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ABSTRACT
Using fuzzy technigue to analysis of a single sefuezy queue working vacation(WV)
and vacation interruptions with set-up time is dé&sed in this paper. We obtain model in
fuzzy environment as the probability of the seiigan a closed-down period, server is in
a set-up period, server is in a regular busy penmwembership function of the mean
gueue length and mean waiting time. Finally, nuo@niesults are presented to show the
effects of system parameters.

Keywords: FM/FM/1 Queue; Single server; Working vacationsi period; Set- up
period; Close-down period; vacation interruptions.
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1. Introduction

Working vacation is a kind of semi-vacation poliggs introduced by Servi and Finn [9]
a customer is served at a lower rate rather thamplaiely stopping the service during a
vacation. In the classical vacation queuing modslsing the vacation period the server
doesn't continue on the original work and such gyolmay cause the loss or
dissatisfaction of the customers. For the workiagation policy, the server can still
work during the vacation and may accomplish otlesistant work simultaneously. So,
the working vacation is more reasonable than thesital vacation in some cases. The
details can be seen in the monograpraphs of Tdkagi Tian and Zhang [13] and the
survey of Doshi [3]. However, in these models, skever stops the original work in the
vacation period and cannot come back to the redpuisy period until the vacation period
ends. Baba [1] studied a GI/M/1 queue with workiracations by using the matrix
analytic method. Banik et al. [2] analyzed the GIINN queue with working vacations.
Liu et al. [7] established a stochastic decompmsitiesult in the M/M/1 queue with
working vacations. In 2007, Li and Tian [8] firsttioduced vacation interruption policy
and studied an M/M/1 queue. Majid and Manoharah §b@lyzed the M/M/1 queue with
single working vacation and vacation interrupticsing matrix geometric method. For
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example, when the number of customers exceedsptbeias value and if the server

continues to take the vacation, the cost of waitingtomers and providing service in the
vacation period will be large. Using the methochcfupplementary variable, Zhang and
Hou [14] considered an M/G/1 queue with working ateans and vacation interruption.

Sreenivasan et al. [11] studied an MAP/PH/1 queitie working vacations, vacation and

N-Policy.

Power-Saving in ICT systems is an impdrissue because ICT devices consume a
large amount of energy. One simple method is to tdif on idle device and to switch it
on again when some jobs arrive. This is becaughdrcurrent technology idle devices
still consume of peak processing a job on the dilaed, a quick response in crucial for
delay sensitive applications. An off server neenlmes setup time in order to be active
during which the server consumes energy but camoaess a job. Thus, there is a trade-
off can be analyzed using single server queuingeatsodith setup times which are
extensively studied in the literature. Our modets suitable for a down link of a mobile
station with a power saving mode. A mobile statiepeives data from a base station.
Arriving messages are stored in the base statidrttzen mobile station downloads these
messages from the base station upon the complefian download, if there are no
messages in the base station the mobile statidarried off in order to save energy.
However, when a message arrives, the base staimls & signal in order to wake up the
mobile station. The mobile station needs some nangetup time to be active so as to
receive waiting messages.

Kalayanaraman et al. [4] introduced aglenserver vacation queue with fuzzy
service time and vacation time distributions witbm& performance measures.
Kalyanaraman, et al. [5] gave a single server fuqzgue with group arrivals and server
vacation. Kannadasan and Sathiyamoorthi [6] ingesti theFM/FM /1 queue with
single working vacation.

2. Themodel in fuzzy environment

In this section, the arrival rate, service rateivarg customers can be served at a mean
service rate and working vacation time are assutoele fuzzy numberd, 7,75, 0
respectively. Now

2= {x, uz(x); x € S(D)},
V1= us(1);y1 € S(r1)}
V2 = V2, u5(2); y2 € S(¥2)}

6 = {z,u5(2); 2z € 5(0)}.

whereS(1), S(¥,), S(7,) andS(@) are the universal set's of the arrival rate, servate,
arriving customers can be served at a mean semdt® working vacation time
respectively. It defing (x, y;,y2,2z) as the system performance measure related to the
above defined fuzzy queuing model, which dependshernfuzzy membership function
f(4, 71,72, 0). Applying Zadeh's extension principle (1978) themmbership function of

the performance measufél, 7, 7,,6) can be defined as
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HF Gy 7,0) (H) = Sup {120, 1y, 1), 1y, 2), g (2) /H = f (%, y1,¥2,2)} (1)

y1€S(¥1)
Y2€5(¥2)
z€S(0)

If the a- cuts of f(4,7,,7,,0) degenerate to some fixed value, then the system
performance is a crisp number, otherwise it iszzyunumber.

We obtain the membership function of sop@formance measures, namely
Probability of the server is in a close-down periBtbbability of the server is in a set-up
period, Probability of theserver is in a regulasypyperiod, Membership function of the
mean queue length, Membershipfunction of the meaitingtime. For the system in
terms of this membership function are:

5(2)
() = sup {uz (), y, (1), by, (72), K22}, 0
xES(A)
¥1€S(¥1)
Y2€5(¥2)
z€S(8)

where

_1_

[[x+z+y, | z(x+y,+2) | zy1Y,(zx+2%+2y,+x)(2+Y,)?

z+y, + x + X+2z+y,
x2z(x+z+y,)y1 , (X%+2xz+z%+zy,)y—x
(xy2)2(y1—x) X+z+y;

() (57 (2350)
X2Z4+XY,XZ+X V1 x+z+y,

RN

up;(B) = sup {uz(x), y, 1), ty, ), 145(2) / B} )
x€S(A)
y1€S(¥1)
Y2€5(¥2)
z€S(0)

where

[ 1x+2z+y, n z(x+y,+7) n Zy1Y2(2x+22 42y, +x) (z+Y,)? —1

Z+y, X X+z+y,
x2z(x+z+y,)y1 . (x242xz+2z%+zy,)y,—x

T oo T xX+2+y, (9(/1 +y, + 9))
x Vi—X z+y, Jl
(x2+xy2xz+x)( Y1 )(x+z+y2)
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15 (€)= sup {uz(x), py, 1), 1y, 72), 145 (2)/C},

x€S(A)

Y1€S(¥Y1)
Y2€5(¥2)

z€S(0)

(4)

Z+y2

X

x2z(x +z+ y,)y,

x+z+y2+Z(x+y2+Z)+zy1y2(zx+zz+zy2+x)(z+y2)2
x+z+y,

(xy2)?(y1 — x)

<

(x2 4+ 2xz + 2% + zy,)y, — x]_l

xX+z+y,
xy,(xz + 2% + zy, + ) V1Y, + y12)

XxX+z+y,
z(x+y, +27)

)

(x? + xy, + x2)xy,

where

<(Z +y2) 1 — x)) ¥ <x2

[[x+z+y,

XY, +xz+x>

(x3 +x2 + x%y, + xzz>(

xy1(x +z+y;)

nx+z+y;)

(xz + 224+ 3xz +xy, + 2y,

Y1—x)

y1i—X

k(D) = sup {u3(x), ty, 1), iy, (v2), 15 (2)/ D}, (5)
Q) x€S(A)

z(x+y,+2) n 2Y1V2(2x+2%+2y,+x)(z2+Y,)?

y1€5(¥1)
Y2€5(¥2)
z€S(0)

zZ+y,

x
x%z(x+z+y,)V1

X+zZ+y,

(x%+2xz+2°%+2Y,)y,—x

(xy2)*(y1—x)

x+z+y,

_1_

G (57 G55)
X2+XY,xXZ+X Vi x+z+y,
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[x —xy, —x* —xz 2z [(x*y; +x2y; + xy1¥, — x> — 2%z — 2%y, + x\] ]
yilx+z+y,) ;< y1(x?% + xz + xy, + x) >
x2+ 2%+ 2xz + zy, x zZ+y, [
yi(x+z+y,) (x2+xy2+xz+x><x+z+y2) |
Xy, — Xy, — X% — xz ]
<(2x — xz)(Z + y2)> yl(x +z+ yz) ( X )
(x +z + y,)? xy,(xz + 2%+ zy, + x) |\x2 +xy, + xz +x
\+ (x+z+y,)? /
2+ z+v,)(y, +z+ 22 —(x+z+y,) 2 (x+y, +z+ 1)
( vy +z+2)? )

xz +z% + zy, z XZy, Z+ Yy, )
X2 +xz+xy,+x y; x2+xz+xy, +x(y1?2 —xy)|\x+z+y,/1]

(2)
g E) = sup {uz (o), iy, 0, 1y, (02), 222}, (6)
xES(A)
V1€S(¥1)
V2€S(V2)
zes(9)
where

_1_

[[x+z+y, n Z(x+y,+2) n 2Y1Y2(Zx+2%+2y, +x) (2 +V;)?

Z+y, X X+z+y,
x2z(x+z+y,)y, . (X242xz+2%+z2y,)y—x
(xy2)2(y1—x) X+zZ+y;

() (57 G535)
X2+XY,XZ+X Vi x+z+y,

XYy — Yy, —x—2) xyz(xz+zz+zy2+x)_(
yvi(x+z+y,) (x+z+y.)? x2+xy2+xz+x
|

|+ xz + z% + zy, (x)( XZYy, )( zy, )
l x?+xz+xy, +x)\y; /) \x2 +xz+xy, + x(y,2 —xy )/ |\x +z+ y,

)

Using the fuzzy analysis technique explain, we damd the membership of

used to develop the membership functio®eP,, P;, E(L), E(W)

3. Performance of measure
The following performance measure are studiedHisrmodel in fuzzy environment.

Probability of the server isin a close-down period
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Based on Zadeh's extension princm(le(A) is the superimum of minimum over

{70, iy, 1), by, V2), g (2): A = f (X, ¥4, Y2, 2)} to satisfyingiz-(4) = a,0 <a < 1.
We consider the following four cases:

Casdi) () =a, u,(y)2a, g, (2)za, u;S)za
Casdii) t; () za, u,(y)=a, 4;(2)za, Hz(S)za
Casdiii) 1;(X)2a, w,(y)za, y,(z)=a, Hy(8)za
CasdiV) 1;(\)2a, y,(y)za, y;(2)z2a, Hz(s)=a.
For case(i) the lower and upper bound af cuts of P, can be obtained through the
corresponding parametric non-linear programs,

[P1]e = min{[A]} and[P1]¢* = max{[A]}.

Similarly, we can calculate the lower and upperrutsuof thea-cuts of P, for the case
(i), (ii)andiv). By considering all the cases simulatuosly theeloand upper bounds

of thea-cuts ofP_1 can be written as,

—1+

[[x+z+y,  z(x+y,+2) = zy Y, (zx+22+2y,+X)(z+Y;)?
z+y, + x + xX+z+y,
x2z(x+z+y,)y1 , (X%+2xz+z%+zy,)y,—x
(xy2)2(y1—x) X+z+y;

() (57) G25)
X24+XY,XZ+X V1 x+z+y,

RIN

[P1]e = min{[A]} and[P,]¢ = max{[A]}.

L U L U L U L U
suchthat; < x < xg,y1, <Y1 SY1YV2, SYV2<Y2p2a SZ=<Zg.

If both (P and(P,)Y are invertible with respect to, the left and right shape function,
L(A) = [(P)L]™* and R(A) = [(P,)Y]~! can be derived from which the membership
function Hp, (A) can be constructed as

L U
L(A), Pi._,<A<P,_,
ppr(A) = LPy, SA<P_, (7)
L U
R(A),P._ <A<P_,

In the same way we get the following results.
Probability of theserver isin a set-up period

L(B),P,:_ <B<P,._,
pp(B) =| LPy_ S B< Py, (8)
R(B),P,t_ <B<PY_|
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Probability of theserver isin aregular busy period

L U
L(O), Py, <C<P3,_,
pp(C)=| LPsgo, SC<Pyy, (9)
R(C),Pag_, < C < P3g_,
Member ship function of the mean queuelength
L(D), (E(L))g=o <D < (E(L)a=o
try (D) = | L(EW)G=1 <D < (E(L)g=1 (10)
R(D), (E(L))G=1 <D < (E(L))g=0

Member ship function of the mean waiting time

L(E), (E(W))g=o <E < (EW))i=o
by () = | L(EW))g=1 < E < (E(W))g=4 (11)
R(E), (EW))4=1 SE < (EW))5-
4. Numerical study

Probability of the server isin a close-down period

Suppose the fuzzy arrival rale fuzzy service ratg; in a regular busy period, arriving
customers can be served at a mean servicg7ateorking vacation tim@ are assumed
to be trapezoidal fuzzy numbers described by [11,12,13,14], y; = [31,32,33,34],
Y, = [61,62,63,64] andg = [71,72,73,74] permins respectively. Then

A(@) = min {x € s(1),G(x) = a}, max {x € s(1),=> a}, where,
x€s(A) x€es(A)

x—11,11 <x <12
11,12 <x <13

G(x) = 14—x13 <x <14’ using the above technique we get following result

Probability of the server isin a close-down period

L(A) 0.0815 < A < 0.2761
oy = [ 1027614503918
Hp; R(A),0.3918 < A < 0.6583

Probability of theserver isin a set-up period
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L(B), 0.1785< B < 0.4983
1,0.4983 < B < 0.5531,

w(B) =\ Ep) 05531 <B < 07581

Probability of theserver isin aregular busy period

L(C), 0.0974 < C < 0.3671
_o-=[t 0.3671 < C < 0.4752,
Hp, R(C), 04752 <C < 0.6816

Member ship function of the mean queuelength

L(D), 05412 <D < 1.7153
1, 1.7153 < D < 4.2590.

HEDP) =\ R(D), 42590 < D < 16,1363

Member ship function of the mean waiting time

L(E), 05761 <E < 8.6583
&= 8.6583 < E < 12.1107.
K, R(E), 121107 < E < 19.1265

Acrtival rate, Serice rate versus probability of the server is in a closed-down period

probability of the server is in a closed-down period

34

AT e e 25

Acrrival rate 3
Serwice rate

Figure 1. Arrival rate, service rate versus probability lné server is in a closed-down
period
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Arrival rate, Service rate versus probability of the server is in a set-up period

Probability of the server is in a set-up period

31

) _— e 325

Arrival rate Service rate

Figure2: Arrival rate, serevice rate versus probabilitylef server is in a set-up period

Further by fixed the vacation rate by a crisp va#lue 76.4 andy, = 61.3 taking arrival

ratel = [11,12,13,14], service ratg¢, = [31,32,33,34] both trapezoidal fuzzy numbers
the values of the probability of the server is inlased-down period are generated and

are plotted in the figure, it can be observed that asincreases the probability of the
server is in a closed-down period increases foffikeel value of the service rate, where
as for fixed value of arrival rate, probability tfe server is in a closed-down period
decreases as service rate increases. Similar cimelean be obtained for the case
7, =63.6, 6 =734 Again for fixed values of takimg=[11,12,13,14], y; =
[31,32,33,34] the graphs of probability of the server is in &ge period are drawn in
figure 2 respectively, these figure show that as arrivid iacreases that probability of
the server is in a set-up period also increasese Wie probability of the server is in a
set-up period decreases as the service rate iesréaboth the case.

It is also observed from the data gendrdaklat the membership value of the
probability of the server is in a closed-down périg 0.57 and the membership value of
the probability of the server is in a set-up perb3 when the ranges of arrival rate,
service rate and the vacation rate lie in the vrtef12,13.4),(31.5,34.6) and
(71.2,73.4) respectively.
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