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Abstract. Sufficiently adequate dynamic models of the func-
tioning of complex systems are characterized by high computa-
tional complexity, which leads to a significant complexity of opti-
mization procedures. Therefore, the solution of the problem of 
combinatorial optimization by a complete search of possible solu-
tions in practice is unacceptable. 

The advantages of evolutionary search as a method of combi-
natorial optimization of the structure of the information and com-
puting system is the possibility of various ways of setting the target 
function and types of optimization variables, as well as in the use 
of probabilistic, rather than deterministic rules for finding solu-
tions. A method of formalizing the structure of a heterogeneous 
information and computing system is proposed, which takes into 
account its hierarchical-network structure. 

The presented approach allows by selecting rational parame-
ters of the genetic algorithm and using the stochastic fitness func-
tion with a variable coefficient of variation to achieve a satisfactory 
speed of its convergence with a large dimension of the task. Exam-
ples of application of this method to the search for a rational struc-
ture of the computing system are given. 

Keywords: computer system, evolution search, genetic algo-
rithm, stochastic fitness-function. 

INTRODUCTION 
Modern information-computer systems (ICS) have complex 

heterogeneous hierarchical-network structures, with a large num-
ber of elements, often reconfigurable. Given the large number of 
possible configurations of computer systems — structures, pa-
rameters of the functioning of their elements and the composition 
of the tasks they solve — a mathematical apparatus of structural 
and parametric synthesis of hierarchical ICS is necessary. 

The presence of such an apparatus will allow on the basis of 
modeling of ICS to form a rational structure adapted to solve 
specific computational tasks in various conditions. Therefore, 
the issues of improving the structure of the ICS come to the 
fore. The fundamental features of the systems of this class re-
quire taking into account the diversity of elements, the variety 
of their possible states, the heterogeneity of the connections in 
the system, the conditions of functioning. At the same time, tra-
ditional approaches to solving problems of structural-paramet-
ric synthesis are often reduced to a consistent choice of system 
architecture based on a qualitative analysis of existing options, 
formalization of the selected type of structure and parametric 
synthesis of its components using known optimization methods. 
However, sufficiently adequate dynamic models of the func-
tioning of complex ICS, as a rule, are characterized by high 
computational complexity, which leads to a significant com-
plexity of optimization procedures. Therefore, the solution of 

the problem of combinatorial optimization by a complete search 
of possible solutions in practice is unacceptable, which is pri-
marily due to the following circumstances: 

− significant number of the set of solutions, depending on 
the allowable number of elements in the structure and the con-
sidered number of their types; 

− the labor-intensity of accurate calculation of the objective 
function (OF) on the basis of simulation and analytical models; 

− time spent on obtaining statistical estimates of the quality 
of the solution; 

− the need to repeatedly solve the noted problem in practice 
when varying the initial data, which, as a rule, is required in 
applied problems in order to implement a scenario approach 
that removes uncertainties in the conditions of functioning. 

The numerical method of setting the OF and the alleged 
presence of several local extremes leads to serious difficulties 
in using well-known mathematical methods and requires spe-
cial approaches based on a significant limitation of the many 
solutions under consideration. 

A powerful tool for the approximate solution of complex 
combinatorial optimization problems are the methods of evolu-
tionary search, among which genetic algorithms (GA) stand 
out. They are ways to solve optimization problems on the basis 
of evolutionary modeling, based on the use of analogies with 
natural processes of natural selection [1–4]. The advantages of 
optimization methods based on GA in comparison with classi-
cal ones consist primarily in the possibility of various ways of 
specifying OF and types of optimization variables, as well as in 
the use of probabilistic, rather than deterministic rules for find-
ing solutions [5]. 

The theory of GA is currently quite developed, but signifi-
cant non-trivial issues in specific cases are, firstly, the construc-
tion of the so-called «fitness function» (FF) to assess the quality 
of solution options and the formalization of optimization varia-
bles in the space of possible solutions, which in this case re-
quires taking into account the peculiarities of coding a hierar-
chical-network heterogeneous structure, and, secondly, the jus-
tification for adjusting the parameters of the GA that ensure ob-
taining  satisfactory according to the specified criterion of the 
decision in a limited time [6–8]. 

The traditional approach involves adjusting the parameters 
of the algorithm to obtain a satisfactory result by its repeated 
implementation with a pre-built FF. In the case of limited time 
to solve the problem and its significant labor intensity, as noted 
above, such a path does not seem quite appropriate. Therefore, 
to solve the problem of stochastic combinatorial optimization, 
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it is proposed to use a GA with a stochastic FF with a varia-
ble (changing in the search process) coefficient of variation, 
conducting a preliminary selection of rational parameters for 
adjusting the algorithm. 

FORMULATION OF THE PROBLEM OF CHOOSING THE STRUCTURE 
OF AN INHOMOGENEOUS INFORMATION-COMPUTER SYSTEM 

The essence of the task of choosing the structure of the ICS 
is as follows. There is a nomenclature of electronic component 
base (ECB), which can be used as elements of ICS. An imita-
tion-analytical model of ICS is given, correlating its structure 
with the achieved indicator of the target effect, acting as a OF. 
It is necessary to find the structure of the ICS that provides the 
highest value of the mathematical expectation of the OF indica-
tor. The time for solving the problem is limited, which is due to 
the laboriousness of obtaining estimates of the values of the OF 
by repeatedly implementing simulation modeling of the work 
of the ICS in the study of many solutions. 

With a sufficiently general statement of the problem, we 
will assume that the: 

1. Nomenclature of ECB for building ICS  many available 
types of processor ℬ𝑝𝑝 = �𝒷𝒷𝑖𝑖

𝑝𝑝𝑝𝑝� and interface elements (modules) 
ℬ𝑖𝑖𝑖𝑖 = �𝒷𝒷𝑖𝑖

𝑖𝑖𝑖𝑖�,𝒷𝒷𝑖𝑖 =< 𝑓𝑓𝑖𝑖
𝑖𝑖𝑓𝑓 , 𝑓𝑓𝑖𝑖𝑝𝑝𝑟𝑟, 𝑓𝑓𝑖𝑖

𝑚𝑚𝑚𝑚 >,𝒷𝒷𝑖𝑖 ∈ ℬ,ℬ = ℬ𝑝𝑝𝑝𝑝 ∪ ℬ𝑖𝑖𝑖𝑖, 
having functional parameters 𝑓𝑓𝑖𝑖

𝑖𝑖𝑓𝑓, resource parameters 𝑓𝑓𝑖𝑖𝑝𝑝𝑟𝑟, 
weight and size parameters 𝑓𝑓𝑖𝑖

𝑚𝑚𝑚𝑚, defining their particular qual-
ity indicators 𝑑𝑑(𝒷𝒷𝑖𝑖) =< 𝑑𝑑𝑗𝑗( 𝑓𝑓𝑖𝑖

𝑖𝑖𝑓𝑓 , 𝑓𝑓𝑖𝑖𝑝𝑝𝑟𝑟, 𝑓𝑓𝑖𝑖
𝑚𝑚𝑚𝑚) >. Particular qual-

ity indicators are understood, for example, performance, failure 
rate, power consumption, etc. 

2. A model of the functioning of the ICS, which allows to 
assess the value Ψ�(𝑆𝑆) OF under conditions of deterministic and 
random internal and external factors,  where 𝑆𝑆 — hierarchi-
cally-the network structure of the ICS, given by the parameters 
of the elements and the matrix of their adjacency. The OF can 
be, for example, the productivity of the ICS at a given time in-
terval for a given set of tasks. 

3. Vector-function of technical and operational indicators of 
ICS quality: 𝑊𝑊(𝑆𝑆𝑖𝑖) =< 𝑤𝑤𝑗𝑗(𝑆𝑆𝑖𝑖) >. 

Restrictions: 
1. Set of permissible values of technical and operational in-

dicators of ICS quality 𝒲𝒲𝑑𝑑𝑖𝑖𝑝𝑝 . 
2. Computational labor intensity of solving the problem, 

represented in the limit number Υ implementations of the OF 
Ψ�(𝑆𝑆). 

Find: On a variety of possible structures 𝕊𝕊 ICS the structure 𝑆𝑆∗, 
providing the maximum expected target effect: 

𝑆𝑆∗ = 𝑎𝑎𝑎𝑎𝑎𝑎max
𝑆𝑆𝑖𝑖∈𝕊𝕊

𝑀𝑀[Ψ�(𝑆𝑆𝑖𝑖)], 𝑊𝑊(𝑆𝑆𝑖𝑖) ∈ 𝒲𝒲𝑑𝑑𝑖𝑖𝑝𝑝 , 𝑆𝑆𝑖𝑖 ∈ 𝕊𝕊. 

Given the high complexity of solving the problem in prac-
tice, it is advisable to build an algorithm for finding its approx-
imate solution. Let's assume that the value of the OF lies in the 
range 0 ≤ Ψ� ≤ 1,  and the value of the OF equal to 1 corre-
sponds to the ICS with the optimal structure. 

The essence of GA is stated, for example, in [4, 5]. How-
ever, the effectiveness of GA searches ultimately depends on 
the «tuning» of the research-use ratio determined by the param-
eters of genetic operators. 

ALGORITHM FOR CHOOSING THE STRUCTURE  
OF HETEROGENEOUS INFORMATION-COMPUTER SYSTEM 
The developed method includes as the main stages: filtration 

of ECB and formalization of possible structures of ICS; adjust-
ment of rational parameters of GA using the deterministic var-
iant of FF; substantiation of the initial coefficient of variation 
of stochastic FF, taking into account the limit on the maximum 
number of OF implementations; implementation of the con-
structed GA. The implementation of this method can be de-
scribed as a sequence of the following steps. 

Step 1. Narrowing of the set of ECB is carried out according 
to the Pareto principle by allocating subsets ℬ𝑝𝑝𝑝𝑝∗ and ℬ𝑖𝑖𝑖𝑖∗, con-
taining respectively options for building computational (CM) 
and interface modules (IM) with non-improving characteristics. 

Step 2. Formalization of the structure 𝑆𝑆 → 𝑋𝑋 (Fig. 1). De-
pending on the available element base, the characteristics of 
subscribers interacting with the ICS, the requirements for inter-
faces, etc., a structure template is formed that corresponds to 
the maximum possible composition of elements and a variety 
of connections within the capabilities of the implemented archi-
tecture: the number 𝑢𝑢 of levels, the number 𝑚𝑚𝑘𝑘, 𝑚𝑚𝑓𝑓 = 1  
of blocks on each level; each block i-level combines 𝑙𝑙𝑖𝑖 lower 
nodes: 𝑚𝑚𝑘𝑘 = 𝑙𝑙𝑘𝑘𝑚𝑚𝑘𝑘−1, herewith 𝑛𝑛𝑐𝑐𝑚𝑚 ≤ 𝑚𝑚0 ≤ 𝑛𝑛𝑐𝑐𝑚𝑚2 , here  
is 𝑛𝑛𝑐𝑐𝑚𝑚 — the maximum possible number CM in structure. 
Structure option 𝑆𝑆 is encoded as a «chromosome» 

𝑋𝑋(𝑆𝑆) =< 𝑥𝑥𝑗𝑗
(𝑘𝑘)(𝑆𝑆)|𝑘𝑘 = 0, … ,𝑢𝑢,   𝑗𝑗 = 1, … ,𝑚𝑚𝑘𝑘 > , 

here is «gene» 𝑥𝑥𝑗𝑗
(𝑘𝑘)(𝑆𝑆) — processor module implementation 

number for 𝑘𝑘 = 0 or implementing an interface module for  
𝑘𝑘 = 1, … ,𝑢𝑢; 𝑥𝑥𝑗𝑗

(𝑘𝑘)(𝑆𝑆) = 0 means the absence of an element at a 
given position of the structure. 

Step 3. To build a FF Ψ�𝑁𝑁(𝑆𝑆𝑖𝑖) based on OF Ψ�  the Bayes — 
Laplace criterion is used, taking into account the penalty func-
tion of constraints: Ψ�𝑁𝑁(𝑆𝑆𝑖𝑖) = 𝑀𝑀[Ψ� ] × ϖ(𝑆𝑆𝑖𝑖), here is ϖ(𝑆𝑆𝑖𝑖)=0, 

𝑊𝑊���⃗ (𝑆𝑆𝑖𝑖) ∉ 𝒲𝒲𝑑𝑑𝑖𝑖𝑝𝑝; 𝜛𝜛(𝑆𝑆𝑖𝑖)=1, 𝑊𝑊���⃗ (𝑆𝑆𝑖𝑖) ∈ 𝒲𝒲𝑑𝑑𝑖𝑖𝑝𝑝; 𝑀𝑀[Ψ� ] = ∑ Ψ� 𝑖𝑖
𝑁𝑁
𝑘𝑘=1
𝑁𝑁

,  
Ψ�𝑘𝑘 — implementation of OF in k-th from N experiences. 

In order to adjust the rational parameters of GA, a determin-
istic version of FF is built, which has low computational labor-
intensity, heuristically or, for example, using estimates of math-
ematical expectation of parameters of random factors �̂�𝑍: 
Ф(𝑋𝑋𝑖𝑖) = Ψ(𝑆𝑆𝑖𝑖|𝑀𝑀��̂�𝑍�). Based on Ф(𝑋𝑋𝑖𝑖) a stochastic variant of 
FF is constructed, having a normal (Gauss) distribution and co-
efficient of variation 𝑉𝑉:  

Ф𝑉𝑉(𝑋𝑋𝑖𝑖) = �1 + 𝑉𝑉 × �−2 ln ϱ�1 × cos 2πϱ�2� × Ф(𝑋𝑋𝑖𝑖) , 

where ϱ�1, ϱ�2 ∈ [0; 1] — uniformly distributed random varia-
bles. 

Step 4. For some similar structure of the ICS (typical struc-
ture, possible construction option, analogues of the desired ICS, 
etc.), an estimate of the coefficient of variation of the OF is de-
termined: 

𝑉𝑉0 = 𝑉𝑉�Ψ�� = 1
Ψ�𝑁𝑁

�∑ (Ψ�𝑘𝑘−Ψ�𝑁𝑁)2𝑁𝑁
𝑘𝑘=1

𝑁𝑁
, 𝑁𝑁 > 105. 
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Fig. 1. Scheme of coding variants of the ICS structure 

Step 5. Finding an option 𝑋𝑋0 = arg max
𝑋𝑋𝑖𝑖

Ф(𝑋𝑋𝑖𝑖), providing 

the maximum value of the deterministic FF, for example by 
enumeration, which is provided with low computational labor-
intensity Ф(𝑋𝑋𝑖𝑖). 

Step 6. The initial (for the first generation) coefficient of 
variation 𝑉𝑉 of the stochastic FF is selected from the range cor-
responding to −3 ≤ lg𝑉𝑉 ≤ −0.5. 

Step 7. GA parameters are selected 𝒢𝒢 =< 𝑀𝑀,𝐾𝐾1,𝐾𝐾2 > (dis-
cussed below when describing GA operators, recommended 
ranges M = 0.5, … , 0.05; K1, K2 = 0.1, … , 0.9). 

Step 8. Population size is selected Ω, 2 ≤ Ω ≤ Υ 2⁄ (𝑉𝑉 𝑉𝑉0� )2, 
and the number of generations is determined 𝑁𝑁𝑝𝑝, corresponding 
to the limit on the number of calculations of the OF Υ: 

𝑁𝑁𝑝𝑝(𝑉𝑉,Ω):Υ ≥��
𝑉𝑉0
𝑉𝑉𝑖𝑖
�
2

𝑁𝑁𝑝𝑝

𝑖𝑖=1

 , 

𝑉𝑉𝑖𝑖 = 𝑉𝑉 −
𝑁𝑁𝑝𝑝
𝑖𝑖

(𝑉𝑉 − 𝑉𝑉∆), 

here is 𝑉𝑉∆ — a given coefficient of variation of FF for the latest 
generation, which determines the accuracy of the solution. 

Step 9. By series 𝑁𝑁γ GA launches with selected parameters 
𝒢𝒢, 𝑁𝑁𝑝𝑝 ,Ω indicators are determined 

φ =
∑ Ф𝑉𝑉𝑖𝑖(𝑋𝑋𝑗𝑗

∗)𝑁𝑁γ
𝑗𝑗=1

𝑛𝑛 × Ф(𝑋𝑋0)
 , 

here is Ф𝑉𝑉𝑖𝑖(𝑋𝑋𝑗𝑗
∗) — result j-th run GA for 𝑁𝑁𝑝𝑝 generations, and 

𝑃𝑃γ =
𝑁𝑁{Ф𝑉𝑉𝑖𝑖(𝑋𝑋𝑗𝑗

∗) Ф(𝑋𝑋0)⁄ ≥ γ}
𝑁𝑁γ

 , 

here is 𝑁𝑁{Ф𝑉𝑉𝑖𝑖(𝑋𝑋𝑗𝑗
∗) Ф(𝑋𝑋0)⁄ ≥ γ} — number of «successful» 

launches, when Ф𝑉𝑉𝑖𝑖(𝑋𝑋𝑗𝑗
∗) Ф(𝑋𝑋0)⁄ ≥ γ. Meaning φ consists in 

the average relative proximity of the resulting solution to the 
optimal value of FF, а 𝑃𝑃γ it makes sense to have the probability 
of «success» of the launch of the GA, when φ ≥ γ, where is 
γ — the value of the acceptable deviation set in advance. Sta-

tistically expedient number of launches of GA to assess its ef-
fectiveness based on the variance of the binomial distribution 
and the «three sigma» rule we will count 𝑁𝑁γ ≈

9𝑃𝑃γ�1−𝑃𝑃γ�
(1−𝛼𝛼)2

,  
α — confidence probability. So, for example, 𝑁𝑁γ = 360 … 900  
for α = 0.05, 𝑃𝑃γ = 0.5, … , 0.9. From these considerations, we 
obtain an indicator of the relative effectiveness of the GA with 
the selected parameters ψ = φ × 𝑃𝑃γ. 

Step 10. Repeating steps 8–9 and varying population size Ω, 
get the dependence of relative effectiveness ψ from Ω at fixed 
𝑉𝑉 and 𝒢𝒢, which is easily interpolated, which allows you to find 
Ω∗ = arg max

Ω
ψ(𝑉𝑉,𝒢𝒢,Ω) and get ψ∗(𝑉𝑉,𝒢𝒢) = ψ(𝑉𝑉,𝒢𝒢,Ω∗). 

Step 11. By repeating steps 7–10 and varying the parame-
ters 𝒢𝒢 heuristically the selection is carried out  

𝒢𝒢∗ = arg max
𝒢𝒢

ψ∗(𝑉𝑉,𝒢𝒢) 

and receiving ψ∗∗(𝑉𝑉) = ψ∗(𝑉𝑉,𝒢𝒢∗). 
Step 12. Repeat steps 6–11 for different 𝑉𝑉 and similar to the 

step10 is being sought 𝑉𝑉𝑜𝑜𝑝𝑝𝑜𝑜 = arg max
𝑉𝑉

ψ∗∗(𝑉𝑉). 
Step 13. Define 

𝒢𝒢𝑜𝑜𝑝𝑝𝑜𝑜 = arg max
𝒢𝒢

ψ∗�𝑉𝑉𝑜𝑜𝑝𝑝𝑜𝑜 ,𝒢𝒢�, 

Ω𝑜𝑜𝑝𝑝𝑜𝑜 = arg max
Ω

ψ�𝑉𝑉𝑜𝑜𝑝𝑝𝑜𝑜 ,𝒢𝒢𝑜𝑜𝑝𝑝𝑜𝑜 ,Ω�. 
Step 14. In the case of a low assessment of the performance 

of the GA, what should be considered ψ�𝑉𝑉𝑜𝑜𝑝𝑝𝑜𝑜 ,𝒢𝒢𝑜𝑜𝑝𝑝𝑜𝑜 ,Ω𝑜𝑜𝑝𝑝𝑜𝑜� < γ, 
it is necessary, returning to step 1, to reduce the numbers of the 
sets ℬ𝑝𝑝𝑝𝑝, ℬ𝑖𝑖𝑖𝑖 due to more strict filtering of the element base 
and (or), returning to step  2, facilitate structure parameters  
𝑢𝑢, 𝑚𝑚𝑘𝑘, 𝑘𝑘 = 1, …𝑢𝑢 by reducing the permissible complexity and 
diversity of structures. 

Step 15. Launch of GA with FF for i-th generation 

Ψ�𝑁𝑁𝑖𝑖, 𝑁𝑁𝑖𝑖 = 𝑉𝑉0
2

𝑉𝑉𝑖𝑖
2 , 𝑉𝑉𝑖𝑖 = 𝑉𝑉𝑜𝑜𝑝𝑝𝑜𝑜 −

𝑁𝑁𝑝𝑝
𝑖𝑖

(𝑉𝑉𝑜𝑜𝑝𝑝𝑜𝑜 − 𝑉𝑉∆) 

and parameters: mutations and crossing overs respectively  
< 𝑀𝑀,𝐾𝐾1,𝐾𝐾2 >= 𝒢𝒢𝑜𝑜𝑝𝑝𝑜𝑜, population volume Ω𝑜𝑜𝑝𝑝𝑜𝑜, number of gen-
erations 𝑁𝑁𝑝𝑝(𝑉𝑉𝑜𝑜𝑝𝑝𝑜𝑜 ,𝒢𝒢𝑜𝑜𝑝𝑝𝑜𝑜 ,Ω𝑜𝑜𝑝𝑝𝑜𝑜), which leads to the desired solu-
tion 𝑋𝑋∗ → 𝑆𝑆∗. 
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FEATURES OF THE FORMATION OF GENETIC OPERATORS  
IN THE OPTIMIZATION OF THE STRUCTURE  

OF INFORMATION-COMPUTER SYSTEM 
Let denote through 𝐹𝐹 some FF and describe the main oper-

ators of GA, justified as a result of the research. 
Mutation operator 𝑋𝑋′ = Mut(𝑋𝑋,𝑀𝑀) assumes for mutating 

with probability 𝑀𝑀 gene equally-likeable choice of alleles from 
the set of possible: with probability 𝑀𝑀 

𝑥𝑥𝑗𝑗
′(0) = [ϱ� × card(ℬ𝑝𝑝𝑝𝑝∗) + 1)], 𝑗𝑗 = 1, … ,𝑚𝑚0; 

𝑥𝑥𝑗𝑗
′(𝑘𝑘) = [ϱ� × card(ℬ𝑖𝑖𝑖𝑖∗) + 1)], 𝑗𝑗 = 1, … ,𝑚𝑚𝑘𝑘, 𝑘𝑘 = 1, … ,𝑢𝑢. 

Here and below, the square brackets mean rounding to the in-
teger at the bottom. 

Selection operator assumes selection for the next genera-
tion (range 𝑆𝑆𝑆𝑆𝑙𝑙) chromosomes with a FF value not lower than 
the average in the generation: 

𝑆𝑆𝑆𝑆𝑙𝑙 = {𝑖𝑖:𝐹𝐹(𝑋𝑋𝑖𝑖) ≥ 𝐹𝐹�, 𝑖𝑖 = 1 …Ω} = 

= {𝑠𝑠𝑆𝑆𝑙𝑙𝑘𝑘|𝑘𝑘 = 1, … , card(𝑆𝑆𝑆𝑆𝑙𝑙)}, 𝐹𝐹� = 1
Ω
∑ 𝐹𝐹(𝑋𝑋𝑖𝑖)Ω
𝑖𝑖=1 ; 

𝑆𝑆𝑆𝑆𝑙𝑙���� = {𝑖𝑖: 𝑖𝑖 ∉ 𝑆𝑆𝑆𝑆𝑙𝑙 , 𝑖𝑖 = 1, … ,Ω} = {𝑠𝑠𝑆𝑆𝑙𝑙����𝑘𝑘|𝑘𝑘 = 1, … ,Ω − card(𝑆𝑆𝑆𝑆𝑙𝑙)}, 

here is Ω — number of chromosomes in generation. 
Crossing over operator 𝑋𝑋′ = Kross(𝑋𝑋,𝑌𝑌,𝐾𝐾1,𝐾𝐾2) involves 

the exchange of genes on the epymous positions of the parent 
chromosomes 𝑋𝑋,𝑌𝑌 with probability 𝐾𝐾: if 𝐹𝐹(𝑋𝑋) ≥ 𝐹𝐹(𝑌𝑌), 𝜚𝜚� > 𝐾𝐾; 
or 𝐹𝐹(𝑋𝑋) ≤ 𝐹𝐹(𝑌𝑌), ϱ� < 𝐾𝐾: 𝑥𝑥𝑗𝑗

′(𝑘𝑘) = 𝑦𝑦𝑗𝑗
(𝑘𝑘), else 𝑥𝑥𝑗𝑗

′(𝑘𝑘) = 𝑥𝑥𝑗𝑗
(𝑘𝑘), where 

is ϱ� ∈ [0; 1] — played uniformly distributed random variable, 
𝐾𝐾 = 𝐾𝐾1 + (𝐾𝐾2 − 𝐾𝐾1) × 𝑘𝑘 𝑢𝑢� , K1, K2 — crossing over parame-
ters for 0-th и (u-1)-th hierarchical level respectively, 
𝑖𝑖, 𝑗𝑗 = 1, … ,𝑚𝑚𝑘𝑘, 𝑘𝑘 = 0, … ,𝑢𝑢. This construction of the crossing 
over takes into account the expediency of different intensity of 
exchange of structural units of different levels of hierarchy be-
tween parent variants that shown by researches. 

Implementation of the GA includes the following steps: 
1. Formation of a random initial population 

𝑋𝑋(𝑖𝑖) = Mut(𝑋𝑋(𝑖𝑖), 1), 𝑖𝑖 = 1, … ,Ω. 

2. Equally probable chromosome selection from the entire 
generation 𝑖𝑖𝑘𝑘 = [Ωϱ�] + 1, equally likely choice of chromosome 
from among those selected for the next generation: 

𝑗𝑗𝑘𝑘 = 𝑠𝑠𝑆𝑆𝑙𝑙[𝑐𝑐𝑐𝑐𝑝𝑝𝑑𝑑(𝑆𝑆𝑟𝑟𝑆𝑆)∙𝜚𝜚�]+1 , 

and the use of a crossing over operator for them 

𝑋𝑋(𝑘𝑘) = Kross(𝑋𝑋(𝑖𝑖𝑘𝑘),𝑋𝑋(𝑗𝑗𝑘𝑘),𝐾𝐾1,𝐾𝐾2), 𝑘𝑘 ∈ 𝑆𝑆𝑆𝑆𝑙𝑙. 

This method has the advantage that such an operator does 
not change the total number of chromosomes in the generation, 
forming a new one instead of the one being removed, and re-
duces the likelihood of losing successful search directions dur-
ing selection, leaving the possibility of participation of «re-
jected» chromosomes in the formation of the next generation. 

3. Application of the mutation operator for all chromosomes 
in the generation except the best FF value: 

𝑋𝑋(𝑖𝑖) = Mut(𝑋𝑋(𝑖𝑖),𝑀𝑀), 𝑖𝑖 = 1, …Ω, 𝑖𝑖 ≠ arg max
𝑖𝑖=1,…Ω

𝐹𝐹[𝑋𝑋(𝑖𝑖)] , 

that ensures that the best possible solution is preserved. 

4. Iterative execution of steps 2–3 and formation of the re-
sult 𝑋𝑋∗ = arg max

𝑖𝑖=1,…Ω
𝐹𝐹[𝑋𝑋(𝑖𝑖)] while achieve the number of gen-

erations 𝑁𝑁𝑝𝑝. 

EXAMPLE OF SEARCH THE STRUCTURE  
OF INFORMATION-COMPUTER SYSTEM 

Let us give an example of the application of the developed 
approach [9, 10] to the choice of the rational structure of a 
multi-module computing system. For this purpose, an appropri-
ate software package was developed and used [11]. At the same 
time, the calculation time of a single implementation of the OF 
was about 300 ms for 100 integration steps (a PC based on In-
tel i5 with a clock frequency of 3 GHz in the MATLAB 7), the 
required standard deviation of the OF score of 1 %, which cor-
responds to 104 experiments (the initial coefficient of variation 
of the OF is close to 1). With the total allowable number of el-
ements of the three-level structure N = 22, the estimate of the 
total number of its formalized variants of the structure was 
1,9 × 109, taking into account the resource constraints on the 
composition of the elements - about 4.3 × 104. 

On Figure 2 shows the experimental dependence of FF on 
the number of generations and the coefficient of variation with 
rational parameters justified by the above KV = 0.95; KN = 0.8; 
M = 0.3; Ω = 10. 

Fig. 2. Example of dependence of the objective function  
on the number of generations of GA and the coefficient  

of variation of FF 

On Figure 3 shows the experimental dependence of the per-
formance indicator ψ on the number of OF calculations for var-
ious methods of constructing the GA (heuristic «directional-
random» setting corresponds to KV = 0.9; KN = 0.6; M = 0.1; 
Ω = 12; «random-directional» — KV = 0.6; KN = 0.5; M = 0.4; 
Ω = 4). 

For example, a search time limit of 36 hours was set, which 
corresponds to the enumeration of 48 variants of structures in 
the traditional way. In this case, the use of the developed 
method made it possible to find a quasi-optimal solution that 
provides a value of the OF estimate of about 0.99. At the same 
time, for the traditional method of using GA (constant coeffi-
cient of variation of FF) with rational parameters, this value was 
0.56, i. e. the increment of the OF was 77 %. On the other hand, 
fixing the required value of the OF assessment, it is possible to 
estimate the gain by the time of its achievement: about 8 times 
for the value of 0.95, 12 times — for 0.9. 
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Fig. 3. Comparative analysis of the effectiveness of GA  
in the search for the optimal structure of the ICS 

1 — heuristic «directional-random» setting;  
2 — heuristic «random-directional» setting;  

3 — setting with a constant coefficient of variation of FF;  
4 — setting with variable coefficient of variation FF 

In practice, the choice of the option of constructing a com-
plex technical object is, as a rule, multi-criteria, and the final 
decision is made as an optimal compromise from some subset 
of possible solutions. The fact is that, firstly, a significant im-
pact on the decision is exerted by difficult to formalize factors 
associated, for example, with the labor-intensity of the imple-
mentation of a particular option with existing developments, 
etc. Secondly, it is necessary to eliminate uncertainties in the 
formation of initial data, for example, sets of computational 
tasks. Therefore, the application of the developed method is 
most expedient in cases where it is required in a limited time to 
form a set of quasi-optimal solutions in the scope of possible 
structures, thereby providing a reasonable optimal-compromise 
choice of the desired structure. 

CONCLUSION 
A method of heuristic solution of a complex combinatorial 

optimization problem of large dimension with a stochastic tar-
get function through the use of an evolutionary modeling appa-
ratus – genetic algorithms is proposed. The problem of struc-
tural-parametric optimization of complex heterogeneous hier-
archical-network ICS fully belongs to this class. This is due, on 
the one hand, to the many possible options for their construc-
tion, taking into account the variety of types of elements and 
their places. in the structure, and on the other hand, the com-
plexity of the models of functioning and the corresponding 
complexity of their computational implementation. Therefore, 
despite the capabilities of modern computer technology, the 
proposed method should be used to develop proposals for sub-
stantiating the technical appearance of complex ICS. Statistical 
research has shown the possibility of significantly reducing the 
time spent on finding rational options for building ICS. 
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Аннотация. Достаточно адекватные динамические мо-
дели функционирования сложных систем характеризуются 
высокой вычислительной сложностью, что ведет к суще-
ственной трудоемкости оптимизационных процедур. Поэтому 
решение задачи комбинаторной оптимизации путем полного 
перебора возможных решений на практике оказывается не-
приемлемым. 

Преимуществами эволюционного поиска как метода ком-
бинаторной оптимизации структуры информационно-вычис-
лительной системы является наличие возможности различ-
ных способов задания целевой функции и типов переменных 
оптимизации, а также в использовании вероятностных, а не 
детерминированных правил поиска решений. Предложен 
способ формализации структуры гетерогенной информаци-
онно-вычислительной системы, который учитывает ее иерар-
хически-сетевую структуру. 

Представленный подход позволяет посредством выбора 
рациональных параметров генетического алгоритма и ис-
пользования стохастической фитнесс-функции с переменным 
коэффициентом вариации достигать удовлетворительной 
скорости его сходимости при большой размерности задачи. 
Приведены примеры приложения указанного метода к по-
иску рациональной структуры вычислительной системы. 

Ключевые слова: вычислительная система, эволюцион-
ный поиск, генетический алгоритм, стохастическая фитнесс-
функция. 

ЛИТЕРАТУРА 
1. Holland, J. H. Adaptation in Natural and Artificial Sys-

tems: An Introductory Analysis with Applications to Biology, 
Control and Artificial Intelligence.— Cambridge (MA): MIT 
Press, 1992. — 228 p. 

2. Балашов, Е. П. Эволюционный синтез систем. — 
Москва: Радио и связь, 1985. — 328 с. 

3. Бураков, М. В. Генетический алгоритм: теория и 
практика: Учебное пособие. — Санкт-Петербург: ГУАП, 
2008. — 164 с. 

4. Goldberg, D. E. Genetic Algorithms in Search, Optimi-
zation and Machine Learning. Thirteenth Edition. — New 
York: Addison-Wesley Professional, 1989. — 432 p. 

5. Курейчик, В. В. Теория эволюционных вычислений: 
Монография / В. В. Курейчик, В. М. Курейчик, С. И. Ро-
дзин. — Москва: Физматлит, 2012. — 260 с. 

6. Родзин, С. И. О проблемных вопросах теории генетиче-
ских алгоритмов // Известия Таганрогского государственного 
радиотехнического университета. 2006. № 8 (63). C. 51–56. 

7. Гладков, Л. А. Генетические алгоритмы: Учебное по-
собие / Л. А. Гладков, В. В. Курейчик, В. М. Курейчик ; под 
ред. В. М. Курейчика. — Изд. 2-е, испр. и доп. — Москва: 
Физматлит, 2006. — 320 с. 

8. Jones, T. Fitness Distance Correlation as a Measure of Prob-
lem Difficulty for Genetic Algorithms / T. Jones, S. Forrest // Pro-
ceedings of the 6th International Conference on Genetic Algo-
rithms (ICGA 1995), (Pittsburgh, PA, USA, 15–19 July 1995) / 
L. J. Eshelman (eds.). — San Francisco (CA): Morgan Kauf-
mann, 1995. — Pp. 184–192. 

9. Захаров, И. В. Рациональный выбор структур и кон-
фигураций неоднородных вычислительных систем при по-
мощи эволюционного поиска // Вестник Российского но-
вого университета. Серия «Сложные системы: модели, ана-
лиз и управление». 2018. Вып. 1. С. 85–90. 
DOI: 10.25586/RNU.V9187.18.04.P.85. 

10. Свидетельство о государственной регистрации про-
граммы для ЭВМ № 2018614368 Российская Федерация. 
Программный комплекс для рационального выбора неод-
нородной иерархической структуры вычислительной си-
стемы и ее конфигураций на основе генетических алгорит-
мов: № 2018610087: заявл. 09.01.2018: опубл. 04.04.2018 / 
Захаров И. В., Забузов В. С., Соколовский А. Н.; заявитель 
Захаров И. В. — 1 с. 

11. Захаров, И. В. Применение генетических алгорит-
мов к задачам построения бортовых вычислительных си-
стем и управления их функционированием / И. В. Захаров, 
В. Г. Терехов // Естественные и технические науки. 2017. 
№ 8 (110). С. 92–95. 

mailto:shushakovaleksei@mail.ru

	Algorithm for choosing the structure  of heterogeneous information-computer system

