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Abstract – The purpose of the study is to implement 
cognitive modelling of the retail chain management 
system to ensure the effectiveness of management 
decisions in order to implement structural changes in 
its activities. It is determined that the organization of 
retail chain management is more effective due to 
provided principles of a systematic approach which are 
applied. Therefore, using the concept of Balanced 
Scorecard (BSC) in this study, which reflects the 
interaction and interdependence of structural units, 
which is feasible, we propose it to further search for 
development scenarios for the retail chain 
management. The article presents a sequence of 
cognitive modelling, which consists of seven main 
stages. Drogerie - format management system of retail 
chains has been chosen since it has recently been 
standing out by its popularity with consumers among 
other formats, as an object for the study. The results of 
this study can be useful for enterprises and 
organizations with complex systems  
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that are characterized by hierarchical, network 
relationships between subsystems or where random 
processes take place. 

Keywords – cognitive map, concept models, balanced 
scorecard, development scenarios, retail chains. 

1. Introduction

Sustainable development of retail chains requires 
managers to constantly improve existing methods of 
managing retail facilities to ensure a competitive 
advantage in the market environment. Cognitive 
modelling is considered to be one of the newest 
directions of the modern theory of managerial 
decision-making, recognized among scientific 
methods of management efficiency improvement.  

A significant advantage of cognitive modelling in 
the management system of retail enterprises, which 
are characterized by a large number of elements, 
relationships and interactions between them, the 
complexity of the structure, volatility, and presence 
of both quantitative and qualitative characteristics - is 
the ability to analyse and predict as a whole and its 
components, without losing a connection between 
them. The relevance of the study of the problem of 
retail chain management system in the application of 
cognitive modelling means that there is an 
opportunity: to solve a set of theoretical and practical 
problems purposely and coherently; not only to 
generate alternative solutions for the management of 
a complex system or adaptation to it but also to 
assess the consequences of decisions; reduce the risk 
of the human factor and increase the effectiveness of 
management decisions. The article aim is to 
implement cognitive modelling of the retail chain 
management system to ensure the effectiveness of 
management decisions and the introduction of 
structural changes in its operation. 

https://doi.org/10.18421/TEM101-45
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2. Literature Review  
 
The definition of "cognitive" (Latin "cognitio" – 

knowledge, the cognitive process of the human 
mind) was borrowed from psychology in the second 
half of the twentieth century, regarding the 
information processing, logical thinking, 
imagination, decision making, etc.  

The most famous representative of this approach 
is Atkinson [1], who identified numerous structural 
components (blocks) of cognitive and executive 
processes – memory. It is also worth mentioning the 
work of Anderson [2], Axelrod [3], Baars [4], who 
first proposed using cognitive maps in order to 
analyze situations and make decisions with a high 
degree of uncertainty.  

Development of the computer became a 
significant incentive for the further application of 
cognitive modelling. Technology reduced the time 
spent on alternatives, helped to visualise the studied 
model, increased the accuracy of calculations and 
reliability of the analysis. Currently, some 
researchers actively use the cognitive approach in 
their scientific and practical research, among them: 
Sharifi [5], Pérez-López, González-López, 
Rodríguez-Ariza [6], Litau [7]. However, the 
possibility of applying the methodology of retail 
chain management based on cognitive modelling 
has not been studied yet. 

In general, modelling is the replacement of one 
object with another to obtain information about the 
most important properties of the original object using 
a model object. The simulation is based on the theory 
of similarity, according to which absolute similarity 
is possible only when replacing one object with the 
same another [7], [8].  

Cognitive modelling is a tool of cognition designed 
to solve a set of low-structured system problems: 
determining the object of study, conducting an expert 
procedure for selecting factors, determining the type, 
strength and nature of the influence of selected 
factors, building a cognitive map, forecasting, 
decision making, adaptability, self-organization [8]. 
The purpose of cognitive modelling is to predict the 
development of the system, its management, to 
determine the possibilities of its adaptation to the 
outer environment. 

 
3. Methodology  

 
According to the goal of the study, a set of general 

and specific methods of scientific knowledge have 
been applied, such as: 

 

 analysis and synthesis, cognitive modelling (to 
find the best scenarios for retail network 
management improvement);  

 graphic method (to visualize information, its 
grouping, comparison, and generalization).  

Analysing the theoretical and methodological basis 
of cognitive modelling, a certain sequence of its 
implementation has been found [9]: 

 

1. Establishing the purpose and objectives of the 
study. 

2. Analysing the level of complexity of the situation 
that needs to be clarified concerning the goal. 
Scientists usually collect, systematize, analyse 
data in terms of quantitative and qualitative 
information about the object of management and 
its environment, as well as determine the 
conditions and limitations at this point. 

3. Identification of the main factors influencing the 
development of the management situation. 

4. Determining the dependency between factors due 
to causality (creation of a cognitive map in the 
form of a directed graph). 

5. Examination of the power of the interaction of 
various factors. For this purpose, both 
mathematical models are used, which describe 
some precisely identified quantitative 
relationships between factors, and the subjective 
ideas of the expert on the formalization of 
qualitative relationships between factors. In 
stages 3-5, the final cognitive model of the 
system is built, which is depicted as a functional 
graph. 

6. Verification of the sufficiency of the cognitive 
model for a real situation. 

7. Determining possible options with the help of a 
cognitive model for the development of the 
situation (system), identifying ways, and 
mechanisms of influence to achieve the desired 
results, prevention of undesirable consequences 
by creating management strategies. Defining 
desired directions and factors for changing 
processes trends. Selecting a set of measures (a 
set of control factors), determining their possible 
and desired impact (specific and practical 
application of the cognitive model) are explained 
by [6], [9], [10], [11]. 

 

The studied literature on cognitive modelling [8], 
[9], [10] showed that most authors consider the 
model in the form of a cognitive map, which 
formally has the form of a directed graph, the 
vertices of which are factors, and the edges are the 
relationship between them (1) [11]. 

 

𝐺 ൌ ⟨𝑉, 𝐸⟩,                                      (1) 
 

where V is the set of vertices, the vertices Vi ϵ V (i 
= 1, 2 ... k) are elements of the studied system – 
strategic goals; E is the set of edges, the edges are E 
(i, j = 1, 2 ...N) reflect the relation between the 
vertices Vi and Vj. 
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Given directed graph reflects the influence of 
factors taking into account the weights of the edge 
Wij established by experts. The weights of the edges 
can be established on the basis of the functional 
dependence (if any), as well as the coefficient bij 
from the linear regression dependence of factors type 
such as  yj=a+bijxi [12]. 

Thus, the direct (quantitative) and indirect 
(qualitative) influence of factors on the indicators 
selected for efficiency assessment have been taken 
into account.   

This allows to more fully describing the problem 
area and the effect of the implementation of certain 
measures. Studies have also shown that factors can 
affect each other [6], [9], [10], [12]. Two elements of 
the system are depicted in the scheme as separate 
points – vertices Vi and Vj if the element Vi is 
connected with the element Vj by a causal relation: 
Vi Vj, where Vi is the cause, Vj is the consequence. 

To study the management system, retail chains of 
the Drogerie-format were chosen, which was 
determined by its popularity with consumers among 
other retail formats: first, their stores are located 
"near the house". According to a study held by [13], 
56% of people choose stores closer to their home, 
46% – prefer to shop quickly. Secondly, thanks to its 
range, which is easily optimized for the needs of the 
local consumer, moderate pricing, loyalty programs, 
etc., makes them important. The study involved 18 
experts from the chain of selected format, who were 
grouped into three groups according to the following 
requirements: the first group of experts included 6 
senior sellers of selected companies who have been 
working in this chain for at least three years and have 
the total experience of more than five years in trade; 
the second group of experts included 6 administrators 
of trading rooms with experience of administrative 
work over three years with higher education in 
economics; the third group consisted of 6 marketers 
with higher education in marketing management or 
more than five years of experience in this or a similar 
position.   

The experts were asked to fill out a questionnaire 
that determined the degree of the judgment of each 
expert on the given questions. The study has shown 
the consistency of experts' opinions by calculating 
the Kendall concordance coefficient. The coefficient 
was equal to 0.98, which testified to the almost 
complete consistency of experts' opinions. Scenarios 
for the development of the management system in the 
retail chain "BROCARD" were modelled based on 
the obtained data. 

 
4. Results and Discussion 

 
The key to the success of the network in a market 

full of threats and dangers is a purposeful 

management organization based on a systematic 
approach. Research emphasizes that the category 
"system" means a whole set of mutually dependent 
parts [14]. In general, any set of interacting objects 
can be identified as a systemic formation, i.e. a 
system. Thus, the vast majority of systems, especially 
economic ones, are complex because they are: 
characterized by a large number of elements and 
internal connections, their heterogeneity and 
diversity, the performance of many functions, as well 
as the content of subsystems; hierarchical - due to the 
order of components in order of importance; open 
because there is a constant information exchange 
with the environment; dynamic – with the inevitable 
transition of processes, indicators, characteristics, 
etc. from one state to another; homeostatic – through 
efforts to maintain integrity, achieve their own goals 
and the ability to influence certain processes of the 
environment, etc.  

Therefore, based on a systematic approach to retail 
chain management, to model development scenarios, 
the concept of Balanced Scorecard (BSC) was 
chosen Kaplan, Norton [15], [16], which reflects the 
interaction and interdependence of four perspectives: 
"Finance", "Clients", "Internal Business Processes" 
and "Training and Development". According to the 
procedure of cognitive modelling, the primary task is 
to establish the purpose and objectives of the study. 
Since the guaranteed indicator of the functioning of 
all structural units of retail networks is the indicator 
of profitability, the strategic goal setting has been 
"Increase in profits compared to the previous period." 
The most important goals corresponding to the main 
prospects of the Balanced Scorecard (BSC) were also 
identified (Table 1).  

It was expedient to supplement the goals of 
prospects with the following initial indicators – 
measurability and recognition. Measurability 
indicates a quantitative or qualitative indicator, and 
recognition indicates a value in the retail chain 
management system. Then, according to the method 
of cognitive modelling, the control vertices were 
chosen, through which control actions will be 
submitted, the vertices of the perspective "Internal 
business processes"; target peaks, a given change of 
which has to be achieved – the peaks of the 
perspective "Finance"; indicator peaks that 
characterize the development of economic processes 
of the model – the peaks of prospects "Clients" and 
"Training and Development". To search for system 
development scenarios for making more effective 
management decisions in the activities of retail 
chains, the following task set has been defined to 
achieve the following strategic goals [14], [17], [18]: 

 

 construct a graph and determine the vertices, as 
well as their edges; 
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 determine the distinction of vertices in the 
concept of the model; 

 investigate the relation of the vertices and their 
edges of each of the prospects to determine the 
stability/instability of the system; 

 explore the relationship between prospects in 
terms of sustainability; 

 in the case where the studied system is resistant 
to influence (excitation), conduct pulse 
modelling, which should reflect the possible 
scenario of the situation; 

 analyse the results obtained to select a more 
effective management decision. 

 
Table 1. Concept Models 
 

Perspectives Goals – meaning of vertices 
Abbreviation 
for vertices 

Characteristic 
of vertices 

Measurability 

Finance (F) 
1.Increase in profit compared to previous period PR Goal Quantitative 
2.Extention of the structure of activity SE Goal Quantitative 
3. Sales growth SG Goal Quantitative 

Clients (C) 

1.Increase in the number of consumers CNI Indicator Quantitative 
2.Increase in the number of customers who make 
repeat purchases 

CRPI Indicator Quantitative 

3.Improving online sales OSI Indicator Quantitative 
4.Personalisation PS Indicator Qualitative 
5.Focus on the "profitable" consumer PCF Indicator Qualitative 

Internal 
business 
processes 

(IBP) 

1.Expanding the product range PRE Management Quantitative 
2.Emotional component increase for better 
perception of store visits 

E Management Qualitative 

3.Increasing chain brand-loyalty L Management Qualitative 
4.Creating a positive (image) for the chain B Management Qualitative 
5. Supply optimization Client Orientation CO Management Qualitative 

Training and 
Development 

(TD) 

1.Reducing staff turnover К Indicator Qualitative 
2.Stuff motivation М Indicator Qualitative 
3.Staff training system development ST Indicator Qualitative 
4. Increasing the internal focus on the customer FC Indicator Qualitative 
5. Job satisfaction increase JS Indicator Qualitative 

 
As already emphasized, modern retail chains are 

open economic systems that, reaching these goals, 
interact closely with each other and the external 
environment. According to the requirements of 
cognitive modelling in the construction of the 
relationship graph – these are the edges coming from 
the top, which characterizes the corresponding goal 
of the perspective to achieve the strategic goal 
(Figure 1). 

 

 
 

Figure 1. Cognitive Map OF The Retail Network 
Management System 

 

Note: PR – Profit; SE – Extension of the structure of activity; 
SG – Sales Growth; CNI – Consumers Number Increase; CRPI – 
Increase in the number of customers who make repeat 
purchases; OSI – Online sales improvement; PS – 
Personalization; PCF–Focus on the "profitable" consumer; CO 
– Client Optimization; PRE – Expanding the product range; E – 
Emotional component increase for better perception of store 
visits; L – brand-loyalty increase; B – Creating a positive image 
for the chain; K – Reducing staff turnover; M – Staff Motivation; 
ST – Staff training system development; FC – Increasing the 
internal focus on the customer; JS – Job satisfaction increase. 

 

To determine the importance of the value of the 
vertices of the graph, an expert group of employees 
of the network "BROCARD" was involved along 
with a calculation of Kendall concordance coefficient 
of experts’ agreement – 0.74, which means a high 
extent of agreement.  

According to the rules of the survey, the experts 
were offered a Likert rating scale, where it was 
necessary to set scores from 4 – the highest score, to 
1 – the lowest score. The average assessment of 
experts is the value of the goal.   

According to the rules of graph theory, the 
fulfilment of one goal depends on the achievement of 
others. Therefore, each target vertex is related to 
several other goal vertices, forming a transition and 
probabilities (Table 2). The connections between the 
ribs should have only positive consequences because 
the fulfilment of one goal will have a positive effect 
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on the achievement of others. Thus, the value of the 
edge that connects to the vertices will show the 
impact on the aspired goal. 

The obtained indicators provide an opportunity to 
investigate the relationship between the vertices and 
their edges to determine the stability in individual 
perspectives and the entire system of the retail trade 
chain. Given the fact that retail networks have to 
make management decisions in conditions of 
uncertainty, the use of probabilistic approaches are 
considered by researchers [8], [9], [12] are the most 
rational. Due to the comparative simplicity and 

clarity of the mathematical apparatus, the high 
probability and accuracy of the obtained solutions, 
Markov's chain theory deserves special attention.  

They describe the behaviour of complex systems, 
which are characterized by hierarchical, network 
relationships between subsystems or subsystems 
where random processes occur. In order to calculate 
the numerical parameters that will characterize this 
randomness, it is necessary to build a probabilistic 
model of the phenomenon, which will take into 
account probabilistic factors. 
 

 
Table 2. Relationship of Vertices of Cognitive Map of Retail Chain Management System 
 

 PR SE SG CNI CRPI OSI PS PCF PRE E L B CO K M ST FC 

PR 0 0 0 0 0 0 0 0 0,34 0 0 0 0 0 0 0,33 0 

SE 0,3 0 0 0 0,33 0 0 0 0 0 0 0 0 0 0 0,33 0 

SG 0,5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CNI 0 0 0,5 0 0 0,5 0 0 0 0 0 0 0 0 0 0 0 

CRPI 0 0 0,5 0 0 0 0 0,5 0 0 0 0 0 0 0 0 0 

OSI 0 0 0 0,3 0 0 0 0,25 0 0 0,25 0 0 0 0 0 0 

PS 0 0 0 0,3 0,33 0 0 0 0 0 0,34 0 0 0 0 0 0 

PCF 0 0 0,33 0,3 0,33 0 0 0 0 0 0 0 0 0 0 0 0 

PRE 0 0 0 0,3 0,25 0 0 0 0 0,25 0,25 0 0 0 0 0 0 

E 0 0 0 0,3 0,25 0 0 0 0 0 0,25 0 0,25 0 0 0 0 

L 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

B 0 0 0,33 0 0 0 0 0 0 0,33 0,34 0 0 0 0 0 0 

CO 0 0 0 0 0 0,2 0 0 0,2 0,2 0,2 0,2 0 0 0 0 0 

K 0 0 0 0 0 0 0 0 0 0 0 0,33 0 0 0,34 0,33 0 

M 0 0 0 0 0 0 0 0 0 0 0 0 0 0,33 0 0 0,33 

ST 0 0 0 0 0 0,16 0 0 0 0 0 0 0,16 0,16 0,16 0 0,16 

FC 0 0 0 0 0,25 0 0,25 0,25 0 0 0 0 0 0 0 0,25 0 

JS 0 0 0 0 0 0 0,33 0,34 0 0 0 0 0 0,33 0 0 0 
 

Note: PR – Profit; SE – Extension of the structure of activity; SG – Sales Growth; CNI – Consumers Number Increase; CRPI – 
Increase in the number of customers who make repeat purchases; OSI – Online sales improvement; PS – Personalization; PCF– 
Focus on the "profitable" consumer; CO – Client Optimization; PRE – Expanding the product range; E – Emotional component 
increase for better perception of store visits; L – brand-loyalty increase; B – Creating a positive image for the chain; K – Reducing 
staff turnover; M – Staff Motivation; ST – Staff training system development; FC – Increasing the internal focus on the customer;  JS – 
Job satisfaction increase. 
 

Researching complex systems that develop under 
the influence of random factors, it is possible to 
assume that the system – S (in our case – a separate 
perspective), defined by this graph, consistently 
passes through discrete-time intervals from one state 
to another, forming many states: 𝑆ଵ, 𝑆ଶ, …, 𝑆௡, 
Transitions of the system from state to state are 
possible only at fixed moments of time t: 𝑡ଵ, 𝑡ଶ, …, 
𝑡௡. 

Thus, a random process that occurs in the system is 
a function of an integer argument. According to 
Wentzel [19], if for each step the probability of 
transition from any state to any other state does not 
depend on when and how the system came to such a 
state, and then the sequence of events is a Markov 
chain. 

According to the theory, the Markov chain [19] is 
homogeneous, i.e. the transitions of the system from 
state to state are described by transient probabilities, 
which are constant values  𝑃ij ൌ 𝑃. 

To simplify the analysis of the model, investigation 
of the relationship between the vertices and their 
edges for each of the perspectives will be carried out 
and, if necessary, their stability in perspectives 
established [20].  

Since the top of the perspective "Finance" is the 
target factor of its implementation depends on the 
following perspectives: "Clients", "Internal Business 
Processes", "Training and Development".  Figure 2 
shows the approximate graph of the BSC perspective 
"Customers". 
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Note: CNI – Consumers Number Increase; CRPI – Increase in 
the number of customers who make repeat purchases; OSI – 
Online sales improvement; PS – Personalization; PCF– Focus 
on the "profitable" consumer. 

 
Figure 2. Directed Graph of BSC Perspective "Clients" 

 

According to the initial information, the transition 
probabilities are given by the following weights, 
where P ij is the probability of transition in one step 
from the state Si to the state Sj. In our case, the 
element P is the weight of the edge (see Figure 2), 
coming from the specified vertex-target:  

 

P11=0 P12=0 P13=0 P14=1 P15=0
P21=0 P22=0 P23=0,5 P24=0 P25=0,5

P31=0,33 P32=0,33 P33=0 P34=0 P35=0,33
P41=0,5 P42=0,5 P43=0 P44=0 P45=0

P51=0,33 P52=0,33 P53=0 P54=0,33 P55=0

 

 

Then the transition probability matrix P will take 
the form: 

 

0 0 0,33 0,5 0,33
0 0 0,33 0,5 0,33
1 0,5 0 0 0
0 0 0 0 0,33
0 0,5 0,33 0 0

 

 

The initial state of the system is set by a vector-
column, which is formed by expert evaluation and 
has passed the procedure of coordination, prospects 
"Clients". The experts had to determine the weight of 
the components of the perspective so that in the end 
the amount equals 1.  

 

𝑝ሺ0ሻ ൌ

⎝

⎜
⎛

0,3
0,12
0,14
0,3

0,14⎠

⎟
⎞

                                                   (3) 

 

An equation that describes the state of the system 
in 𝑆 at 𝑘 െmoment of time is described by matrix 
equations in recurrent form. 

 

𝑝ሺ𝑘ሻ ൌ 𝑃் ⋅ 𝑝ሺ𝑘 െ 1ሻ, (𝑘 ൌ 1,2,..., 𝑛),              (4) 
 

where the matrix transposed relative to the matrix 
R. 

The results of calculations by equation (4) using 
MS Excel are shown below in Figure 3. 
 

 

 
 

Note: CNI – Consumers Number Increase; CRPI – Increase in the number of customers who make repeat purchases; OSI – Online 
sales improvement; PS – Personalization; PCF– Focus on the "profitable" consumer. 
 

Figure 3. Results of Calculations for Perspective "Clients" 
 

1 2 3 4 5 6 7 8 9 10 11

CNI 0.3 0.2424 0.176946 0.216711 0.1959804 0.20632945 0.19707753 0.20205909 0.19680396 0.19866247 0.19566315

CRPI 0.12 0.2424 0.176946 0.216711 0.1959804 0.20632945 0.19707753 0.20205909 0.19680396 0.19866247 0.19566315

OSI 0.14 0.36 0.3636 0.265419 0.3250665 0.2939706 0.30949418 0.29561629 0.30308864 0.29520595 0.2979937

PS 0.3 0.0462 0.035046 0.0792 0.06879213 0.06466144 0.06773651 0.06605776 0.06622171 0.06553236 0.06547901

PCF 0.14 0.1062 0.24 0.208461 0.19594377 0.20526215 0.20017503 0.20067184 0.19858292 0.19842123 0.1967492

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4
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Therefore, the analysis of graphs shows that the 
system over time, the probability of reaching the 
resistance to impact (stationary mode), when: 

 

𝑝ሺ∞ሻ ൌ

⎝

⎜
⎛

0,196
0,196
0,298

0,0655
0,197 ⎠

⎟
⎞

 

 

These calculations of interactions and weights of 
their vertices the perspective "Customers" mean that 
starting from the 3rd step, the stable development of 

this perspective will be subject to improved online 
sales (0.298), targeting the "profitable" consumer 
(0.197) will increase, however as at the initial stage, 
the promising components of increasing the number 
of consumers (0.3) and their personalization (0.3) 
were identified. 

Similarly, the stable development of prospects 
"Internal Business Processes" and "Training and 
Development" is defined. The calculations are given 
in Figure 4 and Figure 5. 

 

 
 

Note: CO – Client Optimization; PRE – Expanding the product range; E – Emotional component increase for better perception of 
store visits; L – brand-loyalty increase; B – Creating a positive image for the chain. 
 

Figure 4. Results of Calculations for Perspective "Internal Business Processes" 
 

Thus, if at the initial consideration the experts 
considered the development of this perspective far-
reaching with the proper development of the 
emotional (0.3) component, the calculations of 
interactions and weights of their peaks of the 
perspective "Internal Business Processes" showed 
that stable network development will be achieved by 
increasing the value of the component optimization 
of work with suppliers (0.364) and improvement of 
measures to increase consumer loyalty (0.275). 

The construction of the initial vector of the last 
perspective "Learning and Development", according 
to experts, allowed to determine the same prospects 
for all components, as the degree of employee 
satisfaction depends on meeting the goals of all the 
above prospects and achieving this main strategic 
goal [21], [22], [23].  Table 5 shows the results of 
establishing stability in the vertices and their edges 
depending on the 4th step of the experiment.  

 

 
 

Note: K – Reducing staff turnover; M – Staff Motivation; ST – Staff training system development; FC – Increasing the internal focus 
on the customer; JS – Job satisfaction increase. 
 

Figure 5. Results of Calculations for Perspective "Training and Development" 

 

1 2 3 4 5 6 7 8 9 10 11

CO 0.18 0.28 0.51 0.2925 0.35375 0.3996875 0.34265625 0.36332031 0.37255859 0.35753418 0.36420166

PRE 0.21 0.045 0.07 0.1275 0.073125 0.0884375 0.09992188 0.08566406 0.09083008 0.09313965 0.08938354

E 0.3 0.24 0.115 0.1975 0.200625 0.1615625 0.18835938 0.18558594 0.17649414 0.18396973 0.18252319

L 0.13 0.39 0.235 0.255 0.299375 0.261875 0.26914063 0.27976563 0.26928711 0.2722168 0.27450806

B 0.18 0.045 0.07 0.1275 0.073125 0.0884375 0.09992188 0.08566406 0.09083008 0.09313965 0.08938354

0
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1 2 3 4 5 6 7 8 9 10 11

K 0.19 0.2576 0.2836 0.256729 0.2577 0.2640802850.2607105530.2592515950.2598564460.2592041080.25841564

M 0.22 0.2 0.1763 0.2062 0.1992645 0.193032250.1964651430.1963753480.1948034350.1947411220.194566166

ST 0.21 0.095 0.1288 0.1418 0.1283645 0.12885 0.1320401430.1303552760.1296257970.1299282230.129602054

FC 0.19 0.3626 0.3311 0.321129 0.3286 0.3282625350.3251355530.3252716660.3250340840.3240170070.323379752

JS 0.18 0.0726 0.066 0.058179 0.068046 0.0657572850.0637006430.0648334970.0648038650.0642851340.06426457
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Therefore, stable development in this perspective 
will be subject to proper development and 
implementation of new systems to increase internal 
consumer orientation (0.323). 

The stability of the whole model is represented by 
graph (Figure 6) and the stable development of all 
prospects in a similar scenario is established, where 
the initial vector is expert assessments (Figure 7). 

 

 

The obtained calculations showed (Figure 7) that 
the retail network is developing steadily in the 4th 
step. Next, according to the plan of the task of 
formalizing the qualitative links between the factors 
were set to achieve the goal. The plan of the 
experiment consisted of the successful introduction 
of disturbances to the top of the component 
perspective "Internal business processes": first – 
"Expansion of the range of goods", then – to the top 
"Optimization of work with suppliers". 

                 Figure 6.  Graph of BSC Prospects 
 

 
 

Note: F – Finance; C – Clients; IBP – Internal business procedures; TD – Training and Development 
 

Figure 7. Results of Calculations for BSC Prospects 
 

According to the theory [9] modelling of pulse 
processes occurs according to the formula: 

 

х௜ሺ𝑛 ൅ 1ሻ ൌ  х௜ ሺпሻ ∑ 𝑓௜௝𝑃௝ሺ𝑛ሻ ൅ 𝑄௜ሺ𝑛ሻ௞ିଵ
௝ୀଵ        (5) 

 

 where хi (n) – value of impulse in the point і in the 
previous moment (pace of modelling) (п), 
хi(п + 1) – value of impulse in the point і  at the 

interesting for the researcher moment (п +1); 
fij – the momentum conversion factor in the initial 

stages of modelling is considered fij = 1; 
Рj(п) – the value of the pulse in the vertices 

adjacent to the vertex i; 
Qi (п) – vector of perturbations and control 

influences entering the top and moment (n). 
While adding Qi(п) the question “What happens at 

the moment (п+1) if?” is investigated.  
The set of implementations of impulse processes is 

called "development scenario" and indicates possible 
trends in situations. 

The situation in pulse simulation is characterized 
by a list of all Qi values of X in each of its cycles. 
The calculation formula obtained from [9], [24], and 

[25] determines the changes in the parameters of the 
vertices by the equations: 

 

 𝑋௡ ൌ 𝑋௡ିଵ ൅ AR௡ିଵ ൅ 𝑄௡ି௜                                 (6) 
 
𝑅௡ ൌ 𝐴௡ିଵ𝑄଴ ൅ 𝐴௡ିଵ𝑄ଵ ൅ ... ൅ AQ௡ିଶ ൅ IQ௡ିଵ  (7) 
 

Having made a perturbation at the top of the graph 
by 20%, corresponding to the control factor 
"Optimization of work with suppliers", an increase in 
the target factor "Profit" is observed by more than 
10%. For greater clarity, Figure 4 shows an element 
of the graph with vertices in which the corresponding 
indicators were significantly increased. 

Having made a perturbation at the top of the graph 
by 20%, corresponding to the control factor 
"Expansion of the product range", an increase in the 
target factor "Profit" to 15% is observed (Figure 8). 

Thus, the results of the experiments showed that 
the significant control factors are the factors 
"Optimization of work with suppliers" and 
"Expansion of the range", to which management 
needs to pay priority attention. Thus, cognitive 
modelling and its implementation illustrate the 

1 2 3 4 5 6 7 8 9 10 11

F 0.148 0.51841 0.33534 0.2921653 0.3950272 0.35221425 0.33344943 0.3634124 0.35330006 0.34652723 0.35498162

C 0.279 0.23941 0.09593 0.1962353 0.1987919 0.15342235 0.18002708 0.18338533 0.16991473 0.1766125 0.17836913

IBP 0.296 0.09418 0.05032 0.1762594 0.1140156 0.0993362 0.13430925 0.11975284 0.1133728 0.12356022 0.12012202

TD 0.277 0.148 0.51841 0.33534 0.2921653 0.3950272 0.35221425 0.33344943 0.3634124 0.35330006 0.34652723
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dependence of network performance on many factors 
and confirms that in order to obtain sound 
management decisions to stabilize the state of such a 
system need to form subjective models of problems, 

analysis  which helps to increase the level of sound 
recommendations needed to support management 
decisions [26], [27], and [28]. 

 

 
 

Note: PR – Profit; PRE – Expanding the product range; фі CNI — Consumers Number Increase; PS – Personalization; SG – Sales 
Growth; CO – Client Optimization. 
 

Figure 8. Results of Experiment with Increasing Control Factor "Expansion of the Product Range" 
 

The obtained simulation results show that the 
situational approach in the form of cognitive models 
provides an opportunity to provide effective 
structural transformations in the management system 
of retail networks of Drogerie-format [29], [30], [31]. 

 
5. Conclusions 

 

Using modern management models requires the 
use of powerful analytical tools to assess the 
performance of the management system, which 
should be a significant basis for more effective 
management decisions. The use of a balanced 
scorecard allows us to specify the goals and 
strategies of the management system in terms of the 
overall strategy of the retail network.  

This will determine the strategic guidelines for the 
development of the network management system, 
depending on the development of all its components, 
as well as to identify the most promising to increase 
the efficiency of its operation. 

The issue of modelling scenario development in 
retail network management systems is extremely 
complex and multifaceted.  

Due to the insufficient level of its development in 
both methodological and applied aspects, it is 
advisable to use mathematical models and use known 
analytical tools based on software packages. The 
search for scenarios is modelled on the example of a 
specific retail network, which allows determining the 
most effective consequences of development and 
making more effective management decisions based 
on them. 

We will focus on modelling the development of 
scenarios in retail network management systems 
using other quantitative and qualitative indicators 

that will ensure the efficiency of economic activity in 
a changing business environment. 
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