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Abstract

An automated system for freight traffic optimization on a transport network has been developed, which is realized in the form of a complex 

computer program with application of the visual design environment of Embarcadero RAD Studio. The program complex consists of the 

main form from which two subprograms are loaded. The search of optimum routes performed by the routing optimization subprogram 

is used at transportations of freight on the set transport network based on different schemes (from one vertex (the supplier) to all other 

vertices (consumers), serially – from each vertex to all other vertices, and from two (or several) set of vertices to all other vertices). Freight 

delivery between the supply and consumption points was optimized by means of the freight transportation optimization subprogram, 

taking into account the restrictions on the volume of freight at the points of departure and destination.
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1 Introduction
Transport is one of the most important sectors of the state's 
production. The main task of transport is timely, high-qual-
ity and full satisfaction of the needs of the national econ-
omy and the population in transportation. The most import-
ant element in developing freight technology is the choice 
of transport and technological systems. Each transport and 
technological system can be represented as a set of standard 
operations, the main elements of which are: cargo; trans-
port network; rolling stock; freight concentration points; 
loading and unloading means; participants in logistics pro-
cesses; packaging materials (Christopher, 2016).

The main factors determining the choice of transport 
and technological systems are local technological pro- 
cesses in all parts of the transport logistics system, 
which have a number of features and depend on the type 
of freight, mode of transport and its structure, industry 
characteristics, and state of logistics process elements 
(Boldizsár et al., 2022; Mirotin et al., 2019).

Reserves for improving the transport and logistics pro-
cesses are in the rational organization of the interaction 
of participants in the supply chain, in the coordination of 
their interests and the search for mutually beneficial and 
suitable solutions (Elovoy and Lebedev, 2018).

1.1 Background and literature review
Considerable attention in scientific publications is paid 
to the theory and practice of the development of freight 
transportation organization. Thus, Escobar et al. (2020), 
Heidari et al. (2018), Khorshidian et al. (2019), and 
Kumar et al. (2016), present the results of the study of 
routing optimization by the criterion of minimum deliv-
ery time. In Lai and Bierlaire (2015), Nasiri et al. (2018) 
and Soeanu et al. (2020) methods of route selection are 
considered, based on alternative sampling. Luisa De Maio 
and Vitetta (2015) and Sun (2020) and use routing mod-
eling methods in transport systems based on fuzzy logic. 
Manley et al. (2015) and Tokgöz et al. (2015) have described 
a heuristic model of route selection. Havelock et al. (2018), 
Hu et al. (2018), Rodado et al. (2017) and Xu et al. (2020) 
consider the statistical model of a routing choice in trans-
port systems. The method of freight transportation using 
genetic algorithms is described by Chiappone et al. (2016), 
Mohammed et al. (2017), Lu et al. (2017), Tintu and 
Amudha (2020) and Yang et al. (2016). Hess et al. (2015) and 
Nyrkov et al. (2015) suggest modeling the results of the route 
choice using data from the Global Positioning System (GPS).

Analysis of the results of those studies shows that these 
works use various analytical methods for organizing cargo 
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flows and modes of operation of individual elements and 
parts of logistics systems.

At the same time, progress in the field of information 
technology makes it possible to significantly increase the 
efficiency of transport logistics, information and computer 
support, having a proper place among the key logistics 
functions (Sergeev, 2019; Židová and Zitrický, 2023).

1.2 Methodology
Using new information technologies and systems contrib-
utes to the increased efficiency of freight transportation. 
Information systems for logistic automation processes 
enable the automation of all information and technolog-
ical activities of the transport enterprises participating in 
the processes of the freight transportation organization. 
Automation of transport logistics is necessary to increase 
the efficiency and optimization of transport. Due to com-
puter data processing, introduction of information sys-
tems for routing, accounting and planning at the transport 
enterprises, transport logistics has reached a totally new 
level (Shcherbakov et al., 2016).

The effective automation of transport logistics systems 
depends significantly on the set of hardware and software 
tools that make it possible to develop programs, which are 
efficient in terms of the amount of software code and the 
speed of program execution (Cleary, 2019, Williams, 2019).

To create automated systems for the optimal organization 
of freight transportation, it is effective to use object-oriented 
programming systems, namely: Microsoft Visual Studio, 
Embarcadero RAD Studio, and others (Embarcadero RAD; 
Poliakov, 2019; Sharp, 2020). All these systems provide 
means of automatic management of the sequence of changes 
(events) in the computer model, dynamic distribution of 
data in memory, necessary for building complex mathemat-
ical models, standard programs for statistical processing of 
modeling results (accumulation and output of histograms, 
average values of random variables, etc.).

Therefore, it is relevant to develop an automated system 
for optimizing freight transportation by means of object-ori-
ented programming in order to analyze and select the opti-
mal routes and volumes of freight delivery (de Jonge and 
Scarf, 2020).

1.3 Objectives
The purpose of this work is to use modern computer infor-
mation technologies for modeling and optimizing the 
operation modes of transport logistics systems. Using the 
Embarcadero RAD Studio object-oriented programming 

system (Embarcadero RAD), it is necessary to develop 
an automated system for optimizing freight transportation on 
the transport network. This system contributes to searching 
for the shortest distances and determining the optimal vol-
umes of freight transportation on a given transport network.

2 Mathematical model of transport task
In order to find the most economical plan for the transporta-
tion of goods in transport logistics, specialized methods are 
used, which are more effective than methods designed for 
solving general problems in linear programming. Among 
these methods, the key place is occupied by transporta-
tion routing (the transport problem), which belongs to the 
class of linear programming problems (Shortle et al., 2018; 
Trivedi, 2016).

The classical formulation of the transport task (TT) 
looks like this: at m points of departure (production or 
extraction) (PP) (A1 , A2 , …, Am ) there are, respectively, 
a1 , a2 , … , am units of homogeneous (or interchangeable ) 
freight (resource), which needs to be delivered to n points 
of destination (consumption) (PD) (B1 , B2 , … , Вn ) in the 
required number of b1 , b2 , … , bn units. Let us denote by ai : 
freight stocks at the i-th point of departure of the freight 
transport Ai ; by bj : cargo needs at the j-th destination point 
of the PD Bj ; by xij : the number of units of freight trans-
ported from the point Ai to the point Bj ; and by cij tariffs 
(cost) of transporting a unit of freight from the i-th point of 
departure to the j-th destination. The mathematical model 
of the transport task is as follows (Shortle et al., 2018).

It is necessary to determine the value of the objective 
function:
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At the same time, it is necessary for the transportation 
to be positive:

x i m j nij � � �� �0 1 1, ; , .  (3)

The objective function Z in Eq. (1) is the total cost of 
all transportation tasks. It is recorded as a double amount. 
The internal sum corresponds to points of production, with 
the external sum corresponding to points of consumption.
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It is necessary to transport the freight in such a way as 
to satisfy all orders, with the minimum cost or the mini-
mum time of its delivery as the criterion of optimality.

TTs can be of two types:
1. Closed-type TT (when the total volume of freight in 

all PPs is equal to the total volume of consumption 
in all PDs):
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2. Open-type TT (when the total volume of freight in 
all PPs is not equal to the total volume of consump-
tion in all PDs):
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When solving a TT, as a rule, open-type tasks are 
reduced to TTs of closed type. There are two well-known 
methods of reducing an open TT to a balanced form:

• introduction of additional (fictitious) PP or PD 
freight;

• reduction of the volume of demand (supply) by the 
amount of discrepancy in one of the PDs (PPs).

Further, the problems are solved by methods developed 
for closed transport tasks.

Practically, as a rule, real transport and logistics struc-
tures are formed according to territorial and production 
principles and are limited to several adjacent districts or 
regions, on the territory of which producers and consum-
ers of certain products or resources are located. As a rule, 
there are several dozen objects. Therefore, the automated 
system for optimization of cargo transportation on the 
transport network is designed to solve such transport 
problems of medium complexity.

2.1 Optimization of transport routing
Special attention should be paid to such transport tasks, 
in which it is necessary to minimize the execution time of 
the specified work volumes. Time can be a criterion for solv-
ing such TTs, since, in certain life situations, while planning 
transportation, it is necessary to minimize the total time of 
transportation, but not the transport costs. This criterion is 
often used during agricultural operations (harvesting), trans-
portation of raw materials and perishable products, etc.

The optimal plan for such TTs will be a plan according 
to which all cargo from PPs to PDs will be delivered as 
soon as possible. Thus, it is necessary to distribute deli- 

veries (transportation) in such a way that the longest trans-
portation time is minimal. Provided transportation starts 
at the same time (with a small margin of error), the trans-
portation plan will be completed within the time equal to 
the longest transportation.

The problems of finding the shortest paths belong to 
the fundamental problems of combinatorial optimization, 
as many of them can be reduced to finding the shortest 
path on the network (Trivedi, 2016). There are different 
types of tasks with regard to the shortest path:

1. between two given vertices;
2. between one vertex and all others;
3. between each pair of vertices in the network;
4. between two specified vertices for paths passing 

through one or more specified vertices;
5. the first, second, third, etc. shortest paths in the 

network.

Today, there are quite a few algorithms for finding the 
optimal TT solution, but practically, only a few of them 
deserve attention, in particular, the well-known algorithms 
of Dijkstra and Floyd (Shortle et al., 2018).

Dijkstra's method searches for the shortest path from 
a given vertex (source) to all other vertices in the graph. 
Floyd's method searches for the shortest path in turn from 
each vertex to all others, and this is how it differs from 
Dijkstra's one. The matrix method is very similar to Floyd's 
method, it enables you to find the matrix D, with the ele-
ments of which being equal to the minimum values of the 
routes, as well as the distance from each vertex to itself.

The transport task is significantly complicated in pro-
duction and transport economic systems, which produce 
a wide range of products and raw materials at several inde-
pendent industrial facilities, with different types of trans-
port used for their transportation. It should be noted that 
in practice, transportation can be performed directly from 
suppliers to consumers, as well as through several interme-
diate points, creating complex transport communications.

Transport tasks, in this interpretation, belong to the class 
of network tasks. The interpretation of TTs in network form 
makes it possible to take into account the capacity of indi-
vidual sections of the transport network. In network form, 
it is easier to take into account loading and discharging at 
intermediate stations, with each considered a hub.

It should also be noted that the solution of network TTs 
directly on the topology of the transport network does not 
allow for algorithm development or further automation of 
the search for the optimal transportation plan based on 
modern computer technology.
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At the same time, it is more expedient to submit the 
network TTs in matrix form, which enables algorithm 
development for the optimal solution search. The paper 
proposes a method for minimizing the matrix form of net-
work TTs, which greatly simplifies the procedure for solv-
ing large network TTs and reduces the number of neces-
sary computational operations.

To solve this problem, the algorithms considered can-
not be applied because Dijkstra's algorithm is insufficient 
(by applying it, we find only one line from the matrix of 
shortest distances), and Floyd's algorithm is redundant 
(it generates a matrix of the shortest distances between 
any PPi and PDj ).

A more economical and effective method of solving net-
work TTs of large dimensions is proposed, which combines 
the methods of solving the classical TTs in matrix form 
with a modification of the well-known Dijkstra method for 
finding the shortest distances in the network of connections 
between PPi and PDj , given in the form of a graph. It is this 
combination that makes it possible to carry out a well-de-
fined algorithm development for network TTs and to apply 
modern computer technologies for its solution.

The modification of Dijkstra's algorithm lies in includ-
ing an ordered system of sorting supplier vertices (m) in 
it, on the one hand, and user vertices (n), on the other. 
Thus, we add two nested loops, iterating over all suppliers 
as a vertex of Vm and all users as a vertex of Vn. Thanks 
to this, it is possible to find the shortest paths from each 
supplier to each user and determine the cost characteris-
tics of transportation directly from PPi to PDj , taking into 
account intermediate hosts.

2.2 Optimization of freight transportation
Optimization of cargo transportation begins with the 
construction of a reference (base) plan, which is further 
improved in order to obtain an optimal transportation 
scheme using one of the standard methods of finding opti-
mal transportation schemes.

Among many methods of building reference schemes, 
three of them deserve attention, namely: the methods of 
the northwest corner (due to its simplicity), the small-
est element in the entire transport table (due to its effi-
ciency), and Fogel's approximation (due to its effective-
ness) (Shortle et al., 2018; Trivedi, 2016).

The construction of the reference plan by the method of 
the northwest corner begins by filling in the upper left cell 
of the table (хп ), with the smaller of the two numbers a1 
and b1. Then the next cell in a row or column is filled, etc. 
The filling of the table is finished in the lower right cell.

The idea of the minimum cost method is that at each step, 
the cell of the table with the lowest cost of transportation of 
a product unit is filled. Such actions are repeated until all 
products are distributed between suppliers and consumers.

According to Fogel's approximation method, the dif-
ference between the two smallest values in each row and 
column of the transport table is determined at each step. 
These differences are recorded in specially designated 
places in the table. Among all the differences, the largest 
one is chosen and filled in the cell with the lowest value in 
the corresponding row or column. If there are several iden-
tical largest differences, any corresponding row or column 
is chosen. When only one row or column remains unfilled, 
the calculation of differences is stopped, and the table con-
tinues to be filled using the method of minimum cost.

The obtained reference scheme of the transporta-
tion task must be brought to the optimal transportation 
scheme. There are several methods of TT optimization, 
and more precisely, bringing the previously prepared ref-
erence scheme to the optimal transportation one. They 
all give the same results. By applying one of the standard 
methods of finding optimal transportation schemes (sim-
plex, distributive, potential and differential rent method) 
to the received reference scheme, it is possible to obtain an 
optimal transportation scheme (Shortle et al., 2018).

The work process of most methods of TT optimization 
is based on the construction of closed circuits for the redis-
tribution of cargo flows. The most common method for 
optimally solving TTs is the method of potentials, since 
it does not require the compilation of an increased num-
ber of additional tables with cell estimates, with the error 
in the previous calculations corrected in the next steps. 
The method of potentials enables, based on some refer-
ence scheme, building an optimal transportation plan for 
a finite number of iterations.

The number of iterations required to solve the TT using 
the potential method depends significantly on the initial 
scheme. A successful choice of the building method of 
a reference scheme can significantly reduce the number 
of iterations and thus speed up the process of solving the 
problem. Therefore, it is very important to have a fairly 
simple method, which often enables you to build a scheme 
that is close to optimal.

3 Development of a software complex and conducting 
experimental research
The algorithms considered for optimizing routing and 
freight transportation on the transport network are imple-
mented in the form of a computer software complex, 
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which makes it possible to automate the procedure of find-
ing the shortest distances between given sets of vertices 
in the network and determining the optimal volumes of 
transportation on a given transport network.

The complex has been developed using the visual 
design environment Embarcadero RAD Studio. This sys-
tem includes a complete set of visual tools for rapid appli-
cation development (RAD is rapid application develop-
ment), which supports user interface development and 
connection to corporate databases (Embarcadero RAD).

The program complex consists of the main form, from 
which two subprograms are loaded.

3.1 Subprogram of routing optimization
Fig. 1 shows a directed graph of the transport network, 
with the search for optimal routes performed for the freight 
transportation, according to different schemes (from one 
vertex (supplier) to all other vertices (consumers), in turn 
from each vertex to all other vertices, from two (or sev-
eral) given vertices to all other vertices).

At the same time, freight transportation can be carried 
out both directly from suppliers to consumers and through 
one or more intermediate points.

The vertices on the column indicate the points of depar-
ture and destination. The connected arches of the vertices 
correspond to the points that have a transport connection. 
The numbers located near each arc correspond to the dis-
tances between these points (conditional units (с. u.)).

Fig. 2 shows the subroutine window for determining the 
optimal routes during the freight transportation according 
to different schemes. Optimization of transportation rout-
ing is as follows.

Initially, the number of available vertices in the graph 
is introduced. Then, the Distance Table includes initial 
data that are, distances, in the form of a matrix, between 
points having interconnections with each other. It should 
be noted that the entry of initial data is possible directly 
into the matrix, or in the software, by pre-entering the 

data into the program and entering them into the matrix 
of transportation when pressing on the Initial Data button.

The search for the shortest routes, according to the 
corresponding algorithms (Trivedi, 2016), occurs when 
clicking on the buttons 'Dijkstra', 'Floyd', 'Mod. Dijkstra', 
'Matrix'. At the same time, when calculating the method 
'Mod. Dijkstra', points 1, 2 are accepted as departure 
points, and points 3, 4, 5, 6, as destinations. The output 
of the final results of the calculations is shown in the table 
'Shortest Routes'.

Clicking on the 'Clearing' button clears the data entered 
in the Shortest Routes table. The form with the traffic 
routes of transportation (Fig. 1) is displayed when clicking 
on the 'Graph' button. The 'Exit' button completes the work 
of this subroutine.

Table 1 shows that the results of the shortest routes 
which were calculated between the corresponding vertices, 
obtained by different methods, coincide. Thus, the calcula-
tion of optimal routes between vertex 1 and all other verti-
ces, obtained by different methods, gives the same results. 
The results of the shortest route calculation between verti-
ces 1, 2 and all other vertices obtained by the Floyd method 
and of the modified method Dijkstra also coincide.

3.2 Subprogram of optimizing freight transportation
Fig. 3 shows a non-oriented transport network graph, which 
optimizes the transportation of freight between departure 
and destination points, taking into account restrictions on 
the volume of freights at departure and destination.

The graph in Fig. 3 reflects the ways of connecting 
departure and destination points. The entire set of its ver-
tices is divided into two subsets. The first subset of ver-
tices includes the points of departure (Ai ), with the sec-
ond subset including the destinations (Bj ). The vertices 
connected by the edges correspond to the points with the 

Fig. 1 Graph of the transport network for determining optimal routes

Fig. 2 Window of subprogram for determining the optimal routes
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routes between them. The cost of transportation between 
the relevant points are marked near each edge (conditional 
cost units (c. c. u.)). Supply volumes are affixed at the ver-
tices of the departure points, with consumption volumes at 
the top of the destination (also expressed in c. u.).

It is necessary to find the shortest transport routes 
between departure and destination, including traffic through 
intermediate points (which can be both departure and des-
tination points). The calculations are made using a mathe-
matical model of transport tasks Eqs. (1)–(4). The optimal-
ity criterion is the minimum cost of transportation.

Fig. 4 shows the calculation results of freight transpor-
tation optimization between departure points and destina-
tions on the transport network shown in Fig. 3.

Freight transport is optimized as follows. When click-
ing on the Initial Data button, the tables 'Transportation 
Cost' are filled, that is, the cost of transportation between 
points having connections with each other, data on sup-
pliers 'Suppliers' – volumes of freight at supply points and 
consumers 'Consumers' – the needs of freights at con-
sumption points. It is also possible to enter the initial data 
directly into the matrix, or in the software, by pre-entering 
the data into the program and entering them in the trans-
portation matrix when clicking on the Initial Data button.

Then, by clicking the 'Shortest Routes' button the deter-
mination of the shortest routes between supply and con-
sumption points is performed according to the modified 
Dijkstra method and entered in the Transportation Table.

The reference scheme is built by the method of the 
smallest (minimum) element of the table when clicking 
on the Reference Plan button. At the same time, the data 
is displayed in the Transportation Freight Table, with the 
shortest routes obtained by the modified Dijkstra method 
displayed in the field of the Shortest Routes table.

The received reference transport scheme is optimized 
using potentials, when clicking on the Optimization 
button. The optimization results are displayed in the 
Transportation Freight Table.

Label components are used to output the objective 
function at each iteration and inform the user of the opti-
mal transportation scheme accordingly.

The 'Clear', 'Graph' and 'Exit' buttons placed on this 
form have a similar purpose.

Table 1 Methods for calculating the shortest routes

Calculating methods

Dijkstra Floyd Mod. Dijkstra

1→2 = 10 1→2 = 10 4→1 = 460 1→3 = 30

1→3 = 30 1→3 = 30 4→2 = 460 1→3→4 = 70

1→3→4 = 70 1→3→4 = 70 4→3 = 460 1→2→5 = 60

1→3→6→5 = 60 1→2→5 = 60 4→6→5 = 80 1→3→6 = 40

1→3→6 = 40 1→3→6 = 40 4→6 = 60

2→3 = 80

2→1 = 460 5→1 = 460 2→3→4 = 120

2→3 = 80 5→2 = 460 2→5 = 50

2→3→4 = 120 5→3 = 460 2→3→6 = 90

2→5 = 50 5→4 = 70

2→3→6 = 90 5→4→6 = 130

3→1 = 460 6→1 = 460

3→2 = 460 6→2 = 460

3→4 = 40 6→3 = 460

3→6→5 = 30 6→5→4 = 90

3→6 = 10 6→5 = 20

Fig. 3 The transport network graph on which freight transportation is 
optimized

Fig. 4 Window of a subprogram for optimizing freight transportation
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4 Conclusion
The work has developed an automated system for opti-
mizing freight transportation on the transport network in 
the form of a complex computer software using the visual 
design environment Embarcadero RAD Studio. The pro-
gram complex consists of the main form, from which two 
subprograms are loaded.

1. Using the routing optimization subprogram, optimal 
freight transportation routes along the transport net-
work are sought, according to various schemes (from 
one vertex (supplier) to all other vertices (consumers), 

in turn from each vertex to all other vertices, from 
two (or more) given vertices to all other vertices). 
At the same time, freight transportation can be car-
ried out both directly from suppliers to consumers 
and through one or more intermediate points.

2. With the help of the freight transportation optimiza-
tion subprogram, transportation of freight between 
supply and consumption points is optimized, taking 
into account restrictions on the volume of freight at 
the points of departure and destination. The optimum 
criterion is the minimum cost of transportation.
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