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Abstract

In this paper, we introduce the concepts of closure and interior defined by an
intuitionistic gradation of openness and intuitionistic fuzzy semi-peropen. We also
introduce the concepts of weakly gp.semi-premaps
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1. Introduction

In 1965, L.Zadeh[11] introduced the concept of fuzzy set . In 1968, Change[4]
introduced the concept of fuzzy topology on set X by axiomatizing, a collection T of
fuzzy subsets of X. In [5], Chattopadyay et al. introduced the concept of fuzzy topology
redefined by a gradation of openness and investigated some fundamental properties.
M.Demirci[7] introduced the concepts of fuzzy closure and fuzzy interior in the fuzzy
topological space, and obtained some properties of them. Atanassov introduced the
concept of intuitionistic fuzzy set which is a generalization of fuzzy set in Zadeh’s sense
[3]. D, coker introduced the concept of intuitionistic fuzzy topological spaces [6] by
using the intuitionistic fuzzy sets, which is an extended concept of fuzzy topological
spaces in Chang’s sense. In 2002, Mondal and Samanta introduced the concept of
intuitionistic gradations of openness [9] which is a generalization of the concept of
gradation of openness defined by Chattopadyay. In this paper, we introduce the concepts
of closure and interior defined by intuitionistic gradation of openness and intuitionistic
fuzzy semi-peropen set, We also introduce the concepts of weakly gp.semi-premaps
2.Preliminaries
Let X be a set and | = [0, 1] be the unit interval of the real line. I* will denote the set of
all fuzzy sets of X. 0 and 1 will denote the characteristic functions of ¢ and X,
respectively.
Definition 2.1 [9]:

An intuitionistic gradation of openness (IGO for short) on set X an order pair

(T, T*)of mapping from I*to I such that:
(IGO1) T(A) +T*(A) < 1,VA € IX

(1602) 7(0) =T(1) =1,7°(0) =T*(1) =0,
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(IGO3)T(A1 NAY) =2 T(A) AT(Ay) andT* (A1) N (Ay)) <T*(A1)VT*(4A;) for each
A elXi=1
(1GO4) T(Vier Ai) ZAier T(A)andT*(Vier A;) <Vier T*(4;)
foreach 4, € I*,i €T .
The triple(X, T, T™) is called an intuitionistic fuzzy topological space (IFTS for short).
Tand T*may be interpreted as gradation of openness and gradation of non-openness,
respectively.
Definition 2.2 [9]:

Let X be a nonempty set and be an order pair (F, F*)of mapping from I*to I such

that:
(IGC1) F(A) + F*(A) < 1,VA e I¥

(16C2) F(0) = F(1) =1,F*(0) =F*(1) =0,
(IGC3)F(A;VA,) = F(A)) ANF(Ay) andF*(A1)V(A,) < F*(A)) VF*(Ay)
foreach 4; € I*,i = 1,2,
(IGC4) F(AjerA;) =Nier F(A)andF*(Ajerd;) <Vier F*(A;)foreach 4; € I*,i €T .
The triple(X, F, F*) is called an intuitionistic fuzzy topological space (IFTS for short).
Fand F*may be interpreted as gradation of closeness and gradation of non-closeness,
respectively.
Example: 2.3:
LetX={a, b}, define subsets uy, u, € I*as follows:
p1(a) = 0.2p,(b) = 0.5
pz(a) = 0.7u,(b) = 0.3

0 iff =01 1 iff =01
FBY =y yifp=wm F @)= 1, ifp =
1 otherwise 0 otherwise

Then(F,F* )is IGC onX
Definition 2.4 [9]:
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Let X be a nonempty set , if (T, T*)is an IGO on X, then the pair(Fy , F;-) defined
by
Fr(A) = T(A°), F7+(A) = T*(A°) whereA denotes the complement of A, is an IGC on
Xand if (F,F*)isanIGC on X, then the pair (Tr,Ts~) defined by  Tr(A) = F(A°),
Tp<(A) = F*(A°) is1GO on X
Definition 2.5 [2]:

Let(X,T,T") be an intuitionistic fuzzy topological space, define an

operatorCrr+: I* X Iy X I; = I* by:
CrrAr,s) =A{u € I A< puTA—pw) 27, T"(1—p <s}.
Theorem 2.6[2]:

Let(X,T,T*) be an intuitionistic fuzzy topological space.

for A, u € 1*,r,1 € IyS,s, € I, the operatorCy - satisfies the following conditions:
(C1) Cry-(Q75) =0

(C2)A < Crr-(A,1,5).

(C3) Crr-(A,1,8)V Crr-(u,1,8) = Crp+(AV ,1,58) .

(CA)Crr-(A,1,8) < Crpe(A 1y, s1) ifr <rands > s;.
(C5)Crr+(Crr+(A,1,5),7,5) = Crp+(A,7,5)

The pair (X, C) is called an intuitionistic fuzzy closure space.

Definition 2.7[1]:

Let (X, T,T*) be an intuitionistic fuzzy topology. Define an operator Iy +: 1% X

IO X 11 b IX by
Ipper,s) =v{p eI A= puT(w) =7, T (W) < s}
Theorem 2.8[1]:

Let(X,T,T*) be an intuitionistic fuzzy topological space.

for ALuel®*r,r €lyss; €L, the operator I;r+(4,1,s)satisfies the following
conditions:

DI r+(1=A7,s) =1—Crr-(A1,5),

(2) ForA, u € I%,7,1, € Iyands, s; € I, then :
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(il)vIT,T*(l» r, S) =1;
(i2) A = Ir (A, 1,5);
(i3) It r+(A, 7, 8) Alpp(u,7,5) = Ipp+(A A p, 7, 5);
(i) r-(A,1,8) = Ipp<(A, 11, 5))ifr <1 ands = sq;
(Y7 (Ip o (A, 1,8),7,8) = Irpe
Example 2.9:
Let X = {a, b, c} andyy, uy, u3 € 1* defined as follows:
pi(a) = 03u;(b) =03 py(c) = 0.3u,(a) = 0.4u,(b) = 0.3u,(c) = 0.3
pz(a) = 0.6u3(b) = 0.4u3(c) = 0.3
We define T, T*: 1 - I as follows:
lifA=01 0] if1=01
T(D) =0.6ifA =T =  0.3ifA =y
0 otherwise lotherwise
Then(T,T™*) is an intuitionistic gradation of openness (IGO)
Itr+(4,1r,s) =1,where r = 0.6 ands = 0.3.
Definition 2.10:

Let(X, T, T*) be an intuitionistic fuzzy topological space,

1) A fuzzy setd € I¥ is said to be an intuitionistic fuzzy semi- preopen set(IFspos for
short) if and only if there existr € I,s € I;

Such that: A < Cpp+(Irp+(Cr (A, 1,8),7,5),7,5)

2) A fuzzy setA € I¥ is said to be an intuitionistic fuzzy semi-preclosed set(IFspcs for
short) if and only if there existr € I,s € I;

Such that: IT,T*(CT,T*(IT,T*(/L 7,5),T, s), r,s) < A

Example 2.11:

Let X = {a, b, c} anduy, iy, us € IX defined as follows:
p1(a) = 0.3u,(b) = 0.3 pi(c) =03
a2 (a) = 0.4p,(b) = 0.3u,(c) = 0.3
pz(a) = 0.6 uz(b) = 0.4u3(c) = 0.3
We define T, T*: I*¥ - I as follows:
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1 ifA=01 0 ifAi=01

T(A) = 1/2ifA=M1T*(A= 1/2if/1=ll1

0 otherwise 1 otherwise

Then (X, T, T*) is an intuitionistic fuzzy topology , let 7 = 1/, and s = 1/ then 5 is an

intuitionistic fuzzy semi-preopen

Definition 2.12 :
Let (X, T,T*) be an IFTS and A€ I* then the closure(resp. interior) of A denoted by

Aj, (resp.A3,) and is defined by
Ag, =N {K € I",F;(K) > 0andF;.(K) < F7-(A),A < K,K € IFspcs}
A3, =V{K € I*,T(K) > 0andT*(K) < T*(A),K < A, A € IFspos }
Theorem 2.13
Let (X,T,T*) bean IFTS and A,B € I* then:
. Fr(Agp) < F7-(4)
. T(43) <T°(A)
. A<Band F;-(B) < F7-(A) = Ay, < By,
A<Band T*(B) < T*(4) = A3, < B;, .
Proof: 1- from definition 2.4 and 2.12 , we have
Fi(Ay,) = Fj«(A K € 1%, Fr(K) > 0andF;-(K) < F7.(A),A < K,K € IFspcs})
<V {F;«(K): Fr(K) > OandF;«(K) < F;«(A),K < A, K € IFspos } < F;:(A)
2- It similar to (1)
3- Since A < B and F;+(B) < Fr-(4)
Let L be any element of
{K € I*, F;(K) > OandF;«(K) < F;-(B),B < K,K € IFspcs}
Then it is also in
{K € I*,F;(K) > OandF;«(K) < F;-(A),A < K,K € IFspcs}
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Hence A4, < B,
4- the proof is similar to that of (3).
Theorem 2.14:
Let (X,T,T*) be an IFTS and A€ I* then
1 (Ag)° =(A)g
2. Ag = ((A)gp)"
3. (Agp) =A%)
4. Ag = ((A)g)".
Proof:

1- From definition 2.4,we have
(Asp)° = (A {K € I*,Fr(K) > OandF;-(K) < Fj.(A),A < K,K € IFspcs})*
=V{K%: K € I*,T(K®) > 0andT*(K®) < T*(A°),K® < A¢,K® € IFspos }
=v{V e I*,T(V) > 0andT*(V) < T*(A%),V < A%,V € IFspos } = (A%)g,
The statement 2,3,4 are easily obtain from (1)
Theorem 2.15:
Let (X, T,T*) be an IFTS and A,B € I then:

O0p =0

. AC Aqp

. Asp € (Asp)sp
. Asp N Bgp S (AU B)sp

Proof:

1 and 2are easily obtain from definition 2.12
With respect to 3) we have AC A;p from 2)= Agp S m
4) for every A, B € I* by the definition 2.4 and definition 2.12
(AUB)gp =A{K € IX,F;(K) > 0andF;.(K) < F;.(AUB),AU B < K,K € IFspcs}
DA {K € I*,Fr(K) > OandF;-(K) < F7-(A) vV F;-(B),AU B < K,K € IFspcs}

264



Journal of College of Education for pure sciences(JCEPS)

Web Site: http://eps.utqg.edu.iq/ Email: com@eps.utqg.edu.iq
Volume 7, Number 1, January 2017

DA [{K € I*,F;(K) > 0andF;«(K) < F7+(A),A < K,K € IFspcs}]

U{K € I*,F;(K) > 0andF;«(K) < F;-(B),B < K,K € IFspcs}
DA [{K € I*,Fr(K) > 0andF;«(K) < F;-(A),A < K,K € IFspcs}]

Nn{K € I*,F;(K) > 0OandF;«(K) < F;-(B),B < K,K € IFspcs}

2 Agp N Bgp
Theorem 2.16: Let (X, T,T*) bean IFTSand A, B € I¥ then:
1L (=1
2. A3, € A

sp =
3. (A%)3 S A2
4. (ANB), € A3, NBs,
Proof : it similar to the proof of theorem 2.15
Theorem 2.17:

Let (X, T,T*) be an IFTS and A,B € I then:
LTA)>0 =43, =4
5. AC Agp
6. Asp S (Asp)sp
7. 4p NBsp € (AU B)sp

Proof: 1 and 2are easily obtain from definition 2.4

3)AC 4;, from2)= Asp S (Asp)sp

4) for every A, B € I¥, by definitionl.1and 1.5

(AUB)gp =A{K € IX,F;(K) > 0andF;-(K) < F;-(AUB),AUB < K,K € IFspcs}
DA{K € I*,F;(K) > OandF;+(K) < F7-(A) vV F;+(B),AU B < K,K € IFspcs}

DA [{K € I*,F;(K) > 0andF;«(K) < F;.(A),A < K,K € IFspcs}]

U{K € I*,F;(K) > 0andF;+(K) < F;-(B),B < K,K € IFspcs}
DA [{K € I*,F;(K) > 0andF;-(K) < F;:(A),A < K,K € IFspcs}]

n{K € I*,F;(K) > 0andF;-(K) < F;-(B),B < K,K € IFspcs}

2 Agp N Bgp
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Theorem 2.18: Let (X,T,T*) be an IFTSand A, B € I then:
5. (13 = 1

6. A3, S A
1.(A5)sp € A%y
8.(ANB)3, € A3, N B,
Proof : it similar to proof theorem 2.17
Theorem 2.19:
Let (X, T,T*) be an IFTS and A,B € I then:

1LTA)>0 =43, =4

2F(A)>0=A4, =4
Proof: 1) let T(A)> 0 ,then

A€{K € I*,F;(K) > 0andF;.(K) < F;7.(A),A < K,K € IFspcs}
So Ac A,

A=Ag, (by theorem 2.17)
2) it is similar to (1)

thus we get

3.weakly gp.semi-premap.
In this section, we introduce the concept ofweakly gp.semi-pre mappingand investigate
some properties of them.
Definition3.1[10]:

Let (X,T,T*) and (Y,o,0") be two IFTS amapping f: X— Y is weakly gp.map if
for everyA € IYa(4) = 0, T(f~1(4)) = 0 and T*(f"1(4)) < o*(A)

It is obvious that every gp.map is weakly gp.map from the above definition but we can
show that the converse is not always true from the following example.
Example3.2:

Let x=I and N be the set of all natural numbers for each ne N.We consider u, €
I¥such that
U, = 0.5
Define T,T*:1* - I by

266



Journal of College of Education for pure sciences(JCEPS)

Web Site: http://eps.utqg.edu.iq/ Email: com@eps.utqg.edu.iq
Volume 7, Number 1, January 2017

1 ifA=01 0 ifA=01
T = { %ifl =u, T"AD= { ﬁifl = Uy,

0 otherwise 1 otherwise

Define g,0*: 1% - I by

1 ifA=0 0 ifA=0,1
o) ={ = a*={ =

0 otherwise

=

X, T,T*), (Y,0,0") are IGO

Let f: (X,T,T*)— (Y,0,0%)

Then f is weakly gp-map but not a gp-map

Since for each fuzzy set u,

We get T*(f 1 (u,)) < 0" (uy),but a(p,) is not less than T(F 1 (i)
Definition3.3:

Let (X,T,T*) and (Y,0,0") be two IFTSs then a mapping f : X->VY is
weakly gp.semi-pre mapping if for each A€ 1',0(4)=0,T(f*(4)) =0 and
T*(f~1(4)) < o*(A)such that f~1(4) € IFSPOS
Theorem3.4:

Let (X,T,T*) and (Y,o0,0") be two IFTSs then amapping f : X->VY s
weakly gp.semi-pre mapping iff for every A€ I',E (4) > 0= F.(f1(4)) >
OandF7«(f~1(A)) < F}-(A)such that f~1(A) € IFsposc
Proof:

Suppose f is weakly semi-pre mapping and let E,(A) > Ofor A€ I? then E,(4A%) =
a(A°) >0, it follows,T(f~1(4%)) > 0and T*(f71(4%)) < 0*(A°) thus we get
Fr(f~1(4)) > 0andF;-(f~1(A)) < F..(A)the converse is obvious.

Theorem 3.5:

Let (X,T,T*) and (Y,o,0%) be two IFTSs then amapping f: X— Y is weakly gp.semi-
pre mapping iff for every A€ I",E, (A) < Fr(f~'(4))
andF;.(f~1(4)) < Fr.(A) such thatf ' (4) € Ifsposc

proof: the proof is similar to that theorem3.4.
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Theorem 3.7:

Let (X,T,T*) and (Y, o,0*) be two IFTSs.Then amapping f: X— Y is weakly gp.semi-pre
mapping,then we have:

1. f(4s,) < f(Asp), for every Ae 1*

2. (f1(A)s, < fU(4,,), for every Ae 1Y

3. f7Y(As,) < (FLH(A)', for every Ae I7

Proof:

1) Let Ae I*, then by definition 2.12and theorem 3.4,we have

fH(fAs)) =

f£7HN {u€ I": F,(A) > 0andF:.(w) < Fi-(f(4)), f(A) < w:u € Ifspsc)]

>N {f'(w) € IX:Fr(f (W) > 0 andF;-(f ' (W) < Fi-(W), A < f71(w): f 1 (w)

€ Ifspsc}

since Fr(f~*(w)) > 0, it follows 4, < (f~1(w))s, (from theorem 1.6)
=f~'(u) andso

N{f~'(w) € I:Fp(ft(w) > 0andFr(f1(w) < Fro(u), A < f'(w): f 1 (w)

€ Ifspsc} > A—Sp
Consequently , we get f(Ay,) < f(Ag)
2) It follows from(1) f(f ~1(Asp)) < fF(f "1 (4sp))
fOF Ay <Ay
1 Ag) < fH(Ag)

3) It is obtained by (2)and theorem(2.19)
Corollary 3.7:

Let (X,T,T*) and (Y,0,0%) be two IFTSs , then a mapping f : X->VY is
weakly gp.semi-pre mapping, then we have:

1. f(Ag) < f(A),, for every Ae IX.

2. (fU(A)s < fUAg,), forevery Ae IY.
3. f7H(Ay) < (FLH(A)s,, for every Ae 1Y,
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