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1. Introduction

Chang [10] in 1968 defined fuzzy topological space as
every fuzzy set may be open or not. Goguen [15] developed
the concept of Chang and redefines the general lattice L in
[0,1]. Kubiak [20] reprsent topology is itself fuzzy in addition
to fuzzy set and Sostak [33] also represent the same. The
common approach towards the topological system with power
sets was unified in [17]-[21]is the open research field for
researchers Now.

Atanassov [6]-[8] introduced Intuitionistic fuzzy set a gen-
eralization to fuzzy sets. Intuitionistic fuzzy topology was
defined by Coker and his team [11]-[13] in Chang sense. In-
tuitionistic fuzzy gradation of openness was attributed by
Kubiak an d sense [31, 32], in 2005, Gutierrez Garcia and

Rodabaugh [14] after clearing the doubt’s of fuzzy intuitionis-
tic they worked under “double".

Concept of multimapping was coined by Berge [9] in
topological space also Popa [29, 30] identified the concept of
irresolute multimapping. Many authors [4, 5] [25]-[27]) all
worked in continuity of multifunction and in concept of fuzzy
topology [10]. At present Kerre et al.,[34, 35] identified the
continuity of fuzzy multivalued mapping.

All over the paper, nonempty sets will be represent as
X, Y etc., L=10,1] and Ly = (0, 1]. The group of all fuzy
sets of X is represented by LX. For « € L, at(x) = a for all
x € X. A fuzzy point x, for t € Ly is an element of LX such
t,ify=x

0, if y # x.
X is represented by Pt(X). A fuzzy point x, € A iff t < A(x).
All other symbols are as in standard of fuzzy set theory.

that x, (y) = The group of all fuzzy points in

2. Preliminaries

Definition 2.1. [3] Let F : X —o Y. Then F is called a
fuzzy multifunction (FM, for short) iff F(x) € LY for each
x € X. The degree of membership of y in F (x) is denoted by
F(x)(y) = Gr(x,y) for any (x,y) € X x Y.
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The domain of F, denoted by dom(F) and the range of F, de-

noted by rng(F) foranyx € X,y €Y: dom(F) =\ Gr(x,y)
yey

and rng(F)(y) = VyexGr(x,y).

Definition 2.2. [3] Let F : X — Y be a FM. Then F is called
normalized iff for each x € X, there exists yo € Y such that
GF (xva) =1

Definition 2.3. [3] Let F : X — Y be a FM. Then

(i) The image of A € LX is a fuzzy set F(1) € LY and
defined by:F (A)(y) = Vaex [GF (x,y) AA(x)].

(ii) The lower inverse of i € LY is a fuzzy set F'(u) € LX
and defined by:F! (1) (x) = Vyey [Gr (x,y) A ()]

(iii) The upper inverse of i € LY is a fuzzy set F*(u) € LX
and defined by:F"(1t)(x) = Ayey [G (x,y) V 1 (y)].

Theorem 2.4. [3] Let F : X — Y be a FM. Then
(i) F(M) <F(AQ) if M < A
(ii) F'() < F'(p2 and F*(w) < F*(lo if < o,
(iii) F'(1—p)=1-F"(u).
(iv) F*(l—p) =1—F'(u).

Definition 2.5. [32, 36] A double fuzzy topology on X is a
pair (%,%) of the mappings %,% : LX — L which satisfy the
following conditions:

(i) T(A)+EA) <1, VA eLX
(ii) (2,1 /\2,2) (}\,1) A ’C(}Lz) and 1(2.1 /\2,2) (}1,1)
( ) Vl],ﬂ,z ELX
(i) T(VierAi) = Nier T(Ai) and T(Vier Ai) < Vier T(4),

V{l{}ier C LX.

The triplet (X, T, %) is called a double (intuitionistic) fuzzy
topological space (dfts, for short). T(1) and 7(1) may be
interpreted as a gradation of openness and a gradation of
nonopenness for A € LX, respectively.

Theorem 2.6. [1, 22] Let (X,7,7) be a dfts. Then for each
A € LX, r€ Ly and s € Ly, we define operators Cz x and
Izt LY X Ly x Ly — L* as follows: Cz#(A,r,5) = N{1 €
Xoa <y, 2(1—p)>nt(l—p) <s}and

I 2(ris) = Vi € LX : < A 2() = 1 E(u) < s).

For A,u € LX and r € Ly, s € L; the opertaor C; ¢ satisfies
the following statements:

(i) Cz£(0,1,5) =0.

(i) A <Czz(4,19).
(i) Cez(A,r,5)V Cez(lh,rs) =Ce
AiffT(1—2) >

gAVi,rns).

(iv) Czz(A,rs) = rand Z7(1—A) <s.
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(V) Cz1(Crx(A,15),15) = Cr 2(A,1,5).

(vi) Czx(1—A,r,s) =1—1I; (A, r,s) and I% (1

)

l_cf'f()‘ars)

)

—A,ns)=

Definition 2.7. [1] Let (X,7,%) be a dfts. Then for each
AelX, reLyands € Li: afuzzy set A is called an

(i) (r,s)-generalized fuzzy open (briefly, (r,s)-gfo) iff © <
Iz T(l r,s) whenever W <A and T(1—p) >r, t(1l—

w) <

(ii) (r,s)-generalized fuzzy closed (briefly, (r,s)-gfc) iff C; +
(A,r,s) < U whenever A < 1 and T(u) >r, T(1) <s.

Theorem 2.8. [1] Let (X, 7T,7) be a dfts. Then for each A €
LX7 r€ Loands € Ly, we have

(i) If T (1—A) > r,T1(1—A) <s, then A is (r,s)-gfc.
(ii) If A is (r,s)-gfc, then A is (r,s)-gfsc.

Theorem 2.9. [1] A dfts (X, 7,%) is said to be: (r,s)-FT% iff
F(1—A)>r ¥(1—A) <sforeach A € LX is (r,s)-gfc.

Definition 2.10. [28] Let (X,7,%) be a dfts. Then for each
AeLX relLyands € Ly: afuzzy set A is called an (1,s)-
fuzzy regular open (briefly, (r,s)-fro) A = Iz zCz () and
(r,s)fuzzy regular closed (briefly, (r,s)-frc) if A = Cz 3l #(A).

Definition 2.11. [28] Let (X, 7,1T) be a dfts. Then for each
A €LX, reLyands € Ly, we define operators 8Cz ¢ and
81z : L x Ly x Ly — L* as follows: §Cz #(A,r,s) = N{u €
LX A<, pis (rs)-frc} and 81z x(A,r,s) =\ {pn € LX :
w<A,u is(rs)-fro}.

Definition 2.12. [28] Let (X,7,%) be a dfts. Then for each
AelX, reLyands e Ly: afuzzy set A is called an

(i) (r,s)-fuzzy & semi open (briefly, (r,s)-f6so0) if A <
C: #(81z z(A,r,5),1,5) and (r,s)-fuzzy & semi closed
(brieﬂyr (r,s)—f5sc) lf)‘ > If',‘f(écf',‘f (A,I‘,S),I’,S).

(ii) (r,s)-fuzzy O pre open (briefly, (r,s)-fopo) if A < Iz x(
0Cz :(A,1,5),1,8) and (r,s)-fuzzy O pre closed (briefly,
(r,5)-f8pc)if A > Cz (81 (A,1,5),1,5).

(iii) (r,s)-fuzzy B open (briefly, (r,s)-fBo) if A < Cyz
(It +(Cz ¢(A,1,5),1,5),1,5) and (r,s)-fuzzy B closed
(briefly, (r,5)-fBc) if A > I3 #(Cs 2 (Iz (A, 1,5),1,5),

r,s).

(iv) (r,s)-fuzzy e-open (briefly, (r,s)-feo) if A < Cs ¢
(61 (A, 1,5),1,8) VIz :(8Cz 2 ((A,1,5),1,5) and (r,s)
-fuzzy e-closed (briefly, (r,s)-fec) if L > Iz :(0Cs ¢
(A,V,S),V,S) /\C‘T',f(alf'.f((laras)vras)'

Definition 2.13. [28] Let (X,7,%) be a dfts. Then for each
A €LX, r€Lyands € Ly, we define operators eCs x (resp.
5SC‘E7{-,5PC{,7‘E and ﬁCf-’f) and e]%j (resp. 55[&{-, 5PIH and
Bl ¢) : LX x Lo x Li — L* as follows: eCy x( resp. 5SCT 5

009 nn,,
5:

; ‘a’uv



Fuzzy upper and lower generalized e-continuous and irresoluteness in double fuzzy topological spaces — 410/414

8PC:z and BC ) (A,r,s) = N{p € LX : A <, wis(ns)-
fec (resp. fosc, fOpc and fBc)}.
elz; (resp. 8SI;z,8PL; x and Blz¢) (A,r,s) = Vv{p € L*:

w<A, u is(rs)- feo (resp. f5s0 fépoand fBo)}.

For A, u € LX and r € Ly, s € L; the operator eC » satis-
fies the following conditions:

(i) eCz2(0,r,5) =0.
(i) A < eC%,f(l,r,s).
(iii) eCz¢(A,r,5)VeCyr(l,r,s) =eCrr(AV U,1,5).
(iv) eCs z(A,r,s) = A iff p is (r,s)-fec.

(V) eCz (eCz 2(A,1,5),1,5) = eCs £(A,1,5).

(Vl) eCﬁf-(l—l,r,S) :l
=1—eCz(A,1,5).

el; (A,r,s)and el; :(1—A,r,s)

Similarly the other operators (i.e) §SC; z, 6PC; ; and BC; ;
satisfies the above conditions.

Definition 2.14. [28] Let (X, 7, 1) be a dfts. Then for each
AeLX, reLyands € Ly: afuzzy set A is called

(i) (r,s)generalized fuzzy 8 semi open (briefly, (r,s)-gfdso)
if W < 08Iz x(A,r,5) whenever u < A and T(1—p) >
rnt(l—p)<s.

(ii) (r,s)-generalized fuzzy & pre open (briefly, (r,s)-gfo po)
ifu < 6P, f(l r,s) whenever 4 < A and T(1—pu) >
) <

71—
s)-generalized fuzzy B open (briefly, (r,s)-gfBo) if
< Bl x(A,1,5) whenever p < A and ©(1 — u) >

(I-p)<s.

(iv) (r,s)-generalized fuzzy e open (briefly, (r,s)-gfeo) if
u <elzz(A,r,s) whenever u < A and ©(1—u) >,
T(l—p)<s

(v) (r,s)-generalized fuzzy O semi closed (briefly, (1,s)-
gfdsc) if 6SCzx (A,r,s) < u whenever A < | and
T(u) >r, T(p) <s.

(vi) (r,s)generalized fuzzy & pre closed (briefly, (r,s)-gfépc)

if 8PC:3(A,r,s) < 1 whenever A < u and T(u) >
rnEu) <.

(iii) (r,
u
’,

Ac

(vii) (r,s)-generalized fuzzy B closed (briefly, (r,s)-gfBc)
if BCz#(A,r,s) < 1 whenever A < and T(u) > r,
T(u) <.

(viii) (r,s)-generalized fuzzy e closed (briefly, (r,s)-gfec) if

eCs z(A,r,5) < whenever A < wand t(u) >r, T(u) <
.

Definition 2.15. [16] Let F : X — Y be a FM between two
dfts’s (X,7,%), (Y,N,1) and r € Ly, s € Ly. Then F is called:
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(i) Fuzzy upper generalized continuous (FUG-
continuous, for short) at a fuzzy point x; € dom(F) iff
x; € F*(u) for each p € LY and fj(u) > r,fj(u) <s
there exists A € LX, & is (r,s)-gfo and x; € A such that
A ANdom(F) < F'(u). F is FUG-continuous iff it is
FUG-continuous at every x; € dom(F).

(ii) Fuzzy lower generalized continuous (FLG-
continuous, for short) at a fuzzy point x; € dom(F) iff
x; € Fl(u) for each u € LY and f(u) > r,fj(u) <s
there exists A € LX, A is (r,s)-gfo and x; € A such that
A Ndom(F) < F!(u). F is FLG-continuous iff it is
FLG-continuous at every x; € dom(F).

Proposition 2.16. [16] Let F : X — Y be a FM between two
dfts’s (X,7,%), (Y,7,1) and r € Ly, s € Ly. If F is normalized,
then F is:

(i) FUG-continuous at x; € dom(F) iff x, € F*(u) Vu €
LY and j(u) > r,f(u) < s there exists A € LX, A is
(r,5)-gfo and x; € A such that A < F*(u).

(ii) FUG-irresolute at x, € dom(F) iff x; € F*(u) Yu € LY
and fj (1) > r,f () < s there exists A € LX, A is (r,s)-
gfo and x; € A such that A < F*(u).

3. Fuzzy upper and lower generalized e
(resp. ds, op and 3)-continuous and
irresolute multifunctions

Definition 3.1. Let F : X — Y be a FM between two dfts’s
(X,7,%), (Y,),1) and r € Ly, s € L1. Then F is called:

(i) Fuzzy upper generalized e (resp. 6S,0P and B) (FUGe,
FUGS8S, FUGSP and FUGP, for short) continuous
at a fuzzy point x; € dom(F) iff x, € F*(W) for each
welY and fj(u) > r,fq(u) < s there exists A € LX, A
is (r,5)-gfeo (resp. gfdso, gfdpo and gfBo) and x; €
A such that A Ndom(F) < F*(u). F is FUGe (resp.
FUGS8S, FUGSP and FUGP )-continuous iff it is FUGe
(resp. FUGSS, FUGSP, FUG )-continuous at every
x; € dom(F).

(ii) Fuzzy lower generalized e (resp. 6S,6P and ) (FLGe,
FLGSS, FLGSP and FLGB, for short) continuous at a
fuzzy point x; € dom(F) iff x, € F“(u) for each u € LY
and T () > r,7 (1) < s there exists & € LX, A is (r,s)-
gfeo (resp. gfdso, gfépo and gffo) and x; € A such
that A < F'(u). F is FLGe (resp. FLGSS, FLGSP
and FLG )-continuous iff it is FLGe (resp. FLGJS,
FLGOSP and FLG)-continuous at every x; € dom(F).

Definition 3.2. Let F : X — Y be a FM between two dfts’s
(X,7,7), (Y,f,M) and r € Ly, s € Ly. Then F is called:

(i) Fuzzy upper generalized e (resp. 6S,0P and B) (FUGe,
FUGJS, FUGOP and FUGP, for short) irresolute at a
Sfuzzy point x; € dom(F) iff x, € F*(U) for each u € LY
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and W is (r,s)-gfeo (resp. gfdso, gfdpo and gfPo)
there exists A € LX, A is (r,s)-gfeo (resp. gfSso, gfSpo
and gfo) and x; € A such that A Adom(F) < F*(u). F
is FUGe (resp. FUG8S, FUGOP and FUGJ )-irresolute
iff it is FUGe (resp. FUG8S, FUGSP, FUG) - irreso-
lute at every x; € dom(F).

(ii) Fuzzy lower generalized e (resp. 0S,0P,B) (FUGe,
FUGSS, FUGSP and FUG, for short) irresolute at a
fuzzy point x, € dom(F) iff x, € F*(u) for each p € LY
and W is (r,s)-gfeo (resp. gfdso, gfdpo and gfBo)
there exists A € LX, A is (r,s)-gfeo (resp. gfSso, gfépo
and gfBo) and x, € A such that A < F!(u). F is FLGe
(resp. FLGOS, FLGSP and FLG)-irresolute iff it is
FLGe (resp. FLGSS, FLGOP and FLGp)-irresolute at
every x, € dom(F).

Proposition 3.3. Let F : X — Y be a FM between two dfts’s
(X,7,%), (Y,N,1) and r € Lo, s € Ly. Then F is normalized,
and F is:

(i) FUGe (resp. FUGds, FUGOp and FUGP)-
continuous at x; € dom(F) iff x, € F*(1) Yu € LY and
() > r,n(u) <sthere exists & € LX, A is (r,s)-gfeo
(resp. gfdso, gfépo and gfBo) and x; € A such that
A < Fi(p)

(ii) FUGe (resp. FUGds, FUGSp and FUGS)-
irresolute at x; € dom(F) iff x; € F*(u) Vu € LY and

u is (r,s)-gfeo (resp. gfdso, gfdpo and gffo) there
exists A € LX, A is (r,s)-gfeo (resp. gfSso, gfdpo and
gfBo) and x, € A such that A < F"(u).

The following implications hold:

(i) FUGe (resp. FUGSs, FUGOp and FUG )-irressolute
= FUGe (resp. FUGSs, FUGSp and FUGP) - contin-
uous.

(ii) FLGe (resp. FLGOs, FLGSp and FLGJ )-irressolute =
FLGe (resp. FLG3s, FLGOp and FLGB) - continuous.

In general the converses are not true.

Theorem 3.4. Let F : X — Y be a FM between two dfts’s
(X,%,%), (Y,7,1) and u € L' r € Ly, s € Ly. Suppose that
one of the following properties hold:

(i) F"(u) is (r,s)-gfeo (resp. (r,s)-gfdso, (r,s)-gfdpo and
(r,5)-gfBo), for any f)(u) > r, N(p) <.

(ii) F'(u) is (r,s)-gfec (resp. (r,s)-gf8sc, (r,s)-gfSpc and
(r,5)-gfBe), for any (L —p) = r, N(L—p) <s.
Then F is FUGe (resp. FUGSs, FUGOp and FUGP) - con-

tinuous.

Proof. ()= (ii): Letp € LY and f(L—u) >r, 7(1—p) <s
hence by (i) F“(1—u) =1—F!(u) is (r,s)-gfec. Then F' (1)
is (r,5)-gfec.
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(i1)= (i): It is similar to that of (i)=- (ii).
Suppose that (i) holds. Let x; € dom(F), fi(u) >r, 7(n) <s
and x; € F*(u) we have by (i), F*(u) = A (say) is (r,s)-
gfeo then, there exits A is (r,s)-gfeo and x, € A such that
A ANdom(F) < F*(u). Thus F is FU Ge-continuous.

Proof of the other cases are similar. O

Theorem 3.5. Let F : X — Y be a FM between two dfts’s
(X,%,%), (Y,7,1) and u € L' r € Ly, s € Ly. Suppose that
one of the following properties hold:

(i) F*(u) is (r,s)-gfeo (resp. (r,s)-gfdso, (r,s)-gfépo and
(r,5)-gfBo), for any W is (r,s)-gfeo (resp. (1,s)-gfdso,
(r,5)-gfOpo and (r,s)-gfBo).

(ii) F'(u) is (r,s)-gfec (resp. (r,s)-gfdsc, (r,s)-gfdpc and
(r,5)-gfBc), for any W is (r,s)-gfec (resp. (r,s)-gfdsc,
(r,5)-gfépc and (r,s5)-gfBc).

Then F is FUGe (resp. FUGSs, FUGSp and FUGP) - irreso-
lute.

Proof. ()= (ii): Let u is (r,s)-gfec hence by ()F*(1 —u) =
1—F'(u) is (r,5)-gfeo. Then F'(u) is (r,s)-gfec.
(i)= (i): It is similar to that of ()= (ii).
Suppose that (i) holds. Let x;, € dom(F), u is (r,s)-gfeo
and x, € F*(u) we have by (i), F*(u) = A (say) is (r,s)-
gfeo then, there exits A is (r,s)-gfeo and x; € A such that
A ANdom(F) < F*(u). Thus F is FU Ge-irresolute.

Proof of the other cases are similar. O

Theorem 3.6. Let F : X —o Y be a FM between two dfts’s
(X,%,%), (Y,7,0) and u € LY, r € Ly, s € Ly. Suppose that
one of the following properties hold:

(i) F'(u) is (r,s)-gfeo (resp. (r,s)-gfd8so, (r,s)-gfépo and
(r.5)-gfBo), for any 7 (1) = r, (1) <.

(ii) F*(u) is (r,s)-gfec (resp. (r,s)-gfdsc, (r,s)-gfOpc and
(r.s)-gfBc), forany (1 —p) > r, N(L—p) <s.
Then F is FLGe (resp. FLGSs, FLGOp and FLGPB) - continu-
ous.

Proof. This can be proved in similar way as Theorem 3.4 [

Theorem 3.7. Let F : X —o Y be a FM between two dfts’s
(X,%,%), (Y,7,7) and u € LY, r € Ly, s € Ly. Suppose that
one of the following properties hold:

(i) F'(u) is (r,s)-gfeo (resp. (r,s)-gfd8so, (r,s)-gf6po and
(r,5)-gfBo) for any W is (r,s)-gfeo (resp. (r,s)-gfdso,
(r,5)-gf6po and (r,s)-gfBo).

(ii) F*(u) is (r,s)-gfec (resp. (r,s)-gfdsc, (r,s)-gf0pc and
(r,5)-gfBc) for any u is (r,s)-gfec (resp. (r,s)-gfdsc,
(r,5)-gfdpc and (r,s)-gfBc).

Then F is FLGe-irresolute.

Proof. This can be proved in similar way as Theorem 3.5 [
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Definition 3.8. A dfts (X,7,7) is said to be (r, s)—FgeT% (resp.
(r,s)—FgSsT%, (r,s)—FgSpT% and (r, s)—FgBT%) ifft(l—A)>
r, T(1—A) <sforeach A € LX is (r,s)-gfec (resp. (r,s)-gfdsc,
(r,5)-gf0pc and (r,s)-gfBc).

Example 3.9. Ler X = {x1,x2}, Y ={y1,y2,y3} and F : X —o
Y be a FM defined by Gp(x1,y1) = 0.2, Gp(x1,y2) = 0.8,
GF(xl ,y3) = 0.3, Gp()Cz,yl) = 0.57 GF(Xz,yz) = 0.37 GF(Xz,
y3) = 0.7. Define double fuzzy topologies %, % : LX — L and
f,7 : LY — L as follows:

L, if A €{0,1} 0,2 e{0,1}
HA) =15, fA=04  HA)= {5 FA=04

0, otherwise 1, otherwise

1, ifA€{0,1} 0, if A €{0,1}
A =4 5, FA=065 A =1 5 ifA =065

0, otherwise 1, otherwise

(i) Fis FUGOs (resp. FLGSs) -continuous,FUGS8p (resp.
FLG8p)-continuous but not FUG ( resp
FLG)-continuous because 1(0.65) = 5 = 17(0.6
(9, n) and F*(0.65) = 0.65 (resp. F’ (0.65) =
is not (2, 2) -gfo.

5) in
0.65)

(ii) F is FUGOs (resp. FLGOs)-irresolute, FUGS p
(resp. FLG8 p)-irresolute but not FUG (resp.
11
FUG)-irresolute because 0.65 is (=, =)-gfo in (¥,

2°2
f1,1) and F*(0.65) = F'(0.65) = 0.65 is not (,3)-
gfo.

Example 3.10. Let X = {x1,x2}, Y = {y1,y2,y3} and F :
X —o Y be a FM defined by Gp(x1,y1) = 0.2, Gp(x1,y2) =
0.8, GF(xlay?)) =03, GF(XZayl) =05, GF(XZayZ) =03,

Gr(x2,y3) =0.7. Define double fuzzy topologies T, % : LX — L
and 7,7 : LY — L as follows:
L, ifA €{0,1} 0, if A €{0,1}
- 1 o 1
T(A) = X ifA=065 T(A)= X if L =0.65
0, otherwise 1, otherwise
L, ifA €{0,1} 0, if A €{0,1}
- o |
A =95fA=04  Nu)=1{7,if2=04

0, otherwise 1, otherwise

(i) F is FUGe (resp. FLGe)-continuous, but not FUG
8s (resp. FLGSs)-continuous because 7(0.4) = 5 =

7(0.4) in (¥, 7, 7) and F*(0.4) = 0.4 (resp. F1(0.4) =
0.4) is not (%, %)-gf8so.

(ii) F is FUGe (resp. FLGe)-irresolute, but not FUG8s
(resp. FUGOs)-irresolute because 0.4 is (%, %)
gf5s0 in (Y,,1) and F*(0.4) = F'(0.4)
(za 2) -gf&so.

= 0.4 is not
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Example 3.11. Ler X = {x;,x2}, ¥ = {y1,y2,y3} and F :
X —o Y be a FM defined by Gp(x1,y1) = 0.1, Gp(x1,y2) =
0.9, Gr(x1,y3) = 0.3, Gp(x2,y1) = 0.5, Gp(x2,y2) = 0.3,
Gr(x2,y3) = 0.9 Define double fuzzy topologies T, % : LX — L
and 71,7 : LY — L as follows:

L, ifA {01} 0,ifA €{0,1}

)= L ira={0106) H)=1 1 ia=(0106)
0, otherwise 1, otherwise
1, ifA €{0,1} 0, if A € {0,1}
=15, h=04 A= 5 ri=04

0, otherwise 1, otherwise

(i) F is FUGe (resp. F LGe)-continuous, but not
FUG®& p (resp. FLGS p)-continuous because,
(0.4) = 1 = 7(0.4) in (Y,7,1) and F*(0.4) = 0.4
(resp. F'(0.4) = Jlsnot(z,z)gf5p0

(ii) F is FUGe (resp. FLGe)-irresolute, but not FUG8p
1

5)-8f6po
0.4 is nort (

1
(resp. FUG& p)-irresolute because 0.4 is (5
in (Y,7,7R) and F*(0.4) = F'(0.4) =
gfépo.

Example 3.12. Ler X = {x;,x2}, Y = {y1,y2,y3} and F :
X — Y be a FM defined by Gp(x1,y1 = 0.2, Gp(x1,y2 =

3:3)-

0.8, Gr(x1,y3 =0.3, Gr(x2,y1 =0.5, Gp(x2,y2 =0.3,
Gr(x2,y3 = 0.7. Define double fuzzy topologies T,% : LX — L
and 1,1 : LY — L as follows:
1, if2 {01} 0, ifA €{0,1}
A 1 1
a)=01 =08 wm={1 ya-os
0, otherwise 1, otherwise
I, if 2 €{0,1} 0, ifA €{0,1}
o 1 . 1.
f(u) = 5 fA=02 nu) = 50 fA=02

0, otherwise 1, otherwise

(i) F is FUGB (resp. FLGPB)-continuous but not FUGe
(resp. FLGe)-continuous because 1(0.2) = £ =
1(0.2) in (Y,1,7) and F*(0.2) = 0.2 (resp. F*(0.2)
=0.2) is not (%, 3)-gfeo.

(ii) F is FUGP (resp. FLG)-irresolute but not FUGe
1

>)-gfeo
0.2 is not (

1
(resp. FLGe)-irresolute because 0.2 is (5
in (Y,f,70) and F*(0.2) = F'(0.2) =
gfeo.

2’2)

Corollary 3.13. Let F : X — Y be a FM between two dfts’s
(X,%,%), (Y,N,1). The following statements hold.

(i) If (X,7,7) is (r,s)-FgeT% (resp. Fg5sT%, Fg5pT% and
FgﬁT%) then the concepts of FUGe (resp. FUGSs,

FUGS8p and FUG )-continuous are equivalent. Also
the concepts of FLGe (resp. FLG8s, FLGOp and FLGP )-
continuous are equivalent.
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(i) If (Y,N,1) is (r,5)- FgeTl (resp. Fg6sT1, Fg5pT1
and Fgf T1) then the concepts of FUGe (resp FUG

s, FUG5p and FUG )-continuous and FU Ge (resp.
FUG$&s, FUGSp and FUG)-irresolute are equivalent.
Also the concepts of FLGe (resp. FLG8s, FLGOp and
FLGp)-continuous and FLGe (resp. FLGds, FLGSp
and FLGB )-irresolute are equivalent.

(iii) If (X,7,%) and (Y,1,7) are (r, s)-FgeT% (resp. Fg5sT%,
Fgd pT% and Fgp T% ) then the concepts of FUGe (resp.

FUG&s, FUGSp and FUG )-continuous, FU Ge (resp.
FUGds, FUGSp and FUGP )-irresolute are equivalent.
Also the concepts of FLGe (resp. FLGOs, FLGOp and
FLGp)-continuous, FLGe (resp. FLGSs, FLGOp and
FLG)-irresolute are equivalent.

Remark 3.14. From the above examples it is clear that the
following implications are true:

FUG (FLG)-continuous

/N

FUGdp (FUG6p)-continuous

/

FUGe (FLGe)-continuous

FUGds (FLGds)-continuous

FUGS (FLGp)-continuous

FUG (FLG)-irresolute

N

FUGSds (FLGds)-irresolute FUGHp (FUG6p)-irresolute

FUGe (FLGe)-irresolute

|

FUGS (FLGp)-irresolute

In general the converse are not true as shown in above
examples.
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