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ABSTRACT 
Context. An efficient algorithm has been developed for solving the problem of rational distribution of the power of data trans-

mission channels with fuzzy restrictions on consumption volumes. A standard solution method based on a fuzzy optimization prob-
lem is considered. A constructive variant of finding a solution based on the backtracking method is proposed. 

Objective. The goal of the work is to develop an algorithm for solving the problem of rational distribution of the power of data 
transmission channels with fuzzy restrictions on consumption volumes based on the backtracking method. 

Method. This paper The article proposes a method for solving the problem of rational distribution of the power of data transmis-
sion channels, taking into account fuzzy restrictions on consumption volumes. A feature of such tasks is the inability to meet the 
needs of the end user at the expense of the resources of different suppliers. The method of solution based on fuzzy problems of math-
ematical programming is considered. A constructive algorithm for solving the problem based on the backtracking method has been 
developed. Computational experiments have been carried out. 

Results. The developed method for solving the problem of rational distribution of data transmission channel capacities, taking in-
to account fuzzy restrictions on consumption volumes, made it possible to solve the problem of constructing an optimal configuration 
of a three-level information and computer network with a given number of communication servers and taking into account fuzzy 
consumption volumes. 

Conclusions. Methods for solving the problem with fuzzy restrictions on the consumption volumes of end users are investigated. 
A fuzzy optimization problem is formulated, which allows taking into account the interval specified volumes for the connection val-
ues. A variant of solving fuzzy optimization problems in the case of using fuzzy numbers is proposed. A multi-criteria problem of 
efficient distribution of communication channel powers with fuzzy restrictions is formulated. A variant of the algorithm with a return 
is proposed, which allows solving the obtained problem. The approach is illustrated by a number of numerical examples for the prob-
lem of forming a network structure with a given number of end users and different allowable bandwidths of communication servers. 

KEYWORDS: data transfer, power distribution, fuzzy constraints, optimal solution, backtracking algorithm. 
 

ABBREVIATIONS 
LP is a linear programming.  

 

NOMENCLATURE 
i  is an index of information provider; 
j

 
is an index of communication servers;  

k  is an index of end users; 

1N  is a number of data transmission channels; 

2N  is a number of communication servers; 

3N
 
is a number of end users (subscribers); 


iA

 
is a value of the maximum bandwidth of the data; 

transmission channel of the provider i; 

jB

 
is a value of the maximum bandwidth of the 

communication node j; 

kC

 
is a minimum value of the k data transmission 

channel bandwidth; 

kC

 
is a maximum value of the k data transmission 

channel bandwidth; 

kt  
is a throughput of the k user station; 

iT
 
is an optimal values of data transmission band-

widths of the provider i; 
x

 
is a solution of LP task

 

; 
n

 
is a number of variables; 

m
 
is a number of constraints; 

A  is a characteristic function; 

X  is an universal set; 

A
~

 
is a fuzzy set (subset) ; 

A
~  is a membership function of the fuzzy set; 

jx  are the elements of fuzzy mathematical program-

ming task solution; 

ib
~

 are the fuzzy constraints; 

ija~  are the fuzzy production coefficients; 

lZ  is a lower optimal value of LP task; 

uZ  is a top optimal value of LP task; 

L
 
is the ),min( ul ZZ ; 

U
 
is the ),max( ul ZZ ; 
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G
~  is a membership function of the fuzzy set of LP 

optimal values; 

iF
~  are the membership functions of the fuzzy con-

straints; 
  is a parameter of Bellman-Zadeh fuzzy solution;  

kC  are the current values of the throughput of com-

munication channels k; 
p  an algorithm’s step for multiobjective optimization 

problem solving; 
)*( pt  is a vector of  “ideal assessments”;   

pG  is a range of acceptable value for the multiobjec-

tive optimization problem solving; 

s  is a value level of criterion that should be changed; 

t  is a value for decreasing kt ; 

q is a number of largest (first of 3N ) values kt ; 

s  is an index of backtracking algorithm step. 
 

INTRODUCTION 
The tasks of finding optimal solutions arise in the pro-

cess of development and practical implementation of 
methods for effective management of various organiza-
tional, technological and information systems. 

An important characteristic of optimization problems 
is the desire to find the optimal solution (optimality prin-
ciple). In practice, there are a number of constraints that 
do not allow finding such a solution. In these cases, the 
question is raised of finding not optimal, but rational 
(compromise, effective) solutions that satisfy the problem 
statement. It is often necessary to find a compromise be-
tween the effectiveness of solutions and the cost of find-
ing them. Serious difficulties arise when solving optimi-
zation problems under conditions of incomplete informa-
tion, as well as in the case when random or subjective 
factors (parameters) play a significant role. 

One of the applied problems in which there can be un-
certainty in setting the parameters is the problem of dis-
tributing the limited capacities of data transmission chan-
nels between different nodes of the Internet providers 
network. Suppose that there is a local computer network 
of an enterprise (organization, educational institution) that 
provides users with access to the Internet. User access to 
the global network and obtaining the necessary informa-
tion is carried out using several communication servers 
located on the territory of the information and computer 
center of the enterprise and connected by high-speed ex-
ternal communication channels with Internet providers. 
The bandwidth levels of the servers are within the band-
width (bandwidth) of the local network (for example, 1Gb 
per second). 

It is assumed that the network implements the condi-
tions for efficient channel switching (relative to their 
bandwidth), which are provided by programmable net-
work devices (communication servers, routers). The struc-
ture of the network and the information distributed in it in 
the general case can be very diverse. In this case, we con-

sider the problem of distribution of limited capacities with 
the following constraints: 

– information is distributed from the provider to sub-
scribers (nodes) through switching servers via communi-
cation channels with a bandwidth that takes into account 
the specified bandwidth; 

– each network subscriber is serviced by one switch-
ing server; 

– the throughput of receiving information for switch-
ing nodes and subscribers is limited both from above 
(fundamental limitations of the provider’s capabilities) 
and from below (the minimum need for subscribers to 
receive information). 

The problem of determining the bandwidth of an ex-
ternal connection is considered, which makes it possible 
to maximize the total bandwidth of user communication 
channels by changing the total power of communication 
servers, taking into account both the needs and wishes of 
subscribers (users) and the capabilities of the information 
and computing center. 

The object of study is the process of rational distribu-
tion of the power of data transmission channels with 
fuzzy restrictions on consumption volumes.  

The subject of study is the development of the effi-
cient algorithm for solving the problem of rational distri-
bution of the power of data transmission channels with 
fuzzy restrictions on consumption volumes.  

The purpose of the work is the research of mathe-
matical models and methods for solving the problem of 
rational distribution of the power of data transmission 
channels with fuzzy restrictions on consumption volumes 
and solving the problem of constructing the optimal con-
figuration of a three-level information and computer net-
work.  

 

1 PROBLEM STATEMENT 
An information and computer network is considered, 

including 1N  data transmission channels (global network 

providers), 2N  communication servers and 3N  end users 

(subscribers). We denote by 
iA , 1,1 Ni  ,  the values of 

the maximum bandwidth of the data transmission channel 

that provider i, 1,1 Ni  , is able to provide; 
jB , 

2,1 Nj  , – the value of the maximum bandwidth of the 

data transmission channel that the communication node j, 

2,1 Nj  , can provide; ; 
kk CC , , 3,1 Nk  , – values of 

the minimum and maximum bandwidth of the data trans-
mission channel, which must be provided to the sub-

scriber k, 3,1 Nk  ; kt  – throughput of the k-th sub-

scriber station, 3,1 Nk  . Then, assuming that the power 

distribution of communication channels satisfies the con-
ditions of additivity and proportionality, we can consider 
the problem of distributing a limited homogeneous re-
source (bandwidth of communication channels) with 
transport-type constraints in order to find the optimal data 
transmission plan. This ensures the effective functioning 
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of the system for providing users with Internet access, 
which consists in finding the optimal values of data 
transmission bandwidths iT  of the i-th information pro-

vider (provider), 1,1 Ni  , and the optimal values of the 

bandwidths kt  of using local communication channels of 

the k-th user, 3,1 Nk  . 

Formally, the statement of problem can be written as  

1max t ; 2maxt ; …
3

max Nt , (1)

with the following constraints  

;At
N

i
i

N

k
k 








13

11
 

 jk Bt , 2,1 Nj  , 3,1 Nk  ; 

  kkk CtC , 3,1 Nk  ;  (2)












 
312

111

N

k
k

N

i
i

N

j
j CAB . 

 

2 REVIEW OF LITERATURE 
The solution of the formulated problem was consid-

ered in [1–7] on the basis of solving problems of optimal 
resource allocation. The problems of efficient use of a 
homogeneous resource were considered using the exam-
ple of time distribution in the form of a classical problem 
of distributing resources of a given volume over a set of 
categories (works) [8]. The setting of such tasks consists 
in finding a cost plan for the available resource (such a 
resource is most often considered time) for the execution 
of a group of tasks, in which the total (final) use of the 
resource is optimal. 

In a number of papers [9–11] to find a solution, an ap-
proach is proposed that uses multi-index problems of the 
transport type [11]. In the noted works, meaningful for-
mulations of such applied problems are given and their 
mathematical models are constructed. 

When solving applied multi-index optimization prob-
lems, special interest is given to formulations related to 
the class of problems of integer linear programming [11]. 
One of the approaches to the development of algorithms 
for solving such optimization problems is the use of 
streaming methods. Known efficient flow algorithms [12] 
make it possible to construct solution methods that have 
acceptable estimates of computational complexity com-
pared to estimates of general methods for solving linear 
programming problems. 

Solutions obtained on the basis of models of three-
index transport problems [10] allow solving the problem 
of distribution of a homogeneous resource for cases where 
the cost and resource consumption factors are known a 
priori. 

In [13, 14], a model of a two-level production and 
transport problem was considered with a criterion that 
takes into account the optimal cost indicators for the pro-
duction and transportation of resources, the volumes of 
production and consumption of which are given. 

3 MATERIALS AND METHODS 
Let’s assume that the needs of network subscribers to 

increase the speed of obtaining one or another amount of 
information are known. The wishes (preferences) of sub-
scribers are set regarding a possible increase in consump-
tion volumes (bandwidths) for transmitting information 
from the provider to the user node. To implement the 
changes, it is necessary to update the capacities of the 
switching servers of the network by deploying new, more 
powerful computers or by increasing the number of exist-
ing servers. In other words, it is necessary to conduct a 
study on updating the resources of the server park of the 
information and computing center, which makes it possi-
ble to increase the total bandwidth of a group of switching 
servers. At the same time, the value of the total capacity 
of servers, both in the case of an increase in the capacity 
of the existing fleet of computers, and in the case of an 
increase in the number of servers, is assumed to be the 
same. 

If the values of consumption parameters are random 
variables with known distribution functions, then it can be 
solved by stochastic programming methods. However, in 
practice these parameters are often unknown and only the 
range of possible values can be determined for them. A 
problem of this type can be called a problem with multi-
ple values of the coefficients. Within the framework of 
this problem, it makes no sense to talk about maximizing 
the objective function, since the values of this function are 
not numbers, but sets of numbers. In this case, it is neces-
sary to find out what preference relation this function 
generates on the set of alternatives, and then determine 
which products should be considered rational in the sense 
of this preference relation. 

The next step on the way of detailing and refining the 
model considered here is the description of the problem 
parameters in the form of fuzzy sets (numbers) [15]. Ad-
ditional information is introduced into the model in the 
form of a membership function of these fuzzy sets. These 
functions can be considered as a way for an expert to ap-
proximate his unformalized idea of the real value of a 
given parameter. Membership function values are the 
weights that experts assign to the various possible values 
of this parameter. 

Fuzzy sets are a mathematical model of object classes 
with fuzzy or blurry boundaries. In other words, an ele-
ment can have some degree of membership in the set, and 
it is intermediate between full membership and complete 
non-membership. 

Traditional (ordinary) set theory can be viewed as a 
special case of fuzzy set theory. An ordinary subset A  of 
a set X can be represented as a fuzzy set, which is given 
by the characteristic function  1,0: XχA  

 









.:1

,:0
)(

Ax

Ax
xA  

 

In accordance with the idea of Zadeh [15], a fuzzy 
subset of a given universal set X is formulated as follows. 
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Definition 1. A fuzzy subset A
~

 of the universal set 

X , is a collection of pairs )}),({(
~

~ xxA A , where 

]1,0[:)(~  XxA  is the mapping of the set X  into the 

unit segment [0,1], which is called the membership func-
tion of the fuzzy set. 

The value of the membership function )(~ xA  for an 

element Xx is called the degree of membership. The 
interpretation of the degree of membership )(~ xA  is a 

subjective measure of how much an element Xx  cor-
responds to a concept, the meaning of which is formalized 
by a fuzzy set A

~
. 

Let 1RX   is a universal set. 
Definition 2. [16] A fuzzy triangular number (triplet) 

A
~

 is an ordered triplet of numbers (а, b, c), cba  , 
defining a membership function )(~ xA  of the form   

 

ab

ax
xA 


 )(~ , ],[ bax ; 

bc

xc
xA 


 )(~ ,  ],[ cbx ;   (3)

,0)(~  xA  ],[ cax  . 

 
A fuzzy triangular number of the form (а, b, b), called 

a left fuzzy triangular number, is determined by the mem-
bership function of the form 

 
,0)(~  xA ax  ; 

ab

ax
xA 


 )(~ , ],[ bax ;  (4)

1)(~  xA , bx  , 

 
and the fuzzy triangular number of the form (b, b, c), 
called the right fuzzy triangular number, is the member-

ship function nRx  
 

1)(~  xA , bx  ; 

bc

xc
xA 


 )(~ ,  ],[ cbx ; (5)

,0)(~  xA
cx  . 

 
After such clarification, we can proceed to the next 

statement of the problem of fuzzy mathematical pro-
gramming [17]. A linear view model is specified 

 

max~

1




n

j
jj xc , (6)

 

in which the values of the coefficients jc~ , nj ,1 , are 

given fuzzy in the form of fuzzy sets of given universal 
sets. In addition, there are constraints 

i

n

j
jij bxa

~~

1




, mi ,1 , 0jx , nj ,1 , (7)

and the values of the coefficients ija~ , ib
~

, mi ,1 , 

nj ,1 , are also described in the form of the correspond-

ing fuzzy sets. It is required to make a rational choice of a 

solution nRx , that, in a certain sense, maximizes the 
given fuzzy linear form (6). 

We call such a statement of the fuzzy optimization 
problem a linear programming problem with fuzzy pa-
rameters. One of its variants is a problem with fuzzy re-
source constraints on the right side. 

Consider a LP problem with a given goal function 
 

x
max 



n

j
jj xc

1

 (8)

 
and fuzzy constraints on resources of the form  
 





n

j
ijij bxa

1

~
, mi ,1 , (9)

nRxx  ;0 , 

 
where the right parts of constraints (9) are given as fuzzy 
right triangular numbers with corresponding membership 
functions of the form (3). Here, the allowable deviations 
determine the values of the boundary changes of the mod-
el resources. 

This formulation does not restrict the general form of 
optimization problems with fuzzy constraints [18,19]. 
Indeed, one can consider a linear programming problem 
with fuzzy resources in the form of an optimization prob-
lem for the goal function (8) in the presence of a system 
of mixed constraints 





n

j
ijij bxa

1

~
,    1,1 mi  ,   





n

j
ijij bxa

1

~
,   21 ,1 mmi  , 





n

j
ijij bxa

1

~
,   mmi ,12  , 

where the right parts of the first 1m  constraints are given 

by left fuzzy triangular numbers ib
~

= ),,( 0
iiii bbbb  , 

00 ib , 1,1 mi  , the right parts of the next group of con-

straints are given by right fuzzy triangular numbers 

ib
~

= ),,( 0
iiii bbbb  , 00 ib , 21 ,1 mmi  , and the right 

parts of the last m – 2m  constraints are given by fuzzy 

triangular numbers ib
~

= ),,( r
iii

l
ii bbbbb  , with allow-

able deviations i
l
i bb 0 , 0r

ib , mmi ,12  . 
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This LP model can be rewritten in the form (7)–(8) by 
replacing the first 1m  conditions with the next constraints 





n

j
ijij bxa

1

~
)( , ib

~
= ),,( 0

iiii bbbb  , 1,1 mi  , and 

the last m – 2m  conditions – with a system of constraints 





n

j
ijij bxa

1

~
)( , ib

~
= ),,( l

iiii bbbb  ; 



n

j
ijij bxa

1

~
, 

ib
~

= ),,( r
iiii bbbb  ; mmi ,12  . Thus, we can assume 

that the general form of a linear programming problem 
with fuzzy resource constraints on the right side is given 
by model (8)–(9). 

The optimization problem under consideration can be 
solved as a parametric linear programming problem [20]. 
This method is universal, not always taking into account 
the specifics of the task. 

We use an approach based on the defuzzification of 
problem (8)–(9). To do this, we calculate the optimal val-
ues of the levels of the objective function lZ  and uZ  by 

solving two LP problems: 
 

lZ = 
x

max  


n

j
jj xc

1

, (10)

 





n

j
ijij bxa

1

,  mi ,1 , nRxx  ;0 , (11)

 

And 
 

uZ = 
x

max  


n

j
jj xc

1

 (12)

 





n

j
iijij bbxa

1

0 ,  mi ,1 , nRxx  ;0 .    (13)

 

Let be L = ),min( ul ZZ ,U = ),max( ul ZZ . The fuzzy 

set of optimal values of problem (8)–(9) specified in nR  

(we denote it by G
~

) is described by the membership 
function of the form 

 




































,,1

),/()(

,,0

)(

1

11

1

~

Uxc

xcLLULxc

Lxc

x

n

j
jj

n

j
jj

n

j
jj

n

j
jj

G

 

(14)

 

and the fuzzy sets of each constraint (we denote them by 

iF
~

, mi ,1 ) from (9) are determined by the membership 

functions  
 




































,,0

,/)(

,,1

)(

0

1

1

0

1

0

1

~

ii

n

j
jij

i

n

j
jijii

n

j
jijii

i

n

j
jij

F

bbxa

bxabbxabb

bxa

x
i



 mi ,1 . 

(15)

 

Based on the definition of the Bellman-Zadeh fuzzy 
solution [21], the fuzzy linear programming problem (8)–
(9) can be written in the form of an optimization problem 
of the following form: find the value of the parameter 

 ,1,0  that is the solution of the LP problem  
 

.max 
x

 (16)
 

in the presence of constraints  
 

.0

,)(

,)(

~

~







x

x

x

iF

G

  mi ,1 . (17)

 

Substituting (14) and (15) into (17), we write the final 
form of the optimization problem  

 


x

max  

.10,0

,,1,

,0)(

00

1

1















x

mibbbxa

LxcLU

iii

n

j
jij

n

j
jj

    

(18)

 

This problem is a classical linear programming prob-
lem, for finding solutions to which any variant of the sim-
plex method can be applied. 

Let us assume that in the formulation of the problem 
of distributing the power of data transmission channels, 
the current values of the throughput of communication 

channels of each subscriber k, kC , 3,1 Nk  , are known, 

and the values of 
kC , 3,1 Nk  , determine the values of 

the bandwidths that are planned by users as a result of 
updating communication equipment. Obviously, it is pos-
sible to fully satisfy the expansion of the bandwidth of 
subscriber channels only under the condition 








 
32

11

N

k
k

N

j
j CB . 

Formally, the statement of problem can be written as  
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 1max t ; 2max t ; …
3

max Nt , (19)

with the following constraints  

],[~supp  kkkk ССtt , 3,1 Nk  ; 

;
13

11








N

i
i

N

k
k At  

 jk Bt , 2,1 Nj  , 3,1 Nk  ; (20)
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We will assume that the capacities of communication 
channels available to users satisfy the conditions 









133

111

N

i
i

N

k
k

N

k
k AtC , and the values of the possible 

expansion of the channel capacity are determined by 
right-hand fuzzy triangular numbers in the form 

),,( 
kkk CCC , 3,1 Nk  , with linear membership func-

tions (5). 
This problem is a multiobjective optimization prob-

lem. To solve it, methods are used that allow finding a 
compromise (effective) solution by reducing the problem 
to a single-criterion one in the form of a convolution of 
criteria or to a sequence of single-criteria optimization 
problems [22]. In the case of fuzzy constraints, each such 
problem can be reduced to an optimization problem of the 
form (17), (18) with subsequent solution by the method 
proposed above. 

Taking into account the specifics of the obtained prob-
lem, the most rational method is the sequential introduc-
tion of constraints [22]. A characteristic feature of this 
method, which makes it possible to use it to find an effec-
tive solution, is the sequential (at each step) introduction 
of constraints on the width of the communication channel, 
at which unsatisfactory values of the criteria are achieved. 

Following the search methodology, at each algo-
rithm’s step ,...2,1p , an “ideal assessment”  

)*( pt  ),...,,( )*()*(
2

)*(
1 3

p
N

pp ttt , ,...2,1p , is formed, 

where )*( p
kt , 3,1 Nk  , are the optimal values of each of 

the criteria (19) ktmax , 3,1 Nk  , on a given range of 

acceptable values pG , },1;{ 31 NkСtG kk   , 1pG  

}|,1;{ 3 sspk tNkGt  , },...,2,1{ 3Ns  is the 

number of the criterion, the value of which is the least 
consistent with the compromise solution. It is clarified to 
what level s  the value of this criterion should be 

changed, and a search for a new solution is performed, 
taking into account the additional constraint. 

This method allows solving the problem of efficient 
distribution of channel capacities, taking into account 
fuzzy constraints on consumption volumes, however, to 
use it at each step, it is necessary to evaluate the compli-
ance of the current solution with a certain “ideal” solu-

tion, which, as a rule, is formed with the participation of 
an expert. In addition, the solution procedure turns out to 
be cumbersome, leading to the multiple solution of opti-
mization problems of the form (10)–(13) and the con-
struction of a Bellman-Zade fuzzy solution (18). 

Additionally it is easy to formalize this process by ap-
plying the back tracking solution search procedure [23]. 

From the condition of the problem of optimizing the 
distribution of channel powers, taking into account fuzzy 
constraints on consumption volumes (19)–(20), it follows 
that 

.
323

111







 
N

k
k

N

j
j

N

k
k CBC  (21)

Obviously, in this case, it is impossible to allocate the 
maximum expected power of communication channels to 
all subscribers. We will look for a solution on rational 
distribution based on the scheme of the back tracking al-
gorithm. 

Algorithm. 
Step 0. Without loss of generality, we will assume that 

the order of users is ordered in non-increasing order of the 
planned capacities of communication channels. We put 

the required values in the initial solution  kk Сt , 

3,1 Nk  . 

Step s=1,2,... We check the fulfillment of condition  









23

11

N

j
j

N

k
k Bt . (22)

If inequality (22) is satisfied, the algorithm terminates, 
otherwise: 

a) determine the q, ],1[ 3Nq , largest (first of 3N ) 

values kt , 3,1 Nk  . 

b) decrease the values kt , qk ,1 , by 0t : 

kt = ttk  , qk ,1 . 

Obviously, the total demand in this case decreases. 
Change 1 ss  and move on to the next step. 

 

4 EXPERIMENTS 
The algorithm proposed above for finding a solution 

in the problem of rational distribution of the power of 
communication channels, taking into account fuzzy con-
straints on consumption volumes (19)–(20), was used to 
calculate the values of throughput resources in a network 
with 1 Internet provider, 2 (3, 4) routers (communication 
servers ) and 17 end users (collective subscribers). 

The bandwidth of user connections to communication 
servers was initially 350, 250, 250, 245, 180, 180, 165, 
165, 160, 145, 140, 140, 140, 120, 110, 80, 80 Mb/s (total 
capacity 2900 Mb/s). In order to expand consumer traffic, 
it is proposed to upgrade equipment in the form of a pos-
sible increase in the number of servers or/and increase 
their capacity. The bandwidth of the communication 
channel with the provider remains constant and equals 10 
Gb/s. The total throughput capacity of communication 
servers after the upgrade is planned to be 3 Gb/s. 
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To determine the rational distribution of the size of 
communication channels, consumers were asked to de-
termine the required size of connections to communica-
tion servers. Based on the given amount of traffic, it was 
planned to use 2, 3 or 4 servers with a total capacity of 3 
Gb/s. 

Computational experiments on the efficient distribu-
tion of the power of communication channels were carried 
out using the above algorithm for the classical solution of 
optimization problems with fuzzy constraints on con-
sumption levels (fuzzy approach) and the algorithm using 
the backtracking approach. In the latter case, both a con-
sistent uniform decrease in consumer requests by the  
value 0t  (app1) and a proportional decrease in the 
values of requests were applied, taking into account the 
required volumes of traffic increase (app2). 

 

5 RESULTS  
The results of the numerical experiments performed 

are shown in Table 1. 

As follows from the results obtained, the application 
of the proposed algorithm made it possible to obtain the 
most efficient (close to optimal) solutions in the consid-
ered distribution problem for a configuration with two 
communication servers with a maximum bandwidth of 
1500 Mb/s. The best solution to the problem using the 
method of efficient channel power distribution, taking 
into account fuzzy constraints, was obtained for the con-
nection option with 3 routers. At the same time, it slightly 
differs from the solution with two servers, which suggests 
that the best option in the considered distribution problem 
is the variant with two communication servers. It should 
also be noted that the solution based on the algorithm 
using the return scheme does not require significant com-
putational resources, which allows us to speak  about  the 
constructiveness of the method. The resulting solution 
was used as the basis for the technical modernization of 
equipment to ensure the operation of network subscribers. 

 
Table 1 – The results of numerical experiments on the efficient distribution of the power of communication channels 

Сonsumers 

p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11 p12 p13 p14 p15 p16 p17 Sum 

Init Power, Мб/с (Max Sum Power=2900 Мб/с) 

350 250 250 245 180 180 165 165 160 145 140 140 140 120 110 80 80 2900 

Plan Power, Мб/с (Max Sum Power=3000 Мб/с ) 

370 275 275 260 195 185 180 175 165 155 150 150 145 125 115 90 90 3100 

Results for K communication servers, Мб/с 

Approuch: app1 

CommunicationPower   K=1500 2 

363 268 268 253 188 183 173 168 158 148 143 143 138 118 108 85 90 2995 

CommunicationPower   K=1000 3 

359 264 264 249 184 179 169 164 154 144 139 139 134 114 105 83 90 2934 

CommunicationPower   K=750 4 

357 262 262 247 182 177 167 162 152 142 137 137 132 112 107 89 90 2914 

Approuch: app2 

CommunicationPower   K=1500 2 

354 254 254 254 184 184 174 169 164 149 149 149 144 124 114 89 90 2999 

CommunicationPower   K=1000 3 

352 252 252 252 182 182 172 167 162 147 147 147 142 122 112 87 90 2967 

CommunicationPower   K=750 4 

350 250 250 250 180 180 170 165 160 145 145 145 140 120 110 85 90 2935 

Approuch: fuzzy 

CommunicationPower   K=1500 2 

361 266 266 251 186 181 171 166 160 150 146 144 141 121 110 83 82 2985 

CommunicationPower   K=1000 3 

362 267 267 252 187 182 173 167 160 150 147 142 140 120 110 82 81 2989 

CommunicationPower   K=750 4 

355 260 260 245 180 175 165 160 150 150 145 140 135 118 108 79 75 2900 
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6 DISCUSSION 
Several remarks should be noted. First, the amount t  

of change in the power of communication channels in the 
backtracking algorithm, which is set at the beginning of 
the work, depends on the values of the optimized data 
transfer volumes and affects the rate of convergence of 
the algorithm. The choice of small values t  leads to a 
more accurate rational distribution of powers, but slows 
down convergence. Otherwise, for large values t , the 
solution is reached faster, but its quality in terms of the 
obtained volumes, as a rule, turns out to be lower.In addi-
tion, in the proposed version of the algorithm, a rational 
solution is sought at the expense of the most demanding 
subscribers in terms of volume. Obviously, the search 
procedure can be restructured to use other similar princi-
ples or to evenly distribute the redundancy of the total 
traffic request among all network users. 

 

CONCLUSIONS 
The problem of optimal power distribution of com-

munication channels in information-computer networks 
with a three-level architecture is considered. Approaches 
for its solution are studied, the problem statement with 
fuzzy constraints on the consumption volumes of end 
users is considered. A fuzzy optimization problem is for-
mulated, which allows taking into account the interval 
specified volumes for the connection values. A variant of 
solving fuzzy optimization problems in the case of using 
fuzzy numbers is proposed. A multi-objective problem of 
efficient power distribution of communication channels 
with fuzzy constraints is formulated. A variant of the al-
gorithm with a return is proposed, which allows solving 
the obtained problem. The approach is illustrated by a 
number of numerical examples of a problem with a given 
number of end users and different allowable bandwidths 
of communication servers. 

The results obtained were analyzed, which made it 
possible to make a decision on the method of upgrading 
the communication equipment. The proposed approach 
based on the method using the return scheme turned out to 
be a constructive way to solve the problem considered in 
the article. 
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AНОТАЦІЯ 

Актуальність. Важливою характеристикою задач оптимізації функціонування та управління різними технологічними та 
інформаційними системами є намагання знайти оптимальний розв’язок. На практиці існує низька обмежень, що пов’язана з 
невизначеністю параметрів і яка не дозволяє знайти такий розв’язок. У цих випадках ставиться питання про знаходження не 
оптимальних, а раціональних розв’язків, що задовольняють постановці задачі. Однією з прикладних задач, в яких може ви-
никати невизначеність параметрів, є задача розподілу обмежених потужностей каналів передачі даних між різними вузлами 
мережі.  

Ціль. Мета роботи – розробити алгоритм розв’язання задачі раціонального розподілу потужності каналів передачі даних 
з нечіткими обмеженнями на обсяги споживання на основі методу бектрекінгу. 

Метод. У статті пропонується метод розв’язання задачі раціонального розподілу потужності каналів передачі даних з 
урахуванням нечітких обмежень на обсяги споживання. Особливістю таких завдань є неможливість задоволення потреб 
кінцевого користувача з допомогою ресурсів різних постачальників. Розглянуто метод розв’язання на основі нечітких задач 
математичного програмування. Розроблено конструктивний алгоритм розв’язання задачі на основі методу пошуку із повер-
ненням. Проведено обчислювальні експерименти.  

Результати. Розроблений метод вирішення задачі раціонального розподілу потужностей каналів передачі даних з ураху-
ванням нечітких обмежень на обсяги споживання дозволив роз’язати задачу побудови оптимальної конфігурації трирівневої 
інформаційно-обчислювальної мережі із заданим числом серверів зв’язку та з урахуванням нечітких обсягів споживання.  

Висновки. Досліджено способи розв’язання задачі з нечіткими обмеженнями на обсяги споживання кінцевих спожива-
чів. Сформульовано нечітку задачу оптимізації, що дозволяє враховувати інтервально задані величини підключень.  Запро-
поновано варіант розв’язання нечітких оптимізаційних задач у випадку використання нечітких чисел. Сформульовано бага-
токритеріальну задачу ефективного розподілу потужностей каналів зв’язку з нечіткими обмеженнями. Запропоновано варі-
ант алгоритму з поверненням, що дозволяє розв’язати отриману задачу. Підхід проілюстровано результатами чисельних 
розрахунків для прикладної задачі формування структури мережі з заданою кількістю кінцевих користувачів і різними до-
пустимими обсягами пропускних здатностей комунікаційних серверів. 

КЛЮЧОВІ СЛОВА: передача даних, розподіл потужності, нечіткі обмеження, оптимальний розв’язок, алгоритм з по-
верненням.  
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AННОТАЦИЯ 

Актуальность. Важной характеристикой задач оптимизации функционирования и управления различными системами 
является стремление найти оптимальное решение. На практике существует ряд ограничений, связанная с неопределенно-
стью параметров, которая не позволяет найти такое решение. В этих случаях ставится вопрос о нахождении не оптималь-
ных, а рациональных решений, удовлетворяющих постановке задачи. Одной из прикладных задач, в которых может возни-
кать неопределенность в задании параметров, является задача распределения ограниченных мощностей каналов передачи 
данных между различными узлами сети. 
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Цель. Цель работы – разработать алгоритм решения задачи рационального распределения мощности каналов передачи 
данных с нечеткими ограничениями на объемы потребления на основе метода бэктрекинга. 

Метод. В статье предлагается метод решения задачи рационального распределения мощности каналов передачи данных 
с учетом нечетких ограничений на объемы потребления. Особенностью таких задач является невозможность удовлетворе-
ния потребностей конечного пользователя за счет ресурсов разных поставщиков. Рассмотрен метод решения на основе не-
четких задач математического программирования. Разработан конструктивный алгоритм решения задачи на основе метода 
поиска с возвратом. Проведены вычислительные эксперименты. 

Результаты. Разработанный метод решения задачи рационального распределения мощностей каналов передачи данных 
с учетом нечетких ограничений на объемы потребления позволил решить задачу построения оптимальной конфигурации 
трехуровневой информационно-вычислительной сети с заданным числом серверов связи и с учетом нечетких объемов по-
требления.  

Выводы. Исследованы способы решения задачи с нечеткими ограничениями на объемы потребления конечных пользо-
вателей. Сформулирована нечеткая задача оптимизация, позволяющая учитывать интервально заданные объемы на величи-
ны подключений.  Предложен вариант решения нечетких оптимизационных задач в случае использования нечетких чисел. 
Сформулирована многокритериальная задача эффективного распределения мощностей каналов связи с нечеткими ограни-
чениями. Предложен вариант алгоритма с возвратом, позволяющий решить полученную задачу. Подход проиллюстрирован 
рядом числовых примеров для задачи формирования структуры сети с заданным числом конечных пользователей и разными 
допустимыми объемами пропускных способностей коммуникационных серверов.  

КЛЮЧЕВЫЕ СЛОВА: передача данных, распределение мощности, нечеткие ограничения, оптимальное решение, ал-
горитм с возвратом.  
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