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1 Introduction

At the present stage of development, the need to develop common and specialized
linguistic systems is forcing the use of applied and computer linguistics in the field of
information technology [3-4, 7-14, 16, 22, 25-28, 32-33, 35, 43, 50-51, 53-55, 66].
Development of mathematical models of speech to provide computer linguistic sys-
tems enables the implementation of tasks of applied linguistics, such as analy-
sis/synthesis of oral/written text content, description/indexing of text content, transla-
tion of texts, creation of lexicographic databases, etc. [7-8, 10-15, 25-28, 32-33, 43,
50-51, 53-55, 66]. Linguistic analysis of textual content consists of several sequential
processes i.e. grapheme, morphological, syntactic, and semantic analysis [2-5, 9-10,
16-23, 28-30, 34]. For each of these stages, the corresponding models and algorithms
are created [2-5, 9-10, 15-21, 44-49, 56-64]. An effective tool of linguistic modeling
at the syntactic and semantic level of language is the main part of combinatorial lin-
guistics - the theory of generative grammar, the beginning of which is based on the
works of the American linguist N. Chomsky [16-20, 45-48, 56-64]. He used the tech-
nique of formal analysis of the grammatical structure of phrases to distinguish syntac-
tic structure (constituents) as the basic scheme of a phrase, regardless of its meaning
[16]. The ideas of N. Chomsky were developed by Soviet linguist A. V. Gladkyy [18 -
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201, applying the concept of dependency trees and systems of components for model-
ing syntactic language level [30, 50]. He proposed a method of syntax modeling using
syntactic groups that distinguish word components as units of constructing a depend-
ency tree, such a representation combines the advantages of the method of direct con-
stituents and dependency trees [4-5, 50].

Advantages of modelling using generative grammars are the ability to describe not
only the syntactic level of language (rules for the formation of sentences from word
forms) [12-14, 18-20, 48, 51], but also morpheme (rules for the formation of word
forms from morphs) [9-10, 23, 38-41, 55], and semantic (rules of formation of mean-
ingful sentences and texts) [2, 29-30, 47, 49, 56]. It is used for automation of word-
change / word-formation processes, rubric or definition of keywords and formation of
text content digest [7-8, 10-11, 23-28, 43, 66]. For example, when using automatic
morphological synthesis, a computer linguistic system generates the necessary word
forms based on the requirements for word forms and morpheme databases [32].

2 Connection of the Highlighted Issue to Important Scientific
and Practical Work

Based on the importance of providing automatic processing of textual content in
modern information tools (for example, information retrieval systems, machine trans-
lation, semantic, statistical, optical and acoustic analysis and synthesis of language,
automated editing, extraction of knowledge of textual content, abstracting and anno-
tating , indexing of textual content, educational and didactic, management of linguis-
tic corpora, tools for compiling dictionaries of various types etc.), experts are inten-
sively looking for new models, methods of their description and methods of automatic
processing of textual content [7-8, 10-11, 23-28, 43, 66]. One such method is to de-
velop general principles for the construction of lexicographic systems of syntactic
type and to build on these principles these systems of textual content processing for
specific languages [7-8, 10-11, 23-28, 43, 66].

Studies of linguists in the field of morphology, morphonology, structural linguis-
tics have identified different structures for describing word forms [7-8, 10-15, 25-28,
32-33, 43, 50-51, 53-55, 66]. With the beginning of the development of the theory of
generative grammars, linguists have focused not only on the description of ready
word forms, but also on the processes of their synthesis [38]. Functional studies of
linguists in Ukrainian are fruitful [2-3, 6, 12-14, 22-24, 28, 30, 32-33, 39, 42-43, 51-
55], in particular, theoretical problems of morphological description [ 9-10, 23, 38-41,
55], questions of classification of morphemic and word-forming structure of deriva-
tives of Ukrainian language [23], regularities of combinatorics of affixes [23, 55],
modeling of word-formation mechanism of modern Ukrainian language in dictionar-
ies of integral type [23, 38- 39], the principles of the internal organization of the word
[23, 55], as well as the questions of the structural organization of distinct verbs and
suffixes of eminative value [23, 38, 55], problems of word-forming motivation in the
process of derivatives formation [23], regularities of realization of morphonological
phenomena in Ukrainian word-formation [23, 39, 55], morphonological modifications



in the process of verb-word change [23, 38, 55], morphonological processes in word-
translation and word-formation of adjectives of modern Ukrainian literary language
[23, 38-39], analysis and processing of textual content [7-8, 10-14, 22, 25-28, 30, 32-
33, 43, 55, 66] etc.

Such a dynamic approach of modern linguistics in the analysis of the morphologi-
cal level of the language, with the researcher's focus on the development of morpho-
logical rules, makes it possible to effectively apply the results of theoretical research
in practice - for the construction of computer linguistic systems for processing textual
content for various purposes [7-8, 67-74]. One of the first attempts to apply the theory
of generative grammars to linguistic modeling is A.V. Gladkyy and I.A. Melchuk [18-
20]. Developments by N. Chomsky [16-20, 45-48, 56-64] and A.V. [18-20], the study
of M. Gross and A. Lanten [21], A.V. Anisimova [2-3], Yu.D. Apresian [4-5], N.C.
Bilgaeva [9], I.A. Volkova and T.V. Rudenko [15], E.I. Bolshakova, ES Klyshynskyi,
DV Lande, A.A. Noskova, OV Peskova, and E.V. Yagunova [10-11, 26-27], A.S.
Gerasimova [17], B.K. Martynenko [29], A.E. Pentus and M.R. Pentus [34], E.V.
Popova [35], V.S. Fomicheva [44] are applicable to the development of such textual
content processing tools as information retrieval systems, machine translation sys-
tems, textual content annotation, morphological, syntactic and semantic analysis of
textual content, educational and didactic textual content processing systems, to special
systems of linguistic content etc. [7-8, 10-14, 22, 25-28, 30, 32-33, 43, 55, 66].

3 Analysis of scientific results

Grammar has the following important in the linguistic aspect. We will interpret termi-
nal symbols as wordforms (some natural language), auxiliary symbols - as syntactic
categories (for example, V is verb, S is noun, A is adjective, ¥ is group of verbs, S is
noun group), initial symbol — as (sentences), and terminal strings, that are deduced -
as correct sentences of the given language. Then the derivation of a sentence is natu-
rally interpreted as its syntactic structure, presented in terms of direct constituents.
Let's explain the examples.

1. Becena nocMiliika TBOTO CHHA HAIIOBHIOE MeHe Oe3MexHuM mmactsiM [12-14, 51].
2. In seinem bedeutendsten Werk zeigt er die bunte welt des ukrainischen Dorfes in
ihrem einmaligen Reiz [31].

Constructing a grammar C: that will generate phrases of the corresponding language
(Ukrainian, English or German), syntactically same and very simple [1, 6, 10-14, 22,
24, 28, 31, 36-42, 49, 51-55, 65] . Let us write out only the scheme of this grammar;
its terminal symbols are the word forms of the corresponding language, and the auxil-
iary dictionary contains the above syntactic categories. The symbols of these catego-
ries are provided with indexes corresponding to their morphological features, for ex-

ample S.co0.0 . The initial character is indicated by R.
Diagram of grammar Gj. The contents of the designations used G; are explained
after the table 1.



Table 1. Rules for the formulation of sentences in Ukrainian

The name
Ne of the rule Rule
Choice  of g 7
. structure R R #Suyon Vymenep.o # .
1) Sx,y,z,3 - S><,y,z,3 Sx’,y',p,w;
2) Sx,y,z,3 - A(,y,z Sx,y,z,3 :
KiSey.ow Kz = KiSi K
3) LTxyzw 2 1oy 2wtz e Ki g symbol other than a
Deploying a symbol Ax’y'z, a Kz — a character other than an index character
. r_
1. gommal =P symbols K1 and K2 are contextual constraints. The substan-
roup tive meaning of their introduction to this rule is that the principal member
of a nominal group should not be implemented by a personal pronoun if
it is preceded by a definition expressed by an agreed adjective, or if it is
followed by a nominal group in the generic case, for example, the impos-
sibility of a new self or tenderness. In poetic language, such combina-
tions suggest;
4) Sx,y,z,3 - Sx,y,z .
1) y,menep,w _)Vy,menep,w X'y s Ox" " op,w" .
" Deplljo?/ment 2) y,menep,w _)Vy,menep,w X',y op,w Sx",y",w,w".
. | verba . . !
groups 3) y,menep,w _>Vy,menep,w X'y s
4) Vy,menep,w _)Vy,menep,w Sx’,y',op,w'
1 Sq’y’Z = CuM, ...
2 Syey,z > NOCMIWIKA,, ...
Realization | 3) Scep,yz > UACTIAy ;-
syntactic gt o o
V. categories | 4) ~¥00.21 E
word forms 5) Si,";éf‘z,z —mu |
6) A, . = eecenuil, ,, .,0€3MENCHUL |, ., Milly. \, ., MBIl , ...
7 Vy,menep,w —> HANOBHUMUL, yygepy -+

Each line in this diagram is not a single rule, but a abbreviation entry of several rules.
Thus, line 11.1 forms 648 rules for forming phrases in Ukrainian [6, 12-14, 24, 42, 51,

52, 55]:

SH,U{),H,S g S'-t,t)()‘H,3 S

4,00,p,1 ;

S S S

400,p.3 Su00,pl s Scepamu3 - Scep,.wﬂ,.\fr,S Sﬂep,mmmdﬁ,




where the abbreviation u is masculine, oo is singular, # is a nominative distinguisher,
p is a generic distinguisher, cep is an average genus, mx is a plurality, » is a abla-
tive, 1 is the first person of the noun, 3 is the third person of the noun. The same
method of reduction is used in the following examples. However, for the sake of sim-
plicity, we will refer to the lines of such abbreviated entries as rules (Table 2). Rule
IV does not take into account the matching A of the noun of the creature S in the
accusative case. Designation: # - the symbol of the boundary of the sentence, which
is terminal (in the text, the left border is capitalized in the first letter of the word, and
the right - in a dot); *¥:Z:W - characteristics of word forms corresponding to the

type, number, case, person, for example, ¢¢““™ucoon =6€C€14 An example of a
grammar G: derivation for generating a Ukrainian sentence is shown in fig. 1.

2.(1) II S oo mencp 3 T‘
. —% /g
3(”'1) # Saw.od,u.3 00,menep,3 Su‘ao.xn,l cep,00,0p,3 #
I N - < I
4(” 1) # Sﬂ( ,00,1,3 Sq,a(),p 3 V"‘)r"""”é’l"3 S'«‘ud‘k‘u.l Scep‘oo‘upﬁ #
| N | ) ) |
5(”2) IT 01,00, H §Mv,g¢),7,,3 él,vm)vpvg, Vod,mmep,?: Smuz)‘xml cep,00,0p,3 IIT
s /N - :
6(”2) # Ao»(‘uz)‘n e,00,1,3 Aw,od,p Sll,u(),p,3 00,menep,3 ©,00,31,1 Sz‘ep‘uv‘upﬁ #
_ . | b |
7(”2) # A.)I(',l)(),ﬂ S~M‘go‘”y3 Al[y()()v]) 4,00,p,3 00,menep,3 S-«‘ao‘;u‘l Acep‘ab‘up cep,00,0p,3 #
o ] | |
o 28 PP I ............. I ..............
AR . | )
lo(”4) # AJ/(',UD,H S.)«‘,ot),y Alz,or),p Su,oo,p Vu()‘menep,S Su,mli,m,l cep,00,0p cep,00,0p #
| | I
11-(”-3) # AJ’(‘IUOJI .WI,O(),H Au,n(in Stlod P 00,menep,3 S-II:I;I:H; cep,00,0p cep,00,0p #
| |
2-18 et I ............... || ................ | ............. | .............
I I I
IV.6 V.2 V.6 V.1 V.7 V.4 IV.6 V.3
# secerna rnocmiwka meoz20o CUHa HarlogHKe MeHe 6e3MexHUM wacmam #

Fig. 1. Example of phrase structure grammar (type 0) for generating a Ukrainian sentence

Grammar can give rise to other phrases (which are not necessarily meaningful), for
example: 5 HanoswHwl mebde wacmiam, eeceje bezmedicne mMoe wacms HANnoOBHIOE
moboio meoiti nocmiuyi wacms meoei nocmiwku wacmsi, €tc. Grammar Gz generates
infinitely many different phrases (as opposed to grammar Go), since its composition
includes the so-called cyclic rules (I1.1 and 11.2). The peculiarity of such a rule is that
the result of its application contains the occurrence of its left, so that it can always be
applied to its own result, which leads to an infinite number of phrases: yes, along with
a group of eecera nocmiwxa you can get a eecena secena nocmiwka, further secena



secena eecena nocmiwika, etc., so, the adjective secena can be repeated as many times
as you like. This raises the question of the infinite number of phrases in natural lan-
guage, in relation to which we note that at any given moment the number of words of
any natural language is finite. In addition, the maximum length of phrases occurring
in a language is practically limited: it is unlikely that people use phrases more than,
say, 1000 words. It follows that the number of phrases in natural language should be
finite. But it is not possible to specify the longest phrase: whichever phrase is not
suggested, we can always extend it by adding, for example, another homogeneous
term or a contract sentence of which. In natural language, there are fundamental pos-
sibilities for constructing as many long phrases as possible, that is, potentially real
phrases of any length, although in practice large phrases do not use them. This poten-
tial unlimited length of phrases cannot be ignored by formal grammarians, since their
task is to model the fundamental possibilities of natural language. If the lengths of
grammar-generated phrases are infinite, then the set of all these phrases is infinite.
§ NN S

m,einz,nom, m,einz,nom,3

Sn,pll.lr,akk,:i7 where m is
Maskulinum (masculine), einz is Einzahl (singular), nom is Nominativ (nominal), gen
is Genitiv (genetive), n is Neutrum (neuter), akk is Akkusativ (accusative), plur is
Plural (plural), 1 is erste Person Substantiv (first person of the noun), 3 is dritte Per-
son Substantiv (third person of the noun) [12-13, 31, 36-37, 41, 49]. In the table 2 sets
out the rules for formulating sentences in German.

For German, record Il1.1 forms 288 rules:
S S §

Sm,einz,gen,s g S m,einz,gen,1 ;

m,einz,gen,1 *
1

Sn,plur,akk,S - S

m,einz,gen,3 n, plur,akk,3

ey

Table 2. Rules for the formulation of sentences in German

The name

Ne of the rule Rule
Choice  of 1) R— #éx,y,nom,w \7y, pr,w #

l. structure . _ '
R 2) R _)#Sx,y,dat,w Vy,pr,w#_

1) S><,y,z,3 - Sx,y,z,3 Sx',y',gen,w.

2) Sx,y,z,3 - Ax,y,z SNx,y,z,3 :

K,S K, - K5 K
3)  ITxyzw 2 ST Iy W2 e Ky — a symbol other than a sym-
K, . z'=gen
Deploying a bol, and — a character other than an index . Symbols are
.| Nominal contextual constraints. The K1 and K2 substantive meaning of their
Group introduction to this rule is that the principal member of the nominative

group should not be implemented by a personal pronoun if it is preceded
by a definition expressed by an agreed adjective, or if it is followed by
iMEHHa rpyIia B a generic case, such as the impossibility of neu ich (new)
or er Zirtlichkeit (he of tenderness). In poetic language, such combina-
tions suggest;

4) S~><,y,z,3 - S><,y,z :




The name
Ne of the rule Rule

[¥2])

5) xy.z3 7 S><,y,z,3 sx’,y’,akk,w.

U

6) xy,23 Sx,y.z.3 Sx’,y’,dat,w

1

U

-V

1) Yy, pr,w y,pr,w Ox'y’akk,w’ S><”,y”,gen,w”.

1

U

-V

2) Yy, pr,w y,pr.w xy’,gen,w Sx”,y”,akk,w”.

1

U

3) Yy, pr,w _>Vy,pr,w X'y’ akk,w'

i

X'y’ akk,w' Sx”,y”,gen,w”Sx”",ym,dat,w”’

-V S
4) y, pr,w Yy, pr,w ;
Deployment 5) VP _>Vy,pr,w Sx',y',akk,w’ Sx",y",dat,w" .
. | verbal _ N . '
groups 6) Y, pr.w _>Vy,pr,w Sx',y',dat,vx/ Sx",y",akk,w" .
7) y,pr,.w _>Vy,pr,w Sx',y’,da’[,w’ Sx",y”,akk,W"Sx”',y’”,dat,w”' .
8) Vy,pr,w _)Vy,pr,w Sx',y',dat,w’ Sx”,y",dat,w”Sx"’,y"’,akk,w’" .
9) Vy,pr,w _>Vy,pr,w Sx',y’,akk,w’ S><”,y",dat,w”Sx”’,y’”,dat,w”' .
10) Vy,pr,w _)Vy,pr,w Sx’,y’,nom,w’
S — Reiz, ,,... . .
1) “Ms Y27 (me der Reiz — attractiveness);
S —>Welt, _,... .
2) Tz 727 (ge die Welt — world);
S, —>Werk, _,Dorf, _,... . .
3) s ez P27 (where das Werk is work, das Dorf is a
village);
Realization pron
v syntactic 4) Sx,einz,z,l — e ()Ie er— he);
" | categories pron -
S — sie .
word forms | 5) “xphur.z3 Z (me sie — they);
6)
Ay, —>seiny , . ihr, \,  bedeutend, , . bunt, , . ukrainisch, , . einmaling, ...

(where sein — my, ihr - theirs, bedeutend - important, bunt - colorful,
ukrainian - ukrainian, einmalig - unique);
—> zeigen

V ' ) e .
7) P PP (e zeigen — show).

An example of grammar output for generating a German sentence is shown in fig. 2.




1.

O
2.(1.2 ! #
2 ﬁt Sn.elinz,dat,a ein,pr,3 fi
~ - ~
3.(I.10)# T #
( ) I Sn,einz,da\,S Veinz,pr,S S@,nom,S |
- 5 [
4.015) # g1 v § #
I n,einz,dat,3 einz,pr,3 ~'m,einz,nom,3 f einz,akk,3 I
- ! 5 I
5.31.6) # § 1 v i § | § \5 #
I n,einz,dat,3 einz,pr,3 “~'m,einz,nom,3 f einz,akk,3 neinz,dat,3 I
gl » g —— % 8 #
6.(11.1) S S S S
I n,einz,dat,3 einz,pr,3 “m,einz,nom,3 f einz,akk,3 n.einz,gen,3 n.einz,dat,3 |
4 e e < < < #
7.(11.2) "4 S S S
n, e|r|12,dal n‘ein&dal,S einz,pr,3 “~'m einz,nom,3 f einz,akk 3 n,einz,gen,3 n,einz,dat,3 |
8.(1.2 # S S S S S #
-2 |An einz,dat n‘emz‘datsn einz ,dat,3 Vem1 pr.3 Sm,emi,nnms if .ginz,akk,3 Sn .einz,gen,3 Sn.einz,daLB I
9.(1l.2 3 3 3 3 3
( ) #An,elriz,dat An‘einz‘datsn einz ,dat,3 Veinz,pr‘s m,einz,num,SAf .einz, akk81 .einz,akk,3 Sn emz gen,3 Sn,einz,dat,a #
10.(11.2 S S S 3 S
( ) #An,einz,da An einz,dat ~n,einz,dat,3 Veinz,pr,S m,einzl,nom,3Af .einz, akksf einz,akk,aAn,elnz gel rlsn einz,gen,3 Sn,/einﬂal,a #'It
11312 S | S S S S
( ) #An,eilnz,datAn,einz.dal Sn einz,dat,3 Vemz pr.3 Sm emzl,nnm,B Af Leinz,, akkSI ,einz,akk,. SAn einz,gen~' n elnz,genﬁAm,einz,dal Sn,einz,dat‘s #';L
12.(11.2 S | § § S X
( ) #An.einz,da\An,einz,dat Sn einz,dat,3 emzl .pr.3 Sm einzl,nnm,3 Af .einz,, akksl ,einz, akk . 3An einz,gen™~ n emz‘gen‘3Am,einz,datAm,emz,datSn‘einz‘dat,#
13.(11.4 | s | S S S 3
( ) #TAn.einz,datAn,einz,dal n, ilﬂl Jdat Veinz,pr,S m,einzl,num,3 Af ‘einlz‘akksf ,einz,akk.!“ln,einz,gen n,elnz,gen‘SAm,(iinz,darAm,eii\z,daSn‘einz‘da(,fﬁlt
14‘15""1 ...... | .......... [ o ~I ............. | | .......... | ....................... I ........... | ......... i |
16. (|| 4) I n einz, da‘An einz,dat Sn e!nz dat Vemz,pr 3 Sm einz nnm,sAl \einz,akk Sf,einz,akk An‘einz‘gen Sn,einz‘gen Am,einz,dal Am,einz,datsn‘emz,dal?
pron | | |
17.(1.3) #I’LAn einz dm n elrlu dat Sn e!nz dat Vemz,pr 3 Sm emzl nom, SAf \einz,akk Sf,einz,akk An‘elnz‘gen Sn,einz‘gen Am,einz,da! Am,einz,datsn‘einz,dal#l
I |
T« T T P S,
[ | | | | | | | | i |
# V6 V.6 V.3 V.7 V.4 IV.6 Iv.2 V.6 V.3 V.6 V.6 V.1 #
In seinem bedeutensten Werk  zeigen er die bunte Weltdes ukrainischen Dorfes in ihrem einmaligen Reiz

Fig. 2. An example of a phrase structure grammar (type 0) for generating a German sentence

Let's return to fig. 1, where each step of the output consists in the deployment of one
of the characters of the previous chain (for example, in the transition from 2 to 3

chains the symbol Voomenen s expanded in 3 characters - Voomeneps S S
or in its replacement by another (for example, in the transition from 10 to 11,

4,00,31,1 cep,ob,np,:i),

S”'00'3"'1 the symbol is replaced by Sfoﬁ‘v’wi) , the other characters are overwritten
unchanged (wildcard rules). Expandable, replaceable, or rewritable characters are
ancestors, and characters that we get from deployment, replacement, or rewriting are
their descendants (descendants of descendants are also descendants). We connect the
ancestors with the lineages with their immediate descendants. Then we get the com-
ponent tree, or the syntactic structure of the phrase in terms of immediate components
(type 1). To illustrate this, let more clearly eliminate the scheme in Fig 1 are all de-

scendant characters that rewrite without modification (for example, S.0m1 in chains
4-10) and combine the same steps 4-7 (Fig. 3).



T

2. # 200,83 00,menep,3 #
— /¢
3. /\ Var),mlnep,f-i Sw 00,31,1 Scep‘ao,opﬁ
4. ~.7/r,0@,~,3 4,00,p,3
A\ /o ~

5. A.m,mi,u SM,M,N,S A-«‘oo.p Su,m),p,s Aa’p,od‘up Swp,u«),ap,s‘

| | |
6. S Suoon o ST

I | |
7 : # secersna nocmituka meoao CUHa HarnoegHwe MeHe 6e3MexHuUM  wacmsam #

Fig. 3. Example of context-dependent grammar of immediate components (type 1)

Context-free grammars are a special case of grammars of direct components (an ex-
ample of using context in Gy is rule 11.3). Their value is due to the following circum-
stances:

e rejection of the context (there is exactly one character in the left side of the rule)
makes the grammar structure easier and easier to study;

o although in natural languages the replacement of one unit by another is permissi-
ble in certain contexts, it is advisable to investigate the possibility of describing the
language without distracting from that fact.

This differentiates between contextual use cases and non-contextual cases. Of particu-
lar interest is the study of situations where context is meaningful, but formally taken
into account by context-free rules, that is, they are not considered as context (new
categories are introduced into the grammar). Thus, in grammar G; context-dependent
rule 11.3 is eliminated (alg. 1).

Algorithm 3. Conversion of context-dependent grammar into context-free grammar.

Suyz are introduced into the auxiliary dictionary to inter-

Step 1. New characters

pret non-noun groups, as opposed to characters Suya that indicate arbitrary noun
groups.
Step 2. Regulation 11.3 is replaced by two new rules: Suyaw S and
S><,y,z,3 - S;,y,z .
S

Step 3. Inrules 11.1, 11.2 and 11.4, all occurrences of characters “xv.z3 are replaced

by characters Sxyzw. When you deploy an arbitrary namespace Sxyzw 1o a structure
A+S or S +§, to make sure that a personal pronoun such as I, you, you, he, she, it,
that cannot have definitions (A or Sp: Hosuil 2 OF mu nocmiwku) appears in the design

header. This is determined in different ways.



1. Personal pronouns are considered as personal class nouns - $** and are treated as

noun groups (S) alongside ordinary nouns. It is only allowed to move from a noun

group S to S the condition that it has not previously separated from itself to the
left or right (rules I1.1 and 11.2), that is, if there is no adjective to the left of the

symbol S and no noun group to the right in the case. This condition is taken into
account in Regulation 11.3.
2. The pronoun is considered a special class of houns, but along with the category ar-

bitrary noun group S enter the category of proper noun (hon-noun) group §', and
the symbol S during the output - before its deployment - must be replaced by ei-
ther a symbol S** (which can not expand further), or to the symbol S (which is

expanded in the usual way); A and S, only appear with §', but S' cannot become
a pronoun.
3. Pronouns do not consider nouns and use a symbol M for them. Then, most gram-

mar rules of G are duplicated, for example, with rule | they introduce rule I"

R—>M(,,),Hag,wV,,(),menep,w; along with Regulation 111.3 - Regulation 1.3

Vymerepw = Vymenap M. etc. The received grammar will be context-free.

The example above shows that in natural languages situations where context-
dependent phenomena are described and as context-independent are possible, that is,
in terms of context-free grammars. This complicates the description, introducing new
categories and rules. Not every context-dependent is replaced by equivalent context-
free grammar. It is known that there are direct component languages that are not con-

text-free languages, such languages a"b"a” (aba, aabbaa,...) o amh'c"  Almost all

examples of non-context-free languages are abstract in nature and have no interpreta-
tion in natural languages.

However, for any context-free grammar you can construct an equivalent binary
context-free grammar. For example, the context-free grammar shown in Fig. 2, con-
verted into binary by replacing rules 111.1 and 111.2 with the following new rules:

7 71 S 71

I“ 1') Vy,menep,w _)\/y,menep,wSx",y”,op,w”' ; ||| 1") Vy,menep,w _)Vy,menep,wsx',y",xu,u,~’ :
~ =5 ~ ~ ~

I, 2-) Vy,mcnep,w _)Vy,mgmlp‘wsx",y”,;H,w’" : 1. 2") Vy,mermp,w _>Vy,m@:zep,»4vs.x"_v',0p,w' )

It is still necessary to replace rule | by rule I *; RS,y smenep v ; thus eliminating

boundary characters (generally, in context-free grammar, boundary symbols are not
formally required, whereas in grammars of direct constituents having context-

dependent rules, boundary characters may be required as context (rule 11.3 in Gl).
There is a restriction (not more than two characters in the right-hand side of the rules)
can be overlaid on arbitrary grammars of direct components, formulating it somewhat



differently: each rule has the form of £:CZ, = ZWZ, where W of one or two char-
acters. For any grammar of direct constituents, one can construct an equivalent binary
grammar of direct constituents (Fig. 4).

1. R
2 ),C 00,1,3 m) menep 3
71
3 Voz) rmmp 3 (cp 00,0p,3
4 Voé ,menep,3 w m) 31,1
5 mc 00, N 3 A 00,p,3
6 Am 00,1 Sm,o@,uﬁ l 00,p 14 00,p,3 Lep 00,0p “p 00,0p,3
S 3aiim
7- S‘)’Cl'oo”{ 'll’m"p 4,00,31,1 cep,n(),op
8. eecena rnocmiwka meoao CUHa HaroeHe MeHe 6e3mMexHuUM wacmsam

Fig. 4. Example of context-free grammar (type 2)

The peculiarity of regular grammars is a specific form of output. Let's build for exam-

ple regular grammar G, | that is, the generation of sentences of the type Becena
nocmiuka nanosnioe 6esmexcnum wacmam (simplified version of the sentence in Fig.

1). Diagram of grammar G,

1) RS,y 5) Seep.yiop ™ WAMAep 3,0V 3

2) Sz ™ 6ecena, , .S, , . 6) S,y —> NOCMIWKA,,. , ,

3) Sy.y,z —> Oesmedichuil, ,, .S, , . 7) Seep.yop > WACMALy, |, o

4 S,y —> NOCMIWKA,,. ,, V), 3 8) V, 3 = nanosnumu,3S, . ,,

The given sentence will have the following interference in this grammar: there are

R
(1) ch,od,u

S
(2) secena “xoom
] V 0,3
(4) secena nocmiwxa *
: S
(8) secena nocmiwxa nanoemioc “cer.o.sn

; S
(3) secena nocmiwka nanosuioe 6e3medncHum e 00
(7) 6ecena nocmiwka HanosHIOE 6e3MENCHUM WACTAM.

Each intermediate chain contains exactly one auxiliary symbol in the last position.
The sentence is generated from left to right: at each step, a specific wordform is dis-



played, followed by an auxiliary symbol indicating which construction should follow
this wordform. A wordform is then issued that begins or is contained in this construc-
tion, followed by an auxiliary symbol of the next construction, and so on. Regular
grammar implies that it follows a given word form, with the prediction depth being
one adjacent symbol; each regular choice is entirely conditioned by one previous
choice. It should be noted that it is impossible to derive a natural representation of the
structure of the immediate components of that sentence (as it was done for context-
dependent and context-free grammar) from the derivation of a sentence in regular
grammar. That is, regular grammars give some structure to constituents, however,
these constituents are usually purely formal in nature and are not amenable to natural
interpretation (Fig. 5).

2,00 ,H

/N

S

eecersna ¢,00,H

nocmiwka Va(),3

/ N\

HariosHoe ch;‘m)‘np

/ N\

be3mexHuUM SL‘L,,,,OO,(,,,

eecerna 1oOCMilWKa HarnosHre be3MexHUM wacmsam

Fig. 5. Example of regular grammar (type 3)

Incorrectly split the sentence into two components - secexna, etc., as well as attributing
the categories to the resulting component. In the sentence Ilocmiwka nanosnioe mene
wacmsm the result would be even worse: the combination of mere wacmsm is a com-

ponent. This sentence is not generated by grammar G, butitis easy to supplement it
(by introducing two rules). The interpretation of output in regular grammars is point-
less. They use a different interpretation of regular output: as a sequence of predictions
and their implementations. There are context-free languages that are not generated by

regular grammars. An example is the language that consists of view chains a"b"

4 Conclusions

The article discusses known methods and approaches of addressing the automatic
processing of textual content and highlights the shortcomings and benefits of existing
approaches and results in the syntactic aspects of computational linguistics. The gen-
eral conceptual principles of modeling of word-exchange processes in the formation



of text arrays on the example of Ukrainian and German sentences were formed, then,
by proposing syntactic models and word-classifications of the lexical composition of
Ukrainian and German sentences, the lexicographic rules of syntactic type for auto-
mated processing were developed. The application of the technique allows to achieve
higher reliability indicators in comparison with the known analogues, as well as
demonstrates high efficiency in applied applications in the construction of new infor-
mation technologies of lexicography and the study of the word-exchange effects of
natural languages. The work has practical value because the proposed models and
rules make it possible to effectively organize the process of creating lexicographic
systems for processing syntactic textual content.
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