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ABSTRACT

In this thesis, an existing method to find multiplicative inverse of fuzzy matrices (matrices
whose elements are triangular fuzzy numbers) is presented as well as the flaws of this method
are pointed out. Also, another existing method which was proposed to resolve these flaws, is
presented. Furthermore, a new method to find multiplicative inverse of symmetric intuitionistic
fuzzy matrices (matrices whose elements are symmetric triangular intuitionistic fuzzy numbers) as
well as a new method to find multiplicative inverse of non-symmetric intuitionistic fuzzy matrices

(matrices whose elements are non-symmetric triangular intuitionistic fuzzy numbers) are proposed.
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Chapter 1

INTRODUCTION

It is well known that, if A = (a;;)nxn is a non-singular matrix and all the values
of a;; are precise. Then, its multiplicative inverse X = (;x)nxn, can be obtained by

solving the system of linear equations (1.1)

n 1 ifi=k,

Zaijxjk = (11)

i=1 0 ifi+#k.

However, if there exist impreciseness about some/all values of a;; then the multiplica-
tive inverse X cannot be obtained by solving the system of linear equations (1.1).
In the literature [8], it is pointed out that the imprecise data may be represented
as a fuzzy number. The matrices in which some/all the elements are represented by
fuzzy numbers are known as fuzzy matrix of fuzzy numbers and the system of linear
equations in which some/all the parameters are represented by fuzzy numbers are

known as system of fuzzy linear equations.

1.1 Preliminaries

In this section, some basic definitions related to fuzzy set theory as well as arith-

metic operations of fuzzy numbers are presented.

1.1.1 Some basic definitions

In this section some basic definitions are presented.
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Definition 1.1. [4] Let X be a classical set of objects. Then, the set of ordered

pairs A = {(x,pz(z) : v € X}, where pz : X — [0,1], is called a fuzzy set in X.

The function j 5 is called the membership function.

Definition 1.2. [4] Let A be a fuzzy set in X and a € (0,1]. The a-level set of the
fuzzy set A is the crisp set, denoted as fla and is defined as fla ={re X pix)>

at.
Definition 1.3. [4] The support of fuzzy set A, represented Supp(A), within a

universal set X is a crisp set that contains all the elements of X that have a non-

zero membership value in A i.e., Supp(A) = {z € X|u;(z) > 0}.

Definition 1.4. [4] The height of a fuzzy set A, represented by h(A), is the largest

membership grade obtained by any element in that set i.e., h(A) = Supp{u ;(z)|x €
X}
Definition 1.5. [4] A fuzzy set A is called normal when h(A) = 1.

Definition 1.6. [4] A fuzzy set A in X is said to be fuzzy number if it satisfies the

following four properties:
(i) A isnormal, i.e., there exists an € R(set of real numbers) such that p;(z) =

1.

’

(i) The membership function pj; is quasi-concave, ie., pij(Ax + (1 — N)y) >

min{uz(x), pi(y)} for all A € [0,1];

(iii) The membership function 4 is upper semi continuous, i.e., {x € R : pz(x) >

a} is a closed subset of R for all a € [0, 1];

(iv) The 0-level set Ay is compact(closed and bounded in R).

Definition 1.7. [5] A fuzzy number A = (a,q, () is said to be a triangular fuzzy

number if its membership function p ; is given by,

(
r—(a— )
—— ja—a<lz<a
Q
1 , T =a
pila) = _
(ath)—a a<r<a+
g
0 , otherwise
\



If @ = 3, then the triangular fuzzy number A = (a,a, () is said to be symmetric

triangular fuzzy number and is denoted as A = (a, ).

1.1.2 Arithmetic operations

In this section, some arithmetic operations of triangular fuzzy numbers are presented.[3]

Let A, = (a1, a4, P1) and Ay = (ag, g, B2) be two triangular fuzzy numbers. Then,
(1) Al D ‘/212 = (al + Gz, 0 + 042751 + 52)
(i) A®Ay= (ara2, a10p + agory, a1 + azfy).

(iii) Ay = Ay if and only if a1 = as, g = an, B = Po.

1.2 Literature review

Basaran [3] pointed out that if A= (@ij)nxn 1 a matrix of fuzzy numbers then
its multiplicative inverse X = (%k)nxn can’t be obtained by solving the system of
fuzzy linear equations (1.2) which is obtained by replacing the crisp values a;;, xx,
1 and 0 of system of linear equations (1.1) with fuzzy numbers a;;, T, 1 and 0

respectively.

—

n if i =k,
D i @ E = (1.2)
j=1 if i # k.

[}

To handle this problem, Basaran [3] suggested that the spreads of the fuzzy num-
bers 1 and 0 should be considered as non-zero spreads ¢ and ~ instead of 0 and 0
respectively. Furthermore, Basaran [3] shown that the multiplicative inverse of such
a fuzzy matrix of fuzzy numbers whose some/all the elements are represented by
symmetric triangular fuzzy numbers can be obtained by solving the system of fuzzy

linear equations (1.3).

n

Z&ij ® Tk = L (1.3)
=1
. (1,0) ifi=F,
where [, =
(0,v) ifi# k.



Mosleh and Otadi [6] pointed out some drawbacks in the Basaran’s method [3] and
proposed a modified method to find the the multiplicative inverse of fuzzy matrices
considered by Basaran [3].

In this thesis, Basaran’s method [3], the drawbacks of Basaran’s method [3],
pointed out by Mosleh and Otadi [6] and the modified method, proposed by Mosleh
and Otadi [6], are discussed in a detailed manner. Furthermore, need of intuition-
istic fuzzy set [1,2] (generalization of fuzzy set), is discussed and new methods are

proposed to find:

1. Multiplicative inverse of matrices having elements as symmetric intuitionistic

triangular fuzzy numbers.

2. Multiplicative inverse of matrices having elements as non-symmetric intuition-

istic triangular fuzzy numbers.

The chapter wise summary is as follows:

Chapter 1: Introduction

In this chapter some basic definitions (membership function, fuzzy set, fuzzy
number, triangular fuzzy number etc.), arithmetic operations of fuzzy numbers as
well as a brief review of the methods for finding multiplicative inverse of matrices
whose elements are triangular fuzzy numbers is presented.

Chapter 2: Basaran’s Method For Calculating Multiplicative Inverse Of

Matrices Having Elements As Symmetric Triangular Fuzzy Numbers.

In this chapter, Basaran [3] proposed the following method to calculate the
multiplicative inverse matrix X = (Zjk)nxn Where Z;, is a symmetric triangular
fuzzy number, of a fuzzy matrix A = (@ij)nxn Where @;; is a symmetric triangular
fuzzy number.

Chapter 3: Mosleh And Otadi Method For Calculating Multiplicative
Inverse Of Matrices Having Elements As Symmetric Triangular Fuzzy

Numbers.

In this chapter, Mosleh and Otadi [6] pointed out that the method, proposed
by Basaran [3], is not valid and proposed a method by modifying the Basaran’s

method [3]. In this chapter, the mathematically incorrect assumptions, pointed out
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by Mosleh and Otadi [6] in Basaran’s method [3], are discussed. Furthermore, the
modified method, proposed by Mosleh and Otadi [6], is presented in a detailed man-
ner.

Chapter 4: Proposed Mehar Method-I For Calculating Multiplicative In-
verse Of Matrices Having Elements As Symmetric Triangular Intuition-

istic Fuzzy Numbers.

In this chapter, Atanassov [1] introduced the concept of intuitionistic fuzzy set
which is one of the important generalizations of fuzzy set theory. The major advan-
tage of intuitionistic fuzzy set over fuzzy set is that intuitionistic fuzzy set separates
the degree of membership (acceptance level) and the degree of non-membership
(non-acceptance level) of an element in the set. Thus, this theory is found to be
highly useful to deal with vagueness. Many authors have used fuzzy and intuition-
istic fuzzy set theory for solving real life optimization problems such as planning,
scheduling, transportation, manufacturing etc.

To the best of my knowledge, there is no method in the literature for cal-
culating multiplicative inverse of such a matrix whose elements are intuitionistic
fuzzy numbers. In this chapter, with the help of the method, discussed in previous
chapter, a new method (named as Mehar method-I) is proposed for calculating the
multiplicative inverse of such fuzzy matrices whose elements are symmetric trian-
gular intuitionistic fuzzy numbers. To illustrate the proposed Mehar method-I the
multiplicative inverse of a 2 X 2 intuitionistic fuzzy matrix is calculated.

Chapter 5: Proposed Mehar Method-II For Calculating Multiplicative
Inverse Of Matrices Having Elements As Non-Symmetric Triangular In-

tuitionistic Fuzzy Numbers.

The Mehar method-I, proposed in previous chapter, can be used only to find
the multiplicative inverse of such matrices whose elements are symmetric trian-
gular intuitionistic fuzzy numbers. However, this method cannot be used to find
multiplicative inverse of those matrices whose elements are non-symmetric triangu-
lar intuitionistic fuzzy numbers. In this chapter, a new method (named as Mehar

method-II) is proposed to find the multiplicative inverse of these type of matrices.






Chapter 2

BASARAN’S METHOD FOR CALCULATING
MULTIPLICATIVE INVERSE OF MATRICES
HAVING ELEMENTS AS SYMMETRIC

TRIANGULAR FUZZY NUMBERS

Basaran [3] proposed a method for calculating multiplicative inverse of such a
matrix whose elements are symmetric triangular fuzzy numbers. In this chapter,

the same method is presented in a detailed manner.

2.1 Basaran’s method

Basaran [3] proposed the following method to calculate the multiplicative inverse

matrix X = (Zjk)nxn Where T, is a symmetric triangular fuzzy number, of a fuzzy
matrix A = (@ij)nxn Where @;; is a symmetric triangular fuzzy number.
Step 1: Since X is assumed as multiplicative inverse of matrix Aso Ao X ~1 ,
where I is a n x n fuzzy matrix whose diagonal elements are symmetric triangular
fuzzy numbers (1, ¢) and remaining elements are symmetric triangular fuzzy numbers
(0, 7).

Step 2: The equation A ® X ~ I is equivalent to system of fuzzy linear equations

9



(2.1).

j=1
) (1,6) ifi=k,
where [ =
(0,7) ifi# k.
Step 3: Assuming a;; = (a5, ), T = (Tjg,wjk), the system of fuzzy linear

equations (2.1) can be transformed into system of fuzzy linear equations (2.2).

n (1, 5) if i =k,
Z(aija aij) ® (‘rjlﬂwjk) ~ (2'2)
j=1 (0,7) ifi#k.

Step 4: Using the product of triangular fuzzy numbers, defined in Section 1.1.2,
the system of fuzzy linear equations (2.2) can be transformed into system of fuzzy
linear equations (2.3).

n (1,9) ifi=k,

Z(azjﬂfjk, Wik + Tijpuj) & (2.3)
j=1 (0,v) ifi#k.

Step 5: Using the property > (a;, ;) = (> a;, Y ), the system of fuzzy linear
i=1 =1 =1
equations (2.3) can be transformed into system of fuzzy linear equations (2.4).

n n (1,6) ifi=F,
(Z Qi Tk, Z Wik + xjkaij) ~ (24)
5=1 j=1 (0,v) ifi# k.
Step 6: Using the property (a,«) = (b,) = a = b and a = (3, the system of

fuzzy linear equations (2.4) can be transformed into crisp system of linear equations

(2.5) to (2.8).

Zaijxﬂg = 1, if 1 = k, (25)
j=1
D ayry =0, ifi#k, (2.6)
j=1
Z(aijwjk + :L‘jk;&ij) = 5, if 1 = kf, (27)
j=1
Z(aijwjk + xjkaij) =, if ¢ 7é k. (28)
j=1

10



Step 7: Solve the crisp system of linear equations (2.5) and (2.6) to find the values
of .

Step 8: Put the values of 5, obtained in Step 7, in crisp system of linear equations
(2.7) and (2.8) and then solve these crisp system of linear equations by assuming
some arbitrary values of 9 and 7.

Step 9: Using the value of x;;, obtained in Step 7, and values of w;;, obtained in

Step 8, the multiplicative inverse of fuzzy matrix A is X = (jx, |wjk|)nxn-

2.2 Illustrative example

In this section, the Basaran method [3], discussed in Section 2.1, is illustrated
with the help of a numerical example.

Using the Basaran’s method [3] the multiplicative inverse of the fuzzy matrix

A= can be obtained as follows.
(6,2) (4,3)

Step 1: If X is assumed as multiplicative inverse of matrix A then A® X ~ [

where I is a 2 x 2 fuzzy matrix whose diagonal elements are (1,9) and and remaining

- 1,6) (0,
elements are (0,7) i.e., I = (1,0) (0.7)
0,7) (1,0)

Step 2: The equation A® X ~ I is equivalent to system of fuzzy linear equations
(2.9).

(10,4) (8,3) o (z11,w11) (212, Wi2) N (1,0) (0,7) (2.9)

3
(6,2) (4,3) (721, wa1) (a2, ws2) (0,7) (1,6)
Step 3: The system of fuzzy linear equations (2.9) can be transformed into system

of fuzzy linear equations (2.10).

((10,4) ® (z11,w11)) ® ((8,3) ® (w21, w21)) = (1,9),

((10,4) @ (212, w12)) ® ((8,3) @ (w22, wa2)) = (0,7),
((6,2) ® (w11, w11)) @ ((4,3) ® (w21, w21)) = (0,7), (2.10)
((6,2) ® (712, w12)) @ ((4,3) ® (w22, w22)) = (1,6).

Step 4: Using product of triangular fuzzy numbers, defined in Section 1.2, the

system of fuzzy linear equations (2.10) can be transformed into system of fuzzy

11



linear equations (2.11).

(101’11, 100)11 + 4$11) D (81’21, 80)21 + 31321) = (1, 5),
(101‘12, 10LU12 + 41’12) D (81‘22, 8&)22 + 31’22) = (07 *}/),
(6211, 6wi1 + 2211) B (421, dway + 3x21) = (0,7), (2.11)

(6%12, 6&]12 -+ 21‘12) D (4.%22, 40.)22 + 3.1'22) = (1, (S)

Step 5: Using the property » (a;, ;) = (D ai, Y ), the system of fuzzy linear
; =1 =1
equations (2.11) can be transformed into system of fuzzy linear equations (2.12).

=1

(10:L’11 + 81‘21, 10(4)11 + 4]311 + 8W21 + 31’21) = (1, (5),
(10212 + 822, 10wi2 + 4212 + 8was + 3z22) = (0,7),
(6211 + 4291, 6wi1 + 2211 + dway + 3221) = (0,7), (2.12)

(6[E12 + 41‘22, 6w12 + 2[E12 + 4&)22 + 3[EQQ> = (]_, (5)

Step 6: Using the property (a,«) = (b,f) = a = b and a = f3, the system of
fuzzy linear equations (2.12) can be transformed into crisp system of linear equations
(2.13) and (2.14).

Center parts:

101’11 + 8.%’21 = 1,
101’12 + 8%22 = 0,
61‘11 + 42721 = 0, (213)

6%’12+4ZE22 = 1.
Spread parts:

10wy + 4211 + 8wy + 3291 = 0,
10&)12 + 41312 + 8&)22 + 31’22 = 7,
6W11 -+ 2.7711 + 4&]21 + 35[)21 = 7, (214)

60)12 + 21‘12 + 4CU22 + 3:822 = 0.

Step 7: Solving the crisp system of linear equations (2.13), the obtained values of

T11, T12, To1 and xog are —0.5, 1, 0.75 and —1.25 respectively.

12



Step 8: Solving the crisp system of linear equations (2.14) after putting the values

of z;;, where j = 1,2 and k£ = 1,2, obtained in Step 7 the obtained values are:

o
w11 = ’7———113,

2
30 5y
= 22Ty,
W21 1 1 38,
wyy = 6+1.88—%,
3y 50
= — - — =232
W29 1 1 3

Assuming § = 0.5 and 7 = 0.5, the obtained values are |w;| = 0.88, |wys| = 2.13,
|wa1| = 1.63, |wae| = 2.57.
Step 9: Using the values of x11, Z12, 91 and x99, obtained in Step 7,and the values
of |wy1|, |wiz|, |war]| and |was|, obtained in Step 8, the obtained multiplicative inverse
(10,4) (8,3)
(6,2) (4,3)
% (—0.5,0.88) (1,2.13)

(0.75,1.63) (—1.25,2.57)

of fuzzy matrix A =

2.3 Conclusion

The existing method [3] for finding the multiplicative inverse of such matrices
whose elements are symmetric triangular fuzzy numbers, is presented. Furthermore,

this existing method [3] is illustrated with the help of a numerical example.
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Chapter 3

MOSLEH AND OTADI METHOD FOR
CALCULATING MULTIPLICATIVE INVERSE
OF MATRICES HAVING ELEMENTS AS
SYMMETRIC TRIANGULAR FUZZY
NUMBERS

Mosleh and Otadi [6] pointed out that the method, proposed by Basaran [3],
is not valid and proposed a method by modifying the Basaran’s method [3]. In
this chapter, the mathematically incorrect assumptions, pointed out by Mosleh and
Otadi [6] in Basaran’s method [3], are discussed. Furthermore, the modified method,

proposed by Mosleh and Otadi [6], is presented in a detailed manner.

3.1 Flaws in Basaran’s method

Mosleh and Otadi [6] pointed out that Basaran’s [3] has used the multiplication
(ai]’, Oéij) X (l’jk, U.ij) = (aijxjk, aijwjk + Ckij.fb'jk) which is valid only if aij — Oéij Z 0 as
well as x;, — wjr > 0. However, for the elements of fuzzy matrix A and elements of

its multiplicative inverse X, this property will not be necessarily satisfied.

. e (_67 3) <_47 2) .
For example, for the elements of matrix A = this prop-
erty is not satisfying. Therefore, the multiplicative inverse of matrix A cannot

be obtained by Basaran’s method [3]. Furthermore, the multiplicative inverse of

15



A= , obtained by Basaran method [3], is not valid as to obtain

(6,2) (4,3)

the same the elements of multiplicative inverse matrix are assumed as non-negative
symmetric triangular fuzzy numbers i.e., it is assumed that for the elements (i, wji)
of inverse matrix the property z;;, —w;;r > 0 will be satisfied. However, the elements
of multiplicative inverse matrix may also be negative symmetric triangular fuzzy
numbers i.e., z;, — wjr < 0. Hence, it is not genuine to use the Basaran’s method

[3] for calculating the multiplicative inverse of a fuzzy matrix.

3.2 Mosleh and Otadi method

Mosleh and Otadi [6] proposed the following method to find the multiplicative
inverse of fuzzy matrix A.

Step 1: Solve the crisp system of linear equations

n 1 ifi=Fk,

E aijxjk =

j=1 0 ifi+#k.
, obtained in Step 6 of Basaran’s method [3], to find the values of zjy.
Step 2: Let S; be the set of those values of z;, which are greater than equal to
zero and Sy be the set of those values of x;; which are less than zero. Similarly, let
Ti be the set of those values of a;; which are greater than equal to zero and 75 be the
set of those values of a;; which are less than zero. Then, the system of fuzzy linear

equations (2.1) can be transformed into system of fuzzy linear equations (3.1).

(1,6) ifi=kF,
Z aij @ Tjp + Z aij @ Tjp + Z aij @ Tji + Z Aij @ Tjp, = (3.1)
e s e s (0.7) i #k.
Step 3: Assuming a;; = (aij,4j), Tj = (xjk, wji), the system of fuzzy linear

equations (3.1) can be transformed into system of fuzzy linear equations (3.2).

D (aig00) @ (@wi) + Y (@i, ) @ (g, win) + Y (i, i) @ (a8, win)

TR €S T €S2 T €51
(L,L'jETl ”’ijeTl aijeTQ
(1,6) ifi=k,
+ Z (aijaaij) ® (%‘k;%’k) = (3-2)
xjkESQ (O’ 7) lf Z ;é k
a;j €T
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Step 4: The system of fuzzy linear equations (3.2) can be transformed into system

of fuzzy linear equations (3.3).

(1,6) ifi=F,
Z (€irs Air) + Z (firs par) + Z (Girs Vir) + Z (hik, mik) = (3.3)

ke ke e i (0,7) ifi £k
where

(€ik, )\ik) = (aijxjm AijWik + xjk@ij)v

(fiks thir) (@i ks QijWik — Tjrij),

(gik, Vir) (@i jn, TikQij — QijWik),

(Piks k) (@ij Tk, —Tjp0u; — QijWjk).

Step 5: Using the property > (a;, ;) = (> a;, Y ), the system of fuzzy linear
i=1 =1 =1
equations (3.3) can be transformed into system of fuzzy linear equations (3.4).

(D em D, ) + (D fr D ) + (D s Y vin)

wjkesl CL']-kESl (EjkESQ (EjkESQ :L']-kesl Ilijkesl
a;j€Ty a;; €Ty a;j€Ty a;j€Ty a;; €Ty a;; €Ty
(1,6) ifi=k,
Y e S - )
T €S2 T €S2 (0, ’y) if 7 7é k.
a;j €Ty a;j €Ty

Step 6: Using the property (a,«) = (b,) = a = b and a = f3, the system of
fuzzy linear equations (3.4) can be transformed into crisp system of linear equations

(3.5).

o ifi=k,
DNkt D> mmt > vt Y k= (3:5)
Ijkgsl IjkGSQ Ijkesl zjkGSQ 'y if Z % k-
agj €Ty aijeTl @ij €Ty aijeTQ

Step 7: Put the values of xj;, obtained in Step 1, in crisp system of linear equa-
tions (3.5) and then solve these crisp system of linear equations by assuming some
arbitrary values of ¢ and ~.

Step 8: Using the value of z,;, obtained in Step 1, and values of wjj, obtained in

Step 7, the multiplicative inverse of fuzzy matrix A is X = (@, |Wik])nxn-

17



3.3 Illustrative examples

In this section, the Mosleh and Otadi method [6], discussed in Section 2.1, is

illustrated with the help of numerical examples.

1. Using the Mosleh and Otadi method [6], the multiplicative inverse of the fuzzy

. (10,4) (8,3) .
matrix A = can be obtained as follows.
(6,2) (4,3)

Step 1: If X is assumed as multiplicative inverse of matrix A then A® X ~ T

where I is a 2 x 2 fuzzy matrix whose diagonal elements are (1,6) and and

- R (1,6) (0,7)
remaining elements are (0,7) i.e. [ =
0,7) (1,9)

Step 2: The equation A ® & ~ [ is equivalent to system of fuzzy linear
equations (3.6).

(10,4) (8,3) o (z1,wi1)  (z12,w12) | [ (L,6) (0,7)
(6,2) (4,3) (zo1,wa1) (222, wa2) 0,7) (1,0)

Step 3: The system of fuzzy linear equations (3.6) can be transformed into

system of fuzzy linear equations (3.7).

((10,4) ® (#11,w11))
((10,4) @ (212, w12))
((6,2) ® (#11,w11))
((6,2) ® (712, w12))

((8,3) ® (w21, wa1)) = (1,6
((8,3) ® (w22, w22)) = (0,7
((4,3) @ (z21,w21)) = (0,7
((4,3) ® (w22, wa2)) = (1,6

o )
® )
@ ), (3.7)
0 )

Step 4: Using Step 4 to Step 6 of the Mosleh and Otadi method, discussed
in Section 3.2, the system of fuzzy linear equations (3.7) can be transformed

into system of crisp linear equations (3.8).

10:611 + 8$21 = 1,
10z12 + 892 = 0,
6$11 + 41‘21 = 0, (38)

6$12+4£C22 = 1.

18



Solving the system of crisp linear equations (3.8), the obtained values of z1,
T12, To1 and xog are —0.5, 1, 0.75 and —1.25 respectively.

Step 5: Now, substituting the obtained values obtained of z;;, where j,k =
1,2, the system of fuzzy linear equations (3.7) can be transformed into system

of fuzzy linear equations (3.9).

((10,4) ® (—0.5,w11)) @ ((8,3) @ (0.75,wn1)) = (1,6),

((10,4) ® (1,w12)) ® ((8,3) ® (—1.25,wz)) = (0,7),
((6,2) ® (—0.5,w11)) ® ((4,3) ® (0.75,wq1)) = (0,7), (3.9)

((6,2) ® (1,wi2)) @ ((4,3) ® (—1.25,ws0)) = (1,6).

Step 6: Using the multiplication [5]
(
(aijTjn, awie + Tjpay;) i a; > 0,25, > 0,
(aijxjp, aijwir — Tjpeu;)  if a;; > 0,2 <0,
(aij, i) @ (jk, Wik)
(@i jk, Tip0u; — aiwj) if a;; < 0,25 >0,

L (aijxjk, —TE0G; — (lijw]‘k) if Q45 S O, Tk S 0.

the system of fuzzy linear equations (3.9) can be transformed into system of

fuzzy linear equations (3.10).

(=5, 10wy; + 2) @ (6, 8uway + 2.25) = (1,6),
(10, 10w1a + 4) @ (—10, 8wy + 3.75) = (0,7),
(-3, 6W11 — 1) D (3, 4&)21 + 225) = (0,’}/), (310)

(6, 60(.112 + 2) @D (—5, 40)22 + 375) = (1, 5)

Step 7: Using the property (a,a) @ (b,5) = (a + b, + ) the system of
fuzzy linear equations (3.10) can be transformed into system of fuzzy linear

equations (3.11).

(=5 + 6, 10wy + 2 4 8wy + 2.25) = (1,6),
(10 — 10, 10wia + 4 + 8way + 3.75) = (0,7),
(—3 + 3, 6&]11 + 1 + 4(,021 —+ 225) = (0, ’Y), (311)

(6 — 5, 6LL)12 + 2+ 40(.)22 + 375) = (1, 6)

19



Step 8: Using the property (a,a) = (b, 5) = a = b and a = 3, the system
of fuzzy linear equations (3.11) can be transformed into crisp system of linear

equations (3.12).

10(4.}11 + 2+ 8&.121 +2.25 = (5,
10w1o + 4 + 8waes + 3.75 = 7,
6W11 + 1 + 4&)21 + 2.25 = Y, (312)

6&)12 + 24 4(,4)22 + 3.75 = 0.

Solving system of linear equations (3.12), the obtained values are

6 9

Wy = —_—— =
11 v 9 3’
v 15

— -1
W12 9 g’
Woy = 7—5 —1—3(5
207 3Ty
3 55+11
Wm0 TR

Step 9: Assuming 6 = 0.5 and v = 0.5, the obtained values are |w;| = 0.875,
]wm\ = 1625, ’CL)Ql‘ = 0625, ’CUQQ‘ = 1.125.
Step 10: Using the values of x11, T2, T9; and 9o, obtained in Step 4, and

the values of |wi1|, |wia|, |wai| and |wqs|, obtained in Step 8, the obtained
o _— (10,4) (8,3)
multiplicative inverse of fuzzy matrix A =
(6,2)  (4,3)
o [ (-05.087)  (1.1.625)
(0.75,0.625) (—1.25,1.125)

. Using the Mosleh and Otadi method [6], the multiplicative inverse of the fuzzy

. ~ (_67 3) (_47 2) .
matrix A = can be obtained as follows.
(_47 1) (_37 1)

Step 1: If X is assumed as multiplicative inverse of matrix A then A® X ~ T

where I is a 2 x 2 fuzzy matrix whose diagonal elements are (1,6) and and

. s (1,0) (0,7)
remaining elements are (0,7) i.e., I =
0.7) (1,9)
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Step 2: The equation A ® I is equivalent to

(=6,3) (—4,2) . (T1,w11) (212,012) | [ (1,6) (0,7)
(—4,1) (=3,1) (To1,wa1) (22, wan) (0,7) (1,6)

Step 3: The system of fuzzy linear equations (3.13) can be transformed into

system of fuzzy linear equations (3.14).

((=6,3) ® (z11,w11)) ® ((—4,2) ® (z21,w21)) = (1,9)

((=6,3) @ (212, w12)) & ((—4,2) ® (222, w22)) = (0,7),

(=4,1) @ (z11,w11)) ® ((=3,1) ® (w21, w21)) = (0,7) (3.14)
((—4,1) ® (z12,w12)) & ((=3,1) ® (222, w22)) = (1,6).

Step 4: Using Step 4 to Step 6 of the Mosleh and Otadi method [6], discussed
in Section 3.2, the system of fuzzy linear equations (3.14) can be transformed

into system of crisp linear equations (3.15).

—4dr1 + (—3)xr = 0, (3.15)

Solving the system of crisp linear equations (3.15), the obtained values of 1,
Z12, To1 and wep are —1.5, 2, 2 and —3 respctively.

Step 5: Now, substituting the obtained values of x;;, where j, k = 1,2, the
system of fuzzy linear equations (3.14) can be transformed into system of fuzzy

linear equations (3.16)

((=6,3) @ (=1.5,wn1)) & ((—4,2) ® (2,wn)) = (1,9),
((=6,3) ® (2,w12)) & ((—4,2) ® (=3,wn)) = (0,7),

(=41 @ (=15,wn)) & ((=3,1) @ (2,wn)) = (0,7), (3.16)
(=4, 1) @ (2,w12)) & ((=3,1) @ (=3, wn)) = (1,0)
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Step 6: Using the multiplication [5]

.
(aijTjn, aijwik + Tjpaiz)  if a; > 0,25, >0,

(aijTjn, aijwie — Tjpay;)  if ag; > 0,25, <0,
(i, aij) @ (@8, wik)
(@i, Tinou; — agwse)  if ag; < 0,25 >0,

L (aija?jk, — X0 — (Zij(Jij) if Qi S 0, Tk S 0.

,the system of fuzzy linear equations (3.16) can be transformed into system of

fuzzy linear equations (3.17)

(9, 4.5 + 6w11) D (—8, 4 + 4WQ1) = (]_, (S),
(—12, 6 + 6&)12) D (12, 6 + 4CU22) = (0, ’}/),
(6,1.5 + 4wyy) ® (—6,2 + 3war ) = (0,7), (3.17)

(—8,2 + dwia) @ (9,3 + 3wa) = (1,0).

Step 7: Using the property (a,a) @ (b,8) = (a + b,a + 3) the system of
fuzzy linear equations (3.17) can be transformed into system of fuzzy linear

equations (3.18).

(9—8,4.5+6W11 +4+4w21) (1,5),

(=124 12,6 + 6wz + 6 + 4wsz) = (0,7),
(6—6,1.5+4w11+2—|—3w21) = (0,’}/), (318)

(—8 + 9,2 + 4W12 + 3+ 3WQ2) = (1,5)

Step 8: Using the property (a,«) = (b, ) = a = b and o = 3, the system
of fuzzy linear equations (3.18) can be transformed into crisp system of linear

equations (3.19).

4.5+ 6&)11 + 4+ 40)21 = (5,
6 + 6wz + 6 + dway = 7,
1.5+ 4&)11 + 24 3&)21 =7, (319)

2+4w12+3+3w22:5.
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Solving system of linear equations (3.19), the obtained values are

3
w11 = 5(5 — 2’}/ — 575,

Wi = 36—2’7+97

13
W91 = 7"‘3’7—25,
e = B 95 33
2 = YT Ty

Step 9: Assuming § = 0.5 and 7 = 0.5, the obtained values are |wy;| = 6,
|w12| == 825, |w21] = 7, |W22| = 9.5.
Step 10: Using the values of 11, x12, 91 and x99, obtained in Step 4,and

the values of |wy1|, |wia|, |wai| and |was|, obtained in Step 8, the obtained

multiplicative inverse of fuzzy matrix A = is
(_47 1) (_37 1)

N ~1.5,6) (2,8.25

o[ 150 (@829

2,7)  (~3,9.5)

3.4 Conclusion

The flaws in the existing method [3], pointed out by Mosleh and Otadi [6] are
discussed. Also, the method, proposed by Mosleh and Otadi [6], for finding the
multiplicative inverse of such matrices whose elements are symmetric triangular
fuzzy numbers, is discussed. Furthermore, the method, proposed by Mosleh and

Otadi [6], is illustrated with the help of numerical examples.
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Chapter 4

PROPOSED MEHAR METHOD-I FOR
CALCULATING MULTIPLICATIVE INVERSE
OF MATRICES HAVING ELEMENTS AS
SYMMETRIC TRIANGULAR
INTUITIONISTIC FUZZY NUMBERS

Atanassov [1] introduced the concept of intuitionistic fuzzy set which is one of the
important generalizations of fuzzy set theory. The major advantage of intuitionistic
fuzzy set over fuzzy set is that intuitionistic fuzzy set separates the degree of mem-
bership (acceptance level) and the degree of non-membership (non-acceptance level)
of an element in the set. Thus, this theory is found to be highly useful to deal with
vagueness. Many authors have used fuzzy and intuitionistic fuzzy set theory for
solving real life optimization problems such as planning, scheduling, transportation,

manufacturing etc.

To the best of my knowledge, there is no method in the literature for cal-
culating multiplicative inverse of such a matrix whose elements are intuitionistic
fuzzy numbers. In this chapter, with the help of the method, discussed in previous
chapter, a new method (named as Mehar method-I) is proposed for calculating the
multiplicative inverse of such fuzzy matrices whose elements are symmetric trian-
gular intuitionistic fuzzy numbers. To illustrate the proposed Mehar method-I the

multiplicative inverse of a 2 X 2 intuitionistic fuzzy matrix is calculated.
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4.1 Preliminaries

In this section, some basic definitions related to intuitionistic fuzzy set theory are

presented [7].

4.1.1 Some basic definitions

In this section, some basic definitions related to intuitionistic fuzzy set theory are

presented.

Definition 4.1. Let X be the universe of discourse. Then an intuitionistic fuzzy

set AT in X is defined by a set of ordered triples

A = {(, jias (@), vas () € X}
where
NAI(x)v VAI(:E) X = [07 1]

are functions such that 0 < pz:(z) + vz (z) < 1,Ve € X.
Here, pu;: represents the degree of membership function and vj; represents the
degree of non-membership function. h(z) = 1 — (pzu(x) + vi(x)) is called the

degree of hesitation for 2 € X being in A .

Definition 4.2. An intuitionistic fuzzy subset A’ = {(z, pz (z), v (z)) : 2 € X}

of the real line R is called an intuitionistic fuzzy number if the following hold:

1. There exists r € R such that p4:(r) =1 and v4;(r) = 0 (r is called the mean

value of A7).

2. pzi(z) and vy (x) are piecewise continuous mapping from R to the closed
interval [0,1] and the relation 0 < p 4 (z) + v (z) < 1,Vz € X holds.

The membership and non-membership functions of A are of the following form:

4
gi(z) ;r—a<z<r,

1 , T =T,

hi(z) ,r<ax<r+p,

\ 0 , otherwise.
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where g¢1(x), hi(x) are piecewise continuous; strictly increasing and strictly
decreasing function in [r — «,r) and (r,r + (] respectively.
(

ga(x) r—a <z <0< gi(e) + golx) <1,

0 , L =T,
Vi (@) = 4
ho(x) ,r<x§r+ﬁ/;0§h1(a¢)—l—h2(x)§1,

\ 1 , otherwise.

Here r is the mean value of A’; o and f are the left and right spreads of
membership function j 5, respectively, o and " are the left and right spreads
of membership function v; respectively. The intuitionistic fuzzy number Al is

represented by Al = (r,a, B, O/a 5/>‘

Definition 4.3. A triangular intuitionistic fuzzy number Al = (aq, as, as; a’l, as, a;)
is an intuitionistic fuzzy set in R with the membership function p;; and nonmem-

bership function vj; is defined by

(
r — aq
7@1§LE<CL2,
a2 —aq
1 , T = Qs,
() =
,UA( ) a3 —
,a2<x§a3,
a3 — a2
0 , otherwise.
\
and
(QQ—ZL' ’
- a0 <x<ag,
0 , T = a9,
val(®) =93 . _,
2 /
; yag < x < ag,
\ 1 , otherwise.

. ’ / . . oy . .
respectively, where a; < a1 < ag < az < ay. The triangular intuitionistic fuzzy
e / / e / /
number A" = (a1, as,as;ay,as,a3) also denoted by AT = (a1, aq,as;ay,as,as) or
~I _ . / !/ o o ! _ / / _ !
Al = (ag, o, By a9, , ) where a = ag—ay, f = ag—ag, @ = az—ay and f = ag—axs.
oy . . o e . . e ’ ’
Definition 4.4. A triangular intuitionistic fuzzy number A! = (a,a, B;a,a, ")

whose left spread « is equal to right spread § of a membership function as well
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as left spread o is equal to right spread 5 of a non-membership function is called

symmetric triangular intuitionistic fuzzy number and is denoted by A’ = (a, o; a, o)

4.2 Proposed Mehar method-I

In this section, a new method (named as Mehar method-I) is proposed for calcu-
lating the multiplicative inverse of such intuitionistic fuzzy matrices whose elements
are symmetric triangular intuitionistic fuzzy numbers.

The steps of the proposed Mehar method are as follows:
Step 1: Since X is assumed as multiplicative inverse of intuitionistic fuzzy matrix
A so A® X ~ I where I is n x n intuitionistic fuzzy matrix whose diagonal elements
are (1,0;1,6") and remaining elements are (0,7;0,7).
Step 2: The equation A ® X ~ I is equivalent to system of intuitionistic fuzzy

linear equations (4.1).

n

j=1
5 (1,6;1,6") ifi =k,

where, [ =
(0,70,7) ifi # k.

Step 3: Assuming a;; = (aij,aij;aij,a;j),@k = (xjk,wjk;xjk,w;k), the system of
intuitionistic fuzzy linear equations (4.1) can be transformed into system of intu-

itionistic fuzzy linear equations (4.2).

n (1,6;1,8") ifi =k,

Z(am Qij; Qg %j) ® (xjhwjk; xjkawjk) ~ ) (4.2)
(0,40, ifi 4k
Step 4: Using the property of intuitionistic fuzzy number (a1, ay; ay, 51)®(ag, ag; as, Ps)
~ ((a1,01)®(az, ag); (a1, 51)®(asz, B2)), the system of intuitionistic fuzzy linear equa-

tions (4.2) can be transformed into system of intuitionistic fuzzy linear equations

(4.3).

n , ) (1,6;1,6") ifi=k,

D ((asj, aig) @ (@, win); (aig, ) @ (@i, wyp)) & / (4.3)
i=1 (0,7:0,7) ifdi#k.
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Step 5:  Using the property of intuitionistic fuzzy number (ay, ay; a1, 81) = (a2, as; as, 52)
= (a1, 1) = (az, ) and (aq, 1) = (ag, f2), the system of intuitionistic fuzzy lin-
ear equations (4.3) can be transformed into system of fuzzy linear equations (4.4)

and (4.5).

n 5) ifi=
> ((asj, aig) ® (@, wie)) = o) = (4.4)
7=1 (0,7) ifi#k.
and
n , , (1,0) ifi=k,
S (g, aly) @ (i) = Z (45)
=1 (0,9)) ifi#k.

Step 6: Now, apply Mosleh and Otadi method [6], discussed in Section 2.2, on
system of fuzzy linear equations (4.4) and (4.5) individually, to obtain the values of
Tj, |w;k| and |w;-k|, where j=1,...,nand k=1,...,n.

Step 7: Using the values of zj;, |wjx| and \w;-k], obtained in Step 7, the multiplica-

. . . ey . e . 1. < /
tive inverse of the intuitionistic fuzzy matrix A is X = (2, |wjk|; Tjk, Wik |)nxn

4.3 Illustrative example

In this section, Mehar method-I, proposed in Section 4.1, is illustrated with the
help of a numerical example.

Using the proposed Mehar method-I, the multiplicative inverse of the intuitionis-

tic fuzzy matrix A = can be obtained as follows.

Step 1: If X is assumed as multiplicative inverse of matrix A then A® X ~ [
)

where I is a 2 x 2 intuitionistic fuzzy matrix whose diagonal elements are (1,0:1,6’

. N s (1,6;1,8") (0,7;0,7)
and and remaining elements are (0,7;0,v ) i.e., [ = / /
(0,7:0,7) (1,0:1,8)

Step 2: The equation A ® X ~ I is equivalent to

(—2,1;-2,2)  (3,2;3,10) . (211, Wit @11, W) (T12, Wia; T2, Wys)

(—576;—574) (—673;—676) (5621,(#21;9521,00,21) (552270022;1'22700/22)

(1,6;1,8) (0,7;0,7)
(0,7;0,7) (1,6;1,8)
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Step 3: The system of intuitionistic fuzzy linear equations (4.6) can be trans-

formed into system of intuitionistic fuzzy linear equations (4.7).

((=2,1;-2,2) ® (z11, w113 33117”/11)) @ ((3,2;3,10) ® (w1, wa1; $217W;1)) (1,91, § )s
((=2,1; -2,2) @ (212, w193 T12, W12)) ® (3,253, 10) © (29, was; Tag, was)) = (0,7;0,7 ),
((=5,6;-5,8) ® (211, w113 11, wy;)) @ ((=6,3; —6,6) ® (w21, wa1; T21,wa;)) = (0,7:0,7), (4.7)

((=5,6;-5,8) ® (5812,0-212;96127&1/12)) @ ((—6,3;,-6,6) ® ($227w22;$22,w;2)) (1,91, 5 )-

Step 4:  Using the property (a1, a1; a1, $1)® (a2, az; a2, f2) = ((a1, 01)® (a2, a2); (a1, 51)®
(az, £2)), the system of intuitionistic fuzzy linear equations (4.7) can be transformed

into system of intuitionistic fuzzy linear equations (4.8).

(-2,1) ® (211, w11); (—2,2) ® (211,w11)) ® ((3,2) ® (21, w21); (3,10) ® (w21, w9;)) = (1,6;1,8 ),
((=2,1) ® (212, w12); (—2,2) ® (212,w12)) D ((3,2) ® (e22,w22); (3,10) ® (222, w13)) = (0,7;0,7 ),
((=5,6) @ (z11,w11); (—5,4) ® (211,w11)) ® ((—6,3) @ (w21, w21); (—6,6) ® (w21,wny)) = (0,70, ), (4.8)

((=5,6) ® (212, w12); (—5,4) @ (212,w12)) ® ((6,3) ® (222, w22); (—6,6) ® (222, w35)) = (1,85 1,6).

Step 5:  Using the property (a1, a1; a1, f1)®(az, az; az, f2) = ((a1, a1)D(az, a2); (a1, B1)®
(ag, B2)), the system of intuitionistic fuzzy linear equations (4.8) can be transformed

into system of intuitionistic fuzzy linear equations (4.9).

((-2,1) ® (211,011)) © ((3,2) ® (w21, w21)); ((—2,2) @ (211,w11)) @ ((3,10) ® (w21, w91))) = (1,8;1,6),
(-2,1) ® (212, w12) ® (3,2) ® (222, w22)); (=2, 2) ® (212, w12)) @ (3,10) @ (222, wps))) = (0,70,7 ),
(((=5,6) ® (z11,w11) ® (—6,3) @ (z21,w21)); (((=5,8) @ (w11, w11)) B (=6,6) @ (w21,we1))) = (0,750,7 ), (4.9)

(((=5,6) ® (212, w12) ® (—6,3) ® (222, w22)); ((—5,8) @ (212, w13)) B (=6,6) ® (22, w97))) = (1,8;1,8 ).

Step 6: Using the property (a1, a1; a1, f1) = (ag, a2; az, f2) = (a1, 1) = (az, )
and (ay, f1) = (ag, f2), the system of intuitionistic fuzzy linear equations (4.9) can

be transformed into system of fuzzy linear equations (4.10) and (4.11)

((=2,1) ® (z11,011)) & ((3,2) ® 1,9),
((=2,1) ® (z12,w12)) @ ((3,2) ®
((=5,6) ® (z11,w11)) ® ((=6,3) ®
) ®

((=5,6) ® (212, w12)) @ ((—6,3

0,

)

) = (
) = (0,7),

Ta1,wn)) = (0,7), (4.10)
) = (1,9).

30



and

((=2,2) ® (z11,w11)) @ ((3,10) ® (w21, 0)) =
((=2,2) ® (212, w15)) @ ((3,10) ® (w22, wp)) =
((=5,8) @ (z11,w1,)) @ ((=6,6) @ (z21,05))) =
((—5,8) ® (w12, w15)) ® ((—6,6) ® (w22, wp)) =

Step 7: Using Step 4 to Step 6 of the Mosleh and Otadi method [6], discussed in

Section 3.2, system of fuzzy linear equations (4.10) can be transformed into system

of crisp linear equations (4.12)

—2$11 + 31’21 = 1,
—2%12 + 31’22 = 0,
—dx11 — 6xg; = 0,

—51'12 — 6[[’22 =1.

(4.12)

Solving the system of crisp linear equations (4.12), the obtained values of x11, x12,

Zo1 and x99 are —0.222, —0.111, 0.185 and —0.0741 respectively.

Step 8: Now, substituting the values obtained of x;;, where j, k = 1,2, the system

of fuzzy linear equations (4.10) and (4.11) can be transformed into system of fuzzy

linear equations as (4.13) and (4.14)

((—2,1) ® (—0.222,w11)) & ((3,2) ® (0.185,way))
((—=2,1) ® (=0.111,w12)) @ ((3,2) ® (—0.0741, wy2))
((=5,6) ® (—0.222,w11)) @ ((—6,3) ® (0.185, wa1))
)

((=5,6) ® (=0.111,w12)) ® ((—6,3) @ (—0.0741, woy
and

((=2,2) ® (—0.222,w;,)) @ ((3,10) ® (0.185, wy;))
((=2,2) @ (=0.111,w},)) @ ((3,10) ® (—0.0741, wyy))
((=5,8) @ (—0.222,w),)) ® ((—6,6) @ (0.185,wy,))
((=5,8) @ (—0.111,wy,)) ® ((—6,6) @ (—0.0741, wyy))
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Step 9: Using the multiplication [5]
(
(aijTjn, aijwik + Tjpaig)  if a; > 0,25, >0,

(aijTjn, aijwine — Tjpay;)  if a; > 0,25, <0,
(i, i) @ (1, wik)
(@ijTjn, Tjpuj — agwsr)  if a < 0,25, >0,

L (aijxjk, — X0 — Clz‘jw]‘k) if Qi S 0, Tk S 0.
the system of fuzzy linear equations (4.13) and (4.14) can be transformed into system

of fuzzy linear equations (4.15) and (4.16) respectively.

(0.444,0.222 4 2wy;) @ (0.555, 3wey + 0.37) = (1,6),
(0.222,0.111 4 2wys) @ (—0.2223, 3wsy + 0.1482) = (0,7),
(1.11,1.332 4 5wyy) @ (—1.11,0.555 + 6wsy) = (0,7), (4.15)
(0.555,0.666 4 Hwys) @ (0.444,0.2223 + 6w22) = (1,4).
and
(0.444,0.444 + 2wy,) ® (0.555, 3wy, + 1.85) = (1,9),
(0.222,0.222 + 2wy,) @ (—0.2223, 3wy, + 0.741) = (0,7),
(1.11,1.776 + 5wy, ) @ (—1.11,1.111 + 6wy,) = (0,7), (4.16)
(0.555,0.8888 + 5w)y) @ (0.444,0.4446 + 6way) = (1,6).

Step 10: Using the property (a,a) @ (b,5) = (a + b, a + ), the system of fuzzy
linear equations (4.15) and (4.16) can be transformed into system of fuzzy linear
equations (4.17) and (4.18) respectively.
(0.444 + .555,0.222 + 2wy, + 3way + 0.37) = (1, 4),
(0.222 — 0.2223,0.111 + 2wya + 3was + 0.1482) = (0,7),
(1.11 — 1.11,1.332 + 5wy + 0.555 + 6wsy) = (0,7), (4.17)

(0.555 + 0.444, 0.666 + Bwro + 0.2223 + 6w22) = (1,6).

and

/

(0.444 + .555,0.444 + 2w, + 3wy, + 1.85) = (1,0

),
(0,7,
(1.11 = 1.11,1.776 + 5w, + 1111 + 6wy, ) = (0,7), (4.18)

(0.222 — 0.2223,0.222 + 2w,y + 3wy, + 0.741)

(0.555 + 0.444, 0.8888 4 5wy, + 0.4446 + 6wayy) = (1,06
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Step 11:

Using the property (a,a) = (b,5) = a = b and o = (3, the system

of fuzzy linear equations (4.17) and (4.18) can be transformed into crisp system of

linear equations (4.19) and (4.20) respectively.

0.222 + 2wy + 3wey + 0.37 = (5,

0.111 4 2wy + 3was + 0.1482 = 7,

1.332 + w11 + 0.555 + 6way = 7,

0.666 + dwo + 0.2223 + 6wy = 9.

and

0.444 + 2wy, + 3wy, +1.85 = ¢,

0.222 + 2wy + 3wy, + 0.741 = 7,

1776 + 5wyy + 1111 + 6wy =7,

0.8888 + 5wyy + 0.4446 + 6oy = 6 .

Solving system of linear equations (4.19), the obtained values are

w11

W12

Wa1

W2

—20 +~v —0.703,
0 —2v—0.3703,

5 2

-) — =y —0.2713
3 3,‘)/ )
5 2

—~v — =6 +0.1604.
57 730"

Similarly solving system of linear equations (4.20), the obtained values are

Step 12:

5, 2,

=5 — 24 —1.8993
3 37 ,
—28 +~ 4 1.702,

5, 2,

=5 — 24 —0.7164
3 37 )
5, 2.

A =28 —0.593.

37 73

(4.19)

(4.20)

Assuming § = 0.5 and v = 0.5, the obtained values are |wy;| = 1.203,

wia| = 0.8703, |wy| = 0.7713, |wys| = 0.6604 and |w},| = 1.202, |w;,| = 0.093,

|| = 1.3993, |wyy| = 0.2164.

Step 13: Using the values of x11, o129, 29 and x5y, obtained in Step 7, and the
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values of [wy1], [wial, |war], [waal, |wiy|, [wis], [wy, |, [whs|, obtained in Step 12, the ob-
(_5767 _574) (_6737 _676)

tained multiplicative inverse of intuitionistic fuzzy matrix A =

is

I (—0.222,1.203; —0.222,2.09)  (—0.111,0.8703; —0.111,0.5374)
(0.185,0.7713;0.185,1.991)  (—0.0741,0.6604; —0.0741,0.5127)

4.4 Conclusion

It is pointed out that there is no method in the literature for finding the multiplica-
tive inverse of such matrices whose elements are symmetric triangular intuitionistic
fuzzy numbers and hence, a new method (named as Mehar method-I), with the help
of existing method [6], is proposed for the same. To illustrate the proposed Mehar
method-I the multiplicative inverse of a 2 X 2 matrix whose elements are symmet-
ric triangular intuitionistic fuzzy numbers is calculated with the help of proposed

Mehar method-I.

34



Chapter 5

PROPOSED MEHAR METHOD-II FOR
CALCULATING MULTIPLICATIVE INVERSE
OF MATRICES HAVING ELEMENTS AS
NON-SYMMETRIC TRIANGULAR
INTUITIONISTIC FUZZY NUMBERS

The Mehar method-I, proposed in previous chapter, can be used only to find the
multiplicative inverse of such matrices whose elements are symmetric triangular intu-
itionistic fuzzy numbers. However, this method cannot be used to find multiplicative
inverse of those matrices whose elements are non-symmetric triangular intuitionis-
tic fuzzy numbers. In this chapter, a new method (named as Mehar method-II) is

proposed to find the multiplicative inverse of these type of matrices.

5.1 Proposed Mehar method-11

In this section, a new method (named as Mehar method-II) is proposed to cal-
culate the multiplicative inverse of such fuzzy matrices whose elements are non-
symmetric triangular intuitionistic fuzzy numbers.

The steps of the proposed Mehar method-II are as follows:
Step 1: Since X is assumed as multiplicative inverse of intuitionistic fuzzy ma-
trix A so A® X ~ I where I is n x n intuitionistic fuzzy matrix whose diagonal

elements are non-symmetric triangular intuitionistic fuzzy numbers (1,4, 7; 1, 5, 7’)
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and remaining elements are non-symmetric triangular intuitionistic fuzzy numbers
(0, ,v; 0,1, 0/).
Step 2: The equation A ® X ~ I is equivalent to system of intuitionistic fuzzy

linear equations (5.1).
Z&ij ® T ~ L, (5.1)
j=1

- (1,6,7%1,0',7) ifi=F,
where [;; =

(0,130,040 if i # k.
Step 3: Assuming a;; = (ay;, aij?ﬁij§aij7a;ja ;j>7'%jk = (zjk, Wik, )\jkExjkaw;'ky )\;'k;>7
the system of intuitionistic fuzzy linear equations (5.1) can be transformed into

system of intuitionistic fuzzy linear equations (5.2).

" (1,6,7:1,6 7)) ifi=k,

Z(aij; Oéij,ﬁij;aijﬂ;j; 1/]) ® (xjkijka/\jk;xjk7w;ka )‘;k) ~ o, (5.2)
j=1 (0, v;0, 0, v) if i # k.
Step 4: Using the property (a1, a1, v1; a1, b1, w1)®(az, ag, ¥2; az, B2, ws) = ((a1, a1, 7 )®
(ag, ag,2); (a1, fr1,w1) @ (az, fa,ws)), the system of intuitionistic fuzzy linear equa-

tions (5.2) can be transformed into system of intuitionistic fuzzy linear equations

(5.3).

D (i, 04, Big) ® (@i i M) (i, iy Biy) @ (T, s Ajy)) = o (5.3)
j=1 0,y v;0, 0, v) if i # k..

" (1,6,7:1,6 7)) ifi=k,

Step 5:  Using the property (a1, a1, 715 a1, 81, w1) = (ag, a2, 72; ag, Ba, w2) == (a1, a1,1) =
(ag, a,7y2) and (aq, B1,w1) = (ag, P2, ws), the system of intuitionistic fuzzy linear
equations (5.3) can be transformed into system of fuzzy linear equations (5.4) and

(5.5).

n (1,9,v) ifi=k,

Z(am Qij, ﬁij) ® (%’kawjka )‘jk) = (54)
7=1 (0,p,v) ifi#k.
and
-~ ' / ’ ’ (176/77/) le:k,
Z((azjv Q55 ij) ® (xjk7wjk7 )‘jk)) = o (5.5)
j=1 O,p,v) ifi#k.
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Step 6: Since, the system (5.4) and (5.5) are system of fuzzy linear equations, so
using the property of product of two fuzzy numbers (the center parts are multiplied
directly) and using the property (ai,bi,c1) = (ag, by, c0) = a3 = ag, by = b,
¢1 = C9, the center part of system of fuzzy linear equations (5.4) can be transformed
into crisp system of linear equations (5.6)

1 ifi=Fk,

;T = (5.6)

0 ifi#k.
Solve the crisp system of linear equations (5.6) to find the values of x .
Step 7: Let S; be the set of those values of z;, which are greater than equal to
zero and Sy be the set of those values of x;;, which are less than zero. Similarly,
let T be the set of those values of a;; which are greater than equal to zero and 75
be the set of those values of a;; which are less than zero, the system of fuzzy linear
equations (5.4) and (5.5) can be transformed into system of fuzzy linear equations

(5.7) and (5.8) respectively.

Z (aiz, iz, Bij) @ (Tjk, Wik, Aji) + Z (aij, g, Bij) @ (Tjks Wik Aji)

zjkesl aﬂjkESQ
aijETl aijETl
+ Z (aij, i, Big) @ (Tjk, Wik, Ajie + Z (aijs gy Bij) @ (Tjk, Wik Ajik)
Ijkesl zjkESQ
a;; €Ty a;j €Ty
(175a7) ifi= k?

(0,p,v) ifi#k.

Similarly
! / I ! ! / ! i
E (@i, Qi ij) ® (xjk7wjkv )‘jk) + E (aij, Qi ij) ® (xjk>wjk7 )‘jk)
zjkesl IjkES2
aijETl aijeTl
! ! ’ / ! / ! ’
+ E (@i, i, Bij) @ (g, wWips Ajp.) + E (aij, iy Bi) @ (Tjks Wigs Ajy.)
@ E€S] €k €52
aijETQ aijETQ

(1,6',7) ifi=k,
— (5.8)
(0,0, 0) ifi#k.

Step 8: The system of fuzzy linear equations (5.7) can be transformed into system
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of fuzzy linear equations (5.9).

Z (€ik, Di pir)  + Z (fiks Yik, oire) + Z (Giks Xk Tik)

@ €S1 T €S2 T €51
a; €T a;; €T aj;€T2

(1,6,7) ifi=Fk,
+ > (ha i &) = (5.9)
Tk €S2 (0, p,v) ifi#k.

a;j €Ty

where

(€ik, ks i) = (@ijTjk, Gijwji + Tikj, Qi Njk + TBi5),

)
(firs Yik, oite)
)
)

Wi Tk, Ty — QijAjk, TikBij — QijWwik),

(

(@ijjr, aijwie — TikBij, Gighin — Tintis),
(Giks Xik» Tik (
(

(Rt Mite Ein Qi Tk, —TjpBij — QijNjk, —TjpQlj — QiWik ).

Similarly, the system of fuzzy linear equations (5.8) can be transformed into system

of fuzzy linear equations (5.10).

Z (61k7¢;k?p;k) + Z (fzkaqvb;kvo-;k)—f_ Z (gikax;kaTz‘/k)

:tjkesl (L']'k63'2 ijesl
a"ijETl aijeTl aijeTZ
/ / (17577/) 1f@:k;7
+ Z (i, Mig> §ix) = o (5.10)
2k €S) 0,p,v) ifi#k.
a;; €Ty

where

<€1k7 zkv pzk)

/

(flk? zk’ 1k:)

’

(gzk ) sz7 zk)

ATk, QijWik + TikCij, Qig Ak + TikBij),

(@i ks aijwir — Tk Bijs QijAjk — Tjrouy),
(@i iy Ty — @ijAji, T Bij — aijwjn),
(

(Rt Miges it Wij Tty —Tjkfij — QijAjk, —Tjrlij — AijWjk).

Step 9:  Using the property > (a;, a;, 8) = (D] a;, >, i, Y ), the system of fuzzy
i=1 =1 =1 =l
linear equations (5.9) can be transformed into system of fuzzy linear equations (5.11).

(Z €ik; Z Dik, Z pir) + ( Z ik, Z Yik, Z Tir)

xjkesl JijESl xjkesl afjkGSQ afjkGSQ xjkESQ
a,i]‘ETl aijeTl aijETl aij€T1 aijETl aijETl
(1,6,7) ifi=k
( E ik E Xk g Tik) + ( E hik, E ik E ix) = (5.11)
zjp €51 T €51 zjp €51 T €52 T €S2 T €52 (O, M, V) if ¢ 7é k.
a;; €T a; ;€T a; ;€T a;; €Ty a;; €Ty a; ;€T
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Similarly, the system of fuzzy linear equations (5.10) can be transformed into system

of fuzzy linear equations (5.12).

(Z ik, Z ¢;k7 Z p;k)+( Z fik’ Z w;lw Z O-;k)

Ijkesl Ijkesl l'jkesl ijESQ ijESQ l‘jkESQ
a;; €Ty a;; €Ty a;j €Ty a;; €Ty a;; €Ty a;j€Ty
1 5/ ’
’ ’ / / ( ;0,7 )
+ E ik g Xk E Tiw) + ( E hig, E Niks E §ir) =
’ ’

zj€S] @ ;€8] z €S @ ;) €Sy @ ;) €Sy @ €Sy (()’ i,V )
az‘jGTQ aijETQ aijETQ aijETQ aijETQ aijETQ

Step 10: Using the property (a,,v) = (b,5,w) = a =b, « =  and 7 = w,
the system of fuzzy linear equations (5.11) can be transformed into crisp system of

linear equations (5.13) and (5.14).

o ifi=k,
Z Pk + Z Yk + Z Xik =+ Z Nik = (5.13)
T €51 T i €52 T i €51 T €52 ol if ¢ 7§ k.
aijeTl aijeTl aijGTQ aijETQ
and
v o iti=k,
oot Y omt Y Tt Y, &n= (5.14)
@i €51 ;€S2 €51 @i E€S2 v ifti+#k.
a¢j€T1 aij€T1 aijGTQ aijETQ

Similarly, the system of fuzzy linear equations (5.12) can be transformed into crisp

system of linear equations (5.15) and (5.16).

! . .
, , , , o ifi=k,
E bir, + E Yy, + E Xir T E Nike = / (5.15)
TR €51 T €52 TR €51 Tk €S2 7 if 7 7& k.
"'ijeTl ”‘ijETl aijETQ aijETQ
and
’ .f . k
11 7 =
’ I ! i ’y )
E Pir + E Tip T E Tt E §ik = (5.16)
! . .
T i €51 i €S2 T €S1 €52 v ifi 7§ k.
a;; €Ty a;;€Ty a;; €T aj; €Ty

Step 12: Put the values of xj;, obtained in Step 9, in crisp system of linear
equations (5.13) to (5.16) and then solve these crisp system of linear equations, by
assuming some arbitrary values of 8, v, 1, x, 8, v, ¥ and X', to find the values of
w, A\, w, N

Step 13: Using the value of x;;, obtained in Step 9, and values of w, A, W

and X, obtained in Step 12, the multiplicative inverse of fuzzy matrix A is X =

(@5, skl [Nkl s Wil [Nk Dscn
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5.2 Illustrative example

In this section Mehar method-II, proposed in Section 5.1, is illustrated with the

help of a numerical example.
Using the proposed Mehar method-II the multiplicative inverse of the intuition-

o o (2,2,3;2,5,4)  (—3,8,4;-3,10,7) )

istic fuzzy matrix A = can be obtained
(—7,5,2;—-7,8,6) (5,1,6;5,2,7)

as follows.

Step 1: If X is assumed as multiplicative inverse of matrix A then A® X ~ I where

I is a 2 X 2 intuitionistic fuzzy matrix whose diagonal elements are (1,40,~;1, 5§, 'y/)

and and remaining elements are (0, i, v; 0, W, 1/) ie.,
(1757’7; 176,7’}//) (07/’1’7V;07/’L/7V,)

(0,11, 50,0, 0/') (1,6,79;1,0',7)
Step 2: The equation A ® X ~ I is equivalent to

I=

( (27273§2,5,4) (—378743—371077) ® (331176011,/\11;$11,w,117)\/11) (3312,&112,)\12;5312,@/127/\,12)
(

—7,5,2;-7,8, 6) (5a 1,6;5,2, 7) ($217w21, A21; $21,W;17 )\,21) ($22,w22, A22; Ta2, w/22, )\/22)

(1,6,7:1,8 %) ifi=Fk, (517)
(0, p1,v50,0', V") if i # k. .

Step 3: The system of intuitionistic fuzzy linear equations (5.17) can be trans-

formed into system of intuitionistic fuzzy linear equations (5.18).

’ ’ ’ ’ ro
((27273§ 27574) ® (1‘11,1,{)117 >\11); (mllv"Jllv)‘ll)) D ((_37874; -3,10, 7) ® (.1’21,0.)217 >\21;.1’21,UJ217 >‘21)) = (lvdz’ﬂ 1,8 ,v )7
’ ’ ’ ’ ro
((2,2,3;2,5,4) ® (z12, w12, M12); (T12, W12, A12)) © ((—3,8,4; =3,10,7) ® (w22, w22, A22; 22, Wa9, Aaa)) = (0,1, v; 0, p1 v ),
((_77 5,2; 17,8, 6) ® (931170.111, )‘11); (xllvwlllv )‘,11)) D ((57 1,6;5,2, 7) ® (x217w217 )‘21;x217w/217 )‘,21)) = (07 w150, MI7 V/)7(518)

’ ! !’ !’ !’ !’
((=7,5,2;-7,8,6) ® (z12, w12, A\12); (T12, w13, A12)) @ ((5,1,6;5,2,7) ® (w2, waz, A22; T22, Waa, Agz)) = (1,8,7; 1,8 ,v ).

Step 4:  Using the property (a1, a1, 71; a1, B1, w1)®(az, @z, yo; az, B2, wa) = ((a1, a1, 71)®@
(ag, ag,¥2); (a1, 1, w1) ® (ag, B2, ws)), the system of intuitionistic fuzzy linear equa-
tions (5.18) can be transformed into system of intuitionistic fuzzy linear equations

(5.19).

((27 273) ® (1'117“)117 A11); (27574) ® (]21170.);1,)\/11)) 52 ((_37874) ® (%‘21,&)217)\21); (37 107 7) ® (levw;h)‘IZl)) = (17677; 175/77,)7
((2,2,3) ® (212, w12, A12); (2,5,4) ® (212,019, A12)) ® ((—3,8,4) @ (222, wa2, A22); (3,10,7) @ (w22, w9, Aa)) = (0, 1,150, 1 ,v/),
((=7,5,2) ® (211, w11, M1); (—7,8,6) @ (211, w11, A11)) @ (5, 1,6) ® (221, w21, A21); (5,2,7) @ (221, w31, Ay)) = (0, 1,150, , ' ),(5.19)

((_7751 2) & (38127"‘}127)‘12); (_77876) & ('7:121‘*);27 >"11)) 52 ((57 116) ® (3822,(022,)\22); (5327 7) ® (m227w/227>‘22)) = (17677; 116/77/)'
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Step 5:  Using the property (a1, a1,71; ar, 1, w1)®(ag, azy2; ag, B2, wa) = ((a1, a1, 11)®
(ag, a2, v2); (a1, B1,w1) & (az, B2, ws)), the system of intuitionistic fuzzy linear equa-
tions (5.19) can be transformed into system of intuitionistic fuzzy linear equations

(5.20)

(((2,2,3) ® (x11, w11, A1) © ((=3,8,4) ® (w21, w21, A21)); (((2,5,4) ® (211, w11, A11)) @ ((3,10,7) ® (221, w1, Aa1)))

= (1,6,7:1,6 %),

(((2,2,3) ® (212, w12, M2) B (=3,8,4) ® (222, w22, A22)); (((2,5,4) ® (12, w12, A12)) @ (3,10,7) ® (x22,wz2, Ags)))

= (0, 1,30, V),

(((=7.5,2) ® (z11, w11, A11) @ (5,1,6) ® (w21, w21, A21)); (((—7,8,6) @ (211,011, A11)) © (5,2,7) @ (x21, w31, Ag1)))
= (0, 1,30, ),(5.20)
(((=7.5,2) @ (z12, w12, A12) @ (5,1,6) ® (w22, w22, A22)); ((~7,8,6) @ (212, w12, A11)) © (5,2,7) @ (x22, w3z, A22)))
= (1,94, 7,1,5 Y )

Step 6: Using the property (a1, a1, m;a1,fB1,wi) = (a2, a2, 72; ag, P2, we) =
(a1,01,m) = (a2,02,72) and (ay, f1,w1) = (ag, B2, w2), the system of intuitionis-

tic fuzzy linear equations (5.20) can be transformed into system of fuzzy linear

equations (5.21) and (5.22)

((2,2,3) ® (211, w11, A11)) @ ((—3,8,4) @ (291, wa1, Aa1)) 1,0,y

((2,2,3) @ (w12, Wiz, A12) @ (—3,8,4) @ ( )

((=7,5,2) ® (w11, w11, A1) @ (5,1,6) ® (w21, wa1, Ao1)) =
) ®( )

((=7,5,2) ® (212, w12, M12) @ (5,1,6

T2, W2, A22 0, p, v

0,1,v), (5.21)

—~ o~ o~ o~
\_/\_/\_/\/

T92, W22, A22
and

((2,5,4) ® (11, wyy, Ay)) @ ((3,10,7)

® (@21, Wo1, Aoy ) ( )
((2,5,4) @ (212,019, A12)) @ (3,10, 7) @ (w92, w3, App)) = (0,41, ),
((=7.8,6) @ (211,011 A1) @ (5,2,7) @ ( ) ( ), (5.22)
((=7,8,6) ® (212, w12, A1) B (5,2,7) ® ) ( )

To1, W21 ) )‘21

352270022, A2z
Step 7: Using product of triangular fuzzy numbers, (center parts are multiplied

directly), and using the property (a,a,v) = (b, f,w) = a =b, « =  and 7 = w,

the center part of system of fuzzy linear equations (5.21) can be transformed into
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system of crisp linear equations (5.23).

2711 — 3w91 = 1,

2x19 — 32 = 0,
—Tx11 + Hrey = 0, (5.23)
—Tx12 + dxoy = 1.

Solving the system of crisp linear equations (5.23), the obtained values of x11, 12,
To1 and xoo are —0.4545, —0.2727, —0.63636 and —0.1818 respectively.

Step 8: Now, substituting the values obtained of x;;, where j, k = 1,2, the system
of fuzzy linear equations (5.21) and (5.22) can be transformed into system of fuzzy

linear equations as (5.24) and (5.25) respectively.

((2,2,3) ® (—0.4545, w11, A11)) @ ((—3,8,4) ® (—0.63636,wa1,A21)) = (1,0,7),

((2,2,3) ® (—0.2727, w12, A12) B (—3,8,4) @ (—0.1818,waz, A22)) = (0, u,v),
((=7,5,2) ® (—0.4545, w11, A11) ® (5,1,6) ® (—0.63636, w21, A21)) = (0,u,v), (5.24)

((=7,5,2) ® (—0.2727, w12, A12) D (5,1,6) @ (—0.1818,wa0, A22)) = (1,6,7).

and

((2,5,4) ® (—0.4545,wy1, A1) @ ((3,10,7) ® (—0.63636,wyy, Agy ) ( )
((2,5,4) ® (—0.2727,wy5, A1) @ (3,10,7) ® (—0.1818, wyy, Agy)) ( )
((=7,8,6) @ (—0.4545, w1, A\py)) @ (5,2,7) @ (—0.63636,way, Aoy )) = (0,0,0), (5.25)
((—=7,8,6) @ (—0.2727, w19, A1) @ (5,2,7) ® (—0.1818, wyy, A22)) ( )
Step 9: Using the multiplication [5]

(

(@i jn, aijwin + Tjrcuj, aij Ak + TjxBi5) if a;; > 0,25, > 0,
(@i, aijwie — TixBijs QijAjr — Tjkuis) if a;; > 0,25 <0,
(aij, gy Big) @ (Tjk, Wik, Aji)
(@i, Tkt — ik, TikBij — aijwjr) if a;; < 0,25, >0,
L (@i jn, =T Bij — @ijAjk, =Ty — awjy) i aiy < 0,25, <0.

,the system of fuzzy linear equations (5.24), (5.25) can be transformed into system

of fuzzy linear equations (5.26), (5.27) respectively.

(—0.909, 2w11 + 1.3635,2A11 + 1.3635) @ (1.909, 2.5456 + 3A21,5.0912 + 3wa1) = (1,6,7),
(—0.5454, 2w12 + 0.8181,2A12 + 0.8181) @ (0.5454, 0.7272 + 3A20, 1.4544 + 3wna) = (0, 1, v),
(3.1815,0.909 + 7A11,2.2725 + Twy1) @ (—3.1818, way + 3.8184, 5Aa1 + 0.6364) = (0, 1, v/), (5.26)

(1.9089, 0.5454 + 7A12,1.3635 + Twi2) @ (—0.909, 5waz + 1.0908, 5 22 + 0.1818) = (1,4, 7).
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and

(—0.909, 2wy, + 1.818,2X], + 1.818) @ (1.909, 4.4548 + 3\, 6.364 + 3wy ) = (1,8 ,7),

(—0.5454, 2w -+ 1.0908, 2X15 + 1.0908) & (0.5454, 1.2726 + 3Xpy, 1.818 + 3way) = (0,11, ),
(3.1815,2.727 + T}, 3.636 + 7w}, ) @ (—3.1818, 5wy, + 4.4548, 5Ag, + 1.2728) = (0,1 ,1/), (5.27)

(1.9089, 1.6362 + T\, 2.1816 + Tw)5) @ (—0.909, 5why + 1.2726, 5Aaz + 0.3636) = (1,8, ).
Step 10: Using the property (a,a,v)® (b, 5,w) = (a+b, a+ 5,7+ w), the system
of fuzzy linear equations (5.26) and (5.27) can be transformed into system of fuzzy

linear equations (5.28) and (5.29) respectively.

(—0.909 + 1.909, 2w11 + 1.3635 + 2.5456 + 321, 2A11 + 1.3635 + 5.0912 + 3wo1) = (1,6,7),
(—0.5454 + 0.5454, 2wy 2 + 0.8181 + 0.7272 + 3X92, 2A12 + 0.8181 + 1.4544 + 3waz) = (0, 41, v),
(3.1815 4 (—3.1818),0.909 + TA11 + Bwa1 + 3.8184,2.2725 + Twit + 5Ae1 + 0.6364) = (0, 1, 1), (5.28)

(1.9089 + (—0.909),0.5454 + TA12 + 5was + 1.0908, 1.3635 + Twia + 5Aag + 0.1818) = (1,6, 7).

and

(—0.909 + 1.909, 2wy, + 1.818 + 4.4548 + 35, 271, + 1.818 + 6.364 + 3ws; ) = (1,8 ,7 ),
(—0.5454 + 0.5454, 2w;5 + 1.0908 + 1.2726 + g9, 2X15 + 1.0908 + 1.818 + Buwny) = (0,1, v/
’

)

)

)
(3.1815 + (—3.1818), 2.727 + T\, + Buwny + 4.4548,3.636 + 7w, + 5Agy + 1.2728) = (0,1, v/), (5.29)
’

)

(1.9089 + (—0.909), TAjo + 5way + 1.2726, 2.1816 + Twyg + 5Agy + 0.3636) = (1,6 ,7).

Step 11: Using the property (a,a,v) = (b, f,w) = a = b, a = f and v = w,
the system of fuzzy linear equations (5.28) can be transformed into crisp system of

linear equations (5.30) and (5.31) respectively.

2wip + 1.3635 + 2.5456 + 3)y; = O,
2w1s + 0.8181 + 0.7272 4+ 3oy = 4,
0.909 + TA1 + Buwsr +3.8184 = 4, (5.30)

0.5454 + TA19 + bwas + 1.0908 = 4,
and

211 + 1.3635 4+ 5.0912 + 3wy, = 7,
2/\12 + 0.8181 + 1.4544 + 3&)22 = U,
2.2725 + 7&)11 + 5)\21 + 0.6364 = v, (531)

1.3635 + 7&)12 + 5)\22 +0.1818 = Y-
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Similarly, the system of fuzzy linear equations (5.29) can be transformed into crisp

system of linear equations (5.32) and (5.33) respectively.

2wy, 4+ 1.818 + 4.4548 + 3\, =

2wy + 1.0908 + 1.2726 + 3y, =

2.727 4+ TAyy + By, + 4.4548 =

and

TAjy + Blgy + 1.2726 =

2X\;; + 1.818 4 6.364 + 3wy, =

2\1p + 1.0908 + 1.818 + 3wy, =

3.636 + Twy, + 5y, + 1.2728 =

2.1816 + 7wy, + Sy, + 0.3636 =

o (5.32)

: (5.33)

Solving system of crisp linear equations (5.30) and (5.31), the obtained values are

w11

W12

W21

Wa2

and

5 3
. Sy N
0.98365 — 0 + .
3

)
= 92
77 11u+0 8095,

7 2
L 2~ 3.24802
TR T

79
L S5 - 1.14862.
T 86

3 5

— U — — 1.644
TR
3 5

ﬁ'u — ﬁ’}/ + 0.5867,

7.2
Ry Y
0 — v — 19588,
72

(5.34)

(5.35)

Similarly, solving the system of crisp linear equations (5.32) and (5.33), the obtained
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values are

Wy = 1.51255—%5#%@,
Wy = %y’—f—lu’+o.3396,
, 7,02

Wy, = EV —ﬁ,u — 3.90092,
Wey = %:/—%5’—1.3222.

and

Ay = %//—15—1”/+1.7604,
Ny = %M’—f—lv’+o.5289,
Ny = 1—715’—%1/—3.0993,
Nyy = 1—71#—%5’—1.0412.

Step 12: Assuming 6 = 0.5, v = 0.5, p = 0.5 and v = 0.5, the obtained values
are |wyi| = 0.8927, |wia| = 0.19004, |wey| = 3.0207, |wae| = 0.9213, |A11| = 1.5532,
|A12] = 0.4958, |Ag1| = 1.7315, |Aga| = 0.4751.

Similarly, assuming § = 0.5, 7" = 0.5, ' = 0.5 and v/ = 0.5, the obtained values
are |wy,| = 1.4216, |wy,| = 0.2487, |wy,| = 3.6736, |wy,| = 1.0949, |\, = 1.6695,
IA\po| = 0.43799, |\y| = 2.872, |Ayy| = 0.8139.

Step 13: Using the values of x11, x12, 97 and x9y, obtained in Step 7, and the
values of [wii, [wia, [wal, [wasl, [wiy], [wis], [wal, [wasl, Al [Nzl il [Aesl,

AL Ml [A5y], | A| obtained in Step 12, the obtained multiplicative inverse of

. e e . . It (272a3a 27574) (_378747 _37 1077) .
intuitionistic fuzzy matrix A = is

(=7,5,2:—7,8,6)  (5,1,6:5,2,7)
: (—0.4545,0.8927, 1.5532; —0.4545, 1.4216,1.6695)  (—0.2727, 0.19004, 0.4958; —0.2727, 0.2487, 0.43799)
(—0.63636, 3.0207, 1.7315; —0.63636, 3.6736,2.872)  (—0.1818,0.9213,0.4751; —0.1818, 1.0949, 0.8139)

5.3 Conclusion

A new method (named as Mehar method-1I) is proposed to find the multiplicative

inverse of such matrices whose elements are non-symmetric triangular intuitionistic
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fuzzy numbers. To illustrate the proposed Mehar method-II, the multiplicative
inverse of a 2 X 2 matrix whose elements are non-symmetric triangular intuitionistic

fuzzy numbers is calculated.
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Chapter 6

FUTURE SCOPE

After studying Chapter 2, 3, 4 and 5, it may be easily concluded that the ex-
isting and proposed methods can be used only to find the multiplicative inverse
of such matrices in which some/all elements are symmetric/non-symmetric trian-
gular fuzzy/intuitionistic fuzzy numbers. However, neither the existing methods
nor the proposed methods can be used to find the the multiplicative inverse of
such matrices in which some/all elements are symmetric/non-symmetric trapezoidal
fuzzy /intuitionistic fuzzy numbers. In future, the methods, proposed in this thesis,

may be extended to find the multiplicative inverse of these type of matrices.
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