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1. Introduction

Queueing patterns are incorporated with multiple application under fuzzy pattern having several
dimensions in actual normal existence. Performance measures play a significant role in Queueing system that
helps and allows us to the analyse the nature of mean inter arrival time and mean service time under various
situations determined by different queueing patterns. Structural Performance measure for Queueing theory
patterns are computed and evaluated by various methods namely alpha-cut method with the help of non-linear
parametric programming approach, Robust ranking technique, DSW algorithm, LR method. Queueing models
under Fuzzy was proposed by many researchers Li and Lee[1], Negi and Lee[2], Usha Prameela Karupothu and
Pavan Kumar [3] perceptionizing FM/FD/1 queueing model under various fuzzy numbers , J. P. Mukeba
Kanyinda et al [4] , W. Ritha and S. Josephine Vinnarasi [5] analyzing Queueing model by LR method, B.
Palpandi, G.Geetharamani [6] examining Queueing model by Robust Ranking technique, S. Shanmugasundaram
etal [7], R. Srinivasan [8] studying Queueing problem by DSW Algorithm under fuzzy pattern.

This article focuses on (FM/FD/1) : (oo/FCFS) queueing pattern with average expected arrival and
service intervals undergoing distributions exponentially with mean rate ‘A’ , ‘n’ under FCFS queueing technique
following source population infinitely with FD being constant fuzzified dispersion having the proposed rates. To
prioritize the efficiency of LR method, a numerical illustration has been computed using LR method and analyzed
using DSW algorithm.
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2. Preliminaries
Fuzzy set:

A fuzzy set P specified on R is categorized by a membership function having its elements of a specified space
‘X’ in the specified range [0, 1]. It is represented as

P ={(Zw@);z €L}
Trapezoidal fuzzy number by LR —type :

A fuzzy number P = (p, q, 7, s ) zis defined to be trapezoidal fuzzy numbers of LR type if its membership function
is specified by
L(E) ifx<p;r>0
up(x) = X-ay., .
P R(S),1fx2q,s>0
1 ; otherwise

Basic operations in trapezoidal fuzzy numbers of LR type:
Let M =(mymzmsms), V = (V1, V2, V3, Va) & ‘A is a parameter, then

(i) M+ V' = (M, mamsz,ma) + (V1, V2, V3, Va) = ( M1+V1, MH+Va, Ma+Va, My+Va)
(i) M= V' = (M1, mzm3,ma) - (V1, V2, V3, Va) = ( M1.V2, Ma—V1, Ma+Vs, Ma+V3)

(il)M'V" = (M1, mzma,ma). (V1, V2, V3, Va)=( M1V1, MaVz, M1V3 + M3V, MaVa+Vamy)

. M’ (m1,m2,m3,m4) m; mp; m3z Mgy
WV == ( )
\% (V1,v2,V3,V4) Vz Vi Vs V3

(V) A (m1, mz,ma,m4) = ( kml, sz, Xms, Xm4)
(Vi) /A (Mg, mz2ms,ma) =(mMa/X, Ma/A, Ma/A, Ma/L)
Representation of trapezoidal fuzzy numbers of LR type:

Trapezoidal Fuzzy numbers are represented as F(s, t, m, v). These trapezoidal fuzzy numbers can be written
as F(s, t, m, v) = < t, m, t-s, v-m > Where t, m are spreads under left and right patterns respectively using LR
representation technique.

3. Performance Measure Under Constant Fuzzy Dispersion With Infinite Source Population:

The Queueing pattern( FM/FD/1) : ( oo/FCFS) is considered with population source under unlimited pattern
with the constant fuzzified dispersion having average expected arrival and service intervals undergoing
distributions exponentially with arrival and service rates having ‘A’ and ‘p’respectively .

The structural performance measures specifically expected customer rate and delayed customer rate in the
system, queue are given by the respective formulas.
_ _r

Li=samy t P

= p2

Lq 2(1-p)

w,=—~
9 2(1-p)u

W,=—L—+-
S 201-pu n

Where p :% , the utilization factor or traffic intensity.
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4. Numerical Example

A Queueing model (FM/FD/1):(co/FCFS) is examined with the average expected arrival and service
intervals using trapezoidal fuzzy numbers followed by A =(1,2,3,4) and p = (11,12,13,14).

In LR type, the average expected arrival and service intervals using trapezoidal fuzzy numbers of LR type
followed by A=(2,3,1,1) and pu=(12,13,1,1).

To find the value of :

_A_ (2311 =( 2 3
p u (12,13,1,1) 13712’

1,1)

=(0.1538,0.25, 1, 1)

Average customer rate in the system ( L,):

_ _p?

L= 2(1-p)

+p

2
_ (0.1538,0.2:,1,1) + (01538, 0.25, 1, 1)

2(1 —E)

_ (0.1538,0.25,1,1)%
=
2(—

()

+(0.1538, 0.25, 1, 1)

(0.1538,0.25,1,1)2

(ZBLD - GaiD, (0.1538,0.25,1, 1)

2( (12,13,1,1)

2
= —<°-15§3'1°1-_22§2')1')1) +(0.1538,0.25, 1, 1)

2((12,13,1,1)

_ (0.1538,0.25,1,1)2

= +(0.1538,0.25, 1, 1)
2(0.6923,0.9166,2,2)

_ (0.0236,0.0625,0.3076,0.5)
(1.3846,1.8332,4,4)

= (0.0128, 0.0451, 0.0769, 0.125) + (0.1538, 0.25, 1, 1)
= (0.1666, 0.2951, 1.0769, 1.125)

+(0.1538, 0.25, 1, 1)

Therefore, L ranges in (0.1666, 0.2951).

Average customer rate in the Queue (L,, ):

2

_ P
Lq T 211-p)

_ (0.1538,0.25,1,1)?

- x
2(1-=
a-p

_ (0.1538,0.25,1,1)
T N
255
(0.1538,0.25,1,1)?
2 s D)

_ (0.1538,0.25,1,1)
- (9,11,2,2)

2((12,13,1,1))

_ (0.1538,0.25,1,1)?
2(0.6923,0.9166,2,2)

_ (0.0236,0.0625,0.3076,0.5)
(1.3846,1.8332,4,4)

=(0.0128, 0.0451, 0.0769, 0.125)
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Therefore, L, ranges in (0.0128 and 0.0451).

Average delayed customer rate in the Queue (W ,):

___ P
> Wq_Z(l—p)#

_ (0.1538,0.25,1,1)
- A
2(1—
(Caml

(0.1538,0.25,1,1)
(1.3846,1.8332,4,4)(12,13,1,1)

_ (0.1538,0.25,1,1)
(16.6152,23.8316,49.3846,53.8332)

= (10.0064, 0.0150, 0.0185, 0.0202)
Therefore, W, ranges in (0.0064, 0.0150).

Average delayed customer rate in the system( Wy):

> =—L -
W 2(1-pu

_20a-p)+p
2(1-p)p

AL A
2(1-5)+=
— a-J+y

x
2=u

pH=Ay, A
2(—)+~=
_ (u) u
= =%

2650k

_ 2(u-M)+A
2(u-Mp
2u—A
2u2-22u
2(12,13,1,1) - (2,3,1,1)
2(12,13,1,1)2 — 2(2,3,1,1)(12,13,1,1)

(24,26,2,2)—(2,3,1,1)
2(144,169,24,26) — 2 (24,39,14,16)

_ (21,24,3,3)
(288,338,48,52) — (48,78,28,32)

(21,24,3,3)
(210,290,80,80)

=(0.0724, 0.1142, 0.0375, 0.0375)
Therefore, W, ranges in (0.0724, 0.1142).

The structural performance measure of L , L, W, and W, has been given in graphical representation using
MATLAB R2023a.

Membership Function of Lq:
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Membership Function of Ls:
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Comparison for FM/FD/1 Queueing Model:
DSW Algorithm LR Method
Without Fuzzy | An algorithm using Interval Analysis | Easy and simple manual computation has
number Arithmetic is implemented for execution | been carried out for system performance
that comprises of four steps in calculating | measure using trapezoidal fuzzy number
the system performance measure. formulas under LR type.
Lq =0.0166 Ranges in (0.0027 , 0.1039) and doesn’t | Ranges in (0.0128 , 0.0451).
drop under 0.0023 and rise beyond
0.1893.
L,=10.1832 Ranges in (0.0741 , 0.4675) and doesn’t | Ranges in (0.1666 , 0.2951).
drop under 0.0690 and rise beyond
0.6439.
W,=0.0916 Ranges in (0.0741, 0.1168) and doesn’t | Ranges in (0.0724 , 0.1142).
drop under 0.0690 and rise beyond
0.1287
W,=0.0083 Ranges in (0.0027, 0.0259) and doesn’t | Ranges in (0.0064 , 0.0150).
drop under 0.0023 and rise beyond
0.0378.
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5. Conclusion

In the present document, the estimate of system performance under FM/FD/1 queueing pattern with

population under infinite source following FCFS pattern that has been computed with the help of trapezoidal fuzzy
numbers of LR type. The spreads under left and right patterns are computed with the help of trapezoidal fuzzy
numbers under LR type using LR method.

The average customer rate in the queue ranges in (0.0128, 0.0451), average customer rate in the system ranges
in (0.1666, 0.2951), the average delayed period in the system ranges in (0.0724, 0.1142) and the average delayed
period in the queue ranges in (0.0064,0.0150).

Hence,

LR method helps in computing the structural performance measure of a queueing system model in a

simple and flexible manner.
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