FUNDAMENTAL CHARACTERISTICS OF THE DICTIONARY AND
GRAMMATICAL SCHEMES USED IN MACHINE TRANSLATION
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Machine Translation, pp 47——80 _

The object of the present communication is to dlscuss work carried out by
the author and his colleagues in the machine transiation (MT) group at ITM and
VT (Inst. of Precision Mechanics and Computer Technique) of the USSR,
G. A. Tarasova, A. I. Martynova, L. M. Bykova and T. M. leolayeva, on
carrying out MT from Enghsh into Russian.

At the present tlme we are approaching the completion of the second stage
of the work, which is concerned with the extension of the principles of MT put
~ forward in the first stage* to new fields (particularly other languages) and also

sﬁudy of the details and a certain gencrahsatlon of these in the old field, i.e. Enghsh—
ussian MT.

The advances achieved in the second stage canmst pnmarﬂy in extendmg
the Anglo-Russian MT dictionary to-more than double its.volume. The English
section alone now contains 2,300 words.and makeg.possible adequate translation
of scientific literature on different problems in apphed mathematics.

In compiling and checking it the foilomng woz&s by Enghsh authors were
used:

Milne, E. Numerical solution of dlﬂ'erenual equatlons

Karman and Biot. Mathematical methods in engineering.

Sailvadori and Baron. Numerical methods in engineering

Hardy. Divergent series, Oxf., 1949. '

Bellman. Stability theory of differential equatlons New York, Toronto
London, 1953.

6. McLachlan, Theory and application of Ma;hlew Functlons, Oxf., 1947,

As regards the grammatical schemes for transldtion, these schemes at! present
provide for analysis of all English grammatical copstructions and al$6 word-.
variations (“ synthesis ” in our terminology) of any Russian word form.. Only a -
few types of inversion which are not characteristic of the style of scientific technical
literature, are provided by English analysing schemes. -

The completlon of the second stage of the mvest1gatmns on the construction
of an Anglo-Russian system of MT consisted in the “ manual ” form of MT,
i.e., extended test checking of the dictionary and the translating schemes by means
of 2 group of ten people who did not know English and who thegefore carried
out the whole cycle of operations prescribed by the MT schemes entirely imechani-
cally. About 3,000 phrases of “ unknown text* consisting of more than 100
extracts from the texts of different authorst were translated by way of test.

The test checking gave positive resiiits;showing the suitability of the translation
schemes and the adequacy of the scope of the 2,300-word dictionary for
satisfactory translatwn of English hteraturc on applied mathematics into Russian.
The number of * unknown words ™ with the present size of the dictionary did
not exceed on the average 1-2 words per page. We therefore consider it possible
to put off ex Pandlng the mathematical dictionary. further. until such time as mass
translation of literature by means of a machine commences.

We do not propose to expand our ‘ manual ’ d,lctlonary for the further reason
that we do not want to deprive it of its present specialisation for we consider that the
narrower the specialisation the more it corresponds to its basic function: cuttin
down multiple meanings of words. Further extension of the MT dictionary is
therefore understood by us as the creation of a l&rge number of mutually
unconnected specialised dlctlonarles . mlcru-cllctnonanes ) It i is preclsely in this

LAl ol s

* We regard the end of the first stage of the work on MT at l"T M and VT as bcmg the well-known
experiment in translation from English using the BESM machine {1955).
t Several extracts from the texts so franslated are given as an appendix to the present paper,



direction that we propose to carry out our work in the third stage of the research
on Anglo-Russian MT. '

As regards the translation scheme and the general construction of a system
of Anglo-Russian MT we have comie to the conclusion that it is possible and
desirable to keep them in the pregent form and state.

The construction of the MT system is such that the whole process of translation
can be divided into three main independent parts:

1. Dictionary analysis of English phrases—
by means of the dictionary and dictionary schemes.
2. Grammatical analysis of English phrases—
_ by means of grammatical analysis schemes.
3. Grammatical synthesis of Russian phrases— o :
by means of Russian synthesis schemes used indifferently for grammatical
agreement of phrases translated from different languages.

]

L. Dictionary Analysis of the English Phrase

Dictionary analysis begins with a search for the words in the phrase to be
translated in:the Anglo-Russian MT dictionary by the method of applying the
words of the phrase to the dictionary and provision. is made where necessary for
transforming the word form in the context to the dictionary form (*‘ scheme for
finding words in the dictionary™). '

For words which cannot be found (“ unknown words >’) analysis is carried
out to ascertain which of nine lexicological-grammatical classes-—parts of speech—
includes them (* scheme for determining part of speech of ‘ unknown words’ ).
We attach great importance to this scheme since it enables *“ blanks ™ to be
eliminated in a sentence and a reliable grammatical analysis to be made even in
the case where the dictionary does not give 100 per cent. word coverage in all fields
which as we know is impossible.

Besides * unknown words ™, so-called “ formulae ’ are also subjected to
preliminary grammatical analysis, i.e., conventional notation of every kind which
are not words and therefore not included in the dictionary (** Scheme for analysis
of *formulae’”). The necessity of analysing these is dictated by the diversity
of their functions in a sentence. The object of the analysis is final syntactic
classification (* attestation ”’: this word is often uised by Russians in senses ‘like
“examining ” (committee) suggesting borrowing of the Latin root without proper
understanding of its meaning—77.) of all *“ formulae > in a phrase by attributing
features to them which place them in the same class as the other components
of the phrase-words. After the operation of this scheme each formula has one
of the following four classifications (** attestations ” 1), '

(1) Noun with the feature “sing. no.” or “ plur. no.” sometimes with the
feature “ genitive case >,

(2) Adjective with feature * ordinal . -~~~

(3) Verb with features “* predicate *, * invariable *'.

(4) AP (absolute passage).

The feature * noun, gen. case”, is given to a formula appearing in the
function of determination to a noun and in preposition to this noun. A noun
can have an analogous position in an English phrase in the function of
determination to another noun and in this case a Russian translation of the English
combination will correspond to a transference of the determination to the post-
position after giving it the feature * genitive case . ' Giving analogous features
to a formula unifies this operation:

Ex. X variable-—nepemennasn (variable (of) X). ' ]
Coefficient functions—dyuxuun xosbduuuentos (functions of the coefficient).

~_In the remaining cases a formula with the feature *“ noun” has no case
indication in this scheme, but for this purpose it is referred to the scheme for
analysing nouns. -



The fe'ature * adjective, ordinal ™ are given to formulae having the
termination * «th” ' : R
e.g., i-th term ——y, itui wnex (ith term)
N-th par:[;m! sum, —— N-az vacrhas ¢ymma (N partial sum).
The feature ** verb, predxcate ’ is an indication that in its structure and position
in the phrase the formula is equivalent to a whole sentence the main feature of

which is regarded as its predicative nature (m the formula it may be expressed by
signs ==, 3%, /_, 7, —>). :

Test 714 (RB p.61-62)
I

{
The system ; has .] the | form |(]4) (A + A1+ )
] !
Adj., pron., noun - verb ! Adj. pron. | ‘noun ! formula
def —_— [?] act def. b —— [AP}
fern. gen. trans. pres. | v i m, gen.

sing. 3rd pers. |

sing. nom, | takes acc. case
subj.

:l _g‘ing. ace. .
 CHCTEMA [MMEET " |

B”ﬂ | : {14)—-~— (m+ Ay )

)( where | (A @1<att | as | tow
NZN] HCH] || formuia Cadv. | formula full stop
Punct. mk. adv. ! verbtrans. |  complex - | verb trans. [KP}
! unchanged ; unchanged -
FOE - | 1AM <o t? | o mepe Toro, t—>m
i Kak !
Fig. 1.

Finally the sign AP denotes that the “ formula” is without syntactical
significance because it may be ignored in the grammatical analysis of the phrase,
“ Formulae ” in postposition to a defined English noun are graded in this way,

Ex." . . there exists a matrlx T ——cymecmye‘r Ma'rpuua T(RB p. 20)
Cf. also Flg 1. '

A word found in the dictionary has a grammatlcal and a certain semantic
characteristic in the dlCt]OIlaI'y in the form of a combination of features (*“invariant
characteristics of the word ”) and we distinguish between Enghsh and Russian
invariant characteristics, for in the latter we sepafate specially the * analytical ”
(i.e., used in Analysis schemes) and '’ synthetic ™ (i.-e‘.,-__used only in the schemes
of the synthesis) parts.

Thus before the grammatical schemes are operated we have initial information
of a grammatical character for each word and each symbol (* formula ) in the
phrase, It is this information which is used in the Analysis schemes. - Lexicological
information on the word, however (its translation); is not used till the thxrd stage
of translation—~the opcranon of the synthesis schemes.

Therefore in programming, the dictionary eql.uvalent is not selected. in the
first stage but its number only is established and the accompanying information
selected (analytical invariant characteristics).

It is nevertheless important that dictionary analysxs of the phrase including
also “ selection ” of the dictionary equivalent should precede grammatical analysis
for otherwise we shall be unable to establish the correct original invariant
characteristic of the words in the phrase, in many cases. Thus for the equivalent
“follow ” the adverbial characteristic (as + follows — cneaysouwm o6pasom) can only
be established after it has undergone dictionary analysis (e.g., also the suggested



charactcnstlc of the equwalent compare” in the position noun - compared +
with — “ no cpasnenno ¢ or the adjectwa] characteristic question in the position
noun + in -+ question * -paccuatpusaemuif 7).

Dictionary information on a ‘'word in the dictionary may be final or
preliminary. A

The establishment of the Russ1an equivalent of the word is regarded as ﬁnal
dlctlonary 1nformat10n prehmmary information consists in markings *“ homonym
or “ many meanings ”’

A word with the markmg homonym ” is treated by means of the dictionary
scheme  Distinction of homonyms ” which gives a solution for the following
four types of homonym:

(1) Adjective-noun (corresponding to markmg “ OM 1 7), there are 96 words
in our dlctlonary and some of these are included in the group *“ OM 1
complex * which denotes compounding of the simple (two-way)

homonym : \ _
e.g., check —1. adjective  kourpombumiit * {checking)
.. 2. noun KOHTPOAb " (a check)
3. verb ** muoros ™ {multi-meaning)
square —1. adjective  wpampathuit (square)
2. noun ** muorosH - (multi-meaning)
3. verb  ° sossecru B xzanpar  (bring into square)

(2) Noun-verb (60 words in our dictionary are marked OM 2).
(3) Verb-adjective (18 words in our dictionary are marked OM 3).

(4) Adverb-preposition (20 words in our dictionary are “marked OM 4 since
this number does not include words requiring individualised analysis).

The delimitation of the first three types of homonym. is carried out by a
combination of morphological and syntactic analysis of a word with the marking
“homonym . Thus the presence of any endmg (except -er ‘or -est) with a OM |
or OM 3 mnnedlately excludes the alternative ‘* adjective ” just as the presence of
the ending -ing or -ed in OM 2 solves the question in the favour of the verb. For
all remaining cases syntactic analysis is used.

As a result of the scheme “ Differentiation of homonyms " part of the words
are glVCIl final dictionary information and part only of the markmg * multlple-
meaning >

All words with the marking ** multiple meaning " (thexr ‘number in our
dictionary is 1/5th of the total number of words in the dlctmnary, ie., 458 words)
are treated under the scheme * Analysis of multiple meaning > as a result of which
all (“known”) words without exception in a phrase obtain final dictionary
information accompanied by the original invariant charactensncs

The scheme ** analysis of multiple meanings of words” - provides contextual
analysis of words with multiple meanings and relies predominantly on * micro-
contexts ” but taking the “ macrocontext > into account (in the mterpretatwn
which we suggested in the general paper *“ Some general principles of MT ).

A few examples of analysis on the basis of the microeentext

(“ OM 2 "—verb, “ mu]t meaning )/if “ no > then to the left. (*_——2") to
the symbol ( H-Pr ) (* purpose of apparatus ™} or group METHOD.

a(t1, L) Check nearest preposition on left for sign (*“ PPZ ") or PD (* PN ™)
(preposition of direction) or PO (** PTs ) (preposition of object).

1(0,0) WORK OUT (verb, takes acc, case).
H (0, 0) DESTINE (verb, takes acc. case).
HI (0, 0) DENOTE (verb takes acc. case).
. 48 advance (a, b): Check gwen word on feature '

* ver
1 OM2 ”—1. Noun “ mult. meanmg > mi(b, I): Check gwen word on (reject)
2. Verb * mult. meaning ending -ed and following

word on “noun’

b(T1, U): Check noun found on group
TEXT-BOOK.



{1V, V): Check preceding word for
: . grouptt IN Y,
) i I(0, 0): RAZRABOTAT (verb talnng
\ . ace. €ase),
C 11(0,0): VTORAYA STUPEN’
o _ (ﬂdj. ~and noun) f. gend.
- sing. determinative past par,
H1(0, 0):+ Completed (adject.). -
IV(0, 0): ZARANEYE (adv. of time).
“(IN- - =-particle, not translated).
V(0, 0): USPEKH (noun, m. gend.).
Fig. 2,
By way of example of the effect of the * macrotext * on the system of meanings
of a word we give an analysis of the word ¢ picture > in a mathematical dictionary:
1421 picture (1.17): check previous word on * adjective ™
a-noun ' " -
1(0, 0): KARTINA (noun, f. gend.)
11(0, 0): CHERTEZH (noun, m. gend)
In all cases it is important to note that the meanings given by the MT
dictionary are * relative meanings > in the sense outlined in our paper “ Some
general principles of MT ™, I e ' o

0. Grammatical Analysis of an English Phrase

Grammatzcal analysis is carried out by means ef a cycle of specxal sehemes
(so called Anajﬁsxs Schemes) six in number, the order of operating. which lS_
indicated in the headings of the present paper. :

Analysis of an English phrase begins with the _scherne “ verb "’ which is the
key scheme of the first half of the Analysis (up to the schemes for syntactical
analysis inclusive) while syntactical analysis of the: phrase (Scheme 3) gives the
basis for the working of the second half of the analysis. by estabhshmg the limits
of the sections within which it is carried out, ' o o

These sections are: : il -

(a) Simple sentence (after removing from it alf separated and mtroductory
groups of words). P

(b) Separated groups of words within the glven Stmtencé

(¢) Introductory groups of words within the gwen senxence

The sequence in which they are treated corresponds to the order in whleh they are
enumerated.

Scheme of Analysis of verbs which operatee ﬁrst has at 1ts dlsposal only 1mt1a1
dictionary information. The object of th&scheme is‘to determine all verbal forms
m the phrase Here the verbs in the personal form ark given the syntactical feature

*“ predicate ” and also features of mood, voice and tense; the features person and
number at this stage are pr0v1510na1 in - character, -reflecting the Enghsh
characteristic of the word and therefore later submitted to: .correction.

It is very important to note that from the ana]yms of verbs in Enghsh we
obtain information of a double character: English and Russian.

We rarely fix the first (except such features as person, number and sometimes
“ syntactical function ) while we record the second at the earliest opportunity.

Thus by analysing non-personal forms of Engllsh verbs ending in -ing we
give them the feature * verbal noun”, “ participle ”, * participial adverb™ or
* indeterminate form > corresponding with t,he role, of their ‘equivalents in the
Russian sentence (Cf. RB, p. 12).

By converting it into . . . . verbal noun S POM_OS_H’_YU PREQBRAZOV-
ANIYAYEGO V . . . . (“ by the help of converting of it into ™’}




Directly serting U . . . . adv. -part. NEPOSREDSTVENNO POLAGAYA U
Before turning to this . . . . “-indet. f.” PREZHDE CHEM OBRATIT’SYAK

Another example. By analysing a construction with an impersonal form
of verb (infinitive, participle and gerundive) we convert these constructions in
the Russian interlinear translation ato the final clauses and impart t6 the (Russian)
verbs the feature of personal form-—*‘ predicate ” tense, mood, &c. In translation,
one impersonal form may be replaced by another : an infinitive by a verbal noun, a
participle by an infinitive, &c. (see Fig. 3). o St N :

Corresponding with the special features of Russian verb constructions verb-
?rcdicates may receive the marking * subject inverts into direct (or indirect) object ”
see Fig. 4). ' ' : P

Test 69 (RB, p. 2)

It ' is | easily | verified ' JX ] that | (Ix+y<....
subst. pron. : verb. | E adj. adv. verb takes ! ) ' ” - : -
3rdp.sing.! pred. | l_ ace. Fo@Ny | N formula

neat. | pres. 3ed p. | ' | Pl o 1 verb. pred.
i sing. ; : : S :
i -] ' = j
é indef. form | — o
: Lo . pred. pass through .  punct.’ i ~ not changed
| RO B e O
! SIETKO | MPOBEPHTL | . 4TO [ x+y<.. ..
Test 62 (RB, p. 2)
Let i us now consider various b * . operations ] X}
particle | pronoun 1st| adv. of verb takes i adj. ~ <.poun i
adj. aux. | pers. plur. time ‘ "acc. g o . £ gen. ;
| predic. fut. |  fpl | -.phaec. | {ZN]
ist pers. plur. acc. S | [punct.}
P TEIEPh| PACCMOTPHM [PABTTHVHBIE| ONEPALIMH | |

. which r may [ be ; performed -upon - vectors
conj. adj. E verb modal i verb F verb 'prepbé. takes noun
» pred. 1 | takesace.case |- instr. m. instr.
| 1 : .
~—»Noun, CONj. | iMpers. pass pred. inf.  [indef. pred. “iavert! - " — pl. instr.
~subj. ace— 1 by(*-1) - pass by (*-I) isubj. into dir. obj.” |- :
pi. i : R . ;
[ : f i ‘
KOTOPLIE E MOXHO ' BBITTIONTHHTE 5 HAX  |BEKTOPAMH
' i ) : . .

P

Fig. 4.

It is essential to note that analysis of verbs depends on.the special structurai
classification characterising verbs in two planes: S N
(@) In the plane of English itself—by uniting by so calied * additional > signs:.
““ declarative  verbs (call, label, declare, report, &c.), * causative
(cause, enable, make, order, command, &c.), “ modal” and * semi-
modal ” (help, dare), “verbs requiring two objects™ (give, offer,
permit, &c.), “* semi-auxiliary ” (seven types distinguished), &c. ‘
(b) On the plane of comparison with the translating norms of Russian, by
performing on so called groups (53 groups in all are distinguished,
divided into three classes) so constructed to exclude any overlapping. In



~.- the groups words are included which have special features in translation
by personal forms of verbs (Class 1), impersonal forms (Class II) and
certain more complex cases (Class 1n.

After workmg on the scheme * verb” we obtam final mformatlon on the,
grammatical form of alfthe verbs in the Russian phrase. .

Scheme of analysis of punctuation signs follows aﬁer the scheme * “ verb 7y
and uses the results of the latter. The object of the:s¢heme is to ensure that all the
punctuation marks in the English phrase (apart from the “ final * ones, full stops,’
exclamation and question marks) which refiect firstly, the functlon of the sign m
question in grammatical analysis of the. English phrase, i.¢., its “ English function ”
and secondly, the fate of the sign in translating the phrase into Russian (i.e., its:

* Russian function ). If these functions coincide a common feature corresponds
to both (Cf. the characteristics of brackets, semicolons), but if the * Russian ”
function differs from the English, the sign receives some additional feature. For
example, commas separating totally dlﬁgl:'cntlated sentence groups or adverbs in
the English phrase, are given two features: English ZV (introductory sign) and
the Russian ZPr (the sign pass through Russian). Russian and English si
also differ in the case where the English sign should be transferred into the Russmn
text, although its presence in the English phrase impedes unification of analysis.
In this case, however, instead of two different features the sign is given one feature
~—~ZPa (comma-pass through English). In this way the omission of the sign in
the English analysis and its reiention in the Russian translation is ensured.

The features which punctuation signs may obtain as a result of analysis of the
English phrase. can be summarised by means of the ﬁve maln and nine supplementary
features: ek
Uniform (ZO).

Non-uniform (ZN).
Introductory (ZV).

Separative (ZO).

Pass through (ZP). _
Features supplementary to the first are:

(a) Generalised-uniform (ZOo); to the second
(b) *“ Small point ” (MT); and to the others
(¢) General pass through (ZPo)

(d) Pass through in English (ZPa)

(e) Pass through in Russian (ZPr)

In addition to this paired or * scparating » punctuatio_n marks obtain additional
features *“ beginning > and **end”

All these features are extremely lmportant landmarks in the subsequent
syatactic joining up of the phrase from (simple) sentences and determining
accurately introductory and separative groups in the sentence( Scheme of. syntactic
analysis of the phrase’™).

The second half of the Analysis begins with the scheme * noun and numcrai ”?
and here accuracy of analysis is increased by using information on the syntactlcal
structure of the phrase.

Functionally numerals* are not differentiated frorn nouns and can be analysed
by the same rules although the difference in morphological character between
English nouns and numerals prevents them from being combined in one class. .

The scheme of analysis of adjectives is the last fundamental English scheme
with results of material importance for Russian schemes of synthesis.. The scheme
depends on the results of all the preceding schemes and provides all the adjectives
in a Russian phrase with a variant charactenstic, i.e., features of gcnder number
case, degree of comparison, form (long or short). -

In addition the scheme covers cases of substanﬁvahon of adject:lves and also’
the possibility of adjectivisation of numerals.

The scheme * Change of word order in translated phrase” complct&s the work
on the schemes of Analysis. By means of this scheme, cases of *“ unRussian
word order due to certain special features of Enghsh norms in comparlson with
Russian, are eliminated.

NI

* Especially as we regard only quantitative numerals as such “ ordinals ” being regarded as
adiectives.



It should be noted: that in translating from English to. Russ;san, changes in
word order are in the majority of cases local in nature. .

The most important differencés jn the position of syntactic utits as- between
Russ1an and English sentences are due to (a) the prepositive position of nouns in
the function of definition, in réspect to another noun; (&) the -expression and
position of negatives in Russian and English sentences.

Ex. 1. “Use the Lagrange variation-of-parameters. method “to solve the
tnhomogeneous #* order differential-equation .. < (RB, p. 12)
(=Use the method of variation of arameters of Mgrange to solve
the differential equation of the n* ordgr)

Ex. 2. “Hence if f (0)==0 ne nonidentically vamshmg solunon of the equation
can have . . (RB, p. 74) (consequently if f {0)=0 no (adj. form)
nomdentlcally vamshmg solution of the equatlon can not have. .
(double negative in Russian). co

Lid

IIL Grammatlcal Synthesis of the Russmn Phrase

- We term the system of rules enabling sentences translated from (another)
language to be built up grammatically. Synthesis schemes.

Multi-language machine translation (/.e., translation from many languages)
imposes certain requirements on.Synthesis schemes: e

(1) These schemes should ‘be exhaustive " settlng-out the rules of word
variation in Russian since the grammatical rules -which are not very
relevant in translating from one language, may be extremely rclevan(
in translating from another language.  ~ -

(2) These schemes should be universal, i.e., should glve a pesitive answer to
any requirements reghrdmg word variations ansmg from the Analysm
schemes. ;

(3) These schemes ‘should not be dependent on Analysis schcmes for the
latter are of different importance for different languages SR

For schemes of Synthesis, indication of * non-use ™ of pgrtlcular grammatlcal
categories which may be encountered in normal grammar tannot be regarded as
final: it should be accompanied by an indicationi’ as to what grammatical form
should replace it. The problem of the equivalence of grammatical forms of an
individual language (Russian) arises and a solution is extmmely 1mportant in
constructing schemes of Synthesis in machine translation.

~ The importance of the problem of grammatical equwalcnce af forms of an
individual language is due to the difference in the degree of productivity of
equivalent grammatical categories in different languages (Cf the categor? of
the verbal noun m Engllsh and Russian).

In regard to the mdependence of Synthesm schemcs from thosc of Analys1s
we should note that it is here that one of the mndamcntal dlffcrenccs between
the two (classes) of schemes lies. At

Analysis schemes are comparative by nature, this- belng Justrﬁed as fo]lows
grammatical analysis without reference to a particular language for transiation
or some rigidly limited system of grammatical categories { fuathe actual formu-
lation of certain conventional languages) would be too ““ uneconomic” :

On the other hand, Synthesis schemes may be compiled in'such a way as to be
specialised expositions ‘of the rules of word-—vanatlon (and certam iaws of word-
formation) of an individual language.

At the present time an attempt is being made to compﬂe tlhe foﬂowmg Russian
Synthesis schemes for machine translation:

(1) * Word-forming scheme ” (auxiliary).

(2) “ Verb.”

(3) “ Adjective.”

(4 “ Noun and numeral.”



Testing of a version of these schemes programmed for a machine, has given
satisfactory results: the machine constructed without error the requlred word
forms of the words of a Riyssian interlinear translation. The Russian sentences
worked out by the Synthesis schemes which sometimes lacked stylistic finish,
were unexceptionable fiom the grammatical point of view,

L Word-formmg Scheme

Among the aiternative (contextual) grammancal features which a Russxan
word acquires in the Analysis schemes, word«changmg and word—formmg are
differentiated.

By word-forming features we mean those whlch require consultatlon of the
dictionary for the purpose of selecting a new:{dictionary) word; word-varying
Jfeatures are obtained by simple change in the termmatnon of the word in accordance
with rules combined in the basic Synthesis Schemes.:

We have thys, for our work, modified the meanmg of the terms word-chan
and word formation: any transformation of a word which does not involve the
disappearance of the root of the word is regarded by us.as word-variation: on the
other hand any replacement of a word by a new (dictionary) word (includin
suppletive form formation) is con51dered as the f‘ormatlon of a new (dlctionary
word—word-formation,

*“ The word-forming scheme .IS dmded mto four independent parts—-
corresponding with the main variable classes of Russian words,

In the first part are included the adjectives which.in the schemes of Analysns,
received. the features “ adverbial , “ substantival,” or “ degree of comparison—
not positive.” In addition it includes adjectives formmg the short form irregularly
(e.g., BOLSHOY-VELIK) or plural (some pronomial. adjective),

. The feature “ adverbial adjective ” occurs as ** word-formmg .or.as * word-
changing ™ dependmg on the type of formation of the adverbial form of the different
groups of adjectives in Russian. This feature is word-formative for pronomiat
adjectives and also for adjectives not forming the adverbial form synthetically.

Among adjectives having an analytic adverblal construction in Russian, four
types are distinguished:
1. " Adjectives corresponding to the constructlon w by means of + a noun
of one group with the adjective in question ™,
2. Adjectives corresponding to the construction m ‘the form of + a noun
of one group with the adjective in question ™.
3. Adjectives corresponding to the constructlon
4

(11

of . + a noun of one
group with the adjective in question ™.
Adjectives corre gondmg to ‘the construotlon “by way of 4 a noun of
one group with the adjective in question ™. “

In all cases the noun tak_en from the dictionary receives the feature “ gen.
sing”. The sign “adjective” hitherto accompanying the word is deleted. The
spec:al features in carrying out the adverbial function of the adjective are fixed
in the form of the dictionary feature of the group of the adjective (groups lap-N,
Ibp-N, Icp-N and Idp-N*.

For the remaining groups of adjectlves the s1gn *“ adverbial ” is not word-
formative,

The feature ** substantival ” whlch may be acqmred by pronomial ad)ectlves
is always word-formative.
Ex. (English) The approximation becomes mvahd because of our giving the
variable a wrong value.

(Russian: The approximation becomes mvalld because we give the
variable a wrong value).

= [lpufnsrkenne CTAHOBHTCH OECCMEICIEHHEIM, ROTOMY YTC Mbl NaeM MNSPEMEHHOH Heaepuoe
JHAYCHHE .

* The notation of each group consists of the type number (roman numeral), serial number of the
group (alphabetical letter following roman numeral), indication of the part of speech (p in the foregoing
example means adjective) and the name of the group [ detachment ] (in the example N means:
adverhial constrietion formed analviicaliv.



In this case the adjectives are checked for. dxct:ona?' features of person,
number and gender and are replaced by personal pron uns wnth analogous
dictionary features: .

E.g., my—1I, his —he, thy thou, &c.

The features of comparatlve “and superlative degrees of companson of an
adjective in the majority of cases* are also word-formative smce they are obtamed
by the addition of a new word to the text: where the feature *“ comparative degree
occurs the word * 6onee ”” is taken from the dictionary and where “superlative
degree ™ the word * nan6onee ™ is added to the existing adjective. -

Of the two methods of forming the degrees of companson in Russian—
synthetic and analyt.tcal—-—the latter 1s preferred as it is mare universal. The
synthetic method is used for the formation of degrees of compnnson from adjectives
in the short or adverbial form only and of a small group of irfegular adjectives
(good, bad, big, little, small). I[n a number of cases, particulatly for the above .
group of 1rre%lular adJe:cuves, the adjective occurring in the text is replaced by the
word from the Russian dictionary correspondmg 1o the ahernatavc features. of
the adjective in question: SR

E.g., KHOROSHMY-~LUGCHSHIY (good——be&t) o
PLOKHOY—KHUDSHY (bad—worst). .
PLOKHOY (- adv. form ”)—KHUZHE (Worsc)

In the second part of the *“‘word-forming scheme > nouns havmg received the
feature * adjectival * 1 the Analysis schemes are dealt with; this indicating that
this adjective should be replaced by an adjective taken from the dictionary.
Personal pronouns may receive this feature on transiation from Chinese in

particular:
#L#aiffjrmééﬁm&wﬂ@_

{this question arises in connexion with the position of our country)

Apart from this the * word-{forming scheme * gives featum “ plural number ”
for nouns formmg the plural in a non-standard manner: g

- E.g., CHELOVEK.-—LYUDI; GOD—LET (plur. and gen.).

Cf. also such formation of the plural of pronotins in translatmn from Chmese,
Japanese and similar languages: .

4L PRNE Y kS uaa..-.gj

(in proving n==2 we require the following two lemmas)
In the third part of the ** word-forming scheme ” numerals are dealt with,

In the Analysis schemes, numerals acquire the following word-forming features:

* introductory ”*, * ordinal » and * substantive .+ The first feature is obtained "

by prefixing on, the left, the particle V/O/— the features  introductory > bging

replaced by “ ordmal ” and the affixing of the additional feature * plural no.,

prepositional case ”, after which the word-varymg scherne ensures correct
transformation of the word. :

The second feature “ ordinal '} is obtained. dlﬁ‘erently for numcrals thh the
feature * less than five ” and those without it: in the first case we select from the
dictionary the word corresponding to that given as regards. number and feature;
in the second case the ending -OY or -Y is added to the word given, depending
on the dictionary group of the numeral. Possible ch: n.the root of the word
are also fixed by means of dictionary features. In both cases: the transformation
Is accompanied by a change in the basic dictionary feature: fmm “ numeral ”’
it becomes “ adjective . . .

* Exceptions are adjectives in the short or adverbial form, the degree of oompa.nson being formed
synthetically from the same root of the word.

¥ Such a system of characteristics of the numeral enables us to reduce to }the volume of the section
of the dictionary containing numerals: the words naming the numbers of the natural serles (1,2,3, &c. )
are given in the dictionary once only and not repeated for the ordinals (Ist, 2nd, 3rd) or * mtroductory
in words (firstly, secondly), or * substantivising "faset of 4, 5, 6, &c.). Of these the dictionary only
includes some cases of * irregular ”* word formation. _ _

} Russian numerals receive this feature in Anaiysis schemes in cases where the equivalent numeral
in the original has no morphotogical form enabling 1t to be characterised as a “ quantitative adjective ™
before applying the Analysis scheme, Cf, Chinese scheme for numerals,



The feature “substantive” is taken by numerals where it is required to
transform them into the form two, three, four, &c. For some numerals this is
catried out by resorting to the dlctlonary, but in the majority of cases it is sufficient
to add the required ending~according to the established rules.

In the fourth part of the ** word-forming scheme of synthesas verbs are
varied with the feature * subjunctive mood” or “future tense ”, impetfective
form. 1In the first case, the additional word * Bu"* (with the feature ** particle ™)
is selected from the dlctlonary and in the characteristics of the verb in question
the feature * subjunctive mood ” is altered to * past tense ", and the 'verb is then
passed to the word-variation scheme of synthesis. =

In the second case the verb Burs (to be) is also takcn from the dictionary and the
feature “ future txme perfectlve form ™ is glven to it while the verb in the text
receives the feature  indeterminate form ™ _

In addition to thls, the fourth part of the word-forming scheme of .-synthesis-

solves the problem of *“ non-standard formation ” * of such verb categories as

“ imperfective form >, * verbal noun », “‘participle ” and adverblal part,imple »
when the featyre is found by consultmg the dictionary.

Thus “ adverbial participle of imperfective form ** ‘from the verb SKAZAT’
is formed in the word-variation scheme only after:the verb has passed through the
word-forming scheme, since in this case the original verb should be replaced by
another word—-—GOVORIT’ and the required form is obtained from it by word-
variation.

II. Main Schemes of Synthesis

1. The scheme “ verb > is the first scheme in' the group of mam schemes of
Synthesis. It consists of two sub-schemes (** use of forms of verb ”* and * formation
of verb forms ") which are of a prehmmary natm'e and of a spec.lﬁcally WOrd-
variation verb scheme. ;

In the preliminary sub-schemes, the category of the form of verbs in the
translated phrase is found exactly by contextual analysis of the Russian phrase
and after this the verbs are passed to the main word-varlatlon scheme.

In the working of the verb word-vanat.ton schemc four stages are
distinguished :

In the first stage a system of chocking determmes exactly the group of
words which should be changed according to the scheme in question: verbs
are Selected not having the feature * invariable "ot the ‘comfbtitiation of the
two features ** indeterminate form and active voice’

In the second stage the root of the verb is estabhshed to whlch the
required -ending is subsequently added. The first step in this direction is
to reduce the dictiohary endings of the verbs Yo a single formi: the particle
-SYA (indicates reflexive or passive in Russian) if the dictionary form of the
verb terminates in this way. Then the one of the two roots of each verb

. which corresponds to the alternativg features of that verb is obtained.t

—1 root (present) is obtained where the verb has one of . the features
“ present tense ”, * future tense ”, “ imperative mood ” or the. combmatlon
of two features * adverbial partlclple and imperfective form ”. :

—1 1 root (infinitive) is obtained in all other cases, /e, where there is the
feature past tense » or ** verbal noun *’ or the Eombmation of them featutes
‘ adverbial participle + perfective form™. - -

In all cases typical root formation is preeeded by separatlon of group or
single deviations from the normal formation. The deviation is determined by
means of the dlctlonary feature of the group of the verb,

* * Non-standard formation * is the-name given to all cases of * non-use ” of particular grammatical
categories in the language of the translation in which the'neeessuy arises of substituting their equivalents
for the unused categories.

t An exception is verbs in -Ch’ and -T1 (PECH’, UVLECH', MESTI, NESTI, &c yexcept -RASTI,
IDTI and verbs ending in -YTI). These verbs are separated mto a group of “single root™ verbs
since all the grammatical forms of these verbs which concern us ar¢ formed from the same root.
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By normative formation of the I root of the verb is meant that in which the
two last letters are removed from the dictionary form® for verbs in the first
conjugation or the last three letters in second conjugation verbs, the remaining
part of the word being retained without any alteration in the root of the word.
All cases of alteration of the root are deviations from the normal. Among
“1irregular ” verbs we differentiatexthose which vary one, two or three final letters,T
beyond this “ irregular ” verbs are combined in groups corresponding to the
letter (or combination of letters) which appear in the root of the verb as a result
of alteration, 3 .

The normal (normative) formation of the II root of a verb consists in
eliminating the last two letters from the dictionary form of the verb after its
unification in res to the particle -SYA. Deviattons from the above rule are
taken account of for the following three groups of verbs: (1) the verb RASTI
and verbs derived from it ; (2) the verb IDTT and verbs ending in -ITL and (3) verbs
reducing the root to (by?) one letter. :

In the Il Stage of operation of the verb scheme, one of two cycles of further
checking is followed: Cycle A {(for I root) with further determination of the
following categories:

{. *Participle ”——2. *‘ Adverbial participle ”’~——»3. ** Imperative mood >

F-‘-—>4. (Final “ No.”) * present tense” or “future tense (perfective
orm) ™. | .

Cycle B (for I roo_t)__.. with further determination of the following categories:

1. * Participle "——2. * Adverbial participle ”—-3, * Verbal noun”
——+4. (Final “ No, ) *“ past tense ., : :

In Cycle A are included two participial forms of the present tense—active
and passive and- one adverbial participial form of the verb——thé adverbial participle
of the imperfective form. In Cycle B are included the participial forms of the
past tense and the adverbial participle of the perfective form. .Verbal nouns
and participles, categories which are double in essence are worked out in the
scheme *‘ verb > only in the form of the root, being subsequently transferred to the
scher{)lc “ adjective ” and “ noun ” respectively for variation as regards case and
number. : -

Within the limits of the category of Cycle A or Cycle B, which is of importance
for the verb in question, the form is further determined: for * parficiple ” the
voice is determined, for.* present tense” and * future tense ” the person and
number and for * past tense ” the gender and number are fixed. Thus at this
stage of the working of the scheme it is made clear what ending should be added
to the verb root. For some groups of verbs} analysis in respect of category also
determines a number of particular variations in the root of the word. Thus for
groups 1Kg-NV§ account is taken of alteration in the root in the first person
sing., present tense (NOCIT—NOSHU); for groups lag-PV, the special feature in
forming the past tense is taken into account (ZAMERZNUT —ZAMERZ); for
group 1bg-PP the special feature in the formation of the past participle (use of the
suffix -T), &c., is allowed for.

In the IV stage we add to the root of the verb which we have obtained, the
“ regular >’ ending (if necessary) corresponding to the conditions explained in the
preceding stages of the working of the scheme. ™ - S

II Scheme ** Adjective”, the second scheme of Synthesis in order of operation
also begins with determination of the group of words which have to be varied
in this scheme. These words are adjectives, including participles which replace
the feature * verb ” by “ adjective ” after treatment under the Synthesising scheme
“ verb ™', together with nouns and numerals which decline like adjectives (i.e., take
the same case endings as adjectives, Not only nouns like * ucheny (scientist),

* After unification of the verb endings in relation to the particle -SYA.

t In Synthesis schemes in all cases the regularities in the changes in the written but not in the oral
form of the word are established since the system of machine translation suggested is intended for
translation of written texts.

} In particular for groups of verbs combined inio the divisions:—

NV— jrregular ** formation in present tense.
PV—*“irregular " formation in past tense,
PN— irregular " formation in imperative mood.
PP—<irregular ” formation in past participle.
§ Explanation of the symbols used in denoting the groups has been given above.



peremennaya (variabie), postoyannaya (constant), &c., but aiso pronouns “ OH
(he) (ONA, ONO, ONI), KTQO, CHTQ (who, what), TOT, ETOT (this, that);
TE, ET], SAM (those these, 1tself)* or numerals *“ ODIN, DVA TRI, CHETYRE,”
numeral pronoun§ “ MNOGO (many), NESKOL’ KO (several), OBA (both) ”
and some others.

From among the Words treated by the scheme we exclude those having the
feature “ invariable.” A case of invariability of a word is also that in which the
required word form corresponds to the dictionary form of the word. By means
of a series of special checks all these cases are excluded from further processing
by the scheme,

The feature * short form > of adjective is the first obtained by the scheme,
For this purpose we first obtain the root of the word, to which, depending on the
features of number and gender and also on the type of root, is added one of the six
endings {A, YA, O, E, Y, 1) or—as a special case~no ending-at all.

The root of the word is obtained by simple elimination of the last two letters
(or four in the case of participles with the, particle -SYA) from the dictionary form
of the adjective. The only exception is in the group in which the suffix OV is
added in formm%the root of the short form of the adjective (KAKOY-KAKOV,
TAKOY-TAKOV (such)).

For the short form of adjectives of masculme gender singular the possnblhty

is taken into account of the fleeting vowel O (KRATKY-KRATOK (short) or
E (IZVESTNY-IZVESTEN, VOZMOZHNY-VOZMOZHEN). This special feature
of adjectival root formation is determmed by refemng them to the appropriate
groups. _
A second determination which pfecedes the actual varlat:on of words by
case, is connected with obtaining the feature * ﬁmal -adjective "’ in those cases
where is it subject to word variation. For tlus purpose the ending -Y or -OY
is added to the original numeral, to achieve the possibility of alteration (of letter
order) (e.g., VOSEM’-VOS'M - QY, SEM’ SED’M 4 QYY) or additlon (e.g.,
SOROK-SOROK -+ OV —+ OY) in the root being allowed for.

At the beginning of thJS part of the scheme when the required case endmgs
are found, words with “* irregular ”* case endings {section L groups) are removed.’
These include pronomial adjectives and nouns (VES’ (all), NASH (our), SAM
(self), TOT, ETOT, TE, ETI, KTO (who), CHTO (which), ON (HE)}. :

Determination of the case endings of a word is carried out se’parately for
words with the feature * sing. no. ™ and for words with the feature “ plur. no.

In the first case it is established by a checking system whether irregular endings
are required (for pronouns with the feature ‘“irregular,” these having been
enumerated above) -O/E, A/YA, U/YU} and I the irregular ending -EM 1n the
instrumental case (VES’, TOT and the KTO-CHTO group). All remaining cases
of cases change in the word are dealt with in the same way by the scheme * regular ”
word-variation: by rejecting the last two letters {in a special case—four letters§)
from the dictionary form of the word and depending on the results of checking
on the features of case and quality of the root one of the regular en8ings is added:
AYA/YAYA, -UYU/YUYU, OY/EY for words of feminine gender and OYE/EYE
for words of neuter gender; for words of masculine gender and in the remaining
oblique cases of neuter words —OGO/EGO -OMU/EMU, YM/IM, OM/EM.

Among words with the feature *“plural number,” those which are irregular
are again separated, these being dealt with first, and also the “* regular ”’ forms of
“irregular ” words. In forming the root, in these cases as in the first, the special
features of individual groups of words is taken into account, particularly ““ irregular”
pronouns.

After joining the case ending to the root of an adjectival word with the feature
“ participle ” the particle -SYA is restored if it was removed at the beginning of

EA]

* The words TOT, ETOT, TE, ETI, SAM are described in our MT dictionary as “* adjectives ”
but in the Analysis schemes this description can be changed to * noun ™ if the adjective is substantivised
in the sentence.

¥ Pronouns ONQC, ONA, ONI fit, she, they] are regarded as word-forms of ON words derived from
KTO and CHTO (NIKTO, NICHTO, NEKTQ, NECHTOQ) and also KTO and CHTO with particles
-TOQ, -LIBO, -NIBUD', KOYE- are included with them in one group {some, any-, whatever, &c.].

Y The selection of one of two endings in this case is determined by a special check relative fo the
type of root.

§ The nominative and accusative for inanimate things of the masculine gender coincide with the
dictionary form of the word and are excluded from the working of the scheme at the very start (see above).
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the scheme. " In a similar manner we remove at the beginning of the scheme
(and restore at the end) the particles -TO, -LIBO, -NIBUD".

IIT Scheme ** Noun and Numeral” is the last in sequence in the scheme of Russian
synthesis. At the beginning of the‘scheme we determine by certain checks
(blocks 1-6) whether the word undgrgoes change m the scheme, Ze., if it has the
feature “ noun *, which includes’ * verbal noun”, the p&rt«-of~speech feature
of which was changed after treating in_the synthes:smg Scheme “verb™ or
“ numeral » dechmng like a noun (e.g., PYAT’ {five),” SHEST’ {six) and other
numeral ending m-": this does not apply to ‘““irregular” numerals “ SOROK
{40), DENANOSTO (90), STO (100) ™ or to the numerals. TYSYACHA (1,000},
MILLION, MILLIARD®Y).

Words with the feature “ invariable ” are excluded from the workmg of this
scheme and also words whose required word form coincides with the dictionary
form. This includes cases where the grammatical characteristic of the word
has the feature ‘ nominative case” combmed with. the features . numeral ”

‘ pronoun ”’; for other words the feature * singular ng.” is 11 mredasanaddluonal
characteristic. Besides this nouns in the singular Bo not change m accordance
with the scheme if they have the features accusatxve case ”1 -+ “ inanimate ”
combined}. _ : :

Obtaining alternative grammatical features by the noun’ scheme commences
with cases of irregular (exceptional) formation of proneuns§ and some numerals.
These cases are solved individually. For other words the need for individual
treatment arises only in determining the root of words compiwated by.transposition
of letters. These words are subsequently submitted to a series .of type checks by
means of whlch the condltlons for selecnng the correct case endmg become

- apparent,

For pronouns, thme types of endmgs are dlstmgmshed. axm_d_ the seacond stage
of the working of the s;cheme is divided into three parts: cotﬁe,\ ponding to these.

In connexion mth the special features of flexional formdtion -of word forms,
numerals which are declined like nouns receive a. dictionary feature mdxcatmz
the type of declension. - Thus numerals ending in -’ (PYAT’,! SHEST’, DVADTSAT
(20), TRIDTSAT’ (30),~ &c.), are given the feature III’ ‘declension ” ‘numerals
TYSYACHA, MILLION; &c., respectively * IT declension * and ‘7T declension.”

Nouns and numerals which form some case. by a speclal irregular way
are combined inio groups and indications (by checking) are pmv;ded by the scheme.
Thus for masculine nouns the regular form of the nominative plural is regarded
as obtained by adding the termination Y/I to-the root (STOL/STOLY (table);
KOREN’ -KORNI).  Thus nouns forming the plural by adding ‘the ending A
(DOM/DOMA (house)) are regarded as exceptions -and combined in a special
group.  Also in a special group are the masculine nouns used in the prepositional
singular with the ending -U (instead of -E), e.g., “ V STOLE ” but “V LESU .
(in the wood) (Gr. IV VS-10K).

For nouns with the feature * plurai no.” the checkmg is considerably
less owing to the fact that in the plural, dlﬁ"erences in declensmn are found only
in the nominative and genitive. .

After the conditions for the selecuon of the case endmg have been made
clear, the required ending is added to the root in & uniform manner.

* Nouns which decline like adjectives do not fall under this schene since they were treated in the
preceding scheme. '

¥ Numerals with double roots (PYAT' DESYAT [50], SHEST’ DESYAT {60}, DVESTI {200], &c.)
are not varied according to the scheme but are written in figures.

} The feature '“ animate ™ is only given to words in the Russian MT dictionary where it is of
grammatical significance, i.e., only the group of masculine nouns, as the accusative case of these is of the
same form as the penitive.

§ These include only the words Ya [I]. MY [We], TY [Thou], VY [You]. not having the form of
the nominative SEBY A,



APPENDIX

Test transiations. (Tranhelitor’s comment: The translatnon is mamly oorreﬂ:
and it seems rather pointless to reproduce it in toto ‘Instead some comments
on the Russian rendering follow:)

General: The Russian text is not exactly what a. Russmn would produce
but is would be intefligible and convey the correct Sensw: It could be like Enghsh
written by a foreigner, to some extent, tous. - °

Tests 2300-04: Has there been * cheatmg ” in the form of touching up? It
seems unlikely that *“ mass produced , *“ price ¥ would be included in a mathematical
dictionary? Perhaps not. And the word . for * tackled "—quite correct,’ but
“ tackled ” is not a very common English word in scientific texts. Grammatical
error in Russian (ANALITICHESKOY RESHENIYE shoutd read ANALITI-
CHESKOGO RESHENIYA in a negative sentence:**analytic solution™ in
Enghsh) The last sentence would probably be Tenderﬁ m “live Russian by

* staff without mathefiatical qualifications.

Tests 2400-07: ** Imeyet mesto >’ means “ takes* e 3 “occur” Would
be more usua]ly rendered by words meaniag * afe foutd 7", ur “are of séldom
occurrence lozhno polozheniya ™ means ** false a3s) "pﬂon ”. “trial and
error” would ‘be better rendered by the- lhirase llte' ally 'mgamng s sucoessi

approximation ” and this vages on wrong 4 )

Tests 2311-25:" Thc word for “ has a kno ' I _
naturally: it would be  is acquainted with but thrsteuld ‘excused on the gre 'tmds;
of limifin 5 the vocabulary. The translations in paragrafilis headed 1.to 5 acem
very good, presumably because concerned with nie

Chuiby mthemahcat ferms.
Doubtful if “ economical * would be rendered literalty® if Russ:an it noxmaﬁx-
means literally pertaining to money values and the word nginecrigg
is unusual especially as the terms for the divisions of engineering arethenm
ones. This and the absence of a rendering for “ preserfatfon ™ anc
surprisingly “.space ” indicates curious gaps in the vocabularynma Ther 14
of ** as wide ag possible ” is not good Russian. In the.ﬁext sentence “ fammkar
with ” is the phrase which would naturally. have been ased in the first. sehtenpe,
of this test, 1t is also odd that * efficient ™ can be transl; efficiency.”

e but net **
The Russian of thé sentence beginning *“ The numéricalitools ¢

would probably be intelligible: this sentence is one which’ weuld\._ ;
rather radncally differently by a Russian and the same apphes to the nel;t SEHTETION:
the sna Pphed > nmdentally does the Enghsh ity 'mean “ apphed-;tﬁ‘”
or shou d 1t be * applied by ™ or “ carried out by ™. - -

Summary> Most of the above comments relate’ ta atyl& and are perhaps-
rfectionist. There is (as far as [ can detect) only one mistake in Russian grammar

“ analytic solution”) and: ene mistranslation (*‘false assumption™). The
remaining comments mainly relate to what is in and -what is omitted from the
vocabulary. The general impression is one of conmderab}e success itisa nota”ble
achievement to be able to translate so well by a machme

ST



