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Abstract— Resource allocation systems are characterized by a
large number of elements and connections between them, a high
degree of dynamism, which leads to the fact that the system
operates under conditions of uncertainty of the external and
internal environment. The need to solve high-dimensional
distribution tasks in conditions of uncertainty and fuzziness
requires the development of appropriate information and
mathematical support. The method of solving multi-index
transport problems taking into account the indeterminacy of the
demand parameters and the cost of cargo transportation is
considered in this article. A software application was developed
to solve a multi-index distribution problem with fuzzy
parameters. The software product is developed in the
programming environment 1C v8.3. The article contains
interface windows that implement the user's dialogue with the
software application.
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1. INTRODUCTION

Distribution of resources is an important part of the
production activities of enterprises. When managing the work
of enterprises, workshops, equipment, methods are used to
solve various kinds of distribution tasks. A common feature of
these tasks is the allocation of resources between their
producers and consumers of these resources in such a way that
a group of pre-selected criteria is met [1]. Mechanisms for
scheduling distribution processes are of particular importance
in managing multi-stage technological processes of processing
a resource that comes from the producer to the warehouse and
then to the consumer.

Optimizing allocation of resources will be available within
a company, but the maximum effect can be obtained by
optimizing the total material flow throughout the primary
resource from the source (manufacturer) to the end user [2]. At
the same time, all links of the given resource allocation chain
should work as a coherent mechanism. To solve such a
problem, a systematic approach to the management of
resource  allocation, inventory management, demand
forecasting, operational planning and management, as well as
to logistics coordination is needed. Increasing the controlled
distribution parameters of the problem allows taking into
account more factors affecting the cost of moving resources
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[3].

Difficulties in the practical application of these methods to
multiparametric resource allocation problems in the analysis
of classical methods for solving distributive problems were
identified. The uncertainty of the source data is not taken into
account. Therefore, due to the large dimensionality of the
problems of this class, it is difficult to obtain an exact solution
for a permissible time. This circumstance determines the
relevance of the development of simple and effective
approximate methods for solving multi-index resource
allocation problems that make it possible to obtain the best
value for a permissible time in solving a large-dimensional
problem and taking into account the uncertainty of the input
data.

II.  DESCRIPTION OF METHOD

The creation of a new distribution system that is stable
with respect to external disturbances leads to the need to solve
a number of specific problems, among which the following
can be distinguished [4]:

- Estimation and forecasting of the demand for resources;
- Planning and organization of production of resources;

- Calculation of optimal levels of orders for resources and
associated definition of volumes and organization of rational
functioning of the transport subsystem;

- Accounting for the uncertainty of the input data.

The uncertainty of the initial parameters of the distribution
problem is determined by fluctuations in demand, changes in
resource transfer rates, distribution conditions, and inaccurate
data. This circumstance predetermines the use of intelligent
technologies. In the works [5, 6] proposed to account for
uncertainty multiparametric initial data distribution tasks
through the use of probabilistic models. However, due to the
lack of information for the application of probabilistic models
and the difficulties of operating random variables, it is
proposed in [7] to use the fuzzy interval method, which allows
effectively describing uncertainties in the form of intervals,
and represents a convenient and adequate mathematical
apparatus for studying such systems. Here, the parameters of
the problem are given in the form of intervals at the
boundaries of which certain parameters correspond to the
parameters [8]. These boundaries are estimated with a
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sufficient degree of reliability according to statistical data, if
they are accumulated enough to determine the parameters, or
are set by experts on the basis of accumulated experience and
intuitive assumptions. If we accurately determine the
boundaries of interval estimates, then there is a possibility that
the boundaries can be either overvalued or underreported,
which will cause doubt in the results of calculations. Setting
parameters in the form of a fuzzy interval will be both
overestimated and underestimated, and the carrier of the fuzzy
interval will be chosen so that the core of the fuzzy interval
contains the most plausible values, and it will be guaranteed to
find the parameter in question within the required limits.

A fuzzy interval is specified on the set Q of the four
parameters [9]:

O=(a,B,4,B) (1)

Here « is the left coefficient of fuzziness; f is the right fuzzy
coefficient; A4 is the lower modal value; B is the upper modal
value of the fuzzy interval. Parameters 4 and B define the core
of the fuzzy interval in the expression (1).

Based on the studies carried out, it was revealed that the
classical model of the distribution problem does not fully
describe the specifics of modern cargo transportation. The
heterogeneity of resources and the variety of types of vehicles
(transmission elements) are not always used in the description
of the distribution system. Also, the possibility of allocating
storage and distribution centers to reduce freight costs [10] is
not considered, and the uncertainty and economic state of the
environment are not taken into account. These parameters can
be taken into account by considering the multi-index resource
allocation tasks. To take them into account, variables with
more than two indexes are entered.

Let's consider the five-index resource allocation problem,
which allows to take into account the basic elements of the
distribution system that determine the total cost of
transportation of resources:

- Sources of resources;

- Consumers of resources;

- heterogeneous resources;

- transmitting elements of various types;

- centers of distribution and storage of resources.

The interconnection and interdependence of all elements of
the distribution system necessitated an integrated approach to
their study. To determine the parameters of the five-index
resource allocation problem in the form of fuzzy intervals, we
will present the function that determines the value of the
resource allocation cost as a fuzzy function:

Jj=l k=1 [=1 r

R
Myjgy Xijkty —> M 5
=

F(X)= (2)

!
i=1

where Cijklr is a fuzzy set that is specified on the set of

real numbers @ and determines the fuzzy cost of transporting
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the unit of the r-th resource from the i-th production center to
the j-th consumption center through the k-th resource
distribution and storage center by the /-th type transmitting
element; X i is a fuzzy set that determines the fuzzy amount

of the corresponding resource.
The fuzzy objective function (2) is bounded below on the
set of admissible fuzzy plans, since )Nci;’klr >0 and %’klr 0.

If the parameters are fuzzy defined, the constraints of the
problem have the form:

I J K L R ~
D) IIP I TN ST
i=1 j=1 k=1 I=] r=I
[ J K L R .
SN Ry 2, k=12, K,
i=1 j=1 k=1 I=] r=I
[ J K L R _
SN X 2G0 =12, L,
i=1 j=1 k=1 I=] r=I
[ J K L R _
I F £5,0 r=12.R,
i=1 j=1 k=1 I=] r=I
@, j,k,l,r)e E=IxJxKxLxR,
here, < - fuzzy inequality; = - fuzzy equality; a i, iel is

a fuzzy set defined on the set of real numbers ©®, and
defining a fuzzy amount of the resource available in the i-th

production center; b j» J€J is a fuzzy set defined on the

set of real numbers ©, and defining the fuzzy amount of
resource required by the j-th consumption center; V, ,
r € R is a fuzzy set defined on the set of real numbers ©,
and defining an unclear number of r-th resource; ¢;,, [ € L
is a fuzzy set defined on a set of real numbers ©, and
defining a fuzzy amount of a resource that can be transported
by a I-type transmitting element (load-carrying capacity); 57,“
k e K isa fuzzy set defined on the set of real numbers 0,

and defining the fuzzy capacity of the corresponding centers.

Fuzzy intervals iy , a;, b;, V., §,;,and 57,( will be

Jo»
called fuzzy parameters of the task, and the set of fuzzy
intervals { X;;,. } will be called a set of fuzzy variables of the

task, which completely define the five-index problem and are
called the fuzzy task plan. Each fuzzy plan corresponds to a
certain value of the fuzzy objective function (2). If there is a
fuzzy plan that ensures the minimum fuzzy value of the
objective function on the set of all admissible fuzzy plans,
then this fuzzy plan is the optimal fuzzy plan of the problem.
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III. DEVELOPMENT OF THE METHOD FOR SOLVING THE

PROBLEM

The basis of the proposed method for solving the multi-
index distribution task under uncertainty source data
association method is null transformation [11] to solve the
three-index transportation problems and fuzzy-interval
approach when setting the parameters of the problem [9].

The solution of this problem is determined by the
following stages:

Stage 1. Define the minimal elements &, E Iz Vi s O,

in each section, given by the formulas:

a, _r%n{ G} i € 41,21

@b jell 2.7
G-F b kell..K)

I = mm{cuk,,—a —ﬁ.—ﬁ}ze{z,z,...,L},

.= min{cj_.,k,, G- BT rell 2. R,

ijkl
here lek[, is the matrix of resource allocation tariffs; ¢ is the

,B-zmin{a- -
T ijklr

Vi =min
ijlr

(€)

i /klr

minimum element in the i-th section; S ; 1s the minimal

element in the j-th section; 7, is the minimal element in the
k-th section; 4, is the minimum element in the /-th section;
@, is the minimal element in the r-th section.

Stage 2. The zero index elements of the matrix are
defined:

~%k ~ ~ ~ ~ ~
C ijkdr = Cyjggy — (05 + B; + Vi + Hy +9,.) . 4)
As a result of the transformations, we obtain a matrix in
which each section contains at least one zero index element

~%

Cyjptr =0

I%?{E Ukz} 0,ie ]2 I}

mm{z ikir } 0, jell,2..J}

mm{z ik } 0, ke{l,2..K} “
,%1{5 i =0, 1€ {1,2,.L,

nﬂ{c ikir } 0, re{l2..R},

¢ ir 20.

Stage 3. Define the leading index elements among the zero
index elements of the matrix EI;H, . To determine the leading

index element for each zero index element of set Z'=[(ijkir)],

it is determined X, , which is equal to the minimum value

of the restrictions for the corresponding indices (ijklr). Among
the minimum values of constraints corresponding to the zero
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index elements X the maximum value is selected, and the

ijklr >
corresponding value X';; is defined as the leading index
element. The set of leading index elements corresponds to the

values of the matrix, which subsequently determines the
optimal value of the resource allocation cost function.

Stage 4. As a result of the implementation of the
transformations (3) - (5), a set of zero elements Z'=[(ijklr)]
will be obtained for which the value ¢ *ijk[r = 0 . As aresult
of  reduction, the resulting matrix contains
t > max {I ,J, K, L, R} zero index elements. This property
allows selecting the leading index element at each step in such

a way that the value fijk[, chosen at this step will be the

largest.

For each index element from the set Z’ = [(ijklr)], a value
Xy 18 defined that is equal to the minimum value of the

restrictions specified in step 1, according to the corresponding
indices (ijkir).

Stage 5. If the value of the variable x, % In the cross-

section Xj;," is chosen, it is necessary to exclude the cross-

section ¢";u” before the next step of the computational
procedure from the matrix E*ijkzr , and to repeat the
procedure for reducing the matrix.

Stage 6. The objective function is formed by summing the
products of the leading index element and its corresponding

value c, -

Steps 1-6 are repeated until all sections are crossed out at
some index, indicating that the resource corresponding to the
index is exhausted.

Sequential application of this procedure allows achieving a
minimum increment value of the objective function for
distributed resource unit in each calculation iteration.

The results of experiments to evaluate the effectiveness of
the developed method are described in detail in [10]. The
following results of the experiments can be noted:

- to solve the problem of resource allocation method of
potentials must be 4 times more iterations than in the solution
of this problem by the proposed method;

- time solving the problem of the proposed method is less
than the average for 2000 seconds at task 10° dimension;

- if the dimension of the task is increased, the discrepancy
determined by the ratio of the values of the objective function
by the proposed method and the method of potentials is
reduced. With the dimension of problem 10°, the discrepancy
is 0.5%.

Using the potential of the method for solving large-scale
problems require time-consuming, which is unacceptable for
operational planning tasks. The developed method allows to
avoid the problem of degeneracy in solving problems of
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distributive type, provides a solution to a problem of large
dimension for a permissible time, taking into account the
uncertainty of the initial parameters of the problem.

IV. DEVELOPMENT OF INFORMATION SUPPORT

Practical application of methods for solving distribution
tasks occurs within the framework of the operation of
information and control systems of enterprises or
organizations. The organizational structure of information
management systems is directly related to the structure of
enterprises or organizations, and also depends on the number
and types of tasks to be accomplished. Rational management
and optimization of the multifaceted activity of the
distribution system cannot be achieved without the use of
modern information technologies. The analysis showed that at
present there are several directions of software
implementations on the market (MRP (Material Requirements
Planning), ERP (Enterprise Resource Planning), SCM (Supply
Chain Management)), that solve individual problems of the
resource distribution system of various types [12].

Existing software products are similar in many respects
and have separate individual features. All of them have the
following disadvantages: lack of opportunity to work with
informal processes, lack of a function to assess the quality of
planned decisions, lack of solutions to strategic planning tasks.
The main reason, which limits the possibility of using known
solutions in the field of real transport-distribution tasks, is the
uncertainty of the initial data.

The software application in the programming environment
1C v8.3 was developed on the basis of the proposed method
for solving the problem of resource allocation under
uncertainty conditions. At the initial stage of working with the
software application, the database is populated with input
parameters. For this, the standard service of the IC
"Counterparty" package was modified, which allowed entering
initial parameters in an unclear form (1). Based on the set
parameters, automatic calculation of the preliminary cost of
resource allocation is performed, which, if necessary, can be
corrected by the expert. An example of setting parameters of
the cost of transportation based on expert data is presented in
Fig. 1.

EEE

Fig. 1. Database of the cost of transportation of resources (tariffs)

The expert knowledge base is intended for long-term data
storage, and also due to the available data transfer capability,
the user has the possibility of increasing them for further use
and analysis.
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After entering the initial parameters, the optimal allocation
of resources is calculated. The results can be presented to the
user in the form of a report on the parameter to be set. An
example is shown in Fig. 2:
Ty x

BbiBop BapuaHTa oT4eTa

OcHoanoit

Tlo LAP.
o McTouukan
Mo Mot peSurensm
o Pecypcan

Mo Mepeaiouym InemeHTam

| Bmibpams Omuexa ?
Fig. 2. Example of report selection by parameter

As a result, the user is provided with recommendations for
optimizing  resource  allocation. ~An  example of
recommendations is shown in Fig. 3:

ros—
k] e (IRREESE e oy -
- "t ) J
# Haanbes cTpaHia
*
Oruer no cnpocy
|\ Cipopunpovars.
Q| @ [ i
lapaveTpsi. Mepiog
PEKOMEHAAUMA
6uian CTOMMOCTL pacnpe/eneHitn pecypcos wepes LAP1.1 (257,124000,134750,270)
06uian CTOMMOCTS pacnpeaenekin pecypcos wepes YAP1.2 (22,12000,14 236,49)
0614an CTOMMOCTb pacnpeeneHA pecypcos yepes YAP2.1 (104,56 214,61445,152)
Pexomendocaro:  Mepedarouuil anemenm 1.1 wedozpys  (20,115,178,26)
Pecype 1.1 yoenwume  (4,24,30,3)
Pecypc4.12 usboimover  (10,203,211,24)
Fig. 3. Example of recommendations

Thus, the result of the work of this software application is
the recommendations that provide an optimal solution to the
problem of resource allocation, in order to meet consumer
demand, allowing making decisions on operational planning
and management of material, information and other flows.

The solution of the problem by the proposed method for
fuzzy interval control of the parameters completely covers the
results of the solutions in a clear formulation, which agrees
with the basic principle of fuzzy-interval mathematics - the
coverage of all possible solutions [14].

V. CONCLUSION

The task of resource allocation lies in the optimal
functioning of the system, allowing efficient decision-making
on the organization and operational planning of production
and distribution processes.

The proposed method for finding the solution of multi-
index distribution problems can be used as a replacement for
the method of potentials. The application of the developed
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method does not require the construction of a problem support
plan, which allows you to avoid the problem of degeneracy in
problems of this class and avoid cycling when finding the best
plan for moving resources.

Algorithms and methods that are applicable to solving
distributive problems have many applications. The proposed
fuzzy-interval method for describing the parameters of the
problem corresponds to the intuitive views of experts on the
predicted parameters and is a convenient tool for formalizing
the initial data of the distribution problem.

The results allow judging the high efficiency of the
developed method for solving multi-index problem of resource
allocation under uncertainty.

The optimal solution obtained with the help of the
developed method is very informative, which makes it
possible to talk about the prospects of using fuzzy interval
analysis in the modeling of distribution tasks.
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