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1. INTRODUCTION AND PRELIMINARIES 

The concept of fuzzy sets was introduced by Zadeh [9] in 1965. It has applications in 

applied sciences such as neural network theory, stability theory, mathematical 

programming, modelling theory, engineering sciences, medical sciences (medical 

genetics, nervous system), image processing, control theory, communication etc. In 

particular, fuzzy metric space was introduced by Kramosil and Michalek [3]. George 

and Veeramani[1]  modified the definition of Kramosil and Michalek in order to 

introduce a Hausdorff topology on fuzzy metric spaces. There are several fixed point 

results for mappings defined on fuzzy metric spaces in the sense of George and  

Veeramani. Recently, B.Singh et.al. [8] introduced the notion of semi-compatible 

maps in fuzzy metric space.  

 

mailto:nawneethooda@gmail.com


178  Pardeep Kumar, Nawneet Hooda, Pankaj Kumar and Parveen Kumar 

Before we give our main result we need the following definitions: 

Definition 1.1[9] A fuzzy set A in X is a function with domain X and values in [0, 1]. 

Definition 1.2[7] A binary operation * : [0,1] × [0,1]→ [0,1] is a continuous t-norm if  

([0,1], *) is a topological abelian monoid with unit 1 s.t 

 a * b ≤ c * d whenever a ≤ c and b ≤ d , ∀ a, b, c, d ∈ [0,1].  

Definition 1.3[1] The 3-tuple (X, M, *) is called a fuzzy metric space if X is an 

arbitrary set, * is a continuous t-norm and M is a fuzzy set on X2 × [0,∞) satisfying 

the following conditions: 

(FM-1) M(x, y, 0) > 0, 

(FM-2) M(x, y, t) = 1   iff x=y, 

(FM-3) M(x, y, t) = M(y, x, t), 

(FM-4) M(x, y, t) * M(y, z, s) ≤ M(x, z, t + s), 

(FM-5) M(x, y,  . ) : (0,∞) → [0,1] is continuous, for all x, y, z ∈ X and s, t > 0. 

(FM-6) lim
n →∞

M(x, y, t) = 1, ∀ x, y ∈ X and t > 0. 

Example 1.4[5] Let (X ,d) be a metric space. Define a * b = ab (or a * b = min{a, b}) 

and for all x , y ∈ X and t > 0, M(x , y, t ) = 
𝑡

𝑡 +𝑑(𝑥,𝑦)
 .  

Then (X,M, *) is a fuzzy metric space. We call this fuzzy metric M induced by the 

metric d the standard fuzzy metric. 

Definition 1.5[1] Let (X, M, *) be fuzzy metric space . A sequence {xn} in X is said 

to be  

(i)  convergent to a point  x ∈ X, if  lim
n → ∞

𝑀(xn, x, t) = 1, for all t > 0; 

(ii)  Cauchy sequence if  lim
n → ∞

𝑀(xn+p, xn, t) = 1, for all t > 0 and p > 0. 

Definition 1.6 [1] A fuzzy metric space (X, M, *) is said to be complete if and only if 

every Cauchy sequence in X is convergent. 

Lemma 1.7[5] M(x, y, . ) is non-decreasing  for all x, y ∈ X. 

Definition 1.8[6] A pair ( A, B) of self maps of a fuzzy metric space (X, M, *) is said 

to be reciprocal continuous if lim
𝑛→∞

𝐴𝐵𝑥𝑛 = Ax and lim
𝑛→∞

𝐵𝐴𝑥𝑛 = Bx, whenever there 

exists a sequence {𝑥𝑛} in X such that lim
𝑛→∞

𝐴𝑥𝑛  = lim
𝑛→∞

𝐵𝑥𝑛 = x ∈ X. 



Fixed Point Theorems in Fuzzy Metric Space 179 

Definition 1.9  [4]  Self maps A and S of a Fuzzy metric space (X, M, *) are said to  

be occasionally weakly compatible (owc) if and only if there is a point x in X  which 

is coincidence  point of A and S at which A and S commute. 

Definition 1.10 [1] Two maps A and B from a fuzzy metric space (X, M, *) into itself 

are said to be compatible if 

       lim
𝑛→∞

𝑀(𝐴𝐵𝑥𝑛 , 𝐵𝐴𝑥𝑛, 𝑡) = 1 for all t > 0, whenever {𝑥𝑛} is a sequence such that 

       lim
𝑛→∞

𝐴𝑥𝑛  = lim
𝑛→∞

𝐵𝑥𝑛 = x ∈ X. 

Definition 1.11[8] Two maps A and B from a fuzzy metric space (X, M, *) into itself 

are said to be weak-compatible if they commute at their coincidence points, i.e., Ax = 

Bx implies  

ABx = BAx. 

Definition 1.12[8] A pair (A, S) of self-maps of a fuzzy metric space (X, M, *) is said 

to be semi-compatible if lim
𝑛→∞

𝐴𝑆𝑥𝑛 = Sx whenever {𝑥𝑛} is a sequence such that 

lim
𝑛→∞

𝐴𝑥𝑛  = lim
𝑛→∞

𝐵𝑥𝑛 = x ∈ X. 

Proposition 1.13[8] Let A and S be self-maps on a fuzzy metric space (X, M, *). 

Assume that S is continuous. Then (A, S) is semi-compatible if and only if (A, S) is 

compatible. 

 

2. MAIN RESULTS 

In 2014, A. Jain et.al.[2] proved fixed point theorem for four maps using semi-

compatible and occasionally weakly compatible as follows: 

Theorem 2.1.  Let A, B, S and T be self mappings of a complete fuzzy metric space 

(X, M, *) satisfying the following conditions : 

(2.1)  A(X) ⊆ T(X), B(X) ⊆ S(X); 

(2.2)  the pair (A, S) is semi-compatible and (B, T) is occasionally weakly 

compatible;  

(2.3)  there exists k ∈ (0, 1) such that for all x, y ∈ X and t > 0,  

          M(Ax, By, kt) ≥Min {M(By, Ty, t), M(Sx, Ty, t), M(Ax, Sx, t)}. 

Then A, B, S and T have a unique common fixed point in X. 
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Now we generalize the above theorems as follows: 

Theorem 2.2.  Let A, B, S and T be self mappings of a complete fuzzy metric space 

(X, M, *) 

satisfying (2.1), (2.1)  and the following conditions : 

 (2.4)  for all x, y ∈ X and t > 0,  

M(Ax, By, t) ≥ r{Min (M(By, Ty, t), M(Sx, Ty, t), M(Ax, Sx, t), M(Ax, Ty, t), M(By, 

Sx, t))}, 

 where  r : [0, 1] → [0, 1] is a continuous function such that r(t) > t  for each 0 < t < 1. 

Then A, B, S and T have a unique common fixed point in X. 

Proof. Let 𝑥0 ∈ X be any arbitrary point for which there exists 𝑥1, 𝑥2 ∈ X such that 

 A𝑥0 = T𝑥1and B𝑥1 = S𝑥2. 

 Inductively construct sequences {𝑥𝑛} and {𝑦𝑛} in X such that 𝑦2𝑛+1 = A𝑥2𝑛 

=T𝑥2𝑛+1, 

 𝑦2𝑛+2 = B𝑥2𝑛+1 = S𝑥2𝑛+2 for n = 0, 1, 2, … .  

On putting x = 𝑥2𝑛 , y = 𝑥2𝑛+1  in (2.4), we get 

M(𝑦2𝑛+1, 𝑦2𝑛+2, t)  = M(A𝑥2𝑛, B𝑥2𝑛+1, t)  

                 ≥ r{Min (M(B𝑥2𝑛+1, T𝑥2𝑛+1, t), M(S𝑥2𝑛, T𝑥2𝑛+1, t), M(A𝑥2𝑛, S𝑥2𝑛, t),  

                 M(A𝑥2𝑛, T𝑥2𝑛+1, t), M(B𝑥2𝑛+1, S𝑥2𝑛, t))}, 

                 = r{Min (M(𝑦2𝑛+2, 𝑦2𝑛+1, t), M(𝑦2𝑛, 𝑦2𝑛+1, t), M(𝑦2𝑛+1, 𝑦2𝑛, t),  

                 M(𝑦2𝑛+1, 𝑦2𝑛+1, t),  M(𝑦2𝑛+2, 𝑦2𝑛, t))} 

                 = r{Min (M(𝑦2𝑛+2, 𝑦2𝑛+1, t), M(𝑦2𝑛, 𝑦2𝑛+1, t), M(𝑦2𝑛+1, 𝑦2𝑛+1, t)}, 

                 ≥ r(M(𝑦2𝑛, 𝑦2𝑛+1, t)) > M(𝑦2𝑛, 𝑦2𝑛+1, t). 

 

Similarly, 

  M(𝑦2𝑛+2, 𝑦2𝑛+3, t) ≥ r(M(𝑦2𝑛+1, 𝑦2𝑛+2, t)) > M(𝑦2𝑛+1, 𝑦2𝑛+2, t). 

In general, 

         M(𝑦𝑛+1, 𝑦𝑛, t) ≥ r(M(𝑦𝑛, 𝑦𝑛−1, t)) > M(𝑦𝑛, 𝑦𝑛−1, t). 
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Thus {M (𝑦𝑛+1, 𝑦𝑛, t)} is an increasing sequence of positive real numbers in [0, 1], 

and tends to a limit l ≤ 1. If l < 1, then lim
𝑛→∞

M(𝑦𝑛+1, 𝑦𝑛, t) = l >r(l) >l, which is a 

contradiction. So l = 1. 

Now for any positive integer p, 

       M (𝑦𝑛, 𝑦𝑛+𝑝, t) ≥ M (𝑦𝑛, 𝑦𝑛+1, 
𝑡

𝑝
) * M (𝑦𝑛+1, 𝑦𝑛+2, 

𝑡

𝑝
) * …* M (𝑦𝑛+𝑝−1, 𝑦𝑛+𝑝, 

𝑡

𝑝
) 

Taking limit as 𝑛 → ∞, 

  lim
𝑛→∞

M(𝑦𝑛, 𝑦𝑛+𝑝, t) ≥1*1*…*1 = 1. 

So,      lim
𝑛→∞

M(𝑦𝑛, 𝑦𝑛+𝑝, t) = 1. 

Thus {𝑦𝑛} is a Cauchy sequence in X. By the completeness of X, {𝑦𝑛} converges to z 

∈ X. Hence A𝑥2𝑛 → z, S𝑥2𝑛 → z , T𝑥2𝑛+1 → z, B𝑥2𝑛+1 → z.                               (2.5) 

Case 1. Suppose A is continuous 

Since A is continuous and (A, S) is semi-compatible, we get 

         A𝑆𝑥2𝑛 → Az  & A𝑆𝑥2𝑛 → Sz                                                                     (2.6) 

Since the limit in fuzzy metric space is unique, we get 

         Az = Sz.                                                                                                      (2.7)                 

Now we claim that Az = z.  

Putting x = z, y = 𝑥2𝑛+1 in (2.4) and let Az ≠ z. Then 

M(Az, B𝑥2𝑛+1, t) ≥ r{Min (M(B𝑥2𝑛+1, T𝑥2𝑛+1, t), M(Sz, T𝑥2𝑛+1, t), M(Az, Sz, t),  

                                                              M(Az, T𝑥2𝑛+1, t), M(B𝑥2𝑛+1, Sz, t))}, 

Taking limit as 𝑛 → ∞ and using (2.5) and (2.7), we get  

M(Az, z, t) ≥ r{Min (M(z, z, t), M(Sz, z, t), M(Az, Sz, t), M(Az, z, t), M(z, Sz, t))} 

                  ≥ r{Min (1, M(Az, z, t), 1, M(Az, z, t), M(z, Az, t))} 

                   ≥ r(M(Az, z, t)) > M(Az, z, t), 

which is a contradiction and hence z = Az = Sz. 

Since A(X) ⊂ T (X), there exists u ∈ X such that z = Az = Tu.  

On putting x = 𝑥2𝑛, y = u in (2.4), we get 
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  M(A𝑥2𝑛, Bu, t) ≥ r{Min (M(Bu, Tu, t), M(S𝑥2𝑛, Tu, t), M(A𝑥2𝑛, S𝑥2𝑛, t),  

                                                                M(A𝑥2𝑛, Tu, t), M(Bu, S𝑥2𝑛, t))}, 

Taking limit as 𝑛 → ∞ and using (2.5) ,we get  

M(z, Bu, t) ≥ r{Min (M(Bu, Tu, t), M(z, Tu, t), M(z, z, t), M(z, Tu, t), M(Bu, z, t))} 

                  ≥ r{Min (M(Bu, z, t), M(z, z, t), M(z, z, t), M(z, z, t), M(Bu, z, t))} 

                   ≥ r(M(Bu, z, t))> M(z, Bu, t), which is a contradiction and hence z = Bu = 

Tu and the occasionally weakly compatiblity of (B, T ) gives TBu = BTu, i.e., Tz = 

Bz. 

On putting x = z, y = z in (2.4) and suppose Az ≠ Bz, we get 

M(Az, Bz, t) ≥ r{Min (M(Bz, Tz, t), M(Sz, Tz, t), M(Az, Sz, t), M(Az, Tz, t), M(Bz, 

Sz, t))} 

                    ≥ r{Min (1, M(Az, Bz, t), 1, M(Az, Bz, t), M(Bz, Az, t))}, 

                    ≥ r(M(Az, Bz, t)) > M(Az, Bz, t), which is a contradiction, and we get Az 

= Bz = z.  

Combining all the results, we get z = Az = Bz = Sz = Tz. 

i.e., z is a common fixed point of A,B, S and T . 

Case 2. Suppose S is continuous 

Since S is continuous and (A, S) is semi-compatible, we get 

           S𝐴𝑥2𝑛 → Sz  , 𝑆2𝑥2𝑛 → Sz  , AS𝑥2𝑛 → Sz.                                              (2.8) 

Thus  lim
𝑛→∞

S𝐴𝑥2𝑛 = lim
𝑛→∞

AS𝑥2𝑛 = Sz. 

Now we prove Sz = z.  

On putting x = S𝑥2𝑛, y = 𝑥2𝑛+1 in (2.4) and let  Sz ≠ z, we get 

M(AS𝑥2𝑛, B𝑥2𝑛+1, t) ≥ r{Min (M(B𝑥2𝑛+1, T𝑥2𝑛+1, t), M(SS𝑥2𝑛, T𝑥2𝑛+1, t),  

                           M(A S𝑥2𝑛, SS𝑥2𝑛, t), M(AS𝑥2𝑛, T𝑥2𝑛+1, t), M(B𝑥2𝑛+1, SS𝑥2𝑛, t))}. 

Taking limit as 𝑛 → ∞ and using (2.5) and (2.8) ,we get  

        M(Sz, z, t) ≥ r{Min (M(z, z, t), M(Sz, z, t), M(Sz, Sz, t), M(Sz, z, t), M(z, Sz, t))} 

       M(Sz, z, t) ≥ r{Min (1, M(Sz, z, t), 1, M(Sz, z, t), M(z, Sz, t))} 
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                        ≥ r(M(Sz, z, t))> M(Sz, z, t), which is a contradiction and thus Sz = z. 

Put x = z, y = 𝑥2𝑛+1 in (2.4). Then we get 

M(Az, B𝑥2𝑛+1, t) ≥ r{Min (M(B𝑥2𝑛+1, T𝑥2𝑛+1, t), M(Sz, T𝑥2𝑛+1, t), M(Az, Sz, t),  

                                                                 M(Az, T𝑥2𝑛+1, t), M(B𝑥2𝑛+1, Sz, t))}, 

Taking limit as 𝑛 → ∞ and using (2.5), we get  

M(Az, z, t) ≥ r{Min (M(z, z, t), M(z, z, t), M(Az, z, t), M(Az, z, t), M(z, z, t))}, 

                   ≥ r (M(Az, z, t)) > M(Az, z, t), which is a contradiction and thus Az = z  

and hence Sz = z = Az. 

Also, it follows that Bz = Tz = z. Hence we get z = Az = Bz = Sz = Tz: 

So z is a common fixed point of A, B, S and T. 

Uniqueness: 

Let 𝑧1 be another common fixed point of A,B, S and T . Then 𝑧1 = A𝑧1 = B𝑧1 = S𝑧1 = 

T𝑧1 

and z = Az = Bz = Sz = Tz. Suppose  z ≠ 𝑧1 and using (2.4), we get 

M (z, 𝑧1, t) = M (Az, B𝑧1, t) 

                  ≥ r{Min (M(B𝑧1, T𝑧1, t), M(Sz, T𝑧1, t), M(Az, Sz, t), M(Az, T𝑧1, t), 

M(B𝑧1, Sz, t))}, 

                  ≥ r{Min (M(𝑧1, 𝑧1, t), M(z, 𝑧1, t), M(z, z, t), M(z, 𝑧1, t), M(𝑧1, z, t))}, 

                  ≥ r (M(z, 𝑧1, t))> M (z, 𝑧1, t), which is a contradiction. Hence z = 𝑧1  

and so z is the unique common fixed point of A,B, S and T. 

Corollary 2.3. Let A,B, S and T be self-maps on a complete fuzzy metric space 

(X,M,*) satisfying (2.1), (2.4) and 

(2.9)    (A, S) and (B, T) are semi-compatible, 

(2.10)   one of A,B, S and T  is continuous. 

Then A,B, S and T  have a unique common fixed point. 

Proof. Since (B, T) is semi-compatible, we get (B, T) is occasionally weakly 

compatible, and the result follows from Theorem 2.2. 
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If we take A = B = f and S = T = g in Theorem 2.2, then we get the following. 

Theorem 2.4. Let (X, M, *) be a complete fuzzy metric space, and let f and g be 

semi-compatible self-maps on X satisfying the condition: 

M (fx,fy, t) ≥ r(M (gx, gy, t)),where r : [0, 1] → [0,1] is a continuous function such 

that r(t) > t for each 0 < t < 1. If f (X) ⊂ g(X) and either f or g is continuous, then f 

and g have a unique common fixed point. 

Take S = I in Theorem 2.2. We have the following result for three self-maps, none of 

which is continuous and just a pair of them is needed to be occasionally weakly 

compatible only. 

Corollary 2.5. Let A,B and T be self-maps on a complete fuzzy metric space (X,M, 

*) satisfying 

(2.11)   A(X) ⊂ T (X) , 

(2.12)   (B, T) is occasionally weakly compatible, 

(2.13)    for all x, y ∈ X and t > 0 

M (Ax,By, t) ≥ r(M (x, Ty, t)), where r : [0, 1] → [0, 1] is a continuous function such 

that r(t) > t for each 0 < t < 1. Then A, B and T have a unique common fixed point. 

Theorem 2.6. Let A,B, S and T be self-maps on a complete fuzzy metric space (X,M, 

*) satisfying (2.1), (2.2), (2.4) and 

(2.14) (A, S) is compatible and (B, T) is occasionally weakly compatible. 

Then A,B, S and T have a unique common fixed point. 

Proof. In view of Proposition 1.13 and Theorem 2.2, it suffices to prove the theorem 

when A is continuous. As in the proof of Theorem 2.2, construct a sequence {𝑦𝑛} 

which is a Cauchy sequence in X and hence it converges to some z ∈ X and (2.1) is 

true. Since A is continuous and (A, S) is compatible, we get 

AS𝑥2𝑛 → Az  ; 𝐴2𝑥2𝑛 → Sz  ; SA𝑥2𝑛 → Az                                                         (2.15) 

Now we prove Az = z.  

On Putting x = A𝑥2𝑛, y = 𝑥2𝑛+1 in (2.4) and assume that Az ≠ z. Then 

M(AA𝑥2𝑛, B𝑥2𝑛+1, t) ≥ r{Min (M(B𝑥2𝑛+1, T𝑥2𝑛+1, t), M(SA𝑥2𝑛, T𝑥2𝑛+1, t), 

                        M(AA𝑥2𝑛, SA𝑥2𝑛, t), M(A A𝑥2𝑛, T𝑥2𝑛+1, t), M(B𝑥2𝑛+1, SA𝑥2𝑛, t))}. 

Taking limit as 𝑛 → ∞ and using (2.15) and (2.5), we get  
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M(Az, z, t) ≥ r{Min (M(z, z, t), M(Az, z, t), M(Az, Az, t), M(Az, z, t), M(z, Az, t))} 

                  ≥ r (M(Az, z, t)) > M(Az, z, t), which is a contradiction. Hence z = Az. 

Since A(X) ⊂ T (X), there exists u ∈ X such that z = Az = Tu.  

On putting x = 𝑥2𝑛, y = u in (2.4), we have 

M(A𝑥2𝑛, Bu, t) ≥ r{Min (M(Bu, Tu, t), M(S𝑥2𝑛, Tu, t), M(A𝑥2𝑛, S𝑥2𝑛, t),  

                                                            M(A𝑥2𝑛, Tu, t), M(Bu, S𝑥2𝑛, t))}, 

Taking limit as 𝑛 → ∞ and using (2.5), we get  

M(z, Bu, t) ≥ r{Min (M(Bu, Tu, t), M(z, Tu, t), M(z, z, t), M(z, Tu, t), M(Bu, z, t))}, 

                  ≥ r (M(z, Bu, t)) > M(z, Bu, t), which is a contradiction.  

Thus z = Bu = Tu. Since (B, T ) is occasionally weakly compatible, we get TBu 

=BTu, 

 i.e., Tz = Bz. 

Since z = Bu and B(X) ⊂ S(X), there exists v ∈ X such that z = Bu = Sv. 

 On putting x = v, y = u in (2.4), we get 

M(Av, Bu, t) ≥ r{Min (M(Bu, Tu, t), M(Sv, Tu, t), M(Av, Sv, t), M(Av, Tu, t), M(Bu, 

Sv, t))}, 

                    ≥ r(M(Av, Bu, t))> M(Av, Bu, t), which is a contradiction. 

Thus Av = Bu and hence z = Sv = Av. Since (A, S) is semi-compatible, we get ASv = 

SAv and Az = Sz = z. 

On putting x = z, y = z in (2.4) and assuming Az ≠ Bz, we get 

M(Az, Bz, t) ≥ r{Min (M(Bz, Tz, t), M(Sz, Tz, t), M(Az, Sz, t), M(Az, Tz, t), M(Bz, 

Sz, t))}, 

                    ≥ r(M(Az, Bz, t)) > M(Az, Bz, t),which is a contradiction.  

So we get Az = Bz = z. 

Combining all the results, we get z = Az = Bz = Sz = Tz, 

 i.e., z is a common fixed point of A,B, S and T , and the uniqueness follows as in the 

proof of Theorem 2.2. 
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Corollary 2.7. Let A,B, S and T be self-maps on a complete fuzzy metric space 

(X,M, *) satisfying (2.1), (2.4) and 

(2.16)  (A, S) and (B, T) are compatible, 

(2.17)  one of A, B, S and T is continuous. 

Then A, B, S and T have a unique common fixed point. 

Proof. Since compatibility implies occasionally weakly compatible, the proof follows 

from Theorem 2.2 

Theorem 2.8.  Let A, B, S and T be self mappings of a complete fuzzy metric space 

(X, M, *). satisfying (2.1) ,(2.4) and the following condition : 

 (2.18)  (B, T) is occasionally weakly compatible.  

If (A, S) is semi-compatible pair of reciprocal continuous maps then A, B , S and T 

have a 

unique common fixed point. 

Proof. From Theorem 2.2, { 𝑦𝑛} is a Cauchy sequence in X . Since X is complete 

metric space  

{ 𝑦𝑛} converges to a point z(say) in X . Hence the subsequences { A𝑥2𝑛}, {S𝑥2𝑛}, 

{T𝑥2𝑛+1} and {B𝑥2𝑛+1} also converge to z. 

Now since A and S are reciprocal continuous and semi-compatible then we have  

lim
𝑛→∞

AS𝑥2𝑛 = Az, lim
𝑛→∞

SA𝑥2𝑛 = Sz and lim
𝑛→∞

M(AS𝑥2𝑛 , 𝑆𝑧 , 𝑡) = 1 . 

Therefore ,we get Az =Sz. Now we will show Az = z .  

For this suppose Az ≠ z .  

On putting x = z, y = 𝑥2𝑛in (2.4), we have 

M(Az, B𝑥2𝑛, t) ≥ r{Min (M(B𝑥2𝑛, T𝑥2𝑛, t), M(Sz, T𝑥2𝑛, t), M(Az, Sz, t),  

                                                                   M(Az, T𝑥2𝑛, t), M(B𝑥2𝑛, Sz, t))}, 

Taking limit as 𝑛 → ∞ ,we get  

M(Az, z, t) ≥ r{Min (M(z, z, t), M(Az, z, t), M(Az, Az, t), M(Az, 𝑧, t), M(z, Az, t))}, 

                  ≥ r (M(Az, z, t)) > M(Az, z, t), which is a contradiction, thus Az = z . 
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 Hence by similar techniques of above theorem we can easily show that z is a 

common fixed point of A, B , S and T i.e. z = Az = Bz = Sz = Tz. Uniqueness can be 

easily follows from condition (2.4) . 

This completes the proof. 
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