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Common Fuzzy Fixed Point Results for F-Contractive Mappings with Applications

Durdana Lateef

ABSTRACT: The aim of this article is to establish some common fixed point theorems for a-fuzzy mappings
under F-contraction in the framework of complete metric spaces. To extend and improve some well-known
results of literature, new results for multivalued mappings are obtained as application of established results.
We have illustrated an appropriate example to rationalize the notions and outcomes. Also we investigated the
solution of the domain of words as application of our results to theoretical computer science.
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1. Introduction and Preliminaries

Heilpern [13] used the concept of fuzzy set to introduce a family of fuzzy mappings, which is an
extension and generalization of the multivalued mapping in 1981. He established a fixed point result for
fuzzy mapping in metric linear space in 1981. It is important to note that the result proved by Heilpern
[13] is an extension of the Nadler fixed point theorem from multivalued mapping to fuzzy mapping.
Moreover, we shall use the following notations which have been recorded from [1,5,6,8]:

A fuzzy set in U is a function with domain U and values belongs to [0, 1]. If u is a fuzzy set and 0 € U,
then the function values p(9) is alleged t be the grade of membership of @ in . The « -level set of p is
denoted by [p],, and is defined as follows:

1o = {0:0(®) > a} ifa € (0,1],

[l = {0 : u(©) > 0}

Let F'(U) be the class of all fuzzy sets in a metric space U. For py,puy € F(U), py C py means
111(0) < py(0) for each & € U. We denote the fuzzy set x5y by {0} unless and until it is stated, where
X{a} is the characteristic function of the crisp set p;. Let U1 be an arbitrary set, U2 be a metric space. A
mapping O is called fuzzy mapping if O is a mapping from Uy into F(Ug2). A fuzzy mapping O is a fuzzy
subset on U7 x Uy with membership function 9(9)(3). The function O(3)(3) is the grade of membership
of 3 in O(9).

Definition 1.1. [6] Let 01,02 : U — F(U). A point 0* € U is alleged to be a common a- fuzzy fized
point of O1 and Oy if 3 a € [0,1] such that 0* € [©,0%], N [D20%]

o

Now, following the lines in [12], we denote by the set of all continuous mappings o : (R*)> — R+
satisfying the following conditions:
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(py) o(1,1,1,2,0),0(1,1,1,0,2),0(1,1,1,1,1) € (0,1],
(py) for all (01, 02,03,04,05) € (RT)® and o > 0, we have
o(ady, ads, ads, ady, ads) < ao (01,02, 03,04, 05);
(p3) for 0;,3; e R*, 9, <J;,i=1,...,5, we have
o(01,02,03,04,05) < 0(31,32,33,34,35)

and if9;,3; € RT, i =1,...,4, then 0(61,52,53,54,0) < 0(11,:2,:3,:4,0) and 0(51,62,63,0,64) <
0(317:27:3507:4)-

Example 1.2. The following functions o : (RT)> — RT are the elements of :

(i) 0(51,52,63,64,65) = 61.

(ii 0(61,52,53,54,55) = 05 + 03.

(iii) 0(51,62,63,64,65) = 04 + O5.

(iV) 0(61,62,63,54,55) = 11614—12524—-‘363, where 11,-'2, 13 € [O, +OO) such that 114—-'24—-'3 <1.
(V) 0'(61, 02,03, 04, 65) = 1101 + 202 + 1363 + 404 + 1555, where -Il, -IQ, 13, 14, 15 S [O, +OO) such
t T+ T+ Ts+ T +2775 < 1.

(vi) (01, 02,03,04,05) = 101 + 1505, where 1y € [0, 1) and T5 > 0.

(vii) o(d1, 02,03, 4, 05) = max {1, 0o, 03, 2522 1.

(Viii) 0'(51, 52, 63, 64, 65) = max {61, 62, 63, 54, 55}

(iX) 0(51,52,63,64,65) = max {61, 82—-553, %} .

Lemma 1.3. ( see. [18])If o € and 01,02 € RT are such that

0(62,52,51,52 + 61,0) , O (52,62,61,0,52 + 51),
0(52)51)52762+61)0))U(62761762)0762+61) ’

01 < max{

then 01 < Os.

In 2012, Wardowski [23] commenced a new type of contractions which is alleged to be an F-contraction
which is associated with following functions.

Definition 1.4. Let F : (0,00) — R be a function satisfying
(F1) F(91) < F(02) for 0, < 02,

(F2) ¥{9;} C R", lim; 40, 0; = 0 & lim;_, o F(9;) = —o0;
(F3) 30 < r <1 such that limg_,g+ 0"F(3) = 0.

Consistent with Wardowski [23], we designate by F the class of F': (0,00) — R satisfying Fy, F2
and F3.
Definition 1.5. [23] Let (U, p) be a metric space (MS). A mapping O :U — U is alleged to be an
F—contraction if 37 >0 and F € F such that
p(09,00) > 0 = 7+ F(p(09,03)) < F(p(9,3))
for9,3 €U .

Example 1.6. Here are some examples of the functions F': (0,00) — R.

(1) F(9) = In(9),

(2) F(0) =0 + In(0),
(3) F(©) = —%
for 0 > 0.

Lemma 1.7. [18] Let (U, p) be a MS and iy, gy € CL(U) with H(pq, p19) > 0. Then, for each h > 1
and for each d € py, 3 3 =2(0) € py such that p(0,3) < hH (uy, i)
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2. Main Results

In this section, we obtain common fixed point results for fuzzy mappings from U into F(U) satisfying
generalized F-contraction conditions in the setting of complete metric space.

Theorem 2.1. Let (U, p) be a complete metric space and let 91,02 : U — F(U) and for each 8,3 €
U, 3 ap,(0),ap,(3) € (0,1] such that [Dlﬁ]aal(a), [92:‘]%2(3) € CB(U). Assume that there exists a
continuous from the right function F € F and 7 > 0 such that

p(ﬁ,j), p( [D 8]0@ (5))’ p(:l, [923]0@2(:[))7
27+ F(H([Dlﬁ]aal(ﬁi) ) [DQj]aaz(:l))) <F <U < p(a [92:]0@2(:)) ( , [Dlé]aal(a)) (2'1)

for all 8,3 € U with H([Dlé]%l(ﬁ) , [92:‘]0@2(3)) > 0.Then there exists 0* € U such that
6* c [916*]0491(5*) ﬁ [926*](132(8*) .

Remark 2.2. From (2.1), we have

©(0,3), 90, [210],, (5)), (3 [P2T],, (3)):
2T+F( ([D 6]0@ (0) > [923]0@ (:l))) < F <O’< ( [D2j]a92(:)) ( ,[916]()@1(5))

which implies that

@(67:)79(57[ 16]0@ (®) ) @( [92:]0@ (:l)) .
PPy, @ Peoc,)) = F ("( 0(0. D2T 3)- 93 P8l o) )) o
< Flo @(57:) Q(Eiv [Dl ] ) @( [923]0@ (:l))
o( v[a2j]aa (:1)) p(3 7[916]0431(8))

Since F' is non-decreasing, we obtain

@(57:) (6 [D16]aa )v @(:’ [92:]0@2 )’
H([Dlé]o@l(a) ) [92:]0@2(3)) <o < (@, [92:]0@ - )(5)( ’ [915](131(8))(3) )

for all 8,3 € O with H(P10],, (5. 1023,, (3))-

Proof. Let 0o € U, then by hypothesis, 3 a, (o) € (0,1] such that [2100],,_ (5,) 7 @ and [2100],, (5, €
CB(U). Let 9y € [Dlﬁo]aal(so). For this 0y there exists ap,(91) € (0,1] such that [9251]%2(51) # () and
[9251]%2(51) € CB(U) such that

27+ F (p (01, P2dilas 0,)) < 20+ F (H (Prdolas, @)+ Po01)an, o)) )
< plo( £100:01): (00 P10l ) 901, P20l 5,)):
o 9(607[9261]%2(31)) (617[9160]%1(50))
<

@(50781)7@(50761)7@(515 [9251]0@ (81))7
Flo 2
(00, [0201],, (5,)): 0

£(30,01), (30, 01), 901, [P201],,_(5,)):
o (51, [9251]%2(81)) <o ( ©(00, [9201],,, 3,)), 0

and so
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Then Lemma 1.3 gives that g (51, [9251]%2(51)) < (00, 071). Thus, we obtain

21+ F (@ (61, [9281]%2(51))) < 27+ F (H ([Dlao]aal(so) , [9281]% (51)))
< Fleo @(507 61)7 @(507 [9150] (80 ) (517 [925 ] ao, (81))7
- (Do, 01) + @(51, [©201],,, (5,)): 0
< F ©(90,01), ©(d0,01), ©(00, 01),
2@(50, 51), 0
< F(p(a()a )0(171517250))
< F(p(0o,01))
Thus we have
20 + F (p (81, [agal]%m)) < F(p(30,01)) (2.2)
[
Since F' € F is right hand continuous function, so 3 A > 1 such that
F (1 (192100], (50 » P20, 50)) ) < F (H (P100)us, 00y - P20y o)) ) +7- (23)
Next as
0 (010201l 0,)) < H (12190)a, 30+ P20l 1)) < H (180l )+ P2 1))
by Lemma 1.7, there exists 0o € [9251]%2(51) (obviously, 02 # 01) such that
9(01,82) < hH (12180l 3,)+ P20 ] o)) - (2.4)
Thus by (2.3) and (2.4), we have
F (p(01,02)) < F (W (D100l (5,) P201las, 5,)) ) < F (H (2100]as, 30)» Po0]as a1y ) ) + 7
which implies by (2.2) that
20+ F(p(01,02) < 27+ F (H (P100l,, 302 P201]as,0)) ) + 7
< F(p(00,01)) +7
Thus we have
T+ F (9(01,02)) < F(p(Do,01)). (2.5)

For this 02, there exists ap, (d2) € (0,1] such that [9152]0@1(82) # () and [9162]%1(52) € CB(U). Thus
we have

21+ F (@ (52, [Dlﬁz]aa1<52>)) < 2T+ F (H ([9251]aa2<51> ’ [9152]%1@’2)))
= 2714+ F (H ([9152]%1(52) , [9261]0@2(51)))

p(02,01), p(02, [9102],, (5,)), £(01, [9201],, (5,))>
Flo 1 2
©(02, [0201],,, 5,))> 9(01, [0102] 4, (5,))

lo ©(02,01), 9(02, [0102]4, _(5,) > #(01,02),
0, (01, [9152]%1(52)

_ (s ©(01,02), p(02, [P102] 4, (5,) » £(01,02),
a 07 @(515 [9152]0@1 (02)

IN

IN
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and so
©(01,02), p(02, [0102],, (5, #(01,02),
£ (627 [9162]0@1(52)) <o ( 0, p(él, [9152]()@1(52)

Then Lemma 1.3 gives that p (52, [9152]0@1(52)) < (01, 02). Thus, we obtain

IN

2r + F (H ([9251]a92(51) ) [9152]0@1(52)))
= 271+ F (H ([9152]0@1(82) J [9281]%2(51)))

7l ©(01,02), p(02, [9102],,, (3,) » 9(01,02),
0, p(01, [9162]0@1(52)

(U( 0(81,35), p(31,32), (1, 32), ))
0,2¢(01,02)

©(1,02)0 (1,1,1,0,2))

©(01,02))

2%r + F (p (52, [9152]091(52)))

IN

IN

IS RS

(
(

IAIA

Thus we have

20+ F (p (92, 2102]., o)) ) < F (9(01,02)) (2.6)
Since F' € F is right hand continuous function, so 3 h > 1 such that
F (hH ([9251]%2(51) ; [9152]0@1(52))) <F (H ([9251]0@2(51) ; [9152]%1(52))) +T. (2.7)
Next as
o (62, [9162]%1(52)) <H ([9251]%2(51) : [9162]%1(32)) < hH ([9251]%2(51) : [9162]%1(52))

by Lemma 1.7, there exists 03 € [9152]0@1(52) (obviously, 03 # 02) such that

0(02,03) < hH ([9251]0@2(51) ; [9162]0@1(82)) : (2.8)

Thus by (2.7) and (2.8), we have

F (p(02,05)) < F (hH (19301],,,(5,)+[P102] 0y ) ) < F (H (12201]0s 3 [P102y o)) ) + 7

which implies by (2.6) that

20+ F(p(0:,05) < 27+ F (H ([9201]0, (30)[P102]s (0)) ) + 7
< F(p(01,02)) + 7

Thus we have
T+ F (p(02,03)) < F(p(01,02)). (2.9)
So, doing in this way, we get {5]} in O such that 52j+1 S [9152j]a31(52j) and 62]‘4_2 S [9252j+1]
and

ao, (02541)

7+ F(p(02541,02512)) < F(p(025,02541)) (2.10)

and
7+ F(p(02j+2,02543)) < F(p(02j+1,02j+2)) (2.11)

vV 7 € N. By (2.9) and (2.10), we have

7+ F(p(0;,0;11)) < F(p(0;-1,9;)) (2.12)
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for all j € N. Therefore by (2.12), we have

F(p(0;,0;+41)) F(p(0j-1,05)) =7 < F(p(0j-2,0;-1)) — 27

<
< o < F(p(30,3)) — j. (2.13)

Letting j — oo, we obtain lim F (p(9;,0;41)) = —oo along with (F) gives

J— 00
lim (9;,0;+1) = 0.
Jj—oo
Now by (F3), there exists r € (0, 1) such that

lim [p(9;,0;11)]"F (9(9;,0;41)) = 0. (2.14)

Vmde

From (2.14) we have

[©(0;,0541)]" F (9(85,0;+1)) — [9(5,0;41)]" F ((00, 01))
[©(0;,0541)]" [F (9(B0,01)) — j7] = [©(0;,0541)]"F (9(Do, 01))

<
< —j7lp(9;,0;41)]" <0.

Letting 7 — oo we get
Jim (95, 8;41)1" = 0. (2.15)

Hence lim j%p@j,fijﬂ) =0 and 3 j; € N such that j%@(E)j,EijJrl) <1,V j>j1.So we get
j—o0

1
r

0(0;,0;4+1) < j*

for all 7 > j;. Now taking m, j € N such that m > j > j;, we have

©(0;,0m) < ©(05,0541) + 9 (0j41,0j42) + .. + 9 (Orn—1,0m)
=1
< L
i=j

Since Zfi] zl% is convergent, so we get o (9;,0,,) — 0 as j,m — oo. Therefore {9;} is a Cauchy
sequence in U. Since U is complete, there exists an element d* € U such that d; — 0" as j — oo that is

lim 3, = 9" (2.16)

j—o0

Now, we prove that 0* € [925*]%2(5*) . We suppose on the contrary that 0* ¢ [925*]%2(5*), then there
exist a jo € N and a subsequence {9;, } of {0;} such that o(J2;, 41, [925*]%2(5*)) > 0 for all ji > jo.
Now, using (2.1) with d = 92, +1 and 3 = 0*. Taking Remark 2.2 into account, we have

902541, (02074, 5+) < H(O1025 ] (0, )2 020 ]as, 54))

(025, 0%), 9(O2j, [01025 ], (3, ) 90" [P20%] o, 545
002y [926*]0@2 (a*))a p(0%, [Dlank]aal (52jk))

< o @(62jk ) 6*)’ 9(6%1@ ) 62jk+1)7 @(6*’ [926*]0@2(8*))’
- 9(02j,, [9207]a,, (5+)), 90", D2y +1) '

g

Passing to limit as j — oo in the above inequality, we obtain

00", (220", (5)) < 0 (0, 0, 90", [220"],, (501> 93", [020],_(5): o)
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which implies by Lemma 1.3 that
0 < @(6*, [926*]0@2(5*)) < O

which is a contradiction. Hence p(07,[920%],, (5+)) = 0. Since [9207],_ (5+) is closed, we deduce that
0" € [920%],, (5-) - Similarly, one can easily prove that 8" € [010%],_ (g+)- Thus 8" € [910°],, (5+) N
(020", (57 -

Note: From now onwrds, we consider (U, p) as a complete metric space and F' € F as a right hand
continuous function.

Example 2.3. Let U = [0,1] and define p : U x U — RT as follows:
00,3 =10-7.

Then (U, ) is a complete metric space. Define 01,02 : U — F(U), as follows:

aifogtgli%
a r O
) sirE<r<y
E)1((>§)(1‘L) % Zf]§<t§%9 )
sif7<t<1
and
aifo<t<?
o= §IE<0<]
2 - %if§<t§§’
sif5 <t<1
for a € 10,1] and © € U such that
0
[925]04 = [Oag]a
0
[915]0[ — [O,E:|

Let o : (RT)> — R be defined by o(01,02,03,04,05) = max {01, 02,03,04,05} and F(t) = In(t) for
t>0. Then 3 7 =1n(3) . All the hypothesis of our main Theorem 2.1 to obtain 0 € [9,0], N [020], -

[e3

Corollary 2.4. Let o : (U, p) = F(U) and for each 8,3 € U, there exist as(0), ap(3) € (0,1] such that
[00]., )+ [P, @) € CB(U). Assume that there exists a ' € F and 7 > 0 such that

(©,3), 60, P, 3 9(3 DT, 3):
2 + F(H([P0], 3, [T s ) SF(U( Y @(aﬁa:q%@ﬁsé(:p,[aa]%(a))@ ))

for all 8,3 € U with H([99],,, ), [03],,(3)) > 0. Then there exists 0 € U such that 0 € [007],_ .-

Corollary 2.5. Let O: (U, p) — F(U) and for each 8,3 € U, there exist ap(d), ap(3) € (0,1] such that
[00]., 5+ [P,y € CB(U). Assume that there exists a ' € F and 7 > 0 such that

27 + F(H([010],,, (5) » P20, () < F (9(0,3)).
for all 8,3 € U with H([99],,, 5)[©3],,(3)) > 0. Then there exists 0" € U such that 0" € [00%],_ 5+ -

3. Consequences for Fuzzy Fixed Points

Remark 3.1. By FEzample 1.2 (i), we get the following contractive condition

27 + F(H([010],,, (5) » P20, () < F (9(3,3)).
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By Example 1.2 (ii), we get the following contractive condition
27 + F(H(219],,, @) P2 s, (3)) < F (90, P18l ) + 93 2T, 5))) -
By Example 1.2 (iii), we get the following contractive condition
20 + F(H(1919],,, ) P2 T, 3))) < F (90, P2T0s, 3) + 9(3 P10, ) -
By Example 1.2 (iv), we get the following contractive condition
27+ F(H([P10],, (5) (92T, (3) < F (-rlp(a,:l) + (3, 18], (5)) + Tso(d, [92:]%(3)))
By Example 1.2 (v), we get the following contractive condition

T1p(0,3) + T2p(0, [010],, (5)) T Ts0(3; [P2,,, (3)
2T + F(H([Dla]aal(f")) ) [92:]0@2(:1))) <F < +-I4@(5, [92:]0@2(3)) + 75@(1, [916]0@1(5))

By Example 1.2 (vi), we get the following contractive condition
20 + P(H(210],,, 5)>P2Tas, 3) < F (9@, 3) + Ts9(3, [219],,, o))

By Example 1.2 (vii), we get the following contractive condition

p(ﬁ,:‘), @(6, [916]a (5))’ p(:v [DQ:]Q (3))7
2T + F(H([Dlﬁ]aal (@) [DQ:]QQQ(:))) <F <max { 6’1(57[923](,@2(:?)])'F@(:lv[alﬁ]aal () 7
2

By Example 1.2 (viii), we get the following contractive condition

p(ﬁ,j), p(aa [916](191(5))) p(:l, [DQ:]QQQ(:))7
27 + F(H([010],,, (5) P20, (9) < F <max { p(0, P2, ) 93 D10l ()

By Example 1.2 (ix), we get the following contractive condition

(5 :) P(a[als]aal(5))+P(:v[a2:]aa2(:))
@ ) ) ?
27 + F(H([lei]aal(s) , [923]%2(:))) < F | max p(s,[azz]a%(:))er(:%,[almaal(5))

2

ad

For all above results, there exists 0* € U such that 0* € [915*]%1(5*) N [020%] ,(8=) by Theorem 2.1.

4. Consequences for Multivalued Mappings
Theorem 4.1. Let P, (G, p) : U — CB(U). If 37 >0 and F € F such that

oo < (o (ST )

for all 8,3 € U with H (P3,Q3) > 0. Then 3 0* € U such that 8* € Po* N Q0*.
Proof. Consider a: U — (0,1] and 01,02 : U — F(U) defined by

2,(0)(t) = { a((?,)’ifii ; €78

and 0), ift € Q0
’ if ¢t € ’
02(0)(t) = { OéE)j)iflt ¢ Q0.
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Then
[915]a(5) ={t:01(0)(t) > a(d)} =Pd and [926]a(8) ={t:02(0)(t) > a(0)} = Q0.

Thus, Theorem 2.1 can be applied to get 9* € U such that 3* € [916*]%1 (@) N [926*]%2(8*) = Po*NQo*.
U

Corollary 4.2. Let Q: (G, p) — CB(U). If 37 >0 and F € [ such that

2r+ p(t(@0,02) < 7 (7 (VOB SN 0E931)

for all 9,3 € U with H (20,93) > 0. Then 3 0* € U such that 0* € Q0*.
Corollary 4.3. Let Q: (G, p) — CB(U). If 37 >0 and F € [ such that
27+ F(H(?9,23)) < F (p(9,3)).
for all 9,3 € U with H (Q9,Q93) > 0. Then 3 0* € U such that 3* € Q0*.
Following the same procedure and Example 1.2, we have the following the remarks.

Remark 4.4. By Ezample 1.2 (ii), we get the following contractive condition
27 + F(H(P9,90)) < F (p(0, Pd) + p(2,07)) .
By Example 1.2 (iii), we get the following contractive condition
27+ F(H(?9,03)) < F (p(0,93) + p(3,P9)) .
By Example 1.2 (iv), we get the following contractive condition
27 + F(H(P8,00)) < F (ap(d,2) + Bp(d, Pd) + vp(3,27))
By Example 1.2 (v), we get the following contractive condition

ap(d,3) + Bp(d, PD) + vp(3,97) )
+0p(9,93) + Lp(3, P0) ‘

2r+ F(H(P9,00)) < F <
By Example 1.2 (vi), we get the following contractive condition
27 + F(H(P9,90)) < F (ap(d,3) + Lp(3,Pd))

By Example 1.2 (vii), we get the following contractive condition

0,3), p(0,P0), p(3,93),
2

By Example 1.2 (viii), we get the following contractive condition

S G R R

By Example 1.2 (ix), we get the following contractive condition

0,P0) + p(3,93) ©(0,23) + p(3,P0)
)

27+ F(H(P9,00)) < F (max {p(ﬁ,ﬂ), P

For all above cases, P and Q have common fixed point by Theorem 4.1.
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5. Applications to domain of words

Suppose 2 # @ and be set of alphabets and 2°° be the collection of all finite sequences and infinite
sequences (“words”) over ), where we assume the understanding that () is a member of 2°°. Furthermore,
on 2, we take < as the prefix order which is given in this way

(<=y <= (isa prefix of 4.

For each ¢ # () and ¢ € Q°°, I({) presents the length of (. Now for each ¢ # () and () = 0, I(¢) € [0, 0]
and ¢,y € Q°°, (M~ denotes the common prefix of { and v. Evidently, ( =y <= ( = v and v = ( and
1(¢) = l(7y). Then, the the Baire metric o is given on Q> x °° by

0¢(C,’y) =0, if C =7
0 (¢,y) =271 | otherwise

such that the metric space (2°°, o) is complete.
Exactly, we deal with the following recurrence relation:

2(j —1) _|_jJL_1§R(j—1), 7 >2. (5.1)

MR(1)=0 and R() =

J

Consider as an alphabet 2 = R*. We accomplice to R the functional ® : 2°° — Q°° defined by

(@(¢)1 =R(1)

and ( )
20 —1) j+1
(@) = ——F—+—¢
J J

Vj > 2 (if ¢ € Q% has length j < oo, we write ¢ := (;(,...(; and if ( is a word, we write ¢ := (¢;(5.... ).
It follows by the formation that I[(®(¢)) =1(¢) + 1, V ¢ € Q> and [(®(()) = +oo whenever [({) = +oo.
We will prove that the functional ® has an fuzzy fixed point by an application of Corollary 2.5. Let
P Q> — F(Q>) be the fuzzy mapping given by

Pe=(®(¢))q for all ¢ € O and a € (0, 1].

and analyze these cases:
Case 01: If ( =+, then we have

He ((2(€))ars (B(C))a) = 0 = 0(C, ).

Case 02: If ¢ # v, then we write

He ((2(€))ars (B(7))ar) 75 ((2(C))as (B(7))a) = 27 HHON(EOD)

9—(U@(CM))a) — 9= (M) +1)

1 —U(¢ry) — 1
22 - 20—$(C7’Y)'

IN

Instantly, we can achieve that all the assertions of the Corollary 2.5 are satisfied with F'(t) = Int and
T=—In % > 0. Hence, the fuzzy mapping P has a fuzzy fixed point ¢ = (;(,... € Q> that is, { € (P¢)a,
. Also, in the light of the definition of P, ( is a fixed point of ®, and thus, ¢ is the solution of (5.1). We
have

Clzov

2(7 — 1 I+ 1 .
Rt ) N L VS TS
J ] J
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