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SOVIET DEVEIOPMEM'S IN TJFORMATION PROCESSING 
AlST " 

MACHINE TRANSLATION 

FOREWORD 

This translation series presents information from Soviet 
literature on developments in the following fields in in- 
formation processing and machine translation: organiza- 
tion, storage and retrieval of information; coding; pro- 
gramming; character and pattern recognition; logical design 
of information and translation machines; linguistic analy- 
sis with machine translation application; mathematical and 
applied linguistics; machine translation studies. The 
series is published as an aid to U. S. Government research. 

Previously issued JPRS reports on this subject include: 

JPRS: 68, 2*H, 319, 355, 379, 3Ö7, ^7, 621, 6k6,  662, 705, 
729, 863, 893, 925, 991, 992, 1006, 1029, 1130, 1131, 1132, 
1133, 3225 and 3300. 
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PROBLEMS OF WORD-ORDER n\ 
IN RUSSIAN-CHINESE MACHINE TRANSLATION AND THEIR SOLUTIONSv 

[Following is a translation of an article by Liu Yung-ch'uan 
in the Chinese-language periodical, Yu-yen Yen-chiu (Linguistics 
Research), No k,  September 1959* Peiping, pages 10f-ll6.] 

Before we begin the subject proper, let me first introduce^ the general 
picture of Russian-Chinese machine translation work. The present study was 
formally inaugurated in January of 1958. The methods it follows are the same 
as those used by the Institute for Precision Instruments and Calculator Tech- 
nolog;'-, Academy of Sciences USSR. The material on which it is based is drawn 
principally from mathematics literature. 

The Russian-Chinese machine translation 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 stage 
is to analyze the Russian sentence to obtain the necessary information on 
the vocabulary and grammar, 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 [aboveil analysis. Line graphs for the analy-: 
sis of Russian sentences necessary for the machine translation of Russian 
into foreign languages have been produced by T. M. Nikolayev of the Institute 
of Precision Instruments and Calculator Technology, Academy of Sciences USSR. 
These line graphs, 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 "Translating Morphological 
Features". The first is the basic graph for the resynthesizing stages, and 
is fairly large and complicated. It processes the entire syntax 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 rendered here by lexical elements in Chinese» For example, 
"OH EanHcan^' CTaTfe»",("T,a hsleh-ch'eng-le lun-wen [He has uTitten a 
a paper]")." 

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

The first part of the report will explain the concept of word order 
and its significance in machine translation. The second part will set forth 
in a concrete manner the problems of word order in Russian-Chinese machine 
translation and how they may be solved. 



I. The Concept of Word Order and 
ItB Significance in Machine Translation 

Word order is in the realm of syntax, and hence should he thought of as 
the order of the units of sentence construction, whether these are composed of 
one word [tz'u] or of several, and should not be thought of as the order of the 
"independent words [tan-ko tz'u]11 of .lexicography and morphology. 

When we speak of changing the word ordere, we mean the order of syn- 
tactical units (definitives, complements, and so forth) and not lexical or 
morphological units (nouns, adjectives, and so forth). 

This concept of "word order" has an even broader meaning as applied 
to machine translation. It means not just the position of the components of 
a simple sentence, but the position of the even larger syntactical units 
(the clauses of a complex sentence) as well. 

We can see from the above that this technical term "irord order" is not 
very precise; it includes a large amount of assumption. 

Word order has different functions in different languages. It is^only 
a minor grammatical tool in some, but in others it has an exceptionally im- 
portant or even major role. 

The importance of word order is most clearly revealed in translating 
between two languages of entirely different type. It is a focal point of 
research work and is the deciding factor in the success or failure of machine 
translation. 

To save time, we will say no more about the significance of machine 
translation. The second part of this report will naturally explain it more 
concretely. 

II. The Solution of Word Order Problems 
in Russian-Chinese Machine Translation (ME) 

Russian and Chinese are two different kinds of language. Russian is 
synthetic and inflected; Chinese is analytic — its morphology is extremely 
undeveloped. Eence both have many features of construction not common to the 
other. And there are many obvious differences in word order as well. 

It is often necessary, in translating from Russian to Chinese, to 
change the order of subjects, complements, parenthetical remarks, independent 
clauses, and dependent clauses, as well as that of definitives, appositives, 
a*1*3- oblique-case nouns (which is done in many ether MT systems). Almost 
all syntactical units, in other words, may change their order. 

Now we will offer a few examples to show the differences between 
Russian and Chinese word order, and how complicated the processes of word 
order change in Russian-Chinese MT can be.(3) 
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1)   " Kaicy» nojibzy        MOJiceT npiraecTH 3Tox npnen? " 

(shen-ma)(hao-ch'u)    (k'o-yi)    (tai- #i)      (che-ko)(fang-fa) 
[what]    ["benefit]        [can]        [bringj [this]      [way] 

Chinese translation:  "Che-ko fang-fa k'o-yi tai-lai shen-ma hao-ch'u?" 
[this]  [way]      [can]    [bring]  [what]    [benefit] 
[What "benefit can this way bring?] 

ii 

2) KaKyK ira      STHX     «Byx   nponsBOflHHX   ona    CHMBo.mi3npyeT?' 

(Naz-ko)    (chih-chung-te) (ehe) (liang-ko) (tao-shu) (T'a) (tai-piao) 
[Which] [of<— ] [this] [two]    [derivative] [it]    [represent] 

Chinese translation:  "T'a tai-piao ehe liang-ko tao-shu 
[it][represent][this]  [two]  [derivative] 

chih-chung-te naz-ko?"{Which of these two derivatives (does) it represer. 
[of4— -] [which] 

3) " • • • .npnpameHKe fyyEKmm, HMeiomeii npoH3BOflHy» B Tonne       x, 

(pien-liang) (han-shu) (chu-yu) (tao-shu (tsai) (tien)    (x) 
[expansion]    [function][have]  [derivative][at][point]      [x] 

MoaceT 6HTB npeacTaB^eHo B BEtse..." 
(k'o-yi)    (piao-tso) 
Lean] [represent as8 

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

[ at ] [ point] [ x] [ have ] [ derivative ] [ (of/that <-■•) ] 
(te) pien-liang k'o-yi piao-tso..." 
[function] [ (of/that <;*--)] [expansion] [ can] [represent as] 
[(The) expansion of (the) function hav(ing) (its) derivative at point x 
can (be represented) as] 

k)    'KaK nHfjpoBoM Kos cooömeiiHH Ha pytfcKoi/t H3HKe npeoöpa3veTCH B 
(ju-ho)(shu-ma)(hsin-hsi) (E)  (wen) (pien-ch'eng) (shu-ma) 
[How][number][information][Russ-][-ian/ese] [convert toHnumber] 

UHtfjpOBOH' KOS COOÖmeHHH Ha KHTaSCKOM H3HKe?" 
(hsin-hsi) (han) (wen) 
[information][chin-][-ian/ese 3 

Chinese translation: "E-wen hsin-hsi (te) shu-ma ju-ho 
[Russian][information]fcf/with/that <--)][number][How] 

ßlen-ch'erig han-Wen hsin-hsi (te) shu-ma"'" 
[convert to][Chinese][information] [fof/with/that«-- )] [number] 
[How (are)(the) number(s) with information (in) Russian convert(ed) 
to number(s) with information (in) Chinese] 



5) "npoHSBOfliiaa 0TOH ^yiiKUHH     paBiia, KaK    KH    3HaeM, 

(tao-shu) (che-ko) (han-shu)(teng-yu)(cheng ju)(wo-uen)(so-chih) 
[derivative][this][function]  [equal]  [as] [we] [lenow] 

Chinese translation:    "Cheng jv. wo-men so-chih,  che-ko han-shu 
[Ac]    [we] [know]      [this]  [function] 

(te) tao-shu        teng-yu    f'(x)q »(t)..." 
[of/with/that <H  [derivative][equal] 

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

6) "KoHe^HO, BO Bcex cay^anx   TpedyeTca oneHKa   TOK   norpeuiHOCTH 
(Tang-jan)(tsai)(yi-chlieh)(ch,ing-k,uang)(hsu-yao) (ku-chi)(na-ko) 

[Of course][at/in][all]        [case] Lust]      [evaluate]  [the] 

o(ä x/;* . feo^opyio   MH flonycKaeK, 3ai/reHHH   npHpameHHe ftyiiKmra   ay 
(wu-ch'a)(o/£x/)    (wo-men)    (tcao-ch'eng)    (tai-t'i)  (pien-liang) 
[error]    (o/ix/j    [we] [created] [represent]   [expansion] 

(ee ÄH(lT$epeHUHajroM 
(han-shu) (wei-fen) 
[function][differential] 

(5) 
Chinese translation: "Tang-jan, tsai yi-ch'ieh ch'ing-k'uang (tu) 

[Of course][in] [all]   [case]       [(all)] 

hsu-yao ku-chi   wo-men (tsaij   (yung)    wei-fen     dy 
[must] [evaluate] [we] [(at/in)] [(use/with)] [differential] dy 

tai-t'i  han-shu ^ y (te)      pien-liang      shih 
[represent][function] ßy[ of/with/that ^—][expansion] [when {—] 

tsao-ch'eng (te) na-ko wu-ch'a o/ß x/." 
[create]  [(of/with/that <—)]  [that] [error] ofa  x/ 

[of course in every case (we) must evaluate the error o/4 x/ create(d) 
when we represent (the) expansion of (the) function &  y with (the) 
differential dy] 

A line graph "Changing the Word Order" has been provided in the Russian- 
Chinese MT system to change the types of word order shown above. It is based 
on dictionaries(o) and on the information obtained in the analytical stage. 

Also, it is composed of the following five interrelated secondary line 
graphs developed in order: "Definitives and Appositivcs," "Oblique-case nouns/ 
"Subjects," 'Complements," and "Dependent clauses," Tne first four change the 
order of sentence components in simple sentences and in the clauses of complex 
sentences] the last one, the order of dependent clauses in complex sentences. 
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Before analyzing these line graphs, we will first talk a hit ahout 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 he made. This basic pivot is the. 
predicate. The position of subject, complement, and some oblique-case nouns 
are all determined by the predicate. The pivot for definitives is their 
antecedent. 

B. The order in which the secondary line graphs are arranged and the 
order of their steps are extremely important. Many mistakes will be made in 
translation if proper attention is not given to these orders. For example: 
"Kaicyio H3 STHX äBVX npoHBOAHHX OHa cmmojszQHpye'r'!"    ("Which of these two 
derivatives does it represent?"). 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 complement to put the word (KaKyio) that it complements and 
explains. 

To keep the work in order and to have a logical arrangement, all words 
having the characteristics of "special adverbial oblique case - nouns" are 
processed in the secondary line graph "Definitives and Appositives"; words 
having the characteristics of "complements" or to be found in definitive 
groups, participial phrases, or gerundive.phrases are processed in the appropriat 
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 unit (a combination), and this applies equally 
to other interrelated syntactical units. The way to achieve this objective 
is: assign a common number to all words that are entered in the combination. 
If this is not done, it will result either in a distortion of the original, or 
else a meaningless jumble of words. For instance: 

"... .npHpajueHHe (fiyirauHH, HMesaneS  npoH3Boaiiy» B 

(pien-liang) (han-shu) (chu-yu) (tao-shu) (tsai) 
[expansion] [function] [have]   [derivative3[at/in] 

// TOMKe    x" 
(tien)  (x) might be rendered "han-shu (te) chü-yu 
[point] [x] [ function] [(of/with/that ^--) ] [have] 

pien-liang-tien    tao-shu   tsai   (x)" 
[expansion point]  [derivative][at/in] [x] 

[The derivative of the expansion point of the function (that the function 
has) is at x?3 

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: "npon3BOOTafl STOS $yHKEtHH 
paBHa, KaK HH 3Haen, ' f * (x)q> '(t)...." ("As we know, the derivative of this 
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function .equals f *(x)4''(t)..."). 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 comma to the left of the word (the parenthetical 
remark), 

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

E. It is often necessary during the process of changing the word order, 
to add certain words to translate the morphological elements of the Russian — . 
when translating Russian to Chinese, imperfect definitives formed of second- 
Case nouns should be moved in front of their antecendents, and the character 
"te" then inserted between definitive and antecedent, all to express the idea 
of possession indicated by the genitive. For example, the word-'t/m^epeHimajj 
(wei-fen) $yHKmra (han-shu)" is processed in the follouinG manner: 

l/2, 12/  See if there is a word in the clause having the charac- 
teristics of "verbal noun"; 

5/6, 0/   See if there is to the right of it a word with the 
characteristics of "second-case noun acting as 
imperfect definitive"; 

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

9/0, 0/   Move it in front of the word you find, and give it 
the number of that word, then add "te" immediately 
before the word you found. 

Then you will get: "han-shu  (te)  T;ei-fen"  [(the) derivative of (the) 
[function][of  ][derivative] 

function]. 

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

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

In the secondary line graph "Definitives and Appositives", the proc- 
essing of "Appositives" is dealt with first, and then "Definitives" 

A decided majority of the appositives in the literature of mathematics 
are formulas. Formulas following nouns are generally appositives. Only a small 
number are definitives.u) The appositives are left where they are, but the 
definitives must be moved in front of their antecedent. 

Distinguishing between the appositives and the definitives 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 To^Ka, nepeneiiHaH, 
(j5VHKtcHH,npHpameinie, Bejurama, npoiMBOfliiaH, OTdfxf)epeHUHa.fl, KaTeT, yro^i, 



TpeyroJibHHK type, it is an appositive. Otherwise, it is a definitive. 
For example: 

l) "B npmioyvojihjiou TpeyroxbimKQ I;TP KaTeT TP paBSH apyroiiy IP..." 
"In the right angle MTP, side TP equals side MP...." 

2) "...».<.. B ^acTHocTH, npoHBBOÄHaa nopfiSKa n 

y(n)= n ! a 

ecTb aaste morcMAen  CTeneHH o, T,e, nocToamioe MHCJID .....M 

"especially an nth order derivative 

y(n)~n la 
even a 0 degree polynomial, in other words a constant " 

'She  "Definitives" part of this graph deals with the processing of 
words having the characteristics of the following: "Special Adverbial 
Oblique Case Nouns","Perfect Definitives", "Imperfect Definitives in the 
Form of Infinitives", "Imperfect Definitives in the form of Second-Case 
Nouns", ''Imperfect Definitives ""in the'Form of Prepositional Phrases", 
"Independent Definitives in the Form of Postpositional Adjectives", and 
Participial Phrases". 

Of the foregoing modifiers only one, the "Perfect Definitive". comes 
before its antecedent in Russian (aside from a few cases of inverted order), 
all the rest come after. Combinations of the type (pa3Horo poaa sonpocH") 
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 antecedent, the post-positional definitive is gener- 
ally moved ahead of the pre-positional one. For example: 

1) ''DtffpoBoifooa cootfmeHHH Ha pyccKom asHKe" 
(shu-ma) (hsin-hsi) (E) (wen) 
[number]  [information] [Russ-] [-iah] 

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

2) "npupameHHe ^VHKIIHH, vmemeS npon330OTy» B Tonne x" 
(pien-liang) (han-shu) (chu-yu) (tao-shu) (Tsai) (tien) (x) 

. [expansion} [function][have] [derivative][at] [point] [x] 

"Tsai tien x chu-yu tao-shu (te) han-shu (te) pien-liang" 
[ at] [point] [x][have][ derivative] [that +- ] [function] [ of H [ expan Bioo 

.[The expansion of the function having its derivative at point x] 
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•  ,  It should be pointed out that words having the characteristics of 
"special adverbial oblique case nouns", words having the characteristics 
of "direct complement" and following verbal noun definitive, and^words 
having the features of "direct complement", "indirect complement" 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 them here. For example: 

1) "BBipasceHHe (U) am npoH3BOflHoii CTiysET npesKÄe Bcero o^eHb 
(shih) (k)  (dui-yü...(tao-shu) lai shuo) (shih) 
[expression][^][as far as(  derivative) is concerned] [is] 

yfloÖHHui,o<5o3Ha^eHneM ee...."#    . ,     v . v 
(shou) (hsien) (hen) (fang-pien-te) (chi-hao) (t'a-te) 
[of all][first][very] [convenient] [sign] [for it] 

"Shih (h)  dui-yu tao-shu lai shuo shou-hsien shih t'a-te hen fang- 
[The expression k is first of all a very convenient designation 

pien-te chi-hao..." 
for the derivative] 

2) "Zfejio      sauETOi   irapa    CBHiiieHO." . 
(shih-yeh)lPao-wei)    (ho-p'mg)    (shen-chmg-te) 
[cause        [preserving][peace] [sacred] 

"Pao-wei ho-p'ing (te) ehih-yeh (shih) shen-ching-te" 
[preserving][peace][that/of/forJ^~][cause][(is)]  [sacred], 
[The cause of preserving peace is sacred] 

3) "norpeiisipcTfe, BBOOTMan .TSLKOO saMenoiä" . 
(wu-ch'a) (yin-ch'i) (che-chung) (tai-t'u) 
[error]            [introduce]  [this]        [substitut(ion)) 

"(Yu) che-chung tai-t'i  yin-ch'i (te) wu-ch'a." 
[by][this] [substitut(ion)][introduce][that/of/for/by <H [error] 
[The error introduced by this substitution] 

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

The secondary graph for oblique-case nouns applies to words with 
the features of "adverbial oblique-case noun", "oblique-case noun plus 
fifth-case noun", "cblique-cas'e noun with preposition' , "parenthetical 
expressions" and "gerundive phrase'. 

It should be specially noted here that any kind of oblique-case 
noun appearing after the predicate or after any word of a verbal nature 
^predicate adjective, predicate adverb, etc) in Russian mathematics 
literature is in the absolute majority of cased moved before such pred- 
icate or verbal word when translated into Chinese. For example: 
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1) "«lyHKima y ÄH#epeHrwpyeiia B TO^Ke x." 
"Han-shu y tsai tien x shih k'o-wei-te" 
[Function]ly][at][point][xj[is][differentiable] 

2) "^yHKiwa, HKe»maa ,,npoH3BOflHyro B TOMKe x" 
"Tsai tien  x chu-yu  tao-shu te han-shu" 
[at][point] [x][have] [derivativeTTof <-][function] 

It must he explained that whenever this secondary graph is applied to 
gerundive phrases, it applies alike to the direct and indirect complements 
in the gerundive phrase. Words processed hy this secondary graph are not 
thereafter 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, and moves some subjects 
coming after the predicate to in front of the predicate. Subjects coming 
after the predicate should be moved before the predicate if there are no 
predicate adverbs or verbs like uKeTbca, cymecTBOBaTb, TpedoBaTbca 
preceding, and no relative pronouns like KOTOPHH following. 

This graph is simpler, for the reason that first of all in Russian 
and Chinese, especially in math literature, the subject generally comes 
before the predicate; secondly, that in the process of translation the 
sentence components may with a certain amount of discretion be changed, 
that is to say, the subject in Russian is not always translated as the sub- 
ject in Chinese. For example: 

1) "Bo Bcex cjjyHanx TpeoyeTca oneHKa norpeiuHocTH", 
"Tsai yi-ch'ieh ch'ing-k'uang tou hsu-yao ku-chi wu-ch'a" 
[In all cases the error must be evaluated; 

2) "TpyflHo peimiTfe eTy aaAa^y", 
"Hen nan chieh-chueh che-ko wen-t'i" [it is very difficult to 
solve this problem]. 

The subject oueHKa of the first sentence becomes part of the predicate when 
translated into Chinese, and the subject of the second, pennrab becomes a 
predicate pure and simple. 

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, then indirect comple- 
ment plus fourth case (with prepositions), then indirect complement plus 
fifth 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 accompanied by a change in 
word order. For example: 

1) "fl numy KapaHaaiaoM", "Wo (yung) ch'ien-pi hsieh-tzu"; 
(Wo)(hsieh-tzu)(ch'ien-pi),[l][(use/with)][pencil] [write] 

2) "H aaHKMaiocb MauiHHHmi nepeBOflOM". 
"(Wo) (yen-chiu) (chi-ch'i) (fan-yi) 

"Wo yen-chiu chi-ch'i fan-yi." 
[l] [study] [machine] [translation] 
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In the first case, the indirect complement is. called an "oblique- 
case noun of means of action," and is therefore moved in front of the 
predicate. In the second case, the indirect complement is called a 
"complement" (otherwise'known as an "object"), and is therefore left in 
its original position. (Whether it is called an "oblique-case noun of 
means of action" or "complement" depends on the predicate). Verbs of the 
type aaHHMaTbca are numbered as a special class in the dictionary. 

• Complements dealt with by previous secondary graphs are not 
processed again with this one. 

, The secondary graph for "Adverbial Clauses" is applied only to 
definitive adverbial clauses at the present stage. This is basically 
sufficient for translating math literature. 

Work with this secondary graph is begun only after all work 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 whole sentence. 
It is explained briefly below. , 

First of all, check whether the sentence contains words with the 
characteristics of relative pronoun, (such"as words like KOTOPHS ); 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 said 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 relative 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 manipulation standpoint). 

Wow we will offer a few examples to explain how the word order is 
changed in simple and complex sentences. 

1) 
Word number: 
Part of speech 
of source: 

Meaning: 

KaKyio 

1 

nojib3y 

2 

iiosceT npHHecTH 

a 
(definitive)(complement)(predicate)(predicate) 
(shen-ma) (hao-ch'u) (k'p-yi) .(tai^iai) " 
[What]   [benefit]    [can]    [bring] 

STOT npH3K 

5,      6 
(che-ko) (fang-fa) 
[this] [method] 

After the first secondary graph is applied, the sentence changes to: 

.  • J9)  '   ■ _ 
" I 1 —»2 1 4-2 3^ | 5 *6 I -+6 7". The second secondary graph is not 
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used, since there is nothing to which it applies. After the third is 
applied, the results are: "fl—» 2~]   +2   ß —»6.1 +63 kl  ".    • 
After the fourth is applied, we set: " fe -—» 6 |+ 63^  (l -» 2 | +  2 7" 
Translation: "Che-ko fang-fa k'o-yi tai-lai :shen-ma hao-ch'u? 

[this] (method][can] [bring] [What] ["benefit] 
["What benefit can this method bring."] 

2) 
Word number: 
Part of speech 
of source: 

Meaning: 

MaiBHiia 

1 

coxpanaeT 
2 

Ty 

3 
CKOpOCTb 

s 
(subject)(predicate)  (definitive)    (complement) 
(chi-ch'i)(pao-ch'ih)(na-chung)        (su-tu) 
[machine]  [maintain]  [that] [speed] 

KaKyK 
6 

oHa 
7 

KMeeT 
8 

B 

9 
TOT 

10 
MOlvieHT 

11 12 
(rel. pron.)(subject)fpredicate)(preposition)fdefinitive)(obl.-case noun) 

(t"a)        (chu-yu)      (tsai) (na-ko) (shih-k'o) 
[it] [have] [at] [that] [moment] 

After the first secondary graph is applied, the sentence becomes: 
" J- 2 f3 —TF] +^5678 9 f 10 -Hi" 11 i +11 12". mie__result of the 
second secondary graph is:    " 1.2    |3—»"^   -i- h 5 6 7    (9^03  +~ 

A  TO"       fVio  +.Vn"'^rl   ».nrl   -f m iri.h  TvHncr no  eh 10 ll-~»ü| -f" |"ll ~RT1 ■+ 8 12"_. The third and fourth bring no changes 
Wjth the fifth we get: " 12 o ±Jl± EL±_ [9'-»ll-r->8 -^6 
I" 10-»11—»8 ^61    +     F^S-^oj " +    18-^61'   + te~|3-»^r„-4-    ^ 12" 
Translation:    "Chi-ch'i pao-ch'ih t'a tsai na'ko shih-k'o chu-yu    te 

[Machine]  [maintain]  [it][at/in][that][moment][have 3[that^f 4r-] 

na-cluing su-tu" .■{"The machine .maintains the speed it had at that moment"] 
[that]      [speed] 

3) 
Word number:. 
Part of speech 

Of source: 
Meaning: 

KOHOHHO 

1 2 
BO 

3. 
Bcex 

h 
cjiy^aHX 

5 

(obi.-case n.)(preposition)(definitive)(obl.-case n,] 
(tang-j an)        (tsai) (yi-ch'ieh)  (ch'ing-k'uan; 
[Of course]      [at/in] [all] [case] 

TpeÖyeTCH oneHKa TOH norpeuiHOCTH oUx) KOTOpyK 

(predicate) (subject) (definitive) (complement) (appositive) (rel. pron.) 
(hsü-yao)   (ku-chi) (na-ko)     (wu-ch'a) 
[must]     [evaluate][that]     [error] 

MH    flonycKaen , saMeHna   npupameHHe   AYHKUHH       Ay 
19      1U   15  16       17 18 19 

fsubject)(predicate) (obi.-case n.)(dir. comp.)(definitive) (appositive) 
( wo-men) (tsao-ch'eng)(tai-t'i)   (pien-liang)(han-shu) 
[we]    [create]    [replace]   [expansion] [function] 
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ee 
20 
(definitive) 

ßH$*epeHUHa.7ioM 
21 

(ind. coinp.) 
(wei-fen) 
[differential] 

dy 
22 23 

(appositive) 

With the first secondary granh, the sentence becomes:  "1 2 3   t*L~Z!l 
4 5 67 W±3 t9+   ESETi-il-12 13 ^ !5 li-MlliJl   •*- 

19 ■-> 18 -TTfT -t- te ■+   17   |20 —^»211    + 21_t_^22_^21)   23".    After the 
second: "1 2  IjjP^L +_ fc±3 + 5 6 7   j8—>S1   + 9 + |j^zt3   1X 12 13 + 
tsai 4- yung + |20 -» 21 —*16 -4IA1   +- 22 -v21--?>l6~-4lM 21-» l6_-3Tfri 4- .  
       | 19 —»18 -?17—>16 ^.k]   4 te + 

fl'7-»l6 -9-ilil - shih 4 Ik 23", Graphs three and four bring no change, 
With five we_get: "1_2 JF±t _> l1^^! ;*• 5 6 7 12 + g 
+ yung +   |20->21^^l6^TTr»12| 4]gl -» 16 -»l^'-fA^__±_ 

a tsai 

<gT:r21-Ä.l6^^-^12r   »    |16 -» ]4 ->121     + 'JJF-»17-» 16 ^.lA-JJg 
'r19—>18-^"if^lS ~?lk -*12.\    4 te 4Urr~»l6-jflr^l2l4 shih f 
Llj- -»12|   4- te    16% 9j    + 9 4 jlO—^» ~9l 23". 

Translation: "Tang-jan, tsai yi-ch'ieh ch'ing-k'uang (tou) hsu-yao 
[Of course][at/in][all]  [case]      [(all)](must] 

ku-chi   wo-men (tsai)  (yung)    wei-fen     dy tai-t'i han-shu 
[evaluate][we] [(at/in)][(with/use)][differential]   [replace][function] 
/Jy (te)   pien-liang  (shih)  tsao-ch'eng (te) .   na-ko 

[(that/of <^-)][expansion][(vhen f-)][create] [that/off-)] [that] 
wu-ch'a o(^ x)P-5". L"0f course, in all cases(or every case)(we) must 
[error] 
evaluate the error o(4 x) created when we replace the expansion of 
function Ay with the differential dy"]. 

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

1) ZtocjbcfcepeHqHajiOM ftyHKmci HS.3HBaeTCfl rviaBKan jameihian *iacTb ee 
npHpamem-iH. 

2) Haflo n3yqaTb HCTOPKM H rpaMKaTiiKy pyccKoro H3tiKa. 

The difficulty in the first example is that after the word order is 
changed, we arrive    at an unsatisfactory translation ("T'a-te pien-liang-te 
chu-yao hsien-hsing pu-fen [its]      [expansion[of 
[major]  [linear]        [part] 
chiao-tso han-shu-te wei-fen"    ["The expansion of its major linear section 
[be called][function][of    ][differential] 
is known as the differential 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 
'pyccKoro H3HKa[of the Russian language]" can either have one antecedent, 
"rpaMMaTHKy" 

t 

or two, "ncTopino" and "rpaisiaTHKy." 
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Other problems besides these in the translation of definitive 
adverbial clauses have yet to reach a satisfactory solution. 

Even so, it can now be said that the word order problems in 
Russian-Chinese machine translation have in principle been solved. Of 
course the line graphs we now have will still have to undergo further 
changes and additions. 

Note: The author of this article is grateful for the assistance of 
I. K. 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 UGSPv. 

Footnotes 

1. This paper was originally a report made 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 as to preserve the original appearance. 

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

3. Pedagogical examples are drawn from A.H. Hsin-hsin's Concise 
Course in Pedagogical Analysis. 

hr    Words 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) 
stage. 

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, whether it is a verbal noun, whether 
it takes a particular case, etc.), providing information in Russian on 
advanced analysis and formation of the Chinese sentence. 

7. For convenience in machine translation, some complements are 
considered definitives, 

8. Unlike the usual division, we do not class the "independent 
definitives in the form of postpositional adjectives" and the "particip- 
ial phrases" as "perfect definitives". 

9. Numbers in blocks are the changed numbers resulting from proc- 
essing, \ 1~'■? 2~1 indicates that 1 is now 2. 
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10. Explanation: the number 5(representing the corona) vas dropped 
in the process of applying secondary graph number five; the■word 
was given no translation in the thesaurus, hence it does no harm to the 
translation even though it still remains after the processing. 

11. Explanation: l) numbers 11 and 15(representing commas) are 
dropped in processing; 2) the vord "ee" has no translation here; 
3) the word"tou" is added during the final (good Chinese) step. 

59.27 - END 
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