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Abstract. A political process is a complex management system that includes, for instance, economics,
electoral processes, and ecology. To make decisions when managing such a system, it is necessary to use
some rules that allow to intentionally choose the best or an acceptable option. Such rules are called perfor-
mance criteria. This paper discusses problems that affect different aspects of the management systems of
political processes, and when choosing a solution, it is necessary to evaluate options using several criteria.
These are called multicriteria problems. They emerge in strategic planning of a system, its forecasting and
development. The goal of the study is to consider methods and tools of solving multicriteria problems ari-
sing while managing political processes. We discuss mathematical methods that help discard solutions,
which are, in all respects, worse than others, and choose a compromise option from the remaining ones.
Methods. We analyzed various methods of choosing a compromise solution, their advantages and disad-
vantages, and identified their areas of use. First, we consider various options for condensing the criteria and
illustrate their positive and negative sides. Then, we describe the procedure for constructing a set of Pareto
optimal solutions. Another method is the method of successive concessions, which is a procedure for choosing
a solution in a dialogue (interactive) setting. Finally, we describe a decision-making procedure based on
the analytic hierarchy process. Results. The paper shows the effectiveness of applying mathematical
methods to solve multicriteria problems in managing political processes. The paper concludes with
an example of a solution of a management problem in accordance with all the requirements we consider.
Conclusion. The use of mathematical modeling and methods to solve multi-criteria management problems
helps politicians make efficient decisions in their work and provides them with communication tools by
using professional mathematical language.

Keywords: mathematical modeling, multiplicity of efficiency criteria, Pareto efficiency, analytic
hierarchy process

For citation: Gelrud Ya.D., Shestakova L.I., Gusev E.V., Kodkin V.L., Shiriaev V.I. Modelling
political processes in a multicriterial setting. Bulletin of the South Ural State University. Ser. Computer
Technologies, Automatic Control, Radio Electronics. 2024;24(3):111-123. DOI: 10.14529/ctcr240310

© I'enmbpyn A.1., Hlectakosa JL.U., I'yce E.B, Koaxun B.JI., [lHupsies B.1., 2024

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 111
2024.T. 24, Ne 3. C. 111-123



KpaTtkue cooblieHuns
Brief reports

KpaTkoe coobLieHune
YK 32:001.8; 32:303.8
DOI: 10.14529/ctcr240310

MOAENNPOBAHUE NMOJINTUYECKUX NMPOLIECCOB
B YCINTOBUAX MHOITOKPUTEPUAJIBHOCTH

A.[4. Nenbpyd, gelrudid@susu.ru

J1.U. LLlecmakoea, shestakovali@susu.ru
E.B. I'ycees, gusevev@susu.ru

B.J1. KoGkuH, kodkinvi@susu.ru

B.U. lllupsiee, shiriaevvi@susu.ru

tOxHo-Ypanbckuli 2ocyGapcmeeHHsil yHugepcumem, YensbuHck, Poccusi

Annomayua. Ilonutudecknue MpoLEecChl NPEICTABIAIT COO0H CIOXKHYIO CUCTEMY OpPraHU3aIlMOHHOTO
tuna. YtoObl IPUHATH pEIICHNE TIPH YIIPABICHUH TaKOH CHCTEMOW, HEOOXOJMMO HCIOJIB30BaTh HEKOTOPHIE
NpaBHiIa, MO3BOJISIONINE LIEJICHANIPABICHHO BBHIOPATh HAWIYYIINH WIN JOIYCTUMBIM BapHaHT AEHCTBUIL.
Taxkumu npaBuIIaMu SBISIOTCS KpUTepuu 3 (hekTHBHOCTH. B MaHHO cTaThe paccMaTpUBalOTCS 3a1adH, 3a-
TParuBaroIUe pPa3IHUUHbIE ACIIEKTHI AECATENBHOCTU CHCTEM YNPABICHHS MOJIUTHUYECKUMH MPOLECCAMH, IPU-
YyeM IpH BHIOOpE pelIeHHs BO3HUKaeT HEOOXOIMMOCTh OIICHUBATh BapHAHTHI, UCIIONB3Ysl HECKOJIBKO KpH-
TepueB. 3alauM TaKOTO poJia Ha3hIBAIOTCA MHOTOKpHUTEpHaIbHBIMU. OHH BO3HHMKAIOT IPHU CTPATETHIECKOM
TUTaHUPOBAHMH, IIPOTHO3UPOBAHUU U Pa3BUTUHU cucTeMbl. Llesb uccienoBanus. OCHOBHOW IIETBIO CTAaThU
SIBJIIETCS. PACCMOTPEHHUE METONOB U CPEICTB PEIIEHUS MHOTOKPUTEPUAIBHBIX 3alad IPU YIPABJICHUU
MOJUTUYECKUMHU TIpolieccaMu. PaccMOTpeH MaTeMaTHUYecKHil ammapar, KOTOPBI IOMOTaeT OTOPOCHTH
3aBEIOMO XY/ALINE BApHAHTHI PEIICHUH, 10 BCEM MOKa3aTeNsIM YCTyHAroIlie APYTUM, U BBIOpaTh U3 OCTaB-
MIMXCsI KOMIIPOMHUCCHBIN BapuaHT. MaTepuaabl M1 MeToAbl. [IpoBeeH aHAMN3 pa3InYHBIX METOJOB BEIOO-
pa KOMIIPOMHCCHOTO PELICHHs, BBISIBJICHBI X JOCTOMHCTBA M HEOCTATKH, ONpPENeSICHbl 00JIacTH MCIONb-
30BaHMA. PacCMOTpeHBI pa3nHyHbIE BAPUAHTHI CBEPTKU KPUTEPHUEB, IPOUILTIOCTPUPOBAHBI UX MOJIOKUTEIb-
HBIE M OTpHLATEIbHBIE CTOpOHBL. OmnmcaHa mpoleaypa MOCTPOSHUSI MHOXKecTBa 3()()EKTHBHBIX pEIICHNUH,
ontuManbHBIX 1o Ilapero. PaccmoTpena mponenypa BeIOOpa pemieHHs] B IHAIOTOBOM (MHTEPAKTHBHOM)
peXXrMe, NCIOJB3YIoNasi METO, MOCIEeI0BATENbHBIX YCTYNOK. B 3akmtodeHue onucaHa mpoueaypa NpuHs-
THS peIleHHH Ha OCHOBE MeToJa aHanmu3a uepapxuil. Pesyabtarhl. B crathe mokaszaHa 3¢(eKTHBHOCTH
IIPUMEHEHUS MAaTEMaTU4YECKUX METOJOB PELIEHUS MHOTOKPUTEPUANIbHBIX 33/1a4 B YIPABJIECHUU NOJUTHYE-
CKHMH IIpolieccaMu. B KOHILIE cTaThu pacCMaTpUBAECTCS MIPUMED PELICHUs YIIPaBICHYECKOH 3a1aul B COOT-
BETCTBHH CO BCEMHM MEPEUHCICHHBIMU TpeOoBaHMAMHU. 3aK/a04eHHe. VICmonp30BaHHE MaTeMaTHUECKOTO
MOJICJIMPOBAHUSI U METOJIOB JJIsl PELICHHs] MHOTOKPUTEPHAIBHBIX YMpPAaBICHUECKHX 331ad B MpodeccHo-
HAJIbHOW JEATENbHOCTH MOJMTHKA IO3BOJIAET MOBBICUTH 3(P(PEKTHBHOCTH MPUHIMAEMBIX UM pEIICHUH U
obecrieunBaeT ero KOMMYHHKAIMOHHBIMI CPEICTBAMH 33 CUET MCIOJIb30BAHUS PO(ECCHOHAILHOTO Mare-
MaTHYECKOTO SI3BIKA.

Knrwouegvie cnoea: MateMaTnieckoe MOJEIMPOBaHNE, MHOKECTBEHHOCTh KpUTepHEB 3(h(hEeKTUBHOCTH,
ontuMansHOCTh 1o [lapero, MeTon aHanmu3a Uepapxuit

s yumuposanusn: Modelling political processes in a multicriterial setting / Ya.D. Gelrud,
L.I. Shestakova, E.V.Gusev et al. / Bectauk IOYpI'Y. Cepus «KoMmnbploTepHble TEXHOJIOTHH, YIIpaBICHUE,
panuosnekTponukay. 2024. T. 24, Ne 3. C. 111-123. DOI: 10.14529/ctcr240310

Introduction

Despite the complex nature of the tasks of managing political processes, politicians have been going
on by trial and error for a long time, relying on their mind, common sense and intuition. Mind and intui-
tion are by all means important, but at present the complexity of political processes, their intensity,
the social price of wrong decisions stimulate the authorities to be guided by a more modern and reliable
methodology when making decisions. The achievements of foreign authors in this field are described
in sufficient detail in [1, 2]. Unfortunately, we have to state that the achievements of Russian scientists
in the area in question are significantly more modest. Firstly, our country began to implement mathe-
matical methods and informatization into managing complex organizational systems later than others.
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In addition, dogmatism, inherited from the Soviet time, and, all too often, absurd secrecy in political
decision-making created enormous difficulties for studying and implementing methods of modeling into
political work.

Nevertheless, the findings of recent years [3—6] should be regarded as a significant contribution into
the development of the methodology of political and social sciences.

In political science as an area of organizational management, management has specific characteris-
tics associated with high risks, uncertainty and incomplete information. In this area, it is impossible to
conduct experiments to obtain an optimal solution, since political and social environment cannot be re-
turned to its original state due to the irreversibility of political processes. Therefore, it is necessary to use
mathematical modeling, which consists in studying not the object itself, but a mathematical problem that
is in objective correspondence with the object being analyzed, in order to obtain the necessary infor-
mation about it. Mathematical models and their application for solving management problems in social,
economic and organizational systems are presented in [7—10]. This article discusses issues that affect
different aspects of political process management systems, and when choosing a solution, it is necessary
to evaluate options using several criteria. Such tasks are called multicriterial. They emerge in strategic
planning, forecasting and development of a system. The examples of multicriterial problems described
in literature are mainly related to economic systems [11-15], but we will analyze methods of
multicriterial optimization and make recommendations for their use in political science. Let us consider,
for example, the development program of a certain region. What is specifically meant by effective de-
velopment in this case? What criterion should be used to choose the solution? First of all, it is desirable
to maximize the number of jobs, average wages, and the gross output of enterprises in the region.
It would also be beneficial to improve the environmental situation and the quality of consumer services,
increase the level of self-government and political activity, etc.

As for budget expenditures, it would be a good idea to minimize them, and maximize the well-being
of the region's population. Additional criteria may arise when solving this problem.

Such multiplicity of efficiency criteria (let us denote them as F), F, ..., F,), taking numerical values
that are desirable to maximize or minimize, is called multicriteriality. This situation is quite typical
when modeling political processes.

Is it possible to find a solution that meets all the criteria at once? The problem is not solved general-
ly. The criteria are mostly contradictory, and finding the extremum of one does not entail simultaneous
conversion to the extremum of the others. Therefore, the often declared slogan ‘to achieve the maximum
effect at a minimum cost’ is a false phrase which cannot be of scientific interest.

How, if necessary, to evaluate efficiency and develop a solution with several criteria? Let us discuss
the appropriate methods in this article.

The article has the following structure. In addition to the Introduction section, the first section pre-
sents the methods of combining many criteria into one integrated one which are called methods of ag-
gregating criteria, section 2 discusses the concept and procedure for choosing Pareto-optimal solutions.
Section 3 provides a dialog method for solving multi-criteria problems. The fourth section sets out
the method of successive assignments. Section 5 discusses decision-making processes based on the hierar-
chy analysis method, and details an example of how to solve the problem of selecting a project when
developing and implementing a program of execution of a national project in a federal subject. In con-
clusion, recommendations are made on the use of multicriterial optimization methods to solve problems
of political process management.

1. Criteria aggregation methods

There are many ways to lead a multi-criteria problem to a single-criterion problem, at the same time
a generalized (integral) function of given criteria, which is considered as a decision criterion, is defined.
Often such a criterion is written as a fraction, in the numerator of which there are values that need to be
increased, and in the denominator — those that need to be reduced. For example, the average salary,
he quality of consumer services of the population — in the numerator, and budget expenditures — in the de-
nominator.

The method of such aggregation of criteria does not provide an optimal solution, as when applied, it
is assumed that the deterioration under one criterion is compensated by improving the other; in the gene-
ral case, this is not true. As an example, let us consider the criterion that Leo Tolstoy proposed for
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assessing a person. This criterion is presented in the form of a fraction, in the numerator of which there
are objective assessments of human merits, and in the denominator — a subjective assessment (estimates
are set, for example, according to the 5-point system).

L ) ) objective merits of a man
Criterion for assessing a man’s merits = d

their opinion of themselves o
At first glance, this approach seems logical. But if a person's assessment of their merits is not fair,
while their opinion of themselves is even lower, then Leo Tolstoy's criterion will have great value!
We see that the use of the criterion in the form of a fraction (1) can lead to paradoxical conclusions.
Many use a different way of aggregating performance criteria, forming a ‘weighted sum’ in which
each F; criterion enters with a ‘weight’ ¢; corresponding to its degree of importance:

F:CIIF1+q2F2+---+anm (2)
where weight ¢g; > 0 at F; maximization, and weight ¢; < 0 at /; minimization.
With the arbitrary assignment of weights ¢, ¢, ..., ¢,, this method also cannot provide an objec-

tively optimal solution. A person, making a decision in accordance with this criterion, must first attribute
‘weight coefficients’ to different indicators, but they depend on a person's preferences and can change
according to the situation.

Let us illustrate this with an example. Rushing to work in the morning, a person considers the fol-
lowing options: taking a bus is cheap but takes a long time; taking a taxi is faster but the cost is signifi-
cantly higher.

It makes a typical two-criteria decision-making problem. At the same time, it is necessary to mini-
mize the first criterion, the cost of commuting P, and it is also necessary to minimize the second criterion,
commuting time T. But these criteria are incompatible, when one decreases, the other one increases, but
a compromise solution acceptable on both criteria must be reached. When making a decision, a person
subconsciously uses a generalized indicator, weighing private criteria:

F= Q1P + Q2T = min. (3)
But coefficients ¢;, ¢, depend on the situation and values P and T. If, for example, a person wanted
to save one day and increased weight coefficient ¢; at P, and, at the same time, was late for work and
received a reprimand, on another day he will increase weight coefficient ¢, at T. With an arbitrary
assignment of weights ¢q,, ¢», there is no guarantee to get an ‘optimal’ solution.

A more complex expression is often used:

Fe qF+q,F+...

510, 45,0, +... '

but this formula also has the disadvantages inherent in the previous methods.

In this case we encounter a typical technique — there is a transfer of arbitrariness from one method
to another. Simply choosing a compromise solution, analyzing and comparing all the pros and cons of
each alternative, seems not scientific enough and too arbitrary. But the use of a formula including coef-
ficients ¢1, g2, ..., 51, $2, ... is already considered ‘science’! In fact, there is no science here, and you do
not have to deceive yourself. It is impossible to completely get rid of subjectivity in multi-criteria tasks.

There are rare situations when the analysis of the criteria allows you to unambiguously choose
the option that is best than the others by all odds. But in managerial tasks of choosing a solution is not
usually obvious: with an improvement of one indicator, another one worsens.

Thus, it is generally impossible to get an optimal solution to a multi-criteria problem, and the mathe-
matical methods only help to discard the admittedly inferior solution options, which are, in all respects,
worse than others, and choose a compromise option from the remaining ones.

4)

2. Pareto Optimality

Suppose there is a decision-making task with n criteria F, F, ..., F, and suppose it is necessary to
maximize these criteria. We will make a pair comparison of possible alternatives. If for any pair of solu-
tions y; and y, the values of indicators Fy, F5, ..., F, for y; > the values of the corresponding indicators
for y,, and at least one value of the indicator is strictly larger, then solution y; is better than solution y;,
in which case it is said that y; ‘dominates’ y,. Then solution y, can be discarded but y; remains. Thus,
after such a pairwise comparison and selection for further analysis, only ‘Pareto-optimal’ solutions
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will remain over which there are no dominant solutions (Italian sociologist and economist V. Pareto,
1848-1923).
Consider an example of finding Paretan solutions. There is a task with criteria F; and F, that you

would like to maximize. We denote possible solutions F 3
with xi, x5, ..., x;. We shall calculate values F;, F, for 24 | 4
each solution and put points with these coordinates on ' ' 5
the Cartesian plane. Let us number the points according 2 .67 8
to the solution number (Fig. 1). 10 9
Making a pairwise comparison of the solutions in A7 .16 .15 .14 .12
Fig. 1, we see that x; dominates x,; xs dominates x4, Xs; 18 .19 11
X9 dominates x,, Xy, €tc. Solutions x3, Xs, Xo, x;; do not 20 i =F |

have dominant solutions, therefore they are Pareto-
optimal. Such a selection significantly reduced the num-
ber of solutions, and a decision maker should choose a preferred option from them.

With three or more criteria, geometric interpretation is impossible, but the procedure for selecting
Paretan solutions is similar — using the method of pairwise comparisons.

Let us consider an example of Finnish budgeting. The following criteria were used to select the so-
lution:

F — increase in gross national product (GNP), %;

F, — decrease in unemployment, %;

F; — decrease in inflation, %;

F4— decrease in trade deficit (DM billion).

The criteria values for the various budget options are shown in Table 1.

Fig. 1. Pareto optimality

Table 1
Solution options and criteria values
Solution options F F, F; F,
1 -2.76 3.27 8.14 2.23
2 0.54 2.83 9.06 5.26
3 1.85 2.65 8.84 6.55
Best criteria values 7.14 1.87 8.14 1.23

The optimal criteria values, when finding a solution and taking into account only one criterion, are
given in the last line of Table 1. At the same time, these values are not achieved according to all the cri-
teria. The options given in Table 1 are Pareto-optimal solutions in a task with four criteria, with none of
them dominating the others. Thus, option 1 has the best indicator F; (trade deficit and inflation), but
the worst in terms of unemployment and GNP growth. Option 3 is the best in terms of GNP growth and
unemployment, but the worst in terms of trade deficit. Such contradictions are typical for multi-criteria
tasks.

The choice of the final solution remains the prerogative of a person who, by virtue of his experience
and qualifications, can take responsibility and make an acceptable compromise decision.

3. Dialog solution method

The decision selection process can take place in a dialog (interactive) mode, wherein the computer
outputs the values of criteria F, F, ..., F,, and the decision maker, having analyzed the information,
changes the parameters of the criteria calculations and repeats the calculations until a compromise solu-
tion is obtained.

While applying the dialog method, a multi-criteria problem is often reduced to a single-criterion one
by selecting and optimizing one main criterion F, while all the other criteria are limited to some ac-
ceptable values. For example, in strategic planning of the development of the region, you can minimize
costs, while ensuring a given rate of growth in average wages, the number of jobs, the level of environ-
mental safety, etc. With this method, all the criteria except the main one (costs) follow the specified re-
strictions. You can make adjustments to these constraints in a dialog mode.
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4. Sequential concession method

In the dialog mode, the sequential concession method can be implemented. This method is used
if criteria F, F, ..., F, can be ordered by their importance. The first step is a solution that optimizes
the first most important criterion F; = F \". At the second stage, some ‘concession’ is made; F; is
changed by AF; and transformed to the restriction, after which optimization according to the second cri-
terion F;, is carried out. Further AF;, ‘concession’ by criterion £ is similarly made, transition to optimi-
zation by F3 is carried out and etc. This method allows you to immediately see in the process of solving
a multi-criteria task which ‘concession’ according to one criterion makes another one win.

Once again, the choice of a solution of a multi-criteria task is not determined unambiguously.
The decision maker, by analyzing the relevant data provided to him on the advantages and disadvantages
of possible alternatives, makes the choice consciously, taking into account the specific situation and per-
sonal preferences.

5. Hierarchy Analysis Method

The point of this method is to represent a multi-criteria task in the form of a multi-level hierarchical
structure consisting of criteria and alternatives. It is proposed by T. Saaty [11] and its distinctive feature
is simplicity of examination of pairwise comparison of criteria and alternatives by the degree of prefe-
rence. Priority vectors of relative importance of criteria against each other and relative importance of
alternatives for each criterion are formed.

At the top level of the hierarchy there is the goal of solving the task, then come the criteria and al-
ternatives.

The elements of each level are then compared in pairs. The dominance of the elements over each
other is assessed by a nine-point scale (Table 2).

Table 2
Element importance ratio scale
. Degree Preferences
of importance a;
1 The elements are equivalent
3 The element has some preference over the other
5 The element has a significant preference over the other
7 The element has a very strong preference over the other
9 The element has an absolute preference over the other
2,4,6,8 Intermediate values
Reciprocal values | Element j, when compared to element i,
a; = 1/ay, has the reciprocal value

Assessments are carried out by experts using various methods: the arithmetic mean method, the me-
dian method, the Kemeny method, etc. The combination of methods produces a more objective result.
There is a variety of reading matter on the application of expert methods [16-21].

As a result of this examination, square matrices of paired comparisons of dimension n are formed
for each level of hierarchy A = {ai j}, where n is the number of elements compared in pairs.

The eigenvectors of each pair comparison matrix (W") define priority vectors. They are calculated
as follows:

— the matrix is normalized, with all its elements divided by the sum of the elements of the corre-
sponding column. Then, the mean arithmetic values of the elements of each row of the normalized ma-
trix, which are components of vector W*, are calculated.

Each matrix A must be checked for the validity of expert opinions, for which the maximum eigen-
value hmy 1s found according to the following algorithm:

— matrix A is multiplied on the right by its own vector W*, after which all the components of
the formed vector are added.

The found value Ay is used to calculate the consistency index using the formula:

Cl=(l 0 — n)/(n—1). 5)
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The consistency index assesses the inconsistency of expert opinions when comparing the criteria
and alternatives. Contradictions are associated with subjective errors of experts. A small number of in-
consistencies correspond to a small consistency index value.

Then the consistency ratio CR = CI/CC is calculated, where CC is the mathematical expectation
(average value) of the consistency index of a randomly obtained matrix of pairwise comparisons. CC is
approximately calculated by the following formula:

_1.98(n-2) ' (6)
n

CR value should be < 0.1, at least < 0.15. Otherwise, the provided judgments of the experts should
be rechecked.

Priority vectors are sequentially defined from the lower levels of the hierarchy to the upper levels.

Example. Let us consider the problem of choosing a project when developing and implementing
a program for running a national project in the federal subject from three proposed options according
to four criteria: Population Welfare, Ecological Condition, Number of Jobs and Cost. Let us construct
a three-level structure of the alternatives and criteria, as shown in Fig. 2. The matrix of pairwise compa-
risons of criteria is given in Table 3.

CC

Region Development
Project
Criteria
Population Ecological Number of Jobs Cost
Welfare Condition
Alternatives
Project 1 Project 2 Project 3

Fig. 2. Structure of alternatives and criteria

Table 3
Matrix of pairwise comparisons of criteria (A)
Region Development | Population | Ecological | Number Cost
Project Welfare Condition of Jobs
Population Welfare 1 5 2 1/3
Ecological Condition 1/5 1 1/3 1/4
Number of Jobs 1/2 3 1 1/6
Cost 3 4 6 1
Let us calculate A« by formula (5).
To do this, first let us normalize matrix A:
1 5 2 1/3 0.21 0.38 0.21 0.19
|51 13 14 N. = 0.04 0.07 0.04 0.14
1/2 3 1 1/6] * 011 023 011 0.1
3 4 6 1 0.64 0.31 0.64 0.57
Let us then calculate the components of eigenvector W*.
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Wpopulation Welfare = (0-21+0.38+0.21+0. 19)/4=0.2475;
WEcological Condition = (0-04+0.07 +0.04 + 0. 14)/4=0.0725;
Witumber of Jobs = (0-114+0.23+0.11+0.1)/4 =0.1375;

Weos = (0.64+0.31+0.64+0.57)/4=0.54.

w, = 0.2475; w, = 0.0725; w;=0.1375; w, = 0.54.

1 5 2 0.33)(0.2475 1.0632
A 02 1 033 0.25] 0.0725 0.302
[A] W = = :
05 3 1 0.17 || 0.1375 0.5705
3 4 6 1 0.54 2.3975
Hence:

Amax =1.0632+0.302 +0.5705+2.3975 = 4.33333.

Let us investigate the consistency of the matrix.
Consistency Index:

I = Apax — 7 _ 43-4 01
n—1 4-1
Consistency ratio:
CC = 198(4-2) 0.99;
G,
CC 0.99

CI<0.1, therefore, the consistency level of matrix A is acceptable.

Matrix of pairwise comparisons of alternatives according to Population Welfare is given in Table 4.

Table 4

Matrix of pairwise comparisons of alternatives according

to Population Welfare (criterion P)

Population Welfare Project 1 Project 2

Project 3

Project 1 1 5

3

Project 2 1/5 1

1/2

Project 3 1/3 2

1

Let us normalize matrix P:
1 5 3 0.65 0.625 0.67
P={1/5 1 1/2}; Np=[0.13 0.125 0.11|.
/3 2 1 022 025 0.22
Woroject1 = (0.65+0.625 + 0.67)/3=0.648;
=(0.13+0.125+0.11)/3=0.121;
=(0.22+0.25+0.22)/3=0.23.

Woroject2
Woroject3
w =0.648; w, =0.121; wy =0.23.
15 3)(0.648) (1.943
[P]W'=| 02 1 0.5} 0.121|=]0.3656 |.
033 2 1)L 023) (0.6858
Moo =1.943+0.3656 +0.6858 = 2.9944 ~ 3.

118 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.

2024. Vol. 24, no. 3. P. 111-123



Gelrud Ya.D., Shestakova L.1.,
Gusev E.V. et al.

Modelling political processes in a multicriterial setting

Let us investigate the consistency of the matrix:

Mpax =1 3-3

Cl = 0;
n—1 2
cc=1BB=2) 66
CR=-L -0,
CC
Matrix of pairwise comparisons of alternatives according to Ecological Condition is given in Table 5.
Table 5
Matrix of pairwise comparisons of alternatives according
to Ecological Condition (criterion J)
Ecological Condition Project 1 Project 2 Project 3
Project 1 1 4 8
Project 2 1/4 1 6
Project 3 1/8 1/6 1
1 4 8 0.72 0.77 0.53
J=| 0.25 1 6| N;=/0.18 0.19 04
0.125 0.17 1 0.1 0.03 0.07
Woroject1 = (0.72+0.77 + 0.53)/3=0.67;
Wproject2 = (0.18+0.19+ 0.4)/3=0.25;
Woroject3 = (0-1+0.03+ 0.07)/3=0.03.

w =0.67; w, =0.25; w; = 0,03.

1 4 8)(0.67 1.910
[Jw!'=] 025 1 6/025|=|0.5975
0.125 0.17 1){0.03) | 0.1565

Aax =1.9104+0.5975+0.1565=2.6637.
Let us investigate the consistency of the matrix:

cr=tmn =1 26773 _ 4 465,
n—1 2
crR=L 0165 455
CC 0.66
Matrix of pairwise comparisons of alternatives according to Number of Jobs is given in Table 6.
Table 6
Matrix of pairwise comparisons of alternatives according
to Number of Jobs (criterion N)
Number of Jobs Project 1 Project 2 Project 3
Project 1 1 6 1/3
Project 2 1/6 1 1/4
Project 3 3 4 1
1 6 033 0.24 054 0.21
N=[0.17 1 025|; Ny=/0.04 0.09 0.15]|
3 4 1 0.72 04 0.63
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Wproject1 = (0.24+0.54+0.21) /3 =10.33;
Wproject2 = (0.04+0.08+0.15) /3 =10.09;
Wprojeet3 = (0.72+0.4+0.63) /3 =0.4375.

w; =0.33; w, =0.09; w; = 0.4375.
1 6 033)(0.33) (10152
[N]WN=|017 1 025]0.09|=|0.2561]|.
34 1 Jlo44) (179
Anax =1.0152+0.2561+1.79 =3.0613.

Let us investigate the consistency of the matrix:
Amax =7 3.0613-3

Cl =—*% =0.03;
n—1
RoCL_00_ 0
CC 0.66
Matrix of pairwise comparisons of alternatives according to Cost is given in Table 7.
Table 7
Matrix of pairwise comparisons of alternatives according
to Cost (criterion C)
Cost Project 1 Project 2 Project 3
Project 1 1 4 7
Project 2 1/4 1 5
Project 3 1/7 1/5 1
1 4 7 0.72 0.76 0.54
C=|025 1 5|; Nc=/0.18 0.19 039
0.14 02 1 0.1 0.04 0.08
Woroject1 = (0.72+0.76 + 0.54)/3=0.67,

=(0.18+0.19+0.39)/3=0.25;
=(0.1+0.04+0.08)/3 =0.07.

Woroject2
Woroject3
w =0.67; w, =0.25; w, =0.07.

1 4 7)(067 2.16

[C]WE=[025 1 50.25|=]0.7576 |.
0.14 02 1){0.07) (02138

Ay =2.16+0.7576+0.2138 =3.1314.

Let us investigate the consistency of the matrix:

1 :kmax -n :3.1314—3 —0.065;
n—1
CR:£=M=0.09‘
CC 0.66

All the generated priority vectors are put into Table 8. The resultant vector is determined by multi-
plying the matrix composed of priority vectors of alternatives by a priority vector of criteria.
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Table 8
The generated priority vectors
Region Population Ecological Number Cost Resultant

Development Project Welfare Condition of Jobs Vector
Criteria 0.2475 0.0725 0.1375 0.54 —
Project 1 0.648 0.67 0.33 0.67 0.61613
Project 2 0.121 0.25 0.09 0.25 0.1954
Project 3 0.23 0.03 0.4375 0.07 0.1571

Project 1: 0.2475 - 0.648 + 0.0725 - 0.67 + 0.1375-0.33 + 0.54 - 0.67 = 0.61613.

Project 2: 0.2475-0.121 + 0.0725-0.25 + 0.1375 - 0.09 + 0.54 - 0.25 = 0.1954.

Project 3: 0.2475-0.23 +0.0725-0.03 + 0.1375- 0.4375 + 0.54 - 0.07 = 0.1571.

Project 1 is the best option when choosing a region development project.

The method of analyzing hierarchies can be used in various areas of political science for tasks rela-
ted to forecasting electoral behavior, turnout, campaign costs, etc. Taking into account the influence of
the unstable external environment, these tasks can highlight key areas of improving the quality of deci-
sions made and make an expert assessment of their significance taking into account the specifics of in-
terests and influences of the subjects of the analyzed political system.

Conclusion

The article shows that various multicriteria optimization methods provide many effective solutions
to management problems. This leads to the need to apply and analyze the totality of the considered
methods to select the best solution that can be used to improve political processes.The use of mathema-
tical modeling and methods to solve multi-criteria management problems helps politicians make effi-
cient decisions in their work and provides them with communication tools by using professional mathe-
matical language.
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