

(= destruction OF microbes BY organic substances -
trans.),
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which does away with any ambiguity. In our inform-
ational element this can be done in an analogous
way, by adding to one of the characteristics a
special sign, '!' for instance, to give: 'destruc-
tion' - "microbes' - "organic substances' - !
Recording of the informational element in this
form is more convenient than writing it in the
ordinary way because it is a simple assembly of
characteristics, which may be taken in any order
and which do not change.

It will easily be seen, however, that the
necessity of introducing connections between the
characteristics calls for the creation of rules by
which these connections are brought in and read
back, i.e., the creation of a kind of grammar of the
informational language. This grammar will naturally
be much simpler than ordinary grammar, since the
language itself is not intended to express all that
can be expressed by ordinary language. Nevertheless
a special problem of translation will arise in the
course of using the informational language, if such
a language is created. It is clear that the contents
of all the papers on which bibliographical informat-
ion is going to be given will have to be recorded
in the informational language, with due observance
of the 'grammar' of that language. Haying for
instance decided to denote the characteristic
'destruction' by the letter A, that for 'microbes'
by the letter R, and 'organic substances' by the
letter C, we can write down the phrase 'destruction
of microbes by organic substances' as an information-
al element AC!R, thereby bringing in the rule of
'grammar' by which the sign !, denoting the active
agent, relates only to the symbol standing immediat-
ly before it, in this case to the letter G. When
the reader sends in his request to the library, this
request will have to be translated into the inform-
ation language, and after that the search for liter-
ature made by comparing the translated request with
the assembled records of contents of papers held by
the library; we shall call these assembled records
'the dictionary of informational elements'. It will
not be a dictionary in the ordinary sense of the
word, since every informational element represents
a sum total of ordinary words and special symbols
indicating the connections between the words; but
if the characteristics are recorded in a summarised

56



*Dictionary" of informa-
Bequest tional elementa

/AT e[ N o]

"‘I’IEIH"I'_ |2

PRIzl 8] 3
2 4
Characteriatics J IIY
! E[! 5
&
Pig. 24,

[Answer 1m

"Dio- ordinary

L tionary
guag of 3ne _“EE."-!&L
] forma—
tional 1
P} ;

Record of request ments 6
in information Answer in
language information
language
Fig. 25

way by letters, the informational elements will
externally resemble words, and the process of
comparing the content of the request with these
"words" will be like the process of looking some-
thing up in an automatic dictionary, the sole
difference being that here we are looking in the
"dictionary" not for "words" which coincide

exactly with the request, but those which contain

in full all the signs contained in the request, but
may also include other signs as well. Fig. 24

shows such a comparison: "words" 1,2 and 6 correspond
in this way to the request, consequently the papers
they represent will contain material such as is
called for by the request. It thus appears that the
task of mechanising bibliographical research has
much in common with that of mechanising translation,
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except that the former process has the peculiarity
of using an artificial informational language,
though its use is confined to the work done within
the machine, since after the research is completed
and the required papers selected the reader must be
given his answer in ordinary language once more
(Fig. 25).
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From this proposition it will follow, when arithmetical addition has been
defined, that 1 +1= 2.
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Fig. 26.
From Principia Mathematica by A.N. Whitehead
and Bertrand Russell, F.R.S.Volume I p.362. By
permission of the Cambridge University Press.

Another interesting example of unambiguous
languages is provided by the logical languages
created by mathematicians for the purpose of
expounding with complete strictness, and without
any ambiguity whatever, the content of theorems
and their proofs. These languages also pursue
very limited aims and are intended, in essence,
for the exposition of the simplest possible state-
ments of the '"from A follows B', 'if from A follows
B, then from C follows D' type, etc.
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One such language, elaborated by the English
mathematicians Russell and Whitehead was used by
these authors in writing the fundamental work,
Principia Mathematica. Part of a page from the
first volume of this work is shown in Fig. 26. It
gives some idea of the appearance of a text in a
'logical language'. It is interesting to note that
the strict exposition of even elementary mathematical
propositions requires a great deal of space. What
we see in Fig. 26 is part of p. 362 of the book, and
at the foot of it one may read, printed in ordinary
English, the sentence 'From this proposition it will
follow, when arithmetical addition has been defined,
that 1+1=2'" . The example is interesting because it
shows what a heavy price must be paid for strictness
of exposition and complete unambiguity of language.
Our ordinary languages prove in this respect to be
very economical and effective instruments for the
expression of thoughts. This can be understood if
we picture to ourselves what a complex web of con-
ceptions, actions and characteristics is reflected
in even our simplest phrases; in a logical language
all these interwoven threads are as it were stretched
out into one long line.

ANALYSIS OF STYLE AND THE PROBLEM

OF LITERARY EDITING

We often speak of the 'style' of this or that
writer, of an author 're-creating the style of the
epoch' in his work, and so on. It would be inter-
esting to elucidate what objective facts underlie
these rather woolly phrases. What makes it possible
for us to distinguish the style of one writer from
that of another? It is in fact possible to give
an answer to these questions, and the answer is a
very simple one. It is natural that every writer
should pick out, from the practically inexhaustible
store of words, expressions and turns of phrase
available in every developed language, those partic-
ular ones which fit in with the theme of his work
and which are most near to him personally. In so
doing the author creates a kind of individual lang-
uage which forms a part of the national language in
which he is writing. This individual language has
its own peculiar characteristics. Its vocabulary
may differ from the generally-used vocabulary, by
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for instance including certain 'favourite words' of
the author's, met with more frequently in his work
than is usually the case, or by the occurrence of
special words essential to the particular work.

The syntax of this individual language may also be
peculiar to it, and so on. Of course these
distinctions will be much more subtle than the
differences between, say, English and Russian or
English and French, but they will still exist, and
it is possible to attempt an analysis of them in
the same way that we analyse the characteristics of
a language for the purposes of automatic trans-
lation. In the work of the great writers, the
master craftsmen of words, one can find many
examples of the masterly use of such 'individual
languages'. In Pushkin's short story The Peasant
Gentlewoman, Liza Muromskaya's speech differs
sharply from the speech she employs when she is
playing the part of Akulina. 'What does she mean,
papa?' she said in amazement, ' - Why are you
limping? Where is your horse? Whose carriage is
this?". "Ye were at our gentry's the night, master?'
said she straightway to Aleksei, ' - What did ye
think of the young mistress?'. It is interesting
to note that in the second example Pushkin alters
his vocabulary in his 'author's speech' also, intro-
ducing a word such as 'straightway', which accords
well with Akulina's manner of speech.

Style understood in the above way enables an
author to give very subtle characterisations of
different features of background, time and place of
action, etc. When Pushkin writes, in The Shot, 'We
had a captain with us in the cavalry, a man fond of
his joke and his pleasures,' and later gives a
remark made by this captain - 'And I dare say your
hand would not be raising itself to 1lift a bottle,
my lad', that single remark contains almost in full
the characterisation of the man already quoted.
Analysis of stylistic peculiarities is of great
importance for the problem of automatic translation.
Today it is already quite clear that it is imposs-
ible to count on the creation in the near future of
dictionaries and grammatical schemes taking in the
whole of a language. We can think only in terms of
specialised dictionaries; dictionaries to cover
various fields of knowledge; dictionaries containing
words characteristic of a given historical epoch;
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regional dictionaries, of words used in different
parts of the country, and so on. These 'partial'
dictionaries will, however, be gradually filled in
and extended, so that taken together they will at
least offer the prospect of eventually covering

the whole language. In exactly the same way
specialised grammatical schemes dealing with wvarious
special turns of speech and so on will be made up,
alongside the general grammatical ones. When some
complex text is to be automatically translated one
may foresee the process of its analysis providing
for the automatic switching in of this or that
dictionary or special grammatical scheme, if typical
points calling for their use are encountered in the
text. A problem of this kind is already arising

in connexion with the need to translate American
texts. As we all know, the English language as

used in America has a number of features peculiar

to it; in particular, the use of specifically
'American' words and colloquialisms is character-
istic of this variant of English. By making some

of these act as sign-posts, as it were, to indicate
an American text, we can in translating such a

text bring in an 'American' dictionary and 'American'
schemes. Suppose, for instance, that in translating
something we have come across the sentence ''Baloney',
the detective remarked.'

Here we have a typically American expression
'baloney', meaning 'nonsense'. Noting this word,
the machine accepts it as a sign indicating
'Americanism' and brings into play the appropriate
dictionary, after which we shall easily perceive that
the word 'buck' in a subsequent passage means 'dollar'
although in English it means 'a deer', that the word
'grand' means 'a thousand dollars', and so on.

Another interesting problem, literary editing
by machine, is closely connected with the analysis
of style. At first glance this is a job that quite
defies mechanisation, but this is not in fact so.
In reality, the following are in the main functions
performed in the course of literary editing:

a) bringing the author's text into line with
the requirements of orthography, morphology and
syntax;
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b) removing repetitions of the same word at
close intervals by replacing it in some cases by
a synonym;

c) reducing the text as far as possible to a
'readable' form, i.e., ensuring that it has a
rhythmic flow enabling it to be read aloud with
ease.

It can easily be seen that work on text under
point a) can be made automatic by using practically
the same schemes as are employed for analysis and
synthesis in translation. The difference will
merely be that here the analysis and synthesis will
be made within the bounds of one and the same
language. Figuratively speaking, one may say that
a translation is being made in this operation, from
'not gquite correct' Russian to 'quite correct'
Russian. Work under point b) can be done by the
compilation of a special dictionary of synonyms and
of a scheme for the replacement of words by synonyms,
taking into account preceding and subsequent words.
So far as point c¢) is concerned, it would appear
possible to construct an analytical procedure which
would take into account a statistical assessment of
the disposition of accented and unaccented syllables
in the text, etc.

TRANSLATION FROM AND INTO SEVERAL LANGUAGES AND

THE PROBLEM OF THE INTERMEDIARY LANGUAGE

The problem of translating automatically is, as
yet, in its very earliest stages of development.
The results achieved, however, permit one to hope
for further successes in the immediate future, and
naturally call up dazzling prospects in the minds
of optimistically-inclined research workers. These
workers are thinking, for instance, of a universal
translating machine, which will make translations
from any one of the languages for which it caters
into any other of these. One will only need to press
the button marked 'Swedish' at the input end of the
machine, and the button marked 'Chinese' at the
output end, and the machine will produce a trans-
lation from Swedish into Chinese. Of course, we
have a long way to go before such a machine is
built, but some questions of 'multilingual' trans-
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lation can be elucidated even now. First of all

it is easy to discover that it is not advantageous
to make direct language-to-language translations,
but better to make use of what is known as an inter-
mediary language. The point is that if one needs

to make translations from any one of n languages
into any other one of the same n languages, one will
require as many dictionaries and translation prog-
rammes as there are combinations of n by twos,
counting each combination twice. This number can
easily be calculated; it will be equal to a,=n(n -1).
But if one of these languages be singled out and

the translation always made first into that language
and then from it into the other language required,
the number of dictionaries and programmes needed
will be equal to b,=2(n-1). With different quant-
ities for n this will give us:

n 2 3 4 10 20
s, 2 6 12 90 380

S
b, 2 4 6 18 38

k=]

It is quite clear that it is more advantageous
to have an intermediary language. What language
should the latter be? Practically speaking, for a
country making such multilingual translations and
building an appropriate machine for the purpose,
the language of that country, since translations
from and into it will in any case have to be made.
For the U.S.S.R., consequently, the intermediary
language will be Russian. The question however
arises of whether it may not be worth while thinking
of elaborating an intermediary language specially
for the purpose, making its grammar particularly
simple and convenient for translation. More espec-
ially, is it not possible to use such 'international'
languages as Esperanto, Interlingua, Volapuk?.

It appears, however, that it will be difficult to
do this. No 'artificial' language 1is capable of
transmitting all the richness of naturally—develop-
ing languages, and translation into such a language
will therefore inevitably impoverish actual speech.
But these problems, incidentally, have had little
work devoted to them as yet.

We are proposing to concern ourselves very soon
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with translation from one foreign language into
another, using Russian as an intermediary language.

m —Va—Am —"St"'
Vi

[€} ==V — 52 — (K]
(B] — Vhwr mgp ==

Fig. 27.

It should be noted that with our method of
machine translation this task will be susceptible
of quite simple solution. A scheme for the trans-
formation of an English sentence E into a Russian
one, R, is shown in Fig. 27.

The letter V denotes work with the dictionary,
and the letter A - the analytical part of the prog-
ramme. The indices ER denote "Eng.-Russ.". The
programme for synthesis is indicated by the letter
S. Uniting under the symbol VA the result of the
work with the dictionary and the result of the
analysis, we note that after this stage of the
process has been completed we have the numbers of
all the words in the Russian part of the dictionary,
and all their grammatical characteristics. From
here one can proceed directly to work with, for
instance, the Russo-French dictionary, thereby
obtaining the numbers of the words in the French
part of the dictionary this time, and again all
their grammatical characteristics, which makes it
possible to bring into play immediately the pro-
gramme for synthesis of the French sentence, and so
complete the translation.
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11. CONCLUSION

It is, of course, a long way from the first
attempts at automatic translation which have now
been made in the U.S.S.R. and abroad to the pract-
ical realisation of the aim of translating by
machine on any large scale. We feel, however, that
the position is not as black as it is painted by
some scientists abroad, and that there is every
ground for expecting real successes in the immediate
future, at least in the translation of scientific
and technical material.
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APPENDIX

EXAMPLE OF THE
ANALYSIS OF AN ENGLISH SENTENCE
IN AUTOMATIC TRANSLATION

Let us consider the sentence 'This is true
certainly of the vast category of problems assoc-
iated with force and motion'.

In automatic translation the machine carries
out the following procedure with each of the
English words composing the sentence.

This

After work with the dictionary the machine
determines that the English number of this word is
0451, and that further information on the word is
to be taken from the supplement to the dictionary
(empty spaces in the location of the Russian number) .
In the notation used the dictionary information on
the word this will be:

*

(451

Prom the supplement to the dictionary we obtain
the following information on this word: translation -
sTO;noun; neuter gender; hard stem; singular number;
subject:

i 1 | 3 [ [ 110 0&5\

On the basis of the information from the dict-
ionary and from the supplement to it the word this
is dealt with according to the procedure for 'English
nouns', and up to the point of the Russian section
coming into play it has the following characteristics:

* Editor's footnote: 'The author apparently means
here 'that part of the programme which chooses the
meaning appropriate to the context in the case of a
word of multiple meaning''.

66



translation - »T0; noun; declined as adjective;
invariable; singular number; nominative case; neuter
gender; characteristic of numeral; subject; hard
stem; Russian no. 6327:

o=

100110‘1300]1 01[01000451’

is
After work with the dictionary we find that the
English number of the word is 0404; further inform-
ation on the word is is to be taken from the supple-
ment to the dictionary (empty spaces in the location

of the Russian number) :

TN L [

From the supplement to the dictionary we get:
verb - predicate; present tense; 3rd person; sing-
ular number:

2 i1 2 | C 0404|

The word is is dealt with under the procedure
for 'English verbs' and the following set of char-
acteristics is obtained: verb; characteristic of
numeral; not translated (empty space in square of
Russian number) :

}210'000000000000000404

true

After work with the dictionary the machine
determines that the word true is not in the dict-
ionary. Discarding the ending -e, the machine finds
in the dictionary the word tru and obtains informat-
ion on it: English number 0414. Further informat-
ion on the word to be taken from the supplement to
the dictionary:

| 1] LT LT o

From the supplement to the dictionary we obtain:
translation - BepHwli; adjective; hard stem; Russian
no. 6344:
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3/o0 |"|| 'i(}dM!

The procedure for 'English adjectives' gives:
adjective; singular number; neuter gender; short
form; characteristic of numeral; Russian no. 6344:

300001003{011000]0’10414]

.

certainly

From the dictionary we get the translation -
BerycnoBHO; introductory word; English number 0084.
The Russian number of the word is automatically
recorded in the appropriate location of Russian
numbers, i1.e., there is no need to have recourse to
the supplement to the dictionary. The word does
not require to be treated under the procedure for
'Part of speech':

5| 1 0084‘

of

From the dictionary we get: preposition;
English number 0138:

8 0138

After the procedure for 'English prepositions'
has been operated we have the following information
on the word of; translation - gmna; preposition;
takes genitive case; Russian no. 5046:

6| 2 |0M38

the

After work with the dictionary we find: English
number 0489; nothing in the appropriate location of
Russian numbers, i.e., further information to be
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taken from the supplement to the dictionary:

LI L[ [ oo

From the supplement we obtain: the word is not
translated, adjective. The characteristic 'adject-
ive' indicates that the word is to be treated under
the procedure for 'English adjectives':

DENRERAN | [ o] Jous

'English adjectives' gives us: adjective; sing-
ular number; genitive case; feminine gender; charact-
eristic of numeral; not translated.

3|00 (}’O i 0!2’2 0'0 i 0’0 0|0’0 0489‘

vast

From the dictionary we get: translation -
obmmpHEM; adjective; hard stem; English number 0239;
the appropriate number is in the location for
Russian numbers, i.e., there is no need to use the
supplement to the dictionary:

|

‘3}0‘ [ l l \ ‘ 0239[

The procedure for "English adjectives" gives
us: adjective; singular number; genitive case;
feminine gender; characteristic of numeral; Russian
no. 4410:

'300]00 l|02200 1 0‘0000‘0239’

category

From the dictionary we have: translation -
xkaTeropmusa; noun; feminine gender; IInd declension;
soft stem; English number 0082. The Russian number
is recorded in the appropriate location of Russian
numbers, i1.e., there is no need to turn to the
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supplement to the dictionary:

DERRNRONRRENANONNE

From 'English nouns' we obtain (see Fig. 13):
noun; IInd declension; singular number; genitive
case; feminine gender; characteristic of numeral;
soft stem; Russian no. 2253:

=]

1‘0’2I20010001000082

|f20

of

From the dictionary we obtain the same inform-
ation we have already had for of in our sentence,
that is:

6 0138

After operation of the procedure 'English
prepositions' we find: preposition; takes genitive
case; not translated:

,6‘ 2 10038

problems

After work with the dictionary the machine
determines that the word problems is not in the
dictionary. Discarding the ending -s, the machine
finds the word problem and obtains information on it:
translation - Bamaua; noun; feminine gender; IInd
declension; soft stem; sibilant; English number 0211:

ll 2|] 2| E 1 6211

After operation of the procedure for 'English
nouns' we obtain: noun; sibilant; IInd declension;
plural number; feminine gender; genitive case; char-
acteristic of numeral; ending -s present; soft stem;
Russian no. 3620:
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1j2{tjolojof2|2{0,0)j1|0[0]0|1]|0]|D|02I]

associated

In working with the dictionary the machine does
not find the word associated. Discarding the ending
-ed, the machine finds the word associat and obtains
information on it: verb; Ist conjugation; imperfect
aspect; takes accusative case. English number 0055.
The presence of a Russian number sends us on to the
procedure for "English verbs":

‘2 |1 ’ |‘4 0 l '0055’

After operation of 'English verbs' (the proced-
ure works twice over) we obtain: adjective; Ist
conjugation; plural number; genitive case; feminine
gender; characteristic of numeral; characteristic of
participle; past tense; takes accusative case;
ending -ed present; Russian no. 2140:

3]]0000420]000}00'10055'

with

From the dictionary we get: preposition;
English number 0243:

1 6 | 0243

After operation of 'English prepositions' we
find: translation - C; preposition; takes instrum-
ental case; Russian no. 5030:

'6’ 5 log‘m)
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force

From the dictionary we get: translation - cuna;
noun; feminine gender; IInd declension; hard stem;
English number 0138. Presence of a Russian number
sends us on to "English nouns":

Ll LTI TTT T Tef [ oo

The procedure "English nouns" gives us: noun;
IInd declension; singular number; instrumental case;

feminine gender; characteristic of numeral; Russian
no. 3012:

\1 2\0 0‘1‘0{5 QIO.{] llOIIUNGlU\O‘O 0133‘

and

In the dictionary we find: English number 0404;
nothing in the location of the Russian number,
application needed to supplement to dictionary:

\ ‘ \ \0404]

From the supplement to the dictionary we obtain:
translation - u conjunction; strong;
6470 :

After operation of the procedure 'Conjunctions'
we obtain: strong conjunction; Russian no. 6470:

i.e.,

Russian no.

}7!1‘0] 0 |0404'
motion

From the dictionary we discover: translation -
OBMXEeHMe; noun neuter gender; Ist declension; soft
stem; English number 0119. Presence of a Russian
number sends us on to 'English nouns'

DORNNRNCHEREARDEACE)
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After operation of 'English nouns' procedure
we obtain: noun; Ist declension; singular number;
instrumental case; neuter gender; soft stem; Russian
no. 3367:

l]ll'ﬁ‘{)ll’ﬁ 5‘3‘0‘0 o 0‘0]0!]‘0 00119‘

After the digital equivalents of the trans-
lated words are determined, the corresponding Russian
words are altered to the required form by operating
the procedures for synthesis of the Russian sentence,
and then printed.

'OT0 BepHO GE3YCJOBHO IJIA OBWMPHON KaTeTopuu
3amad, CBSIBAHHHIX C CUJIOVM UM IOBMWXeHMEeM'.

(This is undoubtedly true for a wide range of
problems linked with force and movement) .
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