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Abstract

The paper analyses the performance of a single server queue with heterogeneous arrivals and various types of breakdowns
under multiple working vacations. Customers enter the queue according to a Poisson process with a rate that varies according
to the types of customers. In both the regular busy and working during the vacation states, the server offers services with
an exponential distribution. During peak times, the system may breakdown due to server unavailability, the system may
breakdown at any time. The model considers systems with two types of breakdowns. In this model, batches of customers are
served under the General Bulk Service Rule. The steady-state equations, the performance of measures for the systems, and
particular cases of the described model are derived. Finally, in the form of tables and graphs, numerical results have been

obtained.
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1. Introduction

A Danish engineer, Agner Krarup Erlang, first introduced mathematical models to predict the behavior of
telephone networks [9]. Erlang’s work laid the foundation for what would later become known as queuing
theory. Today, queuing theory remains a fundamental field of study in operations research, applied
mathematics, and industrial engineering. It continues to be a valuable tool for optimizing and analyzing
the performance of systems like queues and waiting lines. Queuing theory also provides techniques for
optimization, such as finding the optimal number of servers or the optimal scheduling policy to minimize
waiting times or maximize system efficiency.

Mathematical models are used in queuing theory to represent different types of queuing systems.
These models provide a way to analyze and predict the behavior of queues and evaluate performance

Received 13 October 2023, accepted 26 September 2024, published online 19 December 2024
ISSN 2391-6060 (Online)/© 2024 Authors

The costs of publishing this issue have been co-financed by the Department of Operations Research and Business
Intelligence at the Faculty of Management, Wroctaw University of Science and Technology, Wroctaw, Poland


http:\www.ord.pwr.edu.pl
https://orcid.org/0009-0002-8314-7405
https://orcid.org/0000-0003-0549-9675
mailto:lidiyap481@gmail.com
https://kbo.pwr.edu.pl/en/
https://kbo.pwr.edu.pl/en/

126 L. P and K J. R. Mary

measures. Based on different assumptions and characteristics of queuing systems, each model has its
own set of formulas and mathematical equations to calculate performance measures such as average
waiting time, average queue length, and system utilization.

In queuing theory, the batch arrival process refers to a type of arrival pattern where multiple entities
arrive simultaneously or in groups rather than individually. Instead of arrivals occurring one at a time,
they occur in batches. In a batch arrival process, the inter-arrival times between batches are random vari-
ables, while the number of entities in each batch may also vary. The arrival process can be characterized
by parameters such as the mean inter-arrival time between batches and the distribution of batch sizes. An-
alyzing and optimizing systems with batch arrival processes often requires more advanced mathematical
techniques and computational methods.

The heterogeneous arrival process refers to a type of arrival pattern where the entities arriving into a
queue or system are not identical or have different characteristics. Instead of all arrivals being the same,
they can have different arrival rates, service requirements, and priorities. by analyzing and optimizing
systems with heterogeneous arrival processes, we can easily understand the behavior of the customers.

A breakdown refers to a situation where a service facility or a server becomes unavailable or inoper-
able, leading to a disruption in the service process. Breakdowns can occur due to various reasons, such
as equipment failure, system malfunction, or schedule maintenance. When a breakdown occurs, it can
lead to increased waiting times for entities in the queue and can impact the overall performance of the
system. Understanding the behavior of a queuing system under breakdown conditions helps to improve
the system performance.

In this paper, a single-server queue with heterogeneous arrivals and various types of breakdowns
under multiple working vacations are discussed. For this model, steady state equations, measures of
performance, and analyzed the particular cases.

2. Review of literature

Many researchers developed different types of queuing and vacation models, Dutta and Choudhury [7]
derived the M/M/1 traffic intensity queuing model, they different feature of the system for performance
measures, introduce the simple estimators and also discussed sample size determination. Greicius and
Minkevicius [10] studied the queue length with a multi-server queue, derived the limit of the queue length
theorem and propose the applications under heavy traffic conditions. Bouchentouf et al. [3, 4] analyzed
the single-server working vacation queuing model, impatient customers, vacation policy, decomposition
properties and probability generating-functions are used for steady-state solutions and cost analysis also
discussed. Batch arrival queue with breakdown discussed by Rajan et al. [23] in that model, described
the bulk arrival process in two different stages. The system leads to two types of repairs for a random
breakdown. Yang et al. [32] analyzed the multiple vacation with breakdowns for M/M/1 queue with
two different types of servers are reliable and unreliable. Using the geometric method to formulate quasi
birth-and-death (QBD) process. Cost analyses are developed and for numerical example used the canon-
ical particle swarm algorithm. Parimala [21] analyzed the vacation model with heterogeneous services.
Here, two different servers with different service rates and bulk service processes followed. Fast server
and slow server were also discussed. Seenivasan et al. [26] analyzed the working vacation model with
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heterogeneous with unreliable servers, always available and intermittently available are considered. The
matrix-geometric technique was used to construct the model. Vadivukarasi and Kalidass [28, 29] dis-
cussed the behavior of the single server vacation queue and the bulk arrival queue. M/M/1 queue with
closed form transient solution and time dependent performance measures are developed. Using geomet-
ric method and stochastic decomposition derived steady-state solution. Working vacation of a single
server queuing model with server breakdown presented by Agrawal et al. [1]. In that paper, two differ-
ent types of server with alternate service and a steady-state solution using a geometric approach. Kalita
and Choudhury [12] analyzed heterogeneous service and batch arrivals with a single server model under
the vacation policy. They discussed explicit expressions for steady-state solution, also cost analysis and
various performances are derived. Medhi [18] analyzed the customer’s impatience and reneging model.
Markov processes are used, a stochastic model and probability-generating function are derived. Baulking,
discourage arrival, impatience and reneging are developed. Chandiraleka and Seenivasan [25] presented
the Multiple Working Vacation single server queue with breakdown. Matrix geometric method to solve
the working vacation breakdown and repair the queuing model. Polin et al. [22] discussed the heteroge-
neous queuing system with Markov arrivals. Renewal Markov process, infinite number of servers model
and asymptotic methods was analyzed. Kumar et al. [14] analyzed the M/M/1/N queue feedback with
customers reneging. Customers impatience, strategies, retention mechanisms and feedback are discussed.
Yohapriyadharsini and Suvitha [33] analyzed the two kinds of working vacations with heterogeneous ar-
rivals. Probability generating function is used, different working vacations and impatient customers are
discussed. Kumar and Gupta [15] analyzed the N-policy vacation based FTC model with switching fail-
ures. Reliability metrics of a multi-unit fault tolerance (FTC) is investigated. Two different server, the
immediate repair unit and standby unit are analyzed. Yiannis [5] studied the M/M/1 queue with strategic
customers, delayed sensitivity and compared the strategic behaviours. Uniformly or gamma-distributed
delay of customers, impact of the customers and strategic behaviour are analyzed. Heterogeneous single-
server optimal control queuing models are derived by Long et al. [16] and introduced the target allo-
cation policy. Function is convex, G¢/pu rule and function is concave, fixed priority rule are followed.
Also developed hybrid routing policies. Sing et al. [27] analyzed the change point problem for hetero-
geneous servers in the M/M/2 queue. Also presented the results in the Monte Carlo simulation method.
heterogeneous servers and impatience in with the infinite capacity queue analyzed by Satin et al. [24]
considered that customers can switch the service process from slow to faster. Obtained the birth-and-
death process for the upper bound of the distance between two probability distribution. Kothandaraman
and Kandaiyan [13] derived the various dynamic queues and improved their effectiveness. Heteroge-
neous service, intermittently obtainable server using geometric method under hybrid vacation. Efrosinin
et al. [8] studied the single-server heterogeneous queue with scheduling optimization. Ayyappan and
Nithya [2] establish the single server, retrial, breakdown, reneging, repair and vacation queuing model.
Two categories of customers priority and ordinary, are considered. Hard and soft kinds of breakdowns
are analyzed, ordinary customers may renege when the server id unavailable. Probability generating and
Laplace transformation are used for solving the system states. Dudin et al. [6] finite capacity single
server buffer queuing system with breakdown and repair are analyzed with steady-state optimization and
numerical example. A single server queue with soft failure from hardware catastrophic failures are char-
acterized by Janani [11]. Retrial queue, additional sever, heterogeneous server, impatience and vacation
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are proposed by Vinitha et al. [30] two different servers with different service rate are considered. The

birth-and-death process is used to solve equation using a recursive approach method.

3. Methodology

In this paper, the single-server queue with heterogeneous arrivals and various types of breakdowns un-
der multiple working vacations are analyzed. Instead of the server being fully idle during the vacation
period, the server offers service at a different rate during multiple working vacations. The model con-
siders three different states: idle, working during the vacation, and busy. Customers enter the system
in a heterogeneous process, each entry has different arrival rates with parameters J\;, in the idle state,
Awo 1n working state during the vacation state and )\, in busy state. The server provides service during
the regular busy period with parameter x,, and under multiple working vacations, the server provides
service with parameter j,,. The system may breakdown at any time. The system may breakdown in
two different ways: working during the vacation stages is denoted as (3,; and during the busy period is
denoted as ,2. In this model, batches of customers are served under the general bulk service rule. In bulk
service process, customers are served together as a batch. The number of customers in each batch can
also vary. Thus, each batch of service contains a minimum « units and maximum b units of customers
that are denote as (a, b). Suppose the number of customers waiting in the queue is less than a server
begins a vacation at random variable V' with parameter £. This model is denoted as heterogeneous arrival
of M/M(a, b)/1I/MWYV queuing model with types of breakdowns.

4. Steady state equations

Consider the customers in the queue at time ¢, denoted as N (), and L(t) = 0, 1 or 2 according to
whether the server is idle, regular busy, or working during the vacation state, respectively. Let

RL(t) = Pr{N.(t) =n,L(t) =0}, 0<n<a-—1

Qy (t) = Pr{N.(t) = n,L(t) = 1}, n>0

PE(t) = Pr{N.(t) =n,L(t) =2}, n>0
When the server is idle: L(t) = 0, the size of the queue and system are the same.
When the server is busy or working during the vacation: L(¢) = 1 or 2, the total number of customers
in the system is the sum of the number of customers in a queue and the size of the service batches that

contains particular a < x < b customers.
The probabilities of the steady state are:
1% . \% T im R! B . B
(/) = 1[[](? B = llll P - llllp
n ti>oo n (t)7 n ti>oo n(t>7 n ti>oo n (t)’

exist and the Chapman—Kolmogrove equations satisfied by them is given by

)\wR(I) - Ner()B + ﬂvaéf (1)
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)\wRi - AivRifl + ,U/rbpf + vaQr‘f7 1 S n S a—1 (2)
b
()‘wv + § + Huwv + 6111)@(‘)/ - /\ivRCIL—l + Hwv Z Qx (3)
()\wv + 5 + ,uwv + ﬁvl)QZ = ()\w + ﬁvl)Q}{fl + /’Lw’L)QZJ,»b? n 2 1 (4>
b
(/\bv + Hrp + 5@2>P()B = Hrb Z PnB + 5@8/ (5>
B __ B B 14

n v v n— rbd 4+ no el

(Ao + firp + Bu2) By = (Now + Bu2) Py + prn Py + 6@y, m > 1 (6)

5. Steady state solution
To solve the steady state equation, the forward shifting operator £ on P and Q) are introduced then,
E(P7) =P, BE(Qy)=Quy forn>0
Thus, equation (4) gives the homogeneous difference equation as follows:
(Ao + Bot + poo B = (Ao + Bor + €+ ) E) Q) = 0 (7)
The characteristic equation (7) is obtained as follows:
2(1) = Aoy + Bt + pawt”™ — (Ao + Bt + E+ fuw)u =0

by taking (1) = (Aws + Bu1 +E&+ ftwe)u and y(u) = Ay + Bor + e’ it is found that |y(u)| < |z (u)]
on |u| = 1. By Rouche’s theorem, z(u) has a unique root r, inside the contour |u| = 1. Equation (7) has
a homogeneous solution as,

Qn =71Q0 (8)
From equation (6) we get,
(Abv + 51}2 + MrbEb+1 - ()\bv + 61}2 + Mrb)E) PnB - _gr:}—’_lQ(‘]/ (9)
By applying Rouche’s theorem to equation (9) as,

(Abw + Boz + B = (Mo + Boz + tiry) E) PP =0

The above equation has a unique root r with |r| < 1. Also, equation (9) gives a non-homogeneous
solution as

€Tn+1 ) v
PB =z — v 10
" ( " )\bv + 6112 + ,urbrg—’_l - (/\bv + /BUQ + Mrb)rv QO ( )

Py =(Zr"+ Z'r))Qy (11)
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where

_ £ry
B Ao (1o = 1) + Bua(ry — 1) + pprp(1 — 15)

The expression for R’ is obtained by adding equations (1) and (2) and substituting P and Q) values,

p (e (Z(L—r"t)Z (L =D g (L= gty
Rn_()\w( 1_T * 1—7’1, _'_)\w 1_Tv QO

Z*

(12)

To calculate Z, consider equation (5) and substitute P” and Q) value,

a _ b+l a _ ..b+1
Z(()\bv + Hrb + ﬁv2) - /M'b(%;’)) = 6 -7 (()\bv + Hrb + ﬁv2) - lurb(:v_—rTv)) (13)

the above expression can be simplified as,

Zpp(1 — 1) RS Z (1 —17)

= — 14
1—r 1—mr, 1—r, (14)
Hence the probability queue size of the steady-state equation in terms of () are obtained,
Qu=0)Qy  n>0 (15)
P =(Zr"+ Z*r)Qg n >0 (16)
where ) 7+ |
7 — ( - T) 5 . Mrb( _ rv) (17)
prp(L —7r2)\ 1 =1, 1-—r,
£ry
7" = 18
Abv(rv - ]-) + ﬁv2(rv - 1) + ,U/Tbrv(l - 7‘2) ( >
" 20" | 21— | g (L=
Lo 1—r" (1 —1rr P (1 — 70 v
RI — (= v v 19
n (A( a-n ' (d-n) >+/\w A1) )QO (19)

by using the normalizing condition and calculating the value of QJ by

] 00 a—1
DU+ PP+ RI=1
n=0 n=0 n=0

By substituting P2, QY and R’ is observed that

[e.9]

00 a—1
., 7(1 — n+1 7*(1 — n+1
Soral+ 3o ey + Y (h (2 e ZHE)
n=0 w

o = (1—=7) (1—ry)

wo 1— n+1

)\w (]_ — T’U)

Then,
( 2)/)71 = W(Tw; fwo) + ZW (7, prp) + Z7W (0, firp) (20)
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1 ic_m(l—a:“)
“"’“"’”‘(1—@(” S >)

where

6. Performance measures

Performance measures can be evaluated by the performance of the queuing system. In this paper, we
analyzed the expected queue length and characteristics of the queue.

6.1. Mean queue length

The expected queue length is given by

00 a—1
L,= Zn(Q,‘: + P5) +ZnR£
n=1 n=1

By substituting P”, Q) and R! we observe that

o0 o0 a—1 [ Z(l B Tn+1)
L, = Zn(rﬁ@}f) + Zn(ZT” + Z rMQy + Zn()\— (W
1 v

n=1 n=1

7*(1 — n+1 wo 1 — n+1
4 ( Ty )>+M ( Ty ))Qg

(1—ry) Aiv (1 —1y)
L, = Zw*(r, tirp) + Z*w* (1o, trp) + W™ (75 flasy) (21)

where

. oz Yy a(a—1)  ax*(1—z)—2*(1 —2%)
w(x’y)_(l—x)2+)\w(1—x)< > (1— )
and Z and Z* are given by equations (17) and (18).

If Prww), Priusy) and Prqie) denote the probability that the server in idle, regular busy and working

during vacation period, then

a—1
Priaey = »_ R} (22)
n=0
where the R’ is given by equation (19).
- Z zZ*
Priusy = Y PP = v 23
T(b y) ; n ((1—T)+(1—Tv)) 0 ( )

Priye) = iQV _ @ (24)
Hw) n—=0 " (1 - Tv)
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7. Particular cases

7.1. Case 1. M/M(a,b)/1/MWYV heterogeneous arrival
with a breakdown model

By letting 3,; = B,2 = 3, in equations (15) to (21) become
Qn=()Qy n>0

PE = (Zr"+ Z*r™MQY n >0

where
,_ (1= ( ¢ _Tmm—ﬁ»
frp(1 =) \ (1 —1y) (1=ry)
. §ry 4
Z = Moo (o — 1) + Bo(re — 1) + firgro(L — 12) ifro #r
and

_ n+l * _ n+l _ n+l
e (B ) e ezt o

L, = Zw* (7, pirp) + Z7w* (1o, fww) + @™ (7, fw)

where

. oz Yy ala—1)  azx*(1—2z) —2%(1 — 2%
“(m’y>_(1—x)2+m(1—x){ 2 " (1= }

The expected queue length of analyzed model coincides with the M /M (a, b)/1/MWV queuing model
for heterogeneous arrival with breakdowns analyzed by P and Mary [20].

7.2. Case 2. M/M(a,b)/1/MWYV heterogeneous arrival model
Letting 5,1 = (,2 = 0 in equations (15) to (21), we get
Q=@ n>0
PE = (Zr"+ Z*r™M)QY n >0

Rl = (@(Zgn('r) + Z%gn(ry) + %gdrﬁ) QY 0<n<a-—1

)\iv
where
,_ (-1 ( ¢ _me—ﬁ»
:urb(l - Ta) (1 - Tv) (1 - rv)
Z* — é’T’U
)\bv(rv - 1) + ,U/vrrv(l - Tg)
Further

( 2)/)_1 = w(”v va) + ZW(T7 Nrb) + Z w(ry, Mrb)
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where

_ 1 Y-
o) = 5 (1 e =)
L,= Zw*(r, /Lrb) + ZFW* (7”1;7 ,U«rb) + W*(Tva va>

where

e Ty (sla=1) | at-n -
w(x’y)_(l—x)2+>\w(1—$)< z " (1 =) )

The expected queue length of the analyzed model coincide with the M /M (a,b)/1/ MWV queuing model
with heterogeneous arrival analyzed by P and Mary [19].

7.3. Case 3. M/M/1 model

By letting a=b=1, (,; = S,2 = 0 and \;, = Ay = Apy = A, in equations (15) to (19) becomes,

QY = (MQy n>0

Z*

pp= Lol o
T'U
1%
and R} = @
Ty

where N 7 ¢
r=-—=p, Z=- Poand z* = L
Hrb Ty :u’l“b(l - T'U)(TU - p”U)

The above equations coincides with the M /M /1/MW'V queuing model analyzed by Liu et al. [31].

7.4. Case 4. M/M(a,b)/1/MWV model
By letting 5,1 = B2 = 0 and \;, = Ayy = Ay = A, in equations (15) to (21) and we obtain,
Q= (r)Qy n>0

PE = (Zr"+ Z*r™M)QY n >0

be = ('urb(Zgn(r) + Z%gn(ry) +gn(rv)> Qg 0<n<a-1

Ao
where
7 (1—r) ( § Z*,urb(l—rff)>
(1 —72) \ (1 —1y) (1—my)
Z* — ST’U
)\v<rv - 1) + Mﬂﬂ"v(l - 712)
Further

( (‘)/)71 = UJ(T@, ,uwv) + ZW(T, ,urb) + Z*w(rva /Jlrb>
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where
1 Yy (1l —2)
ot = g (1 e =)
L, = Zw*(r, i) + Z* W (7o, frp) + w0 (T fha)
where
) = & Yy a(a—1) ax®™(1 —1x)—2%(1 — 2%
(@.9) (1—x)2+)\v(1—x)< 2 (1—2)? )

Thus, observed that our specified model coincides with the classical M /M (a,b)/1/ MWV queuing
model analyzed by Mary and Begum [17].

8. Numerical analysis

In the numerical section, consider the various parameters like the regular service rate (u,), the service
rate during multiple working vacations (11,,), the heterogeneous arrival rate (\;,, A, and \y,) and the
breakdowns (/3,1) and (5,2). With the aid of the above parameters, numerical analysis is carried out to
evaluate the performance measures of the specified model. For that purpose, consider equations (7) and
(9) and that lie in the interval [0 1].

Table 1. Expected parameters of the system of heterogeneous multiple
working vacations with types of breakdown

Hwv f Ty Lq Ls Wq Ws

0.02 09939 15894 159.24 39.2446 39.319
0.04 0.9877 76.747 77.047  18.95 19.024
0.05 0.06 09822 51.892 52.192 12.8129 12.887
0.08 09763 38.254 38.554 9.44546 9.5195
0.10 09714 31.237 31.537 7.71281 7.7869

0.02 09921 12222 12252 30.178 30.252
0.04 0982 51972 52272 12.8327 12.907
0.10 0.06 09784 4249 42779 10.4912 10.565
0.08 09721 32300 32.600 7.97533 8.0494
0.10 0.9659 26.046 26.346 6.43122 6.5053

0.02 09896 9235 92.65 22.8024 22.877
0.04 09809 48.794 49.094 12.0478 12.122
0.15 0.06 0973 33.727 34.027 8.32753 8.4016
0.08 09659 26.238 26.538 6.47857 6.5526
0.10 0.9593 21.693 21993 5.35628 5.4304

0.02 09851 63912 64.212 15.7808 15.855
0.04 09746 36330 36.630 8.97025 9.0443
020 0.06 09659 26.461 26.761 6.53367 6.6077
0.08 0.9581 21.187 21.487 5.23148 5.3056
0.10 0951 17908 18.208 4.42178 4.4958
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By assuming \;, = 3.9, Ay, = 4.05, . = 0.9, £,1=0.001 and 5,2 = 0.002 and by varying (i, and &,
the characteristic values are calculated and tabulated. The effect of £ and p,,, on various performance
measures of the heterogeneous multiple working vacations with types of breakdowns model are shown
in Table 1. As £ and p,,, values increase, the length of the queue, length of the system, the waiting time
of the queue and waiting time of the system decrease gradually.

Pwy [2-005 -+ 015 - 015--s-- 020]

200
180 1
160 .
140 - ‘
120 -
L. 100
80 bt g
60 -
Teael el TSl
w0, B T e
-------- D T S hl b i
ol Tl AL AL
1 L ; : I
0.02 0.04 0.06 0.08 0.10
£

Figure 1. Expected length of the System
of heterogeneous multiple working vacations with types of breakdown

Hwy — —s- 0.05 0.15 0.15--+-0.20
40 .
30
w,
20
\ \-\'\, - Rl
10— g e g e
| 1 | 1 |
0.02 0.04 0.0 0.08 0.10

Figure 2. Expected waiting time of the system
of Heterogeneous multiple working vacations with types of breakdown
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From Figures 1 and 2, the vacation parameter z; increases the length of the system, and the waiting
time of the system decreases step by step. When f¢,,, = 0.05 and £ = 0.02, the length and waiting time of
the system reached the maximum values of 159.24 and 39.319. Similarly, when ft,,, = 0.05 and £ = 0.10,
the length and waiting time reached the minimum values of 31.537 and 7.7869.

Table 2 represents different values for arrival rate Ay, ft., and p,, = 0.9, £ = 0.01 and S,2 = 0.002

are calculated and Figure 3 shows that arrival of the customers increases the length of the system also
increases.

Table 2. Expected queue length and expected system length
of heterogeneous multiple working vacations
with types of breakdown with respect to A,

Haww Ty Abo L, Ly Hawy Ty Ao L, L,
09877 4.05 79.088 79.388 09809 4.05 50.307 50.607
09846 4.04 62992 63.292 09769 4.04 41417 41.717

0.05 09822 4.03 54.39 54.69 0.15 0973 4.03 35297 35.597
09763 4.02 40.673 40.973 09659 4.02 27.772 28.072
09714 4.01 33.601 33.901 09593 4.01 23.151 23.451
0982 4.05 53.613 53913 09746 4.05 37.417 37.717
09815 4.04 52.138 52.438 09701 4.04 31.627 31.927

0.10 09784 4.03 44527 44827 0.20 09659 4.03 27.612 27912
09721 4.02 34293 34.593 09581 4.02 22311 22611
0.9659 4.01 27.934 28.234 0951 4.01 18.972 19.272

P
s B
A S

2 3

,
s =

s %

s

o,

Figure 3. Expected length of the system of heterogeneous
multiple working vacations with types of breakdown
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Table 3. Mean queue length of multiple working vacations

with breakdown and heterogeneous multiple working vacations with breakdown

Mo Ty Bv  Luwve LuuMwve  fuwe Ty By  Luwve Luuwve
0.9846 0.004 63.011 62.9929 0.9769 0.004 41.44 41.4178
0.05 0.9822 0.003 54.407 54.3919 0.15 0.973  0.003 35.317 35.2983
' 0.9763 0.002 40.685 40.6749 ' 0.9659 0.002 27.788 27.7732
0.9714 0.001 33.609 33.6024 0.9593 0.001 23.164 23.152
0.9815 0.004 52.159 52.1389 0.9701 0.004 31.65 31.6275
0.10 0.9784 0.003 44.546 44.5285 020 0.9659 0.003 27.633 27.6128
' 0.9721 0.002 34.307 34.2944 ' 0.9581 0.002 22.329 22.3127
0.9659 0.001 27.944 27.9355 0.951 0.001 18.987 18.9738
Hwv -3.- 0.05-%-015-%-0.15-%~- 0.20
80
70+
K
60 - e
P ,
. e e
e ke
Ly 40 o v s e B e K
JURRETL o - ___.-"+'.’.‘.' ‘—'.-.--')K'"F-‘-
20 4 AT IRt s P
T e e
oL T
20 4 e
10 <
1 1 1 1 1 1 1
0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040
By

Figure 4. Expected length of the queue of heterogeneous
multiple working vacations with types of breakdown

The table value 4 and the graphical representation 3 show that the /3, and y,,, increase the mean queue

size decreases both heterogeneous arrival and types of breakdowns under the MWV (HMWVB) model

and homogeneous arrival and types of breakdowns under the MWV (MWVB) model. Also, notice that
Aiv = A = Ay = Ay, the queue size of the HMW VB model approaches the queue size of the MWVB
model. Also, notice that L, decreases notably with respect to heterogeneous multiple working vacations

with types of breakdowns queuing models.

In this paper, heterogeneous arrivals and types of breakdowns under MWV (HMWVB) are discussed.

When breakdown happens in a queuing system, it can have several impacts and consequences on the

system’s operation. In Table 4, notice that the queue length increases in MW VB compared to HMWVB.

Heterogeneous arrivals of customers can reduce waiting times, facilitate faster processing, and improve

the overall performance compared to the homogeneous arrival of customers.



138 L. P and K J. R. Mary

A breakdown can lead to delays in serving customers in the queue, it can increase the waiting times
for customers and reduced the overall performance. In our model, customers enter the system in hetero-
geneous process, it may reduce the waiting time for customers.

The probability for various states are Priqie), P7(wv) and Pr,sy) are calculated and tabulated in
(Table 4) by using equations (22) to (24). The table value shows the effect of the parameters on the
performance measures. The chosen parameters are)\;, = 3.9, A\, = 4, Ay, = 4.05, and 1, = 0.9 and by
varying fi,, and &, notice that Pr,gy), P (i) Increase and Pr (., decreases as the vacation parameter
¢ increases for a particular value of fi,,.

Table 4. Probability of idle, working vacation and busy period

Pwv & Ty Priwsy  Prwey  Prigey Hwe € Ty Priusy  Prewey  Pridie
0.01 0.9969 0.26405 0.72954 0.00640 0.01 0.9939 0.16091 0.82939 0.00968
0.02 0.9939 0.27606 0.71145 0.01247 0.02 0.9896 0.19302 0.78938 0.01758
0.05 0.03 0.9908 0.28377 0.69787 0.01835 0.20 0.03 09851 0.20997 0.76482 0.02520
0.04 09877 029164 0.68437 0.02397 0.04 0.9809 0.22533 0.74243 0.03223
0.05 09846 0.29938 0.67123 0.02937 0.05 0.9769 0.23921 0.72198 0.03879
0.01 0.9958 0.21251 0.77984 0.00763 0.01 0.9915 0.12505 0.86231 0.01263
0.02 0.9921 0.23258 0.75282 0.01458 0.02 0.9851 0.15118 0.82603 0.02278
0.10 0.03 0.9884 0.24571 0.73307 0.02120 0.20 0.03 09795 0.17216 0.79611 0.03172
0.04 0.9820 0.23373 0.73718 0.02907 0.04 09746 0.19111 0.76925 0.03963
0.05 09815 0.27042 0.69629 0.03327 0.05 0.9701 0.20798 0.74516 0.04684

The above model can be applicable whenever there’s heterogeneous arrival and single-server batch
service in the system. For example, teaching, fast-food restaurants, automated machine packing, printing
service and metropolitan area network (MAN) etc.

9. Conclusion

The heterogeneous arrivals and types of breakdowns under MWV are analyzed. In this model, customers
enter with various arrival rates, and GBSR is followed. The breakdown occurs in the working during the
vacation and busy period. The steady-state solution, the performance of measures for the system, and
particular cases are calculated. Finally, in the form of tables and graphs, numerical results have been
evaluated.

Queuing systems with breakdowns leads to several impacts on the system’s operation. Due to break-
downs, server delays in serving customers in the queue may increase the queue length. The queue length
increases the number of customers waiting in the queue for a longer time, which may lead to customers
dissatisfaction. This can affect relationships, and customers may lose trust in the system. Heterogeneous
arrivals reduced the waiting time for customers. Understanding the behavior of customers in breakdown
situations may help the system perform and provide the best service for the customers. In the future, the
model may be extended to the heterogeneous arrival of multiple working vacations queues with balking
under breakdowns.
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