N. Shevchenko, E. Gudkova

UDC 658:338.5+519

N. Shevchenko,
PhD (Economics),

E. Gudkova,

Donbas State Machine-Building Academy, Kramatorsk

THE USE OF MATHEMATICAL METHODS FOR DECISION MAKING
IN OPTIMAL PRICING STRATEGY FOR ENTERPRISES

Problem Statement. At the present stage of trans-
formation of economic system of Ukraine the pricing
policy of the company plays an important role in main-
taining the required level of the enterprise competitive-
ness. Increased competition and lowering solvency of
the population is forcing companies — manufacturers to
make more and more concessions to consumers and
middlemen in marketing with the help of the pricing pol-
icy. In addition, the objective factor of increasingly im-
portant role of pricing policy is that the advertising effi-
ciency goes down because of the rising costs of adver-
tising and tightness in the media. Therefore, a growing
number of companies resort to the effective pricing pol-
icy, as a means which can effectively support the com-
pany's competitiveness.

Analysis of Researches and Publications. Suffi-
cient attention is given to the problem of pricing (I.D.
Paderin, G.Yu. Kramarenko, V.I. Yanchuk, G.V. Yan-
chuk, L.A. Shkvarchuk et al.). Classical methods of
pricing (cost and market) are often used in practice. Pric-
ing methods and models develop, modify and adapt ac-
cording to conditions the price is formed in. The varia-
bility of the external operating environments (political
and economic) determines the topicality of choosing the
optimal pricing strategy under uncertainty and risk.

m
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where PV — the price of one item.

Profit Index p is determined by the ratio of the
profit PV to the cost C:
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At the profit of zero in the period n = 0 the price U
(1) is determined this way:

The objective of the study is to develop a model
of the optimal pricing strategy for industrial enterprise
in the conditions of uncertainty and risk.

Presentation of the Main Material. The company
may form a numerous. possible pricing strategies, such
as:

— Strategy 1 — the formation of prices with cost
method, taking into account 20% of the profits;

— Strategy 2 — the formation of prices with cost
method, taking into account 0% of the profits;

— Strategy 3 — the formation of prices in order to
accumulate their own funds.

The choice of the company will depend on the pro-
jected sales volume for the next period and the compa-
ny's management attitude to the economic risk.

According to [1-2] Gross profit PV can be defined
as the difference between revenues B and expenses Z.
We assume that:

B=YX, -a- P; (1)
r=0
Z=X, U +7Z, ©)

where Z, — the fixed costs of production; U, — variable
cost for one unit; X, — the number ofunits produced in
the n-th period;

-ar-P(l)—{Xn-Un+Z } 3)

n

When p#0 the expression for the price C (1)
takes the form:

P(1)=(1+p)'[Xn'Un+Zn]' (6)

m
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When X,  =const=2X,, P(l):(1+P)'{Un+Xn]

n

X -U+Z . .
B =—r— () Relation (7) and (8) are used to determine p and
ZX,H ‘a C (1), providing the enterprise accumulation of new own
r=0 funds for the period n at the expense of the profit, and
Z take into account the rate of income tax:
When X,  =const=X,, BV =U, +—=. B
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To determine the minimum level of retail and
wholesale prices, on the basis of the method used for

pricing at the enterprise, the ration is used (for a cost-
based method for setting the price):

®)

P(l) = (an + Z)tam) 1’2 3 (9)
where P — the minimum retail price of one item,
UAH; Z, — the direct costs of one item, UAH; Z . —
the overhead costs of one item, UAH:

zZ,,+0,., Z
Zd(, — ( sal _b ded — sal) +£’ (10)
1000 Vv
where Z , , — basic salary at the rate of 1000 units,
UAHS O,, ,, — deductions from the basic salary,

UAH; § - the cost of materials for the production of a
given output, UAH; V' — the volume of production of
one kind, items.

5= Z z[1000 j (i

where S, — the cost of I-th kind of materials, UAH;

k — the number of kinds of materials; N, — the con-

sumption rate of I- th kind of material for 1000 units,
— the cost of i-th kind of material, UAH.
Overhead costs are determined by the formula:

units; P

i

L L
=P —Z,=d > B"-V,—(R+Z_h)-(1-d)- Y B" V],
=1 =1

Z +Z +Z
Zoverh — overh _dir ‘ad min market , (12)
1000
where Z,,, ;. — direct overhead costs are determined

_ad-
ministrative costs, determined as a percentage of the
basic salary, UAH; Z — marketing costs, deter-

market

as the percentage of the basic salary, UAH; Z

ad min

mined as a percentage of the basic salary, UAH.
Minimum wholesale price is set at the level:

PV =(Z,+03-2,,,)12,

opt de overh

(13)

where P — minimum wholesale price of one unit,

opt
UAH.

It was noted earlier that the choice of pricing strat-
egy depends on the strategic objectives of the enterprise
and the fact, what management's expectations on the
level of demand will be. This situation can be repre-
sented as a statistical game where players on the one
hand are the company's management, and on the other
hand — the level of demand (the planned volume of
sales) for the company's products.

The level of demand is characterized as possible
states of the economic environment. The strategies are
considered as the possibility of setting the price at the
level of 20%, 0% and 40%, respectively. Then, it is ad-
visable to use the gross profit from sales of products as
the elements of the payment matrix, the matrix of the
game, taking into account the risk of receiving less profit
and the storage costs of the product, provided that it will
not be marketed during the year.

The elements of the payment matrix @, will be de-

termined by the formula:

(14)

where £, —the gross income from sales, UAH; Z, — the expenditures, related with the risk of receiving less profit,

and the storage costs of the unsold products, UAH; d;

: 1
environment, the share; B —

annual sales volume of products of /-th kind, units.;

— demand for products with j - th state of the economic

The price of unit of products of /- th kind and i- th strategy, UAH; ¥V, — planned
L — the total number of kinds of products of enterprise; R, —

the risk of receiving less profit, share; Z _# — the share of the storage costs of unsold goods during the year, share.

The storage costs of the unsold products are as-
sumed to be 27% of the total cost of unsold products.

Under the risk of receiving less profit we mean in-
surance of working capital in order to ensure the effi-
cient organization of the production process.

Initial data for the determination of the payment
matrix are represented in the table 1.

The criteria for selection of the optimal pricing
strategy of the enterprise are:

— Bayes criterion, providing an alternative
choice, taking into account the unequal probability of

125

economic environment states and expressing a choice of
optimistic point of view;

— Laplace criterion that characterizes alternatives
from the standpoint of average gain;

— Wald criterion, which gives an idea about the
best alternative in extreme conditions.

Bayes criterion for a positive evaluation of the

functional F'=F":

s, :B*(sl,(’;P)=man B*(s;; P) (15)
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Table 1
Initial data
The volume of sell- | The volume of sell- The volume of The volume
Strategy ing 100% ing 75% selling 50% of selling 20%

R, Z_h R, Z_h R, Z_h R, Z_h

Strategy 1 (profit 20%) 0,10 0,20 0,10 0,20 0,10 0,20 0,10 0,20

Strategy 2 (profit 0%) 0,05 0,20 0,05 0,20 0,05 0,20 0,05 0,20

Strategy 3 (profit 40%) 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25
Probability of demand (variant 1) 0,10 0,45 0,35 0,10
Probability of demand (variant 2) 0,25 0,25 0,25 0,25

where B'(s;; P) = i * — Bayesian estimation of so- ~p =L =l.n 16

Sis - p;a; Y pj~pj_n3.]_ b ( )

j=1
lutions (strategies) s, (i =1..m);
p; — probability of j - th state of the economic
environment;
S=(s,...,s,) — aset of possible strategies.

Laplace criterion differs from the Bayes criterion
in probability vector only:

Wald criterion defines the optimal strategy in the

worst conditions:
s, :a, =maxa, =maxmina,,
b h seS eo Y

(7

where 6, € O(j = ﬁ) — a set of states of the economic

s5,€8

environment.
Payment matrix and results of selection of alterna-
tives are shown in table 2.

Table 2
Selection of the optimal pricing strategy
The volume | The volume | The volume | The volume . . .
. . . . Average in- | Average in- Minimum
of selling of selling of selling of selling come (B) come (L) income (B)
100% 75% 50% 20%

Strategy 1 (profit 20%) | 39943926 | 269621,50 | 139803,74 | -15977,57 | 208607,15 | 198221,73 | -15977,57
Strategy 2 (profit 0%) | 33545839 | 230627,64 | 125796,90 0,00 181357,19 | 172970,73 0,00
Strategy 3 (profit 40%) | 469641,75 293526,09 117410,44 -93928,35 210751,73 196662,48 -93928,35
The probabilities of the
states of the economic
environment  (Bayes
criterion) 0,1 0,45 0,35 0,10 — — —
The probabilities of the
states of the economic
environment (Laplace
criterion) 0,25 0,25 0,25 0,25 - - -

According to the criterion of Bayes the optimal strategy of pricing is that one, that takes into account 40% of

the profit. In monetary terms the profit will be:

s, ‘max(208607,15; 181357,19; 210751,73) =210751,73 UAH.

s, €S

By the criterion of Laplace the optimal strategy of pricing is the strategy, that takes into account 20% of the

profit. In monetary terms the profit makes up:

s, :ma5x(198221,73; 172970,73; 196662,48)=198221,73. UAH

By the criterion of Wald the optimal strategy of pricing is the strategy, that takes into account 0% of the profit.

In monetary terms the profit makes up:

s, :maxmig(—15977,57; 0;-93928,35)=0 UAH.

i
0 seSs e

Conclusions. Selection of the optimal strategy de-
pends on the projected volume of selling for the next pe-
riod and the company's management attitude to the eco-
nomic risk.

The proposed mathematical model of pricing based
on different rates of profit and seasonality described by

varying the volume of sales, in different conditions of
the economic environment, will make it possible to de-
sign different pricing scenarios, allowing to increase the
efficiency of the price policy of the enterprise.
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BinmiueHo, o po3BuTOK, Moaudikaris i aganra-
sl METO/IB 1 MOZIeJIel IHOYTBOPEHHS BiIOYBA€THCA 3
ypaxyBaHHSM yMOB, B SKHX (OPMYEThCS IliHA. 3a3Ha-
YEHO, M0 MIHJIUBICTh 30BHIIIHIX YMOB (YHKIIIOHY-
BaHHs MiJIPUEMCTB (MOJITUYHUX I €KOHOMIYHUX) BH-
3HAYa€ aKTYalbHICTh MUTAHHS BUOOPY ONTHMAIBHOT I1i-
HOBOi cTparterii B yMOBaX HEBH3HAYCHOCTI 1 PH3HKY.
[ocraBneHo 3aBAaHHs PO3POOKH MOJEINi (HOPMYBAHHS
ONTUMAJIBHOI [IHOBOI CTpaTerii BUPOOHUIOTO IiIPH-
€MCTBa B yMOBaX HEBU3HAYCHOCTI 1 PU3UKY 13 chopMo-
BaHOI MHOXXHHH cTpateriii. Haromomeno, mo BuOip
MiAPUEMCTBA 3aJIeKATUME BiJ] IPOTHO30BAHOTO 00'eMy
peaiizanii Ha MalOyTHIN TIepioAa 1 BIIHOIIEHHS KepiB-
HUITBA MIJIPUEMCTBA 10 EKOHOMIYHOTO pU3UKY. Bka-
3aHa CHTYyAIlisl IPEICTABICHA y BHIIIAI CTATHCTHYHOL
TpH, JIe TPABISIMUA BUCTYIIAIOTh 3 OJIHOTO OOKY KEPiBHH-
IITBO IMiIIPUEMCTBA, a 3 1HIIIOTO — PiBEHb MOMHUTY (TUIa-
HOBaHUI 00'eM peaizallii) Ha MPOAYKINIO MiANMPHEMC-
TBa. BuOip onTHMaNbHOI CTpaTerii IPOMOHY€EThCS 31~
CHIOBATH 32 JIOTIOMOTOI0 KPUTEPIiB MPUHHATTS PillIeHb:
Baiieca, Banbna 1 JIamiaca.

Kiouogi crnosa: miHOBA CTpATeTis, MOJCIIOBAHHS,
pHU3HK, TPUOYTOK, CTaTUCTHYHA Tpa, KpUTEpil Mpuii-
HSTTS PillICHB.

leBuenko H. 0., I'yakosa K. I0. Ucnoan3o-
BaHHe MAaTeMAaTH4YeCKHUX METO/I0B NMPUHATHSA pelle-
HUA npH (POpMHUPOBAHMH ONTHMAJIBHOW IEHOBOI
cTpaTeruy NpeAnpusATHSA

OTMEYEHO, 4TO Pa3BUTHE, MOTU(DHUKALNS U aJIal-
TaIys METOJIOB ¥ MOJIENIeH IEHOOOPA30BaHUS IIPOUCXO-
JIUT C y4ETOM YCJIIOBHIi, B KOTOPBIX OPMHUPYETCSI LICHA.
Yka3aHo, YTO U3MEHYUBOCTh BHEITHUX YCJIOBHHA (QDyHK-
TUOHUPOBAHUSI IPEINPHUATHH (TIOTUTHISCKUX H SKOHO-
MHYECKHX) OTNPEACIISeT aKTyaabHOCTh BOIIPOCa BEIOOpa
ONTUMAJILHOM [IEHOBOH CTPATETUH B YCIOBUSIX HEOTIPE-
neNneHHOCTH 1 prucka. [locraBneHa 3amada pa3paboTku
Mozenu (OPMHUPOBAHHS ONTHMAILHOW IIEHOBOW CTpa-
TETUd TPOU3BOJICTBEHHOTO NPENIPHUATHS B YCIOBHUIX
HEOMPEACICHHOCTH W pHUCKa U3 CPOPMUPOBAHHOTO
MHOXKECTBa cTpaTeruii. OTMEUYEeHO, YTO BBIOOP Mpe-
MpUSTHS OyJeT 3aBUCETh OT MPOTHO3UPYEMOTO 00beMa
peanu3anuy Ha OyIyIIUi EpHOA U OT OTHOILICHUS PY-
KOBOJICTBa MPEANPUATHS K SKOHOMHYECKOMY DUCKY.
Yka3zaHHas CHTyaIs IMPEACTaBlICHa B BUIE CTATHCTH-
94EeCKOI UrpHI, TJIe HTPOKAMHU BBICTYIAIOT C OJHOM CTO-
POHBI PYKOBOJCTBO HPEAIIPUATHS, a C APYTOi — ypo-
BEHb crpoca (IJIaHUPYEMbId 00bEM pealu3alnu) Ha
MPOAYKIHIO peAnpuatus. Beibop onTuMansHOR cTpa-
TETUU MPEJIAracTCsl OCYIIECTBISTH C TOMOIIBIO KPHUTE-
pueB npuHATHS perneHuit: baiteca, Banpaa u Jlamnaca.

Kniouegvie crosa: ieHOBasE CTpaTerus, MOACIHPO-
BaHUE, PHCK, MPUOBUIb, CTATUCTUYECKASI UTPa, KPUTE-
pYY TIPUHSITHS PEIICHHUH.

Shevchenko N., Gudkova E. The use of mathe-
matical methods for decision making in optimal pric-
ing strategy for enterprises

It is noted that the development, modification and
adaptation of methods and pricing models takes place
according to the conditions in which the price is formed.
It is indicated that the variability of the external condi-
tions of functioning of enterprises (political and eco-
nomic) determines the relevance of the issue of choos-
ing the optimal pricing strategy under uncertainty and
risk. The task of developing a model of the optimal pric-
ing strategy of industrial enterprise in the conditions of
uncertainty and risk of the generated sets of strategies.
It is indicated that the choice of the enterprise will de-
pend on the projected sales volume for the next period
and the ratio of the company's management to the eco-
nomic risk. This situation is presented in the form of a
statistical game where players act on the one hand the
company's management, and on the other - the level of
demand (the planned volume of sales) in the company's
products. Choosing the optimal strategy is proposed to
carry out with the help of decision criteria: Bayes, Wald
and Laplace.

Keywords: pricing strategy, modeling, risk, profit,
statistical game, the criteria for decision-making.
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