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Abstract

Generalized intuitionistic fuzzy soft set theory, proposed by Park et al. [Journal of Korean Institute of Intelligent Systems
21(3) (2011) 389-394], has been regarded as an effective mathematical tool to deal with uncertainties. In this paper,
we prove that certain De Margan’s law hold in generalized intuitionistic fuzzy soft set theory with respect to union and
intersection operations on generalized intuitionistic fuzzy soft sets. We discuss the basic properties of operations on
generalized intuitionistic fuzzy soft sets such as necessity and possibility. Moreover, we illustrate their interconnections

between each other.
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1. Introduction

Molodtsov [9] introduced soft sets as a mathematical
tool for dealing with uncertainties which is free from the
above-mentioned difficulties. Since the soft set theory of-
fers mathematical tool for dealing with uncertain, fuzzy
and not clearly defined objects, it has a rich potential for
applications to problems in real life situation. The con-
cept and basic properties of soft set theory are presented in
[9, 5]. He also showed how soft set theory is free from the
parameterization inadequacy syndrome of fuzzy set theory,
rough set theory, probability theory and game theory. How-
ever, several assertions presented by Maji et al. [5] are not
true in general [1].

Maji et al. [3] presented the concept of fuzzy soft sets
which is based on a combination of the fuzzy sets and soft
set models. Roy and Maji [14] provided its properties and
an application in decision making under imprecise environ-
ment. Kong et al. [2] argued that the Roy-Maji method [14]
was incorrect and presented a revised algorithm. Zou and
Xiao [15] used soft sets and fuzzy soft sets to develop the
data analysis approaches under incomplete environment,
respectively. Xu et al. [16] introduced the notion of vague
soft sets which is an extension to soft sets and is based on a
combination of vague sets and soft set models. Majumdar
and Samanta [8] further generalized the concept of fuzzy
soft sets, in the other words, a degree is attached with the
parameterization of fuzzy sets while defining a fuzzy soft
set. Maji and his coworker [4, 6, 7] introduced the notion of
intuitionistic fuzzy soft set theory which is based on a com-
bination of the intuitionistic fuzzy sets and soft set models
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and studied the properties of intuitionistic fuzzy soft sets.
Park et al. [12] presented the concept of the generalized
intuitionistic fuzzy soft sets by combining the generalized
intuitionistic fuzzy sets [10] and soft set models. Park et al.
[13] presented some results on an application of general-
ized intuitionistic fuzzy soft sets in decision making prob-
lems.

In this paper, we try to find an answer to the question
how the logic operations and their interrelations between
each other correspond to generalized intuitionistic fuzzy
soft set operations. The paper is organized as follows: First
we prove that a certain De Morgan’s law hold in gener-
alized intuitionistic fuzzy soft set theory with respect to
union and intersection operations. Then we discuss the
basic properties of operations on generalized intuitionistic
fuzzy soft sets such as necessity and possibility operations
and we illustrate the interconnections between each other.
Finally, the conclusion and some topic for future research
are presented.

2. Preliminaries

In this section we recall some notions related to general-
ized intuitionistic fuzzy soft sets and some operators on it.
See especially [12, 13] for further details and background.

Definition 2.1. [12] Let U be an initial universe and E be
a set of parameters. GZF(U) denotes the set of all gener-
alized intuitionistic fuzzy sets of U. Let A C E. A pair
(F, A) is a generalized intuitionistic fuzzy soft set over U,
where F' is a mapping given by F' : A — GZF(U).

In other words, a generalized intuitionistic fuzzy soft set
is a parameterized family of generalized intuitionistic fuzzy



subsets of U and thus its universe is the set of all general-
ized intuitionistic fuzzy sets of U, i.e., GZF(U). A gener-
alized intuitionistic fuzzy soft set is also a special case of
a soft set because it is still a mapping from parameters to
GIF(U).

Definition 2.2. [12] Let (F, A) and (G, B) be two gener-
alized intuitionistic fuzzy soft sets over U. Then (F, A) is
said to be a generalized intuitionistic fuzzy soft subset of
(G, B) if

(H)ACB;

(2) for any ¢ € A, F(e) is a generalized fuzzy subset
of G(g), that is, forall z € U and ¢ € A, ppy(z) <
/J“G(E)( ) and ’YF(E)( ) 2 ’YG(E)( )

This relationship is denoted by (F, A) C (G, B). Simi-
larly, (F, A) is said to be a generalized intuitionistic fuzzy
soft superset of (G, B), if (G, B) is called a generalized
intuitionistic fuzzy soft subset of (F, A). We denote it by
(F,A) 3 (G, B).

Definition 2.3. [12] Let £ = {e1,e3,...,&,} be a set of
parameters. The not of E, denoted by ]F, is defined by
1E = {—e1,—eq,...,me, }, where —g; = not ;.

Definition 2.4. [12] The complement of a generalized in-
tuitionistic fuzzy soft set (F', A), denoted by (F, A)¢, is de-
fined by (F, A)¢ = (F°,1A), where F° :]A — GZF(U)
is a mapping given by F*(2) = (2, 7 (- (%), ftr(ae) ()
forallz € U and e €] A.

Definition 2.5. [12] A generalized intuitionistic fuzzy soft
set (F, A) is said to be a null generalized intuitionistic
fuzzy soft set, denoted by @, if for any € € A, pp(o)(2) =
0and yp(e)(x) = 1, forallx € U.

Definition 2.6. [12] A generalized intuitionistic fuzzy soft
set (F, A) is said to be an absolute generalized intuitionistic
fuzzy soft set, denoted by X, if for any € € A, jup()(z) =
land yp()(z) =0, forallz € U.

Definition 2.7. [12] Let (F, A) and (G, B) be two gen-
eralized intuitionistic fuzzy soft sets over a universe
U. Then “(F,A) and (G, B)” is a generalized intu-
itionistic fuzzy soft set, denoted by (F,A) A (G, B),
is defined by (F, A) A (G, B) (H,A x B), where
H(a, B) F(a) N G(B) for any (a,8) € A x
B, that s, H(a ) = {min{ire)(2): o (5]
max{Yr(a) (), Yas)(x)}), for all (o, ) € A x B and
zeU.

Definition 2.8. [12] Let (F, A) and (G, B) be two gen-
eralized intuitionistic fuzzy soft sets over a universe
U. Then “(F,A) or (G,B)” is a generalized intu-
itionistic fuzzy soft set, denoted by (F,A) V (G, B),
is defined by (F,A) V (G, B) (O, A x B), where
O(a, B) F(a) U G(B) for any (a,8) € A X
B, that is, O(a,B)(x) = (max{pp(a)(®).sic (@)},
min{yp(a) (), Ya() (x)}), for all (a,3) € A x B and
zeU.
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3. Operations on generalized intuitionistic
fuzzy soft sets

Definition 3.1. The union of two generalized intuitionistic
fuzzy soft sets (F, A) and (G, B) over a universe U is a
generalized intuitionistic fuzzy soft set (H, C), where C' =
AUB,andforalle € Candz € U,

:U’F(s)(x)v ifEGA*B,
b (T) =S pee (@), ife € B— A,
max{ppe) (2), pae (x)}, ife e ANB,
VF(e) (), ifec A— B,
Y@ () =1 Yae (@), ife e B— A,
min{vp) (), 70 (x)}, ife€ ANB.

We denoted it by (F, A) U (G, B) = (H,C).

Definition 3.2. The intersection of two generalized intu-
itionistic fuzzy soft sets (F, A) and (G, B) over a uni-
verse U is a generalized intuitionistic fuzzy soft set (H, C),
where C = AU B, andforalle € Cand x € U,

pr(e) (2), ife e A— B,
prE (@) = HeeE (@), ife € B— A,

min{pre) (), pae (x)}, ife € ANB,

Yr(e) (), ife € A— B,
Vr(E) (T) = Yo (@), ife € B— A,

max{yr)(z),vc@)(x)}, ife€ ANB.
We denoted it by (F, A) N (G, B) = (H,C).

Theorem 3.3. Let I be a set of parameters and A C E.
If ® is a null generalized intuitionistic fuzzy soft set, &
is an absolute generalized intuitionistic fuzzy soft set, and
(F,A) and (F, E) are two generalized intuitionistic fuzzy
soft sets over U, then the following properties hold:

(1) (F, A) U(F, A) = (F, A);
@) (F, AN < A) = (F, A);
() (F,E)U® = (F, E);

4) (F,E) <1> o

(5) (F,E) U 2 3

(6) (F, E) % = (F, E).

Proof. 1t is straightforward from Definitions 3.1 and 3.2.
O

Theorem 3.4. For two generalized intuitionistic fuzzy soft
sets (F, A) and (G, B) over a universe U, the following
properties hold:

(1) ((F, A) U(G, B))® = (F, A)°11(G, B)
(2 (<F7 A)n <G7B>)c = <F7 A>C U <G7B>C
Proof. (1) Suppose that (F, A) U (G, B) = (H,C), where

C=AUB,andforalle € Candx € U,

pr(e) (), ife € A— B,

pm(e)(r) = { e (@), ifee B— A,
max{ppe) (x), paE ()}, ife e ANB,

Yree) (2), ifeec A— B,

VH (o) (T) = { V6 (o) (2), ife € B— A,
min{yp)(2),7¢)(x)}, ife € ANB.
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Since (F,A) U (G,B) = ( C), we have (F,A)
(G,B)¢ = (H,C)* = (H l C), where H(—e)

I c

(T, 7m(e) (%), pre)(z)) for all z € U and —e €]C
1(AU B) =] AU]B. Hence, for all x € U, we have
Yre) () ife e A— B,
Brre(-e) (@) = Yae) (@), ife € B— A,
min{yp) (), 76 (x)}, ife € ANB,
Mp(g)(w), ifee A— B,
Vae(-e) () = ¢ Ha(e) (2) ife € B— A,
max{ppe)(x), paE(x)}, ife€e ANB.
Since (F, A)¢ = (F°,]A) and (G, B)¢ = (G°,|B), we
have (F, A)° 1 (G, B)¢ = (F°,1A) N (G, B). Suppose
that (F, A)°N{(G, B)¢ = (I, D), where D =]|C =] AU|B
and forall -e € Dandx € U,
[i1(=e) (%)
pre(—e) (), if - €|A—]B,
=13 Hee(-e)(T), if e €]B—]A4,
min{upc(ﬁg) (I), ,uGc(_‘e)(m)}, if —¢ €.| Aﬂ-‘B
Yr(e) (2), ifec A— B,
= VG(E)(x)a ife € B— A,
min{yr() (), 76« (7)}, ife € ANB,
Yi(-e) (%)
’ch<ﬁE)(IL‘), if —e G] A—-‘B
= YGe(—e) (l’), if —e €—|B——|.47
max{Ype(e) (), Yge(-e)(x)}, if me €]AN]B
/’LF(e)(x)7 ifEGA—B,
= HG(e) (.Z‘), ife e B— A,
max{/ir () (2), pae) ()}, ife € ANB.
Therefore, H¢ and I are the same operators. Thus,
((F,A) U (G, B))c = (F, A1 (G, B)°.
(2) Similar to that of (1). O

Theorem 3.5. For three generalized intuitionistic fuzzy
soft sets (F, A), (G, B) and (H,C') over a universe U, the
following properties hold:

< () §F, A) (G, B)1(H,C)) = ((F,A) (G, B)) N
H,CY;

() (F,A) UG, B)U(H,C)) = ((F,A)U(G,B))U
(H,C);

3 <F A> (<GvB>U<H70>):(<F’A>H<G73>)U
((F, A) N (H,C));

4 (F, A) U((G,B) 11 (H,C)) = ((F,A) U(G,B)) N
((F, A) U (H,C)).
Proof. (1) Suppose that (G, B) M (H,C) = (I, D), where

S=BUC,andforalle € Sand x € U,

pae (), ifee B-C,
pe) () = { (o) (@), ifee C— B,
min{pe) (%), pre ()}, ife € BNC,
Ya(e) (@), ife e B—C,
Vi) () = { Yr () (2), ife € C — B,
max{yc() (), vr ()}, ife € BNC.
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Since (F, AY M ((G, B) N (H,C)) = (F, Ay (I, D), we
suppose that (F', A)T1(I, D) = (J,T), where T = AUS =
AUBUC,andforalle € Tand x € U,

,“'J(a)(m)

r(e) (), ifee A—B—-C,
#G(s)(I), ifee B—C — A,
#H(s)(ﬂi)’ ifee C—B— A,

ifee ANB - C,
ifee ANC — B,
ifee BNC — A,
iftec ANBNC,

= min{up ) (), pa(e) (@)},
min{ur ) (2), nue) ()},
min{pg ey (%), pae) (@)},
min{ppe) (%), pa(e)(x), pu@) ()},

’YJ(E)(I)
VF(e)(®), ifec A— B—C,
Ya(e) (T), ifee B—C—
YH (<) (%), ife c C—B— A,

ifee ANB - C,
ifee ANC — B,
ifee BNC — A,
ifeec AnBNC.

= max{yr () (%), va(e) ()},
max{yp ) (%), Y () (2)},
max{yg(e)(®), v () ()},
max{vr) (), Ya(e) (%) Ya () (2)},

Assume that (F', A)N(G, B)
and foralle € Vand x € U,

= (K, V), where V = AUB,

/LF(E)(.I), ifee A— B,
P (o) (T) = { pae (), ife € B— A,
min{ppe) (x), peeE ()}, ife € ANB,
'yF(s>(az), ifee A— B,
V(o) (T) = { Ya(e) (), ife € B— A,
max{vp() (), Y (x)}, ife € ANB.

Since ((F, A) N (G,B)) N (H,C) = (K,V) N (H,C),
we suppose that (K, V)M (H,C) = (L, W), where W =
VuC=AUBUC,andforalle € Wandx € U,

)U'L(E)($)
r(e) (), ifec A—B—-C,
Ha(e) (), ifec B—C— A,
(e (), ifecC—B—A,
= min{upe) (), poE) (@)}, ifee AnB-C,
min{sp(e) (%), r(e) ()} ife € ANC - B,
min{s(e) (), pa(e) (@)} ife € BNC— A,
min{pp ) (), ko) (®), pa) ()}, ife€ ANBNC,

’YL(E)(‘/L’)
vr(e) (%), ifec A-B-C,
YG(e) (%), ifec B—C— A,
YH () (T), ifee C—B— A,

ifee ANB - C,
ifee ANC — B,
ifee BNC — A,
ifec ANBNC.

= max{vr()(2), Ya(e)(®)},
max{vr(e)(2), Yr() (2)},
max{vg(e) (), YH(e)(T)},
max{vr(c) (), Ya(e) (%), YH(e) (%)},

Therefore, jir,(c) (%) = pe) () and vr)(2) = V(o) (2)
foralle € AUBUC and z € U. Thatis, L and J are
the same operators. Thus, (F, A) 1N ((G,B) N (H,C)) =
((F,A) N (G, B))N{(H,C).

(2)-(4) are proved analogously. ]

Definition 3.6. The necessity operation on a generalized
intuitionistic fuzzy soft set (F, A) is denoted by ©(F, A)
and is defined as O(F, A) = {(z, pore) (7)), Yore) (2)) :
r € Uy € A}, where pop(e) () = pp)(x) is the gen-
eralized intuitionistic fuzzy membership degree that object
x holds on parameter €, Yo (o) (z) = 1 — ppe () is the
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generalized intuitionistic fuzzy membership degree that ob-
ject z does not hold on parameter €, and F' is a mapping
F:A— GIFU).

and is defined as O(F, A) = {(z, o re) (7)), Yo r@e) (2))
x € Ue € A}, where pgope)(x) = 1 — vp(e) () is the
generalized intuitionistic fuzzy membership degree that ob-

ject x holds on parameter ¢, v () (%) = Yr(e)(z) is the
generalized intuitionistic fuzzy membership degree that ob-
ject x does not hold on parameter ¢, and F' is a mapping
F:A— GIFU).

Theorem 3.9. For two generalized intuitionistic fuzzy soft
sets (F, A) and (G, B) over a universe U, the following
properties hold:

(D) O(F, A) U (G, B)) = O(F,A) U O(G, B);

2) C((F,A) (G, B)) = O(F, A) N O(G, B);

Theorem 3.7. For two generalized intuitionistic fuzzy soft
sets (F, A) and (G, B) over a universe U, the following
properties hold:

() ((F,A) U (G,B)) = o(F, A) UG(G, B);

2)o((F,A)N(G,B)) = o(F,A) Ne(G, B);

() 0O (F,A) = o(F, A).

Proof. (1) Suppose that (F,

A)U (G, B) = (H,C), where
C=AUBandforalle € C,

/’LF(S)(':B)7 ifEEA—B,
tae)(2) = 4 pae (@), ife € B—A, proof. (1) Suppose that (F, A) LI (G, B) = (H, C)), where
max{ip () (), e (2)}, fe € ANB, o - AUB,andforalle € Candz € U,
Yr(e) (), ife ¢ A— B, )
. pre) (), ife ¢ A— B,
o) (@) = { N6 (@), ifec B4, P (@) = ugie;(:ﬂ), ife € B— A,
mln{'YF(a)(I)"YG(E)(m)}v ife€ ANB. maX{MF(e)($)7MG(E)(I)}7 ife e AN B,
Since ©((F, A) U (G, B)) = ®(H, C), by Definition 3.6, Yre (@), ifee A- B,
we have YH@E)(T) = YaE) (), ifee B—-A,
min{'yp(s)(z), YG(e) (i)}, ife e AN B.

HoH ) ()
up(e)(x), ife€ A— B,
= { Mg(s)(l'), ife e B— A,
max{upe) (2), poeE ()}, ifee ANB,
Yo (%)
1— ppeE (), ifee A—- B,
_{ l—ug(s)(x), ifee B— A,
1-— maX{/j,F(g) (ac), ,U,G(g)(iv)}7 ifee AN B7

foralle € C = AU B and x € U. Assume that
®<Fa A> = {<$aﬂF(6)(z)71 - ,LLF(E)($)> HEUIS U7€ € A}
and ©(G, B) = {(, 11g(e) (@), 1 — ficyo) () @ € Uy €
B}. Suppose that ©(F, A) U &(G, B) = (O, C), where
C=AUB,andforalle € Candz € U,

.“O(E)(x)
;LF(E)(I')7 ifee A— B,
= { ug(s)(l‘), ife e B— A,
maX{HF(a)(x)HU‘G(E)(x)}v ifee AﬂB,
Yo(e) ()
17/,LF(5)(£IZ), ife€ A— B,
—{ 1= pae (x), ife e B— A,
min{l — ppe)(z),1 — peeE (x)}, ife€ ANB,
1= pre (), ife € A— B,
:{ 1— pge (), ifee B— A,

1 —max{ppe)(z), pae ()}, ife€ ANB.

Consequently, ®(H,C) and (O,C) are the same gen-
eralized intuitionistic fuzzy soft sets. Thus, ©((F, A) U
(G,B)) = &(F, A) U®(G, B).

(2) and (3) are proved analogously. O

Definition 3.8. The possibility operation on a generalized
intuitionistic fuzzy soft set (F, A) is denoted by (F, A)

Since O ((F, A) U (G, B)) = {(H, C), by Definition 3.8,
we have

o H(e) (T)
1= vp@) (), ifee A— B,
—{ 1 — e (%), ife € B— A,
1—min{fyp(e)(x),’yg(g)(m)}, ifEEAﬁB,
YoH(e) (%)
Vr @) (2), ife € A— B,
= { ’yG(E)(l’), ifee B— A,
min{’YF(e)(x)7 ’YG(E)(':E)}7 ife € AN B,

foralle € C = AU B and x € U. Assume that
<><F7A> = {<.13, 1- 7F(5)($)77F(e)(x)> rx ele € A}
and O<Ga B> = {<$,1 - PYG(E)(J:))’YG(E)(J;» cxelcee
B}. Suppose that $(F, A) U (G, BY = (O, C), where
C=AUB,andforalle € Candx € U,

NO(E)(x)
1—7F(5)($), ifee A— B,
—{ 1 =76 (2), ife e B— A,
max{l — vp)(x),1 — g (x)}, ife € ANB,
1_’YF(5)(33)7 ifee A— B,
_{ 17’7@(5)(:8), ifee B—A,
1 —min{ype) (), vq)(x)}, ife € ANDB,
Yo(e) (@)
Vr(e) (), ife e A— B,
= { ’)/G(g)(w), ifee B— A,
min{yp) (), va)(x)}, ife € ANB.

Consequently, {(H,C) and (O, C) are he same gener-
alized intuitionistic fuzzy soft sets. Thus, $((F, A) U
(G, B)) = O(F, A) U O(G, B).

(2) and (3) are proved analogously. O
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Theorem 3.10. For a generalized intuitionistic fuzzy
soft sets (F,A) over a universe U with (F,A) =
{{z, ur@) (), vr@e)(2)) : © € Uye € A}, the following
properties hold:

Yr@e)(z) < 1foralle € Aand 2 € U; O(F, A) 3
(F,A) 3 O(F, A) if ppey(2)+vpe)(z) > 1foralle € A
and x € U,

(2) O o (F,A) = o(F, A);

Proof. Suppose that <Fa A> = {<m7/'I’F(6) (1’),’YF(€)(£L')> :
x € U,e € A}. Then,
®<F7 A> = {<'T7MF(E)('T)7 1- /-*LF(s)(x» SRS U75 € A}a
<><F7 A> = {<LE, 1- ’YF(E)('T)77F(6)($)> 1T E U7‘€ S A}

(1) When gy () +7pey () < 1foralle € Aand x €
U, then we have pip(o)(2) <1 —7ype)(x) and yp(o) () <
1-— ,U,F(g)(!E). Hence ®<F, A> C <F7 A> C <><F, A>

When pip o) (2) +7pe)(x) > 1foralle € Aand z € U,

then we have pp)(z) > 1 — Ype)(z) and Yp(z) >
1 — pp(e) (). Hence ©(F, A) I (F, A) 3 $(F, A).

(2) Since ®<Fv A> = {<$,/LF(8)($), 1 7”F(6)(I)> RIS
U,e € A}, we have
OO (F,A)
= {<LE, 1- (1 7/1“F(5)(x))7 1- /LF(e)(ZE)) HERS U7€ € A}
={(z, ur@e) (), 1 — ppe(x)) x € Ue € A}
= O(F, A).

(3) The proof is similar to that of (2). O

Theorem 3.11. For two generalized intuitionistic fuzzy
soft sets (F, A) and (G, B) over a universe U, the follow-
ing properties hold:

(1) O((F, A) NG, B)) = O(F, A) AN &(G, B);

2) O((F, A) V (G, B)) = O(F, A) V (G, B);

(3) O((F, A) NG, B)) = O(F, A) A O(G, B);

4) O((F, A) V (G, B)) = O(F, A) v (G, B).
Proof. (1) Suppose that (F,A) A (G,B) = (H,
A x B), where H(o,8) = F(a) N H(G) for
all (a,8) € A x B, that is, H(a,8)(z) =
(min{pp(a) (), ke () (@)} max{yr(a) (), 76 () (@) }),
forall (a, ) € A x Band z € U. Thus,

(F, A) A (G, B)

= {(z, min{pp(a) (), pe) (©)},
max{Yp(a)(2),vas)(®)}) : x € U, (o, ) € A x B}.

By Definition 3.8, we have
O((F, A) NG, B))

= {(z, min{pr (o) (), ne@) (@)}, 1 -

min{pr ) (@), fos (@)}) < @ € U, (a, ) € A x BY.
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Since O(F, A) = {(z, pr(a)(2), 1 — pp@(x)) + = €
Ua € Ay and O(G, B) = {(z, pa(p) (%), 1 — pas) (2)) -
x € U, € B}, we have
O(F, A) A ®(G, B)

= {{@, min{pp(a) (), pas) (€) }, max{l — ppe (),
1= pa(x)}) z €U, (o, ) € AX B}
= {{z, min{pr (o) (@), (s (@)}, 1 —
min{/ir(a) (@), k(s (@)}) 1 ¢ € U, (o, B) € A x B}
= O((F,A) A (G, B)).

(2) The proof is similar to that of (1).

(3) Since (F,A) A (G,B) = {(z,min{pp@)(z),
MG(ﬁ)(aj)}vmaX{'YF(a)(m),'yG(ﬁ)(x)D rx e, (0‘7ﬁ) €
A x B}, by Definition 3.8, we have
QCUF, A) NG, B))

= {{z,1 — max{yr() (), va) ()},
max{yr(a)(2), Ya(s)(2)}) : ® € U, (
Since O(F, A) = {(z,1 — vp)(2), 7Py (2)) : 2 €
U,a € A} and (G, B) = {{z, 1 — va(s) (%), 7a(8) (7))
x € U, 8 € B}, we have
O(F, A) NO(G, B)
= {{z,min{l — yp()(2),1 — 765 (®)},
max{Yp(a)(2),7c(3)(®)}) : ¢ € U, (o, B) € A x B}

,B) € A x B}.

= {(z,1 — max{pr()(z), na (®)},
max{Yr(a) (), vc(3)(®)}) 1z € U, (o, B) € A x B}
(4) The proof is similar to that of (3). ]

4. Conclusions

Some extensions of soft set theory such as fuzzy soft set
theory, intuitionistic fuzzy soft set theory, interval-valued
fuzzy soft set theory, vague soft set theory and generalized
intuitionistic fuzzy soft set theory are proposed to handle
these types of problem parameters. In this paper, the union,
intersection, necessity and possibility operations are de-
fined on the generalized intuitionistic fuzzy soft sets. The
basic properties of the operations and their interconnec-
tions between each other are also presented and discussed.
This work not only provides a significant addition to ex-
isting theories for handling uncertainties, but also leads to
potential areas of further field research and pertinent ap-
plications. To extend our work, further research could be
done to study the issues on the parameterization reduction
of the generalized intuitionistic fuzzy soft sets, and to ex-
plore the applications of using the generalized intuitionistic
fuzzy soft set approach to solve real world problems such
as decision making, forecasting and data analysis.
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