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CRIMINAL SIGNIFICANT INFORMATION, OPEN INFORMATION EXTRACTION, LOGICAL-LINGUISTIC MODEL, FACT IDENTIFICATION, MULTI-LINGUAL SYSTEMS, PARALLEL CORPUS OF KAZAKH-RUSSIAN LANGUAGE, SEMANTIC ANALYSIS.
Research object: methods and models of search and analysis of criminally significant information in text files of Kazakh, Russian and English languages; methods of Open Information Extraction, identification of facts in texts.
Project goal: The principal purpose of this project is the development of information and linguistic technology for automatic identification, extraction, search and analysis of criminally significant information in unstructured and semi-structured test arrays of multi-language systems.
Results obtained: logical-linguistic model of identification of facts in multi-lingual texts; parallel aligned corpus of Kazakh-Russian texts containing criminally significant information; information technology of identification, search and analysis of the facts in semi-structured and unstructured text files of Kazakh, Russian and English languages; annotated corpus of texts containing illegal information of Kazakh, Russian and English languages.
Main constructive and technical-economic indicators, efficiency: new technology for identification of criminally-significant information in the text, mathematical models, algorithms and methods for automatic detection of actual illegal information in the text files. Improving the quality of semantic analysis of texts in Kazakh, Russian and English: semantic annotation of criminally significant information.
Novelty: development of mathematical models and algorithms for solving the task of developing technology for retrieval and analyzing of CSI; development of algorithms for semantic analysis of multi-lingual text frames.
Field of application: State services of the Ministry of Internal Affairs, Prosecutor's Office and Security; social services, libraries, educational institutions and other state institutions. 
Implementation: the results of the project were implemented in the National Innovation Centre.




РЕФЕРАТ
Есеп 78 бет, 12 сурет, 3 кесте, 45 әдебиет, 5 қосымша
ҚЫЛМЫСТЫҚ МАҢЫЗДЫ АҚПАРАТ, OPEN INFORMATION EXTRACTION, ЛОГИКО-ЛИНГВИСТИЧЕСКАЯ МОДЕЛЬ, ФАКТІЛЕРДІ СӘЙКЕСТЕНДІРУ, МУЛЬТИТІЛДІК ЖҮЙЕЛЕР, ҚАЗАҚ-ОРЫС ТІЛІНІҢ ПАРАЛЛЕЛЬДІ КОРПУСЫ, СЕМАНТИКАЛЫҚ ТАЛДАУ.
Зерттеу объектісі: ағылшын және орыс, қазақ тілдеріндегі мәтіндік корпустағы қылмыстық мәні бар ақпараттарды талдау және іздеу әдістері мен модельдері; Open Information Extraction, мәтіндердегі фактілерді идентификациялау. 
Жобаның мақсаты: осы жобаның негізгі мақсаты, әртүрлі тілдегі құрылымданбаған және әлсіз құрылымданған мәтіндік массивтерден қылмыстық мәні бар құрауышты талдау және іздеу, белгілеу және автоматты анықтайтын ақпаратты-лингвистикалық технологияларды жасау.
Мульти тілдік мәтіндердегі фактілерді идентификациялаудың логика-лингвистикалық моделі; қазақ-орыс тілдеріндегі қылмыстық мәні бар мәтіндерінің параллельді корпусын түзетудің технологиясы құрылды, қазақ, орыс және ағылшын тілдеріндегі құрылымдалмаған және әлсіз құрылымдалған мәтіндік массивтерінен ҚМА фактілерін талдау және іздеу, анықтау ақпараттық технологиясы құрылды; қазақ, орыс және ағылшын тілдеріндегі құқыққа қарсы ақпараты бар мәтіндік корпусты аннотациялау.
Негізгі конструктивтік және техникалық-экономикалық көрсеткіштері, тиімділігі: мәтіндегі қылмыстық маңызды ақпаратты идентификациялаудың жаңа технологиясы, мәтіндік массивтердегі нақты құқыққа қарсы ақпаратты автоматты түрде анықтау әдістері және алгоритмдері, математикалық модельдері. Қазақ, орыс және ағылшын тілдеріндегі мәтінді семантикалық талдау спасын жоғарылату: қылмытық ақпаратты семантикалық аннотациялау. 
Жаңалығы: қойылған міндетті шешу, мәтіндердегі ҚМА талдау және іздеу технологиясын өңдеу үшін математикалық модельдер мен алгоритмдерді дайындау; мульти тілді мәтіндік корпустарды семантикалық талдау алгоритмдерін өңдеу. 
Қолдану облысы: Ішкі істер министрлігі, прокуратура және қауіпсіздік мемлекеттік қызметтері; әлеуметтік қызметтер, кітапханалар, оқу орындары және басқа мемлекеттік ұйымдар.
Енгізу дәрежесі: жоба нәтижесі «Ұлттық инновациялық орталығы» ЖСШ енгізілді.
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LIST OF ABBREVIATIONS AND DESIGNATIONS

The following abbreviations and designations are used in this R&D report:

KLC – Kazakh Language  Corpus
LSA – Latent Semantic Analysis 
ML – Machine Learning 
MT – Machine Translation 
NLP – Natural Language Processing 
NLTK – Natural Language Toolkit
POS-tagging – Part of Speech tagging
RDF – Resource Description Framework
RE – Relationship Extraction
RSS – Rich Site Summary
SD – Stanford Dependencies 
UD – Universal Dependencies  
АKLC – Almaty Kazakh Language Corpus 
АFP – algebra of final predictors
DB – data base
TA – traffic accident
IAS – information and analytical systems
CSI – criminally-significant information
SI – subject field
CDNF – complete disjunctive normal form
MM – mass media









INTRODUCTION
In recent decades, due to the spread of networked computer technology, mobile communications and the Internet, the information resources of modern society have been under increasing threat from potential criminal activity in global networks. Crimes related to financial fraud, copyright infringement, distribution of child pornography, hacking, calls for terrorism and violent extremism pose security threats to both the individual and society as a whole [1]. Thanks to computer networks, such crimes can spread globally, maintaining low cost and high speed. Thus, the openness of a global network makes it more vulnerable to criminal attacks. 
However, at the same time, the openness and global nature of the Internet creates enormous potential opportunities for criminologists and law enforcement officers. Current text processing technologies enable data analysts and police to perform preventive processing of computer network text information by collecting, connecting and analyzing 'weak signals' or 'digital traces' of huge text arrays that are present on the Internet. In some cases, such analysis can help identify the potential for wrongdoing before it is carried out.
Nevertheless, to carry out such preventive analysis, along with the existing traditional methods of combating crimes in the field of computer information security, it is necessary to use the practical achievements of artificial intelligence and mathematical linguistics related to NLP tasks. At the same time, one of the main problems in determining the criminal significance of Internet texts, along with the huge amount of information to be analyzed [2], remains the problem of weak "coloration" of criminal texts, which is an obstacle to the successful use of traditionally adopted approaches to classification, clustering and selection of linguistic templates. Today's traditional approaches to the identification of criminal codes and potentially terrorism-related texts are based on the analysis of the style of the text and the definition of its emotional component related to an implicit intent, without taking into account the topic and content of the text [3].
The goal of this project was to develop an information and linguistic technology for automatic identification, selection, search and analysis of the criminal component in semi-structured test arrays of different languages, based on the content of the text and selection of its factual information.  In general, the project is aimed at solving a common fundamental problem of forming methodological foundations for creating logical-linguistic models for identifying cognitive and semantic identifiers of meaning in natural language texts.
As a result of the research, the following objectives were set and achieved:
- An analytical review of the main problems in the search and analysis of criminally-significant information in text files; 
- development of a logical-linguistic model for extracting facts from natural language texts based on Open IE approaches and its implementation for Kazakh, Russian and English languages;
- creation of marked text corpus of web content texts containing criminally significant information for Kazakh, Russian and English languages;
- development of information technology for identification, relevant search, extraction and analysis of criminally significant information from semi-structured and unstructured text arrays.
The scientific novelty of the project lies in the formation of methodological foundations for creating logical-linguistic models for identifying cognitive and semantic criminal identifiers in natural language texts.
The results obtained in the study can find practical application in the integrated information and criminalistics systems of law enforcement agencies, as well as in integrated information and analytical systems of other government agencies for information search and analysis of texts of criminal content in Kazakh, Russian and English.
[bookmark: _GoBack]The research was conducted in accordance with the approved calendar plan (Appendix A). During the study 6 articles were published at conferences and scientific journals, 3 of which were published in a peer-reviewed journal that is part of SCOPUS and Clerative Analitic; a training manual and a monograph (Appendix B, C, D). A certificate of authorship (Appendix C) and a certificate of implementation of the project results in production activities (Appendix E) were received during the studies. 
This final report is a continuation of Reports on the topic «Methods, models of retrieval and analyses of criminal contained information in semi structured and unstructured textual arrays»
with Inventory No. 0218РК00209 for 2018 and with Inventory No. 0219РК00480 for 2019.











1 Analytical review of the main problems in the search and analysis of criminally significant information in text files
1.1 Status and prospects of development of methods of formalization and search of  criminal information in unstructured texts
Currently, one of the most popular and necessary areas of information research is the search and analysis of illegal information in text data, detection of crime patterns and risk assessment of cybercrime. More and more researchers will focus on the ways and forms of applying natural language processing technologies in a wide range of activities related to the prevention of terrorist and unlawful activity.
For example, most researches related to the prevention of terrorist attacks are aimed at analyzing the use of the Internet and social networks by terrorists and terrorist organizations [4], [5], [6], [7].  For example, one of the research areas devoted to the detection of "linguistic markers of violent extremism in the online environment" [8], focuses specifically on identifying digital traces that are relevant to a potential "single terrorist" [9]; other studies look at potential types of Internet violence [10]. In order to detect linguistic markers indicating potential "preventive" behavior, lists of violent words are often used, the preparation and search of which is based on standard text-processing approaches such as lemmatization and POS-tagging, as well as the use of lexical databases such as WordNet [11].
However, such linguistic markers, which are used as a supplement to standard text processing algorithms, can detect potential signs of specified, predicted radical violence. They cannot make automated decisions on any type of crime. In addition, if individual processing steps in the natural language contain some inaccuracies, the accuracy of the identification of linguistic markers will be significantly reduced and the number of errors will increase.
Another area of NLP used as part of the task of identifying criminally significant information is the analysis of the style of the text and the identification of its emotional component associated with the implicit expression of intent. This emotional component may include boasting, ideological statements or admiration of terrorist leaders (12). A textual style analysis, in this case, reveals patterns of phrases related to emotional motivations such as anger, humiliation or shame. In this case, the highlighted style of communication does not depend on a particular subject or content.
NLP classification and clustering methods are used to analyse large volumes of heterogeneous texts whose subjects are not known in advance. For example, clustering makes it possible to identify topics such as weapons, tactics or targets (12). In this case, the additional use of speech recognition and machine translation technologies may increase the amount of text available for analysis.
One type of classification is Sentiment Analysis. In some studies, elements of Sentiment Analysis are used to distinguish crime-significant texts from blogs and social networks. For example, in paper [7] Sentiment Analysis is used in tweet analysis to identify the authors' opinions on crime areas in real time.
The NLP classification methods are quite well developed and well-established. At the same time, their use in analyzing the emotional component of a text for identifying intent does not always lead to good results, due to non-specific patterns. For example, the patterns identified, even interpreted as threats, may be related to an individual's cultural and personal characteristics.  
In addition, the review shows that in most cases the existing approaches to text analysis and classification exclude indirect terminology that does not explicitly refer to weapons or violent acts and does not include threatening vocabulary, i.e. excludes terminology that is not strictly criminal in nature. Traditional probability classifiers are used - the naive Bayes method, the maximum entropy or support vector machines and others. This approach greatly reduces the accuracy of identifying criminally relevant texts.
Thus, in most studies in this area, which include semantic analysis, sentences in which the author of the text expresses an opinion are considered, investigated and analyzed. At the same time, sentences containing factual information are generally ignored and excluded from the analysis. 
In our research, on the contrary, we focus specifically on the factual material of texts related to its subject and content, and we have used technologies based on Open Information Extraction (IE) approaches, in particular methods for extracting facts from semi-structured texts [13].
In addition, by focusing on the detection of crime patterns, we use a method of data collection in their temporal variation, creating specialized criminal texts in Kazakh, Russian and English. Typically, such texts, except tweets, blogs and social networks, include media information for crime detection in each specific activity [14].
1.2 A general approach to the formalization and identification of criminally significant information in the text
An indicative sign of criminally significant information, which distinguishes it from ordinary information, is the concept of a crime. The offence consists of a system of objective and subjective elements, provided by the current legislation of the Republic of Kazakhstan, characterizing a certain socially dangerous act - i.e. a specific crime [15]. Interrelation of components which are primary components of the system " an offence " (object, a material element., subject,  mental element ) is shown in Figure 1.1.
The IAS information supply to a law enforcement officer can only take into account three elements of the offence: object, subject and a material element, as the mental element does not have the necessary semantic load.
The main quality of criminally significant information is the content of information that facilitates the search for evidence and regularities specific to the illegal aspects of criminal activity. When predicting crimes, detecting signs of hidden crimes, establishing the relationship between the personal qualities of criminals and the choice of the crime scene, as well as other analytical investigative and search activities, a procedural person needs to process a large number of electronic text documents, extracting criminally significant information from them.Object

Social relations which are damaged

An act of external behaviour, expressed in action or lack thereof
Subject
A person who has committed a crime with certain characteristics of a criminal offence

Mental attitude to what has been done and its consequences
Definition: «components of crime»

Figure 1.1 - Structure of indicative signs of criminally significant information

These electronic texts can be documents in electronic form: explanatory notes, memos, reports, verbal portraits of defendants, reports that have accumulated as a result of investigation, as well as electronic collections of internet publications, RSS - mailing lists, blogs and social networks.
All such electronic documents are presented in the form of semi-structured text information, which is understood to be a text electronic document that has a high degree of variability of content that changes depending on the specific situation. In general, these documents represent an accessible repository of forensic knowledge [16].
In general, information processes related to the investigation of a crime, the extraction of criminally significant information (CSI), as well as data and facts from arrays of electronic text documents and electronic resources can be presented in the form of a diagram shown in Figure 1.2.
The current CSI, which often has no causal link to the crime event but has potential forensic value, does not allow the use of only a pre-designed software thesaurus when searching for it. This is due to the fact that, on the one hand, this information is characterized by a lack of output indicators, and, on the other hand, the use of only keywords for its identification often makes it impossible to identify hidden facts describing criminal acts.
The final information process related to the CSI identification in the text for its further long-term use requires the transformation of relevant criminal information into knowledge, extracting new concepts that are not always explicit criminal identifiers, and then systematizing them in software ontology.  
Features of information formalisation:
Dynamic identification of the crime-significant component by identifying latent patterns in the process of analytical search
1. Primary identification of CSI in text-based electronic resources

2. Extraction and analysis of CSI in semi-structured and unstructured texts


3. Dynamic identification of up-to-date criminally significant information in texts


4. Conversion of criminally significant information into knowledge with the aim of its automatic accumulation for multiple use.




Figure 1.2 - General scheme of information processes related to obtaining CSI from semi-structured text resources

Thus, the processing of text files potentially containing criminally significant information makes it possible to dynamically accumulate and spread knowledge on the CSI by processing new text information from specialized texts.
In addition, for semantic analysis of such corpora based on search and retrieval of factual information, it is possible to obtain facts on the basis of which it is also possible to conduct logical reasoning and draw conclusions about the criminal content of the text.
1.3 Problems of forming aligned parallel corpora of highly specialized subjects
One of the most actual and progressive directions of linguistic resources development is design, creation and improvement of high quality text corpora. Processed corpus, which was systematized with the help of a concordancer, allows to store a huge amount of linguistic information necessary for statistical analysis; diachronic changes and other studies of oral speech and written texts.
The existing corpora can be divided into specialized (genre, time, place), general, multi-lingual, training, historical or diachronic, monitoring and others. The multi-lingual corpora we are researching is  divided into comparative  and parallel or translation corpora.  As a rule, parallel corpora are the most important in language learning, peculiarities of its translation, development of the syntactic parser and any tasks of semantic text analysis. The concept of parallel corpus is part of a broader and more complex concept such as machine translation. The quality of machine translation depends largely on the number of parallel sentences used in training. However, despite the rapid growth in the number of different programs and practical applications, machine translation still remains a challenge for computer linguistics.
Over the last decade, many bilingual and multi-lingual corpora have been created in the world, in our view, the most interesting ones are: EUROPARL - a European Parliament corpus with 20,000,000 words in 11 languages; CHEMNITZ GERMAN-ENGLISH TRANSLATION CORPUS with 1,000,000 words; KACENKA - an English-Czech corpus with 3,000,000 words; English-French Canadian Hansard - an English-French parallel corpus.
At the same time, there are quite a few linguistic corpora of the Kazakh language:
· The Almaty Corps of Kazakh Language (AKKJA), which contains more than 40 million words, 86% of which are grammatically parsed;
· Almaty Corpus of Kazakh [17];
· Kazakh text corpora on Sketch Engine [18];
· Open-Source-Kazakh-Corpus, created using the Wikipedia dump tool and including a collection of 20 million words (of which 600,000 are unique) [19];
· Kazakh Language Corpus or Kazakh Language Corpus (KLC ) [20].
At the same time, despite the existence of a large number of parallel multi-lingual corpora, the task of creating parallel corpora is still quite relevant for the Kazakh language. This task is significantly more complex when we talk about the development of a parallel Kazakh-Russian corpus, whose input language belongs to Turkic and output to Indo-European language families.
In order to realize its potential, modern parallel corpora should be aligned. Alignment involves the matching of certain parts of the original text with the corresponding parts of the translation text. 
In most of the work on parallel corpora, two levels of alignment are distinguished directly or indirectly: sentence alignment and lexical alignment. The task of automatically comparing sentences, which involves comparing the words of the original text with their equivalents in translation, is usually very complex and time-consuming, as for many languages, sentences or words may not be compared "one to one". For example, several paragraphs in the Kazakh language may correspond to only one paragraph in the Russian language, and in addition, some words may be removed or replaced by remote synonyms or set expressions that may be completely different for different languages, etc.
We can divide the existing methods for sentence aligning  into 3 categories. The first category methods are based on determining the lengths of sentences and paragraphs [21]. This approach is based on the hypothesis that the lengths of sentences in the original and its translation are approximately the same.
The second group of alignment methods uses lexical information from the corpus. The methods of this group are very rarely used, which is due to the difficult availability of bilingual dictionaries and the difficulty of automatic morphological analysis used to identify words in texts. To this day, most programs based on this group of methods use only texts from specialized topics, such as parliamentary speeches and legislative texts [22].  
The third group of algorithms for aligning  of parallel corpora is based on POS-tagging or morphological markings contained in annotated corpora [23]. 
However, the implementation of any method from these three groups is associated with a certain number of inaccuracies, and there is an ever-increasing interest in the creation of systems using a combination of all three methods. In particular, work [24] describes a hybrid method of aligning parallel texts that combines the length dependencies of fragments and translation elements. The study is based on Hungarian, Romanian and Slovenian.
The authors of the study [25] have shown that text alignment can be achieved without using additional resources in specific languages. They used an alignment algorithm based on sentence lengths and trained the MT system on texts that needed alignment. 
Another approach to aligning sentences is described in study [26]. In this paper, its authors proposed an alignment algorithm for texts that uses a combination of length-based and vocabulary-based methods. The algorithm obtained the epithet of "fast" because it optimized the process of dividing the introduced bilingual text into small parts of the alignment.  Work [27] provides an overview of the special InterText toolkit used for aligning parallel corpora. The application work is based on a hybrid alignment method. The same application was used to create the Kazakh-English corpus in the study [28].  The authors of the study used the Bitextor tool to generate the corpus based on multilingual websites.
The authors of the article [29] aligned their texts at sentence level using punctuation marks for segmentation. At the same time, the approach required manual debugging. The Finnish and Russian language corpora based on this approach have been aligned quite well [30].
An additional difficulty in creating an aligned binary parallel corpus is the choice of appropriate content to fill the corpus. Currently, there is a large number of studies describing how to obtain parallel sentences from non-parallel or comparable information. For example, such information can be obtained from the well-known Wikipedia resource [31], which includes similar articles in different languages. In addition, such articles can be connected via links annotated on Wikipedia by users. However, the possibility of creating parallel corpora even for such a global resource has not been fully explored so far [32].
Thus, it is obvious that the problem of creating parallel aligned corpora has not been fully solved to date, and universal aligning methods have not been defined. Moreover, it can be said that today, in most approaches, the choice of an alignment method depends directly on the pair of languages, the subject area and type of documents presented in the corpus [33].













2 Logical-linguistic model for extracting facts from text files
2.1 Mathematical description of a model for extracting facts from unstructured and semi-structured texts
Knowledge of a certain subject area is a collection of information about the objects/subjects of the software, their essential properties, relations and facts that describe the actions or properties of these objects/subjects. That is, a record of factual information must include a reference to the agent of the action, to an attribute or predicate of that object, and give a specific meaning to that attribute.  Such a representation of factual information makes it possible to formalize, in semi-structured, criminally colored texts, information about component elements of a crime scene in the form of a triplet of fact Subject->Property -> Value or Subject -> Predicate → Object, where the Subject- and Object-are the participants of an action, the Property - some attribute, and the Predicate - an action uniting all participants of a sentence.
The identification of such semantic relationships is based on the grammar of semantic cases (34). A strict logical-linguistic model has been developed for this purpose [13], linking the information contained in the definition of semantic roles with elements of the superficial structure of natural language sentences. 
The developed model uses semantic functions to describe the semantic relations of sentence elements, which clearly define the relations of morphological and semantic categories of sentence participants. The relations of morphological and semantic features of the participants in the action are described by means of the finite predicate algebra (FPC) [35].
Predicates 0 and 1 are used as the basic elements of FPA, as well as Predicates [image: ] for recognizing a subject [image: ] by a variable [image: ] where

	
	(2.1)


  
Disjunctive and conjunctive of predicates are used as basic operations in disjunctive and conjunctive algebra of predicates. Any predicate  in this algebra can be written down by a formula in the form of its complete disjunctive normal form (СDNF) [36]:
 
	
	(2.2)



Using FPC as the basic mathematical instrument, we enter a universum of U elements indicating the specifics of a given subject area. A finite subset of grammatical and semantic characteristics of the participants of the sentence M = {m1, ... , mn} is formed from the elements of the universal sum, where n is the number of specified characteristics. The relationship between the characteristics can be represented as mi - mj -...-mk, where mi, mj, ..., mk M, and a sign - indicates that these characteristics correspond to a particular noun.
On set M, we implement a system of predicates S so that any predicate P(qm) S equals 1 on a set of nouns with grammatical and semantic information of a word (or token) of a sentence corresponding to a certain semantic function and equals 0 otherwise. 
The N-dimensional predicate defines the semantic role of the participant in the action through subject variables that name the grammatical and semantic characteristics of the word of a sentence:

	
	(2.3)



Predicate  if the analyzed word  with a certain semantic function, has certain morphological and semantic characteristics of the language. Obviously, the grammatical relations described by the equation do not depend on a particular word.
In practice, a subset of coherent morphological, syntactic and semantic features of the participants in an action does not coincide with a Cartesian work of all features. On this basis, we define a predicate in a Cartesian work:

	
	(2.4)



where , here h — is the number of participants and action attributes considered in the model. Predicate = 1 if the conjunctive grammatical characteristics of words in a sentence show some semantic role of the participant (Subject, Object) or attribute of the action; and = 0 otherwise. Thus, if relations between grammatical characteristics of sentence words do not express any constituent element of fact, they are excluded from the formula (2.4) by the predicate .
The created model clearly describes the semantic functions of participants and the attributes of action through the grammatical and semantic characteristics of the surface structure of the natural language (37). However, due to the fact that deep semantic relations are expressed in different natural languages by different superficial characteristics and structures, it is obvious that this logical-linguistic model must be implemented separately for different natural languages. The number and composition of semantic roles and therefore the subject variables that are allocated in the implementation of the model for each specific natural language vary significantly depending on the objectives of the description, the language and its degree of detail. We have considered the implementation of our Open IE logic-linguistic model for English [38], Russian [39] and Kazakh [40] languages.
Obviously, the application of this model makes it possible to extract the facts of a particular criminal case from the huge information flows of full-text information processed in the course of operational and service activities (summaries, explanatory/ service notes, reports, newspaper and internet publications, verbal portraits of defendants, etc.). In the vast majority of cases such facts include: information about the defendants, information about the object of the attack, information about the mechanism and manner in which the crime was committed.
2.2 Implementation of a logical-linguistic model for extracting facts from Russian texts
For Russian languages, the semantic roles or functions of the participants of a sentence are defined, in their majority, by grammatical cases. For the formal definition of the semantic cases of the Russian language, a clearly defined set of semantic-grammatical features has been defined, which is introduced with the help of an irreducible set of three variables: the X-sign of animation (with values): xо - the subject variable characterising the semantic sign of an alive, xн - the subject variable characterising the semantic sign of an inanimate;); Y - the element of the semantic meaning of a noun (yм - mechanism, yс - own name, yи - instrument, yч - body part, yт - plane/point, yо - volumetric space, yв - certain time, yп  -period, yц - destination); Z - grammatical case of a noun (zи, zр, zд, zв, zт, zп - subject variables describing properties of nouns). 
The semantic function of a noun - participant of a sentence is described by the predicate P(x, y, z) = 1, which connects the elements of the semantic value of the noun x and y with its grammatical values z. Then, using the conjunction of predicates, it is possible to write down:

	P (x, y, z)  P(x) P(y) P(z),
	(2.5)



where  — conjunction.
The changes described in subsection 2.2 result in the predicate, semantic function of an Agence representing the subject of the action, usually the initiator of the action, the person or subject with the capacity to perform the action:
	А(xn, yn, zn) = xnо znи zи xnн ynм  zи xnо ynс.
	(2.6)



The semantic function of object that defines the object over which an action is directly performed is expressed by a predicate:

	О(xn, yn, zn) = zв xnн zв xnо.
	(2.7)



In addition, predicates for determining the attributes of semantic functions have been obtained, such as tools:

	И(xn, yn, zn) = znт xnн ynи  znт xnнynч;
	(2.8)



location:

	Л(xn, yn, zn) = zп xnн ynт  zп xnнynмzп xnнynц zп xnнynо;
	(2.9)



time:

	Т (xn, yn, zn) = zв xnн ynв  zп xnн ynп.
	(2.10)



and others [78].
Table 2.1 shows the semantic functions corresponding to the facts of a criminal act and identification of an identity, defines the corresponding predicates (formulas (2.6 - 2.10)) describing the relationship of morphological and semantic categories of noun participants of these facts and provides examples.
Table 2.1 - Formalisation of the Identification Model for Semantic Roles of Participants
	Verb-defined action
	Basic semantic functions
	Predicates that implement semantic functions

	roditsya(be born), pohischat (kidnap), pohitit(kidnap), ubivat(kill), ubit (murder), krast (steal), vyikrast (steal), ukrast(steal), obmanut(deceive), obmanyivat (cheat), grabit (rob), ograbit (rob)
	Time (whenacted)
	Т (xn, yn, zn) – formula 2.10

	
	Location (whereacted)
	Л (xn, yn, zn) – formula 2.9

	
	Object (toactsmth)
	О (xn, yn, zn) – formula  2.7

	
	Agence (tobeactedbysmth)
	А (xn, yn, zn) – formula 2.6

	
	Tools (bysmth)
	И (xn, yn, zn) – formula 2.8



2.3 Information technology to extract facts from semi-structured English texts
To formalize the semantic functions of English sentences and their explicit representation by means of the superficial structure of the simple sentence, the following grammatical categories were singled out: the preposition after the predicate; the apostrophe defining the possessive case; the position of a noun in the sentence; the presence of negation; the modal verb; and the presence of the verb to be and the form of the main verb:

	zto  ˅ zby˅ zwith  ˅ zabout ˅ zof ˅ zon˅ zat ˅ zin˅ zout =1,
yap˅ yaps ˅ yout =1,
xf  ˅ xl ˅ xkos  =1,
mis ˅mare ˅mhave ˅mhas ˅ mhad ˅ mwas ˅ mwere ˅ mout =1,
pIII˅ped ˅ pI ˅ ping ˅ pII =1,
fcan ˅ fmay ˅ fmust ˅ fshould ˅ fcould ˅ fneed ˅ fmight ˅ fwould ˅ fout =1,
nnot ˅ nout=1,

	(2.11)


where:
- Subject variable z characterizes the presence of a preposition to, by, with, about, of, on, in, after a triplet predicate or its absence - out;
- subject variable y characterizes the presence or absence of an apostrophe at the end of a word that defines possessive case for a Triplet Subject - ap, aps, out;
- subject variable x characterizes the position of the noun defining the essence: before the verb in its personal form - f, after the verb in its personal form - l or after the indirect object - kos;
- subject variable m characterizes the presence of any form of verb to be - is, are, have, has, had, was, was, or its absence out;
- subject variable f characterizes the presence of a modal verb in a simple sentence - can, may, must, can, need, might, would or its absence - out;
- subject variable p characterizes the form of the main verb of the sentence: first, second/third and fourth form of the regular verb - I, II, III, ing, and third form of the irregular main verb - ed.
Then the semantic relations of the action participants in a simple English sentence are defined through P predicates:

	Pk (x, y, z, m, p, n, f) = k (x, y, z, m, p, n, f) ˄
˄ P(x) ˄ P(y) ˄ P(z) ˄P(m) ˄ P(p) ˄P (n) ˄P(f),
	(2.13)



where the predicate k (x, y, z, m, p, n, f) similarly to formula (2.4) takes the value 1 or 0. 
According to the model for extracting facts from English sentences, the semantic relationship that defines the subject of the action can be clearly determined by the following logical-linguistic equation:

	γ1(z, y, x, m, p, f, n) = yout ((fcan ˅ fmay ˅ fmust ˅ fshould ˅ fcould ˅ fneed ˅ fmight  ˅
˅ fwould ˅ fout)  (nnot ˅ nout) (pI ˅ ped ˅pIII) xf mout ˅(xl (mis  ˅ mare ˅  mhave  mhas ˅
˅ mhad ˅  mwas ˅ mwere ˅  mbe ˅ mout ) zby)

	(2.14)


The subject of the action is the second most important verb (action) argument after the subject of the action. We define the grammatical characteristics of the Object of an action in the facts of English sentences by the following logical-linguistic equation:

	γ2(z, y, x, m, p, f, n) = yout (nnot ˅ nout) (fcan ˅ fmay ˅ fmust ˅ fshould ˅ fcould ˅ fneed ˅
˅ fmight ˅ fwould ˅ fout) (zout xl mout (pI ˅ ped ˅pIII) ˅ xf (zout   ˅ zby) (mis  ˅  mare ˅
˅ mhave ˅  mhas ˅  mhad ˅  mwas ˅  mwere ˅ mbe ˅ mout ) (ped ˅pIII)
	(2.15)


Similarly, using a logical-linguistic model, action attributes such as time, place, type of action, possessiveness of the subject or object of the action, tool of action and others are defined. For example, we define the semantic function of action time as the disjunction of the following grammatical characteristics:

	3 (x, y, z, m, p, n, f) = (zonxkos yout  zinxkos yout   zatxkos) (pIII  ped  pI  ping pII)  (mis   mare mhave  mhas  mhad  mwas  mwere  mout) (nnot ˅ nout) (fcan ˅ fmay ˅
˅ fmust ˅ fshould ˅ fcould ˅ fneed ˅ fmight ˅ fwould ˅ fout)

	(2.16)


We use both POS-tagging and syntactic Parser for correct fact identification when processing English-language texts. The reason for choosing Universal Dependencies (UD) parser is its ability for correctly analyzing syntactic verb groups, subordinate sentences and word combinations for a large group of languages. The syntactic relationships that link words to each other in a sentence and that are defined by the parser often express some semantic content. Similar to the structural scheme of the triplet of fact (Predicate Subject Object) in the grammar of verb dependencies, the verb is the central element and all participants depend on it directly or indirectly. Thus, using the syntax of subordination trees as a formal model is consistent with our semantic triplet of fact.  
For our analysis we used 7 out of 40 syntactic word combinations of English sentences, which include UD version 1. For example, in order to define the subj-fact we distinguish three types of dependencies: nsubj, nsubjpass and csubj. The <nsubj> tag shows the syntactic dependency of the subject of action on the verb marked with the <Root> tag. The <csubj> tag shows a clause syntactic subject of the sentence (, i.e., the subject is itself a clause), while the <nsubjpass> tag shows the relation between the verb marked with the <Root> tag and the subject in the English passive voice sentence.
In order to determine obj_fact fact, we identified four types of UD parser dependencies: obj, iobj, dobj and ccomp. The < obj > tag indicates the entity to which the action is directed, or the state of which is changed or moved. The <iobj>, <dobj> and <ccomp> tags are used to denote more precise types of verb dependencies for action objects.
2.4 Implementation of Open IE logical-linguistic model for Kazakh language
At adaptation of the developed model of extraction of the facts from the semi-structured texts (see subsection 2.2) to the Kazakh language we added the accurately formed irreducible set M of ten grammatical and semantic attributes influencing a semantic role of participants of the Kazakh sentence  [41]. Most of these attributes are morphological or semantic characteristics expressed in the superficial structure of the language by affixes. They are such characteristics as: position of the analyzed word in a phrase; presence of an auxiliary verb in a phrase; grammatical case of the analyzed noun; plural and person suffixes; affixes of predetermined action, and other morphological and semantic characteristics.
The presence of a large number of subject variables in the Kazakh language model is due to two main reasons: (1) the agglutinativity of the language, which requires the expression of a separate specific affix of each grammatical feature; (2) the need to highlight in the Kazakh language not only the participants of the action and their attributes, but also specific types of actions, i.e. the description of a predicate of fact. 
The predicate Px(x)  determines the position of the analyzed word in the phrase. The selection of the word location attribute in the sentence is predetermined by the fact of knowing about the strict order of words in the Kazakh phrase, when the first place is occupied by the subject, then by the object and verb completes the sentence , and the attributive always precedes the dependent member.

	[image: ]
	(2.17)



where 1, 2, 3, -1, -2, -3 show the displacement of the word in the phrase, "minus" indicates the beginning of the countdown from the end of the phrase; 0 shows any other position of the word except the first three and last three words in the sentence.
The predicate  Pf(f) determines if the phrase has an auxiliary verb:

	[image: ]
	(2.18)



where aux shows the existence of any verb from the list of 35 auxiliary verbs of the Kazakh language in the analyzed phrase [ал, бар, біт, бітір, бол, ғой, де, деген, дейтін, деп, е, еді, екен, емес, ер,ет, жазда, жат, жатыр, жет, жібер, жүр, кел, келеді, кет, кір, көр, қал, қой, cал, отыр, түс, тұр, шығ, шығар].
Predicate Pz(z) identifies seven grammatical cases of Kazakh language: nominative, genitive, dative, accusative, locative, instrumental and ablative:

	[image: ]
	(2.19)



where Nom — nominative case (атау септік); Gen — genitive case (ілік септік),  defined by a list of case affixes [ның, нің, дың, дін, тың, тің];  Dat –dative case (барыс септік) a simple declination, defined by a list of case affixes [ға, ге, қа, ке, а, е, на, не]; Acc — accusative case (табыс септік), defined by a list of case affixes [ны, н, ні, ды, ді, ты, ті]; Loc — locative case (жатыс септік), defined by a list of case affixes  [да, де, нда, нде, та, те]; Abl — ablative case (шығыс септік), defined by a list of case affixes [дан, ден, тан, тен, нан, нен]; Ins— instrumental case (көмектес септік), defined by a list of case affixes [мен, менен, бен, бенен, пен, пенен].
Due to the fact that there are two declension types of Kazakh nouns: simple (without regard to the owner) and possessive (with the indication of the owner), we introduce a predicate Pa(a), which defines two possible declension types of Kazakh nouns:

	[image: ],
	(2.20)



where, NSim —  declension of a noun, а NPos – possessive of a noun, defined by a list of case affixes [м, ым, ім, ң, ың, ің, сы, ы, і, сі, ымыз, іміз, ыңыз, ныз, іңіз, ңіз, ы, і]. The simple declension suffixes refer to the suffixes of the corresponding cases defined by the formula (4.3). 
Predicate Pn(n)  identifies the features of negation in the Kazakh language sentence:

	[image: ],
	(2.21)



where me - a sign of a negation, which is represented by the presence of a particle from the list [ma, me, ba, be, pa, pe], emes and joq – a sign of a negation, which is represented by the presence in the sentence of «emes» и «joq», respectively; 0 shows that there is no sign of negation in the sentence.
The predicate Pc(c) determines the presence or absence of multiple suffixes:
	[image: ]
	(2.22)



where 0 shows that the word is used in the singular, i.e. the word has no multiple affix, and the values of tar, ter, dar, der, lar, ler show multiple affixes ofтар,  тер, дар, дер, лар, лер respectively.  
Predicate Py(y) identifies presence of a word-formation affix of a specific part of speech - verb, participle, participle and noun: 

	[image: ]
[image: ],

	(2.23)


where:
- 0 defines a verb base morpheme, in the form of a second-person singular of the future tense of the imperative mood when referring to the "you";
- y defines an affix of the infinitive form;
- Vad, Oad, VaP - signs of participle: Vad defines a sign of aparticiple by affixes [п, ып, іп]; Oad defines a participle in [а, е, й, и], VaP defines a participle in[ға, ғалы , ге, гелі, ғі, ғы, ке, келі, қа, қалы , қі, қон, қы];
- FuCo,UnFu signs of the future tense of the indicative mood of the verb: FuCo defines a list of affixes of verbs of the future inferred  tense [ap, ep, ыр, ір], UnFu defines affixes of the indefinite future tense of the verb [мақ, мек, пақ, пеқ, бақ, бек, пақшы, мақшы, мекшы, пеқшы, бақшы, бекшы, пақшi, мақшi, мекшi, пеқшi, бақшi, бекшi];
– Part, ParP features of the word formation of the participle: Part specifies the affixes of the word formation of the participle from the list. [ған, ген, қан, кен, қон, ға, ге, қа, ке], ParP specifies the affixes of the word formation of the participle from the list [атын, етін, йтын, йтін]-;  
Vpas defines 20 special word-formation affixes of the verb [ді, дік, діқ, дім, дің, ды, дык, дық, дым, дың, қ, ті, тік, тім, тің, ты, тык, тық, тым, тың];
– Psuf defines 189 productive verb word affixes, including voice affixes. [42];
— Usuf defines 65 low-productive verb formation affixes [азы, ақта, ал, ала, аңғыра, аура, бала, бе, беле, би, бі, бы, дала, ди, ді, ды, екте, ел, еңгіре, еуре, жи, жіре, жыра, зы, і, ін, ірей, іс, іт, қи, лі, лы, ма, мала, меле, ми, мсіре, мсыра, ңра, ңре, палапеле, пи, пі, пы, ра, ре, си, сіре, сый, сыра, т, ти, ті, ты, усіре, усыра, ши, ші, шы, ы, ын, ыра, ырай, ыс, ыт];
The four values of NoN, NoV, Ncom, Nder of the subject variable y determine the attribute of a token to a noun through lists of specific affixes:
NoN - determines the presence of an affix of a noun formation. [ғай, гей, гер, ғи, ғой, дас, дес, дік, дық, кер, кес, қай, қар, қи, қой, қор, лас, лес, ліқ, лық, ман, паз, пана, сақ, тас, тес, тік, тық,  хана, ша, шақ, ше, шек, ші, шік, шы, шық];
NoV – determines  an affix of verbal formation of a noun [ақ, ба, бе, ғақ, ғаш, гек , гі, ғіш, ғы, ғыш, дақ, дек, ек, ік, ім, іс, іш, к, кі, кіш, қ, қаш, қы, қыш, лақ, лек, м, ма, мақ, ме, мек, па, пақ, пе, пек, с, тақ, тек, уік, уық, ш, ық, ым, ыс, ыш]; 
Ncom – determines a complex noun formation affix [герлік, гіштік, ғыштық, дастық, дестік, ділік, дылық, кеәтік, қорлық, ластық, лестік, лілік, лылық, паздық, сақтық, сіздік, сыздық, тастық, тестік, тілік, тылық, шақтық, шілдік, шілік, шылдық, шылық]; 
Nder – determines an affix of expressive evaluation (diminutive-hypocoristic and pejorative shades) of noun formation [жан, ке, қан, сымақ, тай, ш, ша, шақ, ше, шік, шық].
The Pd(d) predicate determines whether there is a sign of a subjunctive action:

	[image: ]
	(2.24)



where the value of the subject variable shi determines whether the word under analysis has ші or ши suffixes and a value of 0 determines whether there are no suffixes.
The Pm(m) credit card determines the presence of a personal predictive or possessive verb flexion or verb form:

	[image: ]
	(2.25)



PrFl (personal predicative flexion) - determines personal predictive flexions of participles, gerund, main and auxiliary verbs глаголов [біз, бін, быз, бын, ды, міз, мін, мыз, мын, піз, пің, пыз, пын, сіз, сіздер, сіндер, сің, сыз, сыздар, сың, сыңдар, ті, ты];  
PoFl (personal possessive flexion) - indicates  a personal possessive flexion of certain verb forms [дар, йік, йін, йық, йын, іздар, к, қ, м, ндар, ң, ңдер, ңіз, ңіздер, ңыз, сіздер, сің, сіңдер, сыздар, сың, сыңдар, ыздар];
0 - determines the absence of a personal verb flexion.
The predicate Pb(b)  determines the presence of some additional semantics or the meaning of the analyzed verb:

	[image: ]
	(2.26)



where the value mic shows the probability of an action defined by suffixes [мыс, міс]; the value se shows the existence of a conditional mood defined by suffixes [са, се].
Table 2.2 presents the subject variables and their areas of definition previously defined in the Open IE Kazakh language logical-linguistic model.  
The resulting equations (2.17 - 2.26) allow us to convert the predicate of the consistency of grammatical and semantic features of words that are elements of fact (2.4) for Kazakh into the following kind:

	[image: ]
	(2.27)


	The predicate of the initiator of an action or Subject of a fact is determined through 1К:
	



	[image: ]
	(2.28)



The semantic role of the Object of fact in the Kazakh phrase, i.e. the person or subject to which the action is directed, is defined by means of 2К:

	[image: ]
[image: ]
	(2.29)



Table 2.2 - Subject Variables and their Value Areas in the Logical-Linguistic Model of the Open IE of the Kazakh Language
	Subject variable
	Grammatical/semantic feature of the language described by the variable
	Areas of change in the subject variable

	1
	2
	3

	x
	location of the analyzed word  in a phrase
	(2.17)

	f
	The feature of an auxiliary verb in a phrase
	(2.18)

	z
	grammatical case of the Kazakh noun
	(2.19)

	а
	the type of the Kazakh noun declensions
	(2.20)

	n
	the feature of negative sentence
	(2.21)

	с
	the feature of plural suffixes
	(2.22)

	Continuation of table - 2.2
	

	1
	2
	3

	y
	the derivational suffixes of a specific part of speech (verb, participle, gerund, noun)
	(2.23)

	d
	the subjunctive action of the analyzed word
	(2.24)

	m
	presence of a personal predictive or possesive flexion of a verb and verbal forms
	(2.25)

	b
	the supplementary semantics of the analyzed words
	(2.26)



Formalisation of the logical-linguistic equation of the Predicate of action in the Kazakh phrase is based on the identification of fact. According to the "New Philosophical Encyclopaedia" [43], fact is a real, concrete single event or the result of an action that has occurred or will occur. Thus, the Predicate action equation of the triplet takes into account only the indicative mood of the Kazakh language, leaving the imperative, optative and conditional mood beyond the boundaries of the study.
Predicate VK defines a combination of semantic and grammatical features of the central part of the triplet of fact, namely the Action or Predicate of fact:

	VK=  (x-1x-2x-3) ((ftur  fotur f jatyr  fjúr ) mPrFz Vad   (y Oad  yFuCo )mPrFl 
 yFuCo (mPrFl  (mPrFlfedi )) yу (fedi f eken)  (y Vad mPrFl (pmic   p0  ))   
mPoFl ( (yVartyVpa yVpas) f edi(njoq nemes nme  n0)  
 (yPart y Vad fotur ftur fjatyr f júr fParP fUnFu)))
	
(2.30)



Figure 2.1 shows an example of a model implementation for Kazakh language sentence.  In the Kazakh phrase «Операторлар үйде мылтық  тапты» according to the formula (2.30), the verb "тапты” represents the action (long past tense). According to equation (2.28), the noun «Операторлар» is identified as the Subject of action or Subject of a fact. The predicate γ2K (2.29) identifies the noun «мылтық» as the Subject of fact, which is called by this phrase.


              Операторлар       үйде      мылтық     тапты.

Subject

   Object

Predicate
1K= x1zNom y0cлар
2K = x3 zAccyNoVaNSim
VK = x-1mPoFl yVpas n0
Грамматические и семантические характеристики представлены предикатом:


Figure 2.1 – An example of fact identification in Kazakh phrase.  Predicate 1К defines grammatical features of the Subject of action; predicate  2К defines Object; and VK  -  is Predicate of fact








3 Development and annotation of corpora of criminally coloured texts
3.1 Peculiarities of forming the Kazakh-Russian parallel corpus of criminal texts
The developed corpus of Kazakh and Russian criminal texts is the file structure, shown in Figure 3.1.
The name of the text file must match the template:
порядковыйНомер_названиеАгенства_дата_язык_tag|row.txt
For example, a marked text file of text number 49 in Kazakh collected from the website of the news agency partrul on 7 September 2018 must have a name: 49_partrul_07.09.18_Kz_tag.txt
Marking is the addition of some extra linguistic meta-information to the text corpus. We used morphological, semantic and temporal marking in the created corpora of criminally significant information.
[image: ]
Figure 3.1 - File structure of the Kazakh-Russian corpus of criminally coloured texts

The use of the manual method of marking increases its accuracy, while at the same time it is labour-intensive and does not allow the marking of large corpora. On the contrary, the use of automatic marking increases the number of errors, reduces accuracy, but allows you to mark large corpora quickly enough. 
In addition, in some cases, it is quite difficult to create algorithms for semantic, stylistic and some other types of markings. For this reason, in our study, some information, particularly POS-tagging, was added to the corpus automatically in most cases, and semantic information was added manually.  
The structural macro-marking of the developed corpus includes the following document tags: 
· the title of the text is highlighted with a tag: <head type=main> заголовок</head>;
· if there are subheadings in the text, they are highlighted with tags: <head type=h1> heading</head>;
· the date of publication is defined as: <date> </date>;
· the website of the information web agency from which the text is taken is highlighted by a tag: <site> </site>;
· if there is an author, he is marked with a tag:  <author> автор < /author>.
One of the main steps in annotating the text corpus is to select multiple tags or multiple categories of words that will be applied to tokens (tagset). A tagset is a set of tags used for a given grammatical tagging task. The speed and accuracy of automatic processing depend on the selection of a correctly defined set of tags. In the development of a tagset, the following criteria for selecting tags have been defined and taken into account:
1) conciseness - short labels are more convenient than more detailed labels and therefore longer;
2) perspicuity - the labels must be easy for interpretation; 
3) analyzability - the tags must be easy to decompose into logical parts, which will be easy to read both during machine processing and to understand by humans.
Based on the above-mentioned criteria, the following morphological and semantic labels were selected:
- the tags <s type=crim> sentence </s> highlight sentences with a criminal colouring; 
- the tag <v type=crim> verb </v> is used to mark verbs that have a criminal colouring;
- the tag <n type=crim > noun </n>  highlights nouns that have a certain criminal colouring;
- Tag <a type=crim > adjective and participle </a> highlights adjectives and participles that have a certain criminal coloring;
Tag names (types of elements) <s>, <v>, <n>, <a> define grammatical information of a part of speech and sentence as a syntactic unit. And the values of the attribute type=crim define semantic information. Figure 3.2 shows a fragment of a marked corpus file.
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Figure 3.2 - File fragment of marked Kazakh-Russian corpus file
3.2 Expert evaluation of the results of the semantic analysis of Kazakh texts that include criminal meaning 
POS-tagging of Kazakh texts was carried out using a developed tagger based on the RegexpTagger class of the NLTK Python package. Figure 3.3 shows a fragment of a regular expression that allows the identification of certain forms of nouns in Kazakh sentences.
patterns=[(r’.*бен$','NN'), (‘r.* пенен$','NN'), (‘r.* басшылық$','NN'), (r’.* іпқону$','NN'), (r’.* тармен$','NN'), (r’.* герлермен$','NN'), (r’.* здар$','NN')]
Figure 3.3 - Fragment of a regular expression that allows the identification of certain forms of nouns in Kazakh sentences

The semantic marking of the corpus of Kazakh texts containing criminally significant information consists in identifying a triplet of fact: Subject PredicateObject. The corpus has a horizontal format of markup. The use of the obtained names of morphological tags and some syntactic characteristics of words in a sentence as values of subject variables of equations (2.17 - 2.26) allows extracting Subject, Object and Predicate fact from Kazakh language sentences.
The subject of the action marked with the "_Sub" label, which is the person or subject that initiates the action, is determined on the basis of the formula (2.28). The object of the action marked with the "_Ob" label is the person or object to which the action is directed and determined on the basis of the formula (2.29). The triplet nucleus of a fact is a Predicate marked with the label "_Pred", indicates the action of a fact and  determined on the basis of a logical-linguistic equation (2.27).   
The following expert evaluation method was used to evaluate the results of automatic fact extraction from texts containing criminally significant information. About one thousand facts were randomly selected from the automatically extracted facts and presented to the expert for evaluation. The expert assessed the extracted fact as 1 if the triplet of fact was correctly identified. This means that all three elements of the fact have been correctly identified: the initiator of the action - Subject, the subject or person to whom the action is directed - Object, the action that unites all participants - Predicate. If at least one of the three elements of a triplet of fact is identified incorrectly, the expert evaluated the fact as 0 - an incorrectly identified and extracted fact. Figure 3.4 shows the application interface used to assess the correctness of the developed algorithm of semantically marked Kazakh texts containing criminally significant information. The expert evaluation was performed by two experts.

[image: ]
Figure 3.4 - Application interface allowing the expert to evaluate correctness of the application

Table 3.1 shows the obtained coefficients of accuracy and consistency (agreement) of the developed method of semantic marking of the corpus of criminal texts of Kazakh language.


Table 3.1. Precision and agreement of the developed method of semantic marking of the corpus of criminally texts in Kazakh.
	Language
	Corpus size
(how many words)
	precision
	agreement

	Kazakh
	225
	71,0 %
	0,72



3.3 Aligned parallel Kazakh-Russian corpus of criminal texts
The Kazakh-Russian parallel corpus of texts containing CI was formed on the basis of four bilingual websites in Kazakhstan: zakon.kz, caravan.kz, lenta.kz and nur.kz [44]. The selected sites are well-known and reliable portals of the Republic of Kazakhstan, one of the news areas of which is criminal news. The portals contain news about such criminal acts as robberies, car thefts, murders, traffic accidents and others. The texts of this particular field represent the basic resource of the created corpus. Also, these portals are bilingual and often contain news publications in Kazakh and Russian. As a result of scraping the abovementioned sites, 3,000 texts were received in two languages: Russian and Kazakh. For automatic collection (scraping) of website texts, a program has been developed that parses websites of a given structure and the required context.  
The next step was to manually adjust the texts of criminal coloring. Thus, a corpus of more than 50410 words was obtained (about 25600 words belong to the Kazakh half of the corpus and about 24800 words to the Russian half) collected from four news sites in Kazakhstan from May to December 2018.
The structural organization of the corpus was determined by a demonstrative choice of the three basic corpus formats currently available, which are used depending on the pragmatic goals of the creators or users. The first is a traditional text format with translation references. The second format organizes the text corpus in a tabular "mirror" form, which is more convenient for reading and comparison.  And the third way to organize the corpus is to use their database metadata (DB) to store the texts.
A third possible structure, a database, has been defined as the data storage format for the created corpus. The database is the most convenient structure for storing large amounts of data representing small text fragments, followed by the possibility of permanently expanding and extending the database. A fragment of the table of the created database including the ID, name, website address and text of the news article is shown in Figure 3.5. 
The pymorphy2 Python package, designed specifically for morphological analysis of Russian texts, was used to perform POS-tagging of Russian texts. The libraries of the package use the OpenCorpora dictionary and draw hypothetical conclusions on words that cannot be recognized. 
The complexity of the structural and standard annotation of Kazakh texts is related to their belonging to agglutinative languages. The agglutinative format, in which each agglutination (suffix or ending) has only one semantic or morphological meaning, is opposed to the flectional format, in which each morpheme has several indivisible meanings at once (e.g. case, gender and number).
[image: ]
Figure 3.5 - Fragment of the Database of news websites in the Kazakh and Russian languages

POS tagging of Kazakh texts was carried out through regular expressions based on the RegexpTagger class of the nltk Python library and a number of syntactic rules. For example, we can identify some types of Kazakh nouns using the regular expression list shown in Figure 3.6. Here, the tag "_NNat" identifies the noun's nominative case (атау), the tag "_Nil" identifies the parent case (iлiк), and the tag "_NNba" identifies the dative case (барыс) (see also example Figure 3.3).
patterns=[(r’.*(шык|шы|пыр|мпыр|алар|ашыщ|лар|елер|ды) $', 'NNat'), (‘r.*( мның|енің|рдың|дың,)$','NNil'), (r’.*( да|те|та|нда|нде|ға|ге|қа|ке|на|не|тік|еге|ырға|рға}йға|ыға|аға|шаға|сіз|мға|ға)$','NNba')] 
Figure 3.6 - Example of a regular expression that allows the identification of certain nouns of the nominative, genitive and dative case of the Kazakh language

To increase the precision of POS tagging, syntactic rules were additionally used. The basis for developing such rules was a strict word order in Kazakh sentences.  For example, "If a token follows words from a special list, the token is marked as a verb":

	[list_1 of words]  tokeni => tagtokeni=’_VV’,
	(3.1)


where list_1 of words = [қойды, қой, қалды, қал, салдым, салып, кетті, кетсеңші, бару, келу, шығу, жүру, түру, бар, қел, шық, жүр, қайт, шыққан, барған, түсті, түс, тұрыңдар, тұсын, көрме, …]
The next step was to choose a way to align the sentences. The first approach, based on matching the lengths of sentences of texts, ensures higher productivity. However, in our study, despite its advantages, this approach cannot produce accurate and objective results, as the Kazakh language often uses additional words to express some semantic and morphological information that fundamentally change the length of a sentence.  It is for this reason that the difference in organizing the grammar and semantics of flectional and agglutinative languages is not effective in using sentence length alignment in our parallel Kazakh-Russian corpus. 
The second, more resource-intensive approach we have chosen, uses lexical word alignment. A Kazakh-Russian dictionary based on an English-Kazakh-Russian dictionary containing approximately 50,000 elements was used as a "lexical alignment tool". Fragments of these dictionaries are shown in Figures 3.7. and 3.8, respectively.

[image: ]
Figure 3.7 - Fragment of the created Kazakh-Russian dictionary

To make the best use of this dictionary method of automatic sentence alignment, we use the preliminary results of POS-tagging of bilingual texts [45]. The use of correct morphological markup allows us to correctly determine the correspondence between words by selecting reference tokens of aligned sentences.
[image: ]
Figure 3.8 - Fragment of the basic English-Kazakh-Russian dictionary

To evaluate the accuracy of the automatic alignment of the sentences from the corpus, three experts were involved. They used a specially developed application whose user interface is shown in Figure 3.9. The application allows the experts to select text in any (Russian or Kazakh) language and automatically downloads a parallel file with text in the other language (Kazakh or Russian respectively). Sentences that have not received a parallel equivalent in the other language after automatic alignment are highlighted in bold.  When working with the corpus, experts can mark texts, save them with tags, or correct aligned sentences manually. 
   
[image: ]
Figure 3.9 - User interface of the application used to work with the aligned parallel corpus

An expert evaluation of the results of the algorithm for automatic alignment of parallel Kazakh-Russian texts containing criminal-colored information showed that precision of automatically aligned sentences is about 60%, with an agreement coefficient of 0.83.  The rest of the corpus sentences were aligned manually.
The analysis of the automatic alignment results made it possible to draw the following conclusions about the causes of existing errors and to develop prospective areas for further research.
1) The main reason for the relatively low precision of the automatic alignment of the created corpus is the large difference in grammar between the Kazakh and Russian languages.  The global difference in the syntactic structures of sentences often leads to the fact that one sentence of the Russian text is matched by several sentences of the Kazakh text. This generally affects the mismatch between the number of sentences in parallel files of the two parts of the corpus.  
2) The complexity and limited use of comparable grammar for Kazakh and Russian requires further work on contrastive linguistics.
3) The result of the alignment method depends on the quality of the translation dictionary used. However, because Russian and Kazakh languages are in different language groups and a common vocabulary is used, there may be some translation errors related to polysemy and homonymy.
4) The alignment of texts containing CСI requires the development of a specialized ontology on the subject of illegal Internet content, including knowledge of the patterns of semantic word classes and the relationship between the relevant concepts.


CONCLUSION

In the course of the project, an analytical review of existing problems in the field of searching  technology of illegal information in text data was carried out. The current state and prospects of development of methods of formalization and information retrieval in unstructured and semi-structured text files were considered, and the existing possibilities of using IE methods to extract criminally significant information were analyzed. Based on this analysis, a general approach to formalizing and identifying IE has been developed.  
The study developed a logical and linguistic model for extracting facts from files of semi-structured texts, which is adapted for Kazakh, Russian and English texts. In addition, the study investigated the relationship between linguistic formalisms in natural-linguistic texts and the real nature of a criminally or socially significant event in society. Based on this analysis, a method of generating structured machine-readable information based on unstructured text is proposed.
As a result of the research, a corpus of Kazakh and Russian criminal texts with  about 50,000 words was developed. The report includes a description of the algorithm for semantic annotation of the corpus based on the developed model for extracting facts from unstructured texts, as well as a description of the method of expert evaluation of the results of semantic analysis of the corpus. The resulting markup precision is about 71%, with an agreement factor of 0.72. The method of alignment of the created parallel Kazakh-Russian corpus of criminal texts is considered, and a description of the developed application allowing work with the corpus is given.
The information technology developed as part of the project for the identification of knowledge in text files was introduced at the National Innovation Centre.  Act of implementation dated 15 July 2020 (Annex D). The results obtained can also be used to identify in social networks, electronic media and other electronic resources multilingual information relevant to the prevention of illegal actions. The introduction and practical implementation of the developed set of models, methods and technologies will allow government agencies to automate the extraction of information with CSI elements from external text data sources. In the future, the results obtained during the survey may be commercialized.  
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TECHNICAL SPECIFICATION AND WORK SCHEDULE 

Under the Additional agreement No. 1 dated June 2018
to the contract No. 211 dated March 19, 2018


1. Republican State Enterprise on the Right of Economic Use "Institute of Information and Computational Technologies" of the Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan   

1.1 By priority: 3. Information, telecommunication and space technologies, scientific research in the field of natural sciences. 
1.2 By subpriority: 3.1 Intelligent Information Technologies. Machine learning.
1.3 By the program subject: AP05131073 «Methods and models for searching for criminally significant information in unstructured and semi-structured text files».
1.4 Overall budget of the program 45 000 000 (fifty-four million) tenge, including breakdown by years, for work performance according to paragraph 3:
     - for  2018-in the amount of 15 000 000 (fifteen million) tenge;
- for 2019 -in the amount of 15 000 000 (fifteen million) tenge;
- for  2020-in the amount of 15 000 000 (fifteen million) tenge.

2. Characteristics of scientific and technical products by qualification and economic indicators    

2.1 Direction of work: Scientific research in the field of natural sciences. 
2.2 Field of application: integrated information-criminalistics systems of law enforcement agencies, integrated information-analytical systems of other state institutions for information search and analysis of texts of criminal coloring of Web content in Kazakh, Russian and English languages. Information technology for search, retrieval and analysis of criminally-significant information from unstructured and semi-structured text data files can be used in government services of the Ministry of Internal Affairs, Prosecutor's Office and security; social services, libraries, educational institutions and other government agencies.
2.3 Final outcome:   
- for 2018: An analytical review of the research topic will be carried out. Recommendations on creating an information technology will be developed. Corpora of modern Web content in three languages will be developed. The created corpora will be annotated (morphological with stylistic, temporal and semantic elements).  Articles with the participation of Ukrainian scientists in peer-reviewed foreign and national scientific journals with non-zero impact factor will be published. There will be published 1 article in scientific journals indexed in the WebofScience or Scopus databases with non-zero impact factor.
- for 2019: Logical and linguistic models for extracting facts from Kazakh, Russian and English texts will be developed. Correlations between the linguistic formalisms of the texts of created corpora and the real nature of the event in society will be formalised. An automated electronic glossary of illegal actions in Kazakh, Russian and English will be developed. An information technology for identification, search, extraction and analysis of СSI from semi-structured and unstructured text files of Russian, Kazakh and English languages will be developed .  A prototype of a system for identification, search, extraction and analysis of CSI will be developed. Articles with the participation of Ukrainian scientists in peer-reviewed foreign and national scientific journals with non-zero impact factor will be published. There will be published 1 article in scientific journals indexed in the WebofScience or Scopus databases with non-zero impact factor.
- for 2020: An information technology for identification, search, extraction and analysis of СSI from semi-structured and unstructured text files of Russian, Kazakh and English languages will be developed. A prototype of a system for identification, search, extraction and analysis of CSI will be developed. Recommendations on the creation of an information technology for the identification of knowledge in text files in order to distinguish information relevant to the prevention of illegal actions will be developed. Evaluation of the efficiency of the developed technology for the identification of CSI will be carried out. Articles will be published with the participation of Ukrainian scientists in peer-reviewed foreign and national scientific journals with non-zero impact factor. There will be published 1 article in scientific journals indexed in the WebofScience or Scopus databases with non-zero impact factor. A certificate of authorship for the final software product will be obtained. There will be published 1 monograph with participation of Ukrainian scientists.
2.4 Patentability: nonpatentable.
2.5 Scientific and technical level (novelty): The scientific novelty of this project is to present a new line of scientific and practical activities that have emerged in the information society at the intersection of legal and technical sciences, which is focused on the development of information technology to support interested state authorities, namely, the creation of information technology to identify knowledge in text files in order to extract information relevant to the prevention of illegal actions.
2.6 The use of scientific and technical products is carried out: by the contractor.
2.7 Type of the scientific and (or) scientific and technical activities result's use: The results obtained in the study can be used in the integrated information and criminalistics systems of law enforcement agencies, as well as in the integrated information and analytical systems of other government agencies for information retrieval and analysis of criminal texts of Web content in Kazakh, Russian and English languages.

3. Activities, implementation dates and results 

	Task cipher,stage 
	Activities under the Contract and the main stages of its implementation 
	Implementation date
	Expected result 

	
	
	Start
	End
	

	1.
	Study of literature in the research direction. Specification of the research direction. Identification of potential research directions.
	January 2018
	April 2018
	The direction of research will be selected and specified. An analytical review of research will be carried out. Literature on the subject will be studied. Potential research directions will be identified. Recommendations on creating information technologies will be developed.

	2.
	Development of corpora with modern social network texts  and Web media in Kazakh, Russian and English.
	January 2018
	1 November 2018
	The corpora of modern social network texts and Web media in Kazakh, Russian and English will be developed. The corpora of modern Web content in three languages will be created.

	3.
	Development of a system and identification of methods for automatic morphological marking of the created corpora with elements of stylistic, temporal and semantic annotation.
	May 2018
	1 November 2018
	Systems for automatic morphological marking of the created corpora with elements of stylistic, temporal and semantic annotation will be developed and defined. Annotation of created buildings will be carried out (morphological, with elements of temporal, stylistic and semantic).

	4. 
	Preparation of publications in  foreign and national scientific journals with a non-zero impact factor, as well as in scientific journals indexed in the WebofScience or Scopus databases and preparation of project reporting documentation.
	January 2019
	1 November 2019
	Articles with the participation of Ukrainian scientists in peer-reviewed foreign and national scientific journals with non-zero impact factor will be published. There will be published 1 article in scientific journals indexed in the WebofScience or Scopus databases with non-zero impact factor.

	5.
	Evaluation and improvement of created logical-linguistic models of fact extraction from Russian and English text files on created corpora. Development of logical-linguistic models for extracting facts from the texts of the Kazakh language, evaluation of models on the created corpora.
	March 2019
	1 November 2019
	The created logical and linguistic models for extracting facts from Russian and English text files on the created corpora will be evaluated and refined. Logical and linguistic models for extracting facts from Kazakh texts will be developed and models on the created corpora will be evaluated.

	6.
	Study of the dependence of linguistic formalisms in texts and the real nature of a criminal or socially significant event in society.
	January 2019
	July 2019
	The dependencies of linguistic formalisms in texts and the real nature of a criminal or socially significant event in society will be investigated. Correlations between linguistic formalisms in texts and the real nature of a criminal or socially significant event in society will be formalised.

	7.
	Evaluation and improvement of created logical-linguistic models of fact extraction from Russian and English text files on created corpora. Development of logical-linguistic models for extracting facts from the texts of the Kazakh language, evaluation of models on the created corpora.
	March 2019
	1 November 2019
	The created logical and linguistic models for extracting facts from Russian and English text files on the created corpora will be evaluated and refined. Logical and linguistic models for extracting facts from Kazakh texts will be developed and models on the created corpora will be evaluated.

	8.
	Development of a method for identifying multi-lingual identifiers of criminally significant information based on logical and linguistic modelling of the function of understanding natural language by human intellect..
	March 2019
	October 2019
	Methods  for identifying multi-lingual identifiers of criminally important information in Russian and English texts, based on logical and linguistic modelling of the function of understanding natural language by human intellect will be developed.

	9.
	Development of information technology for identification, search and retrieval of CSI from semi-structured and unstructured text files of Russian, Kazakh and English languages. Software implementation of the developed technology.
	January 2019
	1 November 2019
	An information technology for identification, search, extraction and analysis of СSI from semi-structured and unstructured text files of Russian, Kazakh and English languages will be developed . The software implementation of the developed technology will be created.

	10
	Preparation of publications in  foreign and national scientific journals with a non-zero impact factor, as well as in scientific journals indexed in the WebofScience or Scopus databases and preparation of the progress report.
	January 2019
	1 November 2019
	Articles with the participation of Ukrainian scientists in peer-reviewed foreign and national scientific journals with non-zero impact factor will be published. There will be published 1 article in scientific journals indexed in the WebofScience or Scopus databases with non-zero impact factor.

	11.
	Development of recommendations on the creation of an information technology for the identification of knowledge in text files with the aim of distinguishing information relevant to the prevention of illegal actions.
	January 2020
	June 2020
	Recommendations on the creation of an information technology for the identification of knowledge in text files in order to distinguish information relevant to the prevention of illegal actions will be developed.

	12.
	Development of information technology for identification, search and retrieval of CSI from semi-structured and unstructured text files of Russian, Kazakh and English languages. Software implementation of the developed technology
	January 2020
	July 2020
	An information technology for identification, search, extraction and analysis of СSI from semi-structured and unstructured text files of Russian, Kazakh and English languages will be developed . The software implementation of the developed technology will be created.

	13.
	Evaluation of the efficiency of developed technology for the identification of CSI on the basis of the Web content of social networks, forums and Web media in Kazakh, Russian and English.
	July 2020
	1 November 2020
	Evaluation of the efficiency of the developed technology for the identification of CSI, based on the Web content of social networks, forums and Web media of the Kazakh, Russian and English languages will be carried out.

	14.
	Preparation of publications in  foreign and national scientific journals with a non-zero impact factor, as well as in scientific journals indexed in the WebofScience or Scopus databases and preparation of project reporting documentation.
	January 2020
	1 November 2020
	Articles will be published with the participation of Ukrainian scientists in peer-reviewed foreign and national scientific journals with non-zero impact factor. There will be published 1 article in scientific journals indexed in the WebofScience or Scopus databases with non-zero impact factor. A certificate of authorship for the final software product will be obtained. There will be published 1 monograph with participation of Ukrainian scientists and 1 book in Kazakhstan editions. The project reporting documentation will be prepared.
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APPENDIX B

List of publications for 2020
Foreign: 
1 Nina Khairova, Anastasiia Kolesnyk, Orken Mamyrbayev, Svitlana Petrasova. Applying VSM to Identify the Criminal Meaning of Texts // COLINS. - 2020. - Р. 20-31 (Scopus). 
2  Nina Khairova, Svitlana Petrasova, Orken Mamyrbayev, Kuralay Mukhsina. Open Information Extraction as Additional Source for Kazakh Ontology Generation // Proceedings Asian Conference on Intelligent Information and Database Systems. - Phuket, Thailand, 2020. — Part I. — P. 86–96 // DOI: 10.1007/978-3-030-41964-6_8 (Scopus and Web of Science IF – 0.3, Q4)
3 Nina Khairova, Orken Mamyrbayev, Kuralay Mukhsina, Anastasiia Kolesnyk. Logical-Linguistic model for multilingual open information extraction // Cogent Engineering. – 2020. – Vol. 7. – Р. 1-13 // DOI: 10.1080/23311916.2020.1714829. (Scopus, Процентиль – 76)
4 Khairova N., Mamyrbayev O., Petrasova S., Mukhsina K.. Modern text data processing technologies based on the NLTK Python package: a training manual. - Kharkov: "V delo" LLC, pp. 2020. - 134. (original in Russian)
Domestic:
5 Khairova N., Kolesnik A., Mamyrbayev O., Mukhsina K.. Aligned Kazakh-Russian parallel corpus focused on criminal theme // Bulletin of the Almaty University of Energy and Communication.. - 2020. - № 1 (48). –PP.84-92.(original in Russian)
6 Khairova N., Mamyrbayev O., Mukhsina K.. Some aspects of the technology for identifying criminally significant information in multilingual text files: Monograph. - Almaty: Institute of Information and Computing Technologies, 2020. – p. 92. (original in Russian)
7 Mamyrbayev O., Khairova N., Kolesnyk A., Mukhsina K.. Method of identification of criminal value of texts in Kazakh language, based on VSM // Coll. of scientific works: Computer processing of the Kazakh language. - Almaty: Қазақ Universityi, 2020. – pp. 104-120. (original in Russian)
8 Khairova N., Kolesnyk A., Mamyrbayev O., Mukhsina K.. Using qualitative content analysis methods to study the distribution of illegal texts on news sites //  In International scientific-practical conference "Informatics and applied mathematics". - Almaty, 2020. – pp. 223-231.
9 А.с. № 9180. The system for creating and aligning of the Kazakh- Russian corpus of the criminal theme. Khairova N.F., Mamyrbayev O.Zh., Izbassarov E.Zh., Mukhsina K.Zh.. - 2020. – 1p.
List of publications for 2019

1 Khairova N., Petrasova S., Mamyrbayev O. and Mukhsina K. Detecting Collocations Similarity via Logical-Linguistic Model // Proceedings of the Workshop on meaning relations between phrases and sentences. - Gothenburg, Sweden, 2019. – Р. 15-22.
2 Khairova N., Kolesnyk A., Mamyrbayev O. and Mukhsina K. The Influence of Various Text Characteristics on the Readability and Content Informativeness // Proceedings of the 21st International Conference on Enterprise Information Systems. – 2019. – Vol. 1. – Р. 462-469 // DOI: 10.5220/0007755004620469.
3 Petrasova S., Khairova N., Lewoniewski W., Mamyrbayev O., Mukhsina K. Similar Text Fragments Extraction for Identifying Common Wikipedia Communities // Data. - 2018.- № 3(4). – Р. 66.
4 Khairova N., Kolesnyk A., Mamyrbayev O., Mukhsina K. The Aligned Kazakh-Russian Parallel Corpus Focused on the Criminal Theme // CEUR Workshop Proceedings. – 2019. – Р. 116-125.
5 Mamyrbayev O., Mukhsina K., Khairova N., Kolesnyk A.. Linguistic tools for detecting criminally coloured text information of web content // Vestnik of the Kazakh-British Technical University.– 2018. – № 3(46). – С. 112-117. (original in Russian)
6 Khairova N., Mamyrbayev O., Mukhsina K., Kolesnyk A.. Automatic generation of structured machine-readable information from multilingual texts // Informatics and applied mathematics: IV International Scientific Conf. - Almaty, 2019. – P.2. - pp. 509 – 519. (original in Russian)
7 Mamyrbayev O.Zh., Skakov M.. Methods and models for searching and analyzing criminally significant information in unstructured and semi-structured text arrays // Informatics and applied mathematics: IV International Scientific Conf. - Almaty, 2019. – P.2. - pp. 393 – 401.(original in Russian)









List of publications for 2018 

1. Khairova N., Lewoniewski W., Węcel K., Mamyrbayev О., Mukhsina K. Comparative Analysis of the Informativeness and Encyclopedic Style of the Popular Web Information Sources // Business Information Systems. Lecture Notes in Business Information Processing. – Springer, Cham, 2018. -  Vol 320. – Р. 333-347.
2. Khairova N., Petrasova S., Lewoniewski W., Mamyrbayev O., Mukhsina K. Automatic Extraction of Synonymous Collocation Pairs from a Text Corpus // Proceedings of the Federated Conference on Computer Science and Information Systems. – 2018. - Vol. 15. - Р. 485–488.
3. Khairova N.F., Mamyrbayev O.Zh., Mukhsina K.Zh., Pilipenko A.A.. Simulation of grammatical methods for expressing the semantics of fact in the English sentence // III International scientific conference "Informatics and Applied Mathematics", op. cit. 80th anniversary of Prof. Biyashev R.G. and 70th anniversary of Prof. Aidarkhanov M.B. - Almaty, 2018. – T. 2. – pp. 136–144. (original in Russian)
4. Khairova N.F., Mamyrbayev O.Zh., Izbassarov E.Zh., Mukhsina K.Zh.. Formal model of quality assessment of extracting and identification of knowledge from semi-structured test information // Scientific conference of the Institute of Information and Computer Technologies of the Ministry of Education and Science of the Republic of Kazakhstan "Modern Problems of Informatics and Computer Technologies". - Almaty,2018. – pp. 306-310. (original in Russian)
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Reprints of publications for 2020

1 Nina Khairova, Anastasiia Kolesnyk, Orken Mamyrbayev, Svitlana Petrasova. Applying VSM to Identify the Criminal Meaning of Texts // COLINS. - 2020. - Р. 20-31 (Scopus). 





2 Nina Khairova, Svitlana Petrasova, Orken Mamyrbayev, Kuralay Mukhsina. Open Information Extraction as Additional Source for Kazakh Ontology Generation // Proceedings Asian Conference on Intelligent Information and Database Systems. - Phuket, Thailand, 2020. — Part I. — P. 86–96 // DOI: 10.1007/978-3-030-41964-6_8 (Scopus and Web of Science IF – 0.3, Q4)




3 Nina Khairova, Orken Mamyrbayev, Kuralay Mukhsina, Anastasiia Kolesnyk. Logical-Linguistic model for multilingual open information extraction // Cogent Engineering. – 2020. – Vol. 7. – Р. 1-13 // DOI: 10.1080/23311916.2020.1714829. (Scopus, Процентиль – 76)












4 Khairova N., Kolesnik A., Mamyrbayev O., Mukhsina K.. Aligned Kazakh-Russian parallel corpus focused on criminal theme // Bulletin of the Almaty University of Energy and Communication.. - 2020. - № 1 (48). –PP.84-92.(original in Russian)










5 Khairova N., Mamyrbayev O., Petrasova S., Mukhsina K.. Modern text data processing technologies based on the NLTK Python package: a training manual. - Kharkov: "V delo" LLC, pp. 2020. - 134. (original in Russian)
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6 Khairova N., Mamyrbayev O., Mukhsina K.. Some aspects of the technology for identifying criminally significant information in multilingual text files: Monograph. - Almaty: Institute of Information and Computing Technologies, 2020. – p. 92. (original in Russian)
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7 Mamyrbayev O., Khairova N., Kolesnyk A., Mukhsina K.. Method of identification of criminal value of texts in Kazakh language, based on VSM // Coll. of scientific works: Computer processing of the Kazakh language. - Almaty: Kazakh University, 2020. – pp. 104-120. (original in Russian)
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8 Khairova N., Kolesnyk A., Mamyrbayev O., Mukhsina K.. Using qualitative content analysis methods to study the distribution of illegal texts on news sites //  In International scientific-practical conference "Informatics and applied mathematics". - Almaty, 2020. – pp. 223-231.
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9 А.с. № 9180. The system for creating and aligning of the Kazakh- Russian corpus of the criminal theme. Khairova N.F., Mamyrbayev O.Zh., Izbassarov E.Zh., Mukhsina K.Zh.. - 2020. – 1p.
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APPENDIX D 

List of foreign information resources used

During the execution of the interim report, the following foreign information resources were used:
–     Scopus;
–     Clarivate Analytics;
–     dblp Computer science bibliography;
–     ACL Anthology. 
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Act of implementation
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5. Moicans, 17 Kopiiex Ky PyziAna OLX cafT i3 XapTaFan Xa6apraHaspy apKinsi
7ot Garaver cain anvar 18 Xacap XTI Hyundai Accent aTOKIH 33N SkeTHeH.

6. Kelii Genrin Goneanzai, 07 272 KTapH KypFaH TOPba TYC KanFaH.

7."AnanKTap aiinacoin ToMenaerine icKe achipran.

8. Peceiine 641 weTenK kenixTep ¥ana Gepinren.

5. ANBRKTSp NPl anbIMEH Xa1F3 3751, COCSH 3p3aH GaFaNerH FANHTOPaFS CaT st
caiiTTapura werpran.

10. KoBinece 6y aBTOKONIKTEPA] CATHIN RYWBLAP KASAKCTAHALIKTAP Gonean” -
‘nen aifTiin Gepai nonMIA KbiSHeTKepREDi.

s eorE.
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I[Tpunosxenne 2

K JlononrutensHomy cornamenuio Nel ot 2018 roxa
1o Jlorosopy Ne 211 ot 19 mapra 2018 roza

Ha rpaHTOBOE (hHHAHCHPOBaHUE

TEXHHYECKAS CIIEUM®UKALIS U
KAJIEH/IAPHBII ILJIAH PABOT

[lo Jlononuutensromy cornaurenmio Nel ot 2018 rona
K norosopy Ne 211 ot 19 mapra 2018 roxa

1. Pecnybamkanckoe rocyaapersennoe NpeanpusiTHe Ha NpaBe X03sIHCTBEHHOT 0 BeCHHs
«MHCTHTYT HHPOPMAUHOHHBIX H BLIYHC/IHTEBHBIX TexHOI0r iy Kovurera HAYKH
Munncrepersa o6pasosanns u nayku PecnyGankn Kasaxcran

1.1 Tlo npuopurery: 3. WndopmaimoHsie, TEJICKOMMYHHKALHOHHBIE H KOCMHYECKHE
TEXHOJIOMMH, HayUHble HCC/ICA0BAHHA B 00/1ACTH ECTECTBEHHBIX HAYK.

1.2 Tlo noanpuopurery: 3.1 Hurennextyanbhbie MHPOPMALMOHHBIE  TEXHOIOTHH.
Mauumtnoe oGy uenme (machine learning).

1.3 Tlo Tteme nporpammbi: NeAPO5131073 «MeToasl M Mogeau MoMCKAa M aanusa
KPAMUHANBHO 3HAYMMOI MH(pOPMAUMH B HECTPYKTYPUPOBAHHBIX M €1ab0CTPYKTYpPHPOBAHHBIX
TEKCTOBBIX MACCHBAX».

1.4 OBuwas cymma nporpammbi 45 000 000 (COPOK MsTh MUATHOHOB) TeHTe, B TOM YHCTe ¢

Pa3GHBKOI 110 roam, s BBINOAHEHUs paGoT COMACHO MyHKTY 3:

- Ha 2018 roa - B cymme 15 000 000 (naTHAALATE MUITHOHOB) TeHre;
- Ha 2019 roa - B cymme 15 000 000 (naTHaaUATh MHANHOHOB) TeHre:
- Ha 2020 roa - B cymme 15 000 000(nATHAALATE MHATHOHOB) TeHTe.

2. XapakTepuCTHRA HAYYHO-TEXHHYECKOIl POLYKUHH N0 KBATHPHKALHOHHBIM
NPH3HAKAM H YKOHOMHYECKHE NOKA3aTe n

2.1 Hanpasaenue paGotsi: HayuHbie nccie10Banus B 061acTH ecTeCTBEHHbIX HayK.

2.2 OGnacTb TPUMEHEHHS: HMHTErpHPOBAHHbIE HHOPMALIMOHHO-KPHMHHATHCTHYECKHE
CHCTEMbL  TPABOOXPAHUTENbHBIX  OPraHOB., HHTErPUPOBAHHBIE HHPOPMALMOHHO-AHATHTHYECKHE
CHCTEMBI APYTUX FOCYAaPCTBEHHBIX YUpeskaeHHi A1 HHPOPMALMOHHOTO MOMCKA M AHANH3A TEKCTOB
KPHMHHATLHOM OKPALICHHOCTH BeD - KOHTeHTA Ha Ka3aXCKOM, PYCCKOM H AHAHICKOM S3bIKAX.
HMHpopMaunonHas  TexHoorus noMcka, W3BAeYeHMs M aHannza KPHMHMHA/1bHO-3HAYMMOI
MHOPMALIMK U3 MACCHBOB HECTPYKTYPHPOBAHHBIX M €1a00CTPYKTYPHPOBAHHBIX TEKCTOBBIX AAHHBIX
MOXKeT GbITb MPUMEHEHA B rOCYIAPCTBEHHBIX CIYkKOAX MHUHUCTEPCTBA BHYTPEHHHUX /e,
NMPOKYpaTyphi 1 Ge30MacHOCTH; coUManbHbIX CiyxkGax, GuGIHOTEKaX, y4eOHBIX 3aBEJCHHAX M
JAPYIHX roCy1apcTBEHHbIX YUpesKAeHHX.

2.3 KoHeuHblil pe3yibTar:

- 3a 2018 roa: Byaer BeinonHeH aHanuTHYeCKHi 0030p 1o Tematike HeeneaoBanmii. ByayT
paspaGoTaHbl peKoMeHAaUHiT N0 CO3AaHMI0 HHPOPMALMOHHON TeXHOMOIHH, Bynyt paspaGorausi
KOpryca cOBpeMEHHOr0 BeG-KOHTEHTa Tpex s3bIKoB. ByneT BbimonHeHo AHHOTHPOBAHHE CO3/IaHHbIX
KOpIycoB  (MOp(ONOrHyeckoe, ¢  3/M€MEHTAMH  CTHAMCTHYECKOTO, TEMIOPANbHOTO M
CEMAHTHYECKOT0). ByayT 0nyGanKoBaHs! CTaThit ¢ y4acTHeM YKpaHHCKHX YYEHBIX B PELEH3UPYEMBbIX
3apYOEIKHBIX M OTCUYCCTBEHHBIX HAYUHBIX H3AHHAX © HEHYJICBbIM MMNaKT-pakTopom. Byayt
pa3paboTanbl NOrHKO-TMHIBHCTHYECKHE MOAEIN W3BACHCHHS $akToB M3 TeKCTOB Ka3aXcKoro,
PYCCKOTO 1 anrauiickoro s3eikos. byzer onyGankosana | cratbst B peLeHsnpyemom 3apyGesrHOM
HAY4HOM M3laHnH, MHAeKkCHpyemom B Gase aawnbix Web of Science wan Scopus ¢ HEHYEeBbIM
HMNAKT-(hakTopoM.

- 3a 2019 roa: ByayT pa3spaGoTaHbl 1OrMKO-THHIBHCTHYECKHE MOEIH H3BICUYEHHS (akroB
13 TEKCTOB KA3aXCKOTO. PYCCKOTO H @HIAMHCKOrO A3blkoB. Byner sbinonen dopmannsaums
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KOppensumii  THHIBHCTHYECKHX  (POPMATH3MOB TEKCTOB CO3JAHHBLIX KOPIYCOB M peanbHOIl
CYWHOCTRIO  cOObITHA B ofuecTse. Byzer paspaGoraH aBTOMATHIMPOBAHHbI 371EKTPOHHBI
roccapuii MPOTHBONPABHBIX A€HCTBHII HAa Ka3aXCKOM, PyCCKOM M aHT/MCKOM s3bikax. Byzer
paspaboran HHpOPMALMOHHAs TEXHOIOrHA MASHTHDHKALMH, NOUCKA, H3BTeUeHHs U aHanuza K3W
3 TeKCTOB. byaeT paspaGotaH NpoTOTHI CHCTEMbI HASHTH(HMKALMK, NIOMCKA, H3BAECYEHHS U aHANN3a
K3H. Byayr onyGaukoBaHbl CTaThi ¢ yY4acTHEM YKPaHHCKHX YUEHLIX B peLEH3HpyembIX
3apyGeKHBIX M OTEUECTBEHHBIN HAYYHBIX H3AHMAX C HEHYJIeBBIM umnakt-hakropom. Byzer
onyGauKoBaHa | CTaTba B PeLEH3MPYEMOM 3apyOeIKHOM HAayHHOM H3AAHHH, HHAEKCHpyemom B Base
nantbix Web of Science nan Scopus ¢ HeHy 1eBbIM MMNAKT-(aKTOPOM.

- 32 2020 roa: Byaer paspaGotan H(OpPMaLHOHHAs TEXHONOTHs MAEHTHBHKALIHN, MOHCKa,
u3sneuenns u ananusa K3M u3 texeros. Byzer paspaGotan mpotothn cucteMmbi MaeHTH(MKaLMM,
noneka, w3gneueHus u anvammsa K3HM. Byayr paspaGotadbl pekomeHaumii no  Co3gaHuio
HHOOPMALMOHHOH  TEXHOIOMHM, BbIAENSIOMEH TeKCTOBbIE (parMeHTH AfA Npe0TBpaLleHNs
MPOTHBONPABHLIX  feficTBHil.  Byaer BbinonHena ouenka 3¢dekTHBHOCTH paspaboTaHHoil
TexHostorny naenTHukaunn K3M. ByayT omyGauKoBaHbl CTaTbi € yHacTHEM YKPAMHCKHX YUeHbIX
B PELEH3HPYEMBIX 3apyGeiKHBIX M OTEYECTBEHHBIX HAYYHBIX M3AAHMSX C HEHYJNEBHIM HMMAKT-
(akropom. Byner onyGnnkosana 1 ctaTbs B pelieH3HpyeMom 3apy06eKHOM Hay4HOM H3JaHMH,
HHjekenpyemom B Gase nannbix Web of Science wn Scopus ¢ HeHy/teBbiM MMnakT-(haktopoM.
Byaer mnonyueHo aBTOpcKOe CBHAETENBCTBO HAa KOHEWHBI MPOrpaMMHBII  MPOIYKT. Byner
onyGaHKoBaHa MOHOTpaust ¢ Y4acTHEM YKPAHHCKHX YUECHBIX.

2.4 [laTeHTOCrocoGHOCTb: He MpeanoaoraeTes.

2.5 Hayuno-Texunueckuii yposeHb (HOBM3Ha): HayuHas HOBM3HA [aHHOrO npoeKTa
3AKIIOMACTCA B NPEJCTABICHHH HOBOTO HAamNpaB/eHWs HAYYHO-TIPAKTHYECKOHN AeATeNbHOCTH,
BO3HUKLLErO B yCIOBHAX HH(OPMALMOHHOrO OBIIECTBA HA CThIKE MPABOBBIX M TEXHUUECKHX HAYK,
KOTOpOE HAMNpaB/IeHO Ha pa3paboTKy MHPOPMALHOHHOI TEXHONOTHH MOAAEPIKKH 3aHHTEPECOBAHHBIX
FOCYAAapCTBEHHBIX — OPraHOB, A  HMEHHO, Ha co3jaHue  MH(POPMALMOHHONH  TEXHOIOMHH
WICHTHQUKALWMH 3HAHHA B TEKCTOBBIX MACCHBAX, C LEIbIO BblAENeHMA HHYOPMALIH, MMeloLLeii
3HAYCHUE NS [IPe0TBPALLEHHs NPOTHBOMPABHBIX AeHCTBHII.

2.6 Mcnonb3oBaHue Hay4HO-TEXHHYECKOI MPOAYKLMH OCYLIECTBAACTCA: HCTOTHHTEICM.

2.7 Bua uenonb3oBaHus pesyabTaTa HayqHoi W (MAM) HAYYHO-TEXHHYECKOi AeATebHOCTH:
[lonyuenbie B Mccne0BaHHM pe3ynbTaThl MOTYT ObiTh HCNIONB30BAHBI B HHTETPHPOBAHHBIX
HH(OPMALOHHO-KPUMHHATHCTHYECKHX CHCTEMAX MPABOOXPAHUTENbHBIX OPraHOB, a TAK ke B
WHTErPUPOBAHHBIX  HH(OPMALMOHHO-AHAINTHYECKHX — CHCTEMAX — APYTMX  TOCYAApCTBEHHBIX
YUPEKRACHHI 1A MHPOPMALMOHHOTO MOMCKA M AHANH3A TEKCTOB KPUMHHANBHON OKPALICHHOCTH
BeG- konTenTa Ha Ka3aXCKOM, pyCCKOM M aHIHHCKOM S3bIKAX.

3. Hanvenosanue pabor, CpOKH HX PeaTn3aun i pesy.abTaTbl

LUHCBF Hanmenosanue pador no Jlorosopy Cpok Oxunaemblii pesysibrar™ |
3a1aHN |0 OCHOBHbIE 3Tanbl  €ro | BbINOJHEHHA™
a BbINOJHEHHS ™ Hayano | OKOHYaHH
53 5 =
1 H3yuenue JIUTEpaTyphl no | Slusaps | Anpenb | Byayr usyuens autepatypsl no
HanpasaeHUIO ueenenosanus. | 2018 2018 HarnpaeieHHIO HCCIeI0BAHMS.
Koukperusaums HarnpapaeHns Byner KOHKPeTH3HpOBaH
MCCIIe0BAHMIA. Onpenenenne Harnpas/ieHHs UCCIIe0BaHMIA.
NepPCneKTHBHBIX HanpasJjeHuii Byaer onpeesex
HCCIEA0BaHMIA. NEepCreKTUBHLIX  HanpasieHHi
HeeeI0BaHMi.
Byner Brinonxen ananuTHyeckuii
0630p no TeMaTHKe
HCCIe0BaHMI, ByayT
pa3paboTaHbl pekoMeHaauui no
CO34aHHIO HH(POPMALMOHHOI
| | TEXHOJIOrHH
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PaspaGorka Koprycos | SIuBaps | | Byayr paspaGoranbi  kopnycel

COBPEMEHHBIX TCKCTOB colmanbHbix | 2018 | HosiGps | coBpemenHbIX TEKCTOB
ceteii M Beb-MeaMa Kasaxckoro, 2018 CoLManbHbIX ceTell u BeG-menna
PYCCKOrO M aHIIHICKOTO A3bIKOB. Ka3axcKoro, pycckoro n

AHIVIMACKOTO  A3bIKOB.  Byayt
CO3J1aHbl KOPMYChI COBPEMEHHOTO

BeG-KOHTEHTA Ha Tpex sI3bIKax.

=3 PaspaGorka CHCTEMbI u| Mait 1 Bynyr paspaGoranbi cuctemsr u
onpenenexue meronos 2018 | HosGps | onpenenerbl METO/Ibl
ABTOMATHYeCKOH Mopdoaornyeckoii 2018 aBTOMaTHYeCKOI
Pa3sMETKH CO3JAHHBIX KOPIYCOB ¢ mopdonoruyeckoit pasmMeTKu
JNeMeHTaMH CTHAHCTHYECKOI, CO3/1aHHBIX KOprycoB ¢
TEMNOPANLHOH M CeMaHTHUYECKOH JIEMEHTAMHM  CTHJIMCTHYECKOIH,
aHHOTALMH. TEMIIOPAJIbHOH M CeMaHTHYECKO

aHHoTaumu. bByzer BeinojHeHo
aHHOTHpPOBaHHE CO3/1aHHBIX

Koprycos (Mopdosoruyeckoe, ¢
9JIEMEHTAMH  CTHINCTHYECKOrO,

TEMMOPALHOTO "
___|cemaHTHYecKOro)

4 [loarotoBka myGaukauun craten B Slusaps | 1 Byayr onyGaukoBanb cratbu ¢
3apyOexHbIX M OTeuecTBeHHBbIX | 2018 HOSIOPS | y4acTHeM YKPaMHCKHMX YueHbIX B
HAYUHBIX HM30aHMAX C HEHYJIeBbIM 2018 peLeH3HpYeMbIX 3apyOekHbIX M
HMINAaKT-hakTopoM a  Takke B OTEYECTBEHHbIX HAYUHbIX
M3aHHAX, MHACKCHPYEMBIX B Basax M3JaHHAX C HEHY/NEBbIM MMMAKT-
AanHblx - Web  of Science wam (akropom. Byaer onyGankoeana
Scopus.  noarotoBka  OTYeTHOI I crates B peuensupyemom
JOKYMEHTALIHHK 110 MPOEKTY. 3apy0eKHOM HayYHOM W3aHuH,

HHIEKCHpYeMOM B Gase naHHBIX
Web of Science wn Scopus ¢

HEHYJIEBbIM MMMAKT-(paKTOPOM.
5 |Ouenka u ZopaboTka  co3paHHbIx |Mapr | | Byner npoussenena ouenka M
JIOTHKO-/IMHIBUCTHYECKUX  MOZeNeii|20]18 | HOsGpa | 10paBoTKa cO3MAHHBIX JIOFHMKO-
M3BJICYEHHA (PAKTOB M3 TEKCTOBBIX 2018 JTHHTBHCTHYECKHX mozaeseii
MAacCHBOB PyCCKOTO M aHraMiickoro H3BNIEUeHHS Gakros u3
A3bIKA  HA CO3JaHHBIX KOpIycax. TEKCTOBbIX MacCHBOB PyCCKOro M
PaspaGorka JI0THKO- aHIHICKOTO A3bIKa Ha
JHHIBHCTHYECKHX Mozerneii CO31aHHBIX  Kopmycax. Byayr
M3BJCYeHHS (DAKTOB M3 TeKCTOB paspaboTaHbl JIOTHKO-
Ka3axcKoro s3blka, OLEHKa Mojeneii JIMHIBHCTHYECKHE MoaesH
Ha CO3AaHHBIX KOprycax H3BACYEHHA (PAKTOB M3 TEKCTOB
Ka3axckoro, pyccKoro "

AHMTMACKOTO A3bIKOB M OLEHEHbI
MOJEJIH Ha CO3JIaHHbIX Koprycax
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Hecnenopanue 3aucumoct | Ansaps | Mionb Bynyt HCCIe10BaHbI
nuHrBHCTHYECKUX (opmannsmos B (2019 2019 3aBUCHMOCTH  JIMHTBHCTHYECKHX
TEKCTaX M peasbHOil CYLIHOCTBIO (dopmanusMoB B TeKcTax M
KPHMHHA/ILHOTO MM OOLIECTBEHHO peanbHOi CYLLHOCTBIO
3HaYMMOro cobbiTus B oGLIecTBe KPUMHHAJIBHOTO Hiu
0011eCTBEHHO 3HAYUMOTO
cobbitist B obuectse. Byamer
BbINOJHEH bopmanuzaums
KOppessilMii  JIMHTBHCTHYECKUX
(hopmannzmos TEKCTOB
CO3AaHHBIX KOPIycoB "
peanbHOI CYUHOCTBIO COOBITHSA B
1 A obuiectse
Ouenka u JaopaboTka co3jaHHbiX [mapT || Ouenka 1 20paboTKa CO3/IAHHBIX
JIOTHKO-THHIBUCTHYECKUX MoZeseit | 2019  |HOAOpsA | I0rMKO-JIMHIBHCTHYECKHX
u3sneyenus (HaKToB M3 TEKCTOBBIX 2019 mozesneil ussneueHns (Gakros u3
MacCHBOB PYCCKOTO M aHIIHICKOTO TEKCTOBBIX MaCCHBOB PyCCKOTO M
A3blKa Ha CO3JAHHBIX KOprycax. AHTIMHCKOTO A3bIKa Ha
PaspaGoTka JIOFHKO- CO3/IaHHbBIX Koprycax.
JIMHTBHCTHYECKHX mozaeseit PaspaGoTka JIOTHKO-
n3BneyeHus (AKTOB M3  TEKCTOB JIMHTBHCTHYECKHX mozesneit
Ka3aXCKOTO fA3blKa, OLEHKA Moaeneii u3BneyeHns (PakToOB M3 TEKCTOB
HA CO3/[aHHBIX KOprycax Ka3axckoro  sA3blka,  OLEHKa
mozesei Ha CO3/1aHHBIX
Koprycax
PaspaGotka Mertoga Bbisgnenns |Mapr | OkraGpe |Byayr —paspaGorambl  MeTOabl
MYILTHA3BIUHBIX HaeHTH(UKaTOpoB | 2019 2019 BbISIBJIEHUSA MYJIbTHA3BIUHBIX
K3H. Ha Gaze NIOTHKO- | HAEHTH(HKATOPOB K34 B
AMHIBMCTHUYECKOTO MOAGIHPOBAHHA | TEKCTax Ka3axCKoro, pycckoro
(yHKLIH NOHUMaHHA aHMMICKOrO  SI3bIKOB, Ha Oase
€CTECTBEHHOTO A3bIKA JIOTHKO-/THHTBUCTHUYECKOTO
4esI0BEHeCKHM MHTE/IIEKTOM. MOJIe/IMpOBaHHA (byHKUMH
MOHUMaHHA €CTeCTBEHHOrO
A3bIKa 4enoBeYeCKUM
MHTELIEKTOM
Paspaborka nHpopmaunoxHoit | Axsaps | 1 byaer paspaboraH
TEXHONIOTHH uaeHTHGUKALMK, 2019 | HOAOpA | MHOPMAUMOHHAS  TEXHO/IOrHs
noucka, u3saeveHns u aHanusa K31 2019 naeHTH(UKaLMH, roMcKa.
u3  c1abocTPyKTYPHPOBAHHBIX — H u3Bneyenns u anannza K3U un3
HECTPYKTYPHPOBAHHBIX ~TEKCTOBBIX c1aboCTPYKTYPHPOBAHHBIX "
MaccHBOB Ka3aXCKOro, pyccKoro H HECTPYKTYPHUPOBAHHBIX
aHrHIHCKOro A3BIKOB. TEKCTOBBIX MaccHBOB
[IporpammHas peannsaums Ka3axcKoro, pyccKoro i
pa3paboTaHHOH TEXHONOTHH aHramickoro  A3bikoB.  byaer
co3naHa nporpaMmHas
peanu3aums pa3paboTaHHO
TEXHOJIOTHH.
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10 [loaroroBka nmyGnukaumit craten B | SluBaps | | Bynyr omyGamkoBaHbl CTatbi ¢
3apyOeKHBIX M OTEUECTBEHHBIX [20]9  |HOAOPA |y4acTHeM YKpaHHCKMX YYEHBIX B
Hay4HbIX MW30AHMAX C HEHYJICBBIM 2019 PELEH3HpYEMbIX 3apyOeKHBIX W
MMNaKkT-QakTopoM a Takke B OTeYeCTBeHHbIX Hay4HBIX
M3/1aHNAX, HHAGKCHPYeMbIX B Gasax M31aHMAX C HeHy/eBbIM HMMAKT-
nanHelx  Web  of  Science wmam (akropom. byaer onyGnukosaHa
Scopus, NoAroTOBKA I crates B peueH3HpyeMOM
NPOMEKYTOYHOr0  OT4eTa Mo 3apy0eKHOM HAay4yHOM H34aHHH,
NpOEKTY. MHIEKCHpYyeMOM B Gase JaHHBIX

Web of Science man Scopus ¢
HEHY/IEBBIM HMMNAKT-(haKTOpOM.

11 PaspaGotka  pexomenaaumii  no | SIuBaps | Mions Byayr paspaboTaHbi
CO3/1aHNIO uHpopmauHoHHOi | 2020 2020 PeKOMEHIALMKH M0 CO3JAHHMIO |
TeXHOIO0THH uaeHTHdHKaLIK MHPOPMALIMOHHON  TeXHONOTHH,
3HAHWH B TEKCTOBLIX MaccHBax, ¢ uaeHTHGUKAUMK  3HaHMil B
UeablO  BblAeneHHUs  HHpOpMALMH, TEKCTOBbIX MACCHBAX, C LEJbIO
HMeroLeit 3HaYeHHe ans BbiJIe/ICHHS uHbOpMaLIH,
Npe0TBPAILEHHsI NPOTHBOMPABHBIX umeroLLei 3HayeHHe s
JAeHcTBHI Npe0TBpaLleHHs

NPOTHBONPABHBIX ACHCTBHIA.

12 Paspaborka uHdopmaimonnoii | Ausaps | Mioas | Byzer paspabotaH
TEXHOJIOrHH HAEHTHHKALMH, 2020 HHOPMALMOHHAA  TEXHOJIOTHS
MOHCKa, u3BaeyeHns u anaansa K31 HICHTHUKALIH, NoHcKa,
n3  c1aboCTPYKTYPHPOBAHHBIX M u3BseyeHns W avanmsa K3U u3
HECTPYKTYPHPOBAHHBIX TEKCTOBBIX cnaboCTpyKTypHPOBAHHBIX H
MacCHBOB Ka3aXCKOTo, PycCKOro M HECTPYKTYPHPOBAHHbIX
aHrauiickoro A3BIKOB. TEKCTOBBIX MaccHBOB
ITporpammHas peanusaius Ka3axcKoro, pycckoro "
paspaboTaHHOI TeXHOI0rHH aHramiickoro  A3biko.  Byzer

‘ co3zaH nporpamMmHast
| peanusaums paspaGoTaHHoii
TexHonorun. byner paspaGoran
NpOTOTHN CHCTeMBbl
uieHTHUKaLIH, nouckKa,

u3BneyeHus 1 aHanusa K3M.
13 OueHka apdexrusroctu | Mions | 1 Byser  BeimonHena  ouewka

paszpaBoTaHHOi TeXHoNorun 2020 |Hoabps | addexruBHOCTH pazpaboraHHOil
uientndukam  K3U, Ha Gase 2020 TEXHOJIOTHH uAeHTHUKALHK
CO3/1aHHBIX KOPMYycOoB BeOKOHTEHTa K3H, wHa ©Gase co3maHHBIX
coumanbHeIX ceteil, Gopymos n BeG- KOpIycoB BeG-KOHTEHTa
MeaHa  Ka3aXCKOro, pycckoro o coumanbHeIX ceteii, GopymoB u
AHTIMHCKOTO A3BIKOB. Be0-Meana KazaxcKoro, pycckoro
M aHMIHITCKOTO SI3BIKOB
14 [MoaroToBka myGaukaumit cratbn B | SHeaps | 1 Byayr onyGiaukoBaHbl cTaTbH C
M3AaHWIX, WHACKCHPYeMBIX B 0asax |2020 | HOSAOpA |yuacTHeM YKPaMHCKMX yYEHBIX B
nAanHeix  Web of Science wan 2020 peLeH3NpyeMbIX 3apyOerkHbIX M
Scopus.  MOArOTOBKA  OTHYETHOII ‘ OTEYECTBEHHBIX Hay4HBIX
JOKYMEHTALHH MO MPORKTY. H3aHHAX C HEHYJIEBbIM HMMAKT-
(bakTopom.

byner onyGnukoBana | cratbs B





image46.jpeg
TExeuxupyemom 3apyGeskHOM
Hay4HOM W3aHHH,
MHICKCHPYeMOM B Gase AaHHbIX
Web of Science unn Scopus ¢
HEHYJICBBIM ~ UMMaKT-(hakTopoM.
Byzer  nonyseno  asropckoe
CBHIAETE/ILCTBO  HA  KOHEYHbIH
nporpamMmHbIii  npoaykr. Byaer
onybaukosana 1 Moworpagus ¢
YHaCTHEM YKPAHHCKHX yUEHBIX W
I KHMra B Ka3aXCTAHCKHX
u3laHuax. Byner noarotosnena
OTYETHAas  JOKYMEHTALMA MO

MPOEKTY.

Ot 3aka3zuuka:

- op PITlT wa [IXB
“\uHdopMaLnoHHbIX M
exHgnorniiy KH MOH PK

g 2!

O3HakoMIieH:
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Abstract. Generally, to define the belonging of a text to a specific theme or
domain, we can use approaches to text classification. However, the task becomes
more complicated when there is no train corpus, in which the set of classes and
the set of documents belonged to these classes are predetermined. We suggest
using the semantic similarity of texts to determine their belonging to a specific
domain. Our train corpus includes news articles containing criminal information.
In order to define whether the theme of input documents is close to the theme of
the train corpus, we propose to calculate the cosine similarity between documents
of the corpus and the input document. We have empirically established the aver-
age value of the cosine similarity coefficient, in which the document can be at-
tributed to the highly specialized documents containing criminal information. We
evaluate our approach on the test corpus of articles from the news sites of
Kharkiv. F-measure of the document classification with criminal information
achieves 96 %.

Keywords: semantic similarity of texts, VSM, criminal information, news sites,
cosine similarity, PPMI

1 Introduction

One of the main tasks of NLP and, accordingly, of computer linguistics, in general, is
the task of semantic similarity of different elements of the texts (words, phrases, colo-
cations, sentences and documents). This task is directly related to information retrieval,
ranking of documents, topic modeling of texts, sentiment analysis and more.

The task of the identification of the documents semantic similarity is used in all ap-
proaches that utilize semantic analysis and semantic technologies including the moni-
toring of public information, telecommunication networks. However, mostly, this task,
which originally was considered by Salton [1], is applied regarding information re-
trieval. In considering the issue of the documents similarity identification, Salton et. al
(1975) focused on measuring document similarity, considering a query to search engine
as a pseudo-document.

Copyright © 2020 for this paper by its authors.
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
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Abstract. Nowadays, structured information that obtains from unstructured texts
and Web context can be applied as an additional source of knowledge to create
ontologies. In order to extract information from a text and represent it in the RDF-
triplets format, we suggest using the Open Information Extraction model. Then
we consider the adaptation of the model to fact extraction from unstructured texts
in the Kazakh language. In our approach, we identify lexical units that name the
participants of the action (the Subject and Object) and semantic relations between
them based on words characteristics in a sentence. The model provides semantic
functions of the action participants via logical-linguistic equations that express
the relations of the grammatical and semantic characteristics of the words in a
Kazakh sentence. Using the tag names and some syntactic characteristics of words
in the Kazakh sentences as the values of the predicate variables in corresponding
equations allows us to extract Subjects, Objects and Predicates of facts from texts
of Web content. The experimental research dataset includes texts extracted from
Kazakh bilingual news websites. The experiment shows that we can achieve the
precision of facts extraction over 71% for Kazakh corpus.

Keywords: Open Information Extraction - RDF-triplets - Unstructured text -
Logical-linguistic equations - Kazakh bilingual news websites

1 Introduction

Nowadays, the problem of information and fact extraction remains unsolved. Existing
models and algorithms for fact extraction depend on the degree of a document structuring.
In this way, we can divide text documents into: (1) well-structured texts, which often
content tabular data; (2) semi-structured text documents described a specific domain,
and (3) unstructured text document of any domain [1].

Generally, there are robust algorithms [2, 3] for fact extraction from well-structured
text documents. At the same time, despite the constant growth of interest in researches

© Springer Nature Switzerland AG 2020
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Logical-linguistic model for multilingual Open
Information Extraction

Nina Khairova, Orken Mamyrbayev, Kuralay Mukhsina and Anastasiia Kolesnyk

Abstract: Open Information Extraction (OIE) is a modern strategy to extract the
triplet of facts from Web-document collections. However, most part of the current
OIE approaches is based on NLP techniques such as POS tagging and dependency
parsing, which tools are accessible not to all languages. In this paper, we suggest
the logical-linguistic model, which basic mathematical means are logical-algebraic
equations of finite predicates algebra. These equations allow expressing a semantic
role of the participant of a triplet of the fact (Subject-Predicate-Object) due to the
relations of grammatical characteristics of words in the sentence. We propose the
model that extracts the unlimited domain-independent number of facts from sen-
tences of different languages. The use of our model allows extracting the facts from
unstructured texts without requiring a pre-specified vocabulary, by identifying
relations in phrases and associated arguments in arbitrary sentences of English,
Kazakh, and Russian languages. We evaluate our approach on corpora of three
languages based on English and Kazakh bilingual news websites. We achieve the
precision of facts extraction over 87% for English corpus, over 82% for Russian
corpus and 71% for Kazakh corpus.

Subjects: Computer Science; Algorithms & Complexity; Computer Engineering; Computer
Science; General

Keywords: Open Information Extraction; fact extraction from unstructured texts; Kazakh
bilingual news websites; criminal subject; logical-linguistic model; finite predicates algebra
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1. Introduction

In recent years, there has been a growing interest in the research included in the overall artificial
intelligence task, which focuses on the ways of Information Extraction (IE), Open Information
Extraction and Fact Extraction from unstructured and semi-structured texts. Such technologies for
information extraction from texts in natural language allow automatically looking through a large
number of the texts containing a small amount of required information. Information found in the
text will be transformed into the structured format: the target facts, objects and the relations
useful for further automatic processing are identified (statistical processing, visualization, the
search of patterns in data, etc.). The results of such studies can be utilized for enhancing machine
reading by creating knowledge bases in Resource Description Framework (RDF) or ontology forms.

Unfortunately, the most part of the IE approaches is able to handle only a limited number of
facts types. Current Open IE approaches based on such NLP techniques as POS tagging and
dependency parsing, depend on the availability of the special methods and tools for each parti-
cular language.

We propose the Open IE model that allows extracting the unlimited domain-independent
number of facts from sentences of different languages. The core of the model is not dependent
on the language; however, it requires the implementation of the constructed logical-linguistic
equations for each particular language. These equations must represent how morphological and
semantic words features in a particular language express relations between the participants and
attributes of an action.

The remainder of the paper is organized as follows: Section 2 gives an overview of the related
works, corresponding challenges, motivations, and derived researches questions associated with
Information Extraction and Open Information Extraction. Section 3 describes our approach to
Open IE. We present the basic mathematical means of the model in Subsection 3.1 and the
implementation of our model for the English, Russian, and Kazakh languages in Subsections 3.2,
3.3 and 3.4 accordingly. Section 4 introduces the corpora and describes them corresponding to the
usage in our experiments. In the last Section 5, there are discussions about scientific and practical
contributions of the research, its limitations, and future work.

2. Related work

Sometimes IE is considered as a specific kind of information retrieval. At the same time, differ-
ences between IE and IR lie in the fact that inquiries are known in advance and, as a result of IE,
there is created structure of data describing the relevant facts from a set of documents, while IR
gets a set of references to documents.

Usually, a base of such systems is a set of text extraction rules that identifies the information to
be extracted. In a structured text, the rules specify a fixed order of relevant information and the
labels or HTML tags that identify strings for further extraction. But the IE system needs more steps
in addition to extraction rules when it comes to free texts (Fader, Soderland, & Etzioni, 2011).

Typically, such IE systems include several tasks, namely: (1) Name Entity Recognition (NER);
(Duc-Thuan & Bagheri, 2016) the process of determining whether two noun phrases refer to the
same real-world entity or concept (Zhou, Qian, & Fan, 2010); cross-document co-reference resolu-
tion (Bondarenko & Shabanov-Kushnarenko, 2007); semantics role recognition (Khairova,
Petrasova, & Gautam, 2016); entity relation recognition (finding the relation between entities
and the relation that is possibly written with a semantic role) (Starostin, Bocharov, & Alexeeva,
2016). For the task of fact extraction from free texts, statistical methods, and learning methods are
even more often used (Shinzato & Sekine, 2013), (Liu et al., 2017), (Wang, Zhang, & Chen, 2018). It
is prevalent to use additional integration of syntactic analysis, semantic tagging, and recognizers
for domain objects (person, company names, etc.) in IE systems.
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BBIPOBHEHHBII KA3AXCKO-PYCCKHI MMAPAJUIEJIBHBIA KOPITYC,
OPUEHTHUPOBAHHBIA HA KPUMHUHAJIBHYIO TEMATHUKY

Annomayus. B Hactosimee BpeMsi pa3pabOTKa BBICOKOKAYECTBEHHBIX MapauICIIbHBIX TEKCTOBBIX
KOpITyCOB SIBJISIETCS ONHUM W3 HauOoliee aKTyalbHBIX W TEPEJOBHIX HAIpaBICHUH COBPEMEHHOM
JIMUHI'BHUCTHUKU. OCO6OC BHUMAHUEC YIOCIACTCA CO3AaHUIO MAapaUICIIbHBIX MHOT'OA3BIYHBIX KOPITYCOB JId
S3BIKOB C HHM3KHM YpPOBHEM pPECypCcOB, TaKMX KaK Ka3axCKuil s3bIK. B Xome wuccienoBaHust Mbl
HCCIIEZIOBAIIM TEKCTHI C YETBHIPEX KA3aXCKUX IBYSA3BIYHBIX HOBOCTHBIX CAHTOB M CO3MAIN MapajIeIbHBIN
Ka3aXCKO-PYCCKHUH KOpPIlyC TEKCTOB, B OCHOBE KOTOPBIX JIEKHT KpPUMUHalbHas TeMaThka. [l
BBIPaBHUBAHUS KOPITyCa MBI HMCIOIB30BANHA HAOOp JIEKCHYECKHX COOTBETCTBHM W 3HaueHUs POS-TeroB
o0oux s3bIKOB. 60% HAMMX KOPIYCHBIX MPEIJIOKEHHH aBTOMAaTHYECKH BBIPOBHEHBI IIPABHIIBHO.
Haxonen, MbI ipoaHanu3npoBaiu (pakTopsl, BIUSIOMINE HA TPOLECHT OIIHOOK.

Knwuesvie cnosa. xpumunHanbHas Tematuka, POS-termpoBaHHe, Ka3aXCKO-POCCHHCKHIA
napaJuleNIbHBIA KOPITyC, IEKCHYECKHE COOTBETCTBHSI.

BBenenue

Ha ceroassiiinuil 1eHb TMHTBUCTUYECKHE PECYPCHI SABJISIOTCS HE TOJBKO YacThiO JIIOOOTO
JMHTBUCTUYECKOT'O UCCIIEOBAHMS, HO M Ba)KHOW OCHOBOM U1 pa3pabOTKU JHOOBIX MPUIIOKEHUI
NLP. Takue pecypchl 0OBIYHO COJEPKAT CIOBApH, TE€3aypyChl, TUHTBUCTUUECKUE OHTOJIOTHH,
OJIHOSI3BIYHBIE M MHOTOSI3bIUHBIE KopItyca. [ co3gaHus TakMX JMHTBUCTUYECKHX PECYpPCOB
IPOBOJSATCS JIEKCUKOTpapUuecKHe HCCIEAOBAHUS, AaHAIU3 JIEKCUYECKOM CTPYKTYphl SI3bIKOB,
M3YYEHUE XapaKTEPUCTUK TEKCTA U aHAJIOTUYHBIE UCCIEIOBaHUSI.

[IpoexktupoBanne u co3gaHue, pa3pabOTKa M MCIOJIb30BAHHUE BHICOKOKAYECTBEHHBIX
TEKCTOBBIX KOPIYCOB SIBJISIFOTCSI OJIHUM M3 HanOoJiee aKTyallbHBIX U TMEPeOBBIX HAaIpaBICHUN
coBpeMeHHOM MUHIrBUCTUKH [1]. Takas 06paboTka u cucrtemaruzanus ¢ nomoinbio Concordancer
KOpIlyca MO3BOJSET XPaHUTh OOJIBLION 00BEM TEKCTOBOM HMH(POpPMaLMU, HEOOXOOUMOHN s
CTAaTUCTUYECKOTO aHalan3a S3BIKOBBIX SBJICHUM H JAUaXPOHUYICCKHUX U3MEHEHUN B YCTHOI\/'I u
MACbMEHHOU peyH.

CymiecTByeT MHOXKECTBO THIOB KOPIyCOB. ECTh cHenMamn3upOBaHHBIE KOpIyca
(kareropus, BpeMsi, MECTO), OOIIME KOpIyca, MHOTOS3BIYHBIE KOpIIyca, KOpIyca ydJalluxcs,
HCTOPUUCCKHUE WM JUAXPOHHBIC KOpITyCa, KOpIyca MOHHTOPOB M MHOIOA3BIYHBIC KOpIIyCa.
MHoros3bIYHbIE KOpITyca, B CBOIO O4epe/ib, JEIATCS Ha CpaBHUTENbHBIE (comparable corpus) u
napajuieJIbHbIe WM KOPITyC mepeBojoB (translation corpus). Ha mHam B3rism, mapasuielbHbBIS
TEKCTOBbIE KOpIyca OCOOCHHO BaXKHBI NPU HU3YYECHHM SI3bIKa M OCOOEHHOCTEW IepeBoja,
Pa3IMYHOTO CHHTAKCUYECKOrO aHaju3a, 3a/1a4 paclio3HaBaHus peun u ap. Hanpumep, B 3agauax
o0y4eHHs] HMHOCTPAHHOMY SI3bIKYy TaKHe KOpIyca MO3BOJSIOT HAXOAUTh BO3MOKHBIE
OKBHUBAJICHTHI aHaﬂmeyeMoﬁ JICKCUKH, OTCJIC)KUBATH €€ 3HAUYCHUSA U (i)YHKHI/II/I B HCKOTOPBIX
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[13] Lewoniewski, W., Wecel, K., Abramowicz, W. Quality and importance of Wikipedia
articles in different languages. In International Conference on Information and Software
Technologies. 2016, p. 613 — 624.
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KPUMUMHAJIJIbI TAKBIPBIIIKA BATBITTAJI'AH KA3AK-OPBIC
IHAPAJIVIEJIBAI KOPITYCbI

H. Xauposa', A. Kosaecnux?, O. Mambip0aes®, K. Myxcuna®

'XapbKOB MOJMTEXHUKAIBIK HHCTUTYTHI YITTHIK TEXHUKAJIBIK YHUBEPCUTET], XapbKOB, YKpanHa
ZAKnapaTTLIK-ecenTey TEXHOJIOTUAJIAPBI MHCTUTYTHI, AJaMatsl K., KaBaKCTaH
3Ateiagarel Kazak yiTTeik yHUBepcuTeTi on-Dapabu, Anmartsl K., Kazakcras,

khairova@kpi.kharkov.ua, kolesniknastya20@gmail.com, {morkenj, kuka_aiasure@mail.ru

Andamna. Kazipri yakpITTa >KOFapbl canaibl Mapajielb MOTIHIIK KeHcTepai JambITy 3amMaHayn
JIMHTBUCTUKAHBIH ©3€KTI JKOHE aJIJIBIHFbl KAaTapiibl OarbITTAPBIHBIH Oipi Oosbin TaObutaabl. Kazak Timi
CUSIKTBI pECypCTapAblH JIeHreli TOMEH TUIAep YIIiH Mapajuienb[i KONTUIIi IeHenepai KypyFa epeKiie
Hazap aymapbuiagbl. 3epTTey OapbIChIHIA 013 TOPT Kaszak TUIAl JKaHAIBIKTap CaWTHIHAH MOTIHIAEPI
3epPTTEiK, KBUIMBICTBIK TaKBIPBIIIKA HETI3ACITCH TMapauieNblli Ka3aK-OphIC MOTIHJCPIH KYPBIK.
KopmycTsl Typanay VIiH JIEKCHKAIBIK COHKECTIKTEp *KUBIHTBIFBIH JkoHE eki Timmeri POS OenrinepiniH
MaFbIHACHIH MalAaNaHbUIAbl. Bi3NiH KOPIYCTHIK YCBHIHBICTAPBIMBIBIBIH 60% aBTOMATTHI TypAe OYPHIC
Typananrad. COHbIHJA KATEIIKTEP IiH MalbI3AbIK JCHICHiHEe acep eTeTiH (pakTopiapFra Tajnaay sKacalibl.

Tyitin ce30ep: KbUIMBICTBIK TakbIpbinTap, POS-0enriney, Ka3ak-opbic Napajuieldb KOPIYCHI,
JIEKCHUKAJIBIK COMKECTIK.

ALIGNED KAZAKH-RUSSIAN PARALLEL CORPUS, FOCUSED ON THE CRIME
THEME

N. Khairova', A.Kolesnik?, O. Mamyrbaev?, K.Mukhsina?®

"National Technical University ”Kharkov Polytechnic Institute”, Kharkov, Ukraine
2Institute of Information and Computing Technologies, Almaty, Kazakhstan
3Kazakh National University named after al-Farabi, Almaty, Kazakhstan
khairova@kpi.kharkov.ua, kolesniknastya20@gmail.com, {morkenj, kuka_aiasure@mail.ru

Abstract. Currently, the development of high-quality parallel textual cases is one of the most
relevant and advanced areas of modern linguistics. Particular attention is paid to the creation of parallel
multilingual bodies for languages with a low level of resources, such as the Kazakh language. In the
course of the study, we examined texts from four Kazakh bilingual news sites and created a parallel
Kazakh-Russian corpus of texts based on criminal topics. To align the body, we used a set of lexical
correspondences and the meaning of POS tags in both languages. 60% of our package offers are
automatically aligned correctly. Finally, we analyzed the factors that influence the percentage of errors.

Keywords: criminal topics, POS-tagging, Kazakh-Russian parallel corpus, lexical correspondences.
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NCHOJb30BAHUE METOJ10OB KAYECTBEHHOI'O KOHTEHT-
AHAJIM3A JJIA UCCIEJOBAHUSA PACITPEAEJIEHUA
MPOTUBOITPABHBIX TEKCTOB HA HOBOCTHBIX CAUTAX

Xaitposa H. ®@.!, Mameip6aes O. XK.2, Konecuuk A. C.> , Myxcuna K. JK.*
le-mail: nina_khajrova@yahoo.com
3e-mail: kolesniknastya20@gmail.com
Hayuonanvnviii mexnuueckuil ynusepcumem « XapbKo8cKuu NOAUMexHu4ecKuul
uncmumymy, Ykpauna

2e-mail: morkenj@mail.ru

Hnuemumym ungpopmayuonusix u evruuciumenvrolx mexuvonoauti KH MOH PK,

Kaszaxcman
4e-mail: kuka ai@mail.ru
Kaszaxcxuu Hayuonanvuoui ynusepcumem um. Anv-Papabu, Kazaxcman

Mna ananuza o2pomHoe KOIUYecmeo meKcmosol UHPOPMayul CoyuaIbHblx cemel
u meoua moodicem Oblmb NPUMEHEHA UHDOPMAYUOHHAS MEXHOL02US KOHMEHM-AHANU3A,
uzyuarouwe2o OOKYMEeHmbvl 6 UX COYUAIbHOM KoHnmekcme. Hcnonvzoganue memooos
KOHMEHM-AHAIU3A NO360JIAem UCCIe008amb CMbICI0B0€ COOEPHCAHUS MEKCMO8 U
oyeHumv Ux euuAHUe Ha odbujecmseo. B OamHOM ucciedo8aHuu NpugoOUmMcs aMaIu3
Cywecmayrowux nooxo008, Memooo8 U UHCMPYMEHMOE8 KOHMEHM-AHAIU3d, a Maxdice
000CHOB8bIBACMCA AKMYATbHOCHb UCNONIb308AHUA WUPOKO20 CNEKMPA JTUHSBUCTUYECKUX
Kamezopuil 05l NPOGedeHUss Ka4eCmEeHH020 KOHmMeHm-anaiusza. B cmamve noxazano
UCNONb308AHUE MeMO008 KA4eCMBeHHO20 KOHMEHM-AHANU3a, Oa3upyiowuxcs Ha
uHcmpymenmax u aneopummax machine learning u pazpabomannom mpexvsA3blUHOM
cnosape KpUMUHAIbHO OKPAWEHHBIX MePMUHO8. B kauecmee sxcnepumenmansHozo
KOpnyca paccmMampusaromcs MmMeKcmyl, COOpaHHble aBMOMAMUYEcKU, € NOMOUBIO
Pa3pabomanno2o NPOSPAMMHO20 NPOOYKMA, ¢ HO8oCmHbIXx caumog Kazaxcmana,
Yrpaunwel, Beruxoopumarnuu u CLIA.

BBenenue.

CeromHs OJHUM U3 CaMbIX MOIYJSIPHBIX HAMpPaBICHUM HCCIEAOBAHUS OOJBIINX
O6’beMOB TEKCTOBBLIX JAHHBIX CTAHOBHUTCS HUCITOJIB30BAHUEC METOJ0OB U NTOAXOJ0B KOHTCHT-
aHanuza. M, HecMOTps Ha TO, YTO KOHTEHT-aHAINW3 Haubosiee MOmyJspeH B 00JacTax
CONHAJIBHBIX W T'YMAHUTAPHBIX HaYK, 9TOT MOAXO0A CTAaHOBUTCA  BCC 60.]166
YHUBEPCAIbHBIM.

CHGKTp MNPUMCHCHHUSA NOAXOAO0B KOHTCHT aHalin3a ABJIACTCA OJOBOJIBHO HIMPOKHUM.
Haubonee wacto oH wucHonb3yercs HpH MPOBEIECHUU COLMAIBHBIX HCCIEA0BAHUH,
OIMPOCOB, AJId BBISABJICHUA I_HaG.HOHOB " IIOHUCKa TGHI[CHI_[I/Iﬁ U3MCHCHUS B O6H.I€CTB€HHOM
MHEHUH B XpOHOJIOrHMYeckoMm cpese. llomyueHHble TakuM 00pa3oM JaHHbIE MOXXHO
CpaBHHUBATLH B PA3HBIX ITPOMCIKYTKAX BPECMCHU U BBIABIIATH USMCHCHU S, TPOUCXOJAIINC B
obmiecTBe, MoauTUKe WU KyabType [1]. Taxke KOHTEHT-aHaIW3 SBISAETCS OJHHUM W3
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