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Abstract

Background and Objective: The study on interval-valued intuitionistic fuzzy soft sets has developed quite rapidly. Related results are
already widely used in real life. In this paper, two new operators on interval-valued intuitionistic fuzzy soft sets are defined and some their
properties are studied. Materials and Methods: The definitions of related previous operators inspired the definition of the new
interval-valued intuitionistic fuzzy soft operators. By combining the previous and the new operators, some related properties are
constructed. Results: By giving sufficient conditions, it was obtained some interested results describing the relationship between the
previous and the new interval-valued intuitionistic fuzzy soft operators. Conclusion: These results have enriched the study on
interval-valued intuitionistic fuzzy soft operators, specifically the relationship between operations in interval-valued intuitionistic fuzzy
soft sets.
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INTRODUCTION

Fuzzy set is a theory which has progressed in many
knowledge fields and in various ways. One of them is research
by Nazra' who studied on ideals and their fuzzifications in
implicative semi groups as a study in fuzzy algebra. Itis known
that study on fuzzy sets or fuzzy soft sets are the studies that
consider the membership (and non-membership) value of an
element in a set. For that, it was proposed a concept on
hesitant fuzzy soft set, intuitionistic fuzzy soft set, hesitant
intuitionistic fuzzy soft set, etc?>.

The study on interval-valued intuitionistic fuzzy soft sets
(IVIFSSs) is a study in the field of fuzzy sets where the
membership and non-membership degree of an elementina
set are intervals in interval [0,1]. Atanassov and Gargov®
introduced the theory on interval-valued intuitionistic fuzzy
sets (IVIFSs). By combining the concept of interval-valued
fuzzy sets (IVFSs)” and soft sets. Yang et a/® constructed the
concept of interval-valued fuzzy soft sets (IVFSSs).

Jiang et al® presented the concept of IVIFSSs as a
combination of two fuzzy set models, namely, intuitionistic
fuzzy soft sets and IVFSSs. They defined some operations on
the IVIFSSs called by complement, “and”, “or”, union,
intersection, necessity and possibility operations. Then they
derived and proved some basic properties of the IVIFSSs
related to such operations. On the other hand, Shanthi ez a/'°
have studied the other operators in IVIFSSs called
concentration and dilatation operators.

The aim of this article is to propose two new operators on
IVIFSSs and discuss their properties with respect to the “and”,
“or”, union and intersection operations introduced by
Jiang et a/°. This work as compound new operators defined
and some operation well-known is very useful in dealing with
decision making problems. Thus, these results might
contribute useful concept to develop the properties of IVIFSSs.

MATERIALS AND METHODS

It is reviewed some definitions in Jiang et af?
such as: interval-valued intuitionistic fuzzy soft sets
(IVIFSSs), operations “and”, “or”, union and intersection on
IVIFSSs.

Definition 1: Let U be an universal set and E be a parameters
sets. A pair is said an interval-valued intuitionistic fuzzy soft
sets (IVIFSSs) over U, if F is a mapping given by F:A-IVIF (p),
where IVIF (u) is the set of all interval-valued intuitionistic
fuzzy sets (IVIFSs) over U and AcE. Concretely®:

(F.A)={(e, Fe))IF(e)e VIF@)e e
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Where:

eecA

>

F(e,) {(x e (%) YF(e,)(")> |xe U’}

with:

(< ()

“F(c,)(x)

o)1l

~F(e)

are membership and non-membership degree of xeU,
respectively on the set (F, A).

Definition 2: Suppose that (F, A) and (G, B) are two IVIFSSs
over U. Then, operation “and” on (F, A) and (G, B) denoted by
(F, AYN(G, By =(H, AXB) is an IVIFSS where®:

H(a, B) = F(a)NG(B), V(ax, B) eAXB
and:

Hap) (X))}

H(o. B)(x)

—F(a)

Definition 3: Let and be two IVIFSSs over U. Then operation
“or" on (F, A) and (G, B) denoted by (F, A)\{G, B) =(O, AXB) is
an IVIFSS where?:

(o, o 51 5

(x).v

-G

w(x)],sup(;wx),;m,(x)ﬂ ).9(a. B)<(A<B).xe U

O(a, B) =F (a) u G(B), V(ax, B)e (AXB)

(o,

{in{vw(xmw(x)}inf(%(a)(x)&um(x>)} ). ¥(e.B)<(AxB). xe U

and:

O B)(x) (x).k

—G(p

15}l )

Definition 4: Union of two IVIFSSs (F, A) and (G, B) over U
denoted by (F, A)U(G, B), is an IVIFSS(H, C) where,
C=AuBandV aeC’
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Krw (x), ifoe A-B,xe U
uG(u)(x), ifae B-A,xe U

~F(a) ~G(a)

Mo (X) = {

sup (1 (x),u (x)), sup(;F(a)(x),uG(u)(x))},ifae ANB,xeU

'YF(“)(X), ifae A-B,xe U
YG(Q)(X), ifae B-A,xe U

YH(a)( ) - _ _
[inf[y (x).y (x)],inf(yk(ﬂ)(X),Y(;(a)(x))l, ifae ANB,xe U
~G(a)

Definition 5: Intersection of two IVIFSSs (F, A) and (G, B) over U denoted by (F, A) @ (G, B), is an IVIFSSs (H, C) where C=AuBand

v aeC’:

[T (X), ifoe A-B,xeU
pG(ﬂ)(x), ifoe B-A,xe U

Mo (%) = _ _
[inf[p (x),;}G(ﬂ) (x)}inf(uF(u) (x),uﬁ(a) (x))],ifae ANB,xeU

~F(a)

YF(“)(X), ifae A-B,xe U

yH(“)(x) -

Definition 6: Assume that U is an initial universe and E is a
set of parameters®. Let A, B cE, (F, A) and (G, B) be two
interval-valued intuitionistic fuzzy sets. (F, A) is an
interval-valued intuitionistic fuzzy soft subset of (G, B),
denoted by (F, A) € (G, B), if:

« AcB

e VYae A, F(a) is an interval-valued intuitionistic
fuzzy subset of G(a), that is, for all xeU and acA
and:

Yo (x), ifoe B-A,xe U

{inf(zﬂu) (x), Vo) (x)),sup(;km (X),;G(ﬂ) (X))}, ifae AnB,xe U

Vetw) (%) 2 Vo0 (%)
RESULTS

Jiang et al? defined some operators. In this paper it is
defined two new operators. Then it is proved three theorems
related to such new operators.

Definition 7: The operation A on interval-valued intuitionistic
fuzzy soft sets (F, A) is defined as:

A(F,A) = {<x, Ha (o) (x), Ya F(u)(x)> |xe U, ae A}

Where:

k(o) (x)= [;F(a) (x). 1'*_“(“) (x)}

and:
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_ (x)} Theorem 1: Suppose that (F, A) and (G, B) are interval-valued
F(o)

T (6) = 1R (3). 1
o) " intuitionistic fuzzy soft sets over U, then the following

properties hold:
Definition 8: Operation V on an interval-valued intuitionistic

fuzzy soft sets (F, A) is defined as: (1) If fieeg (X) = flg (X) for any aeAnB then A ((F, A) W (G, B))
=A(F, A) mA(G,B)
Vv (F.A)= {(x By i (X)s Yy F(“)(x)> |xe U, ae A} (2) If Hr (X) = P () for any acAnB then A (F, A)) m (G, B))

=A(F, AU A(G,B)
(3) I ey (X) = Y609 (X) for any acAnB then v ((F, A)) U (G, B))

Where: =V(F,AUYG,B)
_ _ (4)  If Yey (X) = Y609 (X) for any acAnB then v ((F, A)) m (G, B))
borg (%) = (x): -5 (%) =V (F, AV (G,B)
and: Proof: Here it is given the proof of (1) and (3). The others are
similar.
- S that (F, A G, B) = (H, C), with C = AuB and
YVF(u)(X)_|:I‘YF(u)(X)’YF(u)(X):| upposfe. . ° <_ PGB =M 0w ean
aeC, by definition 4:

HF(a)(X), ifoe A-B,xeU
HH(u)(X): pG(u)(x),ifaeB-A,er

{sup (EM) (x), EG(a) (x)), sup (HM) (%) Bga) (x))},ifae ANB,xeU

Vrw(X),ifa e A-B,xeU
YH(u)(x): YG(a)(X),ifaeB-A,er

{inf (Zp(m (x), XG(a) (x)), inf (yF(ﬂ) (%) Ya (o) (x)):‘,ifae AnNB,xeU

Since A ((F, A)U(G, B)) = A (H, O then by Definition 7:

[;Fm)(x), 1-;_1,%) x),ifo e A-B,x € U}
Mt (x) = [;G(u) (x), 1—;_10(“) x),ifo e B-A,x e U}

[inf (YF(&) (%), Yoo (X)),l —sup (“’l"(u) (%), Mo (X))}if ae ANB,xeU

[1 B (s gy (%) } ifaueA-B,xeU

¥ st (x) = |:1 e %), B (X) :|, ifoeB-A,xeU

[l = sup (0, (0 0w (0, (i, (x)ﬂ,ifae AB.xeU

By applying operation A on (F, A) and (G, B):
A(F, A> = { X, HAF(“)(X) s yAF(ﬂ)(x) | xe U, ae A}
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- { X e (%): 1'%@(")}’[ 1';F<u)(")’“m>(")} |xe U, ae A}

A(G, B) = { X, uAG{u)(x) s yAG{u)(x) |xe U, ae B}

50 1] 1t 0]

Suppose that A (F, A) m A (G, B) =<0, C), with C = AuB and AcC. By definition 5:

Mo (X)

[;F(u)(x),l -;F(“)(x)}, ifae A-B,xe U

= [YG(G)(X),I— uG(G)(x)}, ifoe B-A,xe U

[inf(;F(u)(x),;G(u)(x)), inf(l -;F{u)(x), 1-;(3(“)()())], ifaoe AnB,xe U

[;F{u)(x),l -;F(u)(x)}, ifoe A-B,xe U
= [;G(G)(x),l-aqa)(x)},ifae B-A,xeU

[inf(;m) (x),;G(u) (x)),l - sup(;F(u) (x),uG(u) (x))}, ifae AnB,xe U

Yo(a) (x)

1_”F(“)(X)’ Ep(u)(x):" ifoe A-B,xe U

1

= {l-pﬁ(u)(x),pa(u)(x):‘, ifoe B-A,xe U

{sup(l —pF(a)(x),l —],J.G(u)(X)), sup(EF(Q)(x),u ” (X)j:|, ifae AnB,xeU

|:1—;F(ﬂ)(x), EF( )(x):‘, ifae A-B,xeU

= {l-uo(u)(x),gc( )(x):‘,ifae B-A,xeU

|:1 —inf(;F(u)(x), ;J,G(u>(x)), sup(EF(u)(x),EG(u)(x)ﬂ, ifoe AnB,xe U

By assumption, g (X) = flge (X) for any acANB. Therefore:

l'inf(;F(u)(x)’HG(u)(x)) =1- Sup(’_*F(u)(x)’”G(u)(x))
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Hence:

[1 -EF(u)(x), n M(x)}, ifoe A-B,xe U
Yo(u)(X)= [1 —;G(u)(x), EG(u)(X):|’ ifoe B-A,xe U

{lfsup(;_xF(u)(x), uG(a)(x)), SuP(EF(“)(X)’EG(Q)(X)H’ ifae AnB,xe U

Suppose that (F, A) U{G, B) = (H, C) with C= AUB and AcC. By definition 4:

uF(u)(x), ifae A-B,xeU
My (%)= uG(u>(x), ifae B-A,xe U

Sup(EF(a) (x), Ha(o) (X)), sup(;F(a) (X),]._lG(u) (X)):|, ifaoe AnB,xeU

yF(u)(x), ifaec A-B,xeU
YIl(u)(X)Z YG(Q)(X), ifoe B-A,xe U

{inf( o (3): 1 () ) inf(§F(a)(x),§G(u)(x))} ifacANB, xe U

Since V ((F, A) U (G, B)) =V (H, C) by definition 8:

[;F(ﬂ)(x),l -;FM(X)} ifoe A-B,xe U
uVH(“)(x): [;F(ﬂ)(x),l —;F(G)(x)}, ifoe B-A,xe U

[SUP(;F(a)(X),/_lG(a)(X))s 1- inf(;p(a)(x),;e(a)(x))} ifaeAnB,xeU

{1 Yy ()1 —yF(u)(x)}, ifac A-B,xe U

Yvh) (x): {1 Yo (X)1- IG(u)(x)}, ifae B-A, xe U

[1 - inf(§F{a>(x),§G(a)(x)), 1- inf( ZF(Q)(X),ZG(M)(X)H, ifoe AnB,xeU
By definition:

V(F, A) = {<x, uVF{u)(x) R YVF(u>(X)> |xe U, ae A}
- { x,[_um)(x) ; 1';F(u)(x)H1 '§F(u)(x)v“_/F(u)(x)} |xe U, 0e A}
V(G, B) = {<x, uVG(“)(x) N YV(i(u)(x)> |xe U, ae B}

- { % Mo (). 1'%)(")}[1 '§o<«)(x)’le(u)(x)] )Ixe U, ae A}
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Suppose that V(F, A) U V(G, B) =(0, C) with C=AUB and a € C. Then:

oy (X)

|:;F(u) (X),l _;F(u)(x):|> ifoe A - B, xe U

- [EG (0.1 -§G(a)(x)}, ifac B-A, xe U

[sup(u,: (x), pG (x)) sup(l-;F(“)(x),l -;G(“)(x))], ifoe AnB,xe U

[_ (0L-Ty, (x)},ifaeA-B,er
= [ (x)l y( } ifoae B-A,xe U

[sup(ﬁF(a)(x)ﬁ a (x)) - mf(yF (0o (x))] ifac ANB,xeU
Yot (X)

[1 —;F(u)(x), yF(u)(x)], ifoe A-B,xe U
- [1 R «/G(“)(x)], ifue B-A, xe U

[inf(l (01 -}F(u)(x)), inf( Vo) (. ZG(u)(x)):|, ifac ANB,xe U

[1 a0, ZF(Q)(X)} ifae A-B,xe U

= [1 —;G(G)(x), yG(u)(X)}, ifoe B-A,xe U

[1 -sup (&F(u)(x),i(ﬂ)(x)), inf( JANE) XGM(X)H’ ifocANB,xeU
Since:
Vo) () = Yoo ()
for any acAnB:
1= (Yo (T () = 1-i0F (70 (9T ()

Therefore:

[1 —;F(ﬂ)(x), yF(u)(x)], ifae A-B,xe U
yo(“)(x) = [1 -;G(u)(x), ZG(H)(X):|’ ifae B-A,xe U

{1 _inf (?F(u)(x)ja(a)(x)), inf( 1,0, 00 zo(u)(x)ﬂ,if weANB,xeU
The theorem is proved.
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Theorem 2: Let (F, A) and (G, B) be interval-valued
intuitionistic fuzzy soft sets over U, then the following
properties hold:

(1) I Py X) = Plgge)
(G,B)
2) I Py (%) = Pl

(x) then A ((F, AANG, B)) = A(F, AV A

(x) then A ((F, AV(G, B)) = A(F,ANA

o (X) then V ((F, AA(G, B)) = V(F, AAV

(4) ¥re (X) =Yg () then V (EF,

(G,B)

AV(G, B)) =V <(F AV vV

Proof: It will be given the proof (1) and (3). While

(2) and (4) can be proved analogously. Assume that
(F, ANG, B) = (H, AXB), with H(a, B) = Fla)nG (B), (o,
B)e(A X B). By definition 2:

() |y, (9, 00 5 ()
(1, (9.1, () 9070 ()70 ()|

V(ax, B)e(AXB), xeU
By definition 7:

A((F, ANMG, B)Y) = A<H, AXB)

{900 0T () 10 5o ()

{1 - inf (b ()t (X))’inf(“w ()t (X)ﬂ )

\(a,ﬁ)e(AXB),er }

Suppose that:

08, A) = {05 51 1 (9] 1 () (8)] V1ne Ui

(6 8) T () -y ()] (5 () 15 U]

By definition 3:

A(F, A)v A(G, B) = {(X {Sup(;m)(x)’;c(m(x))’ Sup(l - b (x): I'EG(M(X))}

{inf(l By (%)s T-Begy (X))’i“f(EF(aJ (%) B (X)H

>|(a,B)e(A><B) xeU }

- {(X’[S“P(;F(u) (X)&c(u) (x)), 1- i“f(;mx) (X)aﬁc(m (X))}»
150 (g () (5t (00| )

(a,B) € (A X B), xe U }
Since:

Hp(u)(x) :Ho(u)(x)

then:

1- Sup(;F(a) (%) sk (X)) =1- inf(“F(ﬂ) (%)-bag (X))

Therefore:

A(F.A)vA(G.B)= {( X’[S“p(;rw(X)’;am(x))s - inf(;ﬂu)(x)’“qm(x))}

18 (g (6 6 s (6 (4 )
(0.B)e(AxB),xeU }

Assume that (F, A)NG, B)
B) = F(a) n G(B), (&, B) € (AXB). By definition 2:

(B0 = | (5t 4 0 5 ()
{S“P(Zr(u)(X)’Iom(X)j’S“PGW(X)Ecm)(x))} )

V(ax, B) € (AXB),xe U
By definition 8:

A((F,A) A (G B)) A(H,AXB):
{ mf uF Ha(s )(X)), 1-SUP(;F(u)(X)&G(ﬁ)(X))}
waﬁwhﬁm()Fquﬂ)mMﬂﬂ>
(a,B)E(AXB),er }

= (H, AXB), where H(a,
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Now assume that: Theorem 3: Assume that (F, A) is an interval-valued
intuitionistic fuzzy soft sets over U and then the following

V(F,A) = {<X o (%) an(a)(X)> |xe U, ae A} properties hold:

« (F,A) eV A
= {(x,[;F(ﬂ)(x), 1-;F(u>(x)],[ 1-;F(u>(x),z}_(“)(x)} > |xe U, ae A} e AAAF, A=A A

Proof: Suppose that:
and:

(F ) =10 s ()0 () ] 30 (370 ()] D n U |

V(G, B) = {(x, uVG(ﬁ)(x) > Vo) (x)>| xe U, Be B}

- ) 05 A) = (5 () 1 (0] 10090100 (09] ) 5 e ]
= {(x’[ua(h)(x)’ I'YG(B)(X)}[ I'YG(B)(X)’YGW(X)} >| xe U, Be B}

and:

By definition 2:

A(F, AF{(X’UFM(X)’ 1';%)(")]{ 1'“F(u)(x)’EF(ﬂ)(X)} )Ixe U, ae A}
V(F.A)AV(G. B) = {(X’[i“f(;m)(x)’ l_*o(m(x))s inf (17,0, (x). 1‘;(‘-(m(x))}

By definition e (X)<1-¥r (X). Since, Wrq) (X)<Hge (X),

{S“p(l‘;rm(")’ 1_;6(&("))’ S“P(Zr(a)(x)’ zo(“)(X)ﬂ)\ Yre 0>T1-Ve (X)) and  ypg X)>vre (X). It is obtained
(F, A) € W(F, A).

(w.)<(AxB).xeU } Suppose that:

{( X, [inf(;F(u)(x),;G(ﬁ)(x)), 1- sup(;F(u)(x),;Gw)(x))} A(F.A) = {(X,[yp(u;(x), l-ur(u)(x)}{ I'HF(u)(X)’EF(u)(X)} ) |xe U,ae A}
[ 1- inf(;F(a)(X)a;ﬁts)(x))’sup(h(u)(X)’Io(u)(x)ﬂ >‘ Then by definition 7:
(a,B)e(AXB),er } AAA(F,A>=
{0 [ () 17 (| 19000 (9D (0] 1 xe Ui -
Since:

T (%) =Yg (x) A{(x{gww 1-a -%(x))}[l-(l i (D T ()] V13 Use A} =

Itis obtained: -

%@hw@nwvﬁﬁwvww@ﬂwmuwA}

1- inf(?F(a) (x),?o(g) (X)) =1-sup (;F(u) (X)’;G([ﬂ) (X))

{(X,‘:;r(ﬂ)(x), I—EF(“)(X)H: 1—;F(ﬂ)(x),EF(ﬂ)(x)} >\ xe U,ae A} = <F, A>
Thus:

DISCUSSION

V(F. A)AV(G. B)= {( "{i“f(arm(X)’”Gm)(x))’ 1- S”p(;r(u)(")”—/«m)("))}
_ _ By defining two new operators A and V, in the results
[l'S“p(YFf“)(X)’Vn(m(x))’S“P(ZFw(X)’Zo(m(")ﬂ )l section, it was proposed the sufficient conditions to obtain
some relations between the new operators and the operations

(a.p)<(AxB). xe U } AV, U and m defined by Jiang et a/°. On the other hand, it
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was also obtained some properties of the new operator as
stated in Theorem 3. These results are certainly very different
from the existing articles®'®, because operators studied are
different. On the other hand, the study on operators in IVIFSS
is a generalization of those in hesitant intuitionistic fuzzy soft
sets*S. Therefore this work has contributed to the
development of the study on interval-valued intuitionistic
fuzzy soft operators. For further, it is interesting to study
concerning operators of interval-valued hesitant intuitionistic
fuzzy soft sets.

CONCLUSION

[twas proposed the two new operators oninterval-valued
intuitionistic fuzzy soft sets. Refer to on these operators and
the “and”, “or”, union and intersection operations, it is
obtained some properties.

SIGNIFICANCE STATEMENT

These results have extended and enriched those of
previous study on IVIFSS, particularly with regard to their
operators. Therefore the results of this study can be utilized by
researchers so that can be beneficial for decision-making
problem in the fields of science and engineering.
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