Advances and Applications in Mathematical Sciences
Volume 21, Issue 6, April 2022, Pages 3029-3056

© 2022 Mili Publications, India

COMPARISON OF DIFFERENT DEFUZZIFICATION
TECHNIQUES FOR THE EVALUATION OF RELIABILITY

P. JINI VARGHESE! and G. MICHAEL ROSARIO?

1Research Scholar

2Associate Professor and Head (Retired)

PG and Research Department of Mathematics

Jayaraj Annapackiam College for Women (Autonomous)
Periyakulam-625601, Tamilnadu, India

(Affiliated to Mother Teresa Women’s University, Kodaikanal)
E-mail: jinijees@gmail.com

tony87rio@gmail.com

Abstract

In this paper, a new form of Fuzzy Number named as Pendant Fuzzy Number and
Intuitionistic Pendant Fuzzy Number are introduced. Arithmetic operations and o-cut of
Pendant Fuzzy Number and Intuitionistic Pendant Fuzzy Number are defined with numerical
examples. Also a comparative study about Reliability using different Fuzzy Numbers is done
and for Defuzzification, different methods such as Signed Distance method, Graded Mean
Integration Method and Centroid Method are used.

1. Introduction

In [1], A. Nagoorgani presented a new operation on triangular Fuzzy
Number for solving fuzzy linear programming problem. Trident Fuzzy
Number and Sub Trident Fuzzy Number and its arithmetic operations were
given by Praveen A. Prakash and M. Geetha Lakshmi in [2], [3], [4]. In [5], [6]
Fuzzy systems are presented with applications and properties of fuzzy
numbers are explained in Fuzzy Systems and Operations Research and
Management (Advances in Intelligent Systems and Computing, 367), 2014
and 2016. Pentagonal Fuzzy Numbers are explained in [7] by Avinash J.
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Kamble B. Rama and G. Michael Rosario discussed about the penalty cost
and shortage cost using different fuzzy numbers in [8]. Another Fuzzy
Number is introduced by B. Rama and G. Michael Rosario [9], named as
quadrant Fuzzy Number and its arithmetic operations explained using types
of Fuzzy Numbers. In [10] application and detailed theory of Reliability
explained using different models and different numbers. In [11], Chin Hsun
Hsieh discussed about the heuristic optimization of natural production
inventory models with the preference of a decision maker. In [12], Deng-Feng
Li has discussed about the Decision and Game theory using intuitionistic
fuzzy numbers. G. Geetharamani and P. Jayagouri discussed shortest path
using intuitionistic fuzzy numbers in [13]. In [14] G. Menaka explains
different Fuzzy Numbers and intuitionistic Fuzzy Numbers and their
arithmetic operations and ranking. G. Michael Rosario and A. Dhana
Lakshmi [15] discussed the applications of intuitionistic fuzzy equations on
reliability evaluation. Fuzzy sets are introduced by Zadeh [16] in 1965 to
represent the information possessing non-statistical certainties. In [17] L. S.
Srinath explained Reliability using different methods and many examples are
solved using series-parallel method, probability method and Boolean Method.
In [18], P. Jayagowria and G. Geetharamani are discussed a critical path
problem using intuitionistic trapezoidal fuzzy number. In [19], reliability of
weaving machine is calculated using different fuzzy numbers by P. Jini
Varghese and G. Michael Rosario. In [20] P. Jini Varghese and G. Michael
Rosario discussed about the reliability of weaving machine in the textile
industry using series and parallel system and it is explained with the help of
numerical examples and reliability is evaluated with the help of trapezoidal
intuitionistic Fuzzy Numbers and series and parallel system is applied in the
reliability analysis. In [21] P. Jini Varghese and G. Michael Rosario explained
the arithmetic operations of different Fuzzy Numbers and formulated some
properties of trapezoidal intuitionistic Fuzzy Numbers and clearly explained
with the help of numerical examples. In [22], Yager explained the clear idea
about solving mathematical relationships. Representation of Trapezoidal
Fuzzy Numbers and the multiplication operation was introduced by S.
Rezvani [23]. S. Rezvani explained Ranking generalized exponential
trapezoidal fuzzy numbers based on variance in [24]. In [25], Sankar Kumar
Roy and Sudipta Midya are explained Multi objective fixed-charge solid
transportation problem with product blending under intuitionistic fuzzy
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environment, Applied Intelligence, 2019 Publication. In this paper Pendant
Fuzzy Numbers are introduced and its arithmetic operations are defined.
Different defuzzification techniques are applied on these fuzzy numbers to
analyse the reliability of a Weaving Machine.

2. Types of Pendant Fuzzy Number

Definition 1. Triangular Pendant Fuzzy Number (TPFN)

A Triangular Pendant Fuzzy Number is given by Apppy
= (a1, agp, agp)  where  aj,, agp, ag, are real numbers and
a1p < agp, < ag, then its membership function is defined as

1
15 for x < ay),
- L
as, —x |5
) e for a;, < x < ay,
[ %2p ~ %p |
py(x) =10 for x = ag, (1)
- 1
X —a 5
=2 for agp, < x <ag,
L %3p ~ %2p |
1
115 for x > ag, |

a-cut of a Triangular Pendant Fuzzy Number is given by
5 5
Apot = [a2p - (a2p - a’lp)’ Qop +a (a?)p - a’2p)]v a e (07 1]- (2)
Arithmetic Operations of Triangular Pendant Fuzzy Number

1. Addition

If Apppy = (alp, agp, a3p), Brppy = (blp, bops b3p) are two Triangular
Pendant  Fuzzy Numbers then the addition i1s given by

Apppn + Brppn = (a1p + byp, agp + bap, agpt bsp).

2. Subtraction

If Apppy = (a1p» ap, a3p), Brppn = (bip» bap, bsp) are two Triangular

Pendant Fuzzy Numbers then the subtraction 1is given by

Advances and Applications in Mathematical Sciences, Volume 21, Issue 6, April 2022



3032 P. JINI VARGHESE and G. MICHAEL ROSARIO

Arprn — Brppy = (a1p = bip, agp — bop, agp—bgp).
Definition 2. Trapezoidal Pendant Fuzzy Number (TrPFN)

A Trapezoidal Pendant Fuzzy Number is given by Apppy

= (a1, agp, agp, agp) Where ap,, agy, agp, @4, are real numbers and

a1p < agp < agp < ayp then its membership function is defined as

- _
15 for x < ay,
- 1
as, —x |5
2 = for a1, < x < ay),
L%2p ~ %p
py(x) =0 for ay, < x < ag, (3)
1
X —a 5
3p } for ag, < x < ay,
L%4p ~ 93p
1
15 for x > ay,

a-cut of a Trapezoidal Pendant Fuzzy Number is given by
5 5
Apoc = [a2p —-a (a2p - alp)’ asp +a (a4p - a’3p)]v a e (07 1]- (4)
Arithmetic Operations of Trapezoidal Pendant Fuzzy Number

L If Apppy = (@1, @9, @3ps Gap)s Brsn = (bip, bop, bsp, as)) are two
Trapezoidal Pendant Fuzzy Numbers then the addition is defined by

Arppn + Brppn = (a1 + bip, Ggp + bop, agpt by, ayp + byp).

2. If Arprn = (a1p7 Qops> A3p> a4p)’ Brppn = (blp’ pr’ b3p9 a’4p) are two
Trapezoidal Pendant Fuzzy Numbers then the subtraction is defined by

ATPFN - BTPFN = (alp - blp’ Qop — b2p’ agp — b3p’ Qyp — b4p)~
Definition 3. Pentagonal Pendant Fuzzy Number (PenPFN).

A Pentagonal Pendant Fuzzy Number is given by ApeonN
= (a1p, Qp, A3p, Aups A5p) Where app, agp, A3y, A4p, 5, are real numbers

and a;, < ag, < ag, < aqp < a5,, then its membership function is defined
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as
1 _
15 for x < ay),
- L
a —X |5
2p for a1, < x < ay,
Q2p ~ Q1p |
- 1
as, —x |5
3P for as, < x < ag,
L%3p ~ 92p |
py(x)=10 for x = ag, (5)
- 1
x-a 5
= _p for ag, < x < ay,
L %4p ~ %3p |
- L
X —ay 5
—2 for ay, < x < app
L %5p ~ %5p |
1
|15 for x > az, |

a-cut of a Pentagonal Pendant Fuzzy Number is given by

Ap(x = [a2p - OLE‘(an - alp)’ Q4p + 0L5(a5p - a4p)]a a e (O> 0-5]- (6)
Ay = lagp - oc5(a2p —a1p), agp + oc5(a4p —agp)), a € (0.5, 1] (7

Arithmetic Operations of Pentagonal Pendant Fuzzy Number

1 If APenPFN = (alp’ Qp> A3p> Ap> a5p)’ BPenPFN = (b1p7 pr’ b3p’ Q4p,

as,) are two Pentagonal Pendant Fuzzy Numbers then the addition is
defined by APenPFN + BPenPFN = (alp + blpa Qop + b2p’ agp + b3p7 Qy4p
+ b4p, a5p + b5p).

2.1t APenPFN = (alp’ Qp> A3p> AUp> a5p)’ BPenPFN = (blp’ b2p’ b?;p’ Q4p>
as,) are two Pentagonal Pendant Fuzzy Numbers then the subtraction is

defined by APenPFN - BPenPFN = (alp - blpa Qop — pr’ Azp — b3p’ Q4p

- b4p’ a5p - b5p)'

Definition 4. Triangular Intuitionistic Pendant Fuzzy Number
(TIPFN)
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A Triangular Intuitionistic Pendant Fuzzy Number is given by
A . ! ! . 4 r
ATPFN = (alp’ Q2p> A3ps A p> A2ps a3p) where A p> A2ps A3ps A1p> A2ps A3p
are real numbers and a1, < @y, agp, < a9y, a3, < agp, then its membership

function and non-membership function are defined as

1
15 for x < a,
- 1
a —-X |5
2p 7 for ap < x < agy
L%2p ~ %1p |
py(x) =0 for x = ay), (8)
- L
X —a 5
= 2 for ag, < x < ag,
[ 93p ~ 92p |
1
15 for x > ag,
and
[0 for x < aj, i
for a1, < x < ay
{ @2p ~ alp} i i
1
Yg(x) =115 for x = ag, 9)
x-a
—_2p for ag, <x < aép
(12p
O for x > ag,

a- cut of a Triangular Intuitionistic Pendant Fuzzy Number is given by
5 5
Apa = [a2p —a (a2p - alp)’ Qop +a (a3p - a2p)]’ a e (0’ 1]- (10)
B-cut of a Triangular Intuitionistic Pendant Fuzzy Number is given by
5 ' 5¢ 1
Ap[3 = [a2p -B (a2p - alp)’ Qop +B (a3p - a2p)]7 e (0’ 1]- (11)

Arithmetic Operations of Triangular Intuitionistic Pendant Fuzzy
Number

LIf ATPFN = (a1p7 Q2p> A3p; aip7 Qp> a‘ép)7 BTPFN = (blp’ b2p’ b3p; bip’
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bop, bsy,) are two Triangular Intuitionistic Pendant Fuzzy Numbers then the

addition is given by Apppn + Brppn = (a1p + bip, agp + bop, agp, + bsp;

aip + bips a2p + b2pa a,3p + bép)

2. It ATPFN = (alp’ Qop> A3p; aip’ Qp> aép)a BTPFN = (blp’ b2p’ bSp; bip’
bop, bsy,) are two Triangular Intuitionistic Pendant Fuzzy Numbers then the
subtraction is given by Apppy — Brppn = (a1 — bip, agp — bop, agp — by
aip - bip7 a2p - b2p7 aép - bép)

Definition 5. Trapezoidal Intuitionistic Pendant Fuzzy Number
(TrIPFN)

A Trapezoidal Intuitionistic Pendant Fuzzy Number is given by
A Lo ' ' .
ATI‘IPFN = (a1p7 a2p’ a3pa a4p? alp: a2p7 a3pa a4p) where a1p7 a2pa a3pa a4p,
aps Agp, A3y, Ayp are real numbers and a1, < a1, < agp, < agp, a3, < agp,

@y, < a4p, then its membership function and non-membership function are

defined as
1 _
15 for x < ay,
_ 1
Aoy —X |
p—} for a1, < x < ag),
L%2p ~ %1p
py(x) =10 for ag, < x < ag, (12)
1
xX—a 5
—31’} for ag, < x < ay,
| @4p — 93p
1
15 for x > ay, |
and
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0 for x < qq,
1
a1, —x |5
{lp—,} for a1, <x < ag,
Qop — Ap
z 13
vild) =15 for ag, < x < ag, (13)
X —a,
{ 4p } for ag, <x < ay,
agp
0 for x > aj,

a-cut of a Trapezoidal Intuitionistic Pendant Fuzzy Number is given by
Ay = lagy - a5(a2p —ayp), agp + oc5(a4p —agp)}, o € (0, 1] (14)

B-cut of a Trapezoidal Intuitionistic Pendant Fuzzy Number is given by
App = lagy, - B?(agp — aip) asp + B°(ah, —asp)l B e (0, 1] (15)

Arithmetic Operations of Trapezoidal Intuitionistic Pendant Fuzzy
Number

L If Ap.pppn = (a1p, Gops G3ps Qaps Gip, Gops G3ps Gp)s Brympen = (brp,
bops b3ps baps Olp, bop, bsp, by,) are two Trapezoidal Pendant Fuzzy
Numbers then the addition is given by Agp.pprn + Brrprn = (ap +
bip, agp + bop, agp + by, gy + ap; alp + by, A9y + bop, agp + Yy, + blp).

2. If Apppprn = (a1p, Qaps A3ps Qaps Gp, Aop, A3p> Aip ), Brrmprn = (bip,
bop, bsps bap; bip, bay, b3y, byy,) are two Trapezoidal Pendant Fuzzy
Numbers then the subtraction is given by Ag.jprN — BrriprN = (a1p —
blp’ Q2p _pr’ asp _b3p’ Q4p _b4p; aip _bip’ Q2p _b2p’ asp _bSp’ aZLp _bérlp)'

Definition 6. Pentagonal Intuitionistic Pendant Fuzzy Number
(PenIPFN)

A Pentagonal Intuitionistic Pendant Fuzzy Number is given by

1 o ’
ApenIPFN = (a1p7 Qops A3p> Ap> A5ps A p> P2ps A3ps AUp> a5p)’ where Ap>

Qgps A3ps> A4p» A5ps A ps A2ps A3ps A4p, A5, are real numbers and aj;, < a,
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<ag, <ag, < aqp < ap, < a’5p, then its membership function and non-

membership function are defined as

- -
15 for x < ay),
- L
X —a 5
= r for a1, < x < ag),
L%2p ~ %p |
- L
xX—-a 5
= 2 for ay, < x < ag,
L93p ~ %2p |
ug(x) =10 for x = a3, (16)
- 1L
QAqp —X |b
—22_ " 1" for ag, < x < ay,
L %4p ~ 93p |
- L
QAqp —X |5
—L for ay, < x < az)p
| 95p ~ Qap |
1
|1° for x > az, |
and
[0 for x < aj, 1
1
X—a1, |5
[—117} for aj, < x <ay,
azp - alp
L
X — Qg 5
{ L for ag;,, < x < ag,
a3p ~ 92p |
1
Yg(x) =115 for x = asp (17)
L
X —ay 5
{ P for ag, <x < ay,
@4p ~ 93p |
L
X —a 5
[ ; 4p for ay, < x < ag,
A5p — Q4p
!
0 for x > az,

a-cut of a Pentagonal Intuitionistic Pendant Fuzzy Number is given by

Apy = lagy, - 0L5(a2p —a1p) agp + oc5(a5p —azp)} a € (0, 0.5] (18)
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5 5
Ap(x = [a3p - (a3p - azp), asp + o (a4p - a3p)]’ a e (05, 1] (19)
B-cut of a Pentagonal Intuitionistic Pendant Fuzzy Number is given by

ApB = [a2p - B5(a2p - aip)’ A4p + [35(a’5p - a4p)]7 B € (07 05] (20)

ApB = [a3p - B5(a3p - a2p)7 agp + B5(a4p - a3p)]7 pe (0'57 1]~ (21)

Arithmetic Operations of Pentagonal Intuitionistic Pendant Fuzzy
Number

1. If APenPFN = (alp’ Qop, A3p, A4p, A5p; aip’ Qop, A3p, a'p4p> al5p)’
BPenPFN = (blp7 pra bSp’ b4pa b5p; bipa pra b3p7 b4pa b:’)p) are two
Pentagonal Intuitionistic Pendant Fuzzy Numbers then the addition is given
by Arppn + Brprn = (a1p + bip, agp + bop, agp + b3p; alp + by, agp + bop,

agp + b3y, Ayp + byp, a5y + b5p).

2. If ATrPFN = (alp’ Qops> A3p> A4p> A5ps aip’ Qop> A3p> a,p4p’ ag’)p)?
Bryprn = (b1p, bap, by, bap, bsps bip, bap, b3y, byp, b5,,) are two Pentagonal
Intuitionistic Pendant Fuzzy Numbers then the subtraction is given by
Apyprn — Bryprn = (a1p = bip, agp —bop, agp — by @iy — bip, agy — bop,

asp — b3p> Ayp — b4p7 ail")p - bép)
3. Bow Tie Diagram

In a simple qualitative cause-and-effect diagram, a bow tie is a graphical
representation of pathways from the causes of an occurrence or danger to its
effects. A ‘bowtie’ is a visual representation of the risk that is dealing with in

a single, easy-to-understand picture. The diagram is in the form of a bow tie.
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Figure 1. Represents the Bow Tie diagram of the failure rate of the weaving

machine with the corresponding factors.

Here,

fWM Failure rate of weaving machine

fg Failure rate of controlled humidity

f[F Failure rate of internal factors

fp Failure rate of balanced pressure

fEF Failure rate of external factors

fT Failure rate of quality of the thread

fps Failure rate of physical stabilities

fy Failure rate of continuous filament yarn
fRM Failure rate of row materials

fF Failure rate of availability of the fuel
fwr Failure rate of working energy

fc Failure rate of the balanced current flow
fFO Failure rate of flow of lubricants oil

fo Failure rate of shortage of lubricants oil

Advances and Applications in Mathematical Sciences, Volume 21, Issue 6, April 2022
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fx Failure rate due to nozzles blocked

The Failure Rate of weaving machine can be calculated when the failures

of the occurrence of basic fault events are known. Failure of weaving machine

fWM and reliability of the system can be evaluated by using the following

steps:
fps =1© (e fg)1 e fp) (22)
frm =1 (e fr)1efy) (23)
faor =1 (e fr)le fo) (24)
fro=1e (e fo)le fy) (25)
fir =1 (16 fps)(1 © fru) (26)
fer =10 (1 fwr)(1 © fro) @27
faomr =10 (16 fip)(1 © far) (28)

Since Reliability = 1 — Failure Rate

Using equations (22), (23), (24) and (25)

frs =16 RgRp (29)
frm =16 RrRy (30)
far =16 RpRc (31)
fro =16 RoRe (32)

Substituting in equations (26) and (27)

fir =16 RpgRpy =16 (RyRp)(RrRy) (33)
fer =16 RygRpo =16 (RpRc)(RoRy) (34)
(33) and (34) in (28) gives the following result

fanr =1 © (RipRgr)
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fwm =1 © (RgRp)(RpRy)(RpRc)(RoRy) (35)

Apply the formula, Ry, =1-fyp, in (35) we get the Reliability of the

Weaving Machine Therefore,

Rypr = (RgRp)(RrRy)(RpRe)(RoRy) (36)
4. Numerical Evaluation

Numerical Example 1: Using Triangular Intuitionistic Fuzzy Number

and Triangular Intuitionistic Pendant Fuzzy Number
Let us consider the values as follows:

Ry =(0.8,0.85, 0.9; 0.7, 0.85, 0.95) Rp = (0.6, 0.7, 0.85, 0.5, 0.7, 0.9)
Ry =(0.7,0.75, 0.8; 0.6, 0.75, 0.85) Ry = (0.7, 0.8, 0.85; 0.6, 0.8, 0.9)
Rp = (0.8, 0.85, 0.9; 0.7, 0.85, 0.8) Ry = (0.5, 0.6, 0.7; 0.4, 0.6, 0.8)

Ry =(0.6,0.7,0.8; 0.5, 0.7, 0.85) Ry = (0.5, 0.7, 0.8, 0.4, 0.7, 0.9)

RoRy = (0.3, 0.49, 0.64 : 0.20, 0.49, 0.765) (37)
ReRy = (0.4, 0.51, 0.63; 0.28, 0.51, 0.64) (38)
RyRy = (0.49, 0.6, 0.68; 0.36, 0.6, 0.765) (39)
Ry Rp = (0.48, 0.595, 0.765; 0.35, 0.595, 0.855) (40)

Substitute equations (37), (38), (39) and (40) are in (36) gives

Ry = (0.028224, 0.0892143, 0.20974464 ; 0.007056, 0.0892143,
0.32023512). (41)

The representation of Triangular Intuitionistic Fuzzy Number and

Triangular Intuitionistic Pendant Fuzzy Number are same, but it’s (o, B)-cut

are different. So the values of all the failure factors are same and the
Reliability is also same for both Triangular Intuitionistic Fuzzy Number and
Triangular Intuitionistic Pendant Fuzzy Number.

Numerical Example 2. Using Trapezoidal Intuitionistic Fuzzy Number

Advances and Applications in Mathematical Sciences, Volume 21, Issue 6, April 2022
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and Trapezoidal Intuitionistic Pendant Fuzzy Number
Let us consider the values as follows:

Ry = (0.8, 0.85, 0.9, 0.95; 0.7, 0.85, 0.9, 0.98)
Rp = (0.6, 0.7, 0.85, 0.9; 0.5, 0.7, 0.85, 0.98)
Ry =(0.7, 0.75, 0.8, 0.85; 0.65, 0.75, 0.8, 0.9)
Ry = (0.7, 0.8, 0.85, 0.88; 0.65, 0.8, 0.85, 0.9)
Ry = (0.8, 0.85, 0.9, 0.95; 0.75, 0.85, 0.9, 0.99)
Rq = (0.5, 0.6, 0.7, 0.8; 0.45, 0.6, 0.7, 0.9)

Ry = (0.6, 0.7, 0.8, 0.85; 0.55, 0.7, 0.8, 0.88)

Ry = (0.5, 0.7, 0.8, 0.85; 0.45, 0.7, 0.8, 0.9)

RoRy = (0.3, 0.49, 0.64, 0.7225; 0.2475, 0.49, 0.64, 0.792) (42)
RcRp = (0.4, 0.51, 0.63, 0.76; 0.3375, 0.51, 0.63, 0.891) (43)
RpRy = (0.49, 0.6, 0.68, 0.748; 0.4225, 0.6, 0.68, 0.81) (44)

Ry Rp = (0.48, 0.595, 0.765, 0.855; 0.35, 0.595, 0.765, 0.96041) (45)

Substitute equations (42), (43), (44) and (45) are in (36) gives

Ry = (0.028224, 0.0892143, 0.20974464 ; 0.351171414 ; 0.0123521836,
0.0892143, 0.20974464 , 0.5489649009 ) (46)

The representation of Trapezoidal Intuitionistic Fuzzy Number and

Trapezoidal Intuitionistic Pendant Fuzzy Number are same, but it’s (a, B)-

cut are different. So the values of all the failure factors are same and the
Reliability is also same for both Trapezoidal Intuitionistic Fuzzy Number and

Trapezoidal Intuitionistic Pendant Fuzzy Number.

Numerical Example 3. Using Pentagonal Intuitionistic Fuzzy Number

and Pentagonal Intuitionistic Pendant Fuzzy Number

Let us consider the values as follows:
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Ry = (0.8, 0.85, 0.9, 0.95, 0.97; 0.7, 0.85, 0.9, 95, 0.98)
Rp = (0.6, 0.7, 0.85, 0.88, 0.9; 0.5, 0.7, 0.85, 0.88, 0.98)
Ry =(0.7, 0.75, 0.8, 0.83, 0.85; 0.65, 0.75, 0.8, 0.83, 0.9)
Ry = (0.7, 0.8, 0.85, 0.86, 0.88; 0.65, 0.8, 0.85, 0.86, 0.9)
Ry = (0.8, 0.85, 0.9, 0.95, 0.98; 0.75, 0.85, 0.9, 0.95, 0.99)
Rq = (0.5, 0.6, 0.7, 0.75, 0.8; 0.45, 0.6, 0.7, 0.75, 0.9)
Ry = (0.6, 0.7, 0.8, 0.82, 0.85; 0.55, 0.7, 0.8, 0.82, 0.88)
Ry = (0.5, 0.6, 0.7, 0.8, 0.85, 0.45, 0.6, 0.7, 0.8, 0.9)
RpRy = (0.3, 0.42, 0.56, 0.656, 0.7225; 0.247, 0.42, 0.56, 0.656, 0.792)  (47)
RcRp = (0.4, 0.51, 0.63, 0.7125, 0.0784; 0.3375, 0.51, 0.63, 0.7125, 0.891)
(48)
RypRy = (0.49, 0.6, 0.68, 0.7138; 0.748; 0.4225, 0.6, 0.68, 0.7138, 0.81)  (49)
RyRp = (0.48, 0.595, 0.765, 0.836, 0.873; 0.35, 0.595, 0.765, 0.836, 0.9604 )
(50)
Substitute equations (47), (48), (49) and (50) are in (36) gives

Ry = (0.028224, 0.0764694, 0.18352656; 0.2789147803, 0.36988758;
0.0123521, 0.0764694, 0.18352656 , 0.2789147803, 0.548959 ) (61)

The representation of Pentagonal Intuitionistic Fuzzy Number and
Pentagonal Intuitionistic Pendant Fuzzy Number are same, but its (o, B)-cut

are different. So the values of all the failure factors are same and the
Reliability is also same for both Pentagonal Intuitionistic Fuzzy Number and
Pentagonal Intuitionistic Pendant Fuzzy Number.

5. Defuzzification Methods

Let Ry; and Rpyps denotes the crisp values for the membership and non-

membership function respectively and R denotes the Reliability of Weaving
Machine.
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5.1 Signed Distance Method

The fuzzy numbers such as Triangular Pendant Fuzzy Number,
Triangular Intuitionistic Pendant Fuzzy Number, Trapezoidal Pendant Fuzzy
Number, Trapezoidal Intuitionistic Pendant Fuzzy Number, Pentagonal
Pendant Fuzzy Number and Pentagonal Intuitionistic Pendant Fuzzy
Number can be defuzzified by Signed Distance Method and the defuzzified
values for Rp;, Ryps and R are given as follows:

Rur = 3| [{ento0+ @ o = 3| [ )+ ax P

1
R = §(RM + Ryyy) (52)
5.1.1 Signed Distance Method for Triangular Intuitionistic Fuzzy
Number

Considering Triangular Intuitionistic Fuzzy Number the defuzzified

values of Rp;, Ryps and R using Signed Distance Method are given by

Ry = 1“1[@ —a(ag — )+ ag + alag — a2)]} do = ¥ 20 T a3 (563)
21 ) 4
1 r ’
Raas = 3| [ - Bz - ai) o + la - an)l| ap = A1 2205 o

ap +4as +as +a] + a3
8

R = (55)

5.1.2 Signed Distance Method for Triangular Intuitionistic
Pendant Fuzzy Number

Considering Triangular Intuitionistic Pendant Fuzzy Number the

defuzzified values of Rp;, Ryjs and R using Signed Distance Method are
given by

1
Ry = U;) [agp — a5(a2p —ap) + agy + 0L5(a3p - a2p)]} do.

No| =
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aip +10ag;, + agp,

= 19 (56)
R = 5| [ Loy~ B(ag, — ai) + azy + B, — a,)]|d
NM = 5| ) L92p B (agp —aip) + agp + B (asp — agp)l|dP
_ a1, +10ag), + a3y,
= 15 (57)
aip +20ag, +ag, + ap + a3,
R = (58)

24

5.1.3 Signed Distance Method for Trapezoidal Intuitionistic Fuzzy
Number

Considering Trapezoidal Intuitionistic Fuzzy Number the defuzzified

values of Rp;, Ryys and R using Signed Distance Method are given by

1
Ry = %U[az —ofag —a) +az +ofay - 03)]}50( =Bt Zag T4 (59
0
1| % , , al +ay +ag +a
Ryy = QUO[GQ ~Blag —a) + az + p(ay - 03)]} dp = 1 —2 1 8- (60)

a +2a9 +2a3 + a4 + a1 +ay

R = 3

(61)

5.1.4 Signed Distance Method for Trapezoidal Intuitionistic
Pendant Fuzzy Number

Considering Trapezoidal Intuitionistic Pendant Fuzzy Number the
defuzzified values of R,;, Ryps and R using Signed Distance Method are

given by

1 1
Ry = E{I [azp - 0t5(62p - alp) +agp 0L5(a4p - a3p)]} do

0

_ alp + 5a2p 14—25a3p + a4p (62)

1
Rny = %Uo [asp - B5(‘1219 —ajp)+agp + [35(a21p - a3p)]}dﬁ
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B aip +bag, + 5ag, + aﬁlp

B (63)

B ap +10ag, + 1Oa3§;+ Qyp + ap + Yy 64)

5.1.5 Signed Distance Method for Pentagonal Intuitionistic Fuzzy
Number

Considering Pentagonal Intuitionistic Fuzzy Number the defuzzified
values of Ry, Ryps and R using Signed Distance Method are given by

1 1
Ryy = 2“()[% —alag —ay) +ay +ofas —ay) +ag —alag —ag) +ag +olay - 03)]}

ap + 2a9 + 2a3 + 2a4 + a;

do = 7

(65)

1
Ryy = ;U()[az - Blag —a1) + ay +Blas — ay) + ag — Blag — ag) + ag + afay — a3)]}

) + 2a9 + 2a3 + 2a4 + aj

dp = i

(66)

ap + 4ag + 4ag + 4ay + a5 + a1 + a5

R = 3

(67)

5.1.6 Signed Distance Method for Pentagonal Intuitionistic
Pendant Fuzzy Number

Considering Pentagonal Intuitionistic Pendant Fuzzy Number the
defuzzified values of Rp;, Rnjs and R using Signed Distance Method are
given by

i 5 5 5 5
RNM=§|:J.0[a2p_O‘ (aZp_(11117)"'(1412"'OL (az’)p_(14p)+a3p_OL (a3p_a2p)+03p+a (a4p_a3p)]

aip + 6ay;, +10asz, + 6ay, + as),

do = 19

(63)

1t , .
RNM = §|:'[O[a2p 7135((1217 7a1p)+a4p +B5(a5p 7a4p)+a3p 7B5(a3p 7a2p)+03p +B5(a4p 7a3p)]:|
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ay, +6as, +10as, + 6a,, + ar
do. = 1p 2p - 23p 4p 5p (69)

R a1, +12ag), + 20ag, +2142a4p +as, +ap + a5, (70)

5.2 Graded Mean Integration Method

Again for different fuzzy numbers using Graded Mean Integration

Method, the defuzzified values for Ry, Ryps and R are given as follows:
1t 1|
RM==§Ugmﬁny+@&ﬁ¢4amuRm»=§qum»+axmd@Bd&

R = 5(Ry + Ryy) (1)

5.2.1 Graded Mean Integration Method for Triangular

Intuitionistic Fuzzy Number

Considering Triangular Intuitionistic Fuzzy Number the defuzzified

values of Ry;, Ryps and R using Graded Mean Integration Method are given
by

1 1 + +
Ry = EUO[az —ofag —ay) +ag +ofag - az)]} ado. = u62(13 (72)

Q] +ag + ag

1
Ryy = %UO[GZ —Blag —ay) +ag +Blas - 02)]} pdp = ——%— (13

o + 2a9 + ag + a; + a3
12

R= (74)

5.2.2 Graded Mean Integration Method for Triangular
Intuitionistic Pendant Fuzzy Number

Considering Triangular Intuitionistic Pendant Fuzzy Number the

defuzzified values of Rp;, Ryps and R using Graded Mean Integration
Method are given by

1l
Ry = EUO [azp — a®(azp, — a1p) + agp, + (g, ~ azp)]} ado
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a1p +5ag, +agp,

- 14 B
1 , .
Ryy = 5“0 [asp — B (agp —aip) + agp + B°(a, — agp )]} pab
B aip +5ag), + aép
_ = (76)
p_%p* 10ay, + ag, + aj, + a5 77)

28

5.2.3 Graded Mean Integration Method for Trapezoidal
Intuitionistic Fuzzy Number

Considering Trapezoidal Intuitionistic Fuzzy Number the defuzzified

values of Rys, Ryps and R using Graded Mean Integration Method are given
by

1
Ry = %“[az —ofag —ay) +agz + afay - 03)]} ado
0
_ 2(11 + Qg +a3+2a4
_ = (78)
L]k , ,
_ 2a1 + a9 +ag +2ay
= 12 9
- 201 + 2a9 + 2a3 + 2a4 + 201 + 2a) (80)

24

5.24 Graded Mean Integration Method for Trapezoidal
Intuitionistic Pendant Fuzzy Number

Considering Trapezoidal Intuitionistic Pendant Fuzzy Number the
defuzzified values of Ry, Ryjps and R using Graded Mean Integration

Method are given by
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1 5 5
Ry = 3l ), [agp — a’(agp — arp) + agp + o”(ay, — agp)] | ada

_ 2(11p + 5(12p + 5(13p + 2(14p

38 (81)
Ry = 5| [ Tay, ~ 6%y, — i) (ahy — as, )] B
NM = g | L2p B (agp —a1p) + agp + B (ayy, — asp)| |BAP
2a1p, + 5ag, + dagy, + 2ay,
= o8 (82)
R 2ayp, +10ag, +10asg,, + 2a4, + 201, + 2ay, (83)

56

5.2.5 Graded Mean Integration Method for Pentagonal

Intuitionistic Fuzzy Number

Considering Pentagonal Intuitionistic Fuzzy Number the defuzzified
values of Rp;, Ryps and R using Graded Mean Integration Method are given

by
1 1
Ryy = 2“0[02 —afag —ay) +ay +oas —ay) +ag —alag —ay) +ag + alay — 03)]}

Owluz2(11+3c12+21a23+3a4+2a5 (84)

1
Ry = 5| [oa - e )+ oy +la o) 0y - Bap - aa) o + ooy ~ )

2a; + 3ay + 2as + 3a, + 2ar
pap = —1——2 =2 (85)

_ 2a1 + 6ag + 4ag + 6ay + 2a5 + 201 + 2a5

R 24

(86)

5.2.6 Graded Mean Integration Method for Pentagonal
Intuitionistic Pendant Fuzzy Number

Considering Pentagonal Intuitionistic Pendant Fuzzy Number the
defuzzified values of Ry;, Ryps and R using Graded Mean Integration

Method are given by
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1 - =
RNM :é|:.|.0[a2p 7(15((121, 7a1p)+a4p +U_0(a5p 7a4p)+(13p 70“5(‘13}3 7a2p)+a3p JrOLb(aélp 7a3p)]:|

2ty + Tagp +10ag;, + Tay, + 2a5,

o8 (87)

ado =

1]t , .
Rypy = §|:J‘O[a2p —BP(agp —aip)+ay, +B°(ak, —asp)+as, —B°(agy —asy )+ ag, +B°(agp _a3p)]:|

2a1, + 7ay, +10ag, + Ta,, + 2a5
Bdp = 1p D 28p 4p D (88)

_ 2ayp, + 14ay, + 20a3, + 14ay, + 2a5, + 241, + 2a5),

R 56

(89)

5.3 Centroid Method

Again for different fuzzy numbers using Centroid Method, the defuzzified
values for Rps, Ryps and R are given as follows:

5.3.1 Centroid Method Triangular Intuitionistic Fuzzy Number

Considering Triangular Intuitionistic Fuzzy Number the defuzzified

values of Rp;, Ryys and R using Centroid Method are given by

a; + a9 + asg

Ry - 412158 (90)
a) + ag + as
Ry =-1—3—2 (91)

) +2a9 +as +ap + a3

R = 6

(92)
5.3.2 Centroid Method Triangular Intuitionistic Pendant Fuzzy
Number

Considering Triangular Intuitionistic Pendant Fuzzy Number the
defuzzified values of Rj;, Ryjs and R using Centroid Method are given by

a +a +a

Ry = —2——2——F 93)
i, + a9, + Qr

Ry = 220 9P (94)

3
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’ !
a1p +2a9, +agp + a1, +a3p

R = A

(95)

5.3.3 Centroid Method Trapezoidal Intuitionistic Fuzzy Number

Considering Trapezoidal Intuitionistic Fuzzy Number the defuzzified
values of Rp;, Rpps and R using Centroid Method are given by
a; +ag +ag + ay

Ry = 1 (96)

] +as +ag + a,
RM= 1 24 3 4 (97)

Q) +2a9 +2a3 +a4 + a1 +ay

R = 3

(98)

5.3.4 Centroid Method Trapezoidal Intuitionistic Pendant Fuzzy

Number

Considering Trapezoidal Intuitionistic Pendant Fuzzy Number the

defuzzified values of Ry;, Ryps and R using Centroid Method are given by

a +a + Qa + Q

Ry = 1p 2p 0 3p 4p (99)
aj, + Ao, +a

Ry = —2 Z? 3p (100)

ap + 2a9, +agp, + a1, +az,
8

R = (101)

5.3.5 Centroid Method Pentagonal Intuitionistic Fuzzy Number

Considering Pentagonal Intuitionistic Fuzzy Number the defuzzified

values of Ry, Ryps and R using Centroid Method are given by

) +Qg +QAg +ay + Ay
5

Ry = (102)

RM:a1+a2+a§,+a4+a5 (103)
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a; + 2a9 + 2aq + 2a4 + as + @) + ar
1 2 3 4 5 1 5

R= 10

(104)

5.3.6 Centroid Method Pentagonal Intuitionistic Pendant Fuzzy
Number
Considering Pentagonal Intuitionistic Pendant Fuzzy Number the

defuzzified values of Ry;, Ryps and R using Centroid Method are given by

alp + a2p + (13p + a4p + a5p

Ry = 5 (105)
Q1, + A9, + Qg + Qg py + AF
Ry = 1p 2p ?ép 4p 5p (106)
a1p +2a9, + 2a3, + 2a4, + a5y + a1, +asp
R = (107)

10
6. Analysis

6.1 Defuzzified Values

The following table gives the Reliability of Weaving machine using
Triangular Intuitionistic Fuzzy Number, Triangular Intuitionistic Pendant
Fuzzy Number, Trapezoidal Intuitionistic Fuzzy Number, Trapezoidal
Intuitionistic Pendant Fuzzy Number, Pentagonal Intuitionistic Fuzzy
Number and Pentagonal Intuitionistic Pendant Fuzzy Number using the
Defuzzification Techniques: Signed Distance Method, Graded Mean
Integration Method and Centroid Method

Table 1. Reliability of Weaving Machine.

Numbers| Signed Distance Method Graded Mean Integration Method Centroid Method

Ry Ry R Ry Ryy R Ry Ry R
TIEN |0.10409931{0.12642993 | 0.1526462 | 0.05453049 | 0.06941757 | 0.06197403 | 0.10906098 | 0.13883514 | 0.123948
TIPEN |0.09417597[0.10161951{ 0.09789 | 0.04886001 |0.055240187] 0.0520301 | 0.10906098 | 0.13883514 | 0.123948
TrIEN |0.16958850 | 0.21506901 | 0.192328797 | 0.088145814 | 0.118466092 | 0.10330595 | 0.16958859 | 0.215069006 | 0.1923288
TiIPEN | 0.156182510.17134265 | 0.16376257 | 0.080485197 |0.093479603| 0.0869824 | 0.16958839| 0.215069006 | 0.1923288
PenlFN | 0.36898327)0.40978315| 0.389383 | 0.185785735 |0.212985635| 0.1993857 | 0.18740446 0.220044368 | 0.2037244
PenIPEN| 0.3638018 |0.27740682 | 0.370603408 | 0.182827787 |0.194484895 | 0.18865634 | 0.18740446 | 0.220044368 | 0.2037244

6.2 Comparative study through graph
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6.2.1 Comparison of Triangular Intuitionistic Fuzzy Number and
Triangular Intuitionistic Pendant Fuzzy Number using Bar Diagram

Reliability Comparison (Triangular Intuitionistic
and Triangular Intuitionistic Pendant )

0.14 0.12394806  0.12394806

o1 0.11526462
0.09789

0.1

008
0.06197403

0.06 0.052050099
004
002

0 }
Signed Distance Method Graded Mean Integration Centroid Method
Method
ETIFN 0.11526462 0.06197403 0.12394806
ETIPFN 0.09789 0.052050099 0.12394806
ETIFN ETIPEN

Figure 1. Reliability Graph 1.

6.2.2 Comparison of Trapezoidal Intuitionistic Fuzzy Number and
Trapezoidal Intuitionistic Pendant Fuzzy Number using Bar

Diagram

Reliability Comparison (Trapezoidal Intuitionistic
and Trapezoidal Intuitionistic Pendant )

0.19232879 0.19232879  0.19232879

016376257
015
0.103305953
01 0.0869824
- l .
0

Graded Mean Integration

Signed Distance Method Centroid Method

Method
ETrFN 0.19232879 0.103305953 0.19232879
ETrIPFN 0.16376257 0.0869824 0.19232879

ETrIFN = TriPFN

Figure 2. Reliability Graph 2.

6.2.3 Comparison of Pentagonal Intuitionistic Fuzzy Number and
pentagonal Intuitionistic Pendant Fuzzy Number using Bar Diagram
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Reliability Comparison (Pentagonal Intuitionistic
and Pentagonal Intuitionistic Pendant)

0.45
0.4

- 0370603408
035
03
025

0.199385695 0.203724416

02 0188656341 0203724416

0.15
0.1
0.05
0

Graded Mean Integration
Method

M PenlFN 0.389383 0.199385695 0.203724416
M PenIPFN 0.370603408 0.188656341 0.203724416

0.389383

Signed Distance Method Centroid Method

HPenlFN ® PenlPFN

Figure 3. Reliability Graph 3.

6.3 Representation of Reliability through graph

COMPARISON OF SIGNED DISTANCE METHOD,GRADED MEAN
INTEGRATION METHOD AND CENTROID MIETHOD

SIGNED GRADED MEAN === CENTROID

Jj

TIFN TIPEN PenlFN PenIPFN
SIGNED 0.1526462 0.09789 11923 0. 625 0.370603408
GRADED MEAN | 0.06197403 | 0.052050099 | O : 0.08698 0 0.188656341
e CENTROID 0.123948 0.123948 0.19232879 0.19232879 | 0.203 0.203724416

Figure 4. Reliability Graph 4.
7. Conclusion

From the above analysis it is found that when Signed Distance Method is
used for defuzzification, the value obtained using Triangular Intuitionistic
Fuzzy Number is more reliable than the value obtained using Triangular
Intuitionistic Pendant Fuzzy Number and it is same for Trapezoidal
Intuitionistic and Pentagonal Intuitionistic fuzzy numbers. Reliability value
become less when Graded mean Integration Method is wused for
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Defuzzification for all the Fuzzy Numbers in this study. Using Centroid
Method , the reliability value obtained from Triangular Intuitionistic Fuzzy
Number and Triangular Intuitionistic Pendant Fuzzy number are same and
similarly for Trapezoidal Intuitionistic and Pentagonal Intuitionistic fuzzy
numbers. Also Centroid Method gives better reliability value than the values
obtained from Signed Distance Method and Graded Mean Integration Method
for all the Fuzzy Numbers in this study. When Pentagonal Intuitionistic
Fuzzy Number and Pentagonal Intuitionistic Pendant Fuzzy Number are
used the reliability is high irrespective of defuzzification techniques.
Comparative study shows that the reliability values derived by considering
Pentagonal Intuitionistic Fuzzy Number and Pentagonal Intuitionistic
Pendant Fuzzy Number and wusing Signed Distance Method for
defuzzification are more reliable than other fuzzy numbers and other
defuzzification techniques in this study.
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