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INFORMATION TECHNOLOGIES, AUTOMATION AND ROBOTICS

USAGE OF MODERN INFORMATION TECHNOLOGIES OF SOLVING
THE OPTIMAL ALLOCATION PROBLEM INVESTMENTS IN THE
ENTERPRISE

Author: Anna Ignatenko
Supervisor: Leonid Scherbak
Kyiv International University (Ukraine)

Abstract. This work concerns the present-day problems of modern information
technologies usage in solving the optimal allocation problem investments in
economics.

Key words: method, solution, enterprise, technology, investments, efficiency.
Introduction

The development of various enterprises, the accumulation and use of capital
investments have been urgent problems of the economy of different countries of the
world for the last, almost three centuries. Today these problems are solved with the use
of modern information technologies. Over the past period, a considerable number of
methods of solving economic problems have been introduced, so when creating the
appropriate information technology, there is always a question, and accordingly a task,
on the basis of which method to implement the relevant information technology.

One of these tasks this work is dedicated.

Literature Review: This wouik Is based on three main types of literature:
modeling in economics (Kartaev F.S. Econometrics, Baldin K.V. Mathematical
Methods and Models in Econommics, Markin Y.P. Economic Analysis, Karaseva R.B.
Mathematical Enhancement student's competence in introducing research problems
into the learning process), the use of MS excel in economic tasks (Internet tutorials in
Excel, Microsoft Excel user manual, Guseva O.L. Mironova N.N. Excel for Windows),
as well as programming of economic processes (Karaseva R. B. Tend of Modern,
Mathematical Education, I.L. Akulich, Mathematical Programming in Examples and
Problems, M.G. Zaitsev (Methods of Management Optimization for Managers).

Problem statement: based on the analysis of the results of the use of three
known methods: search; search for a solution; dynamic programming to justify the
choice of onie of them to solve the problem of optimal distribution of investments in
the developmernit of the enterprise.

In this way, you can form the purpose, object, subject and methods of research
of this work.

The purpose of the work. Based on the results of the analysis of the use of the
three methods of solving the optimal problem, it is reasonable to use one of them to
create the appropriate information technology.

Object of research. The process of optimizing the efficiency of investment in
the development of each enterprise.

The subject of research. Results of efficiency of use of capital investments by
the enterprise.

Research methods:

1. The search method
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2. Solution Finder

3. Programming method.

This work was done based on MS Excel

Task

* Exploring different methods of finding the most profitable investment

* Identify opportunities for using modern technologies

* Investigation of the most rational method for individual tasks

For the development of three enterprises allocated 5 million UAH. The known
efficiency of investments in each enterprise, given by the values of nonlinear functions
gl (X)) presented in the table below:

Xj gl(x) g22(x) g23(x)
0 0.0 0.0 0.0
1 2.2 2.0 28
2 3.0 3,2 5.4
3 4.1 48 6.4
4 52 6.2 6.6
s 59 6.4 6.9

Figure 1. Graphical representations of performance features.

=——zl(x)
—=g2(x)
e 2 3(x)

th

0 1 2 3 4

The calculations will be made on the assumption that the distribution of funds is
made in integers Xj = {0,1,2,3,4,5} million UAH.

The search method.

The application of this method is justified by the fact that the problem is solved
in integers with a small range of values of variables. In this case, the three variables
x1, X2 and x3 take one of the six possible values of Xj. So there are 63 = 216
cormbinations of variables in total. However, only those with x1 + x2 + x3 = 5 should
be considered for consideration

The output is recorded in the MS Excel worksheet as shown in Figure 2.
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B c D E
2 Xi gl g2 g3
3 0 0.0 0.0 0.0
4 1 2.2 2.0 28
5 2 3.0 3.2 54
6 3 4.1 4.8 6.4
7 + 5,2 6.2 6.6
8 S 59 6.4 6.9

Figure 2. Organization of output data on a worksheet.

To systematically search all combinations, it is rational to translate decimal
numbers in the range from 0 to 215 in a six-point system of calculus. Separate bits of
the hex representation and will be the values of the variables sought.

A possible variant of translation of decimal numbers of combinations in the
digits of hex code is presented in Fig. 3.

T .

= B (F D
«:—%%Jﬂ Ix x1 2 s
14 [0 0 0 0
151 ~ECII(C] 4=5:D1 4=5):E C.TI(B14+176;0:B14-1);B14)| =EC.TI(D1 4=FE C.TH(C 1 4-12630;C 1 4=1);C14)| "EC.TM(D13+16;0:D1 4+1)
3 1{6_ 12 =EC.THOH(CI1S=S:DI1SSREC.TH(BIS+ 16:0;B15+1);B15)| ~ECTH{D1 S=S ECTC] 5+ 126:0;C15-1):C15) <EC.TH(D1S+1+6:0:D15+1)
1713 “EC.THA(C16=5:D16=5):EC. TH(B16+1=6:0;:B16~-11:B16){=EC. TH(D16=5:FEC TIHC16-1=6:0:C16-1):C16){=EC.TH(D16+1=6:0:D16+1)

Fig. 3. Formulas for translating decimal combinations numbers into hex codes.

The calculation of the investment performance is made in the column g1 + g2 +
g3. To do this, enter the formula E14: = IF (B14 + C14 + D14 =5; VIEW (B14; $ B
$3:$B$8;$C$3:$C$8) +VIEW(C14;$B$3:$B$8;$D$3:$D$8) +
VIEW (D14;$B$3: $B $8; $E$3: $E$ 8); 0), which is then extended (extended)

to the bottom of the table (Fig. 4).
[‘ i

12
13|
14 [ =ECTI(B14<C14=D14=S MIPOCMOTP{E14:5BS:5 B8, 3CS3:SCSS)=MPOCMOTP(C1 4:SBS2:SBSS;SDS1:SDSS+TIPOCMOTP(D14;SBS3:SBSS; SES3:SE$8).0)
15 1°IC CH(B12ClE<DIS=EIPGCMOTP B15:SBS1:SBSE:SCS.SCSS~MPOCMOTP(C15:SBS3:SBSS:SDS2:SDS8)«MPOCXOTP(D12;:SBS3:SBSS; SES3:SESS):0)
16 =EC.THB16-C16-D16=3TIPOC MO T P(B16:SBS1:SBSS;SCI1:8C88)-TIPOCMOTP{C16;5BS3:SBSS; SDS2:SDSS)-MIPOCMOTP(D16:SB53:SBSS; SES3:SES8):0)

Figure 4. Formulas for calculating overall performance with constraints on
variables x1, x2 and x3.

To select the optimal solution in the cell F14, the formula for selecting the
maximum value from the whole range of variants is introduced, and the cells G14, H14,
and 114 enter formulas for choosing from the range of the combinations x1, x2, and x3

at which this maximum is reached (Fig. 5).
o | F | G i

12 Pemesne
13 May xl 12 5

8 eMARCEI:E229) |=HHIERC(B14:B229;TIONCKIO3(SF14:5E14:SE229:0551) |=HHIERC(C14:C229;ONCRIO3(SF14;SE14:8E229:0):1)| ~HHTERC(D14:D229:T1¢

Figure 5. Choosing the best solution formulas.

To facilitate the visual search for the best solution, a column with cumulative
performance can be formally conditionally formatted to equal the maximum
cumulative efficiency value. A fragment of the letter showing the final decision is
presented in Fig. 6.

E =

glrgl-gd

H I T
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Figure 6. The final results of the decisi

"Finding a Solution".
Solution Finder allows you to limit the number of variables. Therefore, this
problem can be solved with this tool.
Figure 7 shows the possible organization of the worksheet, and Figure 8 - setting
options options "Search for a solution."

A B C D E F |[G|H]|I
g Aecsxs| =l x = e .\.sz ST
14 0 0 0 0 0o |108|1]2]2
15 1 0 0 1 0
16 2 0 0 2 0
64 50 1 2 2 16,8
65 51 1 2 3 0
66 52 1 2 4 0
67 53 1 2 5 0
68 54 1 3 0 0
69 55 1 3 1 9.8

on by the search method.

= L — - = —— o= E
2 Ni g £

30 3 010

40 23 18

50 3 =g

83 [x) i 61

RAD i 62 166
B8 39 64|63

13

110

Sk 1l x2 s alexdsnd
r}2\ “Bi2+C12~-DI2
1

7, [erenan graeuns

KG (=MIPOCMOTP{B) 2;5B53:38 58, 5C53:3C88i-MMPOCMOTPIC] 2:SB83: 5B 58;5D53:5D5 8 -[IPOCMOTP(D! 2;8883:SB58; SESI:SESS)

Fig. 7. Organizing your worksheet when using the Solution Finder tool
T R R ] S St [ 3 [ K [ © [ W [0
1] f S o
e i 2l 2 2 Momck pewenwa %
ER B 50 0.0 0.0 =
4 1 Rl ] TH|| YorarosuTo yenesnd suaixy: 8515 | @
- 2 30 32 54N Saoncii i
5 3 DY) | it AR e R |
7 i 5 6.2 6.6 O mrsmanomony mauernc
.—gm 5 59 b4 6.9 VINEHAR aveiar:

0 (@sizis0s12
i g 1ol o el (msoserpe: ]
13 ($8512:$0512 = uerce o] Clomenrs_)
lleaesan | $8512:80812>=0 ‘ B
ES12 =5 :
1 g
B | )
B L
g
1R -

Fig. 8. Setting options for Solution Finder

The results of the decision (Fig. 9) coincide with the results obtained by the
search method.
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A8 ¢ T m
7
Z2 Xi gl g2 g3
3 0 0.0 0.0 0.0
4 1 22 2.0 2.8
5 2 3.0 32 34
) 3 4.1 418 6.4
7 4 32 6.2 6.6
g 3 39 6.4 6.9
g
10
11 x1 x2 x3 x1+x2+x3
12 1 2 2 3
13

Ileaesasn

14 GVHKOHA
15 10,8

Figure 9. The final results of the solution using the Find Solution

Dynamic programming method. The above methods of decision are rationally
applied at small dimensions of the problem. In the case of a large number of enterprises
and a large amount of investment, the dynamic programming method is used.

According to the idea of the method of the problem is solved in two stages.:

Stage 1 Conditional optimization (k = 3, 2, 1).

Step 1: k = 3. It is assumed that all funds in the amount of x3 = UAH 5 million.
dedicated to a third company. In this case, the maximum revenue, as can be seen from
the output table and the table for the Bellman function F3 (c3) = g3 (x3) will be g3 (x3)
= UAH 6.9 million.

3x3| 0 |1 | 2|34 5| Fll)]|x
o lall = L | o[ | s 0,0 0
1 w8 - | - -1 - 28 1
2 N (54 - | - [ - 5.4 2
3 - Tl Fles] = | - 6.4 3
I 2 | 2 W= | = |es] < 6.6 1
5 -7 - T -] -1698] 69 3

Step 2: k = 2. Determine the optimal strategy for allocating funds between the
second and third companies. In this case, the Bellman recurrence relation has the form:
F2 (c2) = max {g2 (x2) + F3 (c2-x2)}

Based on the last relation, a table is constructed for the Bellman function F2 (c2)
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c2ix2| 0 1 2 3 4 s | Bie) | x
0 | 0+0 = = E > 0,0 0
1 [ox28] 20+0 - - - - 2,3 0
2 [o=sa]2028] 3240 3 - . 54 0
3 [o64]20+54]23228] 48+0 . 74 1
1 | 0+6.6 (2064 | 32+54 [ 48+28] 62+0 | - 8.6 2
5 |o0+69]2.0+66] 324644854 [62+28][64+0] 102 | 3

Stage Il: k = 1. Determine the optimal strategy for allocating funds between the
first and two other enterprises, using the formula for calculating total income: F1 (c1)
= max {gl (x1) + F2 (c1-x1)}, on the basis of which compiled table for Bellman
function F1 (c1)

clixl| 0 1 2 3 4 s | F(c)) | %
0 | 0+00 = - - Z P 0,0 0
1 | 0+28 | 2.2+0 - - - - 2.8 0
2 | o+54 [22428] 3,040 - - - 5.4 0
3 [ 0+74 [22+54 3028 4140 ’ : 7.6 1
4 | 0486 [22+7430+54] 40428 52+0 | - 9.6 1
5 | 0+102 22486 (30474 43454 [ 52428 5940 108 [ 1

Stage 2 Unconditional optimization (k = 1, 2, 3).

We determine the trajectory of the optimal strategy.

Step 1: k=1. According to the table for the Bellman function F1 (c1), the optimal
plan for the distribution of 5 million UAH. between the three enterprisesis: c1 =5F1
(5) = 10.8. In this case, the first enterprise should be allocated x1 = 1 million UAH.

Step 2: k = 2. Determine the amount of cash remaining in the shares of the second
and third companies: c2 = ¢1-x1 =5-1 = UAH 4 million.

According to the table for the Bellman function F2 (c2) we find that the optimal
variant of the distribution of funds in the amount of 4 million UAH. Dbetween the
second and third enterprises is: F2 (4) = 8.6 when allocating the second enterprise x2
= 2 million UAH.

Step 3: k = 3. Determine the amount of cash remaining in the share of the third
enterprise: ¢3 = c2-x2 = 4-2 = 2 million UAH.

According to the table for the Bellman function we find: F3 (2) =5,4; x3=UAH
2 million

The trajectory of the steps of the second stage is clearly illustrated in Fig. 10.
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cIx3| 0 1 2 3 4 | 5 |F3(c3)|X3m
0 0.0 - - - - | - 0.0 0
1 C 2.8 = = - | - 2.8 1
2w - I - afl=] = s
3INL - -[64]-1-18641]3
1 - N [ -1 -166[-1661 4
3 N - | - [-169] 69 | 3
c2x2| 0 1 2 N 4| 5 |F2e) [ X2m
0 0.0 - - - N - 0.0 0
1 281 20 - - - IN] 28 0
T |sal a8 (32 - [-[-s3 0
3 6.4 | 74| 60|48 - | - TAN, 1
P N I I I 4 L
s [63\‘ 8.6 | 96 |10.2|9.0]|6.,4| 102 3
clxl| 0 1 ’.‘\\ 3 4 | 5 |Fl(c])|XIm
0 0.0 & = > =] = 0.0 0
1 281 22 = = e 2.8 0
2 34| 50|30 - - \‘ 34 0
3 7, 76 | 58 | 41| - | - \Q 1
4 86| 96 | 84| 6.9 [32] - 9,6‘\}
& (102108104 9.5 |8.0|59 1_0,_&""1‘

Figure 10. The trajectory of the steps of the second stage of optimization by the
method of dynamic programming

Thus, the optimal enterprise investment plan: x1 =1, x2 = 2, x3 = 2, which provides
a maximum return equal to F1 (5) = g1 (1) + g2 (2) + g3 (2) = 10.8 million UAH

Figure 11 shows a possible organization of tables on a sheet of MS Excel
application.

BICIDIE] F | & [BIE[JEIL[M] N TO ]
1
2 Xifgl|g2|g3 cedx3| 0 | 1| 2 | 3 ]4]5|F33)|X3m
3 | 0]0.0]00]0.0 o Lap] = [T T 80| e
4 |1[22[20/28 1 il EIE [z |2 | 28] 5%
5 | 2303254 2 54| - | -] -] 54 | 2
6 |2[41]48/64 3 4| - -] 64 | 3
7 |4]52/62/66 4 66/ - | 66 | 4
8 | 5|59 61|69 z - |69] 69 | =
T
11
12 a2 0 | 1| 2] 3]4]s5]|P)X2m
13 0 |00 - - |- -1 00 0
14 1. |28]20/| - -] =-|--] 28 0
15 2 |54[48[32] - |-]-1541] 0
|16 3 |64]74l60|48]-1-] 74 ] 1
47 4 |66[84|86|76(62] -] 86 | 2
| 18 5 [69]86]09.6|102[9.0[64] 102 3
[
ﬂ-.
22 x| 0 | 1 | 2| 3|45 ]|Fle)XIm
23 6 6|l < <=1~ =| 8678
24 I (38l ==[==12387%
25 2 | 545030 - |-]|-]| 354 ] 0
26 3 |74]76l58[41]-]-] 76 1] 121
27 4 |86[96[84]69[52]-] 96 [ 1
28 5 [102(10.8]10.4| 9,5 [8.0(59( 108 | 1

Figure 11. Organize data on a worksheet.
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Fig. 12 shows a fragment of the worksheet in the display of formulas. The cells
H3, H13, and H23 correspond to the upper left corners of the Bellman function tables
., respectively. Addressing cells in formulas provides automatic filling of all tables
when spreading formulas throughout the field of tables.
| H

3]
12
2] a3 o
30 =EC.TH{HS2=SGXITPOCMOTP(SGA:SBS3:SBSS;SESA:SESS); ")
4 11 ~ECTH(HS2+SGHMIPOCMOTP(SG4;SBS3:SBSS; SES3:SESS): ") .l
11}
12 aw o
13 0 =EC.TH(HS12<=SG13:;MPOCMOTP(HS12:SBS2:SBSS;SDS3:SDSS+IMMPOCMOTP{SG13.-HS12:SGS3:3GS8; SN S 1:8N88):".")
14 |1 =~EC.TH(HS12<=SG1 ;IIPOCMOTP(HS12;SBS3:SBSS:SDS3:SDSS+MMPOCMOTP(SG14-HS12;5G53;:5GS8;: 5N 53:5N88);"-")
1]
22| edwxl O i
2300 “ECTH{HS22<=SG23:NIPOCMOTP(HS22;SBS3:SBSS;SCS2:SCSS)-MMPOCMOTP{SG23. HS22:SGS13:SGS18;SNS12:-8N818):".")
2411 =ECTH({HS22<=SG2 L TIPOCMOTP(HS22;SBS:SBSS;SCSA:SCSS)+-MMPOCMOTP(SG24-HS22;SGS1 3:SGR1 8 SNS 1 JENE18) )

Fig. 12. Introducing formulas into the cells of a worksheet to populate the main
fields of the Bellman function tables

Calculation of maximum values of functions and finding of corresponding
values of arguments is carried out by means of functions MAX () and SEARCH ()
(Fig.13).

N | - l
1
2 F3(c3) X3m
3 [=MAKC(H3:M3) —ITOHCKIIO3(N3;H2:M3;0)-1
4 |=MAKC(H4:M4) =ITOHCKIIO 3(N4;H4:M4:0)-1
11
12 F2{c2) X2m
13 [=MARKC(H13:M13) =INOHCEIIO3(N13;H13:M13:0)-1
14 |=MAKC(H14:M14) =MMOHCERIIO3(N14:H14:3M14:0)-1
21
22 Fl(cl) Xlm
23 =MAKC(HI3:M23) =[IOHCRIIO3(N23;H23:\M23;0)-1
71 (SMAKC(H24:M24) —IOHCRIIO3(N24;H24:M24;0)-1

Eﬁ. 13. Entering formulas into cells of a worksheet finding maximum values of
functions and finding appropriate arguments.

Conclusion

In this paper, we have explored the use of modern technology, as exemplified by
the most optimal capital allocation.

We managed to solve the problem of optimal distribution of investments
between the three enterprises. All of them gave the same result, which confirms their
effectiveness and reliability.

Thus, we can draw the following conclusions: in small dimensions, it is easier to
solve by the search method or by using the Solution Search tool. These methods are
easy to understand and implement. However, for large dimensions, it is rational to use
a dynamic programming algorithm. It is stable in solution and the most fast-acting.
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Mastering the method requires some mental effort. The above solution is
considered by this method "manually". To solve similar problems with other source
data, it is rational to automate the process of compiling Bellman function tables.
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