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Abstract. The paper is showing an example of applied use of modern informa-
tion and communication technologies (ICT) in logistics. It was proved applica-
tion expediency of this type of mathematical tools for the solution of the logis-
tic problem on grain delivery based on Petri Nets analysis. It is shown the rele-
vance using of information and communication technologies at such type when 
choosing the best delivery variant for export cargo turnover of grain freights. 
The statistics for export of this agricultural products category was presented. It 
demonstrates the annual growth for volumes of foreign sending. This fact gives 
prerequisites to using ICT for the successful solution of the considered prob-
lems. Interrelations at information exchange by participants of grain delivery 
were presented. The two-level representation structure for logistics system was 
described considering this fact. The visual scheme is developed for the system 
of information and communication technologies when transportation variants of 
grain cargo turnovers were simulated based on Petri Nets. The mathematical 
description is executed for operators used for modeling by a network. It is also 
presented visually network view for an assessment of delivery terms by time 
indicator. The histogram for three alternatives of a supply chain is designed 
with the help of simulation results. It allows choosing quickly the acceptable 
delivery scheme considering the minimum time of cargo turnover passing and, 
also accounting existence of transportation capacities during the concrete time 
period. This ICT considerably will accelerate the adoption for correct decision 
on the choice of a supply chain that minimizes expenses of the logistic compa-
nies when exporting the Ukrainian grain. 
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1 Introduction 

The different and considerable data volumes appear in modern conditions at informa-
tion saturation of society and various production spheres. This fact gives prerequisites 
for using computer technologies and intelligent systems for fast processing of infor-
mation flow. Especially it is important to arrive at correct decisions in an operational 
period of planning for complex systems, such as the supply chain of agricultural car-
goes. In particular, the logistic system of grain cargoes delivery has many communi-
cation links, including information, and, also consists of a significant elements 
amount. Therefore, there are some problems with effective management and creation 
of "correct time-table" of delivery from a production location to the place of its con-
sumption [1-2]. There is a necessity to investigate the behavior of the studied system 
and to obtain information on its most important characteristics. The systems of paral-
lel information processing and in parallel the functioning objects allow coming to the 
decision of problems connected with effective interaction of separate elements for the 
considered delivery system. The best example is the models based on Petri Nets the-
ory [3]. 

Active information technology development allowed accelerating in recent years 
process of representation, processing, and use of information for cargo delivery sys-
tem [4]. However, the companies sustain losses because of the untimely or doubtful 
obtained data on an operational situation at each link of a supply chain [5]. Today the 
attention is more and more paid to the information flow by means of which a material 
flow can be planed, operated and controlled [6]. Improvement of informational con-
tent and the organization quite often can bring a bigger effect, than technical innova-
tions [7]. 

Today Ukraine carries out the biggest export of corn, barley, and wheat in the 
world (Fig.1) [8-9]. 

 

Fig. 1. Volume of the Ukrainian export grain at marketing period in 2015-2018 years 



According to Fig.1 wheat was sent for export in bigger volume than others grain 
within the last year. Logistic costs, as a rule, include the expenses connected with 
transportation, warehousing, storage [10], loading and unloading operations, registra-
tion paperwork [11], cleaning, drying of cargoes, packing, safety and, also payment of 
any commission charges, tariffs, and taxes which connected with grain export. At the 
same time, delivery costs of grain cargoes exceed in Ukraine same tariffs at leading 
Europe countries (Fig. 2.). This explains the necessity of more flexible planning with 
the use of the modern systems which are based on information and communication 
technologies 

 

Fig. 2. Values of logistics costs per wheat delivery in different countries 

The relevance of this research is also based on fact that in 2018 amount of cargo over-
loading in Ukrainian seaports reached 135.2 million tons. Due to the increase in cargo 
turnover according to four main nomenclatures which provide 71.4% of overloading: 
agricultural goods, ore, steel products, container transportation [12]. Thus, it is neces-
sary to design models for logistic system of grain cargoes delivery from the producer 
to departure seaport and to carry out simulation for determination of impact level by 
obtaining information about forwarding material flow to the efficiency of decision 
adoption [13]. 

A modeling problem becomes simple when Petri Nets use. This tool can help to 
consider a bigger number of random factors which characterize any logistical systems 
during simulation. Thus, using such mathematical tools as Petri Nets reduces the 
probability of errors and failures emergence in a system. Therefore, the conducted 
modeling turns out the most adequate. 

2 Literature Review 

The approaches based on heuristic methods, own experience of managers and disci-
pline of orders execution can be used now in goods transportation management in 
Ukraine. In practice it means emergence of the real losses connected with increase in 
cargo delivery period, idle times of cargo in wagons at "the abandoned trains" on 



approaches to ports, boundary transitions and in warehouses of the enterprises (eleva-
tors), work arrhythmia for subsystems of transport and long investigations - "who is 
guilty". The sampling analysis for performance of cargoes delivery periods (based on 
data from the transportation document and calculated in the automated systems of 
normative delivery period) demonstrates what violations of term occurs when trans-
porting (by all kinds) shipping at the level of 5%, container 32%, wagon carriage - 
17% and group shipping - 8% [14]. Therefore, the logistics system of grain cargoes 
delivery should be considered from the viewpoint of the transport organization with 
delivery by trucks, railway wagons and with possibility using of containers [15] and 
piggyback traffic [16]. 

The simulation approaches quickly develops in recent years accounting active de-
velopment of technologies at information processing. By the author in [17] was 
proved that imitating modeling of any events proceeding in active processes is rele-
vant. 

In recent years, many countries of the world made traceability compulsory proce-
dure in a supply chain [18]. Management of cargo turnovers is represented as a diffi-
cult task for participants of a multimodal transport chain that is the main driving force 
in a supply chain [19]. 

The purpose of this work consists in offering the intelligent container tracking sys-
tem for goods in the context of multimodal transportation: intelligent container track-
ing system for goods (i-TSCG). The tracking system of goods supply chain is pro-
posed by several researchers because has many communications links and ensample 
factors. At the same time, models of the studied objects are optimized by using mod-
ern information systems and technologies [20-24]. 

Today neural networks are mainly used for the solution of optimization problems 
at logistics systems functioning as element-wise and in general [25-27]. They are 
applied at a stage of obtaining forecasting values to the further process organization. 
However, for their design it is necessary to have a bigger time series and to spend 
certain time for control (training) of network. At the same time tools based on Petri 
Nets [28, 29] allow to investigate behavior of an object in the real time mode at the 
expense of system productivity assessment (a time factor) [30-32] without forecast 
data. 

3 Design of ICT for Grain Delivery Simulation (Research 
Methodology) 

The article purpose is demonstration of applied using Petri Nets as bases of informa-
tion and communication technologies for an operational decision for problems in 
logistical systems. In particular, for the choice of the best supply chains variant of 
grain cargoes from the sender to a seaport. 

Creation of information systems demands system thinking. The logistics system 
structure of the enterprise and material flow providing logistics information systems 
are interconnected and interdependent. In order that information systems could pro-
vide the required efficiency of logistic processes, they should be integrated vertically 
and horizontally [33]. 



During the present time, the logistical system at grain cargoes delivery in Ukraine 
has the structure based on a participants’ interaction: traders, as organizers of grain 
products export, producers, transport companies and, also the existing infrastructure 
of ports, railroads, highways networks (Fig.3). 

 

Fig. 3. The scheme of information exchange between participants in the logistical system 

Traders in this scheme are the centralized system of necessary technological level 
which is directed to the organization of processes for participants and, also to receiv-
ing and the analysis of the data coming from a system for ensuring bigger transpar-
ency [34]. 

Such complete prospect is able in real time for all participants in a logistical system 
will allow traders to have enough opportunities for adoption of the relevant short-term 
and long-term decisions which will fit the organizer purpose and, also the purposes of 
all process. The system should be designed as two-level (Fig.4): on the top level — 
there are models of collecting and data processing, lower level — is presented by a 
simulation model about the functioning of a logistical system. 

 

Fig. 4. Two-level representation of a logistical system at grain delivery 



For ensuring work of the top level the advanced information technologies, such as 
technology of intelligent agents, data mining, big data, cloud computing (CC), the 
Internet of Things (IoT), RFID and Industry 4.0 technology which can be used for 
providing of data sharing and information on all supply chain can be used. [35-37]. 

The efficiency of functioning by a logistic system at the top level is defined by a 
three-element vector condition for forming the database about decision-making 

1 2 3, ,I I I  (Fig.4): 

  1 2 3, ,nI I I I  (1) 

Each element is characterized by quantitative parameters iN  (mechanisms, vehicles, 

workers, technical means); by time which spent for performance of each technologi-

cal operation, considering  waiting and idle times − iT ; by cost of work performance 

− iC ; by receipt intensity at physical units (cargo, vehicles, mechanisms) − iD ; by 

productivity of resources (technical means, workers) − iP : 

  , , , , , 1,..., ,i i i i i
n n n n n nI N T C D P i k   (2) 

where each value is defined by the resources’ quantity involved on i-th stage of tech-
nological operation to k-th maximum possible value. 

The lower level is presented as a grain delivery process in a logistical system. We 
will carry out modeling of the considered real object at it. (Fig.5).  

Petri Net is the evident and well-formalized behavior model of parallel systems 
with asynchronous interactions. It reflects the structure of the relationship between 
system elements and changing dynamics of its states in a compact form under the set 
entry conditions [38]. Thus, it acts as a static and dynamic model of the object repre-
sented with its help that in turn gives the chance to solve a rather wide range of tasks 
[39]. Petri Nets allow making a simulation in assembly lines [40, 41], to modeling and 
analysis of technological process [42-43], simulation of resources distribution at the 
enterprise [44-45]. 

It is offered to use estimated stochastic Petri Nets for model design in which tops 
of places have an integer of tags and are used for quantitative assessment by criteria 
of reliability and productivity for some parameters at systems functioning. In them, 
the probability of its operation per definite time is attributed to each transition [46]. 

This scheme (Fig.5) visually displays the formation sequence of the necessary da-
tabase for grain delivery modeling. In parallel with the preparation of initial informa-
tion, the choice and tuning are carried out for Petri Nets which will be used for studies 
process simulation. 



 

Fig. 5. View of information and communication technology system for grain delivery simula-
tion 



Considering functional communications between elements, it is possible to design the 
integrated model of Petri Net (Fig. 6), describing the functioning of the logistics sys-
tem. This is a process of grain forwarding from the sender (farmer) to a seaport. The 
submitted scheme describes the process on the established elements: on transitions: 

1 2,T T  − the receipt intensity of requests is defining from the trader and the farmer; 

3 5 6, ,T T Т  − time of cargo shipping by trucks and railway wagons is defining; 

4 7 8 9, , ,T T Т Т  − distribution of cargoes, information, technical means is defined; by 

positions: 1 2,Р Р  − grain availability at the farmer and orders (technical means) at the 

trader is defined; 3 11Р Р  − the grain provision at each stage of operations per-

formed is defined; 12 14Р Р  − information availability on the performed work on 

each element is defined. The key places of the presented model are transitions 

4 7 8 9, , ,T T Т Т  and positions 12 14Р Р  according to the previous thoughts. Therefore, 

maximum attention must be paid to these places during further modeling. 
So main concentration of complex technological operations occurs on a model 

fragment 7 9 10Р Р Р   for a logistical system of grain cargoes delivery [47]. 

 

Fig. 6. The primary scheme of grain forwarding from the sender to the seaport 

The designed macro-level model is universal for finding correct decisions of problems 
for this class (management of supply chains). At the same time adaptation of values 
for certain parameters is required, but the model structure does not change. Also, it is 
offered in this model to fix information on the performed work on each basic element. 
It is necessary for decision-making at the top information level. An expense of ma-
chine time is insignificant during simulation and its value makes up from two to ten 
seconds, depending on values of the influencing parameters (order volume). It allows 
making fast enough decisions when choosing the variant of the organization for cargo 
delivery in the logistical system. 



It should be noted that the full-fledged model is quite bulky and therefore it is per-
ceived hardly. This conditional scheme allows understanding the procedure of model-
ing considering formal representation of Petri Net which has the next view [38, 48]: 

  0= , , , , ,PN P T F W M  (3) 

where Р – final set of positions; Т – final set of transitions; F – set of arcs (flow rela-
tions). 

The expanded scheme of Petri Nets is provided for process visualization in the 
micro-level. This figure (Fig. 7) shows an example of a simulation procedure at the 
destination (cargo port railway station).  

 

Fig. 7. The primary scheme which shows results of working by cargo-front of the port railway 
station 

The designed networks were analyzed on safety, limitation, integrity, reliability. As-
sessment and analysis of complex systems by means of Petri Nets expediently to carry 
out by means of imitation modeling. It is confirmed also by the results of our experi-
ment. At the same time, input flows of orders were set on the first step. They define 
the corresponding reaction of a system. Output parameters are calculated by means of 
statistical material processing which is accumulated during modeling. 

4 Results and Discussion 

Statistical analysis is carried out for parameters which were used for setting of initial 
values on transitions and positions at process modeling of logistical system operation 
during grain cargoes delivery. 



Ti-indicators were divided into groups by characteristic criterion for statistical val-
ues assessment of used parameters which were set in transitions of model (Table.1) 
[49-51]. 

Table 1. Statistical assessment of model parameters 

Name of parameters group Volume 
of sam-
pling 

Diapason of 
parameter 
expected 

value 

Distribution law 

Intensity of obtaining bookings, 
units/hour 

68 0.1-6 Exponential 

Admission rate for grain from the 
field, t/hour 

54 190-1200 
Gamma-

distribution 
Performance time of technological 
operations on the motor transport, hour

28 0.3-4 Normal 

Arrival intensity of trucks, unit/hour 58 1-12 Exponential 
Performance time of technological 
operations on railway, hour 

87 0.8-4 Normal 

Arrival intensity of railway wagons, 
unit/hour 

94 1-20 Exponential 

Arrival intensity of railway locomo-
tives, unit/hour 

52 2.1-12.9 Exponential 

Trains intensity of their arrival and 
departure, unit/hour 

80 0.1-7.3 Exponential 

Performance time of technological 
operations in port, hour 

47 0.7-6.8 Normal 

Performance time for technological 
operations on a grain elevator, hour 

122 0.4-120 Exponential 

Arrival intensity of sea ships to the 
port, unit/month 

26 12-58 Exponential 

The offered parameters set used in simulation for delivery time of grain at three alter-
native supply chains. At the same time, some random variables are distributed on 
other than the classical definition of distribution laws for these parameters. It can be 
explained by some formation features for this type of supply chain and forwarding 
specifics of grain cargoes turnover through them. 

As a modeling result, data are obtained on the performance duration for main 
technological operations on all logistical system. Let's analyze the behavior of model 
depending on export order volumes of grain (Fig.8). The values amount of cargo 
turnover is defined proceeding from a confidence level, an error, and observations 
quantity. It has 68 units. At the same time, cargo turnover accepts values from 20 and 
to 3370 tons [52]. Three options distribution of cargo turnover are offered when using 
motor and railway transport: 1st variant – 100% of cargo to be transported by railway; 
the 2nd variant – equally on each type of transport; the 3rd supply chain – 100% of 
cargo is transported by the motor transport. 



 

Fig. 8. Simulation results of grain cargoes delivery at logistical system by three variant of sup-
ply chains using Petri Net 

Histogram (Fig. 8) allows making a fast decision on the best supply chain variant of 
grain cargoes from the sender to the recipient (port of departure). The choice is car-
ried out by a criterion of the minimum delivery time. At the same time, the trend is 
accurately traced that to number 31 to which there corresponds cargo turnover near 
the 350th tons it will be favorable to use the motor transport. It is expedient to carry 
out delivery from a grain elevator to the port only by rail when volumes of sending 
grain will grow after 31st values. The alternative of trucks using is unacceptable in 
this case. It's explained by necessity to have a considerable quantity of trucks that are 
not favorable to the domestic agricultural enterprises. 

It is visible according to the histogram (Fig. 8) that the average delivery time will 
have the second variant of the supply chain – a combination with two kinds of trans-
port practically for all volumes of cargo turnover. This result of modeling completely 
shows the reality of the transport process in domestic conditions. The average time of 
forwarding cargo turnover is explained by the fact that motor transport is used on a 
small distance when the volumes of consignments are even considerable. 

In this case, the application of Petri Net helps indirectly to define the necessary 
quantity of the rolling stock for delivery of the demanded grain volume to the port. 
The considered approach allows making the decision on scheme variant not only con-
sidering time but still not directly to estimate the possible costs connected with ex-
penses per transportation. This type of expenses will depend in many respects from 
own carrying opportunities which enterprise has and from a percentage of leased ve-
hicles. 

Thus, application of simulation on the models developed by means of Petri Nets al-
lows to track and analyze results at the first stage, and on the second step - to predict 
and to control a process for grain cargoes forwarding at the logistic system. 



5 Conclusion 

The successful example of Petri Nets use was shown in research in the form of ICT 
system for logistic problems decision. This modeling instrument allows fast receiving 
values of time about grain forwarding through a supply chain. It considerably will 
facilitate the primary choice of a supply chain. 

The analysis of the theoretical basis of Petri Nets is made and its adequacy of their 
application for transport processes modeling is proved. It is shown that Petri Nets 
allow to investigate more deeply behavior of the modeled system and to obtain infor-
mation on its most important characteristics. They also take into accounting that logis-
tical systems of grain delivery must be considered as the systems of parallel informa-
tion processing and in parallel operating of objects. Therefore, the offered approach is 
universal for the problems’ decision of a similar class. 

An advantage of Petri Nets application consists of small labor input when develop-
ing and an opportunity to correctly simulate process at a small amount of initial in-
formation. 

The developed visual scheme for the system of information and communication 
technologies when modeling options of transportation of grain cargo-turnover based 
on Petri Nets. It allows unifying staging of the choice for a type of mathematical tools 
and in parallel to format the initial database.  

That’s why using of such ICT considerably will accelerate the adoption for correct 
decision on the choice of a supply chain that minimizes expenses of the logistic com-
panies when exporting the Ukrainian grain. 
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