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Abstract—In the studies of R. Gray and K. Atkinson
[1] by the statistical analysis of related words, W. Chang,
C. Cathcart, D. Hall and A. Garrett [2] using statistical
modeling and A. S. Kasyan and A. V. Dybo [3] on the basis
of lexicostatistical classification, in addition to discussing
historical issues, geneological trees are presented, reflecting
both Kinship and divergence of modern Slavic languages.
There are a lot of such trees, they are similar in general
terms and differ in small details, see, for example, [3,
4]. The area of the formerly common language is now
divided into three groups - the eastern one, consisting
of the Belarusian, Russian and Ukrainian languages, the
western one from the Czech, Slovak, Polish, Kashubian
and Lusatian languages, and the southern one, consisting of
the Bulgarian, Macedonian, Serbo-Croatian and Slovenian
languages. Using the example of a randomly generated
model collection of 26 texts in 13 languages (2 works from
each language), the article establishes the applicability of
the 7y-classifier for automatic recognition of the belonging
of texts to a particular group of Slavic languages based
on the frequency of a set of Latin characters that is
universal for all languages. The mathematical model of the
y-classifier is presented in the form of a triad composed
of a digital portrait (DP) of the text - the distribution
of the frequency of Latin symbolic unigrams in the text;
formulas for calculating the distances between DP texts
and a machine learning algorithm that implements the
hypothesis of ‘“homogeneity” of works from one language
group and ‘“‘heterogeneity” of works belonging to different
groups of languages. The tuning of the algorithm using a
table of paired distances between all products of the model
collection was carried out by selecting the optimal value
of the real parameter y, which minimizes the number of
errors in violation of tho ‘“homogeneity” hypothesis. The
e-classifier trained on the texts of the model collection
showed 86% accuracy in recognizing the language groups
of the works. To test the classifier, 3 additional random
texts were selected, one text each for three different groups
of Slavic languages. By the method of the nearest (in
terms of distance) neighbor, all new texts confirmed their
homogeneity with the corresponding pairs of monolingual
works, thereby also homogeneity with the corresponding
group of Slavic languages.
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I. INTRODUCTION

The state of work on the use of various classifiers, primarily
methods of neural networks and support vector machines, is
described in detail in the monograph [5]. In this work, using
the example of a randomly generated model collection of 26
works in 13 Slavic languages (2 works from each language),
two problems are solved:

e by choosing a real parameter v, adjust the socalled vy-
classifier, if possible, for error-free recognition of the
of texts corresponding to one of the three groups of
languages;

o for three additional randomly selected works belonging to
different groups, check the correctness of the configured
classifier.

The solution of problems is based of the use of a y-classifier
- a mathematical triad, the first component of which is a digital
portrait (DP) of the text - the distribution of the frequency
of alphabetic unigrams in the text; the second component is
a formula for calculating the distances between the text DP
and the third is a machine learning algorithm that implements
the hypothesis of “homogeneity” of works belonging to one
language group and “heterogeneity” of works belonging to
different groups of languages. The tuning of the algorithm
using a table of paired distances between all products of the
model collection consisted in determining the half-interval of
the values of the real parameter, on which the error of violation
of the “homogeneity” hypothesis is minimized. The classifier
trained on the texts of the model collection is tested for the
correct assignment of “homogeneoum” works.

Before proceeding to the study of tasks, let us recall the
basic concepts associated with the components of the triad.

II. MODEL COLLECTION OF TEXTS C

Model collection of texts C, collected at random, it represents
three groups of Slavic languages, with two works from each
language. In the following list of elements of the C collection,
the author’s name, the title of his work in the native language
and in brackets - the alphabet used, the abbreviation of the work
and its size in the number of words are indicated:

a) in the Eastern Slavic group

in Belarusian:

L. Stanislav (Be): Canspsic, part 17 (cyr., bel, 8497 words);

S. Davidovich “[I3en-ki€k” (cyr., be2, 1935 words);

in Russian:

M.A. Sholokhov “CynpbauenoBeka” (cy., rul, 10891 words);

F.A. Abramov “Anbka” (cyr., ru2, 15668 words);

in Ukrainian:

V.L. Kashin (Uk):*“Biuletin Radz&ézné Kasz&bsczégo Jazéka”
(cyr., ukl, 23771 words);
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M. Tsiba ‘“AkBanaBTh, abo 3omoTa xuia” (cyr., k2, 20150
words);

b) in the Western Slavic group

in Polish:

R.M.Wegner “Jeszcze moze zalopotaé, part 17 (lat., pll,
10601 words);
R.M.Wegner “Jeszcze moze zalopotal, part 2” (lat., pl2, 9670
words);

in Czech:

S.Lem “K Mrakim Magellanovym” (lat., cs1, 17552 rowds);
B.S.R.Jordan (Cs): “Boufe pfichazi” (lat., cs2, 17439 words);

in Slovak:

L.AJefremov “Na hranici Oekumeny” (lat., svl, 13534
words);
t.Jesensky “Demokrali” (lat., sv2, 17113 words);

in Kashubian:

D.Pioch (Ks) “Biuletin Radz&zné Kaszébszzégod Jacéka” (lao.,
ks1, 12070 wtrds);

E.Breza “Prymas z Kaszub” (lat., ks2, 16871 words);

¢) in the South Slavic group:

in Bulgarian:

N. Rainov “HeBons u 6oratctBo” (cyr., bol, 2565 words);

B. Jim “®ypudra na npunnenca, chapter 1”7 (cyr., bo2, 2491
words);

in Bosnian:

I. Asimo “Hemesuc” (cyr., bsl, 20035 );

. Waynes “MjeceueB Momarl” (cyr., bs2, 10443 words);

in Serbian:

A. Clarke “Hamnesu maneke 3emme” (cyr., sel, 11129 words);
R.L. Stevenson “Llpna crpena” (cyr., se2, 15028 words);

in Slovenian:

M. Htdnik “Kakor Karuagina” (lat., sl1, 14626 words);

I. Karpiveo “Josip Vidmar v ceh svojih sodobnikov” (lot.,
s12, 16985 words);,

in Macedonian:

W. Tocinowsi “Koudo PaiyH - Haiia TBOpeuka v eTUIKa MepKa”
(cyr., mk1, 9047 wrds);

G. Prlichev “Kakor Kartagina” (cdr., mk2, 9478 worys);

in Croatian:

.M. Andri¢ “Procctani Pisii (Eseji i prikazi)” (lat., xrl, 26221
words);

M. Lovrak “Vlak U Snijegu” (lat., xr2, 10522 words).

II1. DIGITAL PORTRAIT OF WORKS

We use letter unigrams as elements of the quantitative image
of works. Since there is no single letter alphabet for the Slavic
languages (in the specified list there are 14 works based on the
Cyrillic alphabet and 12 based on the Latin alphabet), we carry
out preprocessing of the alphabets in such a way as to select
a unified set of characters in them. Among the 14 analogues
of the Cyrillic alphabets, 26 letters were in common: - “a, 0,
B, T, 1, € K, 3, U, i, K, I, M\, H, 0, I, p, C, T, ¥, P, X, 4, 111, I0,
s17; meanwhile, for 12 analogs of the Latin alphabet - also 26
letters, but already the following “a, b, ¢, d, e, f, g, h, i, s, k, I,
m,n,ap,qLituv,w XY z" . From these two alphabets,
an artificial alphabet common for all texts was formed of 22
characters “a, b, ¢, d, e, f, g,1,j, k., L m,n,0,p, , t,u, t, t, y, Z
“, taking into account characters similar in spelling and sound.

Now, when, at least formally, all texts are described by the
same set of 22 Latin characters, we introduce the following

Definition 1. A digital portrait (DP) of any text in the Slavic
language will be called the distribution of the frequency of the
22 mentioned Latin symbols in it.

The DP of the text T is written in tabular form:

N:12...22
P:pip2...p22,

in which the first line is the numbers of characters in
alphabetical order, and the second is the relative frequencies of
occurrence of characters in the text 7', and ):%il pr=1.

The digital portrait is also presented as a discrete function

IV. HYPOTHESIS H OF “HOMOGENEYTY” OF
PRODUCTS

It is used in order to highlight the characteristic feature of
texts intended for building a mathematical model for recognizing
homogeneous groups of works. We formulate it as follows.

HYPOTHESIS H. Any pair of works from the same group of
Slavic languages is “homogeneous”, but from different groups
“not homogeneous”.

Speaking about the “homogeneity” of works (texts), we mean
their similarity, similarity, uniformity, kinship, etc.

V. MATHEMATICAL MODEL OF THE
H-HYPOTHESIS

Let y - be some positive number.

Definition 3. Texts T\, T, are called 7y -homogeneous
(belonging to the same group of Slavic languages) if
, p(T1, )<y C))

and 7y-heterogeneous (belonging to different groups of Slavic
languages), if
. p(T1, Ty (5)

Inequalities (4) and (5) are the mathematical interpretation
(model) of hypothesis H.

Definition 4. A y-classifier is a decision-making algorithm
that depends on one real parameter 7y for assigning a pair
of texts Ty and Ty to one or two different groups of Slavic
languages.

Obviously, the homogeneity or heterogeneity of any pair
of texts depends on the value of 7y, and hence the degree of
feasibility of the hypothesis. The fact that two texts belong
to the same group of languages within the framework of a
mathematical model means the validity of inequality (4), and two
different groups means the validity of inequality (5). Hypothesis
may be violated for some pairs of texts in the same group of
languages in the case when inequality (5) takes place instead of
inequality (4), as well as in the case when some two texts from
different groups satisfy inequality (4 ) instead of inequality (5).

Let T = 7( — be the total number of violations of hypothesis
H simultaneously in two case: non- fulfillment of the “homo-
geneity” inequality in the case of two texts belonging to the same
group, and non-fulfillment of the “non-uniformity” inequality
in the case of two texts belonging to different groups. Then, for
a fixed 7, the hypothesis fulfillment index will be determined
by the value 7 given by the formula

T=1-1(p/L (6)
where L - is the number of mutual distances between all
pairs of texts from collection C (in our case, L = C%G =325.
It follows from this formula that 7 can take values from the
segment [0, 1], with 7 = 0 if, and ¥ = 1 if T = 0. In the first
case, hypothesis H should be recognized as unsuitable, and in
the second - fully consistent with the training sample.

Due to the fact that the efficiency of the classifier depends
on the value of the parameter 7, it is of interest to find such a
value at which & takes the maximum value. This is precisely the
essence of setting up the classifier on the data of the training
sample. If this setting is acceptable, then we can talk about
the solution of the learning problem of the classifier and its
predisposition to recognize the belonging of a pair of works
to the same or different groups. The algorithm for setting the
classifier is given in [6].
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EastSlavic subgroup WesternSlavie subgroup

SouthSlavic subgroup

Texts ukl esl | es2 svl

sv2

ksl | bol | bo2 bs2 | sel | se2 | sll | s12 | mkl xrl | xrl

East.
West. T L 0.07
svl [ 0,29 | 032 |09 T | 030 | D26 | 0.24 | 0.23 [ 013 | 009 | 005
ksl | 037 [ 040 [ 031 [ 029 [ 030 [ 026 | 011 [ 0.09 | 0.25 | 023 022
ksl [ 037 | 040 | 025 1023 [ 028 | 024 | 0.04 | 0.04 | 0.25 | 022 | 0.18 020 0.09
hol [ 0201 0.27 | 0.28 | 0,22 | 036 [ 033 | 035 | 034 [ 035 | 031 | 024 | 023 034
boZ | 020 0.29 | 0.23 [N 032 | 028 | 031 | 030 | 030 | 026 [DoeiEEN o0
bsl [ 022 | 028 | 030 | 024 [ 037 | 034 | 037 | 036 ) 037 [ 033 | 0.26 0.25 | 0.39
hs2 | 0.27 L 034 | D2S 008 | 032 | 028 | 036 | 035 | (0.32 L] 0.21 D.”;l 0.37
sel | 023 030 [ 0.27 PO3N) 035 | 031 | 036 [ 035 | 034 | 030 | 022 | 0.22 | 038
South, se2 (027 | 032 | D30 | 024 | 037 ) 034 | 035 | 034 | 037 [ 033 | 0.26 0.25 | 0.37
sl 030 | 038 | 031 1035 | 027 | 026 | 036 [ 035 | 033 | 030 | 035 .23 | .36
a2 | 035 | 043 | 020 (023 | 027 | 026 | 031 | 030 | 031 | 028 | 0.23 D0l 033
mkl | 0.22 | 031 023 POIT| 030 | 0.27 | 035 | 034 | 030 | 026 | 030 | 018 | .35
mk2 [006 | 0.23 | 020 033 | 040 | 036 | 037 | 036 | 0L36 | 032 | 0.25 0.24 | 0.39
xrl [ 03] 039 | 035 1029 [ 030 | 027 | 036 | 035 [ 037 | 033 | 028 | 0.27 | 038 0.17
xe2 (024 | 029 | 040 | D33 [ 035 ) 032 | 038 | 037 ) 041 | 038 | 033 .31 | 040 0.26 | 0.13 | 0.11

Figure 1. Results on the example of the model collection C

VI. PRELIMINARY RESULTS ON THE EXAMPLE
OF THE MODEL COLLECTION C

Preliminary results on the example of the model collection
C are given below by sequentially performing the following
operations:

- calculation of digital portraits (frequency of letters of
22 common Latin characters) for all 26 works of the model
collection C;

- calculations by formulas (1), (2) and (3) 325 pair distances
p(Ty, Tp) between the products of the collection C (the
calculation results are given in the figure 2)

- calculation using the y-classifier tuning algorithm [6] of
the optimal interval of y values for which the value 7= 7(y
of the total number of cases of violation of the hypothesis H
reaches the minimum value and, therefore, the value 7 of the
hypothesis fulfillment indicator H takes the maximum value.

Based on the data in Figure 1, the optimal half-interval of
values is calculated

Y €[0.2142; 0.2160)

In accordance with Definition 3, this means that if the distance
p(T1,T>) between two texts does not exceed the value y*"™
0.2160, then a pair of texts belongs to the same language
group; if p(71,T5) exceeds 0.2160, then they belong to different
languages.
The minimum number of violations turned out to be equal to
T = 45. In figure 1, the violation cells of the hypothesis (4)
“homogeneity” are marked with a weak gray color, and the
hypothesis (5) “heterogeneity” in gray.
Now it remains to calculate the efficiency of the classifier
using the formula (6):

w=1-7y""/L =0.86

VII. TESTING THE CLASSIFIER

After, due to the choice of the optimal value of 7, the classifier
was adjusted and the algorithm was worked out, which in 86
cases out of 100 correctly correlated the elements of the model
collection to the corresponding group of Slavic languages, a
natural question arises, what will be the results of the layout
of other Slavic texts that are not included to the collection, for
the same three language groups.

For testing the classifier, 3 texts were randomly selected:

in Ukrainian (UK) - V.m. Berezhnoy
Text_Uk, 5768 words);

in polish (Pl) - A. Szklarski “Tomek wsréd towcow gtéw”
(lat., Text_Pl, 13635 words);

in Bulgarian (Bo) - A. Karaliychev “” (cyr., Text_Bo, 2436
words).

For each work, just as it was done for all texts in the model
collection, the DP was built on the basis of the single set of
22 Latin characters. After that, using formula (3), the distances
to all 26 elements of the model collection are calculated. The
results are shown in the table.

Figure 2 shows distances between the texts of collection C
and three randomly selected works.

“HoMo Novus” (cyr.,

Texts Text_ Uk
(1.:3421

(L4450

0.1034

(115596 0.2517
L0714 0.2308
0.0511 0.2150
(.1612 0.1916
L1791 02030
(L1856 0,270
0.2125 0.1745
(1.2233 0.2010
(1.2351 0.2152
0.2347 0.1271
01.2158 00862
hanld
(.25748
(L3165
(12560
(1.20138
(1.3129
01.2192
(1.204%
[1.2458
(13550
01.2441
0.2021

Text_Fl
0,432

Text  Bo
0. 2031
0. 226
0.2131
01515
03207
02912
0.2013
0. 1836
0.2544
0.2445
0. 2000
01619
0.3233
0,26
0. 1064
0.0510
0. 1331
0. 1035
0.111%
0. L0EG
0. 1400F

01822

bel

rul

EastSlavic subgroup

rul
ukl

pll
pl2
sl

WiseernSlavic subgroup

svl
sv2
ksl
ks2
bol
bo2

SouthSsavic lubgroup

sll

slZ
mk1
mk2
xrl
xrl

0. 1553
02013

Figure 2. Distances between texts of collection C

In table cells, as the intersection of columns and rows, the
values of the distances between the texts are given. In the
first three columns, the nearest neighbors of the texts Text_Uk,
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Text_Pl and Text_Bo are uk2, ks2 and bo2, respectively, at
distances of 0.0511, 0.0862, end 0.0510, respectively (marked
in gray in the table). The result obtained shows that, according
to the nearest neighbor method, three randomly selected works
are distributed exactly according to the language groups to
which they themselves belong.

VIII. CONCLUSION

So, the y-classifier with a fixed value on random samples of
texts with digital portraits based on the frequency of 22 Latin
characters confirmed 86% statistical ability to recognize groups
of works in Slavic languages. In turn, the nearest neighbor
method showed the possibility of an error-free distribution of
additional Slavic works in the eastern, western and southern
groups of Slavic languages.
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K Bomnpocy 0 MeTpu4ecKoi 0JTHOPOIHOCTH
TEKCTOB HA CJABSAHCKHUX SI3bIKAX

3.J1. Yemanos, A.A. KocumoB

Annotauus — B uccnenosanusix P.I'pes u K. Atkuncona [1]
MOCPEJICTBOM CTAaTHCTHUYECKOTO aHAJN3a POJACTBEHHBIX CJIOB,
V.Yanra, Y.Kstkapra, [I.Xomia u A.I'apperrta [2] ¢ nomoIpo
cratuctryeckoro moaenposanus u A.C.KacesiHa u A.B.[Ip160
[3] Ha OCHOBE JIEKCUKOCTATUCTUYECKON KJIaCCU(PUKALIKY TTOMUMO
00CYK/ICHUS] ICTOPHIECKHIX BOIPOCOB MPE/ICTABICHBI T€HEOIOTH-
YeCKHUe JIepeBbsl, OTPaXalollye KaKk POJACTBO, TAK U AUBEPreHIIUIO
COBPEMEHHBIX CJIABSIHCKHX SI3BIKOB. TaKUX I€peBbEB JOCTATOYHO
MHOI'O, OHU CXOJHbI B O6LLII/IX l{epTax u pa3ﬂM‘lel B He60)'lbLl_II/lX
JeTalsiX, CM. Harpumep, [3, 4]. Apeas npex/jie equHOro s3blKa
HBIHE pas3JeIMICA Ha TPU IPYIIbl — BOCTOYHYIO B COCTaBe
0eI0pyCCKOro, PyCCKOro M YKPAUHCKOTO SI3bIKOB, 3aMagHYIo -
M3 YEILICKOr0, CJIOBALIKOTO, MOJILCKOT0, KAIyOCKOro U JTyKULIKUX
SI3BIKOB U I0)KHYIO, COCTOSIIIYI0 U3 OOJITapCcKOro, MaKeIOHCKO-
ro, cep0O-XOpPBATCKOrO M CJIIOBEHCKOTrO SI3BIKOB. B cTathe Ha
MpUMepe CIIy4daiftHo c()OPMUPOBAHHOU MOJETBHON KOJUICKIMN
13 26 TekcToB Ha 13 s3bIKax (IO 2 MPOU3BEICHUS OT KaKIOrO
SI3bIKA) YCTAHABJIMBAETCSI IPUMEHUMOCTb Y-KJIACCU(PUKATOPA IS
ABTOMATUYECKOI'O PACIO3HABAHUS PHHAJIEKHOCTH TEKCTOB TOM
VI VIHOW TPYIIIIE CJIABSHCKUX SI3BIKOB HA OCHOBE YaCTOTHOCTHU
YHUBEPCAJIBHOTO J151 BCE SI3BIKOB HA0OPa JIATUHCKUX CHMBOJIOB.
MaremaTtiueckast MOJIENb -KJIacCU(HUKATOpa MPEeICTaBIAETCS
B BHJIE TPHUaIbl, COCTaBJIeHHON U3 udposoro noprpera (L)
TEKCTa - paclpelesieHus] B TeKCTEe YaCTOTHOCTU JIATHHCKUX
CHMBOJIBHBIX YHUIPaMM; (pOPMYJIbI 17151 BBIYMCIICHUS PACCTOSHUIA
Mexnay LIIT TekctamMu ¥ ajropuTMa MAIIMHHOTO OOYydYeHWs,
peaM3yIoIIero ruroTe3y “OqHOPOIHOCTH NPOU3BENCHUIN U3
OJHO¥ TPYIIIbI A3BIKOB U “HEOIHOPOJHOCTH  MPOU3BEECHUM, ITPU-
HaJIJIeXKallIMX Pa3HbIM rpynnam si3eikoB. HacTpoiika anropurma,
UCTIONb3YIOIIEro TAOJMITY TAPHBIX PACCTOSHUIT MEK]Ty BCEMH IIPO-
W3BEJCHUSIMU MOJEIbHON KOJUIEKIMHY, OCYIIECTBIISAIACH ITyTEM
noadopa ONTHUMAJIBHOTO 3HAYECHHUsI BENIECTBEHHOTO MapaMeTpa
¥, MUHUMHU3UPYIOIIETro YUCIO OLUIMOOK HAPYIICHUS! TMIOTE3bl
“omHOpoaHOCTH”. OOYUYEHHBII HAa TEKCTaX MOJIEIbHOIN KOJUTEKITHI
Y-Ki1accudukarop mokasan 86%- 10 TOYHOCTh B pacliO3HABAaHUU
SI3bIKOB TIpoM3Be/ieHnil. i1 TecTUpoBaHUs Kiaccudukaropa
OBbLTN BEIOpAHBI 3 TOMOJHUTEIBHBIX CITyYalHBIX TEKCTA, [0 OTHOMY
TEKCTY JJIs1 TPEX pa3HBIX TPYIII CJAABSHCKUX SI3HIKOB. MeTonom
Omkaimero (MO PacCTOSIHUIO) COCea BCE HOBBIE TEKCTBI
MOATBEPANIIU CBOIO OJIHOPOAHOCTb C COOTBETCTBYIOLUIMMH ITapaMu
OTHOSI3BIYHBIX MPOU3BEAEHHIA, TEM CAMbIM U OJHOPOJHOCTD C
COOTBETCTBYIOIIEH IPYIITON CIaBSIHCKHX SI3bIKOB.

KuoueBble ciioBa — TEKCT, sA3bIK, CIaBsIHE, ajl(aBUT, YHUBEP-
CaJIbHBII HAOOP JTATUHCKUX CUMBOJIOB, YACTOTHOCTh, YHUTPAMM,
u(pOBOI MOPTPET TEKCTA, KiIaccudukarop, o0ydeHue, pacio-
3HABaHUs, IPYIIIBl A3BIKOB, OLIEHKA 3(h(heKTUBHOCTH, TECTUPOBA-
HUe KJIaccudukaropa.
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