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ABSTRACT 
 

The article is devoted to the development of methods and decision-making models for assessing the 

complex system concept. The justification of the relevance of the complex system assessment problem to 

solve the simulation and system control problems. The system definition and the basic concepts of the 

systems classification are given. The analysis of the existing complex systems definitions is shown. The 

necessity of using the expert assessment of the system complexity is determined. The method of the system 

complexity assessment (determination) based on the experts knowledge is proposed. In this article the 

application of the classification model for decision-making regarding the complex system is shown. The 

example of the stock market complexity assessment is considered. 
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1. INTRODUCTION 

 

The determination of the concept “complex 

system” and assessing the system complexity are 

very important problems. During the assessment of 

the system complexity it can be selected the 

advance what suitable methods should be used for 

systems studying and simulation. The concept 

“complex system” has been used for a long time. 

The definition of the complex system was 

formulated by many scientists and was shown in 

many scientific papers. However, nowadays it’s 

still difficult to say “where are the boundaries 

between the concepts “system” and “complex 

system”. In the 20th century many scientists began 

to study the concepts “systems approach”, “the 

large-scale system” and “the complex system” in 

various branches of science: physics, mathematics, 

economics, biology, psychology, philosophy, etc. 

The mostly important it was in researching and 

designing the intelligent systems in different fields 

of human activity. 

The large-scale system was defined as a 

controlled system, considered as a set of 

interrelated subsystems unified by a common goal 

of functioning [1], [2]. The complex system was 

defined as a compound object, whose parts can be 

regarded as systems, naturally integrated into a 

single unit, in accordance with the certain 

principles or interconnected defined relationships.  

These and other definitions have appeared in the 

studying of the control problem of the large-scale 

and the complex systems. Also they have been 

formulated by many famous scientists such as St. 

Bir, V.M. Glushkov, G.N. Pivovarov, B.S. 

Fleischmann, U.R. Ashby and others. The 

characteristics of the large-scale systems: the 

presence of separated parts (controlled subsystems); 

participation in the system of human, machines 

sand environment; the presence of material, energy 

and informational connections between the system 

parts as well as the connections between this 

system and others [2]. Typically, the system 

complexity is associated with the number of the 

elements and the connections between them.  

However, there are differences between the 

concept of large-scale system and the complex 

system. Sometimes it can be argued that the large-

scale system isn’t complex, and conversely the 

complex system isn’t the large-scale system. In this 

article the concept “complex system” is considered. 

This concept is more difficult to formalize. But its 

formalization is important in solving problems of 

systems analysis. There are different mathematical 

approaches to the systems analysis. In [3] the 

classification of the methods for the systems 
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simulation is shown. It starts from the difficult 

methods and ends with the analytical methods. The 

simulation methods form two large classes: the 

methods of the formalized systems representation; 

methods directed to the activation of the intuition 

and the experts knowledge application. In [3] it’s 

also stated that on the basis of methods from two 

different classes other special methods can be 

developed. Therefore, if a determination of the 

system complexity is entered, it can be beforehand 

drawn a conclusion on the application of the 

simulation method. 

The rest of the paper is structured as follows: In 

section 2, a brief review of some of the literature 

works in the complex system and its complexity are 

presented. In section 3, the proposed method for 

assessing the complexity of the system by the 

experts is presented. Simulation the proposed 

model and an analysis are showed in Section 4. 

Finally, the conclusions are summarized up in 

Section 5. 

 

2. REVIEW OF RELATED RESEARCH 

 

The system complexity is connected with the 

system definition. There are a lot of works in which 

the system is defined [3] - [6]. The most reliable is 

to define the system by a number of sets [3], [7]:  

 

S≡<A, QA, R, QR, B, Z, SZ, ∆T, N, LN>,    (1) 

 

where A={ai} - the set of the system elements, 

QA – the set of the elements properties, R={rj} - the 

set of the connections between the elements, 

QR - the set of the connections properties, B - the 

goal of the system functioning, Z - the conditions of 

the goal formation, SZ - the set of the constructive 

system parameters, ∆T - the time interval of the 

system life cycle, N - the observer, LN - the observer 

language. 

In the systems theory there are the principles of 

the systems classification. And it’s noted that all 

classifications are relative and directed to the 

limitation of the system display variants from a 

common continuum. The common concepts for all 

classifications are:  

- system openness, expressed in the ability of 

exchanges with the external environment, and the 

system closeness, expressed in the system isolation 

system from the external environment; 

- system purposiveness; 

- the system organization and self-organization 

degree; 

- the nonstationarity, afteraction and nonlinearity 

manifestation; 

- the degree of the adaptation into the external 

environmental conditions. 

In [8] there is the following definition "the 

system is called a large-scale system if its research 

or simulation is complex because of its dimensions, 

i.e. the set of the system states S has large 

dimension". The author in this work didn’t answer 

what is the large dimension. In [8] it was proposed 

that "a system called complex if there is no enough 

resources to effective describing (situations, the 

laws of functioning) and the system control –

 determination, definition of the control parameters 

or to make decisions in such systems (in such 

systems there always must be the decision-making 

subsystem)". In this work the following problems 

are considered: uncertainty, what the effective 

system definition is and how the lack of the 

resources can be assessment. 

In [9] when assessing the complexity, the 

priority is given to the number of connections 

between the elements and it’s introduced the 

assessment criterion - the level for determining the 

system complexity. In [10] it’s proposed an approach of 

the systems division into the complex and the 

simple systems using the dichotomy method 

In [11] it’s proposed to distinguish four types of 

systems complexity: the complexity of the existing 

system analysis; the complexity of the new system 

synthesis; the complexity of the created system 

replication; the complexity of the existing system 

reproduction. The author pretend to the universal 

method of the system complexity assessment, i.e. it 

should be considered all the aspects of the 

interaction with the system: analysis, synthesis, 

replication, reproduction. Although the author of 

[11] writes about the mapping degree, but there is 

no concrete measure of the complexity assessment.  

In [12] it’s presented that the determination of 

the engineered systems complexity has two 

components. The first is an objective component, 

which is an increasing function of the system 

elements number and their connections. The second 

component of complexity determination is the 

subjective component, which is the system distance 

from the reference model for simplicity. 

In [13] it’s proposed an integrated framework for 

the supply chain system complexity assessment by 

approach constructs the hierarchical level of the 

problems and it’s used the analytical hierarchy 

process (AHP) method to assess the degree of the 

uncertainty criteria within the supply chain system. 

The decision making trial and assessment 

laboratory (DEMATEL) is employed to identify the 

connections between the criteria and to calculate 

the degree of the dependence for each criterion. 
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Bayes' rule is utilized to obtain the new uncertainty 

weights of the criteria by integrating the AHP 

weights and the DEMATEL weights. The 

information theory is employed to evaluate the 

complexity of the supply chain system. 

In [14] it’s proposed the IHC methodology meta-

description to control the information system 

complexity and to verify it in practice on a SAP 

implementation project. This was made on the basis 

of determination the complexity of the data and 

organization dimensions and it was selected a 

variant with the lowest complexity. 

In [15] it’s presented the symplectic entropy 

(SymEn) determination, an analysis method based 

on SymEn to assess the nonlinearity of the complex 

system by analyzing the given time series. Its 

algorithm is a logarithmic measure of the average 

amount of energy about the underlying probability 

distribution in different directions of a system, like 

the Shannon entropy. 

There are many other works in which the authors 

propose assessing the system complexity. However, 

through a review of the references, it’s clear that no 

one could specify the limits of the complexity and 

give an acceptable degree for the complexity 

assessment. The system complexity isn’t 

quantitative but the characteristic are qualitative. 

Therefore, the experts assessments and the 

appropriate criteria for the complexity assessment 

are necessary for assessing the complexity degree 

of the particular system. 

 

3. SYSTEM COMPLEXITY ASSESSMENT 

BY EXPERTS 

 

The complexity is a verbal parameter. When 

determining the system complexity there is an 

uncertainty. In the analysis of any complex system 

there is an uncertain situation. This situation is 

characterized by specific variables or predefined 

specific parameters. These parameters have their 

measurements. The fuzzy situation can be classified 

according to the parameters values which are 

obtained previously in assessing the system 

complexity. On the basis of the classification 

results, it can be made a conclusion about the 

system complexity degree, defining previously the 

determination scale for this verbal variable. To 

formalize the concept "complex system" it’s 

proposed an approach based on the experts 

knowledge. 

The linguistic variable (LV) s – “complex 

system” is defined. It’s determined by a set < 

s, T(s), X, G, M >, where s is a name of the LV; T(s) 

is a term-set of the LV s; X is a definitional domain 

of the LV s; G is a syntactic rule; M is a semantic 

rule [16], [17]. 

For the LV s the term-set is defined, for 

example, T(s) = {s1 – “simple system”, s2 –

 “complex system”, s3 – “very complex system”}. 

For the fuzzy variables (FV) si experts define fuzzy 

sets < si, )s(C
~

i
, X >, where 

}/)({)s(
~

)s(i i
><= xxC Cµ , x∈X - fuzzy subsets of X; 

)()s( i
xCµ  - membership functions of the elements 

x∈X to the fuzzy sets )s(C
~

i
. The set X is a scale of 

complexity determination in units from 0 to 1 or as 

a percentage between 0% and 100%. The scale of 

complexity determination is a basic set for defining 

the FV from the term set T(s). 

An example of defining the membership 

functions )x()s(C i
µ  by experts is shown in 

Figure. 1. 

 µs1 

1 

0,25 

0,75 

X 

1 

0,5

1

µs2 µs3 

 
Figure. 1. Membership functions of the fuzzy sets of 

the LV s – “complex system” 

 

As the result, the measure is defined for the 

concept “complex system”. The system complexity 

can be determined on the basis of the experts 

knowledge.  

Let’s consider the complex system parameters 

determination. 

There is the system definition (1) and there are 

known the system properties [3]- [6]. System 

parameters P are defined according to the system 

properties, for example: 

- p1 – the nonstationarity manifestation degree;  

- p2 – the afteraction manifestation degree;  

- p3 – the self-organization manifestation degree;  

- p4 – the purposiveness manifestation degree;  

- p5 – the adaptation to the external environment 

degree;  

- p6 – the dimension of the system state;  

- p7 – the presence of the informational 

resources;  

- p8 – the contingency manifestation degree;  
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- p9 – the degree of communication with 

environment complexity, etc. 

The number of parameters is determined by 

experts. Into the number of parameters may be 

included the other features of the system: the 

system structure, the number of the system 

elements, the number of connections between the 

elements, the subsystems number and others. 

Experts can enter the parameters ranking or define 

lexicographical relation on the set P. As a result it 

will be easier to make decisions about the 

complexity. 

The parameters can be both the quantitative and 

the qualitative (have a verbal definition). Let’s 

define all the system parameters in the form of the 

LV. This will allow applying the decision-making 

model with respect to the system complexity. All 

fuzzy variables (FV) are determined by experts. 

Let’s consider the following example: 

- the LV s – “complex system” with the term-set 

T(s) = {s1 – “simple system”, s2 – “a little complex 

system”, s3 – “almost complex system”, s4 –

 “complex system”, s5 – “rather complex system”, 

s6 – “a very complex system”, s7 – “above the 

complex system”}; 

- the LV p1 – the nonstationarity manifestation 

degree with term-set T(p1)={
1
1p  - “weak 

nonstationarity manifestation”, 
2
1p  - “enough 

nonstationarity manifestation”, 
3
1p  - “strong 

nonstationarity manifestation”}; 

- the LV p7 – the presence of the informational 

resources with term-set T(p7)={
1

7p  - “a little 

number of informational resources”, 
2
7p  - “a 

medium number of informational resources”, 

3
7p  - “a large number of informational 

resources”}. 

As shown in the example, the term-set T(s) of 

the LV s - “complex system” shows that the 

number of terms may increase to seven. The 

practical results show that we should not increase 

the number of terms more than seven. Experts 

define fuzzy variables on the basic sets. The basic 

sets are also determined by the experts on the basis 

of traditional assessments or on the basis of 

subjective views. For example, the basic sets can be 

applied as the set of real numbers on the interval [0, 

1] or as the set of integers on the interval [0, 100] 

(percentages). The basic set can be defined in the 

measurement range of physical quantities. 

Thus, the description of the system situations 

and their assessments can occur through a 

measurable factors and specific basic sets of the LP 

from set P. P verbal describes the parameters of the 

complex system and sets S, which includes the 

assessments of the system's complexity. Different 

models of fuzzy inference can be applied to assess 

the system complexity. To assess the system 

complexity (conclusion about the complexity) the 

widespread classification model is applied [16] –

 [23]. Model is defined as a mapping 

 

         w=<P,S,H>, 
WX H H× → ,     (2) 

 

where W – a mapping w graphic, P×S – a space 

of the mapping w departure; S – a space of the 

mapping w arrival. 

The model of fuzzy inference is defined as a 

table of mapping “situation – decision”. The rules 

of the fuzzy inference are in the rows of the table. 

The fuzzy inference is defined by a fuzzy state IF 

1p%  AND IF 2p%  AND … AND IF np% , THEN 

s% . The premise of the rule IF 1p%  AND IF 2p%  

AND … AND IF np%  defines the system state and 

at the end s%  - made decision. 

The classification model is not only using for the 

decision-making of system complexity. Other 

models [24]-[27] can be used. Thus, this approach 

uses the expert assessments to the system 

complexity to represent the system, which is 

necessary to solve the problems with a high degree 

of uncertainty. These problems may be different, 

for example, the study of industrial processes and 

the problems of the economy in particular 

investments, social orientation and other problems. 

In these problems the role of heuristic approaches 

and experiment is obvious to prove the adequacy of 

the model. These problems become increasingly 

complex. Also, the system model is needed to 

control the system. The more complex the system 

is, the harder it’s to find a system model for control 

problems. If the system complexity assessment is 

made before solving the control problem, the 

conclusion about the costs value to solve the 

simulation problem will be drawn beforehand. 

Based on the complexity degree, it can be 

concluded that during the simulation it’s enough to 

use only analytical methods or it’s necessary to 

apply decision-making model or to apply models 

symbiosis (aggregation) 

The simulation problem of the complex system 

also depends on the system states. States changing 

is continuous process. For example, in one states 

subsets the system may act with prominent features 
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of stationarity, in another subset – mayn’t. In states 

may be manifestations of randomness. A stock 

market is an example of such system [28] – [31]. 

On the stock market may be periods with stable 

states changing, and there may be periods with 

unpredictable changing. 

The example of defining by experts the 

simulation method depending on the system 

complexity assessment is shown in Table 1. There 

are connections between the system complexity 

assessment and the methods used for simulation. 
 

 

Table 1. The connections between the system 

complexity assessment and the methods used for 

simulation 

Number 

of 

decision 

System complexity 

assessment 

Simulation 

methods 

1 0 – 0,2 Analytical 

simulation 

2 0,2 – 0,3 Statistical 

methods 

3 0,4 – 0,5 Mathematical 

logic 

… … … 

N 0,8 – 1,0 Brainstorming 

 

 4.  SIMULATION THE PROPOSED 

MODEL AND THE ANALYSIS 

 

Let’s consider the determination (assessment) of 

the stock market complexity. Let’s define the 

system parameters, defined by the linguistic 

variables: 

- p1 – the nonstationarity manifestation degree; 

- p2 – the afteraction manifestation degree; 

- p3 – the contingency manifestation degree;  

- p4 – the degree of communication with 

environment complexity;  

- p5 – the presence of the informational 

resources. 

In the linguistic variable p4 – the degree of 

communication with environment complexity the 

following factors are considered: the population 

involvement in the investing on the stock market; 

the stiffness of legislation regulating the stock 

markets activities and the supervisory authority 

pressure; the tension of the political situation in the 

country and in the world; the state of business 

activity; the overall economic situation. 

In the linguistic variable p5 – the presence of the 

informational resources the informational 

connection with the leading stock markets should 

be considered. 

The linguistic variables and theirs fuzzy 

variables are determined by experts: 

- the linguistic variable p1 – the nonstationarity 

manifestation degree with term-set Т(p1)={
1

1p  - little; 
2

1p  - medium; 
3

1p  - large};  

- the linguistic variable p2 – the afteraction 

manifestation degree with term-set Т(p2)={
1

2p  - little; 
2

2p  - medium; 
3

2p  - large}; 

- the linguistic variable p3 – the contingency 

manifestation degree with term-set множество 

Т(p3)={ 1
3p  - low; 

2

3p  - medium; 
3

3p  - high}; 

- the linguistic variable p4 – the degree of 

communication with environment complexity with 

term-set Т(p4)={ 1

4p  - low; 
2

4p  - medium; 
3

4p  - high}; 

- the linguistic variable p5 – the presence of the 

informational resources with term-set Т(p5)={
1

5p  - little; 
2

5p  - enough; 
3

5p  - large}. 

The set S of the stock market assessments, as a 

complex system, has the following values: the asses 

s1=0– 0,2 – “simple system”; s2=0,2+ – 0,4 - “not 

enough complex system”; s3=0,4+ - 0,6 – “complex 

system”; s4=0,6+ – 0,8 – “very complex system”; 

s5=0,8+ – 1 – “above the complex system”. 

Experts define the mappings 

“situation - decision” to make a decision about the 

degree of the stock market complexity as shown in 

Table 2. 

 
table "situation-solution"Table 2. The  

№ 
Rule 

β1 β2 β3 β4 β5 Deci-
sion 

1 1

1
β

 

1

2
β

 

1

3
β

 

1

4
β

 

1

5
β

 

S2 

2 1

1
β

 

1

2
β

 

1

3
β

 

1

4
β

 

2

5
β

 

S2 

3 1

1
β

 

1

2
β

 

1

3
β

 

1

4
β

 

3

5
β

 

S1 

4 1

1β
 

1

2
β

 

1

3
β

 

2

4
β

 

1

5
β

 

S2 

5 1

1
β

 

1

2
β

 

1

3
β

 

3

4
β

 

2

5
β

 

S2 

 … … … … … … 

241 3

1
β

 

3

2
β

 

3

3
β

 

3

4
β

 

1

5
β

 

S4 

243 1

1
β

 

3

2
β

 

3

3
β

 

3

4
β

 

3

5
β

 

S5 

 

Experts define the membership functions 

}x/)x( ii)p(C
j

i

>µ  of the fuzzy sets 
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1,5i  },x/)x({)p(C
~

ii)p(Ci j
i

=><= µ . To make a 

decision the subset Rk is selected from the set of 

rules R for every decision sk∈S so that Rj×Rk=∅, 

j≠k. 1,2304=kj, . The membership of the decision 

)x,...,x,(x 521L j
µ  to the reference class Lj is defined 

by the formula 

 

51 2
51 2

1 2 5 1 2 5
( , ,..., )

( ... ) ( )& ( )&...& ( ) j j j
j j jj

jn

L p p pp p p L
x x x x x xµ µ µ µ

∈
= ∨                                         

S1,=j   ,1,5=i   ,XIxi ∈ .                           (3) 

A decision about the stock market complexity is 

making according the following algorithm. A point 

is found in a factor space X)x,...,x,x( 0

5

0

2

0

1 ∈ . This 

point defines the stock market state at the current 

moment. The values of the fuzzy variables 

membership functions, which are substituted into 

the formula (3) for all j, are compared to the values 
0

5

0

2

0

1 x,...,x,x  on the basis sets X1 - X5  

The values of the membership functions of the 

reference classes S1,=j ),x,...,x,x( 0

5

0

2

0

1L j
µ  are 

calculated. The reference classes maximum value 

SLµ  corresponds to the making decision hs, i.e. 

 
0 0 0

5 1 2( , , ..., )max
SL L n

j

x x xµ µ=     (4) 

Experts define the mapping between the 

elements of the set S and the elements of the 

simulation set M to research the stock market. The 

way of the mappings defining is shown in Table 3. 

 
Table 3. The Relationship Between The Complexity 

Degree Of The Stock Market And Simulation Methods 

Stock market 

assessment set S 

Simulation methods 

s1 Analytical functions 

s2 Time series 

s3 Stochastic methods 

s4 Decision-making model 

s5 Brainstorming 

 

Software in MATLAB was developed to make a 

decision about the degree of the stock market 

complexity. The expert defines the number of 

linguistic variables, theirs term-sets and the fuzzy 

variables membership functions. An example of 

defining and entering the linguistic, the fuzzy 

variables and theirs membership functions by the 

experts is shown in Figure.2. 

Then a user enters the stock market parameters: 

the values of the nonstationarity manifestation 

degree, the afteraction manifestation degree, the 

contingency manifestation degree, the degree of 

communication with environment complexity and 

the presence of the informational resources. The 

result is shown in Figure.3.  

The program determines the stock market 

complexity degree and gives the recommendations 

about the most appropriate simulation method (see. 

Figure.3). In Figure. 4 another example of entering 

the parameters of the stock market and the 

decision-making is shown. The program defines the 

stock market as a very complex system and 

proposes the decision-making model as the 

simulation method. 
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Figure. 2. The Linguistic, Fuzzy Variables And Membership Functions 

 

 
Figure. 3. The Stock Market Complexity Assessment 
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Figure. 4. Another Example Of The Stock Market Complexity Assessment 

 

5. CONCULUSIONS  
 

In the article, the new method of system 

complexity determination is developed. The base of 

the method is the expert knowledge and the 

decision-making model. It’s difficult to formalize 

the concept “complex system” and to determine it. 

But the system complexity can be assessed by using 

the experts knowledge. Knowing the system 

complexity is necessary for the system simulation. 

The direction of the future researches can be 

planned according to the system complexity 

assessment to achieve the most effective results. 
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