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MODELING OF MANAGEMENT
OF THE INFORMATION POTENTIAL
OF COMPLEX ECONOMIC SYSTEMS

UNDER CONDITIONS OF RISK

IIposedeno ingopmavitinuii anaiia i cunmes npouecie, wo 6i06y6aOMvCs 6 CKAAOHUX eKOHOMIUHUX
cucmemax, wo Xapakxmepusyomocs PisHOMAHIMMAM 6apianmie cmpyxmypu eionocun. Poszisnymo
CMpYKMypy Ynpasiinmus i€PapxivHuMy CUCMEMamMu 3 UKOPUCTAHHAM JiH2BICMUYN020, €8PUCTMUYHOZ0,
ingopmayitinozo i mamemamuunozo nioxodis. Ilpedcmasiena cmpyxmypno-pynKuionaivia nocaiioos-
HICMb ONePayiil Ynpasrinms 3 Yypaxysanusim 0OMexcens Ha pecypcu i 6Nausie 306HIUHb020 cepedosULld.

Kme4osi cnoBa: exonomiuni cucmemu, Yynpasiinus ikopMayittHuMu MOACIUBOCISMU, YMOBU PUSUKY,

ingopmayitinull nomenyia.

1. Introduction

In modern conditions of functioning of complex economic
systems, modeling is the main stage of system analysis
of production and socio-economic systems and an urgent
problem for each enterprise. Along with widespread simu-
lation for solving management problems, structural and
functional modeling of analysis and synthesis of complex
systems using computer models begins to be used. Dif-
ficulties in solving the problems of managing economic
systems under conditions of uncertainty of the influence
of the external environment and risk are determined by
both the large dimension of the control actions and the
dimensionality of the system of constraints.

To form an effective strategy for managing economic
systems under conditions of risk, it is necessary to cor-
rectly use the information potential of enterprises on the
basis of analysis and synthesis of methods for modeling
complex economic systems.

2. The ohject of research and its
technological audit

With the purpose of effective use of the information
potential of the enterprise, a study of the scientific and

methodological foundations of managing complex multi-
level economic systems under conditions of uncertainty
and risk has been carried out. The essence of informa-
tion analysis of processes occurring in economic systems
is the collection of necessary information, its exchange
with subsystems, analysis, processing and its use [1]. The
task of information synthesis includes justification of the
necessary volume, forms of information, methods and
means of its processing and storage [2]. Both these areas
of studying information processes occurring in economic
systems are an effective tool for studying complex eco-
nomic systems [3—5].

Complex production systems are characterized by such
features as the presence of a large number of intercon-
nected subsystems and elements, multidimensionality, due
to the large number of connections between the elements,
the diversity of the objectives of the subsystems, multi-
functionality, and the variety of structure options. In most
cases, the structure of interactions between the elements
of the system is hierarchical [6].

The difference between hierarchical and centralized
systems is that for systems with centralized control
there is a single criterion for optimality. For hierarchi-
cal systems, each of the subsystems has its own local
criteria [7].
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Typical examples of the object of research are techno-
logical audit of hierarchical control systems of integrated
energy systems, transport systems, communication systems,
and industrial complexes.

3. The aim and ohjectives of research

The aim of research is to provide information analysis
of modeling methods for complex economic systems under
conditions of uncertainty and risk.

To achieve this aim, the following tasks are formulated:

1. To conduct a comprehensive analysis of the descrip-
tion of the processes of functioning of complex economic
systems.

2. To carry out a comprehensive analysis of the state
of scientific and methodological support for managing the
information potential of complex economic systems, taking
into account a risk.

3. To conduct a comprehensive analysis of levels and
approaches to the management of production hierarchical
systems.

4. To give recommendations on the use of different
types of mathematical tools for modeling the management
of the information potential of complex economic systems
under conditions of risk.

4. Research of existing solutions of the
prohlem

Researches of methods for modeling of the management
of production systems in conditions of uncertainty are of
practical interest. In [7, 8], the state of approaches and
procedures for selecting managerial decisions is analyzed
in terms of preferences and limitations of one or a number
of variants with known or unknown reaction of the envi-
ronment, in the form of points of a payment matrix. The
location of the selected maximum element determines the
decision-making option. The authors of [9, 10] investigate
the problems of situational control under conditions of
multicriteria logic. Decision making is achieved by obtain-
ing an outcome that has the highest possible score for
each of the criteria. The essence, content, functioning of
complex systems and management of information poten-
tial in conditions of uncertainty to describe a situation
that do not have strictly defined boundaries is analyzed
in [11, 12].

The implementation of decision-making tasks under
uncertainty is made by constructing a generalized criterion
that synthesizes a set of estimates according to specified
particular criteria into a single numerical estimate expres-
sing the overall utility of management. Structuring of the
set of control alternatives under uncertainty conditions
using the theory of fuzzy sets is reflected in [12, 13].
Decision-making is based on probabilistic ideas about
ongoing processes. Determination of the special role of
modeling the management of the information potential of
complex economic systems under conditions of risk at the
present stage of development of the Ukrainian economy
is devoted the work [14, 15], which consists in the de-
composition of the problem and the phased establishment
of priorities. The technique is designed to analyze non-
linear structures when considering a variety of factors,
taking into account the dependencies and feedbacks bet-
ween them.

In the theory of modeling the management of the informa-
tion potential of complex economic systems under conditions
of risk, numerous methods and algorithms [2, 4, 8, 14] are
found for finding points of the global extremum of functions
of several variables for various particular cases. However, no
general methods for finding extrema were found. Finding
the target functions of mathematical models provides for
the optimality of existing constraints on available resources,
possible boundaries for their variation and the choice of
more precise methods for their implementation.

5. Methods of research

The development of methods and models of strate-
gic management of production facilities in the context
of information uncertainty used the main provisions of
the theory of systems [2, 4]. In the process of research,
methods of abstractions and analogies were used to deepen
the concepts of multicriteria choice, system analysis in the
formation of an information management system, theory
of sets and hierarchical structures when formalizing the
management problem under uncertainty and risk.

6. Research results

Management of complex economic systems requires
constant research, as in the current economic conditions
the situation is constantly changing, which requires iden-
tifying pressing problems and determining the prospects
for development.

Changes in the volume of macroeconomic indicators,
including calculations of labor productivity and average
wages are presented in Table 1 [16].

Analysis of the data of Table 1 makes it possible to
conclude on the dynamics of the volume of macroeco-
nomic indicators. There is a positive dynamics of growth
in gross domestic product. It should be noted that in
2014, compared to 2009, GDP increased by 72 % and in
2015 by 117 %. Labor productivity increased by 103 % in
2014 and in 2015 by 166 % compared with 2009, and the
average monthly wage by 83 % and 120 %, respectively.
The average inflation rate exceeded the 10 % limit. In
2011, the inflation rate increased by 112.9 %, in 2014 it
was 124.9 %, in 2015 it was 143.3 %.

Wages in Ukraine are among the lowest in the world.
Table 2 presents data on the minimum hourly rate in
different countries at the end of 2016 [17].

Analyzing Table 2, it is advisable to conclude that
this is due to the difficult financial, economic, political
and social state of the country.

In accordance with the data of Table 1 and Table 2,
it can be concluded that cheap labor can't efficiently and
effectively affect the economy and rational use of produc-
tive resources, increase the technical level of production,
improve product quality. The solution of this problem is
possible due to the revival and development of produc-
tion, increase of its efficiency on the basis of wide use
of new technology, science achievements and modeling
of management of the information potential of complex
economic systems under risk. This type of management is
advisable to use in forecasting economic indicators of the
development of complex multi-level systems. This gives
additional opportunities in the effective definition of the
targets for the development of economic systems.
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Tahle 1
Dynamics of macroeconomic indicators of the Ukrainian economy

Indicators 2009 2010 2011 2012 2013 2014 2015
Gross domestic product in actual prices, mln. UAH 912563 | 1082569 | 1316600 | 1408889 | 1465198 | 1566798 | 1979485
Gross domestic product in constant prices in 2009, mln. UAH 787371 | 934054 | 1135979 | 1215607 | 1264192 | 1351853 | 1707925
Number of employees, thousand people 20191.5| 20266 | 20324.2 | 19261.4 | 19314.2 | 18073.3 | 164432
Labor productivity in actual prices (average monthly workings), thous.
UAH/person 45197 | 53418 64780 73146 75861 86691 120383
Labor productivity in constant prices in 2009 (average monthly workings),
thousand UAH/person 38995 | 46080 55883 63111 65454 74798 103868
The index of changes in labor productivity in comparison with the last
year in actual prices, % - 118 121 113 104 114 139
The index of changes in labor productivity in comparison with 2009, % 100 118 143 162 168 192 266
Average monthly nominal wage, UAH 1906 2239 2633 3025 3282 3480 4195
Ratio of growth rates of average monthly wages and labor productivity
in actual prices, % 1.00 1.00 0.975 1.018 1.038 0.930 0.867
Ratio of growth rates of average monthly wages and labor productivity
in constant prices (2009), % 1.00 1.00 0.965 0.982 1.024 0.953 0.827
The minimum wage, UAH 744 922 1004 1134 1218 1218 1378
Index of the minimum wage, % - 123.8 108.8 1128 107.4 100.0 113.1
Inflation rate, % 112.3 108.1 104.6 100.0 100.5 124.9 143.3
Average annual growth rate of inflation, % 115.9 109.4 108.0 100.6 99.7 112.1 148.7
The growth of inflation in comparison with 2009, % 100 97 93 89 90 111 128

Tahle 2
Hourly minimum wage in the countries of the world
Country Wage rate, USD/hour
France 10.4
Germany 9.4
United Kingdom 11.1
Poland 2.6
Spain 4.7
Turkey 6.5
Israel 6.5
Hussia 0.5
China 1.4
Japan 6.9
Indonesia 1.1
India 0.7
Taiwan 3.6
South Korea 5.2
Colombia 1.0
Brazil 1.0
Canada 8.4
USA 7.3
Australia 12.3
Ukraine 0.28

The structural-functional sequence of operations for
managing multi-level hierarchical systems is shown in Fig. 1.
The main determining factor in the analysis of the
problem situation is the establishment of the causes of its
occurrence. When identifying the problem and the ways
to solve it, one should take into account the expansion of

problems and the identification of other related problems,
without regard to which it can’t be solved.

The variety of the physical nature of subsystems ente-
ring into a complex control system and solved problems
leads to the need for their study at various levels of
abstract description: linguistic, heuristic, information and
mathematical (Fig. 2).

The main goal of the linguistic level of the abstract
description of functioning processes of a complex economic
system is to establish its content.

The heuristic aspect of the structuring of management
systems of multi-level hierarchical systems is to establish,
form and aggregate the criteria for optimality. The most
important criteria for the effectiveness of economic sys-
tems are: profit, production costs, production volumes,
and competitiveness. Especially the heuristic aspect of
management is manifested in the use of methods of expert
assessments. It is based on the fact that the determined
characteristic of a production facility is considered a ran-
dom variable. Its true meaning and distribution law are
determined by each expert individually.

Information aspect of managing multi-level hierarchical
systems is represented by the following sequence of actions.

In a multi-level hierarchical control system, the up-
per level subsystem coordinates the operation of lower
level subsystems using control actions [; €/ determined
by their optimality criterion, and each subsystem of the
lower level searches for its own control actions according
to its optimality criteria, taking into account resource
constraints.

Criteria of optimality of upper level subsystems may not
reach their optimal value when choosing control actions
taking into account the criteria of subsystems of the lower
level. This makes it necessary to clarify the interactions
of subsystems of different levels among themselves and
establish compromise values of the criteria.

;18

TEXHONOTTYHHIA AYAMT TA PE3EPBH BHPOEHMLTBA — Neo 2/4(34), 2017



I55N 2226-3780

ECONOMICS OF ENTERPRISES: D

ECONOMICS AND MANAGEMENT OF ENTERPRISE

ANALYSIS OF THE PROBLEM

12

Development of tasks

Determination of
management objectives

Collection and analysis of
current information

v ¥ ¥
Identification of related Determination of Computer data processing
problems hierarchy levels
L7
v
Inventory of available Decomposition of goals Setting of limitations
resources 3

v

Estimation of the degrees of
influence of the external
environment

Formation and
aggregation of criteria

¥

Construction of management
models

The technical and economic character-
istics of this variant will be denoted
by gi(v), g(v)=0. The quantitative
values of these characteristics in the
general spectrum of solved problems
are determined by the capabilities and
resources [2, 6]. The available resource
level of the selected control option
for i-th characteristic of the system
is denoted by g;". This parameter is
characterized by its minimum possible
and maximum allowed values, which
is displayed by indices i=1n n<N

v

Selection and
| implementation of options

v

Forecasting changes in

for the upper level and i=n+1,N for
the lower level.

Taking into account the introduced
designations, the maximum possible re-

A

the external environment

L2

Generation of paths, alternatives, scenarios

Fig. 1. Structural and functional sequence of operations for management of multi-level

hierarchical systems

DESCRIPTION OF APPROACHES TO
MANAGEMENT PROCESSES

Pl —

mathematical

heuristic information

linguistic

Fig. 2. Structuration of approaches to management of hierarchical systems

The choice of control actions, taking into account the
interactions of the lower levels of the hierarchy of possibilities
and reactions to these disturbances, is a multicriteria problem
of mathematical programming [4] and reduces to making
a decision on a set of criteria f={/(U,),iel}, I=0,M. In
this form of record, zero corresponds to the number of
the criterion of the upper level subsystem.

Information component of management of hierarchical
economic systems distinguishes:

— the existence of priorities in decision-making between

levels of the hierarchy;

— location and ranking of managed subsystems in rela-

tion to the priorities of decisions;

— coordination of interactions;

— formation of parameters of management models;

— selection of the most promising types of manage-

ment, taking into account modern business conditions

and restrictions on production resources.

The mathematical description of management is con-
nected with formalization of the main solved problems
and choice of the optimal variant.

Conclusions obtained by using mathematical tools and
modeling complex economic systems make it possible to
find previously unknown characteristics of complex sys-
tems, their structure, dynamics of development, stability
of integrity, and S — working capacity state of the ele-
ments of the system.

The analytical description of these quantities is made at
the formal logical level and is the basis for implementing
the temporary iterative refinement of the tolerances for
resources and the influence of the external environment.

The reliability index of the chosen variant of the
system veV" will be denoted by p(v), then 0< p(v)<1.

source that can be allocated to these
subsystems from the total amount of
resources allocated for the entire system
as a whole can be expressed in the form
of the following system of equations and
inequalities:

p(v)% max;

*

g(v)<g’ i=tn;

g(v)<g’, i=n+1,N;
M
U=(U1,...,Uj,...,Z}M)€V" =HUj.
j=1

Here p, g1 — the functions of a discrete argument.

The so-called sequential systems have a multiplica-
tive reliability function. A failure in any subsystem % in
these systems leads to the failure of the entire system
as a whole [2]. In this case, private failures don’t affect
each other. In this case:

p(0)=TTriop.

This means that in order to ensure the reliability of the
operation of production economic systems, it is necessary
to choose a management alternative o7 eV" in such a way
as to ensure the successful solution of all tasks posed to
the system with probabilities of failure-free operation of
not less than specified levels p;,k=1,n.

Taking into account the reliability of the management
system, the general mathematical model is transformed
as follows:

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/4(34), 2017
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where L, — the general subset of the statistical failures
of the subsystem.

Situations described by mathematical models, in practice,
may not be fully adequate to reality, since the implementation
of the model assumes multiple repetitions of actions under-
taken under similar conditions. In reality, the number of deci-
sions taken under unchanged conditions is severely limited.

Modeling of management of complex economic systems
is carried out at the formal and logical level by sequential
localization of the spatial partitioning of the system’s op-
tions into groups of subsystems that are detailed on the
set of analyzed elements.

The scheme for modeling complex economic systems
based on the above-mentioned information is presented
in Fig. 3.

The goal of the described mathematical toolkit for mo-
deling complex economic systems consists in the integrated
use of information analysis and synthesis of processes of
constructing the interaction of structural control compo-
nents and the possibility of using application software.
The choice of the sequence of operation in the proposed
mathematical tool depends on the results of modeling the
previous steps. The use of the described approaches to the
management of multi-level hierarchical systems and their
specific sequence are determined by the specifics of the
conditions for realizations.

7. SWOT analysis of research resulis

Strengths. The strength of this research compared with
analogues is the orientation to the interactive mode of
operation, in which all management procedures at any time
and space point are detailed on the set of elements, taking
into account limitations and resource capabilities. At the
same time, the search for variants lying in the range of
the objective function change is carried out, and many
elements of the technical implementation are specified.

Weaknesses. The weak side is that the data on all types
of information potential management are not always ob-
jective, since dynamic changes in the external environ-
ment of the functioning of complex economic systems are
constantly changing, which makes it difficult to forecast
them in conditions of uncertainty and risk.

Opportunities. The opportunity of further research is
the use of the experience of foreign countries to improve
the modeling of information management of complex eco-
nomic systems under conditions of risk.

Threats. Threats to use the results of conducted research
on information analysis and the synthesis of processes
occurring in complex economic systems characterized by
multifunctionality and the variety of options for the struc-
ture of relations are limiting restrictions on resources.
Influence on the information potential of external factors,

such as the revision of the com-

Mathematical tools

pany’s budget, the socio-economic

Information analysis
of complex systems

Synthesis of modeling
methods

instability of the country and the
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Fig. 3. Modeling of the management of complex economic

N

occurring in complex economic sys-
tems. The predicted positive dyna-
mics of the complication of produc-
tion relations, especially in the con-
text of globalization and European
integration, will increase steadily.

2. Comprehensive analysis of
the state of scientific and metho-
dological support of information
risk management allowed to prove
the development of mathematical
tools based on information analysis
of complex systems and the syn-
thesis of modeling methods as a
promising direction in managing the
development of economic systems.

3. A comprehensive analysis of
levels and approaches to the ma-
nagement of production hierarchical
systems showed that the linguistic

Determintaion of
scales of relation

!

Priority ranking

Coordination of
management actions

systems

;18

TEXHONOTTYHHIA AYAMT TA PE3EPBH BHPOEHMLTBA — Neo 2/4(34), 2017



I55N 2226-3780

ECONOMICS OF ENTERPRISES:
ECONOMICS AND MANAGEMENT OF ENTERPRISE )

level is recommended to be used at the initial stage of
determination of a meaningful management interpretation.
The heuristic level is recommended for expert assessments
of the characteristics of production facilities, information —
when clarifying the interactions of control subsystems,
mathematical — for formalizing the solved tasks and choosing
the best option.

4. Recommendations on the use of different types of
mathematical tools for modeling of the management of
information potential under conditions of risk are: in
the structuring of the problem, in formulating the main
tasks, the list of basic control elements, describing the
main parameters that determine the functioning of the
system, determination of output variables; in system
analysis in the formation of a database and information
management system; in decomposition — in the division
of decision-making functions in complex control systems;
in multi-criteria optimization in the selection of criteria
characterizing the properties controlled by the production
system; in the synchronization of computing and informa-
tion processes; in linear programming in evaluating the
reactions of lower control levels to the control action of
the upper levels; in the construction of a morphological
block of management of a complex economic system, taking
into account possible implementation options, difficulties
and limiting restrictions.

The conducted researches on modeling of management
of information potential of difficult economic systems un-
der conditions of risk allowed to develop mathematical
management tools on the basis of information analysis of
complex systems and synthesis of modeling methods, as
well as to give practical recommendations on the inte-
grated use of management levels and approaches under
uncertainty.
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MOJENHPOBAHHE YNMPABNEHKMA HHPOPMALHOHHBIM
NMOTEHLHANOM CNOMHBIX 3KOHOMHYECKHX CHCTEM
B YC/NIOBHAX PHCKA

IIpoBesier MHGOPMAIMOHHDII aHAIN3 M CHHTE3 IPOIECCOB,
MIPOMCXO/SIINX B CJIOKHBIX 3KOHOMHYECKUX CHUCTEMaX, Xapakre-
pHU3YeMBIX MHOT000pa3neM BapUaHTOB CTPYKTYPBI OTHOIIEHUI.
Pacemotpena cTpykTypa ynpaBIeHns HepapXU4eCKIMI CUCTEeMaMU
C UCIIOJIb30OBAaHNEM JIMHTBUCTUYECKOTO, 9BPUCTUYECKOTIO, MH(bOpMa-
IIMOHHOTO 1 MaTeMaTH4ecKoro noaxoznos. [IpexcraBiena cTpykTyp-
HO-(DYHKIIMOHATbHAS MOCTE0BATENbHOCTD OMEePaIiil yIIpaBIeHIs
C y4eTOM OTPaHMYEHMII Ha Pecypchbl M BJIMSHUN BHENIHEH Cpejibl.

KmoueBsie cnoBa: 5KOHOMUYECKHE CUCTEMBbI, yIIPaBJICHUE NH-
opManMOHHBIMI BO3MOKHOCTSIMM, YCIOBHS PHCKA, NH(MOPMAIIOH-
HBIH TTOTEHITHA.
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