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IDENTIFYING WAREHOUSE LOCATION USING THE RADIATION
THERAPY METHOD IN LOGISTIC DISTRIBUTION SYSTEM

Summary. The paper suggests a method for determining the optimal location of
service points (warechouses) based on the method for optimal planning of radiation
therapy of malignant tumors. This method enabled us to identify the location of the most
optimal number of warehouses taking into account their capacity for the required volume
of freight transportation and distance from warehouses to consumers. The results of the
study coincide with the results obtained by using the method of ant algorithm. The
proposed method of finding the optimal location of warehouses enables to significantly
minimize the cost of delivering goods from a producer to a consumer.

1. INTRODUCTION

Currently, there is a lot of competition in transportation market. As a result, the optimization of
freight transportation is of great importance. Today much of the road transportation accounts for
small-lot freight when the size of the consignment sent or received is much smaller than load capacity
of the vehicle. In this regard, for companies providing delivery services, the optimal route and optimal
location of the warehouse are decisive items.

Finding the optimal location of infrastructure objects solves multiple problems at once. On the one
hand, the density of large cities does not allow a large number of sites to be used for the construction
of warehouses and freight transshipment points. On the other hand, the suppliers are interested in
reducing the number of such warehouses through the optimal location of the existing ones. In addition,
in determining the optimal location of the warehouse, customers’ needs should also be taken into
account. Therefore, among the conditions that must be considered when determining the optimal
location of the warehouse are the volume of customers' needs, the capacity of warehouses and load
capacity of vehicles engaged in distribution of goods. Existing methods do not always enable us to
fully meet the challenge of transportation logistics.

Based on the aforementioned, the development and improvement of the current methods for the
optimal location of warehouses with allowance made for their capacity, the number of consumers, the
required volume of freight transportation and distances from warehouses to consumers are still topical.

Many scientific papers focus on the issues of finding the optimal location of infrastructure objects.
A review of main methods for optimal location of objects is proposed by Drezner [1]. The paper deals
with the classification of widely used methods for optimal location of objects on a network. Among
them there are such methods as generalized Weiszfeld, “The big triangle, small triangle”, etc. The
suggested methods allow us to determine both one and several objects of optimal location. It is
achieved through applying iteration procedure. A brief description, the relationship between the
methods, advantages and disadvantages, and the scope of application are given in the paper. The
advantages of these methods are their focus on the specific group of tasks, which in its turn makes it
possible to obtain the results of high accuracy. Among the disadvantages of the suggested methods are
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that none of them are universal and do not meet all the requirements and demands of the market. In
addition, an extremely large number of factors that must be included in the calculations can be
regarded as the disadvantage.

So in the study by Sun [2], the problem of finding the optimal location of objects on a network is
solved with the help of Tabu search. This method of finding the optimal location of objects consists in
the phased finding of an optimal solution and comparing it with a previously found one. The speed of
calculations along with high accuracy of found results is one of the advantages of the method, whereas
the impossibility of simultaneously finding the optimal location of several objects on a network is one
of its disadvantages.

In the paper by Kazakov and Lempert [3], it is proposed to solve the problem of optimal location of
objects using "wave" method, based on the analogy between the location of global extremum of
integrated functional and distribution of light in an optical heterogeneous environment.

Solving the problem of the optimal location of objects of various natures is the subject of research
in different fields. The papers by Wei et al and Griffin et al [4, 5] examine ways and methods of
optimization for solving the problem of optimal location for companies providing preventive health
services, the so-called community health centers. For instance, the paper by Wei et al [4] proposes a
new methodology for finding the optimal location of the preventive health service center, employing
the algorithm Interchange. Among the factors taken into account in calculations are distance from
patients to the service center, the number of patients and medical care requests, their diseases, etc. The
paper by Griffin et al [5] suggests the optimization model that is designed to determine the best
location, the number of medical healthcare service centers and the capacity of these enterprises. Thus,
when determining the location of such facilities, the authors minimize fixed and variable costs for
upkeep and maintenance of centers. The location optimization model of centers proposed in Griffin et
al [5] can reduce costs and increase service quality by 20% on average.

The problems of optimal location of objects and resources have features that must be taken in
consideration when formalizing such tasks and developing algorithms for accomplishing them. The
paper by Sonmez and Lim [6] presents an analysis of currently existing algorithms for solving
problems of optimal location of objects on the transportation network as well as their classification
and algorithm solution. The authors also proposed the model of optimal location of objects whose
location can change when modifying set conditions. The model makes it possible to change the
location of infrastructure in the future, abandoning previously defined and finding new optimal
locations without increasing set costs.

The strategic planning of a supply network to customers is emphasized in the paper by Melo,
Nickel and Saldanhada [7]. As a part of the proposed mathematical model, the task of planning the
location of objects aimed at serving customers is accomplished. Besides, the possibility of changing
previously found optimal solutions is provided through modifying the information on costumers'
needs. The grave disadvantage of the mathematical model is that it enables us to solely find an optimal
solution to the tasks of only small dimension.

The paper by Taji et al. [8] considers the problem of the optimal location of structures in the city,
such as a railway station system. In the paper [8], the model is presented as a tree whose vertices are
railway stations and whose edges are lines connecting respective stations. The problem is to find the
railway station location and create a route that is minimal for passengers. The authors proposed a
heuristic algorithm that is divided into two stages. At the first stage, it determines the initial position of
objects, whereas at the second, it reveals the most optimal location. The algorithm is executed until the
optimal location of objects is found.

The method of optimal location of the basic container terminal based on the method of dichotomy
is proposed in the paper by Kazakov and Pospelov [9]. It is suggested to apply this method for the
optimal location of a warehouse.

So, the results of the literature sources analysis show that there are currently no methods that
enable us to fully solve the problem of multivariable process optimization of transport logistics. In this
respect, it is still topical to develop optimization techniques that are based on the methods used to
describe the processes of another physical nature. Hence, in our opinion, applying the method for
planning of radiation therapy of malignant tumors might be promising [10, 11]. The study by Klepper
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[10] solves the problem of optimal planning of radiation therapy of malignant tumors in which it is
necessary to allocate a specified number of radiation sources within the damaged area so that the
cumulative effect of sources is as homogeneous as possible. The modification of the model presented
in the paper by Klepper [10] is proposed in the paper by Koriashkina [11] using the elements of the
theory of continuous task theory of optimal set partitioning.

With the aim to further develop the methodology for optimizing the location of warehouses and
routing processes of freight transportation, the paper suggests the intelligent method for solving such
kind of problems. It is based on the method for optimal planning of radiation therapy of malignant
tumors [10] and its modification [11].

2. EMPLOYING THE METHOD FOR OPTIMAL PLANNING OF RADIATION THERAPY
OF MALIGNANT TUMORS FOR SOLVING THE PROBLEMS OF THE OPTIMAL
LOCATION OF WAREHOUSES

2.1. A Background: the method for optimal planning of radiation therapy of malignant tumors

According to the study by Klepper [10], in the problem of optimal planning of radiation therapy of
malignant tumors, it is necessary to allocate a specified number of radiation sources within the
damaged area. In the interstitial radiation therapy to achieve full therapeutic effect (tumor disease-free
recovery), it is essential to place radiation sources in the tumor in such a way that its dose field should
be as homogeneous as possible. The point is that at low levels of radiation (in local minima field of
influence), there is a relapse possibility, and vice versa, in the high-dose radiation, there might be
radiation necrosis, which are treated with difficulty.

So, the problem will be interpreted as follows: "field service" is affected area of the body whose
cells are "customers", and "service points" are the sources of radiation placed inside the affected area,
creating therapeutic radiation field neutralizing lesions. Besides, we assume that lesions in different
parts of the skin may be different. The problem is to place a specific number of radiation sources in
such a way that dose field (cumulative effect of sources) is as homogeneous as possible.

Let G be a limited area of service in k~dimensional space R, points of which are labelled as x. Let

us denote 7, = (z'l.l T, )€ G,i =1, N, the sources of influence on the environment, which should be
placed. Let the influence of each i-source at the pointx € G be described by the function

d,(r,)=d, (”x -7

7,,i =1, N at the point x € G forms a field of action D(7,x), described by the function [10]:

D(z.x)=xd(x—z) - (1)

),i zl,_N where |||| is the Euclidean norm. The combined effect of all sources

It(z,,i= l,_N) should be placed in such a way that it minimizes the level of field D(z,x) in this

area G as much as possible. In other words, it is necessary to place the sources so that the field
throughout the area G is as homogeneous as possible. Mathematically, this requirement is written as
follows:

min D(t,x) —> max. 2)

xeG 1eG

Unlike the model [10], where the function of source influence d,(r;) was chosen as a power

1
function d,(r;) =—; when 6 =2, the paper, according to Koriashkina [11], proposes to consider the
following function:

d,(r,) =0, exp(-a,n,), 3)

where (), is the intensity (power) of i-source; ¢; >0 is the function parameter showing how "wide"
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,i :1,_N. A choice of

the type of the function of source influence is based on the following considerations. Power functions

the performance of the source 7, is (it is selected experimentally); 7, = ||x -7,

1 .
of type d(r)=—;,0>0 meeting the condition d,(+0)= o0 have an unpleasant feature that requires
r

the removal of these points when calculating the function (1) implementing the algorithm for solving
the task [11]. This greatly complicates or makes almost impossible to use maximization of numerical
methods that worked well even in solving problems of undifferentiated optimization, the convergence
of which is theoretically proved. The function of the (3) type is devoid of such disadvantages.

2.2. Employing the method for optimal planning of radiation therapy of malignant tumors for
solving the problems of the optimal location of warehouses

The proposed method in studies by Klepper and Koriashkina [10, 11] solves the problem of the
optimal location of radiation sources of malignant tumors inside the damaged area so that the
cumulative effect of sources is as homogeneous as possible. From another point of view, this method
can be employed to solve the problem of the optimal location of infrastructure objects such as
warehouses, shops, repair shops, and first-aid stations. In this context, the problem of the optimal
location lies in bringing the objects of infrastructure nearer to a consumer. In our case, we will regard
infrastructure objects as warehouses, and consumers as supermarkets. Limited area G is a service field
whose points are supermarkets whereas infrastructure objects are warechouses which are located inside
limited area G. The problem consists in locating warehouses closest to supermarkets.

Let the limited area of service G have limited n set of delivery points (warehouses)
(4;,4,,..., 4;,..., 4,) , in which there is the same cargo in the quantity of a,,a,,...,q;,...,a, units. The total

volume of n warehouses a makes up

a=Ya . )
i=1

On the other hand, we have a limited service area G with m limited set of customers (supermarkets)
(B1,By,B,,By,) whose demand is by,bysishjsesby, units, respectively. However, the total volume

of demand for goods is as follows:

b:ib‘j : )

Jj=1
We believe that the transportation from each supply point to each consumption point is possible.
C; denotes the total transportation costs associated with shipping freight unit from the point of

delivery 4; to consumers B, (i =1,n;j=1,m). The influence of each i-warehouse at the point x e Gis

described by function (3).
Each warehouse is characterized by the location with coordinates (x;;y;)and the distance to each

consumer (supermarket) as well as the maximum capacity (the amount of cargo that can be stored at
this facility). Each buyer is characterized by the location coordinates (x;;y;), the distances to each

supplier and the size of demand (the volume of delivered product). The task lies in locating
warehouses for a specific number of customers in such a way that they are situated most optimally to
suppliers (i.e., as close as possible to them). That means that it is necessary to opt for warehouses from
existing ones (4,4,,..,4;,...,4,) whose total transportation costs C; for goods delivery to all
consumers will be minimal.

Initially, we find the optimally located (closest) to all consumers for existing n warehouses. At the

same time we presume that the found warehouse is of such a capacity which can meet all the demands
of consumers. The calculation uses such an exponent as Q; - intensity (power) of i-source (see 2.1). In

our case, the value of this exponent is determined by inversely proportional to the value of work
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performed during cargo transportation from a certain warehouse to all consumers. The size of transport
work performed is determined by formula W
W=G,S, ) (6)

where G - is cargo weight and S ; - is mileage with freight.

Function parameter «;, which shows how wide the effect of source r; is, is selected
experimentally. In our case, the distances between warehouses and supermarkets do not exceed 30 km
(see Table 2). This means that the action of the field of relevant source (warehouse) 7z,, which consists

in the ability to deliver goods from the corresponding warehouse to any of the supermarkets, should
extend to the area G € [0, 30] km. By experimentally searching for the value of the parameter of the
function a in (3), at which the optimal convergence of the objective function D (t, x) in (2) is observed
for the optimal number of iterations, it was determined that o = 0.2. In this case, the number of
iterations in all cases did not exceed 15, and the rate of convergence is 5 s.

So, using the algorithm for solving the optimization problem (1) - (6) allows us to find the optimal
location of the warehouse, which completely meets the needs of all consumers. Let it be warehouse 4,
whose capacity is a, units.

However, we know that when planning the location of warehouses to meet the needs of consumers
in a metropolis, there is often a situation when the capacity of one warchouse makes it impossible to
fully meet the needs of all customers (supermarkets) in a limited area of service.

Then we take the case when the capacity of warehouse 4, does not satisfy the total demand for the
goods of the volume 5. We choose the minimal distance between two respective objects as a criterion,
which will be used to find consumers served by optimally found warehouse 4,. Thus, this warechouse
will serve only those consumers who are at the minimal distance from it, and its total capacity will not
exceed the consumers' demand.

Let warehouse 4, completely meet the demand for goods of k consumers from the set {B,, }l. with

total value

k
Y= P/ (7
where (y,, y,,.... v, ) is the individual demand of & consumers. At the same time
a,=Y,k<m . (8)

As the optimally found warehouse with its capacity completely satisfies the condition (8), there is a
need to find an additional warechouse to meet the demand of other consumers. Again the next optimal
warehouse 4, for delivering goods to consumers is found through algorithm (1) — (6), and now, we

consider the set {4, ,} in which warehouse 4, with the capacity «, is not included and the set {B,, , }

n—1
in which & consumers with the demand according to (7) is not included too.

If as a result of the optimization, the next found warehouse satisfies the conditions in (8) then the
procedure (1) — (6) is repeated until the number of optimal warechouses S with total capacity YS is

found, which satisfies the conditionYS =5 .

3. CASE STUDY: SOLVING THE PROBLEM OF THE OPTIMAL LOCATION OF
WAREHOUSES USING THE METHOD OF RADIATION THERAPY

As the problem of optimizing road light freight transportation in megacities has been especially
topical over the recent years, we deem that short shelf-life food delivery from a producer to a
consumer is the most representative variant of such kind of shipment. The problem of road light
freight transportation is typical of densely populated cities which, in its turn, are characterized by
congested transport networks, high density of traffic and a large number of customers (supermarkets).
A plot of land in Kyiv, which is shown in Fig. 1, was selected as an example for solving the problem
of the optimization, using the proposed method.
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Fig. 1. The location of warehouses and supermarkets in Kyiv: 1-15 supermarkets, A-J warehouses
As our system includes the main manufacturer, distribution centers (warchouses) and end users

(supermarkets), we can talk about the classic model of the logistic system. The schematic
representation of the model of the logistic system is shown in Fig. 2.

Al g L0 Lol
D )

Manufacture’s warehouse Distribution centers (warchouses)

»(s )
i 4

Route: 1 -4-2-3-6-5-7-8-1

Consumers (supermarkets)
Fig. 2. The physical model of the distribution system will supply products with one distribution center

Let us have as output data in this area of the territory of 10 warehouses (distribution centers) and
warehouse in the territory of the manufacturer of products, located in the city of Kiev. Each warehouse
is characterized by location (coordinates), the distance to each customer (supermarket) and a
maximum capacity (the amount of cargo that can be stored at this facility). In addition, there are 15
customers (in this case they are supermarkets). Data on consumers' demand (supermarkets) and the
capacity of suppliers (warehouses) shown in Table 1. Delivery of goods is carried out according to the
scheme of the main manufacturer - distribution centers - supermarkets.

The information about the distance between customers and warehouses as well as the weight of
freight is shown in Table 2.

In determining the total cost of delivery of goods in the logistics system, the following groups of
costs are taken into account: transport costs and expenses for driver's labor.

In determining the optimal location of the warehouse in the logistics distribution system, the total
cost of delivering goods from the manufacturer to the consumer is divided into two parts: the cost of
delivering goods from the manufacturer to distribution centers and the cost of delivering goods from
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distribution centers to end consumers (supermarkets). Considering the costs in this form, in our
opinion, will enable the complex solution of the problem of finding the optimal location of the
warehouse, for the entire system of distributed logistics.

Table 1
Customers’ demand and suppliers' capacity
Marking of Address Weight| Marking of Address Weight
warehouses [kg] |supermarkets [kg]
MAIN ir?(‘grSky avenue, 45000 1 Lisoviy avenue, 28 500
A Kashtanova street, 7 10000 2 Onore de Balzaka 750
street, 6
B Mayakovskiy 18000 3 Polovetska street, 14 | 1100
avenue, 26
Kharkivs'ke shose Marshala Hrechka
C street, 152a 17000 4 street, 22 600
D llisevutskogo street, 22000 5 ll\/é Krasnova street, 1200
E ?;yhorenka avenue, | 9000 6 Tuluzy street, 3B 500
F V. Lobanovskoho 25000 7 Mashynobudivna 900
avenue, 119 street, 27
G ;/erkhovynna street, 17000 ? ;J7shynskoho street, 1000
Borschahivska street, Preobrazhenska
H 154 13000 ? street, 27 400
I ?}'3 Dovzhenka street, | g, 10 Peremohy avenue, 18 | 1600
J M. Holeho street, 7B | 11000 11 1;'5 Tychyny avenue, 1100
12 %dolbunlvska street, 2200
13 Dekabrystiv street, 2 900
14 Sormovska street, 13 750
A. Akhmatovoi
15 street, 9/18B 2100
Total | | 161000 Total 15600

Note: *in the field Weight there is capacity for warehouse while there is freight demand for supermarkets

Using formulae (1) — (6), we found an optimally located warchouse among existing ones to
consumers, that is, warehouse C, which is located at the address Kharkivs'ke shose street, 152a. The
capacity of the determined warehouse C is 17000 kg, which is enough to cover the daily needs of
consumers in the goods. The demand of all customers is 15600 kg.

After determining the optimal location and quantity of warehouses, it is necessary to create an
optimal route for distributing goods from a warehouse to customers. To determine the optimal route of
goods delivery from a warehouse to customers, the ant-colony method was used, as described in
Dorigo, Maniezzo, and Colorni and Shtovba [12, 13]. As there was (1) — (8) 1 warehouse previously
determined for the distribution of goods then there will be 1 delivery route.

Employing the ant-colony method given in Dorigo, Maniezzo, and Colorni and Shtovba [12, 13],
the following optimum (minimum) delivery route from the distribution warehouse to the supermarkets
was created (designation of the warehouse and supermarkets is shown in fig. 1 and in the table 1).
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Table 2

Matrix of distance between warehouses and supermarkets, demand for
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A
®

g

A Manufacture’s warehouse .
. Distribution centers (warchouses)
Route: C—13—-15-12—-11-1-2-3-4-6-5-8-7-9-10-14-C

@ Consumers (supermarkets) Length — 104.9 km

Fig. 3. The route of delivery of goods from the distributed center C to consumers is 1-15

Goods delivery route (Fig. 3):C-13-15-12-11-1-2-3-4-6-5-8-7-9-10-14 -
C (route length is 104,9 km).

Fig. 3 shows the schematic location of warehouses and supermarkets, and the route of delivery of
goods from a specific warehouse to consumers.

After finding both the optimal location of the warehouses and their number by using the ant
algorithm, the optimum (minimum) route of goods delivery from distribution centers (warehouses) to
consumers was created.

4. RESULTS AND DISCUSSION

To check the accuracy of the applied method for optimizing the location of warehouses within
transport logistics, the ant-colony method was employed [12, 13] which enabled us to create the
optimal goods delivery route from a warehouse to a customer as a part of traveling salesman problem.

To do this, consider the same model problem as in section 3. In this task, there is a main warechouse
located on the territory of the manufacturer of products, 10 distribution centers (warchouses) and 15
supermarkets. It is necessary to determine from those warehouses the total cost of delivery of goods
from which to consumers will be minimal. Costs for the delivery of goods are divided into two groups:
from the main warehouse of the manufacturer to the distributed centers and from the distributed
centers to the supermarkets. The total cost of delivery of goods includes transport costs and driver's
expenses. Thus, we consider the optimal location that composition and the cost of delivery of goods to
all consumers will be minimal.

With the help of ant algorithm method for each of 10 warehouses, we find the shortest route of
goods delivery to all 15 supermarkets. Using the data on the distance between the warehouses and
supermarkets as well as the demand for cargo of each supermarket, shown in table 1 and 2, we
calculate the volume of the transport work performed on each route.

As the weight of the load in the model problem is 15600 kg, for transportation vehicles models
used MAN TGA (20000 kg) tractor. To do this, the fuel consumption data of the car were set by the
company in accordance. The only time limits for the carriage of goods by road and lump-sum charges
for the payment of drivers [14]. They are as follows: fuel consumption per unit distance —



152 V. Danchuk, O. Bakulich, V. Svatko

30x10™%m? /m; fuel consumption per unit performance (transported tons of freight) — 7x 10~ !> / kgm,
fuel consumption for the operation of the refrigerator 4x70~//m?3 / kgm, type of fuel - "Diesel". The

average cost of such fuel in the city of Kiev in October 2017 is 25.05x 103 UAH / m>.

Employing the data on fuel cost for the chosen model of transport vehicle and the average cost of
fuel in the market, we calculate the total expenditure on the goods delivery from each warehouse to all
the consumers.

In determining the optimal location of the distributed center, an important role in the total amount
of expenses is played by the driver's labor costs. According to statistics [15] the average wage of a
truck driver in the city of Kyiv in October 2017 is UAH 12,000. The standard of working hours for a
five-day 40-hour working week [16] in October 2017 is 167 hours. The hourly wages of the driver are
established at the enterprise that carries out the product outlet. The cost of 1 hour of the driver's work
in October 2017 is 71.86 UAH. The duties of the driver include only the registration of documents, the
dispatch of goods by destination and control over compliance with the rules of loading / unloading and
acceptance / delivery of cargo. Thus, the time spent by the driver includes the time of loading or
unloading the goods, time for document processing, time of delivery of goods (time for route passing
between points) and maneuvering time. Normative data for finding the time for each type of work is
given in Calculation of the norm of working time for 2017 Ukraine [16]. To calculate the time of
delivery of goods, the average speed of traffic in the city of Kyiv was taken - 25 km/h. The results of
the calculations are presented in Table 3.

It should be noted that in our model problem, only the driver's option is considered in the
framework of his normal working day, which does not involve working out overnight, evening, night
or holiday hours.

As can be seen from the calculation results, shown in table 3, the warehouse C, which is located at
Kharkivs'ke shose street, 152a, is most optimally situated out of the 10 proposed ones. The cost of
delivery from the aforementioned warehouse is minimal and equals 3227.58 UAH. The highest cost of
goods delivery from the warehouse, which is located at M. Holeho street, 7B is 3838.35 UAH. In the
paper, applying method of radiation therapy, we determined warehouse C which is at Kharkivs'ke
shose street, 152a, as most optimally located to all the supermarkets. So, finding the optimal
warehouse in a limited service area with the help of method of radiation therapy or the ant algorithm
method gives the same results.

As the comparative analysis shows, finding optimally located warehouses through the method for
optimal planning of radiation therapy of malignant tumors by Klepper [10] and the ant-colony method
Dorigo [12, 13] produces the same result. That testifies the accuracy of the proposed method for
finding optimally located service points, which is based on the method for optimal planning of
radiation therapy of malignant tumors.

5. CONCLUSIONS

The ever-increasing demand for goods and the high intensity and density of vehicles in large cities
(metropolises) force commodity producers to effectively plan logistics operations, taking into account
these factors. In particular, the solution of warechousing issues in the logistic system to date enables the
goods manufacturers to provide the necessary level of customer service at the least total costs.
Particular attention is paid to the problems of finding the optimal size and location of warehouses.

In this paper, the method of determining the optimal location of service points (warehouses) is
proposed based on the method of optimal planning of radiation therapy for malignant tumors. The
developed method allows to determine from the available warehouses the most optimal number of
warehouses taking into account their power and distance to consumers.

For approbation of the developed method, a fragment of the street and road network of the city of
Kyiv was selected, where the delivery of small-piece cargo, namely, food products of short-term shelf
life from producer to consumers (supermarkets), was selected.
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Table 3

Costs of delivery of goods depending on the location and number of warehouses in the logistic system
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The problem of road transport of small-tonnage cargoes is characteristic for large densely
populated cities, which in turn are characterized by high traffic load of transport networks, high
density of traffic flow and a large number of consumers (supermarkets). The task of determining from
all available warehouses the most optimal number of warehouses, taking into account their capacity
and distance to consumers, was solved for a given number of warechouses and supermarkets.

To verify the correctness of the developed method of searching the optimal arrangement of
warehouses for consumers in the logistic system, the method of the modified ant algorithm was used.
The results of the study with the proposed method coincide with the results obtained using the method
of the modified ant algorithm.

The results of the research show that the proposed method of finding an optimal location of
warehouses can significantly reduce the cost of delivering goods from the manufacturer to the
consumer. This method can also be used to select the location of distribution centers or production
facilities.

The paper proposes a new method for determining the optimal number and location of warehouses,
which requires additional testing in the real activity of different enterprises. Therefore, there is a need
for further research to determine the limits of the application of this method and the possibilities for its
improvement. In addition, subsequent studies may be focused on taking into account more factors that
influence the location of warehouses and reduce the total cost of delivering goods from manufacturer
to consumer.
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