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Abstract:

The paper, we studied and designed is to show the way server faces the
customer in the service system, when the system had breakdowns with
two cases TRF (“types of repair facilities™) also at the timeout period. At
the earlier stage of a busy period, if the server finds system empty, he
will stay for fixed time ‘e’., If no one enters in during the length of e,
server goes for vacation otherwise the commences service to the
approaching customers. During vacation server finds system empty, he
will take next vacation after that he will commence service for the
arrived and waiting customer exhaustively. While continuous working
the system may face shatter down and it is reactivated within two cases
TRF(*“ case I is offered when it fetch to amidst of service and customer
would like to stay back in the system only with a chance of ‘x’ to get the
remaining service. Where as in case2 repair is initiated if the customer
whose service is interrupted due to server failure quits the service zone
and joins head of queue(with a probability (1-x)”). Also, numerical
values are illustrated.

Keywords: vacation queueing system, server failure, two case TRF and
Server timeout

1. INTRODUCTION

now he is considered as father of the field
and also treated as first congestion problems

Now a day’s the word Queuing is the most
frequently problems facing every day in our
life. For example, Queueing is quite common
in many fields, and are frequently occur at a
Bank, ATM’s center, ration center, books in
library, telephone exchange, in supermarket
and at a petrol station, etc. Hear A.K. Erlang
[1], had published “The Theory of
Probabilities and Telephone Conversations”,
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in the beginning of 20th century.

Lot of study has been carried about VQS
(“vacation queueing system”) term, some of
the authors work done on day to day life.
The extensive study by Doshi [2], the most
remarkable works done in recent and past by
some researchers on vacation models include
Fuhrmann and Cooper [3], Takagi [12], Tian
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and Zhang [13]. Li and Yang [7] detailed
different queues with vacation. Madan and
Al-Rub [8] explained optional server
vacations for a single server queue.

When there are no customers in the system,
then the system becomes empty, before
going to vacation server stay for fixed time
‘¢’ known as server timeout; Oliver C. Ibe
[9] discussed the M/G/1 vacation queueing
system with server timeout and elaborate the
mean waiting queue time of the system and
the for the same model he also developed it
for N-policy. E. Ramesh Kumar and Y.
Praby Loit [4] studied and derived the mean
waiting time of a vacation queueing system.
K. Satish Kumar, K. Chandan and Y. Saritha
[6] studied and derived explicit expressions
for the system length.

Server breakdown have been investigated in
different frame-works in recent past. An
M/Ek/1 queueing model with arrival rate
dependent on server breakdown was
investigated by Shogan [11]. Single server
queue subjected to breakdown and repair has
been studied by a number of authors. Using
supplementary variable technique Kailash C.
Madan [5], Sharma D.C.[10], explained a
machine repairable system with spares and
two repairmen where “the partial server
vacation” is applied. In their system, the first
repairman never takes vacations and always
available for serving the failed units.
Vasantakumar and  Srinivasarao  [14]
obtained the optimal operating policy for an
N-policy two-phase queueing system with
server startup, breakdowns and delayed
repair.

By considering the concept of vacation and
server breakdowns, the present paper is an
attempt to optimize the loss due to server
vacation and breakdowns by introducing
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Timeout and TRF. Structure of the paper is
as follows: Section 2 gives model
description, Section 3 gives analysis of the
model and also derived part of the ESL
(“expected system length”), Section 4 shows
numerical tables and graphs as an illustration
to Analysis of single server VQS with two
cases TRF and server timeout..

2. MODEL DESCRIPTION

In single server queueing
system, customers are arriving in Poisson
process with rate “A’. The service times are
assumed as general. At the earlier stage of a
busy period, if the server finds system
empty, he will stay for fixed time ‘e’., if no
one enters in during the length of e, server
goes for vacation otherwise commences
service to the approaching customers. During
vacation server finds system empty, he will
take next vacation, after that he will
commence service for arrived and waiting
customer exhaustively. While continuous
working the system may face a break down
and it is reactivated within (TRF). (““ case I is
offered when it fetch to amidst of service
and customer would like to stay back in the
system only with a chance of ‘x’ to get the
remaining service. whereas in case2 repair is
initiated if the customer whose service is
interrupted due to server failure quits the
service zone and joins head of queue(with a
probability (1-x)”)..

3. MODEL OF THE ANALYSIS

While customers arriving with Poisson
process rate ‘A’ into waiting line. The system
is of exponential service with rate ‘u’. ‘X, is
the time and customer is to serve, also has a

general distribution with c.d.f of Fy (%) The

LST function of X is” Dy ().

16359



T IHES'T

Engineering & Management

Dx(s) = E(e™) = [
(1)
The term a vacation period is symbolized as

‘V’ with general distribution and c.d.f of
R ) and the LST function of V is Dy, ().

—5‘xf (X]dx

D,(5) = E (2)
If the system has shatter down with rate ‘a’,
then system go for two cases TRF. Let D,
ey (2) 1s p.g.f the sum of the customers in
the system is given by [Ref 9]”

(1-plhgq15°gziz—1)
" hg q1(z-5*qz)-zaqR*q1 (1-5%qz)

3)

DL{M J6/1) B =

Where
g, = AM1l—Z)andg, =a+ A(1—Z)

Let ‘M’ is the sum of customers in the
system in the beginning of busy period,

Pm (M) =P [M=m] is the p.m.f variable of M
is Dm (2) and it is given below:

Dy (2} = E(ZY) = EZ. 2™ py (m)
(4)
Let N’ is the sum of customers with the

arbitrary exisisting customer left. The pmf of
N is Py (n) is Dy (2) and it is given below:

L —Dor (2)
(1-ZIE(M)

Dy(Z) =
(5)

Let ‘L’ be the length system. The p.m.f of
‘L is P (I)is DL (2) and it is given below:
D,(2) = Dy(2) + D,
(6)

Let Wy denotes the EWQ (“expected waiting
queue”) in the system, to determine ESL of
the customer is [Ref 10]

{6113 ()
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dig (2] _
~ (E(w) + E(0)) = ]M —Ew)y  (7)
“By using Dy (z), we can derive mean E (M)
and second movement E(M?). [Ref 8]”

(=2 =Dy ()

_ Dy
Dy(2) = 2R, + 2222

Ry (8)

_ Dy (=J{1—e ™1

Where R, TRy

and R, = ii’_’i—f};jh
From these, we get

DL (1) = E(M) =R, + %R
=

And
D, (1) = E(M?) = M—i;i'}” ]
= (10)
From equation (2) using this
expression Dy (5) = —— = D,(») = —, we

rewrite equation (9) and (10) as given below

- s a4+ 5)
EQ) = ((n+5l—g™>257 (11)
. 52 (545
By And E(M?) = o) e
(12)

“By substituting equation (3), (5) in equation
(6), we get”
1-Dyl(Z)
D.(2) =taZkan
(1—p) hy qi'lr g,(z—1)
hy ':?1':2"_1’13':?2:'_25“1?3%"?1lzl_vi
(13)
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1-Dy(2)
(2) (1-Z)E(M)
(1—p) g "-]"_I:"r-qz':l_g::'
zaqR g, (1-V'q)— kg q,(z—V g,

(14)

D,(2Z) =
(1-Dy(Z)) ha 9,V 7,
zaqR$q1 {1_1’T$':?;l:]_ he g, ':z_tﬁ'??]
(15)

Consider k = =2
ELJ"’I::I
(16)

The derivative of equation (16) w.r.to z is

Dy(z) {zagR*q,(1 — 5°q,) — hyq,(z— §°q. )} +
D, (2 {agR*q,(1 - 5*q, )1 — Ry N} =K =
{(-D'W(Z)h, q,5°g, + (1 — D(Z) Ik, q,5%g,) +
Q- DM{«ijhc ':?1.5. * '1?:]}

(17)

In (17)substituting K, g1, g2, z=1 also eqn
(11) and (12) , the result is

(E(A)p(pta)i(l-p)
pipta)(1-plEl4)

DL[:I-] = (18)

D(1)=1 (19

The derivative of equation (17) w.r.to z is

D (z){zaqR*q,(1 —V*q,) — h g,z -V g, )} +
2D, (zMeqR g, (1 — Vg, )(1 — b, )} +
D,@)(2Mag +V » 02) - 2(5) - £
((—D"(Zh, q, Vg, +

2(-D W)y q V" g

PI.+II)_ :I=H*

(20

In equation (20), substituting K, g1, gz, z=1
also equation (11) ,(12) and (19), then the
result is

D;(1) = E(L)

(1-plud (1 - pmle + A A+ 5)]
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4. Numerical Values Thus by using above
expression (21) and changing the values of
other parameters by fixing one parameter, we
get some numerical results as given below
in;
4.1. TABLES and GRAPHS On the
chance of getting differing parameters of
(q, A, u, ¢, 0, and y ) of ESL for fixed

values of q=3, A=1, u=35, e=1.5, =4 and
7 =55

TABLE 1 and GRAPH 1 By fixing the
parameter ‘q’

EFFECT OF
PARAMETER | PARAMETERS | E(L)
3 1.1442
6 1.6956
10 4.1047
14 6.7162
q 18 12.2574
Effect of 'q'
15
10
. ——E(L)
0
0 5 10 15 20

TABLE 2 and GRAPH 2 By fixing the
parameter ‘1’

T o -0 taugl—1-1) i(ﬂ )% ((qr — 1) + quigl— 1— 1))[5(1—e %)

(1 - plegin((2+5)—e
)+ A+ S)] e+ o) (e (g — 1) +qﬂ:(q1 1-4))
(1— pleefp +a)((d+5)—e™ s‘
5+ AA+ S+ @ Tra(qu — 1 L+ qﬂ,cql
(1 —p) A ((A+5)—
"‘+1{1+S"2(u—+az(uz(ﬂu 1) +mr-(r31 1— AN

+
s(1—e

Tsa-e 1-2))

25(1 -

Particular case: By eliminating g, alpha,
gamma values in the above expression we
get M/G/1 model.

Published by: The Mattingley Publishing Co., Inc.

+

PARAMETER PAE\;ZI?\SI:;-TCI;; | EL
1 1.1442
e 3 4.8931
a 8 8.2669
11 19.3216
14 68.5207
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Effect of '\’

80
60
40
—4—E(L)
20
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Effectof " "'

1.4

1.2
1 \-’
0.8
0.6 —e—E(L)
0.4

0.2

o
(] 2 4 (=3 8

TABLE 5 and GRAPH 5 By fixing the
parameter ‘o’

EFFECT OF
PARAMETER E(L
TABLE 3 and GRAPH 3 By fixing the PARAMETERS L
parameter ‘[’ 4 1.1442
EFFECT OF 5 1.2787
PARAMETER E(L)
PARAMETERS a 6 13356
35 1.1442 7 15953
40 0.9926 8 1.6562
m 45 0.8641
Effect of 'a’
50 0.8521 e
55 0.8435 -
TABLE 6 and GRAPH 6 By fixing the
Effect of "W’ = BV TXINg
parameter ‘C
1.4
EFFECT OF
1.2
1 PARAMETER | o\ rameTERS | E(H)
0.8
0.6 ——E(L) 15 1.1442
0.4 2.5 0.9867
"o e 35 0.9747
° 0 0 %0 45 0.9172
TABLE 4 and GRAPH 4 By fixing the 5 0.8768
parameter ¢y’
EFFECT OF
Effect of 'c’
PARAMETER | , oo | E(L) 5
55 1.1442 1': ‘\‘_"*H
6 0.9912 08 e
v 6.5 0.9841 o4
7 0.8803 °. \ - .
7.5 0.8625
16362
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Numerical results of different parameter are
as follows:

1. With an increase of values g, A and a, the

E (L) is also increasing.

2. With an increase of values W,y and c, the

E (L) is falling down.

5. CONCLUSION

We have derived expression for Expected
system length of an M/G/1 queue with
vacation, Two cases of RF and Server
Timeout. Finally the sensitivity analysis is
also performed to show impact for various
parameters to the given sExpected system
length.
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