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COMPILING OF THE ELECTRONIC DICTIONARY
OF MODELS OF THE UKRAINIAN LANGUAGE
MULTICOMPONENT COMPLEX SENTENCES

The purpose of this study is to construct an automatic syntactic analysis (ASA) and,
as a result, to compile a dictionary of models of multicomponent complex sentences for
studying the fectures of the linear structure of Ukrainian text. The process includes two-
stages: the first stage is an automatic syntactic analysis of the hierarchical type which
results in building of a dependency tree (DT), in the second stage, the sentence structure
information is automatically extracted from the obtained graph.

ASA is a package of operations performed with a string of morphological
information (the result of AMA work) representing the incoming text for
determination of syntactic relations between text units. The outgoing text for the
ACA is a string of information reduced after the AMA to wordforms.

We have studied features of the linear structure of 2000 Ukrainian language
sentences in journalistic genre (selection of 52000 words use). Based on the
obtained results, we have constructed the real models of the syntactic structure
of sentences, in which the relations between simple clauses were presented. All
grammatical situations of the linear context were possible manifestations of
models in the text. Based on that data, the algorithm for the automatic
generation of a complex sentence model was created.

These models are linear syntax grammar. All types of syntactic connection
between the main and subordinate clauses are recorded algorithmically. Thus, it is
possible to build the interpretations of the linear structure of the Ukrainian language
sentence almost not using lexical-semantic information. The theoretical value of the
paper is in extension of our knowledge about the structure of the syntactic level of the
language and the variety of mechanisms functioning at that level. The applied value,
is first of all, in creation of the dictionary of compatibility of compound (coordinated)
and complex (subordinated) sentences, and in the possibility of constructing requests
to the Ukrainian language Corpus in order to mine from the text definite models
sentences, creating own dictionaries of authors and styles.

Keywords: dependency tree, automatic syntactic analysis, models of
multicomponent complex sentences, phrase, frequency dictionary.
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The construction of systems of automatic text analysis (ATA) has
more than fifty-year history, but any stable system of morphological,
syntactic, morphemic and semantic analysis has not been found due to
the ambiguity and vagueness of language units. However, researches are
in process, already created systems are under development and, for
example, AGAT-grammar has been developed in the laboratory of
computer linguistics at the Institute of Philology of Taras Shevchenko
National University of Kyiv [Hapuyk / Darchuk]. First, the theoretical
basis of the ASA itself was created, and then its experimental imple-
mentation was performed. In the theoretical aspect, within the AGAT
computer grammar, such a type of ASA was developed, which made it
possible to extract various information about functioning of grammatical
syntactical units and their categories, in particular, formally-syntactic:
predicativity, subordination, coordination, as well as category of subject,
predicate, auxiliary part of sentence, etc. Linguistic software has been
developed, which, in the first stage, provides automatic phrase mining
from any text Corpus, which makes it possible to build automatically
alphanumeric dictionaries of compatibility of all parts of the language,
and to make syntactic analysis of the whole sentence in form of
dependency tree in the second stage. As a result of AGAT-grammar rules
functioning the linear morphological structure of the sentence is
transformed into a two-dimensional tree-like syntactic structure.

Semantic information has not been practically included to the model
for the following reasons: 1) linear order and tree-like principle which
are typical for syntactic structure are not important for semantic infor-
mation; 2) the essence of the syntactic rules is such that global semantic
problems must be divided into smaller ones, which can be parsed at the
lower, syntactic level; 3) for semantic information, it is important to
comprehend sentence in a context to study the string of the semantic
presentation of a sentence as a general representation of the text.

In general, ASA is a package of operations performed with a string
of morphological information (the result of AMA work) representing
the incoming text for determination of syntactic relations between text
units. The outgoing text for the ACA is a string of information reduced
after the AMA to wordforms. In our effort to develop a comprehensive
and clear technique of linguistic research, we were focused on the
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external linguistic form, applying distributive analysis, when each
phenomenon is studied in the environment of other phenomena and in
interaction with other phenomena. Linguistic units were identified and
classified not on the basis of meaning, as it was in the traditional
grammar, but on the basis of their distribution in speech.

The AGAT-syntax task is to identify all varieties of compatibility —
predicative, subordinate, and coordinate — of each word in the text.
The grammatical characteristics of the phrase directly depend on
which part of the language its keyword belongs to. The lexical and
grammatical nature of the word determines its compatibility to the
other words. Accordingly, phrases can be divided into substantive,
adjective, pronouns, numeral, verbal and adverbial. According to
our concept of ASA, selection of phrases is based on the grammatical
valency, namely, sub-grammar for verb (31 206 rules), sub-grammar
for noun (40 023), sub-grammar for adjective (6 205), and idioms
vocabulary (about 2720 units). Computer sub-grammars of valencies
of the said parts of the language are built by us on a single principle: a
lexema is indicated, preposition that participates in government and a
case of a substantive word form in the shape of a two-letter code. In
theory, according to their composition words combinations (phrases)
are divided into simple, complex and combined [3arHit-
ko / Zahnitko]. We study only simple binary phrases that can be
transformed into complex forms, since definition of their composition
requires analysis of the semantic structure. For example, there is no
formal reason to separate common phrases of the complicated type,
which contain the reference nouns with dependent adjective agreement
and not in agreement substantive in a genitive case: Hanpycena npays
suernozo (intense work of a scientist), ypsucmuii bepee piuxu (steep
bank of river), etc. They combine such forms of subordination as
agreement and parataxis, agreement and government. According to our
method of analysis the following will be separated: nanpyawcena npays
+ npaya euenoeco (intense work + work of a scientist); ypsucmuii bepee
+ bepee piuxu (steep bank + bank of river). Since in the process of
analysis the number of each wordform is preserved in database (BD),
it is possible to show at the screen “glued” from elementary, simple
phrases a complex world combination. Instead, for a complex phrase,
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in which a reference noun is combined with two dependent adjectives,
there are two degrees of division: the first division step is the
separation of the substantive phrase with a dependent adjective;
second division step is: subordination of the first adjective not to the
noun, but to the elementary substantive phrase, for example, naxyue /
cxouere cino (sweet-smelling / dry mowed hay). The formal sign for
the selection of such a complex phrase is the absence of a comma or
cumulative conjunction. Then we get the phrase: naxyue ckowene cino
(an arrow from cino). At the same time, coordination between naxyue i
ckoutene is not determined.

If in the word combination the headword is informationally insuf-
ficient (lexicalized) word and the dependent word compensates for
this insufficiency (so-called complementary or completive relations),
they are considered as a phrase acting as a member of the sentence,
for example, dexmo 3 npucymnix (some of the present), vemsepo 3
nux (four of them), nouae npayrosamu (began to work) and similar.

For each word, the following relations are defined: subordinate,
predicative, and coordinate, since they correspond to the reproduc-
tion of the general system of relations between components of the
described situation in the sentence. We have also denied the tradi-
tional types of subordinate relations — agreement, government and
parataxis, based on a wide understanding of the concept of syntactic
relation: it is any combination of case form of a noun with the head
word. At agreement, the dependent word takes the grammar forms of
the headword, and at parataxis, having no changes of the word form
it joins the headword under the context. Recently, some syntax re-
searches have interpreted the cases of combinations with the head-
word of the dependent form of the noun with attributive or contin-
gent meanings as a parataxis [Pycckas / Shvedova: 21]. However,
such a concept, in which the type of relation is determined through
the analysis of meaning of each part of the combination, is not suit-
able for automatic systems. For example: npayrosamu nixapem (to
work as a physician) is a government relation, npoeynosamucs nap-
xom (to walk around the park) is a parataxis; donomoza mamepi (help
to mother) is a government, and naw amuux noemosi (monument to
poet) is a parataxis.
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Extracting the phrase algorithmically within the ASA, we must be
based exclusively on the morphological forms of words, for example,
on the instrumental (ablative) case of the subordinate word in the
first pair or on the dative case in the second one.

In the AGAT computer grammar, subordinate connections are di-
vided into kernel and non-kernel. Kernel connection is a connec-
tion, in which the analyzed word is governing, the head. For exam-
ple, in a sentence Bid exoHOMIYHOI KpU3U CUTbHO NOCMPANCOANU
Mmatidice ci esponeticoki depocasu (Almost all European states have
been severely affected by the economic crisis) we define such kernel
connections: kpuzu dominates Over exoHOMIYHOI, ROCHpPaICOanu
dominates over 6i0; 6i0 dominates over Kpusu, ROCHPAaICOAIU
dominates over cunvho; eci dominates over maiidce; Oepcasu
dominates over gci; deparcasu dominates over esponeticobki.

Non-kernel connection is a connection in which the analyzed
word is subordinated, governed. In the above example, non-kernel
connections can be observed between the words exonomiunoi (is
subordinated to xpusu), curvro (is subordinated to nocmpasicoanu),
esponeiticoki (is subordinated to deporcasu), etc.

Predicative is the connection between the main components of the
sentence “‘subject — predicate”, which is based on mutual subordination
of the main parts of the sentence, that is, on their interdependence.

Coordinative is a connection in which words are neither domi-
nant nor dominated in relation to one another. It is considered that
two words are in coordinative connection, if each of them is subordi-
nated to the same third word, or if they are joint by connective (con-
junction) or separated by comma. The formal reason for finding of
coordinative string is a check of codes of the analyzed pair of words
according to the table of coordination.

At the automatic compiling of collocation dictionary in any
Ukrainian text Corpus we receive four types of models: kernel;
non-kernel (adjunctive which reflect subordinate relations); coordi-
native; predicative.

Since dependency grammar is based on the theory of word-combi-
nation and syntactic relations, the main concept of which is government,
and hence a valency, we can characterize the second stage, the construc-
tion of dependencies tree with the following theoretical principles.
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1. The tree is constructed from units of the same taxonomic level,
from the wordforms. Connective words, like those ones having
a full meaning are considered to be minimal elements of the
syntactic structure.

2. Wordforms in the sentence are connected by the relation of
subordination, which is a generalization of the traditional syntactic
relations of government, agreement, parataxis (coordination and ho-
mogeneity fits in with the general system of subordination).

3. The sentence has one absolutely independent wordform — a
predicate. All other wordforms are subordinated to a certain “master”
and only to one (wordform can not have two simultaneous govern-
ances). However, one wordform can subordinate more than two
wordforms. In the system of subordination two types of relations in
the group of wordforms can be defined:

— branching, when several wordforms are subordinate to one
wordform;

— a string of subordination, when each subsequent wordform is a
dependent of the previous one.

The structure of dependencies ends with the wordforms, which do
not subordinate any other wordforms.

4. For each wordform you can specify a set of subordinates that
reflects its behavior in speech at construction of a certain sentences.
Such models describe the valency of wordforms, in other words,
potential syntactic connection of a certain wordform with its depend-
ent wordforms.

5. The hierarchical structure of dependencies of wordforms in a
sentence can be graphically illustrated using brackets, arrows or as a
dependency tree [CeBbo / Sevbo : 8-9].

It should be noted that we are focused on the last two statements
(4-5): the calculation of valency models; building a dependency tree.
Actually, the first stage of the AGAT-syntax was a construction
of the direct components tree (which are a word combination
(phrase), and the second one was based on the rules of the transition
from the grammar of the direct components to the dependence tree,
particularly, because on the first stage the kernel member (master)
was determined.
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Fig. 1 represents a table of subordination which is built by the
program automatically and which corresponds to a dependency
tree — it can be inverted into a graphical view (Fig. 2). Above the
working table of Fig. 1 the sentence with a morphological
annotation of the parts of speech and categorical characteristics is
presented. The table has three columns: in the first there is the
main member of the binary compound (the master), in the second
there is the member of the compound (servant) subordinated to it,
and in the third the syntactic information about the type of
compound is given. The entire registry is shown in the additional
table that pops up when you click on the triangle at the end of the
line (its fragment is visible in Fig. 1 in the upper right corner). It
should be noted that each type of syntactic connection has its
internal code traced in Fig. 2 (the last column). This user-friendly
interface allows you to edit a tree manually.

i (221 % | M Kopnye reccris yxpaivc X [ Kopnye yepsivcxoi mosuMOV: x| - 0 X
€ c ainfo) B aa ®NQ:
| -select-
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A (CC) saw (OBOW) Teneornsaay () 21 iMenHnkosa GeanpHAMEHHUKOBa CNoNyKa ocToloeath (M0)

8 (1) apTonoBineHmx (AR) saTopax (| IMEHHNKOBA NpWiineNHMKosa cnonyKa 0) ocobnuemx (AE)
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Fig. 1. Program interface of DT working table construction
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Fig. 2. Program interface with built dependency tree

As you can be seen in Fig. 2, the tree is continuous, that is, all the
connections between the predicative parts of the complex sentence
are visualized.

Five models of representation of connections of predicative parts
in a complex subordinated sentence have been proposed.

Model 1. The rules of Model 1 work in case when the predicative
parts are connected by a subordinate connective (CIT (SC) code).
Then the SC is subordinate to the root (kernel) of the main clause,
and the connective subordinates root (kernel) of a subordinate clause,
that is the predicate of the main clause becomes the absolute top of
the complex sentence. Communication through the subordinate con-
nective is marked with letter G. For example,

G G
A T

IpunyckaeTses, mo MoAiOHI posnoaisu 36epiraloTh 3B’A3KH

(It is assumed that such division preserve connections)
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Model 2. When the subordinate clause is attached to the main
clause by connective word, then the absolute top is the root (kernel)
of the main clause, which subordinates the root (kernel) of the subor-
dinate clause and the latter, in its turn, the connective word. Commu-
nication through the connective word is marked with letter 1.

P
ﬂcﬁo,/'i:lwypmenﬂ OyAo exHHHM.
(It is clear why the decision was the only one)

Model 3. In accordance with the rules of this Model 3, the main
clause, which comprises a correlative word, is connected with a sub-
ordinate clause, which has a subordinate connective in its structure.
Then the root (kernel) of the main clause subordinates the correlative
word in the main clause, the correlative word subordinates the con-
nective in the main clause, and the connective subordinates the root
(kernel) in the subordinate clause. For the purpose of this model, the
subordinate connection is marked with letter F, for example,

F F F
AN A

MozaeAs omHcaHa TaK, L0 CTAa€ 3pO3yMiAOIO.
(Model is explained in such a way that it becomes clear)

Model 4. In accordance with the rules of Model 4, the main and the
subordinate clauses are connected with the connective word with such
an anaphoric connection, which correlates this conjunctive word with its
antecedent and the connective word. For the representation of the
anaphoric connection in the dependency tree, the following relations are
proposed: subordinate connection (N) attaches the root (kernel) of the
main clause to the correlative word in it and the root of the subordinate

clause, and the latter, in its turn, a connective word, for example,
N

N

AN Y

IIporpama aHaAi3yeThCs TOAi, KOAH 3’ABASIETHCA MOMHAKOBHIi OIepaTop
N N

(Program is analyzed in case when false operator occurs)

125



KuiBcbkuii HauioHanbHMi1 yHiBepcuTet iMeHi Tapaca LLleBueHka

Model 5. Use of separate subordinate connectives is accompanied in
the corresponding main clause by the wordforms, the correlates. In this
case, the first part of the connective in the main clause is subordinated to
the root (kernel) of the main clause, the second part, which is in the
subordinate clause, is subordiante to that part of the connective which is
contained in the main clause, and in its turn, subordinates the root of
subordinate clause (the type of subordinate connection L), for example,

L

rﬁ/\«_\/’\L

SIkiIo Kobpe onHCaHHH MPHHLHI POOOTH, TO MOAETIIYETHCA PO3YMiHHA AEAKHX By3AiB.

(If the operation principle is described properly it facilitates
the understanding of certain units functioning)

The proposed models are the basis of constructing of dependency
tree (DT) of a complex sentence. Thus, it provides the possibility to
consider one more gnoseological problem, namely, the compatibility
of the types of relations between simple sentences in a complex sen-
tence, and in ontological terms - to compile electronic frequency
dictionary of the compatibility of simple sentences within the com-
plex sentence. The formal indicators used by the program are con-
nectives, punctuation marks, correlative words.

The models of government are composed according to the afore-
mentioned in the presented figures taking into account the order of
simple sentences. If for coordinative sentences only linear order is
possible, a subordinate clause allows linear and insertion.

We propose to compile such an electronic dictionary of complex
sentences models that would reflect the number of simple sentences
within the complex, the order of simple sentences, the compatibility of the
types of relations between simple sentences [Kynaruna / Kulagina; Llum-
mepruHT / Tsimmerling]. An experiment was conducted for this purpose.

1. We have studied features of the linear structure of 2000
Ukrainian language sentences in journalistic genre (selection of
52000 words use).

2. Based on the obtained results, we have constructed the real
models of the syntactic structure of sentences, in which the relations
between simple clauses were presented.
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3. All grammatical situations of the linear context were possible
manifestations of models in the text.

4. Based on that data, the algorithm for the automatic generation
of a complex sentence model was created.

The proportion of simple and complex sentences in the studied
material is as follows: 39% are simple sentences, 61% are complex.

The statistics on the quantitative structure of complex sentences:
two-clause — 760 (64.6% of 1177; number of models — 9); three-
clause — 268 (22.77%; models — 29); four-clause — 100 (8.49%;
models — 38); five-clause — 29 (2.46%; models — 13); six-clause — 14
(1.18%; models — 12); seven-clause — 2 (0.162%; models 2); eight-
clause (2%; 2); ten-clause — 1 (0.08); eleven-clause — 1 (0/08).

Models of complex sentences:

a) for two-clause sentences:
P1+P2 (130)

P1> P2 (428)

P1> {P2}*P1 (83)

P1& P2 (39)

P1<P2(37)

b) for three-clause sentences:
P1+P2+P3 (21)
P1+P2>P3(19)

P1> P2+P3(37)
{P1+P2}+P3(4)

P1> {P2}* P1>P3 (19)
P1+P2> {P3}*P2 (2)
P1>P2>P3 (69)
{P1>P2} +P3(3)

P1> {P2>P3}* Pl (7) etc.

c) for four-clause sentences:

Pl +P2+>P3 +P4 (1)

Pl +P2+P3>P4(3)

P1 +P2>P3 +P4 (1)
P1+P2>P3> {P4}* P3 (1) etc.

The models are read as follows: P1, P2 Pn stand for the number of a
simple sentences in the complex. Plus between the symbols demonstrates
coordination, the signs “more” or “less” illustrate subordination, for
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example, P2> P3 means that the second simple sentence subordinates the
third. And the model P1> {P2}* P1 illustrates the discontinuity of the
main clause, the second clause is “wedged” into the first, and then it is
continued (for example, Knuea (P1), sxy s npuobana euopa (P2), sussu-
nacs oyarce yikasoio (P1)) (Book (P1), which I bought yesterday (P2),
was very interesting (P1)). All in all we have found 107 models. These
models are linear syntax grammar. All types of syntactic connection
between the main and subordinate clauses (see Models 1-5) are recorded
algorithmically. Thus, it is possible to build the interpretations of the
linear structure of the Ukrainian language sentence almost not using
lexical-semantic information. The theoretical value of the paper is in
extension of our knowledge about the structure of the syntactic level of
the language and the variety of mechanisms functioning at that level.

The applied value, is first of all, in creation of the dictionary of
compatibility of compound (coordinated) and complex (subordi-
nated) sentences, and in the possibility of constructing requests to the
Ukrainian language Corpus in order to mine from the text definite
models sentences, creating own dictionaries of authors and styles.
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0araTOKOMIOHEHTHHUX CKJIAJTHUX PedYeHb YKPAiHCbKOI MOBHU

Memoro Odocniodcenna € nobyooea a8MoOMAMuUYHO20 CUHMAKCUYHO20 AHATIZY
(ACA) i ax Hacniook — yKIAOanHs CIO8HUKA MoOeell 6a2amoKOMNOHEHMHUX CKAAO-
HUX peyeHb O UEUEHHS 81ACMUBOCMmell NIHIHOT CIPYKMYPU YKPAITHCbKOMOBHO20
mekcmy. [Ipoyec yknadanus 0goemanHuil: Ha NepuiOMy emani NPayioe asmMomMamu-
YHUL CUHMAKCUYHULL AHANI3 IEPAPXIYHO20 MUNY, AKULL 3A8epULyEmMbCss Noby008oH
depesa sanedicHocmet ([{3), a Ha Opyeomy — 3 00epAHCAH020 epagha asmoMamuyHO2o
3000y8aemu s iHoOpMayisi npo MoOeb peyeHHs.

ACA — ye cyxynuicmo onepayiil, IKi UKOHYIOMbCSA HAO NOCTIO08HOCMAMU THPO-
pmayii mopgonoziunozo xapaxmepy (pesyromamom pobomu AMA), wo npedcmas-
JAIOMb 8XIOHULI MEeKCM, 0N BCNAHOBNIEHHS CUHMAKCUYHUX 38 SI3KI8 MidiC MeKCmo-
sumu  oouHuyAmy. Buxionum mexcmom ona ACA e pedykosana nicia AMA
nocnidosHicms ingopmayii 0o crosoghopm.

Hocrioocysanucs enacmusocmi ainitinoi cmpykmypu 2000 yKpaincbKomMosHUX peyeHs
nyoniyucmuynoeo cmumio (subipka y 52000 cnosoedcusann). Ha niocmasi yux pesynvma-
mie 6yoysanucs peanbHi MoOesi CUHMAKCUYHOL CIPYKIMYPU Peyetb, V SIKUX 6I000pajiceHi
GIOHOUIEHHSL MIDIC NPOCIUMU PeYeHHAMU. Y ci epamamuyimi cumyayii TiHIHO20 KOHMEKCHY
6y MOdICIUBUMU MaHipecmayisimu mooeneti y mekcmi. Ha niocmasi yux oanux 6yo0ysas-
CA QI2OPUMM A8MOMAUYHO20 MEOPEHHS MOOeli CKIA0H020 peuents. Ompumari mooeni €
2PAMAMUKOIO JHIIHO20 CUHMAKCUCY. YCi 6UOU CUMMAKCUYHO20 38 A3KY MIdHC 20NI06HUM i
niopsoHuUMU  peueHHAMU hikcyiombes aneopummiuro. Takum yunom modicHa 6ydyeamu
inmepnpemayii MHIIHOT CMPYKMYypu YKPAiHCLKO20 PedeHHtsl, Maudice He BUKOPUCOBYIOYU
JIeKCUKO-ceMaHmuuHy inghopmayiro. Teopemuure 3HaveHHs: podomu noiseae 6 noiuOIeH I
Haux ysieneHs npo 6y008y CUHMAKCUYHO20 PIGHS MOBU | PISHOMAHIMHOCHE MEXAHI3MIS,
SIKE Ol10Mb HA CUHMAKCUYHOMY pigHi. TIpukiaone 3HaueH s 60a4aeMo y CMeopeHHti CloGHU-
K@ CROMYYYBAHOCHL CKIAOHOCYPSOHUX | CKIAOHONIOPSIOHUX PEUeHb, ) MOICTIUBOC NOOY-
0dosu 3anumie 0o Kopnycy yKpaiHcekoi Mogu 3 mMemoro 3000yeamu 3 mMeKCcmy peueHHs
negHuUx Mooeetl, CMEoPIoIoYYU C80i BNIACHI CTIOBHUKU ABMOPIS, CHUIB.

Knrouoei cnosa: depeso 3anedxicnocmetl, agmoMamudHuil CUHMAKCUYHULL AHATI3, MO-
Oenb 0aeamoKOMNOHEHIMHO20 CKIAOHO20 PEUeHHsl, CIOB0CHOLYYEHH S, YACTONHUL CTIOBHUK.

Crarrea Haailimmaa go peakoJuerii 21.11.18
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