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ABSTRACT 
This paper is devoted to the study of intuitionistic fuzzy almost open and Intuitionistic fuzzy almost 
closed mappings in intuitionistic fuzzy topological spaces. Some of its properties are studied and relationships with 
other existing intuitionistic fuzzy closed mappings were discussed.   
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______________________________________________________________________________________________ 
 
1. INTRODUCTION: 
 
After the introduction of fuzzy sets by Zadeh [8], there have been a number of generalizations of this fundamental 
concept. The notion of intuitionistic fuzzy sets introduced by Atanassov [1] is one among them. Using the notion of 
intuitionistic fuzzy sets, Coker [2, 3] introduced the notion of intuitionistic fuzzy topological spaces. In this paper, we 
introduce the concept of intuitionistic fuzzy almost open mapping. We have also studied some of the properties of 
intuitionistic fuzzy almost open mapping and their relationship between other existing intuitionistic fuzzy open 
mappings. 
 
2.  PRELIMINARIES: 
 
Before entering to our work, we recall the following notations, definitions and intuitionistic fuzzy sets as given by 
Atanassov [1], Coker [3].  Throughout this paper, ( )τ,X , ( )σ,Y and ( )η,Z  always means an intuitionistic fuzzy 
topological spaces in which no separation axioms are assumed unless otherwise mentioned. 
 
Definition 2.1: [1] Let X be a non-empty fixed set. An intuitionistic fuzzy set (IFS, for short), A is an object having the 
form 
 

( ) ( ){ }Xx:x,x,xA AA ∈>γµ<=  
 

where the mapping IX:A →µ and IX:A →γ denotes respectively the degree of membership (namely ( )xAµ ) and 
the non-membership (namely ( )xAγ ) of each element Xx∈ to a set A, and ( ) ( ) 1xx0 AA ≤γ+µ≤ for each Xx∈ . 
Obviously, every set A on a non-empty set X is an IFS having the form 
 

( ) ( ){ }Xx:x,x,xA AA ∈>γµ<=  
________________________________________________________________________________________________ 
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Definition 2.2: [1] Let X be a non-empty set and let the IFS’s A and B in the form 
 

( ) ( ){ }Xx:x,x,xA AA ∈>γµ<= ; ( ) ( ){ }Xx:x,x,xB BB ∈>γµ<=  
 
Let { }Jj:A j ∈ be an arbitrary family of IFSs in ( )τ,X . Then,  
 
(i) BA ≤ if and only if ( ) ( ) xx  ,Xx BA µ≤µ∈∀ and ( ) ( )xx BA γ≥γ  

(ii) ( ) ( ){ }Xx:x,x,xA AA ∈>µγ<=  
(iii) ( ) ( ){ }Xx:x ,x ,xA

jj AAj ∈>γ∨µ∧<=∩  

(iv) ( ) ( ){ }Xx:x ,x ,xA
jj AAj ∈>γ∧µ∨<=∪  

(v) { }Xx:0,1,x1
~

∈><=  and { }Xx:1,0,x0
~

∈><=  

(vi) AA = , 
~~
01 =  and

~~
10 = . 

 
Definition 2.3: [3] An intuitionistic fuzzy topology (IFT, for short) on a non-empty set X is a family τ of IFSs in X 
satisfying the following axioms: 
 
(i) τ∈ 0 , 1

~~
 

(ii)  τ∈∩ 2i AA for some τ∈2i A,A  
(iii)  τ∈jA for any { } τ∈∈ Jj:A j  
 
In this case, the ordered pair ( )τ,X is called intuitionistic fuzzy topological space (IFTS, for short) and each IFS in τ is 
known as an intuitionistic fuzzy open set (IFOS, for short) in X. The complement of an intuitionistic fuzzy open set is 
called intuitionistic fuzzy closed set (IFCS, for short). 
 
Definition 2.4: [3] Let ( )τ,X  be an IFTS and let ( ) ( ){ }Xx:x,x,xA AA ∈>γµ<=  be an IFS in X. Then the intuitionistic 
fuzzy interior and intuitionistic fuzzy closure of A are defined by 
 

( ) { }AG and Xin  IFOSan  is  G / G Aint ⊆=   
 
( ) { }KA and Xin  IFCSan  is  K / K  A cl ⊆=   

 
Remark 2.5: [3] For any IFS A in ( )τ,X , we have ( ) ( ) AintA cl = and ( )Aint   ( )Acl= . 
 
Definition 2.6: [4] An IFS A in an IFTS ( )τ,X  is called an intuitionistic fuzzy regular open set (IFROS) 
if ( ) Acl(A)int = . The complement of intuitionistic fuzzy regular open set is called intuitionistic fuzzy regular closed 
(IFRCS, for short). The family of all IFROS (IFRCS) of ( )τ,X  is denoted by IFROS ( )X   (IFRCS ( )X ). 
 
Definition 2.7: [4] An IFS ( ) ( ){ }Xx: xγ,xμx,A AA ∈><=  in an IFT ( )τ,X is called an intuitionistic fuzzy semi-
open set (IFSOS, for short), if ( )( )AintclA ⊆ .  The complement of an IFSOS is called an IFSCS. 
 
Definition 2.8: [5] Let A be a fuzzy set in an IFTS ( )τ,X  . Then, semiclosure (briefly scl ) and semi-interior (briefly sint ) 
are given as 
 

( ) { }
( ) { }


.semiopen fuzzy  is B,AB/B Atsin

; semiclosedfuzzy  is B,BA/B Ascl

⊆=

⊆=

  
Definition 2.9: [4] An IFS ( ) ( ){ }Xx:x,x,xA AA ∈>γµ<= in an IFTS  ( )τ,X  is called an intuitionistic fuzzy α-open set 
(IFαOS) if ( )( )( )AintclintA ⊆ . 
 
Definition 2.10: [6] An IFS ( ) ( ){ }Xx:x,x,xA AA ∈>γµ<= in an IFTS  ( )τ,X  is called an intuitionistic fuzzy semi-pre 
open set (IFSPOS) if there exists B∈IFPO(X), such that ( )BclAB ⊆⊆ .
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Definition 2.11: [4] Let ( )τ,X  be an IFTS and ( ) ( ){ }Xx:x,x,xA AA ∈>γµ<=  be an IFS in X. The intuitionistic fuzzy 
α-interior and   intuitionistic fuzzy α-closure of A are defined by  
 

( ) { }AG and Xin  OSIFan  is  G / G Aint ⊆α=α   
 

( ) { }KA and Xin  CSIFan  is  K / K  A cl ⊆α=α   
 
Definition 2.12: [7] An intuitionistic fuzzy point (IFP for short), written ( )βα,p  is defined to be an IFS of X given  
 

by ( )( ) ( )
( )


 =

=βα otherwise       0,1 
p   xif     βα, 

xp ,  

 
Definition 2.13: [7] Let ( )βα,p  be an IFP of an IFTS X . An IFS A of X is called an intuitionistic fuzzy neighborhood 
(IFN) of ( )βα,p , if there exists an IFRO set B in X such that ( )βα,p AB ≤∈ . 
 
Definition 2.14: [3] Let X and Y be two non-empty sets and ( ) ( )σ→τ ,Y,X:f  be a mapping. If 

( ) ( ){ }Yy:y,y,yB BB ∈>γµ<=  is an IFS in Y, then the pre image of B under f is denoted and defined by  

( ) =− Bf 1  ( )( ) ( )( ){ }Xx:xf,xf,x B
1

B
1 ∈>γµ< −− ,  since, BB  , γµ are fuzzy sets, we explain that  

 
( )( ) ( )( )xfxf BB

1 µ=µ−  
 
Definition 2.15: [7] A mapping ( ) ( )δ→τ ,Y,X:f is said to be intuitionistic fuzzy closed mapping if ( )Bf  is an IFCS of 
Y for each IFCS B of X. 
 
Definition 2.16: [4] A mapping ( ) ( )δ→τ ,Y,X:f is said to be intuitionistic fuzzy almost continuous mapping if ( )Bf 1−

 
is an IFOS of X for each IFROS B of Y. 
 
3. INTUITIONISTIC FUZZY ALMOST OPEN MAPPINGS: 
 
Definition 3.1: [5] A mapping ( ) ( )σY,τX,:f →  is said to be an intuitionistic fuzzy almost open (IFAO, for short) 
mapping, if for each IFROS U of X,  f(U) is an IFOS in Y. 
 
Definition 3.2: [5] A mapping ( ) ( )σY,τX,:f →  is said to be an intuitionistic fuzzy almost closed ( IFAC, for short) 
mapping, if for each IFRCS set A of X,  f(A) is an IFCS in Y. 
 

Example 3.3: Let Y}c,b,a{X == , }A,1,0{
~~

=τ and }B,1,0{
~~

=σ where 








∈>













<= Xx,

0.6
c,

0.5
b,

0.3
a,

0.4
c,

0.2
b,

0.1
ax,A    

and 








∈>













<= Yy,

0.6
c,

0.3
b,

0.5
a,

0.4
c,

0.1
b,

0.2
ay,B , ( ) cAAcl =  and ( )( ) AAclint = . Therefore, A is an IFROS in X.  

 
Define an intuitionistic fuzzy mapping ( ) ( )σ→τ ,Y,X:f  by  ,a)b(f ,b)a(f == c)c(f = , the image of an IFS A is  

( ) .Yy,
0.6
c,

0.3
b,

0.5
a,

0.4
c,

0.1
b,

0.2
ay,Af









∈>













<=  Clearly, f(A) is an IFOS and hence f is an IFAO mapping. 

 
Example 3.4: Let Y}c,b,a{X == , }A,1,0 {τ

~~
= and }B,1,0{

~~
=σ , where  









∈>













<= X,x

5.0
c,

4.0
b,

3.0
a,

4.0
c,

3.0
b,

2.0
ax,A and









∈>













<= Yy,

0.4
c,

0.6
b,

0.1
a,

0.2
c,

0.1
b,

0.7
ay,B . 

 
Then ( )τ,X and ( )σ,Y are IFTS on X and Y respectively. ( ) cAAcl = and ( )( ) AAclint = . Therefore, A is an IFROS in X. 
Define an intuitionistic fuzzy mapping ( ) ( )σ→τ ,Y,X:f  by  ,c)a(f = ,a)b(f = b)c(f = , then  
 

( ) .Yy,
0.3
c,

0.5
b,

0.4
a,

0.2
c,

0.4
b,

0.3
ay,Af









∈>













<=  
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Thus, f (A) is not an IFOS in Y. Therefore f is not an IFAO mapping. 
 
Example 3.5: Let Y}c,b,a{X == , A},

~
1,

~
0{τ =  and }C,

~
1,

~
0{σ = , where  









∈>













<= Xx,

0.6
c,

0.5
b,

0.4
a,

0.3
c,

0.2
b,

0.1
ax,A and









∈>













<= Xx,

0.3
c,

0.2
b,

0.1
a,

0.6
c,

0.5
b,

0.4
ax,B , 

 









∈>













<= Yy,

0.5
c,

0.4
b,

0.6
a,

0.2
c,

0.1
b,

0.3
ay,C .Then ( )τ,X and ( )σ,Y are IFTS on X and Y respectively. ( ) ABint =  

and ( )( ) BBintcl = .Therefore, B is an IFRCS in X.  
 
Define an intuitionistic fuzzy mapping ( ) ( )σ→τ ,Y,X:f  by  ,b)a(f =  ,c)b(f = a)c(f =  then    

( ) .Yy,
2.0

c,
1.0

b,
3.0

a,
5.0

c,
4.0

b,
6.0

a,yBf








∈>













<=  

 
Clearly, f is an IFAC mapping. 
 
Example 3.6: Let Y}c,b,a{X == , }A,

~
1,

~
0{=τ  and }C,

~
1,

~
0{σ = , where  









∈>













<= Xx,

0.2
c,

0.5
b,

0.6
a,

0.1
c,

0.4
b,

0.3
ax,A and









∈>













<= Xx,

0.1
c,

0.4
b,

0.3
a,

0.2
c,

0.5
b,

0.6
ax,B , 

 









∈>













<= Yy,

0.2
c,

0.4
b,

0.1
a,

0.6
c,

0.3
b,

0.4
ay,C , ( ) ABint = and ( )( ) BBintcl = .  

 
Therefore, B is an IFRCS in X. Define an intuitionistic fuzzy mapping ( ) ( )σ→τ ,Y,X:f  by 

 ,b)a(f =  ,c)b(f = a)c(f =  then 
 

( ) .Yy,
4.0

c,
3.0

b,
1.0

a,
5.0

c,
6.0

b,
2.0

a,yBf








∈>













<=  

 
Clearly, f is not an IFAC mapping. 
 
Theorem 3.7: Every intuitionistic fuzzy closed mapping is an IFAC mapping. 
 
Proof: Let  ( ) ( )σY,τX,:f →  be an intuitionistic fuzzy closed mapping and let B be an IFRCS in X. Since every 
IFRCS is an IFCS, B is an IFCS in X. By the hypothesis, f (B) is an IFCS in Y. Hence f is an IFAC mapping. The 
converse of the above theorem is not true in general as shown in the following example. 
 

Example 3.8: Let Y}ba,{X == , A},
~
1,

~
0 {τ = and }B,

~
1,

~
0{=σ , where 









∈>













<= Xx,

0.4
b,

0.2
a,

0.5
b,

0.7
ax,A  and 









∈>













<= Yy,

0.2
b,

0.3
a,

0.3
b,

0.2
ay,B  then }A,

~
1,

~
0 {τ = and }B,

~
1,

~
0{=σ are IFTs on X and Y respectively. Define a 

mapping ( ) ( )σ→τ ,Y,X:f by f(a) = u, f(b) = v. Clearly, then, 
~
1 ,

~
0 are the only IFRCS in X. Now, 

~
0

~
0f =







and 

~
1

~
1f =







are IFCS in Y. Hence f is an IFAC mapping. But ( )Af  is not an IFCS in Y, where A is an IFCS in X.  

 
Therefore,  f is not an intuitionistic fuzzy closed mapping.      
 
Theorem 3.9: Let ( ) ( )σ→τ ,Y,X:f be a mapping, then the following are equivalent: 
 
(i) f is an IFAC mapping; 
(ii) f is an IFAO mapping  
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Proof:  
( i)  ⇒ (ii): Let B be an IFROS in X. then B be an IFRCS in X. By the hypothesis ( ) ( )BfBf = is an IFCS in Y. Therefore 
f(B) is an IFOS in Y. Hence f is an IFAO mapping. 
 
( ii) ⇒ (i): Obvious.     
 
Theorem 3.10: Let ( ) ( )σ→τ ,Y,X:f be a mapping, then f is an IFAC mapping if for each IFP ( ) Yp , ∈βα and for each 

IFOS  B in X such that ( )( ) Bpf ,
1 ∈βα
− , ( )Bcl  is an intuitionistic fuzzy neighborhood of ( ) Yp , ∈βα . 

 
Proof:  Let ( ) Yp , ∈βα and A be an IFROS in X. Then A is an IFOS in X. By hypothesis ( )( ) Apf ,

1 ∈βα
− and ( ) ( )Afp , ∈βα  

in Y. Since ( )Acl is an intuitionistic fuzzy neighborhood of ( )βα,p , then there exists an IFOS B in Y such that 

( ) ( )AclBp , ⊆∈βα .We have ( ) ( ) ( )( )AfclAfp , ⊆∈βα .  
 
Now ( ) ( ){ } ( )AfBppB ,, =∈= βαβα . Therefore f (A) is an IFOS in Y. Hence f is an IFAO mapping. By the above theorem 
f is an IFAC mapping.  
 
Theorem 3.11: Let ( ) ( )σ→τ ,Y,X:f be a mapping, if f is an IFAC mapping, then ( ) ( )( )AclfAcl ⊆  for every IFSPOS A 
in Y.   
 
Proof: Let A be an IFSPOS in X. Then ( )Acl is an IFRCS in X. By the hypothesis ( )( )Aclf is an IFCS in Y. this 
implies ( )( )( ) ( )( )AclfAclfcl = . Then ( )( )Afcl ( )( )( ) ( )( )AclfAclfcl =⊆ . Hence ( )( ) ( )( )AclfAfcl ⊆ . 
 
Theorem 3.12: Let ( ) ( )σ→τ ,Y,X:f be a mapping, if ( )( ) ( )( )BclfBfcl ⊆ for every IFS B in X, then f is an IFAC 
mapping. 
 
Proof: Let B be an IFRCS in X. By the hypothesis ( )( ) ( )( )BclfBfcl ⊆ . Since every IFRCS is an IFCS, B is an IFCS in X. 
Therefore ( ) BBcl = . Hence ( )( ) ( )BfBfcl ⊆ . This implies that ( )Bf is an IFCS in Y. thus f is an IFAC mapping.  
 
Theorem 3.13: If ( ) ( )σ→τ ,Y,X:f is a mapping, then the following statements are equivalent:  
(i)  f is an IFAC mapping; 
(ii) ( )( ) ( )( )AclfAfcl α⊆ for every IFSPOS A in X; 
(iii) ( )( ) ( )( )AclfAfcl α⊆  for every IFSOS A in X. 
 
Proof: (i) ⇒ (ii): Let A  be an IFSPOS in X. then ( )Acl  is an IFRCS in X. By the hypothesis ( )( )Aclf  is an IFCS in X.  
 
Therefore ( )( )( ) ( )( )AclfAclfcl = . Now ( )( ) ( )( )( ) ( )( )AclfAclfclAfcl =⊆ . Since ( )Acl is an IFRCS in X,  
 

( )( )( ) ( )AclAclintcl = .  Therefore ( )( ) ( )( )AclfAfcl ⊆ ( )( )( )( )( )Aclintclf= ( )( )( )( )( )AclintclAf ∪⊆ ( )( )Aclf α⊆ .  
 
( ii) ⇒ (iii): Since every IFSOS is an IFSPOS, the proof follows immediately. 
 
( iii) ⇒ (i): Let A be an IFRCS in X. By the hypothesis ( )( ) ( )( ) ( )( ) ( ) ( )( )AfclAfAclfAclfAfcl ⊆=⊆α⊆ .  
 
Hence ( )( ) ( )AfAfcl = , which implies ( )Af is an IFCS in Y. Thus f is an IFAC mapping.  
 
Theorem 3.14: Let ( ) ( )σ→τ ,Y,X:f be an IFAC mapping, then ( )( )( ) ( )( )BclfBfclint ⊆ for every IFRCS B in X.  
 
Proof: Let B be an IFRCS in X. By the hypothesis f(B) is an IFCS in Y. Then ( )( ) ( )BfBfcl = . Now 

( )( )( ) ( )( )BfintBfclint ⊆ ( ) ( )( )BclfBf ⊆⊆ . Hence ( )( )( ) ( )( )BclfBfclint ⊆ . 
 
Theorem 3.15: Let ( ) ( )σ→τ ,Y,X:f be an IFAC mapping, then ( )( ) ( )( )( )BfintclBintf ⊆ for every IFROS B in X.  
 
Proof: Proof is similar to the above theorem. 
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Theorem 3.16:  Let ( ) ( )σ→τ ,Y,X:f  be a bijective mapping, then the following statements are equivalent:  
 
(i) f is an IFAO mapping; 
(ii) f is an IFAC mapping; 
(iii) 1f −  is an intuitionistic fuzzy almost continuous mapping. 
 
Proof: (i) ⇒ (ii): Obvious. 
 

( ii) ⇒ (iii): Let A  be an IFRCS in X. By assumption ( )Af  is an IFCS in Y. Then ( ) ( ) ( )AfAf
11 =
−− is an IFCS in Y.  

 
Hence f is an intuitionistic fuzzy almost continuous mapping. 
 

( iii) ⇒ (i): Let A  be an IFROS in X. By hypothesis ( ) ( ) ( )AfAf
11 =
−−  is an IFOS in Y. Hence f is an IFAO mapping.  

 
Theorem 3.17: If ( ) ( )σ→τ ,Y,X:f  is an intuitionistic fuzzy almost open mapping, then ( )( ) ( )( )AclfAfscl ⊆ for every 
IFSPOS A in X. 
 
Proof: Let A be an IFSPOS in X. Then cl(A) is an IFRCS in X. By the hypothesis f(cl(A)) is an IFCS in Y. Then 
f(cl(A)) is an IFSCS in Y and thus ( )( )( ) ( )( )AclfAclfscl = . Now ( )( ) ( )( )( ) ( )( )AclfAclfsclAfscl =⊆ . Therefore 

( )( ) ( )( )AclfAfscl ⊆ . 
 
Theorem 3.18: A mapping ( ) ( )σ→τ ,Y,X:f is an IFAO if and only if for each IFSCS F of X , ( )( ) ( )( )FfintFintf ⊂ . 
 
Proof:  Suppose that f is an IFAO mapping and let F be an  IFSCS  of X . Then  ( )( )( ) FFfclint ⊂ and 

( )( )( )( )Ffclintf is an IFOS in Y. Therefore, we have.    ( )( ) ( )( )Ffint Fintf ⊂ . Conversely, let U be an IFROS of X. Then U 
is an IFSCS. By the hypothesis, we have ( ) ( )( ) ( )( )UfintUintfUf ⊂= .Thus, ( )Uf  is an IFOS  in Y and hence f is 
an IFAO mapping. 
 
Theorem 3.19:  A mapping ( ) ( )σ→τ ,Y,X:f is an IFAO if and only if for any intuitionistic fuzzy subset S of Y and 

any IFRCS F of X containing ( )Sf 1− , there exists a closed set G of Y containing S such that ( ) FGf 1 ⊂− . 
 
Proof: Suppose that f is an IFAO. Let YS⊂ and F be an IFRCS of X containing ( ).Sf 1−  Put ( ).FXfYG −−=  
Since ( ) F.Sf 1 ⊂− , we have GS ⊂ .  Since f is an IFAO mapping and F is IFRCS in X, G is an IFCS in Y. It 

follows from a straight forward   calculation that ( ) FGf 1 ⊂− . 
 
Conversely, Let U be an IFROS in X and ( )UfYS == , then UX − is an IFRCS containing ( )Sf 1− . By hypothesis, there 

exists an IFCS G of Y containing S such that ( ) .UXGf 1 −⊂−  Thus, we have ( ) GYUf −⊂ . On the other hand we have 
( ) GYSYUf −⊃−= and hence ( ) GYUf −= . Consequently, ( )Uf is an IFROS in Y and f is an IFAO mapping. 

 
Theorem 3.20: A mapping ( ) ( )σ→τ ,Y,X:f is an IFAO and A is an IFROS of X, then the restriction 

( ) ( )σ→τ ,Y,A:f AA is an IFAO mapping. 
 
Proof:   Let U be an IFROS in the subspace A. Since A is an IFROS in X, so is U and hence ( )Uf  is an IFROS in 
Y. Therefore, Af  is an IFAO mapping. 
 
Theorem 3.21: A mapping ( ) ( )σ→τ ,Y,X:f  is an IFAO mapping. If A is an IFROS in X such that ( )BfA 1−= for 
some intuitionistic fuzzy subset B of Y, then a mapping BA:fA → is defined by ( ) ( )xfxfA = for all intuitionistic 
fuzzy points Ax∈ is an IFAO mapping.  
 
Proof: Let U be an IFROS in the subspace A. Since A is an IFROS in X, we ave ( )( ) ( )( ).UclintAUclintU XXAA ∩=−  
Since, f is an IFAO mapping, ( )( )( )Uclintf XX  is an IFO in Y. Therefore, ( ) ( )( )( )UclintfBUf XXA ∩=  is an IFO in the 
subspace B and hence Af  is an IFAO mapping. 
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