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Abstract. In this paper, a finite-source retrial queueing system is con-
sidered with impatient customers and catastrophic breakdowns. The
characteristic of the system includes collision which occurs when a new
job arrives in the system and the service facility is occupied with a job,
they will collide. Both jobs will be forwarded to the virtual waiting room
the so-called orbit. Here, the customers initiate other attempts to reach
the server after a random time. But they give up retrying after staying in
the orbit a while and leave the system which is the impatient attribute
of the customers. In case of a negative event, a catastrophic breakdown
takes place meaning that all the customers at the server and in the orbit
depart from the system. The novelty of this paper is to investigate that
feature in a collision environment with impatient customers using differ-
ent distributions of the service time.

Keywords: Simulation - Catastrophic breakdown - Retrial queuing
system -+ Collision - Impatience + Sensitivity analysis

1 Introduction

Designing info-communication systems are essential because of understanding
how to optimize a system and also how to handle increasing network traffic.
Many tools and mechanisms are available for modeling different systems, and
among them, one of the most popular ones is retrial queuing systems. To illus-
trate real-life problems arising in main telecommunication systems, like tele-
phone switching systems, call centers, computer networks, and computer sys-
tems, retrial queues can be effectively applied. In many publications, retrial-
queuing systems with repeated calls are utilized to depict their models like in
[2,5,6,9]. The specialty of retrial queuing systems relies on the orbit which is
assumed to be a virtual waiting room with enough capacity to take in every cus-
tomer. In this way, a job - whose service can not start - is not lost and may launch

The research was supported by the Thematic Excellence Programme (TKP2020-IKA-
04) of the Ministry for Innovation and Technology in Hungary.
© Springer Nature Switzerland AG 2022

A. Dudin et al. (Eds.): ITMM 2021, CCIS 1605, pp. 16-27, 2022.
https://doi.org/10.1007/978-3-031-09331-9_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-09331-9_2&domain=pdf
http://orcid.org/0000-0002-5303-818X
http://orcid.org/0000-0001-5227-4730
http://orcid.org/0000-0002-4586-182X
http://orcid.org/0000-0003-0612-658X
https://doi.org/10.1007/978-3-031-09331-9_2

Simulation of Finite-Source Retrial Queueing Systems 17

numerous attempts to get its service requirement. The source is considered to
be finite mainly because in many situations a finite number of entities partici-
pate in the operation of the system. Naturally, researchers have studied models
with an infinite source but these are not suitably describing real-life applications
in many cases. Results in connection with finite-source retrial queuing systems
can be viewed in [1,14,18,19]. Impatient behaviour is a natural characteristic of
the customers provoking earlier departure without obtaining its service demand.
This phenomenon is experienced in many fields of our life and here are some
examples: healthcare applications, call centers, telecommunication networks. Not
to mention all the papers where the behaviour of impatience is intensively exam-
ined, see for example [8,11,17]. Real-life systems tend to be subjected to random
breakdowns which can be caused by a power outage, human negligence, or other
sudden act. Thus, it is important to examine its effect on the operation of the sys-
tem and the performance measures because it alters significantly the behaviour
of a model. Many papers have studied models having service units assumed to
be available all the time which is quite unrealistic. These types of systems have
been investigated by many authors for example in [4,10,20]. In technologies, like
in Ethernet or in communication sessions where the resources are constrained,
the probability of collisions of the jobs occurs. Several individuals in the source
may commence uncoordinated attempts leading to the interference of the sig-
nals resulting in the necessity for retransmissions. Consequently, it is important
to include this phenomenon as part of the investigation creating effective poli-
cies preventing conflicts and corresponding message delays. Results that are in
connection with collisions can be found in the following publication [12,13,15].
The objective of our investigation is to carry out a sensitivity analysis using
different distributions of service times on the main performance measures while
catastrophic breakdowns eventuate. In the case of these types of events, cus-
tomers are forced to leave the system due to sudden acts which can be mechanical
failures or power outages. Until repair, it is not allowed for any customer to enter
the system and detailed studies on catastrophic breakdowns have been exam-
ined by several papers. Because we utilize different distributions for the service
time of the customers the results are obtained by our simulation program that
is based on Simpack [7]. The basic building blocks of the code are used in which
we have the opportunity to calculate any desired measure using numerous values
of input parameters. Graphical illustrations are provided depicting the effect of
different parameters and distributions on the main performance metrics.

2 System Model

A finite-source retrial queueing system of type M/G/1//N is considered with
an unreliable service unit, impatient customers, the appearance of collisions,
and blocking. This model has one service unit and a finite-source where every
individual (altogether N) may generate a request towards the system according
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to exponential law with parameter \/N meaning that the inter-arrival times are
exponentially distributed with mean A\/N. As there are no queues the service of
an arriving job starts immediately following gamma, hypo-exponential, hyper-
exponential, Pareto, and lognormal distribution with different parameters but
with the same mean and variance value. In the case of a busy server, an arriving
customer brings about a collision with the customer under service, and both
are moved into orbit. Jobs residing in the orbit after an exponentially random
time with parameter o/N initiate other tries to be engaged with the server.
Since random breakdowns emerge the failure time is also an exponential random
variable with parameter 79 when the server is occupied and with ~; if idle. Two
scenarios are distinguished:

— general breakdown: the service of a job is interrupted and it is forwarded back
to the orbit, other jobs initiated by the individuals of the source can not enter
the system until the service unit is functional.

— catastrophic breakdown: the service of a job is interrupted but instead of
arriving at the orbit it leaves the system as the others from the orbit, no
customers are allowed by the system until the server fully recovers.

The repair process starts instantly upon the failure of the service unit which
follows an exponential distribution with parameter 5. Customers are charac-
terized by impatience implicating that jobs can decide to leave the system after
spending an exponentially distributed time with parameter 7 in the orbit. These
requests return to the source being unserved. In the paper of [16] similar models
are analyzed by an asymptotic method where N tends to infinity this is why
rates A\/N and o/N are used. For example, it was proved that the number of
customers in the system follows a normal distribution. All the random variables
in the model creation are assumed to be totally independent of each other.

3 Simulation Results

3.1 First Scenario

To obtain the desired results, our self-developed simulation tool was used in
which almost all the performance measures can be estimated. Its statistics pack-
age utilizes the batch means method where the useful run is divided into a certain
number of batches. Batches are long enough in that way sample averages of the
batches are approximately independent thus we have a valid estimation. The
following article contains more information about that method [3]. The simula-
tions are performed with a confidence level of 99.9%. The relative half-width of
the confidence interval required to stop the simulation run is 0.00001. The size
of a batch used to detect the initial transient duration is 1000.

Table 1 consists of every parameter that is applied for all the following figures.
The parameters of service time of the customers can be found at Table 2, every
chosen parameter is listed resulting in the same mean and variance in every used
distribution. The reason for selecting these values is focusing on the interesting
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Fig. 1. System model

Table 1. Numerical values of model parameters

N|v | m |%2|¢/N| 7
1000.05/0.05| 1 | 0.05 | 0.001

situations and it must be noted that this model was tested with other values
as well, and in most of the cases, the same phenomenon appeared. It is totally
intentional that the squared coefficient of variation is more than one, later on in
another scenario we will run the simulations when it is less than one (Fig. 1).

Table 2. Parameters of service time of primary customers

Distribution Gamma | Hyper-exponential | Pareto | Lognormal
Parameters a = 0.054 p=0.473 a = 2.027 |m = —1.839
B8 =0.077 A1 = 1.353 k=0.355 o=1.722
A2 =15
Mean 0.7
Variance 9
Squared coefficient of variation 18.367

On Fig.2 and 3 on the X-axes ¢ represents the number of customers located
in the system, and on the Y-axes P(i) denotes the probability that exactly i
customer are situated at the server and in the orbit altogether. In both Fig. 2
and 3 the distribution of the number of customers in the system is displayed when
A/N is 0.1 using various distributions of service time. Catastrophic breakdown
feature is applied and interestingly the mean number of customers in the system
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differs from each other. In the case of the gamma distribution, customers tend
to spend less time in the system compared to Pareto distribution. It is also
noticeable that for both types of breakdowns the distribution of the number of
customers tends to follow Gaussian distribution.
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Fig. 2. Distribution of the number of customers in the system

Figure 3 depicts the comparison of different failure modes besides gamma
and hyper-exponential distributions. Naturally more customers are in the sys-
tem using the general breakdown method but the shape of the curves curiously
are slightly disparate. In case of catastrophic breakdown, the peak is not that
high and the mean number is fewer but other than that curves follow the same
tendency.

The mean response time of an arbitrary customer is presented in the function
of the arrival intensity of incoming customers in Fig.4. Even though the mean
and the variance are identical huge gaps develop among the applied distribu-
tions. With the increment of the arrival intensity, the mean response time of an
arbitrary customer increases as well until A/N equals 0.05 when the maximum is
reached then it starts to decrease. The same tendency is observable for the other
distributions, as well. The usage of gamma distribution results in a lower mean
response time compared to the others, especially versus Pareto distribution.

Figure 5 demonstrates the development of the mean response time of a suc-
cessfully served customer besides increasing arrival intensity. This measure shows
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Fig. 3. Comparison of distribution of the number of customers in the system using
different failure modes
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the average response time of those customers who do not leave the system
because of impatience or catastrophic event. As A\/N increases, the value of
this performance measure raises as well which is true for every used distribution
but the difference is quite high among them. At gamma distribution that value
is much fewer than the others especially compared to Pareto distribution.
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Fig. 5. Mean response time of a successfully served customer vs. arrival intensity using
various distributions.

3.2 Second Scenario

In this section after analysing the obtained results of the previous scenario, we
were curious to see what happens besides applying another parameter setting
on the performance measures. In scenario 1 the squared coefficient of variation
was greater than one and in this particular case, the parameters are selected
in a way that the squared coeflicient of variation is less than one. This also
implies that the hyper-exponential distribution can not be used and instead of it
we replace it with the hypo-exponential distribution. Table 3 contains the exact
values of the parameters of the service time of primary customers in the case of
this scenario, the other parameters remain unchanged which is shown in Table 1.
Basically, our intention is to check that whether we get back the same tendencies
of the previous section or it greatly changes the behaviour of the system and the
performance measures with these modified parameters of service time of the
incoming customers.
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Table 3. Parameters of service time of incoming customers

Distribution Gamma | Hypo-exponential | Pareto | Lognormal
Parameters a=1.69 pn =2 a=264 |m=—-0.589
[ =241 p2 =5 k=0435| 0 =0.682
Mean 0.7
Variance 0.29
Squared coefficient of variation 0.592

First, we will examine the figures in connection to the steady-state distribu-
tion. Analyzing the curves in more detail the obtained values are much closer
to each other. As regards the shape of the curves they correspond to normal
distribution. The mean number of customers is higher in the case of every dis-
tribution compared to the previous section. Not much difference is experienced
though. In Fig. 6 regarding the mean values, they are very close to each other as
well the shape of the curves, but in this case, the obtained graphs do not tend
to correspond to Gaussian distribution.
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Fig. 6. Distribution of the number of customers in the system using various distribu-
tions, A = 0.1.

Figure 7 emphasizes the difference between the applied failure modes. The
results are depicted when gamma and hypo-exponential distribution are used
but it is worth mentioning that the same tendencies occur utilizing the other
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two remaining ones. The difference is quite obvious even though the peak points
are located in the same place but the value of possibility is much higher when
catastrophe does not take place.

The next two figures are related to the mean response time of an arbitrary and
a successfully served customer. First, in Fig. 8 it can be seen slight differences,
in the case of Pareto distribution the values are a little bit higher, otherwise,
the graphs almost overlap each other. Here, the same tendency develops as the
mean response time increases with the increment of arrival intensity. Obviously,
this maximum value feature is a specialty of finite-source retrial queuing systems
under a suitable parameter setting.
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Fig. 7. Distribution of the number of customers in the system using various distribu-
tions, A/N = 0.1.

Figure 9 demonstrates the comparison of the mean response time of a success-
fully served customer versus the arrival intensity. Not surprisingly after seeing
the curves of the previous figure, the difference in the obtained values are very
similar and it can be stated that the same maximum value feature appears in
every case. The lowest values are obtained when the service time follows gamma
distribution and the highest when Pareto distribution is applied.
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4 Conclusion

We simulated a retrial queueing system of type M/G/1//N with impatient cus-
tomers in the orbit and with an unreliable server using two different failure mech-
anisms when blocking is applied. Results are obtained by our program to carry
out a sensitivity analysis on different performance measures like the distribution
of the number of customers in the system. Under various parameter settings, the
most interesting measures were chosen which were graphically illustrated. When
the squared coefficient of variation is more than one significant deviation is
experienced between the distributions in almost every aspect of the investigated
measures. Consistently, it was also revealed that besides catastrophic breakdown
less customer is in the system than in the case of a normal breakdown which
is an expected phenomenon but the shape of the curves follows the same ten-
dencies. In future works, the authors aim to carry on investigating the effect of
catastrophic breakdown in other models and performing sensitivity analysis for
other variables like the failure rate or the impatience of the customers.
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