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Abstract

The aim of the investigation is a closed retrial queueing system with a finite
source. The server is non-reliable, and collisions of customers are considered.
The server can be reached from the source or the orbit. If an incoming job
finds the server busy, the service of the job at the server is interrupted and
both of them are transferred to the orbit (collision). The non-reliable server
is subject to catastrophic breakdown. It means, that all of the customers at
the server and in the orbit are sent back to the source. The novelty of this
paper is to investigate the phenomenon of the catastrophic breakdown in a
collision environment. Our goal is to calculate the steady-state probabilities and
the performance characteristics (utilization, response time, etc.) of the system
with the help of a software package. Figures illustrate the effect of the system
parameters on the performance measures.

Keywords: retrial queues, collision of customers, catastrophic breakdown

1. Introduction

There are several tools for modeling and studying working systems from different
areas of the real world. One of the most effective tools is the retrial queueing system
(RQ-system). In RQ-systems the customers are not lost in case of a busy system.
When an incoming job from the outside world (in the models from the sources or
the queue of the system) finds the server busy, joins a virtual waiting room called
orbit and after a random, usually exponentially distributed waiting time it retries to
reach the server again. The most frequent application fields of an RQ-systems are
the call centers, computer networks, telecommunication systems, etc. Infinite source
models have been investigated and applied by many authors, very large number of
results were published in the literature. But there exist cases, where the finite source
models (finite number of customers in the source) are more adequate to describe
the behavior of the considered system. The most characteristic examples are the
mobile networks, sensor networks, some IoT systems, and cognitive radio systems.
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The random and multiple access protocols for these types of systems have been
investigated, for example, in [1], [2].

In the real-life situations, unfortunately, the systems are subject to breakdowns
that is why this situation has to be investigated. In the modeling process of the
system, random server failures and the corresponding repairs are included. The
system characteristics and performance measures are highly dependent on the non-
reliable operation of the systems. Finite-source RQ-systems with server breakdowns
and repairs have been investigated in several recent papers, for example in [3], [4], [5].

A non-reliable M /M /1//N retrial queueing system with collisions of customers is
considered in the present paper. Collisions of requests (or conflict of customers) can be
occurred frequently in unsynchronized communication systems with a limited number
of resources, for example, communication channels. In this case, the transmission
is lost and the interrupted requests need to be retransmitted, consequently, the
performance of the system is sub-optimal. Developing methods and protocols which
can prevent the system from the phenomenon of conflicts or at least try to minimize
the damage has great importance. In this direction some recent results can be found
in 6], [7], [8].

The focus of this paper is the catastrophic breakdown. Retrial queueing models
in which customers are removed from the system due to catastrophic or disaster
events have been studied extensively in the literature. Modeling special systems, e.g.
automatic teller machines needs different types of breakdowns. A catastrophic event
can be, for example, mechanical failures or power outages. Disaster events are known
also as a negative arrival or a negative customer. When a negative customer arrives
at the system, it immediately removes the positive customer in service if present.
The case, when a negative customer removes all the positive customers from the
system at once, is called a disaster. Disaster events not only break the service of the
current customer but break down the server. The customers from the server and the
orbit are sent back to the source. Detailed studies on negative customers can be
found in [9], [10] [11], and reference therein.

In this paper, a software tool is used for calculating the steady-state probabilities
of the system. Using these probabilities the most important performance measures
can be computed. Several sample examples illustrate the effect of different parameters
on the distribution of requests in the system.

2. Description of the system

A finite source closed retrial queuing system of type M/M/1//N is considered.
As the Kendall’s notation says, this is a single server system with a number of sources
N. Two scenarios of the system can be investigated and compared:
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e The common break-down mode. The system is non-reliable, that is the server is
subject to random breakdowns after an exponentially distributed time. In the
case of an idle server, the breakdown parameter is v9. When the server is busy,
the breakdown parameter is ;. Furthermore, it is assumed that the job under
service is sent to the orbit. The repair starts immediately after the breakdown.
The distribution of the repair time is also exponential with parameter ~s.

e The catastrophic break-down mode. This is the situation when a disaster
event removes all of the customers from the system (from the orbit and from
the server after interrupting the service). The repair of the system starts
immediately. The same breakdown parameters are used as in the common
breakdown mode, i.e. 7o and 7; for an idle server breakdown and a busy server
breakdown, respectively, and -9 for the repair.

In both scenarios, the sources are blocked during the repair period of the server.

No new request can enter into the system.

The dynamic behavior of the system is the following. The sources generate
jobs (requests, customers) towards the server. The inter-request times of the job
generation are exponentially distributed with parameter \/N. After generating a
request the source waits for a successful service. Until the end of service of the job,
the source can not generate a new request. The generated customer reaches the
server, which can be busy or idle state. When the server is empty (idle), the service
of the job begins immediately, and the service times are assumed to be exponentially
distributed with parameter u. When the server is in a busy state and a new customer
is arriving, a collision of the customers occurs. In this situation, the customer under
service and the newly arrived customer are transferred into the orbit. From the orbit,
the customers retry reaching the server again after an exponentially distributed time
with parameter o/N. See the model on Figure 1.

Let’s denote i(t) the state of the system, that is the number of customers in the
service facility that is either in the orbit or under service, and let k(t) denote the
status of the server:

0, if the server is up and idle,
k(t) = < 1,if the server is up and busy,
2,if the server is down and under repair.

Let P(k(t) = k,i(t) = i) = Py(i,t) the probability that at the time ¢ there are
¢ customers in the system and the server is in the state k. With the assumptions
above the process X (t) = {k(t),i(t)} is a 2-dimensional Markov-chain with a state
space of {0,1,2}2{0,1,...,N}.
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Fig. 1. System model

When the service of a request is successful, the request goes back to the source.
All the random variables involved in the model construction are assumed to be totally
independent from each other.

The X (t) = {k(t),i(t)} process is a finite state Markov-chain, so the steady-state
operation can be assumed: Py(i,t) = Pg(i).

The steady-state Kolmogorov balance equations for the normal breakdown case
can be seen in [12]. The balance equations for the catastrophic breakdown case also
can be formulated.

To demonstrate the effect of the input parameters on the operation of the
system, different performance measures have to be calculated from the steady-state
probabilities. These characteristics are the mean response time, mean waiting time,
the utilization of the server, etc. For example, the mean number of customers in the
system @ and in the orbit O can be obtained as

Q=) iPli), O0=Q-P.
3. Numerical results
There are methods for solving the steady-state equations. Here an analytical

software tool, namely the MOSEL-2 was chosen. With the assumption of exponen-
tiality of the system parameters, this tool is effective and quick for a reasonably
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large number of sources. The MOSEL tool builds up the system equations. The
steady-state probabilities of the system are calculated.

Figure Model Al p|lo| N ~Yo 1 Y2
2 Catastrophic | 1 | 1 | 5 | 100 | Legend | Legend | 1

Table 1. Numerical values of model parameters

== Failure rate: 0.001

Failure rate: 0.01

== Failure rate: 0.1

12 3 456 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

N

Fig. 2. The system probabilities with different failure rates

On Figure 2 the steady-state probabilities of the system can be seen. The
parameters can be found in Table 1. Different failure rates were applied. The
failure rates here for busy and idle states are the same. For a low failure rate, the
usual normality of the probabilities can be observed [13]. For larger failure rates
the property of the normal distribution of the system probabilities does not hold
anymore. The reason for this is the frequent catastrophic breakdown, where the
customers spend only a very short time in the system.

Based on the system probabilities further figures can be formed displaying the
performance measures, e.g. Response times, waiting times, utilization, etc.

4. Conclusion

The paper compares the phenomena of common breakdown and the catastrophic
breakdown in a non-reliable system. This comparison has great importance nowadays,
because there are sensitive systems (e.g. automated teller machines), which have to
face both types of failures. Equations, formulas, and further figures are not presented
here due to the limitation of the available space.
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