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An expert system for evaluating language patterns using nonparametric
statistics

Abstract. The paper focuses on the research of language regularities by methods of non-parametric statistics. The emphasis is
placed on how to resolve the common problems regarding the use of non-parametric statistical techniques, in particular the one
of semantic marking of sentences in linguistics.

The aim of the scientific research is defined as the development of an expert system for evaluating language regularities using
non-parametric statistical methods for any language.

Research methods. Methods of non-parametric statistics, IDEF4 notation, the programming language C #.

The research offers a specialized expert system that uses the C Programming Language to provide automatic questioning of the
native speakers with further analysis of the lexical meaning of word combinations and phrases implemented as a Desktop
Program for Windows. The program considers the possibility of taking into account of how to reveal the correspondence of
phrases from dictionary files that have different expert assessments.
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Introduction

It is a well-known fact that the structure of any language and its development come to operate under
the guidance of statistical laws. Language, as a system of communication characterized by the
combination of discrete units, is represented by a certain way of organization, its particular structure and
elements interconnected by subsystems of relationships. A constant increase in their number proves to be
the result of the consequential evolution and development of the language. The use of statistical methods
in linguistics is sure to increase the efficiency of linguistic observation, its accuracy and reliability as well
as consistency and provability of linguistic assumptions.

1. Analysis Of Recent Researches And Publication

Prominent Ukrainian and foreign theorists and scholars (B. Strickland [1], V. Zhukovska [2], V.
Zayats and M. Zayats [3], Ye. V. Kupriianov, N. S. Uholnikova, and O. M. Yurchenko [4], A. Sitar [6])
published their original works dedicated to the issues of using statistical methods in linguistic research.
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The large number of papers comes to indicate an increasing level of interest in the subject in question.
Thus, advancing statistical methods in linguistics as well as practical application of statistical criteria
claims to be more forward looking and based on the latest scientific evidence can lead to generate relevant
issues for further research and investigation.

It should be noted, that most of the research done in the fields of linguistics is of a qualitative nature.
normal distribution law used in linguistic research [4] is not always observed in the frequency distribution
of language elements. Consequently, when the latter differs from the norm, other methods to study
language patterns presume to be essential. In this regard, we consider it relevant to use nonparametric
statistical methods based on empirical data, which, however, do not depend on their distribution law [4].
Succinctly, to provide real patterns of particular phenomena when there is a need to study inaccurate
numerical values (qualitative), valid results come to be provided by using non-parametric criteria to
identify differences in language elements.

As an illustration of the problem in question, the paper attempts to evoke the necessity of studying the
issues of semantic distinctiveness of sentences. In performing these, a psycholinguistic experiment, or in
other words, native speakers’ perception is applied as a certain valuable technique to determine the
significance (not materiality) with respect to experts’ differences of opinion.

We also based on the research of Wen Zhang, Taketoshi Yoshida, Xijin Tang [7] where the authors
asserts that a series of experiments on classifying the Reuters-21578 documents using the representations
with multi-words. We used the performance of representation in individual words as the baseline, which
has the largest dimension of feature set for representation without linguistic preprocessing. Moreover,
linear kernel and non-linear polynomial kernel in support vector machines (SVM) are examined
comparatively for classification to investigate the effect of kernel type on their performances. Index terms
with low information gain (IG) are removed from the feature set at different percentages to observe the
robustness of each classification method [7].

Lytvyn, V., Vysotska, V., Hrendus M. [8] mentioned who the main part of KB is ontology as clearly
structured SA’s model, systematic set of terms, which explain the connections between objects of this
SA. Ontologies are generally accepted and widely used in different branches of science such as nowledge
engineering, presentation of knowledge, information search, knowledge management, database design,
information modeling and object-oriented analysis [8].

2. The Main Tasks Of The Study And Their Significance

Thus, our main objective is defined as the development of an expert system for evaluating language
regularities using non-parametric statistical methods for any language. In its general formulation, the
problem is represented in the way when two sentences come to be studied by experts who further evaluate
their correct and precise usage in the language. Based on the results of their evaluation, a conclusion is
made regarding the perception of the distinction between two sentences (either there is one or not).

These can be illustrated by the examples in Ukrainian: “Ilianpuemens 3poOuB po3paxyHku’ /
“ITignpuementb BUKoHaB po3paxyHku’ and accordingly in English: “The Entrepreneur made calculations”
/ “The Entrepreneur performed calculations”.

To consider the example of expert analysis (Sentence 1 — The entrepreneur made calculations;
Sentence 2 — The entrepreneur performed the calculations) one approach would be to demonstrate positive
and negative assessments of sentences distinction made by 20 experts who are native speakers. The results
of the evaluation are presented in Table 1.

Table 1. Expert Assessments of Sentence Distinction
Tabn. 1. Excnepmnui oyinku 8iominHoCmi peuerd

Sentence Expert assessment

Distinction available Distinction nonavailable | Total
1. The entrepreneur made
calculations 14 (a1) 6 (b1) 20
2. The entrepreneur
performed the calculations 6 (az) 14 (b2) 20
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According to the Table 1, its first row is the inverse of the second. Consequently, the issues that come
to reveal on how strong (weak) the difference in these rows look like have to be investigated using the
criterion y? [4] presented below:

a;—b;—1)?

x? =t 1)

where a; is the number of positive differences of the first sentence;

b, is the number of negative differences of the first sentence.

The result of appropriate calculations of criterion y? according to the above example is represented as
follows:

2 (14-6-1)2
14+6

2,45. (2
In the next step, we determine the number of degrees of freedom that equals to:

f=m-1-(m-1), 3)

with n as the number of columns in the table;
whereas m is the number of rows in the table.
Thus we have the following calculation of degrees of freedom:

f=C-D-2-D=1 (4)

Further on, we find the confidence limits of the criterion in the distribution table y? with a reliability
of 5% and 1%, thus, having values of 3.84 and 6.63, respectively. The calculated value of y2, which is
equal according to expression (2) 2.45 is lower than the tabular value. As a result, we conclude that the
differences in the answers of experts are random and with a probability of 99% it can be resolved that in
native speakers’ minds these sentences are distinguished by certain difference.

3. Major Research Results

Forming a database of results of expert evaluations of lexically unambiguous phrases is a very
painstaking and time-consuming process. We also note that there are difficulties in further analysis of
large volumes of texts, finding correspondences in it from the database of phrases as well as the
introduction of new phrases and their evaluation by experts that are native speakers. The rise of digital
challenges that result in accelerated digitalization of information with its rapid growth and development,
has a considerable impact on linguistics and science, in particular linguistic analysis of the text.

The latter, as known, with all its semantic unambiguity requires maximum automation. With this aim,
the study has developed specific software. To carry out the automatic survey, an expert system has been
developed by querying native speakers and further analyzing the lexical meaning of the phrase in
accordance with mathematical expressions (1) — (4) which is implemented in the form of a desktop
program.

To select the programming language of the expert system, we have formulated the following
requirements: the software product must be implemented for Windows, provide a high-quality and
friendly interface, and thus, there is no need for any distributed application.

At the present stage of software development tools, there have been many possible options to choose
different resources to implement the task.

According to specialized ratings, the most popular programming languages are Python, Java, C #, C
++, each of them has a number of advantages and peculiar features. Python programming language is the
option, which is convenient enough when one deals with the first language most frequently used for
academic purposes. However, this language significantly loses in performance to C and Java, so it is not
used to develop highly loaded applications and, consequently, to process large amounts of text.

The C # language is based on Java, only with a syntax closer to C ++ and is used mainly for the
development of software products for the NET platform. Windows Framework [9]. Thus, the most
effective way to solve this problem is to use the programming language C #. The Microsoft Visual Studio
IDE has been developed especially for the C # language.
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The algorithm of the program is presented in the form of an IDEF4 diagram (Fig. 1).

Linguistic Analysis of Text

Text
1.1
- Load
1.1.
] Exit 11,

In the linguistic analysis of the text, there are three main actions — reading the text, compiling
dictionaries of phrases with their expert assessments and directly assessing the text for linguistic
homogeneity. The software does not provide the ability to edit the source document. The program reads

Dictionary 12 Analysis
New 12 — Run 13
View 1_2; — View 1'3,'
Edit 12, - Save 13

Fig. 1. Algorithmic Model of Expert System
Puc. 1. Ancopummuuna mooenv ekcnepmuoi cucmemu

text in docx, rtf or txt formats.

The algorithm provides the ability to create a new dictionary of phrases with the introduction of their

expert assessments, viewing and downloading existing dictionaries.

Fig. 2 represents information model of the program. The text file and the dictionary file are loaded
into RAM in a dialog mode. Depending on the search results of phrases in the text, the criterion y? and

the degree of freedom f are calculated.
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Fig. 2. Information Model of the Expert System
Puc.2. Inghopmayiiina mooenv excnepmnoi cucmemu
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When analyzing the text, it is possible to match several phrases from dictionary files with different
expert assessments. In this case, the total probability of the same understanding of the text is calculated
as the product of the probabilities of understanding each separate phrase:

Peom =Pr Pyt Py, )
where n is the number of identical phrases found.

ad
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Fig. 3. The Results of Text Analysis Using an Expert System
Puc.3. Pesynomamu ananizy mekcmy 3 BUKOPUCIAHHAM eKCNEPMHOI cucmemu

The probability of unambiguous understanding of the text was 0.92. This means that in the minds of
native speakers the sentences under consideration are not distinguished by difference.

Fig. 4 represents the results of studies of texts with different frequencies v coincidences of identical
phrases are given.
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With sufficient accuracy, the probability of unambiguous understanding of the text P can be described
by the function:

P = e 264V R2 = (8535 (6)

The frequency of matching phrases from the dictionary is calculated as the ratio of the number of k
matching phrases from the dictionary with different probabilities of understanding to the total number K
of sentences in the text.

4. Conclusion

In linguistic research of qualitative characteristics of texts, nonparametric criteria of differences of
language elements prove to provide more precise and rigorous results. In the context of smart integration
of digital technologies in all spheres of science as well as a huge amount of information available, the
process of linguistic analysis of the text, and in particular the analysis of the text for semantic unambiguity
requires maximal automation.

The research developed a specialized expert system using the C # programming language for providing
an automatic survey of native speakers and analyzing lexical meaning of phrases to be implemented as a
desktop program for Windows. This takes into account the possibility of considering the determination
of the correspondence of several phrases from dictionary files that require diverse expert assessments.
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Ia6eabHuK Jlokmop exoHoMiYHUX HAYK, npogecop,
Tersina 3asidysauka Kageopu eKkoHOMIUHOI KibepHemuKy i CUCIEMHO20 aHai3y,
BosogumupiBHa Xapkiscokuii nayionanvnuti ekonomiynuti ynieepcumem imeni Cemena Kysueys, npocn.

Hayxu, 9-A, Xapxie, 61166, Yxpaina;

IIpokonoBu4 Kanouoam exonomiunux nayx, ooyenm,
Caitnana Jloyenm kagedpu exoHOMIYHOT KibEpHEMUKU [ CUCIMEMHO20 AHAI3Y,
BauepiiBna Xapxiecokuil nayionanvuull ekonomiynuil yHieepcumem imeni Cemena Kysneys, npocn.

Hayxu, 9-A, Xapxie, 61166, Yxpaina;

ExcnepTHa cucteMa OLiHIOBAHHS 3aKOHOMIPHOCTEH MOBHM METOIaMM
HenapaMeTPUYHOI CTATUCTUKHU

AHoTauisi. B po6oTi apryMeHTOBaHO, 10 TPH MPOBEICHHI JTIHIBICTUYHUX JOCIIPKCHb MAIOTh MiCIle 3aBIaHHS, BUPIIICHHS SKUX
noTpedye BUKOPHCTaHHS IHCTPYMEHTapil0 HemapaMEeTPHUYHHX CTATUCTUYHHUX METOJIB, 30KpeMa HpoOIeMH CEeMaHTHYHOI
BiZIMiHHOCTi PEUYCHb.

Bynp-sika MOBa, SIK CUCTeMa KOMYHiKallii, XapaKTepu3yeThesl MOEAHAHHAM JUCKPETHUX OJMHUIIb, OCOOIMBOIO CTPYKTYPOIO Ta
eJIEMEHTaMH, 110 MOB’sI3aHUMH Mix co0oro. [locTiifHe 301IbIIeHHS IXHBOT KUIBKOCTI € pe3yabTaTOM MOCTiJOBHOI €BOIIOMIT Ta
PO3BHUTKY MOBH. BHKOPHCTaHHS CTATHCTHYHHX METOJIB Y JIIHTBICTHINI, 6€3YMOBHO, MiIBUIUTH ¢()EKTUBHICTh JTIHIBICTUYHOTO
CIIOCTEPEKEHHSI, HOT0 TOYHICTh Ta HA/IIIHICTB, @ TAKOX y3TOJKEHICTh Ta JOKa30BiCTh JIHTBICTHYHHX IPHITYIICHb.

Merty HayKOBOTO IOCIHIJKEHHS BHU3HAYEHO SIK, PO3poOKa EKCIIEPTHOI CHCTEMH OI[IHKH 3aKOHOMIPHOCTEH MOBHM METOIAMH
HeTlapaMeTPUYHOI CTATUCTUKH TS Oy/Ib-5IKOi MOBH.

Meroau nocnipkeHHs. B po6oTi BukopHucTaHO MeToan HemapaMeTpu4Hoi ctatiucTuky, HoTauis IDEF4, MoBa nporpamyBaHHS
C#.

B poborti po3pobieHa cremiani3oBaHa e€KCHEpTHA CHCTEMa 3 BHKOPHUCTAHHSAM MOBH mporpamyBaHHs C # 1uis 31iliCHEeHHS
ABTOMATUYHOTO OMHUTYBAHHS «HOCIIB» MOBH Ta aHANI3y JEKCHYHOTO 3Ha4eHHs (pa3, sKa peamizoBaHa y Burisiai Desktop-
nporpamu st OC Windows.

Jlnst BuGopy MOBH HpOTrpaMyBaHHS €KCIEPTHOI cucTeMu chOpMyIbOBaHI HACTYITHI BUMOTH: IIPOTPAaMHHUN IPOAYKT HOBHHEH
Oytu peanizoBanuii st OC Windows, 3a0e3mnedyBaTy sIKicHHH 1 TOOpO3UWINBHE iHTepdelic, KpiM TOro HeMae HeoOXiTHOCTI B
posmnopizeHoMy IoAaTKy. IIporpaMHHI IPOIYKT HE Hamae MOJMJIMBICTH peNaryBaTH BHUXITHUH IOKyMEeHT. Y Hporpamy
3UUTYEThCS TeKCT B hopmaTax docx, rtf abo txt. B anropurmi nependadeHi MOXKIMBOCTI CTBOPEHHSI HOBOTO CJIOBHHKA (pa3 i3
BBE/ICHHSIM iX €KCIIEPTHUX OLIIHOK, MIEPETIIsA 1 3aBaHTaKEHHS ICHYIOUNX CJIOBHHKIB.

IIpu poGoTi mporpamMu BpaxoBaHa MOKJIUBICTh ypaxXyBaHHs BH3HAYCHHS BiAMOBIIHOCTI IEKUTBKOX (hpa3 3 (aiiTiB CIOBHHKIB 3
PI3HUMH EKCTIEPTHUMH OI[IHKaMH.

YV NHTBICTUYHUX MOCTIHKEHHSX SKICHUX XapaKTEPUCTHK TEKCTiB JOCUTH TOYHI Pe3yNbTaTH AAIOTh HEMapaMeTPUUHI KpUTEpii
BIJIMIHHOCTe MOBHHX €JIEMEHTiB. B ymoBax cyiinpHOT mimkiTamizamii iHdopmarii Ta T Beln4e3HHUX OOCATIB Mpoiiec
JIHTBICTHYHOTO aHANI3y TEKCTY, 30KpeMa aHali3y TeKCTY Ha CMHCJIOBY OJTHO3HAYHICTh MOTPe0ye MaKCHMaJIbHOT aBTOMATH3aLlil.
Kniouosi cnosa: excnepmna cucmema, Mmemoou HenaApamMempuyHoi Cmamucmuky, 3aKOHOMIDHOCHI MO8U, NpopaAMHe
3abe3neyenns.
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