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Abstract. The article considers the reloading complex, in which the machines 

input flow is served by the rule of relative priorities. Algorithms functioning of a 

separate elements are constructed, on the basis of which its computer model 

developed, by means of object-oriented programming system - Embarcadero 

RAD Studio XE10 Seattle. Simulation of the reloading complex is performed, 

and the calculation of the main parameters of the complex – total and average 

waiting time of machines in the queue, total and average length of the queue, 

etc., depending on the intensity of the machines input flow and service channel 

performance, to analyze and select optimal modes work of the complex. 
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1. Introduction 

Transport is one of the most important sectors of the state's economy and 

belongs to the sphere of material services production. The main task of 

transport is timely, high-quality and full satisfaction of a national economy needs 

and the population in transportations. The most important element in the 
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development of freight technology is the choice of transport and technological 

system. Each transport and technological system can be represented as a set 

of standard operations, the main of which are: cargo; transport network; rolling 

stock; cargo concentration points; loading and unloading means; participants in 

logistics processes; packaging materials [Christopher, 2016]. 

The main factors determining the choice of transport and technological systems 

are local technological processes that take place in all parts of the transport 

logistics system, which have a number of features and depend on the type of 

cargo, mode of transport and its structure, industry characteristics, state of 

logistics process elements [Shortle, 2018]. 

The main reserves for improving the transport and logistics process are in the 

rational organization of interaction of participants in the supply chain, in the 

coordination of their interests and the search for mutually beneficial and suitable 

solutions. Progress in the field of information technology makes it possible to 

significantly increase the efficiency of transport logistics, information and 

computer support has a proper place among the key logistics functions [Trivedi, 

2016]. 

The purpose of this work is to develop a simulation model of the reloading 

complex, in which the input flow of machines is served by the rule of relative 

priorities, in the form of a computer software package. based on the use of the 

latest information technologies - Embarcadero RAD Studio XE10 Seattle - 

object-oriented programming system [RAD, 2019]. 

Using a computer model to simulate the operation of the reloading complex, 

and calculate the basic parameters of the complex – total and average waiting 

time of machines in the queue, the total and average length of the queue, as 

well as their variance, depending on the intensity of input flow and service 

channel performance, in order to analyze and optimal modes selection the 

operation of the reloading complex. 
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2. The Primary Research Materials 

The theory and practice development of the freight transportation organization 

is given considerable attention in scientific publications. Thus, the articles 

[Khorshidian, 2019; Kumar, 2016; Escobar, 2020; Heidari, 2018] present the 

results of the study of routing optimization by the criterion of minimum delivery 

time. In [Nasiri, 2018; Soeanu, 2020; Lai, 2015] methods of route selection 

based on alternative sampling are considered. 

Publications [Sun, 2020; Luisa, 2015] use routing modeling methods in 

transport systems based on fuzzy logic. The heuristic model of route selection is 

considered in articles [Tokgeoz, 2015; Manley, 2015]. In works [Yu, 2020; 

Rodado, 2017; Havelock, 2018] the statistical model of a routing choice in 

transport systems is considered. The method of cargo transportation using 

genetic algorithms is described in publications [Tintu, 2020; Mohammed, 2017; 

Chiappone, 2016; Lu, 2017; Yang, 2016]. 

The modeling results of the routes choice using data from the Global 

Positioning System (GPS), focused on trucks that perform long trips, are given 

in [Hess, 2015]. The publication [Nyrkov, 2015] describes a differential method 

for determining the location of land vehicles, using the GLONASS/GPS system, 

using special processing algorithms. Probabilistic methods of controlling the 

movement of ground objects, using satellite navigation systems, are considered 

in [Zhilenkov, 2015]. 

Analysis of the results of these studies shows that these works use various 

analytical methods for organizing the movement of cargo flows and modes of 

operation of individual elements and parts of logistics systems. 

At the same time, the use of the latest information technologies and systems 

helps to increase the efficiency of transportation. Information systems of logistic 

processes automation allow to automate all information and technological 

activity of the transport enterprises participating in processes of the freight 

transportations organization. Automation of transport logistics is necessary to 



International Journal “Information Theories and Applications”, Vol. 29, Number 3, © 2022 

 

280 

increase the efficiency and optimization of transport. Due to computer data 

processing, introduction of information systems of routing, accounting and 

planning at the transport enterprise, transport logistics reaches a qualitatively 

new level [Shortle, 2018; Trivedi, 2016]. 

Therefore, the development of a simulation model, by means of object-oriented 

programming, and modeling of the reloading complex, in order to analyze and 

select the optimal modes of its operation is relevant. 

 

3. Development of a mathematical model and algorithmization of the 

reloading complex 

The block diagram of the reloading complex is shown in fig. 1. The operation of 

the system is described as follows. Two types of machines come to the 

reloading complex: the first consists of machines arriving for unloading (service 

time of such machines is τ1; the second - of machines arriving for loading 

(service time of such machines is equal to τ2. 

 

 

Fig. 1. Block diagram of the reloading complex 

where SCh - servicing channel of machines input flows. 

. 
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The reloading complex can serve only one machine at a time. If at the time of 

arrival of a new car the service channel is occupied, it becomes into one of two 

queues: one consists of cars arriving for unloading, the other - of cars arriving 

for loading. Let the service of the machines be carried out in the following order: 

at the moment of release of the service channel the service of the machine 

standing first in line for unloading begins. Only if this queue is empty, the first 

machine is serviced from the queue for load (expressed in the language of 

queue theory, we can say that the service of machines in the system are 

performed according to the rule of relative priorities). In this case, the reloading 

complex is considered as a queuing system (QS).  

Because the moments of machines arrival for service are random variables, the 

length of the queue and the waiting time for service will also be random, so as a 

result of modeling it is necessary to determine their statistical characteristics - 

the average value and variance. 

Consider the average waiting time of machines in the queue for streams 1 and 

2. For each i-th machine, the waiting time in the queue is equal to the difference 

between the time when it began to be serviced and the time when it came into 

the system. The average waiting time is: 
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where n1 and n2 are the number of machines, respectively, streams 1 and 2, 

which were serviced by the system during T. 

Summarizing the number of machines in the queue at short intervals and 

dividing the amount by the number of summations, we obtain the average value 

of the queue length: 
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where 
im1
 and 

im2
 is the number of machines in the first and second queues at 

the time of observation i; 

N - the number of observation moments (moments of receiving statistics) for 

time T. 

The variance of the values of ω and L: 
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To build a simulation model of the reloading complex, you must first be able to 

model the moments of machines arrival in the queue of each flow. Both streams 

of machines coming into the service channel can be described by the function 

of distribution A(t) of time intervals between the moments of their arrival in the 

queue (this function will be different for each stream), that is A(t)=P(Q <t). 

The practice of queuing systems research shows that in many cases the 

approximation of the intervals distribution function between the moments of 

machines entry into system by exponential function appears satisfactory: 
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where λ is the intensity of the input flow (a value inverse to the average time 

interval between the arrival of two adjacent machines). 

In this case, the requirements at the input of the system form the s-called 

Poisson flow. Poisson flows of requirements are often found in practice, 

because they are in a sense boundary for different flows. For most applications 

similar to logistics tasks, the replacement of non-Poisson flows by Poisson with 

the same intensities leads to a solution that differs little from the real one, and 

sometimes does not differ at all. In this case, the errors of the solution, as a 

rule, are within the accuracy of the original data, which are often known 

approximately [Kirpichnikov, 2018; Gnedenko, 2018]. 

For the first stream ,
1111 iii

QtQ 


 where the values of Q1i are distributed by the law 

A(t). It is easy to prove that if there is a random variable R distributed evenly in 

the interval (0, 1), then to obtain a quantity Q having a distribution function A(t), 

we must solve the equation A(Q)=R relatively to Q. In particular, for 

0,1)(   tetA t  , it is necessary to solve the equation Rе   Q1  . 

From here: 

)1ln()/1( RQ    (8) 

Therefore, obtaining Q is reduced to finding R, which is subject to a uniform 

distribution, and calculating Q by (7). 

All programming systems have special standard programs that produce so-

called pseudo-random numbers, the sequence of which is subject to a uniform 
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distribution in the interval (0, 1). Obtaining one such number requires one 

reference to this standard program. 

Thus, the algorithm for obtaining the arrival time of the next machine in the 

queue can be represented in the form of a diagram shown in Fig. 2 for stream 1, 

assuming that this stream is Poisson. 

Next, you need to make an algorithm that describes the logic of the queue (it is 

clear that the algorithm will be identical for both queues). Assume that the 

queue has a maximum length of LM (number of waiting places). One-

dimensional array P, consisting of elements (cells) P1, P2, .... PLM, simulates the 

"places" of this queue. Each of these cells can be either free or occupied by a 

machine. As an equivalent of the car, it is convenient to take the moment of its 

arrival in the queue - this information will be needed to determine the waiting 

time of the car in the queue. Cell X is used as a working cell when writing the 

next machine in the queue or when selecting from the queue. 

 

Fig. 2. Scheme of the algorithm for modeling the input stream 1 
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PER and POS cells contain information that allows you to determine the 

presence of the first and last machines in the queue, respectively. This 

information is the number (index) of the corresponding cell of the array R. 

When the machine is selected from the queue, the contents of the PER cell are 

increased by one according to the queue selection rule in the order of arrival. 

The contents of the POS cell increase by one when writing to the queue of a 

new machine. The maximum value of the variables PER and POS is equal to 

LM, so their change occurs according to the formulas: 
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Variable NP - the number of machines in the queue; when selecting from the 

queue, the NP decreases by one, and when writing to the queue, it increases by 

one. The variable PUST is equal to one if there are no machines in the queue, 

and is equal to zero, in otherwise case. The POLN variable is equal to one if 

there are no free spaces in the queue (in which case the new machine cannot 

be written to the queue). The WYB variable must be set to 1, if the reference to 

the algorithm is performed for the purpose of sampling. If the reference to this 

algorithm is performed for writing, it is necessary to set WYB=0. The scheme of 

the algorithm modeling the work of queue 1 is shown in Fig. 3.  

The operation of the service channel can be described by the sign "free - busy", 

which changes over time. As a sign, you can take the binary variable KSW 

(KSW=1 if the service channel is free and KSW=0 if the service channel is 

busy). 
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Let the previous releasing moment of the service channel be T3. Then, 

according to the logic of the system, the request to queue 1 is executed, and if 

it is not empty, then the next releasing moment of the service channel will be: 

1
 зз ТТ  (11) 

If queue 1 is empty, then there is an appeal to queue 2. There are two options: 

1) if this queue is not empty then the next releasing moment of the service 

channel will be: 

2 зТзТ ; (12) 

2) if queue 2 is empty, the value KSW=1 is set. 

At the time of machines selection from the queue for service, you can calculate 

the waiting time in the queue according to the formula: 

XТW з  . (13) 

To determine the average waiting time and variance of this value, it is 

necessary to perform the accumulation (summation) of the waiting time and the 

square of this value: 

WSWSW  ; (14) 

222 WSWSW  , (15) 

while N=N+1. 
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Fig. 3. Scheme of the algorithm for modeling the work of the queue 1 

 

The scheme of the algorithm, which simulates the logic of the service channel 

and simultaneously performs the accumulation of statistical data, is shown in 

Fig. 4. At certain points in time (with a period of DT) it is necessary to calculate 

and print the following statistical characteristics: 
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NSWSWR / , (16) 

2)1/()1/(2 WSRNNNSWDW  . (17) 

 

Fig. 4. Scheme of the algorithm for modeling the operation of the service 

channel 

 

It remains to make an algorithm that provides the correct sequence of events in 

the system model. Such events are the arrival in the system of the machine of 

the first or second stream, the release of the service channel, the printing of 
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statistical characteristics. The operation of this algorithm is based on the 

introduction of the system time concept, which is used to represent time-

ordered events.  

System time changes discretely, passing sequentially through all moments of 

events. The role of the algorithm, that controls the sequence of events, is now 

to determine the time of the next event and transfer control to those algorithms, 

that simulates this event. The moment of occurrence of the next event can be 

determined by finding the minimum element in the so-called list of future events, 

which represents the nearest moments of requirements arriving of the first or 

second streams, the nearest dismissal moment of the service channel, the 

nearest moment of printing statistical characteristics. This minimum element will 

determine the new value of the system time and what event should be 

performed at this time. 

 

After this event is performed, the list of future events is restored by calculating a 

new point in time, that corresponds to the type of event, that occurred. For 

example, if the minimum list item is the arrival time of the first flow machine, you 

must refer to the subroutine, that implements the algorithm of queue 1, to write 

the machine in this queue, and then generate the value of the arrival time of the 

next first flow machine (new future event), according to the algorithm shown in 

Fig. 2. 

 

The algorithm scheme of the whole system model is shown in Fig. 5. In this 

scheme, the list of future TIKR events (block 3 in Fig. 5) also includes the end of 

the simulation. 

 



International Journal “Information Theories and Applications”, Vol. 29, Number 3, © 2022 

 

290 

 

Fig. 5. Scheme of the general modeling algorithm reloading complex 

 

4. Simulation model development of the reloading complex and 

conducting experimental research 

Based on the developed structural scheme of the reloading complex (Fig. 1), 

built algorithms for modeling individual elements (Fig. 2 - Fig. 4) and the general 
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algorithm of the complex (Fig. 5), developed a computer simulation model of the 

reloading complex. 

The Embarcadero RAD Studio XE10 Seattle object-oriented programming 

system was used to develop a simulation model of the reloading complex, in 

which the input flow of machines is serviced according to the rule of relative 

priorities [RAD, 2019]. 

In Fig. 6 shows the main window of the computer simulation model of the 

reloading complex.  

 

 

Fig. 6. Simulation model window of reloading complex. 

. 
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The input parameters were: 

• machine service time in the first and second queues - τ1 =2, τ2 =3; 

• the number of machines arrival in the first and second queues for 1 hour of 

system operation - λ1 =15, λ2 =10; 

• length of the first queue L1 =2 and the second queue L2 =4 (maximum = 5); 

• period of printing statistics time T4 =20 min; 

• observation time T5 =60 min; 

• number of system implementations = 1, 2, 3, ... , n. 

Simulation of the machines input flow was carried out in accordance with the 

scheme of the algorithm shown in Fig. 2.  

The entry of machines into the system was carried out using the built-in 

Embarcadero RAD Studio XE10 Seattle standard program - a generator of 

pseudo-random numbers, the sequence of which is subject to uniform 

distribution in the interval (0,1). 

Simulation of the first and second queues was performed according to the 

scheme of the algorithm shown in Fig. 3. The total number of machines entering 

the first and second queues for 1 hour of system operation was calculated: 

21
 

tot
. (18) 

Simulation of the reloading complex service channel was performed in 

accordance with the scheme of the algorithm shown in Fig. 4. At the same time, 

the waiting time of machines in the queue and the square of this value were 

summed, for the subsequent determination of the average waiting time and the 

average value of the queue length, as well as the variance of the values ω and 

L. The following system parameters were also calculated: 
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• the number of serviced cars, received separately from the first and second 

queues for 1 hour of its operation: 

21

1

11
/60









ave
; (19) 

21

2

22
/60









ave
; 

(20) 

• the total number of serviced machines received from the first and second 

queues for 1 hour of system operation: 

aveavetot 21
  . (21) 

In addition, the calculation of the following parameters was also performed: 

- the average number of cars that were denied service from the first and second 

queues; 

- the average number of serviced cars from the first and second queues; 

- the average number of cars remaining in the first and second queues. 

Simulation of the entire reloading complex was performed according to the 

scheme of the algorithm shown in Fig. 5, which provides the correct sequence 

of events in the system model. The following events are (block 3 in Fig. 5): 

1. Work of the first queue; 

2. Work of the second queue; 

3. Operation of the service channel; 

4. Calculation and printing of statistical characteristics; 
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5. End of system work. 

5. Discussion and Outlook  

The results of calculating the average waiting time in the first (ω1ave) and second 

(ω2ave) queues, the average length of the first (L1ave) and second (L2ave) queues 

and the variance of ω and L, which were calculated by formulas (1)-(6), were 

displayed in the window of the ListBox component (Fig. 6), and for each 

implementation of the system separately. 

From the simulation results (Fig. 6) it is seen, that for the given of the input flow 

intensity, coming in the first and second queues τ1 = 2 and τ2 = 3, and the 

performance of the cars service channel, coming from the first and second 

queues λ1 = 15, λ2 = 10, give the following values of the main parameters 

reloading complex: 

• average waiting time in the first queue ω1ave = 1.15 min, and in the second 

queue ω2ave = 8.3 min; 

• the length average value of the first queue L1ave = 0.40 cars and the second 

queue L2ave = 1.67 cars; 

• variance of the average waiting time in the first queue Dω1ave = 0.86, and in 

the second queue Dω2ave = 33.74; 

• variance of the length average value of the first queue DL1ave = 0.18 and the 

second queue DL2ave = 0.78. 

Thus, simulation and obtaining the basic parameters of the reloading complex, 

depending on the intensity of the machines input flow and performance of the 

service channel, makes it possible to analyze and select the optimal modes of 

the complex working – determine the optimal number of machines or service 

channels required for cargo delivery and execution reloading works, which 

ensures optimal use of vehicles and reloading machines. 
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In addition, the results of modeling the reloading complex show, that simulation 

models of transport logistics systems are convenient to build on a block basis, 

and each block is subject to its own logic, which simulates a particular process 

or element of the system being modeled. Some of these blocks can be 

implemented as standard, by including them in libraries of standard programs. 

 

6. Conclusions 

The article considers the reloading complex, in which the incoming flow of machines is 

served by the rule of relative priorities. In this case, the reloading complex is considered 

as a queuing system. 

Modeling algorithms schemes of separate elements (input stream 1 and queue 

1, service channel) and the scheme of the general modeling algorithm of a 

reloading complex are constructed, on the basis of which its computer model 

developed, by means of programming system - Embarcadero RAD Studio 

XE10. 

The calculation of the main characteristics reloading complex, such as the total and 

average queue length, total and average waiting time in the queue, as well as their 

variance, depending on the intensity of the machines input flow and performance 

channel, which allows analysis and selection of optimal modes. 
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