Krassimir Markov, Vladimir Ryazanov,
Vitalii Velychko, Levon Aslanyan
(editors)

New Trends
in
Classification and Data Mining

ITHEA

SOFIA
2010



Krassimir Markov, Vladimir Ryazanov, Vitalii Velychko, Levon Aslanyan (ed.)

New Trends in Classification and Data Mining
ITHEA®
Sofia, Bulgaria, 2010

First edition

Recommended for publication by The Scientific Concil of the Institute of Information Theories and Applications FOI ITHEA

This book maintains articles on actual problems of classification, data mining and forecasting as well as natural language processing:

- new approaches, models, algorithms and methods for classification, forecasting and clusterisation. Classification of non complete and
noise data;

- discrete optimization in logic recognition algorithms construction, complexity, asymptotically optimal algorithms, mixed-integer problem
of minimization of empirical risk, multi-objective linear integer programming problems;

- questions of complexity of some discrete optimization tasks and corresponding tasks of data analysis and pattern recognition;

- the algebraic approach for pattern recognition - problems of correct classification algorithms construction, logical correctors and
resolvability of challenges of classification, construction of optimum algebraic correctors over sets of algorithms of computation of
estimations, conditions of correct algorithms existence;

- regressions, restoring of dependences according to training sampling, parametrical approach for piecewise linear dependences
restoration, and nonparametric regressions based on collective solution on set of tasks of recognition;

- multi-agent systems in knowledge discovery, collective evolutionary systems, advantages and disadvantages of synthetic data mining
methods, intelligent search agent model realizing information extraction on ontological model of data mining methods;

- methods of search of logic regularities sets of classes and extraction of optimal subsets, construction of convex combination of
associated predictors that minimizes mean error;

- algorithmic constructions in a model of recognizing the nearest neighbors in binary data sets, discrete isoperimetry problem solutions,
logic-combinatorial scheme in high-throughput gene expression data;

- researches in area of neural network classifiers, and applications in finance field;

- text mining, automatic classification of scientific papers, information extraction from natural language texts, semantic text analysis,
natural language processing.

It is represented that book articles will be interesting as experts in the field of classifying, data mining and forecasting, and to practical
users from medicine, sociology, economy, chemistry, biology, and other areas.

General Sponsor: Consortium FOI Bulgaria (www.foibg.com).

Printed in Bulgaria

Copyright © 2010 All rights reserved

© 2010 ITHEA® - Publisher; Sofia, 1000, P.O.B. 775, Bulgaria. www.ithea.org ; e-mail: info@foibg.com
© 2010 Krassimir Markov, Vladimir Ryazanov, Vitalii Velychko, Levon Aslanyan — Editors

© 2010 Ina Markova — Technical editor

© 2010 For all authors in the book.

® ITHEA is a registered trade mark of FOl-COMMERCE Co.

ISBN 978-954-16-0042-9
C\o Jusautor, Sofia, 2010



New Trends in Classification and Data Mining 147

ANALYSIS OF NATURAL LANGUAGE OBJECTS

Oleksii Vasylenko

Abstract: This paper describes technology of computer processing of knowledge contained in natural
language. Formulated topical areas of applied research related to the recovery and processing of knowledge in
the texts of the Internet, technical specifications, efc.

Keywords: knowledge acquisition, knowledge processing, automated knowledge management system, a
computer analysis of the text, social networks, the Internet, technical task.

Introduction

The most common form of knowledge representation are natural-language texts. Text only form of knowledge is
human, such knowledge is easily treated and are generated, replicated and modified. However, the rapid growth
of text areas is a cause of difficult accessibility of target knowledge when they are needed. An additional problem
is the complexity of the validation text array that consists in finding and correcting errors, removing duplicates and
inconsistencies.Information retrieval systems are not designed to address this problem, since uses such words of
text, not the knowledge contained therein. In this connection, get the relevance of knowledge extraction from
texts. As a result of extraction of knowledge become explicit form and are suitable for automated processing, for
example, associating systems analysis, performing a comparison with the extraction of a reference model domain
for the purpose of validation. The problem of extracting devoted a lot of foreign works, united in a single class of
problems in extracting information from texts. Retrievable information is data structures whose fields are filled
with text fragments. The disadvantage of foreign developments is the strong dependence on the particular
grammar. Among the domestic works are known only two complete systems of companies RCO and Yandex,
with very limited application, since there is no simple way to adapt them to an arbitrary domain. Moreover, in
today's papers there is no information about the system correlates the analysis, in use.
Thus, the development of mathematical models of extraction applicable for text without reference to a specific
language and is easily adaptable to the needs of a particular subject area, represents a major scientific challenge,
and develop a model of knowledge representation, which is formed by the extraction, convenient to carry
associating analysis has significant practical importance. Extracting information from texts is a subtask of a larger
problem - namely, extraction of knowledge. To identify in the texts of the data structure necessary to have two
sets of rules: the rules of morphological analysis and rules extraction. First identify the linguistic properties of
words of text, whereas the second, using these properties, impose conditions on the composition and structure of
the context of the task information. The rules of both types on a par with extractable data structures are the
domain knowledge. Formation of such rules in the existing domestic designs carried out manually, that is the
cause of the complexity of the system setup of extraction. In this regard, the development of automated drafting
rules and regulations extraction of morphological analysis is an important problem whose solution in general
terms without reference to a particular language is currently absent.
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The essence of work

Goals and objectives of my work: The aim is to develop a model of knowledge extraction from texts and their
methods of training for associating systems analysis of texts in natural language. To achieve this goal within the
thesis addressed the following objectives:

1. study of contemporary models of extracting information from texts and teaching methods of such
models;

2. develop a model of knowledge representation, which allows you to effectively assume its associates
analysis of texts;

3. creating a model of knowledge extraction from object-oriented texts;

4. Develop a method for learning models of knowledge extraction from texts;

5. creating a model of morphological analysis of words and the method of teaching;

6. Pilot testing of proposed models and methods. The object and subject of study. The object of the
study are natural-language texts as a form of knowledge representation domain. The subject of the
study are the processes of automated identification and formalization of knowledge presented in the
form of natural language texts. When developing models and methods has been applied apparatus of
algebraic systems, including algebraic lattices and graphs, as well as the apparatus of formal grammars
and automata theory.

Sphere of application:

1. Information intelligence. By applying technology is Dana compile dossiers on the interesting, the
subject matter on which information is available in open sources. For example, the object of interest can
be a politician, the dossier which may include: name, age, origin, education, relationship to the parties
and other political leaders, opinion on, regarding the events of interest, etc. Likewise, exploration is
carried out for commercial purposes, as some companies' interest in the activity of a competitor, whose
actions are covered in the media. In this case, extraction of products are advertised competitor's
transactions with other market participants, changes in leadership positions, as well as acquisitions and
mergers.

2. Automated compilation of directories and dictionaries. Retrieval methods can also be used for filling
the domain-specific ontologies, thesauri and dictionaries. In this case, extraction of subject concepts and
relationships between them, reflected in the texts of the subject area.Next, this knowledge can be used
in the conceptual text indexing to improve the quality of full-text searching and classification.

3. Revealing the contradictions in the texts of documents. Extracted from the texts of knowledge can be
used for further comparison with the standard base domain. For example, from internal documents can
be extracted: Name employees, their positions and names of units in which they operate. Further, with
reference staff base organization, you can compare with it the extracted information. In case of
discrepancies drafter may be issued a semantic error message indicating a text fragment, where the
discrepancy was discovered.

4. Validation and recovery of the text. The texts of some domains may contain incomplete or erroneous
information that is necessary to check and repair. An example of such texts are, addresses clients of the
organization, recorded by the operator as a continuous line. Typically, the operator enters an incomplete
address information, omitting the index, the name of the region, etc. The proposed methods allow to
extract the values of specific fields (names of cities, streets, regions much more await you.) From a
continuous line of the address. Further, having a reference database of postal addresses of the country
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an opportunity to compare the extracted field with it, correct errors in individual fields and restore the
missing values of address fields.

5. Monitoring the flow of texts: the greatest interest to the systems of this kind are often by U.S.
intelligence, for which the most common themes extracted facts are attacks and riots. These facts are
revealed by the analysis of Web, a similar process may be, and e-mail to identify and prevent the crimes
being prepared. Extracted facts are composed of structural elements, describing, for example,
participants of the event, their objectives and means, and the place of event, its causes and
consequences

Scientific novelty: The model extraction of ontological components of object-oriented texts. Easy to structure the
rules of extraction provides practical feasibility of machine learning, as well as the implementation of the method
of extraction on the basis of a finite automaton, independent of the grammar of natural language. The method for
learning extraction models, which proposed a new strategy of compressing a group of generalization of training
examples, as well as a new approach to the coupled synthesis of the rules based on an assessment of total error
of generalization of their individual elements. A modification of the principle of analogy, the morphological
analysis of texts, thus reducing the volume of the morphological dictionary and reduce the computational
complexity of algorithm analysis. A model of morphological analysis, acting in accordance with the modified
principle and propose a method of learning, allowing, without human intervention to build a morphological
analyzer, which has better quality of analysis in comparison with the dictionary methods.

Practical value: The developed model extraction can be used in systems analysis associating performing search
spelling errors, restoring missing data in the text, as well as identify the contradictions between the contents of
text and reference knowledge base. The model is applicable in systems extract information from texts in the
following areas: automated content of relational databases, directories, dictionaries and ontologies, information
exploration, monitoring text streams. The modified principle of analogy, morphological analysis and built on its
base model allows an order to reduce the amount of morphological dictionary. The proposed method of teaching
this model completely eliminates the expert from the preparation of training examples.

Implementation approaches: The first point of view, the focus in the pragmatic aspects and adopted under the
direction of knowledge management, knowledge represents the data obtained in the right place at the right time
to solve practical problems, usually for a decision, including the implementation of actions that a person or a
technical system. Moreover, by its structure and method of storing knowledge can in no way different from other
data - any piece of the database or the full-text archive of documents converted into knowledge as soon as it is
drawn to look interested consumers. That is the position of this view - the focus of utilitarian interest - determines
which piece of data is currently interpreted as knowledge.

The second point of view, the focus in the content aspects, and adopted under the direction of artificial
intelligence, believes that knowledge is different from conventional data primarily by its structure. It is a set of
specially structured data applies the concept of the knowledge base, implying:

- Alogical ordering of data based on certain criteria established by the domain model (ontology);

- Representation of data in accordance with certain formal model (the semantic network, a framed set of
products)

- The possibility of obtaining new data from the old on the basis of some formal mechanism;

- Data storage in special structures that provide high efficiency of typical operations on them (search on
graphs, analysis hierarchy, the logical conclusion, etc.)



150 ITHEA

Applied automatic warning systems of knowledge management (AWSK) today:
The main consumers of knowledge today, the following groups:
1. Executives, management decisions;
2. Analysts, surveys, forecasts and recommendations for (1), including the security services;

3. Narrow community of professionals in certain areas, which are developed specialized systems -
expert systems in medicine, geology, extraction system of formulas of organic compounds from scientific
publications in chemistry, etc.

4. Other officials of scientific information and areas in need of timely and complete receipt of information
for the production of intellectual products (eg, structured news on interesting sections of the science and
technology, socio-political life);

5. Non-professional users - people who want to use the knowledge for everyday needs with a view to
deciding, for example, choosing the model of th gooeds when buying, selecting a service provider or
mode of action in certain situations (legal and medical questions, troubleshooting techniques).

As the results of a literature review, including online submissions from producers of software solutions for
knowledge management, to date, all the attention of theoreticians and practitioners address the needs of groups
1 and 2, which is apparently associated with the greatest expected return on this investment. For example, in
automated information systems, positioned in the market as a decision support system, competitive intelligence,
business intelligence, already has a set of subsystems that implement certain functions of extraction, storage,
retrieval and generation of new knowledge. Also, some attention has attracted groups (3), which is usually at the
expense of budget financing, develop specialized applications of information systems, which include data mining
tools and text mining, expert systems. Groups (4) and especially the group (5), which applies to every person
deprived of the attention of developers and, in spite of free access to a potential source of knowledge - the
Internet is limited in the tools of knowledge extraction simplest (in terms of consumer functions) by search
engines like Google or Yandex.This is partly motivated by the immense breadth of interests of these groups, the
lack of a limited subject area.

Finally, | was not able to detect not only full CPSE that combines the phase of knowledge extraction from text with
the phase of their treatment, but even a convincing example of practical use of such a system. Application
programs using artificial intelligence methods that can convert non-trivially extracted from the text of the elements
of knowledge (interpret, synthesize, identify dependencies, predict, etc.), today there is even the English
language. This situation is caused, apparently, for two reasons. First, a weak distribution systems of linguistic
analysis, the ability to interpret the relationship between words and therefore really extract knowledge as certain
elements that have internal structure and is suitable for a non-trivial semantic processing of the artificial brain -
such a system understanding of the text on Russian and international markets have only recently begun to
appear and have not yet had time to acquire applications: Net Owl (www.netowl.com), Attensity
(www.attensity.com), RCO Fact Extractor (www.rco.ru).Secondly, the potentially low reliability of automatically
extracted from the text of the allegations and facts that due to both imperfect interpretation algorithms for text and
low-quality sources of information, since virtually no interesting extract knowledge from the scientific literature,
and from all kinds of text "pomoek" to what are the social Internet, modern media, and even the archives of
scientific and technical reports. As a result, despite the boom around the need for knowledge extraction from text
processing and recycling, raised today by developers and sellers of CPSE, it seems that in practice such systems
are still useless, at least, outside of highly specialized areas, which, however, not true.

The proposed method: After carefully considering all the existing methods, capabilities and operating time, We
can interpritate  our hike to understand the meaning of natural language by computer.
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The concepts can replace each other on the principle of consistency of meaning. It is above all that are essential
to accelerate the process of text recognition as well - reducing the load on the knowledge base. (Kuzemin A.,
thesis work). That is — replaceability of the concepts significantly reduces the volume of the knowledge base by
reducing the number of own concepts as its components. Create the new theorem replaceability of the concepts:

Theorem 1. If the concept Po, inherits the concept Po, — G(Po,,Po,) in a certain category of concepts C,
the notion of Po, can substitute for a mikrosituations concept Po, without losing the semantic load and
informative of this mikrosituation.

Proof. In accordance with the structure and strategy categories identify the concept to identify the concept Po,

must affirmatively respond to the decision rules P1, Pk s Pk, P2 that relevant concepts
Po,,Po, ,...,Po, ,Po, This means that identified the problematic concept as we have passed these decision

rules, including p, which refers to the notion Po, . Hence, the notion Po, may be perceived as a concept Po,,
possessing its characteristic features.
It is possible to obtain the final simplified formula. To begin to define a mathematical model for this area, that

is, a preliminary algorithm of the program domain.

Thus, we set the field, which we consider to find items that need to be put in the text as a priority. Items that are
behind them before the end of the line, will be the ones most desired predicates that become the nodes of a

semantic network specification.

So, try to express this simple mathematical formula:
Consider the above described concept Fﬁm i the word in a sentence £; determinants in appliance has @ ; and

T.:

i I when m=1 (definite value) <=> €&y, L;, - given, = const

(The above mentioned node predicates, which is searched, that is - nodes ontology similarity Product RCO).

If the nodes of ontologies are not specified clearly (for thematic units characterized by peculiar and persistent
concept), then to search for meaning in a sentence erants, first highlight the main predicate, then place itin a
network node.

1. Consider the 1-st case with known known predicates:

Suppose there is ?im..f’ that

(ﬂﬁl’ T1'1 € ?ﬁmf, {?;mfl, ?ﬁmfg’ Fimfg"”"’ ?imfﬁ}) € E_r. =

Where IL,, - predicate found meeting the criteria @y and Ty

2. Consider Case 2, where the proposal is a set of elements without an explicit predicate. In this case, | have
proposed for the allocation of nodal predicates analyze the proposal for the parts of speech, then find the
subject and the predicate method for counting the frequency of occurrence of noun and a
verb. Mathematically, it is possible to express this:
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We have a set of words {'E-'Emfl, Cimiy Cimig Bimg, ) € T

Let each of them has an additional parameter « - the frequency for each element, as well as the parameter
responsible for the definition of the speech clearly designed combinations of endings — p (look application "A", list
of terminals), where (1...n) € p, we have a structure:

& & & & )
Conlpam  Solp gy Slp gy Bnfpgy € Y

Moreover, if found by the predicate coincides with the already existing sites - it is not analyzed in the future, and
put in its place. If the predicate is unique - it is analyzed as part of speech and related items - similar to the
ongoing analysis of combinations. It is defined in the predicate belonging to the p terminal number (1, 2 ... 20),
then determined the meaning of a combination of Grammar small model of the Russian language (application
"A"), currently developed 37 combinations. (http://neurotechnica.info)

After receiving the new value ['IH_, determine its meaning - it is entered in the knowledge base, which compares

to the value of suschestvubschimi concepts Po, . Further processing of meaning is on a similar principle, but

with reference to a specific predicate.

Conclusion

In this work the method of analysis of natural language objects, which accelerates the work with large volumes of
the analyzed verbal text. By itself, the semantic network is a self-learning, as accumulating predicates, new to
them in their meaning. Existing predicates contained in the semantic network to the new analysis may serve as
benchmarks. Thus, the proposed recognition model of natural language objects can be faster and more efficiently
than the existing ones.

Application “A”

List of terminals:

[Mo] - MoandmrKaTOpbl NpUnaraTenbHbIX 1 Hapeyuni

[nu1] - npunaratensHble

[keb] - kpaTkme chopMbl NpuUnaraTenbHbIX UK NPUYacTUi
[cp] - cTeneHn cpaBHEHUS MpunaraTenbHbIX

[Hp] - Hapeuwns obcToATENLCTBEHHDIE

[cw] - cywiecTBUTENbHbIE

[rn] - rmaronbl B nM4HOM hopme

[H&b] - MHMHUTMBEI rNaronos

[ay] - neenpuyactus

10. [n4] - npuyacTtus

11. [ne] - npeanoru

12. [00] - COt03bl 0BCTOATENLCTBEHHDIE, TaK_KaK, MOCKOMbKY, MOSTOMY ...
13. [ton] - coto3bl TMNa nubo

14. [tom] - coto3bl TMNA W, @, HO, OQHAKO. ..

15. [ua] - yacTuubl He, Aaxe, JaXe_He ...

16. [ko] - (hOpMbI KOTOpbIA, KOTOPOTO, ...

17. [kaK] - coto3bl kak, kak Byaro, ...

18. [14] - To_3nT_uToO,

19. [6bITb] - ObITb, ObIN, Obina, BygeT ...

©ooNOGRWN =
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Grammar of a small model of the Russian language

PN RN =

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

ak<-**-gk_1, [ecnm], nn_nor, [3nT_T0], nn_nor.

JK<-**-0K_2, nn_nor.

nn_nor<-**-nn_nor_1, nn_u.

nn_nor<-**-nn_nor_2, nn_unu.

nn_wnm<-**-nn_mmm_1, [nm6o],nn, nn2.

nn_u <-**-nn_u_1, nn, nn3.

nn2<-**-nn2_1, [ton], nn, nn2.

nn2<-**-nn2_2, [].

nn3<-**-nn3_1, [toun], nn, nn3.

nn3<-**-nn3_2, [].

nn<-**-nn_1, ro, rc, rr, Ba, ro. % lNpocToe npeasnoxeHue
ro<-**-ro_1, ya0,[ne], rc, ro. % lMpeanoxHas KOHCTPYKUMS
ro<-**-ro_2, rm, 4a0,[Hp], ro. % lpynna Hape4ui o6CT.
ro<-**-ro_3, [kax], rc, [3n], ro. % BbipaxeHus nogobus ¢ “kak’
ro<-**-ro_4, [100], nn, [3n], ro. % Coto3Hble 06CT.060p0T
ro<-**-ro_5, rH,4a0,[a4],8a,ro,[3n], ro. % [eenpunyacTHbiin 060poT
ro<-**-ro_6, rm,4a0,[cp],Ba, [3M], ro. % CpaBHuTENbHAS CTENEHD
ro<-**-ro_7, []. % Heobs3aTenbHOCTTb

re<-**-rc_1, rn, 4a0,[cww], Ba, no. % Mpynna cyLiecTsuTeNLHOrO
re<-**-rc_2, [14], nn, [3n]. % runep-cyLiecTBuTeNsHOE
rr<-**-rr_1, rH, 4a0,[rn],6610. % I'pynna rnarona

rr<-**-rr_2, 4a0,6bi760, rH, 4a0,[kd]. % pynna rmarona, kp. dopma
rr<-**-rr_3, 4a0,[6bITb], rn, [3n]. % KoHCTp. ¢ TUpe 1 “BbiTb”
rr<-**-rr_4, rm,4a0,[cp]. % CpaBHWTENbHbI 060POT
Ba<-**-a_1, rc, Ba. % pynna BaneHTHOCTeN

Ba<-**-a_2, rH, 4a0,[Hd], Ba. % VIHDUHUTIB KaK BaneHTHOCTb
Ba<-**-a_3, [|.

no<-**-no_1, [3n],[ko], rr, Ba,ro,[3n]. % lNpaBoe onpeaenexune-1
no<-**-no_2, [3n],[ko],rc, rr, Ba,ro,[3n]. % lNpaBoe onpegenexne-2
no<-**-no_3, [3n],rH,4a0,[ny],Ba,ro,[3n]. % lMpuyacTHbin o6opoT
no<-**-no_4, [.

rm<-**-rn_1, r™, 4a0,[nu], rn. % lpynna npunaratenbHbIx
m<-**-rn_2, [].

rH<-**-rH_1, r™, 4a0,[Hp], rH. % pynna Hapeyui

TH<-**-TH_2, [].

rM<-**-rm_1, 4a0,[mo],rm. % pynna moaudmkaTopos
M<-**-rm_2, [].

Exception Handling:

1.

2
3.
4

ne0 <-**- ne0_1,[ne]. ne0 <-**- ne0_2,[].

ya0 <-**-ya0_1,[ya]. ya0 <-**-ya0_2,[].

ObI0 <-**- 6bI0_1,[BbI]. B610 <-**- B6I10_2,[].
ObITb0<-**- BbITE0_1,[0bITb]. BbITE0 <-**- BbITE0_2,[].
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