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A FOURTH LEVEL OF
LINGUISTIC ANALYSIS *
by

MICHAEL ZARECHNAK
(Georgetown University, U.S.A.)

INTRODUCTION

THE GAT (Georgetown Automatic Translation) programs for Russian/English
Machine Translation have, up to the present time, provided for three levels
of linguistic analysis (morphological, syntagmatic, syntactic).# The
machine translation output produced by these programmes has been subjected
to further structural analysis in order to ascertain its strengths and
weaknesses.

The first result of this analysis was reported in Los Angeles at the
National Symposium on Machine Translation, Session 6, on February 4th, 1960.

The purpose of this paper is to present structural data in order to show
why it 1s necessary to introduce a fourth level into the analysis of the
input language to significantly improve the output in the target language.
The improvements would affect the following:

1. The Russian case endings would be transferred into English predomin-
antly on the basis of the kernel structures within which they occur, rather
than on the present basis of syntagmatically related words. Thus the span
of the linear search to select a proper equivalent for the Russian case
endings would be increased.

2. The rearrangement of the English output would be based on general-
ised structural patterns, reducing reliance upon the specific lists. The
result will be fewer exceptions to the rearrangement rules.

The routines, which would be worked out according to these conditions,
would facilitate the introduction of the analysis of semantic components
within a kernel structure on the operational level.

* Note the article: it is 'a', not 'the'.

# Three Levels of Linguistic Analysis in Machine Translation, Michael Zarechnak,
Georgetown University, Washington, D.C., Journal of the Association for Compu-
ting Machinery, Volume 6, Number 1, January 1959.

I wish to acknowledge the following members of the Georgetown Project for their
help in collecting and classifying the data connected with this analysis, and
for the editing of the paper: Professor L.E. Dostert, Dr. Milos Pacak, Mrs.
Marjorie Richman, Mrs. Irene Thompson, and Dr. Melrad Mellen.
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In our experimental approach to MT, we found that certain assumptions
had to be modified in the light of experience. As an example, I refer to
the structure of a genitive noun-noun government string.

In translating the genitive case from Russian into English, the follow-
ing rules served as a basis for the algorithm:*

The substance of the genitive transfer routine is as follows:

1. If a word in the genitive case is the first one in the government

structure, the translation of the genitive case is zeroed;

2. If not, and if the word is not listed as an exception, the genitive

case is translated by the preposition "of".

An analysis of a translated corpus recently brought to our attention
problems which make it necessary for us to initiate not only quantitative
changes, such as increasing the list of complex prepositions, but also
qualitative changes which will replace the given routine by a new one.

THE REASONS FOR QUALITATIVE CHANGES

The genitive transfer routine of the noun in the genitive case (Ng;)
was based on computer generated codes. It was assumed that in a string of
two or more nouns, the second (or third, etc.) noun in the genitive case
belonged semantically to the first. This assumption proved inadequate in
practice.

Structurally, it became apparent that two or more nouns in the geni-
tive case do not automatically signal a semantic relationship. The
conditions which prevented two nouns in the genitive case from being
considered as a noun phrase were the following:

1. The second noun belongs to a nested structure;

Example 1: Bce CKONMBIIMECS 3a IEHb TYUYKU
All the small clouds which gathered during the day.

2. The second noun (or the third, etc.) is governed by the predicate
of the sentence.
Example 2: INypaKu HaHeCJM Jiecy ylepba He MeHblle XMIHUKOB
Vandals have done as much harm to the forests as commercial

exploiters.

The above examples indicate that the phrase structure exists within the
sentence structure. Therefore, the problem of the hierarchy of government
structures is introduced.

It is our belief that the sentence type has to be determined before
the subsentence units (phrases) are determined.

This in turn raises the perennial problem of the relation of meaning
and form.

* See Appendix 1.
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In order to determine the grammatical function of a given form, one has
to know its ontological meaning. Similarly, to select its ontological
meaning, one has to know its grammatical function. Theoretically this seems
to be a vicious circle. However, experimentally, in any given sentence, if
one knows the subject matter and the sentence nuclei in Russian, there is
little or no problem in determining both the function of the form and the
ontological meaning of the word.

The above-mentioned problem is illustrated by translation samples of the
nouns in the genitive case. If a genitive Russian string is translated only
slightly differently (for example, as to the order of words, or the sup-
pression of the ending of a noun in the genitive case) the translator would
be tempted to think of ad hoc solutions.

Example 3: PaspylleHME YaCTU [IPOMUI3BOIUTEJIBHBEIX CUJI
Destroying a part of the productive forces.
On the other hand, if the given genitive Russian structure is transferred
by a sentence the difference is more apparent.
Example 4: Ilepen HacCTyJIEHMEM KpU3MUCa
Before the crisis occurs.

It is suggested that:

1. The genitive string might have been formed from a sentence; and

2. The information conveyed in such a genitive string could be usefully

analyzed to discern the semantic components of the genitive string
as well as of the sentence.
To summarize:

Transformation of the genitive string into:

1. The sentence kernel facilitates the analysis of structural genitive

relations;

2. The genitive string aids in analyzing the semantic components of

the sentence structure.

Therefore, if the binary genitive structure (i.e., in terms of each
successive pair of nouns) is reduced to the sentence kernels from which
the genitive string was formed, any genitive structure could be opera-
tionally classified by sub-classes based on the type of kernel into which
the genitive string is transformable. Each kernelized sub-class of the
genitive string could be again operationally subdivided into sub-classes
of governing and governed nouns.

Experimentally, kernels created from genitive strings were observed
as follows:

We start with a two-positional string in which only one of the nouns
must be in the genitive case (usually the second). We call the first
noun N; and the second N,.
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a) Ny Ny ) = (N Vxyp)*
Example oGCYXIEHME TEe3MCOB — > Te3UCH OGCYXIAnTCA

b) Ny Ny ) = (N Vy)

Example NIOCTAaHOBJIEHME IJIeHYyMa — > [nJeHyM [NOCTaHOBUII

C) (N; Np) — (N, is Ay)

Example BOBMOXHOCTEL peanusalmy ——> peanusalms BOBMOXHA
d) (N;  Np;) —> (N; P Ny)

Example mporpaMma nombeMa —> [poTpaMMa IO MNOObLEMY
e) (N Np) — (N Ny)

Example B psAne pallOHOB — ———> B pfAle PaloHOB

From the kernelization procedure it is obvious that the noun in the geni-
tive case occupied the subject position and the other noun the predicate
position. This correlation is operationally important for the selection of
the translation for the genitive morpheme. Once the subject-predicate posi-
tions are established, the remaining positions would be distributed among
the identity sub-classes such as adverbs, adjectives, particles, and
conjunctions.

If the genitive string exceeds two positions (a position is defined as
that which is occupied by a noun-like word), a test is conducted to
determine:

1. Whether more than one kernel formed the genitive string;

2. Whether one kernel had identity sub-classes;

3. Whether the multiple genitive string is not a kernelizable unit.

1. (Np N; N3y)—> (N; P Np) + (N3 Vxy)

(N; Np;)—=> (N; P Np) cucTeMa nOJia  opraHmu3auum

(N, N3)—> (N3 Vxy;) TPYZL OPTAHUBYECA
Example CrucTeMa OpTraHM3aluuM Tpyoa —> cucTeMa nojid opraHmsanmum

— TPy OpTraHu3yeTcCHd

2. (Np Np N3)—>> (N; Np) + (N3 Vxyy)
(N; Ny)— (N; Ny) UMcJIo  CcaMoyOuMCTB
(N, N3)—> (N3 V Np) JIOOM KOHYAKT CaMOyOUMCTBOM

Example d4YMCJIO CaMOyOMUMCTB JIOOEM —> JIoOM KOHYAKT CaMOyOUMCTBOM

* Vx = verb reflexive; P = preposition; "is" = any auxiliary verb.
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3. (N; N N3) — (N P Np) + (N P Nj)
(N, N, ) > (N, P N,) BoOJIHA OT OaHKPOTCTB

(N, N3 ) — (N, P N3 ) OaHKpPOTCTBa Ha MNPEANPUATUAIX

Example npokaTHBAeTCs BOJIHA OaHKPOTCTB
[IPOMBIIJIEHHEIX [TPEeOIPUATUMA
The patterns of combinatory kernelizations are listed in Appendix 2.

SEQUENCE OF SEMANTIC COMPONENTS WITHIN THE GENITIVE STRUCTURE

It has been found that in certain instances the genitive case cannot
be translated solely on the basis of a pair of nouns co-occurring in a
genitive string.
Example 3BaTpaTa MHOT'MX IEeCATKOB IHEM Tpyla OOJbWOTO uMcia paboumx

The expenditure of many weeks of labour by a large number of workers.

The English preposition "by" is not conditioned by the words "labour"
and "number" but rather by the word "expenditure".

Since the translation of a noun in the genitive case may depend on
more than two co-occurring nouns, it can be concluded that the entire
genitive string should be analyzed before the English translation is
selected.

Analysis of the genitive structure as a unit means that the sequence
of the semantic components in a structure occupies two or more positions
from which the genitive string is formed.

The preliminary analysis of approximately 10,000 genitive structures
demonstrated that it is the sequence of the sub-classes of the nouns rather
than the class of the nouns itself which determines the classification
of the semantic components within the genitive structure. Furthermore,
it was shown that the sequence of semantic components is rigorously
structured.

The sub-class of inanimate concrete nouns (discernable by the human
senses; for example CTOJI) shows certain patterns of predictable se-
quences. These are listed in Appendix 3 with accompanying examples.

TRANSLATION INTO ENGLISH

The following five problems were considered as relevant for the trans-
fer into English (the translation by "of" and "¢" has been previously
mentioned: see p.4).
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1. The translation of the genitive morpheme by the following set of

English prepositions: "for", "in",

RUSSIAN

1. PaccTpoiCcTBO TOPTOBJMU
IlloTpsaceHMsa XO3AMCTBEHHOM

KM3HU

2. OcHOBa B»KOHOMUUYECKUX
KPU3BMCOB .
IIyHKT HOBOTO LMKJIa

3. BaTpaTa MHOTUX AECATKOB IHEN
Tpyna OOJIBWOTO uMcia paboumx

4. MOHONONMCTOB IEHEXHOT'O PHHKA
BOMHEI MMPOBOT'O Macumrada

2. The noun in the genitive case is zeroed between two nouns.

"by", "on". Examples:
AS TRANSLATED BY THE HUMAN TRANSLATOR

Disorder in trade
Upheavals in economic life

Foundation for the economic crises

Point for a new cycle

Expenditure of many weeks of labour
by a large number of workers
Monopolists on the money market

Wars on a world-wide scale.

Previously

the genitive case was zeroed only if it occurred with the first word in a

prepositional structure. Example:

nyTem

COKpalleHUs N;

BpeMeHn N,

obpaleHrs
Kanmuraja

If kernelized,

(1) Ny Ny = N, Vxy
(2) N, N3y > N; PN, > N3 is Ay
(3) Ng N, = N, Vxys

It is clear that (1) and (3)
Note that the verb is

This suggests the rule:

used transitively in

N3
Ny

the structure would break down as follows:

BpeMAda CoKpallaeTCHd

BpeMsa njsa obpalleHus,

"obpamamnumeecs BpeMa", "obpamaemoe
Bpema"

Kanurajg obpamaeTcs

are kernels.

(2) .

(1) and intransitively in

(98026)

(1) If the predicate equivalent in the genitive string is formed from a
transitive verb, the genitive case of the following governing noun
would be zeroed.

(2) If the predicate equivalent is used intransitively, the following

governing noun would receive the preposition "of";
Thus the above genitive string would be translated:
"by curtailing the circulation time of capital”
The reverse was effected by transformation (2) which resulted in
N, P Ny and N, Ny = N; is Ay,.
3. The noun in the genitive case is transformed into an adjective and
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its governing noun is rearranged into the second position. This constitutes
a simple reverse. Examples:
[IOTOTOHHASA CUCTEeMa OpTraHMB3auuM TPpyIa

sweatshop system of work organization

If an adjective precedes such a noun in the genitive case, this would be a
multiple reverse. Example:

IOBUTATEJM BHYTPEHHEIO CIOpaHusa
internal combustion engines
4. There may be a number of problems within a single genitive structure
of more than two positions. In such cases, the order of testing solutions
becomes important.* This constitutes zeroing plus reverse. Example:

IPpM COXPAaHEeHMM KalUTaJIMCTUUECKOM CHUCTEMBEl XO3AMCTBa
while retaining the capitalistic economic system

5. The genitive structure could be replaced by an English sentence.
Example:
OO TOTO KakK KPM3MUC HACTyNMJI — OO HaCTYIUJIEHMS Kpusuca
before the crisis occurs

CODING OF NOUN ENTRIES

The additional coding of nouns will include markers indicating each
stem's derivational capacity, i.e. whether or not the given noun-stem is
transformable into V or A. This code will be utilized in kernelization
formulas (algorithms).

The semantic sub-classes of nouns will also be coded. This code is
operationally produced as is apparent from Appendix 4.

This code will be used for the generalization of preposition selec-
tion in translating the genitive case in such cases where a pair of nouns
is not kernelizable or the kernelization is insufficient.

* Idioms and nestings are not discussed.
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Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:
Step 8:
Step 9:

Step 10:

Step 11:

N, is Ay1

N, P Ns

N; P N,
N, P Ns

(98026)

APPENDIX 1

If the item is C, and it carries the code 5122 or 512x and it is
first in the string, transfer to ZERO.

If the C, does not carry the code 5122, but carries the code 1122
and at i-1 there is ":", or "," or U-6, transfer by ZERO.

If the item is C, and it does not carry the code 5122 and it carries
the code 1122 and there is no ":", or "," or U-6 at i-1, but carries
the code 3112 and there is ":" or "," or U-6 at i-n (before the
first item carrying the code 3112), transfer by ZERO.

If the item does not carry the code 5122 or 1122, but it does carry
the code 2122 or 4122, transfer by ZERO, if the item is the first
noun in the stretch.

If the C, and i-1 is OBa or TpPM or 4YeTHpPe or a number smaller

than 1, 2, transfer by ZERO.

If the C, carries the code 3112 and the item before the 3112

stretch is uenbwo transfer by ZERO.

If the C, and the item at i-1 is BciiencTBMe transfer by ZERO.

if the C, and i-1 is xpwumeele transfer by "FOR".

If the C, and i-1 or i-2 is oTHoOuwWeHMM transfer by "TO".

If the item is C, and it carries the code 1122 and it does not
carry the code 5122 and it does not carry the code 3112 and there
is no ":", or "," or U-6 at i-1, transfer it by "OF", and insert
it immediately before the i1 - item.

If the item is C, and it carries the code 1122 and there is no
":", or "," or U-6 at i-1 and there is code 3112 and there is no
":", or "," or U-6 at i-n (before the first item carrying the
code 3112), transfer by "OF" and insert it immediately before the
first item carrying the code 3112.

APPENDIX 2

N, is Ayt
N3 Vg
Ny P Ny
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N; Vi N> Vi N» Vi Ny Vi Ny Vi
N, P Ny N3 is Ay N, P Ns N3 Vi N, P Ny
N: Vs N: Vs Ny is Ay Ny P N, N3 P N,
N, P Ns Ns Vi
N, P Ng
N, P N, N, P N, N, P N, N, P N, N, P N, N, P N,
N3 VXNz N3 VXN2 N3 sz N3 VXNz N2 P N3 N2 P N3
N3 P Ny Ny is Ays N3 Ny _¢ Ny Vs Ny is Ayz Ny Vi3
N, P Ng ONT Ny Ng
Ny P N Ny N, -9 Ny N> -¢
Ny N, -¢ ONT ONT
QONT N, P N N3 Vg
N; P Ns Ny Vi3 N, is Ay
N; P N, N, P Ns
Ny Ng -¢
Ny B Ns
APPENDIX 3
Legend to Appendix 3
b — position of the concrete noun
ONT -- quantifier
PART -- portion of the whole
STR —— structured
UNSTR -- non-structured
QLT -- qualifier
PRI — process intransitive (deverblal noun)
PRTR —- process transitive (deverbial noun)

(98026)
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THE SEMANTIC COMPONENT SEQUENCE

If an inanimate concrete noun is preceded by another noun(s), the fol-

lowing sequence pattern of semantic sub-classes is observed:

If the noun is singular,
noun is plural,

"Massive",

the sequence on the left side applies; if the
the right sequence applies.

The zero stands for the position occupied by the given noun.

The rest of the numbers indicate the expected positional sequences.

If some of the indicated positions are zeroed,
"shifts" accordingly,

i.e.

the higher position
relates directly to the lower position (if

present) or to the noun itself if there are no lower positions. Arrows

indicate this possibility.

The minus sign indicates that the designated positions of semantic sub-

classes precede the zero position.

The plus sign indicates the opposite.

Number
SINGULAR PLURAL
Position
[0) inanimate concrete noun inanimate concrete
noun
-1 ONT, PART, STR. ONT, PART, STR.
-2 ONT, PART, UNSTR. ONT, PART, UNSTR.
-3 QLT, Reverse order QLT, Reverse order
-4 Sentence kernel Sentence kernel
Reverse order Reverse Order
-5 ) ONT, GROUP, STR.
-6 ) QONT, NUMBER, STR.
=7 Number, any Number, any
-8 Process Process
-9 Process Process
-10 Space Space
-11 Affirmation Affirmation
-12 Negation Negation
A
+ +1 Colour Colour
+2 Name of colour Name of colour
+3 Coloured Coloured
+4 QONT, Reverse order ONT, Reverse order
+5 QLT QLT

(98026)
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1. HMTKA XeMuyT'a LBeTa OXOTHMULEM KapTeuu

2. rpyla Hepa300paHHBIX OOJIOMKOB HaMeps3uweTro JibIa
3 yeTepe PyOJIag BOCEMBIECSAT IMATH KOIEekK
4. IOBa JIOMTSA 4YepHOTro xJjeba
5. OoBe HeOeCHOTI'O LBeTa LMCTEPHE
6. baxT noygyuyeHmMs opIeHa
7. THCAYA KyOOMEeTpOB MBH, BS3a, JIMIIE
8. IBE OAHKM TOJIBKO UTO IIOJIYYEHHEIX I1alIKOBHX KOHCEPBOB
9. KOJIBIOEJIb LeJIOM COTHM MOJIOIBIX €JIOUEK
10. neppas IONBITKA BOCIMTAHMSA XOJIOOOYCTOMUMBOIO,

BricTpopacTymero mnyda

11. B azmpec IJIaBH IOMa

12. B CyMMe IIOJIyTOopa MUJIJIMOHA pyoien

13. mocanHel QaKT INOJIydyeHMS IOBaOUATU NATHU pyodsen

14. IOBe KMCTM BMHOTI'pala

15. HECKOJIbKO IIyIOB KapaMOPH

16. napa OaHOK MaszyTa

17. IIepeBO3Ka BOCBMUIOECATM I[IPOLEHTOB OIMJIOK

18. SKCHEeIMUMs BaTOTOBJIEHUS I'OCYHAapCTBEHHEIX OyMar
19. IpM HaJIuuuy OOWMJIBHEIX 3allaCOB JIECHOTO OypeJioMa
20. apMys Hepaccyxmamoumx M Oel3yNpPeuHOM CTajiM TOMIOPOB
21. Te Xe, IBa, KaskaJIoCh, JIOMTS IPOPXAaBEBIIEN CeJIeOKU
22. BMUTAMMHOB y MeHs OBIJIO COOpPaHO KMJIO OBa

23. nomobpaiy OIHUX JIMMOHOB ITYK He MeHblle Ccopoka
24. cTamky IecCaTka B IOBa HEeMeLKMUX IBYXMOTOPHBIX CaMOJIETOB
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BHUA

BArHLAD

BILOLY

BarY

BILLO

HIg9HsY

godox

onedo

B0 LO

xodeyvon

BIILO

OELOYHNQA

elILO

gsennda

nNeoadog

BYLod

APPENDIX 4

BEOIrsX

MODAM

BIILO

HHBO

BvILO

L08R

gnld

Qodoro

B HEH

cS

cs

S
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