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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 1is an index of communication servers;
k is an index of end users;
N is a number of data transmission channels;
N, is a number of communication servers;

N3 is a number of end users (subscribers);

AT

1
transmission channel of the provider i;

is a value of the maximum bandwidth of the data;

B}r is a value of the maximum bandwidth of the

communication node j;

C; is a minimum value of the & data transmission
channel bandwidth;

Cy is a maximum value of the k data transmission

channel bandwidth;
t is a throughput of the & user station;

© Ivohin E. V., Adzhubey L. T., Gavrylenko V. V., Rudoman N. V., 2022
DOI 10.15588/1607-3274-2022-2-12

122

T;
widths of the provider i;
x 1is a solution of LP task;
n is a number of variables;
m 1is a number of constraints;

%4 1s a characteristic function;

is an optimal values of data transmission band-

X 1is an universal set;

Adisa fuzzy set (subset) ;
7y is a membership function of the fuzzy set;

Xx; are the elements of fuzzy mathematical program-
ming task solution;
El- are the fuzzy constraints;
a;; are the fuzzy production coefficients;
Z; is a lower optimal value of LP task;
Z,, 1s a top optimal value of LP task;
L isthe min(Z;,Z,) ;
U isthe max(Z;,Z,);



e-ISSN 1607-3274 PapioenexTpoHika, inpopmaTuka, ynpasminss. 2022. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2022. Ne 2

ng is a membership function of the fuzzy set of LP

optimal values;
uz are the membership functions of the fuzzy con-

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

C, are the current values of the throughput of com-

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

problem solving;

* . .
£ (P) is a vector of “ideal assessments”;

G, is a range of acceptable value for the multiobjec-

tive optimization problem solving;
&, 1s a value level of criterion that should be changed;

At is a value for decreasing #;, ;
q is a number of largest (first of N3) values ¢ ;
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-
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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 N; data transmission channels (global network

providers), N, communication servers and N3 end users

(subscribers). We denote by A4;°

;, i=1LN;, the values of

the maximum bandwidth of the data transmission channel
that provider i, i=1,N;, is able to provide; B}’ s
j =1, N, ,— the value of the maximum bandwidth of the
data transmission channel that the communication node j,

j=LN,, can provide; ; C,:,C,:’, k =1,N5 , — values of
the minimum and maximum bandwidth of the data trans-
mission channel, which must be provided to the sub-

scriber k, k=1,N3; t;, — throughput of the k-th sub-

scriber station, k =1, N3 . 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 T; of the i-th information pro-
vider (provider), i =1, N}, and the optimal values of the

bandwidths #; of using local communication channels of

the k-th user, k=1,N3 .
Formally, the statement of problem can be written as

max/?; maxity; ... max/y, , (D
with the following constraints
N3 Ny
DS A
k=1 i=1
4<Bj, j=LN,, k=1Ns;
Cr <t <Cf, k=1N5; )

N, M N;
DBI<Y A<
Jj=1 i=1 k=1

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.
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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 4 of
a set X can be represented as a fuzzy set, which is given
by the characteristic function y4:X — {0,1}

0: xgAd,

XA(X):{I: xeA.

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 4 of the universal set
X, is a collection of pairs Z:{(uz(x),x)}, where

n7(x): X —>[0,]] 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 p(x) for an
element x e X is called the degree of membership. The
interpretation of the degree of membership p(x) is a
subjective measure of how much an element x€ X cor-
responds to a concept, the meaning of which is formalized
by a fuzzy set A.

Let X =R' is a universal set.

Definition 2. [16] A fuzzy triangular number (triplet)
A is an ordered triplet of numbers (a, b, ¢), a<b<c,
defining a membership function p(x) of the form

xX—a

H;(x)=ms x€la,b];
c—x

c—b

ny(x)=0, x¢la,c].

py(x)= , xe[b,c]; 3)

A fuzzy triangular number of the form (a, b, b), called
a left fuzzy triangular number, is determined by the mem-
bership function of the form

Hy(x)=0, x<a;

ni(=3—". xela.b]: @

wy()=1, x>b,

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

ship function x € R"
py(x)=1, x<b;

)

cC—X
) =T b, ;
ni == relbe]

py(x)=0, x>c.

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

(6)

n
ZC.]‘XJ‘ — max,
J=1

in which the values of the coefficients ¢;, j=1,n, are

j 2
given fuzzy in the form of fuzzy sets of given universal
sets. In addition, there are constraints
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ayxj Sbl', i=l,m, )CjZO, j=l,l’l,

M=

O]

1

J

and the values of the coefficients a b, i=lm,

l'j s
j= I,_n, are also described in the form of the correspond-
ing fuzzy sets. It is required to make a rational choice of a

solution x e R", 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

n

max 3 c;x; ®)
X ]:1
and fuzzy constraints on resources of the form
n ~ —
Zaijxj Sbi,i=1,m, (9)
j=1

x>0;xeR",

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

~.
Il

where the right parts of the first m; constraints are given
by left fuzzy triangular numbers g, =(b; —bl-o,b,-,bl-),
bio 20,i= % , the right parts of the next group of con-
straints are given by right fuzzy triangular numbers
by =(b;,b;,b; +bY), b0 >0, i=m; +1,m, , and the right
parts of the last m—m, constraints are given by fuzzy
triangular numbers I;,:(b,- —bl»l,b,-,bi +b]), with allow-

able deviations 0<b! <b;, b >0, i=my +1,m.
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This LP model can be rewritten in the form (7)—(8) by
replacing the first m; conditions with the next constraints
n - N
Z(—au)xl < _bi . i= l,ml , and
j=1

b; = (~b;,~b;,~b; +b?)

the last m—m, conditions — with a system of constraints

3 ay)x; <=b; , by=(=b;~b;~b; +b]); Za,]xjsb
jl

=(b;,b

i,bi,b; +b]); i=my+1,m. 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 Z; and Z, by
solving two LP problems:

n

Z;=max ».c;x;, (10)
X0
$ 1 n
Dagx;<b;, i=lm, x>0;xeR", (11)
J=1
And
n
Z,=max ».c;x; (12)
* A
Za,,x]_b +b), i=Lm, x>0;xeR". (13)

Let be L=min(Z;,Z,),U =max(Z;,Z,). The fuzzy

set of optimal values of problem (8)—(9) specified in R"

(we denote it by G) is described by the membership
function of the form

0, Zcx <L,

s (x)= ~L)/(U-L),L< chx

Ser,
Zc X >U,

7 (14)
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and the fuzzy sets of each constraint (we denote them by
F,

v, i=1 m) from (9) are determined by the membership

functions

n

Z all.x] < bl .
j:

n
Z, ,b<Za,x_,
/J yrJ

ﬂﬁ[(X)— 2 (15)

0, Za,]x]>b +b7,

i=1lm.

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
Lel0,1] thatis the solution of the LP problem

max A.

. (16)
in the presence of constraints
ne(x) 24,
Mz (022, i=lm. a7
x20.

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

max A
X

MU-L)- ZCx +L<0,
Jj=1

(18)

za,]xjsb +b) =MbY, i=1,m,

xZ0,0SXSl.

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, C; ,k=1,N3, are known,

and the values of C,;r , k=1,N3, 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 wunder the condition

N, A
D Bi=>Cf.
j=1 k=1

Formally, the statement of problem can be written as
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max/y; maxty ;... maxty, , (19)
with the following constraints
t €supp 4 =[Cy,Ci 1, k=1,N3;
N N,
z tk S z Ai+’
k=1 i=1

N2 Nl N3

+ + +
DB <Y A <YL
Jj=1 i=1 k=1

We will assume that the capacities of communication

channels available to wusers satisfy the conditions
Ny N, M
DC <Y1, <> 4", and the values of the possible

k=1 k=1 i=1
expansion of the channel capacity are determined by
right-hand fuzzy triangular numbers in the form

(Cy.C k,C,:r ), k=1L N3, 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 p=12,.., an “ideal assessment”

p) P ) *(p) _ :
t ("1, ,...,tN3 ), p=12,.., is formed,

where t;:(p ), k :m, are the optimal values of each of
the criteria (19) maxt;, k:m, on a given range of
acceptable values G, Gy ={f; = Cyl sk :m}, Gy =
={ty € Gk =L Ny |t; 2 &}, se{l2,..,N3} is the

number of the criterion, the value of which is the least
consistent with the compromise solution. It is clarified to
what level &, 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-
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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

N, N, N,

PACEDWHEDINE 1)
k=1 j=1 k=1

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 ¢, =C},
k=1,N5.
Step s=1,2,... We check the fulfillment of condition
N 3 N 2
+
DD B.
k=1 j=I
If inequality (22) is satisfied, the algorithm terminates,

otherwise:
a) determine the g, g <[l, N3], largest (first of N3)

(22)

values #;, k=1,N5.
b) decrease the values ¢, k:E, by Ar>0:
=ty —At, k=1,q.

Obviously, the total demand in this case decreases.
Change s = s +1 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 Afr>0 (appl) 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

Consumers
pl ‘ p2 ‘ p3 ‘ p4 ‘ pS | p6 | p7 | p8 ‘ p9 ‘ pl0 ‘ pll ‘ pl2 ‘ pl3 | pl4 ‘ pls ‘ pl6 ‘ pl7 ‘ Sum
Init Power, M6/c (Max Sum Power=2900 M6/c)
350 ‘ 250 ‘ 250 ‘ 245 ‘ 180 | 180 | 165 | 165 ‘ 160 ‘ 145 ‘ 140 ‘ 140 ‘ 140 | 120 ‘ 110 ‘ 80 ‘ 80 ‘ 2900
Plan Power, M6/c (Max Sum Power=3000 M6/c )
370 ‘ 275 ‘ 275 ‘ 260 ‘ 195 | 185 | 180 | 175 ‘ 165 ‘ 155 ‘ 150 ‘ 150 ‘ 145 | 125 ‘ 115 ‘ 90 ‘ 90 ‘ 3100
Results for K communication servers, Mo6/c
Upprouch: appl
CommunicationPower X K=1500X 2
363 ‘ 268 ‘ 268 ‘ 253 ‘ 188 | 183 | 173 | 168 ‘ 158 ‘ 148 ‘ 143 ‘ 143 ‘ 138 | 118 ‘ 108 ‘ 85 ‘ 90 ‘ 2995
CommunicationPower X K=1000X 3
359 ‘ 264 ‘ 264 ‘ 249 ‘ 184 | 179 | 169 | 164 ‘ 154 ‘ 144 ‘ 139 ‘ 139 ‘ 134 | 114 ‘ 105 ‘ 83 ‘ 90 ‘ 2934
CommunicationPower X K=750X 4
357 ‘ 262 ‘ 262 ‘ 247 ‘ 182 | 177 | 167 | 162 ‘ 152 ‘ 142 ‘ 137 ‘ 137 ‘ 132 | 112 ‘ 107 ‘ 89 ‘ 90 ‘ 2914
Upprouch: app2
CommunicationPower X K=1500X 2
354 ‘ 254 ‘ 254 ‘ 254 ‘ 184 | 184 | 174 | 169 ‘ 164 ‘ 149 ‘ 149 ‘ 149 ‘ 144 | 124 ‘ 114 ‘ 89 ‘ 90 ‘ 2999
CommunicationPower X K=1000X 3
352 ‘ 252 ‘ 252 ‘ 252 ‘ 182 | 182 | 172 | 167 ‘ 162 ‘ 147 ‘ 147 ‘ 147 ‘ 142 | 122 ‘ 112 ‘ 87 ‘ 90 ‘ 2967
CommunicationPower X K=750X 4
350 ‘ 250 ‘ 250 ‘ 250 ‘ 180 | 180 | 170 | 165 ‘ 160 ‘ 145 ‘ 145 ‘ 145 ‘ 140 | 120 ‘ 110 ‘ 85 ‘ 90 ‘ 2935
pprouch.: fuzzy
CommunicationPower X K=1500X 2
361 ‘ 266 ‘ 266 ‘ 251 ‘ 186 | 181 | 171 | 166 ‘ 160 ‘ 150 ‘ 146 ‘ 144 ‘ 141 | 121 ‘ 110 ‘ 83 ‘ 82 ‘ 2985
CommunicationPower X K=1000X 3
362 ‘ 267 ‘ 267 ‘ 252 ‘ 187 | 182 | 173 | 167 ‘ 160 ‘ 150 ‘ 147 ‘ 142 ‘ 140 | 120 ‘ 110 ‘ 82 ‘ 81 ‘ 2989
CommunicationPower X K=750X 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 Af
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 At leads to a
more accurate rational distribution of powers, but slows
down convergence. Otherwise, for large values Af, 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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YK 519.87:004.02
E®EKTUBHU METO/I PO3BSI3AHHS 3AJTAYT PO3IIOILTY MMOTY KHOCTEN KAHAJIIB
3 YPAXYBAHHSIM HEUITKUX OBMEKEHBb HA OBCSATY CIIO’)KUBAHHS

IBoxin €. B. — 1-p di3.-mar. Hayk, npodecop, npodecop kadeapu cCUCTEMHOT0 aHali3y Ta Teopil NPUHHSTTS pinieHb KuiBcbkoro
HAIlOHATBHOTO yHiBepcuTeTy iMeHi Tapaca IlleBuenka, KuiB, Ykpaina.

Amxyoeii JI. T. — xann. ¢i3.-MaT. HayK, IOLEHT, JOICHT Kadeapu oOUYHCIIOBaIbHOI MareMaTukd KHiBCHKOTO HaliOHAJIBHOTO
yHiBepcutety imMeHi Tapaca IlleBuenxa, Kui, Ykpaina.

T'aBpuaenxo B. B. — n1-p. di3.-mar. Hayk, npodecop, npodecop kadenpu iHpopmaniiiHux cucteM i TexHoioriit HarionansHoro
TpaHCIIOpTHOTO yHiBepcuteTy, KuiB, Ykpaina.

Pynoman H. B. — crapumii Bukitagau kadenpy iHpopMaLiiiHUX cUCTeM i TexHoJorii HalioHansHOro TpaHCIIOPTHOTO YHIBEPCH-
tety, Kui, Ykpaina.

AHOTAULIA

AKTyaJbHicTh. BaXINBOIO XapaKTEPUCTUKOIO 3a/1a4 ONTHMi3alii (yHKIIOHYBaHHS Ta YHPABIiHHS PI3HAMHU TEXHOJIOTIYHIMH Ta
iHpOPMaIIfHUMH CHCTEMaMHt € HaMaraHHs 3HalTH ONTUMAaJbHUN po3B’a30K. Ha mpakTuili icHye HU3bKa OOMEXEHb, 10 OB’ s3aHa 3
HEBU3HAUYCHICTIO IAPAMETPIB i siKa He J03BOJISE 3HANTH TAKUI PO3B’A30K. Y LHX BHIIAJKAX CTABUTHCS MUTAHHS PO 3HAXO/UKCHHS HE
OINTUMAJIbHUX, & PalliOHATBHUX PO3B’SA3KIB, 10 330BOJBHSAIOTH IOCTAHOBLI 3aa4i. OHI€I0 3 NPUKIIAJHUX 3a]1a4, B SIKHX MOXE BH-
HUKAaTH HEBH3HAUCHICTh IIAPaMETPIB, € 3a/1aua PO3HOALTy 0OMEXKEHHX MMOTYKHOCTEH KaHAJIB repeiadi JaHuX MK pi3HUMH By3J1aMU
Mepexi.

isb. MeTa poGoTH — pO3pOOUTH AITOPUTM PO3B’sI3aHHS 33/1a4i paliOHATIBLHOTO PO3MOALTY MOTYKHOCTI KaHANIIB Mepe/iadi JaHuX
3 HEYITKUMU OOMEKESHHSIMH Ha 00CSATH CIIO)KUBAHHS HA OCHOBI METOY OCKTPEKIiHTY.

Meton. Y cTarTi HpOMOHYETHCSI METOA PO3B’SI3aHHA 3a7adi palioHaJbHOTO PO3MOLTY MOTYKHOCTI KaHAIIIB Mepenadi JaHuX 3
ypaxyBaHHSAM HEYITKUX OOMekeHb Ha oOcsarm cnoxuBaHHS. OCOONMBICTIO TaKMX 3aBJaHb € HEMOJIIUBICTH 3aJ0BOJICHHS HOTpPeO
KIiHIIEBOTO KOPUCTYBaya 3 JOIIOMOTOI0 PECYPCIB Pi3HUX ITOCTaYaIbHUKIB. PO3IIISIHYTO METOX pO3B’sI3aHHSI HA OCHOBI HEWITKHX 3a1a4
MaTEeMaTHIHOTO IIPOrpaMyBaHHs. Po3po0iIeHO KOHCTPYKTUBHUIT alNrOpUTM PO3B’s3aHHS 3a/]adi HA OCHOBI METO/y IOIIYKY i3 ITOBEp-
HeHHsIM. [IpoBenieHO 00UHCITIOBAIbHI EKCIIEPUMEHTH.

PesyabraTn. Po3pobiennii MeTo BUpILIEHHS 3a/1adi palioOHaIbHOTO PO3MOJUTY MOTY)KHOCTEH KaHAJiB Iepejadi JaHuX 3 ypaxy-
BaHHSIM HEUITKMX OOMEXEeHb Ha OOCSIH CIIOKMBAHHS JO3BOJIMB PO3’s3aTH 33jauy MOOYIOBH ONTHUMaibHOI KOHQIrypauil TpHpiBHEBOT
iH(popMaifHO-00YHCITIOBAIIBHOI MEPEXKIi 13 3aJaHKM YUCIIOM CEPBEPIB 3B’ 3Ky Ta 3 YpaXyBaHHSAM HEUITKUX OOCSATIB CIIOKHUBAHHSI.

BuchHoBku. JlocnimkeHo cmocodu po3B’si3aHHs 3a/adi 3 HEUITKIMH 0OMEKEHHSIMH Ha OOCATH CIIOKUBAHHS KiHIIEBHX CIIO)KHBA-
yiB. CopMyITbOBaHO HEUITKY 3a/a4y ONTHMi3allii, IO J03BOJISE BPaXOBYBAaTH IHTEPBAIBHO 3aaHi BEIMYHHH MiAKIIOYEHb. 3ampo-
MTOHOBAHO BapiaHT PO3B’s3aHHS HEUITKUX ONTHMI3aIliifHUX 3a[a4 y BHUIAIKy BUKOPHCTaHHS HediTKuX uncen. ChopMmynsoBaHO Oara-
TOKpHTEpialbHy 3a1ady e(eKTHBHOTO pO3NOAITY HOTY>KHOCTEH KaHANIB 3B’53Ky 3 HEWITKIMHU OOMEKCHHSIMH. 3allpoIIOHOBAHO Bapi-
aHT AITOPUTMY 3 IOBEPHEHHSM, IO JO3BOJISIE PO3B’S3aTH OTPHMaHy 3ajgady. Iliaxix MpoiTrocTpOBaHO pe3yNbTaTaMH YHCETEHHX
PO3paxyHKiB Julsl MPUKJIAIHOT 3a1a4i GopMyBaHHS CTPYKTYPH MEpeXi 3 3aJJaHOI0 KiJIBKICTIO KiHIIEBUX KOPUCTYBAdiB i Pi3HUMH JI0-
MyCTHUMHMMH 00CSATaMH TPOITyCKHUX 31aTHOCTEH KOMYHIKalliifHUX cepBepiB.

KJIFOUYOBI CJIOBA: nepenaua gaHHX, PO3IOALT MOTYXKHOCTI, HEUITKI 0OMEKEHHs, ONTUMAIbHUI PO3B’SI30K, aITOPUTM 3 MO-
BCPHEHHSIM.

YK 519.87:004.02
3®PEKTUBHBIN METO/ PEIIEHUS 3AIAYA PACITPEJIEJEHUS MOIIIHOCTEM KAHAJIOB
C YYETOM HEUYETKHUX OT PAHUYEHUI1 HA OB bEMBbI IOTPEBJIEHUS

HUBoxun E. B. — n1-p ¢us.-mar. Hayk, npodeccop, npodeccop kadenpbl CHCTEMHOTO aHAIM3a M TEOPHU NPUHATHS PEIICHUH
Kuesckoro HanmoHansHOro yHusepcurera uMeHu Tapaca IlleBuenko, Kues, Ykpauna.

Amky6eii JI. T. — xana. ¢uz.-MaT. HayK, JOLEHT, TOLUCHT Kadenphl BHIYMCIUTEIBHON MaTeMaTHKH KHeBCKOro HaloHaIbEHOTO
yHuBepcutera umeHu Tapaca IlleBuenko, Kues, Ykpanna.

I'aBpuiienko B. B. — 1-p. ¢u3.-mat. Hayk, npodeccop, npodeccop kadeaps HHGOPMAIIMOHHBIX CHCTEM U TexHonoruit Harwo-
HaJbHOT'O TPAHCIIOPTHOTO yHUBepcuTeTa, Kues, Ykpauna.

Pynoman H. B. — crapmmii npenogaBatens kadeapsl HHPOPMAIIMOHHBIX CHCTEM U TeXHOJOrHi HamoHaIsHOTO TPaHCHOPTHOTO
yHuBepcutera, Kues, Ykpauna.

AHHOTADNUA

AKTyalbHOCTb. BakHOH XapakTepuCTHKOHN 3a4ad ONTHUMHU3aLUK (YHKIMOHHPOBAHUS U YIPABICHHS Pa3INYHBIMU CHCTEMaMH
ABJISIETCS. CTpEMJIEHUE HAaWTU ONTUMalbHOE pelieHue. Ha mpakTuke cyliecTBYeT psl OrpaHUYEHHH, CBSI3aHHAs C HEOINPEJENICHHO-
CTBIO IIApaMeTPOB, KOTOpasi He MO3BOJIAET HAlTU Takoe pelleHue. B 3THX ciydasx CTaBUTCS BOIPOC O HAXOXKAECHHM HE ONTHMalb-
HBIX, @ PAllHOHANBHBIX PEIICHUH, yIOBIETBOPSIONIMX MOCTAHOBKE 3a1aul. ONHON U3 NMPUKIAAHBIX 337a4, B KOTOPBIX MOXKET BO3HHU-
KaTb HEOINPE/ICICHHOCTh B 3aJJaHUM MapaMeTPoB, SBISETCS 3a7ada paclpeiesieHns] OrpaHUYEeHHBIX MOIIHOCTEH KaHaJIoB Mepetaun
JAHHBIX MKy Pa3IUYHBIMA y3JIaMH CETH.

© Ivohin E. V., Adzhubey L. T., Gavrylenko V. V., Rudoman N. V., 2022
DOI 10.15588/1607-3274-2022-2-12

130



e-ISSN 1607-3274 PagioenexTpoHika, inpopmaTuka, ynpasminas. 2022. Ne 2
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2022. Ne 2

Heas. Lens paboThl — pa3paboTaTh adrOPUTM PEUICHHUS 33Jadll PAlIOHAIBHOTO PACIIPEICIICHIS MOIIIHOCTH KaHAJIOB Iepeaadn
JTAHHBIX C HCYCTKUMH OTPaHHMUYCHUSAMHE Ha 00BEMbI IOTPEOJICHUS Ha OCHOBE METO/Ia OIKTPEKUHTa.

Metoa. B craThe npeasiaraercss METO pelICHHUs 3a1a4i PallMOHAIILHOTO pacipe/iesieHUs] MOUTHOCTH KaHAJIOB Nepeauu JaHHbIX
C Y4eTOM HEYeTKHX OTpaHHYeHHH Ha 00beMbl noTpedneHus. OcOOCHHOCTRIO TaKUX 3a/1a4 SBISETCS HEBO3MOXHOCTh YIOBIETBOPE-
HUSI TOTpeOHOCTEH KOHEUHOTo MOJb30BaTeNsd 33 CUET PECYpCOB pa3HBIX MOCTABIIMKOB. PaccMOTpeH MeTox pelieHnsl Ha OCHOBE He-
YEeTKHX 33724 MaTeMaTH4eCcKOro MporpaMMHUpoBaHus. Pa3paboTaH KOHCTPYKTHBHBIN aJrOPUTM PELICHHUS 3aadl Ha OCHOBE METOHa
MOMCKa ¢ BO3BpaToM. [IpoBeIeHbI BEIYMCIUTENBEHBIC SKCIEPUMEHTHI.

Pe3yabTatsl. Pa3zpaboTaHHbIil METO]| pElICHHS 3a]a9l PAI[HOHATBHOTO paclpe/IelICHUs] MOIIHOCTEH KaHAIOB TIepeadu JaHHBIX
C YYETOM HEUYETKHX OTpaHHYCHUI Ha 00BEMBI MOTPEOJICHHS MO3BOJIMII PEIIUThH 3a7ady MOCTPOCHUS ONTUMAIBHON KOHQUTYpanuu
TPEXypOBHEBOI MHOOPMAIMOHHO-BHIYUCIUTEIBHOM CETH C 33JaHHBIM YHCJIOM CEPBEPOB CBA3U M C YYETOM HEUCTKHX OOBEMOB ITO-
TpeOneHusI.

BriBoabl. VccnenoBansl criocoObl pelIeHus 3a1a41 ¢ HEUeTKUMU OTPaHMYCHUAMH Ha 00BEMbI TOTPEOICHHS KOHEUHBIX MOJIb30-
Bareneit. ChopMynupoBaHa HeueTKas 3aa4a ONTHMHU3ALHS, IO3BOJISIOIIAs YUUTHIBATh HHTEPBAILHO 33aaHHbIC 00bEMbl Ha BEJIUYH-
HBI TOAKIIOUeHNH. [IpemnoskeH BapuaHT pelIcHNUs] HEYETKUX ONTUMH3ALUOHHBIX 33/1a4 B CIy4ae MCIOJIB30BAHUS HEYETKUX YHCEI.
ChopmynupoBaHa MHOTOKpUTEpHaIbHAS 3a1a4a 3()(HEKTHBHOTO pacHpeaeIeHIsI MOITHOCTEH KaHAJIOB CBSA3U C HEUETKHMHU OTPaHHU-
yeHusIMH. [Ipensioxken BapuaHT aaropurMa ¢ BO3BpaToM, MO3BOJISIIOIIUN PELIUTh MOIY4YeHHY0 3a1a4dy. [1oaxo1 mponuIocTpupoBaH
PAZIOM YHCIIOBBIX IPUMEPOB IS 33129l (QOPMHUPOBaHHS CTPYKTYPBI CETH C 3aIaHHBIM YHCJIOM KOHEYHBIX MOJIb30BATEICH U pa3HBIMH
JIOITYy CTUMBIMH 00bEMaMH MPOMYCKHBIX CIIOCOOHOCTEH KOMMYHHUKAIIHOHHBIX CEPBEPOB.

KJIFOUEBBIE CJIOBA: nepenaua AaHHBIX, pacrpezesieHHe MOIHOCTH, HEYETKHE OrPaHUYCHHUsI, ONITUMAIILHOE PELIeHHE, all-
TOPUTM C BO3BPATOM.
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