Bull. Korean Math. Soc. 45 (2008), No. 2, pp. 207-220

SUPRA FUZZY CONVERGENCE OF FUZZY FILTERS

A. A. RAMADAN AND A. A. ABD EL-LATIF

ABSTRACT. We introduce and study the notions of supra fuzzy conver-
gence of fuzzy filters, sy-fuzzy open (closed) sets, sy{sy*)-fuzzy continu-
ous and sy-fuzzy open mapping. Also, we investigate some of fundamental
properties of these notions.

1. Introduction and preliminaries

Sostak [14], introduce the fundamental concept of a fuzzy topological struc-
ture as an extension of both crisp topology and Chang’s fuzzy topology [1],
in the sense that not only the object were fuzzified, but also the axiomatics.
In [15, 16] Sostak gave some rules and showed how such an extension can be
realized. Chattopdhyay et al. [2, 3] have redefined the similar concept. In [11]
Ramadan gave a similar definition namely “Smooth fuzzy topology” for lattice
L = [0,1], it has been developed in many direction [4, 6, 7, 9]. Ramadan [12],
introduce the concept of smooth filter structures in the framework of smooth
topology and he establish some of their properties. Also, Ramadan et al. [13]
introduce the concept of convergence of smooth fuzzy filter in smooth fuzzy
topological spaces. In this paper we introduce and study the notions of supra
fuzzy convergence of fuzzy filters, sy-fuzzy open (closed) sets, sy(svy*)-fuzzy
continuous and svy-fuzzy open mapping. Also, we investigate some of funda-
mental properties of these notions.

Throughout this paper, let X be a nonempty set, I = [0,1], I; = (0,1] and
IX denote the set of all fuzzy subsets of X. A fuzzy point z; for ¢t € I, is an
element of IX such that, for y € X,

t ify=ux,
nly) = {0 if y # z.

The set of all fuzzy points in X is denoted by Pt(X). A fuzzy point z; € X if
and only if ¢ < Az} {10].
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Definition 1.1 ([11]). A mapping 7 : IX — I is called fuzzy topology on X
if it satisfies the following conditions:

(01) 7(0) = (1) = L.

(02) 7(pa A pa) > 7(pa) A7) for any pa, pa € I,

(03) 7(V;eg #i) 2 Nigy 7(pi) for any {p; :i € J} C Ix.
The pair (X, 7) is called fuzzy topological space (briefly, fts).

Theorem 1.1 ([3]). Let (X,7) be a fts. Then, for each A € IX and r € Iy we
define an operator C;y : IX x Iy — IX as follows:

Cr(\r) = /\{u A< p,7(L—p) > 7}

For each \,u € I*Xand r,s € Iy the operator C. satisfies the following
conditions:

(i) OT(Q: 7') =0

(i) A < C- (A 7).

(iii) Cr(A,r) V Cr(p, 1) = Co(

(iv) Cr(\r) S Cr(Ays) if 1 < s

(v) C-(Cr(A,m),m) = Cr (A, 7).

Theorem 1.2 ([8)). Let (X,7) be a fts. Then, for each A € IX andr € Iy we
define an operator I, : IX x Iy — IX as follows:

r=\{p:p< Ay >r}

For each M\, u € I*and r,s € Iy the operator I, satisfies the following
conditions:

O LA-Ar)=1-C(\r) and C.(L— A7) =1-L; (A1)

(iii) I (A7) < A

(iv) I (A1) /\I (u,r) = I (

™) L) 2 L\ s) ifr < s

(vi) IT(IT()\ T), L(A,1).

r) =

Definition 1.2 ([5]). A mapping 7 : IX — I is called supra fuzzy topology
on X if it satisfies the following conditions:

SH () =7(1) =1.

(S2) T(Viegts) = Nyey 7(wi) for any {p; :i € J} C .
The pair (X, 7) is called supra fuzzy topological space (briefly, sfts).

Let 7* be supra fuzzy topology. Then 7* ia called the supra fuzzy topology
associated with a fuzzy topology 7 if 7 < 7*.

/\Vu,)

/\/\u, T).

Definition 1.3 ([11]). Let (X,7) and (Y, 72) be fts’s and let 77 and 75 be
associated supra fuzzy topolog1es with 7y and 75 respectively. Then the map-
ping f : X — Y is called fuzzy continuous (resp. supra fuzzy continuous) if

T (FH(w) > o (p)(vesp. 75 (f (1) > 75 () for each p € IY.
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Definition 1.4 ([12]). A mapping F : I* — I is called fuzzy filter on X if
it satisfies the following conditions:

(F1) 7(Q) =0.

(F2) F(AA ) > F(A) A F(p) for each A, pu € IX.

(F3) T A < i, F(\) < F(p).

A fuzzy filter is said to be proper if F(1) =

If 71 and F; are fuzzy filters on X, we say J; is finer than F» (or Fy is
coarser than F1), denoted by Fo < Fy, if and only if F(\) < Fi(}) for all
Ne I,

Theorem 1.3 ([13]). Let F and G be proper fuzzy filters on X satisfying the
following condition:

(C) A, e €I with F(A\) >0 and G(A\;) > 0, we have A\; A Ay # 0.
Define a mapping FV G :IX > 1 as

FVG) = \{FO) AGD) s A= X Adg).
Then F V G 1is the coarsest proper fuzzy filter which is finer than F and G.

Theorem 1.4 ([13)). Let a mapping f : X = Y and F a fuzzy filter on X.
We define a mapping f(F): 1Y = I as:

F(F) ) = F(F7 (W)
Then f(F) is e fuzzy filter on Y.

2. Supra fuzzy filter convergence
Theorem 2.1. Let (X,7) be sfts and 2y € Pt(X). Define Sy, : I — I by
5. () = V{r(wi) : ALy <A}, if a E Vi
0, otherwise.

Then S, is a fuzzy filter on X, we call it the supra neighborhood fuzzy filter at
L.

Proof. (F1) is easy.
(F2) Suppose that there exist A, Ao € I and r € I such that
Sa:g(/\l A /\2) <r< Sxt()\l) N S.zt(/\Z)

Since Sg, (A1) > r and S;,(A2) > r and by definition of S,, there exist v;, u; €
IX,i=1,2,...,n,7=1,2,...,m such that

/\?:11/1'5)\1, LEtEI/i, T(l/i)zr, i=1,2,...,n
and
/\;n:l/“js)‘?a mte,uja T(/‘j)zn ]'—"—"1,2,'..,77?,

Then, AL v; A AZ 5 < A1 A Ag and since for each i = 1,2,...,n, j =
L,2,...,m, x4 € v, 2 € pj, T(v;) > r and 7(p;) > r we have Smt(/\l /\)\2) >r.
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It is a contradiction. Hence, Sz, (A1 A Ag) > Si, (A1) A Sz, (A2) for each Ap, A2 €
Ix.

(F3) Let A;, A €1 X guch that A\; < X». Suppose that there exists r € I
such that

Smt (/\1) >r > Swg()\Q)
Since S;, (A1) > r, and by definition of S,,, there exist v; € IX,i=12,...,n
such that
/\?:1’/1' _<_)‘1 S)‘Qa Tt € vy, T(Vi) Zra = 1,2,...,”.

Then S, (X2) > r. It is a contradiction. Hence, S;, (A1) < Sg,(A2). a

Definition 2.1. Let (X,7) be a sfts and let F be a fuzzy filter on X. We
say that F is supra fuzzy converges to x; € Pt(X) if F is finer than the supra
neighborhood fuzzy filter S,,.

Definition 2.2. Let (X,7) be a sfts and let F be a fuzzy filter on X. For,
r € Iy we say that z; € Pt(X) is r-supra fuzzy cluster point of F if for every
A € IX with z, € A, 7(A) > r and F(u) > r, we have AA p # 0.

Definition 2.3. Let (X,7) be a sfts and let F be a fuzzy filter on X. For,
r € Iy we say that z; € Pt(X) is r-supra fuzzy strong cluster point of F if for
every A, u € I with S;,(\) > 7 and F(u) > 7, we have AA p # 0.

Remark 2.1. Every r-supra fuzzy strong cluster point of a fuzzy filter is also -
supra fuzzy cluster point but the converse is not true in general as the following
example shows.

Example 2.1. Let X = {z,y,2} be a set. Define A1, Xy € IX as follows:
AM(z) =038 A (y)=0.5 A(2) =00

/\2 (.’L‘) =0.8 )\Q(y) =0.0 )\2(2) =0.5.

We define a supra fuzzy topology 7 : IX — I as follows:

1, if A=0,1

0.5, if A=A VA

0.3, if Ae{A, A}

0, otherwise.

Let t <0.8 and 0 < 7 < 0.3. Then
1, if A=1
0.5, if V<A<l

Se,(M)=403, f A <A<AMVA or <A< VA

03, f MAXM<SAKA or MAXNSA<S<A
0, otherwise.

T(A) =
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Define a fuzzy filter F : I — I as follows:
1, if A=1
FA) =408, if xg.p<A<l
0,  otherwise.
Then x; is r-supra fuzzy cluster point of a fuzzy filter F but it is not r-supra

fuzzy strong cluster point of F. Since, S;, (A1 AXz2) = 0.3 > r and F(xy(y,.}) =
0.6 > r but (}\1 Ay )\2) A X{y,z} = 0.

Theorem 2.2. Let (X, 1) be a sfts and let F be a fuzzy filter on X. Then F

has z; € Pt(X) as r-supra fuzzy strong cluster point if and only if there is a
finer fuzzy filter G than F such that G supra fuzzy converges to xy.

Proof. If x, is r-supra fuzzy strong cluster point of F, then for each \, p € I¥
with Sz, (A) > r and F(u) > r, we have A A # 0. From Theorem 1.3, we can
define
G=S,VvF

such that S,, <G and F < §. Thus G is supra fuzzy converges to z;.

Conversely, if S;, < G and F < ¢, then for each A, p € IX and r € Iy with
Sy, (A) > r and F(u) > r, we have G(A) > r and G{p) > r. Since G is a fuzzy
filter, GAAA p) > G(A) AG(p) > 7, then AA p £ 0. Thus 2, is r-supra fuzzy
strong cluster point of F. O

Theorem 2.3. Let (X, 1) and (Y,72) be sfts’s and let f: (X, 1) = (Y, 72) be
a supra fuzzy continuous mapping. Then we have the following statements:

() Sr(ap, (0) < Se, () or each € 17
(il) For every fuzzy filter F on X and x4 € Pt{(X), if F supra fuzzy converges
to x4, then f{F) supra fuzzy converges to f(x); in Y.

Proof. (i) Suppose that there exist g € I¥ and r € Iy such that

Sf(a:)t(:u) 2r> Swt(fvl(:u'))
Since Sy, (1) > r, there exist v; € IV with f(z), € vy, m2(vi) > 7, i =
1,2,...,n such that A, v; < p. Then,

FTUA ) = A ) < M) and oz e TN, i=1,2,.0 0.
Also, 1 (f~'(vi)) > ma(vi) > r, hence Sy, (f *(w)) = 7. It is a contradiction.
Thus Syay, (1) < Se, (F 71 (1)) for each p € IV,

(ii) Let F be a fuzzy filter on X and x; € Pt(X) such that F is supra fuzzy
converges to z;. Then for each € IV we have

Sa (F7HW) < F(FH ).

Since f is supra fuzzy continuous and by using (i) we have

Sy () < Se(F7H(W) < F(FH W) = F(F) ()
Then, Sy, < f(F). Hence f(F) is supra fuzzy converges to f(x);. O
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3. r-sv-fuzzy open sets and r-sy-fuzzy open sets

Definition 3.1. Let (X,7) be sfts, v € IX and r € I;. Then v is called:
(i) r-sy-fuzzy open (briefly r-syfo) set if either » = 0 or S;,(v) > r for all

I € V.

(ii) r-sy-fuzzy closed (briefly r-svfc) set if 1 — v is r-svyfo set.

Remark 3.1. Let (X,7) be sfts and r € I;. Then for every A € I* with
T(A) > 7, X is r-syfo but the converse is not true in general as the following

example shows.

Example 3.1. Let X = {z,y, 2} be a set. Define Ay, Ay, € I as follows:

)\1(1‘) =1.0 /\1 (y) =0.6 /\1 (Z) =1.0
)\2 (:1:) =0.6 Ag(y) =1.0 )\2(2) =0.0
plz) =10 ply)=09  u(z)=10.
We define a supra fuzzy topology 7 : IX — I as follows:
1, if A=0,1
06, if A=)
A) = ’
"N =04, i A=
0,  otherwise.
Let 0 <7 <0.4. Ift > 0.6 we have
, if A=1
Sz, (A) =406, if A <A1
0,  otherwise.
1, if A=1
Sy (M) =404, if <A<l
0, otherwise.
1, if A=1
SH(A) =406, if <A<l
0,  otherwise.
If £ < 0.6 we have
1, i ax=1
06, if <A<l
S.,(A) =404, if <A<l
0.6, if )\1/\/\2S/\<)\1 or AMAX <AL

0, otherwise.
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1, if A=1
06, if Ay <acl
Sy (A) =104, if A<A<]
0.6, if MAXMSACA or AMAN<A<h
0, otherwise.

1, if A=1
S:(A) =406, if My <A<l
0,  otherwise.

Then, p is r-svfo set of X but 7(p) = 0.0 2 r.

Theorem 3.1. Let (X, 7) be a sfts andr € Iy. Then,
(i) Any union of r-syfo sets is r-syfo set.
(ii) Any intersection of r-syfc sets is r-syfc set.
Proof. (i) Let {X; : i € J} be a family of r-syfo sets. Then for each i € J we

have S, (\;) > r for each x; € \;. So, there exist v, € IX with z, € v, and
T(vig) >, k=1,2,...,n; such that AL, vir < A; then

VA m <V x

ieJ k=1 icd
Thus

/\(\/ var) <\ A

k=1 ieJ icJ
Let Vigk = Vie.] Vik . Then

Vzok =T \/ Vzk /\ Vlk) zr

icJ eJ
Since x; € vix for each k =1,2,...,n; and AL, vigr < Vs s,
See(\/ M) 27 foreach z € \/ A
ieJ ied

Thus VZEJ A is r-syfo set on X.
(ii) It is easy from(i) and the fact, \/,c;(1 = A;) =1 — A5 A O

Definition 3.2. Let (X, 7) be a sfts, A € I and r € I. Then,
(i) The r-sy-interior of A denoted by s, (A,r) is defined by

sLAr) =\/{ueI* :p<Au is r-syfo}.
(i) The r-sy-closure of A denoted by sC, (A, r) is defined by
sCy(\ 1) = /\{u eI*:u>X\p is rsvyfc}
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Theorem 3.2. Let (X,7) be a sfts, \ € I*X andr € I,. Then,
s, (A1) = \/{z: € P(X) : Sz, (\) > 7}

Proof. For each z; € sI,(\,r), there exists r-syfo set p € I* such that z; € p
and u < A. Then S,,(p) > r. Since S, is fuzzy filter, S;, () > S, (1) > r.
Thus

(3.1) sy (A1) < \/{z: € PH(X) : S0, (A) > 7}

Conversely, for each z, € Pt(X) and S,,(\) > r, there exist v; € I* with
z; € v, T(v;) > v, i =1,2,...,nsuch that v = A, »; < A Thus S, (v) > 7,
since z; € v < A, 24 € sI,(A,r). Then
(3.2) \/{z: € PHX) : So, (V) 27} < sL (A 7).

From (3.1) and (3.2) we have

sL(A\, 1) = \/{z € PH(X) : S, (V) 2 7}

Theorem 3.3. Let (X,7) be a sfts, \ € IX andr € Iy. Then we have
(i) sI,(L— A, 1) =1—sC,(A,1).
(i) sC,(1 = A7) =1—sL,(Ar).

Proof. For A € IX and r € I we have the following:
1-sC,(\r) =1-AN{pel®:pzrp is rsyfc}

=\{l-p:l-p<l-MN1-p is rsyfo}
=sl,(1 - A7)
(i) Similar to (i). 0O

Theorem 3.4. Let (X,7) be a sfts, \ € I* andr € Iy. Then
(i) X is r-syfo set if and only if A = sI,(\,r).
(ii) X is r-syfc set if and only if A = sC, (A, 7).

Proof. Obvious. O

Theorem 3.5. Let (X,7) be a sfts. For \,u € IX and r € I the following
statements are valid:

(i) sI, (A1) <A <sCy (A T).

(i) sIy(\,r) < sl (v,r), if A < p.

(i) sC,(A,7) < sC,(v,r), if A < p.

(iv) sIy(sI (A7), r) = sl (A,r).

(v) sCy(sCy(A,1),1) = sCy(A, 7).

Proof. Straightforward. O
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Theorem 3.6. Let (X,7) be a sfts. Then the mapping T : IX — I which
defined by
() = {V{r cr€lp}, if A ds r—svyfe

0, otherwise,
is a fuzzy topology on X.

Proof. (T1) Since 0 and 1 are r-svfo set on X foreach r € Iy, T(0) =T(1) = 1.
(T2) Suppose that there exist A1, Ay € IX and ry € Iy such that

T(A1 Adg) <o <T(A) AT(A2).
Then T(Ay) > ro and T'(X2) > ry which implies that
Sz, (A1) > 1o for each z; € Ay and S, (Ae) > rg for each z, € Ag.
Since S,, is a fuzzy filter we have
Sz, (A1 AA2) > Sz (A1) A Si, (A2) > 1 for each z € Ay A Ag.

Then A A Ag is ro-syfo set on X. Thus T(A A A2) > rp. Tt is a contradiction.
Hence,
T(A AXg) > T (M) AT(Ny) for each Ay, Ay € I,

(T3) Suppose that there exist A = \/;.; A; € I¥X and r € I such that

T(A) <o < N\ TO).
ieJ
Then T(X;) > r for each i € J, this implies that S, (A;) > ro for each 2, € A;,
i € J. By using Theorem 3.1, we have SM(ViEJ A;) > 1o foreach z; € Vie] Ai.
Thus S,,{A) > ro, a contradiction. Thus

T(\/ M) > \ T(\:) foreach {Xi: )€™},
icJ icd

4. gv-fuzzy continuous and svy*-fuzzy continuous mappings

Definition 4.1. Let (X, 7;) and (Y, 72) be fts’s and let 77 be an associated
supra fuzzy topology with 73. Then the mapping f : X — Y is called sy-fuzzy
continuous if f~1(A) is r-s7-fo set on X for each A € IV with (\) > r.

Theorem 4.1. Let f : (X, 1) = (Y, ) be a mapping from a fis (X,71) to
another fts (Y, 1) and let 7 be an associated supra fuzzy topology with .
Then the following statements are equivalent:

(i) f is sy-fuzzy continuous;

(ii) F71(X) is r-s7y-fc set on X for each A € I andr € Iy with 72(1-X) > r;

(iii) f(sCy(v,7)) < Cry(f(v),7) for each v € IX, r € Iy;

(iv) sC,(f~1(A), 7)) < F~HCry(\, 7)) for each A€ IV, 1 € Iy;

() YT (Ar) < sL(f7HA).7)) for each A € IV, r € .
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Proof. (i)&(ii) It is easily proved from Definition 3.1, and f~}(1 - 1)) =1~
1.
(ii)=>(iii) Suppose that there exist v € IX and r € I, such that
f(sCy(v,m)) £ Cry(f(v), 7).

Then there exist y € Y and ¢t € Iy such that

FsCy () ) >t > Cry (f(), 7)(y)-

If f71({y}) = ¢, then f(sC,(v,7))(y) =0, it is a contradiction. If f~'({y}) #
¢, then

F(sCy(rm)(y) = sup  sCy(v,7)(z) > 1> Cry(F(v),7)(f()).
zef~1({y}

Then there exist 2o € f~1({y}) such that

41)  F(sCy(r,m))(y) 2 sCy(v,r)(@0) > t > Cry (£ (), ) (f(w0))-
Since Cr, (f(v),r)(f(z0)) < t, there exists p € I¥ with (1 — p) > = and
f(v) < p such that
Cry (f(#),7)(f(@0)) < ulf(zo)) <t
Moreover, f(v) < p implies v < f~1(u). By (ii) f~(p) is r-sy-fc set on X.
Thus
sCy(v,1))(0) < sCy(f 71 (1), 7)) (wo) = 7" (1) (20) = u(f(20)) < t.
It is a contradiction with (4.1).
(iii)=(iv) Let A € IY be arbitrary. Put v = f~1()), by (iii) we have
F(8CL(f7HN), 1)) < Cr(F(FTH (A1) < Cry (W, 7).
This implies that
sCy(f7HN), 1) < FTHFGCLFTHN,M)) < F7HCR (A1),

(iv)=(v) It easily proved from Theorem 1.2 (i) and Theorem 3.3.
(v)=(i) Let u € I¥ be arbitrary and 7>(u) > r. By (v) we have

FHw) = F I () < L (7 (), ).
On the other hand, by Theorem 3.5, f~!(u) > sL,(f~1(u), 7).
Thus f='(u) = sI,(f~*(u),r). By Theorem 3.4(i), f~'(p) is r-sy-fo set on
X. _ O

Definition 4.2. Let f: X — Y be a mapping from a sfts (X, ;) to another
sfts (Y, 72). Then f is said to be sy*-fuzzy continuous if f~1()) is r-sy-fo set
on X for each r-sy-foset AonY.

Remark 4.1. Every svy*-fuzzy continuous mapping and every fuzzy continuous
mapping is sy-fuzzy continuous mapping but the converse may not be true as
we shows in the following example.
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Example 4.1. Let X = {x,y} and Y = {a,b} be sets. Define A\;, A € IX and
p1, iz, v € IV as follows:

/\1 (.Z‘) =1.0 /\1 (y) =0.6
Az2(z) = 0.6 A2(y) = 1.0
pi(a) =10 pi(b) = 0.7
pz(a) = 0.0 p2(b) = 1.0
v(a) =0.8 v{b) = 0.8.
Define the fuzzy topologies 71 : IX — I and 75 : IY — I as follows:

L, if A=01
Ti(A) =<0.5, if A=A

0, otherwise.

1, if p=01
To(p) =04, if p=pu

g, otherwise.

Define their associated supra fuzzy topologies 71 : IX — I and 75 : IY — I as
follows:

L, if A=01
PO = 0.7, if A=X
BT 06, i A=A
0, otherwise.
L, i p=0,1

() =406, if p=p,pe
0, otherwise.

Let 0 <7 <04 and 0 <t <0.6. Then we have

(1, if A=1

07, if Ai<A<l

Sz, (A) = 106, if A <A<l

0.7, if MAX<AKA;
0, otherwise.

1, if A=1

0.7, if A <A<l
Se(A) =406, if <A<kl

0.7, if AIAM<A<A
0, otherwise.
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1, i p=1
Sap) =406, if m<p<l
0, otherwise.
1, if p=1
Sp(p) =406, if pmAp<p<l
0, otherwise.
Define the mapping f: X — Y as follows:

fz) =a, fly) =b.

Then f is sy-fuzzy continuous but it is neither sy*-fuzzy continuous nor fuzzy
continuous.

Theorem 4.2. Let f : (X,71) = (Y, 72) be a mapping from a sfts (X,71) to
another sfts (Y, 13). Then the following statements are equivalent:

(i) f is s¥*-fuzzy continuous;

(ii) £~Y(N) is r-sy-fc set on X for each r-sy-fc set on'Y | r € Ip;

(iii) f(sCy(v,7)) < sC,(f(v),r) for each v € I*, r € Iy;

(iv) 5C,( 7 (), 1) < 1 (sCy (A, 1) for each A€ 1Y, 7 € Iy

(v) FYsL,(A, 1) < sL,(f~Y(N),7)) for each A€ IY, r € I,.

Proof. Similar to the proof of Theorem 4.1. a

Definition 4.3. Let (X, 7)) and (Y, 7) be fts’s and let 75 be an associated
supra fuzzy topology with 75. Then the mapping f : X — Y is called sy-fuzzy
open if f(v) is r-sy-fo set on Y for each v € IX with 7 (v) > 7.

Theorem 4.3. Let f : (X,71) — (Y, m)be a mapping from a fts (X, 1) to

another fts (Y, 7o) and let 75 be an associated supra fuzzy topology with To.
Then the following statements are equivalent:

(i) f is sy-fuzzy open;

(i) f(Ir, (v,r)) < sL,(f(v),r) for each v € IX, r € Iy;

(i) Ir, (f7L(N), 7)) < F7Y(sL,(\, 7)) for each N € IY, r € I,.
Proof. (1)=(ii) For all v € IX, r € Iy, since 7 (I, (v,7)) > r, f(I,, (v,7)) is
r-sy-fo set on Y. From Theorem 3.4, we have

fI(v,r)) = sIy(f (I, (v,7)),7) < 8L, (f(v), 7).

(ii)=(i) For all v € I*, r € Iy with 7 (v) > r we have I, (v,r) = v. By

using (ii) we have
f(’/) = f(ITl(I/,T)) < SI‘Y(f(V)7T)'

Then, f(v) = sI,(f(v),r). By Theorem 3.4, f(v) is r-sy-fo set on Y. Thus f
is sy-fuzzy open.

(ii)=>(iii) For all A € IV, r € Iy, by (ii) we have

FIL (I, 1) S sL(F(FHN), 1) < sL(A 7).



SUPRA FUZZY CONVERGENCE OF FUZZY FILTERS 219

This implies that
L (f7H 0 < ST (T 0,m)) < L ().
(iii)=s(ii) For all v € I*, r € Iy, by (ii) we have
I, (v,r) < L (f7HFQ0)r) < FTHsL(f(v), ).
This implies that

FIr (v,m) < F(F (8L (f(w),m))) < 8L (f(v),7).
O

Theorem 4.4. Let f : (X,71) = (Y,72) be a mapping from a fts (X,71) to
another fts (Y, ) and let 75 be an associated supra fuzzy topology with .
Then the following statements are equivalent:

(i) f is sy-fuzzy open;
(ii) For each z; € Pt(X) and for each v € I, r € Iy with 71(v) > r and
z; € v, we have S;, (f(v)) >r.

Proof. It is easy. O
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