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Also we define intuitionistic fuzzy soft continuity of intuitionistic o
. . . . . soft topology, intuitionistic fuzzy
fuzzy soft mapping and investigate some properties of continuous . .
L. S . soft continuous mapping.
maps in intuitionistic fuzzy soft topological spaces.

1 Preliminary

In this section, we will give definition of intuitionistic fuzzy soft set and intuitionis-
tic fuzzy soft function. Then, we will give some properties of intuitionistic fuzzy soft
functions. Moreover, we will introduce notions of intuitionistic fuzzy soft point and
intuitionistic fuzzy soft neighborhood and intuitionistic fuzzy soft Hausdorff space and
intuitionistic fuzzy soft compact space. Throughout this paper, U denotes initial uni-
verse and E denotes the set of parameters and P(U) denotes power set of U.

Definition 1.1. /3, 6] An intuitionistic fuzzy set A in X is defined as an object of
following form

A= {(m,uA(a;),uA(x» tx € E},

!Corresponding Author
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where X is a nonempty set, the functions pa : X — [0,1] and vy : X — [0,1] define
the degree of membership and the degree of non-membership of the element v € X,
respectively, and for every x € X; 0 < pa(x) +va(z) < 1.

Definition 1.2. [17] A pair (F,A) is called a soft set over U, where F is a mapping
given by F: A — P(U). In other words, a soft set over U is a parameterized family of
subsets of the universe U. Fore € A, F(e) may be considered as the set of e-approzimate
elements of the soft set (F, A).

Definition 1.3. [12] Consider U and E as a universe set and a set of parameters
respectively. Let ZF(U) denote the set of all intuitionistic fuzzy sets of U. Let A C E.
A pair (F, A) is an intuitionistic fuzzy soft set over U, where F is a mapping given by

F:A—TFU).

Definition 1.4. [12] For two intuitionistic fuzzy soft sets (F, A) and (G, B) over a
common universe U, we say that (F, A) is an intuitionistic fuzzy soft subset of (G, B)

of
i. ACB
ii. Ye € A, F(e) and G(e) are identical approximations.

Definition 1.5. [12] Two intuitionistic fuzzy soft sets (F, A) and (G, B) over a common
universe U are said to be intuitionistic fuzzy soft equal if (F, A) is an intuitionistic fuzzy
soft subset of (G, B) and (G, B) is an intuitionistic fuzzy soft subset of (F, A).

Definition 1.6. [12] Union of two intuitionistic fuzzy soft sets of (F,A) and (G, B)
over the common universe U is the intuitionistic fuzzy soft set (H,C') where C'= AUB,

and Ve € C,
F(e), ec A\ B
H(e) =< Gle), ee B\ A
F(e)UG(e), e€ ANB.
We write (F, A)J(G, B) = (H,C).

Definition 1.7. [12] Intersection of two intuitionistic fuzzy soft sets of (F,A) and
(G, B) over the common universe U is the intuitionistic fuzzy soft set (H,C') where
C=ANB, andVe € C, H(e) = F(e) NG(e). We write (F,A)N(G, B) = (H,C).

Definition 1.8. [12] The complement of an intuitionistic fuzzy soft set (F, A) is denoted
by (F, A)¢ and is defined by

(F°,A) = (F°,14)
where F°¢ :|A — P(U) is a mapping by F¢(e) =intuitionistic fuzzy complement of F(]e),

Ve €|A. Let us call F© to be the intuitionistic fuzzy soft complement function of F.
Clearly (F©)° is same as F' and ((F, A)°)¢ = (F, A).
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Definition 1.9. [11] Let (F,E) € IFS(U,E).

i. (F,E) is called absolute intuitionistic fuzzy soft set over U, if F(e) = 1y for any
e € E. We denoted it by U.

ii. (F,E) is called null intuitionistic fuzzy soft set over U, if F(e) = Oy for any e € E.
We denoted it by P.

Here, 1y = {{u,1,0) : u € U} and Oy = {(u,0,1) : u € U}.
Theorem 1.10. [12] Let (F, A), (G, B),(H,C) € P(U). Then,

i. (F,A)U(F,A)=(F,A) and (F,A)N(F,A) = (F,A)

. (F,A)U® = (F, A) and (F, A)N® = &
ii. (F,A)OU = U and (F, A)NU = (F, A)
Definition 1.11. /3] The necessity operation on an intuitionistic fuzzy soft set (F, A)
is denoted by O(F, A) and is defined as

O(F,A) = {<’LL/,LF€)(>1 [y (w)) : uEUcmdeeA}

Here ip gy (u) is the membership function of u for the parameter e.

Example 1.12. [15] Assume that there five objects as the universal set where U =
{uy, ug, us, ug, us} and the set of parameters as

E = {beauti ful, moderate, wooden, muddy, cheap, costly}

and let A = {beautiful, moderate, wooden}. Let the attractiveness of the objects rep-
resented by the intuitionistic fuzzy soft sets (F, A) is given as

F(beautiful) = {ui/(6,.4), U2/(7,2), Us/(5,4), Ua/(6,3) Us/(8,1) }»
F(moderate) = {u1/(7,2), U2/(8,.1)> U3/(.7,.2)> Ua/(8,.1)> Us/(1,0) }
F(wooden) = {u1/(s,1),U2/(.6,0)> Us/(.6,2)s Ua/(.2,4), U5/(.3,5) } -

Then the intuitionistic fuzzy soft sets O(F, A) are as follows
F(beautiful) = {ui/(6,4),U2/(7,.3)> U3/(5,.5) Ua/(6,.4 ) Us/(8,2) }

F(moderate) = {u1(7,.3),U2/(s,2) U3/(.7,.3), U1/(:8,2)> Us/(1,0) } 5
F(wooden) = {Ul/(,s,,2)7U2/(.6,.4)7u3/(.6,.4)>U4/(. ) Us/(.3,. )}

Definition 1.13. [15] Let U be the universal set and E be the set of parameters. The
possibility operation on the intuitionistic fuzzy soft set (F, A) is denoted by O(F, A) and
1$ defined as

O(F,A) = {<u 1 — vpey(u), vre)(w) : uw € U and eEA}.
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Example 1.14. [15] Let there are five objects as the universal set where U = {uy, us, ug, ug, us}.
Also let the set of parameters as

E = {beauti ful, costly, cheap, uoderate, wooden, muddy}

and A = {costly, cheap, moderate}. The cost of the objects represented by the intu-
itionistic fuzzy soft sets (F, A) is given as

F(costly) = {u1/(7,2), U2/(8,0), Us/(.8,.1) Ua/(.9,0) U5/(.6,2) } >
F(cheap) = {Ul/(.5,2)7 U2/(.7,.1) UW3/(.4,.2); U4/(.8,1); U5/(A4,.2)},
F(moderate) = {u1/(s.2),U2/(6,3) U3/(5,1) Ua/(.9,0)> Us/(.7,.1) } -

Then the intuitionistic fuzzy soft set O(F, A) is as

F(costly) = {ui/(s,.2), U2/(1,0), U3/(9,1) Ua/(1,0)> U5/(.8,2) } 5
F(cheap) = {U1/(.s,.2), U2/(.9,.1), U3/(.8,.2), U4/(.9,.1), U5/(.8,.2)}7
F(moderate) = {u1/(s,2); U2/(.7,.3), U3/(.9,1)> Ua/(1,0) U5/(.9,.1) } -

Theorem 1.15. [15] Let (F, A) and (G, B) be two soft sets over U. Then,
i. O[(F,A)0(G, B)] =0O(F, A)UO(G, B)

ii. O

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

w. O[(F, A)U(G, B)] = O(F, A)UO(G, B)
v. O[(F, AA(G, B)] = O(F, ANO(G, B)

vi. O(O(F, A)) = O(F, A)

Definition 1.16. [24] Let ZFS(U, E) and ZFS(V, K) be two intuitionistic fuzzy soft
classes, and let ¢ : U — V and ¢ : E — K be mappings. Then a mapping oy :
IFS(U,E) — ZFS(V,K) is defined as: for (F,A) € ZFS(U, E), the image of (F, A)
under @y, denoted by py(F, A) = (¢(F),v(A)), is an intuitionistic fuzzy soft set in
IFS(V,K) given by

SUP ey~ ucp~1(v e)\U i - v ®7
ILLLP(F)(]{)(’U> _{ p €y l(k)ﬂA, cp 1( ):uF( )( ) f % ( )#

0 otherwise,

0 otherwise,

i 1 -1 ; -1
Vap(F)(k?)(U) _ {Hlfeew (k)NA, ucp=1(v) Vp(e)(u) @f © (U) 7& @7
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for all y € Y(A) and v € V. For (G,B) € IFS(V,K), the inverse image of (G, B)
under @y, denoted by cp;l(G, B) = (¢71Q), v (B)) is an intuitionistic fuzzy soft set
in IZFS(U, E) given by

He16)(e) (1) = Hawe) (P(w) and ve-iice (1) = Vause) ($(u))
for alle € v~Y(B) andu € U.

Theorem 1.17. [24] Let (F, A), (F1, A1), (F2, A2) € IZFS(U, E) and py, : IFS(U, E) —
IFS(V,K). be a mapping. Then

i. (F, A)Qw;l(gpw(ﬂ A)). If ¢ is injective, then equality is achieved.
4. Sow(<F17A1)O(F27A2>) = @y (F1, A1) Uy (Fy, Ay)
0l S%((Fl,A1)ﬁ(F2,A2))§<Pw(F17A1)ﬁS%(F2,A2)

Theorem 1.18. [24] Let (G, B), (G1, B1), (G2, Bs) € IZFS(V, K) and vy : IZFS(U, E) —
IFS(V,K). be a mapping. Then

i Py (golzl(G, B))Q(G, B). If ¢ and ¢ are both surjective, then equality is achieved.
ii. w5 ((G1, B1)U(Gy, Bs)) = ¢y, (Gh, B1)Ug, (G, Bs)
iii. ¢y ((Gh, BI)(Ga, By)) = ¢ (Gh, Bu)Nwy (G, Bs)

. (gpfl(G, B)) = ¢J1(<G> B)°)

Definition 1.19. [18/ An (F,A) € ZFS(U, E) is called intuitionistic fuzzy soft point
if for the element e € A, F(e) # Oy and F(¢') = 0y for all ¢ € A\ {e}, is denoted by

EFr.

Definition 1.20. [18] An intuitionistic fuzzy soft point er is said to be in (G, B) (or ep
is an intuitionistic fuzzy soft point of (G, B)) if F'(e) C G(e) and denoted by er€(G, B).

Example 1.21. Let E = {ey,eq,e3,e4} be set of parameters and U = {uy, us, ug} be
set of objects and A = {e1,e3} C E and (F, A) be an intuitionistic fuzzy soft set over
U, such that
F(er) = {uiy(s.1),u2/(5,.5), Us/(6,2)}
F(€3) = {Ul/(.7,.2),U2/(.4,.5),U3/(.3,.7)}-
Then
e1g = { (€1, {ury(s,0), U a,6), Ua/(5,3)}) }

is an intuitionistic fuzzy soft point of (F, A) and so, e;€(F, A).
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Theorem 1.22. Fvery intuitionistic fuzzy soft set is written as union of its all intu-
ittonistic fuzzy soft points.

Proof. Let A={e;:1€ 1} C E, (F,A) be an intuitionistic fuzzy soft set and {eg, }rea
be family of all intuitionistic fuzzy soft points of (F, A). For all e; € A, because of

F(e:) = | Giles)

keA

we have

(F,A) = {(es, Fle) e e Ay =,

Theorem 1.23. Let (F, A) and (G, B) be two intuitionistic fuzzy soft sets in ZFS(U, E).
Then (F, A)C(G, B) if and only if ey €(F, A) implies ey €(G, B).

Proof. (=) : Let (F, A)C(G, B). Therefore, for all e € E, F(e) C G(e). If ey € (F, A),
then H(e) C F(e). Because of H(e) C F(e) C G(e), we have H(e) C G(e) and so
eHé(G, B)

(<) : I, for every ey€(F, A) implies ey €(G, B), then in accordance with Theorem
1.22,

€Gk.

UeHé(F,A)eH = (£, 4)

UGHé( enC(G, B).

FA) T

and this implies

So, (F, A)C(G, B).
Definition 1.24. [11] Let 1 CZFS(U,E) and k = {(F,A) : (F,A)° € 7}. Then T is
called an intuitionistic fuzzy soft topology on U if the following conditions are satisfied:
1. U, der
u. (F,A),(G,B) €1 implies (F, A)N(G, B) € T,
iii. {(F;, A;) :i €1} C 1 implies Oie[(Fi?Ai) €.

The pair (U, T, E) is called an intuitionistic fuzzy soft topological space over U. Every
member of T is called an intuitionistic fuzzy soft open set in U. fg is called an intu-
itionistic fuzzy soft closed set in U if (F, A)° € k.

Example 1.25. Let 7' = TFS(U, E) and 7° = {®,U}. Then (U, 7', E) and (U,7°, F)
are intuitionistic fuzzy soft topological spaces. In these intuitionistic fuzzy soft topo-
logical spaces, every intuitionistic fuzzy soft open set is intuitionistic fuzzy soft closed
set.
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Definition 1.26. [11] Let (U, 1, E) be an intuitionistic fuzzy soft topological space and
let (F,A) € ZFS(U,E). Then interior and closure of (F,A) denoted respectively by
int(F,A) and cl(F,A), are defined as follows:

nt(F,A) = U{(G,B)er: (G, BC(FA)}
d(F,A) = ({(G,B)er:(F,A)C(G, B)}.

Theorem 1.27. [11] Let (U, 1, E) be an intuitionistic fuzzy soft topological space over
U. Then the following properties hold.

i. U and ® are intuitionistic fuzzy soft closed sets over U.

1. The intersection of any number of intuitionistic fuzzy soft closed sets is an intu-
itronistic fuzzy soft closed set over U.

15. The unton of any two intuitionistic fuzzy soft closed sets is an intuitionistic fuzzy
soft closed set over U.

Theorem 1.28. [11] Let (U, 1, E) be an intuitionistic fuzzy soft topological space over
U and let (F,A) €e ZFS(U, E). Then the following properties hold.

i. int(F, A)C(F, A)
i. (F,A)C(G,B) = int(F, A)Cint(G, B)
iii. int(F,A) € 7
iv. (F,A) is an intuitionistic fuzzy soft open set < int(F, A) = (F, A).
v. int(int(F, A)) = int(F, A)
vi. int(®) =&, int(U) =U.

Theorem 1.29. [11] Let (U, 1, E) be an intuitionistic fuzzy soft topological space over

U and let (F,A),(G,B) € ZFS(U, E). Then the following properties hold.
i (F, A)C(F, A)

(
i. (F,A)C(G,B) = cl(F, A)Ccl(G, B)
iii. (cl(F,A) er
iv. (F,A) is an intuitionistic fuzzy soft closed set < cl(F,A) = (F, A).
v. cl(cl(F,A)) =cl(F, A)

vi. cl(®) =, d(U)=U.
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Theorem 1.30. [11] Let (U, T, E) be an intuitionistic fuzzy soft topological space and
let (F,A),(G,B) € ZFS(U,E).

i. int(F, A)Nint(F, A) = int((F, A)N(G, B))
i. int(F, A)Uint(G, B)C(F, AUG, B)
iti. cl(F,A)Ucl(G, B) = cl((F, A)U(G, B))

)
w. c(F, A)Nel(G, B)C((F, A)N(G, B))
v. (int(F,A))* = c((F,

A)°)

F, AY)

AA

vi. (cl(F,A))* =int(

Example 1.31. Let consider the intuitionistic fuzzy soft topological space (U, 7', E) in
Ezxample 1.25. It can be seen clearly that every (F, A) intuitionistic fuzzy soft set is
intuitionistic fuzzy soft open and intuitionistic fuzzy soft closed set. Thus, int(F, A) =
c(F,A) = (F,A).

Definition 1.32. Let (U, 7, E) be an intuitionistic fuzzy soft topological space. An
intuitionistic fuzzy soft set (F,A) € ZFS(U, E) is called intuitionistic fuzzy soft neigh-
borhood of the intuitionistic fuzzy soft point 6gé(F A) if there exist an intuitionistic
fuzzy soft open set (G, B) such that eg€(G, B)C(F, A).

The all neighborhoods of intuitionistic fuzzy soft point e is called its neighborhood
system and denoted by N (er).

Definition 1.33. Let (U, 7, E) be an intuitionistic fuzzy soft topological space. An
intuitionistic fuzzy soft set (F,A) € IZFS(U, E) is called an intuitionistic fuzzy soft
neighborhood of (G, B) if there exists an intuitionistic fuzzy soft open set (H,C) such
that (G, B)C(H,C)C(F, A).

Theorem 1.34. (U, 7, E) be an intuitionistic fuzzy soft topological space. Then, the
followings are intuitionistic fuzzy soft topologies.

={0(F,A): (F,A) e 7}
i. T ={O(F,A): (F,A) e}
Proof. Tt can be proved using by Theorem 1.15.

Theorem 1.35. Let (U, 1, E) be an intuitionistic fuzzy soft topological space and ep be
an intuitionistic fuzzy soft point. Then, N (er) has the following properties:

i. If (G, B) € N-(ep), then ey € (G, B)
ii. If (G, B) € N(er) and (G, B)C(H,C), then (H,C) € N, (ep)
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iti. If (G, B),(H,C) € N.(ep), then (G, BYN(H,C) € N;(er)
iv. If (G, B),(H,C) € N,(ep), then (G, B)U(H,C) € N (ep)

v. If (G, B) € N-(ep), then there is a (M, D) € N (ep) such that (G, B) € N.(ey)
for each e}y € (M, D).

Proof. i-iv. s clear. v. If (G,B) € NT(GF), then there is a (5, A) such that €y €
(M, D)E(S, A)E(G, B). So, (G, B) € N (cly).

Theorem 1.36. An (F, A) € ZFS(U, E) is intuitionistic fuzzy soft open if and only if
(F, A) is intuitionistic fuzzy soft neighborhood of all its intuitionistic fuzzy soft points.

Proof. (=) : It is clear.

(<) : Let (F,A) be an intuitionistic fuzzy soft and {ey, : i € I} be family of
all intuitionistic fuzzy soft points of (F,A). Then, for each i € I, there exists an
intuitionistic fuzzy soft open set (G, B;) such that

E(Gy, B)C(F, A)

and therefore ) 3
en, <(Gy, B;)C(F, A)

From Theorem 1.23, we have

mC(Gi B)C(F,A) = | _en = (F,A)C ] _ (Gi, B)S(F, A).

S0, U (G, B;) = (F, A).

Definition 1.37. [18] Let (U, T, E) be an intuitionistic fuzzy §0ft topological space, ep
and eg, are any two intuitionistic fuzzy soft points such that epZel, and e Lep. If there
exist intuitionistic fuzzy soft open sets (Hy,Ch) and (Hs, Cs) such that ep € (Hy,CY),

€ (Hq,Cy) and (Hy,Cy)N(Hq, Cy) = @, then the (U, 7, E) is called intuitionistic
fuzzy soft Hausdorff (or intuitionistic fuzzy soft Ty) space.

Example 1.38. The intuitionistic fuzzy soft topological space (U, 7', E) in the Example
1.25 is an intuitionistic fuzzy soft Ty space. Since, every intuitionistic fuzzy soft point
18 an intuitionistic fuzzy soft open sets.

Definition 1.39. [18] Let (U, T, E) be an intuitionistic fuzzy soft topological space. A
family A = {(F, Ai)}id C 7 is an intuitionistic fuzzy soft open cover if | J,c;(Fi, A;) =
U.

Definition 1.40. [18] Let (U, 1, E) be an intuitionistic fuzzy soft topological space and

A be an intuitionistic fuzzy soft open cover. If {(FZ-,Ai) ES 1,2,...,n} C A is
intuitionistic fuzzy soft open cover, then it is called a subcover of A.
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Definition 1.41. [18] An intuitionistic fuzzy soft topological space (U, T, F) is called
intuttionistic fuzzy soft compact if each intuitionistic fuzzy soft open cover has a finite
subcover.

Theorem 1.42. Let (U, 7, E) be an intuitionistic fuzzy soft topological space. Then,
(U,7,E) is an intuitionistic fuzzy soft compact iff (U,7,, E) is an intuitionistic fuzzy
soft compact.

Proof. (=) Let (U, 1, E) be an intuitionistic fuzzy soft compact and family {CJ(F;, A4;) :
i€ l,(F;,A;) €T} be an intuitionistic fuzzy soft open cover of (U, 7,, E). Thus,

Uzellj(E?Al) - [7 = U DE((B) - iU = \/ ME(B)(u) =1

i€l,e€A; icl,uclU

Therefore, we have
U Fie)=1v.
i€le€A;
{(E’Ai)}iel is an intuitionistic fuzzy soft open cover of (U, 7, E). Since (U, T, E) is
an intuitionistic fuzzy soft compact, there exists a finite subcover {(Ek,Aik) k=
1,2,... ,n} of {(E, Ai)}id such that

Ukzl(Fik? Ay) =U.

Then,

U, _D(F,.4,)=U.
So, (U, 7,, E) is an intuitionistic fuzzy soft compact.
(<) Tt is obvious.

Theorem 1.43. Let (U, 7, E) be an intuitionistic fuzzy soft topological space. Then,
(U, T, E) is an intuitionistic fuzzy soft compact iff (U, T\, E) is an intuitionistic fuzzy
soft compact.

Proof. 1t can be proved a similar way in Theorem 1.42.

2 Intuitionistic fuzzy soft continuous mappings

Definition 2.1. Let (U, 7, F) and (Y, 0, K) be two intuitionistic fuzzy soft topological
spaces. Then the mapping ¢y : ZFS(U,E) — ZTFS(V,K) is said to be intuitionistic
fuzzy soft continuous at intuitionistic fuzzy soft point ep of ZFS(U, E) if for each
(G, B) € N, (¢y(er)), there exists a (H,C) € N.(ep) such that o,(H,C)E(G, B).
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If o, is intuitionistic fuzzy soft continuous at each intuitionistic fuzzy soft point of
IFS(U, E), then ¢, is called intuitionistic fuzzy soft continuous mapping.

Example 2.2. Let (U,7,E) and (V,0,K) be two intuitionistic fuzzy soft topological
spaces and T = ZFS(U,E). Every function ¢y : ZFS(U,E) — IFS(V, K) is intu-

wttonistic fuzzy soft continuous.

Theorem 2.3. Let (U,7,E) and (V,0,K) be two intuitionistic fuzzy soft topological
spaces and ¢y, : ZFS(U, E) — IFS(V,K) be a function and xp € IFS(U, E). ¢y is
intuitionistic fuzzy soft continuous at ep if and only if for each (G, B) € N, (¢y(er)),
there exists a (H,C) € N;(er) such that (H, C)Qgp;l(G, B).

Proof. 1t is clear.

Theorem 2.4. Let (U, 7,E) and (V,0,K) be two intuitionistic fuzzy soft topological
spaces and ¢y : ZFS(U, E) — ZFS(V,K) be a function and xp € IFS(U, E). ¢y is
intuitionistic fuzzy soft continuous at ep if and only if for each (G, B) € N, (¢y(er)),
v, (G,B)er.

Proof. 1t can be proved clearly seen from Theorem 2.3.

Theorem 2.5. ¢, : ZFS(U,E) — IFS(V,K) is intuitionistic fuzzy soft continu-
ous function if and only if for each intuitionistic fuzzy soft set (G,B) of ZFS(V, K),
go;l(G, B) is intuitionistic fuzzy soft open set of ZFS(U, E).

Proof. 1t is clear.

Theorem 2.6. Let (U,7,E) and (V,o0,K) be two intuitionistic fuzzy soft topological
spaces. Py - I]-iS(U, E) — IZFS(V,K) is intuitionistic fuzzy soft continuous if only if
gpll (int(G, B))gint(g@l(G,B)) for each (G,B) € IFS(V, K).

Proof. (=) : Let ¢, be an intuitionistic fuzzy soft continuous mapping and (G, B) €
ZFS(V,K). Then, w;l(int(G, B)) € 7 and from int(G, B)C(G, B), we have

' (int(G, B)) S, (G, B).

Because of int(cpi%G, B)) is largest intuitionistic fuzzy soft open set contained by
v, (G, B),
—1/- = . -1
©y (int(G, B))gmt(gow (G, B)).

(<) : Conversely, let @;1 (int(G, B))éz’nt(@;l(G, B)), for all (G, B) € ZFS(U,E).
If (G, B) € o, then we have

go;l(G, B) = gpll (int(G, B))th((p;l(G, B))égpil(G, B).

So, <p;1(G, B) € 7. It means that, ¢, is intuitionistic fuzzy soft continuous.
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Theorem 2.7. Let (U, T, E) and (V,0,K) be two intuitionistic fuzzy soft topologi-
cal spaces, py + ZFS(U,E) — IFS(V,K) be intuitionistic fuzzy soft continuous.
If (G,B) € ZFS(V.K) is an intuitionistic fuzzy soft closed set, then gp;l(G, B) €
IFS(U, E) is an intuitionistic fuzzy soft closed set.

Proof. 1t can be clearly proved from Definition 2.1.

Theorem 2.8. Let (U,7,E) and (V,0,K) be two intuitionistic fuzzy soft topological
spaces. oy : IFS(U,E) — IFS(V, K) is an intuitionistic fuzzy soft continuous map-
ping iff p,' (cl(F, A))Cel (e, (F, A)) for each (F, A) € ZFS(U, E).

Proof. 1t can be clearly proved from Theorem 2.7.

Theorem 2.9. Let (U,7,E) and (V,0,K) be two intuitionistic fuzzy soft topological
spaces. Let oy : IFS(U,E) — IFS(V, K) be intuitionistic fuzzy soft continuous and
injective. If (V o, K) is an intuitionistic fuzzy soft Hausdorff space, then (U, T, E) is
an intuitionistic fuzzy soft Hausdorff space.

Proof. Since ¢, is injective, @y(er) # wy(ey), for ep # €. Because of (V,o, K) is
an intuitionistic fuzzy soft Hausdorff space, there exist (H, A), (N, B) € o such that
er € (H,A), e € (N,B) and (H, A)N(N, B) = ®. Then, ¢,'(H, A), ¢,'(N,B) € 7
and gp;l(H, A)ﬁcpil(N, B) = ®. So, (U,7,FE) is intuitionistic fuzzy soft Hausdorff
space.

3 Intuitionistic fuzzy soft open and closed mappings

Definition 3.1. [21] Let (U, T, E) and (V, 0, K) be two intuitionistic fuzzy soft topolog-
ical spaces. Then the map ¢, : IFS(U,E) — IFS(V, K) is said to be

i. Intuitionistic fuzzy soft open if pu(F, A) is intuitionistic fuzzy soft open set of
IFS(V,K), for each (F, A) intuitionistic fuzzy soft open set of ZFS(U, E).

ii. Intuitionistic fuzzy soft closed if py(F, A) is intuitionistic fuzzy soft closed set of
IFS(V,K), for each (F, A) intuitionistic fuzzy soft closed set of ZFS(U, E).

Theorem 3.2. Let (U,7,E) and (V,0,K) be two intuitionistic fuzzy soft topological
spaces and let wy, : TFS(U, E) — IFS(V, K) be a map. Then the following statements
are equivalent:

i. @y 1S an intuitionistic fuzzy soft open map
it. py (int(F, A))Cint (py(F, A)) for each intuitionistic fuzzy soft set (F, A) of IZFS(U, E)

iii. int(gozzl(G, B)) Q@;l (int(G, B)) for each intuitionistic fuzzy soft set (G, B) of IFS(V, K).
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Proof. i. = ii. Let (F, A) be any intuitionistic fuzzy soft set of ZFS(U, F). Clearly
int(F, A) is an intuitionistic fuzzy soft open set of ZFS(U, E), Since ¢y, is intuitionistic
fuzzy soft open map, ¢y (int(F, A)) is an intuitionistic fuzzy soft open set of ZFS(U, E).
Thus
oy (int(F, A)) = int(py(int(F, A))) Cint (py(F, A)).
. = 4ii. Let (G, B) be any intuitionistic fuzzy soft set of ZFS(V, K). Then
gp;l(G, B) is an intuitionistic fuzzy soft set of ZFS(U, E). By ii.,

pu (int(¢™ (G, B))) Cint(py (e (G, B)))Sint(G, B).

Thus we have

int(0,' (G, B)) Sy (wu(int (v (G, B)))) Sy (int(G, B)).

iii. = 1. Let (F, A) be any intuitionistic fuzzy soft open set of ZFS(U, F). Then
int(F,A) = (F,A) and ¢y (F, A) is an intuitionistic fuzzy soft set of ZFS(U, E). By
i

(F, A) = int(F, A)Cint (o, vy (F, A)) Sy’ (int(py(F, A))).

Hence we have
oy (F, A) Sy (@, (int(py(F, A)))) Cint (@ (F, A)) Coy(F, A).

Thus ¢y (F, A) = int(py(F, A)) and hence ¢, (F, A) is intuitionistic fuzzy soft open set
of ZFS(U, E). Therefore ¢, is intuitionistic fuzzy soft open map.

Theorem 3.3. Let (U, 7, E) and (V, 0, K) be intuitionistic fuzzy soft topological space
and let oy : ZFS(U,E) — IFS(V,K) be a mapping. Then the followings are are

equivalent:
i. @y 18 tntuitionistic fuzzy soft closed
. cl(g0¢(F, A)) Cpy (cl(F, A)) for each intuitionistic fuzzy soft set (F, A) of ZFS(U, E)

Proof. i. = ii. Let (F, A) be any intuitionistic fuzzy soft set of ZFS(U, E). Clearly
cl(F,A) is an intuitionistic fuzzy soft closed set. Since ¢, is intuitionistic fuzzy soft
closed, ¢y (cl(F, A)) is an intuitionistic fuzzy soft closed set of ZFS(V, K). Then we
have
Cl(SOQﬁ(F’ A))gd (Splb(Cl(Fv A))) = Py (Cl(Fv A))
ii. = 1. Let (F, A) be any intuitionistic fuzzy soft closed set of ZFS(U, E). Then
cl(F,A) = (F,A). By i,

Cl((p¢(F, A))é(ﬂw (CZ(Fa A)) = %(F, A)éd ((10111(F7 A))

Thus ¢y (F, A) = cl(py(F, A)) and hence ¢,(F, A) is an any intuitionistic fuzzy soft
closed set of ZFS(V, K). Therefore ¢y, is any intuitionistic fuzzy soft set closed.
In case ¢y, is bijection, we have the following theorem.
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Theorem 3.4. Let (U, 1, E) and (V, 0, K) be intuitionistic fuzzy soft topological spaces
and @y : TFS(U,E) — IFS(V,K) be a bijection mapping. Then the following state-
ments are equivalent:

i. @y 1S an intuitionistic fuzzy soft closed map
ii. cl(py(F, A))C for each intuitionistic fuzzy soft set (F, A) of IFS(U, E).

iii. go;l (cl(G, B))cl(gpil(G, B)) for each intuitionistic fuzzy soft set (G, B) of IFS(V, K).
Proof. By the Theorem 3.3, it suffices to show that ii. equivalent to . Let (G, B)
be any intuitionistic fuzzy soft set of ZFS(V, K). Then cp;l(G, B) is an intuitionistic
fuzzy soft set of ZFS(U, E). Since ¢y, is onto,
c(G, B) = cl(py(p; (G, B))) Sy (cl(¢, (G, B)))
S0 )
vy (cl(G, B)) Syt (pulel(v; (G, B)))).-
Since ¢y, is one-to-one
vyl (G, B)) Syt (pulcl(py (G, B)))) = cl(p, (G, B)).

Conversely, let (F,A) be any intuitionistic fuzzy soft set of ZFS(U, E). Then

@y (F, A) is an intuitionistic fuzzy soft of ZFS(V, K'). Since ¢y, is one-to-one

o (cl(pp(F, A))) el (py(pu(F, A))) = cl(F, A).
So
o (03 (cllpy(F, A)))) = wy(cl(F, A)).
Since ¢y, is onto
cl(py(F, A)) = 0y (9, (cl(py(F, A)))) Spy (cl(F, A)).
From Theorem 3.2, Theorem 3.3 and Theorem 3.4, we have the following result.

Theorem 3.5. Let (U, 1, E) and (V, 0, K) be intuitionistic fuzzy soft topological spaces
and oy : IFS(U, E) — IFS(V,K) be a bijection mapping. Then the following state-
ments are equivalent:

i. Py 15 an homeomorphism

i. Py 15 ntuttionistic fuzzy soft continuous and intuitionistic fuzzy soft closed
iii. py(cl(F,A)) = cl(py(F, A)) for each intuitionistic fuzzy soft set (F, A) of ZFS(U, E).
. cl(gplll(G, B)) = go;l(cl(G, B)) for each intuitionistic fuzzy soft set (G, B) of ZFS(V, K)

v. gpizl(z'nt(G,B)) = int(gpll(G, B)) for each intuitionistic fuzzy soft set (G, B) of
TFS(V,K)

vi. int(py(F, A)) = @y (int(F, A)) for each intuitionistic fuzzy soft set (F, A) of IZFS(U, E).
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4 Conclusion

It is well known that various types of functions play a significant role in the theory
of classical point set topology and engineering, economics etc. A great number of pa-
pers dealing with such functions have appeared and a good many of them have been
extended to the fuzzy topological spaces, soft topological spaces and fuzzy soft topo-
logical spaces by workers. The purpose of the present paper is to define intuitionistic
fuzzy soft continuous maps and obtain several basic properties. Differently from previ-
ously published papers, we have studied the functionality of the intuitionistic fuzzy soft
continuous mappings on intuitionistic fuzzy soft topological spaces and the relation-
ships between intuitionistic fuzzy soft open/closed mappings and intuitionistic fuzzy
soft continuous mappings. It may be a different viewpoint for researchers. Hence, we
hope, it will be attracted attention.
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