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1. Introduction

In the process of strategic management, the central place 
is occupied by the development and adoption of manage-

ment decisions, which in modern conditions are impossible 
without effective information and analytical support. In 
this case, strategic management is understood to be the pur-
poseful activities of relevant officials to maintain the proper 
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Розроблено методику оцiню-
вання iнформацiйно-аналiтичного 
забезпечення стратегiчного менедж-
менту з використанням нечiткої 
логiки. Вiдмiнна особливiсть запро-
понованої методики полягає в тому, 
що зазначена методика має гнуч-
ку iєрархiчну структуру показникiв. 
Це дозволяє звести завдання бага-
токритерiального оцiнювання аль-
тернатив до одного критерiю або 
використовувати для вибору век-
тор показникiв та забезпечує мож-
ливiсть нечiткого представлення 
показникiв i вiдношення сумiсностi 
мiж ними, якi можуть реалiзува-
ти рiзний характер взаємозалеж-
ностей. Також дана методика доз-
воляє реалiзувати методи прямого i 
зворотного нечiткого оцiнювання та 
враховує рiзну значимiсть окремих 
показникiв за рахунок використання 
ваги показника. Розробка запропоно-
ваної методики обумовлена необхiд-
нiстю виконувати обробку бiльшої 
кiлькостi iнформацiї та має помiрну 
обчислювальну складнiсть. 

За результатами дослiджен-
ня встановлено, що запропонова-
на методика має обчислюваль-
ну складнiсть на 10–15 % менше, у 
порiвняннi з методиками, якi вико-
ристовуються для оцiнки ефектив-
ностi прийнятих рiшень з питань 
стратегiчного менеджменту. 
Зазначена методика дозволить про-
вести оцiнку стану iнформацiй-
но-аналiтичного забезпечення та 
визначити ефективнi заходи для пiд-
вищення ефективностi iнформацiй-
но-аналiтичного забезпечення стра-
тегiчного менеджменту. Зазначена 
методика дозволяє пiдвищити швид-
кiсть оцiнки стану iнформацiйно-а-
налiтичного забезпечення, зменши-
ти використання обчислювальних 
ресурсiв систем пiдтримки та при-
йняття рiшень, виробити заходи, 
що спрямованi на пiдвищення ефек-
тивностi iнформацiйно-аналiтич-
ного забезпечення. Зазначену мето-
дику доцiльно використовувати 
в системах пiдтримки прийнят-
тя рiшень для оцiнки питань стра-
тегiчного менеджменту

Ключовi слова: iнформацiй-
но-аналiтичне забезпечення, нечiт-
кi множини, обчислювальна склад-
нiсть, система показникiв, нечiткi 
моделi, стратегiчний менеджмент

UDC 355/359
DOI: 10.15587/1729-4061.2019.184394

Copyright © 2019, I. Alieinykov, K. A. Thamer, Yu. Zhuravskyi, O. Sova,  

N. Smirnova, R. Zhyvotovskyi, S. Hatsenko, S. Petruk, R. Pikul, A. Shyshatskyi

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

Received date 18.08.2019 

Accepted date 13.11.2019 

Published date 25.12.2019



Information technology

17

condition of management objects, planning and preparation 
of strategic measures [1].

The basis of strategic management is the decision of the 
manager (head), which is a certain procedure and ways of 
fulfilling strategic objectives. Strategic decision making is 
one of the most important functions of the manager in object 
management [1].

Therefore, the validity and timeliness of the manager’s 
decision are the most important task of relevant officials and 
analytical units in strategic management.

The effectiveness of performing this complex task by 
officials greatly depends on decision-making methods, the 
improvement of which is based on integrated automation and 
informatization [1].

Thus, the creation and implementation of new high-per-
formance automated systems and information technology 
of support and decision-making in the practice of modern 
managers are one of the most important areas of strategic 
management improvement.

Currently, software systems are being actively developed 
to support strategic decision-making that will improve the 
effectiveness of information and analytical support of officials.

Among the factors that stimulate the development of this 
class of software systems is the increasing role in solving 
poorly structured and difficult to formalize tasks under un-
certainty and inaccuracy, which are characteristic features 
of description of causal relationships between elements of 
the situation.

Currently, three main approaches are the most common 
to solve the problems of accounting for the regularities of 
strategic processes. The first, analytical, uses their phenom-
enal description, obtained on the basis of deductive inference 
from more general laws (regularities). In the second, simula-
tion, regularities of processes are taken into account in the 
construction of their mathematical models, and the models 
themselves can in some sense be considered as a partial tool 
for describing the regularities of management processes. 
Methodologically, both approaches are interconnected with-
in a single hierarchical model system. In the third approach, 
the identification of laws (regularities) of the managed pro-
cesses is based on a joint analysis of initial data and results 
of process modeling in different options of the situation, as 
well as adoption and implementation of management actions.

The first approach is used to build models of qualitative 
analysis of processes under the highest uncertainty of stra-
tegic planning, characteristic of the level of top management 
of state structures and corporations. The main feature of 
qualitative analysis models consists is that the results are 
generally not expressed in numerical scales (the dynamics 
of development – bifurcations – phase portrait of the socio-
economic macrosystem), which makes them unusable at the 
lower levels of planning.

The second approach is the most common. However, 
it does not provide a clear description of the regularities 
of management processes in the form of causal chains for 
individual elements of the situation. Such mathematical 
models are only a tool for predicting the possible course 
and the result of management processes under given 
conditions and decisions. Formation of causal chains 
that reveal the mechanisms of relevant laws (regulari-
ties) requires purposeful full-scale experimentation with 
models. As the studies show, these models are one of the 
main inconsistencies of existing information-analytical 
technologies of strategic decision-making with the goals 

and objectives of system analysis and, as a consequence, 
insufficient quality of strategic decision-making using 
mathematical modeling.

In recent decades, there has been an increasing tendency 
to use artificial intelligence methods. However, their appli-
cation to existing strategic management systems is largely 
limited to an expert approach in the interests of automation 
and informatization of certain stages of information prepara-
tion while making a strategic decision.

The works [2–6] present studies on the development of 
methods (approaches) for multicriteria evaluation of complex 
objects. As the mathematical apparatus in these works, the 
fuzzy set theory, hierarchy analysis and expert evaluation 
methods are used.

These approaches have the following disadvantages:
– provide only general evaluation and distract from see-

ing specific relations between objects;
– complexity of processing heterogeneous data of quanti-

tative and qualitative nature; 
– limitations of model dimensions;
– complexity of decision-making under uncertainty.
In such circumstances, it is important to develop 

multi-criteria methods for evaluating complex objects and 
alternatives of strategic management.

Against this background, the use of fuzzy set theory 
and fuzzy logic for support and decision-making systems is 
a relevant direction for further research into support and 
decision-making systems in the interests of strategic man-
agement.

2. Literature review and problem statement

In [8], an agent-based approach used in a multiagent 
information-analytical system is described and problems of 
information support for decision-making are considered. The 
disadvantages of this approach include the limited represen-
tation of complex systems, namely, none of the agents has an 
idea of the whole system.

The paper [9] presents an operational approach to spa-
tial analysis in the maritime industry for the quantitative 
assessment and mapping of associated ecosystem services. 
This approach covers the three-dimensionality of the ma-
rine environment, considering separately all marine areas 
(sea surface, water column and seabed). In fact, the method 
builds 3-dimensional models of the sea by estimating and 
mapping each of the three marine domains by adopting rep-
resentative indicators. The disadvantages of this method in-
clude the impossibility of flexible adjustment (adaptation) of 
estimation models while adding (excluding) indicators and 
changing their parameters (compatibility and significance 
of indicators).

The paper [10] presents a machine learning model for 
the automatic identification of requests and provision of 
information support services that are exchanged between 
members of the Internet community. This model is designed 
to handle a large number of messages from users of social 
networks. The disadvantages of this model are the lack of 
mechanisms for evaluating the adequacy of decisions and 
high computational complexity.

The method of analysis of large data sets is presented 
in [11]. This method is aimed at finding hidden information 
in large data sets. The method involves operations of gener-
ating analytical baselines, reducing variables, identifying 
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sparse features, and specifying rules. The disadvantages of 
this method include the inability to consider different strat-
egies for evaluating decisions.

In [12], an approach to estimating the cost of living of a 
client in the air transportation industry is proposed. In this 
approach, the regression model is first used, followed by the 
indirect estimation model. Finally, the results of the evalua-
tion are compared using both evaluation models. The disad-
vantages of this approach include the inability to determine 
the adequacy of evaluation.

In [13], an approach to quantitative evaluation intended 
to evaluate the optimal selection and/or testing of analytical 
methods is presented. Objective criteria related to analytics, 
sustainability, environmental impact and economic costs are 
estimated by determining the penalty points divided into 
five different blocks. For each block, the overall qualification 
is scaled from 0 to 4 and depicted on a regular hexagonal 
icon to compare analytical procedures. The disadvantages 
of this approach are the inability to increase the number of 
evaluated indicators.

In [14], the mechanism of transformation of information 
models of construction objects into their equivalent struc-
tural models is presented. This mechanism is intended to 
automate the necessary operations of conversion, modifi-
cation and addition during such information exchange. The 
disadvantages of this approach include the inability to assess 
the adequacy and reliability of the information transforma-
tion process.

In [15], an analytical web platform is developed to 
investigate the geographical and temporal distribution of 
incidents. The web platform contains several dashboards 
with statistically significant results for territories. The web 
platform includes certain external sources of data on social 
and economic issues that allow examining the relationship 
between these factors and distribution of incidents at differ-
ent geographical levels. The disadvantages of this analytical 
platform include the inability to assess the adequacy and 
reliability of the information transformation process, as well 
as high computational complexity.

In [16], a method of fuzzy hierarchical evaluation of 
library service quality is developed. This method allows 
evaluating the quality of libraries by the set of input pa-
rameters. The disadvantages of this method include the 
inability to assess the adequacy and reliability of evalu-
ation.

The paper [17] compares the effectiveness of two meth-
ods of analytical hierarchy estimation and fuzzy analytical 
hierarchy method. The advantages and disadvantages of 
these methods are presented. The disadvantages include the 
lack of consideration of the compatibility of irregularly sig-
nificant indicators and the inability to assess the adequacy 
of the decisions taken.

The paper [18] analyzes 30 algorithms for processing 
large data arrays. Their advantages and disadvantages are 
shown. It is found that the analysis of large data sets should 
be performed in layers, occur in real-time and be able to 
self-study. The disadvantages of these methods include high 
computational complexity and inability to test the adequacy 
of the estimates obtained.

In [19], an approach to evaluating input data for support 
and decision-making systems is presented. The essence of the 
proposed approach lies in the clustering of the basic set of 
input data, their analysis, followed by system training. The 
disadvantage of this approach is the gradual accumulation of 

assessment and training errors due to the inability to assess 
the adequacy of the decisions made.

The paper [20] presents an approach to processing data 
from different sources of information. This approach allows 
processing data from different sources. The disadvantages of 
this approach include low accuracy of assessment and inabil-
ity to verify assessment accuracy.

In [21], a comparative analysis of existing decision sup-
port technologies is performed, namely: hierarchy analysis 
method, neural networks, fuzzy set theory, genetic algo-
rithms, and neuro-fuzzy modeling. The advantages and dis-
advantages of these approaches are indicated. Areas of their 
application are defined. The method of hierarchy analysis 
has been shown to work well with full initial information, 
but due to the need to compare alternatives by experts and 
choose evaluation criteria, it is highly subjective. The use of 
fuzzy set theory and neural networks is justified for risk and 
uncertainty forecasting problems.

In [22] the problematic aspects of information-analytical 
support of strategic decision-making in modern management 
are considered. The role and place of the process of manage-
ment decision-making in strategic planning are clarified. 
Existing approaches for accounting the regularities and 
result of strategic processes are analyzed. In the course of 
the analysis, it is found that approaches and methods of the 
modern model theory in management systems that allow 
carrying out a linguistic approximation of mathematical 
models of cybernetic systems are of particular interest. This 
approximation ensures the highest level of abstract descrip-
tion of systems, which allows identifying the most common 
concepts and exploring the relationships between them. 
However, the results obtained are not fully applicable to 
organizational management systems. It is proposed to use 
fuzzy sets theory and neural networks to solve strategic 
management problems.

The paper [23] describes tools and methods for analyzing 
and processing the information on the number and quality of 
personnel of the Ministry of Defense of the Czech Republic. 
The disadvantages of this approach include high compu-
tational complexity, inability to assess the adequacy and 
reliability of the decisions made.

In [24], approaches to processing constantly updated 
information circulating in social information communi-
cations are described, namely: active use of content mon-
itoring techniques, content analysis in this process. The 
disadvantages of these methods include their great compu-
tational complexity.

In [25], a system of hierarchical fuzzy estimation of the 
factors influencing the process of rice cultivation is present-
ed. The disadvantages of this technique include the accumu-
lation of estimation errors due to the inability to evaluate the 
adequacy of the result obtained.

In [26], a methodology for determining and evaluating 
the strategic economic potential of theoretical and meth-
odological foundations of forming and assessing the level 
of the strategic economic potential of economic systems is 
developed. This methodology is based on the hierarchy anal-
ysis method. The disadvantages of this methodology include 
the dependence of the results obtained on the competence of 
experts and high computational complexity.

In [27], an approach to determining the influence of 
factors affecting the efficiency of economic activity on 
the economy of integrated structures is developed. This 
approach is based on the peer review method. The disad-
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vantages of this approach include the dependence of the 
results obtained on the competence of experts and high 
computational complexity.

In [28], a systematic approach to evaluating the effec-
tiveness of strategic plan implementation is developed. This 
system approach is based on the peer review method. The 
disadvantages of this system approach include the depen-
dence of the results obtained on the competence of experts 
and high computational complexity.

The review of the papers [1–28] showed that the over-
whelming majority are based on the use of general scientific 
methods, such as systematic, comparative, structural and 
functional analysis, expert assessment, scenario analysis of 
socioeconomic systems and theoretical and informational 
approach.

Common limitations of existing multi-criteria fuzzy al-
ternative assessment methods are:

– complexity of forming a multi-level evaluation struc-
ture;

– lack of consideration of the compatibility of unevenly 
significant indicators;

– lack of ability to jointly perform forward and back-
ward evaluation tasks with the support of choosing the best 
decisions.

In order to create decision support software, it is neces-
sary to develop fuzzy evaluation methods that must satisfy 
the following set of requirements:

– ability to form a generalized evaluation indicator and 
make decisions based on sets of partial indicators that vary 
with a complex multi-level evaluation structure;

– ability to aggregate heterogeneous indicators (both 
quantitative and qualitative) of evaluation and choose deci-
sions, which differ in measuring scales and ranges of values;

– taking into account the compatibility and different sig-
nificance of partial indicators in the generalized evaluation 
of decisions;

– consideration of different decision-making strategies;
– flexible adjustment (adaptation) of evaluation models 

while adding (excluding) indicators and changing their pa-
rameters (compatibility and significance of indicators);

– ensuring the possibility of implementing forward eval-
uation of a generalized indicator on the basis of partial 
indicators, backward evaluation and joint implementation 
of forward and backward evaluation within a single model.

It is proposed to develop a methodology that would al-
low the evaluation of information and analytical support of 
strategic management, be flexible, implement forward and 
backward evaluation within a single model.

3. The aim and objectives of the study

The aim of the study is to develop a methodology of fuzzy 
evaluation of information and analytical support of strategic 
management. This will make it possible to take into account 
a larger number of factors affecting the timeliness of infor-
mation and analytical support of strategic management, as 
well as having different units of measure and nature.

To achieve this aim, the following objectives were set:
– to develop a fuzzy evaluation model for creating 

software tools to support strategic management decision 
making;

– to develop an algorithm of fuzzy evaluation of informa-
tion and analytical support of strategic management. 

4. Development of a fuzzy evaluation model for creating 
software tools to support strategic  

management decision-making 

To develop a methodology of fuzzy evaluation of the ac-
tivities of officials, it is necessary to formalize the process of 
fuzzy evaluation of information and analytical support. The 
authors’ research is proposed to carry out by developing a 
fuzzy evaluation model, as an integral part of the methodol-
ogy of evaluating the information and analytical support of 
strategic management.

Let there be a set of indicators whose values reflect the 
results of measuring/evaluating the relevant properties of a 
set of complex objects or alternatives.

All sets of indicators are broken down by hierarchy lev-
els. At each hierarchy level, the indicators form subsets, each 
corresponding to an indicator adjacent to it with a higher 
hierarchy level. At each hierarchy level, starting with the 
second, there may be indicators that do not form subsets at 
a lower level (“leaves”). At the first hierarchy level, there is a 
subset of one (generalized) indicator.

Each indicator is assigned a weight. Indicators belonging 
to one subset form a fuzzy compatibility relation.

The fuzzy evaluation model in the formalized form can be 
represented as follows:

( ) ( ) ( ) ( ){ }
( ) ( ) ( ) ( ){ }
( ) ( ) ( ) ( ) ( ){ }
( ) ( )

( ) ( ) ( )( )

1

,1 , ,

1 1 1 1
, ,1 , ,

, ,

, , ,

, ..., , ..., , 1,..., ; 1, ..., ;

, ..., , ..., , 1,..., ;

, ..., , ,

1, ..., 1; 1, ..., , 1, ..., ;

, 1, ..., ;

,

q

j j j j
q Q

j j j j
q q q i q n q

j j j j j
q i s s s m s n

s

j j
q i q i

j j j
q q k q l q l

P P P P j J q Q

P p p p i n

p P p p p

j J s S m n

p w j J

R p p c

+ + + +

= = =

= =

↔ =

= − = =

↔ =

=

( )( ) { }{ }, 1, ..., ; , 1, ..., ,j
qj J k l n













= ∈


 	 (1)

where J is the number of levels of the model hierarchy;  
Q is the number of subsets of indicators on the j-th hierarchy 
level; s is the number of subsets of indicators on the ( j+1) hi-
erarchy level; nq is the number of indicators from the subset 

( )j
qP  of the j-th hierarchy level; ns is the number of indicators 

from the subset ( )1j
sP +  of the ( j+1) hierarchy level, which is 

attributed to the i-th indicator ( )
,
j

q ip  from the subset ( )j
qP  of 

the j-th hierarchy level; ( )
,
j

q iw  is the weight of the indicator 
( )

,
j

q ip ; ( )j
qR  is the fuzzy compatibility between the indicators of 

the subset ( )
,
j

q kp  and ( )
,
j

q lp  from the subset ( ).j
qP  

Fig. 1 shows a fragment of the fuzzy evaluation model of 
the proposed type.

The mentioned fuzzy evaluation model allows taking 
into account all the requirements, which apply to the condi-
tions of evaluation and choice of decisions and characterized 
by the following properties:

– has a flexible hierarchical structure of indicators that 
allows reducing the task of multicriteria evaluation of alter-
natives to a single criterion or using a vector of indicators for 
selection. This provides an opportunity of fuzzy presentation 
of indicators and compatibility relations that can realize the 
diverse nature of relationships;

– allows the implementation of forward and backward 
fuzzy evaluation methods; 

– takes into account the different importance of individ-
ual indicators by using the weight of the indicator;
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– contains the necessary set of formalization tools for 
software implementation;

– minimizes the impact of the person (expert) on the 
strategic evaluation process.

This model eliminates the disadvantages inherent in the 
known evaluation systems, especially:

– provides an assessment of the situation (the object) and 
the relationship between them;

– allows processing heterogeneous data of quantitative 
and qualitative nature;

– has unlimited model dimensions;
– allows describing an object and its relationships, sim-

plifying decision-making under uncertainty.

It is advisable to use this model as part of the methodolo-
gy of fuzzy evaluation of information and analytical support 
of strategic management.

5. Development of an algorithm of fuzzy evaluation 
information and analytical support of strategic management 

The method of fuzzy evaluation of information and an-
alytical support of officials consists of the following main 
stages (Fig. 2).

I would like to point out that this method is used at 
the stage of evaluating the current state of the object (the 
relationship between them) and evaluating the effectiveness 
of management decisions and changes in the state of the 
management object.

In its turn, this method directly evaluates the current 
state of the management object.

The initial stage is the input of initial data, namely eval-
uation indicators, which are developed in [1, 26].

Step 1. Construction of a fuzzy evaluation model.
Step 2. Determination of compatibility degree of aggre-

gated indicators of information and analytical support.
Step 3. Justification of the set of convolution operations 

for aggregation of indicators of information and analytical 
support.

Step 4. Comparison of compatibility degrees of aggregat-
ed indicators with the operations of their convolution.

Step 5. Setting the evaluation strategy.
Step 6. Breakdown of the 

fuzzy compatibility relation 
into compatibility classes 
and selecting appropriate 
convolution operations.

Step 7. Modification of 
the fuzzy compatibility re-
lation.

Step 8. Formation of 
the convolution structure 
of indicators of the fuzzy 
evaluation model.

Step 9. Setting the 
weights of indicators and 
fuzzy evaluation of alter-
natives.

Step 10. Development 
of recommendations to in-
crease the efficiency of in-
formation and analytical 
support of officials and de-
termining the rational or-
der of their work.

Consider in detail the 
steps of the proposed eval-
uation methodology.

Step 1. Construction of 
a fuzzy evaluation model.

To build a fuzzy eval-
uation model, the follow-
ing method is proposed, 
including:

– firstly, creating a hi-
erarchical structure of eval-
uation indicators;

– secondly, determining the weights of the indicators at 
each level of the model hierarchy; thirdly, determining fuzzy 
compatibility relations between indicators at each level of 
the model hierarchy.

To create a hierarchical structure of evaluation indica-
tors, the following tasks must be solved:

– the indicators of each hierarchy level are grouped into 
subsets:
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Fig. 1. Fragment of the fuzzy evaluation model
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( ) ( ) ( ) ( ) ( ){ }1 1 1 1
, ,1 , ,,..., ,..., ,j j j j j

q i s s s m s np P p p p+ + + +↔ =

1,..., 1;j J= −  1,..., ;s S=  1,..., ;q Q=  1,..., ,sm n=

where J is the number of hierarchy levels of the model;  
Q is the number of subsets of indicators at the j-th hierarchy 
level; S is the number of subsets of indicators at the ( j+1)-th 
hierarchy level; nq is the number of indicators of the subset 

( )j
qP  of the j-th hierarchy level; ns is the number of indicators 

of the subset ( )1j
sP +  of the ( j+1)-th hierarchy level, which is 

correlated with the i-th indicator ( )
,
j

q ip  of the subset ( )j
qP  of 

the j-th hierarchy level of the model; ( )
,
j

q ip  is the i-th indicator 
of the subset ( )j

qP  of the j-th hierarchy level of the model. 
Known approaches and methods for analyzing complex 

systems, including peer review methods, can be used to 
create the hierarchical structure of indicators. It is worth 
noting that known approaches can also be used to determine 
the significance (weights) of all indicators at each hierarchy 
level of the model:

( ) ( )
, , ,j j

q i q iр w↔  1,..., ;j J=  1,..., ;q Q=  1,..., ,qi n=

where ( )
,
j

q iw  is the weight of the indicator ( )
, .j

q iр
Setting fuzzy compatibility relations between indicators 

has a particular interest since these fuzzy relations define 
the convolution operations of indicators in a fuzzy evaluation 
model. These fuzzy relations are set between the indicators 
from the subsets ( )j

qР  at each hierarchy level of the model: 

( ) ( ) ( )( ) ( )( ){ }, , ,, ,j j j j
q q k q l q klR p p c=

1,..., ;j J=  1,..., ;q Q=  { }, 1,..., ,qk l n∈

where ( )j
qR  is the fuzzy compatibility relation between the in-

dicators from the subset ( ),j
qP  ( )

,
j

q klc  is the compatibility degree 
of the indicators ( )

,
j

q kp  and ( )
, .j

q lp  
Depending on the specifics of the solved evaluation 

problem, compatibility can also be interpreted as correlation, 
mutual influence of partial indicators, and simultaneous 
achievement of values of compared partial indicators.

Also, at that stage, the adequacy of incoming information 
is evaluated and its usefulness is determined.

Step 2. Determination of compatibility degree of aggre-
gated indicators.

Direct and indirect methods can be used to determine 
the compatibility degree of partial indicators. While us-
ing direct methods, the values of compatibility degrees 

( ) [ ], 0,1j
q klс ∈  of the indicators ( )

,
j

q kp  and ( )
,
j

q lp  ( , 1, ..., ,k l n=  
where n is the number of indicators) in the fuzzy compatibil- 
 ity relation ( ) ( ) ( )( ) ( )( ){ }, , ,,j j j j

q q k q l q klR p p c=  can be specified directly 

by the experts or obtained through experiments. Indirect 
methods are used when it is difficult to directly assess the 
compatibility degree of indicators.

In addition, the value ( )
,
j

q klс  can be compared with crite-
rion compatibility levels in increasing order of compatibility 
degree. For example, according to the Harrington scale, 
C={NC is “Low level”, LC is “Below average level”, MC is 
“Medium level”, HC is “Above average level”, FC is “High 
level”}: 

{ }, , , , , ,k l uс c C NC LC MC HC FC↔ ∈ =  , 1,..., ,k l n=

where u is the index of the element of the set C.

Fuzzy compatibility relations between the indicators 
from the subsets ( ),j

qP  can be conveniently represented as 
fuzzy oriented graphs ( )j

qG  with fuzzy vertices and fuzzy 
arcs:

( ) ( ) ( )( ), .j j j
q q qG P R=  

Since for all subsets of indicators, fuzzy compatibility re-
lations are set in the same way, we move on to the next more 
illustrative designation and description of the fuzzy graph of 
indicators compatibility:

( ), ,G P R=  

where ( ){ }i p iP p p= µ  is the fuzzy set of indicators ,ip P∈  
{ }1,..., ;i n∈  ( ) [ ]0,1p ipµ ∈  is the degree of belonging to the  

base set for the indicator ;ip  ( )( ){ }, ,k i klR p p c=  , 1,..., ,k l n=  is 
the fuzzy set of oriented arcs each arc (pk, pl) corresponds to 
the appropriate compatibility level [ ]0,1klc ∈  of the indicators 
pk and pl.

Fuzzy presentation of indicators allows using the devel-
oped apparatus of the fuzzy set and number theory for their 
estimation. Representing the same degree of compatibility 
between indicators based on fuzzy compatibility relations al-
lows applying the approaches and methods of fuzzy relations 
theory to their analysis.

For the cases where it is difficult to directly assess the 
compatibility degree of indicators, a method based on pair-
wise comparison of all evaluation indicators and filling so-
called tables of compatibility between the linguistic values 
of these indicators is proposed (Table 1).

No 

START 

 Input of initial 

data (={i})  

1 

END 

Construction of a fuzzy 
evaluation model 

2 

Yes 

 n n probT T
11 

Determination of 
compatibility degree of 

indicators  

3 

Justification of the set 
of convolution 

operations 

4 

Setting the evaluation 
strategy  

5 

Breakdown of the fuzzy 
relation into classes 

6 

Modification of the 
fuzzy relation 

7 

Formation of the 
convolution structure 

8 

Setting the weights of 
indicators 

9 

Development of 
recommendations 

10 

8 

7 

Fig. 2. Algorithm of the method of fuzzy evaluation of 
officials’ activities
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The number of rows and columns in the compatibility ta-
bles for each pair of indicators corresponds to the linguistic 
gradations of their scores. At the intersection of the row and 
the column, the symbol «+» is placed, if an appropriate com-
bination of values for indicators compatible with the speci-
fied degree is possible. Otherwise the symbol «–» is put. The 
proportion of «+» symbols in Table 1 determines the degree 
of compatibility of one indicator with another.

In the case of a large number of indicators, to more accu-
rately determine their compatibility degree, the number of 
gradations on linguistic scales should be increased.

To evaluate the compatibility of n indicators, the expert  
 fills ( )

!
2 !

n
n −

 compatibility tables.

Table 1

Example of compatibility table

Medium 
level

Efficiency

Reliability

Very bad Bad Medium Good Excellent

Very bad + + + + +

Bad + + + + –

Medium + + + – –

Good + + – – –

Excellent + – – – –

Above 
average 

level 
Reliability

Efficiency

Very bad Bad Medium Good Excellent

Very bad + + + + +

Bad + + + + +

Medium + + + + +

Good + + + + –

Excellent + + + – –

Step 3. Justification of the set of operations for indicators 
aggregation.

In [1–12], the requirements for the developed fuzzy evalua-
tion models, as well as for the methods of forward and backward 
fuzzy evaluation on their basis for support and decision making 
are formulated. These requirements are largely determined by 
the choice of convolution operations and the way they are com-
pared with the compatibility degree of aggregated indicators.

Also, based on the established requirements to mini-
mizing resources and time to prepare for evaluation, it is 
expected to use fuzzy analytical convolutions instead of FIS 
(Fuzzy Interface System) models. This is due to the com-
plexity of setting up and using FIS models in the forward 
and backward fuzzy evaluation of alternatives.

While evaluating and choosing alternatives, the deci-
sion-maker can be guided by different strategies, the ex-
treme options of which are reaching the lowest value of all 
indicators or achieving the maximum value of at least one of 
the indicators. In the double case, these extreme strategies 
correspond to convolution operations of the indicators ,kp  

( ): min ,l k lp p p  and ( )max , .k lp p  To determine the degree 
of compromise of double convolution operations, it is sug-
gested to use the parameter [ ]0,1 .θ ∈  However, the smaller 
the parameter ,θ  the lower the degree of compromise of the 
indicators pl and pk. The value of the parameter θ  will be 
calculated according to the expression:

min

max min

.
v v

v v
−

θ =
−

where v  is the value of the “volume” below the surface of 
the function formed by applying the corresponding convolu-
tion operation; minv  and maxv  – as a result of the operations 

( )min ,k lp p  and ( )max , ,k lp p  respectively.
The analysis of the most common double convolution 

operations having the above properties [2–7, 17] is performed 
and the values of the parameter θ are determined for these 
operations. Table 2 shows the convolution operations that sat-
isfy these requirements in increasing order of the parameter θ.

From Table 2, we can conclude that for extreme evalua-
tion strategies, the value of the parameter θ=0 corresponds 
to the convolution operation ( )min , ,k lp p  1θ =  – to the 
convolution operation ( )max , .k lp p  Other convolution oper-
ations correspond to the parameter values 0<θ<1. 

While constructing evaluation models, there may be 
situations where compatibility degrees (or criterion compat-
ibility levels) of several (more than two) indicators coincide.

To get a generalized estimate, it is necessary to consis-
tently convolute these indicators using the same operation. 
In this case, the result of evaluation is affected by the 
presence of the associative property of the used operation. 
Accordingly, the requirement of the associative property for 
convolution operations must be considered.

Further analysis of the use of associative convolution op-
erations leads to the conclusion that the use of the operation

 
1 2

k l

k l k l

p p
p p p p− − +

 

is inappropriate for the proposed model due to a significant 
increase in uncertainty in backward fuzzy estimation.

Table 2

Appropriate convolution operations 

No.
Convolution operation of indicators 

kp  and lp Parameter value θ

1 ( )min ,k lp p 0.0

2 ( )med , ;0.25k lp p 0.16

3
2 k l

k l

p p
p p+ 0.23

4 k lp p 0.33

5 ( )med , ;0.5k lp p 0.5

6
( )min ,

1
k l

k l

p p

p p− − 0.5

7
2

k lp p+
0.5

8 1 2
k l k l

k l k l

p p p p
p p p p

+ −
+ + − 0.5

9
( )max ,

1

x y

x y+ − 0.5

10 1 2
k l

k l k l

p p
p p p p− − + 0.5

11 ( )( )1 1 1k lp p− − − 0.67

12 ( )med , ;0.75k lp p 0.84

13 ( )max ,k lp p 1.0
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The rest of the convolution operations satisfy all the re-
quirements and make up a set of operations for comparison 
with compatibility degrees of indicators (Table 3).

Table 3

Reasonable set of convolution operations

No.
Convolution operation of indicators 

kp  and lp Parameter value θ

1 ( )min ,k lp p 0.0

2 ( )med , ;0.25k lp p 0.16

3 ( )med , ;0.5k lp p 0.5

4 ( )med , ;0.75k lp p 0.84

5 ( )max ,k lp p 1.0

Step 4. Comparison of compatibility degrees of aggregat-
ed indicators with their convolution operations.

It can be noted that the three operations selected from 
the previous stage of convolution operations are essentially 
options of the same parameterized operation med with dif-
ferent parameter values. This feature is used for the proposed 
method of comparing the compatibility degree of indicators 
with the operations of their convolution.

In order to compare the compatibility degree of ag-
gregated indicators with convolution operations, direct 
methods of establishing such compliance by an expert are 
generally used.

However, from the previous reasonable set of opera-
tions, it can be concluded that the whole set of compromise 
strategies provides a parameterized family of convolution 
operations:

( )med , ; ,k lp p a  { }, 1, ..., ,k l n∈  [ ]0,1 .a ∈

Moreover, the values of the parameter θ  can use the 
compatibility degree of the aggregated indicators kp  and .lp  
To illustrate this, Fig. 3 presents the dependency of θ  on .a  

Also, the values of the parameter a  of the convolution 
operation ( )med , ,l kp p a  can be compared with the compati-
bility criterion levels of indicators. Table 4 shows an example 
of this comparison.

Step 5. Determination of evaluation strategy.
Evaluation strategy is determined on the basis of deci-

sion-maker’s preferences, as well as features of evaluation 
objects and consists in specifying:

– firstly, the order of review of compatibility degrees 
of indicators, which determines the order of aggregation of 
indicators in the model;

– secondly, the procedures for recalculating compatibili-
ty degrees of indicators in their consistent convolution.

There are two main strategies of fuzzy evaluation:
– from the least compatible indicators to the most com-

patible indicators;
– from the most compatible indicators to the least com-

patible indicators.
Moreover, evaluation strategy can be set for the whole 

model as well as for each subset of indicators.
Step 6. Breakdown of the fuzzy compatibility relation 

into compatibility classes and selection of their convolution 
operations.

Consider the strategy of evaluation from the least com-
patible indicators to the most compatible indicators.

Table 4

Comparison of parameter values of convolution operation 
( )med , ,l kp p a  with compatibility criterion levels of indicators 

No.
Convolution operation 

of indicators kp  and lp

Compatibility criterion levels of 
indicators lp  and kp

Designation Description

1 ( )med , ;0.0k lp p NC Low level

2 ( )med , ;0.25k lp p LC Below average level

3 ( )med , ;0.5k lp p MC Average level

4 ( )med , ;0.75k lp p HC Above average level

5 ( )med , ;1.0k lp p FC High level

The fuzzy compatibility relation of indicators can be bro-
ken down into so-called compatibility classes with respect to 
criterion compatibility levels.

Fig. 4, 5 show that the fuzzy compatibility relation R  
relative to the NC criterion level (“Lack of compatibility”) 
can be divided into two compatibility classes.

1 
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0 
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Fig. 3. Dependence of θ  on a  for the convolution operation 

( )med , ,l kp p a

1p 2p

1 0.33w 2 0.48wNC

3p 3 0.19w

NC

Fig. 4. Compatibility classes of fuzzy compatibility relation

1,2p 1,2p

3p3p

1,2 0.81w

3 0.19w
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1,2 0.81w

HC

3 0.19w
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Fig. 5. Example of fuzzy compatibility relation modification
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To aggregate indicators within one compatibility class, 
the same operation corresponding to the set criterion level 
is used. And the order of convolution of indicators within 
one class is not important. In this case, the aggregated in-
dicators 1p  and 2,p  using the operation ( )1 2med , ; 0, 0p p  or 

( )1 2min , .p p
Step 7. Modification of fuzzy compatibility relation.
After convolution of indicators, it is necessary to carry 

out modification of the fuzzy compatibility relation and 
change compatibility degrees (levels) of the indicators tak-
ing into account the new aggregated indicator 1,2p  whose 
weight will be equal to the sum of the weights of aggre-
gated indicators (Fig. 5).

Step 8. Formation of the convolution structure of indi-
cators.

Steps 6 and 7 are repeated at all hierarchy levels of the 
fuzzy evaluation model, starting at the bottom and at each 
hierarchy level for all subsets of indicators.

The result is the convolution structure of indicators in 
the following form:

( ) ( )( )( )( )1 1 2 1,..., ... , ,... , .n u y t n nh p p h h h p p p p∗
−=

where , ,t y u  are convolution operation indexes correspond-
ing to different compatibility levels of indicators.

Step 9. Setting the weights of indicators and fuzzy eval-
uation of alternatives.

At this stage, for each of the evaluated alternatives  
A={a1, ..., aj, ..., am}, the values of all indicators {p1, ..., pi, ..., pn}

  of the lower hierarchy level of the model are set.
The fuzzy value of the indicator ip  of the alternative 

ia  can generally be represented as a fuzzy set (number) 

( )( ){ },
ii i p ip p p= µ


 given on [ ]0,1ip ∈  by the values of the  
 
membership function ( ) [ ]0,1 .p ipµ ∈



 In the particular case, 
the value of the indicator ip  of the alternative ia  can be 
represented by a clear value ( ) [ ]0,1 .i jp a ∈  Further, unless 
otherwise stated, we will use clear values of indicators. Im-
mediately prior to direct fuzzy evaluation, the significance of 
the indicators should be taken into account. The procedure 
of accounting for the significance of indicators is performed 
before the convolution for each pair of indicators kp  and дp  
in accordance with the following expressions:

( ) ( )( )' max , ,k k k l k k lp p p p w w w= + − ⋅ −

( ) ( )( )' max , .l l l k l k lp p p p w w w= + − ⋅ −

In the case of equal distribution of weights, the estimates 
of indicators do not change, if the weight of one indicator 
is less than the weight of the other, then the value of the 
indicator with less weight is adjusted, taking into account 
the difference between the values and weights of indicators.

Step 10. Development of recommendations to increase 
the efficiency of information and analytical support of offi-
cials and determining the rational order of their work.

While solving any task, including the implementation of 
measures of strategic management organization, the main 
criterion for the effectiveness of work is the ability to fulfill 
the tasks within a given time.

While planning strategic management activities, the 
manager and officials are guided by certain rules, apply 
different techniques and methods, which are interrelated 
and characterized by a relatively clear statement of tasks or 

work and regulation of the execution time. Decision-making 
on the use of forces and resources during the organization 
(planning) of strategic management can be made on the ba-
sis of subjective (intuitive, informal) approach [1].

One way to solve this problem is to increase the efficien-
cy of officials in the adopted management cycle [1].

The indicators of efficiency include [1, 26]:
– the mathematical expectation of management time ;TM
– probability of completing the management cycle at 

a given time .yP
In this case, the duration of the critical path in the ad-

opted cycle ,kT  is taken as the mathematical expectation 
of management time and the probability of completing the 
management cycle at a given time is determined by the for-
mula [1]

1
1 ,

2
dir k

y
y

Т Т
P

  −
= + Φ  σ   

			    (2)

where dirT  is the directive time of completing the manage-
ment cycle; Φ  is the Laplace function; yσ  is the standard 
deviation of time of work performance by the organization 
officials.

The objective function of choosing a rational work order 
for officials is as follows [27].

{ }min ,TU M=  when const, ,Т redS M T= <  		 (3)

where S  is the composition of forces and resources; redT  is 
the time from receiving a task to being ready to complete it.

The increase of the efficiency of officials is possible due to 
the determination of rational volume and sequence of work 
by planning stages, redistribution of activities among stages 
with a focus on priority data preparation. Therefore, it is ad-
visable to divide the work among the performers and assign 
reasonable deadlines for implementation [1, 26, 27].

According to the composition of officials and simulation 
data, the work is distributed among the officials. The distribu-
tion of responsibilities is carried out in such a way as to ensure 
compliance with the requirements of minimizing the manage-
ment time (expression (2)), loading uniformity of performers 
and timeliness of completion of the management cycle.

The coefficients, assessing the loading of officials ( ),nK  
are calculated by the formula

max

,n
n n

t
K

T
=

where пt  is the total time spent by each official; max
nT  is the 

maximum duration of performing the whole complex of work 
by officials.

With the difference in the loading coefficients of officials 
no more than 5 %, it is possible to consider that the option 
of work distribution among them is rational. Otherwise, it is 
advisable to redistribute the work among officials.

The probability of completing the management cycle 
within the specified time is determined in accordance with 
the expression (3). The distribution of officials' responsi-
bilities in each management cycle should be such that with 
the probability Ру=0.9, the mathematical expectation of the 
completion time of the accepted management cycles did not 
exceed the specified value. When the above conditions are 
fulfilled, the order of work can be considered rational and 
taken as a basis in practice.
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6. Discussion of the results of developing methods of 
fuzzy evaluation of information and analytical support of 

strategic management 

The method of fuzzy evaluation of information and an-
alytical support of strategic management is proposed. The 
simulation of the proposed method in the MathCad 14 soft-
ware environment is carried out.

The fuzzy evaluation model to create software tools to 
support strategic management decision-making is devel-
oped. The advantage of this model is that it has the form of a 
hierarchy tree, which makes it universal to describe all types 
of analysis (decomposition) objects, which allows describing 
not only the object itself, but also its relations with other 
objects, using quantitative evaluation indicators.

During the research, the authors developed the algo-
rithm of fuzzy evaluation of information and analytical sup-
port of strategic management, the graphical representation 
of which is shown in Fig. 2. We would also like to draw your 
attention to the fact that this algorithm justifies convolution 
operations (Step 3) and defines evaluation strategy (Step 5). 
This feature allows using it to solve a wide range of tasks.

To evaluate the effectiveness of the developed methodol-
ogy for evaluating the information and analytical support of 
strategic management, its comparative assessment with the 
most popular software for enterprise management (strategic 
management) is performed:

– ARIS Business Performance Edition (IDS Scheer AG, 
Germany);

– IBM WebSphere Business Modeler (IBM, USA);
– System21 Aurora (Campbell Lee Computer Services 

Limited, Great Britain); 
– SAP Strategic Enterprise Management (SAP, Germany);
– Hyperion Performance Scorecard (Oracle, USA), 
– CA ERWin Process Modeler (CA, USA). 
For comparative assessment, assessment of the real state 

of the company is performed. Everest Limited LLC (Kyiv, 
Ukraine) is used as a research object.

The results of the assessment of the real state of the 
company are given in Table 5, which presents the normalized 
evaluation results.

As can be seen from Table 5, the advantage of this meth-
od over the known ones is the reduction of computational 
complexity, which in turn increases the speed of strategic 
decision making regarding the management object.

The main advantages of the proposed evaluation meth-
odology are:

– flexible hierarchical structure of indicators, which 
allows reducing the task of multicriteria evaluation of alter-
natives to one criterion or using a vector of indicators for 
selection;

– uniqueness of the assessment of the state of informa-
tion and analytical support;

– wide scope (support and decision-making systems);
– simplicity of mathematical calculations;
– possibility of adjustment of the system of indicators 

during the work;
– possibility to synthesize the optimal structure of the 

support and decision-making system.
The disadvantages of the proposed methodology include:
– loss of information in assessing the state of information 

and analytical support through the construction of the mem-
bership function. This loss of information can be reduced by 
choosing the type of membership function for the practical 

implementation of the proposed methodology in support 
and decision-making systems. The choice of membership 
function depends on the computing resources of a particular 
electronic computing device;

– lower accuracy of estimation of a separate parameter of 
the state of information and analytical support;

– less accuracy compared to other estimation methods.
This method will allow:
– assessing the state of information and analytical support;
– identifying effective measures to improve the effec-

tiveness of information and analytical support of strategic 
management;

– increasing the speed of assessment of the state of infor-
mation and analytical support;

– reducing the use of computing resources of support and 
decision-making systems.

– developing measures aimed at improving the efficiency 
of information and analytical support.

Table 5

Comparison of the computational complexity of the software 
and the developed methodology to evaluate 	

the real state of the company

No. Name of software
Number of 

calcula-
tions

Developed method 
(by the number of 

calculations)

1
ARIS Business Performance 

Edition (IDS Scheer AG)
67,000 58,960

2
IBM WebSphere Business 

Modeler (IBM)
64,500 58,760

3
System21 Aurora (Campbell 

Lee Computer 
 Services Limited)

57,000 48,450

4
SAP Strategic Enterprise 

Management (SAP)
39,830 35,847

5
Hyperion Performance 

Scorecard (Oracle)
46,200 40,194

6
CA ERWin Process  

Modeler (CA)
43,050 37,023

The results of analyzing the effectiveness of the proposed 
methodology show that its computational complexity is 
10–15 % less compared to the methods used to evaluate the 
effectiveness of the decisions presented in Table 5.

This study is a development of the authors’ research, 
aimed at the development of methodological foundations for 
improving the effectiveness of information and analytical 
support published earlier [28–31].

The areas of further research should be aimed at reduc-
ing the computational cost of processing different types of 
data in special-purpose systems.

7. Conclusions

1. The fuzzy evaluation model for creating software 
tools to support strategic management decision-making is 
proposed. The essence of this fuzzy evaluation model for cre-
ating software tools to support strategic management deci-
sion-making consists in the fact that the object of evaluation 
is represented as a hierarchy tree.

This model eliminates the disadvantages inherent in the 
known evaluation systems, namely:
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– provides an assessment of the situation (object) and 
relations between them;

– allows processing heterogeneous data of qualitative 
nature;

– has unlimited model dimensions;
– allows describing the object and its relations, which 

simplifies decision-making under uncertainty.
Given this, the model should be used as part of the meth-

odology of fuzzy evaluation of information and analytical 
support of strategic management.

2. In this research, the authors developed an algorithm of 
fuzzy evaluation of information and analytical support of stra-
tegic management. The novelty of this algorithm is the justifi-
cation of convolution operations depending on the evaluation 
method and the choice of evaluation strategy, which allows 
it to be used for solving a wide range of tasks. The practical 
value of the obtained results is that they are used to develop 
practical recommendations to increase the level of efficiency 
of information and analytical support of officials.

Thus, the development of the methodology of fuzzy evalu-
ation of information and analytical support of strategic man-
agement allowing processing more information and having 
moderate computational complexity is considered achieved.
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