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Abstract: The aim of this paper is to establish a new coupled fixed 
point theorem in generalized intuitionistic fuzzy metric spaces having 
partial ordering.For this purpose, we prove a lemma which 
simultaneously establishes the Cauchy criterion for the sequences {λn} 
and {µn} stated here.The Hadžić type t-norm and t-conorm mentioned 
here are characterized by the equicontinuity of iterates. These 
concepts are used to obtain a new coupled fixed point result in the 
generalized intuitionistic fuzzy metric spaces having partial ordering. 

 

1. Introduction 
Zadeh[20] introduced fuzzy sets which made easy to handle uncertain 

situations that cannot be approached by non-probabilistic techniques.These sets are 
used to fuzzify the mathematical structures.  The flexible structure of fuzzy ideas 
leads to various definitions of fuzzy metric spaces which are not equivalent to each 
other. Here we work on the definition given by George et al. [8] and the topology is 
taken to be Hausdorff. The purpose of this paper is to generalize an existing coupled 
fixed point result[6] to generalized intuitionistic fuzzy metric spaces having partial 
ordering. We also extended the Cauchy criterion for the sequences {λn} and {µn} to 
support the main results. 
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2. Preliminaries 
 
Definition 2.1. 
 A 5-tuple (X, E, F,∗,◊) is said to be a generalized intuitionistic fuzzy metric 
space, if X is an arbitrary nonempty set, ∗is a continuous t-norm, ◊is a continuous t-
conorm, G and H are fuzzy sets on X3 ×(0,∞) satisfying the following conditions: For 
every x, y, z, a∈ X and t,s>0, 
(i) E(x, y, z, t) + F(x, y, z, t) ≤ 1, 
(ii) E(x, x, y, t) >0 for x ≠y, 
(iii) E(x, x, y, t) ≥ E(x, y, z, t) for y ≠z, 
(iv) E(x, y, z, t) = 1 if and only if x = y = z, 
(v) E(x, y, z, t) = E(p(x,y,z),t), where p is a permutation function, 
(vi) E(x,a,a,t) ∗ E(a,y,z,s) ≤ E(x, y, z, t+ s), 
(vii) E(x, y, z, .) : (0,∞) → [0,1] is continuous, 
(viii) E is a non-decreasing function on R+, limt→0 E(x, y, z, t) = 0 and limt→∞ E(x, y, z, t) = 1,  
(ix) (ix) F(x, x, y, t) <1 for x ≠y, 
(x) F(x, x, y, t) ≤ F(x, y, z, t) for y ≠z, 
(xi) F(x, y, z, t) = 0 if and only if x = y = z, 
(xii) F(x, y, z, t) = F(p(x,y,z),t), where p is a permutation function, 
(xiii) F(x, a, a, t) ◊ F(a, y, z, s) ≥ F(x, y, z, t+s), 
(xiv) F(x, y, z, .) : (0,∞) → [0,1] is continuous, 
(xv) F is a non-increasing function on R+, limt→0 F(x, y, z, t) = 1 and limt→∞ F(x, y, z, t) = 0. 

 
In this case, the pair (E,F) is called a generalized intuitionistic fuzzy metric on X. 

Example 2.2. 

Let (X,E) be a G-metric space, and let u ∗v = min {u,v} and  min {u + 
v,1} for all u,v∈ [0,1]. Define E and F by 

E(x, y, z, t) = t
t+E(x,y,z) and E(x, y, z, t) = E(x,y,z)

t+E(x,y,z) 

for all x,y,z∈ X and for t >0. Then(X, E, F,∗,◊) is a generalized intuitionistic fuzzy 
metric space. 

Definition 2.3. 

Let X be a nonempty set. An element (x,y) ∈ X × X is called a coupled fixed 
point of the mapping ∆: X × X → X if x = ∆(λ,µ) and y = ∆(µ,λ). 

Definition 2.4. 

Let X be a nonempty set.An element(x,y) ∈ X × X is called a coupled 
coincidence point of ∆:X × X → X and Γ:X → X if Γx= ∆(x,y) and Γy= ∆(µ,λ), a common 
coupled fixed point of ∆:X × X → X and Γ:X → X if x = Γx= ∆(x,y) and y = Γy= ∆(µ,λ). 

Lemma 2.5. 
Let (X, E, F,∗,◊) be a generalized intuitionistic fuzzy metric space. 
ThenE(x, y, z, .) is non-decreasing and F(x, y, z, .) is non-increasing with respect to t for 
all x,y,z∈ X. 
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Lemma 2.6. 
Let (X, E, F,∗,◊) be a generalized intuitionistic fuzzy metric space.Then E and F are 
continuous functions on X3 × (0,∞). 

Definition 2.7. 
Let (X, E, F,∗,◊)be a generalized intuitionistic fuzzy metric space. The pair (G,h), where 
∆:X × X → X and Γ:X → X, are said to be compatible if for all t >0 

lim E(Γ(∆(λn,µn)),Γ(∆(λn,µn)),∆(Γ(λn),Γ(µn),t)) = 1, 
n→∞ 

limE(Γ(∆(µn,λn)),Γ(∆(µn,λn)),∆(Γ(µn),Γ(λn),t)) = 1 and 
n→∞ 

limF(Γ(∆(λn,µn)),Γ(∆(λn,µn)),∆(Γ(λn),Γ(µn),t)) = 0, 
n→∞ 
limF(Γ(∆(µn,λn)),Γ(∆(µn,λn)),∆(Γ(µn),Γ(λn),t)) = 0 

n→∞ 

whenever{λn} and {µn} are sequences in X such that limn→∞ ∆(λn,µn) = limn→∞ Γ(λn) = λ 
and limn→∞ ∆(µn,λn) = limn→∞ Γ(µn) = µ, for some λ,µ ∈ X. 

Lemma 2.8. 

If the pair (∆,Γ), where ∆:X×X → X and Γ:X → X, is compatible in (X,E), then the pair 
(∆,Γ) is compatible in the corresponding space (X, E, F,∗,◊)as in the example stated 
above. 

Proof.Let {λn} and {µn} be sequences in X such that limn→∞ ∆(λn,µn) = limn→∞ Γ(λn) = λ 
and limn→∞ ∆(µn,λn) = limn→∞ Γ(µn) = µ for some λ,µ ∈ X.  Then the same limits also hold 
in (X, E, F,∗,◊). Since ∆ and Γ are compatible in (X,E), we have 

limE(Γ(∆(λn,µn)),Γ(∆(λn,µn)),∆(Γ(λn),Γ(µn)) = 0, 
n→∞ 
limE(Γ(∆(µn,λn)),Γ(∆(µn,λn)),∆(Γ(µn),Γ(λn)) = 0. 

n→∞ 
For all t >0, 

, 
Taking n → ∞ in the above equations, we have, for all t >0 

lim E(Γ(∆(λn,µn)),Γ(F(λn,µn)),∆(Γ(λn),Γ(µn),t)) = 1, 
n→∞ 
limE(Γ(∆(µn,λn)),Γ(F(µn,λn)),∆(Γ(µn),Γ(λn),t)) = 1, 

n→∞ 
limF(Γ(∆(λn,µn)),Γ(F(λn,µn)),∆(Γ(λn),Γ(µn),t)) = 0, 

n→∞  
limF(Γ(∆(µn,λn)),Γ(F(µn,λn)),∆(Γ(µn),Γ(λn),t)) = 0. 
n→∞ 
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Therefore (∆,Γ) is compatible in (X, E, F,∗,◊).  
Lemma 2.9. 

Let (X, E, F,∗,◊) be a generalized intuitionistic fuzzy metric space having t-
norm and t-conorm of Hadžićtype for which E(x, x, y, u) → 1 and F(x, x, y, u) → 0 as  
u → ∞, {λn} and {µn} in X satisfy, for all n ≥ 1, t >0, 

 
with some 0 < k <1, then {λn} and {µn} are Cauchy sequences. 
Proof.We successively apply (2.9.1) and (2.9.2) to obtain for all integers i ≥ 1,t>0 and 
q ≥ 0, 

 

Let ϵ > 0 and 0 < λ <1 be given. Let p be an integer such that p > q. Then 

. 
By Lemma(2.5), for all p > q, 

 
or 

 

 

We put  in (2.9.3) and (2.9.4), we get, for all q ≥ 0,i≥ 1, 

 

From the above, and using (2.9.5) and (2.9.6), with p > q, we get 
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By equicontinuity of t-norm at 1, there exists η(λ) ∈ (0,1) such that for all m > n, 

 ∗m−n (s) >1 − λ (2.9.9) 

and by the equicontinuity of t-conorm at 0, we have 

  (2.9.10) 

whenever 1 ≥ s,u> η(λ), where 0 < λ <1. 
 
Since E(λ0,λ0,λ1,u) → 1,F(λ0,λ0,λ1,u) → 0 as u → ∞, there existsϕ(ϵ, λ) such that 
E �λ0, λ0, λ1, (1−k)ϵ

kn
� ∗  E �μ0,μ0, μ1, (1−k)ϵ

kn
� > η(λ)(2.9.11) 

                 F �λ0, λ0, λ1, (1−k)ϵ
kn

� ◊  F �μ0,μ0, μ1, (1−k)ϵ
kn

� < η(λ)(2.9.12) 
Whenever  
From (2.9.3), (2.9.4), (2.9.11) and (2.9.12) withq = 0, i = n ≥ ϕ(ϵ, λ)and , 
we have 

 
Then, from (2.9.9), (2.9.10) with 

, 
and withm > n ≥ ϕ(ϵ, λ), we have 

∗(m−n) {E(λn, λn, λn+1, (1 − k)ϵ) ∗ E(μn, μn, μn+1, (1 − k)ϵ) > 1 − λ 

◊(m−n) {F(λn, λn, λn+1, (1 − k)ϵ) ◊ F(μn,μn, μn+1, (1 − k)ϵ) < λ 

By (2.9.7) and (2.9.8), for all m > n ≥ N(ϵ, λ),  we obtain 

and
 

which imply that 

   E(λn, λn, λm, ϵ) > 1 − λ and F(λn, λn, λm, ϵ) < λ, 
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   E(μn,μn, μm, ϵ) > 1 − λ and F(μn, μn, μm, ϵ) < λ for all m, n ≥ N(ϵ, λ). 

As ϵ > 0 and λ are arbitrary within their range, λnand µn are Cauchy sequences.  

 
3. Main Results 
 
Theorem 3.1. 
 Let (X, E, F,∗,◊) be a generalized intuitionistic fuzzy metric space having Hadžićtype t-
norm and t-conorm. Suppose that E(x, y, z, s) → 1 and F(x, y, z, s) → 0 as s → ∞, for all 
x,y,z∈ X and partial order≼ on X. Let ∆:X × X → X and Γ:X → X be two functions of 
which ∆has mixed Γ-monotone property and satisfy the conditions: 

   

  (3.1.2) 

for all λ,µ,ν,ξ∈ X,s >0 with  and , where 0 < k <1 and∆(X × X) 
⊆ Γ(λ), (Γ,∆) is compatible.Suppose either (a) ∆is continuous or (b) If {zp} → z is such 
that , for every p ≥ 0, then  for every p ≥ 0; If {zp} → z is such that 

, for every p ≥ 0, then  for every p ≥ 0. 
If there exist λ0,µ0 ∈ X for which , then there 
exist λ,µ ∈ X for which Γ(λ) = ∆(λ,µ) and Γ(µ) = ∆(µ,λ). 

Proof.Let λ0,µ0 ∈ X for which Γ(λ0) ≼ Δ(λ0,μ0), Γ(μ0) ≽ Δ(μ0, λ0)). Consider the 
sequences{λp} and {µp} in X given by 
 Γ(λp+1) = ∆(λp,µp) and Γ(µp+1) = ∆(µp,λp) for all p ≥ 0, (3.1.3) 
Then it follows that for all p ≥ 0, 
 ) and (3.1.4) 
 , (3.1.5) 
Let s >0,p≥ 0 and k ≥ 1. By (3.1.3), (3.1.4) and (3.1.5), and, from (3.1.1) and (3.1.2), we 
have 
E(Γ(λp),Γ(λp),Γ(λp+1),ks) ∗ E(Γ(µp),Γ(µp),Γ(µp+1),ks) 

= E(∆(λp−1),µp−1,∆(λp−1,µp−1),∆(λp,µp),ks) ∗ E(∆(µp−1,λp−1),∆(µp−1,λp−1),∆(µp,λp),ks) 
≥ E(Γ(λp−1),Γ(λp−1),Γ(λp),ks) ∗ E(Γ(µp−1),Γ(µp−1),Γ(µp),ks) and 

 

that is, 
E�Γ�λp�,Γ�λp�,Γ�λp+1�, s� ∗  E�Γ�µp�, Γ�µp�, Γ�µp+1�, s� 

   ≥ E(Γ(λp−1),Γ(λp−1),Γ(λp), s
k
) ∗  E �Γ�µp−1�,Γ�µp−1�,Γ�µp�, s

k
�(3.1.6)   

F�Γ�λp�, Γ�λp�, Γ�λp+1�, s� ◊  F�Γ�µp�, Γ�µp�, Γ�µp+1�, s� 
   ≤ F(Γ(λp−1), Γ(λp−1),Γ(λp), s

k
) ◊  F �Γ�µp−1�,Γ�µp−1�,Γ�µp�, s

k
�(3.1.7)   

 

(3.1.1) 

 (3.1.4) 
  (3.1.5) 
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(3.1.6), (3.1.7) together with Lemma (2.9) exhibits that {Γ(λp)} and {Γ(µp)} are Cauchy 
sequences and hence converge as X is complete. Therefore there exist λ,µ∈ X such that 

lim Γ(λp) = λ and lim Γ(µp) = µ (3.1.8)  
p→∞ p→∞ 

Therefore, 

lim Γ(λp+1) = lim ∆(λp,µp) = λ and lim Γ(µp+1) = lim ∆(µp,λp) = µ  
p→∞ p→∞p→∞ p→∞ 

Since the pair (Γ,∆) is compatible, the continuity of Γ and Definition (2.7) imply that 
Γ(λ) = lim Γ(Γ(λp+1)) = lim Γ(∆(λp,µp)) = lim ∆(Γ(λp),Γ(µp))  
p→∞ p→∞p→∞ 

(3.1.9) 

Γ(µ) = lim Γ(Γ(µp+1)) = lim Γ(∆(µp,λp)) = lim ∆(Γ(µp),Γ(λp)) (3.1.10) 
p→∞p→∞ p→∞ 

Suppose that (a) holds. Then from (3.1.9), (3.1.10) and by using (3.1.8), we have that 

Γ(λ) = lim Γ(∆(λp,µp)) 
p→∞ 

      = lim ∆(Γ(λp),Γ(µp))  
p→∞ 
=∆(limΓ(λp), lim Γ(µp)) = ∆(λ,µ)and  
p→∞ p→∞ 

Γ(µ)=lim Γ(∆(µp,λp))  
p→∞ 

= lim ∆(Γ(µp),Γ(λp))  
p→∞  
= ∆(lim Γ(µp), lim Γ(λp))  
                 p→∞                p→∞ 
= ∆(µ,λ).  

Therefore Γ(λ) = ∆(λ,µ) and Γ(µ) = ∆(µ,λ). 
Suppose that (b) holds. By (3.1.4), (3.1.5) and (3.1.8) we have that, for all p ≥ 0, 

and Γ(  

Since Γ is monotonic increasing, 

 ) and Γ(Γ(  ) (3.1.11) 

Now, for all s >0,p≥ 0, we have 

 

Letting p → ∞, we get, for all s >0, 

 

That is, 
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E(∆(λ,µ),∆(λ,µ),Γ(λ),s) 
 
= limE(∆(λ,µ),∆(λ,µ),Γ(∆(λp,µp)),ks) ∗ E(Γ(Γ(λp+1)),Γ(hg(λp+1)),Γ(λ),(s −ks))  
p→∞ 
= E(∆(λ,µ),∆(λ,µ), lim Γ(∆(λp,µp)),ks) ∗ E( lim Γ(Γ(λp+1)), lim Γ(Γ(λp+1)),Γ(λ),(s −ks))  
p→∞p→∞ p→∞ 
= E(∆(λ,µ),∆(λ,µ), lim ∆(Γ(λp),Γ(µp)),ks) ∗ E(Γ(λ),Γ(λ),Γ(λ),s −ks) by (3.1.9)  
p→∞ 
= limE(∆(Γ(λp),Γ(µp)),∆(λ,µ),∆(λ,µ),ks) ∗ 1 
p→∞ 
= limE(∆(Γ(λp),Γ(µp)),∆(λ,µ),∆(λ,µ),ks) 
p→∞ 
ThereforeE(∆(λ,µ),∆(λ,µ),Γ(λ),s) ≥ limE(∆(Γ(λp),Γ(µp)),∆(λ,µ),∆(λ,µ),ks).(3.1.12)  

p→∞ 

 
Therefore F(∆(λ,µ),∆(λ,µ),Γ(λ),s) ≤ limF(∆(Γ(λp),Γ(µp)),∆(λ,µ),∆(λ,µ),ks). (3.1.13)  

p→∞ 
Similarly, we obtain for all s >0 

E(∆(µ,λ),∆(µ,λ),Γ(µ),s) ≥ limE(∆(Γ(µp),Γ(λp)),∆(µ,λ),∆(µ,λ),ks) and (3.1.14)  
p→∞  

F(∆(µ,λ),∆(µ,λ),Γ(µ),s) ≤ limF(∆((µp),Γ(λp)),∆(µ,λ),∆(µ,λ),ks). (3.1.15)  
p→∞ 
From (3.1.14) and (3.1.15), using (3.1.10) and (3.1.11), for all s >0, we have 

E(∆(λ,µ),∆(λ,µ),Γ(λ),s) ∗ E(∆(µ,λ),∆(µ,λ),Γ(µ),s) 
≥ limE(∆(Γ(λp),Γ(µp)),∆(λ,µ),∆(λ,µ),ks) ∗ limE(∆(Γ(µp),Γ(λp)),∆(µ,λ),∆(µ,λ),ks)  
p→∞    p→∞ 
≥ lim E(Γ(Γ(λp)), Γ(λ), ), Γ(λ), s) ∗ lim E(Γ(Γ(µp)), Γ(µ), ), Γ(µ), s) ( since * is continuous) 
    p→∞   p→∞ 

= E( lim (Γ(Γ(λp)),Γ(λ),Γ(λ),s) ∗ E(limE(Γ(Γ(µp)),Γ(µ),Γ(µ),s)  
p→∞ p→∞ 

= E(Γ(λ),Γ(λ),Γ(λ),s) ∗ E(Γ(µ),Γ(µ),Γ(µ),s)) by (3.1.9) 
= 1 ∗ 1 = 1. 
 

F(∆(λ, µ), ∆(λ, µ), Γ(λ), s) ∗ F(∆(µ, λ), ∆(µ, λ),Γ(µ), s) 
≤ lim F(∆(Γ(λp), Γ(µp)), ∆(λ, µ), ∆(λ, µ), ks) ◊ lim F(∆(Γ(µp), Γ(λp)), ∆(µ, λ), ∆(µ, λ), ks)  
    p→∞    p→∞ 
≤ lim F(Γ(Γ(λp)), Γ(λ), ), Γ(λ), s) ◊ lim F(Γ(Γ(µp)), Γ(µ), ), Γ(µ), s) ( since ◊ is continuous) 
    p→∞   p→∞ 

  = F(lim (Γ(Γ(λp)), Γ(λ), Γ(λ), s) ∗ F(lim E(Γ(Γ(µp)), Γ(µ), Γ(µ), s)  
               p→∞ p→∞ 

= F(Γ(λ) ,Γ(λ), Γ(λ) ,s) ◊F(Γ(µ), Γ(µ), Γ(µ), s)) by (3.1.9) 
= 0◊0 = 0. 
 

That is, 

, 
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which implies that Γ(λ) = ∆(λ,µ) and Γ(µ) = ∆(µ,λ).Hence the proof.   

Corollary 3.2. 
Let(X, E, F,∗,◊)be a generalized intuitionistic fuzzy metric space having 

Hadžićtype t-norm and t-conorm such that E(x, y, z, s) → 1 and F(x, y, z, s) → 0 as s → 
∞, for all x,y,z∈ X.Let ≼ be a partial order on X.  Let ∆:X ×X → X and Γ:X → X be two 
functions of which ∆has mixed Γ-monotone property and with the following 
properties: 

 
for all λ,µ,ξ,ν∈ X,s >0 with  and , where 0 < k <1 and∆(X × X) 
⊆ Γ(λ), Γ is continuous and monotonic increasing, (∆,Γ) is a commuting pair. Suppose 
either (a) ∆is continuous or (b) If{zp} → z is such that , for everyp ≥ 0, then

 for every p ≥ 0; If {zp} → z is such that , for every p ≥ 0, then  for 
every p ≥ 0. 
If there are λ0,µ0 ∈ X for which , then there exist 
λ,µ ∈ X for which Γ(λ) = ∆(λ,µ) and Γ(µ) = ∆(µ,λ). 

Proof. As commuting pairs are also compatible pairs, the result follows from Theorem 
(3.1). It is established with an example that the Corollary (3.2) is actually contained 
within Theorem(3.1).       
 
Corollary 3.3. 

Let (X, E, F,∗,◊)be a generalized intuitionistic fuzzy metric space having 
Hadžićtype t-norm and t-conorm. Suppose that E(x, y, z, s) → 1 and F(x, y, z, s) → 0 as s 
→ ∞, for all x,y,z∈ X. Let≼ be a partial order on X. Let ∆:X × X → X and Γ:X → X be two 
functions of which ∆has mixed Γ-monotone property and with the following 
properties: 

 

for all λ,µ,ξ,ν∈ X,s >0 with  and , where 0 < k <1 and ∆(X × X) ⊆ Γ(λ). 
Suppose either (a) ∆is continuous or (b) If {zp} → z is such that , for every p ≥ 
0, then  for every p ≥ 0; If {zp} → z is such that , for every p ≥ 0, then 

 for every p ≥ 0. 

If there are λ0,µ0 ∈ X for which , then there exist 
λ,µ ∈ X such that Γ(λ) = ∆(λ,µ) and Γ(µ) = ∆(µ,λ). 

Proof. Taking Γ = I in Theorem (3.1), the result follows. 

Example 3.4. 
Let  be a partially ordered set with X = [0,1] and the usual relation 

ordering ≤ on real numbers. Let for all s >0,p,q,z∈ X, 
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Let u ∗v = min{u,v} and . Then (X, E, F,∗,◊) is a complete 
generalized intuitionistic fuzzy metric space such that E(p,q,z,s) → 1 and F(x, y, z, s) → 0 
as s → ∞, for all p,q∈ X. Let the Γ:X → X and ∆:X × X → X be defined by 

for all . 
Then ∆(X × X) ⊆ Γ(λ) and ∆satisfies the mixed Γ-monotone property. 

Let {tn} and {rn} be sequences in X such that  
limp→∞ ∆(tn,rn) = a,limp→∞ Γ(tn) = a,limp→∞ ∆(rn,tn) = b and limp→∞ Γ(rn) = b. 

Now, for all and . 
Then a and b must be zero. Lemma(2.5) gives then, for all s >0, 

limE(Γ(∆(tn,rn)),Γ(F(tn,rn)),∆(g(tn),Γ(rn),s) = 1, 
p→∞ 
limF(Γ(∆(tn,rn)),Γ(F(tn,rn)),∆(g(tn),Γ(rn),s) = 0, and 

p→∞ 
limE(Γ(∆(rn,tn)),Γ(F(rn,tn)),∆(g(rn),Γ(tn),s) = 1, 

p→∞  
limF(Γ(∆(rn,tn)),Γ(F(rn,tn)),∆(g(rn),Γ(tn),s) = 0. 
p→∞ 

Therefore (∆,Γ) is a compatible pair. 
Now we show that the inequalities (3.1.1) and (3.1.2) hold. 

2|∆(p,q) − ∆(u,v)| ≥ |Γ(p) − Γ(u)| + |Γ(q) − Γ(v)|, p ≥ u, q ≤ v, and (3.4.1) 
2|∆(q,p) − ∆(v,u)| ≥ |Γ(q) − Γ(v)| + |Γ(p) − Γ(u)|, p ≥ u, q ≤ v. 

From (3.4.1), for all s >0 and 0 < k <1, we have Similarly from (3.4.2), we get 

(3.4.3  

(3.4.4  

 

(3.4.2) 

From (3.4.3) and (3.4.4), we obtain that 

min{E(∆(p,q),∆(p,q),∆(ν,ξ),ks), E(∆(q,p),∆(q,p),∆(ξ,ν),ks)} 
≥ min{E(Γ(p),Γ(p),Γ(u),s), E(Γ(q),Γ(q),Γ(v),s)} and 

max{F(∆(p,q),∆(p,q),∆(ν,ξ),ks), F(∆(q,p),∆(q,p),∆(ξ,ν),ks)} 
 ≤ max{F(Γ(p),Γ(p),Γ(u),s), F(Γ(q),Γ(q),Γ(v),s)}. 

Therefore 
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Thus (3.1.1) follows.Similarly, the remaining cases follow.  Thus Theorem 3.1 can be 
applied.It can also be found that (0,0) is the coupled coincidence point of (∆,Γ). 
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