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Abstract: The present study establishes a linked fixed point in the intuitionistic fuzzy metric space for two sets
of joint common limits of the range (JCLR property) and common limits of the range (CLR property) that
satisfy the contractive requirements. There is weak compatibility between these mappings. Several concepts
and theorems from recent research publications were used in this study, including the binary operator, t-norm,
t-conorm, intuitionistic fuzzy metric space, and compatible mapping.
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1 Introduction

One of the most potent and productive nonlinear analysis techniques is fixed point theory [1]. Fixed-point
theory can be traced back to the Banach contraction principle [2]. Mathematicians use it to solve existing problems
in a variety of situations [3]. There have been numerous generalizations of the Banach contraction [3,4]. Using a
specified control function, we can determine that self-maps in a metric space contain fixed points. Therefore, it is
possible to establish the presence of fixed points. A number of studies have investigated these regulating functions,
including one that examined various fixed-point theorems, after Khan et al. discovered them. Recently, researchers
found that partial ordering of metric spaces can alleviate contraction characteristics [7]. Initially, only Ran and
Reurings who employed this approach. By incorporating periodic boundary value problems for ordinary
differential equations (ODES), the technique was improved [9,10].

Zadeh introduced the concept of fuzzy sets in [11]. Based on the findings of their article [12], Sedghi et al.,
for weakly compatible maps, there is a common fixed-point theorem. Utilizing contractive conditions that are
integral in nature. There are several contexts in which this is true. Recently, more researchers have been exploring
the implications of fuzzy initial value problems for their theoretical frameworks [13]. Fuzzy derivatives, first
proposed by Chang and Zadeh, have since gained popularity [14]. It was Dubosi and Prade who initially proposed
the extension idea. Recent research has refined differential and integral calculus for functions with fuzzy values
[16].

Our research provides several common linked fixed point theorems for mappings under a contractive
condition on an intuitionistic fuzzy metric space under compatible and subsequent continuous mappings.

Our study is divided into the following sections: t-norms, t-conorms, intuitionistic fuzzy metric spaces (D), and
full intuitionistic fuzzy metric spaces (#, D) are used as main icons of our study for achieving our target as shown
in Section 2. A summary of the study's conclusions is presented in Section 3.
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2 Main results

Here, the t-norms, t-conorms, intuitionistic fuzzy metric spaces (), and full intuitionistic fuzzy metric spaces
(#, D) [17,18,19,20] are used as main icons of our study for achieving our target as shown where, we prescribe a
common Couple fixed point in intuitionistic fuzzy metric space for two weakly compatible mappings that fulfill
the 1 —contractive criteria and using the concept of the joint common limit of the range (shortly JCLR property)
to prove common couple fixed point and proved common coupled fixed -point theorem by using occasionally
weakly compatible (ocw) and (CLR) property in intuitionistic fuzzy metric space.

Theorem 2.1 Let A,B:Xx X - X and S, T:X — X be mappings on intuitionistic fuzzy meric spaces
(X, M, N, ®®) where ® is continuous t-norm and ® is continuous t-conorm such that

a) the pairs (A, S) and (B, T) are satisfy JCLR (ST) property,
b) thereexisty € @,k € (0,1) and 3,9,5,p €X

M(AG, 1), T(s), HOM(B(s, p), S(3), I)

M(A, n), B(s, p), kI) = 1 { OM(AG, 1), SGR), BM(B(s, ), T(5), I)
®M(S(3), T(s),3)

{ N(AG, 1), T(s),3) ® N(B(s,9),S(3),3)

® N(ABG 1), SBR),3) ® N(B(s,p), T(s),3I)

|NAG,v), BGs, p), k) <
\ ® N(SG), T(5),3)

c) The pairs (A, S) and (B, T) are weakly compatible.
Then the pairs (A, S) and (B, T) have common coincident point and unique commaon fixed point in X.

Proof. The pairs (A, S) and (B, T) are satisfy the JCLR (ST) property, it satisfies the condition

lim AGarDe) = lim $Ge) = S(E) = lim B(sq, p) = lim T(sq) = T(O),
lim ADe,30) = lim S(0) = S(D) = lim B(Pa,50) = lim T(re ) = T(D).

forall €, TT € X.

We are going to prove B(C, T) = T(CE), from condition JCLR(ST) property and letting ¢ — oo we have.

(

M(AGe 92), T(€), IBM(B(E, T), S(3), I)
M(ABGq 90), B(E, D), kI) = ¢y ®M(AGw 1), S(3a), I)OM(B(E, T), T(6), JI)
®M(S(3a), T(€), )
N(AGRa 1a), T(€),I) ® N(B(E, T), SBa), )
N(AGa 9a), B(E, T), k3) < Y1 ® N(AGw 9a), SGa),I) ® N(B(E, T), T(€), )
® N(SGBa), T(€),3)

we have B(C, ¥) = T(C). Similiar way, we get B(Z, €) = T(Z).

By using the condition b) and letting @ - o and condition JCLR (ST) property and B(C, %) =
T(€)and B(Z, €) = T(T) we have

( { M(A(C, T), T(se), I)®M(B(54, Pq), S(C), I)
M(A(C, D), B(sa, Pa), kI) = Y { OM(A(C, T), S(C), I)OM(B(54, Do), T(54), I)
! ®MI(S(C), T(s4),3)
. N(A(C, T), T(54),3) ® N(B(5a,Pa), S(€),3J)
lN(AX(@. D), B(sapa), kI) < 1/){ ® N(A(C,3),5(6),3) ® N(B(sa, Pa), T(54),3)
® N(S(C), T(sa), )
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We get A(C,T) = S(€) = B(C, T) = T(C),
Repeating this process, we get A(T, ) = S(T) = B(T, €) = T(I).
Then the pairs (A, S) and (B, T) have common coupled coincidence points €, T € X. We assume

{A(G, =S =BC,I)=T(C) =a
AEEO)=S@)=BEE)=TEI)=>

Where a,b € X, since the pairs (A, S) and (B, T) are weakly compatible.

{ S(A(C,3)) = A(SC, ST) and S(A(Z, €)) = A(SZ, SC),
T(B(C, ¥)) = B(TC, TY) and T(B(Z, €)) = B(TI, TC)

We have S(a) = A(a, b),S(b) = A(b,a), T(a) = B(a,b) & T(b) = B(b, a).
We can prove a = A(a, b) and b = A(b, a), by using the conditions a),b) and c¢) we get
M(A(a, b), T(€), )M (B(C, T), S(a), )

M(A(a,b), B(€, %), k3) = ¢ {@M(A(a, b),S(a), I)QM(B(CE, T), T(C),I)
®M(S(a), T(C),3)

—

N(A(a, b), T(€),I) ® N(B(C, I),S(a),I)
N(A(a, b), B(C, T),kI) < Y<{® N(A(a,b),S(a),I) ® N(B(C, I), T(C),I)
\ ® N(S(a), T(C),3)

This implies
a=A(a,b)=S(a)and b = A(b,a) = b.
Now, we shall prove a = B(a, b) and b = B(b, a). Using the same technique, we have

M(A(C, T), T(a), 3)®M(B(a, b), S(€), )

M(A(C, I), B(a, b), k) > ¢{®M(A((Z, 1), S(6), QM (B(a, b), T(a),)
QM(S(E), T(a),3)

{ N(A(C, ), T(a),3) ® N(B(a,b),S}E),3)

lN(A\.(GJ ,T), B(a,b), kI) < P{® N(A(C, T),S(C),I) ® N(B(a,b), T(a),T)

® N(S(C), T(a),I)
We geta = A(a, b) = S(a) = B(a, b) = T(a).

Similarly, we shall show that b = A(b,a) = S(b) = B(b,a) = T(b).

2023

Finally, we are going to prove (A, S) and (B, T) have common fixed point in X. For this, we shall prove a = b,

let supposes a # b.

(
®M(S(a), T(h),3)

N(A(a,b), T(b),3) ® N(B(b,a),S(a),3)

M(A(a, b), T(b), I)QM(B(b, a),S(a),T)
! M(a, b,J) = M(A(a, b), B(b, a), k) = < @M(A(a, b), S(a), IQM(B(b, a), T(b),S)

lN(a b,3) = N(A(a, b), B(b, @), k3) < 1/;{@ N(A(a, b),S(a),I) ® N(B(b,a), T(b),ST)

® N(S(a), T(b),3)

this is contradiction to our supposition. We get a = b, then a have common fixed point in X.
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Theorem 3.2 LetA B:Xx X — Xand S, T: X — X be mappings on intuitionistic fuzzy metric spaces
(X, M, N, ®,®) where ® is continuous t-norm and & is continuous t-conorm such that

1. The pair (A,S) and (B, T) are satisfy CLR (ST) property,
2. Thereexisty € @,k € (0,1)and 3,v,5,p € X
(M(AG, 1), B(s,p), kI) = p(M(SR), T(s), I)®M(AG, 1), S(),3I)
QM (B(s,p), T(5),3))
1 N(AG, 1), B(s,p), k3) < Pp(N(SGR), T(5),3) ® N(AGB 1), S3),3)
® N(B(s ), T(s),3))
3. The pairs (A, S) and (B, T) are occasionally weakly compatible.

Then (A, S) and (B, T) have point of coincidence and unique common fixed point in X.

Proof. The pairs (A, S) and (B, T) are satisfy the (CLR) property, there exist a sequence 34, Dq. 3e Dy € X and
satisfies the condition

lim AQGq ) = lim SGB4) =S(C) and lim B(3g,v) = lim T(3,) = T(E),
lim A(9g,3,) = lim S(ye) =S(T) and  lim B(vg,32) = lim T(vg) = T(T').

forall €, ¢, I, T € X
We are showing the pairs (A, S) and (B, T) have common coincidence point. we have
OM(B(3a Da) T(3a), 3))

N(AGg 9e), BB e), k) < Y(N(SBa), TGRe), I) ® N(ARa 94), SBa), )
® N(BGw9a) T(Ra),I))

{M(A(sa, 9e), BGa 06), kI) = Y(M(SGe ), TRe), OM(ARy, 94), SGBa), I)

Letting a — oo, we get

M(S(6), T(E"), k) = p(M(S(E), T(E),I)R1Q 1)
M(S(C), T(E"), k) = M(S(C), T(E"),3)

N(S(©), T(€), k) < p(N(S(E), T(E),I) ® 0 ® 0)
N(S(©), T(E"), kJ) < N(S(€), T(€"),)

Then, we get S(€) = T(C"), similiar way, we get S(T) = T(Z'). By using the condition 2), we have
OM(BWa:3a) T(Ma), I)),

N(A®War 3a), BGl, 0%, k) < P(N(SOa), TG4), 3) @ NAWg 30), S(Wa), I)
\ ® N(BOL 35), T(05), 3))

{M(A(I)a. 3a) BGa» Dg), kI) = (M (S(0y), TRy, I)OM(A(Wg,30), S(Me), I)

Letting @ — oo, we get

{ M(S(T), T(E), kI) = ¢ (M(S(T), T(E), HOM(S(T), S(T), HOM(T(T), T(T'), I)),
N(@E), T(E), £3) < ¢ (N(S(D), T(E), ) ® N(S(T), S(T),I) ® N(T(T'), T(T),I))

We get S(T) = T(C"). Hence S(T) = T(C") = S(€) = T(T') and using the conditions 2) we have
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(M(AGq 1a), B(E, T'), k3I) = p(M(S(3o), T(E), ®M(AGRa, Da), S(Ba), I)
RM(B(C',T'), T(C),)),
N(AGw 1), B(E', T, kI) < P(N(SGe), T(€),I) ® N(AGBa a), SBa), I)
® N(B(C'},T), T(E),3)).
| M(S@©),BE, T, k) = M(S(C), B(E, T),),
N(S(C), B(C',T), kI) < N(S(C), B(C',I),J).

Then, we get S(€) = B(C', T"). Repeating this process, we get S(I) = B(Z',¢").

Hence, we can have T(€') = A(€, ) & T(T') = A(T, €). thus, B(C',T') = S(€) = T(C") =
AC,T)&B(T,C) =S(F) =T(IT) = AT, ). Since the pair (A, S) and (B, T) are occasionally weakly
compatible.

{5(5) =ACT) =B, T)=T(C) =3
S(T) = AT, 6) = B(T,¢) = T(T) = 1.

S (50) = SAED) ~ ASEST) = AGD)

’ S(y) = SA(T, €) = A(ST, SC) = A(1, 3).
And (T = TB(T, ©) = BAC, TY) — BGo),
T(y) = TB(T, ') = B(TI', TC) = B(y, 3).

we are going to prove 3 = p, by using the condition 2)

M3, 9, k) = M(A(C, T), B(E', ¥'), k) = p(M(S(€), T(E"), ®M(A(E, T), S(E), )
®M(B(C, ), T(C),3)),

NG, 1, k3) = N(A(C,3), B(¢,T), k) < p(N(S(E), T(E),3) ® N(A(C, %),S(6),3)
® N(B(E,T), T(C),3))

then, we get 3 = . Now, we show S3 = T3, by using the conditions

M(S3, T3, k) = M(AGRG, 1), B(v,3), kI) = p(M(SR), T(v),I)

®M(AG, 1), SR), IIRM(B(v,3), T(H),I)),
N(S$3, T3, k3) = N(AG, 1), B(»,3), kI) < Y(N(SR), T(n),3)
] ® N(AB,9),SR),3I) ® N(B(,3), T(v),3I))
MI(S3, T3, kJ) = M(S3, Ty, )
N(S3, T3, k3) < N(S3, Ty, J)

Then, we get S3 = T3 = Ty. Finally, we prove S3 = 3 by using the same condition, we have

( ( M(S3, 3, kS)) = M(S3,9, k3) =
M(AG, 1), BG, 1), kI) = Yp(M(S3, T3, I)@M(AG, 1), S3, I QM (B(3, v), T3, I)),
N(S3,3, k) = N($3,9,k3) =
\N(AG, 1), B(3,9),k3) < P(N(S3,T3,3) ® N(AG),S3.3) @ N(BG,1), T33)).

Then UA, B, S, T have a common fixed point in X and uniqueness point in X.

3 Conclusion

As a result of this study, basic icons in intuitionistic fuzzy metric spaces are successfully defined and
described. These include the binary operator, compatible mappings, and sequentially continuous mappings. We
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also used these symbols to define a shared, linked fixed point in intuitionistic fuzzy metric space for two sets of
mutually acceptable and sequentially continuous mappings that satisfy contractive constraints.
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