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Abstract: Queuing systems with batch arrivals / or batch services are common in a number of real situations. Baha (1986)
has studied a batch arrival queue with server vacations in which the server takes a sequence of identically distributed
vacations. The vacation sequence starts immediately when the system becomes empty and ends at the instant when the
server finds at least one customer in the system at the end of a vacation. The Laplace Stieltje’s Transform (LST) of the
distribution of queue waiting time has been obtained using the method of supplementary variables. An M™ / G / 1 queue
with server vacations has been studied in Lee in which the vacations are identically distributed and the main objective is the
determination of optimal N-policy in addition to the determination of the system size distribution.
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L INTRODUCTION

Customers arrive in batches according to a poisson process with rate A upon arrival, each customer decides independently to
join the queue with probability P or balks with probability 1 — P (0 < P < 1). The single server in the system serves the
customers one at a time and the service times are independent and identically distributed with a common distribution function.
As soon as the system becomes empty the server takes a vacation of duration V. At the end of the vacation, the server returns
to the system and starts servicing the customers, provided the system is non-empty. On the other hand if the system is empty,
the server takes the next vacation of duration V, and soon ....
We assume that the sequence of random variables {Vj, j=1, 2, 3, ...} are independent.
Let X =random variable representing batch size
o(Z) = probability generating function of X

- Y P(X = K)Z*

S = random variable representing service times
S(X) = probability density function of S
S'(X) = LST of the distribution function of S

=I e [J. S(u)du Jdu
0 0
V; = random variable representing j-th vacation
Vi(X) = probability density function of V;
V() =LST of the distribution function of V;

S’ = remaining service time of a customer in service

Vj' = remaining vacation time when the server is on the j-th vacation

v 0, if the serveris busy
j, if the serveris on the j- th vacation for j=1,2,3,...
N(t) = system size at time t

X = random variable representing the number of customers who decide to join the queue

W(2) = the PGF of X
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p=LE(X)E(S)
= L p EX)E(S)
Pu(x,t) =P{N(t) =n, X <S' <x+Ax,y=0},n=1,2,3, ...
an (X, t)=P{N(t)=n, X < V' <x+Ax, y=j},n=0,1,2,...andj=1,2,3, ...

A. Model Analysis

X = X, + X, +---+ X, Where each X; is a binomial random variable with parameters (1, P)andi=1,2, 3, ...

P(X =i) = ip(i =i/X =k)P(X =k)

k=1

= ikCiPi(l ~-P)“'P(X=k)

k=1

The PGF of X is

y(z) = i P(i =i)z'

=

Il
M DM 1M

kC.P'(1-P)“"P(X =k)Z'

[Ms T2V

kC,(Pz)'(1-P)*'P(X =k)

1

Il
=

(1-P+Pz)*P(X =k)

~
I

=X(1-P +Pz)
P, (X — At t+ At) = P, (X, t)(1— & At)
+P,(X, /A P(X = 0)A)

+P,(0,)S(X)A) + i Q,;(0,HS(X)A)

AX- ALt ZtAt) "B b (1) + AR (X, HP(X = 0)

£2,(0,05C0) + 3 Q,,(0,08(X)

As At —0
d I
S B0 = AP —2R(X = P, (X) .
£, 0S(0) + Y Q,;(0)S(X)
Similarly
R0 =22, 13 P, (0P =K
0 )

P, (080 -3 Q,(0.05(X), nx2
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(;iXQm(X) = 7‘Qo1(X) - 7LP(i = 0)Q01(X) - P1 (0) V1 (X) (3)

%QO,- (1) =40y, (x)~ A P(X = 0) 0, (X)

“4)
~0, (OV,(X),  jz2
%in(x) 22Q, (-2 Q. ()PX =k) )
d . _ .
d_xan (x) =1Q,;(X)- lkzz(; Qi X)P(X=k), j=2,n>1 (6)

Taking LST of equations (1) to (6)
8P} (0) — P,(0) = AP (0)~ 1P (0) P(X = 0)

© 7
-0 (- 3,5 ©) @
0P!(6) P, (0)= P! (0) 2.3 P!, (0)P(X = k)
- )
~P,, 05 (0)- Y 0,5 ©)
8/ Qo (8) ~ Qyy (0) = Q) (0) ~ Q) (0) P(X = 0) o
~P(0)V!(0)
6.Q1,(6) — Qy;(0) = QL (8) ~ 1 Q}, () P(X =0) o
~Q,,(0)V'(0)
0Q',(0)-Q,(0)=2QL ) -1> Q' () PX =k) (a1
0Q',(0)-Q,(0)=2Q,(®)-23 QL () PX =k) (12)

Define the generating function

P'(z,0)= i P!(0)z"
P(z,0)= iPn (0)z"
Q\(2.0)= Q' (0)z"

Q0= Q,,(0)"
After simplify 7
Q,(z,0)=P,(0) V| (A — A y(2))

Let 1 =L —Ay(0)
atz=0
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Ql(o,O){iQmm)z“}

= in (0)
=P,(0)V} (x)

z=0

Similarly
Q,(0,0)=Q,(0)
=Qu.(0) V(1)

Let
R(z) =P, ((»{i V] 2y~ VN [ VL () - 1}

=

P(2.0)= zR(2)S' (A - A y(2))
T 2-S' (-1 y(2)

zR(2)[S'(A = M y(2))-S'(0)]
[0-A+Ay(2)][z-S'(A-Ly(2))]

P(O)[V; (A=A w(2) - V] (0)]ﬁ Vi)
[6—%+21y(2)]

Since P'(1,0)+ Y Q!(1,0)=1
j=1

P(z,0)=

Q;(z,0)=

1_
- P(0)=— P

S EV)TV®
where
p =1 E(X) E(S)
= E(X) E(S)

B.  The LST of the Waiting Time Distribution

The waiting time W of a random customer has two components namely
1) Waiting time w, of the first customer in the batch to which the random customer
(i)  Waiting time w due to service times of those customers who are ahead of the random customer in his batch.

Let 5(9) Eq (6) and o () denote the LSTs of o, », and e

j-1

P (@{i VI -VIO V! (b} 4
0q(0) =

j=1 k=1

[0-0+0yS'(0)]

System performance
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2 o SEVVI®
pES) | AEX)E(S) JZ:; H
2E(S)(1_p) 2p(1_p) 22.01 E(V )ﬁ V]i (X)

k=1

www.ijraset.com

E(w) =

Bo?) = | _PES) _ AECOEN®) |
2ES)(1-p) (1-p)
, (1P ECXO E(S’)
2EX)(1-p)

A T2\ 153 — 3
J{m} {E(X )E°(S)+E(X)E(S")}
L EXDE*(S) | EX)E(S) F}&

3E(X) 2E(X) 5, | 3o,

o, =Y EVH [TViD

V(o) =E(0”) - (B(®))’
when the vacation times are identically distributed
E(V) =E(V)
E(V})=E(V?)

We note that p=1, A=)
E(o) = pE(S?) N LE(X)E*(S) N E(V?)

2ES)(1-p)  2p(1-p)  2E(V)
_ AE*(X)E*(S)+ E(X*)E(S) N E(V?)
N 2E(X)(1-p) 2E(V)
EX)=EX)=1 and E(X)=0
LE(S?) . E(V?)
2(1-p)  2E(V)

E(w)=

II. CONCLUSION

In this paper we analyzed the vacation model of an M™ / G / 1 queue with balking and variable vacations. This type of
modeling and analysis can be applied in many situations. Queuing model can be used to the employment services system and its
design and to optimize the actual system according to the specific requirements of the system. Queuing system is suitable for
analyzing and studying random phenomenon such as the employment service system services.

REFERENCES

[1] Choudhury, Gautam,: A two phase batch arrival retrial queuing system with Bernoulli vacation schedule. Applied Mathematics and Computation, 188 (2),
p.1455-1466, May 2007.

[2] Choudhury, Gautam / Tadj, Lotfi / Deka, Kandarpa,: A batch arrival retrial queueing system with two phases of service and service interruption.
Computers & Mathematics with Applications, 59 (1), p.437-450, 2010.

[3] Cooper, Robert B.: Queueing theory. Handbooks in Operations Research and Management Science, p.469-518, 1990 .

[4] Fiems, Dieter / Maertens, Tom / Bruneel, Herwig,: Queueing systems with different types of server interruptions. European Journal of Operational

135

O©IJRASET 2014: All Rights are Reserved



www.ijraset.com Volume 2 Issue XI, November 2014

[3]
[6]

[7]
[8]

[9]

[10]

ISSN: 2321-9653
International Journal for Research in Applied Science & Engineering

Technology (IJRASET)
Research, 188 (3), p.838-845, Aug 2008

Frigui, Imed / Alfa, Attalhiru-Sule,: Analysis of a time-limited polling system. Computer Communications, 21 (6), p.558-571, May 1998

Ke, Jau-Chuan / Chang, Fu-Min, Modified vacation policy for M/G/1 retrial queue with balking and feedback, Computers & Industrial Engineering, 57
(1), p.433-443, Aug 2009

Sherman, Nathan P. / Kharoufeh, Jeffrey P., An M/M/1 retrial queue with unreliable server, Operations Research Letters, 34 (6), p.697-705, Nov 2006
Takine, Tetsuya / Matsumoto, Yutaka / Suda, Tatsuya / Hasegawa, Toshiharu,: Mean waiting times in nonpreemptive priority queues with Markovian
Arrival and i.i.d. service Processes. Performance Evaluation, 20 (1-3), p.131-149,May 1994

Vijaya Laxmi, P. / Goswami, V. / Jyothsna, K., Optimization of Balking and Reneging Queue with Vacation Interruption under —Policy, Journal of
Optimization, p.1-9, Jan 2013.

Wang, Jinting,:; An M/G/ 1 queue with second optional service and server breakdowns. Computers & Mathematics with Applications, 47 (10-11),
p.1713-1723, May 2004

136

©IJRASET 2014: All Rights are Reserved



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




