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MODELING THE STRUCTURE OF A MOTOR TRANSPORT ENTERPRISE  

AS A SINGLE-CHANNEL CLOSED MASS SERVICE SYSTEM 

 

МОДЕЛЮВАННЯ СТРУКТУРИ АВТОТРАНСПОРТНОГО ПІДПРИЄМСТВА,  

ЯК ОДНОКАНАЛЬНОЇ ЗАМКНЕНОЇ СИСТЕМИ МАСОВОГО ОБСЛУГОВУВАННЯ 

 

A queueing system (QS) is a production, service, and control system in which homogeneous 

events are repeated many times, for example, at road transport enterprises; in information reception, 

processing, and transmission systems; automatic production lines. The main elements of a QS are ob-

jects served in the QS (requirements or applications) and one or more serving devices with a queue. In 

an open queueing network, requests come from outside the network and leave it after processing. In a 

closed queueing network, a certain number of requests are always in it, moving from one QS to another, 

but never leaving the queueing network. 

Based on the analysis of modern publications in the field of queuing theory and its applications 

to the transport industry, it was found that the most common tools are closed queueing networks (CQN), 

the mean value analysis (MVA), discrete event simulation (DES) and heuristic optimization algorithms. 

Some studies demonstrate the effectiveness of using BCMP models for multi-channel systems and com-

plex transport and logistics structures, however, for small ATPs, the most adequate is the single-channel 

closed model, which allows obtaining simple and interpretable results. 

An approach to modeling a motor transport enterprise (MTE) as a single-channel closed queue-

ing system with a limited contingent of applications (served rolling stock) is considered. The problem 

statement is due to the need to assess the workload of repair stations, waiting time and efficiency of 

resource use with a limited fleet. Theoretical approaches (closed queue networks, Engset-/birth-death-

models, BCMP-approach) are applied and a mathematical formulation of the problem with basic ana-

lytical formulas and recommendations for practical application is proposed. The resulting mathematical 
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model allows determining the best structure of a single-channel closed mass service system for motor 

vehicles in motor transport enterprises. 

The obtained mathematical model allows to determine the best structure of a single-channel 

closed mass service system of motor vehicles in motor transport enterprises and can be used for plan-

ning maintenance schedules, optimizing the number of posts and forecasting the productivity of the 

enterprise. The practical significance lies in the possibility of reducing vehicle downtime, increasing the 

level of their technical readiness and reducing operating costs. Prospects for the development of the 

research are outlined, including the expansion of the model to the multi-channel case, integration with 

simulation modeling methods, as well as calibration of parameters based on real telemetry data. 

Keywords: motor transport enterprises, closed system, single-channel queue, mathematical 

modeling, motor vehicles, objective function. 

 

Система масового обслуговування (СМО) — це системи виробництва, обслуговування, 

управління, в яких однорідні події повторюються багато разів, наприклад, на підприємствах ав-

томобільного транспорту; у системах прийому, переробки і передачі інформації; автоматич-

них лініях виробництва. Основні елементи СМО — це об’єкти, що обслуговуються в СМО (ви-

моги Processing чи заявки), та один або декілька обслуговуючих пристроїв з чергою. У відкритій 

мережі масового обслуговування вимоги надходять ззовні мережі і після обробки залишають її. 

У закритій мережі масового обслуговування деяка кількість вимог весь час знаходиться в ній, 

переходячи з однієї СМО до іншої, але ніколи не залишаючи мережу масового обслуговування. 

Виходячі з аналізу сучасних публікацій у галузі теорії масового обслуговування та її за-

стосувань для транспортної галузі, встановлено, що найбільш поширеними інструментами є 

замкнені мережі черг (CQN), метод середніх значень (MVA), дискретно-подієве моделювання 

(DES) та евристичні алгоритми оптимізації. Окремі дослідження демонструють ефектив-

ність використання моделей BCMP для багатоканальних систем і складних транспортно-логі-

стичних структур, однак для невеликих АТП найбільш адекватною є саме одноканальна за-

мкнена модель, яка дозволяє отримати прості та інтерпретовані результати. 

Розглянуто підхід до моделювання автотранспортного підприємства (АТП) як однока-

нальної замкненої системи масового обслуговування з обмеженим контингентом заявок (обслу-

говуваного рухомого складу). Постановка проблеми зумовлена необхідністю оцінити заванта-

женість ремонтних постів, час очікування та ефективність використання ресурсів при обме-

женому парку. Застосовні теоретичні підходи (замкнені мережі черг, Engset-birth-death-моделі, 

BCMP-підхід) та запропоновано математичну постановку задачі з базовими аналітичними фо-

рмулами та рекомендаціями для практичного застосування.  

Отримана математична модель дозволяє визначити найкращу структуру одноканаль-

ної замкненої системи масового обслуговування автотранспортних засобів в автотранспорт-

них підприємствах та може бути використана для планування графіків технічного обслугову-

вання, оптимізації кількості постів і прогнозування продуктивності підприємства. Практична 

значимість полягає у можливості зниження простоїв транспортних засобів, підвищенні рівня 

їх технічної готовності та скороченні експлуатаційних витрат. Окреслено перспективи розви-

тку дослідження, серед яких — розширення моделі до багатоканального випадку, інтеграція з 

методами симуляційного моделювання, а також калібрування параметрів на основі реальних 

даних телеметрії. 

Ключові слова: автопідприємства, замкнена система, одноканальна черга, математи-

чне моделювання, автотранспортні засоби, цільова функція. 

 

Problem’s Formulation 

Motor transport enterprises (MTEs) operate within a limited fleet of rolling stock and mainte-

nance resources. Practical issues — the optimal number of repair stations, expected downtime, and 

workload of mechanics — have a direct economic impact. Traditional approaches to the analysis of such 

systems are based on queueing theory and queueing networks. Models with a closed number of requests 

(cars) are particularly relevant for MTEs, i.e. when the source of requests is finite and interacts with 

service stations in the cycle “work → repair → work” [1]. 
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This feature distinguishes the model from classical open (open flow) models and requires the 

use of special formulas and methods. 

For the effective functioning of the MTE, the current task is to build a mathematical model of a 

single-channel closed-loop mass service system for a rolling stock fleet, which allows analytically or 

using fast numerical algorithms to estimate: the average number of units in the system, the average 

waiting and service time, the probability of downtime and station loading for a given fleet N, the inten-

sity of vehicle arrivals for repair, and the average service time. 

Analysis of recent research and publications 

Monographs and textbooks on modeling of MTE processes provide a methodological basis and 

examples of calculating the indicators of the mass service system [1, 2, 3]. 

Closed queue networks and transport systems. In studies [4] of the effectiveness of using closed 

queue networks of vehicles in MTE for optimizing the fleet and service parameters, the methodology of 

closed queue networks and transport systems was considered in the work. 

In the work [5], analytical and numerical approaches for closed systems with a finite source of 

applications using Engset-like formulas, birth-death models and BCMP approaches are presented. These 

works are aimed at optimizing the number of servers in closed BCMP networks using evolutionary 

algorithms. 

Recent studies confirm the relevance of closed models in logistics and transport, as well as their 

combination with numerical optimization methods [5, 6]. 

Formulation of the study purpose 

When choosing the criterion of the objective function, the cost of a unit of production. The 

parameter that is determined is the optimal structure of the set of cars, that is, the number of vehicles 

(orders) that must be serviced in order to minimize the cost of a unit of production [7]. 

When solving this problem, it is necessary to determine the following main technical and eco-

nomic indicators of the functioning of the MTE as a single-channel closed queueing system (QS):  

CCD — average costs associated with downtime per unit of time (per hour of shift), UAH; 

CC — average costs associated with the work of the MTE per unit of time (shift hour), UAH; 

CSV — average costs associated with the operation of a service vehicle per unit of time (hour), 

UAH, regardless of mileage; 

CML — average costs associated with the mileage of a service vehicle, per 1 km of mileage, 

UAH. 

Presenting main material 

Considering the following parameters: distance of transportation of product L in km and quan-

tity of product G (t, .unit, m3) transported per 1 trip, as well as the service time of one car — tser, the 

objective function (cost of a unit of production) can be presented in the form 

 

𝑌(𝑚) =
𝑃О·С𝐶𝐷 + (1 − 𝑃О)·𝐶𝐶 + 𝑚·𝐶𝑆𝑉+ 𝑛·𝐶𝐶·2·𝐿

𝐺·𝑛
,                                           (1) 

where Po — probability of downtime due to lack of service vehicle; m — number of cars serviced; n — 

number of cars serviced per unit of time. 

Knowing the service time of one car (order), it is possible to determine the service intensity μ, 

which is the reciprocal of the value tser, i.e. [8] 

𝜇 =
1

𝑡𝑠𝑒𝑟
 .                                                                      (2) 

The number of cars serviced per unit of time can be determined by the formula:  

𝑛 = 𝜇(1 − 𝑃𝑜).                                                                 (3) 

Let us highlight some features of the functioning of the studied set of MTE cars: 

– the probability of receiving a car (order) for service does not depend on the possibility of 

receiving another, that is, we have a system without aftereffects; 

– the probability of two or more cars arriving for service at once is zero or so small that it can 

be neglected, i.e. we have a system with an ordinary flow of cars in it; 
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– the probability of cars arriving for service depends only on the time interval, but does not 

depend on the location of this interval on the time axis, that is, we have a set of cars with a 

stationary flow of their arrival for service. 

When mathematically modeling the structure of the MTE as a single-channel closed QS, we 

consider the simplest flow, for which there is a known expression for determining the probability of a 

simple Po(m) service channel due to the absence of service 

𝑃𝑜 =
1

1+∑
𝑚!

(𝑚 − 𝑛)!
𝑚
𝑛=1  ·𝛹1

,                                                            (4) 

where Ψ — load factor.  

For a stable operating mode of the system, the average intensity of incoming service orders is 

equal to the similar characteristic of the output of service orders from the corresponding channel. [9] 

8(𝑚 − 𝑁𝑠𝑦𝑠𝑡)𝜆 = (1 − 𝑃𝑜)𝜇 ,                                                  (5) 

where Nsyst — average number of service orders in the system; 𝜆 =
1

𝑡𝑟𝑒𝑝
 — intensity of service orders. 

From equation (5) we determine the average number of orders N in the system 

 𝑁𝑠𝑦𝑠𝑡 = 𝑚 −
(1−𝑃𝑜)𝜇

𝜆
= 𝑚 −

(1−𝑃𝑜)

𝛹
 .                                                    (6) 

The average number of orders in the queue is determined  

𝑁𝑞𝑢𝑒 = 𝑁𝑠𝑦𝑠𝑡 − (1 − 𝑃𝑜) = 𝑚 − (1 − 𝑃𝑜) (
1

𝛹
+ 1).                                (7) 

The expression of the objective function (1) after refinement and transformation has the form 

𝑌о +
𝐶𝐶𝐷 + 𝑚·𝐶𝑆𝑉

𝐺·𝜇·(1 – 𝑃о)
 .     (8) 

Analyzing the optimization criterion (8), it can be noted that the parameter m — the number of 

orders that the channel can effectively serve — takes only integer values. Therefore, classical optimiza-

tion methods for finding the optimal value of mopt are inapplicable in this situation. 

To find the optimum, we use the inequality 

𝑌(𝑚 −  1) ≥  𝑌(𝑚) ≤  𝑌(𝑚 +  1).     (9) 

A small number of orders in the system causes significant downtime of the order service chan-

nel, a large number of them causes noticeable downtime of order service. In both the first and second 

cases, the work of the MTE will be inefficient [10]. 

Substituting expression (9) for the objective function into the original inequality, we will have  
1

1−𝑃𝑜(𝑚−1)
(1 −

1

𝑚+𝐶
) ≥

1

(1−𝑃𝑜𝑚)
≤

1

(1−𝑃𝑜(𝑚+1))
(1 +

1

𝑚+𝐶
),                            (10) 

where 𝐶 =
𝐶𝐶𝐷

𝐶𝑆𝑉
 — cost ratio. 

Conclusions 

The proposed mathematical model allows to determine the best structure of a single-channel 

closed-loop queueing system. Calculations can be carried out in three ways: 

– preliminary calculation of mопт for different values of load factors (Ψ) and costs C and their 

summation; 

– application of a high-level language, for example C, in order to determine the optimal value 

of mопт for different values of load factor (Ψ) and cost factor C with presentation of the 

calculation results in a tabular form; 

– use of the MATHCAD system. 
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