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Abstract - This paper considers the use of artificial neural 

networks of RAAM class (recursive auto-associative 

memory) for creating the adaptive structural-parametric 

synthesis of large discrete systems with a specified behavior. 

As tools for solving the synthesis problem, the following 

were used: simulation modeling, the theory of Petri nets and 

evolutionary methods. The use of the mathematical 

apparatus of Petri nets is proposed to simulate the operation 

of an Elman network, the operation of which is aimed at 

controlling the process of structurally-parametric synthesis 

of discrete systems with a specified behavior based on a 

genetic algorithm adapted to the given domain using 

embedded Petri nets. The model of the artificial neural 

network should recognize the situation in the genetic 

algorithm due to two graphs that reflect the state of the 

population as a whole and of each chromosome separately, 

which reduces the problem to image recognition. A rather 

new approach to the use of the Elman neural network for the 

management of the genetic algorithm in the synthesis of 

large discrete systems was offered. In this research, genetic 

algorithms and neural networks were combined to solve the 

problem of the structural-parametric synthesis of large 

discrete systems with a specified behavior. This solution has 

reduced the dependence on expert estimates due to the 

neural network, which in turn also led to a significant 

reduction in the time spent searching for a solution. 

Keywords: system theory and system analysis, structural-

parametric synthesis of large discrete systems, evolutionary 

algorithms, artificial neural networks, Elman network, 

genetic algorithm, Petri nets, simulation modeling. 

 

1 Introduction 

When solving problems of the structural-parametric 

synthesis of discrete systems, it is possible to use various 

mathematical devices. One of the promising directions in 

this area is evolutionary methods, for example, genetic 

algorithms (GA). This heuristic algorithm allows modeling 

and solving optimization problems by using the mechanisms 

of natural selection. A number of operators are used, with 

the help of which it is possible to find solutions that satisfy 

the search criterion in a multidimensional solution space. 

Each operator of the GA has operational settings that allow 

to increase or decrease its impact on the properties of the 

population. 

Usually, when using GA in the given domain, the 

operational settings of the operators are carried out by the 

expert 
[1]-[9]

 and does not change until the solutions obtained 

with the help of the genetic algorithm become 

unsatisfactory. The change in the element base and the 

parameters of the functioning of the elements often affects 

the quality of the founded solutions, so the existing 

approach needs to be adjusted. It is required to develop a 

GA management concept, which will allow adjusting the 

settings of operators in an automated mode, minimizing the 

use of experts. 

Among modern methods for automation of control 

processes, neural networks have become very popular 
[10]-

[12]
. This mathematical apparatus has the property of self-

learning, and this property is proposed to be used to solve 

the problem of controlling an adapted GA when solving the 

problem of structurally-parametric synthesis of discrete 

systems with a given behavior. 

 

2 Materials and Methods 

 

2.1 Artificial neural networks 

The mathematical apparatus of artificial neural 

networks (ANN) is constructed following the example of 

organization and functioning of biological neural networks 
[11]

. The main areas in which ANNs received dissemination 

are the tasks of forecasting, pattern recognition, 

management, etc. It should be noted that artificial neural 

networks are not programmed but are trained, this property 

distinguishes this mathematical apparatus from others. 

The ability of ANN to learn can be viewed as 

follows: 

● from the point of view of machine learning, a neural 

network is a special case of methods of pattern 

recognition, discriminant analysis, clustering methods, 

etc.; 

● from the mathematical point of view, the training of 

neural networks is a multiparameter problem of 

nonlinear optimization; 

● from the point of view of cybernetics, the neural 

network is used in problems of adaptive control and as 

algorithms for robotics; 

● from the point of view of the development of computer 

technology and programming, the neural network is a 

way of solving the problem of effective parallelism 
[12]

; 

● from the point of view of artificial intelligence, ANN is 

the basis of the philosophical trend of connectivism and 

the main direction of the structural approach to studying 

the possibility of modeling natural intelligence using 

computer algorithms. 

We will use ANN in the context of artificial 

intelligence as a means of adaptive control of the genetic 

algorithm, whose model is aimed at solving the problem of 

the structural-parametric synthesis of large discrete systems 

with a specified behavior. Using the accepted classification 

by the nature of training, the adjustment of weights and the 

type of input information, we use the Elman network as an 

instrument for controlling the genetic algorithm. 
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This type of network refers to recurrent ANN, in 

which, like the Jordan network, there are feedbacks from the 

internal neurons outputs. This property of the Elman 

network makes it possible to take into account the history of 

the ongoing processes, which allows you to accumulate 

information and make topical decisions on process 

management. (see Figure 1) 

 

 
Figure 1. model of an artificial neural network of 

Elman 

 

The application of this ANN will make it possible 

to adapt the operational settings of the genetic algorithm 

when solving the problem of the structural-parametric 

synthesis of large discrete systems with a specified behavior. 

As management points, it is proposed to consider the 

changes of the next genetic algorithm operators parameters: 

the type of crossing (single-point, two-point, multi-point), 

the probability of mutation, etc. Changes of these 

parameters will make it possible to accelerate the movement 

of the population to a solution in the search space. 

 

2.2 Information Petri nets as a tool for modeling Elman 

networks 

One of the most important properties of Petri nets, 

and in particular of information Petri net (IPN), which 

makes it possible to use them in modeling neural networks, 

is the property of parallelism. 

The IPN, like most varieties of Petri nets 
[13]-[20]

, 

can be represented as a graph having two types of vertices: 

positions and transitions (Figure 2). However, the main 

difference of this variety of networks is that the label is not 

an atomic element, but is a real number in the range [0; 1]. 

In the context of the model being developed, this 

number is called the "tag mass" 
[20]

. 

 
Figure 2. Example of the IPN presentation 

 

Positions and transitions are connected by two 

types of arcs: transmitting and information. The 

transmission arc transfers the mass of the label from one 

position to another under the condition that the transition is 

triggered. The information arc only transmits information 

about the mass of the label, which affects the behavior of the 

transition, this property of the IPN will be used to simulate 

the process of self-learning of the neural network. The mass 

transfer through the transition is made in accordance with 

the following iterative functions: 

      



































 










cp

ni

i

ni

i

i

ni

i

ni

j

ni

jii MP
P

P
PPPosPPP

,1

,1

,1,1,1

11

 

     
 
  








































 










cp

ni

i

mi

j

j

ni

i

ni

j

ni

jjj MP
P

P
PPPosPPP

,1

,1

,1,1,1 1

1
11

 

where iP  is the position before the transition; n is the 

number of positions before the transition; jP  is the  

position, after the transition; m is the number of positions 

after the transition;  xPos  is the functional dependence of 

the form: 
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The transition functioning is determined by the 

value of the trigger threshold, influenced by the values 

transmitted by the information arcs. Numerically, the 

response threshold is determined in accordance with the 

formula: 





mx

yy

nx

xxcp kPkPM
..1..1

 

where xk  is the transmission ratio of the 

information arc leaving the xP  position and arriving at the 

boosting information input, yk  is the transmission ratio of 

the information arc leaving the yP  transition and ending 

with the lowering information input 
[20]

. 

Formally, the information network can be 

represented as: 

 0,,,, MIFTPNI   

where   nipP i ,..,2,1,   is the set of network 

positions; 

  mjtT j ,..,2,1,   is the set of transitions; 

 TPPT FFF ,  is the set of transmitting arcs of the 

network 

  PPTPPTPTPT IIIII ,,,  is the set of information arcs; 

 1;0:0 PM  is the initial distribution of label masses in 

the network. 

The use of this apparatus allows modeling various 

dynamic processes, such as an aperiodic process, oscillatory 

process, differentiation, and also a neural network 
[20]

. 

We will use a lot of information arcs for weights 

adjustment during the self-learning of a neural network 
[10]-

[12]
, and a lot of transmitting arcs and IPN transitions 

simulating the operation of the neural network for 

calculating the output control signal. 

Thus, the IPN-based neural network model will be 

able to find the values of transmission coefficients of 

information arcs, under which the required functional 

relationship between the input and output values of the 

neural network model will be realized. 

The trained neural network will allow taking 

correct and operative measures to adjust the operational 

settings of the GA, which will speed up the structural and 
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parametric synthesis and reduce the influence of the expert 

(human factor) on the efficiency of developing models of 

discrete systems with specified behavior. 

 

3 Results 

 

3.1 Formulation of the problem 

The research requires modeling of a genetic 

algorithm aimed at solving the problem of the structural-

parametric synthesis of large discrete systems with a given 

behavior using the mathematical apparatus of embedded 

Petri nets in such a way that the adaptive control module can 

be connected to the obtained model, that is, the Elman ANN 

ICN-based model. It should be considered that the work of 

the genetic algorithm is divided into 4 modules: 

● synthesis of a large discrete system based on the elements of 

the system; 

● synthesis of a large discrete system on the basis of 

connections between elements (intercomponent bus); 

● synthesis based on the functioning parameters of elements 

(functional transitions in Petri nets based elements models); 

synthesis based on the initial states of the elements 

that make up the large discrete system (initial marking of the 

element models). 

 

3.2 The solution of the problem 

To implement the adaptive control of the procedure 

for the structural-parametric synthesis of large discrete 

systems with a specified behavior, two parameters should be 

evaluated: 

● the state of the population as a whole, which makes it 

possible to evaluate the convergence of the genetic 

algorithm, the damping of the genetic algorithm for given 

operators (Sel, Cross, Mut and Red) operational settings; 

● the value of the fitness function of each individual of the 

population, which makes it possible to find the 

multiextremality of the function and respond appropriately 

to the settings of the functioning of the operators of the 

genetic algorithm, thereby accelerating the process of 

convergence of the genetic algorithm. 

Since one of the main tasks of artificial neural 

networks is recognition, two parameters will be evaluated in 

the form of graphic information (see Fig. 3). 

 
Figure 3. graphs for the situation recognition by the 

Elman network a - the value of the fitness function of 

each individual, b - the state of the population as a whole 

 

In Figure 3 (a) along the y-axis is the value of the 

adaptation function along the x-axis, the chromosomes of 

the population are arranged, sorted according to the degree 

of complexity of the models of a large discrete system with 

a specified behavior. When sorting, you should take into 

account the complexity of the structure of the system (the 

number of elements that it includes, the complexity of the 

elements, which establishes the expert and the complexity of 

the connections, also established by the expert). For 

example, a system model obtained as result of a synthesis 

and consisting of one element will be located closer to 0 

than a model of two elements, if there are models with the 

same number of elements, then the expert's opinion 

formalized with the help of binary trees comes into the 

effect. If the number of elements and the elements 

themselves is the same, then the connections, also 

formalized by binary trees, are considered, according to 

experts. If the models obtained as a result of synthesis are 

completely identical, then one of them is recorded. 

In figure 3 (b) along the x-axis, the fitness function 

value, and on the y-axis the number of individuals of a 

population with a given value. 

Two of these graphs will allow the Elman ANN to 

make a managerial decision, through a predetermined 

number of processed populations, since it will not be 

practical to make a decision at each iteration. 

To solve this problem, it is necessary to change the 

model of the genetic algorithm presented in 
[17]

. Figure 4 

shows a model of a genetic algorithm adapted to the solution 

of the problem of structural-parametric synthesis and to the 

adaptive control using an Elman network. 

In the presented model, positions are selected that 

serve to collect statistics on the value of the fitness function 

for each individual and to collect the number of individuals 

with the same fitness function value. 

 
Figure 4. Genetic algorithm model adapted to the 

solution of the problem of the structural-parametric 

synthesis of large discrete systems with a specified 

behavior and adaptive control with the help of Elman 

ANN 

 

4 Conclusion 

In this research, genetic algorithms and neural 

networks were combined to solve the problem of the 

structural-parametric synthesis of large discrete systems 

with a specified behavior. Earlier, neural networks were not 

considered for the management of the genetic algorithm, the 

functioning of the genetic algorithm was provided by the 

arrangement of the operators' settings by the expert in the 

domain and did not change at the whole stage of the search 

for solutions. Adaptive control of the genetic algorithm 

allows you to significantly reduce the time to find a solution. 

The use of the Petri net theory in the modeling of 

the process of structural-parametric synthesis makes it 

possible to take into account the parallelism of processes 

that is possible in the system being synthesized, and also, 

from the task at hand, illustrates the structure of a large 

discrete system, which distinguishes this approach from the 

problem of synthesis of finite automata. 

The use of a graphical representation of the genetic 

algorithm operation state makes it possible to recognize the 

situation that has developed in the process of work, and this 

task is not non-standard for artificial neural networks, i.e. 

there are a large number of methods for solving it. The 

resulting graphs can be combined into one figure and 

recognized by the Elman network, which belongs to the 

RAAM class. 
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