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Abstract: The retrial phenomenon occurs inherently in a wide range of queueing sys-
tems. The majority of retrial queueing models do not account for vacation. However, in
practice, retrial queueing systems undergo vacations for maintenance or other reasons. In
this study, we provide an in-depth analysis of the many possible retrial queueing systems
when Bernoulli vacations are in effect. Moreover, this study outlines the key principles
and reviews the relevant literature. The framework of a retrial queue with Bernoulli
vacation has numerous applications in computer networking systems, manufacturing and
production mechanisms, inventory systems, including network service, mail service and
file transfer service, etc. Several retrial queueing systems have been investigated, notably
M/M/1, M/M/C, M/G/1, M™1/G/1, and Geo/G /1. Many other important situations,
such as server interruption, feedback, G-queue, impatient customers, priority customers,
etc., have been explored in relation to retrial queues with Bernoulli vacation and the
results of these investigations are also highlighted. The foremost objective of this study
is to help researchers, administrators and technical workers who want to use queuing the-
ory to simulate congestion and need to know where to find details on the right models.
Finally, some open problems and potential future lines of survey are also covered.

Keywords: M/M/1 and M/M/C retrial queue model, M/G/1 and M~ /G/1 retrial
queue model, Geo/G/1 retrial queue model, Bernoulli vacation.
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1. INTRODUCTION

The mathematical model for analyzing line congestion and delays is known as
the queueing theory. Customers and servers form the basis of a queueing system.
We often witness queues in our daily lives because the outcomes are used to de-
termine the resources needed to provide service. A.K. Erlang (1878-1929), who is
regarded as the “Father of Queuing Theory,” was a pioneer in this field. His arti-
cles were mainly on the investigation of telephone traffic congestion, which paved
the way for the introduction of efficient network theory and telephone network
analysis.

For a long time, there seemed to be a substantial contribution to the retrial
queueing systems. Consumer perception and the retrial idea may have a substan-
tial influence on computer network performance, resulting in increased network
complexity. The phenomenon of retrials is well known; the server can enter the
orbital interaction of blocked subscribers and retry after an arbitrary duration of
time if the server is occupied. The queueing system that includes such a retrial
effect is called a retrial queue (RQ), which is shown in Figure 1.
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Figure 1: Retrial Queue

Many computer network structures, telephone switching structures and wire-
less network structures employ RQs as mathematical models. Peripheral devices
in a computer networking structure may performs retrials in order to get service
from a central processing unit (CPU). Hosts on local area networks (LANs) might
attempt many retries to get connection to the network channel, which is expressly
stated in the Carrier Sense Multiple Access (CSMA) protocol, which oversees this
access.
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Recently, vacation queues have been a major topic in queueing theory. In the
RQ), there are several sorts of vacation models. In this study, we utilized the retrial
queue with Bernoulli vacation, which is shown in Figure 2. A Bernoulli vacation
(BV) is a service discipline that determines whether a server will take a vacation
or serve the next consumer after completing a service. Here, we briefly review
diverse sorts of arrival and service operations with various categories of Bernoulli
vacation models that have been analyzed in the last few decades. This will be
helpful for the readers who are working in the area of Bernoulli vacation queues.

The manufacturing industry also makes use of RQ with BV, namely in the
production of Verteiler Ensprintz Pumps, when an order of VE pumps reaches the
calibration bench. When one pump is being calibrated, the others can be assem-
bled and the calibration bench can be used for periodic service. The retry structure
also plays a significant role in manufacturing lines, like those seen in cookie and
biscuit factories. In an average operation, raw materials arrive in batches, each of
which is subjected to a primary inspection before being processed. Batches that
are being sent to the server will have to wait if it is currently experiencing high
demand and the server itself may also undergo maintenance as well.

Our article is outlined as follows: In section 2, we covered the queueing mod-
els with Bernoulli vacation. Section 3 reviews the M/M/1 and M/M/C retrial
queueing models with Bernoulli vacation. Furthermore, M/G/1 and MX!/G/1
retrial queueing models with Bernoulli vacation are discussed in section 4. Section
5 presents the recent work on Geo/G/1 retrial queueing models with Bernoulli
vacation. Section 6 delves more into recent developments in Bernoulli vacation
models. Section 7 indicates the recent advancements and future scope of the re-
trial queueing model. Finally, section 8 presents the conclusion and summary of
the work.

1.1. Motivation and Scope

Due to their significance in numerous environments, retrial queues have been
considered the subject of a great deal of discussion. There is a plethora of literature
summarizing queueing systems in a variety of contexts. However, very few were
on retrial queueing systems. Moreover, to maximize the server’s potential and
the system’s efficiency while keeping costs to a minimum, the vacationing server
function is an additional vital component. The server has the option of perform-
ing additional duties, like maintenance, during its vacation. Similarly, plenty of
literature reviews investigating various queueing vacation frameworks have been
presented. Still, a study on a retrial queueing system with vacation has not been
published. In light of the relevance of the aforementioned occurrences, we present
a literature review on retrial queueing system (QS) within a BV framework so as
to help fill the research gap.

The retrial QS with BV, which is then evaluated in a wide variety of queue-
ing scenarios, is the primary topic of this research review. Queueing models with
BV, M/M/1 and M/M/C RQ with BV, M/G/1 and MX1/G/1 RQ models with
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Figure 2: Retrial Queue with Bernoulli Vacation

BV, Geo/G/1 RQ models with BV and other BV models have been analyzed.
Additionally, the most current development in retrial queues has been provided.
In addition, the significant contributions of certain papers have been highlighted.
Several suggestions for future research have also been made. Finally, we provide
a discussion of several unsolved issues and intriguing research paths.

2. QUEUEING MODELS WITH BERNOULLI VACATION

Due to the broad variety of applications in real-world queueing systems, such
as manufacturing and production systems, distribution and service systems, trans-
portation systems, the telecommunications industry and computer networking
systems, QS with vacation policies have received a lot of attention. Tsuyoshi
Katayama [1] studied a novel class of multi-class priority queues with three con-
trollable parameters (Pp, P», Py) and they functions as follows: Once a message
of class n has been served, the system will either serve the next message in queue
n with prob., P, (1 > P, > 0) or the highest class message present in the sys-
tem with prob., 1 — P,. In addition, he explored many class prime queues with
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general parameters and server vacations using the probability generating function
(PGF) technique. Finally, he presented essential recursive equations for obtaining
the moments of the expected waiting distribution for every class in a sequential
manner. Atencia and Moreno [2] explored a single-server retrial queue (SSRQ)
system with an unlimited loading, Poisson arrivals, generic service time distri-
bution and a linear retrial strategy. In the steady state distribution (SSD), they
discovered the ergodicity of the embedding Markov chain (EMC), its stablility and
the combined generating procedure of the group of consumers in each categories.
Furthermore, they found the system size distribution function, which extrapolates
the Pollaczek-Khinchin (PK) formula. A single server (SS) bulk queueing system
with an unstable server, formative assessments, N-policy, Bernoulli scheduling and
a stand-by server was analyzed by Ayyappan and Karpagam [3]. Working break-
downs and multi-stage service may be added to this system to make it even more
useful. Based on their numerical analysis, they discovered that when the service
rate increases, the behaviour metrics decreases. As a result, they culminated that
having a standby machine in a production system has been extremely beneficial
in reducing huge losses. Under a Bernoulli-schedule (BS) controlled strategy, Tao
Jiang and Baogui Xin [4] examined a SS queueing system with functioning break-
downs and postponed repair. They obtained the SSD for easy process of behaviour
metrics and the Laplace-Stieltjes transform (LST) of an arbitrary customer’s sta-
tionary sojourn time using the matrix analysis technique and the spectral expan-
sion method, respectively. Ayyappan and Gowthami [5] discussed a two-server
queuing system with a Markovian arrival process (M AP) arrival rate and a phase
type (PH)-distribution service rate for each servers, as well as BV, Bernoulli feed-
back (BF) and customer reneging. Additionally, they use the matrix-analytic
approach and analyzed the resulting (quasi-birth-and-death) QBD process when
it is stable. Moreover, they examined the system’s busy times and waiting times.

Madhu Jain and Sandeep Kaur [6] explored a queueing model with a (p, N)-
policy to estimate various behaviour of the QS by taking into account a variety of
genuine aspects such as balking, BF, vacation, bulk input, optional phase service,
unconvincing server and so on. Amina Angelika Bouchentouf et al. [7] studied a
SS Markovian queueing model with BF, K-variant working vacation policy, balk-
ing, reneging and customer retention for reneged customers in which the server
must wait until the end of the ordinary busy period before going on vacation. In
addition, the theorems relating to stochastic decomposition are proved. Moreover,
a quadratic fit search method (QFSM) is used to optimize costs. The proposed
model is inspired by its widespread applicability in various real-time systems, such
as computer and communication networks. Chandra Shekhara et al. [8] worked on
a multi-server queueing (MSQ) model with a finite capacity, a reneged customer
retention policy and a Bernoulli planned modified vacation policy. This study may
be expanded by including other aspects such as bulk arrival and synchronized va-
cation and it can also be modeled for the problem of machine interference. Sijia
Liu et al. [9] developed a K — out — of — N retrial model with mixed standby
elements and BV of a single repairman. The Vector Markov process and Laplace
transform theory were used to derive formulas for SSD, reliability function and
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average period to system initial failure. Moreover, the sensitivity analysis and a
relative sensitivity analysis were also presented. Ayyappan and Gowthami [10] de-
scribed a traditional queueing system with a M AP arrival rate, SS, a PH-service
rate, vacation, setup time, failure, repair, feedback, balking and reneging. The
slowdown in server performance was taken into account by Choudhary et al. [11].
After a certain number of services have been completed, vacation time is allocated
for maintenance purposes. When the maintenance is complete, the server will re-
sume operations in its original service rate. Their model is more realistic because
it takes into account consumer impatience and server unreliability. Ayyappan
and Karpagam [12] studied a bulk queue with an unreliable server, instantaneous
feedback, N-policy, stand-by server and multiple instances of the Bernoulli sched-
ule. The bulk arrival, fixed batch service queue with unreliable server, Bernoulli
vacation and delay time was studied by Kalyanaraman and Nagarajan [13]. In
addition, some measurements of the model’s performance in different server states
have been obtained using the PGF method. The model has been compared to
previously established ones by making assumptions about the distributions of the
random variables. Under Bernoulli vacation schedule and N-policy, Begum and
Choudhury [14] addressed a situation in which a single server queue handles a
large influx of customers and provides two types of heterogeneous optional repeat-
ing service with delayed repair. Additionally, by designing an appropriate linear
cost structure of the underlying model and employing a difference operator, they
obtained a locally optimal N-policy at a lower cost. Rajendiran and Kandaiyan
[15] investigated the effects of Bernoulli vacation on a batch arrival feedback queue-
ing system featuring balking and two stages of variable service with distinct service
levels.

3. AN M/M/1 AND M/M/C RETRIAL QUEUEING MODELS
WITH BERNOULLI VACATION

The phenomena of an incoming consumers finding the service busy upon ar-
riving, joining the virtual area known as orbit and retrying for service at a later
arbitrary duration of time is described as the retrial phenomena. Because of the
possible real-time applications in telephone services, computers and network of
information, the analysis of RQs has become more important. Keilson and Servi
[16] were the first to use the Bernoulli approach to create a vacation queue. They
worked on a system wherein a server either takes a vacation right after a service has
been done if the system is free or if there are clients in the system, it keep working
on. If the queue is empty after the vacation finishes, the server switches to busy
mode and waits for new clients. In real life, a server may be needed to undertake
extra duties after service, for example system administration, troubleshooting or
simply being out of commission on a regular basis.

Lakshmi and Kasturi Ramanath [17] used matrix geometric approaches (MGM)
to model the conduct of an Interactive Voice Response System (IVRS). Using the
truncation method they investigated the system’s stability and further investigated
the level-dependent QBD model in order to derive expressions for the system’s per-
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formance metrics. In a SSRQ with BV, arrivals with a large number of consumers
inside the orbit was analyzed by Ke Sun and Jinting Wang [18] with blocked
customers’ equilibrium joining behaviour. Using a vacation interruption policy
the varied balking possibilities of customers in busy regular and working vacation
states was produced by Poonam Gupta and Naveen Kumar [19]. Furthermore,
they determined the greatest value for a reduced service charge during the work-
ing vacation period by making use of the parabolic method. This concept may be
used in a diverse network and telecommunications systems.

Multi-server retrial queues (MSRQ) (shown in Figure 3) are way more complex
to investigate than SSRQ. A level-dependent QBD process can be used to describe
most MSRQ. The spatial variability induced by transitions owing to repeated at-
tempts is the main feature of its infinitesimal generator. The analytical complexity
of retrial models is increased by this lack of homogeneity.

A SSD Markov decision MSRQ system with BV was probed by Krishna Ku-
mar et al. [20]. Using the MGM, they were able to extract interesting and relevant
behaviour computations for the system under discussion. Jau-Chuan Ke et al. [21]
studied the MGM and analysed an M/M/c RQ with BV (M/M/c/BSV RQ). A
QBD process was used to model the queueing system. An M/M/c RQ with BF
and startup failures was discovered by Dong-Yuh Yanga et al. [22] and the suffi-
cient and required conditions for the system’s stability and stationary probability
vectors were found using the QBD and MGM. In k-stages, the Bernoulli vacation
in group arrival RQs with inconsistent delivery service was rigorously explored by
Radha et al. [23]. By utilizing supplementary variable methodologies (SVT), Ra-
jam and Uma [24] handled ordinary and conditional re-service for the server RQ’s
service while the system was occupied, on vacation or during maintenance with the
integrated presence of consumers. Moreover, all customers need and expect regu-
lar service and suitable re-service, but only some customers need additional service
and re-service. A few re-service options are available at the end of each service.
Finally, several numerical parameters were used to analyze the required measure
of reliability. Jain and Kaur [25] investigated the Bernoulli vacation model for
the MX] /G /1 unstable server retrial queue. In order to be computationally man-
ageable, the many performance measurements that can be used are made plain
via the SVT. Furthermore, the maximum entropy principle (MEP) method has
also been used to show its far-reaching potential when it comes to assessing the
functional characteristics of complex systems for which explicit analytical results
are unavailable. Additionally, situations such as an admissions policy, a vacation
policy, etc. might be added to the current model. The unstable server MX] /G/1
retrial feedback queue with balking, working vacation and vacation interruption
was investigated by Jain and Kumar [26]. Results from the investigation of many
performance indicators using the SVT reveal useful information for enhancing the
quality of service (QOS) of such queueing systems across a variety of dimensions,
including system size, server availability and more. System organizers and deci-
sion makers can benefit from the cost optimization performed to identify the best
service rates, in order to support QOS at low cost.
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Figure 3: Multi Server Retrial Queue with Bernoulli Vacation

4. THE M/G/1 AND MX1/G/1 RETRIAL QUEUEING MODELS
WITH BERNOULLI VACATION

A modified M/G/1 RQ with an infinite waiting position was investigated by
Bong Dae choi and Kwang kyu park [27] in which arriving consumers find the
service busy, either join the retrial area with wait to infinite space or leave the
system. In the retry and priority groups, they discovered the optimal value of p
for various costs per user per unit time. Otherwise the endless waiting room where
they will be served with probability ¢(= 1 —p). Using the SVT, they construct the
joint generating function of the two groups customer counts. Krishna Kumar and
Arivudainambi [28] studied the M/G/1 RQ. Here the incoming customers, after
finding the service busy they enter into the orbit according to FCFS and they
also derived the general decomposition law (GDL) for this model. Zhou Wen-
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hui [29] analyzed the M/G/1 retrial queue with generic retrial, vacation, setup,
service times and Bernoulli vacation. In this instance, consumers who encounter
a busy server are assumed to form a queue in the orbit, with priority given to
the customer at the front of the queue. Finally, he examined the ergodic con-
dition of this model to derive the PGF. Atencia and Moreno [30] extended the
work of Zhou Wenhui [29] model and also obtained the stationary distribution of
the priority queue size. They established the system size distribution’s generat-
ing function, which generalizes the well-known PK formula. Senthil Kumar and
Arumuganathan [31] described a SSRQ model (which is shown in Figure 4) with
bulk arrivals and two stages of essential service and common vacation time with
BS under the condition of stability. This study was inspired by real-world imple-
mentations of LANs, CSMA/CD protocols, client-server interactions, telephony
infrastructures and internet-based email services.

Gautam Choudhury [32] developed the M/G/1 RQ model with linear strat-
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Figure 4: Single Server Retrial Queue with Bernoulli Vacation

egy and two stage service along with the BS. Moreover, they included recursive
limiting probabilities for this model. Yong Wan Lee and Young Ho Jang [33]
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dealt with M/G/1 feedback RQ which has been served with BS. Moreover, in this
model the clients can either join the retrial area or leave the system and they also
obtained the combined generating procedure of numbers in the two groups using
SVT. Under the BS, Senthil Kumar and Arumuganathan [34] examined a SSRQ
model with impatient consumers at two stages of services and common vacation
time. Nathan P. Sherman and Jeffrey P. Kharouufeh [35] analyzed the system
where the server is full and it fails under a Bernoulli routing policy (BRP) which
sends a percentage of incoming clients straight to the orbit. They also established
enough circumstances to guarantee the existence of a unique, optimum BRP that
reduce the total projected prices per unit time of keeping consumers in the initial
queue and orbit. An M/G/1 RQ system with BF, non-permanent clients and two
stages of vital service was examined by Kasturi Ramanath and Lakshmi [36]. The
steady-state PGFs of the orbit size and the system size were produced using SVT.
They’ve found a condition that is both necessary and sufficient for the SSD to ex-
ist. The inspiration for this system comes from the IVRS which is used at banks,
train stations, telecommunications centres, contact centres and other places.

Kalidass and Kasturi Ramanath [37] probed a two-stage M/G/1 RQ with a
limited amount of instantaneous BF. To provide a sufficient requirement for the
model to reach a SSD, they used the EMC procedure. The system size PGF, in-
cluding the orbit length and queue size marginal PGFs, was obtained. Moreover,
asymptotic behaviour in the case of a large rate of retrials was also investigated.
Santhakumaran and Shanmugasundaram [38] analyzed a SS system which may
serve both retrial and non-retrial consumers with a broad service time distribu-
tion. They have derived analytical formulas for a wide range of performance
metrics that matter and stability of the system is established by deriving the
necessary conditions. Finally, the optimal policies are implemented. In order to
determine the optimum settings for the controller, numerical examples have also
been performed. The state-dependent retrial queueing model with group entry and
server vacation was explored by Ebenesar and Udaya [39]. An M/G/1 RQ with
unfavourable customers and priority service which has been subjected to server
failure and maintenance under a Bernoulli vacation schedule (BVS) was analyzed
by Jinbiao Wu and Zhaotong Lian [40]. They developed the general condition
for the ergodicity of an EMC using Lyapunov functions. They established SSD
solutions for both the queueing measurements and reliability values using SVT.
This system generated the famous model discussed by Choi and Park [27]. Krish-
nakumar et al. [41] have studied a SSRQ with unfavourable customers and two
kinds of BF. A SSRQ with Poisson input, k stages of heterogeneous service and
feedback was discovered by Ebenesar and Udaya [42]. Radha et al. [43] dealt with
a group arrival feedback RQ with multi-stage service and a single vacation where
the system has been prone to failures and repairs. In addition, various system
probabilities and performance indicators were derived, including the mean num-
ber of consumers in the system/orbit and the average waiting time of customers
in the system. Moreover, it is demonstrated that the general decomposition law
applies to this model.

Using the approach of SVT, Krishna Kumar et al. [44] studied a non-Markovian
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feedback SSRQ with collisions and general retrial times. Lakshmi and Kasturi Ra-
manath [45] extended their work [36] with BF, consistent customers and failure
with repair. Gautam Choudhury and Jau-Chuan Ke [46] studied the SSD be-
haviour of an M/G/1 queue with retrial time and a BV with an unstable server,
which also includes a phase of failure and a term of delay. For a fixable M/G/1 RQ
with BS and common retrial strategy, under working vacations (WV) and vaca-
tion interruptions, Rajadurai et al. [47] presented the performance of the M/G/1
pre-emptive preference RQ with instantaneous BF. The SVT was used to calculate
the PGF's for the no. of consumers in the system when they are free, busy or on
vacation. This paradigm is used in the Simple Mail Transfer Protocol (SMTP)
mail system to send information to e-mail systems and medical service systems’
telephone consultation systems. This study has been unique in a way, since it
generalizes both single and multiple working vacation models in the condition of
RQs. Shan Gao et al. [48] performed both queueing analysis and reliability eval-
uation. The ergodicity of two linked EMC had been investigated, including the
accompanying stationary distributions. Other essential system behaviour com-
putations and reliability value were derived from the SSD combined generating
procedure for the no. of clients in each queues. Jinting Wang and Jianghua Li [49]
addressed an unconvincing M/G/1 RQ with BV and second multi-optional service
that allows balking of new arrivals and reneging on users. Rajadurai et al. [50]
studied a RQ system with Bernoulli WV and vacation interruption. This model
has been used in the SMTP mail system to send information to mail systems and
medical service systems as well. Varalakshmi et al. [51] analyzed a SSRQ model
with two service stages, immediate BF and single vacation and beginning failures.
This concept is used in stop-and-wait ARQ (Automatic Repeat Request), which
is a telecommunications mechanism for sending information between two linked
devices. This work may be expanded upon by including topics such as postponing
repairs, working vacation rules and impatient clients. Gautam Choudhury et al.
[52] investigated the SSD performance of an M/G/1 RQ with two service stages
and normal retrial times for an unstable server under a BVS.

Rajadurai et al. [53] looked into a SSRQ model with negative customers during
single and many WVs, as well as during vacation interruptions, where the server
was broken down and repaired. This proposed model might be used in a formation
to order system to increase the presentation of the manufacturing serviceability
and prevent it from getting overloaded, as well as in a computer processing sys-
tem and telephone consultation system for medical care purposes. This research
will be very useful to system managers who will be able to build a system with
efficient management and make well-informed judgments about the system’s size
and other elements. Under the condition of stability, Elakiya Ravitha and Re-
vathi [54] discussed a SSRQ with intolerant subscribers, broad retrial time, two
stages of essential service and general vacation time under the BS. Nawel Arrar
et al. [55] analyzed the asymptotic performance of the no. of consumers in the
retrial area during busy time and found that a minimum retrial rate constitutes a
contribution. Under the specific premise when the server can only be occupied by
the consumer at the front of the orbit queue, the asymptotic performance of the
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SSD of the no. of users in orbit, which did not reveal the nature of the variable
was analyzed and moreover it enabled us to estimate it with known distributions.
Boualem et al. [56] derived insensitive limits for numerous behaviour computa-
tions of a SSRQ with typically distributed inter-retrial periods and a BS. They
established that the EMC transition operator is monotonic in the case of high
excessive stochastic ordering and growing convex ordering. For the distribution of
the no. of clients in the system, they obtained the comparability conditions. The
stationary distribution has boundaries as well as some basic constraints for the
system’s mean features. The verification of various disparities for few continuous
probabilities related with each state (m,n) of the system was used to prove these
findings. Varalakshmi et al. [57] examined a SSRQ model with two service stages
and immediate BF where the server might fail and can be repaired. This technique
is useful in packet switching systems that use stop-and-wait ARQ. Using the SVT,
a SSRQ with a second possible service, balking, BV and feedback was discussed
by Pavai Madheswari and Josephine [58]. In this case, the consumer has the right
to object if he is not immediately attended upon arrival. Additionally, stochastic
decomposition law (SDL) has been proven without any balking. This system is
most commonly used in cloud computing. Tao Li et al. [59] studied how working
vacation was managed using a BS in an M/G/1 RQ with common retrial times.
In a future study, a comparable model with bulk arrival may be dealt in with the
same procedure. Under non-pre-emptive prime groups, Geetha Priya and Francis
Raj [60] observed that the server offers two sorts of service, namely priority and
non-priority. They projected that after serving the system’s final essential unit, the
server would go on a random-duration vacation. After concluding the service, the
server will check if there were any clients in the retrial performance measure. For
a Bernoulli schedule in a steady-state M/G/1 retrial queue, Liu and Zhao [61] in-
vestigated the asymptotic behaviour of the tail probability of the no. of customers
under the premise with the service time distribution having a regularly fluctuating
tail. Furthermore they get detailed tail asymptotic properties for the conditional
probability of the no. of customers in the (priority) queue and orbit, using the
newly proposed exhaustive stochastic decomposition approach. An M/G/1 retrial
queue with balking customers and Bernoulli working vacation interruption was
looked at by Li et al. [62]. In addition, a discussion of various numerical examples
and an analysis of cost optimization were provided. Malik et al. [63] conducted
research on retrial G-queues under various scenarios and wrote a review of their
findings. The M/G/1 retrial queue with delayed repair and feedback under work-
ing vacation policy with impatient customers was researched by GnanaSekar and
Kandaiyan [64]. The retrial queues with generally distributed retrial times was
addressed by Fiems [65]. Priya and Raj [66] considered a Bernoulli vacation-based
single-server retrial G-queue with pre-emptive resume priority. The effects of a
modified Bernoulli server vacation, starting failure with balking and reneging was
analyzed in a study conducted by Raj et al. [67].

An M /G/1 queue is a queueing model in which unit arrivals are in groups
and adhere to the Poisson process (PP) with state-dependent arrival rates, service
times with a general distribution. An MX]1/G/1 queueing model in which the no.
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of consumers arriving at the system follows a compound PP with an arrival rate .
Consumers are admitted to the system in X-sized groups. With a probability mass
function (pmf) a, = P{X =n};n > 1, the batches has been identically and inde-
pendently distributed (iid) random variables. Gautam Choudhury [68] analyzed a
MX] /G/1 queueing system that operates under a classical retrial strategy which
features two stages of mixed service with a BVS. The concept of classical retrial
strategy was also introduced, as it is the control of admittance to the retrial area
via the Bernoulli admission(BA) mechanism. Gautam Choudhury and Kandarpa
Deka [69] proposed to investigate an unconvincing MX1/G/1 RQ with a second
possible service channel that has been susceptible to server failure and delayed
server repair. The model also includes the concept of BA process. It generalizes
the MX1/G /1 RQ with random failure and BA process and also the MX1/G/1
queue with second alternative service and unstable server. Gautam Choudhury
and Jau-Chuan Ke [70] investigated an MX1/G/1 RQ with common retrial times
and a BVS for an unstable server, which includes a server’s breakdown time with
time intervals. In addition, a cost effectiveness maximization model was estab-
lished in order to show the level of efficiency achieved for each dollar spent. This
research presents an extension of the vacation model theory and the analysis of
the model will provide a useful performance evaluation tool for more general sit-
uations that arise in practical applications. For instance, an access point is used
to connect between wireless and wired networks in wireless networks. Madhu Jain
et al. [71] analyzed at the performance of a bulk entry RQ with random service
interruption and BV and concluded that this approach is more adaptable in real-
world congestion conditions since it includes BV and SOS. The vacation models
examined in this study may be useful in queuing systems when the server intends
to use idle time for relaxation or other duties. Gautam Choudhury and Kandarpa
Deka [72] explored an MX!/G/1 queueing system that operates under a linear
retrial strategy and features two stages of mixed service with a BVS. In addition,
upon arrival, each consumer is susceptible to a control admittance strategy. By
treating the entry, service and vacation rates as fuzzy numbers, Upadhyaya [73]
examined the system features of a batch entry retrial queuing model with a BVS.
In addition, the purpose of describing the family of crisp queues with a vacationing
server is to create a pair of parametric non-linear programmes, sometimes known
as PNLPs. Also, the numerical examples are made easier to understand for a
variety of service time and vacation time distributions so that the validity of the
suggested technique may be demonstrated.

Rajadurai et al. [74] introduced a batch arrival feedback RQ model with two
stages of service, orbit search and delayed repair, under BV. The SVT approach
was used to calculate the PGF of no. of consumers in the system and orbit. The
mean no. of clients in the system/orbit, as well as under unusual circumstances,
were investigated. Under BV, breakdown and repair, Rajadurai et al. [75] probed
a bulk arrival RQ model with two stage service. The inspiration for this model
derives from a variety of real-world applications, such as computer and network of
information, where information is processed in two stages by a SS under the BV
policy. This model identifies theoretical interrelationships in medical pathology,
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where medicine is used to manage a group of disorders. Rajadurai et al. [76] dis-
covered a group arrival feedback RQ with intolerant consumers as well as orbital
search under the BVS, in which the overload server has been prone to failure ow-
ing to the arrival of unfavourable customers. In particular for wired networks, the
model that they have developed has the potential to find application in a packet
switched network. Charan Jeet Singh [77] analyzed that the customers can wait in
a virtual group in the RQ model with an unstable server under Bernoulli’s vacation
policy. This research can be expanded to find the best N-strategy or admission
control-based queueing system.

Francis Raj [78] discussed a group arrival RQ with a second possible service
and modified extended BV that was subjected to server failures. The proposed
approach might be useful in the email system’s transfer model. The messages has
been sent between mail servers using the SMTP. Using the SVT methodology, Yu-
varani and Saravanarajan [79] explored a SSRQ with customized BV under delayed
repair. Revathi et al. [80] investigated a SS bulk arrival RQ with extra re-service
under a modified BV that includes breakdown time with time intervals. The pri-
mary premise of this study is that recovery does not occur quickly after a failure
and that there is a time period until restore may begin. Gautam Choudhury and
Lotfi Tadj [81] analyzed the unification of multiple classes of related bulk arrival
queueing systems by extending the major M [X]/ G/1 RQ under the BVS with a
linear retrial strategy and BA method for an unstable server. Rajam and Uma
[82] examined BV of the MX]/G/1 queue with a two-tier service-based unstable
server in depth. These techniques used MX]/G/1 queues as a two-stage service
and demonstrated that BV adheres to the threshold requirements for unconvincing
servers, downtime and latency. It also has a system of numerous queues connected
for batch delivery based on the addition of extra variables and a complicated PP
with a degree of arrival. The proactive renewal of service hours policy, which was
applied to current clients in the line, was extensively examined. The batch arrival
RQ with impatient consumers, BV, feedback and a server prone to startup failure
was examined by Nila and Sumitha [83]. Madhu Jain and Sandeep Kaur [84] inves-
tigated the unstable M /G/1 RQ, which includes a variety of realistic elements
such as probable feedback, vacation, many-probable service, balking, server failure
and delay repair. The SVT was used to evaluate the queue length distribution and
other system behaviour measures. The MEP approach was used to offer approx-
imate solutions for the SSD and waiting time. Many real-time systems uses the
retrial bulk model described, including manufacturing and assembly organizations,
communications networks, health-care systems, banking and computer networks
and so on.

5. AN Geo/G/1 RETRIAL QUEUEING MODELS WITH
BERNOULLI VACATION

One of the major motivations for studying discrete time (DT) queues is that
they are more appropriate for computer and telecommunications systems mod-
eling than their continuous-time counterparts because they work on a DT basis,
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with events occurring only at equally spaced epochs. Researchers are interested
in the use of DT queues for slotted device applications like ALOHA and ATM
(asynchronous transfer mode) throughout B-ISDN (broadband integrated services
digital network), where a device supply chain among a controller as well as the
transfer rate of one compartment in ATM are basic components of duration as
an example bits, bytes, inflexible size packets and so on. In a variety of contexts,
scholars have put their efforts into analyzing DT queues.

Choi and Park [27] studied a M/G/1 RQ model with BS using a continuous-
time model. From both theoretical and practical aspects, it will be beneficial if
their research has to be extended to the equivalent DT model. Hui Li and Tao
Yang [85] analyzed regarding the blocked customers’options to either enter the
unlimited venue or to leave the system with the aid of DT Geo/G/1 RQ with a
BS. The PGF of the combined distribution of the consumers in the waiting area
and the retrial circle in SSD was deduced using an analytic formula and was also
proven that a SDL holds. Moreover, the established recursive techniques may also
be utilized to evaluate the minimal SSD of consumers in the prime and non-prime
groups in this case. Jinting Wang [86] extended the retrial queueing theory to the
DT scenario in the case of server vacations. The ergodicity requirement of the
Markov chain that underlies the queueing system was determined in this study.
He presented two SDL, as well as constraints for the closeness between the model’s
system size distributions and the equivalent model without retrials as an appli-
cation. With BF, Atencia and Moreno [87] investigated a DT GeolX! /G /1 RQ.
They constructed a SDL and used it to put limitations on the distance between
the SSD of their queueing system and the standard system. They also established
recursive equations for determining the SSD of the orbit size in the particular sit-
uation of individual arrivals. Shan Gao and Zai-ming Liu [88] worked with a DT
group arrival RQ on a server that’s prone to errors at the start. At any moment,
they may calculate the SSD of the service state and the no. of consumers in the
system or orbit. A SDL was also derived. They also established recursive equations
for determining the SSD of the orbit size in the particular situation of individual
arrivals and also looked at the relationship between the DT and continuous-time
systems. Shweta Upadhyaya [89] discussed the ideas of favoured and intolerant
customers under BF and estimated the performance of a DT RQ. Moreover, recent
study examines the modeling of a variety of digital systems in a discrete context,
including CCNs (computer and network of information), ALOHA and ATM.

6. OTHER BERNOULLI VACATION MODELS

Another recent development in BV model research was retrial queueing model
with basic recurring tries and initial losses, where the server gives two stages of
composite service to arriving clients, one after the other, according to a BVS
which was introduced by Jau-Chuan Ke and Fu-Min Chang’s [90]. The PGFs
of the service state and the no. of consumers in the system or orbit were gen-
erated analytically with clear formulations. Madhu Jain et al. [91] studied how
the server delivers two stages of essential service to all entering clients in a group
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arrival RQ model with BF and balking including a modified vacation strategy. In
this research, the server experiences a starting failure. They analyzed the transient
solution of the queueing system. The distribution of repair, service and vacation
times was believed to be random. In regards to their Laplace transforms, the
period-dependent PGF have been constructed. Madhu Jain et al. [92] discussed
the SSD performance of the large arrival retrial queuing model using the MEP.
They have evaluated important performance indicators such as system length, or-
bit length, waiting time, etc. Further, they offered numerical simulation, both of
which may be helpful to the system designers and decision makers for the quan-
titative assessment of the concerned queuing system. Chen et al. [93] studied a
distinct-time feedback RQ with a general distribution, a BV policy on the server
and pre-emptive resume for the customer. Moreover, two different stochastic de-
composition laws for this system have also been established.

Under the BVS with negative customers, breakdown and repair, Rajadurai et
al. [94] investigated a group arrival feedback RQ model with two-stage service.
This model has actual real-life applications in a packet switching network, where
it is used to forward packets within a network so they can be transmitted. Sasikala
et al. [95] discussed a SSD of the MX1/GP /1 RQ model with BV. Using SVT,
some quantitative computations for the proposed model had been obtained along
with few numerical examples. And finally, they showed that their future scope
of work includes bulk service queueing systems with WVs, bulk service queueing
systems with prime customers and bulk service queueing systems with transient
solutions. The work of Yuvarani and Saravanarajan [96] presented in terms of a SS
pre-emptive priority RQ with common retrial times, orbital search under BV and
service disruption. Arivudainambi and Gowsalya [97] implemented a RQ model
with two kinds of service under BVS, where the server gives two different kinds
of service. Krishna Kumar et al. [98] studied a Markovian RQ with finite orbit
capacity for a multi-programming and multiprocessor network system wherein the
service channels of the CPU queue take vacations according to the BS. Ayyappan
and Supraja [99] analyzed the transient performance of a non-Markovian queueing
model in which clients arrive in batches based on a compound PP and bulk service
was given by a single site with a lowest and largest batch length. Moreover, the
SSD results for time reliant PGF's in ideas of Laplace transforms have also been
found.

Ayyappan and Gowthami [100] worked on the retrial queuing system, during
which arrival time has been determined by the M AP and service time follows the
P H-distribution, subjected under BS vacation, Bernoulli’s feedback and break-
down and repair. They have also looked at their model’s busy times. Their
findings may be used in queueing models in which arrival is determined by batch
Markovian arrival process (BMAP). A SS batch arrival priority based retrial
queueing system with orbital search, required short vacation and optional long
vacation that consists of working breakdown and repair under Bernoulli schedule
controlled policy is analyzed by Ayyappan et al. [101]. The system also includes
Bernoulli schedule controlled policy. Ayyappan and Udayageetha [102] explored
a M[Xl},M[Xﬂ/Gl, G2/1 RQ with preference service under BV, working disaster
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and shut down or begin time. Moreover, the benefit of a customer’s impatience on
a service system was also investigated. A SS which serves two classes of customers
under non-preemptive prime service rule was scrutinized by Ayyappan et al. [103]
in addition to working breakdown, admission control, balking and BV. Here the
admission control mechanism acts as the filtration process of allowing customers.
Moreover, the efficient functioning of the service system was also verified since the
customer’s service would not be interrupted in the event of a breakdown. Revathi
et al. [104] discovered the SSD behaviour of a SSRQ with customized BV, in which
each kind of service is a private service susceptible to breakdowns and repairs. The
equilibrium balking techniques were identified by Gao et al. [105] in the repairable
M/M/1 G-retrial queue with complete removals. Also, the system can be mod-
eled as a symmetric non-cooperative game among cooperative customers and the
central problem is to find the Nash equilibrium balking strategy. This strategy
is stable if and only if all cooperative customers agree to adhere to it, as no one
can gain from deviating from it. Moreover, they applied the concepts from queue-
ing theory and game theory to analyze the Nash equilibrium pure strategy in the
observable case and the Nash equilibrium mixed strategy in the unobservable situ-
ation. Finally, they provide some numerical examples to show that changing these
factors can alter the equilibrium behaviours under consideration. Ayyappan and
Gowthami [106] utilized the matrix analytic technique to examine a classical model
with a single server, a phase-type service distribution, inter-arrival times according
to the Markovian arrival process and other random variables with exponential dis-
tributions. However, they fail to account for the QBD process under the invariant
circumstance. The Markovian arrival process (MAP) was studied by Ayyappan
and Gowthami [107] for a conventional queueing model in which clients arrive at
the system from a variety of different servers. Two deterministic batch arrival
queues with instant feedback, modified Bernoulli vacation and server failure were
added in the SS study by Ayyappan et al. [108]. Kannadasan and Padmavathi
[109] use a fuzzy method based on a BS and an action based on hexagonal fuzzy
numbers to analyze an F'm/Fg/1 retrial queue. Using Zadeh’s extension approach,
they examine the orbital system and waiting-time mean customer counts as well as
other system performances of relevance. In order to provide a performance study
of various systems, including telephone switching systems and computers contend-
ing for access to a central processing unit, fuzzy retrial queueing systems were
implemented. Begum and Choudhury [110] analyzed the steady-state repairabil-
ity of an M/(G1,G2)/1 queue with service interruption. The BS allows the server
to take a single vacation once each service is completed.

7. ADVANCEMENT IN RETRIAL QUEUEING MODEL

When a consumer sees that a server they want to access is already in use, they
may elect to join the retrial orbit and wait for their turn to get service. Retry
efforts are crucial and cannot be neglected when designing queueing models due to
their widespread use and rapid pace of development. Several progresses are listed
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here. The evolutionary channel fuzzy inference system serves as the foundation
for a new type of artificial neural network called an adaptive neuro-fuzzy inference
system (ANFIS). ANFIS is an artificial neural network that takes its cues from
the evolutionary channel fuzzy inference system. It is a universal estimator since
it can use the advantages of both neural networks and fuzzy logic concepts inside
a single framework. When applied to real-world congestion, ANFIS’s soft comput-
ing approach can yield useful results. Recently, many researchers [111, 112, 113]
analyzed retrial QS and compared their numerical outcomes with the neuro-fuzzy
results.

Cost optimization is a business-centric, iterative process that seeks to lessen
outlays and boost profitability. It comprises negotiating the most favourable terms
and conditions for business deals. The running cost of a system has direct bearing
on the bottom line in a practical setting. In order to increase the system’s prof-
itability, developers and administrators focus on decreasing the operating expen-
diture per unit of time. This has made cost optimization [112, 113, 114, 115, 116]
a crucial part of many retry queueing systems. Rather than giving precise proba-
bility distributions, linguistic values like “fast,” “slow,” and “moderate” are often
used to represent the arrival pattern of clients, the service pattern and the vaca-
tion pattern of the server. The created queuing models are more widely applicable
to real-world problems since they take into account various system characteristics
like fuzzy values. While recent years have seen a lot of important work on fuzzy
retrial queues [117, 73], the corresponding literature remains sparse.

The use of retrial queue with BV is prevalent in the real world. Particularly
important in wireless networks, it bridges the gap between the wireless and wired
networks [70]. Additionally, it helps in the transmission of packets in a packed
switch network [94] and is used in the basic mail transfer protocol to transport
messages [90]. It may find use in a variety of traffic circumstances [77], such as
the time lag experienced during electronic equipment quality assurance in a man-
ufacturing setting as well.

7.1. Future scope

There are various cases where M/M/1, M1 /M/1 and discrete time retrial
QS can occur. So far, they have received little attention because most of the
contributions made to date only concentrate with M/G/1 retrial QS under BV.
In addition, while SVT has been extensively examined, other methods, such as
the matrix analytical approach, the use of fuzzy variables, etc., have yet to be
explored. Another potential snag in the retrial queue is the lack of works on retrial
QS under Bernoulli working vacation. Cost optimization in a variety of queuing
systems [114, 115, 116], including those involving vacation time, has been studied
extensively using PSO and ABC algorithms. Yet, there are still many unanswered
concerns about these models. Some examples include cost optimization on retrial
QS with vacation time, optimization using other algorithms like GWO, DE, BAT,
etc.
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8. CONCLUSION

As surveyed by Doshi [118] many significant projects have been done in the
vacation model region over the last few decades. A brief literature review of re-
trial queueing systems with BV has been done to show how they evolved from
the beginning to the present. The pioneers of some retrial systems with BV that
have been used in various instances like server interruption, feedback, G-queue,
impatient customers, priority customers, etc. have been presented. Practitioners
and queue theorists equally will benefit from this literature review on Bernoulli
vacation for various retrial models because it clarifies the new dimensions and ap-
plicability of queueing models for system upgrades and efficiency enhancements at
the optimal cost, all within the context of techno-economic constraints. Moreover,
it can assist statisticians, operations analysts, researchers, engineers and managers
in the implementation of retrial queueing models with BV. Thus, the present pa-
per on retrial queueing models with BV is believed to supply useful insights and
important performance assessments for future design and development of service
and manufacturing organizations by providing various realistic and noble aspects.
Moreover, our hope is that these aspects may be integrated into future retrial QS
to help address the research gap and facilitate the development of different retrial
systems.
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