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Abstract. This paper investigates a finite-source retrial queueing sys-
tem characterized by request collisions, primary server unreliability, and
the inclusion of a backup server. In cases of collisions, when a new job
arrives while the service facility is occupied, both jobs are sent to a
virtual waiting area called the orbit. Customers in the orbit make fur-
ther attempts to access the server after a random interval. During server
breakdowns, the customer at the server is transferred to the orbit. The
system consists of a backup facility when the primary server is unreach-
able to process requests while the main service unit is under repair. The
novelty of this study lies in the implementation of the impatience of
the customers and conducting a sensitivity analysis using various service
time distributions for the primary customers. We analyzed two scenar-
ios, presenting key performance metrics through visual representations
to emphasize the observed differences.

Keywords: Simulation - Queueing system - Finite-source model -
Backup server - Collisions + Unreliable operation + Impatience

1 Introduction

In the current era of increasing traffic volumes and growing user bases, ana-
lyzing communication systems and designing optimal configurations present
significant challenges. Information exchange plays a crucial role in all aspects
of life, making it essential to develop or adapt mathematical and simulation
models for telecommunication systems to meet these evolving demands. Retrial
queues are highly effective and well-suited for modeling real-world scenarios com-
monly found in telecommunications, networking, mobile systems, call centers,
and related domains. Numerous scholarly works, such as those referenced in [3]
and [4], have extensively investigated various aspects of retrial queuing systems
characterized by retrial calls.

In some contexts, researchers often assume that service units are always avail-
able; however, operational disruptions or unforeseen events can arise, resulting
in the rejection of incoming customers. Devices across various industries are
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prone to malfunctions, making the presumption of their infallible operation
overly optimistic and impractical. Similarly, in wireless communication envi-
ronments, diverse factors can affect transmission rates, causing interruptions
during packet delivery. The inherent instability of retrial queuing systems plays
a crucial role in influencing both system operations and performance outcomes.
Additionally, halting production entirely is unfeasible, as it may cause delays
in order fulfillment. As a result, in such situations, machines or operators with
reduced processing capacities may remain active to ensure smoother system oper-
ations. Furthermore, the authors explore the feasibility of incorporating a backup
server capable of providing services at a reduced rate when the primary server
is unavailable. A multitude of recent studies has thoroughly investigated retrial
queuing systems with unreliable servers, as evidenced by sources such as [1,6,8]
and [13].

Waiting is a ubiquitous phenomenon in various aspects of life, often leading
to dissatisfaction due to the time spent in queues. This dissatisfaction may lead
to requests leaving the system prematurely without receiving service, a phe-
nomenon known as impatience. Such behavior is observed in diverse domains
including healthcare applications, call centers, and telecommunication networks.
Impatience has been widely explored in numerous academic studies, identifying
several distinct behaviors: balking occurs when customers decide not to enter
the system due to long queues; jockeying involves customers switching between
queues to expedite service; and reneging refers to customers abandoning the
queue after waiting for a specific, often extended, duration. The impatience
mechanism is a crucial aspect of the model, as it influences the overall system
performance by potentially reducing the number of customers waiting in the
system and affecting the service dynamics. Studies examining these behaviors
include [7,9] and [12].

In technological settings like Ethernet networks or limited communication
sessions, task collisions are highly probable. Asynchronous attempts by multiple
entities within the source can cause signal interference, requiring retransmissions
to resolve the conflicts. Therefore, it is essential to account for this phenomenon
in research focused on devising effective strategies to minimize conflicts and
reduce the resulting message delays. Studies discussing findings on collisions can
be found in publications such as [10] and [11].

The objective of this study is to perform a sensitivity analysis using various
service time distributions for the primary server, in order to evaluate the main
performance metrics in scenarios that incorporate the feature of impatience of
the customers. When the primary server fails, customer service is transferred
to the backup facility. During this period, new customers are directed to the
backup unit or to the orbit if the backup unit is busy. Our investigation focuses
on the impact of the impatient feature, with results obtained through simulation
using Simpack [5]. The simulation program is built using core code components
designed to calculate the desired metrics over a variety of input parameters.
Visual representations are included to demonstrate how different parameters
and distributions influence key performance metrics.
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2 System Model

We analyze a finite-source retrial queuing system of type M/G/1//N, illustrated
in Fig. 1, which incorporates an unreliable primary service unit, collision events,
and a backup service unit. This model features a finite-source, where each of the
N individuals generates requests to the system following an exponential distribu-
tion with parameter \. Arrival times adhere to an exponential distribution with
a mean of A * N. When queues are absent, arriving jobs are processed imme-
diately according to one of several distributions—gamma, hypo—exponential,
hyper-exponential, Pareto, or lognormal-each defined by unique parameters but
maintaining identical mean and variance values (7).

In cases of server busyness, an arriving customer causes a collision with the
customer currently being serviced, resulting in both customers being transferred
to the orbit. Jobs in the orbit make additional attempts to access the server after
a random time following an exponential distribution with parameter o. More-
over, the server experiences random breakdowns, with failure times governed by
exponential random variables. The failure time is characterized by parameter ~q
when the server is busy and 7 when it is idle.

When the primary service unit fails, repairs commence immediately, with the
repair time following an exponential distribution characterized by the parameter
2. If the server fails while busy, the customer is promptly moved to the orbit.
During the primary server’s unavailability, all customers in the source continue
to generate requests, which are then directed to the backup server. The backup
server functions at a slower rate, modeled by an exponentially distributed ran-
dom variable with parameter p, and is assumed to be fully reliable. It operates
only when the primary server is out of service. If the backup server is occupied,
incoming requests are redirected to the orbit, and no collisions occur at the
backup service unit.

Each primary customer in the system is characterized by an impatience prop-
erty, which reflects their potential decision to leave the system if not served
within a certain time frame. This decision to abandon the system is made after a
random time period, which follows an exponential distribution with rate param-
eter 7.

The model assumes that all random variables are entirely independent in its
formulation.

3 Simulation Results
3.1 First Scenario

We employed a statistical module class featuring an advanced analysis tool to
estimate the mean and variance of observed variables using the batch mean
method. This approach aggregates n consecutive observations from a steady-
state simulation to produce a sequence of nearly independent samples. Renowned
for its reliability, the batch mean method is widely used to construct confidence
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Fig. 1. System model

intervals for the steady-state mean of a process. To achieve approximate indepen-
dence among sample averages, sufficiently large batch sizes are required. Further
details on the batch mean method can be found in [2]. Our simulations were con-
ducted with a 99.9% confidence level, terminating once the relative half-width
of the confidence interval was reduced to 0.00001.

Table 1. Numerical values of model parameters

N [y v jyele p |7
100(0.1/0.1[1 |0.05/0.1/0.01

In this section, we aimed to determine service time parameters for each dis-
tribution to ensure they have identical mean values and variances. Four different
distributions were examined to assess their influence on performance metrics.
The hyper-exponential distribution was selected specifically to achieve a squared
coefficient of variation greater than one. Table 2 outlines the input parameters for
the various distributions, while Table 1 lists the values of other relevant param-
eters.

Figure2 depicts the correlation between arrival intensity and the mean
response time of customers who are successfully served. Successfully served cus-
tomers refer to those who remain in the system until receiving service, unaf-
fected by impatience. Among the distributions, the Pareto distribution exhibits
the highest mean response time, while the distinctions between the remaining
distributions become more evident. Of particular note, the gamma distribution
yields the shortest mean response time.
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Table 2. Parameters of service time of primary customers

Distribution Gamma |Hyper-exponential Pareto  |Lognormal
Parameters a=0.011p = 0.494 a = 2.005m = —2.257
8 =0.011|A; = 0.989 k=0.501c =2.125
A2 = 1.011
Mean 1
Variance 90.25
Squared coefficient of variation|90.25

An intriguing observation is that as arrival intensity grows, the mean response
time initially increases but then begins to decline after surpassing a certain
threshold. This behavior is a hallmark of retrial queuing systems with a finite
source and typically emerges under specific parameter settings.
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Fig. 2. Mean response time vs. arrival intensity

Figure 3 shows the mean response time of those customers who are served
by the backup service unit in relation to the arrival rate of incoming customers.
Inspecting closely the obtained results the same tendency develops what we
observed in the previous figure. The Pareto distribution exhibits the highest
values, while the gamma distribution produces the lowest values. Because the
service rate of the backup unit is smaller than the rate of the primary service
unit the spent time in the system of the customer served by the backup unit is
higher on average.
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Fig. 3. Mean response time of a backup customer vs. arrival intensity

Figure4 depicts the utilization of the backup service unit as a function of
arrival intensity, comparing the different distributions. Unlike the significant dif-
ferences observed in the previous figures, the results here are relatively close to
each other. A closer look reveals that the backup service unit is utilized about
50% of the time, meaning it is occupied by customers for half of the total simu-
lation period. As the arrival intensity increases, the utilization of the backup ser-
vice unit also rises. However, once the arrival intensity reaches a certain threshold
(around 1 in this case), the utilization plateaus.

Figure 5 illustrates the mean number of customer retrials as the arrival inten-
sity increases. There are notable differences between the distributions used, with
service times following a Pareto distribution showing particularly high retrial
rates. In contrast, with a gamma distribution, requests typically do not attempt
to reengage with the service unit, while other distributions exhibit a significantly
higher number of collisions. The results also clearly show that after reaching a
certain arrival intensity, the number of retrials stabilizes and does not continue
to increase.

3.2 Second Scenario

Building on the results from the previous section, we next aimed to explore
how changing the service time parameters would influence performance metrics.
This time, we carefully chose parameters so that the squared coefficient of vari-
ation remained below one. Since the squared coefficient of variation for a hypo-
exponential distribution is consistently less than one, we substituted the hyper-
exponential distribution with its hypo-exponential counterpart. Distributions
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Fig. 4. The utilization of the primary service unit vs. arrival intensity

with squared coefficient of variation values below one tend to be more regular,
meaning that values are clustered more closely around the mean, which is often
the case for hypo-exponential distributions. In queuing theory, squared coeffi-
cient of variation below one typically leads to less fluctuation in waiting times,
contributing to more predictable performance metrics. With these updated ser-
vice time parameters, we revisited the same performance figures to assess the
impact of these adjustments, as shown in Table3. All other parameters were
kept constant, as specified in Table 1.

Table 3. Parameters of service time of primary customers

Distribution Gamma |Hypo-exponential Pareto  |Lognormal

Parameters a = 1.522|uy = 4.5454 a = 2.588m = —0.252
B = 1.522|us = 1.282 k=0.614/c =0.71

Mean 1

Variance 0.6568

Squared coefficient of variation|

0.6568
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Fig. 5. The mean number of retrials vs. arrival intensity

To highlight the differences between the two scenarios, we begin by examin-
ing the mean response time of a customer, as shown in Fig.6. The curves are
noticeably closer to each other, with less pronounced differences, except for the
Pareto distribution, which still produces significantly higher values compared to
the other distributions. Similar to Fig. 2, the mean response time reaches a max-
imum, a common occurrence in retrial queuing systems with a finite customer
pool. The same pattern is observed: after reaching a certain arrival intensity,
the mean response time peaks and then gradually decreases as arrival intensity
continues to rise.

Figure 7 illustrates the mean response time for customers served by the
backup service unit. Similar to the previous scenario, the results follow the same
trend observed in the prior figure, with the resulting curves notably close to each
other and displaying minimal differences. Since the service rate of the backup
unit is lower than that of the primary unit, customers served by the backup unit
spend, on average, more time in the system.

Figure 8 illustrates the utilization of the backup service unit as a function of
arrival intensity across different distributions. Unlike the substantial differences
observed in previous figures, the results here are fairly similar. Closer inspection
reveals that the backup service unit’s utilization is around 50%, indicating it is
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occupied by customers for about half of the total simulation time. A similar trend
is evident: as arrival intensity increases, the backup service unit’s utilization also
rises. Once the arrival intensity reaches a specific threshold (around 1 in this
instance), the utilization stabilizes.
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Figure 9, which illustrates the average number of retries, shows a trend sim-
ilar to the previous scenario. The highest retrial rates are seen with Pareto-
distributed service times, while the lowest occur with gamma-distributed service
times, although the differences are considerably smaller. Another noteworthy
observation, upon closer inspection of the figure, is that the number of retries is
higher for all distributions in the scenario using the previous parameter settings.

4 Conclusion

We simulated a retrial queuing system modeled as M/G/1//N, featuring an
unreliable primary server and a backup service unit. The program enabled a
sensitivity analysis of key performance metrics, such as the mean response time
of successfully served customers. The results revealed significant differences in
performance measures when the squared coefficient of variation exceeded one,
highlighting the influence of the chosen distribution, while only minor deviations
were observed when it was below one. The curves also demonstrated how cus-
tomer impatience contributes to reducing the average response time for primary
customers. Future research will focus on examining the effects of server blocking,
incorporating two-way communication, exploring alternative impatience behav-
iors in different models, and performing sensitivity analyses on other variables,
including failure rates.
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