Poszensdacmocsa gaaaua dopmyesanns nio-
epyn 3a cmyneHem pusuKy IHQPIKY8aHHS
sipycom imynodediyumy y zpyni mpyoosux
Mizpanmie, ax sadaua xaacmepusauii. Ilooy-
dogano mamemamuuny mooev 3a0a4i Kaac-
mepu3auyii ma 6UKOHAHO adanmauilo memo-
0y eeontouitinoi xaacmepusauii 006’cxmie
00 6U3HAUEHHS epYyn MPYOOBUX MiZPAHMIE.
30iiiceno po3oumms epynu mpyooeux miz-
panmis na xaacmepu 6i0noeiono 0o cmyne-
HA pu3ukKy inikyeanns eipycom imynodedi-
yumy

Knrouosi cnosa: esontouiiina xaacmepusa-
uis, zpyna mpyooeux mizpanmis, pusux ingi-
KYBaHHs 8ipycom imynoodeiuumy ai0o0unu

=, u]

Paccmampusaemcs 3adauwa opmupo-
8anus noodzpynn no cmenenu pucka uHQu-
yuposanus upycom ummyrodepuuuma 6
epynne mpyooevix Muzpanmos, Kaxk 3ala-
uya xaacmepuzavuu. Ilocmpoena mamema-
muueckas Mmoodeav 3a0auu KiACmepuzauuu
U 6bINOJHEHA A0ANMAUUsL Memoda 360J10-
YUOHHOU KIaAcmepusauuu 06sexmos K onpe-
denenuro epynn mpyooevix MUPAHMOSE.
Ocywecmeneno paszbuenue epynnvi mpyoo-
6bIX MUZPAHMOE HA KJACmepbl 6 COOmeem-
Cmeuu co cmeneHvr0 pucka UHPUUUPoOBaHus
suUpycom ummynooepuuuma

Knoueevie caosa: 3goatoyuonnas xaa-
cmepuzayus, zpynna mpyooevix Muzpawmos,
PUCK UHQUUUPOBAHUS BUPYCOM UMMYHOOE-
Quyuma uenosexa a

=,

1. Introduction

Under conditions of concentrated stage of HIV-infec-
tion/AIDS epidemic that is taking place in Ukraine now [1],
when the epidemic spreads mainly among specific groups of
population, vulnerable to the HIV infection [2], the main
measures against epidemic are focused exactly on the repre-
sentatives of these groups. Given the fact that the common-
ly-recognized groups with high risk (GHR) of HIV infection
are very diverse in their structure [3], and also considering
the limited resource base, it is argued that there is a need
to develop targeted preventive intervention and influences
on their separate subgroups, maximally homogeneous by
socio-demographic characteristics, based on a client-cen-
tered approach. Since it is based on the implementation of
measures that are attractive and comfortable for representa-
tives of the target groups [4], an important condition for its
implementation is the study of the main socio-demographic
characteristics of such subgroups of GHR and determination
of the level of dissemination of risky behavior in each sub-
group in terms of HIV infection. This approach will allow
determining the priority of the need to implement preven-
tion programs for different subgroups of GHR and designing
action program that is the most convenient and close to the
representatives of GHR.
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One of the leading GHR of HIV infection in Zakarpat-
tia Oblast is external and internal labor migrants [5]. This
group is quite numerous and diverse in its composition,
therefore, the formation of separate subgroups, homogeneous
by socio-demographic characteristics and defined degree
of risk of HIV infection for each of these subgroups in this
GHR, is necessary and relevant.

The task of dividing the GHR in subgroups according to
socio-demographic portrait of their representatives can be
represented mathematically as the problem of clustering [6].

2. Analysis of scientific literature and
the problem statement

The task of clustering is to divide the main set on the sub-
sets of objects, similar to each other by certain criteria [7, 8].
There are several methods of solving clustering problems.
Analysis of modern scientific publications devoted to the
models and methods of clustering objects showed how actual
the development of methods of clustering to solve real-world
problems is. Thus, the papers [9, 10] describe statistical
methods of clustering, based on the theory of probabilistic
distributions and are used, for example, in the adaptive
systems that learn. The paper [11] presents neural network




method of solving the problems of clustering and proves its
efficiency. Theoretical bases of neural network methods are
contained in [12]. Such methods require considerable experi-
ence from researchers when setting up the values of the main
parameters, which makes it difficult to apply when solving
practical tasks. The methods of group of tree clustering [13]
consist in the construction of clustering tree. The methods of
fuzzy clustering, among which the main method is a method
of fuzzy c-means [14] that is based on application of the appa-
ratus of fuzzy sets, allow simultaneous assigning of the same
item to different clusters with different degrees of member-
ship. Adaptation of the method of fuzzy c-means, which is
provided in [15], allows dividing objects into clusters with
regard to degrees of the impact of the characteristics on the
object belonging in a cluster.

A separate group includes heuristic clustering methods.
Thus, the paper [16] presented a heuristic method of clus-
tering, based on the analysis of matrices of differences. The
paper [17] is devoted to the design of hybrid heuristics for
solving the problems of clustering. The problem of cluster-
ing of time series and methods of its solution, based on the
evaluation of degree of uncertainty of parameters of autore-
gressive models, are given in [18]. Methods of automatic
clustering, based on the method of supporting vectors, are
the subject of the papers [19, 20].

The accuracy of solution of the clustering problem
depends on the distribution of the objects in the field of re-
search, the number of necessary iterations for the formation
and clarification of clusters, other problems associated with
the peculiarities of the application of different methods.

Given the importance and urgency of the problem of de-
termining the risks of HIV infection by certain groups of the
population, it is expedient to design such models and meth-
ods of clustering, which would allow its efficient solving.

3. The purpose and objectives of the study

The purpose of the research is to increase the efficiency
of decision-making processes when determining clusters of
migrant workers by the feature of infection with the human
immunodeficiency virus through the development of models
and methods of evolutionary clustering.

According to the stated goal, the following tasks were set:

— to build a mathematical model of the problem of clus-
tering and perform the adaptation of the method of evolu-
tionary clustering of objects to define the groups of migrant
workers;

—to perform experimental validation of the designed
method for the task of defining the groups of people by so-
cio-demographic characteristics in GHR — migrant workers;

— to carry out a comparative analysis of the results of
solving the problem of clustering of the given GHR by dif-
ferent methods of clustering.

4. Adaptation of method of evolutionary clustering to the
formation of groups of migrant workers

Let us consider the task of clustering objects in this
formulation. Let there is a set of objects O:{O1,02,...,On},
each of which is characterized by a set of features
X={X,,X,,...X, }. Let for each object O, €O (i=1,n) the
vector of values of characteristics is set x" = (X1 Xgreer Xi ):

where x; is the value of the feature X;eX for the corre-
sponding object. It is necessary to build the rule s=D(x"
that fulfills the reflection of the set X™ of possible values
of characteristics {X1 ,XZ,...,Xm} on the set {1,2,...,K} of num-
bers of clusters, i. e.

s: XM > {12...K}. (1)

In other words, the problem of clustering is to define the
indicator variable s in the following way:

1, if x €Q,,
s=4... 2)
K, if x"eQ,,

where Q,, (k = 1,K) are the regions of space X™ that match
the clusters.

For the solution of the problem we will apply the method
of evolutionary clustering EvoClast [8], based on the genetic
algorithm, which classically includes the following stages:

1. Determining the population of individuals ©, who are
potential solutions to the problem of optimization of objec-
tive function.

2. The implementation of the previous steps of the algo-
rithm, which consist in determining the number of elements
1 of the initial population ©, where 1<< |®|; selection of rule
of normalization of the input data; the choice of ways of re-
combination, mutation and inversion and the corresponding
probabilities. .

3. For each element 6, €©, i=1,1 we compute the values
of the objective function f, =F(6,).

4. With probabilities p!, proportionate to the values f,,
we select two individuals and carry out recombination to
receive two new individuals.

5. With probability % we choose one of the received

individuals and with probability P™ we implement the mu-
tation.

6. Repeat steps 3—5 ;:| times.

7. We form a new composition of the population ©, delete
individuals with worse values of the objective function.

We propose an algorithm for constructing the objective
function to solve the problem, formulated above.

Let us assume that all of the components of vectors of
characteristics of objects x = (Xi1»Xi30X,, ) are numeric.
Then, on the initial stage we perform normalization of the
data by the formula

X, —X

X, = ij jmin . (3)

ijax - ijin

After the conversion, the values of all vectors of the data
will be allocated to the single hypercube [O;i]m.

Set the value K — the number of clusters. Define T=m-K —
the number of elements in the vector-ndividual of the
population. Then, the objective function F will depend on
T variables F=F(y,1,¥ 1y Yims Yo Yareeos Yomres Y )» Where
(Yt Yizr-r Vi ) i the center of the k-th cluster on the corre-
sponding iteration (k =1,K).

Then we successively perform the following steps:

Step 1. Set the initial value of the fitness function F:=0.

Step 2. For each element of the sample set O we succes-
sively perform the following steps. Let i=1.




Step 3. We calculate distances from the object O; to each
of the K clusters by the formula:

dk =4 2()(@ _ykj)2' 4)

Step 4. Attribute the i-th object to the g-th cluster,
where

=argmind, .
q gk=1,T< k

Step 5. Adjust the value of the objective function by the
rule: F:=F+d_. Proceed to the next object: i:==i+1.

Step 6. 1f all the items from the set O have been consid-
ered, that is i=n+1, then the process of calculating the value
of the function F is completed, otherwise, proceed to step 3.

The expression to calculate the objective function can be
written down in the following way:

F(y“,...,me):Z:; E}E{ Zf(xij_ij)z} . 4)
i= ’ =

Then the problem of clustering is to find the minimum
value of the objective function (5).

5. Experimental verification of the method of
evolutionary clustering for the problem of defining
subgroups of GHR — migrant workers

To perform the experimental verification of the modified
method of evolutionary clustering, the problem of defining
subgroups of GHR — migrant workers was studied. Initial
data in the set task are the results of a previously conducted
sociological survey among labour migrants — residents of Za-
karpatska Region of Ukraine, in which 561 representatives
of the target group were polled.

Analysis of the submitted questionnaires was conducted
by the following areas: socio-demographic characteristics of
survey respondents (gender, age, residence location, educa-
tion and marital status); the direction of labour migration
(external labour migration — European countries and, sepa-
rately, Russian Federation; internal labour migration — other
regions of Ukraine); behavioral peculiarities (the practice of
HIV infection risky behavior).

Mathematically, the problem of selecting sub-groups of
GHR was presented as a problem of clustering. To perform
clustering, we used n=561 questionnaires of the persons — mi-
grant workers. The following socio-demographic characteris-
tics were selected as the basis: gender of a person, age category,
residence location, education, marital status and direction of
labour migration (m=6). A snippet of the data is in Table 1.

Each value of a qualitative characteristic was assigned
with a numeric value according to Table 2.

Table 2

Table of accordance of characteristics of socio-demographic
portrait to their numeric equivalents

Numeric
equivalent
female 0
male
1 (18-24)
2(25-34)
3 (35-44)
4 (45 and older)
rural
urban
incomplete secondary
full secondary

Socio-demographic

> Value of a characteristic
characteristic

Gender

Age category

Place of residence

O|—=([O|W N = [OD|—

Education secondary vocational

incomplete higher
higher
never married
married/civil marriage
divorced /widow
West
Ukraine

Marital status

Direction of migration

| =[O —=[D] N

Russia

After the transfer of quality characterisitics into nu-
merical equivalents and fulfillment of normalization by the
formula (3), we carried out clustering by the algorithm of
clusterization of k-means and by evolutionary algorithm
for varying numbers of clusters (K=3,8), described in the
study. For each break-down, we calculated the value of the
objective function F by the formula (5). Results of the calcu-
lations are listed in Table 3 and in Fig. 1.

Table 1
Snippet of the socio-demographic characteristics of persons — migrant workers
Socio—demographic characteristics
Ne ; -
Gender of Age category of | Place of residence Education of person | Marital status of person The d1rect10n of
person person of person migration of person
10 male 3 (35-44) rural secondary vocational | married/civil marriage Ukraine
11 male 2 (25-34) rural incomplete secondary never married Ukraine
12 male 2 (25-34) rural full secondary married/civil marriage West
13 female 4 (45 and older) rural secondary vocational | married/civil marriage West
14 female 2 (25-34) rural secondary vocational never married Ukraine
15 male 4 (45 and older) urban full secondary divorced / widow West
16 male 2 (25-34) rural incomplete secondary | married/civil marriage West
17 male 2 (25-34) rural full secondary married/civil marriage Ukraine
18 male 2 (25-34) rural secondary vocational | married/civil marriage Ukraine




Table 3
Values of the objective function

The number of Method of Method of evolution-
clusters (K) k-means (Fy) ary clustering (Fy)
3 380,6709 361,5065
4 322,4295 321,5448
5 311,1273 305,5683
6 295,9276 294,6649
7 290,8294 282,5672
8 276,0774 275,7684
400
350
£300
s m K-means
£250
=
5200 ® Evolutionary
= clustering
5150
g100

The number of clusters

Fig. 1. Diagram of values of the objective function for the
various methods of clustering

According to the data from Table 3 and Fig. 1, the values
of the objective function obtained by evolutionary clustering
are lower than those when applying the method of k-means,
indicating the expedience of solving a clustering task of the
group of persons — labour migrants, by the method of evolu-
tionary clustering.

With the number of clusters K=6, the following results
were obtained by the method of evolutionary clustering,
which are in Table 4.

Table 4
Results of clustering (centres of clusters)
Ne of
cluster Ykt Yk2 Yk3 Yk4 Yk5 Yk6
1 0,975 0,481 10,99994 | 0,773 0,499 0,266
2 0,0013 | 0,438 0,027 0,546 0,537 | 0,2219
3 0,99997 | 0,507 | 0,0053 | 0,494 0,473 | 0,2004
4 0,99984 | 0,755 |0,00703 | 0,4708 | 0,5297 | 0,965
5 0,998 0,254 |0,00378 | 0,478 0,236 0,902
6 0,959 0,452 | 0,9998 | 0,556 0,491 0,976

Clusters by the socio-demographic characteristics

Based on the obtained results of the centres of clusters,
according to Table 2, it is possible to construct a socio-demo-
graphic portrait of the typical representative-cluster by its
characteristics. Division into clusters by socio-demographic
characteristics of the representatives of the target group of
the study are presented in Table 5.

Forfurtheranalysisandinterpretationoftheresultsofclus-
tering, a system of characteristics {u1, u,, Uy, U,, U, Ug, u7},
was formed from the behavioral questionnaires of persons —
migrant workers, which define the practice of HIV infection
risky behavior of these persons (Table 6).

Table 6

Descriptive characteristics of features that define the
practice of HIV infection risky behavior of migrant workers

Description of a feature as the practice of HIV infection

Feature risky behavior

uy Existence of casual sexual partners over the last 12 months

Sexual relations with casual sex partners without the use

U2 |of condoms in the region of work destination

s Presence of past infections that are transmitted primarily
sexually

g Sexual relations with a casual sex partner without the use

of condoms in the region of permanent residence
us  |Absence of casual sex partners

Casual sexual relations with sex partners over the last

U6 112 months, but sexual relations only with a condom

No sexual relations or all sexual relations only with a

u
7 |condom

Availability of characteristics u,—u, display high be-
havioural risk of HIV infection for the person. Similarly, the
same is expressed by the absence of features u; —u,. For each
cluster we calculated percentage of its representatives (mi-
grant workers), for whom these characteristics are inherent.
The results are in Table 7.

Table 7

Percentage of representatives of clusters, for whom
characteristics that define the practice of HIV infection risky
behavior are inherent.

No. of cluster | uy uy us uy us ug uy
1 33 17,4 | 66,6 31 68,2 9 68
2 13,2 | 10,8 | 59 12 | 879 | 96 | 879
3 26,1 9,5 | 50,5 22 779 | 101 | 77,9
4 40,9 0 59 | 40,9 | 59 4,5 59
5 24,7 | 11,5 61 231 | 768 | 11,5 | 76,8
6 28 22 65,7 | 257 | 74,2 | 57 | 74,2

Table 5

As presented in Table 7,
HIV infection risky behavior

Cluster (the Socio-demographic characteristics is practiced by the Smallest

ber of — share of the representatives of
numpber o Gend Age Place of Educati Marital stat Direction of h d and third cl

representatives) | " category |[residence| ~C 1AM arttal status migration the second and third clusters.

secondary/ Thus, only 13.2 % of cluster 2

1 (n=63) male 25-44 urban highery married/civil marriage | West/Ukraine | representatives noted the exis-

2 (n=83) female 24-34 rural | secondary |married/civil marriage | West/Ukraine tence ?f tcasual Sexuaihpar‘.c-

3 (n=168) male 2544 rural | secondary |married/civil marriage | West/Ukraine ners (fea ure u1) 1518

(=2 1o 135 and old 7 1 - eivil - Rusi the lowest indicator among

(n=22) male and older| rura secondary |married/civi n.1arr1age ussia all formed clusters. For the

5(n=190) | male | 25-34 rural | secondary never married/ Russia representatives of this clus-
married/civil marriage s

— - - ter also characteristic is a low

6 (n=35) male 25-34 urban | secondary |married/civil marriage Russia percentage of the representa-



tives, who display features of risky behavior (uy, us, us) and
a relatively high proportion of representatives, for whom the
features of the absence of the risk of HIV infection (us—uy)
are characteristic. At the same time, the percentage of repre-
sentatives of clusters 1 and 4, for whom the features of risky
behavior (u;—uy) are characteristic, is much higher.

Analysis of the results allowed dividing all persons —
migrant workers, into three groups of clusters in ascending
order by the degree of risk, according to the degree of riski-
ness of their behaviour regarding HIV infection: Group 1 —
group of clusters with a relatively low risk of HIV infection,
Group 2 — group of clusters with moderate risk, and Group
3 — group of clusters of high risk. As a result of the division,
each group of clusters is homogeneous not only by socio-de-
mographic portraits of its representatives, but also by the
degree of prevalence of the practice of HIV infection risky
behavior. Division of clusters by the socio-demographic
characteristics into the groups according to the degree of
risk of HIV infection is in Table 8.

Grouping of persons — migrant workers according to

the degree of risk of HIV infection

infection of their representatives. This approach allows,
when planning preventive measures and interventions in the
programs against HIV epidemic, concentrating attention
and allocating resources to the most vulnerable subgroups
of representatives of GHR, which are homogeneous by their
socio-demographic characteristics. This is especially rele-
vant under conditions of limited both financial and human
resources in the area of counteraction to HIV epidemic,
which is currently observed in Ukraine.

It is advisable to apply the adapted method of evolutionary
clustering to the analysis of GHR in other regions of Ukraine,
as well as to social groups of different origin in general.

6. Conclusions

Solving the problem of determining the risks of HIV in-
fection for certain groups of the population as the clustering
problem was proposed. In the course of the study:

1. Mathematical model of the problem
of clustering as the problem of building up
a rule was developed, by which reflection
from the set of possible values of charac-

Table 8

Socio-demographic characteristics teristics on a set of clust(:}rs is carried out
Group | Age | Place of Direction of and the method of evolutionary clustering

f : k . . . . e .
of ris Gender category | residence Education | Marital status migration 01.C F)bJects was _Inodlf_led, which allowed
. dividing the objects into clusters, using

female | 24-34 married /civil . . e
1 2,3 rural | secondary ) West evolutionary paradigm. The modification
male | 25-44 marriage
. of the method was performed by construct-
never married/ ing a fitness function in the form of such an
rural married/civil biective functi hich d o
2 5,6 | male | 25-34 secondary marriage Russia objective function, WhICh proviaes aSSISn
o ment of an object to the cluster, the Euclid-
married /civil . .
urban marriage ean distance from the center of which to
the object is the smallest.

35 and . . e

14 rural | secondary o Russia 2. Experimental verification of the
older married/civil L .
3 4,1 | male . modified method of evolutionary cluster-
secondary/ marriage . . .

25-44 | urban higher Ukraine | ing for the problem of defining subgroups

As shown in Table 8, a group of clusters with high risk
of infection includes representatives of 1 and 4 clusters, the
socio-demographic portrait of whom is as follows: men of
age 25—44 who have full secondary or higher education and
are married. In this case the people with the highest risk
among the rural residents of this group are labour migrants
who travel to Russia, and among the urban population —
to the countries of Western Europe and other regions of
Ukraine. Representatives of clusters 2 and 3, which belong
in the groups with relatively low risk of HIV infection, are
residents of rural areas, married, with a full secondary edu-
cation. These are young (25-34 years of age) and mature (up
to 45 years of age) women and men, who travel to work to the
countries of Western Europe.

Experimental verification of the adapted method of
evolutionary clustering for the solution of the problem of the
formation of clusters of persons — migrant workers proved
its efficiency. The advantage of the adapted method of evo-
lutionary clustering for the solution of the set problem is its
greater accuracy compared to the method of k-means.

Application of the proposed method allowed conducting
more precise clustering of the representatives of a group
with a higher risk of HIV infection — migrant workers, by
the principal socio-demographic characteristics and forming
the groups of clusters based on the degree of risk of HIV

according to socio-demographic character-
istics in GHR — migrant workers was per-
formed, allowing dividing the representatives of this GHR
into clusters according to the degree of risk of HIV infection.
Three groups of clusters were formed in the ascending order
by the degree of risk of HIV infection: a group of clusters
with high risk, a group of clusters with moderate risk and a
group with a relatively low risk of HIV infection. Therefore,
the representatives of this GHR, who display socio-demo-
graphic features that match the characteristics of clusters
1 and 4 (group of clusters with relatively high risk of HIV in-
fection) potentially have higher level of risk of infection and
thus require focused prophylactic measures to prevent infec-
tion. The applied approach allows concentrating attention
and resources on the most vulnerable category of persons of
this GHR, which is the basis of improving the efficiency of
combating HIV infection/AIDS among the representatives
of this group of population.

3. Comparative analysis of the results of the problem solv-
ing of clustering of the set GHR by the method of k—means
and by the method of evolutionary clustering was carried out.
The comparison was performed by the values of the function
F, which is the integral sum of the distances from objects to
the centres of those clusters where they belong. Less value of
this function corresponds to the best division into clusters.
Therefore, according to the fulfilled calculations, the advan-
tages of the evolutionary method have been proven.
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