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Abstract. The aim of the current study is to research and analyze Adapted managerial mathematical model to study the
functions and interactions between enterprises in high-tech cluster, and his approbation in given high-tech cluster; to
create high-tech cluster, taking into account the impact of relationships between individual units in the cluster—Leading
Enterprises, network of Enterprises subcontractors, economic infrastructure.

1. INTRODUCTION

The term “cluster” is submitted for the first time from Prof. Michael Porter. According to him the cluster can be
classified as “mixture”, but this term is with wider application and is consisted with international competition [7].
Deployment of an enterprise's production near suppliers or next to big markets it is not necessary, since lowering of
transport costs eliminates this need [7].

Other author, who examined, study and analyze clusters, is Robert Breo. He gives definition about the cluster.
Breo stated few factors, which distinguished today's industrial cluster from these clusters in 20th century [9]:

e  Formal Business Plan;

Integration and modification of numerous foreign technologies;
Development of the work force of all levels;

Organizational skills;

Competition of local level,

Efficient transport of products;

Cooperation public stakeholders;

Educational system (programs, training, study).

The aim of the current study is to research and analyze Adapted managerial mathematical model to study the
functions and interactions between enterprises inhigh-tech cluster, and his approbation in given high-tech cluster; to
create high-tech cluster, taking into account the impact of relationships between individual units in the cluster—
Leading Enterprises, network of Enterprises subcontractors, economic infrastructure.

Subject of the study are theoretical mechanisms for the definition of mathematical models for study the
functions and interactions between enterprises in high-tech cluster.

Object of the study are production enterprises, members of cluster.

The relevance of the study is justified by the importance of the research problem — adapted managerial
mathematical model to study the functions and interactions between enterprises in high-tech cluster. Advantages,
which have enterprises when they cooperated themselves and simultaneously are competitors on the domestic and
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foreign markets — stimulation of the innovation actions; exchange of knowledge, experience, ideas and good
practices; increasing competitiveness of manufactured products and services..

2. STAGING (DESCRIPTION) THE PROBLEM

Examine the structure of Cluster “Mechatronics and Automation”.

Leading enterprises — high-tech enterprises are key enterprises, exporting stocks and services outside the region,
i. e. their role is basic in the high-tech cluster.

The aim of the problem is to create high-tech cluster, for which to choose such business incubators of ideas and
technologies the Leading Enterprises and Enterprises Subcontractors, in order the cluster to function optimally, i. e.
the aim is maximum overall efficiency of the high-tech cluster.

The fact that all of this must comply with the costs that will be needed and with the potential return on the
invested capital must not be ignored.

The solution of the problem consists of few stages — Data calculating, unification of criteria for optimality
appropriately, solving of the problems from describing mathematical models.

The mathematical model consists of two problems.

2.1. Theoretical mathematical model for creating of high-tech cluster

To solve the problem, are described two mathematical models, i. e. the mathematical model consists of two
problems.
The high-tech enterprises use the development and products, created in business incubators.

e  First problem of the mathematical model

Let leading high-tech enterprises have a number of m— K, K5, ..., K,;,, and the goods and services offered
from them have a number of | — §4,83,...,8; . For every offered goods or services are provided costs and
potential profit. How qualitative one good or service is, is influenced by different factors as invested capital, human
resources, equipment, etc. The experts in the fields develop estimates all offered goods and services for each

enterprise.

These assessments formed on the base some macroeconomic indicators:

e  Manufacture;

e  Labor market;

e International transactions.

Let these assessments are:

For enterprise K;,i =1+ m , for offered goods and services Sj,j = 1 + [, assessments respectively 0y, i =
1+m,j=1+1

TABLE 1. Assessments of offered goods and services for given enterprise

W ; : S oij_ assessment of leading

Enterprise K; high-tech enterprise for
Ky 011 012 Ou offered from himS; good or

service, i =1+=m, j=1=1

Thus defined assessments are indicators for efficiency of each activity of the offered goods and services for each
leading high-tech enterprise form the cluster.

Let potential forecast and plan costs for given leading high-tech enterprise for each from offered goods and
services are R;; i=1+m,j =1+l —table2

020019-2



TABLE 2. Potential forecast and plan costs for offered goods and services of given leading high-tech enterprise
(for 1 year)

00ds and services $1 Sz Si R;; — forecast and plan costs of

. leading high-tech enterprise K; for
Enterprise l

L single amount from offered from

K, Riy Ry, Ry the enterprise S; goods and services

K, R, R, Ry, (for 1 year)
Km le RmZ hihdd le

Let potential forecast and plan profits for given leading high-tech enterprise for each from offered goods and
services are Pi]-_ i=1+-m,j=1-+1—table3:

TABLE 3. Potential forecast and plan profits for offered goods and services of given leading high-tech
enterprise (for 1 year)

\W k ; 5t P;j— forecast and plan profits of
. given leading high-tech enterprise
Enterprise K; for single amount from offered

form the enterprise §; goods and
services (for 1 year)

The mathematical model of the First problem

The mathematical model of the task for distribution of goods and services between leading high-tech enterprises
at limited general financial assets for costs and at least certain amount financial assets for profit is: Linear integer
optimization problem with Boolean variables, i. e. 1 = trie,0 = false [4, 1, 2, 3, 5, 6]:

m 1
max F(X)zzzoij'xij=011'x11+012'x12+"'+011'x11 + 031" %51+ 033" Xop + -+ 0y Xpp -+ Oy " Xy
i=1j=1

+ O0mz " Xma + =+ Oy X

subject to:

Q)
where and R is overall forecast and plan minimum guaranteed cost for offered goods and services from leading
high-tech enterprises, and P is overall forecast and plan maximum guaranteed profit. x;; is single quality of given

good and services S, offered from leading high-tech enterprise Kj; in a period of time 1 year and
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X;

{ 1, if instructedof the enterprise K; of fers the good and the service S;i=1+m,j =1 +1
]- —

0,if not instructed of the enterprise K; of fers the good and the service S;i=1+m,j=1+1

e Second problem of the mathematical model
Indicators for the efficiency are seven factors, which indicate industrials cluster’s influence on the
competitiveness of enterprises, which are members of clusters. These indicators are as follows:
e  Competitiveness of offered production -4,
Labor productivity — A,;
Financial results — A5 ;
Growth of enterprises — A4
Innovation of enterprises — As
Production and marketing flexibility — Aq
Adaptability of enterprises to market — A,

Each from the indicators is described quality. For the indicator 4;,i = 1 <+ 7, subset of elements of the indicator:

{ai]-},i =1+7,j=1+9 (jis different number for different indicators 4,).

Indicators from A; + A, are evaluated degree of importance and determined by the degree of scale 1 + 10, as
1 is bad, and 10 is excellent, as the weight is assessed form results of the enterprises and expert evaluation of the
researcher.

The experts in the given field determine the degree of importance, as they make an expert assessment, that
transform quality characteristics of the factor “a” in quantitative ones.

For assessment of the indicator A;,i = 1 <+ 7, set the following table:

TABLE 4. Assessment of Indicator 4;,i =1+ 7

Characteristics of a;q ay a;3 Ay a;s Qi aiz Qg
the factor
Degree of
importance
1= 10 bs, bs, bs3 bsy bss bse bs; bsg
Weight vector Usq Us, Uss Usgy Usg Usg Usy; Usg

Describe of the weight vector:

— bij

U, = (Ujg, Ujgy eoe eor e oor, Ugg), Where u;; = ST 2
j=1 19)

Looking for distribution of goods and services between leading high-tech enterprises maximum overall
efficiency from the implementation, as taking into account the following conditions — limited general financial
assets for costs, at least certain amount financial assets for profit.

It is necessary to determine Enterprise Subcontractors. The purpose is to experts determine what will be the
activities as a whole, i. e. what delivery is necessary for raw materials and materials, equipment and service. Let
these activities are denoted with d4,d,, ..., d,. And Enterprise Subcontractors are n of number — Fy F,, ..., F;, .
Activities depend on the economic infrastructure of the subcontractor — factors as human resources, technologies,
capital and finance, business climate, physical infrastructure. Let these factors are s of number — f4, f5, ..., fs. Each
factor must be assessed different indicators from experts in the relevant field. Let for factor f,t=1+s, the
number of indicators is e;, and indicators are @,,,,t = 1 + s. Each indicator has particular importance (meaning).

Weight method: For factor f,,t =1+ s, with indicators a,,,, t = 1 + s, relevant assessments are0,,,,t = 1 +
s , and their relevant importance (weights) are U, t = 1 + s, where
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U
t=11=1
€)
It’s find efficiency of each factor as follows: For factor f, t = 1 + s, the efficiency is
/ “tl\
q: = (otl,ot2 ...otet) x| ez [, t=1+s
utet

4)

The amount of resulting efficiencies gives the efficiency of the activity. In Table 5 are presented these
efficiencies for each activity for each from enterprise subcontractors:

TABLE 5. Efficiencies for each activity of given enterprise subcontractor

Activities d, d, d,
Enterprises
Subcontractors
Fq Q11 Q12 Q1x
F, Q21 Q21 e Q2
Fn in QnZ i an

In order to deploy activities between enterprises subcontractors, looking for maximum overall efficiency from
activities taking into account following conditions — limited overall financial assets for costs , let certain amount
financial assets for profit.

Let forecast and plan costs for each enterprise subcontractor for each of activities are rp,,b=1+n,c=1+k

, and forecast and plan profits for each enterprise subcontractor for each of activities are p,.,b=1+n,c=1+k
— Table 6.

TABLE 6. Forecast and plan profits for each activity of given enterprise subcontractor (for 1 year)

Activities dl dz dk d1 dz
Enterprise
Subcontractor
Fq 1 T12 Tk P11 P12
F, 1 122 Tk P21 P22
Fn T Th2 Thk Pn1 Pn2

Mathematical model of the Second problem

The mathematical model of the problem for deployment of activities between enterprises subcontractors at
limited overall financial assets for costs and at least certain amount financial assets for profit is: Linear integer
optimization problem with Boolean variables, i. e. 1 = trie, 0 = false [4; 1; 2; 3; 5; 6]:
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n k
max {G(Y) = ZZ Qpec " Ybe =011 Y11+ Q12" Viz + -+ Qui " Vi + Q21 Y21+ Qo " Yar + -+ Qo Yok

b=1c=1

+ o+ Qny X1 + Qnp "Xz + 00+ Oy xnk}

subject to:
n k
erbc'ybc <r
b=1c=1
n k
Zzpbc'ybc 2p
b=1c=1
n
<ZybC21,c=1—k
b=1
k
ZybCZLb:l—n
c=1
YVbe € {0;1}

(&)
Where r is overall forecast and plan minimum guaranteed cost for activities of enterprises subcontractors, and p is
overall forecast and plan maximum guaranteed profit. y;;is single quality of given activities d,, implemented from

enterprise subcontractor Fp, in a period of time 1 year and

_ { 1,if instructed of the enterprise F}, to perform activity d., c=1+-kb=1+n
Yij = 0,if notinstructed of the enterprise F, to perform the activity d., c=1=-kb=1=+n

2.2. Application of the Theoretical mathematical model in Cluster “Mechatronics and
Automation”

Cluster “Mechatronics and Automation” was established on 22.12.2006 by Initiative Committee. The
mechatronics and the automation suggest connection in manufacturing systems of mechanics, electronics and
software. The development of the cluster is aimed at the demand for export-oriented niche market in order to realize
the high-tech products and services with high value added. As products and services are realized mechatronic
manufacturing systems, automation of continuous productions, software products for aggregates management,
industries and factories (numerical control, MES, ERP and others).

Geographically the cluster is situated in the Town of Blagoevgrad, and it used with support of local municipal
authority. Members of Cluster “Mechatronics and Automation” are high-tech enterprises, with scope of activity in
the field of engineering, hardware and software[10].

The difference between ordinary and high-tech clusters is in the composition of development units, which are
elements of the cluster. For them is characterized the presence of business incubator, where arise and developed high
technologies. Project of the structure Cluster “Mechatronics and Automation” (CMA) is shown in Fig. 1
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CMA

Leading technological parks
and business incubators
Leading enterprises, exporting
stocks and services outside the
region

Network from Enterprises Subcontractors
Enterprises Subcontractors, which deliverrow and
materials, equipment and communication and software
services

Economic infrastructure

Human Technolog Capital Business Physical
Resources ies and climate infrastructure
finance

FIGURE 1. Project of the structure Cluster “Mechatronics and Automation”

e  First problem of the mathematical model

Data are taken from studied enterprises, member of Cluster “Mechatronics and Automation”. Studied enterprises
are in the field of manufacture.

Studied leading enterprises are following:

K;— RITTBUL Ltd.

K, — Joint Stock Company (JSC) SAMEL 90

K; — SPESIMA Ltd.

Studied enterprises subcontractors of leading enterprises are following:

F;—-ULTRAFLEKS KORPOREYSHAN Ltd.

F, — General partnership “SEMIS — CANEV i SIE”

F; — JSC MEHATRONIKA

Scheme of leading enterprises and their enterprises subcontractors, i. e. the leading enterprise and its
enterprise subcontractor, is shown of Fig. 2.

RITTBUL Ltd JSC SAMEL 90 SPESIMA Ttd
N N\ N
A4 A4
ULTRAFLEKS General Partnership
KORPOREYSHAN “SEMIS — CANEV i JSC MEHATRONIKA
Ltd SIE”

FIGURE. 2. Scheme of leading enterprises ant their enterprises subcontractors in Cluster “Mechatronics and Automation”

020019-7



The collected data are indicator A;i=1-+7 each leading high-tech enterprise, member of Cluster
“Mechatronics and Automation”. Assessments made by experts in potential fields in every single one, member of
the cluster, and they are shown in the Table 7:

TABLE 7. Assessment of the enterprise K,,,m = 1 < 3, for his proposed goods and services S,,n =1+

8
Goods  §; 55 53 Sy Ss Se 55 Ss
services
Enterprise

K3 011 02 013 014 015 016 017 0,5 =31
= 35 =42 = 35 =41 = 37 =32 = 46

Kz 02, 032 023 024 035 026 037 Oz5 = 43
=39 =45 =33 = 36 = 31 = 36 = 34

K3 034 O3, O3z O34 Oss Os6 O35 O35 = 28
=34 =31 = 34 = 30 = 45 = 37 = 36

For the distribution of goods and services between leading high-tech enterprises are used Annual Profit and Loss
Accounts of the relevant enterprise.

Let potential forecast and plan costs for each leading high-tech enterprise for each proposed good and service are
R;ji=1+m,j=1+1 —table8: [thousand. lev / year] (for 1 year):

TABLE 8. Potential forecast and plan costs for each leading high-tech enterprise for each proposed good and
service (for 1 year)

Goods and S S, S3 S4
K1 R11 = 18 236 RIZ = 29 365 R13 = 56 135 R14_ = 28 393
KZ Rz]_ RZZ = 851 230 R23 = 632 458 R24_ = 1 132 4'87
=984 521
K3 R31 R32 = 643 252 R33 = 139 245 R34_ = 231 065
Se S Sg
K1 R15 = 32 84’6 R16 = 11 138 R17 =44 369 R18 = 38 518
KZ RZS = 0 R26 = 343 739 R27 = 3 74’5 673 R28 = 1 598 066
K3 R35 R36 = 132 895 R37 = 0 R38 = 68 185
= 225116
The size of the Costs of raw materials and
Ry~ forecast and plan costs of the external services is as follows:
leading high-tech enterprise K; for single For K; — RITTBUL Ltd: 259 000 lv.
amount of his proposed §; good or For K, — Stock company SAMEL 90: 12 288
service (for 1 year) 000 1v.
For K;—SPESIMA Ltd: 1 791 000 lv.
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Let potential forecast and plan profits for each leading high-tech enterprise for each proposed good and service
are Pjj i =1+m,j =1+1 —table 9: [thousand. lev / year] (for 1 year):

TABLE 9. Potential forecast and plan profits for each leading high-tech enterprise for each proposed
good and service (for 1 year)

Goods and S1 S, S3 S4
services
Enterprise
K, Py, =25185 Py, =38139 P,3=59343 Py,
=41139
K, P,; = 3435297 P,, =8939 745 Pys Py,
= 2143595 = 6227898
K; P3; = 28475 Pz, =39145 P33 =48745 Pj,
=22764
Ss Se S7 Sg
K, Pys =23148 P, =18936 Py; =29365 Py
= 28745
K, Pys=0 Pye =3321116  P,; =995138 Py
=924 211
K; P35 = 53147 P3¢ = 65234 P3;, =0 P3g
= 56490
P;; — forecast and planning profit of The size of Accounting profit is as follows:
the leading high-tech enterprise K; for For K; —RITTBUL Ltd: 264 000 lv.
single amount of his proposed S§; good For K, — Stock company SAMEL 90: 25 987 000lv.
or service (for 1 year) For K;—SPESIMA Ltd: 314 000 lv.

e Second problem of the mathematical model

The collected data for relevant activities, implemented from enterprises subcontractors for economic
infrastructure factors fq + f5 and elements subset of individual indicator a;;,j =1 + 7. Data are processed and
received efficiencies of activities of enterprises subcontractors ant they are systematized in Table 10.

TABLE 10. Efficiencies of enterprises subcontractors for proposed of them activities

d, d, d; d, dg dg d, dg
Subcontractors
Fq Q11 Q12 Q13 Q14 Q1s Q16 Q17,=0 Q1s
=0 =0 =0 = 116,04 = 77,36 = 13,38 = 58,02
F, Q21 Q22 Q23 Q24 Qs Q26 Q27 Q28
=118, =594 =198 =138,6 = 158,4 = 178,2 = 39,6 =179,2
F; Q31 Q32 Q33 Q34 Qss Q36 Q37 Qss

=194 =778 =973 =5838 =11676 =1946 =136,22 =175/44
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Distribution activities between enterprises subcontractors are used Annual reports on income and expenses in
relevant enterprise subcontractor.

Forecast and plan costs for each activity of given enterprise subcontractor with specific data - rp, b =1+
m,c =1+ k for 1 year, are shown in Table 11. Forecast and plan profits for each activity of given enterprise
subcontractor with specific data - p,, b =1 +m,c =1+ k, for 1 year, are shown in Table 12.

TABLE 11. Forecast and plan costs for each activity of given enterprise subcontractor with specific data -
The b=1+m,c=1+k (forl year)

Activities d, d, ds d,
Enterprise-
Subcontractor
F, ri1=0 ri; =0 r3=0 ri4 = 258359
F, r,; =11586 r,, =10578 o3 =13 432 Ty = 10342
F, r3; =795856 13, =1125433 133, =956793 1r3, =899135
Activities ds dg d, dg
Enterprise-
Subcontractor
Fy ri5 =455786 1,4 =525643 7 =343 672 1.3 =157 540
Fz 1'25 = 15 785 T26 = 9 581 1'27 = 11 158 TZB = 10 538
F3 1'35 = 536 4’58 T36 = 129 333 1'37 1'33 = 133 681
=110 311

The size of Costs of raw materials and external services of studied enterprises subcontractor is as follows:
For F;— ULTRAFLEKS KORPOREYSHAN Ltd: 1741 000 lv.

For F,— General Partnership “SEMIS — CANEV i SIE”: 93 000 lv.

For F;— JSC MEHATRONIKA: Costs for raw materials: 3 776 000 Iv.; Costs for external services: 938 000 nB.
Total Costs for raw materials, materials and external services for JSC MEHATRONIKA: 3 776 000 +

938 000 = 4714 000 lv.

TABLE 12. Forecast and plan profits for each activity of given enterprise subcontractor - pp., b=1-+m,c =

1+ k (for1 year)

Activities dl dz d3 d4
Enterprise-
Subcontractor
Fy P11 =0 P12=0 P13 =0 p14 = 12586
FZ p21 = 3 14’3 1'22 = 4' 574 p23 = 3 256 p24 = 5 135
F3 p31 = 34’3 259 1'32 = 258 963 p33 p34 = 139 456
= 425369
Activities ds dg d, dg
Enterprise-
Subcontractor
F, pP1is = 13476 P16 =9 799 P17y =14786 p.g=21353
F, P2z = 1795 P26 = 3956 P27 = 1955 P2s = 1186
Fq P35 = 236 432 P3¢ = 195 347 P37 P3g = 132985
=310189
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The size of Accounting profit of studied enterprises subcontractor is as follows:
For F;— ULTRAFLEKS KORPOREYSHAN Ltd: 72 000Lv.

For F,— General Partnership “SEMIS — CANEV i SIE”:25 000 lv.

For F;— Stock Company MEHATRONIKA: 2 069 000 lv.

3. NUMERICAL DECISION AND FINDINGS OF CONDITIONED PROBLEMS

A suitable software product LINDO &LINGO that has ready module for solve the Linear integer optimization
problem with Boolean variables, for solving both parts of the mathematical model is used.

3.1. Numerical decision of conditioned problems

Decision of First problem of the mathematical model

LINGO - LINDG Modsi - frst task ~ 5 S

File Edit LINGO Window Help
De=E|S| &= @] 2] 2o ©=BExE| &= 2|
B L1NDO Model - first task - fig 2 (===

Max 3IS5x1+42x2+35x3+41lx4+3T7x5+32x6+36xT+31xE+309x0+45x10+33x11+36x12+31x13+
BEeX144+34x1544943x16434x1 T7T4+3 11843411 94+30x20+45x214+3TH22 436 3I4+28R29

Subject to
2)15236X1+29365x2+561350X3+28393Xx42+32846XE+11138XE6+24236IKTH+IESLEXRE+
BE84521x9+E851230x10+63245E8x11+1132487Tx12+3437309x14+3745673x15+1598066x16+
351242x1T7T+643252x18+139245x194+231065x204+2251 1621 +132895x22+68185x29<=
10235123
3)25185x1+328139x2+59343x3+41139x4+23148xo+12936xE6+29365xT+2E2T45x2+
34352979 +8939745xX10+2143595xX11+622TE89E8RI1Z+3321116x14+995138x15+924211x16+
28475x1T7+39145x1E8+48745x19+22764x20+5314Tx21+65234x22+56400x24>=18347E890

End
Gin 24

FIGURE 3. Module with data from the First problem of the model

DO - [Reports Window]
B Fie Edt Solve Reports Window Help

] [=30 = 1] 2l Rel=al 20 =lam B fe

LP OPTINUM FOUND AT STEP

27
CBJECTIVE VALUE = BIS . ATTA4

NEWV INTEGER SCLUTICH CF 804 . 000000 AT BRANCH o PIVOT z7
RE-INSTALLING BEST SOLUTICH.. .

CBJECTIVE FUNCTION VALUE

1 804 . 0000
VARIABLE VALUE REDUCED COST
1 1.000000 =35 . 000000
HE 1.000000 -4% . 000000
H3 1.000000 =35 000000
H4 1.000000 =-41.000000
S 1.000000 =37 . 000000
HE 1.000000 =3 % 000000
o7 1.000000 =45 _ 000000
Ha 1.000000 =3 1.000000
oS 1.000000 -39 000000
H1io 1.000000 =45 _ 000000
Hi1 1.000000 =37 . 000000
Hiz 1.000000 -3 % _ 000000
H13 0. 000000 =31.000000
Hi4 1.000000 =36 _ 000000
His 1.000000 =34 . 000000
His 1.000000 =43 . 000000
17 1.000000 =34 . 000000
Hie 1.000000 =31.000000
Hie 1.000000 =34 . 000000
HEO 1.000000 =30 . 000000
HEl 1.000000 -45_ 000000
X2 1.000000 =37 . 000000
HEI 0. 000000 -34 000000
HEa 1. 000000 -28& . 000000
now SLACK OR SURPLUS DUAL PRICES
za 202379 . 000000 o.000000
EF 491885 000000 o.000000
MO, ITERATICNS= =7
. BRANCHES= O DETERN.= 1.000E o

FIGURE 4. The decision with data from the First problem of the model
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The decision of the Second problem of the mathematical model

LINGO - LINDO Model - second task - fig 5 "

File Edit LINGO Window Help

Di=dls | =] e o] B 2| Bl=|EE 2w

LINDO Meodel - second task - fig 5 = | T | ==

Max Ox1+0xZ2+0x3I+116.0494x4+77.36x5+13.38x6+0xT+58.02xE8+118.8x9+59.4x10+198=x11
+138.6x124+158 . 4x134+178.2x144+39 . 6x154+7T9 . 2Zx164+19.46x1T+T7 . 84x184+97 . 3x19+
B.38x20+116.76x21+19.96x224+136.22x23+175.949x243

Subject To
2)258359x4+455T786X5+525643x6+3436T72xT+15T7540xE8+11586x9+10578x10+
13432x11+10342x12+15785x13+9581x144+11158x15+10538x16+7TO95E856x1T+1125433x18+
9567931948991 35xXx204+56345E8x21+129333XIZZ+110311x23+133I68E1x2494<C=03 20132
3)12586x4+134T6xRS+9TOOXE6+14TEEXT+21353xE8+3143x9+4574x10+3256x11+
S135x12+1795x13+3956x14+1 9551 5+11E86X16+343259x17+258963 X1 E+4925369x19+
139456x204+263432x21+19534Tx22+310189x23+132985x24>=1962142

End
Gin 24

FIGURE 5. Module with data from the Second problem of the model

LINGO - [Solution Report - Pewie HHe Ha BTOpa Y4acT Ha 3agau
File Edit LINGO Window Help

Dizds - =| 2 E|el O me| &eE 2 e
Flobal optimal solution found.

Chijective wvalue: 1916.000
Extended solwver steps: [u]
Total solwver iterations: u]

Variable Walue Eeduced Cost

H1 0O.o000a0 —-97.00000

Xz 0. oooooo —359.00000

3 O.ooo0o0 —19.00000

4 1.000000 —116.0000

X5 1.000000 =77 .00000

6 1.000000 —13.00000

X7 1.000000 —1.000000

=] 1.000000 —55.00000

=] 1.000000 —119.0000

X110 1.000000 —59.00000

X111 1.000000 —1595.0000

Hiz 1.000000 —139.0000

X135 1.000000 —155.0000

H14 1.000000 —178.0000
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Hie 1.000000 =79.00000
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X158 1.000000 =75 .00000

X198 1.000000 =97 .00000

Xz0o 1.000000 —55.00000

Xz1 1.000000 —117.0000

Xzz 1.000000 —1.000000
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i 1916.000 i.000000

2 =215055.0 O.0o0o000

3 144470.0 O.0o0ooo

FIGURE 6. The decision with data from the Second problem of the mode
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3.2. Findings from the application of the mathematical model in Cluster “Mechatronics and
Automation”

Decision of the First problem of the mathematical model

TABLE 13. Goods and services assignment of leading high-tech enterprises

Leading high-tech Goods and services, assigned of leading high-tech enterprises
enterprises
S, S, S3 Sy Ss Se S, Sg

K, - 1 1 1 1 1 1 1 1
RITTBUL Ltd

K, - JSC 1 1 1 1 0 1 1 1
SAMEL 90

K3 - 1 1 1 1 1 1 0 1
SPESIMA Ltd

Maximum overall efficiency is 835.19, as total costs are 502 379, and the profit is 491 685.

10 000 000 B 939 745
8 000 000
6 000 000
4 000 000
2 000 000

0

s3
B K1 - RITTBUL Ltd B K2 - JSC SAMEL 90 7 S8
K3 - SPESIMA Ltd

FIGURE 7. Distribution of cost for leading high-tech enterprises to the goods and services, which they offer (for 1 year)
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B K1-RITTBULLtd BK2-JSCSAMEL90 [K3 - SPESIMA Ltd

FIGURE 8. Distribution of profits for leading high-tech enterprises to the goods and services, which they offer (for 1 year)

Notice: All costs values and profits values of leading high-tech enterprises, shown in Fig. 7 (costs) and Fig. 8
(profits) are shown in table 8 (costs) and table 9 (profits). In Fig. 7 and Fig. 8 only the largest and smallest cost and

profit figures of the leading high-tech enterprises are reflected, since if all values are shown, the chart will not be
aesthetically.

Conclusion of the decision of the First problem

1. The K; — RITTBUL Ltd are assigned these goods and services: §; — Import and sale of Professional hand
tools and electrical equipment; S, — Import and sale of instrumentation, suit Tools, LED lighting, software for
design of electronic devices; §3 — Production of LED lighting; S, — Production of transformers and coils; S 5 —
Production of chokes, cable bundles, amplifiers, connectors; S — Development and implementation of specialized
systems for the production automation; S, — Production of specialized robots for automation of Horizontal machines
for injection molding of zinc, magnesium, aluminum; Sg —making on specialized Robotics systems (automated
devices), specialized hardware and software.

The leading high-tech enterprise K; — RITTBUL Litd, is assigned all goods and services 1 + Sg , since they
are with numerical value “1”.

.2. The K, — JSC SAMEL 90, is assigned following goods and services: §; + Sg , since they are with numerical

value “1”, without good and service S5 . The leading high-tech enterprise K, — JSC SAMEL 90 is not assigned
good and service S , since has numerical value “0”.

3. The K3 — SPESIMA LTD is assigned following goods and services S; <+ Sg , since they have numerical
value “1”, without good and service S, . The leading high-tech enterprise K3 — SPESIMA LTD is not assigned
good and service S5 , since it has numerical value “0”.

General conclusion from the decision of the First problem
The leading high-tech enterprise RITTBUL LTD is assigned all goods and services S1 +~ Sg . The Joint Stock
Company SAMEL 90 is assigned only seven from eight goods and services, without good and service §5. The

leading high-tech enterprise SPESIMA LTD is assigned just seven from eight goods and services, without good and
service S.
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The RITTBUL LTD is assigned all goods and services. The JSC SAMEL 90 and the SPESIMA LTD are

assigned seven goods and services, as of the JSC SAMEL 90 is not assigned good and service S5 , and of the
SPESIMA LTD is not assigned good and service S,.

The decision of the Second problem of the mathematical model

TABLE 14. Assignment activities for implementation from enterprises subcontractors

Enterprises Activities, assigned for implementation from enterprises subcontractors
Subcontractors
dq d, ds d, ds dg d, dg

Fq - 0 0 0 1 1 1 1 1
ULTRAFLEKS
KORPOREYSHAN
Ltd

F, — General 1 1 1 1 1 1 1 1
Partnership
“SEMIS — CANEV i
SIE”

F; - JSC 1 1 1 1 1 1 1 1
MEHATRONIKA

Maximum overall efficiency is 1916.00, as total costs are 215058.0, and the profit is 144470.00.

1200000

1 000 000

800000

600 000

400000

200000

d2 43

dd

ds
B F1 - ULTRAFLEKS KORPOREYSHAN Ltd 47 da
B F2 - General partnership "SEMIS-CANEV i SIE"
[ F3 - JSC MEHATRONIKA

FIGURE 9. Cost allocation for enterprises subcontractors to the activities, which they assigned (for 1 year)
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FIGURE 10. Distribution profits of enterprises subcontractors to activities, which they assigned (for 1 year)

Conclusion of the decision of the Second problem

1. The F; — ULTRAFLEKS KORPOREYSHAN Litd is assigned these activities:d, — Services in engineering
- manufacturing of electronic components and finished products, prototypes, complete solutions, specialized
software and hardware; dg — Production of industrial electronics;dg — Repair of metal cutting machineries; d-—
Design of machines for production and filling of flexible packaging; dg — Productionandsale of
machineryforproductionandfilling of flexiblepackaging.

The F; — ULTRAFLEKS KORPOREYSHAN Ltd is not assigned these activities: d; — Production of
induction generators for industrial applications to heat treatment, soldering, welding, melting and casting of various
metals and alloys; d, — Production of induction generators used in dentistry and jewelry casting dentures and
jewelry; d3 — Services in engineering - the development of electronic components and finished products, prototypes,
complete solutions, specialized software and hardware.

The enterprise subcontractor F; — ULTRAFLEKS KORPOREYSHAN Ltd is assigned with the
implementation of activities d + dg. The F; — ULTRAFLEKS KORPOREYSHAN Ltd is not assigned for with the
implementation of activities d; + d3.

2. The Enterprise Subcontractor F, — General Partnership “SEMIS — CANEV i SIE” is assigned with the
implementation of all activities dq <+ dg . Don’t have activities, that are not assigned of the F, — General
Partnership “SEMIS — CANEV i SIE”.

3. The F3 — JSC MEHATRONIKA is assigned with the implementation of all activities d4 + dg. Don’t have
activities, that are not assigned with the implementation of the F3 —JSC MEHATRONIKA.

General conclusion from the decision of the Second problem
The enterprise subcontractor ULTRAFLEKS KORPOREYSHAN Ltd is assigned with implementation of five

of the activities: d4 + dg. The ULTRAFLEKS KORPOREYSHAN Ltd is not assigned with the implementation
of these activities: dq + d5.
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The General Partnership “SEMIS — CANEV i SIE” is assigned with the implementation of all activities
d, + dg. JSC MEHATRONIKA is assigned with the implementation of all activities d; <+ dg.

The ULTRAFLEKS KORPOREYSHAN Ltd is assigned with the implementation of only five activities, and
three activities d, + d3 are not assigned with the implementation. The General Partnership “SEMIS — CANEYV i
SIE” and the JSC MEHATRONIKA are assigned with the implementation of all activities d; <+ dg.

4. CONCLUSION

From the conducted research and approbation of adapted managerial mathematical model to study the functions
and interactions between enterprises in high-tech cluster, are made the following major conclusions:

1.

N -

The adapted managerial mathematical model allows studying the functions and interactions
between enterprises not only in high-tech cluster, but also in other cluster. This fact on one hand
forms preconditions for choice of cluster, where to be proposed this model for improvement of the
interaction between enterprises, members of cluster.

Ready software product LINDO & LINGO, with that are performed calculations, has development
ready module for calculate of this type mathematical model.

The adapted managerial mathematical model is approbated in high-tech cluster — Cluster
“Mechatronics and Automation”, where it becomes clear that the interaction between leading high-
tech enterprises ant their enterprises subcontractors is carried out as efficiently as possible.

On the bases of the adapted managerial mathematical model is developed expert methodology for
practical application, which includes description and characterization of its stages.
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