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Abstract— In this paper we show that queueing theory can accurately model the flow of in-patient in hospital. In which
arrival rate, service rate and number of parallel servers are all considered as fuzzy numbers. Further Robust ranking
technique is used to find the expected mean queue length and waiting time in queue. Further numerical illustration is also
given to justify the validity of the model. In this model capacity of the system is infinite.
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INTRODUCTION

In real life in many situations the parameter may only be characterized subjectively (i.e) the system parameters are both
possibilistic and parabolistic. Li and Lee(1989) investigated the analytical results for two typical fuzzy queues FM/FM/1/ 00, M/F/1
o0 where F represents fuzzy time and FM represents fuzzified exponential distribution. Nagi and Lee (1992) proposed a procedure
using the o cut and two variables simulation to analyze fuzzy queues. Using parametric programming Kao et al(1999) constructed
the membership functions of the system characteristics for fuzzy queues and applied them to four simple fuzzy queues namely
FIMI1/00  M/F/1/%° and FM/FM/1/% successfully. Ritha and Lilly Robert (2012) developed the profit analysis of FM/FE,/1
queues system in which they convert the fuzzy queue into a family of conventional crisp queues and construct the membership
function successfully by using the approaches of parametric NLP techniques. Later the same techniqueues were utilized by Jeeva
and Rathinakumari(2012) to analyze a batch arrival single server, Bernoulli feedback queue with fuzzy vacations and fuzzy
parameters. Ramesh and Kumara ghuru (2013) analyzed batch arrival queue with fuzzy parameters. Jeeva and Rathinakumari
(2013) had also introduced the fuzzy cost computations of M/M/1 and M/G/1 queueing models also. Chen (2005) analyzed bulk
service fuzzy queueing system with fuzzy parameters. Barak; S. and Fallahnezhad, M.S. (2012) analyzed the cost of fuzzy queueing
systems. J. Pavithra and K. Julia Rose Mary (2016) studied the FM/M(a,b)/1 with multiple working vacations queuing model in
Robust Ranking Technique. Based on that the above literature available Rajalakshmi .R and Julia Rose Mary .K considered Fuzzy
Analysis for M/M/C finite capacity queueing model. In this paper we discuss the performance measure of FM/M/C queueing
system with infinite capacity.

MODEL DESCRIPTION

An M/M/c queue is a stochastic process whose state space is the set {0, 1, 2, 3,...} where the value corresponds to the
number of customers in the system, including any currently in service.
Arrivals occur at rate 4 according to a Poisson process and move the process from state i to i+1.
Service times have an exponential distribution with parameter x. If there are less than c jobs, some of the servers will be idle. If
there are more than c jobs, the jobs queue in a buffer.
The buffer is of infinite size, so there is no limit on the number of customers it can contain.
The model can be described as a continuous time Markov chain with transition rate matrix.
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On the state space {0, 1, 2, 3, ...}. The model is a type of birth—death process.
We write p = A/(c w) for the server utilization and require p < 1 for the queue to be stable and p represents the average proportion
of time which each of the servers is occupied (assuming jobs finding more than one vacant server choose their servers randomly).
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The state space diagram for this chain is as below.
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Here we have applied fuzzy analysis in the M/M/C: oo /FIFO Queueing model Particularly to the Mean queue length and waiting
time in the queue. Suppose the arrival rate A with Poisson distribution, service rate p for busy period, number of parallel servers c.

Then we represent as fuzzy set ;”t ;1 E: .

(€)1 :{w,@(w)/eﬁ W)/ we S(/l_)},;_t:{v,ﬁu(v)/Ve S(;})}, é:{z,@c(z)/z e S(é)}.

Here 0,(b) and S(a) denote the membership function and support of a where a=4, 4,C are fuzzy numbers and b=w, v, z
are crisp values corresponding to arrival rate, service rate for busy period, number of parallel servers respectively.

On the basis of the concept of a-cut we develop a mathematical programming approach for deriving the a-cuts of A, u,C

as crisp intervals which are given by,

l(a)={WeW/¢9&(W)2a}

w(a) = {u cU/6._(u)= a},

c_:(a):{ZeZ/QC(Z)Za}

where 0<o<1. Hence a fuzzy queue can be reduced to a family of crisp queues with difference a-cuts as,

{Ma)0<a<l}, {u(a)/0<a<l}, {c(a)/0<a<l}. Let the confidence interval of the fuzzy sets A(a),u(c),c(@)be
[Iﬂ(a) ul(a)], [Iﬂ(a) uﬂ(a)l, [Ic(a) uc(a)] , then the expected queue length (Lq) is given by,
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In the above formula by applying the fuzzy variable for arrival rate, service rate for busy, number of parallel servers then we get,
The expected queue length (Lq) is given as,
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Similarly, waiting time in the queue as,
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Now by applying the Robust Ranking Technique to the required equations (i) and (ii).
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111.NUMERICAL EXAMPLE:

Consider fuzzy M/M/C: o /FIFO queueing system. The corresponding parameters such as arrival rate, service rate for busy,
number of parallel servers and finite capacity are fuzzy numbers. Let us consider the parameters us,

2=[0.10.2,0304] x=[0.050.150.250.35) whose intervals of confidence are [01+a 04-a]  [0.05+a 0.35-q]
respectively, Now we evaluate R(0.1,0.2,0.3,0.4) by applying Robust Ranking Method.
R(A) = R(0.1,0.2,0.30.4)
1 1
= j 05(0.1+0.4)da = j 0.5(0.5)dar = 0.25
0 0
R(1) = R(0.05,0.15,0.25,0.35)

1

1
= [05(0.05+035)da = [05(04)da =02

0 0
By proceeding similarly the Robust Ranking indices for the fuzzy numbers Aﬂc are calculated and tabulated for
R(;l) =0.25, R(;;) =0.2, based on that Mean queue length for M/M/C: oo /FIFO model are tabulated in table (1) & (2) and they are

represented graphically in graph (1) & (2) respectively.
Table 1: Mean queue length for M/M/C: oo /FIFO model.

0.25 0.3 0.35 0.4 0.45
C
2 0.8010 | 1.2327 | 1.9284 | 3.1597 | 5.7211
3 0.0647 | 0.1641 | 0.2368 | 0.3350 | 0.4670
4 0.0191 | 0.0298 | 0.0447 | 0.0649 | 0.0919
5 0.0032 | 0.0053 | 0.0085 | 0.0131 | 0.0195
6 0.0004 | 0.0008 | 0.0015 | 0.0029 | 0.0040
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Graph(1) Lq versus (¢, A4 )

From the table and graph(1), we conclude that, the mean queue length L increases when the arrival rate increases. Also, we find
that the mean queue length (L) decreases when the number of beds increases.
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Table 2: Waiting time in queue for M/M/C: oo /FIFO model.

A
0.25 0.3 0.35 0.4 0.45
c
2 | 3204 | 44825 |6.428 |9.7221 | 16.346
3 | 02588 | 05967 |0.7893 | 1.0307 | 13342
4 00764 01083 |0.149 |0.1996 | 0.2625
5 |00128 |00192 |0.0283 |0.0403 |0.0557
6 |00016 |00029 |0.005 |0.0089 |0.0114
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Graph(2) Wq versus (c, 1)

From the table(2) and graph(2) we observe that wy increases for increasing the arrival rate and decreases for increasing number
of beds.

IV.CONCLUSION:

Many of the queuing systems have been analyzed by usingthe fuzzy set theory which provides wider application
in many fields. Thus in this paper by applying the techniques of a-cut and Zadeh’s extension principle to the arrival rate, service
rate, number of parallel numbers and finite capacity as fuzzy number which are more realistic and general in nature. Further
numerical results which are calculated by using Robust Ranking Technique, we observe that the solution of fuzzy problem
becomes more efficient.

REFERENCES

Barak, .S and Fallahnezhad .M.S (2012), “Cost Analysis of Fuzzy Queuing Systems”, International Journal of Applied
Operational Research, Vol. 2, No. 2, pp. 25-36.

Chen .S.P.(2005), “Parametric nonlinear Programming approach to fuzzy queues with bulk service”, European Journal of
Operational Research, Vol.163, pp.434-444.

Jeeva, M and Rathnakumari, E (2012), “Bulk arrival single server Bernoulli Feedback queue with fuzzy Vacations and fuzzy
parameters”, ARPN journal of science and Technology, 2(5), 492-498.

Jeeva, M and Rathnakumari, E. (2013) “Fuzzy cost computation of M/M/1 and M/G/1 queueing models”, British Journal of
mathematics and computer science, Vol.4(1), pp.120-132.

Julia Rose Mary .k and Pavithra .J (2016), “Analysis of FM/M(a,b)/1/MWYV queueing model”, Internatinal Journal of Innovative
Research in Science, Engineering and Technology, Vol.5, issue.2, pp.1391-1397.

Kao,C., Chang —Chung, Li and Shih-pin chen (1999), “Parametic Programming to the analysis of fuzzy queues”, Fuzzy sets and
systems, Vol.107, pp.93-100.

Li, R.J and Lee, E.S (1989), “Analysis of fuzzy queues”, Computers and Mathematics with applications, Vol.17(7), pp.1143-
1147.

[JSDR1710013 ‘ International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org ‘ 54


http://www.ijsdr.org/

ISSN: 2455-2631 © October 2017 IJSDR | Volume 2, Issue 10

[8] Nagi, D.S and lee, E.S (1992), “Analysis and simulation of fuzzy queues”, Fuzzy sets and systems, Vol.46,pp.321-330.

[9] Rajalakshmi .R and Julia Rose Mary .K(2017), “Fuzzy Analysis for M/M/C finite capacity queueing model”, International
Journal for Research in Applied Science and Engineering Technology, Vol.5, issue.8, pp.2163-2169.

[L0]Ramesh .R and Kumara G ghuru (2013), “A batch arrival queue with multiple servers and fuzzy parameters: parametric
programming approach”, IJSR, Vol.2, issue.9.

[11]Ritha and Lilly Robert (2012), “Profit Analysis of fuzzy M/Ex/1 queueing system non-linear zero one programming approach”,
International Journal of Advanced and innovative research, vol.1, issue 2, ISSSN 2278-7844.

[JSDR1710013 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 55


http://www.ijsdr.org/

