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MODELING THE OPTIMIZATION PROCESS OF INVESTMENTS IN
DEVELOPMENT OF THE ENTERPRISE TAKING INTO ACCOUNT
RANDOM COSTS

Purpose. The study aims at substantiating the method to determine the optimal volume of investments for im-
proving basic economic indicators of the enterprise’s performance selected by the company management at random
costs at each stage of its development. Methodology. The proposed methodology for determining the optimal in-
vestment volume is based on simulation modeling methods and optimal control theory, in particular, the dynamic
programming procedure, since the controlled process of the enterprise’s development is a multi-step one. Using
step-by-step planning with generation of costs for transitions and statistical processing of results, a solution to opti-
mization problem was obtained, to which the methods of mathematical analysis cannot be applied. Findings. An
algorithm has been developed for calculating the minimal volume of capital investments for improving selected
economic indicators and constructing the optimal trajectory for the enterprise’s development from the initial eco-
nomic state to the final desired state. This takes into account unforeseen intermediate costs in the process of enter-
prise development. Originality. It is shown that using the methods of the theory of optimal control and simulation
modeling, it is possible to calculate the minimal amount of capital investments to improve the selected economic
indicators that determine the efficiency of the enterprise performance, taking into account the random costs of in-
termediate transitions by the development stages. Such calculation does not depend on the specific content of eco-
nomic indicators. Practical value. The proposed methodology for calculating the minimal volume of capital in-
vestments is quite simple, but at the same time it allows, on the one hand, determining the priority areas of the en-
terprise’s investment activities. On the other hand, it increases the manageability and transparency of the enter-
prise’s economic activity, and increases the manager’s confidence in the correctness of the decisions made.

Keywords: optimal control; simulation modeling; economic indicators; efficiency; optimal investment volume;
optimization; competitiveness; manageability; dynamic programming; optimal trajectory; random costs

Introduction ous profitability, consumption and savings indica-
tors. In conditions of low per capita incomes, most
of them are spent for consumption. The growth of
income increases their share, aimed at savings,
which serve as a source of investment resources.
Consequently, increase in the share of savings
causes a corresponding increase in the volume of
investments and vice versa. Also, the expected net
profit margin has a significant influence on the
investment volume. This is due to the fact that
profit is the main incentive for investments. The

The main economic indicators of reflect the re-
sults and success of the enterprise performance. On
the other hand, the effective activity of the enter-
prise in the long term, ensuring high rates of its
development and increasing competitiveness is
largely determined by its investment level and the
range of investment activities [1, 2, 6].

Investment activity depends on many factors.
For example, on the distribution of the income re-

ceived to increase working capital, improve vari-
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higher the expected net profit margin, the corre-
spondingly higher will be the volume of invest-
ments, and vice versa [3-5, 7].

As you know [6-8], before starting investment,
you need to perform a set of work to justify the
effectiveness of investments in the enterprise,
called the investment project. Investment project
preparation is a lengthy and sometimes very ex-
pensive process consisting of a number of acts and
stages [1, 2, 6, 7, 9-13].

The main goal of investment project aimed for
the enterprise development, as a rule, is to increase
net profit and profitability ratios, therefore, in-
crease its efficiency to the desired level. Conse-
guently, one of the stages of its preparation can be
the determination of the optimal (minimal) volume
of investments. The methodology for solving this
problem using the methods of optimal control the-
ory [4, 5] is given in the works [3, 8].

Let us note that the solution to this problem is
significantly complicated at unforeseen (random)
costs at the stages of enterprise development.
Therefore, the methodology developed in the
works [3, 8] is not applicable in this case. This
work is a continuation of the work [8]. It provides
an algorithm for determining the optimal (mini-
mum) volume of investment at random costs ac-
cording to the stages of enterprise development,
developed on the basis of simulation modeling
methods.

Purpose

The main goal of this study is to substantiate
the method for determining the optimal volume of
investments for improving basic economic indica-
tors of the enterprise’s performance selected by the
company management at random costs at each
stage of its development.

Methodology
Let

& =a,uj; B =b 5

C. =C

(] i—>i+l joj+1

the costs for transitions from the level (R, R;) of

profit values and the profitability ratio to the levels
(P RJ) ! (PI’ Rj+1) ’ (Pi+11 Rj+1) ' Whel’e

i=01..,N; j=01..M,, are the number of

calculation steps, respectively, and the calculation
step is a month, quarter or year. These costs can be
calculated using the so-called discounting method,
i.e. reduction the incomes obtained at different
times and expenses incurred within the framework
of the investment project to a single (base) time
point [6, 7]. All calculations are carried out in an-
nounced, target and estimated prices.

In this paper, we give a methodology for calcu-
lating the minimal volume of investments to
achieve the set values of B, — net profit and R, —

profitability ratio of the enterprise with unforeseen
(random) costs at each stage of enterprise’s devel-
opment, i.e. when the values

Qi1 By Cinintjojo

are random with given distribution laws.

The basis of the proposed methodology is the
procedure of dynamic programming and simula-
tion modeling [4, 5]. This procedure, using step-
by-step planning, allows not only to simplify the
solution of optimization problems, but also to solve
those to which the methods of mathematical analy-
sis cannot be applied.

The procedure for optimizing the volume of in-
vestments with known transition costs

a b, C

isieljr Bjosjar Cisisgjojet

is given in the author's paper [8].

According to this procedure, the process of
making an investment decision starts with the last
k -th step. At this step, one chooses a solution that
makes it possible to get the greatest effect (reach-
ing the final level (R, R,) with the minimal in-
vestment volume). After planning this step, one
can add the penultimate (k —1) -th step, to which,
in turn, add the (k —2) -th, etc.

In order to plan the k -th step, one must know
the level (P, R) of the enterprise at the (k —1) -th
step. If the level of the enterprise (P, R) at the
(k —1) -th step is unknown, then all sorts of levels
are considered at this step. For each possible level,
one chooses the so-called sub-optimal decision at
the last, k -th step.

Let it be planned k -th step investment process
and (R_y1, Rega),

i+17
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(Pk—l,z’ Rk—1,2) LRRRE) (Pk—l,r' Rk—l,r)

are possible levels at the (k —1) -th step. At the last
step, we find a sub-optimal decision for each of
them. Thus, the k-th step is planned. Indeed,
whatever the level (P, R)at the penultimate step, it
is already known which solution should be applied
at the last step. We proceed similarly at the
(k—1) -th step, but we have to choose the sub-
optimal decisions taking into account the ones that
have already been chosen at the k -th step, etc. As
a result, we come to the initial level (R, R,) of
net profit and profitability ratio.

For the first step, we do not make any assump-
tions about the possible level (P, R), since the
level (R, R,)is known, and we find the optimal
solution, taking into account all sub-optimal deci-
sions found for the second step. Going from
(Ry, Ry)to (B, R,), we obtain the desired optimal
decision, which ensures the minimal volume of
investments and their best distribution according to
calculation steps.

A model example is given in the work [8], which
demonstrates the efficiency of this procedure.

Often, in practice, the values of parameter
(transition costs)

;=815 0B;=Db,u

C. =C

(] i—>i+l joj+1

are random ones. In particular, they can be deter-
mined using formulas

o eloiy, ol ] Biye[ By B

1 2
G e[csi,j, G”—]
— random correction factors for transition costs
with given distribution laws, a’;, b’;, ¢, basic
values of transition costs for this sector of the
economy. Parameters & ;, b, ;, ¢ ;, dij, &, fi;

can be determined with the help of statistical anal-

ysis of changes in prices for products and services,
force majeure circumstances (including, for exam-
ple, changes in legislation related to the economy).

Thus, by one going from (R,, Ry))to (R, R,)
we will not get the optimal decision, which ensures
the minimal volume of investments and their best
distribution according to the calculation steps, due
to the randomness of the transition costs.

In this paper, to solve this problem, it is
proposed to use simulation methods, namely, the
Monte Carlo method. The essence of this method
is as follows. Let X, X,,..,X, be the random
input parameters with the given distribution laws,

and Y is the output parameter of the system:
Xl
—_—
X, object Y
—]
X n

——

Fig. 1. The structural diagram of the object operation

It is assumed that the type (law) of dependence
of Y parameter on the input parameters is known

(Fig. 1):
Y =F(Xy, X0 X)) 1)

Algorithmically simulation model of the object
functioning process is a software implementation
of formula (1) by generating random variables

Xy Xpy ooy Xy s
In our case, input parameters are the transition
costs

_ 0 _ 0
a =08, b;=pBb;

0

C . ZGI,jCI,J'

1]
Y — is minimal investment volume calculated us-
ing the procedure of the dynamic programming
method (function F), which is described in the
work [8].

Findings
According to this algorithm, it is convenient to
search for the optimal decision (transition) from
(R, Ry)to (R, R,) geometrically on the POR

plane, or rather, on the rectangle bounded with
right lines
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P=P,P=R,R=R,, R=R,

which is the area of acceptable levels. The initial
(Py, Ry)and final (B, R,) levels are well defined

as two points of the plane (Fig. 2) [1].

In Fig. 2, vertical segments show increase in
profitability ratio at a constant profit value, hori-
zontal segments show increase in profit at a con-
stant value of profitability ratio, and diagonal seg-
ments show simultaneous increase in profit and
profitability ratio.

Fig. 2. Optimal trajectory of enterprise development

For each set of generated transition costs,

0. 0. 0.
& =9 id bl,j:Bi,jbl,j’ G,j =0iiCj»

according to the above procedure, its own optimal
transition trajectory T from (R, R,) to (R, Ry)
is constructed and the minimal volume of invest-
ments Y is calculated.

The simulation model of the decision-making
process on the investment volume and the optimal
trajectory of enterprise’s development is being
software implemented according to the following
macroalgorithm:

Step 1. Determination and input of basic values

0 o
&, by,

0 1 2 1 2 1 2
Cijs % @i, Bijs Bijy Oy 00
and the number of experiments (simulation model
starts up) M .

Step 2. The generation of random variables

o | ,Bi,j 1O - If they are evenly distributed, then

the generation can be performed according to the
following formulas

2

]

o )random +oy

Bij Z(B.ZJ _Bil,j )random"‘ﬁil,j

Gi | =(csfj —csilvj)randomjtcsilyj
In the case of normal distribution, the following
formulas for random number generation can be

applied

N -
Bi.; =m[izi ‘2}/\/3* M (Bi;).

i=1

where D(.), M(.)are dispersion and mathematical

expectation of a random variable accordingly,
Z,,2,,...,z, are uniformly distributed random varia-

bles from the interval [O , 1], k>12.

Step 3. The construction of the optimal transi-
tion trajectory T from (R,, R,) to (R, R,) and
the calculation of the minimal volume of invest-
ments Y for a given set of generated transition
costs.

As noted in the work [8], if for a certain nodal
point (see Fig. 2) there are several (two or three)
sub-optimal decisions, then all of them are marked
with arrows, and then any of them is selected. In
these cases, the problem has several solutions if
such nodal points belong to the optimal trajectory.
In other words, the minimal volume of investments
obtained for a given set of generated cost values
can be spent using several transition trajectories
T from (R, R,) to (R, R,).

Step 4. Repeating steps 2 and 3 M times and
interval alignment of the obtained statistical mate-
rial in the form of a table

Table 1
Results of computational experiments
Y Yl Y2, s=1,..,m,
Trajector3_/|_frequency N,, s=1...m
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Number m— the number of intervals, which is
determined by the Sturgess formula

m=1+33-IgM .

The length h of the interval (Y., Y;?)is deter-
mined by the formula

b Yo =Y

m

min
)

where Y., Y, — are the maximum and minimum

values of the parameter Y obtained as a result of
experiments.
In Table 1 N,— the number of trajectories for

which Y e (Y], Y2).
Step 5. Average values calculation

v
M

Obviously, at some value s=s e[l m]

Y e (YS{ , st). several trajectories T of the enter-
prise development may correspond to the interval
(YS{ : Ysg) . The enterprise management can choose

from them a specific, most convenient way of de-
velopment from the implementation point of view.

Originality and practical value

It is shown that, using the methods of optimal
control theory and simulation modeling, it is possi-
ble to calculate the minimal value of capital in-
vestments to improve the selected economic indi-
cators, which determine the efficiency of the enter-
prise at random costs for intermediate transitions
by the development stages.

The technique proposed in the article is quite
simple, but at the same time it allows, on the one
hand, determining the priority directions of the
enterprise’s investment activity. On the other hand,
it increases the controllability and transparency of
the enterprise’s economic activity, increases the
manager’s confidence in the correctness of deci-
sions made [8].

Conclusions

The proposed calculation method does not de-
pend on the specific content of economic indica-
tors. The result depends on the accuracy of deter-
mining the distribution laws of random variables
i, Bij, o;; using the methods of mathematical

statistics. And this, in turn, depends on the quality
of the statistical analysis of the specifics of the en-
terprise’s economic activity.

Let us note that the above calculation algorithm
can be applied to any pair of economic perfor-
mance indicators of any enterprise, including the
enterprise connected with railway [1, 2, 8].
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MOJEJIOBAHHS ITPOIECY ONTUMI3BALIL IHBECTUIIIA HA
PO3BUTOK NIANTPUEMCTBA 3 YPAXYBAHHSAM BUITAJIKOBUX
BUTPAT

Meta. OCHOBHOIO METOIO IIbOTO JIOCIIKEHHSI € OOTPYHTYBaHHS METOAY BH3HAUYEHHS ONTUMAJILHOTO 00CATY 1H-
BECTHIII} HA MOJIMIIEHHs] 00MPaHUX KEPIBHUIITBOM MINPUEMCTBA OCHOBHUX €KOHOMIYHHUX MOKa3HHUKIB €()eKTUBHO-
CTi ioro poOOTH 3a BUIIAJKOBUX BUTPAT HAa KOXKHOMY eTarli po3BuTKy. MeToauka. B 0cHOBI 3aponoHOBaHOT METO-
UKW BU3HAUCHHS ONTHMAIBHOTO OOCSTY IHBECTHIIIN JIeXKAaTh METOH iIMITaIlliTHOTO MOJICITFOBaHHS W Teopii onTHMa-
JBHOTO YIIPABIIHHS, 30KpeMa Npoleaypa AWHAMIYHOTO MPOrpaMyBaHHs, OCKUIBKH KEPOBAaHHWH IPOIEC PO3BHUTKY
HiApueMCTBa € OaraToeTanHUM. BUKOpHCTaHHS MOETATHOTO TUIAHYBaHHS 3 TEHEPALli€l0 BUTPAT Ha MEPEX0/H i cTa-
TUCTHYHOI OOpOOKH pe3yNbTaTIB 1a€ MOKIMBICTH OTPUMATH PO3B’SA30K 3a/1a4i ONTHMI3aIlil, 10 K01 HE MOXHA 3a-
CTOCYBaTH METOJY MaTeMaTHYHOTo aHaii3y. Pe3yiabpraTn. Po3poliieHo anroputM po3paxyHKy MiHIMaJIbHOTO 00Cs-
I'y KamiTaJdbHUX BKJIAJCHb HA MOJIIIIEHHS 00paHMX €KOHOMIYHUX MOKa3HUKIB. [[00y/10BaHO ONTUMAaIIbHY TPAEKTO-
pito PO3BHUTKY IMIANPHUEMCTBA BiJI IOYATKOBOTO EKOHOMIYHOTO JI0 KiHIIEBOrO OaxkaHoro ctany. [Ipu npoMy BpaxoBa-
HI Herepea0ayeHi MPOMDKHI BUTPaTH B Hpolieci po3BUTKY mianpuemctsa. HaykoBa HoBmu3Ha. [TokasaHo, 110 3a
JIOTIOMOTO0 METO/IiB TE€OPil ONTUMAaIBHOTO YIPABIIiHHS Ta IMITAllIHHOrO MOJIENIIOBAHHSI MOXKHA PO3paxyBaTH MiHi-
MaNbHUI O0O0CST KaIliTalbHUX BKJIAQJAEHb HAa IOJIMIICHHS OOpaHWX EKOHOMIYHHX MOKAa3HMKIB, SIKi BH3HAYalOTh
e(eKTHBHICTE POOOTH MiANPHEMCTBA 3 ypaxyBaHHSAM BHIIQJIKOBHX BUTpPAT HAa MPOMIKHI NEPEeXOAd 3a eTalamu
po3BuTKy. IlpmuoMy Takuii po3paxyHOK HE 3aJeXHTh BiJl KOHKPETHOTO 3MICTy EKOHOMIYHHMX IOKa3HHKIB.
IIpakTHyna 3HAYMMicTh. 3anpoNoOHOBaHA B CTATTI METOAMKA PO3pPaxyHKY MiHIMAaJbHOTO 00CATY KamiTaJbHHX
BKJIaJIeHb JIOCUTH MPOCTa, ajle BOJHOYAC JO3BOJISE, 3 OJHOTO OOKY, BU3HAYMTH IPIOPUTETHI HANpsIMKH I1HBE-
CTHLIIHOT iSUTBHOCTI MIAIIPUEMCTBA, & 3 APYrOro — IMiIBUIYE KEPOBAHICTh 1 MPO30PICTh FOCIOAAPCHKOT AisTIBHOCTI
MAIPUEMCTBA, YIIEBHEHICTh KEPIBHUKA B IPAaBMIJILHOCTI IPUHHATHX PIllICHb.

Knouosi cnoga: onTuManbHE YIPaBIiHHS, IMiTalilHE MOJICTIOBAHHS, €KOHOMIYHI MMOKA3HUKH, ¢()EKTHBHICTH
po0OTH; ONTHUMAaIBHUN 00CAT 1HBECTHIIIH; ONTHUMI3allisl; KOHKYPEHTOCIPOMOXKHICTh, KEPOBAHICTh;, TUHAMIYHE IPO-
rpaMmyBaHHsI; ONITUMaJIbHA TPAEKTOPIs; BUIIAIKOBI BUTPATH
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MOJEJIAPOBAHME IMTPOIIECCA ONITUMH3AIIMA MTHBECTULIUM
HA PA3BUTHE IPEJINPUATUA C YUYETOM CJTYUAMHBIX 3ATPAT

Ieab. OCHOBHOII LIENBIO TAaHHOTO HCCIICAOBAHUS SIBIIETCA OOOCHOBAHHE METOJIA ONPENCICHNS ONTUMAIBHOTO
00beMa MHBECTHINIT Ha YIIy4IICHHE BRIONPACMbIX PYKOBOACTBOM MPEIIPHUITHS OCHOBHBIX SKOHOMHYECKHX MTOKa3a-
Tener 3QpPeKTUBHOCTH ero pabOoTHI MPH CIIyYalHBIX pacXoAax Ha KaXIoM dTare pa3Butus. Meronuka. B ocHoBe
IpeATaraeéMoil METOJUKH OTIPEEIICHUS] ONTUMAIbHOTO 00beMa MHBECTUIMHN JIeXKAT METOIbI IMUTALIMOHHOTO MOJIe-
JMPOBAHMSA U TEOPUH ONTHMAIBHOTO YIPABICHUS, B YACTHOCTH MPOIENypa TUHAMHYECKOTO IPOTPAMMHPOBAHMUS,
TaK KaK YIpPaBJIIEMBIH IIPOLECC PA3BUTHUS NPEIIPUATHS SBISIETCS MHOIO3TanHbIM. VICIOJIb30BaHUE IO3TAIHOTO
IUIAHUPOBAHUS C TeHepalel 3aTpar Ha Mepexo/bl U CTATHCTHYECKOH 00pabOTKM Pe3yNbTaToB JAaeT BO3MOXKHOCTD
MOJY4YUTh PEHICHUE 3aJadyu OITUMHU3alHU, K KOTOpOfI HEJIb3d NMPUMEHUTH MCETOJbI MAaTECMaTU4Y€CKOro aHain3a.
PesyabTaThl. Pa3paboran anroputM pacueTa MHHAMAILHOTO 00beMa KalUTAJIbHBIX BIIOKCHHI HA YIIYUIIICHUE BbI-
OpaHHBIX IKOHOMHUUECKHX Moka3zareneil. [locTpoeHa onTUManbHast TPaeKTOPHUsT Pa3BUTHS MIPEAPHATHUS OT HA4aJIbHO-
I'0 ’KOHOMHMYECKOTO 70 KOHEYHOTO >KeJlaeMoro cocTosHus. [Ipu 3ToM ydTeHBl HempenBUICHHBIE TPOMEKYTOUHbIE
pacxonsl B mporecce pazBuTus npeanpuatui. Hayunas HoBu3Ha. Iloka3aHo, 9YTO ¢ MOMOIIBIO METOAOB TEOPHH
ONTHMAJIBHOTO YIPABJICHAS M MIMUTAIMOHHOTO MOJICTTMPOBaHUS MOXKHO IIPON3BECTH pacueT MUHUMAIILHOTO 00beMa
KaNUTIbHBIX BIIOKCHWH Ha YIydlIeHHE BBIOPAHHBIX SKOHOMHYECKHX IIOKa3aTesieil, KOTOpBIC OMNPENeIIOT
3G PEeKTUBHOCTS PAOOTHI MPEANPHATHS C yUETOM CIyJalHBIX 3aTpaT Ha NPOMEKYTOYHBIE IEPEXOABI IO 3Taram
pasButus. IIpumuéM Takoil pacdeT HEe 3aBUCHT OT KOHKPETHOTO COAEPKaHWS SKOHOMHYECKHX MOKa3aTeleH.
IIpakTHyeckass 3HaYUMOCTh. [Ipeanaraemas B cTaThe METOAWKA pacdyeTa MUHHMAJIBLHOTO 00bEeMa KalnTaIbHBIX
BJIOXKEHHUI JOBOJIBHO IPOCTA, HO B TO e BPeMs MO3BOJIAET, C OAHOM CTOPOHBI, OIPEAETUTh IPUOPUTETHBIC HAllpaB-
JICHUA I/IHBCCTHHHOHHOﬁ ACATCIbHOCTH MPCANPUATUA, a C [[pyl"OIZ — MOBBIIACT YHPaBJIACMOCTb U NPO3PAYHOCTDH
XO3SIIICTBEHHOM JIEATENBHOCTU MPENNIPUITHSI, YBEPEHHOCTh PYKOBOJIUTEINS B NPAaBUIBHOCTU IIPUHUMAEMBIX pelle-
HUHN.

Kniouegvie cnoga: onTUMallbHOE YNpaBIICHHWE; UMUTAIMOHHOE MOJEIMPOBAaHME; 3KOHOMHUYECKHE IMOKa3aTelly,
3¢ PEeKTUBHOCTb PadOTHI; ONTHMAIBHBIN 00BEM WHBECTHIMI; ONTHMHU3ALNs; KOHKYPEHTOCIOCOOHOCTD; yHpaBisie-
MOCTb; AHHAMHUYECKOE ITPOTPaMMHPOBaHNE; ONTUMAJIbHAS TPAEKTOPHS; CIIydaiiHbIe 3aTpaThl
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