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INTEGRATED METHOD OF EXTRACTION, FORMALIZATION AND
AGGREGATION OF COMPETITIVE AGENTS EXPERT EVALUATIONS
IN A GROUP

Context. The problem of extraction, formalization and aggregation of expert evaluations performed during selection of the best solution
from possible alternatives set was considered. The problem actuality is defined by different application areas, additional analysis necessity and

group evaluation under uncertainty.

Objective. The research objective was to raise quality of the decisions made by group of experts due to increase of individual expert
evaluation process efficiency and improvement of evaluation aggregation process.

Method. The integrated method which consists of individual and group evaluation was proposed for the problem solution.

The modified method of extraction and formalization of individual expert evaluations which is based on the analytic hierarchy process
modification and includes absolute and relative evaluation phases was proposed. It evaluates expert competence based on confidence coefficient

for expert judgments.

The modified method of agent group evaluation based on summation of individual expert evaluations of every alternative was proposed.
It makes total evaluation based on relative quantitative importance of the agents and confidence coefficients for judgments of every group
participant. It gives preference to judgments of qualified experts to increase solution quality.

Results. The experimental investigation of the proposed methods confirmed availability of the developed mathematical support. The
proposed methods are able to detect and control nontrivial issues in tasks which are solved.

Conclusions. Scientific novelty of the paper consists in the proposed integrated method of extraction, formalization and aggregation of
expert evaluations in group which enables to define integrated assessment of competitive agents as well as to evaluate confidence coefficient
for expert judgments directly during individual evaluation process and to use it in the following group decision-making phase.

Practical significance of the paper results consists in the developed information technology which made it possible to put the method into

practice for solving of the tender support tasks and experiment results.
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NOMENCLATURE

A —pairwise comparison matrix which elements are criteria
or agents;

Ag — set of competitive agents;

a, — result of comparison of the r object with the p
object according to general criterion;

B — pairwise comparison matrix of competitive agents
according to criteria;

bg,- — evaluation of the i-th agent according to the j-th
criterion;

C — criterion set;

D — set of competitive agents evaluations;

dpes; — agent which is considered most preferable;

d, — part of the i-th agent in the total estimate;

Jf, — function which extracts element with the largest key
value;

f, — functional dependence;

8&Wg — global priority vector for the g-th expert;

gwé’m — agent which is considered most preferable by

the g-th expert;

gWg; — element of global priority vector which
corresponds to the evaluation of the i-th agent by the g-th
expert;

KA — number of compared elements (criteria or agents);

KM — number of evaluation criteria;

KN — number of agents;
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KS — number of experts;
PCM - pairwise comparison matrix;

QO - set of “control” questions;

qj, — comparative evaluation of random agent pair from
the k matrix;

S — set of experts;

S, — the g-th expert from the set S;

Sum, — total evaluation of the i-th competitive agent;

vg — confidence coefficient for judgments of the expert 8

Vg (k) — confidence coefficient for judgment of the g-th
expert on the k-th question;

W — local priority vector;

w, — the r-th element of local priority vector }y .

INTRODUCTION

The problems of selection of one solution from the set
of possible variants are known in different activity areas.
These problems are often characterized by the fact that the
choice has significant impact on problem-solving
environment state. At the same time most commonly it isn’t
possible to select the best solution from the set of
alternatives in such problems without additional analysis
of all possible variants as well as factors which impact on
solution quality.

As factors which are evaluation criteria can be not only
quantitative but also qualitative, and evaluation is executed
under uncertainty, automatic decision-making isn’t possible.
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Hence expert knowledge are used for selection of the best
variant from the set of alternatives.

To raise objectivity of evaluation procedure it should be
done by more than one expert. However one part of experts
in group may turn out to be more competent than others in
the problem which is solved, so judgments of this part of
expert group should be preferred during aggregation of
group evaluation.

So the development of integrated method which enables
to extract and aggregate expert evaluations taking into
account competence of every expert is actual.

Object of the research is process of formalization and
aggregation of expert evaluations. Subject of the research
is methods of evaluation performed during selection of
solutions from the set of alternatives (which are considered
as competitive agents).

The research objective is to raise quality of the decisions
made by group of experts due to increase of individual expert
evaluation process efficiency and improvement of evaluation
aggregation process.

The following tasks were defined to achieve the research
objective:

— improvement of the method of extraction and
formalization of expert judgments;

— development of the method of expert competence
evaluation during individual evaluation process;

— improvement of the method of group evaluation based
on individual expert evaluations taking into account expert
competence;

— practical investigation of the proposed methods
efficiency using the developed information technology.

1 PROBLEM STATEMENT

Suppose we have the set Ag of competitive agents, the
set S of experts who can estimate these agents and the set C
of the evaluation criteria.

Then the problem of competitive agents selection is to define
estimates D ={d; |i=1,..., KN} of each agent from the set Ag
using transformation i = f1(Ag ),/ =1..KN, which executes
descending ordering according to the values of d; .

Values of elements from the set D are defined by the
dependence D = f5(C,S). Method of determination of the
dependence should be proposed in the paper for competitive
agents selection problem solving.

It should be noted that the given problem includes also
competitive agent selection problem which consists in
selection of competitive agent with the biggest part in total

evaluation dp,s =maxd;.
1

2 REVIEW OF THE LITERATURE

When decision is made by expert group, collaboration
using open dynamic discussion has substantial
disadvantages which can impact on decision, making it
subjective [1-4]. Therefore in some circumstances it is more
efficient to question experts individually, permitting them to
use only personal experience making judgments [5—6]. At
the same time expert should be proposed to place all possible
solutions in descending order of its correspondence to the
task as well as to estimate solutions quantitatively
determining this correspondence level or relative priority of

each alternative comparing it with another one. To obtain
such estimations there is a lot of traditional methods: the
Schulze method [7], the method of preference [8], the analytic
hierarchy process [9], fuzzy methods and the COPRAS
method [10]. But the described methods have substantial
disadvantages which are critical for the problem which is
solved. So the Schulze method and the method of preference
make evaluations only by one criterion and limit scale of
correspondence to the task by natural numbers. The analytic
hierarchy process is sufficiently laborious and doesn’t
enable to take into account correspondence level of
considered variants to the problem objective. Fuzzy methods
may be unefficient for practical tasks, because these
methods can make inaccuracy for similar alternative
evaluations during transformation of triangular numbers to
real ones. The COPRAS method solves tasks of multicriterion
alternatives evaluation based on its correspondence to the
task objective, but this method doesn’t enable to detect its
priorities comparing with each other. The methods [11-19]
enable to make evaluations according to several criteria
based on association rules synthesis [11], decision trees
[12], radial basis neural networks [13], production rules [14],
neuro-fuzzy networks [15], cascade systems [16] and
sequential [11, 17] or parallel [18, 19] computing. However
these methods are applicable only when training data
samples, which contain collected information about objects
and processes under consideration, are available, that makes
difficult and in some circumstances eliminates possibility of
its applicability for solving of tasks which need expert
evaluation.

As analysis result it should be noted that regarding the
problem which is considered decomposition approach of
the analytic hierarchy process enables to develop the most
appropriate problem model [20], since experts can use
quantitative and qualitative criteria for evaluation of agents
using qualitative criteria based on clear scale.

Thus disadvantages of existing expert evaluation
methods cause necessity of improvement of methods which
conduct individual evaluation of competitive agents by
expert group and further evaluations aggregation taking into
account competency of every expert.

3 MATERIALS AND METHODS

Currently only one approach is usually used for
extraction and formalization of expert judgments at a time.
Possible approaches include the following ones: expert can
estimate agent as consistent entity based on its
correspondence to the given problem or expert can compare
all agents with each other creating relative rating. Both these
approaches give only one-track evaluation. For integrated
evaluation of alternatives as competitive agents within the
scope of the current problem it was proposed to make
evaluation using two approaches [21-22]:

— absolute evaluation as determination of competitive
agents correspondence to the customization demands for
each criterion;

— relative evaluation based on comparison of agents
with each other according to each criterion.

At the beginning of the proposed method of extraction
and formalization of individual expert evaluations level of
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correspondence of competitive agents to the problem
statement according to each criterion is evaluated (absolute
evaluation). This phase is made by absolute percentage
evaluation (from 0 to 100%) of each agent according to each
criterion comparing to the problem statement requirements.
After evaluation obtained values has to be normalized using
division by 100. The result of this stage is the matrix B of the

size KNxKM which consists of evaluations b,'j €[0,1] for
i=1.. KN, j=L...KM:

by by biga
b b b
g b2 22 DKM
bxnt  bgno bxnkm

Then the modified analytic hierarchy process is used to
evaluate agents comparatively according to each criterion
(relative evaluation).

Relative evaluation process is generally represented on
activity diagram (fig. 1).

The method of paired comparisons [9] is used to compare
criteria according to the given task and to compare agents
according to criteria. According to this method pairwise
comparison matrices (PCM) are obtained from the results of
comparison of every row element with every column element.

So the matrix 4 of size KAxKA is obtained from elements
a,, which are presented by real numbers:

1 ap a1x4
a 1 a
4| 92 2KA
aKAl aKAZ 1

Every expert that takes part in the evaluation process
has to compare all elements with each other presenting
evaluations as numeric values in accordance with
fundamental ratio scale [23] and has to complete
corresponding PCM.

One of the main disadvantages of the method of paired
comparisons is its laboriousness. It is necessary to analyze
fundamental properties of PCM [9] to reduce the number of
comparison operations which have to be executed by expert.

Expert Information technology
?
Compare criteria ]
Were all criteria
analyzed?
Yes
|
No
| [ Choose criterion ] Complete expert evaluation vector ]
| [ Compare agents regarding the criterion ] Evaluate competence ]
Did all experts perform
evaluations?
| [ Answer "control" question ]
No Yes
L
[ Aggregate expert evaluations ]
[ Complete rating ]

Figure 1 — Activity diagram for relative agent evaluation (UML 2.5 notation)
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The main property of PCM is the following: for each 7,
p=1,...,KA4 elements arp>0. Besides that under r=p arpzl,
because these elements present comparisons of each element
with oneself and have to correspond to equal significance.

The third property is inverse symmetry of the matrix
about the main diagonal. For each 7, p=1,...,.K4 aprzl/arp, )
expert has to complete only evaluations which are situated
above the main diagonal.

Thus the PCM 4 will take the following form:

1 ap a1x4
de 1ay, 1 a4
l/allfA l/alKA 1

The phase of PCM filling has to be done for every
hierarchy level.

The results of this phase are PCMs where criteria of the
same hierarchy level are compared with each other, criteria
of lower hierarchy level are compared with each other
according to criteria of higher hierarchy level, if there are
ones, and agents are compared with each other according
to criteria.

Then local priority vectors are obtained from the
collection of PCMs. Local priority vector

W:(WlawzwaWKA)T has to be determined for every

obtained PCM. The main property of the obtained local
priority vectors is that sum of vector components equals 1,

KA
that is Zw, =1
r=l1
To obtain global priority vector

8gWg ={8Wg1,8Wg2,-,EWekN } for each g-th expert, local
priorities of each evaluated agent are multiplied by priority
of the corresponding criterion and results are added to each
other.

Then the corresponding values of the global priority
8Wgi of every agent are compared with each other. Agent
which is considered most preferable by the g-th expert will
have the biggest value of the global priority:

best .
gwg :m?nggi, l:1,...,KN.

The tasks which are solved in the context of the
considered problem are seldom completely identical, because
every task has its own features and differences: for example
technical or time constraints. Application of the analytic
hierarchy process demands familiarity with these features,
constraints and its influence on the final result from experts.
However it isn’t always possible because of the wide
specialization of experts who take part in questioning in
practice.

In this case it is necessary to evaluate additionally expert
competence and confidence in decisions made by him [24].
Expert competence level should be then used for aggregation
of group evaluation [25].

Confidence coefficient Vg corresponds to quantification
of the level of confidence in competence of expert s, €S

(g=1,...,,KS) in the presented problem.

It is proposed to add set of «control» questions Q to
pairwise comparison sequence to evaluate confidence
coefficients for expert judgments. Each element of the set O

is defined as 9 =@, (re{2,KN}, pe{l,KN—-r}) which
is comparative evaluation of random pair of agents from the
bottom part of the k-th PCM where agents are compared

according to criteria. So the set Q is defined in the following
form:

O={q; lk=1,..KM}.

«Control» question is a question which was restated
and repeated to expert. Such questions enable to determine
confidence of expert answering main questions in agents
evaluation process.

Since all elements of the matrix 4 are inverse symmetrical
that is for each r, p=1,..., K4 aprzl/arp, it is possible to verify
if expert judgments which were gotten comparing random
pair of agents are equal to expert judgments which were
gotten during primary comparisons. This verification is
based on evaluation of PCM elements which are situated
under the main diagonal as inverse proportion to the values
of elements which are situated in the matrix part which was
filled by expert.

For each k-th PCM random pair of agents p and r is
selected from the elements of the matrix which are situated
under the main diagonal and is proposed to expert for
comparison.

If values @;p and dp, are bigger or lower than 1 at the
same time, then confidence coefficient for the given question

should be specified as Vg (k) =0 (the g-th expert showed
his incompetence answering the k-th question). Otherwise
confidence coefficient for the given question should be
calculated using the following expression:

arp —1/apr
I_W’ larp 21)0la <1}
Y|

max(a,,1/a,,) ’

vg (k)=

(arp < l)ﬂ (apr > 1)

Overall confidence coefficient Vg for judgments of the
expert s, is calculated using the following formula:

KM
2 v (k)
k=1
V, =—————
& KM
After questioning is finished, final value of vg should

be evaluated. If Vg =1 expert should be considered as
competent and his judgments can be trusted. If v, =0 expert
should be considered as incompetent relatively to the
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solved task. In this case evaluations of this expert should
not be taken into account in aggregation of group
evaluation.

After all experts of the group made own evaluations,
global priority vector gw_ and confidence coefficient for
expert judgments Vv, are defined for each expert from number
KS, the method of group agent evaluation has to be executed.
This method calculates total evaluation Sum, for each i-th
agent based on summation of evaluations gWg; which were
given to the agent by the g-th expert. At the same time
evaluations has to be multiplied by confidence coefficients
for expert judgments:

KS
Sum; =7 vy -gWg;.
g=1

Thus the bigger value confidence coefficient v, for expert
judgments has, more impact g-th expert will have on overall
evaluation.

After summation is done, overall rating of competitive
agents D is defined. Each individual evaluation is multiplied
by confidence coefficient for expert judgments and part &,
of each i-th agent in the total evaluation is calculated using
the following formula:

Sum
= oM N d =1
4 =%y pril

ZSumi

i=1

Agents are ordered by decrease of d, values, in that way
defining function f; which can be implemented as binary
heap. The result of this operation is agent rating, where
agent which is considered most preferable by expert group
heads the list. Based on the obtained rating responsible
person makes final decision on the best agent. In most cases
it is agent which is the first in the list and it becomes solution
of the competitive agents selection problem.

4 EXPERIMENTS

The proposed methods were used for the development
of the competitive agents selection information technology.

AQD alietallist
SME» Borza Hale
29% 36%

Atlas Word
35%

a

The tasks of competitive agents selection were solved
for experimental investigation of practical availability of the
proposed methods using the developed information
technology.

The investigation was made based on data collected
from tender tasks, participant offers and tender results
accumulated by design companies LLC “SK Inzhenernye
systemy” and “VST” (Ukraine) and evaluations of experts
who were selected and invited based on the tender tasks.

The following competitive agents (companies) were
considered in the task of tender for design, supply and
mounting of metalware and barriers:

— AO “Metallist SMK”, Kharkiv;

— Atlas Word (Germany), branch in Kyiv;

— Borga Hale, Gdynia, Poland.

The following competitive agents were considered in
the task of supply of materials and equipment for mounting
of shopping center buildings:

— Master Profi, Dnipro;

— Remko, Kyiv;

— Atlas Word, Kyiv;

— Askon, Kamyanske;

— IBT, Kyiv.

Design companies traditionally used pricing appraisal
or oral discussion method for evaluation during tender
process. However since tender results can be determined in
long time horizon [26] it is necessary from one to six months
after tender is ended for its efficiency evaluation. During
experimental investigation the results of traditional approach
were compared with the results obtained by the proposed
integrated method.

S RESULTS

Solving the task of tender for design, supply and
mounting of metalware and barriers the derived proposals
were formalized as competitive agents and were proposed
to the group of three experts for evaluation. Expert
evaluations were used for agents rating aggregation.

The rating of competitive agents obtained by the
traditional approach (without taking into account
confidence coefficient for expert judgments) can be
summarized in the following list (fig. 2a):

— Borga Hale — 35,60%;

AO «Metallist
SAES Bﬂlgﬂ Hale
7994 35%

Atlas Word
36%

Figure 2 — The results of competitive agents evaluation in the task of tender for design, supply and mounting of metalware and barriers:
a — without taking into account confidence coefficient for expert judgments;
b — taking into account confidence coefficient for expert judgments
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— Atlas Word — 35,35%;

— AO “Metallist SMK” — 29,05%.

The rating of competitive agents obtained using the
modified methods (taking into account confidence
coefficient for expert judgments) can be summarized in the
following list (fig. 2b):

— Atlas Word — 35,60%;

— Borga Hale — 35,50%;

— AO “Metallist SMK” — 28,9%.

Solving the task of supply of materials and equipment
for mounting of shopping center buildings the derived
proposals were formalized as competitive agents and were
proposed to the group of four experts for evaluation.

Before the beginning of evaluation process experts were
proposed to examine tender task using the developed
information technology. Then traditional approach based
on oral discussion was used for evaluation. Based on oral
discussion and simple voting methods expert commission
elected the tender offer of “Master Profi” because of its
minimum cost and delivery time.

Then agents evaluation was repeated by the same expert
commission using competitive agents information
technology based on the proposed methods (fig. 3).

Atlas Word
24%%

Figure 3 — The results of competitive agents evaluation in the task
of supply of materials and equipment for mounting of shopping
center buildings taking into account confidence coefficient for

expert judgments

Besides that individual expert preferences and
confidence coefficients for expert judgments were defined
(fig. 4).

The rating of competitive agents obtained using the
integrated method and taking into account confidence
coefficient for expert judgments can be summarized in the
following list:

— Atlas Word — 24.35%;

—Remko —22.40%;

— Master Profi — 21.31%;

—IBT - 20.13%;

— Askon — 11.81%.

6 DISCUSSION

Results of competitive agents evaluation in the task of
tender for design, supply and mounting of metalware and
barriers showed that taking into account confidence
coefficient for expert judgments changed positions of
participants in rating. It should be noted that the bigger the
dispersion of confidence coefficients for expert judgments
is, more impact experts with bigger values of confidence
coefficient will have on tender results.

As the result of the proposed integrated method
application to the tender for supply of materials and
equipment for mounting of shopping center buildings the
tender offer of the company «Master Profi» which was
chosen during oral discussion occupied only the third place
in the rating. It is caused by its failures which were missed
during basic analysis: delayed starting date of execution
phase and small production volume regarding competitors.

Thus investigation results confirm availability of the
developed competitive agents selection information
technology in whole and the proposed integrated method
particularly for practical tasks solving since the proposed
problem solution helps to detect nontrivial problems and
failures of the considered competitive agents.

Analysis of the obtained results showed that the
proposed integrated method of extraction, formalization and
aggregation of expert evaluations enabled to raise accuracy

P 93%
100% 57— — 87
90% v - -
|/f’
80% T:,' o
2 T0% Vo
= | e
g 60% {°
2 som
S 4% v~
= o
—E 30% ‘ 7
0% 1
s
10% 1 ~
B -
(1LY A — — E—
Expert1 Expert 2 Expert3 Expert 4
Aflas Word Master Profi Aflas Word Remko

Figure 4 — Expert competence level
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of group evaluations due to formalization of individual
evaluations derivation process as well as implementation of
expert competence evaluation mechanism. In turn it ensures
group decision making process efficiency and enables to
raise quality of the final solution.

The proposed integrated method can be used for
practical expert evaluation tasks solving in many areas of
industry, economics and medicine: tender processes in all
areas of state and business activity, complicated clinical
decision support, expert evaluation of techware quality in
industry.

In what follows it is planned to investigate availability
of the developed method for solving of practical tasks in
other activity areas and the dependence of the method
efficiency on application domain.

CONCLUSIONS

In this paper actual problem of competitive agents
selection was solved based on group expert evaluations.

Scientific novelty of the paper consists in the proposed
integrated method of extraction, formalization and
aggregation of expert evaluations in group which enables
to define integrated assessment of competitive agents as
well as to evaluate confidence coefficient for expert
judgments directly during individual evaluation process and
to use it in the following group decision-making phase. The
proposed method gives preference to judgments of
competent experts in the overall evaluation, at the same
time increasing quality of the decision.

Practical significance of the paper results consists in the
developed information technology and experiment results.
Information technology implemented the proposed
integrated method that made it possible to put the method
into practice for solving of the tender support tasks.
Experiments confirmed availability of the developed
mathematical support and made it possible to recommend it
for practical application.

Application of the proposed mathematical support and
the developed information technology for other practical
tasks directly concerned with competitive agents evaluation
should be noted as further research directions.
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'Cr. Bukiagay kadeapyu nporpaMHuX 3aco0iB 3amopi3bKoro HalioOHAJBHOrO TEXHIYHOIO yHIBEpCHTETY, 3amopixoks, Ykpaina

’KaH[. TeXH. HayK, JOLEHT, JOLEHT Kadeapu MporpaMHUX 3aco0iB 3aropi3bkoro HaIiOHAJIBHOIO TEXHIYHOIO yHIBEPCHTETY, 3amopihKKs,
Vkpaina

*KaHJ. TexH. HayK, JOLEHT Kadeapu IporpaMHHUX 3aco0iB 3armopi3bkoro HaliOHAIBHOTO TEXHIYHOTO YHiBepcUTeTy, 3amopibiksi, YkpaiHa

KOMIUIEKCHUM METOJ, BUJOBYBAHHS, ®OPMAJIIBALII TA ATPETALII EKCIIEPTHUX OLIHOK KOHKYPYIO-
YUX AEHTIB Y I'PYIII

AKTyanbHicTh. Po3rinyto npobiemy BugoOyBaHHs, (popMali3anii Ta arperauii eKCIepTHUX OLIHOK MiJ 4ac HOLIYKY Haikpalioro
PILIEHHS 3 MHOKMHH MOXIUBHX. AKTYalIbHICTb JaHOI TPOOJIEMH BU3HAYAETHCS PI3HOMAHITTSM Talty3eil 3acTOCYBaHHsI, HEOOXIIHICTIO 10/1aTKO-
BOrO aHaJi3y Ta IPYNOBUM OLIHIOBAHHSAM 33 YMOB HEBHU3HAUEHOCTI.

Meta. MeTa 1aHOTO JJOCIIZXKEHHs MOJIsrana B [iIBUIIEHHI SKOCTI pillleHb, 110 NPUIAMAIOThCS IPYIIOI0 €KCIEPTIB, 32 PaXyHOK IiABUILIEHHS
e()eKTUBHOCTI IIPOLIECy OTPUMAHHS 1HAUBITyalbHUX EKCHEPTHUX OLIHOK Ta BIOCKOHAJEHHs MPOLECY iX MojaibLIoi arperatii.

MeToza. 3anpornoHOBaHO KOMILIEKCHHI METOJ, 110 CKJIAJA€ThCs 3 1HAMBIAYalbHOIO Ta IPYHOBOTO OLIHIOBAHHSI, MU PO3B’A3aHHS JAHOI
Ipo0IeMH.

ViockoHalleHO MeToz BU00yBaHHs Ta (opMatizalii iHJUBiAyaIbHUX €KCIIEPTHHX OLIHOK. 3aIpOIOHOBAHUIl METOM IPDYHTY€EThCS Ha MOZIH-
(ixauii Meroxy aHani3y iepapxiif, MICTUTh €Tanu aOCOMIOTHOIO Ta BiAHOCHOIO OLIHIOBAHHS, JO3BOJISIE BUSHAYUTH KOMIIETEHTHICTb €KCIepTa
IIIIXOM 00YMCIIeHHS KoedilieHTa JOBIpH 10 HOTO CYIKEHB.

VI0CKOHANIEHO METOJ BU3HAYEHHs IPYIOBUX OLIHOK areHTiB Ha OCHOBI ITiICyMOBYBaHHS IHAMBIyalbHUX €KCIIEPTHHX OLIHOK 33 KOXHHM
piumeHHsaM. JlaHuil MeToz BpaxoBye I1ijl yac OOYHMCIIEHHS! CyMapHOi OLIHKM KiIbKICHY TI€peBary areHTiB OJMH HaJl ONHUM Ta Koe]ilieHTH JOBipH
JI0 CyIXKEHb KOXHOIO y4acHHUKa rpynu. Lle 103Bossie BBaXKaTH CyHIKEHHsI KOMIETEHTHUX €KCIIEpPTIB OLIbII 3HAYYLIMMU 3 METOIO MiJBUILEHHS
SIKOCTI OTPHMYBAHOIO PillIEHHSI.

Pe3yabTaTh. IIpoBeseHe excrepuMeHTaNbHE JOCIIDKEHHS MIATBEPXKY€E IPALE3JaTHICTh PO3POOIEHOr0 MaTeMaTHYHOrO 3a0€3I1eUeHHs.
Po3pobiieHi MeToaM NPOIEMOHCTPYBAH 3JaTHICTh BU3HAYATH 1 yCYBAaTH HEOUEBH/IHI IPOOIEMHU B 3a]a4ax, 1O PO3B’A3YIOThCS.

BucHoBku. HaykoBa HOBH3HA pOOOTH IOJIATaE B TOMY, 10 3alIPOIOHOBAHO KOMILIEKCHUIT MeTox BUu00yBaHHsI, opMaizanii Ta arperanuii
eKCIIEPTHHUX OLIHOK y TPy, KWl JO3BOJIIE BU3HAYATH KOMILIEKCHY OL[IHKY KOHKYPYIOUHX areHTIB, a TAKOX OOYHCIIIOBATH KilbKICHE 3HAYCHHS
Koe(illieHTy JOBIpH IO CyIKEHb €KCIepTa 0e310cepenHbOo B POLeci OTPHIMAHHS iHAUBITyaIbHOI ONIHKY i B ONAJIBIIOMY BUKOPHCTOBYBATH Il
UL IPUIHATTS TPYNIOBHX PillleHb.

[pakTiyHa 3HAYUMICTH PE3yNbTaTiB POOOTH TOJATAE B TOMY, IO PO3pOOICHO iH(POPMAIIifHY TEXHOJIOTIIO, SIKa Pealli3ye 3armpornoHOBaHHA
KOMIUIEKCHUH METOI, IO JO3BOJMJIO 3aCTOCYBaTH Ha IIPAKTHUILi TaHUH METOX A PO3B’A3aHHA 331adi IPOBEJCHHS TEHIEPIiB, Ta IPOBEICHO
€KCIIEpHMEHTH.

Karo4oBi cJjioBa: ekcriepTHE OL[HIOBAHHS, IPYIOBI OL[IHKH, IHIMBiAyabHi OI[IHKM, KOMIIETEHTHICTh EKCIIEPTIiB, KOHKYPYIOUi areHTH.

Kommakosa T. A.!, Oneitauk A. A2, Jleskun B. H.}

ICr. mpenonaBarens KaQeapbl MPOrpaMMHBIX CPEICTB 3AMOPOKCKOTO HAILIMOHAJILHOTO TEXHHYECKOTO YHUBEPCHTETA, 3a0OpoXKbe, YKpanHa

2Kanj. TexH. HayK, JOLEHT, JOLEHT Kadeapbl MPOrpaMMHBIX CPEICTB 3alOPOKCKOrO HAIIMOHAJILHOTO TEXHMYECKOTO YHUBEPCHTETA, 3a10-
poxbe, YKkpauHa

SKanj. TexH. HayK, JOLEHT KaQeaphl MPOrPAMMHBIX CPEACTB 3allOPOKCKOr0 HAIIMOHAIBLHOIO TEXHHYECKOTO YHHBEPCHTETA, 3arOpOXKbe,
VYkpauna

KOMILJIEKCHBI METOA M3BJIEYEHUS, ®POPMAJJU3AINUNU U ATPETAIIMU DKCIIEPTHBIX OLEHOK
KOHKYPUPYIOUIUX ATEHTOB B I'PYIIIIE

AKTyaJabHOCTh. PaccMoTpeHa npo0iiemMa u3BJeueHus, (POpMATH3al[MU M arperaniy SKCIEPTHBIX OLEHOK NP MOMCKE HAMJIYYIIErO pelie-
HHSI M3 MHOXKECTBA BO3MOXHBIX. AKTYaJIbHOCTh JAHHOM MPOOJIEMBI ONpeensieTcs pa3sHooopa3reM o0acTel IPUMEHEHHs, HEOOXOIMMOCTBIO
JIOTIOJIHATEILHOTO aHAJIM3a M TPYIIIOBBIM OLIEHUBAHUEM B YCIOBHSAX HEONPENEIEHHOCTH.

Lean. Lens qaHHOTO MCCEN0BaHKs 3AKIIF0YAJIACh B OBBINIEHHH KAYeCTBA PEIICHHUH, IPMHUMAEMBIX TPYIINO SKCIIEPTOB, 3a CYET TTOBbIIIE-
HEst 9P PEKTUBHOCTH MPoILECca MOMyYEH s HHIMBUIYaIbHBIX SKCIIEPTHBIX OLEHOK U YCOBEPIIEHCTBOBAHHUS IPOIIECCA MX MOCIEAYIOIIEH arpera-
UK.

Meton. [IpenyiokeHo peleHre paccMaTprBaeMOl IPOOIEMBI B BUJIE KOMIJIEKCHOTO METO/IA, COCTOSIIETO U3 MHANBHIYaILHOIO M IPYIIIO-
BOrO OLIEHMBAHUSL.

VCOBEpILIEHCTBOBAH METO M3BJICYEHHUS U (POPMATTM3AI[MU WHIWBHIYaJIbHBIX OKCIIEPTHBIX OLIEHOK. [peIioKeHHbIH METOI OCHOBAH Ha MOJIHU-
(UKAIIMK METO/IA AaHAJIM3a MEPAPXHiA, BKIFOYAET B ce0s1 3Tarnbl aOCOMFOTHOIO U OTHOCHTEILHOTO OLEHMBAHHS, TI03BOJIAET ONPEIETHTH KOMITETEH-
THOCTH DKCIIEPTA MyTEM BBIYHCIEHHS KOI(PHUIMEHTA TOBEPHS K €M0 MHEHHUIO.

VCOBEPLIEHCTBOBAH METO]] ONPEIENEH s TPYIIIOBBIX OLEHOK areHTOB Ha OCHOBE CyMMHPOBAHHSI MHIUBHIYAIbHBIX SKCIIEPTHBIX OLIEHOK 10
Ka)KJIOMY PELICHUI0. DTOT METOM YIUTHIBAET IPU BHIYUCIEHUH CYMMApPHO# OLIEHKH KOJIMYECTBEHHOE MIPEMMYIIECTBO areHTOB APYT HAJl JPYIOM
1 K09 (DUIMEHTHI TOBEPHS K MHEHHIO KQXKIOM0 YY4aCTHHKA TPYIIIBL. DTO MO3BOJISIET CYUTATH MHEHHE KOMIIETEHTHBIX DKCIIEPTOB 00JI€e 3HAYUMBIM
C LEJIbIO MOBBIIIEHHS KAYeCTBA MOIYyYaEMOr0 PEIEHHS.
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[IPOTPECHBHI IHOOPMALIMHI TEXHOJIOI'TE

10.

1

—

12.

13.

14.

PeSy.]'l])TaT])I. HpOBCﬂCHHOC OKCIIEPUMEHTAJIbHOE HUCCIICAOBAHUE ITOATBEPAUIIO pa6OTOCH0006HOCTL pa3pa60TaHHom Mar€éMaTHu4€CKOro
obOecrieueHus. Pa3p360TaHHLIC METOABI MPOAEMOHCTPUPOBAIA BO3MOXHOCTDL BBISIBJIISATH U YCTPAHATH HEOUCBUHBIC HpO6J’ICMI>I B pelraeMbIX
3agadax.
BobIBOaBI. Hayl{Ha;{ HOBHU3HAa pa6OTLI 3aKJII0YacTCs B TOM, YTO IPEUIOKEH KOMIUIEKCHBIN METOJ HU3BJICYCHUA, (bopManmaunn u arperaiuu
OKCIIEPTHBIX OLICHOK B I'PYIIIIC, KOTOpLIﬁ TI03BOJIICT ONPEACINTD KOMINICKCHYIO OLICHKY KOHKYPUPYIOMIUX areHTOB, a TaK)XE BbIYUCIUTH KOJIMYEC-
CTBCHHOC 3HAYCHHUEC KO3(1)(1)I/II_II/ICHT8. JOBEpHUsT K MHCHHUIO 3KCIIEPTa HECIIOCPEACTBEHHO B IPOLIECCE ITOJIYUCHUS HHHHBHHyaHLHOﬁ OLICHKH U B
JNaIbHEHUIIIEM UCIIONIBh30BATh €ro ISt TIPUHATHSA I'PYHIIOBBIX pCLHCHHﬁ.
HpaKanecxaﬂ 3HA4YUMOCTb PE3YyJIbTaTOB pa6OTLI 3aKII04acTCa B TOM, 4YTO pa3pa60TaHa I/IH(bOpMaI_II/IOHHaSI TEXHOJIOIus, peaju3yronias
HpC,H.]'IO}KCHHLII\/'I KOMILIEKCHBIN METO, 4YTO IIO3BOJIMIIO IIPUMEHUTDL Ha IPAKTHUKE JaHHBIA MeTom JJIs penieHust 3aaa4 MpoBeACcHUs TEHACPOB, U
TIPOBEACHBI DKCIICPUMEHTBI.
KuarwoueBbie ciioBa: OKCIIEPTHOC OLICHUBAHUEC, I'PYNIIOBbIC OLICHKH, NHAUBUAYaJIbHbIE OLICHKH, KOMIIETECHTHOCTb 3KCIIEPTOB, KOHKYPUPYIO-
MU E€ arcHThI.
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