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CHAPTER - 1lI
INTUTIONISTIC FUZZY SOFT MATRICES

Definition : 3.1

Let U = {c1, c2, C3...Cm} be the universal set and E = {e1, e, es...en} be the
set of parameters. Let A c E and (F, A) be a intuitionistic fuzzy soft set in the
fuzzy soft class (U, E). Then intuitionistic fuzzy soft set (F, A) can be represented

in matrix form as Sy = [@j]mxn OF S = [gj] i =1, 2, 3,...,m, j=1, 2, 3,....,n, where

_— (“’j(ci)’\’j(ci)) |f ej (S A
¥ (0,9 if eeA
Here pj(c;) represents the membership of c; in the intuitionistic fuzzy set
F(ej) and v;(c;) represents the non-membership of ¢; in the intuitionistic fuzzy set

F(ej). The matrix Smxn is called intuitionistic fuzzy soft matrix. This matrix S

can also be written as S = (ua, va) or S = [(w;, vij)]-
Example : 3.2

Suppose that U = {s1, s2, S3, sS4} is a set of students and E = {e4, ey, e3} is a
set of parameters, which stand for result, conduct and sports performances
respectively. Consider the mapping from parameters set A c E to the set of all
intuitionistic fuzzy subsets of power set U. Then soft set (F, A) describes the
character of the students with respect to the given parameters, for finding the
best student of an academic year. Consider A={ e4, e2} then intuitionistic fuzzy

soft set is
(F, A) = { F(e1) ={(s1,0.8,0.1), (s2,0.3,0.6), (s3,0.8,0.2), (54,0.9,0.0)},

F(e2) = {(51,0.8,0.1), (52,0.9,0.1), (s5,0.4,0.5), (54,0.3,0.6)}.
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we would represent this intuitionistic fuzzy soft set in matrix form is

(0.8,0.1) (0.8,0.1) (0.0,1.0)
(0.3,0.6) (0.9,0.1) (0.0,1.0)
(0.8,0.2) (0.4,0.5) (0.0,1.0)
(0.9,0.0) (0.3,0.6) (0.0,1.0)

Definition : 3.3

Let A = [aj] € IFSMnx, B = [bj] € IFSMmx. Then A is a intuitionistic fuzzy

soft submatrix of B, denoted by Ac B if ya < pgand va > vg V i, j and A is equal

to B, denoted by A=Bif ya=pgand va=vg V i, j.

Definition : 3.4

9)

Let A = [aj] € IFSMmx. Then Ais a

intuitionistic fuzzy soft null(zero) matrix, if all its elements are (0,0). It
is denoted by ¢ or 0= [(0,0)].

intuitionistic fuzzy soft universal matrix, if all its elements are (0,1). It is
denoted by U.

intuitionistic fuzzy soft rectangular matrix if m = n.

intuitionistic fuzzy soft square matrix if m = n.

intuitionistic fuzzy soft row matrix if m = 1.

intuitionistic fuzzy soft row matrix if n = 1.

intuitionistic fuzzy soft diagonal matrix if m = n and a; = (0, 1) for all
i #j.

intuitionistic fuzzy soft scalar matrix if m = n and a; = (0, 1) for all i # |
and a; = (a, B), a € [0,1], B € [0,1] Vi=].

intuitionistic fuzzy soft upper triangular matrix if m = n and a; = (0, 1)

forall i>j.

10)intuitionistic fuzzy soft lower triangular matrix if m = n and a; = (0, 1)

for all i<j.
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11)intuitionistic fuzzy soft triangular matrix if it is either intuitionistic fuzzy
soft lower triangular matrix or intuitionistic fuzzy soft upper triangular

matrix.

Definition : 3.5

Let A = [aj] € IFSMpux. Then ATis a intuitionistic fuzzy soft transpose

matrix of Aif AT = [aj].
Definition : 3.6

If A = [aj] € IFSMuxn, B = [bj] € IFSMmx, then we define A+B, addition of
A and B as

A+B = [Clj]an
= (max(pa, ps), min(va, vg)) V i, j.
Example : 3.7

e [(0.8,0.1) (0.4,0.5)} 5 [(0.6,0.3) (0.8,0.2)
2x2

are two
(0.7,0.3) (0.4,0.6) (0.7,0.3) (0.5,0,5)]2)<2

intuitionistic fuzzy soft matrices, then the sum of these two is

GOATE [(0.8,0.1) (0.8,0-2)}
(0.7,0.3) (0.50.5)],,,

Definiton : 3.8

If A = [aj] € IFSMmyn, B = [bj] € IFSMmxn, then we define A-B, subtraction
of Aand B as

A"B = [C|J]mxn

= (min(pa, p), max(va, ve)) V i, j
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Example : 3.9

Gonaidin Az[(o.s,o.l) (0.4,0.5)} B=[(0.6,0.3) (0.8,0.2)
2x2

are two
(0.7,0.3) (0.4,0.6) (0.7,0.3) (0.5,0.5)}2)(2

intuitionistic fuzzy soft matrices, then the subtraction of these two is

A_B= [(0.6,0.3) (0.4,0.5)}
(0.7,0.3) (0.4,06) ], ,

Definition : 3.10

If A = [aj] € IFSMnn, B = [bx] € IFSMnp, then we define A * B,

multiplication of A and B as
A * B = [ Cik]mxp
= (max min(paj, 1;), Min max(vaj, vg)) V i, j.

Example : 3.11

0.8,0.1 0.4,0.5 0.6,0.3 0.8,0.2
Consider A = [( ) ( ):| and B = [( ) ( )} are
2x2 2x2

(0.7,0.3) (0.4,0.6) (0.7,0.3) (0.5,0.5)

two intuitionistic fuzzy soft matrices, then the product of these two matrices is

5 - [0603) (0802)
T 0.603) (0.7,03)],,,

Remark : 3.12
A*B=Bx*A

Theorem : 3.13

Let A = [aj] € IFSMmxn, B = [bj] € IFSMuyxn, C = [¢j] € IFSMmn then
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1) PcA

2) AcU

3) AcA

4) AcB,BcC=>AcC
5) A+ (P =A

6) A+U=U

7) A+B=B+A

8) A+B)+C=A+(B+C)

Definition : 3.14

Let A = [aj] = [(a, va)]l = [(W, vi)l, B = [bj] = [(us, ve)] =
[(Mi"”", vii")] € IFSMmxn. Then the IFSM C = [c;] = [(Hc, ve)] = [(ui, vij)] is called

1) union of A and B, denoted by A U B if uc = max{ua, ps} = max{yj’, pj’'}
and vc = min{va, vg} = min{vj/, v’} for all i and j.

2) intersection A and B, denoted by A N B if uc = min{pa, ps} = min{uy’, pj’"}
and vc = max{va, vs} = max{vy/, v} for all i and j.

3) complement of A = [(ua, va)l = [(iy/, vi/)], denoted by A= [(va, pa)] =
[(vi/, wi")] for all i and j.

Example : 3.15

(1,.2) (.54) (3,6) (5.3) (L.6) (7.1
Lotz |9 (23 (D] o (8D (43) (52)
(5.2) (3,4 (6.2) (2,5 (3,6) (4,.5)

(7,2) (6,1) (5,3) (1.7) (2,5 (5,.1)

(5.2) (5.4) (7.1 (1,.3) (L.6) (3.6)
Then AL s | 8D (43 (5| 4 o [(44) (23) (52)
(5.2) (3,4) (6,2) (2,5) (3,6) (4,.5)

(7,2) (6,.1) (5.1 (1.7) (2,.5) (.5.3)
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(2,.1) (4,5 (.6,.3)
A = (4.4) (3.2 (1.5

(2,5) (4,3) (2,.6)
(2,.7) (1,.6) (3.5)

Theorem : 3.16
LetA= [([JA, VA)], B= [(pB, VB)] € IFSMnxn. Then
1) (AuUB)®= A®~ B°
2) (AnB)®= AU B°

Proof :

1) (AUB)®=([(Ua, va)l U [(M8, vB)])°©

= [ (max{pa, us}, min{va, va})°
= [(min{va, ve}, max{ua, bs})]
= [(va, b)) O [(ve, He)]
= A®n B°
2) Similar to (1).
Theorem : 3.17
Let A = [aj], B = [b], and C = [¢;] € IFSMmy. Then

1) AnB=BnA

2) AuB=BUA

3) (AnB)nC =AnBNC)

4) (AuB)uC =Au BUC)

5 AuBnC)=(AnB)n (AuC)
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6) AnhBUC)=(AnB)uU (ANnC)
Example : 3.18
Let A, B e IFSM4x3 as in the example 3.16. Then

(2,5) (4,.5) (1.7)
(1,.8) (3,4) (1.5
(2,5 (4,3) (2,.6)
(2,7) (L.6) (1.5)

(3.1) (6.1) (6,.3)
(4,4) (3,2) (2,.5)
(5.2) (.6,.3) (5,.4)
(7,.1) (52) (3,5

(AUB)®= A°NB°=

(AnB)°= ACUB®=

Theorem : 3.19
Let A = [aj] € IFSMmxn, B = [bjj] € IFSMmx then
1) (A®)® =A
2) ¢°=U

3) (A+U)° =@

4) (A+B)° = (B+A)c
Definition : 3.20
If A =[aj], B =[bj] € IFSMmxn. Then the IFSM C = [c;] is called

1) the ‘-’ operation of A and B, denoted by C = A - B if puc = pa-ys and
ve =vatve-va-vg foralliandj.
2) the ‘+' operation of A and B, denoted by C = A+B if uc = patus- Ha* U8

and vc = va-vg foralliandj.
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3) the ‘@’ operation of A and B, denoted by C = A@B

Ha +Hp " = ¥a*V¥p
5 48 2

4) the ‘$’ operation of A and B, denoted by C = A$B

if ic = \JHa ‘Mg » Ve = y/Va - vg foralliandj.

Theorem : 3.21

if uyc = foralliandj.

Let A= [ai,-], B = [bij] and C = [Cij] € |FSmen. Then

1) A-B=B-A
2) A+B =B+A

3) A@B =B@A

4) A$B=BS$A

5) (A+B)+ C = A+(B+C)

6) (A-B)-C = A-(B-C)

7) (ANB)+C = (A+C)n(B+C)
8) (AnB)-C =(A-C)n(B-C)
9) (AnB)@C =(A@C)n(B@C)
10)(AUB)+C = (A+C)uU(B+C)
11)(AUB)-C =(A-C)uU(B-C)

Definition : 3.22

Let A = [(ui’, vi)], B = [(pi", viK’)] € IFSMmxn. Then X' product of A and
B is defined by X1 : IFSMmxn X IFSMmxn— IFSMmxn?> such that A X; B =
[’y Vi)l Xq [(Mik”’s vik)] = [(Mip, Vip)] Where pip = i’ - pi’” and vip = vji'- vk’ such

thatp =n(j-i) + k.
Definition : 3.23

Let A =[(, vif)l, B = [(i", vi")] € IFSMmxn. Then 'X3' product of A and
B is defined by X; : IFSMmxn X IFSMmxn— IFSMm«n? such that A X, B =
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[’y vi)] X2 [(Mi""s vik")] = [(Mip, Vip)] where pip = pi’ + pi’" - pi'- M’ and

Vip = Vij'~ ViK' such that p= n(j - l) - k.
Definition : 3.24

Let A =[(py, vi')]l, B = [(pik", vi')] € IFSMmx. Then 'X3' product of A and
B is defined by X3 : IFSMmnxn X IFSMmxn— IFSMmxn? such that A X3 B =
[(Mi’s vi)] X3 [(pik”s vik")] = [(Mip, Vip)] Where pip = P’ pi’” and vip = vi' + vy - vy’

vii’ such that p = n(j - i) + k.
Definition : 3.25

Let A =[(ki, vif)l, B =[(Mi", vik’)] € IFSMmxn. Then 'X4' product of A and
[(ai's vi)] Xa [(Mk”, viK’)] = [(Mip, Vvip)] where pip = min{y, iK'} and

vip = max{vy’ vi’} such that p = n(j - i) + k.
Definition : 3.26

Let A =[(ui', vi)], B = [(Mik"", vi")] € IFSMmun. Then 'Xs' product of A and
B is defined by Xs : IFSMmxn X IFSMmxn—> IFSMmxn?> such that A Xs B =
[’y vil)l Xs [(Mik", viK)] = [(Mip, Vip)] where pip = max{yy, pi'"} and

vip = min{vj/ - viK'’} such that p = n(j - i) + k.
Theorem : 3.27
Let A = [(IJij 3 Vij)], B = [(pij', Vij')], C= [(pik", Vik”)] € IFSMnx. Then

1) (AxB)xC = Ax(BxC)
2) (AuB)xC =(AxC)u(BxC)
3) (AnB)xC =(AxC)n(BxC)
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Example : 3.28
Let A, B € IFSMyx3 as in the example 3.16. Then

[(.05.06) (01.12) (07.02) (25.12) (.05.24) (.35.04) (.15.18)

(03.36) (.21.06)

AX, B = | (3209 (1216) (20.08) (16,03 (08.09) (10.06) (40,07 (
(

(

20,03) (.25.02)
18.12) (.24,.10)
10,15) (.25.03)

(.10.10) (.15.12) (.20.10) (.06.20) (.0924) (.12.20) (.12.10)
(07,.14) (14.10) (.35.02) (.06.07) (.12.05) (.30.00) (.05.21)

[(55.06) (.19.12) (73.02) (75.12) (55.24) (85.04) (65.18) (.37,.36) (.79.06)]
AX, B = | (8809 (64.12) (7,08 (8403 (5209 (06.06) (90,00 (7,03 (75.02)

(06.10) (65.12) (7,.10) (44.20) (51.24) (.58.20) (.68.10) (.72.12) (.76.10)
(.73.14) (76.10) (85.02) (64.07) (.68.05) (8000 (5521 (6,.15) (.75.03)]

[(.05.44) (.01.68) (.07,28) (.25.58) (.05.76) (.35.46) (.15.72) (03.84) (21.64)
(.32.46) (.16,.58) (20.52) (.16.37) (.08.51) (.10.44) (45.19) (.20.37) (.25,28)
(01.06) (.15.68) (.20.06) (.06.07) (.09.76) (.12.07) (.12.06) (.18.68) (.24,.06)
(.07,76) (.14.06) (.35.28) (.06.73) (.12.55) (.30.37) (.05.79) (.10.65) (.25.37)]

AX3B=

[(1.3) (1.6) (1.2) (1.6) (1.6) (5.4) (3.6) (1.6) (.3.6)]
(4,4) (4.4) (4.4) (4.4) (2.3) (2.3) (5.1 (4.3) (5.2
(2.5) (.3.6) (4.5) (3.6) (.3.6) (3.5) (2.5) (.3.6) (.4.5)
((1.7) (2.5) (5.2 (2.5 (25 (5.9 (1.7) (2.5) (5.3)

AX4B=

[(5.2) (1.2) (7. (5.3) (5.4) (7.1 (5.3) (3.6) (7.1)]
(8.1) (4.3) (5.2) (8.1) (4.3) (5.2) (8.1) (5.1 (5.1
(5.2) (5.2) (5.2) (3.4) (3.4) (4.4) (6.2) (6.2 (6.2
(7.2) (7.2 (7.0 (6.1 (6.1 (6.1) (5.3) (5.3) (5.1

AX5B=

Definition : 3.29

Let A =[aj] € IFSMnx, where a; = (pj(ci), vj(ci)). Then scalar multiple
of intuitionistic fuzzy soft matrix A by a scalar k is defined by kA = [ka;] where
0<k<1.

Example : 3.30

(0.8,0.1) (0.4,0.5)

Let A= [
(0.7,0.3) (0.4,0.6)

] be intuitionistic fuzzy soft matrix, then the
2x2
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(0.40,0.05) (0.2,0.25)}
2x2

: ; : =05 is RA =
scalar multiple of this matrix by k = 0.5 is {(0.35,0'15) (0.2,0.30)

Theorem : 3.31

Let A = [aj] € IFSMmxn, Where aj = (pj(ci), vj(ci), if m, n are two scalars

suchthat 0 < m, n < 1, then

1) m(nA) = (mn)A
2) m<n=mA=<nA

3) AcB=>mAcmB
Definition : 3.32
Let A = [aj] € IFSMmxn, Wwhere m = n, a; = (ij(ci),vj(ci)). Then trace of

m m
intuitionistic fuzzy soft matrix Aistr A= aj = > pj — i -
i=1 i=1

Example : 3.33

LaA:[m&an (0.4,0.5)

be intuitionistic fuzzy soft matrix, then
(0.7,0.3) (0.4,0.6) 2%2

trace of this matrix is tr A =0.8-0.1+0.4-0.6 = 0.5
Theorem : 3.34

Let A = [aj] € IFSMmxn, Where a;; = (pj(ci), vj(ci)), if m is two scalar such that

0 £<m <1, then

1) tr(kA) =k tr A
2) (kA)T=kAT
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Definition : 3.35

Let A = [aj] € IFSMuxn, Where a; = (pj(ci), vj(ci)). Then we define the value
matrix of intuitionistic fuzzy soft matrix A is V(A) = [aj] = [Wj - vi] i=1,2,...,m,

1= 4925l
Definition : 3.36

If A = [aj] € IFSMmnxn, B = [bjj] € IFSMmxn, then we define score matrix of A
and B as S g) = [djjlnx» Where [d;] = V(A) - V(B).

Definition : 3.37

Let A = [aj] € IFSMmxn, B = [bj] € IFSMmx. Let the corresponding value

matrices be V(A), V(B) and their score matrix is S(a g) = [dj]mxn then we define

n
total score for each ¢iin Uis S = ) d;.
j=1

Methodology

Suppose U is a set of candidates appearing in an interview for
appointment in Manager post in a company. Let E is a set of parameters related
to managerial level of candidates. We construct IFSS (F,E) over U represent the
selection of candidate by field expert X, where F is a mapping F : E — IFY, IFV is
the collection of all intuitionistic Fuzzy subsets of U. We further construct another
IFSS (G,E) over U represent the selection of candidate by field expert Y, where
G is a mapping G : E — IFY, IFV is the collection of all intuitionistic fuzzy subsets

of U. The matrices A and B corresponding to the intuitionistic fuzzy soft sets (F,E)
and (G,E) are constructed, we compute the complements (F,E)® and (G,E)° and
their matrices A® and B° corresponding to (F,E)° and (G,E)° respectively.
Compute A+B which is the maximum membership of selection of candidates by

the judges. Compute A°+B°® which is the maximum membership of non
selection of candidates by the judges. Using definition(3.35, 3.36 and 3.37),
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compute V(A+B), V(A°+B°), S and the total score S; for each

((A+B),(A°+B%))
candidate in U. Finally find S; = max(S;), then conclude that the candidate cj has
selected by the judges. If S; has more than one value the process is repeated by

reassessing the parameters.

Algorithm for decision making method by using Intuitionistic Fuzzy soft

matrix theory.

Step 1 : Input the intuitionistic fuzzy soft set (F,E), (G,E) and obtain the
intuitionistic fuzzy soft matrices A, B corresponding to (F,E) and (G,E)

respectively .

Step 2 : Write the intuitionistic fuzzy soft complement set (F,E)° , (G,E)° and
obtain the intuitionistic fuzzy soft matrices A°,B° corresponding to (F,E)° and
(G,E)° respectively .Step 3 : Compute (A+B), (A°+B°), V(A+B), V(A®+B°) and
S((A+B),(A°+B°))

Step 4 : Compute the total score S; for each c;in U.

Step 5 : Find ¢ for which max (S;) .

Then we conclude that the candidate c; is selected for the post .

Incase max S; occurs for more than one value, then repeat the process by

reassessing the parameters.
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