Po3nin 1. MaTemaTn4He MOJICIIIOBaHHS B IIPUPOJIHMYMX HAyKaxX Ta iHPOpMAaLiiHI TeXHOIOTIi 47

DOLI:

UDC 004.02

L.A. Karpov, postgraduate, karpovilyaS@gmail.com

S.V. Antonenko, candidate of engineering sciences, associate professor, szemlyanaya@gmail.com
Oles Honchar Dnipro National University, Dnipro

USAGE OF MULTI-AGENT SYSTEM TO SOLVETEXT PROCESSING PROBLEM

In this article an approach to the analysis of the text and obtaining information is proposed. A
model of a multi-agent system was proposed, which allows you to process text documents and perform
semantic text processing. A model for describing the process of extracting information using a text
coverage system is proposed.
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Y oOanint pobomi 3anpononosano nioxio 00 aumanizy mexkcmy ma ompumanus iHgopmayii 3
Hb020, BUKOPUCMOBYIOUU 3HAHMA NP0 MOOeNi JIeKCUYHOI MO8U. 3anponoHosana mooeib
MYTLIMUALEHMHOT cucmemu, wo 0ae MONCIUGICIMb NAPATETbHO 00POOAIMU MEeKCMO8i OOKYMEeHmu ma
BUKOHYE CEeMAHMUy4Hy 00OpOoOKYy meKcmy. 3anponoHO8AHO MOOeNb Onucy npoyecy 6udodymKy
ingopmayii 3a donomozoro cucmemu NOKPUMMsL MeKCh).

Knwowuogi cnosa: Mynomuazcenmui cucmemu, 2iuOUHHe HAGUAHHI, [THMENEKMYATbHUN AHANI3
mexkcmy, 00poOKa 6eIUKUX MACUBI8 MEKCMOBUX OAHUX.

Problem’s Formulation

The development of parallelization methods for word processing is becoming increasingly
important due to the increase in the volume of text data, including on Internet sites. A long stage of
text processing is its conceptual or semantic analysis, and it is for this stage that it makes sense first of
all to use the means of intelligent multi-threaded optimization.

One of the means for organizing the process of parallel data processing is multi-agent systems.
They are used, among other things, for processing natural language texts and extracting information
from the Internet.

A multi-agent system assumes a community of autonomously acting agents. However, in the
overwhelming majority of works on this topic, agents are entities that rather direct data flows using
standard algorithmic modules for their processing than directly implement their processing. Thus, the
Multi-agent approach is applied to the organization of the word processing process as a whole, but
does not directly affect the semantic analysis, it is nevertheless implemented sequentially, and,
therefore, a significant performance gain cannot be achieved.

Analysis of recent research and publications

Decision-making issues have been dealt with by many domestic and foreign scientists from
different countries and universities. A big amount of different multi-agent systems for analysing text
documentsalready exist.

The most significant advantage of using a multiagent system is the ability to simultaneously
process a text document, and this system can also help to remove repetitions from the text. The
downside is that during the process, the algorithm generates multiple agent conversations, as well as
breaking existing connections and establishing new ones. This behavior of the model requires a
considerable amount of computing resources. The model receives a text document. The result of the
model is the object coverage of the text. The set of information objects received is subsequently
refined and a resulting set of objects is formed that describes the content of the document in terms of
the ontology of the subject area. All the knowledge used in this approach is, to one degree or another,
based on a domain model that captures the concepts and relationships of interest to the user of the
system in the form of an ontology. Thus, the ontology determines what kind of information should be
extracted from the available data sources. The results of each stage of processing are projected onto
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text, which allows to interpret the obtained results clearly and to distinguish fragments that are
contextually related to each element of the received information.
Formulation of the study purpose

The approach to the deep text analysis and mining information on the basis of knowledge
about the model of lexical language is proposed. A model for describing the process of extracting
information using a system of text processing is proposed. This model enables parallel processing of
text documents. With this system, we can improve the process that analysis a text document as a
whole, and it does execute semantic analysis as well.

Presenting main material

The most important reason for using multi-agent systems in the design of an information
system is that some domain domains require this. In particular, if there are different people or
organizations with different (possibly conflicting) goals and their own information, then for their
interaction a multi-agent system is needed. Even if each organization wants to model its internal
affairs using a single system, organizations will not be given the authority of one separate person to
build a system that represents them all: different organizations will need their own systems that reflect
their capabilities and priorities [1].

The knowledge model in this article is considered in two aspects. Firstly, the data /
information model used in the process of generating knowledge from text sources. The results of each
processing stage are projected onto the text, allows you to visually interpret the results and highlight
fragments that are contextually associated with each element of the information received

Secondly, a model of knowledge about the context within which text processing is carried out.
Such knowledge includes dictionaries of subject vocabulary, models of facts describing the ways of
expressing information accepted in a given field of knowledge, as well as knowledge of the types and
genres of considered text sources and subject knowledge that already exists in the database, for
example, obtained earlier in time processing other sources.

All the knowledge that is used in this approach, to one degree or another, is based on the
domain model, which captures the concepts and relationships that interest the system user in the form
of an ontology. Thus, the ontology determines which information should be extracted from available
data sources.

A feature of the approach, it is considered that the use of knowledge in accordance with the
subject area and the predominant use of lexical and semantic information to extract information from
text does not exclude the use of partial parsing and syntactic restrictions that are imposed on the
semantic framework of conceptual factual schemes.

Semantics-syntactic models. One way to describe the syntax of a language is an approach
based on so-called control models. The essence of this approach is to establish certain rules that
correspond to the lexeme or group of the same type of lexemes, which describes the necessary
selective attributes of related words (valencies).

The semantic-syntactic model limits the syntactic compatibility and consistency of
grammatical and semantic features of terms (vertices of syntactic groups) in accordance with the rules
of coordination and management. Such models are described in the form of an actant structure
associated with one or more generalized tokens [2]. A generalized lexeme means either the term of the
dictionary (or its form), or a group of lexemes described in terms of grammatical and semantic
categories without indicating a normal form. An actant structure describes a set of actants that
characterize the corresponding valency, in terms of semantic and grammatical characteristics, which
are limitations on dependent words.

Formally, the semantic-syntactic model, which is determined by the V dictionary, is
characterized by a pairSS =< lg, A >, where lg = Ly, Sy, My, is generalized token characterizing a
group of vocabulary termsL, € Vpossessing a set of semantic attributesSyand morphological
attributesMy; A =< aq, ...,a, > is a sequence of actants describing the model, where each actant
a; =< §;,M; >, of representations by a set of alternative semantic attributes S;,and for each trait
sij € S; a set of morphological restrictions is settrait m;; < M;.
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The given structure of semantic-syntactic models provides ample opportunities for modeling
language relationships in the text. So, the model may not contain syntactic restrictions and represent
ontological relations, or be described without semantic characteristics and correspond to purely
syntactic control models. The generalization of lexemes in models allows one to compactly define
several language constructions, variants of the relationship of words in expressions and dictionary
groups.

Models of facts. The fact model generates knowledge about the coordination of existing
linguistic knowledge with subject knowledge. In a simplified form, without a semantic-syntactic
component, this model was proposed in [3]. The fact model is defined by a structure similar to the SS
actant structure. It is described either in terms of ontology classes, or in terms of semantic features of a
dictionary and is associated with a fragment of ontology. Additionally, restrictions are placed on
ontological features of structural elements and their relative position in the text.

Text model. In the process of processing the text of his presentation is gradually changing,
enriching at each stage with new knowledge. According to the results of the inspection of works [1-5],
to describe the change in the sequences of representations, we offer the concept of text coverings,
when each cover is represented by a set of elements of the same type with given text positions
(intervals). The following types of coatings are distinguished:

1. Grafematic coverage - is a breakdown of the text into elementary components, such as a
word, punctuation mark, paragraph, number and the like.

2. The terminological cover consists of the vocabulary terms found in this text, taking into
account possible homonymy and relationships of verbose terms.

3. segment coverage reflects the structural division of the text into logical (paragraph,
sentence, title, etc.) and genre fragments.

4. The thematic coverage defines the textual boundaries of thematically related text areas for
each subject under consideration.

5. Object coverage describes the information found in the form of a semantic network of
domain objects.

Thus, the text model is determined by the combination of coverages < G, L, S¢, Tc >, where

G is graphematical coverage, determines the text position of the model elements;

L is terminological coverage, ordered by text position sequence of lexical objects form
l =<wv,m,,s, pos >, where

v € V is thesaurus term;

m,, is many morphological characteristics of the term v;

S, 1S many semantic attributes of thev;

pos is text position of the v [5];

Sc 1s segment coverage, including a hierarchically ordered set of the form segments s =<
tg, pos, Rg >, where each segment is determined by the type tg, the text positions pos and the
relationships of Rs with other segments determine their relative position in the text;

T, is thematic coverage;

I is object coverage, defines many ontological objects and indicates text fragments in which
their descriptions were found.

The graphematical coverage of the text is the result of graphematical analysis, in which the
input linear text is divided into elementary atoms. The main task of this stage is to group symbols of
the same type in a sequence and give them the necessary interpretation: a word of a certain alphabet,
number, symbol. For counters that work with markup (for example, html-texts), you can optionally set
the typification of tags or labels. An important property of this stage is that the coating elements
specify all possible limits of the elements for all subsequent representations, that is, during further
processing, no atom can be “divided” [4, 5].

The terminological cover of the text is a lexical model of the text, which is based on the
lexical model of the sublanguage, and includes the terms found in the text with reference to the
position in the text. After the term is found in the text (more precisely, in the graphematical cover), a
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lexical object is formed, which is provided by a set of attributes specified in the thesaurus for the
found term [4, 5].

Segment coverage is the result of text segmentation and one way to display the formal
structure of the text. In this approach, segmentation is considered at the macro level, that is, at the
level of the entire text (as opposed to local sentence analysis) and the allocation of a set of
interconnected fragments (clauses) that are considered in the framework of sentence parsing) and is
based both on formal-textual and on genre features of the document [4, 5], which are transmitted by
dividing the text into conceptual parts. When analyzing text, dividing into genre fragments helps
narrow the scope of the search for information of a certain type and, thereby, improve the quality of
analysis. The problems of determining the genre relevance of documents obtained from unknown
sources, for example, when searching the Internet, are also being solved.

The thematic coverage defines many areas or text fragments that cover a set of specific topics.
The formation of such areas is carried out on the basis of a dictionary in which a correspondence
between terms and thematic features is specified. Thematic coverage is built on terminological
coverage. We define a topic cover element or topic layer as a piece of text that includes a cluster of
terms related to a single topic within the formal segment (or sequence of segments) of the segment
coverage. Similar to segments, thematic layers can narrow the search area for information of a certain
kind. However, as a rule, this type of coverage is used in problems of thematic clustering and text
classification, and therefore is beyond the scope of this paper.

Multi-agent system model. After analyzing the existing models of multi-agent systems, a new
model was created that, unlike others, can process text documents and perform semantic text
processing. The created model receives a text document. The result of the model is an object coverage
of the text. The set of obtained information objects is refined and the resulting set of objects is formed,
describes the content of the document in terms of the ontology of the subject area.
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Fig. 1. Multi-Agent System Model

This system consists of four types agents:
1. Data agent. The agent receives a document and extracts textual information, provides a
unification of heterogeneous data coming from various sources (for example, from a database).
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Performs preliminary data processing and finds the appropriate relationships. The result of the agent is
linear text with basic formatting and metadata.

2. Mining agent. The agent receives a pre-processed document and performs an analysis of
contextual information. Each context object is generated based on the language model. According to
the received data, they can generate new data agents, as well as reveal the value of their attributes.

3. Agent communicator. In the communication process, agents agree on the correspondence of
the language model and the corresponding ontology tokens. Also, on the basis of finding new tokens,
the agent generates new agents of the language model for replenishing the ontology. The work of the
agent-communicator also consists in a sequential analysis of the work of other agents. If all agents
except him are inactive, he ends the operation of this algorithm.

4. Agent language model. The agent analyzes each individual token, that is, establishes a
correspondence between the classes of a given ontology and text units. Has the ability to replenish his
vocabulary, expanding ontology.

Agents interact using two types of messages:

1. Information about new data is transmitted using the communicator agent and is performed
between the data agent and the data mining agent. The purpose of such a request is to obtain
information about certain attributes and the relationship between them for each individual document.

2. Token message. These messages are exchanged between the data mining agent and the
language model agent using the communicator agent. This query is performed to replenish the
language model and analyze each individual word.

A description of the agents protocols, ways of understanding each other, and methods for
communication are presented in [5]. All agents can work in parallel until they go into a wait state. The
stopping moment is determined by the communicator agent. The biggest advantage of using a multi-
agent system is the possibility of a text document parallel processing, and this system can also help
with the removal of repetitions in the text. The disadvantage may be that in the process, the algorithm
generates numerous negotiations of agents, as well as breaking existing relationships and establishing
new ones. Such model behavior may require additional computing resources.

Conclusions

The algorithm presented in this paper allows parallel processing of text documents and
semantic processing of text using the process of extracting information using a text coverage system
and knowledge for lexical language models.
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BUKOPUCTAHHS MYJbTUATEHTHOI CUCTEMM /151 BUPIIIEHHS
3AJIAUI OBPOBKU TEKCTY
Kapnos I.A., Autonenko C.B.

Pedepar

VY naHiit po0OTi 3aIPONIOHOBAHO MiJIXi[ A0 aHANI3y TEKCTy Ta OTpUMaHHA iH(dopMallii 3 HbOTO,
BUKOPDHUCTOBYIOUM 3HaHHS NP0 MOJENi JIeKCMYHOI MoBHU. byma 3ampornoHoBaHa MOJIENb
MYJbTHATCHTHOT CHCTEMH, IO A€ MOXKJIMBICTh MapajelibHO OOpOOJSATH TEKCTOBI JOKYMEHTH Ta
BUKOHY€ CEMaHTHYHY OOpPOOKY TEKCTy. 3ampoIlOHOBAaHO MOJACIb ONHCY IIpoIecy BUIOOYTKY
iH(pOpMAIIii 32 TOTTOMOTOI0 CUCTEMH MTOKPUTTS TEKCTY.

Bynu po3risiHyTi crocoOu oprasizailii MyJIbTHATGHTHOI CUCTEMH 3 BHKOPHUCTAHHSIM PI3HUX
MOJIeNiell ONMUCY JaHUX Ta CTPYKTYp CEMAHTUKO-CUHTAKCUYHUX MOjeJeH, sIKi HaJaloTh IIHPOKI
MOXITUBOCTI MOJICTIOBAaHHST MOBHHX 3B’S3KiB y TeKCTi. Takox OylU pO3TJSHYTI pi3HI HMOKPHUTTS
Tekcry. Ilicns aHamizy iCHYFOUMX MOJEICH MYJbTHAreHTHHX CHUCTEM Oyjia CTBOpEHa HOBa MOJICIb,
sKa, Ha BIIMIHHY Bij iHIIUX, MOXXe OOpOOISITH TEKCTOBI JOKYMEHTH Ta BHKOHYBaTH CEMaHTHYHY
00poOKy TekcTy. CTBOpeHa MOJICNIb OTPUMYE TEKCTOBUH JTOKYMEHT. Pe3ysibraToM poOOTH MOJEII €
00’€KTHE MOKPUTTS TeKCTy. MHOXKHHA OfepKaHUX iHQOpMamiiHUX 00 €KTIB 3r0JJOM YTOUYHSETHCA Ta
(hopMy€eThCs pe3ybTy0Ua MHOXKHHA 00’ €KTIB, 1110 OMUCYE KOHTEHT JOKYMEHTAa B TepPMiHaX OHTOJOTIT
mpeaMeTHol ob0acTi. JlaHa cucTema CKiIamaeThes 3 areHTIB YOTHPHOX BUJIIB:

1. AreHT maHuX. ATCHT OTPUMYE JOKYMEHT Ta BHTATYE TEKCTOBY iH(oOpMalito, 3ade3mneuye
yHidiKaIlito pi3HOPIAHUX NaHUX, SKi HAAXOATh 3 PI3HHUX JKepen (HanpuKiam, 3 0a3u JaHuX).

2. ATEHT iHTEIIeKTYaJbHOTO aHali3y. ATEHT OTpUMY€E TOTIEPEeTHRO0 00pOOICHII JOKYMEHT Ta
BUKOHY€ aHaJli3 KOHTEKCTHOI iH(hopMariii.

3. AreHt-KoMmyHikaTtop. Y mporeci KOMyHiKalii areHTH JOMOBISIIOTHCS MPO BiANOBIAHICTH
TOKEHIB MOBHOI MOJEJNI Ta BIAIIOBIAHOI i1 OHTOJION].

4. AreHT MOBHOI Mojemi. ATEHT BHKOHYE aHaJi3 KOXHOTO OKPEMOTO TOKEHa, TOOTO,
BCTAHOBIJIIOE BIAMTOBIAHICTE MIXK KJIaCaMH 3aJaHOI OHTOJIOTII Ta TEKCTOBUMH OIUHHUIISIMU.

ATEHTH B3a€MOJIIIOTh 32 JIOMIOMOTOIO TMOBIIOMJICHb JIBOX BUJIIB:

1. Ilepenava iHdopmarii Tpo HOBI JAaHiI BiMOYBA€ETHCS 3a JIOIIOMOTOI0 areHTY-KOMYHIKaTopa
Ta BUKOHYETHCSI MIXK ar€HTOM JaHUX Ta ar€HTOM IHTEJIEKTYyaJbHOIO aHaIi3Yy.

2. TloBigomieHHs TokeHa. TaKUMU TOBIOMJICHHSIMH OOMIHIOETHCS areHT 1HTEJIEKTYaabHOTO
aHai3y JaHHUX Ta areHT MOBHOI MOJEJIi 3a TIOTIOMOTOI0 areHTY-KOMYHIKaTopa.

ANTOpUTM, IO HaBEACHUH y naHili poOOTi, HAla€ MOXKIHUBICTH MapajielbHO 00pOOJIATH
TEKCTOBI JIOKYMEHTH Ta BHKOHYBaTH CEMaHTHYHY OOpOOKY TEKCTy, BHKOPHUCTOBYIOUM IPOIIEC
BUIO0YTKY 1H(QOpPMAIIIT 32 TOMOMOTOK CUCTEMH MOKPHUTTS TEKCTY Ta 3HAHHS MPO MOJEII JIEKCHYIHOT
MOBH.
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