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Abstract — The use of logistic management methods at all
levels of management arouses interest in world experience in
providing economic recovery, solving crisis problems, and
globalizing economic problems. Particular attention in logistics is
paid to the principles of rational organization of the production
process, i.e. organization of rhythmic, coordinated work of all
parts of production in accordance with a single schedule and
uniform release, ensuring maximum continuity of production
processes, maximum reliability of planned calculations and the
minimum complexity of planned works. To ensure the effective
functioning of logistics companies, it is necessary to use modern
management methods, improve coordination of processes in the
logistics chains. It is also important to develop and implement
advanced information technologies that support all key
management processes of a logistics company and ensure its
integration with partners in the process of goods distribution.
The article considers the urgent task of developing a
mathematical model of route planning that allows setting
information about the movement of cargo with the definition of
the shortest path. To improve the methods for solving the
transport problem, we propose to use the cluster analysis
method, which allows calculating the optimal route for the
vehicle. Earlier, when finding a reference plan for production,
one of the values was entered in the data table: tariff for the
transportation of goods, transportation distance, cost, etc., which
did not allow the calculation of the optimal route for delivering
goods to a given point. The use of cluster analysis allows solving
the problem of route planning in order to collect information
about the movement of goods in online mode, make flight
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schedules, and easily create reports and documents for enterprise
logistics.
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. INTRODUCTION

Most enterprises objectively give priority to marketing and
sales that are at the forefront of the business, but logistic
losses often lead to financial losses [1]. Therefore, timely
restoring of order in the logistics departments allows
organizing the accuracy of accounting, thereby increasing the
priority of the enterprise in the market of suppliers and buyers.

The main strategic objectives of logistics are: optimization
of logistics costs; optimization of the route of the vehicle;
reducing order processing time; reduction in the number of
employees working in the logistics department; increasing the
ability to control and monitor current indicators; improving
the quality of services provided [2].

The majority of logistics specialists, when asked whether
the company should implement a software system for
automated control over the efficiency of using vehicles [3],
will answer in the affirmative, since without software when
planning the movement of even one machine, the humber of
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errors and miscalculations will reduce the benefit of the
volumes of exported goods.

The enterprises with branches that are divided
geographically need to clearly and competently build routes,
both to customers and between their own warehouses. Today,
suppliers and buyers are interested in information about the
location of goods and the stages of its processing.

Quick and timely supply of raw materials (from both
suppliers and own warehouses of the enterprise) provides the
increase in the quality and speed of production of goods [4], as
well as the attractiveness of the organization in the eyes of
customers and, ultimately, ensures an increase of the profit. In
this regard, industrial enterprises are faced with the need to
strengthen the quality and speed of their own delivery services
or logistics departments. The duties of logisticians are to
calculate the optimal path, minimize transportation costs,
conclude an agreement with suppliers and customers, which
requires the greatest time costs [5]. Therefore, we have to
solve the transport problem. At this moment, this is the main
unsolved task, the solution of which is necessary for
conducting a certain kind of business processes that arise
during the implementation of integrated economic and
management systems.

Il. METHODOLOGY

The important problem is to develop methodological and
instrumental support for the management of enterprise
business processes based on the application of cluster analysis
methods. The object of study is the subsystem “Logistics
Management”, which in real time monitors the process of
delivery of goods and when a new order appears, analyzes the
current location and workload of staff [6]. Based on this
information, the system offers the most suitable contractor and
makes changes to the route. To solve the transport problem,
the clustering method is used.

Transportation problem belongs to the class of linear
programming problems and therefore has all the qualities of
linear optimization problems, but at the same time it has
several additional useful properties that made it possible to
develop special methods for its solution.

A mathematical model of the transportation problem is as
m n
follows: Z(X) = Z:Z:CU-Xij — min, the mathematical

i=1 j=1
description of the full inventory of transportation providers:

n
inj =a,, i =1...,m, mathematical description meet the
j=L

n
demands of consumers is: inj =b, j=1..
=

condition of non-negativity of all variables, tasks: X; = 0,
i=L1...m, j=1..,n.

Let us add a mathematical description of the total
inventory of providers and consumers that show type
challenges. If equality occurs, then we have a problem with
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the right balance, and the model is closed, otherwise we have a
problem with in-correct balance, and the model

isiai = ibj :
i i

Now we will consider several mathematical methods that
solve the transport problem. Such tasks are typical problems
of linear programming. The minimum cost method allows
building a support solution that is close enough to the optimal
one, since it uses the cost matrix of the transport problem.
Like the northwest corner method, it consists of a series of
steps of the same type, on each of which only one cell of the
table corresponding to the minimum cost is filled in, and only
one row (supplier) or one column (consumer) is excluded from
consideration. The next cell is filled according to the same
rules as in the northwest corner method. A supplier is
excluded from consideration if its inventory runs out. The
consumer is excluded from consideration if his requests are
fully satisfied.

The stages of solving transport problems by the method of
potentials are shown in Figure 1.

In order to solve our transportation problem, we decided to
move away from the classical methods for solving it due to the
huge number of parameters that needed to be considered [7].
And they turned to the methods of cluster analysis, which
allows identifying the most significant factors that determine
the movement of vehicles and simplify the formulation of the
transport problem. Cluster analysis is a multidimensional
statistical procedure that collects information about a sample
of objects and then organizes the objects into relatively
homogeneous groups. The clustering task relates to statistical
processing, as well as to a wide class of training tasks without
a teacher. K-means clustering is a type of training without a
teacher, which is used when there is a sample of unmarked
data [8].

The k-means algorithm works iteratively to assign each
data point to one of the k groups. Data points are clustered
based on the similarity of objects. Results for clustering k-
means algorithm are provided below:

e we obtain centroids from k clusters that can be used to
mark new data;

e e obtain labels for the training data.

Before considering the data, clustering allows finding and
analyzing groups that have formed correctly. Each centroid of
a cluster is a set of object values that define the resulting
groups. The study of centroid weights can be used to
qualitatively interpret which group each cluster represents.
The clustering algorithm k-means includes:

e general business cases where we use k-means;

o the steps associated with the execution of the
algorithm;

o an example of a method of using the data for delivery.

The clustering algorithm is used to find groups that were not
explicitly labeled in the data. This can be used to confirm
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business assumptions about what types of groups exist, or to assigned to the desired group. It is a versatile algorithm that
identify unknown groups in complex data sets. After starting can be used to group data of any type, is shown in Fig. 2.
the algorithm and defining groups, any new data can be easily

Verification of the fulfillment of the necessary and sufficient conditions
Step 1 for the solvability of the problem. If the task has the wrong balance, then
a fictitious supplier or customer with missing stocks or requests and zero
freight costs is introduced

o

Construction of the initial supporting solution, using the minimum cost
method, checking the correctness of its construction by the number of
Step 2 occupied cells (m+n-1)

\.

The solution of the system of equations u; +v

=i Xy > (0, that has

Step 3 an infinite number of solutions

o

Check the fulfillment of the optimality condition for free cells of the
table. To do this, calculate the estimates for all free cells according to the

AN

NG

formulas: A

S

Go to a new reference solution, on which the value of the objective
function will be less. To do this, find the cell of the table of the task,

NG

which corresponds to the highest positive rating: maX‘A Ij" = Ay

-

Fig. 1. The stages of solving transport problems by the method of potentials
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Fig. 2. Examples of using the clustering algorithm of k-averages

In addition, this algorithm supports the ability to monitor if
the tracked data point switches between groups over time, and
can also be used to detect significant changes in the data set.

In the clustering algorithm of k-means, we used iterative
refinement to obtain the final result. For clustering the input

Data assignment step

| =

Centroid update

2 step

Fig. 3. The algorithm of cluster analysis method of k- means

I1l. RESULTS

The algorithm iterates between steps one and two until the
stopping criteria are met (i.e., no data points change the
clusters, the sum of the distances is minimized or a certain
maximum number of iterations is reached).

This algorithm is guaranteed to converge to the result. The
result may be a local optimum (i.e., not necessarily the best
possible result), which means that evaluating more than one

_—

data were: number of clusters k and a dataset. The dataset
consisted of a set of objects for each data point. The algorithm
begins with initial estimates of k centroids, which are
randomly chosen from the dataset. Then, the algorithm was
divided into two steps, shown in Figure 3.

\

Each centroid defines one of the
clusters. in which each data point is
assigned the closest centroid based on
the calculation of the square Euclidean
distance

S

Recalculation of centroids. This is
done by using the average of all data
points assigned to the cluster of this
centroid.

M 7

J
=,

run of the algorithm with randomized initial centroids can give
a better result.

One of the indicators that we used to compare the results
for different values of k - means, was the distance between the
data points and their cluster centroids.

Let us consider the evolution of the solution to the
transport problem and trace its movement from simple to
complex. With the advent of two suppliers located in different
regions of the country, the first difficulties in solving the
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transportation problem immediately appear [9-10]. Here,
calculation and comparison of several options is already
required in order to prevent oncoming and excessively long
transportation. The way out of this situation may be the
application of economic and mathematical methods and
electronic computer technology in this area.

Here is an example of using the cluster analysis method
with a sample of data delivery of product information to the
driver. Two driver functions are considered:

e average distance per day;

e average percentage of time during which the driver was
at speed more than 60 km per hour.

The following diagram (Fig. 4) shows a data set for 4000
drivers with a spatial object the distance along the x-axis of
the acceleration on the y axis.

The results of applying cluster analysis are presented in
Fig. 5. The diagram (fig. 5) shows that the algorithm has
identified four different groups. Drivers traveling at high
speed have been separated from those who adhere to speed
limits, in addition to rural and urban separation. The threshold
for speeding is lower than for rural drivers, probably because
city drivers spend more time at intersections and stops.

In order to create a route sheet, it is necessary to build a
route for the vehicle. In turn, to build a route, it is necessary to
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check the possibility of the capacity of the delivered goods in
existing vehicles. If the product does not fit in the vehicle, it is
necessary to divide the existing delivery points into groups or
clusters. Each element of the cluster has a common feature by
which grouping occurs — it is their proximity to each other. For
clustering, the k-means clustering mechanism is used, which is
built into the technology platform “1C: Enterprise 8.3”.

After clustering, two clusters are formed at the output,
from which one is selected with the minimum total weight of
the delivered goods. After choosing a cluster, the mass is
formed, as well as the overall dimensions of the delivered
goods and the available vehicles are sorted in case the capacity
of all available goods is reached. Next, delivery points from
the selected cluster must be built in the sequence in which the
goods will be delivered [11-13]. For this, the mathematical
method of the nearest neighbor is used. From the warehouse
location point, the closest one from the cluster to the end of
the points is searched. If the mass or dimensions of the
delivered goods exceeds the capacity or carrying capacity of
the vehicle, the points are added to the list until these product
indicators do not exceed the parameters of the machine. When
adding points the sum of the masses of the delivered goods
and their dimensions are recorded in variables. After the
formation of the delivery list, a route sheet is formed, in which
detailed information on the delivered product, its quantity, and
also the delivery address is entered.

250

Distance Feature

Fig. 4. Dataset diagram
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Fig. 5. Group cluster centroids

Thus, the clustering method can be used to solve the
transport problem. Constructing actual routes and comparing
them with planned routes closes a whole series of issues [14].
This gives the manager a guarantee of staff integrity and
makes it possible to adjust the coefficients and initial
conditions specified by the program for calculation. Perhaps
the average loading and unloading time of the goods is longer
than expected or some roads included in the route are closed.
Then they must be excluded from the routes. As a result, we
have convenient monitoring of work in the transport logistics
of the enterprise due to the ability to compare the planned
route and actual data [15]. The manager sees the actual route
and its mileage. Information on lateness and deviations from

the route is displayed on the map. The introduction of stable
and understandable business processes of the company, the
provision of up-to-date data on the status of orders and
resource loading, restoration of order in documents, as well as

optimization of interaction between departments is a
significant increase in work efficiency of the logistic
company.

Thanks to the automatic accounting of these and other
parameters, the constructed routes will be optimal. According
to the experience of our clients, this saves up to 10% in
transportation costs and allows reducing the cost of paying for
driver processing. The algorithm for using the clustering
method is presented in Figure 6.
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Fig. 6. Algorithm for the process of filling out an application for delivery using cluster analysis

V. CONCLUSION

With the introduction of an automated control system for
the transportation of goods, it is possible at any time to get the
current picture of order fulfillment to customers, so the
development of the system allows logisticians to take into
account and optimally manage the delivery of goods to the

production enterprise. The application of the cluster analysis
allows planning transportation and detailed analytics inherent
to systems of this level. The identification of deviations from
the established standards will help eliminate the problem areas
of cargo transportation. The information flow directly controls
both the financial flow and the physical movement of goods.
Information is an integral and decisive factor in the
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effectiveness of “Logistics Management” and the tasks of

increasing the transparency of logistics activities, its flexibility
and efficiency are becoming a priority for business [16].

Advances in Economics, Business and Management Research, volume 148

Business opportunities in the implementation of integrated

information and management systems are presented in Fig. 7.

Business opportunities for integrated
information and management systems

v y

\ 4

Enhancing
transparency and
flexibility in
logistics processes

Linking
information flows
within a single
database

Providing reliable and
timely information on
the performance
indicators of the
logistics network

Significant
contribution to
increased process
efficiency

Fig. 7. Business opportunities in the implementation of integrated information and management systems

The “Logistics Management” subsystem distributes the
work so that the performers arrive at their destinations in
delivery windows convenient for the recipient. The system
distributes the work and calculates the time of arrival, taking
into account many factors: the requirements for the vehicle
and its type, information about historical traffic jams, features
and operating conditions of each driver.

The “Logistics Management” subsystem monitors the
delivery process in real time and when a new order appears,
analyzes the current location and workload of the staff. Based
on this information, the system offers the most suitable
contractor and makes changes to the route of movement.
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