MT OPERATIONAL ANALYSIS
BY

LEW R, MICKLESEN

1.1 The MT Problem

Previous studies in machine translation at the University of Washingtonl were concerned chiefly with the
compilation and organization of a Russian-English Operational MT Lexicon. This lexicographical work began
in June of 1956 and consumed the better part of the time of the entire staff until June of 1959, The detalls
and discussion of this work have already been recorded elsewhere® perhaps overzealously, The aims of this
operational lexicon had best be restated here. They are twofold: 1) to test the feasibility of utilizing
a) a word-Ffor-word translation containing all absolutely necessary target-lanpuage alternatives of amy given
source-language semantic unit and b) a human post-editor; and 2} to provide a basic lexicon for a completely
automatic translation system utilizing a comprehensive algorithm linking the grammars of Russian and English
so as to furnish sentence-for-sentence translations without intervention of a human post—editor. At the time
of this writing neither of these two alms has been realized.

The first has not been realized because there has not been time enough to set up the elahorate kind of
test required but primarily because, once all possible lexicographical devices have been exploited, it is far
more interesting and intellectually stimulating to seek a neat and completely automatic solution to the prob-
lem of MF. While the first report of the University of Washington Machine Translation Project included some
apparently successful demonstrations of the operation of a post editor on UW word-for-word translations, there
is absclutely nc proof that a correct and reasonably faclle reading of such a text could he attained in all
cases, If he so desires, the reader himself may test the feasibility of the W word-for-word translations by
attempting to read any of the simulated machine translations included in this volume and representing a field
of science with which he i3 familiar. It is ifmperative that the reader acquaint himself with the significance
of the editorial symbols accompanying the lexical material of the ocutput before making this test. For this
reason the explanation of the editorial output symbols3 has been reprimnted in thix volume and directly precedes
the simulated machine translations in the appendix to the Linguistic Analysis section,

The second aim of the Operational MP Lexicon has not been realized because of the tremendous implications
in its attainment, Implicit in this aim is the actual solution of the MT problem, It will be instructive
to characterize the MT problem, at least as it is viewed by the UW group after three years of fairly sustained
project efforts, in order to evaluate properly the Operational Lexicon and subseguent work,

The MT problem appears to have six extensive facets: 1) exhaustive specification of the grammsr {(esp.,
syntax) of the source language; 2) exhaustive specification of the grammar of the target language; 2) complete
correlation between these two specifieations; 4) an exhaustive specification of meaning in the source language
according to some semantic theory or some master schematization of semantic relationships and based on the
specification of the grammar; 5) an exhaustive specification of meaning in the target language likewise bazed
on its grammar; 6) a complete correlation between these two semantic specifications,

It seems reasonable to suppose that an ideal MT system would fsolate and attempt to solve the above-men-
tioned six facets of the MT problem. The solution of these problems, even working out the details of the pro-
cedure invelved in the solution, involves an untold amount of data-gatbering and careful interpretation of
the data in terms of a powerful syntactic theory. Because MT has always been associated with a very practical
aim, viz., rendering readily accessible the scientific literature in other languages, most investigators have
felt that various empirical approaches usually eptail the use of continually expanding corpus of scientific
literature, the compilation of a bilingeal lexicon on the basis of the corpus, and the elaboration of a con-
tinually expanding and developing algorithm effecting translation of the corpus and based on the constructs
discovered within the corpus. It seems that such methodology can bhe c¢riticized on two eounts, First, they
seem to he predicated on the intultive assumption that the sentences of scientific material differ in some
nontrivial way Irom the sentences of nontechnical material, This is certainly true in respect to semantic
content, but we are not yet prepared to investigate this aspect of lapguage, We are still lacking a semantic

1 . . ;

See Linguistic and Engineering Studies in Automatic Language Translation,Department of Far Eastern and
Slavic Languages and Literature and Department of Electrical Engineering. The University of Washington,
Seattle, 1938,

2 .
Dp. cit., Micklesen, Lew R,, Procedural Report,

3
Op. cit., Procedural Report, Sectiom 12,2
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theory to aid in accounting for the data, Furthermore, before serious study of this vast area can be initi-
ated, it is imperative that it be exactly delimited by an all-inclusive formulation of the grammar, While

it fs true that our intuitions about language may not always be c¢orrect, they are Trequently interesting enough
to evoke careful investigation, However, even though we may intujitively feel that even the grammar of scien-
tific literature is somehow different, the sentences in a scientific text surely are just as extensive and com=
plex as those even in general literature, It would be indeed surpriming if a serious investigation refuted
thiz statement, The second criticism is leveled against the assumption that a continually expanding corpus
will eventually discover all of the grammar necessary for the automatic translation of scientific literature,
Such corpora can be invaluable as a testing ground for grammatical formulations and undoubtedly may be useful
in semantic investigations; but, even if almost indefinitely extended and minutely deseribed, they could never
lead to the construction of an all-inclusive grammar, Just such a grammar is e=2sential to the recognition of
the structure of source-language sentences, one of the fundamental stepa in any system for automatic language
translation.

This discussion leads next to an evaluation of the principal product of the research effort of the Univer-
sity of Washington group, the Russian-English MT Operational Lexicon, in terms of the above-mentioned compon-
ent parts of a so-called ideal MT system. The Operational lexicon represents a minimum correlation-specifica-
tion betweer the grammstical and sementic systems of Russian and English, i.e., it is a partial represeantation
of parts 3 and 6 in the above ideal MT system, The word "sinimum” i5 a key word in this definition and re=
quires explanation, This can best be done by considering one of the entries from the lexicon. The entry
selected has the Russian part V3MeHEHUA " and the English part "(of)change(s).” The phrase "minimum correla-
tion-specification” in terms of grammar means that there is no indication of when the constituent structure of
any given Russian sentence may demand the English counterparts "of change,” "change," or "changes," Further-
more, even other English renditions may be required by certain syntactic structures. The phrase "minimum
correlation—specification" in terms of semantics means that there 1s no indication of when English alterna-
tives such as "modification, alteration, variation, conversion, transformation,” wmay be demanded in a given
sentence, In other words, the English equivalents were assigned to the Russian forms on the basis of a par-
tial consideration of syntactic envirompments, 1.e., the most frequent and immediate environments and on the
basis of an arbltrary selection of a minimal number of semantic alternatives suggestive of those not chosen,
This characterization needs only the additional statement that the lexicon contains also partial consideration
of immediate semantic environments, This was attained by including in the lexicon idioms consisting of immedi-
ate constituents., Noteworthy among the idioms are the so-called "pseudoidiomatic sequences.”* oOnly partial
but adegquate consideration was given to syntactic and semantic enviromments in order to reduce the clutter in
a word=for-word translation and yvet produce accurate and intelligihle translations, But even with this arbi=-
trarily reduced consideration of syntactlc and semantic environments and im the absence of logical processing
based on a complete consideration of ayntactic environments at least, the clutter of superfluous alternatives in
the output often sericusly reduces speed of comprehension and occasionally leaves certain passages obscure.
Even when all superfluous alternatives are removed by a human post-editor, the resulting translation is always
unconventional, As previously stated, whether partial specification of syntax and semantics 1s always adequate
i.e., alweys yields accurate and intelligible translations, has yet to be decisively proved.

The next question to arise iz whether such reduced or condensed correlation-specifications are practicable
in MT research. Our experience shows that the labeling cannot be 30 facile. Actually there are two sides to
the answer to the problem: a syntactic and a semantic, Let us first consider the symtactic side, Any one of
the simulated machine translations will reveal a great nusber and variety of syntactic ambiguities. The prob-
lem would seem to devolve into merely devising routines for eliminetion of the ambiguities, This kind of acti-
vity hag been sampled, At the outset a finmite number of wore or less trivial tests necessarily limited in
range of context proved to be eminently successful in removing a significant percentage of ambiguities upon
application to several text passages.s But it was immediately evident that these tesis were inadequate to solve
the ambiguities concerned in all instances, If all types of ambiguities capable of solution on a grammatical
bagis were to be successfully dealt with, an extremely powerful grammar of the source language would have to be
elaborated. The tests conducted also revealed that Further research is pecessary in order to schieve distinc-
tive solutionsg for the grammatical and semantic awbiguities still blurring the meaning of the output. It ap~
pears that only an all-inclusive grammar would delimit these two aspects of language, If an exhaustive gram-
matical analysis is essential to pinpointing the grammatical status of constituent forms of source-language
sentences, there seems to be little rationale and little intereat in linking an elaborate analysis of the source
language with only a partial analysis of the target language. The linkages could be established and might prove
usetful for interim translation, but they themselves would not be simple and would involve much work in an area
inevitably slated for refinement. It is very likely that such a partial grammar of the target language would
have to be refined on the spot, i.e,, during establishment of the linkages, in order to avoid highly probable
ambiguities and to render adequately any discontinuous constructs, From the standpoint of grammar, at least,
such condensed correlation-specifications are definitely contraindicated, '

The semantic agpect of condensed correlation-specifications is at once simpler and more complex than the
syntactic. In other words, the problem of meaning is so complex that i1t may be advisable to reduce arti-

492. cit,, Procedural Report, Section 2.3 and 10.3,
%gg. cit., Procedural Report, Section 10.4.

6See Micklesen and Wall, Logical Programming Research in the University of Washington Machine Translation
Project, Engineering Analysis, Appendix II, of the present report.
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ficially its dimensions by a careful choice of target alternatives, analyze completely the grammar, and use the
results of this analysis to investigate empirically by machine the nature of meaning, Unfortunately, this
artificial reduction of the semantic problem may tend to ohscure just the relationships under investigation.

If there existed a more or less clearly defined approach to meaning, it could be nicely exploited. Since,
however, nothing of the sort exists, since a syntactic analysis has priority, and aince the degree of infer-
dependence, if any, between syntax and meaning has yet to he determined, it would seem reasonable to utilize

an artificially reduced correlation-specificatiorn for meaming to allow research to proceed and perhaps to pro-
duce ugeful translations in the course of MT research, There is a good case for this type of correlation-
specification,

1.2 The Syntactie Probe

The preceding section represents to a great extent the reagening invelved in a complets re-evaluation of
work accomplished at a very critical date in the course of MT research at the University of Washington. This
critical date was the completion of the supplementation work®' which yielded the present MT Operational Lexicon
of over 170,000 semantic units. The operation of supplementation proved to be much more complex, especially
in the work on the verb forms and in the work of checking and rechecking the lexicomn, than it had originally
seemed, This type of work consumed an inordinate amoumt of time, particularly when the staff was employed
half=-time during the academic year. The work of supplementation was actually begun in March 1957, was tempo-
rarily interrupted by the preparation of the first formal report of the UN Machine Translation Project, and
was completed only in June of 1859, The completion of the work of supplementation is viewed as critical be-
cause it marks the end of emphasis on lexicographical studies and signals the beginning of serious syntactic
studies. Recognition of the sericusness of the syntactic problem led then to the reevaluation of the MT
Operational Lexicon and the entire MT problem in order to determine the optimal approach to syntax, A careful
review of the literature combined with close analysis of the ideas therein strongly indicated to workers in
the UW Project, at least, that the principles ¢f transformational grammars, particularly as embodied in the
theory of grammar as expounded by Noam Chomsky, seemed to provide the kind of approach necessary for the con-
struction of an elaborate grammar. The theory of transformational grammar has not yet been completely tested;
its principles have not yet been applied systematically to all the syntactic data of any one matural language,
There are yet many problems to be worked out. Even with complete formulation and corroboration of the prin-
ciples of transformational grasmar, their application to the Russian language would have been a far from
simple procedure., In the absence of this formulation and corroboration, the work of applying transformaticnal
grammar to Russian would have been highly interesting and challenging but inconclusive in view of the critical
time factor leaving, for all practiecal purposes, only the summer months for any real effort. The relatively
short summer period combined with proper research procedure committed solely to the utilization of transforma-
tional grammar would have ylelded at best a solid foundation but would have only lnitiated the long process
of analysis, To be sure, only a fool would deprecate the laying of a solid foundation upon'which to pursue
further research, but at the time the thinking of the project staff was not well crystallized in regards to
transformational grammar, In view of the various considerations outlined above 1t was declded to effect what
may be called a partial application of some of the principles of transformational grawmar to the Russian lan—
guage in an attempt to acquire at least some jidea of its effectiveness in MT research, In addition, linking
the data thus obtained with the previous lexXicographical work of the project was considered at this stage of
MT research to be a highly desirable part of this exploratory syntactic operation, This work was suggested
in part by the also partial but very interesting application of transformational grammar to a study of the
syntax of the instrumental case in Russian by Dean Worth.? In fact, the results of his study were utilized
completely in gathering the data to be presented below, The data was collected on the basis of the syntactic
behavior of verbs as pivotal elements inh the phrase structure of most sentences, as syntactically complex
e¢lements, and as elements frequently associated with multiple meanings., A total of 240 verbs (perfective and
imperfective verbs were counted as one) were processed in this study. These verbs were taken from the origi-
nal corpus of the UW project and represent all such verbs in alphahetical listing from Russian letters g
through 2 , For this study practically all possible basic sentence types in which primarily finite verbs
may occur were compiled, No atiempt was made to indicate any transformational hierarchy or even to indicate
the nature of the transformations. There has simply been no attempt to evaluate properly the data in terms
of the theory of transformational grammar. Each verb in turn was tested within the framework of all the basic
sentence types, Whenever a given sentence type was found permissible for a given verb, then additional gram-
matical information was developed for all or most constituent elements of the phrase structure of the sentence
under consideration, During the course of the data gathering, a c¢ertain amount of analysis was effected,
particularly in respect to the subcategories of basic phrase structures, The subcategories were all estab-
lished on the basis of transformations of parts of the basic phrase structure., The 240 verbs processed per-
mitted corroboration of most of the transformations, but since there was no time for a really critical re-
examination of the validity of the subcategories and for establishing the transformational relationship among
all the so-called basic phrase structures, and certainly ho time nor sufficient data for a proper transforma-

7
See op. cit., Procedural Report, Section 7.0,

SSee Noam Chomsky, Syntactic Structures, The Haguwe (1957), pp., 77ff., and Zellig 5, Harris, Co-cccurrence
and Transformation in Linguistic¢ Structure, LANGUAGE 33.283-240, (1957).

9Dean Stoddard Worth, Transform Analysis of Russian Instrumental Constructions, WORD, Vol. 14, No. 2-3
August~December, 1958,
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tional analysis of Russian, actual examples were collected for each verb werever subcategories were suspected.
Time and space do not permit the proper presentation of all the data gathered; therefore only 4 verbs, con-
sidered syntactically interesting, were selected for illustration of this method of data gathering,

Abbreviations® are used for the constituent elements of each basic phrase structure, The following list
explains each of these abbreviations:

Upper-case 8§ - substantive
Upper-case V = finite verb
Upper-case A = adjective
Upper-case @ = adverb
Upper=case I = infinitive
Upper-case P = participle
Upper-case G = gerund
Lower-case p = preposition

Buperscript numberal - enumeration of the substantives in a given basic
phrase structure,

Bubscript n = nominative case
Subscript a = acocusative case
Subscript g = genitive case
Subscript d = dative case
Subscript i = instrumental case
Subscript X = any case
Subscript r = reflexive

Subscript neg - negative

The other abbreivations used in the presentation of the data should be self-explanatory., The data
collected for each constituent element of a given basic phrase structure give all its indicated features
without consideration of the co-occurring features of the other constituents, JIsolation of the various pat-
terns of co-occurring features belonging to two or more of the constituent elements of a basic phrase struc-
ture would have been a task of tremendous proportions anmd displaying such complex information would have been
almost impossible, Besides, there is as yet no indication that patterns of such complexity need be recognized.

The following pages list the 240 verhs processed for syntactic data and illustrate the kind of data
gathered. In the section presenting the data, only the first page seeks the existence or nonexistence of cer-
tain inflectional forms of each verb. The remaining pages test for existence or nonexistence of various basic
phrage structures. If a given basic phrase structure exists, then it is tested transformationally for sub-
types. Lastly, the basic phrase structure or its subtypes are tested constituent by constituent for the
presence or absence of the indicated features.

1.3 Complete List of Verbs Processed

1. 268copsYpOBAaTh 21+ BBOAWTH #38, BrJkuaTh sk, Boopyxars
2., agcopGUpoBaTh BESCTH BRANYKTE BOOPYRATH
3. aHAJWSUPOBATH 22. BREOpaAYHBRATE #3C. BJIBAETH 55, BOMIOWATEH
L. accumuaMpoEaThH BEOPOTUTE U0. BAMATE BOTJAOTHT B
5, $asHpOBATEH 23. PASPAABETH DOBJAUAT b C6. BOCKAANATH
6, GaJaHOUPOPATH BASBUTE #41. PHOCHTB BOCHJAUKHYTE
7. Gerate 2. pesmeTs BHECTH #57. POCMAZMEHATE
SemaTh 25. RepHTH 42, BOBJEKATH BOCTINSMEHATE
*8, Gecnorouts +26. BepTeTh BOBJS UL 58. Botcnosr3OBATBES
HOSECTOKOATE 27+ BETBUTBCH =43, BoznrTe #50, POCUDPAHUMATL
O58CTIOKOUTE 23. Baau¥oiedcTEORATE BECTH BOCTIDHHEATE
%9, 6dTH #20, BIBEUMBATSH LY, poemaTh 60. BOCHPOASEOAUTE
0., SJecTeTh BIBECHTH 5. BoaGYRIZATH BOCTIOH3ABECTH
CASCHYTD 30, BAPIAAHBATHB BORGYIUTh 261, BOCCTAHARLIBATD
1%, COPMOTATE BaDAAHYTE #46H. BOIBPANATH BOCCTAHOBUTE
npodopMoTaTE 31, BIAHXATE BOOEPETHTE #62. BHNSIBTE:
12. GoporTbeA B3AOXHYTh BEPHYTH BIAaCTE
13, SoATheH #32, B3pHBATH 47. BOEBHUWATH 63. BIycRaTh
#1L, dpats B30pBAThH BOIBHCHTE BIIYCTUTE
B34TE #33., DIpHBATH ;8. BoagedcTRORATSH #6li. PHamaTh
%15, GpOAUTH BIDHTH 9. poauTe #+6%, BCACHESTH
SpecTH 3y, BPAPHXAATE B&3TU BCOCETH
#16. ¢pocaTh EDHXANTE 0. BOBMYWATH £6. BOmARUBATL
CpOCHTH 3%, BHAATH BOJMYTHTD BOROYUTE
17. BaAARNOBATH BHASTE 51. BOBHUKATE #H7. BCHPHBATE
MpOBAALLUOBATE ¥BHASTE BOOHHKHYTE ECHDAHTE
18, Basars 36. BHCETEH C2. BOBDECTATH bit, BONJMEATEH
19. BAPUHPCBATH 37. PHA2OHRATE BO3pAcTH BCILAHTE
20. BPYHYHBATLH BLOXMTE £3. BOJAHOBATRL £9, BCNOMHHATH
BEMHTHTS E3BOJHOBATD BCOOMHHTE

* These verbs have multiple English aliernatives,

10 '
Most of the abbreviations utilized here follow Eggn Worth's system.



70.
71.
272,
73
7h.
75,
76.
=77,
%78,

peTapaTs
BCTATH
BCTABJAATE
BCTSPATLH
BCTPeYaTH
BCTPETHTE
BCTYNATE
BCTYNUTE
BTAIMARATDH
BTAHYTL
BXOANTE
soiiTE

BRe 3%aTh
BBEEXATH
BROPECHBATE
BROPOCUTE
BHPEDATH
BHESDHUTH
BHBECAUTE
BHBECTH
BHIGPATH
BRTOPETE
BHIDY®ATE
BRIDYIATH
BHAABATH
BHISTE
EHABHIATH
BHABHHYTh
BHASJAATEH
BHISJAUTE
BHISDEABETE
BHASPXKATE
BHAYEATE
BEAYTEH
BHO23RATE
BHeXaTE

BH3IOOPAEBJMUEATD

BHIACPOBETD
BH3HBATH
EHSBATH
BHXJKYATE
BHEJDYUT L

BHEKOJOMHBATECH

BHEOXLOCHTBCH
BHEDSABATS
BHKPONTL
BUASTATH
BHJASTOTH
DHHUMATS
BHHYTB
BHRHEOCHTE
BHHECTH
BRHYEJSTH
BHHYANTB
BHI&AATH
BHIBCTD
EHMKBATD
BHIUTH
BHAACHBETE
BHTOJAHAT b
EHMOAHHTE
BHIYCKATE
BHIIYCTUTEH
BHpadaTHRATH
BHPAdoTAaATE
BHDASBHUBATH
BHPOBHATEH
BHpPAXATH
BHPABUTDH

13l
135.
#1326,

137.
2138,

5139,

#=140.
Tht.
12,
143,
14k,

BHDACTATE
BHpPSCTH
BHPE3aTS

BHDE 28T
BHPHBATL
BHPBATH
BHDHBATH
BHPBATE
BHCAXUBATDH
BHCAAHTEH
BHCHUCXBATE
BHOUIOSTE
BHCHE&BHBATE
BHCKA3&TEH
PHCKSKHBATE
BHCKQYATE
BHCAYUMBATDH
BHCJAYLSTE
PHCOBHBATE
BHCVHYTE
BHCTYDATE
BHCTYINTE
BHCHOATS
BHCHTIATS
BHCHZATH
BHCOXHYTE
PHTEKETE
BHTEYE
PHTATHEATE
PHTAHYTE
BHXOAUTH
BHATH
BHYUCJAATE
PHYUCINT B
PHSBAATS
BRABHTE
BHACHATE
BHACHATE
TapaHTUPOBATEH
DADTETH
rAA8eTE
noragiAetT b
PHE3AATHCS
TOBODUTE
CKE3aTh
TOPARTHCA
TOpETE
TOCHOAC TBOBATE
roToBRTE
OPUIOTGBUTE
TPOBUTE
MPUIPO3UTDL
MOTPOSHTD
myoferTs
orpyseThb
DPYAATD
noryJAdaTh
ABUTATE
ABHHYTH

e 20praHM30BATH
AeHCTROBATE
noaefecTRORATH
AeJaTh
ChAeJE8Th
AeJUTE
AOMECKUPOBATE
AeTPHMAPOEBATD
JEepRETE
appparapopaTsh

145.

146,
#147.

#1148,
149.
#150.
151,
152,
#153.
#154.
155,

156.
#157.
#1168,

189,
#1160,

#161.
162,
#1638,
160,
165,
166,

#167.
168,
1609.
170.

171.
172,

173,

174.

175.
176.

177

#178.

#17¢,

180.

#1841,

182,
183.
18)|.

a7

IAUT B
MPOLJUTE
AOGABAATE
BOGUEATE
ACGUTE
OCROOUTH
JOBECTH
EOKASHDETH
AOKa3a8Th
AOKPANMBAETD
FORPALUTE
AOMNYCKATD
AONYCTHTD
ZODECTETD
AOpPBETH
AOCTRERTE
A0CTaT:
ZGCTAaBAATE
LOCTaBUTD
EOCTHIMATE
AoeTHYD
OOCTHTHYTE
BECCTRAUBATE
ZOCTPOHTH
HOXOAUTE
AoHTH
anaTs
noanaTh
ApeMaTh
IJpOGUTE
PasIpoGHTD
ADOXATE
EySJAUPOBETD
AyMaThb
E¥yTE
AHUATE
eanATh
exaTh

eeTh
CBEeCThE
®AJETh
TIoRase Th
R&JAOBHTH
noxaiOoPaTh
KAATE
HeHUTE
HHTE
3gdNBaTE
3a6UThH
2a6upaTsH
3a0paTE
3adO0THTE
3apeplaTe
SAEEPHUTH
A8BNCeTh
BABOAUTE
aspacTH
3aEASHEATDH
3aBA38TE
38aTJHAHNRET D
38TJSRYTE
3ETOBBDHBATD
3aTOFOPUTE
3aropathk
28TODETE
e IpYXEATE
ETPYIUTE
38I8RETD
3808Th

204,
#2085,
2206.
#207.

208,
#2040,
=210,

211.

212.
#213.

214,
215,

216,
217,
218,

219,

35OeJAHBATH
3ajenath
3aRepRWBATE
[apepRaThL

38 IYMHBATE
BEAYMATDH
[a3eMadTh
FEBEMIUT b
JAUMCTEOBRSGTD
NoJ3aUMC THBORAGTD
AEKAEHYHPATE
JOHONYUTE
SAMMNEALEBATE
38JOKUTE
sapJRYath
DAMIIUHTL
PRKPeNASTE
3AKPENHTH
ISXPYIDIAATH
JERDYTANTE
SAKPHBATH
BBKPHTL
35JUEBATE
3AAUTE
3aMeAKATH
agUenJAnNTh
JEWEHATH
3aMEHUTR
2AMEDATE
39MEDUTh
JOMEYETL
JEMEeTUTDL
3aMenaTE
IAMETUTH
BENHKATE
FEMEHYTE
2EMONKETE
3aMOJKHYThb
aMOAYATE
JaNOpPaXHEATL
3aMOpPOSATE
38MYPOBHRATH
PaMypOBATE
3aHIMATE
38HATH
3AHOCUTE
pavecTH
SAQCTDATH
IROCTRHUTD
IENMUCHBATEH
3AMHECATDL
JENJAHBATE
3ONJHTE
JAMOJAHATE
3anoJHUTE
38NDECCOBHRETD
3ANPECCOBATE
3aNYyTHRETE
IAMYTETD
3aperCTPHDOBATH
3eDORAATS
AAPOANTH
3ECACHBATE
BACOCATE
2aceB&aTh
JACEATE
IACMEUEATE
3acMEeHTE
38C0PATH
38COPMUTE



#220.
%221,
222.
223.
22y,

38CHDATE
IRCHYTH
BBCHIATE
BACHIETH
38CHXATH
38COXEYTE
3aTMEBATE
3aTMUTE
3aTPAuYUBETDH
3aTPATHTE

225.
#226.
#227.

w228,

*229.

BETPYAHATE
2aTPYOHATE
JATYXATE
2ATYXHYTH
ABTAIVBATE
BETHHYTE
28XEATHESTE
SAXPATHTE
BEXOINTH
sallty

230,
231.
w232,
233.
23k.

28

8alUBATh 235.
3ALUTE 236,
FBMEMIAATH

3ALEMHTE 237.
JauMaTh

SEMUTHTE 238,
ARARAATE

BRABUTD 239,
aBaTh 240,
MOaBaTh

BBEHETE
SBYYETE
NpoSBYYaTE
BUMOEATE
PO SAMOBATE
IHEHOMUTE
MOQHAKOMUT b
3HAMEORATE
SHATEH



Illustration of the Syntactic Data Gathered
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1.5 The Development of Programs for the Resolution of Semantic Ambiguitieall

After this considerable amcunt of data had been gathered for each of the firat 240 verbs from the original
memory of 13,964 semantic units, it wes decided to check the effectiveness of their additional grammatical
information in the resclution of grammatical and semantic ambiguities. The most obwious and very first step
in this procedure was the collection of all sentences containing the first 240 verbs from the original corpus
of 111 text passages., This ylelded about 300 Russian sentences. This group of sentences was ecanned for verbs
with wore than one target alternative, There were originally 103 such verbs. The number was subsequently
reduced to 97 when the number of alternatives of 6 verbs was reduced to one aftter a careful reconsideration of
the semantic sphere of these verbs. All verbs with only one alternative were tested for accuracy and intelli-
gibility within their various sentences, 1In all cases the results were satisfactory. Reduction of the number
of verbs being analyzed from 240 to 103 naturally reduced the number of illustrative sentences in the original
corpusg; therefore a rather intenaive search was instituted for additional sentences containing the 103 verbs.
The following is a list of Ruaszian books perused for additional illustrative material.

1. AGusun, B, X., PearTuBHHe [pwmrartexu, Mockpa, 1955,
2, Aragewus Hayx, MarMazusm m cBA3b ¢ HUM NoJe3HHX Hoxonaewmux, Mocksa, 1955,
3. TI'ypes, I., CacTeMw Mupa, Mockea, 1950.
4. JAo6pumur, B, ®., dusuyecxas eorpapua CCCP, Mockma, 1948.
2. HeaneHKo, J. r CorxomoB A., Kasceuueckana Teopua loas, Mockpa=JleHUHDpeZ, 1951.
. Mnrponoaggnnﬁ, 0. A., Hecrauporaprus [[poueccH P Hesunelnux KoseSareseRux Cucremax,
Kues, 1955,
7. Hapaoe, K. II., Jexima no $usuoaorun, Mockpa - Jenwnrpaz, 1952.
8. Coumogopruroe, B. B., Bpegenue B CTeTucTHYsckyl AMHAMUKY CHCOTEM ABTOMATHYECHODO YHpap=
JeHus, MockBa - Jlemuarpax, 1952,
9, <J$epopoenv, E. A., Jur [lycTwaw, Mocuba, 195,
10, Yeunr, H, 0., Paltmmreiin, €. M., Jujumn, T. M., DIexTpOHHRe YMHOXHTesn, Mockmea, 1954.
11. UWaraes, B, ¥.,, u PErop, H. A. 3o0a0Pus -=- Y4yelHHK zaa Cpepueil ko, Mocksa, 1951.
12. [lUyxeiimur, B. B., Ouepkm no $usake Mopa, Mockps - Jiewmurpaz, 1949,

These 12 additional sources incressed the number of illustrative aentences to some 2000, After theae
sentences were grouped according to their constituent verhs, they formed the basia for the subsequent analysis.
Even & cursory examination of the material to bhe presented below will reveal that the collected sentences were
only a peint of departure; for the analyses, even though incompletely tested, go far beyond the Bussgian sen-
tences gathered and attempt to pinpoint each alternative within those basic phrase structures that could be
foreseen., One point must defintitely be emphasized, This material does test the effectiveness of certailn types
of additional grammatical (syntactica) and semantic information in pinpointing intended weaning, but it always
presupposes that the basic phrase structures have been already isolated, The problem of recognition of con-
stituent structures is very serious, indeed; and it undoubtfedly involves much more grammatical information
than that developed in this study.

The grammatical information compiled in this study has already been exemplified. The semantic information
collected remaine to be discussed,

The regolution of the semantic ambiguities associsted with a given verb may be significantly aided by the
semantic clues found in other constituent members of the syntactic arrangement in which the verb is found,

For example, the verb "SpoaHTs™ in the UW Operational MT Lexicon has two alternatives: 1) to wander, 2) to
ferment, ©Obviously only a relatively limited claas of substantives can ferment. If we label these substan—
tives by a symbol indicating thiz property and label the verb with this symbol, when the two asppear in a sub-
Jject-predicate relationship, the proper choice can be made., Subztantives which can ferment can appear with
other verbs for which this property is not relevant, but other properties such asz inanimaté¢ness, aniwmateness,
concreteness, abstractness, etc., are relevant, Each subatantive, therefore, will have to have complex tags
and the complexity, at least in part, will depend on the demands of all the verbs with multiple meaning in the
MT dictionary.

During the analysie of the 103 verbs with multiple alternatives, a list of substantive categories (see
1.6 below) required to solve all or some of the gmbiguities in these verbs was compiled, This list forme the
basis of the semantic analysis, It is arranged in a hierarchical order from the most general categories to
the most specific. It includes only those categories which were found neceassary to resolve ambiguitiea in the
verbs consldered, The cholce of categories and their hierarchy 1s strictly functional, i.e.,, each category
was chogen because it defines & group of substantives as different from the substantives in other categories
on the same hierarchical level., Each of the broader categories then has subcategories serving this same pur-
pose. The choice and definition of the general categories posed a number of problems. For example, the
traditional concepts of what is concrete and what is sbstract did not provide an absolute and clear—cut guide,
Early in the course of the analysis, the investigators were convinced that there is no clear line of distinc-
tion between the two concepts and that many substantives could be placed equally well im either category. On
the other hand, s sufficient number of substantives can be clearly labeled as concrete or abstract so that it
is definitely worthwhile to make use of these categories., Those substantives about which there was originazlly
a question ae to whether they should be labeled concrete or abstract were classified on the basia of whether

111 am indebted to Mr. Rasio Dunatov for much help in presenting these data,
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they behaved like substantives which were clearly abstract or clearly concrete. Thus, a substantive like

nosepxuoeTh" 'surface," “aAmo," "bottom,' etc. are regarded as concreste, since they were found to behave
in the same way as clearly concrete objects, parts of which the above gubstantives describe, e.g.ﬁnOBépXHOCTh
cToAa," “the surface of the table,” hehaves like "ecTou," “table,” etc. On the other hand, a group of sub-
atantives, such as "goJuuecTeBo," "quantity,” “cyMma," "sum," ete. can refer to either abstract or concrete
substantives, e.g., "HOJMuECTBO CTOJOB," "a quantity of tables,” or "wosmuecTBo mpeii," "a quantity of
ideas.” These substantives will behave semantically like the substantives gqualifying them, Therefore, these
substantives acquire the label of the gualifying member of the block.

Bezildes the categories of shstract and concrete things, twe cther general categories were used: animate
things and geographical and politiecal terms. The latter stands for place names and geographical subdivisions
of the earth's surface, which always behave like members of the concrete category but sometimes may also behave
like members of the anlmate category. Since both the animate and the geographical-peolitical are always con—
crete, this fact was not specified. Consequently, the categories concrete and abstract necessarily mean inani-
mate concrete and abstract, and in this case the classification inanimate is implicit,

The subcategories under these four broad categories are self-explanatory (when considered in the light of
the verbs which made these categaries necesgary) and need no further explanation.

In the procesg of classifying substantives, each substantive has to be taken through the list of cate—
gories as far as possible, and at eachk hlerarchical level it must be labeled with those categorles which apply
to 1t. For example, if a given substantive is concrete, it 1s labeled II; if 1t 12 also a substance {it does
not have a definite shape, as opposed to objects which do)}, it is labeled IIA; if it is alsoc a liquid, as
oppoged to a gas or a powder, it is labeled IIAl; 1f it 1s a liquid metal, it must also be labeled as such,
namely IIAl and IIA2, 1.a., IIAl-2; if this liquid metal can act as a catalyst, it must be labeled IIAL-2~3;
ete.

If all the verbs with multiple altermatives fn the MI lexicon have been analyzed, the list of categories
would have been much larger; and perhaps further subclassification of the present categories would have been
necessary.

The results of the syntactic and semantic analysis for each verb with multiple slternsatives are presented
in a table representing a kind of computer program to be followed step by step. Each hordzontal line contains
a kernel pattern in which this verb may be found, If one or more of the members of the pattern are labeled
"any," 1t means that the member so labeled does not oiffer any relevant’ clues for the elimination of ambiguities,
@,g., the member may be a substantive of any category, or it may be a zero conatructicn as in the case of the
frequent impersonal constructions in Russian, If 1n a given pattern one or more membera contains two or more
substantive categories, each category makes up a separate pattern with all the categories in the other members
of the pattern, So, for example:

Subject Object Choose
I, III, IV II, 1v 1

means combinations Subject I — Object II, Subject I - Object IV, Subject III - Object II, Subject III -
Object IV, etc. All of these combinations result in Choice 1,

The order of the patterns ls extremely important. They are arranged in such a way that the clues result-
ing in the elimination of the greatest number of ambiguities are liated first whenever possible. Also, the
patterns containing the more specific categoiies are listed before those with more general categorlies, For
example, the program for HADORATE - (to)tremblerib?ate looks like this:

Subject {(Sn) Chooge
I, IIB2 (a)(b)(c) 1
II 2

This means that if the subject ie I = animate, or IIB2(a)(b){c) = concrete, object, matural object, plant,
or fruit or vegetable, or part of body, the cholice will be (to)tremble, If the subject is not one of these,
the next patterm ig considered. Beczuse of the nature of this verb, only concrete substantives can act as
subjects,. After elimination of the categoriesz in the first pattern, therefore, the subject of the second
pattern could be designated as "any." Since, however, in this enviromment it can only denote something con=
crete, it 1s preferable to label it as eguch because this information might be needed for other purposes, €.g.,
to determine whether a given substantive is in fact the subject of thia verb.

Below are several sentences taken from the MT articles, showing the method and the possibilities of using
this material for eliminating ambiguities, In each case the kernel pattern ig first isolated, the correspond-
ing pattern in the program for the appropriate verb is located, and the proper choice of alternative for the
verb is automatically chosen,

1., Tipu peryaupopkeé My}TH clUeNVIeHRa HeoOSXoAAMO BHEJWYATE MyPTy oTHJIOHenweM pudara 10,

Here _the kernel pattern is the combination "BumJARYMTE MydT¥." The program for BHKINYUTE - (to)
excludeXswgteh—off/disgngage is as follows:

Subject (8Sn) Object (Sa) Prep. phrase (psSx) Choose
any I, IIX 1
any any H=2 gen. 1
any IIB1{b}{(2) 3
any IIB1(b}, IV 2

The substantive WybTy - clutch/muff/coupling81/socket81, being concrete, object, man-made, machine, part of
a machine, would have the tag IIBl{b)(2), As can be seeii in the program, information about the subject is not
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relevant, and only the object and prepeositional phrase, if any, need be considered, The first pattern c¢alls for
an cbject in category I or III; the second for "any" object, but with a prepositional phrase, which i1s not
present in the pattern under discussion; the third pattern watches the tag for MydTy , and alternative 3 is
chosen. This example underscores the importance of having pattern 3 before pattern 4, which contailns a more
general category than that of pattern 3,

2. DosToMy TY¥T MOXHO BHASJUTEL ADE NOAIOHH, 3

Again the combination "“BHASJANTH non3oHuE" is extracted, The program for BHASMTH - {to)discharge/
isolate/allot ix¥ as follows: '

Subject (5n) Ohject (Sa) Prep. Phrase (psx) Choose
&Ny IIA, IVAl 1
I1IB2 any 1
IIA7 any 2
any v 2
any any E Dat, 3
I, II, II1 I1IB 2
v 1,11 3

According to the list of substantive categories, NMOASOHH = subzone(s) has the tag IVA = abstract, nonverbal.
Since the kernel pattern {s impersonal, the subject of this pattern {s designated as "any." MNow the pattern
Sn any - SA IVA must he matched against the program. The first pattern of the program has 8n any, SA IIA or
IVAL and would appear te include the tag IVA for "subzone.” 1IVAL is too specifie, however, since each tag
includes all categorlies hierarchically lower than it, i.e,, more specific, but not these hierarchically higher,
i.e., more general, Farther down the list pattern 4, 8n any — Sa IV, corresponds to the patteérn in question,
since category IV includes all the categories under it (all abstract substantives).

3. B prom padoHe AGJOKE AOXORAT OYeNE PpaHo, 1 P 1

The kernel pattern is "AGJoxE Z0X0AAT." The program for ZAOXOAAT - {they)reach /ripen/ars—done is as
follows: '

Subject (Sn) Prep, Phrase (pSx) Instr. (S5i) Choose
1IB1(c) 1
any RO gen. 1
I1B-2(b} 2
IIA 3
I v 2

After AGMOKH - apples is matched against the list of categories, it acquires the tag XIB2(b): II =
concrete, B = objects, 2 = matural objects, (b) = fruits and vegetables, It is not followed by a "ao"
prepositional phrase; so it does not conform to pattern 2. It does match pattern 3, which allows the selection
of equivalent 2: (they)ripen {the problem of (ﬁhey} 1 handleﬂ by other programs}.

4, '‘The verbh 3&8XB&THRATE = {(to)take/inclfide/catBh/captivate proved to be one of the more difficnlt
verbs considered and consequently, has the most complex program. The program was worked out primarily on the
basis of six ifllustrative sentences., The complete program appears below, After the program each of the six
sentences in turn is matched against the program for resclution of their sementic ambiguities,

Subject (8n) Obhject (Sa) Prep. Phrase (p8x) Ingt. {51) Choose
1. any I B + Acc. 1
2, any I C + Inst, 1
3. any 1 K + Dat, 1
4, any I (8i/A1) = II 3
5. any I 81y =1V 4
6. any ) ¢ 81 =1 3/4
7. E I 1/3
8, I1, III, IV I, III 3/4
a., any I Y + Gen. 1
10. any IIBL(b) (1) 3
11, any IIB4, 5, IIIX 2
12, any II 81 = Instrument 1
13, any II cC + Inst, 1
14, v II 2
15, I, IIX 1I 1
16, II II 1/2
17, any IVAS 3
18, v v 2/3
19. I, II v 1/3

a) [Ipy TarOM KpyroBODOTE BOAE J3XBRTHNEAET ¢ COGOH KAMHH,

The underlined kernel pattern can bhe symbolized as Sn ¥V pS1i Sa. 8n = BOJA = water has the tag IIAl-B-o;
pS = ¢ cofol = "¢" + Inst,; Sa = KAMHHM = stones = IIB2, The pattern is
8n{IIA1-8-9) v Sa{IIB2) pS{c + Instr.)
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When thiz pattern 1s matched against those in the program, 1t is seen to correspond to pattern 13: 8n (any)
¥ Sa(II) pSx (¢ - Inst), and does not fit any patterns above 13, The first equivalent "to take" 1s chosen,
b} Keayaox saxpaTHRaeT ACOHTY LIMPOHC DacKPHBAKLEMCA PTOM.

Symbolically the pattern is Sn V 5a 8i. 8Sn = XeJAYHAOK = stomach a IIB2(c){(2); 8a = AOOHYY = yield/
extraction/prey = II; 81 = PTOM = mouth = XXB2(c){1). The pattern Sn(IIBQ(c)(2)% v Sa(Il) S1(I¥B2(c)
({1}) corresponds to pattern of the program 12: &n any Sall 8i instrumentl
¢) JHYMHKRA WeiCcHOPO %XyKa 2AXBATHBAKT B KHSYHUK JIeMJB,

8n V pS 8a. Sn = JHYHHKH = larvae = IB, 8a = JeMJW = soil = ITAS, pSx = B + Acc, The pattern
Sn (IB) V¥V  Sa{IIA8) pS(B + Acc¢) matches No. 15 of the program: sn(1) ¥V  Sa(Il), and the choice of
equivalent 1 iz made.

d} JApuxoH#He MacTHL B ITOM CJYYae 3axXBSTHBAeT ToJaAbxe Siamxafiimi K nNopepXxHOCTH TOHEUY caoli POLH.

The kernel pattern 1s represented by symbols Sn ¥V Sa. Sn = ABH®eHHE = movement = IVE, Sa = ¢Joii -
layer/lamella, = ITB2(c)., Thie pattern, Sn(IVB) ¥ Sa(IIB2(c)) matches program pattern 14: Sn{IV) V Sa(I1I);
and equivalent 2, "to include" is chosen.

e) CTaskuBaachL ¢ aToMaMn, 2TH II)OTOHH 38XBATHBAKTCA MMM MEACTHYHO HJAHR NOJHOCTLH.

In this sentence there are two problems which need explanation, First the assumption must be made that
recognition procedures will permit establishing the relationship between "pwu" anda "aTomamu." Secondly,
the kernel pattern of this sentence is in the passive construction, and the program for "aaxBaTHESTb" "
is worked out for active constructions only. This procedure was followed for all the verbs, i.e., if the re-
flexive form of the verdb represents only the passive of the non-reflexive, no special programs were worked out,
Po use the programs for the reflexive verbs, the 8a column becomes the 8n column; and Sn becomes 8i. The fol-

1 2 2 1

lowing formula results: 8n ¥ B8a Sn Vr 8i,

The kernel pattern that must be compared with the program is: 8n = aTOMH = atoms = II,V = 38XBATHBANT ,
Sa = POTOHH = photons = II, i.e., Sn(II) ¥V Sa(II)., This matches pattern 16 of the program, which does not
result in a clear choice but narrows the choice from four to two possibilities: (to)-take/include, In the pas-

2 1

sive construction, Sn Vr S5i, the kernel pattern translation becomes 'photons (are) taken/included by the atoms."

The results of the syntactic and semantic analysis of the 97 verbs with multiple alternatives are now pre-
sented, This material falls into two parts, The first part is a key te the semantic categories of substan-
tives. As explained above, these categories were developed in the course of analysis and seem to be essential
to the pinpointing of intended meaning. The second part is a display in tabular form of the programs elaborated
far all the 97 verbs with multiple alternatives, In mest cases z unique sclution of intended meanlng was at-—
tained, but in some Ffew cases the reader will pote that even = combination of syntactic and semantic information
could not remove ambiguity. The material presented here is complete only 1f every pattern in which these verbs
can appear has been considered, Since absolute completeness is highly unlikely, the programs would have to be
supplemented or modified each time a new pattern is met, It seems reasonable to assume that in most cases the
new pattern would merely have to be added to the original program with a rearrangement of patterns when neces-
5ary.

Key to the semantic categories of subatantives

I. Animate Things
A, Human Beings
k. Military-collective Terms
B. Animals
1. Domestic Birds
c. Human Beings or Animals

II. Concrete Things
A, Substances

1. Liquids
(a} Organic Excretions
2, Gases
3. Powders
4, Metals
5, Solids

6, Paints, Dyves

T Catalysts

8, Feoods

8, Organic Substances
10, Building Materials

lzspecial category of instrumental.
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B. Objects

1.

3.
4.
5.
6.

Man-made Things

{a) Cloth Objects
{b) Machines
(1) Vehicles
(2} Parts of Machines
{3) Watches, Clocks
{c) Faper Objects
(d) Nalls, Spikes, etc,
{e) Photographs, ete,
(f) Building Matertals
(g) Oblects that can shoot
{h} Objects used in beating

Natural Ohjects

(a) Plants
(b} Fruits and Vegetables
(¢)  Parts of Body
(1) Orifices
{2) Others
{d} Unnatural Body Excrescences
(e) Celestial Bodies
[§3] Luminous Ohjects
(g) Dead Organisms
{h) Fountains, Springs

Tubular Ohjects

Space Enclosures
Surfaces

Mines, Mineral Deposits

‘I. Geographical and Political Ferms

', Abstract Things
A, Nonverbal Hotions

*

.

(=R - S RN S R N L I

[

11,
12,

Forms of Energy

Mathematical Terms

Colors

Written Symbols

Examinations, Tests, ete.

Goals, Points, etc.

Detalls, Problems, ete.

Disease Words

Branches of Arts and Sclences
Substantives that catch fire or suggest catching fire (e.gz.,
Geometrical Terms

Expressions used in telling time

B, Verbal Notions

1.
2,

Events
Processes

Ambiguous Terms

A, Quantitative {quantity, sum, etc,} Concepts
B. Parts of Things (end, middle, ete.)

C, Clagsifiers (type, variety, etc.)

The substantives in this category belong to more than one of the above categorles,

(fire), {(dawn))

The specific category

i determined by the classification of the substantive to which the substantive in category ¥V refers.
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1,7 Programs for the Resolution of Semantic Ambiguities

1 2 3 4 5 6
CUTE (to} beat/shoot/bresk/ be-l.mbalancedg/ strike/kill
P
::, B8n B3a pSx 51 8d MISC, CHOOSE
#
1 any 11 3
2 any, @ Ivalz 5
3 any o noSdm IV 5
4 any ¢ HoSdall 1/2
BSa=II
5 | IIBI(b)} (3) a 5
6 ft1al, 1182(h) g 2
7] IIBl(g) 2 2
8| 1IB1(h) " 1
9 IIB1(b) g 4
10 any [ 2
11 any any nosd 1
iz any IB 1/2/6
13 any any 1
1 2 3 4 3
SuThoa (o) strugegle/bheat/tremble /be#broken/killed
1| x,11B2¢) BSexIV 3
2 1,11 ©08a 2
32 IB IIBl 5
4 ¥, 111 II 1
5 1,111 1
6 II lagent /Anstr., 4
7| Irb2(c} 2
8 11 4
1 2 3 4 5
dpaTcs {to) be-taken//(to) takesup /hold self//(to) come
2 3 4 5
BRATHCHA (to) take#up/hold/self//(to) come
1 IX, IV agent 1
2 II,IV OTKYy A4 clause 3
3l Ir,v 1
4 IL,IIX 383anlV 2
5 1 aaSa=Il fnstrument 3
IIR2(c)
6 I B388a=1l 4
7 I agent 1
2
S6CTOKOHTE /TIOSECIOROUTE / (to} worry/bother
odecMORONTE
1b 1,111 X, II1 2
2 11,1V II,1IV 2
3 IL, IV I,III 1/2
1 2
SpoauTe (to) wander/ferment
1 any IIA9 2
2 any any 1
1 2
6pocaTh/GpocHTh (to) throw/stop
1 any any pSa 1
2 any IVB 2
3 any o Infinitive 2
4 any any 1
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2 3

4

GpocaThea/6POCHTRES (to) throw (gelf)/be-thrown/rush
P
‘;, Sn, Sa p8x 81 5d MISC, CHOOSE
#
1 I I1,1IBL(b), a
Iv
2 I Ii 1
3 II any 3
4 1 pax=I 2
5 IT psx=I1B2(c) 4
6 X pSx=ll 2/4
1 2 3
BECTH (to) lead/conduct/take
any v OTSg(not 3
followed by
ROSg)
any Iv 2
any 1,8 1
1 2 3
BOAUTDH {to) lead/conduct/raise
1 1Bl 1Bl 3
2 any I,0 1
3 any any Infinitive 1
4 any Iv 2
1 2 3
BECTUCH {to) befled/conducted//(to) propagate
1 v 2
IA 1
1B PEx(pm 1
diree¢tion)
B pax(p= 3
location)
1 2
BEJTH (to) transport/be-lucky
' ] ] 1,111 Vadrd 2
per.sg.
any any 1
1 2 4 5
BOAUTHEA {to) be#led/conducted/raised/found//{to) associate
1 I ¢Si=1 5
2 1 Infinitive 1
3 PSx(ps 1
direction)
4 1 Qudirection i
5 I I 1
6 IV 2
7 IRl 1Bl 3
8 {IIB2(a}, (b} 4
9 I pée 4
L1 11 Quplace 4
1 2
BOBHTHEA {to) be#transported/busy
I 1
I agent 1
1,111 esi 2
Hapxs1
I 1/2
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BOSBpaLATEL,/BOSEPATUT S/ BEPHYTE

1

2

{to} return/recover

P
i Sn Sa p8x 81 Sd MISC, CHOOSE
#
1 any cede 2
2 any possessive adj. 2
in predicate in|
agreement with
8n
3 any KSd any 1
4 any 1
5 any 1/2
1 2
Eoaapaw.a'rbca/aoasparnrnca/ﬁepnyrbc.q {to) return/be-returned
1 any agent 2
2| X, IIB1(b) 1
), 1v
3 I1 2
1 2
BERPTETHCHA (to} turn-around /revolve /be-turned
1 any Qmdirection 2
{e.g.,0K0J0,
ROKPYID,etc.)
2 1 1
3 11 agent 3
1 2
Basenmsa'rb/aaaaca'rb {to) weigh/suspend
1 any ITA BSe=IIA 2
Z any any 1
1
BBPHESTH/B30PBATD {to} explode
B3PHBATL/BOPHTE (to) dig-up
1 any IIBS 1/2
2 any any 1
1 2 3
BRMANYATH /BRJAKYATE (to} :I.nu::].1.1:\:1@.r’sw:l.1‘.:t:h-t:anx’engsnge91
1 any any Bia 1
2 any I,IIX 1
3 any IIB1(b) (2} 3
4 I,II IIA,Bl(h), 2
IVAl
1 2
BAAHSTH {to) own/have-command-of
1 any I,III 1
2 any I1B2{(c),IV 2
3 any II Ququality 2
4 any 1I 1
1 2
BHOCHTh/BHeCTH (to) bring-in/introduce
1 any v 2
2 any any 1
1 2
BOCIASMEHAT b /BOCIIAMEHHT b (to) 1gnite/Ainflame
1 any IV 2
3 any 1I 1
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1 -]
BOCIpHHEMAT b/POC TPHHATE (to} perceive/take
P
- sn Sa p8x 81 sd M1sC, CHOOSE
#
1 any I1 2
2 1IB2(c) v 1
3 I1 Iv 2
af I,III v 1/2
5 W Iv 1
1 2 3 4
BOCCT3HEBJHBATL /BOCCTAHOBHUTD {to) restore/set (up) /reduce
1 any Ivall ' 3
2 any IIA 1/4
3 any II 1
4 any I,III, IV | nmpOTHESR 2
5 any I,IIT,IV 1
1 2
BpamaTkeda {to) rotate/circulate
1 IV L
2| 11a1,2,3 YT ) § 2
3| 11A1,2,3 1/2
4 I1 1
5 IA 11,1V 1
6 IA Q 1
7 1A 2
a8 I 1
1 2
PCACHBATL/BCOCATE (to) suck-in/absorb
1 any I 1
2 any v -4
3 1IB1(b), 1I 1
IIB3
4 II,III Ii,III 2
o I IX 1/2
I 2
BETPEYaThCA,/BCTPETATHCH (to) meet/be-met
1 | any any V=sg 1
i {dat>nom)
' 2 i any Vasg 2
13 i IA V=pl, 2
i i Ququality
4 ! IA agent Vepl 2
5, I Vapl 1/2
6 | 1 V=pl 2
7 ] v 2
8| IIIII 1/2
1 2
BNaAaTE/PNACTD (to) sink/flow
1i TI,11I, 1
1IB2{c)
2 any 2
1 2 3
BCKPHB&Th/BCHPHTD (to) reveal/open/dissect
1] any v 1
-3 I I,11B2(a), 3
¢ (c), (d), (2)
N e A . 1 2
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BHOpACHEST th/BHGpocH'rbcﬂ

1

2

{to) he=thrown/jump#out

P
- sn ga pSx st 8d MISC, CHOOSE
#
1 II, IV 1
2 I Ha%e=II 2
3 I agent, 1
instrument
4 1 1/2
1 2 3 4 )
PHPOAUTS /PHRECTH (to) take~out/raise/derive/depict/exterminate
1 any any pSa 1
2 any "] Infinitive 1
3 any ] "qT0" clause 3
4 any IIAZ, 4,7 4
5 any IvB 3/4
& any w 3
7 II II 3
8| I, IXII IV I1 1/5
9 I, III 1,A 1/4/5
10 I,III1 IB 1/2/4/5
11 Ir IA 5
12 II I 2/5
13 v I 1/5
1 2
BHTOpATH/BHIOPETH (to} burn/fadedout
1 IVA3 2
2 I11A6 2
3 [iBl(a},{c) 2
4 LIB2(2),(c} 2
5 any 1
1 2 3 4
BHAAPaTh/BHAATE {to) give#up/out//(to) betray/pose
1 1 Yoasa® 38Sa 4
2 II,IV any 3
3 any Iv 3
4] I,1II- I g 3
5 I,IIX I any 1/8
6 I,III I @ 2/3
7 I,III Il any 1/2/3
1 2 3 4
BﬂnaBaTbcH/BHxai‘bcH (to) stick-out/occur//(to) be#given-out/betrayed
1 I, 11t 1,III 4
2| I, II,III IT 1
3 II Q=direction 1
4 I I,I1l 3
5 Iv 2
1 2 3
BuneM'rh/BHne.m‘ITb (to) discharge/isolate/allot
1 any IIA,IVAL 1
2 IIB2 any 1
3 IIA7 any 2
4 any w 2
5 any any Had 3
6| I,II,ILI 118 2
7 Iv 1,11 3
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L 2 3 4

BHEEAAT .bcﬂ/BH,ueJm‘rbca (to) stand-out//(to) be#discharged/isolated/alloted
P
; Bn Ba psSx 81 5d MISC, CHOOSE
¥
1 any lnstrument 1

For equivalents 2,3,4 see BHASJATH (SneSizagent, Sa=Sn)

I | I I I | |

1 2
BHABMIATH/BHABUHYTH (to) move-out/advance
1 any II 1
2 sny 1,I%1,IV 2
1 2
BHBePHUTE {to) adjust/verify
1 any IIBl(h) 1
2 any IVE +SgmIIB1(b) 1
3 any 1x,1v 2
1 2
BHAYBATH/BHAYTH (to) blow (out)
1 any |  IIB3 2
2 any any 1
1 2
Bmamaa'rh/BaaBars (to) cause/call
1 any 11,1V 1
2 any I,III 2
1 2 3
BHOHBATECH/BHBEATHCA (to) bewcalled/caused//(to) volunteer
1| rr,av p
2 I,IIT agent 1
3| 1,111 1/3
1 2 3 4 5
BbmepMBaTb/Blmepxa'rb (to) endurez’maintain/pass;’ageszf’soak95
1 v IIA4 5
2 IV 149 4
3 | 1,Ir,1v,8 1
4 II 1IA4 =
5 1t 1,I1,1v, # 1
6 I,III IVAS 3
1| z,rrx v,d 1
8 I ITA4 2/5
9 X LIA® . 2/4
10 I,III I,II 1/2
] 2 3
BHqu&rh/BHRJm‘me (to) exclude/switch-off/disengage
1 any I, III 1
2 any any HB8g 1
3 any 1XB1(b)(2) 3
4 any IIBl{b},IV 2
1 2
BHXOAUTH/Eulita (to) go/comedout

| | | | ! j |

The ambiguity can not be eliminated on the basis of this type of investigation.
In English the cholce seems to depend on the subject to the speaker and/or the
listener,

I i | l l I J

171



BHIOYCHATH,/BUNYCTUTE

3 2

3

(to) let-out/put—out /omit

P
i sn Sa pSx $1 sq MISC. CHOOSE
#
1 any I 1
2 Iz IX, IV 2
3 1,111 v nasg=1v, 3
IIBl(c)
4 1,IIX IL, IV 2
1 2 3
PHEOCHT b/BHHECTH (to) take (out) endure
1 I,III any H3Sg 1/2
2 any any 3
1 2 3 4
BEHHOCUTBRCHA (to) be#taken (out) endured//(to) rush-out
1 IVAL nasg 4
2 IVAL 34
3| IIBL(B) (1) agent 1/2
4 | IIB1(b} (1) 4
5 I uISg agent 1/2
é 1 Hasg 1/2/4
7 I 3
8 Iz 1/2
9 Iv u3S8g 1/2
10 v 1/2/3
1 2 3 4
BHIMGHRATE /BHIHCATH (to) extract/order/discharge/describe
1 I v 138g=II,IV 1/4
2 1I Iv 4
3 I Iv 4
4] 1,111 11 2
5 I, III I H3S8gm 2
115, II1
6| I,III I 3
1 2z
BHp2GaTHBATH /BHPAGOTATE (to) produce/work-out
1 any IVA7,IIB6 2
2 any 1,11,1v 1
1 2 3
BhIpaBHHBaTb/BHpOBHHTb {to) equilize/level/align
1 any 1LIB5,VE 2
2 any Iv 1
3 any 1,111,111 3
1 2
Bﬂpama:rbc.q/eupawrbca (to) be-expressed/express-self
1 v 1
2 I, 111 2
: 1 2
BHDPHPATHCHA/ (BHPRATRCA ) {to) escape/ba~pulled=cut/
3
BHPHBATLEA/ (BHPHTHEA) % (to) be=dug
i any agent/ 273
instrument
2 any 1

* Amblguity only in the jmperfective form,

|

s
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1

2

PHpé3aTh/BRpe3aTs (to) cut-out/slay
P
‘; Sn Sa p8x s1 sd MISC, CHOOSE
#
13 any I, 1V 1
2 any I,III 2
1 2 3
BHCAXNBATE,/BHC 8AUTh (to) land/set—out/set-off
1 any II 2
2 any IAL 1
3 any I 3
1 z
BHCURNERTD/BHCHASTH (to) sit-out/hatch
)3 IA any 1
2 IB any 2
3 any & 1
BHCoJyNaTH (to) hear-out/ausculates
1 I II 2
2 III any 1
3 any IIT 1
4 I iv 1
5 I I 1/2
1 2
BHCOBaTECA/BHCYHYTHCA {to) stick-out/be-stuck—out
1 any instrument 2
2 I1B 1
3 any 1/2
1 2 3
BHCTYIATE / BHCTYIATSE (to) appear/protrude/set—~out
1 I, KSd and/or Qu 3
IIBL{1) (1) motion
2|I1,111,1V 1
11A,B2(e)
3 IIB,Y Qmmotion 2
1 2
EBHCHMNATH {to) pour-out/break-out
r| rrmz{d) o 2
2 any any 1
3 2 g HASe= 2
11B2(c)
1 2
BHTE&RATE/PHTOYE {to) flow-out/emerge
1 II 1
2 Iv 2
3 A uasg= and/or 2
"roro™ " yroclause
4 ] 1/2
1 2
BHTACNBATE /BHTAHYT b {to) extend/pull-out
1 any any HasSg 2
2 I IIB2(c) 1
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1

2

DHACHATE/BHACHATH (to) clesr-up/ascertain
::, Sn Sa pEx si S84 MISC, CHOOSE
#

1 any 1} subordinate 2
clause
any any 1
1 2

FHe 3ANTBEA (to) neat/be-found
1 1B 1
2 any 2

1 2

DOBOPATE (to) speak/say

1 any any 1
2 any P 0Se, 1
38T0,9T0
3 any [ TTO0H 1
4 any o subordinate 2
clause
5 any [ 1/2
1 2
FopeTh (to) burn/shine
1 II H&Ses 2
I11B2(e)
noases
I1B2(a)
2| 1IB2(e), 2
(f),IV
3| I1,1I,I11X 1
1 2
rOCcnoESTHORATD {to) rule /prevail
1 any Hazsi 1
2 any 2

POTOBMTLEA/MPTOTOBUTHC S

#In finite forms thiz equivalent must be rendered as the appropriate form of "be”
+being-prepared, e.g., ls-helng—~prepared, was-being-prepared, etec.

1

2

(to) prepare/be-prepared*

1 111 no ,K8d 1
H&Sa
2 IIIX Infinitive 1
3 any 2
1 2
EBHPATECA/ ABMRY T BCA (to) move/be-moved
1 any agent 2
2 any 1
. ] 1 2
RelieTBoBarh/nogeiicTropaTs ({to} act/function
1 any HASa 1
2 I 1
3 II,1v 2
4 111 1/2
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1 2

ZeJaaTs/cAeXaTh (to) make/do
P
- sn sa pSx 51 sd ursc, CHOOSE
¥
1 any I,I1I,IT 1
2 any v HaSg 1
3 any v At 1
4 any v 1/2
1 2
ASJAUTECH (to) divide/be-divided
1 any agent 2
2 I €84 1
3 11A1,2 1/2
4 II 1
1 2 3 4
AexaThcH/cASABTBCS {to) be#made/done//(to) become/happen
1 I I 1
2 I 3
3 II,III agent 1
4 I1,IIT,1IV Ai,or A short 1/3
form
5 II,IIL 1
[ v agent 2 1/2
7 v 8x 3
8 v 1/2/4
] ] any 3
10 ¢ Qor A 3
11 @ 4
1 2
moduBaTECH,/ROGUTE : (to} beat-in/dispatch
1 any II 1
2 any I 2
1 2 3 4
BOOUBATECH (to) strive-for/gain//be#dispatched/beaten-tn
1 any s§ 1/2
2 I 3
3 ix 4
AOKDAUMBATE /AOKPACHT b (to) finish#painting/staining,/dyeingy
| | i | I | |
No elimination on the basis of patterns is possible, The reader musi decide on
the basis of the context which equivalent is most appropriate, The instrumental
agent and/or instruwent, ss well as the field—of-science numbers, may help to
determine the choice,
1 2 3
AOXORWT L /RotTR (to) reach/ripen//{to) be~dohe
1| IIBl{c) 1
2 any A0S 1
3§ liB2(b) 2
2 IIA 3
5 I v 2
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1

2

IOBOAUTE/AoDeCTH {to} bring/finish
P
‘; Sn Ba pSx 51 Ba MIBC. CHOOSE
L
1 any any AOSeg 1
2 any LIV 1
3 any 11B4,5 2
4 any any 1

1 2 3

ZOBOAMTECA/AOBECTHCE

(to) be#brought/finished//1t-(be)-happen*

*Only with 3rd per. sg. {im)
I [ | | [ ] |
For equivalents 1 and 2, see AOBOAUTD/AOBECTH
5 a any Yu3rd sg., 3
followed by
Infinitive
1 2 3
noc’raaa'rb/noc'rarb (to} get/reach/there-is=enough
1 any any 5 1
2 any 5 2
3 any o BOSg 2
4 a "] Sg,V=3rd per. 3
58,
1 Zz
LOCTABATECA/AOCTATRCA (to} fall/be-gotten
1 any +8d 1
2 any b
1 z
ZOCTaBAATD,/AOCTABUTD (to) furnish/deliver
1 any 1I,1I1,1V 1
2 any I 2
1 z 3
ZpaTh/noApaTs (to) tear/whip/scratch
1 any I 2
2 IV any 3
3 any II HASa=V 1
o5
4 any any 2
1 2
ApaTbes {to) fight/be-torn
1| It Iv P
2 I,III IazZa 1
3 X, IIX a 1
4 I, I11 instrument z
3 I,III 12
1 2
ApCGUTE /PasapotuTs (to) crush/break-up
1 any I 1
2 any v 2
3 any IIB2(¢) 1
4 any II 2
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1 2

ApOogaTh (to) tremble/vibrate
P
:, Bn Ba psx 81 3d MISC, CHOOSE
#
1| I,IIB2(a), 1
(b}, {c)
2 11 p-4
1 2
HyMaTk {(to) think/intend
1l 1,111,0 ose 1
2| I,II1,¢ +Infinitive p]
3| 1,III,d@ 1
1 2 3 4
3aduBaTh/380UTh (to) drive-in/ochstruct/beat/fill
1 any IIB1(d), 1
IVAE
2 any I1B4 4
3 any v 2
4 any o 3
5 w 1A,C 2
] any IB 3
7 II IA,C 3
8 any IA,C ooCMepTH 3
o 1 IA,C 2/3
1 2 3 4
33PoAUTE/28B00TH (to) take/start/wind/get
1 any any B,HO,085a, 1
K54
2 any any Qudirection 1
3 v any 2
4 3 TEBL(D) (1) | 2
(2),1v
5 I I1B1{b) (3) 3
1] I 1 4
7 I,1X1 v 2
8 I IIB1(b) (1) | 2
(2)
9 I IIBL(b) (3) 3
10 1,111 11 4
1 2 3
ecTh ig/are/(to) eat
1 any,d auxiliary 3
verb, or adj.
compl,, or @
2 [anyaNom, Sg. a 1
3 any=case ] 2
other than
Nom. Sg.
1 2 3
3apI3HBATH/3aBABATE (to) tie/begin/set,,
1 IIB2(a} IIB2(Dh) 3
2 any v 2
3 any any 1
1 2 3
aaroaapnsa'rb/ 2T'0BOPHTE (to) begin-to-spezk/cast—spell~over/bore
1 I @ 1
2| I,IILIV I, IV 2
3| I,11I,IV 1,111 2/3
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salepEABATL,/3808DRATD

1 2

3

(to) detain/retard/retain

P
; 8n Ba p8x 54 B8d MISC, CHOOSE
#
1 1 IVE 3
2 1 LIBLI{b) (1) 1
a I II 3
4 any IVA 2
5| I, X1I,1V 1 1
1 2
(to) befdetained /retained/
3 4
2aePEABATHCH /386D RXATBOS retarded//(to) lag
L J
For equivalents 1,2,3 see 3aepPRUBATE (8a=8n, Sn=8%)
6] 1 _ |
1 2 3 4
aaxoauTh/aality {to) go/drop-in/set/extend
1 IIB2{e) 3
2 I KSd=X 2
3 I 1
4 { IIBL(b) (1} 1
5] I1,111,1V 4
1 2 3 4
BaKIOYATE/ABKIOINTE {to) conclude/contain/confine /put
1 II, IV any BSe 2
2 1,1V II,IV instrument 1
3 I, IV ] depend, clause 1
4 I I BSa 3
5 I II BSa 4
1 Z
{to) be#conluded/contalned/
3 4 5
BAKAVVATBCA/3aRIVUMTEEHA confined/put//(to} consist
1| IB1(ec),IV IVminstru, 1
2 "] depend, clause 1
3 11,1 BSe 2
4 II BBa 4
5 v BSe=1X 2
6 Iv Ble=IV 2/5
7 I ESa 3
1 2 3 4 5
aa:c.na,un:aarb/aa,nomub (to) stuff/place/mortgage/cover/start
1 v,n any 1
2! I,I1,IIX II,IV  |B,Ha, 385 2
3| 1,ILIII II, IV Qedirection 2
4 I,II IIB4 instrument 1
5 I,11 II1ES,I instrument 4
-3 I, III 11B1,2(c) 5
7 ILIII II 3
8 I,111 v 3/5
9 I I 3/5
10 I I 3
1 2
SaKAHYHIBATLCSH /salcoa'm-rbcs (to} be#terminated//(to) terminate
1 v 1
2 I1 agent 1
3 11 2
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30RpeNAATE/3aKpeNuTE

1

2

(to) make-secure/fix

P
; 8n 8a pSx 81 8d MIsc, CHOOSE
»
1 any IIEl(c),{e) 2
2 any any 1
1 2
3EMOANATh /38Me JARTE (to) alow-down/delay
1 any I,I1,IXI, 1
IVE2
2 any IVEl 2
3 any a Infinttive 2
1 2 3
38MypOBHBATh/3aMyPOBATE (to) embed/wall#tin/up
1 any IIb4 3
2 any IIALQ 1
IIB1(f)
3 any any 2
2
3aMHKATh/3aMKHYTh (to) close/lock
1 any II,IIL, IV 1
2 any I 2
1 2 3
AHUMATE / BaHATH (to) occupy/borrow/interest
1| r,zr,xix | 1IB4,5,1II 1
2 Iv ITB4 1
3 I,III II,IVAT 2
4 v I, 111 3
3 v v 2
1 2 3
SaHMMAaTheA/3aHATHCR (to) be#occupied/borrowed//(to) catch~fire
1 1,111 1
2 I1B4,5 tnstrum,= 1
I,II
3 IV ingtrum,=IV 1
4 IIA 2
5 IIB 1/3
é IVAlD 3
7 v 1/2
1 2 4
38HOCHUTE/3aHeCTH {te) bring/note/cover/raise
1 I any instrument 2
2 II,IV any instrument 3
3 any any B,HASam 2
IIBl(c)
4 I,1IX 1IB2(c) 4
5 any 1IB4,5 3
[} any I,II 1
1 2

AANACHBATE/38MHCATD

{to) record/register

II,IV
1,111

1 any
2 any

1
2

179




1 2 3 4

3anJEBATH/BANJHTD (to) float/sail/swim/£il11
P
; Sn Ba p3x 51 8d MISC, CHOUSE
#
1 I HasSa= 2
IIB1(b) (1)
2 I 3
3| IIIBS,III 4
4 | TIB1(b) (1) 2
5 IIB2{c) 4
6 II instrument 4
7 II 1
1 2
4Ny THEATE/3a0yTATE (to) confuse/entangle
1 any 1,II1 B,08a 2
2 any 1,111 Iv 1
3 any I, 111 II 2
4 any v 1
5 any 11 2
1 2 3
(to) cover/fill/pour/
38CHIOATE 4
‘dacHNAT b/aacny'rb fall-asleep
1 any I 1
2 any II BSa 3
3 any IIB4, 2
2{cI(1)
4 any I1IB 1
5 any I1A 3
6 i, III 4] 4
1 2
sa'ryxarmz-/ DaTYyXHYTEL (to) damp/be-extinguished
*Imperfective aapect only {(to) damp
1 IVE 1
2 II,IVA 2
1 2z 3
38TEMHBATE/32TAHYE D (to) tighten/draw/prolong
1 any Iv 3
2 any I 2
3 & 1,1 2
4 any II B,H&353a K3d 2
53 I,II II 1
1 2 3 4
JBXDATHBAThL/BaXBATHTE {to) take/include/catch/captivate
1 any I BSa 1
2 any I [-1:5 1 1
3 any I KSd 1
4 any I instrunsXX or Ai 3
5 any I instrum=IV 4
8 any 1 agent=1I 3/4
7 E I 173
8| rr,1rr,1v I,III 3/4
9 any I ¥og 1
10 any IIB1{b} (1) 3
11 any IIB4,5,1I1I1 2
12 any II. instrument 1
13 any II ¢51 1
14 v II 2
15 I, 1X1 11 1
16 1I II . 1/2
17 any IVAB 3
18 Iv iv 2/3
19 X,II v 1/3
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1

2

BAUMIATE/SAUMTHTE (ta) protect/defend
P
’;, Sn Sa pSx sy MISC, CHOOSE
#
1| 1,111 v 2
2| 11 I,II,III oTSg 1
3l 1,111 I,TI,IIT 2
4 11,1V any 1
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