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ABSTRACT

Predictive syntactic analysis is a scheme for the automatic
syntactic anulysis of natural language that is based on a continuous
left~to-right scan of a sentence, This report supersedes previous
reports on the experimental oredictive syntactic analysis program for
Russian. All the gremnatical rules followad by the experimental program
are here included. This paper is interded to serve at this time both as
a report of pact accomplishments and ag a working paper on which to base

future rescarcu,
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I. COMPREHENSIVE REFORT ON PREDICTIVE SYNTACTIC ANALYSIS

Murray BE. Sherry

1. Introduction

Predictive syntactic analysis is a scheme for the asutomatic syntactic
analysis of natural language that is based on a continuous left-to-right scan
of a sentence. Past experience has been largely limited to the syntactic
analysis of technical Russian texts,l’z’B’A although several attempts to
analyze English texts by this method have been made.5’6

This report supersedes previous reports on the experimental pre-
dictive syntactic analysis program for Russian. All the gramatical rules
followed by the experimental program are here included. This paper is
intended to serve at this time both as a report of past accomplishments and
as a working paper on which to base future research. It is specifically
not intended to be a concise summary of the predictive syntactic analysis
scheme for the casual reader. Various brief outlines of the predictive
method have been presented in earlier papers listed in the bihliography.

The experimental program is c¢till far from complete. A number of
grammatical structures, such as interrogative sentences and iaiomatic
constructions, have not yet been taken into account and, therefore, cannot
be analyzed correctly at this time. No means of analysis for such structures
will be suggested here unless their analysis seems to parallel closely that
of an existing analysis technique.

Detailed operation of the experimental predictive syntactic analysis

program is not mentioned here. These programming techniques and the problecs
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inherent in them are discussed at length by Isenberg‘7 in another section
of this report.

Experience has shown that, although the individual operations
performed in the predictive analysis program are not formidable conceptually,
en masse they are exceedingly difficult to master. The method adopted for
the presentation of the operations is to start with the simplest ones and
build on this base to the more involved mechanisms used in the program.
This presentation is supplemented by a concise, complete, cross-referenced
set of rules for the present analysis program (Appendix A). With these
rules the reader can duplicate any analysis described or illustrated here.

Explicit examples from analyzed text have been included wherever
possible to summarize the vast number of detalls that are coversad.
Hopefully, these examples are sufficiently varied to preclude the necessity
for the reader to study the individual analyzed texts, since the scanning
of texts is an extremely laborious methed for studying prcgram output. The
majority of the words from the texts occur in a few simple grammatical
constructions which are repeated endlessly.

Four texts, listed below, amounting to approximately 5500 running
words, have been analyzed by the latest experimental version of the program
and are the basis for the examples in this report:

Text 00A: Bxa,quwpcxmffx, K, B., "0 CYHXPOHHOM <I>PIJ1pr9," Xy pran

OKCTePUMEHT &JILHOM M TEODPeTMUECKO) PM3MKM, TOM 21, pem. 1,

¢nanueckuit MHCTUTYT uMern il, H, Jebezesa, AH CCCP, 1951, 8 cTp,

Text O0OK: Inexemxo E, B, Kypc Tenpun BepOHTHOCTeﬁ’ riaBa ), naparpad 48,

"BBojHLI® 3ameyaHmsa ! [oCyRapCTBeHHO® M3JATEJLCTBO TOXHMKO-~

TEOPOTUUSCKOM JMTEPATY P, MOCKBa-JeHMEIpas, 1950, 240-2.
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Text OUU: UYeGrmes, . J., "llpoune COUMHEHVs OuOrpagnuyecKye MaTepuaJs, !

Mosmoe co6pamns couunermit Il. J. YeGrmesa, TOM 5, "OImIT

SJIEMEHTAPHOI'O aHaJIM3&a Teopum BepORTHOCTeﬁ;" UszareancTBOo AH CCCP,
Mockpa, 1951, 27-8. (This text was suggested by I. Rhodes of

the National Bureau of Standards.)

Text OCH: [leuaTHele CXEMbi CEHTVMETPOBOI'O ZUANA30HE, CHoprMK crartell mcx

pesaximel B. WM. Cyuxermwa, VI[peaycioBME pELaKTOpa [yCCKOIO

nepesoaa,” MSZATeNBCTBO MHOCTPAHHO) inTeparypsl, Mocksa, 1956,

5-7.
Texts 00K (924 words) and OOH (700 words) are taken from modern technical
literature. Text OUU (5/5 words) is a small sample from a 19th century
piece of technical writing. The analysis of this text is distinctly
inferior to the analysis of any of the others due largely to the different
syntactic rules fcllowed almost 100 years ago. Text 004 (3270 words) has
previously been used extensively to generate syntactic rules. This text
has been re-analyzed with the latest version of the program although it
has not been recently used as source material to improve the experimental
program. Text COA has been rejected as source material to avoid biasing
the program tc the writing style of any particular author.

Two other texts were also analyzed by this latest experimental
version of the program; these are texts $ (816 words) and YYY (416 words).
The sentences in text ¥ were specifically composed to contain particular
syntactic propert.es of interest that rarely occcur in texts. The sentences
in text YYY are interesting samples culled from several texts and brough:
together to provide material of greater than average grammatical variecty to

aid In testing and developing the predictive analysis program.
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Several errors, either typing mistakes or program errors made during
dictionary lookup, appear on the input tape of text§ . Rather than repeat
the process of dictionary lookup, the input tape of text $ was directly
corrected. To distinguish the altered entries, the mark (CORR.ENTRY) has
been entered, replacing the English correspondent in the 10-word item. The
grammatical information placed in the corrected items is identical in every
respect to the information which would have been automatically inserted by
the appropriate programs.

Wherever possible, samples have been chosen from texts 00K and OOH.
Texts OUU and YYY have been wsed as second choices. Examples not present
in those four texts were chosen from text 004, and text $ was used only-as
a last resort. Extra words have often been left in the examples to indicate
the context of the sentence structure.being discussed.

More than one~third of the sentences in the six texts have been
anaiyzed successfully by the experimental program. A "successful analysis
is one in which either the syntactic analysis produced by the program is
grammatically correct or the error-detecting properties of the program are
sufficient to indicate the correct solution. Due to the limited size of
internal memory on the Univac II Computer, the computer used for the pre-
dictive syntactic analysis program, it has not been practical to provide
for error-correcting routines. Thus there is no indication of error cor-
rection on the present output of the program.

Most unsuccessful sentence analyses are due to a single error.
Several problems account for a large number of the errors: missing words

in the Russian-English dictionary, no grammatical information for proper
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names, no analysis for certain punctuation marks, etc. Other problems more
closely associated with existing rules of analysis are mentioned in
appropriate parts of this report.

As time passes, the remaining problems are more and more specialized.
The rules for the solutions of these problems are utilized rarely and the
size of the prougram increases rapidly. However, so long as the new rules
fit into the basic scheme of the program, they can be easily incorporated.

The work on predictive syntactic analysis is an outgrowth of studies
on a syntactic analysis technique by Rhodes8 and the formalization of the
syntax of the Xukasiewicz parenthesis-free notation by Burks, Warren, and

9

Wirignt,” and bears general similarities to the linguistic model of Chomsky.lo

A theoretical model which is analogous to the predictive syntactic analysis
program in several interesting aspects is due to Oettinger and the author‘ll F
This report is divided into nine parts, each one dependent on the
preceding ones. After a comprehensive outline of the predictive syntactic
analysis technique (Part 2), the simple constructions of noun phrases are
discussed (Part 3). Verbd phrases and other relationships of government are
then taken up in Part 4. More involved relationships among the components
of clauses, the subjects and predicates, are discussed in Part 5, prior to
the identification of clauses and complex phrase forms in Part 6. Parts 7
and 8 are devcted, respectively, to the ldentification of compo;nd structures

L

and %. “.cr miscellaneous constructions. The various details are summarized
by a series of examples of complete sentences analyzed by the program

(Part 9).
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Some of the comments and examples in this report were initially
suggested by co-workers of the author. Mr. Warren Plath, in particular,
has freely devoted many hours to the study of the analyzed texts. He has
pointed out a significant proportion of the errors in the present program

and has proposed means for correcting many of these errors.

2. The Predictive Syntactic Analysis Technique

The method of predictive syntactic analysis is based on the premise
that a Russian sentence can be scanned from left to right, and that at any
point in this process it is possible both to determine the syntactic
structure of the word under consideration on the basis of the predictions
made during the analysis of the words Lo its left, and to predict the
syntactic structures which will be encountered to the right of the current
word. Any language exhibiting the properties of a nested language can be
analyzed in one direction in the same general manner.

In English, if a sentence is interrupted by a phrase or a clause,
the embedded phrase or clause will be completed before the main clause is
resumed. This embedded phrase or clause is considered to be nested within
the main clause. Thus the clause "who came to dinner" is nested in the
sentence: '"the man who came to dinner ate heartily," whereas the unnested
strirg of words, "the man who came ate heartily to dinner" is a questionable
sentence at best. Another structure, the phrasc "to dinner," is nested within
the subordinate clause. 4 level, or depth, of nesting can be assigned to
every phrase an¢ clause in a sentence. Thus "the man ate heartily" is at
the first level, "who cume to dinmer" . 47 the second level, and "to dinner"

is at the third and deepest leve..
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The concept of nesting recently has received the attention of several
investigators. Altl3 has discussed the problem of assigning numerical values
to clauses and phrases within a sentence. Yngve14 and Sager15 have also used
the nesting concept when discussing, respectively, the synthesis and analysis
of English sentences. Sager uses the terminology of "depth of parenthe-
sization" instead of "depth of nesting" since she conceives of an approach
whereby a pair of parentheses is placed around every identifiable nested
structure. Plath16 has presented a method for diagramming nested structures
and parenthesizing each of these structures.

The terminology for describing the predictive syntactic analysis

technique has evolved parallel to the development of the technique itself.

The original terminology has undergone a complete revision in addition to
several minor modifications. The terminology to be described in this section
is merely the latest and, hopefully, the most meaningful set of terms.

A. The Program Cycles for Predictive Syntactic Analysis

Predictions of syntactic structures are stored in a prediction pool

which behaves somewhat like a pushdown store, a linear array of storage ele-

ments in which information is entered or removed from one end only, in

accordance with a "last-in-first-out" principle.ll New predictions are always

entered at the top of the prediction pool, and the predictions are tested

starting at the top of the pool and proceeding downward. The topmost pre-

diction in a pool need not necessarily be the next prediction to be fulfilled.
In the experimental program the predictions used are those of the

syntactic roles that the words assume in a sentence. Many predictions are

named for classical syntactic roles such as the subject prediction. 4ll
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these names are explicitly defined within the context of the experimental
program. These definitions need not coincide with éhe classical grammatical
definitions, but they resemble the classical definitions closely.

The present program uses 10-word” items both for input and for
output (Figure 1)** to take advantage of the input-output characteristics
as well as certain internal operations of Univac I and II Computers. The
first English correspondent stored in the dictionary entry of a Russian
word, the morphological class of the Russian word, the Russian word itéelf,
and the text serial number appear in the first five machine words of the
10-word item. The syntactic data is contained entirely in the last five
machine words of the item. The coding format of the information in the
last five machine words (word 5 to word 9) for each morphological type and
syntactic class of Russian word is described by I_"oustll7 in another secticn
of this report. Wo;dé 5 and 8 contain mofphological and syntactic infor-
mation that remains invariant during the analysis of the Russian word.
During the analysils the syntactic role of the word in the sentence is placed
into word 9, which, before the analysis, contains the dictionary entry number
of the Russian word., Variqps grammatical characteristics, such as case,
nunber, gender, etc., are, when applicable, stored in words 6 and 7. When
the analysis program selects the information appropriate to the particular
syntactic role of the Russian word, the remainder of the information is

deleted from these two machine words.

* Machine words are numbered 0,1,...,9.

** The figures for this section of the report are bound separately and
included in a pocket attached to the back cover of the report.
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The process of predictive syntactic analysis consists of two cycles,
a testing cycle and a predicting cycls.

(1) The Testing Cycle. During the testing cycle the predictions

ere tested against the information about the argumentslor grammatical
characteristics of a word that are obtainable from a dictionary. K Since
the lexical properties of words do not always define a unique argument, a

set of alternative arguments must be considered. Thus, "waters" has two

alternative arguments: /noun, plural/ and /verb, 3rd person, slngular,
present tense/. The alternative arguments of a single 10-word item are
completely described by machine words 5 to 8. If grammatical information

must be stored with a prediction, it is placed in grammar words, which are

referred to by the prediction.

".From this point of Qiew, the morphologlcal homograph probler in
‘Russian is subsumed uhder the heading of alternative arguments. It makes
no difference wi£h }egard {0 the.input whether a word has two or more
alternati;é érguments spcﬁ as the nominative singul;r and accusative singular
for'the Russian noun cro1, or whether there are two or more homogréphs of
a word, such as the ﬁronoun and the noun homographs of the word tom, which
'.are translated as "that" or "volume," respectively. Although the alternative
argﬁments af cton are described in & single 10-word item and the alternative
arguments of ToM are described in two 10-word items, the program treats the
alternative arguments of both words identically.

Whenever an alternative argument fulfills a prediction, an inter-

section occurs. The preferred argument is the alternative argument of the

first intersection in a test sequence. The prediction of the first
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intersection of a test sequence is fulfilled; likewise, a word is accepted
by the fulfilled prediction. A fulfilled prediction is wiped or removed

from the prediction pool.
The syntactic role is the grammatical role of the fulfilled pre-

diction and is stored in word 9. The information contained in the praferred

argunent in words 5 to 8 and in the syntactic role in word 9 is, collectively,

the grammatical unit.

In a test sequence all the alternative arguments of a word are tested
against all the predictions in the pool in their respective orders, so that
each prediction, in turn, is tested against the set of all alternative
arguments. All intersections occurring subsequent to the first intersection
are listed in hindsight for futurc reference, while the grammatical unit is
recordea as the temporary analysis for the given word. The other alternative
arguments which intersgct with subsequent predictions are intersecting .

arguments, and the alternative roles are listed with thenm.

An output 10-word item and a hindsight 10-word item are almost
identical in appearance; the sole difference is in the presence of two
2-digit columns located to the left of the text serial number in the output
item. The first number is the chain number, an error indicator that will
be discussed later; the s2cond number states the total number of predictions
in the prediction pocl before *"e aralysls of the 10-word item.

To indicate boundaries of different sets and subsets of predictions
in the pool at a given tin., several types of sentinels are placed in the
pool. These seniinels are usually found just below the last prediction of

a set. Presently, the format of sentinels coincides with the format of
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predictions; however, this is a temporary expedient that will probably be

abandoned in the near future.

(2) The Predicting Cycle. After the testing cycle has been completed

and a grammatical unit for a Rﬁssian word has been chosen, the predicting
cycle is started. The operations of this cycle update the prediction pool
(1) by wiping the fulfilled prediction and other rejected predictions,

(2) by modifying predictions already in the pool, and (3) by adding new
predictions to the top of the pool as indicated by the grammatical unit of
the analyzed word. -

The rules for wiping predictions in the pool are based on the
sentinels located in the prediction pool as well as on the predictions
themselves. Modificuation of existing predictions and addition of new
predictions are based on the word class of a word as well as its syntactic

role. The grammatical categories such as person, case, number, etc., of a

word play only indirect roles in the predicting process. This information
serves to limit the words that can fulfill predictions, where the words
fulfilling the predictions are restrained to agree with preceding analyzed
words 1in one or more grammatical category.

In this manner, a noun assigned the syntactic role of subject would
cause (1) the sutje~t prediction to be wiped from the pecol; (2) the predicate
hesd prediction to be modified, so that only a predicate agreeing with the
subject in person, number, and gender can be accepted; and (3) three new
predictions, a compound subject, a noun complement, and a modifier, to be
entered at the .op of the pool. The compound subject is predicted because

tre *yntactic role of the werd is analyzed as the subject; tne noun
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complement, a prediction of a genitive noun phrase, and the modifier, a
prediction of a participial phrase, are predicted by every noun regerdless
of its syntactic role.

Due to the secondary role played by the grammatical categories, an
intersection can allow a multiple choice of categories. If a subject pre-
diction is fulfilled by a nominative pronoun that can be either singular or
plural, it is not necessary to preselect either alternative. Instead, the
ambiguity ~an be carried along. In the particular example nc restriciion
on numnber need be made in the predicate head prediction. Likéwise, if a
noun immediately following a preposition can exist in more than cne of the
cases that the preposition can govern, there is no need to assume arbitrarily
that any one case is the correct one.

A reference to the grammatical unit that initiated a fulfilled pre-
diction is also included in word 9 of the accepted Russian word. The three-
digit number located to the left of the syntactic role is identinal (o the
last three digits of the text serial number of the Russian word which
initiated the prediction. In this manner, when a sentence is analyzed, not
only is & syntactic role assigned to every word, but a linkage to the word
initiating the prediction is established. To continue with the same example,
if the word following the noun subject is a genitive noun, thte text number
of the noun subject is attached to the syntactic role of the genitive noun,

and the noun complement can then be identified as dependent on the subject.
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B. Prediction Span Indicators

Not all predictions in the pool are of equal importance. Whereas,
on the one hand, it would be difficult to justify the analysis of a sentence
without an indication of a predicate, on the other hand, a sentence with no
subordinate clause would be perfectly accsptable. To provide a relative

level of importance among the predictions, a prediction span indicator (PSI)

is assigned to every prediction in the pool. The PSI indicates (1) how long
the prediction can remain in the pool before it must be wiped, (2) whether
or not the prediction must be fulfilled for the analysis to be considered
successful, (3) if the prediction is mutually exclusive with adjoining pre-
dictions (i.e., only one prediction from a set of mutually exclusive
predictions can be fulfilled), and (4) whether or not the prediction should
be tested at a given tiqe.

The PSI _cax; take on any value between 00 and 99. Any PSI with the
value equal to or greater than 50 is considered inactive .nd cannot be
testeé. It is otherwise'identical éq its ‘active counterpart with a PSI less
than 50. Each prediction in a-set of ﬁutualLy exclusive predictions is
' indic;ted with a PSI of setween 20 and 29 (or, inactively, between 70 and

79). The basic predictions presently used are:

00 = the prediction must be fulfilled by the next word in sequence
or not at all;

U1 — the predictlon must be fulfilled during the analysis of the
sentence;

02 = the prediction can be fulfilled more than once and is not to
be wiped when fulfilled;

03 — the prediction may be fulfilled at any time but need not
necessarily be fulfilled.
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Only sentinels are listed with 02 PSI; all ordinary predictions belong to

the other three basic types.

C. Infinity and Arbitrary Choice

In any scheme of automatic syntactic analysis a method must exist
to handle words which are not predicted. This class of words can be
subdivided into two categories: those that should be predicted and those

that cannot be predicted.
& number of words and other forms exist that either can never be
predicted or can be predicted only occasionally. E:xamples of such words

and forms are adverbs, prepositions, and commas. Adverbs occur both to

the left and to the right of the words that they modify. In a left-to-right

pass, adverbs are predicted only if they occur to the right of the words
they modify. 4&n adverb preceding an adjective or a verb usually gives no
clue about the following structure. Thus, there is no information to be
gained by having the adverb fulfill a prediction in the pool. Likewise,

it is a difficult matter at best to link a prepositional phrase to the word
it modifies even if the phrase follows immedlately after the word. 4 comma
is even worse in this respect since its position in a sentence is unpre-
dictable. However, it is true that if two commas are used to isolate some

structure in a sentence, the second of the commas may often be predicted by

the first.
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When a word that cannot be predicted is encountered during a testing
cycle, it must nevertheless be accepted in some sense, subject to later
revision. Since there is no prediction in the pool, no finite number can be
assigned the unpredicted word to indicate the linkage. Rather, an "infinite
number" is assigned to the unpredicted word, and in the terminology of pre-
dictive syntactic analysis, the word is "accepted by infinity." (The
ordinary prediction is considered a finite prediction.)

The necessity for adopting the concept of a word accepted by infinity
is an admisslon that predictive analysis cannot be completed on a single pass.
The hoped-for result from a single pass is not necessarily a complete and
comprehensive analysis, but rather a limited and accurate analysis without
error, upon which the desired comprehensive analysis can be built.

Situations arise when several intersections with the alternative
arguments of a word both of an infinite prediction and of a finite prediction
take place in the analysis of a single word. Since the infinite prediction
is a weak prediction, really a statement that the analysis scheme 1s incomplete
but that the analysis should not indicate an error, it is desirable that the
stronger finite prediction be chosen whenever possible. This is accomplished
by means of an override routine, whereby the grammatical unit of the finite
intersection is substituted for the grammatical unit of the infinite inter-
section in the event the infinite intersection occurred first. In the
present program an override takes place only rarely. It occurs usually when
a short-form adjective is homographic with an adverb (see Part 54).

The infinity classification is distinct from the arbitrary choice

classification, the only other nongrammatically orien*ed classification in
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predictive analysis. A word is an arbitrary choice when it cannot fulfill
any prediction in the pool and does not belong to a class than can occur
more or less randomly. By definition, the arbitrary choice classification
excludes all words that can be accepted by infinity. A word such as a noun
that does not fulfill any prediction during a testing cycle and cannot be
predicted by infinity is automatically assigned to arbitrary choice.

One of the requirements for the identification and analysis of a
complete sentence is that every word in the sentence fulfill a prediction.
Thus a completely analyzed sentence can contain words accepted by infinity,
but it cannot contain any words which have been labeled %arbitrary choice."
The chain number, briefly mentioned previously, serves to indicate the
occurrence of an arbitrary choice. The chain number is set to zerc prior
to the analysis of a new sentence. Every time an arbitrary choice is found,

the chain number is incremented.

D. The Program Format

Predictive syntactic analysis has been conceived as a program
consisting of an executive routine that performs the various bookkeeping
duties and controls two sets of subroutines. The first set, the testers,
correspond to the set of predictions. The second set, the predictors,
correspond to the set of preferred arguments and syntactic roles that make
new predictions or modify predictions already in the pool.

Although the sentinels are considered as part of the set of pre-
dictions, and consequently as part of the set of testers in the program, it

is more logical to consider them as a third distinct set of subroutines.
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The detailed logical description of the three sets of subroutines
is given in Appendix A. The remainder of this report is devoted to a
discussion of the operation and interaction of the various members of these
sets. In addition to reporting on the present system, several logical errors
in the system are pointed out and occasional suggestions to improve the
performance of the program are included. Thé stress is on the improvement
of the identification of the structures already being identified as opposed

to the recognition of other new structures.

3. Elementary Phrase Structures

In predictive syntactlc analysis the identification of the syntactic
role of individual words and the identification of the phrase and clause
structure within a sentence are carried out simultaneously. To explain the
detailed operatlon of the process, it is convenient to start with the
deepest nested phrase structures, which are the simplest, and to consider
the other more complex structures later.

Consider now the three most elementary phrases, the noun phrase, the
orepositional phrase, and the numeral phrase. Only the predictions essential
to the analysis of these phrases will be mentioned here in an effort to
avoic unnecessary complication. For a complete picture of the operation of
vne predictive analysis program, the steps should be worked out in detail

using the rules of Appendix A.

4. The Basic Phrase and the End-wipe Sentinel

The most elementary phrase structure in Russian, referred to as the

basic phrase, is the noun immediately preceded by none, one, or more than
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one adjective, with all the words in agreement in case, number, and gender.
Since predictive syntactic analysis proceeds from left to right, the
syntactic role of the basic phrase is assigned to the leftmost word of the
basic phrase. If the leftmost word is a noun, then the basic phrase consists
of only one word; however, if it is an adjective, then the rest of the basic
phrase must be identified before the program can return to the analysis of
any other higher-level structure in the sentence.

The basic phrase can be assigned any of a number of syntactic roles,
such as subject, object, or preposition complement, which are represented
by appropriate predictions in the pool. When such a prediction is placed
in the pool no indication is given of what the structure of the basic phrase
will be. Therefore, both an adjective and a noun must be capable of ful-
filling the prediction. For the same reason a participle, a numeral, and
a pronoun must also fulfill the prediction. (Discussion of these syntastic
word classes will be postponed for several pages.)

If the first word of a basic phrase is an adjective, a master pre-
diction with a Ol PSI is made. Thus the analysis of the sentence can be
successful only if another adjective or a noun agreeing in case, number,
and gender with the original adjective follows. If the word that follows
is a second adjective, a second master prediction is made, and this process
continues until a noun fulfills the master prediction.

To ensure that either an error is indicated or the master prediction
is f.7filled before other less deeply nested structures are analyzed, au
end-wipe sentinel is placed in the prediction pool immediately belcw the

master prediction. If the end-wipe sentinel is reached during the testing
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cycle before any intersection between the alternative arguments of the
current word being tested and the predictions located above the end wipe
has been recorded, the end wipe causes itself and all the predictions above
it to be wiped from the pool.

Before wiping predictions from the pool, the end-wipe sentinel
subroutine must check to determine whether any of the alternative arguments
of the current word can be accepted by infinity. If so, the wiping process
does not take place.

This wiping operation seems quite arbitrary; however, sound theo-
retical principles have suggested this approach. A model of the Russian
language for predictive syntactic analysis has been discussed previous-
ly.l'l’lz’2 The model is based on the parenthetic and parenthesis-free
notation of mathematical expressions. It has been shown that if an
expression is well formed, a syntactic analysis of the expression will leave
no trace in the prediction pool. That is, if the prediction pool consists
of a certain set of predictions before the start of the analysis of the
well-formed expression, then the prediction pool will consist of the same
set of predictions after the analysis of the expression. On the assumption
that the Russian languege is well formed in the same sense, the same rule
can be applied to the syntactic analysis of the natural language. Of course,
in a Russian analysis, no explicit indication of the end of a well-formed
expresslion exists, so that it is necessary to take the opposite stand: if
the first intersection in the test of a word occurs with a prediction located

below a set of predictions in the pool belonging to a deeper nested structure,

the deeper nested structure is assumed to be complete. On the hypothesis
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that the expression is well formed, no trace of the analysis of the expréssion
should remain in the pool and the residue of predictions generated by the
analysis of the expression should be wiped from the prediction pool. 4

sheck on the inaccuracy of the hypothesis is the Ol PSI prediction. If one

or more are wiped from the pool in such an operation, it signifies that the
analysis did not result in a well-formed expression and an error exists.

The phrase mozo6mme auremmnie cmcreMu (Figure 2)* is a typical subject
basic phrase. The adjective mogobmme fulfills the subject prediction in the
pocl. It also fulfills the left object prediction which is farther down in
the pool. The second intersection is duly recorded on hindsight. As an
adjective, mogo6me predicts a master that must be nominative, plural, and
can have any gender. An end-wipe sentinel is placed under the master pre-
diction. The following word, the adjective awrernme, fulfills the master
prediction and is accepted as the master of mogofmwe. It too predicts a
master that must be nominative, plural, and any gender. This second master
prediction is fulfilled by the noun cucremm. The analysis program determines
that the basic phrase has been completely analyzed when the following word,
the verb omcrmawrcs, is analyzed. The end-wipe sentinels, inserted into
the prediction pool when the master predictions were made, are wiped without
any indication of error.

The second basic phrase, the single word stom (Figure 3), illustrates
the use of the end-wipe sentinel. When srtoM is analyzed, the topmost pre-

diction irn the pool is a preposition complement, a prediction for a basic

* Figure 2 and all those that follow contain text material both before and
after analysis and are bound separately with this report for ease of
reference. Information ceollected in hindsight during analysis 1s included
in these figures.
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phrase governed by a preposition. O9roM has two alternative arguments, one
adjectival and one nomingl. The first intersection is with the adjectival
alternative argument, so that srom is selected as an adjective and the other
intersection is noted in nindsight. The master prediction generated by the
grammatical unit of oroM is for & locative, singular, and masculine or neuter
basic phrase. Once more, an end-wipe sentinel is placed below the master
prediction. The noun pacnosoxerue cannot fulfill the master prediction;
neither can it be accepted by infinity. The end-wipe sentinel therefore
wipes both itself and the master prediction from the pool. Since the master
prediction has a 01 PSI, the wipe is recorded in hindsight as an indication
of an error. In this particular example the error is the obvious incorrect
choice of intersections, and it can be corrected by selecting the nominal
alternative argument of sTom as the preposition complement.

The phrase npu srom might be considered an idiom. To reduce the
large number of idiomatic expressions that must be recognized in Russian,
it is convenient to consider expressions idiomatic only if their syntactic
or semantic meaning cannot be determined by an ordinary analysis. Since
the grammatical usage of ipu srov can be obtained from ordinary syntactic
analysis techniques, the prepositional phrase does not qualify, in this
sense, as a syntactic idiom.

The third example, cpeawmon 3a mMHoro memogos amwmTyzy (Figure 4)
illustrates the need for the infinity test before the end wipe performs its
role. The words of the basic phrase CpexHwi aMILIMTYAY are not contiguous;
the adjective is modified by the prepositional phrase 3& MHOro nepuonos.

The preposition 1s accepted by infinity and the rest of the prepositional

phrase is analyzed before the basic phrase can be identified.
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From the above examples the two functions of the end-wipe sentinel
are evident. The sentinel provides a mechanism for wiping predictions that
can no longer be fulfilled. It also provides a latent mechanism for the
quick detection of errors by wiping predictions that must be fulfilled. The
second function cannot be really utilized until errors are corrected during
the analysis pass.

Occasionally an author writes a basic phrase with the noun preceding

the adjective and with no intervening commas. This practice was guite common

in the 19th century as evinced by text OUU where this structure was en-
countered in almost every sentence. In modern texts this structure is very
rare; only one instance was discovered among the other analyzed texts:
COTIPOTVBICHMAE STO LOJXHO 6yTh... (Figure 5). Perhaps the author was trying
to emphasize his argument in this sentence. Due to the extreme rarity of
such structures in the modern language, no provision for handling them has
been made in the analysis program to date. The error in the analysis of

sTo 1s propagated when zoaxHo is not selected as the predicate (see Part 5).
A second independent error is causéd by the selection of SHAUUTEJBHO gg g

verb complement rather than as an adverb (see Part 4E).

B. The Noun Phrase and the Proncun Phrase

Whereas every adjective predicts a master that must be fulfilled,

every noun predicts a noun complement that need not be fulfilled, but if it

is to be fulfilled at all, it must be fulfilled at once. The noun complement
prediction with a 00 PSI can be fulfilled by a genitive noun phrase. Of

course, the noun of a noun complement basic phrase also predicts a noun
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complement, so that this type of structure may repeat several times. The
initial basic phrase, which fulfills some prediction other than a noun
complement, followed by any and all noun complement basic phrases together
constitute a noun phrase. Any other deeper nested structures that interrupt
the analysis of these basic phrases, such as the prepositional phrase in
Figure 4, are part of the noun phrase.

A typical example of a noun phrase consisting of two basic phrases
is TEeuaTHHE CXeMs CAHTVMMETPOBOI'O AMANAasOHA (Fisure 6). After MEUATHHE CXEM
is identified as the subject basic phrase, the noun CXeNS! predicts the noun
complement. The genitive singular aliernative argument of the adjective
caurmmeTpoBoro fulfills the ncun complement prediction and mekes the subse-
guent prediction of a genitive singular master. The noun phrase is com-
pletely analyzed by the recognition of the noun AuamasoHa gs the naster of
caurvmeTposorc. Although this voun also makes a noun comvlement prediction,
the next item in the sentence is a comma that cannot fulfill the prediction.

Pronouns, with the exception of relative pronouns, are not treated
as separate entities in the predictive analysis program. In the testing
nhase of the program, a proroun can be accepted in place of an zdjective or
a noun. If the proroun is coded adjectivally, the predictions of an adjec-
tive are made; if it is coded nominally, the predictions of a noun are mude.
4 noninal pronoun cannot be modified by precediny adjectives and it cannot
ce followed by a noun complement. The treatment of a nominal proroun as a
noun is presently based on the hypothesis that no harm is done in making the
csame predictions since the nominal pronoun should not be found preceded by

modifying adjectives or followeu by a noun complement, and the wrong
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prediction should not be fulfiiled. Unfortunately, this hypothesis is not
velid and separate categories are necessary. OHa in the sentence OH& HIMMErO
ue ckasaxa (Figure 7) cannot -have a noun complement under any circumstances.

Hmuero is really the object of the negated verb (cee Part 4.

G. Adjective-noun Homography

Adjective-ncun homography in Russian 1s not uncommon and an appropri-

ate method for handli.g the ambiguity is essential siace every prediction
that can be fulfilled by =z noun can also be fulfilled by an adjéctive. The
pronoun 9TOM (Figure 3) exhibited this ambiguity. The homograph mmorye in
the besic nhrase mmorue guawueckve sBireHus (Figure &) is more illuminating.
As used in the example mworme is an adjective. It is used as a noun in the
countervart example MpormMe pyCccKMX aBTODOB.

The choice of homographs, which is determined by their orderirg, can
be based either on the statistical freguency of expectation or on fail-safe
error indications in the subsequent analysis. The latter basis is obviously
preferable for the ultimale achievement of an error-free aralysis, and
acjeciive~noun homosraphs are appropriately ordered with the adjective
alwzys preceding the noun.

An adjective predicts a master with a 01 PSI; that is, the master
must czeur. Te ensure thual the raster occurs immediately after the adjectiive
with certuin excepiions already mentioned, an end-wipe sentinel is placed
underneath it in the pocl. The exumple of Figure 2 has indicated that the
iack of a master results in a guick error indication in the form of a wiped

predicticn recorded in hindsight. In contrast, the noun makes cnly the weak

5
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prediction of a noun complement with a 00 PSI. If no noun complement is
found, the prediction is wiped and no record is kept that the prediction
ever occurred. The net result is that if the nominal choice is in error,
no explicit indication of the error is left.

Consider the basic phrase in Figure 8 as an example. By selecting
the adjective before the noun, this phrase is analyzed correctly. But now
assume that the phrase is the alternative mmorue pycckux asropos. The
second word, pycckmx, cannot fulfill the master prediction of mmorue since
there is no agreement in case and number. The master prediction is therefore
wiped by the following end-wipe sentinel. The error is detected and can be
corrected since the only alternative zction is to consider MHOTME as a noun
and predict a noun complement.

Now consider the counterexample where the noun is selected before
the adjective. This time the alternative phrase is analyzed correctly,
whereas mHOIVMe FM3UUECKUE aneﬁmg is the problem. If mmorve is selected as
a noun, a noun complement prediction is placed at the top of the pool.
fusudeckue cannot fulfill the noun complement prediction, the prediction is
wiped, and the analysis proceeds to test the other predictions in the pool
with no indicaticn of error. If there is another prediction located farther
down in the pool that can be fulfilled by a nominative or accusative adjec-
tive, the program will assume that the syntax of the sentence is still being
correctly analyzed. Only if there is no other intersection will @mamueckue
be labeled arbitrary choice and will an error be indicated. Note that in
selecting a noun firsti the error indication is not assured but is up to

chance. This is a highly undesirable predicament!
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D. The Prepositional Phrase

The structure of a prepositional phrase is almost identical with
that of a noun phrase, the only difference being that the leading basic
phrase in a prepositional phrase is preceded by a preposition. In discussing
the basic phrase or noun phrase, the analysis of the first word of the phrase
was not considered but was postponed temporarily. Similarly, the discussion
of the intersection of the preposition will be postponed and only the analysis
of the phrase is considered.

Every preposition predicts that a preposition complemernt, a basic

phrase in a case governed by the preposition, must follow immediately after
the preposition. The Ol PSI of the prepcsition complement and the end-wipe
sentinel placed immediately below the prediction present a situation identical
to the master prediction already discussed.

Every preposition can govern one or more cases. This information
is stored in word 6 of the dictionary entry of the preposition. In the first
example, the preposition npu of the phrase npM Pas3IUHLX UCCIEKOBAHMAX
(Figure 9) can govern only the locative case. This is represented by the
two P's in word 6, one each for the singular and the plural. In this example
one of the three alternative arguments for the following adjeztive pasmummx
intersects with the preposition complement prediction. The identification
of the following locative plural noun uccnegoBamMsx completes the analysis
of the phrase.

Multiple intersections resulting in case and number ambiguities are
represented by the examples AnsA ee omicamMa (Figure 10) and B JoGo¥

npensuymadi Mmoment (Figure 11). In the former example three of the alternative
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arguments of ee intersect with the preposition complement prediction:
/oronoun, adjectival, genitive, singular/, /pronoun, adjectival, genitive,
plural/, and /pronoun, nominal, genitive, singular/. The first two can be
selected simultaneously since the syntactic word class is the same, whlle
the third can be entered only in hindsight. The subsequent master prediction
can be fulfilled by a genitive singular or genitive plural noun. Here
omcams 1S genitive éingular. In the latter example case intersections of
the preposition complement are ambiguous, both the accusative singular and
locative singular alternative arguments of sw6oit intersecting with the pre-
diction made by p. The second adjective mpezpmyumit agrees with only one cf
the »oscible cases, resolving the ambiguity.

In both previous examples the amblguity is {inally resolved by e
tnird word of the prepositional phrase. Such ambiguities are not aluays
resolved. The analysis of the prepositional phrase B obsacTy (Figure 12)
clves tieo syntactic possibilities, locative singular or accusative plural.
w0 subsccuent word in the phrase exists to resolve the ambipuity. Unless
the reacor semantically analyuzes the context of B 0018CTH, he cannot ceternine

Y

anetner the author meant "in the regioca" er "in the re_ions.' The reso-
> 4,

iution ol such ambiguities in the predictive analycis program is doerdent

on the jrediction of the preposition and its 1lluwgpe to the word it rmodilies.

= The Numeral Phrase

All the cardinal numerals and cther words cipressing' nw.orie
concepvs are treated in a special manner becuuse they do not follow the same
rules as ordinary adjectives and nouns. In speuking of a numeral phrase,

only the set of words that are treated in tiie special manncr is considered.
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The ordinal numerals are not included in this set but are coded as ordinary
adjectives. A complete list of the words that fall into the set of numerals
has been given by Magassy.18
Numerals fulfill the same predictions as ordinary nouns and adjec-
tives. In addition, if a numeral is nominally coded, normal nominal pre-
dictions can be made. However, if a numeral is adjectivally coded, which

is the usual situation, a new type of master prediction, the numeral master,

is made since the case and number of the numeral master do not always agree
with the case and number of the numeral. NWumeral masters are marked with

an "N" instead of the normal "MI" in word 9 to distinguish them from ordinary
masters.

Three types of '"agreement," depending on numeral type, occur between
nunerals and numeral masters: (1) the case and number of the numeral master
agree with the case and number of the numeral; (2) the case and rumber of
the nuaeral master do not agree with the case and number of the numeral;
and (3) the case and number of the numeral master do not agree with the case
en? number of the numeral, and, in addition, the case and numbar of the
adjectival numeral master do not agree with the case and number of a nominal
numeral master. In the first two cases, il the numeral master is an adjec-
tive, the noun that completes the phrase agrees with the adjective as in an
ordinary basic phrase.

Due to the above-mentioned special properties, numerals are coded
in a somewhat different manner from adjectives or nouns.18 The case and
number combinations that the numeral can govern are entered in word 8. If

a numeral is of the first two types then the information in word 8 is coded
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in the normal "NGACIPNGAGIP" notation; if a numeral is of the third type,
a special "RZV" code is used.

The numeral oxHoit in the phrase MONEKYX OZHOV MUAKOCTU (Figure 13)
is an example of the first type. The hindsight for must numerals is
unusually large since most numerals have adjectival and nominal homographs
and therefore account for a large number of intersections. The alternative
arguments of ogmoit intersect eight times with predictions in the pool; the
first intersection is between the /numeral, adjectival, genitive, singular/
alternative argument and the noun complement prediction made by moxexrya .

When a numeral is accepted as an adjective, the numeral predictor
subroutine examines whether or not the numeral can have a normal agreement
with the preferred argument of its numeral master. This test is accomplished
in two stages. First the program checks for the "RZV" notation. If this
is not found, the program looks for an intersection between the preferred
argument of the numeral and the information stored in word 8. 4n inter-
section indicates that a normal numeral master should be predicted and the
numeral is of the first type. No intersection would indicate the second
type. In the illustrated example since the information in word 6 is identical
to the information in word 8, the numeral has to be of the first type. The
numeral is accepted as a genitive singular noun complement and xuixocTu is
then accepted as the genitive singular master of the noun complement.

A second example of a numeral of the first type is illustrated by
the numeral gsyx in the phrase B ZByX crarbaX COOPHMKA (Figure 14). Here
are four multiple intersections between adjectival alternative arguments
of geyx and the preposition complement prediction of B. All four inter-

sections are recorded and checked against tne agreement code in word 8.
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Only two intersections, accusative plural and locative plural, result from
this test, so that the ensuing numeral master can be fulfilled only by an
accusative or locative plural numeral master. The following noun craresx
turns out to be locative plural and the numeral master prediction is
fulfilled.

When the numeral predictor subroutine examines an analyzed numeral
and no intersection exists between the preferred argument of the analyzed
numeral and the agreement code from the dictionary entry in word 8, a numeral
master is predicted with whatever case and number combinations that are
listed in the agreement code. The information in the preferred argument of
the analyzed numeral is completely disregarded. If there is no intersection
whatsoever with the preferred argument and the agreement code, then the
numeral is of the second type. The numeral IIATE in the phrase mare
coTpoyMEsx MaremarukoB (Figure 15)* illustrates this type. INarb is accepted
as the subject, either slngular or plural, of the sentence. The agreement
code states that only a genitive plural master can follow the numeral. This
genitive plural numeral master prediction is then fulfilled by the adjective
OCT POYMHEIX o

The numeral phrase is still incomplete since a noun is needed to
terminate the phrase. The adjective ocTpoyMisX predicts a second numeral
master agreeing in case and number. Although the gender is not tested, it
should agree also. This test is analogous to the ordinary basic ph;ase

containing more thau one adjective, where each adjective predicts a new

* The verb npmum in Figure 15 and the verb npimes in Figure 20 are listed
in the dictionary at this time only in the reflexive form.
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master until finally a unoun is analyzed. In this example the phrase is
completely analyzed after the noun wmaremarmxor is accepted as the second
numeral master of the subject.

The numerals of the third type differ from the other types in that
their numeral masters do not obey the simple rules of agreement. Whereas
nominal numeral masters of the third type of numeral always appear in the
genitive singular, adjectival numeral masters are either nominative plural
or genitive plural. This unusual type of agreement is indicated by the
coding "OR0O00ZVOOOOU" in word 8 of the dictionary item. The single numeral
master prediction made by such numerals is organized to accept either a
genitive singular noun or a nominative plural or genitive plural adjective.
If a noun fulfills the prediction, then the numeral phrase is completely
analyzed. However, if an adjective fulfills the prediction, the adjective
generates a new numeral master prediction that will accent either the
genitive singular noun or another adjective in the same case and number as
the adjecti&e maeking the prediction.

Three phrases illustrate the various combinations that are analyzed
by the predictive analysis program. The noun smgxocTty is analyzed as the
genitive singular numeral master following the numeral in the phrase gme
sugroern (Figure 16). The syntactic analyses of a genitive singular noun
numeral master following a nominative plural adjective numeral master and
a genitive plural adjective numeral master are illustrated by the phrases
yeTnpe uepwpe Ky (Figure 17) and ueTwpe ueprsx ki (Figure 18),

respectively.
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F. Numeral Chaining

Another aspect of the numeral phrase poses special problems for
automatic syntactic analysis. When a number greater than twenty is written
out, all the numerals but the las®t in the sequence are writhten in the
nominative case, regardless of the syntactic usage of the set of words.
Only the last word of the sequence is inflected in the normal manner. In
the phrase npu CTO COPOK JBYX aBTOp&X, CTO and COPOK are written in the
nominative case while gByx is in the expected locative case.

The chain numeral prediction has been adopted to handle tihis problem.

ds the following examples indicale, the present rules for the chain numeral
are not completely effective. Every numeral predicts a numeral master and
a chain numeral mutually exclusively (with a PSI between 20 and 29). 4
chain numeral prediction can be fulfilled by any numeral that agrees with
the chain numeral making the prediction in case, number, and gender. A
chain numeral can also be accepted bty infinity although, in this case, the
numeral must have a nominative alternative argument. A chain numeral is
assigned a 23 PSI and the numeral master is assigned a 21 PSI. Thus if
neither of the mutually exclusive predictions is fulfilled, the single pre-
diction with the 21 PSI is recorded cn hindsighl when the set of predictions
is wiped. The recording of a single prediction is sufficient to indicate
the error. If one of the predictions with a 23 PSI is fulfilled, then the
prediction with a 21 PSI is wiped, unrecorded on hindsight.

A chain numeral can occur in one of two ways: the chain numeral is
adjoined to a second cardinal numeral or the chain numeral is adjoined to an

ordinal, a word that is ronsidered an ordinary adjective rather than a numeral.
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The analysis of a chain numeral adjoined to other cardinal numerals
has been completed without error in all the instances in the analyzed texts.
For example, zBecty in the phrase gBecTu TpUADATH ZBa UEJOBEKE (Figure 19)*
fulfills the subject prediction and then predicts mutually exclusively a
nominative chain numeral and a genitive plural numeral master. TpuzuaThb
fulfiils the chain numeral prediction and itself makes the same two pre-
dictions. Jpa fulfills the chain numeral prediction made by TmmAuaTh and,
in turn, makes another chain numeral prediction and an "RZV" numeral master
prediction. The latter prediction is fulfilled by the genitive singular
noun yejoBeka. Such a numeral phrase is indistinguishable from an ordinary
numeral phrase since the same-"N" mark, which indicates numeral masters,
erroneously indicates a chain numeral.

A correct analysis cannot be reached if a chain numeral phrase
terminates in an ordinal numeral as in cTo copok Bropoit yenosek (Figure 20).
The ordinal would have to be accepted as a chain numeral for the analysis
to succeed. However, ordinals are classified as ordinary adjectives and thus
cannot fulfill the chain numeral prediction. This raises the question of
whether ordinal numerals should not be considered as numerals that belong
to regular inflected adjectival classes. The governmental properties of

ordinal numerals are different from ordinary adjectives, as illustrated in

Figure 20.

* A "bug" in the dictionary lookup program does not recognize any form of
yenoBeKk except the canonical form.
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4» Government and Objects

The two syntactic relationships "agreement" and "government" can be
distinguished with reference to the question of matching. If the grammatical
characteristics (case, number, and gender) of an adjective and noun match,
the relationship is agreement. Otherwise, the relationship is considered
government. Further, the two concepts can be distinguished since wherever
agreement is mentioned, either case and number or case, number, and gender
are tested; wherever government is mentioned, case alone is tested. This
latter division seems more definitive and is used here. Thus the numeral
master agrees with the numeral and the numeral does not govern the numeral
master. The number of the numeral master is specified, even though it may
be plural for an adjectival numeral master and singular for a nominal numeral
naster.

The phrase structures identified by agreement have been considered
in Part 3 and the structures identified by government are discussed in this
part. The prediction that is usually generated to fulfill a government
relationship is the object, although several others exist. Among these, the
preposition complement and the roun complement have already been mentioned

(Part 3).

A. The Vert Phrass

The third simple deeply nested phrase structure recognized by the
predictive syntactic analysis program is the verb phrase. It is somewhat
more complex than the noun phrase or prepositional phrase since it may

include one or both of the vther two types. Both noun phrases and
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prepositional phrases have a similar structure, adjectives and a noun
following an initial adjective or preposition, respectively. A verb phrase
consists of a verb that may be-followed by a prepositional phrase, one or
more objects (noun phrases), a verb master (an infinitive verb), or any
combination of the three. The verb phrase may also consist of a verb
followed by a clause as the object, but this structure is not identified

in the present version of the program. In all three deeply nested phrase
structures other words such as adverbs that modify individual words in the
phrase are also found (see Figure 22).

The verb master is predicted by every verb just as a noun complement
is predicted by every noun. The object and preposition object are predicted
only if information is present in the dictionary item of the verb to indicate
that they are expected to occur. LExamples of each of the three types of verb
phrases are given in the two phrases ceogurcs x maroToeremmo (Figure 21)
and TpebywT LIS CBOErO M3YUYESHUS YMEHMA BHUMCJIAThH BeposaTHocTH (Figure 22).

A preposition object prediction of the preposition K governing the
dative case is made by the verb cmBogurcA. The "DY" mark in word 6 is the
indicator of this prediction. A verb master and an instrumental agent pre-
diction (Part 4C) are placed underneath the preposition.object prediction
in the pool. The instrumental agent is predicted because the verb is
reflexive. .The preposition k fulfills the preposition object prediction.

In the second example (Figure 22), the verb Tpe6ywT predicts a
preposition object (F4), a genitive object (P5), and a verb master. The
preposition object predicted by Tpe€ywr is ot governing the genitive case.

The preposition ins which follows TpebywT cannot fulfill the preposition
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object prediction and, instead, is accepted by infinity. The entire prepo-
sitional phrase gns ceoero usyuemwis ymerms is then analyzed, The infinitive verb
Brumcsars then fulfills the verb master prediction of Tpebywor and, in turn,
predicts an accusative object (P7).

The present program does not make the object prediction of a verb
mutually exclusive with the verb master prediction. Thus an object pre-
diction remains in the pool if the verb master is fulfilled. In this
example the ncur seposrmocrm fulfills both the accurative object prediction
of BhumcaaTh and the genitive objent prediction of Tpe6ywr. The correct
analysis is made because the accusative object was predicted after the
genitive object and therefore is higher up in the prediction pool.

The prepositional phrase AJa CBOEro 43yuyeHus YMeHuA is an example of an
unpredicted structure that modifies a word in a verb phrase and that is
part of the verb phrase itself.

The preposition object prediction can serve another purpose in
addition to linking the prepositional phrase to a verb or participle. Since
the preposition object prediction states not only the preposition predicted
but also the case governed by the preposition, the preﬁosition complement
prediction of the preposition is less ambiguous. In the example cTauxuBaeTcs
¢ ayyrmm (Figure 23) the preposition complement predicted by ¢ is limited
by the "Ji" code in the 10-word item of the preceding verb only to an
instrumental basic phkrase although usually the prediction can be fulfilled
by an instrumental, genitive, or accusative basic phrase. So far, no
example has been found where this process resolved an actuil ambiguity.

The preposition object and object predictions are made based on

15°)

grammatical information in Die Hussischen Verben™  which was coded in the
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dictionary entries. Both a first government and a second government are
listed in the source book although this distinction has been kept only with
the object codes, a "P" code for the first government and an "L" code for
the second government. At the time the coding was transcribed, no syntactic
analysis program existed with which to verify the accuracy and the com-
pleteness of the coding. 4 comprehensive verification still has not been
made, although it was c~nsidered by Plath some time ago.20 The single
overriding problem in the coding is with the governmént of an accusative
object. Sometimes, when a verb is obviously transitive, the accusative
government is not mentioned in the reference bock used. Thus the absence
of a goverunment code in word 6 can indicate either that the verb cannot
govern an object or that the verb is an ordinary transitive verb. For an
automatic syntactic analysis technigue, this distinction must be made
explicitly.

The preposition object coding is not adequate at this time. The
preposition object prediction was recently added to the analysis program
on a limited scale. The prediction with a 00 PSI is made only by verbs.
Thus, unless the preposition immediately follows the verb, the prediction
is lost. In this limited manner only 12 of 614 prepositions in the analyzed
texts were selected as preposition objects. A study of the texts has
indicated that a total of 33 of the prepositions could be selected if the
PSI were changed from 00 to U3 and participles also predicted preposition
objects. This still seems to be toc small a number and suggests that the
coding information taken from Die Russischen Verben is insufficient for

present purposes.
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The two-character alphanumeric coding format for verbal government
has been proven inefficient. It is neither suitable for automatic interpre-
tation by a computer program nor sufficiently mnemonic to assist the coder
or reader of program output material. The latter criticism is levied
particularly at the preposition object codes.

Not all the government object predictions are made in the current
predictive analysis program. Several analyses with missing object pre-
dictions as in cayxamue omopolt BeeM BHaHMéM (Figure 24), were found. In
this example the "L8" in word 8 of the dicticnary entry of cayxame is not
identified and an instrumental object prediction that would be fulfilled by
omopo# is not made.

The relative merits of testing an adjective before or after a noun
when an adjective-noun homograph appears have been mentioned previously
(Part 3C). The same problem appears in testing verb-noun and verb-adjective
homographs against a given prediction. In the verb-noun case the verb
alternative argument should be tested before the noun alternative argument
since a verb makes predictions with Ol PSI whereas a noun does not. The
verb-adjective homograph is typified by merpeuaem (Figure 25) where a rare
and dubious short-form adjective forms a homograph with a normal finite verb
form. Here too the verb alternative argument should be tested first, but
on the grounds that the other possibility is so rare if existent at all as
to be negligible. This example actually provides a third homographic form

since BcTpeuaeM can also be used participially.
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B. Other Object Predictors

A participle is a form derived from a verb and carries with it the
government characteristics of the verb. The preposition object, verb master,
and object predictions that are made by verbs can also be made by participles.
The coding information that was entered into the dictionary items of the
verbs was also entered into the participle items. At this time the coding
is not completely utilized and a preposition object is not predicted by
participles. OStudles indicate that with the present coding only 12 of the
61/ prepositions would fulfill this prediction even if expanded to a 03 PSI.
The participle followed by an object and followed by a verb master are
illustrated by ompezenswmix uckomoe (Figure 26) and po3BOJSILME BHEEJMTH
(Figure 27), respectively.

An unnecessary programming difficulty has been caused by the
government coding. In a participial 10-word item this coding is not located
in the same place as the equivalent coding in a verbal 10-word item. The
reason 1s historical, since participles were assigned to the adjectival
morphological class and so had different information allocated to the snaces
assigned to verbal government coding. In the future this should be taken
into account. The verb and adjective morphological formats should be
correlated and uniform government coding should be given verbs and participles.

Just as verbs and participles commonly govern objects and verb
masters, so certain normal adjectives and nouns govern objects and verb
masters. (A new name for a verb infinitive governed by a noun, adjective,

or adverb is needed.) The nouns that behave in this manner usually have
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originated from verbal forms. Such a noun is nomrka in the phrase IOIBTKA

ocymecTEuTs Mrcap (Figure 28). The "P9" code indicating verb master

government is in word 8.

The phrase of Figure 2, nozobHse aHTeHHbE cUCTeMsl, contained an
adjective, momobmme, that was marked to predict a dative object ("P2").
If the object had occurred, it would have had to precede the next word of

the baslc phrase interrupting the analysis of the basic phrase. Such a

dative is illustrated in masparTh bupenermmli Henmyt xiace (Figure 29). In this

phrase the participle sugenemmit 1s used adjectivally as an object and

redicts an agent (see Part 4C) prior to predicting a master. The pronoun

s

vemy: fulfills the agent prediction before the noun krace fulfills the
ad jectival master prediction.

The objecté of an adjeétive or of a participle used adjectivally
must precede the master. Therefore, whenever an adjective or participle

used adjectivally predicts objects, the predictions are placed at the top

c+

of the pool. An end-wipe sentinel folleows. Oaly then are the master pre-
diction und a second end-wipe sentinel placed in the pool. In this manner
the object oredictions are fullilled before the master predietion in the
evert of several Intersections, and if the object predictions are not

fulfilled tne end wipe ensures that no trace of the predictions remains in

the pool. Once the raster Is fulfilled, the objects of the adjective cannot

ozcur agalr.

The objest-master ordering in the prediction pool is worthy nf furthner

cousideraticn. Although, on the one hand. the object must be placed [irst

since it must de fulflilled first, on the cther nand, if the alternative
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arguments of a word fulfill both an object and the master prediction, the
correct intersection is almost always the master. Yet, by this order in

the pool, the object is identified and the master placed in hindsight. Two
such intersections occur with the alternative arguments of o6ractm and the
dative object prediction, and the locative, singular, and feminine master
prediction of sgjamHO} in the phrase B 3azarHO! O6JacTM IIpoCTpPaHCTBA

(Figure 30)*. For such an occurrence, an override procedure has been
established whereby the master intersection is chosen. Although this results
in a correct analysis as the example illustrates, it is an ad-hoc procedure
in the predictive analysis program. No harm results if the object inter-
section is chosen because the master prediction has a Ol PSI, and a wiped

01 PSI prediction is a clear error indication. Any procedure that is
essential to the syntactic analysis of Russian will be added to the program.
However, in an effort to provide a simple and elegant analysis technique,
nonessential procedures such as the master-object override should be

omitted.

C. Agents

The agent prediction, made concurrently with object predictions,
may be fulfilled only by a basic phrase in the instrumental case. 4n agent
noun phrase indicates the means or agent by which the action expressed by

a verb, participle, or verbal noun is accomplished.

* A "bug" in the experimental program appears in this and several other
following illustrations. Some agent predictions are erroneously being
predicted with Ol PSI. Thus, if the prediction is wiped, a record
appears on hindsight. All agent predictions should be made with 03 PSI.




I-42 NSF-7
September 1961

Coding to distinguish agent government from object government does
not exist in the dictionary items, so it is necessary to interpret certain
instrumental object codes as agent codes. A general set of rules has been
adopted to detect potential agent predictions fairly accurately. Verbs that
are reflexive and would normally (i.e., when nonreflexive) take an accusative
object, participles which are passive or reflexive and would normally take
an accusative object, and verbal nouns (which belong to morphological class
N10) which are marked to take an instrumental object are all marked by a
program* just prior to the syntactic analysis program so that an agent can
then be predicted. An "R4" is placed in the appropriate place in the 10-word
item as an identifying mark.

Three examples serve to indicate the three situations when agents
are expected to occur. O6neruaercsa cruxerueM (Figure 31) is an example of ‘i
an agent of a verb. The following two phrases, 3&IOJHEHHBX IJBJEKTDPIKOM
(Figure 32) and samoJmHemHMe BOJHOBOLA AVSJIEKTPUKOM (Figure 33), are examples
of an agent governed by a participle and governed by a verbal noun,
respectively.

Although the analysis of agents usually works quite well, errors
appear on rare occasions. One error is represented by CTAHOBATCS HPAKTHYECKU
OJHO POAHO It (Figure 34), where an agent is predicted because the present
program does not distinguish the copulative verbs like CTaHOBUTCA which take
an instrumental object but not an agent. The only exception is the copulative
verb 6yTh (see Part L), the forms of which are distinctly marked and are

reccgnized by the program. Another error which appears in the ohrase

~

* This program is described in detail by Isenberg.
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HagwBaeMoro komaugoli (Figure 35) is due to a legitimate double intersection.
The participle HasmBaeMmoro takes both an instrumental object and an agent

as indicated by the "P4" and "R4" in word 8. The cobject and the agent of
such participies can often be distingulshed becaﬁse the agen® would be
expected to be animate. The present tests do not provide for such
sophistlcated details.

In passive constructions an agent represents the logical subject of
the action, and in such cases would appear as the formal subject if the
constéuction were transformed into an activs one. However, it is also
possible to have agents (of means) in active constructions such as in
oH pexer xne6 roxoM, The relation of verb to agent and verb to object are

quite different with appropriate differences in translation.

D. The Verb BEyrh

The various forms of the verb 6yre have been assigned to a unique
class to facilitate the identification of verb phrases containing a form of
6yre. Every fori of 6yrb predicts a verb master as does any other verb.

In addition, 6yThb can govern a verb complement, namely a short-form adjective,

and either a nominative or instrumental object. The three predictions of

a verb master, object, and verb complement are made mutually exclusively and
the object prediction has a 21 PSI. Examples of each type of verb phrase
containing a form of tyre are provided by 6yzer uaxogurbcs (Figure 36),

Swuno nonorero (Figure 37), ecTh aBa noxnata (Figure 38), and OyTb CTyAeHTOM
(Figure 39). HaxoauThbcs is the verb master, MOJOXeHO is the verb complement,
ABa goxnaza is the nominative object basic phrase, and cTyzewroMm is the

instrumentel object.
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In Russian, as in Fnglish with the verb "to be," 6yTb can be followed
by a predicate adjsctive, that is, an ordinary long-form adjective not
follewed by a noun. This occurrence is not taken into account at this time
and the master prediction made by such an adjective is marked in hindsight
when it is wiped, as in the phrase moxeT 6yTh Ou€Hb ILIOXUM (Figure 40j. 1If
an adjective fulfills an cbject prediction that was generated by a form of

cyTh, the master prediction made by the adjective should be given a 03 P3I.

5. Adverts and Negated Verbs

Adverbial forms are very difficult to predict since there are no
granmatical characteristics such as person, number, and gender that caﬁ'be
used to help in the analysis. A4lso, an adverb usually precedes the word
modified and, of course, presents a situation that 1s difficult to handle
in the left-to-right predictive syntactic analysis program. Because of these
problems adverbs are currently accepted by infinity whenever they occur.

Adverbial forms are often homographic with conjunctions, prepo-
sitions, and short-form adjectives. Since short-forn adjectives can be
accepted only by a finite prediction, they will always take precedence over
the ini'inite adverb intersection by means of the cverride. Prepositions,
however, are usually accepted by infinity and thus with adverb-preposition
homographs there is a problem of choosing which intersection to make first
since both intersections occur with the same prediction. The same argument
is used here as with the adjective-noun homograph and the noun-verb homograph;
the preposition intersection should always precede the adverb intersection.
The preposition makes a prepcsition complement prediction with a 01 PSI,

whereas trne adverb makes no such strong prediction, and usually makes no
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prediction at all. Conjunctions are also accepted by infinity, and since
they activate several predictions with 01 PSI (see Fart 6), they should be
accepted before adverbs.

The difficulties involved in a preposition-adverb homograph are made
clear in the phrase okoso AB&XUATH HEYUHO-MCCIEZOBATEJLCKUX OpraHuasaLyil
(Figure 41). In this phrase a seemingly correct syntactic analysis can be
reached with either interpretation of okono. The possible analysis of a
preposition complement following oxoso suggests that the preposition homo-
graph should be selected. Of the instances of such homography observed in
the analyzed texts, the correct choice has almost invariably been the
preposition homograph.

With the adverb syntactic role relegated to the least desirable one,
the analysis technique is subject to error whenever the adverbial homograph
is indeed the correct one to be selected. The sentence POPMAJIBHO —ecCm
38718BATHCH » » »«TOUHO TAK X6 IIPOTEKalT ... (Figure 42) contains two such errors.
The first word @opmanbHo is assigned the role of predicate head rather than
the role of an adverb. This error is difficult to detect because such a
predicate head often does not have an explicit subject (see Part 5). A
second similar error occurs with TouHo which is selected as a conjunction
rather than an advert. The verb npoTexkawr, which fulfills the predicate
head prediction c¢f the supposed subordinate clause introduced by Touwmo,
actually should fulfill the main clause predicate head prediction previously
fulfilled by gopmanbitos.

Predictions are currently made by adverbs fulfilling several familiar

roles: a negative (we and mm, although the latter is not recognized as a
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negative at this time), a comparative, and a subset of the latter, a com-
parative used as a predicate. The adverb as a comparative predicate is
mentioned in Part 5 and as an ordinary comparative in Part 8. \

If a verb normally governing an accusative objeat is negated by an
immediately preceding negative adverb, the verb can govern either a genitive
object or an accusative object, although not both together. Since the
negative adverb occurs before the verb and the object occurs after the verb,
it is necessary to transmit the information from negative adverb to verb to
object.

4 negative adverb is accepted by infinity as any other adverb. It
makes a special negative prediction that can be fulfilled by & verb,
participle, or negated adverb, which is just another adverb following me.

If the negative prediction is fulfilled by a verb or participle, a distinctive ‘;

mark, an "N" in character positior 10 of woerd 8, is entered into the 10-word
item of the verb or participle. The testing process then continues but the
intersection with the negative prediction is not_recorded. Thus the verb
or participle can fulfill its rormal prediction. When the object predictions
of the accepted verb or participle are made, the "N" is tested for, and if
present, the genitive object predictioa is mads.

The process is best described by considering an example sﬁch as the
pair of sentences: maremaTHK He XxoTen BUAeTh orseTn (Figure 44) and

. \ . . » .
MaTeMaTvK He XoTen BuieTb orseron (Figure 45)”. Maremarux is identified as

the subject of the sentence, after which me is accepted by infinity as a

* In typing these two sentences in text $ , BWIeTb was misspelled Buzer,
resulting in an incorrect dictionary output.
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negative adverb. A negative prediction is placed at the top of the new
prediction pool. This prediction is fulfilled by the following word, the
verb xoren. The negative subroutine places an "N" in word & of the 10-word
item of zoven but does not register a success. Instead, the analysis proceeds
42 if there had been no intersection. Xores finally fulfills the predicate
head prediction and is marked as the predicate of the sentence. From the
prammatical unit of xores, a genitive object ("P5" in word 5), an end-wipe
gsentinel and a verb master marked with an "N" in the grammar word are pre-
dicted. The "N" is placed in the grammar word if an "N" exists in character
position 10 of word 8.

The following word, BuzeTh, is an infinitive verb that fulfills the
vert master prediction after the object prediction has been wiped. Buzers
normally predicts an accusative object ("P3"). A genitive or accusative
object prediction is made instead when the "N" in the grammar word is tested.
In the former example the arcusative orserm and in the latter example the
genitive orseros fulfill the genitive or accusative object prediction.

-The accusative-genitive ambiguity is illustrated by the séntencg
OHa He Xoreja umrarb KHMMM (Figure 45). The reader does not know whether
"she 1id not want to read the book" or whether "she did not want to read
books" unless the context of the sentence is known. The wiped genitive
object prediction in this illustration is due to the "P5" coding in the
10-word item of xoresa. The same error occurred in the example in Figure 22.

If a negative prediction is fulfilled by a second adverb following
2, the prediction pool is updated in the normal manner and the indicator

that & negalive adverb had occurred is lost. This is desirable sinee in
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the structure: me + adverb + verb + object, the object cannot occur in the

genitive case unless the verb normally can govern a genitive object.

The genitive object prediction usually caused by the presence of 2
negative adverb preceding a verb together with the noun complement prediction
often cause multiple intersections that are difficult to resolve. A classical
example is indicated by the sentence umraresr He HaljgeT B cbopHuKe
CHCTENATINECKONO MIJOXSHMS TEODMM M TEXHUKM NOJOCKOBNX JutHuit (Figure 46).'
After the predicate najizer is identified, an accusative or genitive object
prediction is placed at the top of the pool. The locative prepositicnal
phrese B 95OPHMK9 is then analyzed. The noun cOGopmike leaves a noun comple-
ment prediction at the top of the new pool, above the genitive object pre-
diction. Obviously, any genitive adjective or noun can fulfill both
predictions and a semantic resolution of the problem is required. In the
sentence in the example the situation is compounded since there are three
places in the sentence where the ambiguity exists. Either cmcremammueckoro,
Teopy, TeXHVKM, Or rojockoBhX could be, syntactically, the object of nalger.
Without a semantic analysis, all possible translations would have to be
given. The resolution is obvious only to a trained human reasder, the adjec-
tive cucremaTiyecroro in this context acting as the object of we naiizer.

The prediction pool is not normally updated after an edverb is
identified. Slnce the predictions for the word following the adverb are the
same as the predictions when the adverb was identified, the entire predicting
cycle of the program is skipped. However, since a negative adverb makes
predictions which have to be placed at the top of the pool, the predi:ting

~ycle is not skipped after a He and the pool is updated in the normal manner.
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It was only lately noted that, with the exception of the added negative pre-
diction, the other predictions still should not be altered. The particular
prcblems ensuing from this difficulty are illustrated in the sections on
participial phrases (Part 6) and on compound structures (Part 7). The same
argument is valid for any other type of adverbial form from which predictions

are made.

5. The Components of a Clause: OSubject and Predicate

Only several simple operations in the predictive syntactic analysis
program have been used to analyze the structures described in the last two
sections. In all cases predictions have been madé and wiped but never
modified after they had been entered in the pool. The modification of pre-
dictions is the main additional tool utilized to analyze the main components
of a elause, the subject and the predicate.

Great freedom of word ordering exists in an inflected language such
as Russian. For the analysis of any given clause, no a priori indication
specifies whether the subject or predicate will come first. Further, the
object, which is usually considered part of the predicate, may precede the
predicate head, the first word of a verb phrase or short-form adjective
phrase. To increase the effectiveness of the predictive analysis technique,
it is highly desirable to recognize the subject, predicate, and object of
a clause on a single pass regardless of the order in which they occur.

One or more of these three elements might not occur in a given
cl-uce or might be implicit due to the construction of the clause. Clauses
with missing components will be considered after a discussion of the analysis

of clauses containing all the components.
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A. Clauses with an Explicit Subject, Predicate Head, and Object

Of the six possible orderings of the subject, predicate head, and
object, four have been found among the sentences of the six analyzed texts.

They are:
(1) subject — predicate head = object;
(2) predicate head ~ object — subject;
(3) object - subject — predicate head;
(4) object — predicate head - subject.

4 close look at various examples has shown that the more alternative
arguments in the subjects and cbjects of clauses, the more likely the clause
components are ordered more "normally." In a short sentence with no subject-
object ambiguity, all six orderings are possible: & Buxy Bac, s Bac BUXY,
BUXYy S Bac, Buxy Bac S, Bac ¢ Buxy, and Bac BUXY f.

If the object of the clause occurs after the verb predicate head,
the object can be identified by the ordinary object prediction generated by
the codlng in the 10-word item of the verb. However, if the object precedes
the predicate head, a prediction must be inserted into the pool to identify
the object. To distinguish the object prediction artificially inserted into
the pool from the object prediction made by a verb, the former has been called
a left object, referring to the position of the object to the left of the
predicate head in a sentence. This prediction can be fulfilled by an
instrumental or accusative basic phrase. For programming convenience, two

left object predictions are put into the pool, one for each case. The order

of the four predictions in the pool is:
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(1) subject;

(2) 1left object (instrumental);
(

(

~—

left object (accusative);

—r

3
4) predicate head.

If the predicate head prediction is fulfilled before the left object pre-
dictions; the latter are wiped from the pcol and are replaced by any iject
predictions made by the verb which has fulfilled the predicate head pre-
diction. Only one "object" label is used by the program and the object of

a clause is indistinguishable from any other type cf object, such as, for

example, the objeet of a verb iqfinitive subject. A set of names for dis-
tinguishing different types of object should be instituted.

Most clauses have the subject — predicate head = object order and
are typified by the clause mm Haxoz;uM BeckMa mpocro Brpaxerme (Figure 47).
In this example the nominal pronoun mpl is selected as the subject since it
is unambiguously nominative plural. With the identification of the'subject,
a number of constraints can be put on tﬁe predicate head which must agree
with the subject in person, number, and gender. The grammar words of the
predicate head prediction are modified so that only a first person, plural,
and masculine or feminine predicate head can fulfill the prediction. The
left object prediction cannot be altered since no new information regarding
objects can be obtained from a subject.

The second word, the verb maxozmm, is aﬂ indicative verb that
fulfills the predicate head prediction with the limitapions on person,
number, and gender. The verb intersects with the predic;te head prediction
and is accepted as the predicate of the clause. The two left object pre-

dictions are now wiped from the pool and the verb makes an accusative object
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prediction based on the "P3" in word 5 of the 10-word item. BecwkMa is an
adverb and is accepted by infinity without modifying the prediction pool.
Npocro is a short-form adjective that can be used predicatively or adverbi-
ally. The predicate head prediction is no longer in the pool, and mpocro
can be accepted only as a second adverb. The following noun, mppaxemme, 1s
then accepted as the object of the transitive verb waxozmu.

The next clause, NPakTHUECKOE OCYMECTBJEH/E NOJOCKOBHX y3.0B
oTimuaeTcs Goxmmoli npocroTodt (Figure 48), illustrates a similar order with
an instrumental rather than an accusative object. Note that the subject
noun phrase consists of four words, mpakTMueckoe OCYMECTBJIESHME IIOJIOCKOBBIX
y3nos, but only the first word, the adjective npaxTmueckoe which fulfills
the subject prediction, is responsible for the modifications in the predicate
head prediction. After mpakrmueckoe 1s analyzed the predicate head is
modified so that only a third person, siﬁgular, and neuter predicate can
fulfill the prediction.

The intersection between the alternative arguments of mnpaxkTmyeckoe
and the subject prediction is not unique since the adjective can also
introduce an accusative basic phrase which could be a left object. This
second intersection is stored in hindsight. Such multiple intersections
with the left object prediction tend to be very common and often clutter the
hindsight. There is, however, really no alternative as occasional errors
occur and this is the only means of recognizing them.

c ?he two clauses just described indicate the necessity of initially
predicting both an accusative and an instrumental left object. Before the

verb is recognized, no guess can be made of which type might occur. There
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are several verbs which govern genitive or dative objects in addition to or
instead of accusative or instrumental objects. A procedure for the identi-
fication of dative objects exists (see Part 5C), so that only the genitive
object precsding the verb will result in an error. The only example found
of such an ervor in the analyzed texts is the sentence oHa Hiuero He ckasarne,
which was illustrated in Figure 7.

A rare verb infinitive subject is illustrated in the next clause
4aTh BO3MOKHOCTD e e+ €CTh GOJNBIOH war ... (Figure 49). The infinitive subject
limits the predicate head prediction to a third person, singular, and neuter
predicate. There are two errors in the analysis of the part of the clause
between the subject and the predicate head. AmaimsoMm 1s recognized as the
agent of asakawuerus, whereas it is actually used as the agent of mposepnTsb,
an active construction. The program also cannot recognize the postpositional
ad jectives crpormm and mpoctsnM. The lack of unique object symbols is
apparent in this clause where both BoamoxHoCTH and Gosbunli are called objects
although the former is not the cbject of the clause.

4 large number of clauses have the object — predicate head — subject
order, as in mpeXreToM HacTosuero coobuemns spiseTcs arama (Figure 50).
The identification of the noun mpegwerom as the left object provides for the
modification of the predicate head prediction, so that only a predicate that
can govern an instrumental object can be accepted. With two mutually
exclgsive left object predictions in the pool, the intersection with one
wipes both from the pool. -After the noun complement basic phrase is analyzed,
the verb reasercs is tested, providing an example of a copulative verb that

is not recognized as such aad in which an "R4" agent prediction is
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automatically inserted. However, since in both cases an instrumental basic
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