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FORMALIZING THE PROBLEM OF A PROJECT TEAM BULDING BASED ON THE
UTILITY THEORY

The subject matter of the article is mathematical models for solving particular problems of sorting out candidates for a project team.
The aim is to create a region of compromises for a variety of particular criteria for selecting candidates and to develop an integral
optimization function as a utility function for selecting preferred alternatives. The tasks are: developing the approximate area of
compromises for solving single-criterion optimization problems; selecting the utility function of partial criteria; using general
principles of utility theory application for solving personnel problems; sorting out the best option on the ground of multi-criteria
evaluation and optimization methods; defining the degree of particular criteria importance; analyzing the peculiarities of multi-criteria
assessment of problems in human resource management. The methods used are: multi-criteria assessment and optimization methods,
utility function. The following results are obtained. The problem of estimating the relative importance of particular criteria in the
utility function is considered. The procedure of determining the approximate region of compromises is described with account of a
number of personal and psychological characteristics by successive solving single-criterion optimization problems for each particular
criterion. The problem of developing the integral multi-criteria function for selecting preferred alternatives is considered. The
peculiarities of using general principles of utility theory for personnel problems solving are analyzed. The function of multi-criteria
optimization as a utility model for partial criteria is formulated. The general task of assessing and producing labour force with account
of professional, personal and psychological properties of a candidate is formulated. Conclusions. The task of building a project team
is considered in the article. The stages of team building are considered. The procedure for determining the approximate region of
compromises is described with account of a number of personal and psychological characteristics by successive solving single-
criterion optimization problems for each particular criterion. The function of multi-criteria optimization is formulated as a utility
model for partial criteria. The method for selecting and evaluating personnel for planned projects is suggested on the basis of the
procedure for sorting out candidates for a new project team from the workers who were previously involved in similar projects.
Keywords: a project team building, utility function, multi-criteria optimization.

Introduction for selecting candidates and formulating an integral

optimization function as a utility function, the aggregating
Successful completion of a project is greatly Value of a set of partial criteria.
determined by the way of its team building [1]. At the
same time, the task of a project team building is
considered as the most difficult for formalizing, since a
variety of personal and psychological factors that are
difficult to describe must be taken into account. At the
same time, the success of the team's work greatly depends
on the personal, business and psychological qualities of
each individual employee [2, 3].
Personal and psychological characteristics are listed
in each organization individually with account of specifics
of its production activities and the nature of work on a

Creating the region of compromises

Determining the approximate region of compromises

X P the whole a set of points X € XC is not excluded but
only the solutions that determine the boundary of the
region [4].

The condition for the correctness of such a
procedure is the expression

xC = xP,

newly planned project, the development prospects for the
enterprise. A decision in these spheres is made by experts
and a person who is responsible for making decisions (a
decision maker) [8].

From a formal point of view, a project team building
includes the following stages:

Step 1. Developing a variety of options for selecting
candidates for the project;

Step 2. Working out the system for assessing the
considered options (candidates);

Step 3. Defining the rule for choosing the best
option or ordering preferred candidates.

Since each of the variants of the solution is
characterized by a set of particular criteria, the system of
assessment of the relative importance of particular criteria
(the problem of estimating the significance of particular
criteria) should be developed [8].

This article deals with the development of
mathematical models for solving particular problems of a
project team building; in particular with the creating the
region of compromises for a number of particular criteria

that is, the complete inclusion of the exact region of
compromises into the approximate one.

For determining X P the following procedure is
used.

In the set of admissible solutions X , n one-criteria
optimization problems are consistently solved according

to each particular criterion k; (x),i=1n:

x0 = arg max k; (x). )

xeX

For every solution k;(X) the value of all other

partial criteria that is expressed as Kj (xio): Kijis J =1n.

is calculated. The obtained results are recorded in the
matrix (2).

The matrix (2) is formed as follows: each line is
composed of the values of the i -th partial criterion at the
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extremum points for all the particular criteria. Moreover,
the extreme value of the criterion is achieved on the main
diagonal.

ki(x).i=Ln | k(x) | ka(x) kn (x)
ke (X) kit kiz | | Ky
ko (%) kop | Kaz kar | ()
kn (X) Kot Kn2 Knn

For example, the first line contains the criterion values
ki (x) at points:

a1 =k (0 ) kaz = ks (48 ) --kan = Han (X3,

where, Xf,xg,...xg is the solution that is extremal in

accordance with 1,2..., n -th criterion.
Thus, each line contains the values of the particular

criterion kj (x) that varies from extreme k; (x) to the
worst Kipy . The sets of these values over all i=1n are
the boundaries of mapping the approximate region of
compromises X © on the criteria space K :{ki(x)},
i=1n.
The region X P in the space of particular criteria is
given by constraints
xeX, king <k (x)<kyg, i=1n. 3)

The pattern corresponding to the constraints (3) of
the approximate region of compromises for a convex
region is shown in the figure 1.
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Fig.1. Approximate region of compromises X P on the convex
set X

Such a basic assessment can be interpreted as the
utility function of partial criteria p[ki(X)], in which

p:ki(x)—> RL,i=1n. We can justify the choice of the
pattern of the function p.

The choice of utility function

It is desirable that the utility function of the partial
criteria be universal and well adapted to take into account

the specific features of particular systems, their aims and
criteria [5, 6].

To do this, the utility function must meet the
following requirements:

- have a single interval of variation [0,1];

- be dimensionless;

- be invariant to the pattern of the extremum of a
particular criterion (minimum or maximum).

The latter means that, regardless of the type of
extremum, its maximum value in the set must correspond
to the maximum value (which is equal to 1), while the
minimal value of the utility function (which is equal to 0)
— to the worst one. In addition, the utility function of the
partial criterion should enable both linear and non-linear
non-decreasing  convex upward or  downward
dependencies of the utility in the absolute value of the
exponent.

All these conditions are met by the utility model of
particular criteria [9].

p[kiH (X)} = {%] : @)

The theoretical basis of the engineering practice of
developing generalized (complex) scalar estimates can be
the utility principle. This principle is based on the
assertion that there exists the quantitative estimate of the
preference of solutions so that if solutionsx >x,, so

P(x ))P(x;), where P(x) and P(xp) are utility
functions, which are a quantitative measure of the
preference of the solution x; in relation to the decision x,.

The peculiarities of using the general principles of
application of the utility theory for solving personnel
problems can be presented below by the following
analysis.

The problem of choosing the best option x can be
solved on the basis of methods of multi-criteria estimation
and optimization [7]. Then the pattern of the utility
function can be represented as:

()= F Ak (4]} =1m,
where k;(x) is the i-th characteristics of a candidate;

4; is the coefficient of significance of k; -th characteristic

in a particular situation of choice; F is a conversion
operator (model structure);

The most famous and widely used pattern of
representing the utility function is the additive one:

P(x)= 34k (x)i =T ©

where K; (X) is a set of particular criteria (characteristics),

considered candidates (options). In the formula (5) 4; is

an isomorphism coefficient that takes into account the
degree of relative importance of the particular criteria and

leads to partial estimates k; (x) for a single dimension

and change interval. Assessing the values of such
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coefficients is difficult, therefore in practice the more
convenient additive form of the utility function is used:

P(x) = 'Zniai KiH (x) , (6)

where & is relative dimensionless weighted coefficients
satisfying conditions;

n
O<a <L) a =1,
i=1

kiH(x) is normalized values of particular criteria,

(reduced to an isomorphic form in the model (4)).
In expression (6), all partial criteria are represented

in isomorphic form(kiH ) and the main decision-making

issue is a decision-maker’s evaluation of the relative
importance of the particular criteria and the form of their
presentation. We can assume that the required information

will be presented as dimensionless coefficients &;, i =1n.

Determining the degree of importance of particular
criteria is performed by a decision-maker or experts. More
often, the information on weight coefficients can be
presented in three forms:

1) deterministic;

2) probabilistic;

3) as a diffuse set.

The form of the presentation depends on the opinion
of experts or the knowledge of decision-makers, and also
to a large extent on the specifics of the considered object,
the nature of its parameters, the methods of measuring
them, and the time of observation (statistics, forecast).

The analysis of the peculiarities of multi-criterial
estimation problems in the problems of human resource
management enables focusing on the situations that are
the most frequent in building project teams, the
deterministic representation of the values of the

importance coefficients & of particular criteriak; (x)
For the situation where exact quantitative values of
weight coefficients & of particular criteria k;(x) are

known the generalized utility of the alternative x € X can
be defined as the additive function:

n _n
P(x)=Yakt (x),i=1n> g =1; )
i=1 i=1
and the optimality principle

n _n
x" =argmax > ak{! (x),i=Ln> a=1.  (8)
xeX j=1 i=1

In the expressions (7), (8) k;(x) is partial criteria
for assessing the professional and personal qualities of
candidates for the project. The coefficients of significance
of particular criteria @, are determined by experts,

proceeding from the features of works in the project and
corporate traditions of an organization.

Another situation with a deterministic approach is
formulated as follows. Coefficients & are given
quantitatively, however not exactly but as a certain
interval [a min,a; max].

In this case the condition (7) is not performed, i.e.
n n
> amin=1,Y a max=1. The preferred solution under
i=1 i=1
these conditions may be obtained in two steps. In the
beginning, the range of possible solutions is determined

depending on the values k;(x) with changes of Ag;,

n

assuming Zai =1, and n optimization problems are
i=1

solved:

n
x; =argmax| & maxk(" (x)+ > a;P;[ xj(x)]|:

i=1

> aj =1-a max,a e[aj min, a; max]; j=1ni=1n, j=i,
i1

where @ maxis the maximum possible value of the i-th
weighting factor.

According to the values X/,i=1,n it is possible to
calculate

Kizr :m?xki(xf);kiw( :mjink,.(x;)j =Ini=]j.

Thus, the boundaries of the region are established, in
which a compromise solution is determined at the second
stage. The situation when experts cannot provide

information on the coefficients 8 is quite common in

evaluating project personnel, but they can formulate the
relative mutual importance of the evaluated criteria in the
ranked series:

ky (x) > kp (x) > Ky (x) .

In this situation, the part of applicants who
corresponds to the most important criterion is sorted out
from the total number of applicants for the project team X
and the sequence of single-objective optimization tasks is
solved:

X, =argmax; [ ki (x)]; x; =argmin; [k; (x)]. etc.
0

xeX XGX]_

In other words, if the set consists of several
candidates, then the problem of selecting candidates is
solved according the second main criterion, etc.

The process of decision making lasts until a single
candidate has been identified or the partial criteria have
been exhausted.

Conclusions

The problem of assessing the relative importance of
particular criteria in the utility function is considered. The
importance of particular criteria is suggested to be
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presented as weight coefficients, which are determined by
experts or decision-makers.

The procedure for determining the approximate
region of compromises is described taking into account a
multitude of personal and psychological characteristics by
successive solving single-criterion optimization problems
for each particular criterion.

The problem of developing an integral multi-criteria
function for choosing preferred alternatives is considered.
It is shown that the utility function is the most universal

and well adapted for considering the peculiarities of
specific systems, their aims and criteria. The features of
using general principles of utility theory for the solution of
personnel tasks are analyzed.

The function of multi-criteria optimization as the
utility model of partial criteria is formulated. To create the
integral criterion, the additive convolution is used.

The results of the work can be used to develop the
mathematical and software of computerized control
systems for the project team.
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OOPMAJIIBALIA 3ABAJAHHA ®OPMYBAHHSA KOMAHIU ITPOEKTY HA
OCHOBI TEOPII KOPUCHOCTI

IIpeqMeToM BHBYEHHS B CTaTTi € MaTeMaTHYHI MOJEINi JJIsI BHPIMICHHS OKPEMHX 3aBIaHb IMiJ00py KaHIWIATIB NpH (OpMyBaHHI
KOMaHau npoekty. Mera — moOymoBa 001acTi KOMIPOMICIB il 03114l OKpeMHUX KPHUTEpiiB Migdopy KaHAMIATIB Ta (OPMYyBaHHs
iHTerpansHol onTHMizaniitHol (yHKUii y BHTILII (QYHKIIT KOPHCHOCTI, Ui BUOOPY KpamiMX aabTepHATHB. 3aBAAHHS: MOOYy1OBa
HaOJKeHoi o0nacTi KOMIPOMICIB Ul BHPINICHHS OMHOKPHUTEPIaNbHUX ONTHMI3amifHMX 3amad; BHOIp (YHKIIT KOPHCHOCTI
YaCTKOBUX KPHUTEPIiB; BUKOPUCTAHHS 3arajlbHUX TPUHIUITIB 3aCTOCYBAaHHS TEOPii KOPHUCHOCTI JJIsl BUPIIICHHS KaJpPOBHUX 3aBJ/IaHb;
BHOIp HAMKpalmoro BapiaHTy, Ha OCHOBI METOMAIB OaraTOKpHUTEpiaJibHOI'O OIIHIOBAHHS 1 ONTHUMI3allii; BU3HAYCHHS CTYICHS
BAXJIMBOCTI OKPEMHX KPHUTEpiiB; aHali3 O0COOJMBOCTEH 3aBlIaHb OaraTOKpUTEPIabHOTO OI[IHIOBAHHS B 3ajadax yIpaBJIiHHS
JIIOJICBKUMH pecypcaMi. BHKOpHCTOBYBaHUMH METOIAAMH € METOAM OaraTOKpHUTEpiaibHOIO OLIHIOBAHHS 1 onTHMizamii, (QyHKIIsA
kopucHocTi. OTpruMaHi Taki pe3yJbTaTH. PO3rIsIHYTO 3amady OIIHKM BiHOCHOI Ba)XKJIMBOCTI OKPEMHX KPHTEpiiB, IO BXOSTH 1O
¢yukuii kopucHocti. Onmcana mporeaypa BU3Ha4eHHs HaOIMDKeHO! 001acTi KOMIPOMICIB 3 ypaxyBaHHsAM Oe3nidi 0COOMCTICHHX i
TICHXOJIOTIYHUX XapaKTePUCTHK MIIIXOM IIOCIIJOBHOTO BHPIIICHHS OJHOKPUTEpPIabHUX ONTHUMI3AIliMHUX 337ad 10 KOXKHOMY
OKpeMoMy KpuTepito. PosrmsHyro 3amauy QopmyBaHHs iHTerpaibHOi OaraTokpurepianbHOi (yHKIIT Uit BHOOpY Kpammx
anpTepHaTuB. [IpoaHaii3oBaHO OCOONMBOCTI BUKOPUCTAHHS 3arallbHUX HMPUHIMIIB TEOpil KOPUCHOCTI JUIl BUPIIICHHS KaJpOBUX
3amad. ChopmynboBaHO (yHKIS OaraTOKpUTEepiadbHOT ONTHMI3amii y BHIVIAAI MOJEII KOPUCHOCTI YACTKOBHX KpPHUTEPIiB.
CdopmyrnpoBaHa 3arajibHa 3agada OI[IHIOBaHHS Ta ()OPMYBaHHS TPYIOBHX PECYPCIB 3 ypaxyBaHHSIM MPO(ECIHHUX 1 0COOMCTICHO-
MICUXOJIOTIYHHUX BJIACTHBOCTEH KaHauzaarta. BUCHOBKH. Y CTaTTi pO3IISHYTO 3a1a4y (OPMyBaHHS KOMAHAM MPOEKTY. Po3risHyTo
eranu QopMmyBaHHsS KomaHau. OmumcaHa Tpolenypa BHU3HAUEHHS HaOMMKEHOi oONacTi KOMIIPOMICIB i3 ypaxyBaHHSIM Oe3miui
0COOHCTICHHX 1 NCHXOJIOTIYHUX XapaKTePHUCTUK IUIIXOM IOCIIJOBHOTO BHPINICHHS OJHOKPUTEpPIaIbHUX ONTHUMI3aLiMHUX 3a1ad 3a
KOKHUM OKpeMuM Kputepiem. ChopMyinboBaHO GyHKIIsI 6araTOKpHTEepiaabHOT ONTUMI3ALT y BUTIISI MOZENI KOPUCHOCT] YaCTKOBHX
KpHTepiiB. 3arpornoHOBaHO METOA MiZ0Opy Ta OLIHKM KaJIpiB Ul IUIAHOBAHHMX IIPOEKTIB, B OCHOBY SIKOTO ITIOKJIaJeHa IpoIeaypa
TOIIYKY KaHJIMIATIB IO CKJIaay KOMaHI{ HOBOTO IIPOEKTY 31 CKJIa/ly BHKOHABIIIB aHAJIOTTYHUX POOIT B MPOEKTaX MUHYJIUX POKIB.
KurouoBi ciioBa: popmyBaHHS KOMaHIM MPOEKTY, QYHKIIiSI KOPHCHOCTI, OaraToOKpuTepiaabHa ONTUMI3allis.

OOPMAJIN3ALUA 3AJAYN POPMUPOBAHUA KOMAH/bI ITPOEKTA HA
OCHOBE TEOPHUMU ITIOJIE3HOCTH

IIpeqMeToM u3yueHHs] B CTaThe SIBISIIOTCS MaTeMaTHMYEeCKHE MOJISNM U PElIeHWs YacTHBIX 3ajad 1mojadopa KaHIMIATOB IIPU
(dopmupoBaHHN KOMaHIBI TpoekTa. Lleib — mocTpoeHmne 00JIaCTH KOMIPOMHUCCOB JJIsi MHOXKECTBA YacCTHBIX KPHTEPUEB MMOAOOpa
KaHIuIaToB ¥ (OPMHUPOBAHUS HWHTETPAIBHOM ONTUMH3AIMOHHOM (GYHKIMM B BHAe (YHKIMM IIOJE3HOCTH, Ui BBIOOpa
MIPENOYTHTENBHBIX ATbTEPHATHB. 3aJa4l: TOCTPOSHNE TPUOIMKEHHOI 001aCTH KOMIPOMHCCOB JUTSl PEIICHUsI OJJHOKPUTEPHUATBEHBIX
ONTUMH3ALUOHHBIX 3a]a4; BHIOOp (YHKIMH TMOJE3HOCTH YACTHBIX KPHUTEPHEB; HCIIOIB30BaHHE OOIMUX MPHUHIMIIOB NMPUMEHEHHS
TEOPHUH TOJIE3HOCTH ISl PEHICHHs KaJpOBBIX 3a7ad; BHIOOP HAMIYYIIEr0 BapHaHTa, HA OCHOBE METOJOB MHOTOKPHTEPHAIHLHOTO
OIICHMBAHUS W ONTHMHU3AIMH; ONpENEICHHE CTCIEHH BAXXHOCTH YACTHBIX KPUTEPHEB; aHATM3 OCOOEHHOCTEH 3a1adu
MHOTOKPHTEPHAITFHOTO OIICHWBAHUS B 33/1a4axX YIPaBJICHUS YEIOBEUYECKUMH pecypcamu. Mcrmoib3yeMbIMH METONAMH SBISIOTCS
METO/bl MHOTOKPUTEPHATIBHOTO OLEHWBAHWA M ONTUMH3ALUWH, (QYHKIUS ToJe3HOCcTH. [lomydeHsl crienyiomue pe3yJbTaThl.
PaccmoTpeHa 3ajaua OLICHKM OTHOCHTEIBHON Ba)KHOCTH YACTHBIX KPHUTEPHEB, BXOIANIMX B (YHKIHIO Tosie3HocTH. OnmcaHa
mpoLexypa OIpeAeeHNs] TPHOJIKEHHOH 00JacTH KOMIPOMHCCOB C y4YETOM MHOXKECTBAa JMYHOCTHBIX M IICHXOJIOTHYECKHX
XapaKTepPUCTUK ITyTEM MOCIEJOBATEILHOTO PEIICHUS] OJHOKPUTEPHATIBHBIX ONTUMH3ALMOHHBIX 337ad M0 KaXJIOMYy YacTHOMY
kputepuio. PaccmoTpeHa 3aaua (OpMHPOBAHUSI MHTETPAbHOW MHOTOKPUTEPHAIBHON (YHKIUM JUIs BBIOOpA MPEANOYTHTEIBHBIX
anpTepHaTuB. [IpoaHamM3MpOBaHBl OCOOCHHOCTH HCIOJIB30BaHMS OOMIMX TMPUHIUIIOB TEOPHU TMOJE3HOCTH IS PEUICHUS KaJPOBBIX
3agad. ChopmynupoBaHa (QYHKIHS MHOTOKPUTEPHATIBHOW ONTHMH3AIMA B BHAEC MOJIETH TMOJE3HOCTH YaCTHBIX KPUTEPHEB.
ChopmynupoBana oOmiast 3aja4a OlUCHUBAHKUS U (HOPMHUPOBAHHUS TPYAOBBIX PECYPCOB C YYETOM MPO(ECCHOHAIBHBIX M JIHYHOCTHO-
MICHXOJOTUYECKUX CBOMCTB KaHAMAaTa. BeIBoabI. B crathbe paccMoTpeHa 3amada GOpMHUPOBAHUS KOMaHIBI IpoekTa. PaccMoTpeHst
9Tanbl GopMUpoBaHUs KoMaHabl. OnncaHa Ipore/ypa onpeielieHns] TPHOIKEHHOH 001acTH KOMIIPOMUCCOB C Y4ETOM MHOXECTBa
JIMYHOCTHBIX W TICUXOJOTHYECKUX XaPaAKTECPUCTUK l'lyTéM MOCJIECA0BATCIIBHOIO PEIICHUA OJAHOKPUTEPHUAJIBHBIX ONTHMHU3AIIMOHHBIX
3a1a4 10 KaXaoMy dvacTHoMmy kputepuio. ChopmynupoBaHa (GYHKIMsS MHOTOKPHUTECPUATBHON ONTHMH3AIMKA B BHIC MOJCIH
IMOJIE3HOCTHU YaCTHBIX KPUTCPUCB. Hpeunomeﬂ MCTO n02160pa U OLCHKH KaJApOB IJIs HHaHI/IpyeMbIX IIPOCKTOB, B OCHOBy KOTOpOro
MOJIOKEHA TPOIIeAypa MOUCKa KaHAWAATOB B COCTaB KOMAaHIbI HOBOTO IMPOEKTa U3 COCTaBa WCIIONHHUTENCH aHATOTHYHBIX PaboT B
MIPOEKTaX MPOILIBIX JIET.
KnioueBsbie ciioBa: popMupoBaHHE KOMaH/BI POEKTA, (DYHKIHUS MMOJIE3HOCTH, MHOTOKPHTEpHATTbHAS ONTHMHU3AIIHS.
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