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METHODS AND MODELS OF DECISION-MAKING IN UNCERTAIN CONDITIONS

Were considered the issues of making managerial decisions in uncertain conditions with classical criteria approach for
estimation of alternatives from a set of possible decision-making variants. Was considered the decision-making model in uncertain
condlitions, based on the game theory concept when the uncertain situation was caused by objective circumstances which are unknown
or have casual nature. Was formalized the optimal decision-making process on the conditions for adjusting the inventories use volume.
Were considered the concepts and components of the information situation. Was considered the information situation classifier related
to environmental uncertainty and applicable classical criteria in the decision-making process. The risk function in the implementation
of a particular strateqy is defined. Found risk magnitude for a possible information situation and the recorded state of the environment.
Defined risk as the difference between the solution when accurate data on the environment state Is available and the result when
data on the state of the environment is not determined. Three-month plan creation for inventory use is taken as an example, were
considered alternative strategies for the formation of inventories. Developed plan adjustment algorithm for enterprise production
stocks. Defined an effective production strategy for the next strategic management of enterprise production stocks period according
to the algorithm. An assessment matrix of the considered information situation is formed. According to estimates, an alternative
solution was chosen. Using the voting method, the optimal strategy and the amount of risk were found. It is concluded that it is
Insufficient to use one classical criterion for optimal decision-making in uncertain conditions.
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TETAHA CIUKO, TETAHA HECKOPOJAEBA, ITABJIO PUMAP

JloHenbKuii HaNiOHAIBHIN yHiBepcuTeT iMeHi Bacumst Ctyca

METOIM TA MOJIEJI IPUHHATTA PIIEHb B YMOBAX HEBU3HAYEHOCTI

PO3I7ISHYTO 33434y MPMAHATTS YIPaBIIIHCLKUX PILIEHE B YMOBAX HEBU3HAYEHOCTI i3 3aCTOCYBaHHIM KIIACUYHUX KDUTEDIB
OLIIHKWN a/IbTEPHATUB 3 MHOXUHU MOX/IMBUX BAPIGHTIB MPUIHATTS piieHs. PO3I7ISHYTO MOAENb MPMIHATTA pilleHb B yMOBax
HEBU3HAYEHOCT], SIKA OA3YETHCH HA TEOPETUKO-INPOBIU KOHLEMLI], KO/ HEBUIHAYEHICTL CUTYaLUli 06yMOB/IEHa 06 EKTUBHUMU
o6cTaBuHamy, ki HeBIAOMI 60 HOCATL BUNGAKOBUH XapakTep. @OPMAa/I308aH0 MPOLEC MPUIHATTS ONTUMA/IbHUX DillieHb YO0 yMOB
KODEKTYBaHHS 0OCSIiB BUKOPUCTaHHS BUPOBHNYMX 3a1aCiB. PO3r/ISIHYTO MOHATTS Ta CKIa40BI iHGOopMaLiviHOI cuTyauii. PoO3r/ISHYTO
K1acuQpikaTop IHGOPMALIIVIHNX CUTYALIIY, TOBF3aHNX 3 HEBUIHAYEHICTIO CEPEAOBULLA Ta KIACUYHI KDUTEDII, SKi MOXHa 3acTocyBaty y
1IPoLEC NMPUIHATTS PIlLIEHb. BU3HAYEHO QYHKLIO PUSUKY NPYU 34IMCHEHHI NeBHOI CTpaTerii. 3HaufgeHo BE/TMYUHY PUSUKY A/18 MEBHOI
IH@OpMaLiViHOI cnTyauii i 3a@iKCOBaHOro CTaHy CEDPEAOBHIYA. BU3HAYEHO, YO DUMK 3HAXOAUTLCS SIK DI3HULS PO3BA3KY rpu
HAsSIBHOCTI TOYHUX AaHUX LYOAO CTAHY CEPEAOBULILA Ta PE3YIILTATY, KU MOXeE 6yTv JOCArHYTUM, KO/ AaHI LOAO CTaHY CEPEAOBMILA
HE BU3HaYeEHI. HaBeaeHo npukias QOopMyBaHHS TPUMICIYHOIO [1IGHY BUKOPUCTAHHS BUPOOHNYMX 3ar1aciB 3 BpaxyBaHHIM
a/IbTEPHATUBHUX CTPATEMV QPOPMYBAHHS BUPOOHNYMX 3311aCIB. PO3PO6/IEHO arropuTM KOPEryBaHHS [VIaHy BUKODVICTAHHS BAPOOHIWMX
3arnacs rmgrpueMCcTBa. BusHavyeHo e@eKkTuBHy BUPOGHWYY CTPATEriH0 Ha HACTYIIHMA 4acoBmi Mepiof CTPATEriyHoro yrpas/iiHHs
BUPOBHNYMMU 3arIacamu IANPUEMCTBA BIAMOBIAHO A0 anroputMy. C@OpMOBaHO MATPULO OLIHOK IHGOpMaLiviHOI cuTyauli, ska
PO3rSAaEThCA. BiArnoBiAaHO A0 OLIHOK 34IMCHEHO BUOID a/ibTEPHATUBU. 33CTOCOBYIOYM METOL O/IOCYBAHHS], 3HAUAEHO ONTUMA/IbHY
CTPaTeriio 1a BEMYNHY PU3NKY. 3POBJIEHO BUCHOBOK [P0 HEAOCTATHICTL BUKOPUCTAHHS OBHOIO KIGCUMHYHOrO KPUTEDIO AN
PaLIIOHa/IbHOro BUOOPY YrPaB/IiHCLKOrO PILIEHHS B YMOBax HEBU3HAYEHOCTI.

KImt040BI C/10Ba:; MOAESL, HEBU3HAYEHICTB, KDUTEDI, MPMHATTS PILLIEHHS, IHQOPMALIVIHA CUTYaLlIs.

Introduction
At the present development stage of the market relations with complex economic, information, and
organizational relations between managing subjects, economic problems which arise in the management process of
any object depend on a significant amount of external and internal factors which in different ways affect cost efficiency
of enterprise functioning and quickly change in time. It is necessary to consider uncertain conditions and analyze
them, to develop the corresponding models and decision-making methods under the specified conditions.

Related works

Modern decision support systems in economics and finance are based primarily on intelligent technologies.
The works describe general approaches to the design of such systems [1-3] and the development of methods and
models for solving specific problems of management [4], control [5] and audit [6-8], operational [9] and strategic
planning [10-12]. These methods and models are relevant for objects of digital economy, which are characterized by
large amounts of data in computer systems and networks [13-16]. Given the limited availability of such data, the
accuracy of the methods will be insufficient, and the development of a decision support system will be ineffective. In
this paper, we consider the problem of decision making under conditions of uncertainty in the absence of large amounts
of data for decision making.

The purpose of the article is to research the decision-making model in uncertain conditions, based on the
game theory concept with the classical criteria approach for the assessment of alternatives from a set of possible
decision options under conditions of uncertainty in the absence of large amounts of data for decision making.
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Methods and models of decision-making in uncertain conditions

Formalize the process of making optimal management decisions regarding the conditions for adjusting the
volume of inventory use. Take the decision-making model in conditions of uncertainty static model, based on the
game theory concept, when the uncertainty of the situation is due to objective circumstances that are unknown or
random. [1, 2, 3, 4].

The information situation can be characterized by the set:

{x,p,V},
where X = (x4, X, ..., X;,) - Set of decisions (alternatives) of an object of management,
P = (py,p2, ..., Pn) - Set Of uncertain economic environment conditions,

%4

i =1,n,j = 1, m - the estimation functionality (estimation matrix) defined on X and P such

= (”i,j)'

Lj
thatV,; = f(xl-, p}.).

The quality of the chosen decision and its acceptance technique depend on the degree of available knowledge
of the management subject. To understand a certain degree of gradation of the choice uncertainty as to the information
situation (1S) and the environment states at the time of decision-making, from the point of the management subject
(depending on the degree of his available information) [1]. The qualifier of the information situations connected with
an uncertainty of the environment can be considered as:

I, — the first information situation is characterized by the set distribution of a priori probabilities on elements
(factors, indicators, etc.) of environment conditions set.

I, — the second information situation is characterized by the set distribution of probabilities with unknown
parameters or factors of the environment.

I;— the third information situation is characterized by the system of linear ratios on elements set of a priori
distribution of environment conditions.

Within the first three information situations in the uncertain conditions of the environment and consequently,
risk at the implementation of the process of acceptance effective (it is desirable optimum) decisions Bayes's criteria,
modular, the minimum dispersion, Germeyer, a Maximax effectively work [1, 2, 5].

1, — the fourth information situation is characterized by an unknown distribution of probabilities on elements
(parameters, factors, etc.) of a set of conditions of the environment. For such a situation Dzheyns, Laplace's criteria
work effectively.

I — the fifth information situation is characterized by the opposing interests of the environment in the
decision-making process by Wald's criteria, Sevidzha.

I, — the sixth information situation is characterized as the mean between I; and I; when choosing the
environment states in the decision-making process by Gurvits's criteria, Hodge-Lehman [2].

Define functionality V , that has positive component (problem of optimization of categories of usefulness, a
prize, profitability, probability of achievement of a certain strategy), that is

max(V;;),x; € X, Q)
or
vt =v
let for negative component (optimization of expenses, losses, risk), that is
min(V,;), x; € X, 2
or
VT =V

Define function of risk R = (ri,]-),i=1,_n,j=1,_m at certain strategy implementation as linear
transformation is positive or negatively set functionality component V relative units of measure of components
V;; functionalityy V.

So, for V* of a certain information situation, and consequently, the recorded condition of the
environment P; € P, we find risk size as

+

lj = max Vl,j,
for V" respectively
; =minV;;.
Define the risk as the difference between the solution when accurate data on the environment state is available
and the result when data on the state of the environment is not determined.
As an example, definition of alternatives in the conditions of information situations of I; — I, respectively

by estimates:
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F, (X*Lopt) = maxminv; (Wald's criterion). (3)
i J
Wald's criterion expresses the position of extreme care. This property allows to consider this criterion as
fundamental one.
F, (X Z,Opt) = miinm]qx{(max vi]-) - vij} (Sevidzha's criterion). (4)

The criterion of Sevidzha is quite often used in practical activities at making management decisions for the
long period: for example, distribution of capital investments to prospect it yields good results.

Fy (X*3 Opt) = max (l o vU) (Laplace's criterion). (5)
. ax\;

Laplace's criterion is used under a condition when probabilities of possible system conditions are unknown,
that is in the conditions of complete uncertainty.

F, (X*4_Opt) = maxmaxv; (Maksimak’s criterion); (6)
i

By the means of Maksimak's criterion, the strategy which maximizes the maximum prizes for each
information situation is defined as.

Fs (X*S‘Opt) = qumin{pjvij} (Germeyer's criterion); (7)
l J

Germeyer's criterion is the criterion of extreme pessimism, considering the probability of external
environment conditions.

Components X ..., { = 1,5 determine volumes of resources in profit value v;; > 0, or expenses v;; < 0, and

therefore, knowing the price per unit of the resources offered and expenses can be calculated volumes of profit or
losses from any given strategy implementation of rather optimum alternatives. And so, achieved compliance with

estimates (3) - (7) criteria F; — F, can be defined their quantitative estimates.
If experts cannot (or have doubts) to define a condition of the internal production stocks environment during

a certain period of their use to behavior conditions of the external environment on information situations of I, — I,
then the estimation of alternatives by all criteria is carried out F; — F. Definition of an optimum alternative X7, in

this case, it is carried out by a so-called method of a vote, that in essence, means choosing an alternative option for
which most experts voted.
Example review. For the 3-month plan of use of production stocks (PS) creation, it is necessary to create a

stock of material resources: for the first month ¢, — 2000 units, on the second ¢, — 2500 units, on the third c; — 3000
units. For the first month the price for 1 unit of material resources is z; — 5 c.u., on the second z, — 6 c.u., on the third
z3 — 7 at. lake. Expenses on preservation take 1 at. c.u./unit.

Can be created three alternative strategies: x; — to make a stock only for the first month, that is 2000 units;

x, — 1o make a stock for the second month, that is 2500 units; x5 — to make a stock in 3000 units in the first month,
and other volumes if they are necessary, next month (tab. 1).
Table 1
Alternative strategy of formation of production stocks
Possible environment condition

P, (1,)

Alternative
X = (X1, X, ey X))

P; (1s)

P, (1,)

. 500 - 1000
X1 -to buy 2000 units.
. 500 0 - 500
X, - to buy 2500 units.
1000 500 0

X3 - to get 3000 units.

Can be defined effective production strategy on following t,;,i = 1, k period of enterprise production
stocks strategic management according to the algorithm given on fig. 1.

From the statement of the problem, it is possible to formulate the following strategy: to get 2000 units of
material resources; to get 2500 units of material resources; to get 3000 units of material resources.

Created the matrix of estimates:

—10000 —13000 —13500
v = <—13000 —12500 —16000>,
—16000 —16500 —15000
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where v, i, j = 1,3 determines costs of use of material resources and storage of the unused remains by a

formula: ’
S(Ci - Cj), else Ci> Cj
Vi = [ZOCf * { Zj(Cj - Ci), else Ci< Cj]'

where Z, = Z,, S- costs of storage of the remains of material resources in conventional units on 1 to n.

According to estimates (1) — (2) we choose:

the alternative x5 choice, since

F1(X1op) = max{min( — 10000, —12500, —15000)} = —10000 unit;

the alternative x; choice, since

Fy(Xy0p) = min{max( — 20000, -30500, —40500)} = 20000 unit;

the alternative x; choice, since

F3(X3,p:) = max{~16000,~16500, ~17500} = —16000 unit;

the alternative x; choice, since

Fu(X40pe) = max{max( — 15000, 1600, ~18000)} = —15000 unit.

FS(XS,opt) decides on the probabilities set by experts p, = 0,2;p, = 0,5;p, = 0,3 according to three
months of stocks usage.

Fs(Xs0p) = max{~13000, 15000, ~17500)} = —13000 unit.

Applying a vote method, can be concluded, that optimal strategy corresponds to an alternative of X*qp: = 2000
units, for which expenses on production stocks make 10000 units. Therefore, on formulas (1), (2) risks are

r =-1000 - (-16500) = 6500 units,
where in a role v;; acts smallest of all from values v+ij a matrix (v;;).

Identification of a state t,i = 1,
Use of PS

Comparison of values of the flowing
and predicted efficiency indicators -
definition of components

AU, i =1,n vector 4 U

Y
Establishment of the fact of
VZ use according to the

strategic plan
Formation of alternatives of possible changes of volumes
of VZ i
Expert assessment of
¢ reserves of VZ use on
Formation of corresponding alternatives estimation following t,.,,i = 1k
criteria in the conditions of information situations 1 - 6 on period
the external environment behavior
l Definition of components
Defimition of an optimal alternative in the conditions of q..i = 1, m vector 6 -

multicriteria assessment equals to the formed risk

plan management.

Calculation of the corrected planned schedule for PS use

onty,,,i= 1,k VZ development period
Definition of components q ,i = 1, m vector E). -

formation of the corresponding risk plans management

Fig. 1. Algorithm of the enterprise production stocks usage plan updating
Conclusion
Summarizing the above, we can conclude that uncertainty is an insurmountable quality of the market
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environment due to the influence of many different in nature and direction factors that together cannot be estimated
or measured. When forming a management decision in uncertain conditions, the use of one of the above criteria is
insufficient for an optimal choice of decision. It is necessary to consider the time factor, combine the criteria and
analyze the criteria in situations with full data availability to verify its results reliability. It is also advisable to combine

the application of these criteria with the method of expert assessments.
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