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JPRS: 3356

€SO: 3901-D/11

SOVIET DEVELOPMENTS IN JNFORMATION PROCESSING
AND
MACHINE TRANSLATION

FOREWORD

This trenslation series presents information from Soviet
literature on developments in the following fields in in-
formation processing and wachine translation: organiza-
tion, storasge and retrieval of information; coding; pro-
gramuing; character and pattern recognition; logical design
of information and transletion machines; linguistic analy-
sis with machine translation application; mathematical and
epplied linguistics; machine tramsletion studies. The
series 1s published as an 2id to U, 8. Govermment research,

Previously issued JPRS repcorts on this subject include:

JPRS: 68, 241, 319, 355, 379, 387, LBT, 621, 646, 662, T05,
729, 863, 893, 925, 991, 992, 1006, 1029, 1130, 1131, 1132,
1133, 3225 and 3300,




- PROBLEMS OF WORD-ORDER _ (1)
IN RUSSIAN-CHINESE MACHINE TRANSLATION AND THEIR SOLUTICNS

[Following is a translation of an article by Liu Yung-ch'uen ‘
in the Chinese-language periodical, Yu-yven Yen-chiu (Linguistics
Research), No 4, 6eptember 1959, Peiping, peges 107-116.1

... Before we begin the subject proper, let me first introduce the general
picture of Russian-Chinese machine translation work. The present study was .
formally inasugurated in Janvary of 1958. Tae methods it follows are the seame
as those used by the Institute for Precision Instruments and Calculator Tech-
nology, Academy of Sciences USSR. The meterial on which it is based is drawn
principally from methematics literature. " '

The Russian-Chinese machine trenslation system is composed of the
following two separate stages: +the analysis of the Russian sentence and
the resynthesizing of the Chinese sentence. The purpose of the first stege
is to analyze the Russian sentence to obtain the necessary information oa
the vocabulary and gremmar, as a prerequisite to resynthesizing; the pur-
pose of the second stage is to form Chinese sentences on the basis of the ,
information obtained from the [abovel analysis. Line graphs for the analy-
sis of Russian sentences necessary for the machine translation of Russisn
into foreign lenguages have been produced by T. M., Nikolayev of the Institute
of Precision Instruments and Celculator Technology, Academy of Sciences USSR.
These line grsphs, it seems, can be applied to our study once adjustments
have been made to meet the requirements of Russian-Chinese machine translation.

There are the following two line graphs on the resynthesizing of the
Chinese sentence: "Changing the Word Order” and "Transleting Morphological
Features". The first is the besic graph for the resynthesizing stages, and
is fairly large and complicated. It processes the entire eyntaex of the
sentence. The second is much smaller than the first, and deals with verbs
performing the "predicate" function: morphological components of Russian
verbs are repndered here by lexical elements in Chinese., For example,

Nom mamzcan\® crarsw ,("T'a hsieh-ch'eng-le lun-wen [He hes written a
a paper]"). :

The foregoing is a general plcture of Russian-Chlnese machine trans-
lation. Now we return to the subject of our report.

The flrst part of the report w1ll expla*n the concept of word order
end its significance in machine translation. The second part will set forth
in a concrete manner the problems of word order in Russian-Chinese machine
trenslation and how they ray be solved.



I. The Concept of Word Q:dér and
Its Significance in Machine Trensletion

Word order is in the realm of syntax, and hence should be thought of as
the order of the units of sentence comstruction, whether these &re composed of
one word [tz'ul or of seversl, snd should not be thought of as the order of the
"independent words [ten-ko tz'ul" of lexicography end morphology.

- Vhen ye spesk of chengirg the word order, vwe mean the order of syn-
tactical units (definitives, couplements, and so forth) end not lexicel or
morphological units (houns, adjectives, and so forth). '

) This concept of "word order" has en even broader meaning as epplled
to mackine translation. It means not Just the position of the ccuponents of
a simple sentence, but the position of the even larger syntactical units
(the clauses of & complex sentence) es well,

We cen see from the cbove that this technical term "word order” is not
very precise; it includes a large amownt of assurption.

Word order has different functions in different lenpuages. I is only
a minor grammetical tool in some, but in othsrs it has en exceptionslly im-
portant or even major role, ' '

.. The importamce of word order is wost clearly revealed in trenslating -
between two lenguages of entirely different type. It is a focal point of
research work and is the declding factor in the success or failure of machine
translation. :

. To save time, we will say no more gbout the significence of machine
trensletion. The second part of this report will naturally explain 1t more
concretely. -

T, The Solution of Word Order Problems
in Ruseisn-Chinese Machine Prenslation (MT)

Russien and Chinese are two different kinds of language. Russlan is
synthetic and inflected; Chinese is analytic -- its morphology is extreuely
undeveloped. Eence both have many features of constiruction nct common to the
other. And there ere many obvious differences in word order as well.

Tt is often necessary, in translating from Russisn to Chinese, to
change the order of subjects, complements, parenthetical remarks, independent
clauses, and dependent ¢lsuses, as well as that of definitives, appositives,
and oblique:case nouns (which is done in meny cther MT systems), Almost
8ll syntectical units, in other vords, may change their order.

Now we will offer & few examples to show the differences between
Russian and Chinese word order, and how coppiicated the processes of word
order change in Russian-Chinese MT can be.\3)



1) " Kaxywo HOML3Y MOeT NPUHECTH aror mpueu? "

(shen-ma)(heo-ch'u) (k'o-yi) (tai- pi) (che-ko)§fang-fa)
[vhat] [benefit] [cen] [bringj [this] way] ‘

Chinese franslatiéni "Che-ko'fang-fa k‘o;yi tei-lai shen-ma hao-ch'u?"
[this] [wayl [can] [bringl [what] [benefit]
[What benefit cen this wey bring?]

11
2) Kaxyp M3 9THX  ABYX IPOMIBOAHNX OHA CHMBOJMSUDPYET?

(Waz-ko) (chih-chung-te) (che) (liang-ko) (tao-shu) (T'a) (tai-piso)
[Whichl] - lofg-] [this] [twol [derivative] [it] [represent]

Chinese translation: "T'a tai-piao che liang-ko tao-shu
, [Tt} represent]lthis] [twol [derivativel
chih-chung-te naz-ko?"{Which of these two derivetives (does) it represer
[of4—:-] [which] : L

3) "....opupamesne GyHEKIME, HMeled NPOUSEOAHYH B TOUKE X,

(pien-liang) (hen-shu) (chu-yu) (teo-shu (tsai) (tien) (x)
lexpansion] [functionlihavel [derivativellat){point]l [x]
MOWET GHTbL HpeACTABJICHO B BUAG..."
ék'o~yi) (piso-tso)
can [represent asl

Chinese translation: ",...tsai tien x chu-yu tao-shu (te)(%) han-shu

, [atllpointl[xl[nave] [derivativell(of/that &-)]
(te) pien-lisng k'o-yi pian-t50..." ‘
[function][ (of/that «=-)][expansion}[can][represent as]
[(The) expansion of (the) function hav(ing) (its) derivative at point x
‘can (be vepresent{ed) as] ‘ ‘

L) 'Har mudposoil kox cooSuwerma Ha PyCCKOM f3HKe NpeodpasyeTcA B
{Ju-ho)(shu-ma)(hsin-hsi) (E) (wen) (pien-ch'eng) (shu-ma)
[How][number][information][Russ-][-ian/ese] [convert tol[number]

udposBo Réa COOCUWEHNA HA KUTa}CKOM a3HKe?"
(hsin-hsi) (han) (wen)
[information][chin-][~ian/ese]

Chinese translation: "E-wen hsin-hsi (te) shu-ma ju-ho
[Russian]{information][cf/with/that ¢= )] [numberl{How]
pien-ch'eng han-wer h§in-hsL (te) shu-ma”" -
[convert toliChinesellinformation]llof/with/that «- )] [number] |
[Hov (are)(the) number(s) with information {in) Russian convert(ed)
to number(s) with information (in) Chinese]



5) "pomsponuad oTo¥ gyhmimm  pasna, KaK MM SHAEM,

(tao-shu) (che-ko) (han-shu)(téng-yﬁ)(cheng ju)(vo-iien)(so-chih)
[cerivativel[this]{function] [equall [as]  [ve [ know]

Chinese translation: "Cheang ju vo-amen so-chih, che-ko han-shu

Asl  [wel [know]l [tuis] [function]
fte) . tao-shu teﬁg—yﬁ £ (x)g '(t)..."
of /with/that <] [derivativellcqual

o

[As we know, (the) derivative of this function ecual(s)]

&) "YoHeuHO, BO BCEX CJAYyUYasX TpefyeTcA ONeHKa TO# NOIPENHOCTH
(Tang-~jan)(tsai)(yi-ch'ich)(ch'ing-k 'uang)(hsu-yao) (ku-chi)(na-ko)
(o course}lat/inllarl]  [casel [.mst)  [evaluate] [thel

ofa x/4 .?oéopym MM [ONYCKael, DAMeHAA MpHpalieHNe GyHKUMH dy
(su-ch'e)(ofx/) (wo-uen) (tsao-ch'eng) (tei-t'i) (pien-lieng)
lerror] (ofaz/) [wel [created] [ represent] [expansion]

(ee muidepeHuMasIOM
%han—shu) (wei-fen)
function}{aifferential] (5)
' ' 5
Chinese translation: '"Tang-jen, tsal yi-ch'ieh ch'ing-k'uang (tu)
[0f coursel[in] [al1l] [casel [(e11)]

hsu-yao ku-chi wo-ien (tsai (yung wei-Ten dy
[aust] [evaluate] [wel [(at/in)] [(use/with)] [Giffevential] dy

tai-t'4  han-shu Ay (te) plen-liang shih
[represent]{ function] Ay lof/vith/that &—][expension] [vhen )

tsao-ch'eng (te) na-ko wu-ch'a o/4 x/."
[create]  [(of/with/thet €—)1  [ihet] [errox] o/A x/

[of course in every case (we) -ust evaluate the ervor of4 x/ create(d)
vhen we represent (the) empansion of (the) furciion 4 y vith (the)
aifferential dy)

A line graph "Changing the Vord Order" has becn provided in the Russian-
Chinese MT syst?% o change the types of word order shovn above. It is based
on dictlonaries ) and on the infoimetion obtained in the analytical stage.

Also, it is composed of the following five intcrrelatsd sccondary line
graphs developed in order: "Definitives aund Appositives,” "Obligue-cesc nouns, "
"Subjects," “Complements,” and "Depencent clauses,” Tae first four chenge the
order of sentence components in simple sentences and in the clauses of complex
sentences; the last one, the order of Cependent clauses in couplex sentences,




Before analyzing these line grephs, we will first talk a bit about a few
of the basic principles along which they are organized:

. A, The first thing in changing word order is to decide upon the basic
pivot around which word order changes will be made. This basic pivot is the.
predicate., The position of subject, complement, end some oblique-case nouns
are 2ll determined by the predicate, The pivot for definitives is their
antecedent. T

B. The order in which the secondery line graphs are arranged and the
order of their steps are extremely importent. Many mistakes will be made in
translation if proper attention is not given to these orders. For example:
"Kakyo M3 STHX ABYX IDOMBOMEHX oHa cummosmsmpyer?! ("Which of these two
derivatives does it repreqentV“) If the processing of the direct complement
is done before that of the indirect complement, there will be no place to the
left of the indirect ccmplement to put the word (waxyw) that it complenents. and
explains. .

To keep the work in order and to have a loglcal arranﬂement, all words
having tlhie characteristics of "special adverbial oblioue cese nouns are
processed in the secondary llne graph “Deflnﬂtlves and Appositives"; words
having the characteristics of "complements" or to be found in def:nlnive
groups, participial phrases, or gerundive phrases are processed in the sppropriat
secondary line graph. See below for details.

C, Related to the foregoing two points is this: definitives and their
antecedents must be taken as a wnit (a conbination), and this epplies equally
o other interrelated syntactical units. The vay to achieve this objective
is: assign & common number to all words that are entered in the cowmbination.
If this is not done, it will result either in a distortion of the original, or
else a meaningless jumble of words. For instance;

"e e JpUpamentie GyHKUMM, mexmmq OM3BOAHYK® B
(pien-liang) (han-shu) (chu-yu) (tao-shu) (tsai)
[expansion] [function] [have] [derivetivellat/in]

TOUKE xM

(tien) (x) might be rendered 'han-shu (te) chii-yu
[point] ([x] - [functionl[(of/w;th/that(——)][have]
pien-liang-tien tao-shu tsai . (x)"

[expansion point] [derlvatlve][at/ln [x]

[The derlvative of the expansion point of the function (that the function
hes) is at x?]

D. In changing the word order, it is necessary to rearrange the punctu-
ation - - when translating Russian to Chinese, it is often necessary to add or
to omit various marks of punctuation. This is always best done during the
process of changing the word order. For example: "llponsponnas oroit @yﬁxunn
paBHa, Kak M dHaeM, £ (x)Q (t)...." ("As we know, the derivative of this



function equals £1(x)9'(¢)..."). When changing the word order, the two follow-
ing extra steps are performed in order to eliminate the comma before the paren-
thetical remark and incorporate the comma after it

(1) Drop the comua to the left of the word (the parenthetical
remark), o

(2) Give the comma to the right the same number as the word.

BE. It is often necessary during the process of changing the word order,
to add certain words to translate thé morphological elements of the Russien --
when translating Russlan to Chinese, }yperfeet'definitives formed of second-
case nouns should be moved in front of their antecendents, end the character
"te" then inserted between definitive and antecedent, all to express the idea
of possession indicated by the genitive. For example the word: M madhep entman
(wer-fen) ¢yuxmpu  (han-shu)" is processed in the following manner:

1/2, 12/ See if there 1s a word in the clause having the charac-
terlst cs of "verbal noun";

5/6, 8/  See if there is to the right of it a vord with the
characteristics of "second-case noun acting es
imnerfect definitive";

'8/9, 11/  See if there is to the left of it & word vith the
o characteristics of a "noun";

9/0, O/ Move it in front of the word you find, and give it
the number of that word, then add "te" immedistely -
before the word you Tound.

Then you will get: "han-shu (te) wei-fen" [(the) derivative of (the)
[function]{of ][derivetive]
function].

It can be seen from points D end E above that this line graph can be
used to rearrange the punctuation and translate sowe features of Russian morph-
ology es well ss to change the word order.

Now we will take up separately each of the secondary line grephs in this
"Chenging Word Order" line graph.

‘ In the secondary line graph "Definitives and Appnositives", the proc-
.e881n~ of "App051uives" is dealt with first, end then "Definitives"

N A decided majority of the appositives in the literature of mathematics
ere formulas. Formulas,f: lloving nouns are generally eppositives., Only a small
nuitber are definitives.(T) The eppositives are left vhere they are, but the
deflnitlves nust be moved in front of thelr entecedent.

Distinguishing between the eppositives and the deflnitives presents no
great problem; positive results can be had by observing the word or words
immediately before. If a formula follows a word of the rouxa, neperensad,

GYHKIA ,TpYpamerme , BeJIYilHa, NPoMU3BoAIad, nutbdhepenuras, KaTeT, yroJ,



TpeyroJbEuE type, it is an eppositive., Otherwise, it is a definitive.
For cxauple: '

1) Arovrosbiol: Tpeyrosbrrke NP karer TP paBen zpyrouy IP..."
”Iéqihe right engle MIP, side TP equals s1de MPeseo! .o oo

2)'%..9.9. B YaCTHOCTH, NPOM3BOAHAA NODPAAKA N
y(n)zz ni!aea

GCTH AaNe MHOMOUJEH CTENEHH O, T,e. MNOCTOFHHOE UHCMOsosss’
"especially an nth order derivative ' :

y(n)::n 1 a
even & O degree polynomial, in other words a constanteese.

"

The "Definitives" part of this graph deals with the processing of
words having the characteristies of the following: "Special Adverbial
Obligue Case Nouns","Perfect Definitives", "Imperfect Definiives in the
Forn of Infinitives", "Tuperfect Definitives in the form of Second-Case
Nouns", "TImperfect Definitives in the Form of Prepositional Phrases",
"Independent Definitives in the Form of Postpositional Al jectives", and

Participisl Phrases’,

Of the foregoing modifiers only one, the "Perfect Definitive", comes
before its antecedent in Russien (aside from a few cases of inverted order),
all the rest come after. Combinations of the type (Pasmoro poma sompocu")
will be considered separately.

As everyone knows, however, in Chinese all modifiers precede the
word modified, Hence the post-positional definitives of the Russian must
be moved in front of their antecedents. If there are definitives both

before and after the sntecedent, the post-positional definitive is gener-
&ally moved shead of the pre-positional one. For example:

1) "TncpoBoilion cooluenua Ha pyccron sauxe”
(shu-ma% (hsin-hsi) (E) {wen)
[number {informaetion] [Russ-] [-ien]

"B-wen (te) hsin-hsi (te) shu-ma"
[Numbers with informetion in Russian]

2) "Ipupamenue dbysxmm, miexwel npowszoANYyL B Toure "
(pien-1iang) (han-shu) (chi-yu) (tao-shu) (Tsai) (tien) (x)
. [expansion] [functionl{have]l [(gerivativellet] [point] [x]

"Psai tien x ch&-yu tao-shu (te) han-shu (te) pien-liang"
lat][potnt][x][havell derivative][that 4—1[function][ofé-][expansion

[The expension of the function having its derivative at point x



: It should be pointed out that words having the characteristics of
"gpecisl adverbial oblique caese nouns", words having the characteristics
of "direct complement" and following verbal noun definitive, and words
heving the features of "direct couplement", "indirect corpléeuent” or
"oblique case nouns" which appear in participial phrases must all be
processed on this secondary graph. = Faulty translation will result from
failure to process then here. For example:

1) ‘"Bmpaxemme (L) ana mpoussoxmoff CaYRKT Dpe¥Ae BCEro OYeHb
(shih) (&) (aui-yli...(tao-shu) lei shuo) (shih)
[expressioni[lt]las far as( derivative) is concerned] [is]

NOSHE, 0COBHAUSHUACH CCy e oo

sh033 (hsien ?hen teng-pien-te) (chi-heo) (t'a-te)

{of al1ll[firet){very] [convenient] [sign] [for it]

. i , . o
"Shih (4) dui~§u tao-shu lai shuo shou-hsien shih t'e-te hen fang-
[The expression 4 is first of all a very convenient designation

pien-te chi-heo..."
for the derivetivel

2) Weno oaumTH T BAIEHD, "
‘ {shih-yeh \Pao-J§§§ Eho—p'ing) (shen-ching-te)
[cause [preservingl{peace] [sacred]

"Pao-wei ho-p'ing (te) shih-yeh (shih) shen-ching-te"
[preserving][peace][that[gﬁ/for4%—]{cause][(is)] [sacredl
[The cause of preserving peace is sacred]

3) porpermocTh, BBOMMMAS . Tako# samepoi!
(wufgh‘a? ? yin—éh'i) che-chung) (tai-t'u)

[error] [1ntroduce] [this] {substitut(ion))

"(Yu) che-chung tai-t'i yin-ch'i (te) wu~-ch'a.”

[oyllthis] [substitut(ion)][introducel{that/of/Tor/by ¢3lerror)

{The error introduced by this substitution]

At the same time we must also explain that words with the above
cheracteristics are not processed on any other secondary graph once
they are processed on this one., '

The second raph for oblicue-case nouns &; lies to words with
g 5y
the Teatures of "adverbial oblique-case noun", "obligue-c&se noun plus
fifth-case noun", "cblique-case now) with preposition”, "parenthetical
€ 1 ’ g » P
 expressions" end "gerundive phruse’.

o It should be specially noted here that any ind of obligque-case
nQHE appearing efter the predicate or alter any word of a verbal nature
Tbredicate sdjective, predicate adverb, ete) in Russian mathematics
1iterature is in the ebsolute majority of cased moved before such pred-
icate or verbal word when translated into Chinese, For example:




1) "eymxuma y mdhepeHmpyena B TOYKE Xo"
"Hen-shu .y tsal tien x shih k'o-wei-te"
[Function]ly]let](potnt] (x) [ 1s] aifFerentiabie]

2) "oyurmma, nmemmaaﬂnponésonﬁym B TouKe X"
"Tsai tien ~ x chu-yu teo-shu te han-shu"
{at)(point] [X)(have] [derivative]lof «-}{function]

It must be explained thet whenever this secondary graph is applied to
gerundive phrases, it applies alike to the direct and indirect complements
in the gerundive phrase. Words processed by this secondary greph are not
therecafter processed again by any secondary graph below.

Now we come to the secondary graph for "subjects", This is applied
to words with the characteristics of subjects, end woves some subjects
coming after the predicate to in front of the predicate.  Subjects coming
after the predicate should be moved before the predicate 1f there are no
predicate adverbs or verbs like mmerncs, cymwecTBOBaTb, TPEGOBATHCH
preceding, end no relative pronouns like xoropmit following.

This greph is simpler, for the reeson that first of all in Russian
and Chinese, especially in math litersature, the subject generally comes
before the predicete; secondly, that in the process of translation the
sentence components may with & certain amount of discretion be changed,
that is to say, the subject in Russisn 1s not always translated as the sub-
Ject in Chinese, For exemple:

1) "Bo Bcex cuyuadx TpeSyeTCA OLSHKA norpermocty"
"Tsai yi-ch'ieh ch'ing-k'uang tou hsu-yao ku-chi wu-ch'ae"
[In all cases the error must be evaluated;

2) “Tpyano pemmrs eTy sazauy",
"Hen nan chieh-chieh che-ko wen-t'i" [It is very difficult to
solve this problem]. o ,
The subject onenra of the first sentence becomes part of the predicate when
translated into Chinese, end the subject of the second, pemursr becomes a
predicate pure and simple. o

The secondary line graph for "complements" processes first indirect
complements and then direct complements. The processing of the indirect
complements is conducted in the following order: indirect complement plus
second case, then indirect complement plus third case, thén indirect comple-
ment plus fourth case (with prepositions), then indirect complement plus
Tifth case, and finally indirect complement plus sixth case,

It is common for the sentence components to be changed when trans-
lating complements. This phenomenon is often eccompanied by a chenge in
word order. For example: '

1) "9 mmy Kapanﬁamoﬂ", "Wo (yung) ch'ien-pi hsieh-tzu";
(Wb)(hsieh:tzu)(ch'ien-pi),[I][(use/with)][pencil] [write]

2) "] samymance MaummHEsM nmepesozom,
"(Wo) (yen-chiu) (chi-ch'i) (fan-yi)

"Wo yen-chiu chi-ch'i fan-yi."
[1] [study] [machine] [trenslation]

- -9 . . .
- . v e
. I
. ..
.




In the first case, the ‘inditect complement is. called en "cblique-
case noun of means of actlon,' end 1s therefore moved in front of tne
predicate. In the second case, the indirect complement is called a
"couplement" (otherwise knowvn as an "object"), and is therefore left in
its original pooition. (Whether it is called en "oblique-case noun of
means of action" or "complement" depends on the predicate), Verbs of the
.. type samumarhca are numbered as & special class in the dictionary.

co . Cemplemenﬁs dealt with by previous secondary graphs are not
processed agein with this one, ,

. . The secondery graph for "Adverbial Clauses" is applied only to
definitlve adverbial clauses at the present stage. This is basically
suffici ent for transleting nath literature.

Vork with this secondery graph is begun only after all vork in the
range of subordinate clause in the sentence has been completed, Unlike
the other secondary graphs, this one is not used to work with anything
. under the range of subordinate clause, but works with the vhole senternce.
It is explalned briefly belov.

First of all, check vhether the sentence contains vwords with the
characteristics of relative pronoun, (such as words like xoropmit ); if it
does, then the graph work begins as follows: all words to the right of
the relative pronoun, to the end of the clause, are given the same number
as sald relative pronoun, and a "te" is put at the end of the clause; a
word having the characteristics of a "noun" is looked for to the left of
the reletive pronoun (its antecedent), and this (the word so found) is put
after the relative pronoun (that is to say, after its clause). (Here,
moving the definitive after its antecedent is more economical from a

_technical manipuletion standpoint). '

- Now we will offer a few examples to explain how fhe vord order is
. chenged in simple and complex sentences.

1) Kaxyn MOJBL3Y . MOXET NpIHe CTH
Word number: - 1 : 2 3 ‘ b
Part of speech '
of source: (deilnitlve)(complement)(predlcate)(pledicate)
" . Meaning: = (shen-uia) (heo-ch'u) (k'o-yi) - .(teiszjei) = 27 &
' , (whet] = [benerit]  {[canl] [bring]
3TOT pabAcits ?
5 6 7

(che-ko) (feng-fa)
[this] [method]

After the first secondary graph is applied, the sentence changes to:
EZ::::EZ] ,F,z 3 L l5 — §| + 6 T". The second secondary graph is not
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used, since there is nothing to vhich it applies. ~ATter the third is
epplied, the results are: [1—32] +2 [5-——56] 46347 . =
After the fourth is applied, we gct: " —3 0] 4+ 63 L Q_: 2] +27".
Translation: "Che-ko fang-fe k'o-yil tai-lai shen-ma hao-ch'u?

[this] [methodllcan] [bring] [What] [benefit]
" ["What benefit can this method bring:"] ~ '

2) MammHa coXpaHAeT  TY ' CKOPOCTH s
Word nuaber: 1 ‘ 2 D , b s
Part of speech - '
 of source: (subject)(predicate) (definitive) . (complement)
Meaning: (chi-ch'i)(pao-ch'ih)(na~-chung) - (su~tu)
[machine] [meintain] [that] ~ [speed]
KaKyn oHa uMeer B ToT MOMEHT = . e
o . ) 10 N 12
(rel. ﬁron.)gsubject)gprgdicate)(preposition)Edefinitive)(obl.-case noun)
t'a) chu-yu)  (%sai) na-%o) (shih=k'o) -
[1it] [have] [at] - [that] = [nmoment]

After the first secondary graph is applied, the sentence becomes:
t1e [3=F] +456709[10 =111 +11 12", - The result of the
second sccondary greph is: " 12 [3-——B 4+ 4567 |9'>ll--->§'§] +-
{10511 =3 + [11=30] 4 8 12", The third and fourth bring no changes.
With ohe 5ifth ve get: "1 20 4 {726 ] 4+ [ —=11-23T—=0] «+
| 102118 —6] + [Lo0-20 + B-20 - te¢ Boh] + 12",
Transiation: 'Chi-ch'i pao-ch'ih t'a tsai na'ko shih-k'o chu-yu te

: [Machine] [waintein] [1%)lat/in]lthet]lmonent]{navellthatds &l

na-ching su-tu" .ﬁolt”The machine maintains the speed it had at that moment"]
[that] [speeal '

3) Koneuno s BO BCEX - CJAy4afX
Word nunber:. 1 2 3. L [
Part of speech
0f source: (obl.-case n.)(preposition)(cefinitive)(obl,-case n.’
Meaning: (‘sanz-jan) (tsai) (yi-ch'ieh) (ch'ing-k'uven:
. {of course] lat/in] [a11] lcasel
Tpedyerca OlEHKa Tolk IO TP eUHOCTH o{lax) ., xoTopy®

(predicate ) (subject) (definitive) (complement) (appositive) (rel. prom.)

(hsu~yao) (ku-chi) (na-ko) (1u-ch'a)
[must]  [evaluatellthat] lerror]
Mt fomycKaeM , saveHAs  mpupauwerne  GyHKIMM oy
13 1k 15 16 17 18 19
' 2 subject)(predicate) (obl.-case n.)(dir. coup.)(definitive) (appositive)
wo-men) (tsao-ch'eng)(tei-t'i) (pien-liang)(han-shu)
[we] [create] [replace] [expansion] [function]
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ee , an@&epenunanom dy .
20 ‘ 21 22 - 23

(definitive) (ind. comp.)  (appositive)
- (vei-Ten)
[differentiall

With the first sebond°rv graph, the senteuce becones "123 i 5!
+567 829 + 9+ [0— 9111213 141516 1817 +
(19318 517 4 te + IT_[20 =»2]) 21 + o2 —tgy 23, _After the
second: "L 2 (325 4 ko5 +,67 —q 3 9+ p0—d 111213 +
tsel + yung+ 20 = 21 -—16 —1H + [2l—+ 1 ~—5'”h' [22 —2l -—>16 —1h4]
{1651 o+ I8 SI7T 161 « (19 —A8 —a17—>1b =1+ te -+
{17 »16 14 = shih + lﬂ—23". Graphs three end four bring no change.

With five we get: "2 —>5 |E~—éﬂ + 56712 + 13—>12 + tsal
+ yuag + [20—> 21 =16 @21 4T 516 =ik —1d + }

22521216 =1 —1.2 + 6= 1k 518+ B8 =917 16 ik —o1g
TG -318 17 -3 16 oLl —=312)  +_te 4117 —»16 -1k —12 ]+ shih #

b= +te Boo + 9+ hooges. '
Translation: "Tang-jan, tsai yi-ch'ieh ch'ing-k'uang (tou) hou-Jao
, [of coursellat/in]lell] [casel [(a11)]{must]
" ku-chi wo-men (tsai) (yung) wei-fen ‘dy tai-t'i han-shu
{evaluate][vel [(at/in)][(v1th use)l[aifferentiall =~ [replecellfunction]
Ay (te) pien-liang shih) tsao-ch'eag (te) ‘na~ko

[(thai/of‘é—)][e ansion][(vhen e-)]rcreate] [that/or¢=)] [that)

Yu—ch ? ol A : x5 ["0f course, in all cases(or every case)(we) must
error

evaluate the error o( A x) created when we replace the expansion of
function A y vith the differential dy"l.

Finally, it should be pointed out that there are still a series of
problems which at the present stage have not been solved. For exauple:

1) [mdbepenuuasom OYHKIIY HaSHBAETCA DJIABHAM JuHelEaa JacTh ee

TIPUPAEHN o
2) Hazo #3yuaTh MCTOPKK M I'DAMIATHKY PYCCKOI'O A3HKA.

The difflculty in the Tfirst example is that after the word order is ,
changed, we arrive at sn unsetisfectory translation ("T'a-te pien-lieng-te
chu-yao hsien-hsing pu-fen [1ts] [expansionfof | .

[major] [linear] {part] .
 chiso-ts0 han-shu-te wei-fen" ["The expansion of its major linear section

[ve called}[functionllof Jlaifferentiall
is known as the differentisl of the function"]; after the change of word
order the word "its" appears in front of its antecedent ("function").

In the second example the difficulty is that the definitive

"pyccroro szmma [of the Russian lenguagel]" cen either heve one antecedent,
"rpammaTury” , or two, "Hceroprx! end "rpammiaTuxy,’
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Other problems besides these in the transletion of definitlve
adverbiel clauses have yet to reach a satisfactory solution., -

Even so0, 1t can now be said that the word order problems. in
Russisn-Chinese machine transletion have in principle been solved. - Of
_course +the line graphs we now have will sti1l have to undergo further
changes and additions. S K o _

Note: The author of this article is grateful for the assistance of
I. XK. Belskaya, B. A, Yao-lo-ning, A, A. Chung-no-fu, T, M. Nikolayev
and the other comrades at the Institute of Precision Instruments and
Calculator Technology, Academy of Sciences USER,

Fogtnotes

1. This paper was originally a report wade by the author at the
Machine Translation Conference held in Moscow from 15 to 21 May 1958,
Only in a few extreme places has it been changed at all in presenting it
here, so s to preserve the original apnearance.

2, The underlined words are the ones to which the examples
particularly pertain.

3. DPedagogicel examples are drvesm from A,d, Hsin-hsin's Concise
Course in Pedagogical Analysis.

L, Vords in parentheses here are those added in the process of
translating the morphological components.

5. This word "tou" was added during the final (or good Chinese)
staze.

6. The dictionary used in machine translation provides, besides a
translation, a series of special characteristics, (such as to what part of
speech a word belongs, which class, vhether it is a verbal noun, whether
it tekes a particular case, ete. ), providing information in Russian on
advanced analysis and foixmation of the Chinese sentence.

T. For convenience in machine translation, some complements ere
considered definitives.

8. Unlike the usual division, we do no® cless the "independent
definitives in the foirm of postpositional adjectives" and the "particip-
ial phrases" as "perfect definitives’.

9. Numbers in blocks are the changed numbers resulting from proc-
essing, [1—4'2 }indicates that 1 is now 2.
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10. Explenation: the muber 5(representing the comma) was dropped
in the process of applying secondary greph number five; the word
was glven no transletion in the thessurus, hence it does no harm to the
transletion even though it still remains after the processing.

11. Explanation: 1) mumbers 11 end 15(representing commas) ere
dropped in processing; 2) ‘the wvord "ee" has no translation here;
3) the word"tou" is added during the final (good Chinese) step.

527 - END -
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