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MODELING OF CAR SERVICE CUSTOMER FLOW BASED ON THE THEORY
OF MASS SERVICE

MOJAEJIIOBAHHSA ITOTOKY KJIE€HTIB ABTOCEPBICY HA OCHOBI
TEOPIi MACOBOI'O OGCJIYTOBYBAHHS

The article presents a theoretical analysis and mathematical modeling of the flow of custom-
ers in a car service enterprise. The work of the car service is presented in the form of a queueing sys-
tem of the M/M/c type. The main analytical dependencies are given for determining the probabilistic
and time characteristics of the system, in particular the load factor, the probability of queue for-
mation, the average number of applications in the system and the waiting time of customers. The re-
sults obtained can be used to optimize the parameters of the car service.
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LIguoxe 3pocmants c8imo8oeo a8monapxy ma 3pocmarya CKIa0HiCmb CYyYacHux agmomooi-
NI 3HAYHO NOCUNUNYU NONUM HA BUCOKOAKICHI onepayii 3 06cy208yeanus asmomooinie. Cmanyii mex-
HiuHo20 obcayeosyeants asmomobinie (CTO) npayioroms y 6UCOKOKOHKYPEHMHOMY cepedosuuyi, de
3A0060JIeHICMb KAIEHMIB, HAOIUHICIMb 00CY208Y8AHHS MA ONEPAYIIHA ehHeKMUSHICIb € KPUMUYHUMU
nokasHukamu egpexkmunocmi. OOHUM 13 HAUCKIAOHIUUX ACNEKMIE YNPAGIIHHI CepeicoM A8mMoMo0INie
€ CMOXacmuyHull xapakmep npubymms Kii€HMie ma npoyecié 00C1ye08y8anHs, WO YACMO NPU360-
oums 00 NePeBAHMANCeHb, HAOMIPHOO YACY OYIKYBAHHS MA HeepeKMUBHO20 BUKOPUCANHS PeCypPCi8
00C1y208y8aHHS.

Tpaouyitini demepminosani ni0xo0u 00 NAAHYBAHHSA HEAOCMAMHI Olisi 8PAXYBAHHI YUX HEGU-
3HAYeHoCmell I Yacmo npuzeo0sams 00 HEONMUMANbHUX DiuleHb Wo00 NAAHYBAHHS NOMY’CHOCHE,
POo3n00iny pobouoi cunu ma GUKOPUCMAHHSL cepsicHux matioanyuxie. Omoice, icHye eeauxa nompebda 6
CYBOPUX MAMEMAMUYHUX [THCIPYMEHMAX, 30AMHUX (OPMATLHO ONUCYBATU UMOBIPHICHY OUHAMIKY
npoyecie cepgicHo2o 00Cay208Y8anHA A8MOMOOINIE.

Icnyroui docniddicenusn onepayiti aBmomooinbHO20 00CY208Y8AHHS 8 OCHOBHOM)Y 30CEPEO0NCEHI
HAa eMnIpUYHOMY aHANI3I, NI0X00AaxX HA OCHOBI MOOEN08AHHS ab0 eBPUCUYHUX MeM0o0ax NiaHY8aAHHSL.
Xoua yi memoou nponoHyomes NPAKMUYHI UCHOBKU, IM YaACMO OPAKYE aHAIMUYHOT NPUOAMHOCIE MA
B0HU He 3aDe3neyyromb NOKA3HUKIE eqheKmMUBHOCMI 8 3aKpumill hopmi, HeoOXIOHUX 011 MeopemuUyHo-
20 ananizy ma onmumizayii. Kpim moeo, baeamo 0ocniodiceinb HeXmyms sS8HUM BKIIOUEHHIM CIPYK-
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myp 8UMpam, N0G'sI3aHUX 3 NPONYCKHOTIO 30AMHICMIO 00CIY208Y8ANHS MA OUIKYBAHHAM KIIEHMIB, WO €
BANCIUBUM OJisL NPUUHAMMS YNPABIIHCOKUX PilieHb.

Y pobomi 30iticneno meopemuynuil ananiz ma MamemamuiHe MoOen08anH NOMOKY KIIEHMIE
aemocepgictozo nionpuemcmea. Pobomy asmocepgicy npeocmasieno y 6uisndi cucmemu Maco8ozo
obcnyzoeysanns muny M/M/c. Hasedeno 0CHOBHI ananimuyti 3a1edicHoCcmi Ol 6USHAYEHHS IMOGIPHI-
CHUX MA YACO8UX XAPAKMEPUCMUK CUCMEeMU, 30KpeMa KOoepiyicHma 3a8aHmMaddCceHus, IMOGipHOCMI
VMBOPEHHS uepeu, cepeOHbol KIIbKOCMI 3asA680K y cucmemi ma yacy ouikyeanus xiienmis. Ompumani
Pe3yabmamu ModNCymov Oymu 6UKOpUCMAHi 0Jisk ONMUMI3AYii napamempie asmocepsicy.

Knrouoei cnoea. asmocepgic, nomix Kii€Hmis, meopis Maco8o2o 00CLy208Y8AHHA, Mamemd-
MUYHA MOOeNb, Yeped, ONMUMI3ayis.

Problem’s Formulation

Car service enterprises belong to complex service systems, the functioning of which is deter-
mined by the random nature of the arrival of customers and the stochastic duration of service process-
es. In such conditions, traditional deterministic planning methods do not always allow an adequate
assessment of the efficiency of the enterprise. One of the most justified approaches to the analysis of
such systems is the use of the apparatus of the theory of mass service, which allows describing a car
service as a stochastic system and determining its main operational indicators.

The rapid growth of the global vehicle fleet and the increasing complexity of modern vehicles
have significantly increased the demand for high-quality automotive service operations. Automotive
service stations (ATS) operate in a highly competitive environment where customer satisfaction, ser-
vice reliability, and operational efficiency are critical performance indicators [1]. One of the most
challenging aspects of automotive service management is the stochastic nature of customer arrivals
and service processes, which often leads to congestion, excessive waiting times, and inefficient use of
service resources. From an operational perspective, automotive service systems exhibit inherent ran-
domness caused by unpredictable customer behavior, varying service requirements, and heterogeneous
repair durations. Traditional deterministic planning approaches are inadequate to account for these
uncertainties and often lead to suboptimal decisions regarding capacity planning, workforce allocation,
and service site utilization. Consequently, there is a great need for rigorous mathematical tools that can
formally describe the probabilistic dynamics of automotive service processes.

Analysis of recent research and publications

In works [2—3] the authors proposed a method of optimizing the production structure of a car
service and options for solving the problem of working with customers. They considered a functional
model of choosing a strategy for the form of production organization for high-quality performance of
services at a car service enterprise. But this method applies to the organization of work with trucks.

In the work [4—5], the authors considered the optimization of the queue system in automobile
workshops using queue theory, simulations, and probabilistic methods. This work contains mathemati-
cal formulas and optimization dependencies suitable for comparison with the M/M/c model, substanti-
ation of modern models of optimization of automobile maintenance at service stations.

In the works [4—5], the authors propose a model for assessing service quality based on queue-
ing theory, with experimental verification and analytical formulas for service and waiting times. We
considered expanding the literature review on service quality and performance indicators. We pro-
posed a systematic review of queueing networks models, which are widely used for the analysis and
optimization of complex service and logistics systems. Although not specifically dedicated to car ser-
vices, the methodology is well suited to extended queueing models in multi-channel SMOs.

Formulation of the study purpose

The purpose of the study is to develop theoretical foundations for modeling the flow of car
service customers and obtain analytical dependencies for assessing the effectiveness of its work.

To achieve the goal, the following tasks were set:

- to formalize the operation of the car service as a mass service system;

- to derive the main calculation formulas;

- to investigate the influence of customer flow parameters on the performance of the system.
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Presenting main material

There is a wide class of discrete dynamic systems that have received the general name of
"Queuing Systems" (QS). Processes in QS are usually complex and most often random. But the need
for their modeling is constantly growing, since computer network servers, without which the modern
information society is unthinkable, are typical representatives of QS. Queueing systems are such sys-
tems that receive requests (requests, requirements) for service at random moments of time, while the
received requests are serviced using the service channels available to the system [3].

From the perspective of modeling the queuing process, situations when queues of requests (re-
quirements) for service are formed arise as follows. Having entered the service system, the request
joins the queue of other (previously received) requirements. The service channel selects a request from
those in the queue in order to start servicing it. After completing the procedure for servicing the next
request, the service channel starts servicing the next request, if there is one in the queue. The cycle of
operation of a mass service system of this kind is repeated many times during the entire period of op-
eration of the service system. It is assumed that the system switches to servicing the next request after
completing servicing the previous request instantly, at random moments in time.

A flow is a set of objects that are perceived as a single whole, and exists as a process at a cer-
tain time interval and is measured in absolute units for a certain period. Flow parameters are parame-
ters that characterize the process. The main flow parameters are: initial and final points of movement,
movement trajectory, path length (measure of the trajectory), speed and time of movement, intermedi-
ate points, intensity [3].

Flows are classified according to various characteristics:

1) in relation to a given system (internal flows — circulate within the system, external flows
— are outside the system);

2) by the degree of continuity (continuous flows — at each moment of time, a certain number
of objects move along the flow trajectory; discrete flows — are formed by objects that move with in-
tervals);

3) by the degree of stability (stable flows — characterized by the constancy of parameter values
over a certain period of time, unstable flows — characterized by changes in flow parameters).

They are also distinguished by the nature of movement, periodicity, synchronicity, and so on.

The incoming flow of customers to a car service is generally random and can be described by
a Poisson process. The probability of the arrival of k cars in a time interval t is given by the formula:

)
P(k,t):(Tl)e ”, (1)
where 1 — is the average intensity of customer arrivals.
The service time of one car at a car service station is considered to be an exponentially distrib-
uted random variable:

f(t)=pe™, )
where u — is the intensity of service.
The car service is modeled as a mass-service system of type M/M/c with an unlimited queue.
Loading coefficient, provided that the ergodicity criterion is met, is given by the formula

A
p=—2=x<1. (3)
Cu
This value characterizes the degree of utilization of car service posts. At p>1, the system is
unstable, and the queue length grows indefinitely.
Stationary probabilities of the distribution are determined by the formula

MF>0, 0<n<c

p={ M o @

M,o”’CPO, n>c.

c!

© Asep’sinos B.C., Ceparok /1.0., 2026.
Jlinensia Creative Commons CC BY 4.0



166 Marematnune mozemoBanss Ne 1(54) 2026

The probability that there is no customer in the system:

@) @l 1 T
Pl 2 1-p| ©)

The performance indicators obtained from the selected model will be calculated according to
the following dependencies.
The average number of customers in the queue is determined by the formula

C
L, = M P,. (6)
cll-p)
The average number of customers in the system is determined by the formula
A
L, =L, +—. (7
q q yr
The average waiting time of a customer in the queue is determined by the formula
L
W, = 7‘* . 8)
The average time a car stays in the car service is determined by the formula
W =W, + 1 : 9)
MU

To determine the optimal number of service posts, we introduce the function of total expected
costs:

J(c)=C,-c+C,-L,(0), (10)

where Cs — is the average operating cost of one post per unit of time; ¢, — is the specific loss associ-
ated with customer waiting; Lq(c) — is the average queue length as a function of the number of posts.
Since the function J(c) is discrete and unimodal, the optimal value of ¢+ can be found by brute
force or by limit analysis:
J(c+1)—-J(c)=0. (11)
The optimal value of c* is reached at the point where the marginal costs of opening an addi-
tional post are equal to the marginal losses from reducing the queue:

C, ~C,-|L,(©) - L, (c+1)]. (12)
This ensures a balance between the level of service and the operating costs of the car service.
Conclusions

The obtained analytical dependencies allow us to study the influence of the intensity of the
flow of customers and the number of service posts on the key performance indicators of the car ser-
vice. In particular, an increase in the number of posts reduces the waiting time, but leads to an increase
in costs, which requires finding an optimal compromise.

The article deepens the theoretical principles of modeling the flow of customers in a car ser-
vice. The proposed mathematical model of the M/M/c type allows us to analytically evaluate the prob-
abilistic and time characteristics of the mass service system. The obtained results can be used to opti-
mize the structure of car service enterprises and increase the efficiency of their operation.
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