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Abstract. Aim of this paper is to provide sufficient conditions for a sequence to be Cauchy in the setting of con-
trolled fuzzy metric space. Further, we generalize the concept of Banach’s contraction principle by utilizing certain
new contraction conditions and prove fixed point results of quadratic type. Additionally we provide a number of
examples to validate our main results. Conclusively, we provide an important application to the conversion of solar
energy to electric power.
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1. INTRODUCTION

The existence of a unique fixed point for self mapping under suitable contraction conditions
over complete metric spaces is guaranteed by Banach’s fixed point theory. New extensions
and generalizations of fixed point results are significant because they expand our understanding
of mathematical systems, empower the solution of specific problems, extend usual theorems,
and show to the development of new theories and applications. They are significant aspect of
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mathematical study and have far-reaching implication in hetergeneity fields. Some quadratic
type fixed point results have been established in different metric spaces.(see[22]-[24]).

The fuzzy logic was established by Zadeh [27]. Unlike the theory of conventional logic, some
numbers are not contained within the set and fuzzy logic connection of the numbers in the set
defines an element within the interval [0,1]. Uncertainly, the necessary section of real hardness,
has helped Zadeh to learn theories of fuzzy sets to bear the difficulty of indefinity. The theory
is a seen as a fixed point in the fuzzy metric space for various processes one of them applying a
fuzzy logic. Later on following Zadeh’s outcomes, Heilpern [8] established the fuzzy mapping
notion and a theorem on an fixed point for fuzzy contraction mapping in quadratic metric space,
expressing a fuzzy general form of Banach’s contraction theory. In the definition of fuzzy metric
space provided by Kaleva and Seikkala [11], the ambiguity is introduced if the distance between
the elements is not precise integer. After the first by Kramosil and Michalek [13] and further
work by George and Veeramani[4], the notion of an fuzzy metric space was introduced. Branga
and Olaru [2] proved various fixed point results for self-mappings by applying generalized
contractive conditions in context of altered metric spaces. Czerwik [3] found the solution of
the well known Banachs fixed point theorem in the context of b-metric spaces (b-MS). Mlaiki
[16] defined controlled metric space as a generalization of b-metric space by applying a control
function of other side of the b-triangular inequality. The relation between b-metric space and
fuzzy metric space has been discussed by Hassan Zadeh and Sedghi[7]. Li et al. [14] used
Kaleva -Seikkala’s type fuzzy b-metric space and proved various fixed point results by using
contraction mappings.

Ishtiaq et al. [10] established the theory of double- controlled instuitionistic fuzzy metric like
spaces by “considering the case where the self -distance is not zero,” if the metrics value is 0
afterward, it must be a self-distance and also an established fixed point theorem for contrac-
tion mappings for triangular norm (TN), Continuous triangular norm(CTN), and TN of H-type
worked on complete fuzzy metric spaces by applying orthogonality and pentagonal complete
fuzzy metric spaces and proved various fixed point results for contraction mappings. Rakic[17]
proved a fuzzy version of Banach’s fixed point theorem by using Ciric-quasi-contraction in the

context of fuzzy b-metric space. Mehmood et al.[15] introduced the concept of extended fuzzy
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b-metric spaces and generalized the Banach contraction principle. Younis et al. [26] proved
various fixed point results in the context of dislocated b-metric spaces and solved the turning
circuit problem.

Now, we provide various definitions and results that are helpful to understand the main section.

Definition 1.1. [18] A binary operation T : [0,1] x [0,1] — [0, 1] is a CTN if it verifies the below
conditions:

(Cy) I is a commutative and associative,

(C2) I is a continuous,

(C3) T(x, 1) =x Vx €[0,1]

(C4) T(x,p) <T(c,d) for x,p,c,d € [0,1] such that y < c and p < d. Examples of CTN are
Ty(a,b) = a.b, Tyin(a,b) = min{a,b} and Ty (a,b) = max{a+b—1,0}.

Definition 1.2. [5] Suppose that T is a TN and Suppose that T'; : [0,1] — [0,1],7 € N, express
the process given below: T'1(b) =T'(b,b),I't11 =T (['¢(b),b),t € N,b € [0,1]. Then, TNT is H
-type if the family {Uz(b)}1en is equi-continuous at b= 1. A TN of H-type is Iy and each t-
norms can be generalized in a different way to an n-ary process associative taking (by,.....b,) €

[0]" for the values

I\ bi=by, T b;=T(Tbj,...by) =T (by,......bs).

Definition 1.3. [4] A three tuple (E,M,T") is known as an FMS if E is a random set T is a CTN,
M is an FS on E? x (0,0) and satisfies the following conditions for all (b,®,z € E) andt,s > 0:
>0

M(b,w,t)=1iffb= o,

(fm2)

(fm3) M(b,w,t) = M(®,b,t)

(fm4) ( (b ® t) M((D,Z,S)) SM(b7Z7l+S)
(fms) M(b,®,.) : (0,00) — [0, 1] is continuous.

Definition 1.4. [19] A three tuple (E,M,T") is called an FDMS if E is a random set I is a CTN,
M is an FS on Z2 x (0,0) and satisfies the following conditions for all (b, @,z € E) andt,s > 0
and p > 1 as a real number:

(b)) M(b,w,t) > 0,
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b,w,t)=1iff b= o,

b,w,t) =M(w,b,t),

bs) T(M(b,0,0),M(®,5,5)) < M(b,,p(t +5)),

bs)=M (b, ®,.) : (0,00) — [0, 1] is continuous.

Lemma 1.5. [19] Let M (b, w, .) be an fuzzy b-metric space. Then, M(b, ®,t) is b-non-decreasing

with respect to t for all b, € E.

Definition 1.6. [15] Let E be a non-empty set, @ : E X E — [1,00), I'is a CTN and My, is an FS
on 2% x [0,) and satisfies the following conditions for all b,®,z € Z, s and t > 0:
(EMy1) My (b, ®,0) >0,
(EM2) My (b,0,t) =1iff b= o,
(EMy3) My (b, ,t) = My (®,b,t),
(EMo4) (Mo (b,2,00(b,2) (1 +5)) 2 T (Mo (b, 0,1), Ma(@,2,5)),
(EMg5) M(b,w,.) : (0,00) — [0,1] is left continuous.
Then, the triple (E,My,T) is said to be an extended fuzzy b-metric space and My is said to

be controlled fuzzy metric on Z.

Definition 1.7. [21] Let E be a non-empty set, @ : E X E — [1,00), I'is a CTN and My, is an FS
on 2% x [0,0) and satisfies the following conditions for all b,w,Z € Z, s and t > 0:

(EMy1) My (b, ®,0) >0,

(EMg2) My (b,0,t) =1iff b= o,

(EMo3) Mo(b,@,1) = Mo (0, b,1),

(EMoh) (Mo (b,2, (145)) > D(Malb, 0, g7i5) Ma(0.2, 575)):

(EMg5) M(b,w,.) : (0,00) — [0,1] is left continuous.

Then, the triple (E,My,T') is said to be a CFMS and My, is said to be controlled FM on E.
Sezen [21] proved the following Banach contraction principle in the context of control fuzzy

metric space.

Definition 1.8. [21] Suppose M (b, w,t) is a CFMS. Fort > 0, the open ball B(b,1,t) with center
b € E and radius 0 < | < 1 is express as a sequence {br}

(a) G-Convergent to b if M(bz,b,t) — 0 as T — o or for every t > 0. We write lim;_ by = b.
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() is said to be Cauchy sequence (CS) if for all 0 < € < 1 and t > O then there exist satisfying

To € N such that

M(bz,by,t) >1—¢€, ¥V 1,m> 1.

(c) The CFMS (E,M,T') is a G-complete if every CS is convergent in E.

2. MAIN RESULT

In this part, we explain various new results in the surrounding of complete fuzzy metric space.

Lemma 2.1. Assume that (E,M,T") is a complete controlled fuzzy metric space with @ : EX E —
[1,00) assume that lim; .o M2 (b, ®,t) = 1 forall b, € E. If f : E — E satisfies the following for
some X € (0,1), such that M%(fy, fo,t) > M%(b,w,%), for all b,w € E, t > 0. Also, suppose
that for arbitrary by € Xi and n,q € N, we have 0((b,,by14) < % where b, = f"(by). Then, f

has a unique fixed point in E.

Lemma 2.2. Assume {b:} is a sequence in a controlled fuzzy metric space (£,My,T"). Let

X € (0,1) exist such that

t
(1) M2 (be,bey,1) = M (beo1,br, ), TEN,1 >0,
and by,by € E and v € (0,1) exist such that

2) lim M?(b,®,1) =1, t > 0.

T—o0

Then, {b:} is a CS.

Proof. Suppose X € (X, 1) and the Y3, x' is convergent, Ty € N exist such that Y3, x' < 1 for
every T > Tp. Let T > m > 1. Since My is b-non-decreasing, by (FMy4) for every t > 0, we

get

) ) Z’Fi—m—l Ni
Ma(bf7bf+m7t)ZMa b’L’vbT-ﬁ-maL

a(bfa b’H—m)

2 tx*t
Ma <bT7bT+1, a(bT7bT+1)a(bT7bT+m)> !

T+m—1 i
1Yigi X

>T )
M(X (bf+l ’ bT+m’ a(bf+] 7bT+m)a(bT7bT+m)
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2 tx*t
Ma <bT’bT+1’ a(br»bﬂrl)a(bﬁbﬂrm)) !

2 !
Z I Ma br+1’bf+2’ O‘(br+17br+2)a(br+17bf+m)a(bfvb7:+m)> ’

2 b b 12”"521 X!
M 1=T
o T+2, Z14m, A(br12,b04m)0U(bry1,b14m)A(br,brtm)

M2be.b L
a1t T+17(X(bf,bf+])a(bf7bf+m),

) £y TH
My (bf—i_l’br—ﬂ’ a(bry1,br42)0(bry1,br4m)0(bebrim) )

2
M(X(bf+27bl'+3a
[X‘E+2

(Y ST e 1w ST o S D
2
Moc (bT+37bT+4a

tx‘c+3
R Py (PN Sy 71 e s T e s T o e D

Mé(br,bwm,l) >T Mg;(br+m727br+m71a

txr+3
Ot(b1+3 7b7+4)06(b1+2 7br+3)a(br+2 7br+m) a(b'c+l 7br+m)a(brabr+m) )

2
Ma (b1+m727 b1+m71 9
[x1:+m—2

A(brym—2.brim-1) H}:Tmiz a(be,brim)

2
Ma(bf-l—m—labf-l-ma
I%T+m71

HZ':;r{-ni1 a(br,brim)

From inequality (2), we conclude that
t
Mgg(b‘ﬁbl”rlat) > M(z)g(b()?bbﬁ)? TE N7 1>0,

andsince T >mand @ : E X E — [1,00), we get

2 4
Mg, (bo’bl’ a(br,bf+1)0‘(brvbr+m)w> ’
T+1
M(2X <b07b17 a( tx

bei1,b042)0(bri1,brm)Q(br,brgm)RTTL )7

Mtzx(bfvbf+mat) >T

M2 b b tx‘r+m72
o 0,71 a(br+m—27br+m—l)nfj;”_2 o(bi,beym)RTIM=L ]

M2 (b07b17

tx‘H—m—l

Hl?;rrmfl a(bi,bwrm) wT+m—1

as T — oo by applying (2), we get

M2 (bg,boym,t) >T(1,1,1,...,1) = 1.
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Hence, {b;} is a Cauchy sequence. O

Lemma 2.3. Assume {b:} is a sequence in controlled fuzzy metric space (E,My,T’) and T is

H-type. If X € (0,1) exist such that

3) M3 (be,bei1,1) = M3be-1,be, o), TN, 10,
Then, {b:} is a CS.

Lemma 24. If for b,® € E and some X € (0,1),

“) M2 (b, 0,1) > M2 (b, ®, %),z > 0.

Then, b = o.

Proof. Inequality (4) implies that

t
M2 (b, ®,1) > M%(b,w,—), T€N, 1 > 0.

NT
Now
2 a2 r\_
My (b, 0,t) > Th_r&Ma(b’w’F) =1t>0,
and by (FMy2), it is easy to see that b = @. O

Theorem 2.5. Assume that (E,M,T") is a complete controlled fuzzy metric space and assume

that f : £ — E. Let then exists X € (0,1) such that

( 3\
Mfz)t(b7w7%)7M(zx(bafwvé)v

M(%z(fbawaé)a

(5) My (fp, fw,f) > max Ma (b for &) Mal o0, ,boweZ, t>0,
2 )
M(%t(b7fw7§)+M(21(fb7w7§)
\ 1+M§ (b,0, ) J
and b, ® € ¥ such that
(6) lim M2 (b,w,t) =1, 1 > 0.

t—roo

Then f has unique fixed point in E.
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Proof. Assume that by € & and b = fbr, T € N. Consider b = by and ® = b;_1 in (5), then

we get

M(%c(b’tvb’t-l—l;t) _M(%z(fbf—lvfb‘ht)v

or
)

(
Mczx (bf_l,br, %) 7F(Mgg(b‘t—1ab17 é)?M(%t (b77b7+1’ é)) )
Mé (bT7b‘L'7 %) )

2
M(X (bT7 bT+m7 t) Z max My, (b‘tfl oyt %).Ma (br,1 N2 %)
2

M(%c(br—l 7br+l 7§)+Mé(b‘:7br7§)
1+M(%c(b1:—17b17§)

t)}.

t
M(%g(b‘hbf-l-lat) >M§((b17b1+17§)7 TE N7 1>0,

\

t
> max {Mé(brflabﬁ —

X )7M(%c(b’[7b‘l.'+17

X
It

then by Lemma 2.4 for b; = by 1,7 € N, we have Mgc(bf,le?%) > M2 (by_1,by, %) TE
N, 7 > 0, and by Lemma 2.2 it follows that {b;} is Cauchy sequence. Since (£,M,I’) is com-

plete b € E exist such that lim;_.b; = b and

lim M2 (b,bs,t) =1, 1> 0.

T—yo0

(7

By applying (5) and (FMy4) it is clear that b is fixed point for f. Assume y; € (X, 1) and x, =
1 —x1 by (5), we get

: ol o
Ma(fb,b,t) = F <MOC <fb7fb‘517 2a(fb,b‘t

2
M2 | by, b, —2=—
))a oc( Ty ’2(X(b1,b)

)

Mgt (byb‘rfla 205(;1),{11,1)&) 7Mgz (b,br, M(ﬁ?%) )
2 X 2 tx
r (M“ (fb’ b, Gratmb e bR ) Mo, (fb7b’ P abb)afoI ¥ ))
2 tx
>T | max{ M2 (b,by, 5" ®ver ) +T Ma <b’bril’ (2>2“(b7b7*1)“(fbvbf)x)
o 2a(fb,br)R) 2 (bob - 5
a ( T (2)2a(b,br,1)a(fb7b1-)§()
2 4]
M2 (b b L) r Ma (b,b»;,l, (2)206(177115,1)(1(.)”11,1)1)&)
o y YTy 205(]‘/7,171)}() . M2 b b o 2
Ot( YT (2)2a(b,br,1)a(fb7b1)§(>
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Vit >0.By (7)and as T — oo, we get

( \
1,1,
2 tx
r (Ma <f b,b, (2)206(fb,b):1(fb,br)x> : 1) :
2 ¥4}
| Ma (0.0 aragriaiaz)
2 1
Mg (fb,b,t) > T | max > ,
2 X
| Me (f b,b, (2)2a(fb7b)a(fb,hc)x) :
|
1+1
|
\ /

=1.
Assume that b and @ are two different fixed point for f. Then, by applying (5), we get

Mg (b, ,t) = M (fb, fw,t)

M2 (b,o, &) M3 (b, fo,%) M2 (fb.o, L),

> max Ma(b7fw7§)éMa (fb,0,%

M2 (b.fo,%)+Ma(fb,0,%)
1+M (b0, )

(
Mé(b,w,%),M?x(b,a),é),Mé(b,w,é),

My (b,0,5).My(b,w, L
= max a *‘)2 a R),

M (b,0,%)+M% (b0, %)
L 1+M3 (b0, %)

1
=M2(b, o, K)’ t>0,
and by Lemma 2.4, it is clear that b = .

Remark 2.6. If we take

M(%t(bvahé)ngz(b?fwaé)aMgt(fbawv%)v

! 13
max Moc(bvfw7§)éMOC(fb1wvf), :]\Jé(b,a)’_)7

MZ(b,f 0, %)+ME(fb,0,%)
1+M% (b0, %)
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in the above theorem then we get a fuzzy version of the Banach contraction principle of qua-

dratic type.

Theorem 2.7. Assuming that (E,My,T) is complete controlled fuzzy metric space assuming

that f : & — E then X € (0,1) exists
Mé(b,a),é),Mé(fb,b,é),
®) Mg(fb, fo,r) > min M2(fo,0,%), :

My (b, fo, %)-Ma(f[% , %)

forallb,w € &, t > 0 such that

) lim M2 (b,w,t) =1, Y1 > 0.

o0

Then, f has a unique fixed point in E.

Proof. Assume that by € E, br41 = fbr and 7 € N from (9) with b = b; and @ = b;_, for

every T € Nand ¢ > 0, we get

. t t t
Mé(bT—F] ,bfr?t) Z mln{Mé(bT,bT_] 5 §);M§¢(b’l’+lﬂbf7 §),M§(bf,b’[—l ) g)}
. t t
> min {Mé(bf,bf_l,g),Mé(le,brvQ)}

If

t
M2 (by_1,br,t) > Mg(bf+1,bf,§), TeN, r>0.

Then, Lemma 2.2 implies that b; = b;11, T € N, such that

M2 (bey1,be,t) > Mg(bf,bf_l,é), TEN>O0.
Moreover, by Lemma 2.2 {b.} is a CS. Hence, b € E exists such that
(10) }ggoMé(b,bT,t): 1,¢>0.

Now, we demonstrate that b is an fixed point for f. Letting x; € (X,1) and y» =1 — x; by (8)

we get
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Mg (fb,b,t) > T ((Mé(fb,fbr, %) M (bm, be, (L))

a(fb, fbr (b1, fbr)
2 tx 2 tx
| Mg (bfbfvab}b)>M (bfbvab}b))
min 9
ZF M (bﬁbf—i-laa(bfbr))

<br+1 b’M)

taking T — oo and applying (10), we conclude that

2 : 2 24
Ma(fb,b,t) Z F(mln{l,Ma(b,fb,W), 1})

_ 2 X1
=T (b b o))

= M2(fb,b,1)

t
ZM(%t(fbal%;)’ r> 0?

where v = a(b;cﬁ € (0,1) and by Lemma 2.4, we have fb = b. Assume that b and o are two

different fixed point for f, thatis, fb = b and f® = w. By (8), we conclude that

t t t
M(%C(fbufw7t) Z mm{Mi(b,a),g),Mé(b,(o,g),Mé(aLfa),g)}
t
:min{Mé(b,(o,g),l,l}
t
7§)

= MZ(fb, fo, )

= M2 (b,

fort > 0 and by applying Lemma 2.4, we have fb = f®, which gives b = @. UJ

Remark 2.8. If we take

D Ma(fo.0,0)} = MEb0. ).

! 2
—).M45(fb,b
a')7 )7 a(f ) ) N N

min {Mg(b, <

in the above theorem then we obtain another fuzzy version of the Banach contraction principle

of quadratic type.
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Example 2.9. Assume E = (0,2), My(b,0,t) = e*@, and T'=T,. Then, (E,M,T) is a
complete control fuzzy metric space with al(b,®) =b+ ®+ 1. Let
2—b, ifbe(0,1)

f(b) =
1, ifbell,2).

Part1: If b, € [1,2), then My (fb,fw,t) =1and M2 (fb,fw,t)=1,t>0.
Part 2: If b € [1,2), and » € (0,1), such that X € (%,3), one can obtain

(170,)}2 4}2(1—w)2

ME(fb, fo,t)=e [ )

t
>e 7 :Mé(fa),a),g),t>0.

Part 3: As in the preceding section, for X € (%‘, %), we obtain
t
Mg (fb.fo,1) > Mg (fb,b,),b € (0,1) @ €[1,2),1 > 0.

Part 4: If b, € (0,1), then for X € (3, %) we have

(1-0)2 4x(1-0)?

B Gl _[eRU—0)7 t
Mi(fb,fo)=e 2 1> 2 }:Mé(fa),w,g),b>w,t>0,

and

t
Mg (fb.fo.1) > Mg(fo,0,¢), b <o, 1>0.

So, condition (9) is fulfilled for all b, € (0,2), t > 0 by Theorem 2.2 it follows that b =1 is a

unique fixed point for f.

Theorem 2.10. Assuming that (E,M,T’), T > Tp is a complete controlled fuzzy metric space,
assume that  : E — E for some X € (0,1), let

MG (b, @, %), M5(fb,b, %),
(1) Mg(fb,fo,t) >min{ M2(fo,0,%),\/M2(fb,0, %), ¢, b0 €E 1 >0,

M2 (b, for, &)

and b, ® € E exists such that

(12) lim M%(b,w,t) =1, t > 0.

T—o0

Then, f has a unique fixed point in =.
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Proof. Let by € E and by = fbr,© € N. Taking b = by and ® = b;_1 in (12) by (FMu4) and

I'>TI'p, we get

(
M2 (be,br—1, %), M5 (fb,b, &),
M2 (b’H—lvb’L'a%) M2 (bfab’f—laé)a
VMl b, 0, %) Mg (be,br

— 2
\ a(bffbf,l) N)Moc(brabraé)7

M2 (byi1,bz,t) > min

for all b,w € E, t > 0. Since My (b, w,1) is b-non decreasing in 7 and \/¥.p > min{x,p}, we

deduce
M2 (beer,be.t) = mind M2 (be1,be, ——— ) M2 (be.bet, —— )
“ = “ a(bry1,br) XY a(bg,br_1) X
forall T € N, r > 0. By Lemmas 2.2 and 2.4 we have
t
M2 (b be,t) > M2 (b, br),————), TNt > 0.
a( T+1,Y97, )_ oc( TVt 1706([%’[%_1)&),

Hence {b:} is a CS. Since (E,M,T") is complete b € E exists such that

(13) lim by = b and lim M2 (b,bs,t) =1, 1> 0.

T—ro0 T—>00

Assuming x; € (X, 1) and y» = 1 — y; by (13), we get

, ) ot 2 _
M 0.0.) > T (0 (f”’f”” a(fe. bTH))’M“ (v ami))

(023 (b,bes g ) M3 (b, e ) M (beobecr, )
Mq (fb b, G R TEBIR ) M <b b“a(ﬁbffW)
(b bf“?abbﬂ )

(b‘L'Jrl, ’Oébﬂb ) J

>T" | min

)

(M3 (b.bes i ) M2 (b5, e ) M3 (beobets s )

2 14 2 tx
min{Mg (f b.b, s p)a (lfb,b?)N) Mg (b’bf’ AALISE )}

X
M2, (b,bwlam) ’

2 X
Mq, (bf“’b’ oc(br+12,b>z<>

>T1"| min
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for all T € N and ¢ > 0. Taking T — oo and applying (13), we have
2 X
.M (b b, W) |

M%(fb,b,t) >T [ min{ min{Mm> (fb b. st b)”‘éfb,b,w) A} ¢ >0,

t
=M, (fb b’ocfbb) x(fb,l%)&)’

and by Lemma 2.4 with v = #UPL-8UBLIX ¢ (0, 1) such that fb = b.

Let b and o are two different fixed points for f. By (12), we get

Mats puyar| el ) Me (U0 ) e (0 ),
\/Ma fb,b )Ma(ba)+> Mz (b, o, L)
o f ) rabo)x ) Ma\ W)

t t
>T (M?x (b,a), §> ,l,lmin{l,Mé (b,a), W) },Mz(b,a), g))

t
= M? —_—
“(b""’aw,wm)

Y !
=8 (1.0 7 ) 10

and thus by Lemma 2.4, we have b = ® 0

3. AN APPLICATION TO THE TRANSFORMATION OF SOLAR ENERGY TO ELECTRIC

POWER

Sun-based boards are usually being distributed and shown generally to reduce people’s assur-
ance on petroleum derivatives which are less environmentally friendly. Closely 19 trillion kilo-
watts of power were converted internationally in 2007. In association, the amount of daylight
that inserts the Earth’s surface in a single hour is enough to illuminate the whole planet for a
complete year. The question is: how do those glittering and heat beams of light obtain power?
A numerical model of the electric flow in an RLC equal circuit, often known as a “tuning”
circuit, can be displayed with a basic appreciate of how light is changed into power. In the
fields of radio and communication engineering, this circuit has various uses. The version that
is being displayed can be applied to calculate the production of electric power, supplied tools
to improve building performance, and can be utilized as a decision-making implement when

designing a hybrid renewable electricity system based on solar power. Every side of this system
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is mathematically expressed as a differential equation in [26] utilizing the following equation
(14) do?

where @ : [0,1] x R™ — R is a continuous function that is condition to the integral equation to

which it is equivalent.
o
15) p(w)= [ N@.na(.p ()dlwe0,1],
0
where N(®, b) is the Green’s function it follows :

(@ —1)ePMbo)o-)) o< ]<@p<],

(16) N(w,l) =
0, 0<w<l.

where Q(M (b, )) > 0 is constant , as intent by the values of R and £. Let & = C([0, @, |R™)
be the set of all real continuous positive functions that are expressed on the set [0, ®]. Let E be
provide with the controlled fuzzy metric space given by the following

0 ift=0

(17) M(b,@,1) =

min{b,w}+¢ . -
SUPre(0,1] supib o)t otherwise, forall b,w € E.

One can verify that (£, M,I") is a complete controlled fuzzy metric space with controlled func-
tion o : E X E — [0,00), defined by a(b,®) = (b+ @+ 1). It is clear that b* is a solution of
integral equation (17), and as result, a solution of differential equation (16) which control the
system of converting solar energy into electric power if and only if »* is an fixed point of f. It

is put as guarantee of the existence of fixed point of f.

Theorem 3.1. Infer the following problems accomplish:

(1) f:]0,0] x [0,0] — R is a continuous function,

(1I) there exists a continuous function N : [0, ®] x [0, @] — R such that
SUPgef0,w) Jo N(a:l) > 1,

(I11) max{ f(o,1,b(1), f(et,l,®(1))} > N(at,b) max{D(b(l),w(1))}, and
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min{f(a,l,b(l), f(e,l, (1))} > N(o,b) min{D(b(l), (1))},
Va,l€0,1] b, € Rand X € (0,1) exists such that

MG (b(1), (1), ), Mg (b(1), for (1), ), Mz (fb(1), o(1), )
D(b(1), (1)) = max M(b1)F (). ) Mal (D). 0(0) )

Mg (b(1).f o), §)+M2(fb(l) o), %)
1+Mg (b(1).0(D). )

The differential equation (14) that represent the solar energy problem has a solution as a result

and the integral equation (15) also has a solution.

Proof. For b, € E, by use of assumption (/) and (/1I), we have
) —w min{ 3’ N(@,)Q(1,b(1))dl, [’ N(w,)Q(l,»(]))dl} +1
MR 00 = S0, max [N (@, DR b)), 1§ N (0. DL 0(1))d1} +7
o min{N(@,)Q(1,b(1)),N(@,)Q(l, (1))}l +t
re0.1] Jo, max{N(e,1)Q(l,b(1)),N(0,)Q(l,o(l)) }dl + 1
_ p JEN@.Dmin{QALb(D). N2 0(D) i+
refo.1] Jo' N(@,1)max{Q(L,b(1)),N(@,1)Q(l, (1)) }dl +1'
> sup Jo’ N(w,l)min{D(b(l), o())}dl +1
" el Jo' N(@, ) max{D(b(1), o(1)) }al +1’

=M?*(D(b,w,1)).

Thus, all conditions of Theorem 2.5 are satisfied. That is, operator f has an fixed point which is a

solution to differential equation (14) regulating the change of solar energy to electric power. [

4. CONCLUSION

In the relevant of controlled fuzzy metric spaces, this stenography holds a number of fixed point
theorems and sufficient condition for a sequence to be a Cauchy. As a outcome, we merged the
well- known contraction requirements with controlled fuzzy metric spaces to simplify the proof
of various fixed point theorems of quadratic type. Furthermore, we consider an application to

convert solar energy to electric power.

CONFLICT OF INTERESTS

The authors declare that there is no conflict of interests.



FIXED POINT RESULTS IN CONTROLLED FUZZY METRIC SPACES 17
REFERENCES

[1] M. Al-Khaleel, S. Al-Sharif, R. AlAhmad, On Cyclic Contractive Mappings of Kannan and Chatterjea Type
in Generalized Metric Spaces, Mathematics 11 (2023), 890. https://doi.org/10.3390/math11040890.

[2] A.N. Branga, .M. Olaru, Generalized Contractions and Fixed Point Results in Spaces with Altering Metrics,
Mathematics 10 (2022), 4083. https://doi.org/10.3390/math10214083.

[3] S. Czerwik, Contraction Mappings in b-Metric Spaces, Acta Math. Inform. Univ. Ostrav. 1 (1993), 5-11.
http://dml.cz/dmlcz/120469.

[4] A. George, P. Veeramani, On Some Results in Fuzzy Metric Spaces, Fuzzy Sets Syst. 64 (1994), 395-399.
https://doi.org/10.1016/0165-0114(94)90162-7.

[5] O. Hadzic, A Fixed Point Theorem in Menger Spaces, Publ. Inst. Math. 26 (1979), 107-112. https://eudml.or
g/doc/257517.

[6] O. Hadzi¢, E. Pap, Fixed Point Theory in Probabilistic Metric Spaces, Springer, Dordrecht, 2001. https:
//doi.org/10.1007/978-94-017-1560-7.

[7] Z. Hassanzadeh, S. Sedghi, Relation between B-Metric and Fuzzy Metric Spaces, Math. Morav. 22 (2018),
55-63. https://doi.org/10.5937/MatMor1801055H.

[8] S. Heilpern, Fuzzy Mappings and Fixed Point Theorem, J. Math. Anal. Appl. 83 (1981), 566-569. https:
//doi.org/10.1016/0022-247X(81)90141-4.

[9] A. Hussain, U. Ishtiaq, K. Ahmed, H. Al-Sulami, On Pentagonal Controlled Fuzzy Metric Spaces with an
Application to Dynamic Market Equilibrium, J. Function Spaces 2022 (2022), 5301293. https://doi.org/10.1
155/2022/5301293.

[10] U. Ishtiaq, N. Saleem, F. Uddin, S. Sessa, K. Ahmad, F. Di Martino, Graphical Views of Intuitionistic
Fuzzy Double-Controlled Metric-Like Spaces and Certain Fixed-Point Results with Application, Symme-
try 14 (2022), 2364. https://doi.org/10.3390/sym14112364.

[11] O. Kaleva, S. Seikkala, On Fuzzy Metric Spaces, Fuzzy Sets Syst. 12 (1984), 215-229. https://doi.org/10.1
016/0165-0114(84)90069-1.

[12] E.P. Klement, R. Mesiar, E. Pap, Problems on Triangular Norms and Related Operators, Fuzzy Sets Syst. 145
(2004), 471-479. https://doi.org/10.1016/S0165-0114(03)00303-8.

[13] I. Kramosil, J. Michalek, Fuzzy Metrics and Statistical Metric Spaces, Kybernetika, 11 (1975), 336-344.
http://dml.cz/dmlcz/125556.

[14] S.FE Li, F. He, S.M. Lu, Kaleva-Seikkala’s Type Fuzzy b-Metric Spaces and Several Contraction Mappings,
J. Function Spaces 2022 (2022), 2714912. https://doi.org/10.1155/2022/2714912.

[15] F. Mehmood, R. Ali, C. Ionescu, T. Kamran, Extended Fuzzy b-Metric Spaces, J. Math. Anal. 8 (2017),
124-131.


https://doi.org/10.3390/math11040890
https://doi.org/10.3390/math10214083
http://dml.cz/dmlcz/120469
https://doi.org/10.1016/0165-0114(94)90162-7
https://eudml.org/doc/257517
https://eudml.org/doc/257517
https://doi.org/10.1007/978-94-017-1560-7
https://doi.org/10.1007/978-94-017-1560-7
https://doi.org/10.5937/MatMor1801055H
https://doi.org/10.1016/0022-247X(81)90141-4
https://doi.org/10.1016/0022-247X(81)90141-4
https://doi.org/10.1155/2022/5301293
https://doi.org/10.1155/2022/5301293
https://doi.org/10.3390/sym14112364
https://doi.org/10.1016/0165-0114(84)90069-1
https://doi.org/10.1016/0165-0114(84)90069-1
https://doi.org/10.1016/S0165-0114(03)00303-8
http://dml.cz/dmlcz/125556
https://doi.org/10.1155/2022/2714912

18 RAKESH TIWARI, NIDHI SHARMA, ANDREEA FULGA, RAJESH PATEL

[16] N. Mlaiki, H. Aydi, N. Souayah, T. Abdeljawad, Controlled Metric Type Spaces and the Related Contraction
Principle, Mathematics 6 (2018), 194. https://doi.org/10.3390/math6100194.

[17] D. Rakic, A. Mukheimer, T. Dosenovic, Z.D. Mitrovic, S. Radenovic, On Some New Fixed Point Results in
Fuzzy b-Metric Spaces, J. Inequal. Appl. 2020 (2020), 99. https://doi.org/10.1186/s13660-020-02371-3.

[18] B. Schweizer, A. Sklar, Statistical Metric Spaces, Pac. J. Math. 10 (1960), 313-334.

[19] S. Sedghi, N. Shobe, Common Fixed Point Theorems in b-Fuzzy Metric Spaces, Nonlinear Funct. Anal.
Appl. 17 (2012), 349-359

[20] S. Sedghi, N. Shobkolaei, Common Fixed Point Theorem for R-Weakly Commuting Maps in b-Fuzzy Metric
Spaces, Nonlinear Funct. Anal. Appl. 19 (2014), 285-295.

[21] M.S. Sezen, Controlled Fuzzy Metric Spaces and Some Related Fixed Point Results, Numer. Methods Partial
Differ. Equ. 37 (2021), 583-593. https://doi.org/10.1002/num.22541.

[22] R. Tiwari, S. Gupta, Some Common Fixed Point Theorems in Metric Spaces Satisfying an Implicit Relation
Involving Quadratic Terms, Funct. Anal. Approx. Comput. 8 (2016), 45-51.

[23] R. Tiwari, S. Gupta, Some New Couple Common Fixed Point Theorems for a Pair of Commuting Mappings
Involving Quadratic Terms in Partially Ordered Complete Metric Spaces, Int. J. Sci. Eng. Res. 7 (2016),
1869-1880.

[24] R. Tiwari, M.S. Khan, S. Rani, V. Rakocevic, On (¢, ¢)2—Contractive Maps, Carpathian J. Math. 36 (2020),
303-312.

[25] F. Uddin, K. Javed, H. Aydi, U. Ishtiag, M. Arshad, Control Fuzzy Metric Spaces via Orthogonality with an
Application, J. Math. 2021 (2021), 5551833. https://doi.org/10.1155/2021/5551833.

[26] M. Younis, D. Singh, A.A.N. Abdou, A Fixed Point Approach for Tuning Circuit Problem in Dislocated
b-Metric Spaces, Math. Methods Appl. Sci. 45 (2022), 2234-2253. https://doi.org/10.1002/mma.7922.

[27] L.A. Zadeh, Fuzzy Sets, Inf. Control 8 (1965), 338-353. https://doi.org/10.1016/S0019-9958(65)90241-X.


https://doi.org/10.3390/math6100194
https://doi.org/10.1186/s13660-020-02371-3
https://doi.org/10.1002/num.22541
https://doi.org/10.1155/2021/5551833
https://doi.org/10.1002/mma.7922
https://doi.org/10.1016/S0019-9958(65)90241-X

	1. Introduction
	2. Main Result
	3. An Application to the Transformation of Solar Energy to Electric Power
	4. Conclusion
	Conflict of Interests
	References

