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Abstract

The work aims to develop models, methods, and means of analysis and synthesis of computer linguistic
systems (CLS) based on new and improved methods of processing Ukrainian-language textual content to
solve natural language processing problems (NLP). The scientific novelty of the obtained results lies in
solving an important scientific and applied problem of analysis and synthesis of CLS for solving various
tasks of processing Ukrainian-language textual content based on developing new and improving known
models, methods and means of NLP. The following new scientific results were obtained: — A model of
intellectual analysis of the text flow, which, unlike the existing one, is based on the processing information
resources, NLP and machine learning, which the typical structures of content integration, management and
support modules; - Methods of adapted processing information resources for processing Ukrainian-
language text and take into account the needs of the permanent target audience based on the analysis of
the history of the target audience's activity on the CLS web resource, which made it possible to form a set
of metrics and indicators of the effectiveness of the CLS functioning for the various NLP tasks solution; -
A model of linguistic processing of text based on the grapheme, morphological, lexical and syntactic
analyses improvement, which, unlike the existing ones, are adapted for processing Ukrainian-language text
through regular expressions and machine learning, made it possible to adapt the processes of processing
Ukrainian-language text content and increase the accuracy of the obtained results depending from a specific
NLP task; — A method of identifying keywords in Ukrainian-language texts based on grapheme and
morphological analysis of word bases through regular expressions and N-grams was developed, which
made it possible to increase the accuracy of searching for keywords, search for stable word combinations
and categorize content; — A method of determining the style of the author of thematic Ukrainian-language
text content was developed based on the keywords, stable word combinations, N-grams analysis, which
made it possible to determine the stylistic contribution of each of the authors and increase the accuracy of
the attribution of a scientific and technical publication; — A method was developed for calculating the degree
of verification of the author of a Ukrainian-language text from a set of possible ones based on a comparative
analysis of the styles of potential authors, which made it possible to increase the accuracy of classification
based on the similarity of style; — Methods of analysis and synthesis of CLS were developed based on the
creation of a general typical structure of the text content processing CLS in the Ukrainian language through
support for modularity, modelling of the interaction of main processes and components, which made it
possible to expand the collection of solutions to various typical tasks of the NLP by implementing typical
software of such systems; — NLP methods, which, unlike the existing ones, are implemented on the basis of
developed regular expressions of grapheme and morphological analysis of Ukrainian-language text and
modified Porter’s stemming algorithm as an effective identifying lem affixes for the possibility of
demarcating the analysed word, which made it possible to optimize the process and improve the accuracy
of Ukrainian words/sentences normalization; — Text tokenization and normalization methods, which, in
contrast to the existing ones, use cascades of simple substitutions of developed regular expressions of
matching with templates based on production rules, finite automata and the ontological model of the rules
of the Ukrainian language syntax.
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1. Introduction

The active development of information technologies (IT) is at the intersection of globalization and
informatization. The rapid rate of growth of society's informatization is directly related to the rate
of development and implementation of computer linguistic systems (CLS), the development of which
is based on models and methods of natural language processing (NLP) [1-3]. The complexity of
developing models, techniques, and tools of NLP lies in solving non-typical NLP problems and
adapting these models, methods, and tools to a specific natural language [4-6]. Each natural language
is unique, with its flavour of rules, history, grammar, exceptions, and peculiarities of generating
linguistic units for conveying meaning, complicating developing a CLS.

Usually, each successful CLS development project is designed for a specific task (for example,
machine translation [7-9], identification of plagiarism/rewriting [10-12], text rubrication [13-14], text
attribution analysis [15-21], information retrieval [22-28], referencing/abstracting [29-30], voice
assistants [31-33], intelligent chatbots [34-39], etc.) and is both one-time and closed (for example,
Amazon Alexa, Google Assistant, Facebook, Voice Mate, Bixby, Siri, Abby Lingvo, Microsoft Cortana,
Microsoft Word, Grammarly, Google Translation, PROMT, CuneiForm, Trados, OmegaT, Wordfast,
Dragon, IBM via voice, Speereo, Finereader, Tesseract, OCRopus, etc.) without being able to read the
content to willing IT professionals/specialists. In rare cases, the developers provide open access to
such CLS projects and the opportunity to get acquainted with their structure and content. The
development of any NLP application for an arbitrary natural language of more than 7000 languages
and dialects is based on studying large textual monolingual/parallel corpora of that language,
containing more than hundreds of millions of words and linguistic resources. Only about 20 natural
languages (English, Chinese, Western European languages, Japanese, etc.) are the results of research
on such corpora known, making it possible to develop CLS of various complexity for these languages.
Unfortunately, in modern realities, the Ukrainian language is considered in the international
scientific community to be an exotic language with a low resource index, i.e., it does not have enough
educational, research and processed data to develop modern applied applications of NLP. Such
applied applications are used to build CLS in cyber security (detection of fakes and propaganda, so-
called trolls/bots in social networks), sociology (analysis of the dynamics of changes in public opinion
on thematic issues), philology (automatic research of large data sets of various thematic orientations
and different periods), psychology (analysis of the psychological portrait of a person, identification
of post-traumatic stress disorder of participants in hostilities or occupation), national security
(information warfare), jurisprudence (criminology and court case), social communications (analysis
of community posts in social networks) and other important branches of modern Ukraine. The above
determines the relevance of the topic of the dissertation research.

Scientific research by N. Chomsky, V.M. Glushkov, A.V. Hladkoy, D.V. Lande, V.A. Shyrokov,
N.V. Sharonova, N.F. Khairova, O.V. Bisikalo, S.N. Buk, N.P. Darchuk, Z.V. Partyka, A.V. Anisimova,
Yu.D. Apresyan, O.0. Marchenko, M. Kulchytskyi, A.O. Nikonenko, M. Gross, A. Lanten, V.H.
Yngve, S. Sharoff, Yu.A. Schrader, D. Jurafsky, B. Bengfort, J.H. Martin, L. Tesniere, T. Ojeda, P.M.
Postal, D.G. Hays, T.A. van Dijk, S. Marcus, J. Lyons, L.W. Tosh, Y. Bar-Hillel, D.G. Bobrow, G. Lakoff,
R. Bilbro, N. Kotsyba, A.Yu. Berko, Yu.M. Shcherbyna, V.Yu. Velychko, V.F. Starko and many others
make it possible to understand the basic principles of linguistic processing of the text depending on
the features of a specific natural language. More than 80% of such studies concern the processing of
English-language texts. There are fewer studies on Slavic languages, particularly the low-resource
Ukrainian language. In particular, there are no publications regarding the development
recommendations, functional requirements, general structure, or typical architecture of the CLS for
processing Ukrainian-language textual content. Directly applying the English language's models,
methods, algorithms, and IT processing to Ukrainian-language textual content does not yield positive
results. Already at the level of morphological analysis, a significant conflict arises between the
methods developed for the English-language text and their use for the Ukrainian-language text. For
example, for a simple Porter algorithm (stemming) without appropriate modification, it is not correct
to separate the base of the word from the inflexion, which leads to inaccurate identification of key



phrases, which, in turn, affects the solution of any NLP problem where it is necessary to quickly
identify set of keywords (categorization, search, annotation, etc.). Determining the main features and
processes of linguistic analysis of Ukrainian-language texts will significantly facilitate the stages of
processing the text flow of information, such as integration, support and content management. In
turn, the adaptation of the processes of intellectual analysis of text content with the identification of
functional requirements for the relevant modules of the CLS will lead to the possibility of developing
its typical architecture based on the principle of modularity (adding components depending on the
content of the NLP task and the purpose of the CLS).

The above testifies to the relevance of research in solving the significant scientific and applied
problem of analysis and synthesis of CLS for solving various tasks of processing Ukrainian-language
textual content, which will make it possible to increase the level of resourcefulness of the natural
Ukrainian language based on the development of new and improvement of known models, methods
and means of NLP.

The work aims to develop models, methods, and means of analysis and synthesis of computer
linguistic systems based on new and improved known methods of processing Ukrainian-language
textual content to solve problems of natural language processing. The purpose of the work is to
determine the need to perform such tasks:

1. To analyse the specifics of the construction of the CLS by systematizing the processes of their
implementation and functioning, which will provide an opportunity to distinguish a class of
systems whose functional properties allow to perform a quantitative assessment of the
expected effects of the implementation of a typical CLS of processing Ukrainian-language
textual content for solving various tasks of the NLP;

2. To develop information technology for the construction of CLS for the processing of
Ukrainian-language text, which will make it possible to determine their basic structure,
functional requirements, the sequence of setting and training the system, and general design
principles;

3. To offer IT processing of information resources as integration, management and support of
Ukrainian-language content based on the improvement of linguistic analysis of text content
for the development of metrics for evaluating the effectiveness of the functioning of the CLS
for solving various tasks of the NLP;

4. To develop methods of processing Ukrainian-language textual content for solving various
problems of NLP to increase the accuracy of the obtained results;

5. To develop methods and means of intellectual analysis of textual content to increase the
efficiency of solving various tasks of NLP;

6. Create software modules for processing Ukrainian-language textual content for solving
various tasks of NLP and conducting experiments;

7. To test the obtained results by building and implementing applied CLS to process Ukrainian-
language textual content.

The object of research is the processes of analysis and synthesis of computer linguistic systems
for processing Ukrainian-language textual content.

The research subject is models, methods, and means of processing Ukrainian-language textual
content to solve various problems of NLP.

The following research methods were used to achieve the goal: the theory of formal grammars
and automata, the theory of sets, the theory of data and knowledge models, the theory of probability
and mathematical statistics, the theory of models, algorithms, and logical-linguistic numbers,
information theory, graph theory, and knowledge presentation methods for modelling the processes
of processing Ukrainian-language textual content and developing machine learning modules; models
and methods of processing and analysing textual content for the implementation of the processes of
solving various problems of NLP; methods of object-oriented and system analysis and design - for
design and development of CLS; the theory of relational databases, methods of artificial intelligence,



object-oriented programming - for the software implementation of the Ukrainian-language textual
content processing system for the solution of various NLP tasks. The practical significance of the
obtained results lies in the fact that they can be used to build applied CLS for processing Ukrainian-
language textual content. In particular, the following results are practically valuable:

e The application of the method of identification of persistent word combinations in the
identification of keywords in Ukrainian-language scientific texts of a technical profile allows
an increase in the accuracy of the search for keywords by 6-9% and highlights thematic terms
from the text for further classification of the publication;

e Development of a formal approach to the design of a content monitoring module for
identifying keywords in Ukrainian-language texts based on web data mining, NLP and
linguistic analysis of defined words of text content, which made it possible to develop the
general structure of typical CLS and increase the effectiveness of CLS functioning by 6-9%
depending on the solution of a specific NLP problem;

e The application of the method of calculating the degree of verification of the author of the
Ukrainian-language text based on the analysis of the styles of potential authors made it
possible to increase the accuracy of identification by 6-12% and carry out the decomposition
of the method through the study of stylistic coefficients such as the coherence of speech, the
degree of syntactic complexity, linguistic diversity, indices of concentration and exclusivity
of the text;

e Development of a content monitoring module to identify a potential author of a text from a
set of possible ones based on a comparison of the results of the analysis of a template author’s
text with the researched one to reduce the volume of the corresponding set to [9;34]% of the
total number of project participants, depending on the subject and the time range of scientific
writing - technical publications, as well as the frequency of publications of this author in this
period on a specific topic;

e Experimental testing of the method of identifying the author’s style in Ukrainian-language
texts based on web data mining and linguistic analysis of defined stop words allows the
selection of content potentially similar in style from a set of potential author’s publications.

2. Related works

Determining the main processes and features of the linguistic analysis of Ukrainian-language texts
will significantly facilitate the stages of processing the text flow of content such as integration,
support and content management (Fig. 1). Adaptation of the processes of intellectual analysis of text
content with the identification of functional requirements for the relevant modules of the CLS will
lead to the possibility of developing a typical structure of similar systems based on the principle of
modularity (adding components depending on the content of the NLP task and the purpose of the
CLS). The application of the specified IT/methods/models in the typical structure of the CLS, adapted
for any process of processing Ukrainian-language textual content, is a necessary prerequisite for the
successful implementation of the CLS project for solving a specific task of the NLP, which requires
the use of an appropriate set of standard libraries, utilities and software with open source, which will
solve specialized functions of the project according to the needs of the end user. The state of the CLS
is determined by the tuple of the main properties at a specific moment in time or the activity of the

corresponding NLP process: S; = (i1, Pizs -» Pim), | = 1,1, where s; is the corresponding i-th state
at a specific moment in time ¢; from the set with power |S|=n, p;; is the corresponding ij-th property
of the state from the set with power |P|=m, which determines the behaviour of the CLS as p; =
(Tij1r Tijos = Tijw)s J = 1,m, where 7 jk is the corresponding parameter of the specific property p;;
for the state s;. For any CLS, the state s; is one of the NLP processes, for example, the identification
of keywords and/or stable phrases for the next state s;,, of the system as a rubric of a text array of
data. Accordingly, the properties of the state s; are morphological p;4, lexical p;, and syntactic p;3.



Some NLP tasks may have semantic ones, etc. Then, for the property p;, a set of parameters is

determined for the corresponding text analysis, depending on the specific task of NLP [40-50].
According to these parameters, the strategy of the CLS operation at the moment of time ¢ is specified
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Figure 1: Generalized structure of the computer linguistic system

parameters of the morphological property p;; are N-grams and morphemes: roots 7j11,
endings 131, affixes 13, 3; grammatical categories of different parts of speech 114, word length
Ti15, word placement in a sentence 1;; , number of syllables in a word rj;7, number of word
contents 7;;g, ratio of consonants and vowels 13, , etc.;

the parameters of the lexical property p;, are the location of the sentence in the test rj,4, the
location of the word in the sentence 7;,,, the weight of the word 77,3, the weight of the
sentence 7j24, the base of the word 1y, , the inflexion of the word 1,4, etc.;

parameters of the syntactic property p;3 are the depth of the word in the dependency tree of
the sentence 734, the location of the word in the sentence 733 , the number of contents of the
word 1333, the number of words per sentence 71y34, the number of words ;3 and sentences
Ti36, Whether the word is a capital letter 173,/ with a hyphen 135/ compound 134, etc.;
parameters of the semantic property p;4 are the number of word content 7;4¢, the depth of
the word in the dependency tree 1y4,, the size of paragraphs 1743, the placement of paragraphs
Tiaq, €tC.

Depending on the tuple p; €s;, the behaviour of the CLS is determined, that is, the implementation

of a set of rules (activation of actions or events) for implementing a specific NLP process depending

on the input text data. Accordingly, the event o; is the change of one property to another p;;—>p;

or 0;: p;—p; according to the fulfilment of certain conditions U for the input analyzed text X and

the intermediate processed text C: p; = 0;(p;, U, X, C). Action d is the process of activation of an

event o; by another event o, in CLS: €' = d; (0, © 0,,). The more complex the language (morphology,

syntax, etc.), the more difficult it is to process the corresponding texts in natural language. In
addition, for such low-resource languages as Ukrainian, there are no standardized rules and
dictionaries for processing texts in natural language to solve the relevant tasks of NLP. Many



scientific linguistic schools and IT specialists are working on creating Ukrainian dictionaries, text
corpora and rules for processing Ukrainian texts. However, these are usually linguists and
philologists unfamiliar with the features of specific modern tools, such as programming languages,
ML methods, big data analysis, etc. There is a colossal gap between the research results of philologists
and applied linguists, on the one hand, and IT specialists, on the other, for developing Ukrainian-
language tests. Today, quite a few, such as Ukrainian, have been implemented for general access to
NLP tools.

3. Material and methods

The developed typical structure of S, CLS consists of modules for solving a specific task of NLP
M s, content support Mg,,,, content integration My, content management Mgy, linguistic M4
and intelligent analysis of textual content flows (IATCF) M, [48]:

Swem =< Mgis, Mgmy» Mdcp: Maym, Mige, Myyas > (1)
Accordingly, the solution module of a specific NLP problem M ;:

Mgyis =< Nyyr, Sgcc: Sgco: Sgcv: Sgro: Bonvs lwnwy >, (2)
where Sy is the average conversion rate, Sy, is the average cost of orders, Sy, is the average
cost or utility of the purpose of the visit, 54, is the average Proy or the average return on investment,

P, iv is the percentage (%) of profit from new visitors, I,,,,,,, is the new buyers/customers index at the
first visit.

The presence of the My, text content support module reduces costs for moderators/analysts
who collect/analyze statistical data on the dynamics of the CLS functioning, the activity of the
permanent target audience as a reaction to website content changes, and the formation of rules for
the analysis of user information portraits and thematic content plots:

Mdmr =< [gyk: ngb: Pwap: Pka:Sgrk: Igck: chk: Pka: chz: Pwvz >, (3)
where I;, is the advertising quality index; K, is a brand recognition factor; B,y and Py, are
% of new/repeated customers and users; Sy, is average Prop by type of advertising; Ijc and Pycx
are index and % conversion of goals by type of advertising; P, and P,,,, are % of visits by type of
media advertisement; K,,., is the conversion rate of goals by type of means.

Igyk(W) — chv(W) Ko — Nubq + Nutv’ (4)
Pka (W) Nuaq + Nutv

where P, (W) is a function for determining % of visits from advertisement w; P,,,(w) is a
function for determining % conversion of goals for visits from w; I;y,(w) is a function for
determining the index of advertising quality w; Nyqq is the total number of user queries of
intellectual and informational search (IIS) by keywords; N, is the number of direct visits to the
website; Nypq is the number of IIS requests with brand name.

The presence of the M, text content integration module reduces the costs of CLS moderators

and content authors, automating/implementing some of their work/functions such as content
collection from several different reliable sources, its recognition, filtering, saving, formatting,
analysis, annotation, classification, etc.:

Mdcp =< Pgltr Pgstr Pghtr ngbr Kuzvr Puav' Puzvr Sgncr Pwvvr Sgpvr Sgtp >, (5)
where Py, Pyst and Py are % of repeat visits of the user from the previous visit >t,, within
[t1; t2] when t;<t; and <t; days, respectively; Kg,, is a brand recognition factor; B4, and B, are

% of new/repeated visitors and interest; Sy is the average number of clicks on advertising for Ny,



visits; Py is the bounce rate for one web page; Sy, is the average number of web page views per
visit; Sg¢p is the average length of stay on the web page.

anp chr Nwad Nwzv (6)

Pwvv - N’ Sgnc -
inp

“Nyyr, Kyzy = y Tyzy = N. .
wvk

where Njy,, is the number of direct web page visits; Ny, is the number of one-page visits to a

NW(ZU NW(ZU

web page; N, is the number of visits for analysis; N4, is the total number of visits; N, is the
average number of clicks on advertising; N, is the total number of actions on the page; N, and
N, are the total number of all and interested users.

The presence of a text content management module reduces costs for moderators/administrators
who update the website and create rules for caching/searching popular information blocks:

Mdvm =< Kwis' Pwepr Pgumr Rgup' Pgurr Pgusr Pgub' Pgul' Pwep' Kwdu' Swdu >, (7)
where K, is an indicator of internal IIS; B¢, is % edition of the page with an error; Fy,,, and
Pyup are % of mobile users with a high-speed Internet connection; FPy,,- and Fyy,s are % of users with
low/medium/high display resolution and with a specific operating system; Py,;, and Py,,; are % of
users with a specific browser and with English and/or Ukrainian language support; Ky, 4, is an
indicator of the number of users, views and page visits. The S,, 4, indicator is the base of the content
management module:

Swau =< Nspt, Noyt, Nspt: Nspv > 8)

where N, and Ny, are the average number of page views per visit and for a specific time At;
Ng,,¢ is the average number of unique users for a specific time At; Ng,,; is the average number of
visits for a specific time At. The indicator of internal search on the site:

Kwis =< Npns, Puts) Pksp: Ppus) Peuss, Ppop: Bycs Svrs) Puoss

Buns Punrs Puurs Snup' Tsys, Pyis, Pnrp' Kwps >,

where Ny is the number of zero search results; Py;s and Py, are % of users who were on the
page for > t time and viewed > k pages after the search; Py,,; and P, s are % of purchases made and
% of buyers among users using search; By, is % of rejections after visiting one page as a search
result; P, ¢ is % conversion from users using search; P, ;- and P,,,,- are % of users who do not use and
use search; Sy, is the average number of pages viewed by visitors after a search; Ty, is the average
time spent on the site for a visit after a search; P, and P,,s are % of visitors who conduct several
searches during the visit and who left the site after viewing the search results; S, is the average
number of search results; Py is % of visits with search; P, is % of zero search results, in particular,

P _ Nwep _ anS _ NWS'U (9)

ep — ’ nrp — ’ s = ’

wep prp P vas P Nyns

where Ny, Nyyep and Ny, are the number of all viewed pages issued with an error and viewed

pages with a search, respectively; Ny, is the number of zero search results; Ny, and Ny, is visits
without search and with search.

The presence of a module for intellectual analysis of text streams of content reduces the
time/costs/personnel/resources for the timely and prompt acquisition of relevant, unique, current
content, which leads to an increase in the volume of the target audience of CLS, in particular,
contributes to the growth of the economic effect of the implementation:

Myqs =< Sweer Swivs Swnvs Bwuvs Pomv >, (10)

where S, .. is the average conversion rate; S, is the average length of visit; S,,,,, is the average
number of views per visit; B,,,;, is % of unique customers/visitors/users; P, is % of new website
customers.



According to the tracking of K, events and interaction with the K, site, they analyze:

RWCV + Rwec (11)

)

Kysa = a(Kwdu' Kwas) =< Pyew Psaw Psiws Iwax > Iwax = N.
upv

where Pg;;, is % interaction with the site (for example, commenting, voting, registration,
authorization, subscription, etc.); Py, is % of users who activate various events (for example, clicking
on an ad, starting a function, pausing, etc.); P,., is % of users interacting with different types of
content presentation (viewing the next communication, panning, zooming, etc.); I,,4, is the value of
the measure of usefulness, respectively, of the page/site/CLS/content; Ny, is the number of unique
page views; R, is profit from e-business; R, is the value of the utility measure of user visits
(based on transactions) and the purpose of user visits (based on the utility of goals).

Analysis of success/effectiveness/operational search on the site:

Kiip =< Pwuv: Recc: chv: Pwip: chv: vat: chv: Rwec: Nwtr: chv: Issp > (12)
where P,,,,,, is the value of the usefulness of visiting P, site/page; R, is conversion rating in
e-business for CLS corresponding to the NLP task; Sy, is the value of average utility; P, is the

value of e-business profit for the CLS of the corresponding NLP task; P,, is the value of the achieved
conversion of visits to the site/page of the CLS:

_ RyeytRyec _ Ny¢r 0 _ RyeytRyec _ _ Nyey
Byuy = N s Rece = N 100%, Syev = No aN..fwip — Rycy + Ryecs Puey = '
wvt wvt wcv wtr

100%,

where N, is the number of visits; R, is the usefulness of e-business; R, ., is the utility of the

Nwyt

goal; N,,¢» is the number of transactions; Ny, is the number of conversions.
To attract new visitors and increase the volume of the permanent target audience, the calculation
of the impact on the income of the IIS on the site is used I):

[ssp = (Rssy — Rsnw) * Nssy) (13)
where N, is the number of visits from the IIS; R, and Ry, are the utility of visits without and
with IIS.

The topic of a set of keywords is one of the main indicators of IIS for identifying the specific
content of a page. Optimize investment for sets of keywords that increase conversion values. The
return on investment value (Prop) must be positive (N > Ngxp), i.e.:

Nipe — NExp -100% > 0, PROva _ (Nine * Ane)/100 — NExp -100%, (14)

NExp NExp
where Ngy, is expenses; Ny is profit; Aj, is the amount of profit. Then they find how much

Pro1 =

>q% of funds can be spent on a specific keyword in advertising without the risk of getting Pgo;<0.
To calculate the amount of funds for attracting users, use:

Nlni(')OAInc R (15)
Comax = W' Cemax = Camax - ﬁ-

+1
100
The method of determining the effectiveness/quality of the CLS site for solving the NLP problem:

Stage 1. Formulation and identification of usefulness according to the goals of the target audience
according to the input data from the tuple X.

Stage 2. Activation of reports of the operation of the CLS from the tuple Y of the initial data:

Step 1. Define an unlimited number of goals (=4 goals for each target audience profile).

Step 2. Identify the optimal volume of visits/time of the end user/customer for a successful
conversion.



Step 3. Analyse the volume of the contribution of each goal to the total profit.

Step 4. Combine goals by categories/directions/species.

Step 5. Form separate sets of transactions as appropriate for the purposes.

Stage 3. Support various marketing campaigns/customers through M4,

Stage 4. Support for processing the service content of the site with the M,,,,, module.

Stage 5. Updating the profiles of the target audience according to feedback support through the
M g module, and analyzing user actions through the My,,,,, module.

Stage 6. Integrating content from different sources through M, according to the achieved goals
and processing it through the M,,,; module.

Stage 7. Periodic checks are performed to see whether the goals are being achieved and whether
the profit is growing according to the goals. If it subsides, go to stage 1. Otherwise, go to stage 2.

A classified list of the input stream of content X with a set of relevant properties demarcates
project participants through their typification and restriction of access rights depending on the
content: regular users, potential visitors, linguists, statistical analysts, administrators, content/rules
moderators, authors of unique content, information resource as content source etc. The typed
structure of the content input stream template with a set of relevant properties helps to define the
main functional requirements for the site/CLS and its typical structure and delineate the non-
functional capabilities, classify the sources, calculate the frequencies and the corresponding
restrictions/conditions of integration from the usual source:

X =<Xg, X, Xq, X5, X Xo» Xp» Xat» Xie» Xy Xt Xy X1, X >, (16)

where X, is URL addresses of sources for databases (DB) of CLS filters; X is content as a result
of integration from different X, sources according to a predetermined list of URLs without a
predetermined structure according to relevant thematic requests; X, is thematic requests of
visitors/users of the CLS site in the form of a set of keywords or persistent phrases; X¢ is actual data
of permanent users/profiles and a set of rules of permitted actions within the corresponding type of
user of the CLS; X; is statistical data of actions/ events/ phenomena of the subjects/objects of the
CLS for the solution of the corresponding NLP task and the rules for collecting/saving/analysing
statistics in specific time intervals of the CLS operation; X,, is statistical data on the functioning of
the CLS; X, is contents of the DB/DS of content/rules/filters/annotations, etc. of the CLS; X,  is
different types of linguistic dictionaries depending on the purpose of the CLS for solving a specific
NLP problem; X}, is a set of personalized/anonymous reviews and comments of users to the relevant
content of CLS; X,, is a tuple of the results of personalized/anonymous votes of regular/potential
users regarding the content of CLS; X, is statistical personalized individual actions of users of the
CLS; X, is set of external/internal advertising of thematic content; X, is thematic stickers of
information content (exchange rates, announcements, digests, weather, anecdotes, horoscope, etc.);
X, is a tuple of options for setting up and changing the CLS/site configurations.

Filling the tuple of the output data stream Y according to the purpose of the CLS for solving a
specific NLP problem directly depends on the content of the input classified stream of content X with
a predetermined set of properties depending on the interaction with the site of the corresponding
types of project participants:

Y =<V, Y, Y0, V0 Yo, V0, Yo, Y0, Yo, Ve >, (17)

where Y, is text content as an information product or the result of providing an appropriate
information service for solving a specific NLP task on the CLS website; ¥, is a set of meaningfully
generated/cached pages as a result of thematic requests/IIS of users/visitors of the CLS site; Y, is
annotations/digests/abstracts on textual thematic content; Y,, is a tuple of statistics of user/visitor
interaction with the site; Y; is a tuple of the content of the profiles of regular users of the CLS
according to the personalized statistics Y, for the corresponding generation of an individual portrait
of the user/audience at certain time intervals; Y, is a tuple of meaningful recommended site content,



personalized for a specific regular user according to the profile/actions/interaction with the CLS in
certain time intervals; ¥; is a set of content topics/headings with the possibility of renewal according
to the results of the latest IIS/requests from regular site users; Y, is a scheme of interrelationships of
textual thematic content according to the appropriate classification (current, relevant, author's,
outdated, popular, similar, last-viewed, often-viewed, consecutively by a certain most viewed, longer
viewed, most viewed from search engines or internal IIS, viewed by a typical group of users, etc.); ¥,
is the set of content rating results on a predetermined scale within the corresponding ranking
classification; Yy is a set of marked evaluation and ranking of user comments as the degree of
permission to publish on the site/page, if necessary, with a prohibition mark for a specific contributor
to write further comments and ranking by the degree of trust of all contributors. The list of the
output flow of content, its main features, the corresponding classification, and IT
generation/support/analysis contributes to the definition of precise general functional requirements
for implementing the CLS to solve any NLP problem.

The model of the process of linguistic analysis of the Ukrainian-language text M;,; is presented

Mlat =< XI WJ C: K; YI DI SIACJ SLAJ S\u Sﬁle Sﬁjzlspll Sp215p315p41 S[_)I v, mll ’(152, p1: pzl p3; p4: L >J

where X is the input data in the CLS from various sources of information W; Y is the original
relevant content from the CLS as a result of the IIS according to the requests of users/visitors; S; 4 is
the process of linguistic analysis of content as a component of the IATCF subsystem S;4¢; S, is the
process of generation/modification of the rules of operation of all modules by the moderator of the
CLS; Sg, is the process of filling an unstructured database with integrated content X; SSy, is the
filling module of the structured database based on the processed integrated content C; Sp, and Sp,
are processes of generating results according to the requests of visitors and users; Sp, is a cache
processing process for generating reports on popular requests from CLS users; Sp4 is cache
filling/modification process; S,, is the process of generating statistical results of the functioning of
the CLS/modules and the activities of users D; v is the operator of generation/modification of the
rules of operation of all modules from the moderator of the CLS; m; is the operator of filling an
unstructured database with integrated content X; @, is the operator of filling the structured database
based on the processed, integrated content of C; p, and p, are operators for generating results
according to the requests of visitors and users; p, is a cache processing operator for generating
reports ¥ on popular requests from users; p, is cache filling/modification operator with K data; v is

an operator for generating statistical results of the functioning of the CLS/modules and user
activities:

Sia=<X,Y,C,D,R,0,B,v,8,L,0,,Gu>, Y =pooogotorodoyofoaq, (18)
where X is the input text data array; Y is a tuple of the original processed text according to the
purpose of the CLS; C is a set of intermediate content, which is processed at the appropriate level in
the CLS; D is auxiliary dictionaries; R is a set of processing rules; o is grapheme analysis operator
(GA); B is morphological analysis operator (MA); v is lexical analysis operator (LA); 6 is operator of
syntactic analysis (SA); A is semantic analysis operator (SEM); o is ontological analysis operator; 1 is
reference analysis operator; ¢ is structural analysis operator; L is operator pragmatic analysis (PA).
The primary process of linguistic analysis of textual content is presented:

Y = H(CW DW RIJ" O(CO, DO, RO, Q(Cg, Dg, Rg, l(CL, DL’ RL’ , X(C;L, D?u R?u S(CS, DS! RS,
Y(Cy' Dyr Ryr B(Cﬁr DB' RB» OL(CG, Dou Rou X)))))))))' (19)
where the content setsC = {CH, Co, C, €, Gy, G5, C,, G, C,}, linguistic dictionaries D =
{Dw D,, D, D\, Dy, D5, D,, Dg, Dy, } and sets of  production/association rules R =
{Ru R, R, R, Ry, Rs, R, R, Ry ).



The primary linguistic process of processing textual Ukrainian-language information to solve a
specific task of the NLP consists of nine stages:
Stage 1. Grapheme analysis o of textual Ukrainian-language information X:

Co = a(X,Dy,Ry), Co = 0Ly ©0Lg ©0lg © 0Ly © 0Lz © Clp © Oy, (20)

where X is the input text data array; o is GA operator; C, is grapheme structure of the input text;
D, is grapheme dictionaries and libraries; R, is GA rules; a4 is an optical character recognition
operator; o, is grapheme parsing operator of the input text X into sections, paragraphs and
sentences; a3 is grapheme analysis operator of linguistic chains into separate words; o, is the
operator for forming a set of unrecognized chains; o5 is the operator of identification and marking
of unrecognized chains as numbers, dates, constant returns, abbreviations, proper and geographical
names, etc.; o is the operator for marking non-text strings as special symbols, formulas, figures,
tables, etc.; o, is an operator for generating a marked linear sequence of words C,, with official signs
and connections.

Stage 2. Morphological analysis B of text content Cp consists in the identification, analysis and

determination of the form and structure of words, in particular:

Cp = B(Cor D, Rp), Cp=PzoP,oP,orCp=P;0Pp,°B, (1)
where B, is the morphological segmentation operator of the grapheme-recognized chain of
symbols (words/tokens); 3, is a token lemmatization operator; B, is the operator for marking parts
of speech for segmented words; 3, is the word stemming operator.

Production rules for identification/generation of Ukrainian participles [51]:

L. Formation of grammatical meanings: {Dx = Dg(x,y)}, where x = (act/pas); y = (pres/
past), for example, {Dx = Dg(pas, pres); Dy — Dk (act,pres), ...}.

I Analysis of morphemes: {Dg(act,pres) - 0'(t,d, a3)C(act, pres,as)®; Dg(act,past) -
0'(t,d,a3)C(act, past, az)P; Dk (pas,pres) — 0’(t, d—d, a3)C(pas, pres,as;)P;
Dy (pas, past) - 0’(t,d —d, a3)C(pas,past, az)®}, where 0, C, @ are designation of various
morphemes without description.

III. Decomposition of the verb stem: {0'(@) - O(M)T; 0'(3, 5)C(x, y) -
0(3, 6) C4C(x,y,1); O'(atem) —» O(atem)}, where T is thematic element (TE) -u(i,i)-/-a(s)-/-
on(p)o-; atem is attribute value a, different from atem, i.e (a/i/d@/i/0), C4 is verb suffix; 0 is any
attribute value other than @; x and y must satisfy the following condition: at x = pas it is necessary

that y = pres.
IV. TE identification: {(@)Ta — 0(@){; O(D)Ta - 0(1){; 0(a)T - O(a)a +; O())T - 0(i)i +;
0(0)T - 0(0)o +,; O(E, 11, a)TC(act, pres) — O(E, 11, a)a + C(act,pres); O(d —

d,l, a)TC(pas, pres) — O(d —d, 1, a)a + C(pas, pres); O(d —d, 1, i)TC(pas, pres) — O(d -
d, 1, i) + C(pas,pres); (@,INTR - 0(a,INa+¢&; O, DTL —» 0@, 1) + &}, where { and & are
arbitrary vowel and consonant; + is boundary between morphemes.

V. Forming verbs with the appropriate morpheme: {O(l,y)C; = O(l,y)yBa+; O(l,y)Cy =
0(1,y)oBa +; 0(3)Cy » 0(¥); 0(t,d,u)Cq - 0(t,d, 1) + C(pas, past);
0(t,d,n)C,4C(pas,pres) = 0(t,d,n)ny + C(pas, pres)}.

VL Suffix  identification:  {C(act,past,] —1I) - n+; O(atem)C(act,pres,I) = y4+;
0(atem)YC(act,pres,I) - 104 +; 0(atem)C(act,pres, 1) - a4 +;
O(atem)YC(act,pres, 1) -» au+;  C(pas,pres/past,] —II) > u+; C(pas,pres/past,] —
II) - t+; O(atem)C(pas,pres/past,] —II) = eH +; O(M)YC(pas, pres/past, I —II) =
en+;  O(atem)C(pas,pres/past,] —1I) > ysa+;  O(atem)YC(pas,pres/past,] —II) -
ioBa+; C(pas,pres/past,] —II) - oByBa+; O(atem)C(pas,pres/past,I —II) — oBa +;



O(atem)YC(pas, pres/past,I — II) = WioBa +;

X'boBa+}, where Y is any suffix/TE; X' is soft consonant, X is arbitrary consonant.

O(atem)X’C(pas, pres/past, I —II) -

1. / R \
2. (I) T ch,od,H,B /}5,% 7|#
3. (/ll 1) T /SM’J()’”’:; \ 00,menep,3 ~t¢,uo,3u,1 Scep 00,0p,3 ?T
4. (// 1) T ~9/c,0(),n,3 Sll,o(),p,3 00,menep,3 S‘I,O()Jll,l ~cep,oo,op,3 T’T
5. (II 2) #r A)/c,()() " ~DI(,’,0(),H,3 gq’oo’p’3 00,menep,3 ~t¢,0(),3u,1 ~cep,00,0p,3 #r
6- (II 2) fT ch|,0() H 5 ,|0(),H,3 Alt,()(),p/ S},()(},pﬁ I/()(),menep,B 5%,0(),3}1,1 Scep‘,od,op,3 #r
7. (// 2) # AQ[J’O()’][ S;K.’|0()’”,3 Aq,0¢)|’p S’q’oo’p’3 00,menep,3 Sq,od,a//,l Acep,o(),op ~C€Pa0¢),0p’3 #

po ok L L S

o | y I

10 (” 4) #r A)IC,O(),H S)/c,()(),u Al/,()(),p S’-t 00,p I/()O,menep,B lt,oT,;eu,l Acep,0(|),op ce;|7,0(),op #r

| | | i
1 1 (” 3) # ch,m) H ch,o() H Au,o(),p Sq,oo,p 00,menep,3 Sjj;tgjgu,l cep,00,0p cep,00,0p #
N R S R O A A
| | | | I | |
V.6 V.2 Iv.6 V.1 Iv.7 V.4 Iv.6 V.3
# gecerna rnocmiluka meoeo CUHa HarosHwe MeHe b6e3MexHUM  wacmsm #

Figure 2: An example of building a tree for parsing the dependencies of sentence words

VIL Selection of the verb form (f/f) and inflection: {® — ®(f); @(f,s) — oro, um, omy;
@(f,m) - uit; @(f,w) - oo, oi; @(f,5) = UM, UMH, ux; ¢ — @(7); ¢(7,W) -a,y; qD(]_f,k) - €
(D(]_‘, 5) - iy C(pas)qb(j_f) - o}.

VIIL Dictionary-based {0(t—t d—d, 1 atem, y) -
aBToMatus+, 6ya+, man'+, ..; O(t—¢, d, 1, atem, @) - Bec+, ..; O(t, d —-d, 10, 1, 9) -
0(%, d, 1, a, ®) - BTpYyu+, ... o(t, d—d, L i, §) > mocmimu+, ..;
0(, d, L i, §) - zanisu+, ...  0(¢, d, 1, a, @) - kox+, ..; 0(¢, d, 10, §, @) > 06+, ..;
o(t, d, 1, atem, 0) - HecH, ..; 0(t, d, I i, ®) - nogin+, .. 0(t, d, I, atem, @) -
0(t, d, I, atem, y) —» nobya+, posdap6+, ..; o(t d 1a 9)-
CMij+, CTOTHH, ..; o(t, d, 1, aq, @) - cuut+, ..; 0(t, d, I, atem, H) = ycMix+, ..
o(t, d, 1, atem, y) - dap6+,..; 0(t, d, L o, ®) > Mmon+,..; O( d, L i, ®) > amapH+,..;
s

IX. Basic morphological rules: {a;+— a; +jay; j+u—1i; oZ + C(pas,pres) + @ - aZ +
C(act,pres) + @;c'+W-om+W;B +W-osr'+W;6'+W->061+W;n' +W - ok’ + Wy T+ W
Su+W;.;n0+Won+W,;c+W-c' +W,;..;u8 + D> u + o}, where a; and a, are arbitrary
vowels; j is sound designation [j] (itor); Z is any sequence not longer than 3 characters; W = -e(e)n-

stem identification:

BTpad+, ..;

npusec+, ..;

, -y(10)Ba-, -oBa-, -OByBa-.



X. Graphical and orthographic rules: {j + a = a,ja > a;j +y —> 10, jy > 10;j + e > €, je = €
X ta-> X+ X +y-o X+, X +u-> X+ X +i-X+ X +e—> X+€}
XI. Erasure of the boundary indicator between morphemes: {A + B — AB}, where A and B are
any morphemes that none of the rules of groups IX-X apply to A + B.
Stage 3. Lexical analysis y of the text content C, in the intermediate stage of the analysis of the

lexeme sequence to generate a parsing tree at the SA level:

C=v(CpDpR), Oy =101 0y =¥5 07,213 00 &y = 1507, 22)
where vy, is a speech segmentation operator for identification/clarification of
words/phrases/tokens after MA; v, is speech recognition or speech-to-text operator; v, is optical
character recognition operator as the second part after GA and MA for clarifying incorrect moments
of recognition, taking into account the recognized adjacent tokens; y, is the word
tokenization/segmentation operator as data preparation for building a parsing tree at SA; y, is text-
to-speech.

Stage 4. The syntactic analysis & of text content Cs consists in building a tree for parsing word
dependencies (Fig. 2) in a sequence of lexemes based on their categories:

63 = S(Cy, Dg, RS)' C5 = 63 o 82 o 61, (23)

where 0; is grammar induction implementation operator; o, 1is the operator of
identification/elimination of boundary ambiguity or sentence violation; 83 is operator of syntactic
parsing of phrases/sentences for building a SA tree. Rules for formulating Ukrainian phrases:

I Choice of structure: {R = #.S:x,y,,_,,w I%,,Tenep,w#}, where V is verb group, S is noun group, x
is gender, y is singular/on, or plural/mm; z is the case, w is the person.

I. Noun group: {Vyyz3 = Sxyz3 Sx',y',p,w; Sxyz3 = Axyz Sxyz3s  KiSxyzw K2 =
Klsysc‘%lz/szd,wKZs K, # Ax,y,z> K, # Sz’? xy,z3 Sx,y,z}-

L. Verb group: {Vy,Tenep,w - Vy,Tenep,w Sx’,y’,sﬂ,w’ Sx”,y",op,w"; Vy,Tenep,w -

Vy,Tenep.W Sx',y',op,w' Sx”,y",BH,W"; Vy.Tenep,w - Vy,Tenep,W Sx',y',sH,W' > Vy,Tenep,w -

Vy,Tenep,W Sx',y',op,w'}~

IV. Substitution of words: {Syy, , = CHHy 5, ..; Syyz = TOCMINIKAy 4, . .. Scepy,z = WACTAy, 4, ... ;
Stonz1 = Az Sionzz = Tz ¥
BECeNUHy 5, ,, 6€3MEKHU Ny 5, ;, MiHy 5, 5, TBiHyy, 7, ... }.

renepw — HAMOBHUTHy renepw - - Ax’y_z -

Stage 5. Semantic analysis A of the Ukrainian-language text C, consists of

C.=MCs DRy, G =Ry 0y, (24)
where A, is the identification operator of lexical semantics with the generation of a collection of
values of each lexeme of the text; A, is the relational semantics identification operator of the
interdependencies of the content of the lexemes of the text.
Stage 6. Reference analysis 1 identification of interphase units C,.

Cl = 1(67»7 Du Rl)' (25)

Reference analysis is often part of SEM. For Ukrainian texts, when analysing large corpora of
texts, it is best to carry out as a separate stage (for example, for the analysis of the correspondence
of a social group/community in social networks or other dialogues to identify logical, meaningful
connections between the posts of different participants due to the subjectivity of everyone's speech.

Stage 7. Structural analysis g of the Ukrainian-language text C; based on the degree of coincidence
of lexical, terminological units of unity of text fragments. It is often part of SEM for short
texts/messages or not used at all. For large corpora of texts as an additional stage of elimination of
marked inaccuracy in SEM.



C. = c(C, D, Rg) orC. = c(Gy, D, Rg). (26)
Stage 8. Ontological analysis of o text content C, on the basis or part of the results of SEM and
reference/structural analyses if necessary:

Co = 0(C, Dy, Ry,), Cy = 0(C,, Dy, R,) o1 Cy = 0(Cy, Dy, R,)- (27)
Stage 9. Pragmatic analysis of p text content C,, is used to determine the text's structure by
considering the context of sentences when forming paragraphs, sections, and dialogues. PA is an
essential addition to SEM, reference, and structural analyses if it does not contribute to eliminating
marked inaccuracy.

Y = H(C}u Dw Rw C)w[ o’ gr C] ) Y = My 0 Hys (28)
where 1, is a semantics identification operator outside individual sentences/phrases; p, is the
operator of text processing through higher-level NLP applications, for example, to simulate
intelligent behaviour and an apparent understanding of natural language.

A general scheme/model of the pipeline of the CLS operation has been developed based on
improved methods of processing information resources such as integration, maintenance and
content management, as well as the development of improved methods of intellectual and linguistic
analysis of text flow using machine learning technology (Fig. 3) [52-58]. Based on feedback from the
user and output data of the ML model, the target audience interacts with the CLS, which contributes
to the adaptation of the selected learning model. Five stages of relevant processes determine the basic
architectural principles of building a typical CLS. The methods of monitoring, developing and
managing content are interaction, formatting/filtering, NLP, ML and data accumulation in DS.
Content and support processes feature analysis, deployment, prediction, interpretation, and
content/result presentation. At the interaction stage, a set of rules for integrating content from
multiple reliable sources at certain intervals is developed. Also, in parallel, a set of rules for checking
the data entered by the user of the CLS was created as a preliminary stage for the formatting/filtering
stage according to a collection of rules and content from the DS set in advance by the moderator.
The next stage of NLP is an intermediate stage for ML and data accumulation. The ML stage is
implemented through SQL queries and modules. The support process is more accessible to implement
than the management stage, especially when analysing the results of the NLP, in which additional
lexical resources and artefacts (dictionaries, translators, regular expressions, etc.) are created, which
directly depend on the effectiveness of the CLS functioning (Fig. 4) [52-58].

Processes of monitoring, development and management of content

Input Interaction Formatting Machine Accumulation of
content I filtering learning content/
E————4 Integration —.’ibib Classification a?ezz}t/i;:sOf
Relevant Presentation . Interpretation . Prognostication . Deployment \
content . . I /
Y O O
User Data storage |
requests |CLS website Computer linguistic system§

<

Content analysis and support processes
Figure 3: Scheme of the pipeline of the CLS operation
The transition process from the raw text to the expanded ML model consists of additional content

transformations. First, the input text content is transformed into the input corpus as a collection of
texts, accumulated and stored in the DS. The incoming content is further grouped, filtered, formatted,



linguistically processed, marked, normalized and converted into vectors for further processing. In
the final transformation of the model (Fig. 5) [52-60], they train on the vector corpus to create a
generalized presentation of the original content for further use in solving a specific NLP problem.

Input Processes of monitoring, development and management of content
content >

Interaction Formatting Linguistic

filtering processing

Content marking Model training

_} Calculations
-I— o I

el B sl
Content - -

Text Marked 1 Lexical Model
archive collection case resources »repository
Conte_nt Conte_nt Corpu_s Prognostication {"- Modeling
collection selection analysis

CLS website Computer linguistic system

Figure 4: Scheme of the pipeline for processing Ukrainian-language textual content

Processed The process of generating an optimal machine learning model >
content

Monitoring Processing Generation of Data Leaming the ML
the ML model management model

Data . Forming Analysis of signs Testing of the
‘1’/ Choice of ML -_-/‘L.
3
Content I Adjustment of Model 1 Content 1
archive parameters \ repository _’repository
Data filtering Conte.nt Model Chposmg s {"‘- Model settings
selection control optimal model

Optimization of the ML model CLS cloud storage

Figure 5: Machine learning pipeline process

NLP methods have been improved based on the developed 82 regular expressions (RGs) of pattern
matching in GA and more than 2000 RGs of morphological analysis of Ukrainian-language texts.
RV's primary admissible operations are the union and disjunction of symbols/chains/expressions,
number and precedence operators, and anchors of the presence/absence of symbols in regular
expressions. The main stages of tokenization and normalization of the Ukrainian text by cascades of
simple substitutions of RG and finite automata are determined. Algorithms for word segmentation
and normalization, sentence segmentation, and Porter's modified stemming are implemented and
described as an effective way of identifying lem affixes for the possibility of marking the analysed
word. Porter's modified stemming algorithm is based on searching/checking the obtained
intermediate results with the tree of inflexions (so as not to go through all possible inflexions) and
with the content of thematic dictionaries of bases with a set of PG-rules for identification of features
(classification by parts of speech).

Step 1. Identify the next lexeme as the word w; (ws = w;).

Step 2. Check with the stop word dictionary whether D, or wy is a service word. If yes, then
i =i+ 1and go to step 1. Otherwise, go to step 3.

Stage 3. Go to the end of the word wg. Recognize the inflection f; in wy from all possible ones
(the longest one is chosen, for example, in wg=TexcroBa we choose the ending fi'=oBa, not fj+a)



from the RG of the word type Rugjectivals Rnoun> OF Ryerp and in the presence of deletion of the
inflexion f;\.

Stage 4. Saving the inflection f; in the word tag w;.
wi

Wi
adjectival® orm

Stage 5. Label w; as type m My un verp> fespectively.

Stage 6. Finding the deleted inflection f} in the tree of inflexions Tfiection (the longest one is
chosen). Checking the contents of the subtree Tszle ction With the existing word ending (f=f+

f). If wg ends in £ and has a counterpart in Y}fllection, then we store it in f; = f and delete in w.

Stage 7. We check the obtained base wg of the initial word w; with the content of the dictionary
of bases D, of words of the Ukrainian language. If there is no respondent, we store < w;, wg > in
the additional temporary intermediate dictionary Dy, > for the moderator and proceed to stage
1. Otherwise, proceed to stage 4.

Stage 8. Analysis of inflexion and the presence/absence of alternation of letters in the
base/inflexions of the words< w;, ws > and the analogue of the base of the word in D,, according

to the corresponding PG-rule of MA to identify additional features of the analyzed word w;.
Stage 9. Adding the identified linguistic features of the recognized part of speech to the tag of the

wi

wi wi
adjectival’ Mpoun OF M

word w; of the type m verb’

respectively. Saving the results in the

corresponding dictionary D,,, of the analysed text.

Unlike the classic Porter's algorithm, the modified one is adapted specifically for the Ukrainian
language and gives an accurate result in 85-93% of cases, depending on the quality, style, genre of
the text and, accordingly, the content of the dictionaries of CLS. In total, about 1,300 rules for
processing suffixes and endings, considering the alternation of letters, adjectives - 99 RG-rules, and
verbs - more than 800 RG-rules have been implemented for MA Ukrainian-language nouns. The
algorithm for the minimum editorial distance of lines of Ukrainian texts is described as the minimum
number of operations required to transform one into another. Also, an algorithm for calculating the
maximum likelihood metric for the 2-gram and 3-gram models based on the analysis of word bases
was developed to identify stable word combinations as keywords. To forecast the conditional
probability of the following base of the word, we use the Markov assumption (the probability of the
word depends on the previous one).

Moreover, suppose the keywords are a set of nouns or an adjective with a noun. In that case,
other words, such as verbs, participles, etc., will be considered additional separators as other
punctuation marks that demarcate persistent phrases as potential keywords. The order of bases is
not crucial for the Ukrainian language.

Stage 1. Process the input text and break it into separate phrases (sentences) R{R; ... R;,,, marking
each start-end with the corresponding <p> </p> tag. Eliminate all non-alphabetic characters.
Convert uppercase letters to lowercase. Remove official words if necessary (for certain NLP tasks).

Stage 2. Apply Porter's stemming to obtain the sequence of word stems X;;X;3 ... X;,, of word

stems VR; taking into account word normalization, respectively.
Stage 3. Receive input queries Q1Q; ... Qx as a sequence of words of the searched data. Find VQ;
for each word y;1yj, ... y; k; basis by stemming.

For example, for the search phrase Q;:

Memoou ma 3acodu onpayroeanus iHghopmayitinux pecypcie
cucmem eleKmpoHHOi KOHMeEHm Komepyir
Translation - Method and tools for information systems processing in electronic content commerce
systems

Vi1 Vj2 Vi3 Via Vjs YVie YVj7 Vjs YVjo YVj1o
Merox Ta  3aci6 ompary iHdopM pecypc CHUCTeM eJIeKTPOH KOHTEHT KOMepIl
58 190 25 62 122 83 170 89 408 300




Stage 4. Conduct a statistical analysis of the occurrence of word stems and sequences of query
word stems in the analyzed text.

The text Xi1  Xip  Xi3  Xia Xis5 Xig Xiz Xig Xig Xi10
Words basics Merog  Ta  3aci6 onpan iHGOpM  pecypc CHCTeM  €JEKTPOH  KOHTEHT — KOMepI|
Xi1 METOR 0 8 0 6 0 0 0 0 1 0
Xio i 2 0 5 1 7 0 2 0 0 1
Xi3 3aci6 0 2 0 14 0 0 0 0 0 0
Xi4 onpan 0 0 0 0 46 0 0 1 3 4
Xis ingopm 0 0 0 0 0 64 9 0 0 0
Xig pecypc 0 7 0 0 0 0 0 1 0 0
X7 cucreM 0 8 0 1 0 0 0 21 0 0
Xig ~ CTCKTPOH 0 0 0 0 0 0 0 0 72 10
Xjg  KOHTEHT 0 10 0 0 0 0 0 0 0 73
Xi1p  <oMePH 0 6 0 0 0 0 0 0 176 0

Stage 5. Find the probability of the appearance of 2-grams in the analyzed text. In each row, the
value is divided by yj;, where i is the row number after normalization.

The text Xi1  Xig  Xiz X Xis  Xig X7 Xig Xig Xi10 Vi
words basics  Meron Ta  3aci6 ompan iHpOpPM ~ pecypc  CHCTEM ~ €JIeKTPOH  KOHTEHT  KOMepI
xil MeTO[ 0 0.18 0 0.1 0 0 0 0 0.02 0 58
xiz Ta 0.01 0 0.03 0.005 0.035 0 0.01 0 0 0.005 190
xi3 3acib 0 0.08 0 0.16 0 0 0 0 0 0 25
xi4- orpary 0 0 0 0 0.74 0 0 0.016 0.048 0.064 62
xi5 iH(bOpM 0 0 0 0 0 0.52 0.074 0 0 0 122
Xjg ~ Decype 0 008 0 0 0 0 0 0.012 0 0 83
xi7 CHUCTEM 0 0.05 0 0.006 0 0 0 0.124 0 0 170
Xig €JIEKTPOH 0 0 0 0 0 0 0 0 0.81 0.112 89
xi9 KOHTEHT 0 0.03 0 0 0 0 0 0 0 0.179 408
xilO KOMepIL 0 0.02 0 0 0 0 0 0 0.053 0 300

The resulting matrices will, in most cases, be sparse. Phrase and various variations

(plural/singular and cases) P(cucTeMa eJleKTPOHHOI KOHTEHT KOMepllii):
P(enexkTpoH|cucteM)P (KOHTEHT|esieKTpoH) P(KOMEpI|KOHTEHT) =
=0.124x0.81x0.179=0.01797876.

The SEM method has been improved based on the taxonomy of concepts, which specifies the
syntax of the Ukrainian language as the root concept of the ontology: Concepts,: < Rgp; > —C',..

In SEM, to identify the set of semes of the corresponding Ukrainian-language text and their
relationship, first, based on the results of SA, a semantic graph of the relations of linguistic units is
built, taking into account the parts of the language of words:

C'y = MCy, Dy, Ry, Concepts,), Concepts, =< Cyracmp Csntemp >

where Cyracmp 18 a tuple of concepts of phrase formation; Cgpremp is @ tuple of sentence
generation concepts in the Ukrainian language. Tuple Cyyracmp 1S given as:

Cwracmp =< Sgny’"®, Sgny"®, Sgn¥"®, Sgn™® >,

where SgnV"® is a tuple of phrase generation properties:
SgnWrd =< Sgnlldxc'sgn.ISnt >,
SgnWrd =< SgnNou' SgnAdc' SgnNmr' SgnPrn' Sgn{/Irb' SgnAdv >

wrd _ 11 11 Wrd _ %
Sgnz’"* =< Sgncrq, Sgnimy >, Sgny 't =< SINSmwar SINEmwa >



where Sgn! . is a tuple of lexical signs of phrase generation; Sgnk,,, is a tuple of syntactic signs
of phrase generation; Sgnk,, is a tuple of named properties; Sgnk,. is a tuple of adjectival
properties; Sgnk... is a tuple of properties of numerals; Sgn¥,,, is a tuple of pronominal properties;

Sgnif.p is a tuple of verb properties; Sgnky, is a tuple of adverbial properties; Sgnf!; is a tuple of

consecutive properties and S, gnﬁ{f is a tuple of subordinate properties; Sgn’, 4 is a tuple of ordinal
properties and SgnlY ., is a tuple of subordinate properties.

The tuple Sgn!, describes the component properties of a relation clause:

- _ crd crd crd
Sgncra =< S9Naacms SINCncm SINDem >
where Sgn§72,, is a tuple of the properties of a separating connection, Sgnéré, is a tuple of the

properties of a connecting connection, and Sgn§'%,. is a tuple of the properties of an opposing
connection.

Inf
MgCm’

Inf
AgCm

111

Sgniyy =< Sgn(ytm Sgn Sgn >,

where Sgnlc?ccm is a tuple of matching properties; SgnZZCm

Inf
SgnAng

is a tuple of control properties;

is a tuple of adjacency properties. A tuple of sentence generation concepts: Cspremp =<

Sgni™,Sgns™, Sgn3™, Sgns,, >, where sentence generation properties are grouped in Sgn;™t

are a tuple of sentence generation properties; Sgnsns, is a tuple of clause identification properties;

Sgnignt =< SgnIIVrSnJ SgnlIDrSn'Sgn{nSn >’Sgn§nt =< Sgn}IEImNtJSgn{?ImCl >,
Sgn3™t =< Sgngise, Sgngise >.Sgnsump =< SINumscmpr SINSdStrn >
where Sgnk,.s, is a tuple of narrative sentence generation properties; Sgnb,¢, is a tuple of
properties for generating interrogative sentences; Sgnl, ¢, is a tuple of prompt sentence generation
properties; Sgnk . is a tuple of properties for generating emotionally neutral sentences; Sgnk, -,
is a tuple of properties for generating emotional sentences; a tuple of concepts for the formation of
Sgnlk, simple and Sgnl, complex sentences; Sgnyiiab,,, is a tuple of properties identifying the
main members of the sentence; Sgnsis® " is a tuple of the properties of the identification of the

secondary members of the sentence; Sgnk, g, =< Sgn%fg?, Sgnngst > Sgn%fg? is a tuple of

properties for generating affirmative sentences; S gn%;ﬁ# is a tuple of negative sentence generation

properties. To generate a simple sentence Sgnlik, features are analyzed:

11 _ SISt SISt SISt SISt SISt SISt SISt SISt
Sgngise =< Sgny,Sgny”t, Sgnszt, Sgny >, Sgngt, Sgng L, Sgny v, Sgng ot >,

where Sgn?'5 is a tuple of simple sentence generation properties.

4. Experiments, results and discussion

I will analyse the results of the experimental approbation of the developed methods and means of
linguistic, intellectual analysis of texts in the Ukrainian language based on the development of
methods for identifying keywords, determining persistent word combinations, thematic
classification of the text and detecting duplication of text. Let us consider the peculiarities of the
process of syntactic analysis of Ukrainian-language textual content aimed at identifying significant
keywords of input texts. Having determined the role and formal features of the syntactic analyser in
the process of identifying keywords of the content topic, the procedures of the proposed method
were decomposed into two stages (Table 1), where A (total keywords identified with a given word
weight), B (generated significant words without pronoun and verbs), C (coincidence of words with
the author's list), D (accuracy of the coincidence of identified keywords with the author's list), E
(additionally defined keywords, but not determined by the author of the publication). In stage 1, the
research for step 1 (analysis of full articles) and step 2 (articles without metadata such as abstract,



author keywords and list of references) was carried out without the application of ML, and in stage
2 - with ML. The method of article analysis without metadata achieves the best results according to
the density criterion. The author of the article often defines a more significant number of words (45)
and a smaller number of keywords (A;) than are present in the text of the scientific and technical
publication (Fig. 6). Unlike known parsers, the proposed method provides self-improvement and self-
learning of the keyword definition module due to the identification mechanism of significant
statistical parameters within the limits defined by the moderator. A system has been developed on
the Victana website, which allows users to choose from a list of languages of the analysed text
(http://victana.lviv.ua/index.php/kliuchovi-slova). The value of A differs from the value of A; by
0.69 (by number, but not by content); 4, from A; by 1.74; A5 from A; by 2.66; Ag from A; by 3.58.
The value of A, differs from the value of A3 by 4.36; respectively, A, from A, by 3.31; A, from A5 by
2.39; A, from Ag by 1.47. Adaptively changing the parameters/rules of the module almost doubles
the collection of identified keywords (for example, the value of A, is greater than Az by 1.144654; Ag
by 1.750524; As by 1.557652; A4 by 1.36478). The total increase in value obtained depending on the
moderation of dictionaries is, respectively, for A3 is 14.46541; A, is 36.47799; Ag is 55.7652; Ag is
75.05241. When comparing A, is greater than A3 + A4 and we have a chain of such values as 1.7985;
1.5084; 1.3217; and 1.176.

Table 1
Statistical data of the study of the content of scientific and technical publications

Name Words Stage 1 Stage 2
weight A B C D E A B C D E
Step 1 =1 546 392 251 208 174 743 7.03 327 3 418
=2 1.08 0.88 0.63 0.59 0.26 2.67 264 165 154 1.12
=3 0.41 038 0.22 0.21 0.16 121 1.2 085 0.79 041
=4 0.15 0.13 0.09 0.09 0.04 046 045 033 031 0.15
=5 0 0 0 0 0 0 0 0 0 0
Step 2 =1 6.51 502 2.68 223 237 835 778 325 291 499
=2 134 111 074 0.72 039 3.12 3.07 1.81 1.67 143
=3 051 045 0.29 027 017 142 14 093 0.85 0.54
=4 0.19 0.17 0.12 0.12 0.05 0.73 0.72 045 042 0.31
=5 0.11 0.1 0.06 0.06 0.04 033 032 025 023 0.1

10 B Author's keywords Name Column Arithmetic average number of keywords
Number of words A; | Author's keywords defined by the author 4.77

Stage 1, Step 1 A, Number of words contain author's 9.82

Az Stage 1,Step 1 5.46

Stage 1, Step 2 A, Stage 1, Step 2 probable keywords 6.51

W Stage 2, Step 1 Ag Stage 2, Step 1 found by the module 743

a) 0 M Stage 2, Step 2 b) Ag Stage 2, Step 2 at stage X and step Y (Fig. 7-Fig. 8) | 8.35

Figure 6: Results of the analysis of more than 300 scientific and technical publications

For different stages and steps of the experiment of processing the primary text, the average
coincidence of the lists of discovered keywords with the author's keywords varies in the range of
52.6-68.5%. The accuracy of matching keywords with the author's keywords ranges from 43.6 to
62.9%. The average match of meaningful keywords compared to all found by the system ranges from
38.9-75.8%, depending on the stages of analysis of article texts. The accuracy of matching keywords
compared to all found by the system varies between 34.3-71.9%, depending on the stages of analysis
of article texts. For A3, the module most often identified the number of keywords {5, 7, 3} (>10),
although the distribution of found keywords was within [1;18] words (except 17).

For A,, the module most often identified the number of keywords also {5, 7, 3}, although the
distribution of found keywords is within [1;18] (except 17), the number of identified words increased,



and the highest reliability index was achieved. For Az, the module most often identified the number
of keywords {7, 6, 5, 10, 8}, although the distribution of found keywords was within [2;14] (the range
narrowed significantly). For Ag, the module most often identified the number of keywords {8, 5, 7,
10}, the distribution of identified keywords within [3;16] (accuracy improved). The accuracy of the
definition of keywords increases during the moderation of dictionaries and the ML module. The
difference between the number of keywords defined by the author and identified by the module at
Aj is 44.39919% (difference in %). Accuracy improves with A, is 33.70672%, significantly improving
with Ag is 24.33809%, and with Ag is 14.96945%.

M Total words M Total words
B Meaningful words B Meaningful words
] CMoTcrl]dence with author's m Coincidence of words
atch accuracy
I m Additional words I . AMdadtictri]oicaclliAr/?)Cr\és
I -- -— —-— —_— ‘ - - — -
Weight = Weight = Weight=3  Weight=4 b) Weight=1 Weight=2 Weight=3 Weight=4 Weight=5
W Total words B Total words
® Meaningful words B Meaningful words
M Coincidence with author's m Coincidence with author's
I Match accuracy I Match accuracy
M Additional words I l . Additional words
0 I ..- Els — - | - e -

C) Weight=1  Weight =2 Weight =3 Weight =4 Weight=1 Weight=2 Weight=3 Weight=4 Weight=5

Figure 7: Obtaining meaningful words at the stage: a) 1.1,b) 1.2,¢) 2.1 and d) 2.2

M Author's keywords

m Author's keywords 10
® Number of words B Number of words
m Defined by the system m Defined by the system
Meaningful words Meaningful words
M Coincidence with author's M Coincidence with author's
_ B Match accuracy _ B Match accuracy
b) 0

M Additional words W Additional words

W Author's keywords M Author's keywords

m Number of words ® Number of words
m Defined by the system m Defined by the system
Meaningful words Meaningful words
m Coincidence with author's m Coincidence with author's
- B Match accuracy H ® Match accuracy
W Additional words d) 0 W Additional words

Figure 8: Arithmetic mean occurrence of words at the stage: a) 1.1, b) 1.2, ¢) 2.1 and d) 2.2

c) 0

Analysis was performed for filtered texts without metadata and unfiltered texts. The average

values obtained for filtered texts Pery = 0.28 and unfiltered Pery = 0.19 shows that filtering
scientific articles improves keyword density by 1.48 times or 47.83% (Fig. 9a).

. . 2 e Filtered text = General text
2 e Filtered text e Primary text

» MM A dbm An |, A AN At A

a) 159131212B3B7414A%535 7616569737 781858P397 b) 1 6111621263136414651566166717681869196

Figure 9: Results of checking articles without specifying the thematic dictionary

The obtained values for the texts Pery =0.34 and Pery = 0.25, taking into account the

refinement of the thematic dictionary through ML and the replenishment of blocked words, shows
that filtering with simultaneous moderation of the thematic dictionary improves keyword density

by 1.35 times or by 35.44% (Fig. 9b). A comparison of the values in the original author's text Pery =
0.19 and Pery = 0.25 without/with the refinement of the thematic dictionary, respectively,



demonstrates the effectiveness of the moderation of the thematic dictionary in the initial text - the
density of keywords increases 1.34 times or by 34.33% (Fig. 10a). Comparison of the values in the

filtered author's text Perf = 0.28 and Per;’ = 0.34 without/with the refinement of the thematic

dictionary, respectively, demonstrates the effectiveness of the moderation of the thematic dictionary
in the filtered text as the density of keywords increases 1.23 times or by 23.14% (Fig. 10b).

] e General text with a detailed dictionary 1 e=—Filtered text with refined vocabulary
General text without a specified dictionary Filtered text without dictionary refinement

Ov,V*ﬂN.qF\er.ﬂﬂ\/ ST ‘\r«f\wwﬁ.ﬁw il

a) 1 6111621263136414651566166717681869196 b) 1591317212528 3374145495357616569737 78 18580397

Figure 10: Results of analysis of articles with different dictionaries

So, the experimental study confirmed the method's reliability - for different stages of processing
the primary text, the average coincidence of the lists of identified keywords with the author's
keywords varies in the range of 52.6-68.5% (by 9%). The accuracy of matching keywords with the
author's keywords ranges from 43.6 to 62.9%. The average match of meaningful keywords compared
to all found by the system ranges from 38.9-75.8%, depending on the stages of analysis of article texts.
The accuracy of matching keywords compared to all found by the system varies between 34.3-71.9%,
depending on the stages of analysis of article texts. A method of determining stable word
combinations when identifying textual content keywords in reference passages of the author's text
has been developed. The process consists of the use of Zipf's law in the formation of stable word
combinations as key, taking into account the following rules of preliminary linguistic processing of
the text: removal of all stop words; form bigrams only within the limits of punctuation marks and
words that are not verbs or pronouns (the latter are considered punctuation marks); determine verbs
by inflexions; form bigrams based on their bases without taking into account their inflexions;
definition of adjectives by inflexions and to believe that adjectives should only be in the first place
in the bigram from Ukrainian-language texts. A module has been developed to identify persistent
phrases as keywords in textual content. An approach to developing linguistic content analysis
software for the determination of stable word combinations in identifying keywords of Ukrainian-
language and English-language textual content is proposed. The peculiarity of the approach is
adapting the linguistic, statistical analysis of lexical units to the peculiarities of the constructions of
Ukrainian and English words/texts. The results of the experimental approbation of the proposed
method of content analysis of English- and Ukrainian-language texts to determine stable word
combinations in identifying keywords of technical texts were studied.

A method of identifying the style of the author of the text based on the analysis of linguistic
speech coefficients in the standard has been developed. The technique consists of a comparative
study of the author's attribution in the author's statistically processed work (standard) with an
arbitrarily analysed passage. The method evaluates the probability of the text of the article belonging
to the author of the benchmark with the analysis of the relevant coefficients of lexical speech as the
concentration of the text Ij;, the coherence of the speech K, the uniqueness of the text I,,;, the
syntactic complexity of the speech K, and the linguistic diversity of the speech K;. The degree of
speech connectivity K, does not decrease significantly. In 2001, it changed within [0.5; 1.2], and in
2021 - within [0.4; 0.9] (Fig. 11). Moreover, the method works under the condition that the author's
standard has already been researched - the task of NLP is to form the author's frequency dictionary,
including service/stop words.

An algorithm for determining stop words of text content based on linguistic analysis of text
content has been developed. For the individual style of the author's text, markers are service/stop
words (for example, particles, conjunctions, prepositions, parasite words, slang, slang, etc.) unrelated



to the article's topic. The absolute and relative frequencies of stopwords were analysed and compared
with the reference values for each excerpt. Therefore, applying the method of reference words gives
the following results: finding what most likely belongs to the standard among the studied passages.
Other results also confirm the effectiveness of the keyword method in author attribution of texts.
The proposed assumption about the insignificance of the influence of the share as a parameter of the
process on the results led to a decrease in the correlation coefficients but placed the probability of
belonging to the standard for passages in the correct order (Table 2). More likely, Excerpt 4 belongs
to the author of the template (although there is no significant difference between results 4 and 2, if
they are written in the same period, they do not belong to the author of the template; if in different
periods with the template, the probability of belonging to this author increases).

Figure 11: Analysis of the distribution of speech style parameters Kj, K and K,

Table 2
Correlation coefficients for stop words
New numbering Article number R,y  Participle Conjunction Preposition "y
1 4 0.7326  0.9594 0.9544 0.5639 0.6905
2 2 0.7066 0.9580 0.5714 0.4928 0.4913
3 1 0.6076 1 0.79 0.72 0.6900
4 3 0.2810 0.8800 0.1624 0.1517 0.2254

An algorithm for the linguistic analysis of Ukrainian-language texts and a syntactic analyser of
text content has been developed. The features of the algorithm are the adaptation of morphological
and syntactic analysis of lexical units to the peculiarities of constructions of Ukrainian words/texts.
Algorithms are tested to identify significant stopwords in Ukrainian-language text based on regular
expressions. When parsing words belonging to a part of speech, declension within this part of speech
was taken into account. For this purpose, word inflexions were analysed for classification, selection
of the basis and formation of the corresponding alphabetic-frequency dictionaries. The dictionaries
contents were subsequently taken into account in the next steps of determining the text's authorship
by calculating the parameters and coefficients of the author's speech. Software implementation for
solving some NLP problems, as research of:

e keywords (https://victana.lviv.ua/kliuchovi-slova);

e stable phrases (https://victana.lviv.ua/nlp/stiiki-slovospoluchennia);

e classification of textual content (https://victana.lviv.ua/kliuchovi-slova);

e quantitative evaluations of speech (https://victana.lviv.ua/nlp/linhvometriia);

e the author's style based on calculations of stylometry coefficients and their comparison with
the corresponding coefficients in the standard text (https://victana.lviv.ua/nlp/stylemetriia);

o differences in text signs (https://victana.lviv.ua/nlp/hlotokhronolohiia);

e features of the style of texts based on N-grams (https://victana.lviv.ua/nlp/n-grams).

The results of the experimental approbation of the proposed content monitoring method for
determining the author in Ukrainian-language scientific texts of a technical profile were studied. A
comparison of the results of more than 300 one-person works of a technical direction by 100 different
authors for 2001-2021 was carried out to determine whether and how the coefficients of text



diversity of these authors change in different periods. A method of identifying the potential
(probable) author of a Ukrainian-language text based on the analysis of the author's linguistic speech
coefficients in a reference passage of the author's text has been developed. Decomposition of the
method of determining the author was carried out based on the analysis of such speech coefficients
as speech coherence, degree of syntactic complexity, linguistic diversity, indices of concentration
and exclusivity of the text. In parallel, such parameters of the author's style as the number of words
in a specific text, the total number of words in this text, the number of sentences, the number of
prepositions, the number of conjunctions, the number of words with a frequency of 1 and the number
of words with a frequency of 10 and more, as well as keywords and 3 - grams. For example, 3-grams
of 3 articles were analysed [61-63] (Ukrainian versions). For the most frequently used letters, the
frequency of appearance of 3-grams with such initial letters will have an almost identical distribution
(peak values in Fig. 12a), but not for other letters. Therefore, it is expedient to study only 3 grams for
initial letters that occur less often in the texts of a specific language to determine the degree of
belonging of the text to the corresponding author (for example, Fig. 12b). According to these graphs.
It appears that Articles (1,2) are more likely to be written by the same author, although the same
author could also write Articles (1,3) (but this is not true). Different authors write articles (2,3).
Applying linguistic, statistical analysis of 3-grams to a set of articles makes it possible to form a
subset of publications similar in terms of linguistic characteristics. Imposing additional conditions in
the form of linguistic, statistical analyses (a set of keywords, stable word combinations (Table 3),
stylometric, ligvometric, etc.) will significantly reduce the subset, clarifying the list of more likely
authors' works. Thus, the analysis of the content and frequency of appearance of only official words
separates Articles (1,3) into different subsets, leaving Articles (1,2) in one. 78.4814% of 3-grams were
analysed for Article 1, 72.6332% for Article 2, and 84.1271% for Article 3. The difference in the use of
the corresponding 3-grams between Articles (1,2) is Ri;=56.5254%, between Articles (2,3) -
R»;=69.4271%, between Articles (1,3) — R3=62.9839%. Accordingly, Articles (1,2) are more similar by
[6-12]% (R23>R12 by 12.9017%, R23 > R13 by 6.4432%, Ris> Ri; by 6.4585%, i.e. Ry;3>Ris>R;z) than
Articles (1,3) and (2,3). The smaller the R;, the greater the degree to which the same author writes
the articles. Then, in case Articles (1,2) are more likely to be written by one author/team than Articles
(2,3) and (1,3), respectively.

Table 3
List by frequency rating of stable phrases for Article 1
FREG t-test LR X2
Phrase AF RF Phrase t Phrase logL Phrase X2
cucremMa 4 0.08888 cucremMa 1.82222 indopMarinHmi 5.03e NpUITHATTS 45.00000
€JIeKTPOHHMIT 9 €JIeKTPOHHMIT 2 TEXHOJIOTIA -1 piteHHs 0
indopMarinan 4 0.08888 €JIEKTPOHHMUII 1.57809 iHTeJIeKTyaJIbHI 2.13e cucreMa 45.00000
71 cucreMa 9 KOHTEHT- 1 71 cuctema -1 €JIEKTPOHHMUIT 0
KOMepItis
€JIEKTPOHHMUII 3 0.06666  posmim HaykoBmit  1.31993 indopMarinHmi 8.36e €JIeKTPOHHMIT 32.94642
KOHTEHT- 7 3 cucreMa -2 KOHTEHT- 9
KoMepLis KOMepLig
po3nin 2 0.04444 iHpOpMAaLiTHIIT 1.22222 ropTain 5.58e  posmin HaykoBuit  29.30232
HayKOBMIT 4 cucTemMa 2 HayKOBUIL -2 6
opran 1 0.02222 NPUIAHATTS 0.97777 KypC TeXHOJIOTif 3.31e KypC TeXHOJIOTif 21.98863
HayKOBMIT 2 pimenHs 8 -2 6
iHTeJIeKTyaJIbH 1 0.02222 KYpPC TeXHOJIOTif 0.95555 CXOBH/ILIE JaHi 3.31e CXOBH/ILIE JaHi 21.98863
Ui cucTeMa 2 6 -2 6
TPUITHATTA 1 0.02222 CXOBMIIlEe JaHi 0.95555 NPUITHATTS 8.27e nopran 14.31818
pilieHHs 2 6 pilIeHHs -3 HayKOBUII 2
Kypc 1 0.02222 Topra 0.93333  pospmim HaykoBmit  1.8%e indopMarinHmi 5.848550
TeXHOJIOTig 2 HayKOBMIT 3 -3 cucreMa
CXOBMIIlEe JaHi 1 0.02222 IHTeJIeKTyaJIbHI 0.77777 €JIEKTPOHHMUII 1.55e iHTeJIeKTyaIbHI 3.579545
2 71 cucreMa 8 KOHTEHT- -4 1 cucrema
KOMepLis
indopMariau 1 0.02222  indopmargitamii  0.68888 cucreMa 1.37e indopMarinHmi 1.890409

71 TEXHOJIOTist

2

TEXHOJIOTis

9

€JIeKTPOHHUI

TEXHOJIOTis
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Figure 12: Graph of the frequency distribution of 1-gram and 3-gram occurrences in Articles 1-3
(blue for Article 1 [61], orange for Article 2 [62] and grey for Article 3 [63])
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Figure 13: Style analysis: a — according to the developed algorithms 1-4; b — taking into account the
signs of speech; ¢ — for analysed collective works 1-4 and the average value
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Figure 14: Study of style at stage 2 for the text with the construction of a frequency dictionary: a —
complete with 100 words; b — the main one of 100 words; ¢ — complete with 200 words; d — the main
one of 200 words; d - complete with 50 words; e - the main one of 50 words

When identifying the author of a text, it is assumed that the text reflects the author's style of
writing, which makes it possible to distinguish him from others. To compare texts with each other,
it is necessary to compare some numerical characteristics of the text, which would be approximate
for the texts of the same author and differ significantly for the works of different authors. Such a
characteristic can be the density of the distribution of letter combinations of three consecutive
symbols (3-grams). During the experimental testing based on the developed four different algorithms
for calculating the degree of verification of the author of the Ukrainian-language text from a set of
possible values, values were obtained that confirm that the style of the authors numbered x and y is



quite close (more than 90%) to the style of collective works 1-4, respectively. Also, the number of
authors (from 42.02% to 34.04% of the total 100 participants in the project from more than 300 articles)
was significantly reduced, with similarity in speech style. Figure 13 presents graphs of the results
obtained when applying algorithms to analyse the method developed to determine the author's style.

Further, an analysis of stop words and keywords of the authors' works was used to determine the
author's style, as 34.04% got to those. Each individual has their vocabulary for conveying thought,
including so-called "parasitic" (that is, therefore, although, etc.) and service words (and, and, and,
but, although, etc.). Figure 14 presents an example of the analysis of the author's style in the second
stage by analysing the frequency of service appearance and keywords, considering various filters.
Therefore, a method of determining the style of the author of thematic Ukrainian-language textual
content was developed based on the analysis of keywords, stable word combinations, N-grams,
lingumetry and stylometry, which made it possible to determine the stylistic contribution of each of
the authors and increase the accuracy of attribution of a scientific and technical publication by 6%.
A method for calculating the degree of verification of the author of a Ukrainian-language text from
a set of possible ones based on a comparative analysis of the styles of potential authors has also been
developed, which made it possible to increase the accuracy of classification by style similarity by 7%.

5. Conclusions

The work solves an important scientific and applied problem of analysis and synthesis of CLS for
solving various problems of processing Ukrainian-language textual content based on the
development of new and improvement of known models, methods and tools of NLP:

1. An analysis of the current state and prospects of IT development of natural language
processing was carried out, which made it possible to define the problem and research tasks,
as well as to form general research directions in the absence of non-commercial open-source
software as CLS for processing Ukrainian-language textual content and a standardized design
approach.

2. The relevance of solving the problem of analysis and synthesis of CLS based on the
development of the general structure of the system for processing Ukrainian-language
textual content is substantiated due to the interaction of the main processes/components of
IS and methods of linguistic processing of textual content adapted to the Ukrainian language
based on grapheme, morphological, lexical, syntactic, semantic, structural, ontological and
pragmatic analysis allowed to improve the IT of intellectual analysis of text flow for solving
a specific task of NLP. It ensured the adaptation of NLP processes for the analysis of
Ukrainian-language textual content and, based on them, increased the accuracy of the
obtained results by 6-48%, depending on the specific task of NLP. For example, for the NLP
task of determining the Ukrainian-language text keywords, the density of keywords
increases in the range [1.23; 1.48] times or by [23.14; 47.83]% depending on filling the
thematic dictionary quality/accuracy through machine learning.

3. The methods of processing information resources, such as integration, management and
support of Ukrainian-language content, were improved, which made it possible to adapt the
process of intellectual analysis of the text flow and develop metrics of the effectiveness of the
CLS functioning for the solution of various tasks of the NLP. The developed methods and
tools make it possible to build a CLS for processing Ukrainian-language text content
according to the needs of the permanent/potential target audience based on the analysis of
the history of actions of website users.

4. The NLP methods based on regular expressions of pattern matching were improved, which
made it possible to adapt the methods of tokenization and text normalization by cascades of
simple substitutions of regular expressions and finite state machines.

5. The MA method of the Ukrainian-language text based on word segmentation and
normalization, sentence segmentation and modified Porter's stemming algorithm was



improved as an effective tool of identifying lem affixes for the possibility of marking the
analysed word, which made it possible to increase the keyword searches accuracy by 9%.

6. The IT of the intellectual analysis of the text flow was improved based on the processing of
information resources, which made it possible to adapt the general structure of modules for
integration, management and support of content to solve various tasks of the NLP and
increase the efficiency of the operation of the CLS by 6-9%. It became possible thanks to the
combination of methods of linguistic analysis adapted to the Ukrainian language, improved
IT processing of information resources, ML, and a set of metrics for evaluating the
effectiveness of the CLS's functioning. The main principle of building such CLS is modularity,
which facilitates their construction by requiring the availability of appropriate processes for
solving a specific NLP problem.

7. A method of determining the author in Ukrainian-language texts has been developed based
on the analysis of the coefficients of the author’s lexical speech in the reference passage of
the author’s text, which is based on the study of a collection of keywords, persistent phrases,
indicators of linguometry, stylometry, as well as the results of the analysis of N-grams based
on comparisons of usage differences 2-gram and 3-gram for publications similar in style in
the range of [6;7]%, and for exactly not similar - >12%), which made it possible to determine
a set of potential authors of publications from more than one author (up to [9; 34]% of the
total number of project participants) and develop a method for identifying the author's style.

8. A method of determining stable word combinations was developed based on the
identification of keywords of the Ukrainian-language text and the analysis of the linguistic
speech coefficients of the author of the text in reference excerpts of the content, which made
it possible to improve the accuracy of the method of determining the style of the author of
the text by 9% based on statistical linguistics.

9. Relevant materials confirm the reliability of scientific and practical results on the
implementation of dissertation studies by comparing the obtained practical results on
different samples of reliable input data. CLS was developed using CMS Joomla on the
information resource http://victana.lviv.ua! (for designing the e-framework of articles), PHP
(for implementing text content processing methods), HTML (for implementing page mark-
up), CSS (for describing page styles), and MySQL (for storing data and dictionaries). The
experimental study confirmed the reliability of the method of identifying keywords - for
different algorithms for processing the primary text, the average match between the lists of
identified keywords and the author's keywords varies in the 52.6-68.5% range. The accuracy
of matching keywords with the author's keywords ranges from 43.6 to 62.9%. The average
match of meaningful keywords compared to all found by the system ranges from 38.9-75.8%,
depending on the stages of analysis of article texts. The accuracy of matching keywords
compared to all found by the system varies between 34.3-71.9%, depending on the stages of
analysis of article texts.
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