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Definition : 7.1

Let U = {Xy, X2,....., X,} be the initial universe of elements and
E = {e1, e2,..., em} be the set of parameters. The pair (U, E) will be called a soft
universe. Let F : E — IY and p be a fuzzy subset of E, i.e., p: E - I = [0,1],
where IV is the collection of all fuzzy subset of U. Let F, be a mapping

F,. : E - IUxI defined as follows:

F.(e) = (F(e), u(e)), where F(e) e 1. Then F, is called generalized fuzzy

soft set over the soft universe (U, E).

Here for each parameter e; F,(e;) indicates not only the degree of
belongingness of the elements of U in F(e;) but also the degree of possibility of

such belongingness which is represented by p(e;).
Definition : 7.2

Let F : A — IFY and « be a fuzzy subset of A. Then F, : A — IFY x

[0,1] is a function defined as follows:
Fu(@) = (F(a), a(a)) = ({(x, hra)(X), vra(X)) : X € U}, o(a))

where 1, v denotes the degree of membership and degree of non-membership

respectively. Then ‘f, is called a generalized intuitionistic fuzzy soft set over

(U, E).

Here for each parameter e;, 7,(e) indicates not only degree of
belongingness of the elements of U in ‘F (e;) but also degree of preference of

such belongingness which is represented by a.(e;).
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Example : 7.3

Let U = {s1, S2, S3, S4} be the set of students under consideration for the
best student of an academic year with respect to the given parameters A c E
and A = {r = “result’, ¢ = “conduct’, g = “games and sports performances”}. Let
a : A — [0,1] be given as follows: a(r) = 0.7, a(c) = 0.5, a(g)=0.6.

We define F;, as follows:

Fo (r)= ({(s1, 0.8, 0.1), (s2, 0.9, 0.05), (s3, 0.85, 0.1), (s4, 0.75, 0.2)}, 0.7)
T (c) = ({(s1, 0.6, 0.3), (s2, 0.65, 0.2), (s3, 0.7, 0.2), (s4, 0.65, 0.2)}, 0.5)
Fo (@) = ({(s1,0.75, 0.2), (s2, 0.5, 0.3), (s3, 0.5, 0.4), (s4, 0.7, 0.2)}, 0.6)
Then F, is an generalized intuitionistic fuzzy soft set.

Definition : 7.4
Let o and Gg be two generalized intuitionistic fuzzy soft set over (U, E).

Now 7 is called a generalized intuitionistic fuzzy soft subset of G if

1) o is a fuzzy subset of 3,
2) AcB,
3) V ae A, F(a)is an intuitionistic fuzzy subset of G(a).
i.€., Hra)(X) < pe@a)(x) and vxaX) = vea)(x), V x € Uanda € A,

Itis denoted by ¥, < Gp.

Example : 7.5

Let G be a generalized intuitionistic fuzzy soft set defined as follows:
Gp (r) = ({(s1, 0.85, 0.05), (s, 0.9, 0.025), (s3, 0.9, 0.1), (s4, 0.8, 0.1)}, 0.75)
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Gp (c) = ({(s1, 0.7, 0.2), (s2, 0.7, 0.15), (s3, 0.75, 0.2), (s4, 0.65, 0.15)}, 0.6)
Gp (9) = ({(s1, 0.8, 0.2), (s2, 0.6, 0.3), (s3, 0.7, 0.2), (s4, 0.7, 0.1)}, 0.65) and
consider the generalized intuitionistic fuzzy soft set ‘f;, given in example 7.3.

Then 7, is a generalized intuitionistic fuzzy soft subset of Gg .

Definition : 7.6

The intersection of two generalized intuitionistic fuzzy soft sets ¥, and

Gp is denoted by F, N Gg and defined by a generalized intuitionistic fuzzy soft
set Hy: AnB — IFY x [0,1] such that foreache e AN B

Hs(e) = ({(X, Hsge)(x). Vae)(x)) : X € U}, 5(e))
where Pgey(X) = Hre)(X) * Hae)(X), Vae)X) = Vre)(X) O Veel(X), d(€) = a(e) * B(e).

Definition : 7.7

The union of two generalized intuitionistic fuzzy soft sets f,and Gg is
denoted by ¥, v Gg and defined by a generalized intuitionistic fuzzy soft set

Hs: AUB — IFY x[0,1] such that foreache e AUB

H(e) = ({(x, ure)(X), vae(X) 1 x € U}, ae))ife € A—B
= ({(x, Hee)(X), V(X)) : x € U}, B(e)) ife e B—-A
= ({(X, Hre)(X), v#e)(X)) 1 x € U}, 8(e))ife e AN B

where pise)(X) = Hre)X) O Hee)(X), Vate)(X) = vre)X) * Vae)X), 3(€) = afe) 0 B(e).
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Example : 7.8

Let us consider the generalized intuitionistic fuzzy soft sets ‘f, and Gp

defined in example 7.3 and 7.5 respectively. Let us consider the t-norm * and the

t-conorm ¢ as follows: a*b=abandad®b=a+b-ab. Then

(Fo ¥ G )r) = ({(s1, 0.97, 0.005), (s2, 0.99, 0.00125), (s3, 0.985, 0.01), (s4, 0.95,

0.02)}, 0.68)

(Fu Gp) (0) = ({(s1, 0.88, 0.06), (s, 0.895, 0.03), (s3, 0.925, 0.04), (s4, 0.8775,

0.1625)}, 0.1625)

(Fou U Gp (@) = ({(s1, 0.95, 0.04), (s2, 0.8, 0.09), (s3, 0.85, 0.08), (s, 0.91, 0.02)},

0.86).
Since {r, ¢, g} € AN B,

(o 0 G )r) = ({(s1, 0.68, 0.145), (sz, 0.81, 0.07375), (s3, 0.765, 0.19), (s4, 0.6,

0.28)}, 0.12)

(Fo O Gp)©) = ({(s1, 0.42, 0.44), (sp, 0.455, 0.32), (s3, 0.525, 0.36), (s4, 0.4225,
0.7375)}, 0.375)
(o 0 G )@) = ({(s1, 0.6, 0.36), (s2, 0.3, 0.5), (s3, 0.35, 0.52), (s4, 0.49, 0.28)},

0.39).
Theorem : 7.9

Let Fo. GB and Hg be any three generalized intuitionistic fuzzy soft sets

over (U, E). Then the following holds:

1) faUGB=GBU.Ta
2) famGB=GBmfa

93




3) Fav (Ggu Hs)=(F, v GV Hs
4) Fa (Ggn Hs)=(Foun Gg)n Hs
Proof :

Since the t-norm function and t-conorm functions are commutative and

associative, therefore the theorem follows.

Remark : 7.10

Let ¥y, Gg and Hs be any three generalized intuitionistic fuzzy

soft sets over (U, E). If we consider a * b = min{a, b} and a ¢ b = max{a, b} then

the following holds:

1) Fan (GpU Hs)=(Fou N Gp)V (Fu 0 Hs)
2) Fuu (Gon Hs)=(Fouv G (Fu v Hs)

But in general above relations do not hold.

Definition : 7.11

Let F, and Gg be two generalized intuitionistic fuzzy soft set over (U, E).
Then generalized intuitionistic fuzzy soft relation (in short GIFSR) R from

to Gg isafunctionR:AxB — IFY x [0; 1] satisfying
R(a, b) c F,(a) n Gg(b), V (a, b) e AxB.

Definition : 7.12

Let R be a GIFSR from F, to Gg. Then R™ is defined as follows:

R-(b, a)=R(a, b), ¥ (a, b) € A x B.
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Note : 7.13

If Ris a GIFSR from f;, to Gg then R~ is a GIFSR from Gp to Fy-

Theorem : 7.14
If R1 and R, are GIFSR from f, to Gg,

1) (R‘l—l)_l = Rq.
2) RicRz=>Ri"cRx™,

Proof :

Let (a, b) € A x B.

1) (R1™")"(a, b) =Ry (b, @) = Ry(a, b)
Hence (R17')™ = Ry.

2) Ri(a, b) = Ry(a, b)
= (R1™)"(a,b)= (R2™")"(a, b)
=R '(b,a)S Rz (b, a)

Hence R1" c Rx™,

Definition : 7.15

The composition o of two GIFSR Ry and R; is defined by
(R1°R2)(a, c) = buB(R1(a, b) N Ry(b, c)), V (a, c) e AxC where Ry is a GIFSR

from F, to Gg and Rz is a GIFSR from Gg to P

Theorem : 7.16

Let Ry be a GIFSR from F, to Gz and R; be a relation Gg to #5. Then

R10R2 is a GIFSR from .Toc to ‘7{8'
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Proof :
By definition

Ri(a, b) c Fy(a) N Gy (b)

= {({X, Hra)(X) * Hew)X): vra)(X) © Ve (X a(a) * B(b)) : x € U},

Vv (a,b) e AxB.
Ra(b, ¢) < Gg(b) N Hs(c)

= {({x, Hsi(x) * HsgeX), VaiX) O vate(x)} BB) * 8(c) - x & U},

v (b,c) e BxC.
Therefore

(RieRa)(a, ©) = W (Ra(a, b) N Ry(b, c))
= YAl (Mra)(x) * Bop)(x) * (Hew)(X) * Hote(X))s (Vray(X) © Veo)())

0 (vey(X) O V(X)) (@) * B(b)) * (B(b) * (c))) : x € U}, ¥ (a, ) € AxC.

Now

(W) * Hs(X) * (Hso)(X) * Hote(x)) = Mra)(X) * Hoe)(X) * Hatey(X)
< Pra)(X) * 1 * Hoe)(X)
= Pa)(X) * Moe)(X)

(Vf(a)(X) 0 VQ(b)(X)) 0 (Vep)(X) © vaqey(x)) = Vf(a)(X) 0 ve(p)(X) O vaqe)(X)

> vra)(X) 0 0 O vagey(X)

96




= Va)(X) O Vae)(X)-
Also, (o(a) * B(b)) * (B(b) * 3(c)) = a(a) * B(b) * &(c)

< afa) * 1 * 8(c)

= a(a) * 8(c).

Hence, bk:B(R1(a, b) N Ry(b, ¢)) c Fa N Hs.

Thus RioRz is a GIFSR from T, to Hs.

Theorem : 7.17

(R1oRz)™ = Rz o Ry™ where Ry is a IFSR from F, to Gg and R; are
GIFSR from Gg to H.
Proof :

Letae A,beB,ceC.

(R1°R2)7(c, a) = (R1°Rz)(a, ¢)

= 2 (Ri(a, b) N Ry(b, ))

= b\é)B(Rz(b, c) N R1(a, b))

b:)B(RZ_l (¢, b) N Ry (b, @)

(R2" 2Ry )(c, a).

-1 -1

Hence (R1°R2) "= R, ™ °Ry
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An application of generalized intuitionistic fuzzy soft relation in decision

making.

There are several application of generalized intuitionistic fuzzy soft set
theory to deal with uncertainties from our different kinds of daily life problems.
Here we present such an application for solving a socialistic decision making

problem.

Suppose there are six men in the universe U and U = {b4, by, b3, b4, bs, bg}
and the parameter set E = {e1, e, €3, €4, €5, €5 €7, €5, €9} Where each g,

1 <i < 9indicates an attributes of b;, 1 < j < 6.

e1 stands for "education qualification”, e, stands for "hard working", e3
stands for "responsible”, e4 stands for "government employee", es stands for
"non-government employee", eg stands for "businessman", e; stands for "family

status", eg stands for "spiritual and ideal". eg stands for "handsome".

Suppose an woman Miss.Y wishes to marry a man on the basis of some
criteria listed above. Our aim is to find out the most appropriate partner for
Miss. Y.

Suppose the wishing parameters for Miss. Y is A < E where
A ={ e3, €4, €7, €g}. Let the preference of the criterions for Miss. Y be described

by the fuzzy subset a : A — [0,1] of A, as follows:
o(es) = 0.4, a(es) = 0.6, a(e7) = 0.6, a(eg) = 0.8.

Consider the generalized intuitionistic fuzzy soft sets F, as a collection of

intuitionistic fuzzy approximation as below:

F, (e3) = ({(61,0.3,0.3), (b2,0.5,0.3), (b3,0.3,0.2), (b4,0.6,0.3), (bs,0.4,0.3), (bs,0.3,
0.4)}, 0.4)
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F, (es) = ({(61,0,0.8), (b2,1,0), (b3,0.8,0.02), (b4,0,0.24), (bs,0,0.2), (bs,0,0.06)},
0.6)

F,(e71) = ({(61,0.6,0.3), (b2,0.5,0.4), (b3,0.6,0.3), (b4,0.7,0.2), (bs,0.7,0.28),
(bs,0.8, 0.02)}, 0.5)

F,, (es) = ({(b1,0.5,0.3), (b2,0.4,0.3), (b3,0.6,0.4), (b4,0.5,0.3), (bs,0.6,0.3), (bs,0.7,
0.2)}, 0.8)

Algorithm:

1) Input a weighted intuitionistic fuzzy soft set in tabular form.

2) Choose mid-level soft set (or, input a threshold intuitionistic fuzzy set or,
give a threshold value pair or, choose top-bottom-level decision rule or,
choose top-top-level decision rule or, choose bottom-bottom-level decision
rule) for decision making.

3) Compute the level soft set with respect to the threshold intuitionistic fuzzy
set (or, the threshold-level soft set or, the mid-level soft set or, the top-bottom-
level soft set or, the top-top-level soft set or, the bottom-bottom-level soft set)
in tabular form.

4) Compute the weighted choice value o of b; Vi.

5) If the maximum score occurs in k-th row then Miss. Y will marry to by.

6) If k has more than one value then one of by may be chosen.

Tabular representation of the generalized intuitionistic fuzzy soft set ‘F,

€3, o€3) = 0.4 | ey, a(eqg) = 0.6 | €7, a(e7) = 0.6 | ey, at(eg) = 0.8
by | (0.3, 0.3) (0, 0.8) (0.6, 0.3) (0.5, 0.3)
b, | (0.5, 0.3) (1, 0) (0.5, 0.4) (0.4, 0.3)
bs | (0.3, 0.2) (0.8, 0.02) (0.6, 0.3) (0.6, 0.4)
bs | (0.6, 0.3) (0, 0.24) (0.7, 0.2) (0.5, 0.3)
bs | (0.4, 0.3) (0,0.2) (0.7, 0.28) (0.6, 0.3)
bs | (0.3, 0.4) (0, 0.06) (0.8, 0.02) (0.7,0.2)
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Here we deal with the problem by mid-level decision rule. It is clear that
the mid-threshold of (F,, A) is {(es, 0.4, 0.3), (es, 0.3,0.22), (e7, 0.65, 0.25),

(e9, 0.55, 0.3)}.

Tabular representation of mid-level set with degree of preferences.

€3, (l(eg) =0.4 | ey, (1(84) =0.6 | ey, a(e7) =0.6 | ey, (l(eg) =0.8 |
by |0 0 0 0.0
b, | 1 1 0 0 1.0
b; |0 1 0 0 0.6
by | 1 0 1 0 0.9
bs | 1 0 0 1 1.2
be | O 0 1 1 1.3

Clearly the maximum score is scored by the man bg.

Decision: Miss. Y will marry to be. In case, if she does not want to marry bg due
to certain reasons, her second choice will be bs.
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