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In current economic conditions the improvement of investment projecting process is an essential
element of efficient control. Investment projecting determines a financial policy of an economic entity as it
includes both the development of most profitable means of income acquisition and search for new methods
and tools for spare capital investment. In this case the development of the strategy based on investment
projecting optimization is an important scientific issue. In the present research matrix games and regression
analysis methods are used to make an economic — mathematical control model of an enterprise investment
projecting process. The scientific novelty of the research is to develop methods of planned control and to
extend the application field of mathematical apparatus of game theory to solve the tasks of optimal
employment of recourses under conditions of competitive economic environment. The method to optimize
the control of investment projecting suggested in the article allows choosing the best investment projecting
strategy. This strategy is considered to be the process of such production output of an enterprise that will be
soled with the best guaranteed profitability/risk ratio. The suggested econometric method to choose an
optimal control strategy of investment projecting has been used in practice. Features of the suggested
method application have been investigated in the case study of a real object of investment projecting,
necessary calculations have been made and the obtained results have been analysed. This analysis has
revealed the method efficiency to make control decisions when realizing investment projects. The present
method may become a foundation for the development of modern tools for investment projecting control in
the tasks of strategic optimization. The research is of practical interest for experts in the field of investment
and project planning as well as for the specialists who deal with optimal employment of recourses
considering the factors of profitability and risk. The research results may be used by any economic entity
that implements investment activity and there is no doubt that they will increase its activity efficiency and as
a result its competitiveness.
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B ycrmoBusiX COBPEMEHHOW SKOHOMHKH COBEPIICHCTBOBAHME IIPOIICCCA HHBECTUIIMOHHOIO
MPOCKTUPOBAHUS SIBISICTCS HEOOXOMUMBIM 3JIeMEeHTOM 3(D()EeKTHBHOTO yrpaBieHus. VHBECTUIIMOHHOE
MPOCKTUPOBAHKUE ONpeesisieT (UHAHCOBYIO TMOJHWTHUKY XO3SHCTBYIOIIETO CYOBEKTa, MOCKOJIBKY
MpEAToaracT He TOJABKO pa3pabOTKy HauOojiee BBIFOAHBIX CIIOCOOOB MOJYYECHHUS I0XOI0B, HO M IMOUCK
HOBBIX METOJIOB M MHCTPYMCHTOB HMHBECTHUPOBaHMS CBOOOJHOrO KamuTaia. B 3Toii cBs3u paspaboTka
TEXHOJIOTHIA, OCHOBAaHHBIX Ha ONTHMH3AIIMM HWHBECTUIIMOHHOTO TIPOCKTUPOBAHUS, SBISETCS BEChMa
aKTyaJlbHOM HaydHOH mpoOieMoll. B naHHOH paboTe Il MOCTPOCHHS SKOHOMHKO-MaTeMaTH4eCKON
MOJIEJIH TIPOLIecCca YIPABICHUS HHBECTHIIMOHHBIM MPOSKTUPOBAHUEM ITPEANPHUATHS UCIIONb3YOTCS METOBI
MaTPUYHBIX WTP M PETPECCHOHHOrO aHanm3a. HayuyHas 3HAUMMOCTh Pa0OTHI 3aKITIOYAETCS B Pa3BUTHUU
METOJIOB MPOEKTHOTrO YIPABJICHUS M PACIIMPEHHH OOJIACTH NPUMEHEHUS MaTeMaTH4YeCKOro ariapara
TECOPUH WIP K PEIICHUIO 3a/a4 ONTHMAJILHOIO HCIIOJIb30BaHHS PECYPCOB B YCIOBHMSX KOHKYPEHTHOM
SKOHOMHYECKOH cpenpl. [lpemnokeHHAs B XOie WCCIEIOBAaHMS METONUKA ONTHMHU3ALNK YIPABICHUS
TMPOLIECCOM WHBECTHIIMOHHOTO MPOSKTUPOBAHUS TPENPUATHS TTO3BOJISIET PEaTM30BaTh BHIOOP HAMITYHIIEH
CTpaTeruy MHBECTUIIMOHHOTO MPOSKTUPOBAHUS, TI0]T KOTOPOI MOHUMAETCs Mporiecc (GOPMHUPOBAHHUS TAKOTI'O
o0beMa TPOU3BOACTBA NPEANPHUSTHS, KOTOpPBI OyJeT peann3oBaH NpPU HAWIydIleM TapaHTHPOBAHHOM
3HAUYEHUN COOTHOIICHUS «IOXOIHOCTH/pHCK». OCyIlecTBIeHa TPAKTUYECKas pean3anus MpeiaraeMon
SKOHOMETPHYECKOM METOIUKM JUIsi BBHIOOpA ONTUMAJIBHOW CTPAaTErMU YIPABJICHHS WHBECTHUIMOHHBIM
npoekTrpoBaHreM. Ha mpumepe peasibHOro 00beKTa MHBECTHUIIMOHHOTO MPOCKTUPOBAHHS PACCMOTPEHBI
O0COOCHHOCTH TPUMEHEHHUS MPEATIOKEHHON METOMUKH, BBITOJHEHBI HEOOXOMUMBIC PACUeThl M TMPOBEICH
AQHAM3 TIONYYEHHBIX PE3yJbTaTOB, KOTOPBIH MOKaszal 3()(EKTUBHOCTh METOJMKH JUIS BbIPAOOTKH
YIPaBICHYECKUX PEIICHUI MTPU Pean3aliii HHBECTUIMOHHBIX POSKTOB. JlJaHHAS METO/IMKAa MOXKET CTaTh
OCHOBOH IS pa3pabOTKH COBPEMEHHOTO WHCTPYMEHTApHs YIPABICHHS MPOLECCOM HWHBECTHUIIMOHHOTO
MPOCKTUPOBAHMUS B PEIICHUH 33/1a4 CTPATETMICCKOM ONTHMU3AIK. PaboTa MMeeT MpakTHYeCKH HHTepec
JUIL OKCIIEPTOB B OOJAaCTHM WMHBECTUIIMHA W TIPOCKTHOTO YIPABJICHUSA, a TaKXKe IIUPOKOTO Kpyra
CHCIMAIIMCTOB, PEIIAONIMX 33/1a4d ONTUMAJIBHOTO HCIIOJB30BAHUS PECYPCOB C YYETOM I1apaMeTPOB
JIOXOJTHOCTU M pHCKa. Pe3ynmbTaThl HUCCIIENOBAHUS MOTYT OBITh HCIIOJB30BaHbBI JIFOOBIM XO3SHCTBYHOIIIM
CYOBEKTOM, OCYIICCTBIISIFOLIMM UHBECTUIIMOHHYIO JCATCIBHOCTD, U, 0€3yCIOBHO, OBBICAT 3P (PEKTUBHOCTh
PE3YJILTATOB €0 JACITSILHOCTH U, KaK CJICJACTBUE, YPOBEHh KOHKYPEHTOCIIOCOOHOCTH.

Kurouesvie crosa: uneecmuyuonHoe npoeKxmuposanue, ONMUMU3ayus Ynpasienus, npuHsmue
peuteruti, cmpamesuu YNpaeieHus, Kpumepuu ONMuMAalbHOCMU, ajl2OpUmm, NIAMENCHAs Mampuyda,
KOMAPOMUCCHOE Peulerie, meopust uep, 2apaHmupOo8aHiblil pe3yibman.

Introduction complishes not only the most favourable means
pplied economics faces a lot of to get income but also seeks new profitable op-
difficulties nowadays therefore tions to invest available financial resources.
it is necessary to implement its The development of new economic and

processes efficiently. Among these processes is mathematical models and methods to optimize

investment projecting that elaborates and ac- the control of investment processes and the crea-
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tion of the supporting systems of investment de-
cision making based on these models and meth-
ods are the important condition for the modern
economy operation as it improves the invest-
ment climate and increases the benefits from
resource investment into promising projects.

A lot of contemporary scientists write
about different issues devoted to the implemen-
tation of investment projecting. In particular,
O.V. Tochilin, E.I. Markovskaya, V.P.Karev
research the issues of innovative investment pro-
jecting in science-intensive industry; new origi-
nal models of analysis and forecasting of
planned economic systems behaviour are sug-
gested; the issues devoted to the organization of
different financial tools that may be used to fi-
nance investment projects are discussed; the pe-
culiarities of investment decision making at en-
terprises and banks are revealed as well [1-6].
Some articles are devoted to control optimiza-
tion based on gaming technologies [e.g., 7-10].
The further development of models and methods
to optimize the control of investment projecting
processes is an acute issue.

The main tasks of investment projecting,
from the view point of its optimization, are re-
sults forecast and the optimization of investment
projecting control based on particular qualitative
criteria. The present article is devoted to the so-
lution of these tasks. Hence, the scientific practi-
cal task and the scientific novelty of the present
research are to optimize the strategy of invest-
ment projecting. The methodology and the cor-
responding algorithm of optimal investment pro-
jecting strategy, presented in the article, are
based on simulation and research of three fea-
tures of the analyzed process. The suggested
strategy optimizes the guaranteed result for these
features. Moreover, both statistical data,
describing previous periods of enterprise opera-
tion, and market research methods are used to
forecast prices and sales volume (e.g. when
competitors appear, statistical data about them
are added).

Methods and performance of the
scientific problem of control of investment
projecting process

0 solve the above mentioned task
we suggest using the method im-
plemented within the frame-
works of a “games with nature” model. An op-

timal strategy for investment projecting control
is based on this model. Since the sales volume of
production (and correspondingly the volume of
products manufacture) is one of the investment
projecting resources, an optimal investment pro-
jecting strategy means the formation such pro-
duction volume that will be realized with the
best guaranteed ratio of profitability/risk values.

To assess the quality of an enterprise de-
velopment, a set of criteria that are used to
choose an optimal strategy to implement in-
vestment projecting, is selected. The Wald crite-
rion (the guaranteed result principle) that
recommends to apply a maximin strategy, is
pessimistic and nature is believed to behave in
the worst way for an economic entity. Maxi-
mum criteria (principle of optimism) is chosen
according to maximax condition, it is optimistic
and nature is believed to be the most favourable
for the functioning of an enterprise under con-
sideration. The Hurwitz criterion takes an inter-
mediate position that considers both the best and
the worst nature behaviour.

It should be noted that separately each of
the above mentioned criteria may not be consid-
ered to be satisfactory enough to make a final
decision about the control optimization of in-
vestment projecting process, but their joint anal-
ysis allows to visualize the consequences of con-
trol decisions and to form the best strategy.

An econometric method to build a model
that optimizes the control of investment
projecting process has been suggested. This
method is based on the theory of optimal control
as well as the analysis and modification of eco-
nomic methods of investment decision result
forecast conducted by the authors and described
in the works [11-13].

The setting of the task to make invest-
ment decision includes the aim determination,
the characteristic of future condition of an in-
vestment environment and the supposed options
of actions. The task solution is to select actions
that guarantee the best achievement of the speci-
fied aim.

The sales revenue from a company’s
products is considered to be a target index. This
revenue depends on sales volume, market share
and gross return. These indices, in their turn,
depend on marketing decisions that determine,
first of all, product price.



Optimization strategies of guaranteed result...

The condition of external investment en-
vironment is determined by possible options of
market condition, the expected reaction from
competitors to a company action (e.g. in-
crease/decrease of product price), suggested al-
teration of consumers’ preference, etc.

The various options of a decision-
maker’s actions (DM) are the set of investment
measures. Among them are, for example, mar-
keting decisions:

—  to reduce the product price by 10%;

— to increase an ad budget by RP1 mil-
lion;

— to decrease the price by 5% and to
increase an ad budget by P 0.5 million.

Thus, a formal task to optimize decision
making during investment projecting may be
formulated in the following way. The future of
an external investment environment is suggested
to be described with the finite number m of X;,
X2, X3, ..., Xm conditions. There is a possible al-
ternative list from g marketing decisions of Ci,
Cy, Cs, ..., Cy. The aim of a decision maker is to
form a control strategy that is realized by
selecting of one of the possible options that will
assure the best (optimal) guaranteed value of the
target feature.

Control optimization
of investment projecting process

he present method may be de-
scribed as an implementation of
the following set of actions.

1. The possible control strategiesC,,

ielq, where q is the quantity of strategies

(scenarios) of an enterprise development and its
operation at the market during the period under
consideration are formed based on the conduct-
ed marketing research data.

A set of purposeful measures is consid-
ered to be a strategy to manage an enterprise.
This set of measures is characterized by a par-
ticular pricing and market policy, expenses rate,
ad budget and other factors controlled by an
enterprise.

2. Possible market conditions in a k ar-
rays form (options corresponding to different
conditions of the process implementation) are
formed based on the conducted marketing re-
search data. These k arrays consist of m forecast

values X0 = (X0, XD XD, XDy, jelk,

method

independent variables (factors) X, lelm

(e.g. these variables assess the inflation rate,
products prices sold by competitors, market ca-
pacity, etc.), that correspond to possible imple-
mentation of a control strategy C, (ie1,q) of an
enterprise development and its behaviour at the
market during the period under consideration.
Thus, market conditions are considered
to be various combinations of external factors
independent from an enterprise, i.e. each X(?

(lelm;ielq;jelk)value is a forecast value
of the I-th factor of a market condition. This
value corresponds to a particular control strate-
gy C, and a forecast option j.

3. The data necessary to make multiple
regression models are organized based on the
results of conducted market researches. This
model is the dependence between function val-
ues (forecast values of sales volume) that corre-
spond to forecast values of independent varia-
bles (factors) and it is used as a forecast model
in the form:

Yy = AP+l X all P eall gy
x X 4+ +all) x X
where Y, is a forecasted sales volume corre-
sponding to the implementation of the control

strategy (scenario) C., (i 1,q) and to the array

(option) of forecasted values
X = (X, XD X XDy (jeIk) of inde-
pendent variables X(”, IeLm; AY is a con-

stant of the corresponding equation of the re-
gression (1el,m; jelk); al is coefficients of
the corresponding equation of the regression
(lelLm;ielq;jelk).

Thus, various possible options of the ex-
ternal independent from an enterprise factors
implementation are considered to be permissi-
ble market conditions. It means that in the equa-
tion (1) each X (leLm;ielq;jelk) value
is a forecast condition of the market that charac-
terizes, for example, a particular inflation rate, a
competitor’s pricing policy, market capacity or
other external factor independent from an enter-
prise. This value also corresponds to a possible
implementation of a control strategy C, (i<1q)
and a forecast option j.
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4. Forecast values of sales volume are
formed to make a pay-off matrix (Table 1).

Forecast values of sales volume are cal-
culated based on the correlation (1) by means of
variation of independent variable values. These
values correspond to the content of a great
number of suggested control strategies
C={C} ielq and the values of possible

market conditions described by corresponding
arrays of independent variables
X = (X0, X8 X2 XY, jelk; the pay-

off matrix of forecasted values of sales volumes
Y =|Y,|, iela, jelk isformed according to

the formula (1) (Table 1).
Table 1
Elements of a pay-off matrix of forecasted
values of sales volumes

Possible control Ne factors array
strategies 1 (2|3 |..|K
G Yo | Yoo | Yag | ... | Y
G You | Yoo | Yoo | oo | Y
G Yar | Yap | Yag | ... | Y
Cq Yo | Yoo | Yoz | --- | Y

5.0n the pay-off matrix v =|y|.

ielq, jelk data basis that is determined by

the element values from Table 1 we calculate a
maximin estimation of a control strategy. This
estimation determines a guaranteed upper
bound (guaranteed result) of the forecasted
sales value under the worst conditions of the
implementation of the process under consid-

eration: W, = maxminY; , also we calculate the
iel,q jelk

corresponding maximin strategy of control
C. €C that meets the following maximin
Le

conditions:
i elg:minY, =maxminY, =W.. (2)

jelk ik, iel,g jelk
6. The pay-off matrix data from table 1
are used to calculate a maximin estimation of a
control strategy. This estimation determines
the upper bound value of forecasted sales vol-
ume when implementing the most favourable
situation (a superoptimistic result):

W" = max maxy, - These data are also used to
iel,q jelk

calculate the corresponding maximin strategy

of control ¢

[

eC, that meets the following

maximin condition:

i elq: maxy . = maxmaxyj =W~ 3)
jelk it iel,qg jelk

7.To make the compromise solution
between superoptimistic estimation w” and
minimax estimation W,, we calculate the Hur-

witz criterion G value using the formula:
G =max[Bx m|n i+ (- pxmaxy ], (4
jelm

ielq
where g isa f|xed pessimism-optimism indica-
tor that is determined by experts based on com-
petitive advantages analysis of an economic en-
tity when e [0;1]. The pessimism-optimism
indicator gives the quantitative expression of a
decision maker’s ideas about the risk of differ-
ent level, about favourable or neutral environ-
ment where the decision maker should choose
an optimal strategy. g value is an optimism
indicator, and (1- ) is a pessimism one. The
closer the optimism indicator g to 1 is, the
closer to 0 the pessimism indicator (1- p)is,
and more optimistic and less pessimistic the
decision maker is. And vice versa, when g=1,
the present indicator transforms into a maxi-
max criterion, when g =0, it coincides with
the Wald maximin criterion. When g =05,
then (1-p)=05. It means that a decision
maker while choosing a strategy behaves neu-
trally. Responsibility measure influences the
choice of the optimism indicator g value.
More serious consequences of wrong judge-
ment make a decision maker insure against
errors, i.e. the pessimism indicator (1-p) is
closer to 1. To determine the environment and
to analyze the competitive advantages of an
enterprise, a decision maker may use, for ex-
ample, the pay-off matrix of Boston Consult-
ing Group Ltd., or McKinsey Company
[14; 15].

8. Based on the Hurwitz criterion (4)
we make an optimal compromise control strat-
egy cf =cC © ecthat is determined by the

i®© e1,q index and meets the following opti-
mality condition:
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i© Em:ﬁx anY_(e) A +(1—ﬁ)Xm@XY(e) =
i jelk M7,

i

=max[f x mln +(1—/3)xmii<Yij]:G,(;). (5)
jel

ielq

9. When various options have been as-
sessed with several criteria, we make one of
the following decisions: 1) when recommenda-
tions match, it is more confident to make the
best decision; 2) when recommendations con-
trary to each other, the final decision should be
based on its advantages and disadvantages
(choose the strategy that is optimal at least for
two criteria); 3) if different strategies have
been made for all three criteria, the values of
the pessimism-optimism indicator should be
modified in the Hurwitz criterion or, for exam-
ple, the data about possible market condition
may be changed.

Considering the above mentioned in-
formation we suggest the following formalized
algorithm to make an econometric method to
optimize control process of investment
projecting.

Step 0. Initial data formation.

The array of possible control strategies
C={C}, ielq is formed, where q is the qual-
ity of control strategies (scenarios) applied to
plan an enterprise’s investment policy and its
operation during the period under considera-
tion.

According to the data of the conducted
marketing research possible market conditions
are made in a form of k arrays (options corre-
sponding to various conditions of the process
implementation) that consist of m forecasted
values of x = (x» xP xP x®y, jelk,
independent variables of X{", | e1,m that cor-

respond to possible implementation of control
strategy of an enterprise investment projecting
C, (ielq) and the enterprise operation at the
market during the period under consideration.

Step 1. Pay-off matrix formation.

The pay-off matrix of forecasted values
of sales volumes Y =Y, |, ielq, jelk atthe
end of the period under consideration is
formed. This matrix is based on (qxk) arrays
of forecasted values of the chosen factors
XD = (XP, XD xP xD), jelk, that corre-
spond to the array of admissible control strate-

gies C={C;}, ielq. It means that Table 1 is

completed with the values of elements, each
element is calculated according to the formula
():
Yy = AP+l XD alp x X v all)
xX 4 +al) x x el,q, jelk.

Step 2. Formation of a maximin control
strategy.

According to (2) we calculate a maxi-
min estimation of the control strategy

W.® = maxminY, =maxW.(C,), where
iel,q jelk iel,q

W.(C,) = minY, and corresponding maximin
jelk
control strategyc ,, C, that meets the fol-
Le

lowing maximin conditions:

i elq: mlnY(e) =maxminy, —maxW (C)=
iel,q jelk

= W,( (CL,((E) ) = W*(e) .

This strategy is calculated on the pay-
off matrix data v =|v,|, ieLq, jelk basis.

Step 3.Formation of a maximax control
strategy.

According to (3) we calculate a maxi-
max estimation of the control strategy

W = max maxY; =maxW"(C,), where
iel,q jelk iel,q

W' (C,) = maxY; and the corresponding maxi-

jelk
max control strategy Cep €C, that meets the

following maximax conditions:

i®©" e1,q:maxY,,. =maxmaxY, =maxW (C,)=
jeLk i iel,q jelk iel,q

)=w®",

i(®”

=W" (C oy

This estimation is based on the pay-off
matrixY =[Y,|, ielq, jelk data

Step 4. Formation of the compromise
control strategy.

For the fixed pessimism-optimism in-
dex fe [0;1], according to (4) we calculate
the value of the Hurwitz criterion using the

formula:

Gf) =max[gxr mln L+ (A=) miij]:m@x G4(G),
ielg j

where Gﬂ(Ci)=ﬂxroE1|n +(1- ﬁ)xmaxY We
also calculate the optimal compromise strategy
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C}f)=C,(e)eC, that is determined by the
'B

i” 1,q index and meets the optimal condi-
tion:

i®etq:fxminY, +(1-p)xmaxY, =
15 €lq Bx ey i%e)’j (1-p)x AR

ﬂvl

—max [fxmin Y, +(1- f)x max¥; ] = max G, (C))
ielq jelk jelk ielq

=6,(C0)=6f"

Step 5. Formation of the optimal control
strategy.
The optimal strategy c© =C, €C IS

formed on the basis of organised pairs that con-
tain the strategies formed from the solutions of
optimization tasks and the forecasted estima-

t'O”S(Cée) WO); (€ W) (CY,GY) cOrTe-

sponding to them. This optimal strategy is de-
termined by the i® e1,q index from the condi-

tion system:

if W =W@" =G then i® =
_i® ©_c, .

=¥ =C" _Ci,ﬂe)’

if WO =G )v WO =W )y
VW £GP ) then i =i =CO =C
if (W =GE )v (WS =W @)y
VW@ =Gf ), then i® =if) =C® = “or

if W =G )v (WSO =we)v
VWO =G then i© == C® =C ]

if W® =W ©* =G then i =

_i(e) (e) —
=iy =C —Cig).

End of the algorithm.

Considering the above mentioned al-
gorithm the flow chart of the present method
to optimize the control of investment project-
ing process is presented in Figure.

Thus, the present algorithm is a de-
tailed consequences of the simulation stages
of the decision making process to choose the
optimal control strategy of investment pro-
jecting. This algorithm may be implemented
using computer simulation.

Approbation of the method to
optimize the investment projecting control

he practical application of the

authors’ method to optimize

the process of investment pro-
jecting control has been approved by the re-
sults of its approbation in the business pro-
ject “Tandem” Ldt. (Ekaterinburg). While
choosing an optimal pricing strategy of the
present enterprise we considered the market-
ing research results that revealed that the
consumer price index is a key feature of the
market condition. In this connection various
inflation rates (109%, 110%, 112%, 113%,
115% from the initial rate) are considered to
be the “nature” conditions.

The following possible solutions are
considered:

Strategy 1: the price is 10% higher
than the competitors currently have;

Strategy 2: the price is 5% higher
than the competitors currently have;

Strategy 3: the price is the same as
the competitors currently have;

Strategy 4: the price is 5% lower than
the competitors currently have;

Strategy 5: the price is 10% lower
than the competitors currently have;

We mean the average price that the
competitors have.

The task is to determine an optimal
pricing strategy of an enterprise in the cur-
rent conditions. The earnings maximization
is considered to be an optimization criterion
in this case.
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The flow chart of the algorithm to choose the optimal strategy of the investment projecting control

To make a pay-off matrix, we build a
forecast model of sales values using the multiple
regression analysis method [16-18].

This method means to determine func-
tional dependences between the function
(volume of sales) and factors (realization value,

competitors’ price, prime cost, advertising ex-
penses, etc.).

The data about volume of sales, realiza-
tion value, competitors’ prices, ad budget, prime
cost and consumer price index collected for 24
months are the initial data and are presented in
Table 2.
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Table 2
Initial data to make an econometric model
Volume of sales, . Realization | Competitors’ | Advertising | Prime Consumer
Month Time . price
thousands of roubles value, P price, P expenses,P | costP | .
index, %
July 7992.40 1 6 8 2.049 112.42 100
August 5170.33 2 8 12 2.049 112.42 | 103.90
September 4212.12 3 8.3 12 2.049 112.23 | 107.40
October 2137.20 4 8.5 13 1.119 93.00 111.60
November 2980.69 5 9.0 135 1.119 93.00 115.70
December 2688.54 6 9.7 13.7 1.119 93.00 117.50
January 2298.15 7 10.0 13.7 0.84 68.85 121.50
February 1435.65 8 10.5 15 0.84 68.85 126.50
March 2190.90 9 10.9 155 0.84 68.85 131.40
Aipril 2930.56 10 114 155 2.53 148.75 | 137.40
May 4862.85 11 11.8 155 2.53 148.75 | 14210
June 8345.56 12 12.3 155 2.53 148.75 | 147.80
July 8639.25 13 12.8 155 3.28 190.94 | 153.80
August 5458.16 14 13.3 16 3.28 190.94 | 156.20
September 4867.32 15 13.9 16.4 3.28 190.94 | 162.20
October 2540.70 16 14.1 16.4 1.79 12793 | 169.20
November 2900.20 17 15.0 16.4 1.79 127.93 174.30
December 2951.43 18 15.6 16.4 1.79 127.93 181.00
January 2391.80 19 16.2 16.8 1.35 11290 | 187.70
February 1413.19 20 16.9 16.9 1.35 11290 | 195.60
March 2434.05 21 175 175 1.35 11290 | 204.10
Aipril 3140.23 22 18.2 21.2 4.05 24156 | 210.90
May 4875.29 23 19.0 21.2 4.05 24156 | 21350
June 8900.32 24 19.7 21.2 4.05 24156 | 220.40

When applying the regression analysis,
various possible statistically significant models
have been considered. From these models in
accordance to F-test, coefficient of determina-
tion and values of balance standard deviation

we choose the most valuable factors analysing
the significance of the model factors using t-
index. Thus, the model presented in Table 3 de-
scribes the data more efficiently.

Regression statistics of forecast model

Index Index value

Multiple R 0.82

R 0.67

Normalized R? 0.57

Standard error 1439.32
Y-intersection 6184.83
Xy variable -571.33
X, variable 2420.17
X; variable -1207.06
Xy variable 16524.67
Xz variable -310.87

In accordance to formula (1) and the ob-
tained indices values we create the following

model:

Y =6184.83-571.33x X, +2420.16x X, —

Table 3

—1207.06x X, +16524.67x X, —310.87x X,
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where Y is the volume of sales; X; is time; X; is
the realization value; Xz is the competitors’
price; X4 is the advertising expenses; Xs is the
consumer price index.

The model we have made has the corre-
lation coefficient r=0.82 and accurately reflects
sales volume dynamics.

We build a pay-off matrix (Table 4)
based on the created forecast model. The matrix
reflects the forecast values of sales volumes in
October next season considering various strate-
gies and “nature” conditions combination.

Table 4

Pay-off matrix and maximin criterion

Market contitions

. . Minimum | W.® criterion
Price strategies X, X, Xs X, Xe of the line value
Strategy 1 7005.26 7069.53| 7198.07 7262.34 7390.87 7005.26 7005.26
Strategy 2 6873.36 6936.42| 7062.54 7125.59 7251.71 6873.36 -
Strategy 3 6741.46 6803.31| 6927.01 6988.86 7112.55 6741.46 -
Strategy 4 6609.57 6670.20| 6791.48 6852.12 6973.39 6609.57 -
Strategy 5 6477.67| 6537.095| 6655.95 6715.38 6834.24 6477.67 -

Thus, the maximin estimation of a con-
trol strategy determining the guaranteed upper
bound of the forecasted sales volume in the
worst implementation conditions of the process
under consideration forms strategy 1 and its cor-
responding sales volume that is equal to
P 7005.26.

We calculate the maximax estimation of
a control strategy using the data of the same
pay-off matrix. This estimation determines the
most possible upper bound of the forecasted
sales volume at the most favourable condition
implementation. Strategy 1 and its sales volume
value equal to P 7390.87 correspond to the
maximax control strategy (Table 5).
Table 5

Pay-off matrix and maximax criterion

Price strategies Market conditions MaxImUm |\ )« ¢ iterion value
X1 Xs X3 Xa Xs of the line

Strategy 1 7005.26| 7069.53 | 7198.07| 7262.34| 7390.87| 7390.873 7390.87

Strategy 2 6873.36| 6936.42 | 7062.54| 7125.59| 7251.71| 7251.714 -

Strategy 3 6741.46| 6803.31 | 6927.01| 6988.86| 7112.55| 7112.555 -

Strategy 4 6609.57| 6670.20 | 6791.48| 6852.12| 6973.39| 6973.395 -

Strategy 5 6477.67| 6537.095| 6655.95| 6715.38| 6834.24| 6834.236 -

To make a compromise solution be-
tween the pessimistic estimation by the mini-
max criterion W, and the optimistic estimation
by the maximax criterion W™, we calculate a
value of the Hurwitz criterion Gée) for each

strategy (Table 6).

Table 6
Search of a compromise solution when f=0.75
Price . Hurwitz criterion
. Compromise (e

strategies 5 value

Strategy 1 7101.66 7101.66

Strategy 2 6967.95 -

Strategy 3 6834.24 -

Strategy 4 6700.52 -

Strategy 5 6566.81 -

On the present table data basis we
choose a strategy which compromise solution is
maximum. In our case it is strategy 1 and its cor-
responding Hurwitz criterion value — P 7101.66.

To compare, we make calculations us-
ing the pessimism-optimism criterion £=0.25
(Table 7) and p=0.5 (Table 8).

Table 7
Search of a compromise solution when £=0.25
Price ) Hurwitz criterion

strategies Compromise G value

Strategy 1 7294.47 7294.47

Strategy 2 7157.12 -

Strategy 3 7019.78 -

Strategy 4 6882.43 -

Strategy 5 6745.10 -
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Strategy 1 and its corresponding
Hurwitz criterion value equal to P 7294.47 are
the compromise solution based on the calcula-
tions with the present pessimism-optimism
criterion value.

Table 8
Search of a compromise solution when $=0.5
Price . Hurwitz criterion
strategy Compromise G value

Strategy 1 7198.06 7198.06
Strategy 2 7062.53 -

Strategy 3 6927.01 -

Strategy 4 6791.48 -

Strategy 5 6655.95 -

Correspondingly, strategy 1 and its cor-
responding Hurwitz criterion value equal to
P 7198.06 are the compromise solution when
p=0.5.

Thus, when we use the criteria under
consideration (the maximin criterion forms
strategy 1, the maximax criterion makes strate-
gy 1, the Hurwitz criterion creates strategy 1)
we observe the coincidence of these criteria
recommendations. In this case the application of
strategy 1 is more preforable as this strategy
provides an enterprise with the optimal sales
volume.

The application of the method devel-
oped by the authors allows an enterprise to
choose an optimal price strategy considering the
impact of external environment on the enter-
prise activity.

Conclusion

he present research poses the

method to choose an optimal

control strategy of investment
projecting and describes its practical implemen-
tation. Features of the suggested method appli-
cation are discussed in the case study of a par-
ticular investment projecting object.

The present method may become the
foundation of the development of modern tools
of an investment projecting control system. This
system will be able to make decisions for prac-
tical implementation of particular investment
projects.

Further research will be devoted to the
improvement of the mathematical apparatus
used in the authors’ method. In particular, to
make the elements of a pay-off matrix it is pos-
sible to use neural network simulation tech-
niques as options to the mathematical apparatus
of a regression analysis [19-24].
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