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Abstract 
 

In this paper we prove a common fixed point theorem for occasionally weakly 
compatible self maps in Menger Spaces, satisfying a convex inequality which 
was not considered before. We also show that the results of B.D.Pant and 
S.Chauhan [1] are not valid. 
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1. Introduction 
The notion of probabilistic metric space (PM-space), as a generalization of metric 
spaces, with non deterministic distance, was introduced by K.Menger [6] in 1942. 
Since then the theory of PM-spaces has developed in many directions [2, 3]. In 1972, 
V.M.Sehgal and A.T.Bharucha Reid [14] initiated the study of contraction mappings 
in PM-spaces which is an important step in the development of fixed point theorems. 
 Various mathematicians weakened the notion of commutativity by introducing the 
notions of weak commutativity [11], compatibility [5] and weak compatibility [6] in 
metric spaces and proved a number of fixed point theorems using these notions. Al-
Thagafi and Shazad [10] weakened the notion of weakly compatible maps by 
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introducing occasionally weakly compatible maps. It is worth to mention that every 
pair of commuting self-maps is weakly compatible and each pair of weakly 
compatible self-maps is occasionally weakly compatible but the reverse is not always 
true.  Many authors formulated the definitions of weakly commuting [12], compatible 
[13], weakly compatible maps [4] and occasionally weakly compatible maps [8] in 
probabilistic settings and proved a number of fixed point theorems in this direction.  
 B.D.Pant and S.Chauhan [1] claimed common fixed point theorems for 
occasionally weakly compatible self mappings in Menger Spaces. We show that the 
results are not valid, through examples. We also introduce a convex inequality for 
four self maps on a Menger Space and establish a common fixed point theorem for 
such maps. We also obtain a corollary to this result. 
 An open problem is also given at the end. 
 
 
2. Preliminaries 
Definition 2.1: (B.Schweizer and A.Sklar [3]) A triangular norm * (t-norm) is a 
binary operation on the unit interval [0, 1] such that for all ܽ, ܾ, ܿ, ݀ [0, 1] the 
following conditions are satisfied: 

1. ܽ ∗  1 =  ܽ 
2. ܽ ∗  ܾ =  ܾ ∗  ܽ 
3. ܽ ∗  ܾ ≤   ܿ ∗  ݀; ܽ ݎ݁ݒℎ݁݊݁ݓ  ≤  ܿ ܽ݊݀ ܾ ≤  ݀ 
4. ܽ ∗  (ܾ ∗ ܿ)  =  (ܽ ∗  ܾ) ∗  ܿ 

 
Example: Define ܽ ∗  ܾ =  ݉݅݊ {ܽ, ܾ}. Then * is a t-norm and ∗ : [0, 1] × [0, 1]  →
 [0, 1] is also continuous. Thus * = min is a continuous t-norm. 
 
Definition 2.2: (B.Schweizer and A.Sklar [3]) A mapping ܨ: ܴ →  [0, 1] is said to be 
a distribution function if it is non-decreasing and left continuous with 

(ݐ)ܨ}݂݊݅ ∶ {ܴ ݐ   =  0 and  ܵ݌ݑ{ݐ :(ݐ)ܨ ܴ}  =  1. 
 
 We shall denote by ृ the set of all distribution functions. 

 Define H (t) =൜0   ݂݅ ݐ ≤ 0
ݐ ݂݅   1 > 0   

 
 Then H is clearly a distribution function which is also called the Heaviside 
function. 
 If X is a non empty set, ܨ: ܺ × ܺ → ृ is called a Probabilistic distance on X and 
the value of ܨ at (ݔ, × ܺ ߳(ݕ ܺ is represented by ܨ௫,௬ 
 
Definition 2.3: (B.Schweizer and A.Sklar [3]) The ordered pair (ܺ,  is called a (ܨ
Probabilistic metric space (PM-space) if X is a non empty set and ܨ is a probabilistic 
distance satisfying the following conditions for allݔ, ,ݕ ,ݐ  ;ܺ ߳ ݖ < ݏ  0 

ݔ ௫,௬ = H iffܨ .1 =  ݕ 
 ௬,௫ܨ = ௫,௬ܨ .2
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3. If ܨ௫,௬(ݐ) = 1 and ܨ௬,௭(ݏ) = 1 then ܨ௫,௭(ݐ +  1 = (ݏ
 
 The ordered triple (ܺ, ,ܺ) is called a Menger Space if (∗,ܨ  is a PM-space, * is a (ܨ
t-norm and the following inequality holds 
ݐ)௫ା௭ܨ  + (ݏ ≥ ;ܺ ߳ ௬,௭(s) for all xܨ * ௫,௬(t)ܨ ,ݐ  ݏ > 0 
 
Definition 2.4: (B.Schweizer and A.Sklar [3]) Let (ܺ,  be a Menger space with (∗,ܨ
continuous t-norm * 

1. A sequence {ݔ௡} in X is said to converge to a point ݔ in X if for every  > 0,        
 > 0, there exists a positive integer N( , ) such that ܨ௫೙,௫( ) > 1-                 
for ݈݈ܽ ݊ ≥  ܰ( ,  ) 

2. A sequence  {ݔ௡} in X is said to be Cauchy if for every  > 0,  > 0,there 
exists a positive integer N( , ) such that ܨ௫೙,௫೘( ) > 1- for all n, m ≥ N( ,
 ) 

3. A Menger space in which every Cauchy sequence is convergent, is said to be 
complete. 

 
Definition 2.5: (S.N.Mishra [13]) Self maps A and B of a Menger space (ܺ,  are (∗,ܨ
said to be compatible if ܨ஺஻௫೙,஻஺௫೙(t) → 1 for all t > 0, whenever {ݔ௡}is a sequence in 
X such that ݔܣ௡, ݔܤ௡ → z for some z in X as ݊ → ∞ 
 
Lemma 2.1 (S.N.Mishra [13]) Let (ܺ,  be a Menger space with continuous t-norm (∗,ܨ
* If there exists a constant k߳ (0, 1) such that ݔܨ, (ݐ݇)ݕ  ≥ ,ݔܨ  ,ݔ for all  (ݐ)ݕ ݕ  X 
and t > 0 then  ݔ =  ݕ
 
Definition 2.6: (B.Singh and S.Jain [4]) Self maps A and B of a non empty set X are 
said to be weakly compatible (coincidentally commuting) if they commute at their 
coincidence points if ݔܣ = = ݔܤܣ  ܺ thenݔ for some ݔܤ  ,In this case .ݔܣܤ 
ݓ  = ݔܣ =  .is called a point of coincidence of A and B ݔܤ
 
Definition 2.7: (G.Jungck and B.E.Rhoades [7]) Self maps A and B of a none empty 
set X are occasionally weakly compatible if and only if there is a point ݔ ܺ which is 
a coincidence point of A and B at which A and B commute. 
 
Lemma 2.2 (G.Jungck and B.E.Rhoades [7]) Let X be a non empty set and A and B 
be occasionally weakly compatible self maps of X. If A and B have a unique point of 
coincidence, ݓ = ݔܣ =  .then w is the unique common fixed point of A and B ,ݔܤ
 B.D.Pant and S.Chauhan [1] claimed the following theorems 
 
Theorem 2.1 ([1], Theorem 3.1) Let (ܺ,  .be a Menger space with * = min (∗,ܨ
Suppose ܣ, ,ܤ ܵ and ܶ are self maps on X. Further, let the pairs (ܣ, ܵ) and (ܤ, ܶ) be 
occasionally weakly compatible in X satisfying 
 ൣ1 + ൧(ݐ݇)ௌ௫,்௬ܨܽ ∗ (ݐ݇)஺௫,஻௬ܨ ≥ 
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 ܽ ݉݅݊ ቆ
(ݐ݇)஺௫,ௌ௫ܨ ∗ (ݐ݇)஻௬,்௬ܨ

(ݐ2݇)஺௫,்௬ܨ ∗ ஻௬ܨ ,ௌ௫(2݇ݐ)
ቇ + ቆ

(ݐ)ௌ௫,்௬ܨ ∗ (ݐ)஺௫,ௌ௫ܨ ∗ ஻௬ܨ ,்௬(ݐ) ∗
(ݐ2)஺௫,்௬ܨ ∗ (ݐ2)஻௬,ௌ௫ܨ

ቇ → (2.1.1) 

 
for all t > 0 and x,yX with fixed constants ܽ  (−1, 0] and ݇ (0, 1).                  
 Then there exists a unique point wX such that ݓܣ = ݓܵ =  and a unique ݓ
point ݖܺ such that ݖܤ = = ݖܶ  ݖ Moreover .ݖ  =  so that there is a unique ݓ
common fixed point of ܣ, ,ܤ ܵ and ܶ 
 
Theorem 2.2 ([1], Theorem 3.2) Let (ܺ, -be a Menger Sapce with continuous t (∗,ܨ
norm *=min. Further let the pair (ܣ, ܵ) is occasionally weakly compatible in X 
satisfying 
ൣ1 + ൧(ݐ݇)ௌ௫,ௌ௬ܨܽ ∗ (ݐ݇)஺௫,஺௬ܨ ≥ 

 ܽ ݉݅݊ ቆ
(ݐ݇)஺௫,ௌ௫ܨ ∗ (ݐ݇)஺௬,ௌ௬ܨ

(ݐ2݇)஺௫,ௌ௬ܨ ∗ (ݐ2݇)஺௬,ௌ௫ܨ
ቇ + ቆ

(ݐ)ௌ௫,ௌ௬ܨ ∗ (ݐ)஺௫,ௌ௫ܨ ∗ (ݐ)஺௬,ௌ௬ܨ ∗
(ݐ2)஺௫,ௌ௬ܨ ∗ (ݐ2)஺௬,ௌ௫ܨ

ቇ → (2.2.1) 

 
 for all t > 0, and ݔ, , ܺ with fixed constants ܽ (−1 ݕ 0] and ݇  (0, 1).                 
Then A and S have a unique common fixed point in X. 
 In the next section, we show that both the theorems are not valid, by providing 
examples. 
 
 
3. Examples and Main Results 
In this section we first give two examples which show that Theorem 2.1 and Theorem 
2.2 are not valid. 
 
Example 3.1 Let ܺ =  {0, ܣ ;{1 = ܵ = (0)ܤ ;(Identity map) ܫ  = 1, (1)ܤ = 0, ܶ =  ,ܤ
,ݔܨ (ݐ)ݕ  = ݐ)ܪ   − ݔ| − ,ݔ for all (|ݕ   ܺ. Then clearly, all the hypotheses of ݕ
Theorem 2.1 except (2.1.1) are satisfied. Now we show that (2.1.1) is also satisfied 
with ݇ (0, 1) and       ܽ   (−1, 0). 
 Inequality (2.1.1) becomes 
ൣ1 + ൧(ݐ݇)௫,஻௬ܨܽ ∗ (ݐ݇)௫,஻௬ܨ ≥ 

 ܽ ݉݅݊ ቆ
(ݐ݇)௫,௫ܨ ∗ (ݐ݇)஻௬,஻௬ܨ

(ݐ2݇)௫,஻௬ܨ ∗ ቇ(ݐ2݇)஻௬,௫ܨ + ቆ
(ݐ)௫,஻௬ܨ ∗ (ݐ)௫,௫ܨ ∗ (ݐ)஻௬,஻௬ܨ ∗

(ݐ2)௫,஻௬ܨ ∗ (ݐ2)஻௬,௫ܨ ቇ 

⇒ [1 + ݐ݇)ܪܽ − ݔ| − [(|ݕܤ ∗ ݐ݇)ܪ − ݔ| − (|ݕܤ ≥  
ݐ2݇)ܪܽ − ݔ| − (|ݕܤ + ݐ)ܪ − ݔ| −  (3.1.1)   →   (|ݕܤ
Suppose ݔ =  0 and ݕ = 1. Then 
[1 + [(ݐ݇)ܪܽ ∗ (ݐ݇)ܪ ≥ (ݐ2݇)ܪܽ +  (ݐ)ܪ
⇒ (1 + ܽ) ∗ 1 ≥ ܽ + (ݐ݇)ܪ ݁ܿ݊݅ݏ)                   1 = ݐ ݂݅ 1 > 0)  
This shows that (3.1.1) holds. 
Suppose ݕ = ݕܤ Then .ݔ  =  and (3.1.1) becomes ݔܤ 
[1 + ݐ݇)ܪܽ − ݔ| − [(|ݔܤ ∗ ݐ݇)ܪ − ݔ| − (|ݔܤ ≥ 
ݐ2݇)ܪܽ − ݔ| − (|ݔܤ + ݐ)ܪ − ݔ| −  (|ݔܤ
⇒ [1 + ݐ݇)ܪܽ − 1)] ∗ ݐ݇)ܪ − 1) ≥ ݐ2݇)ܪܽ − 1) + ݐ)ܪ − 1) → (3.1.2) 
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Case (i): ࢚࢑) ࡴ − ૚)  =  ૙. 
Then L.H.S of (3.1.2) is 1 while R.H.S of (3.1.2) is 0 ݎ݋ ܽ +  .ܽ ݎ݋ 1 ݎ݋ 1
Since −1 <  ܽ ≤  0, this shows that L.H.S ≥ R.H.S. Thus (3.1.2) holds 
 
Case (ii): ࢚࢑) ࡴ − ૚)  =  ૚. Then ࢚࢑ –  ૚ >  0 
⇒ < ݐ݇   1 ⇒ < ݐ2݇  < ݐ݇  < ݐ ݀݊ܽ 1  < ݐ݇  > 0 ݁ܿ݊݅ݏ) 1   ݇ < 1) 
 ݐ2݇) ܪ − 1)  =  1 and ݐ) ܪ − 1)  =  1.  
 
 This shows that clearly (3.1.2) holds.  
 Thus (3.1.1) holds always. But A and S have two common fixed points 0 and 1, 
while B and T do not have common fixed points. 
 ܣ, ,ܤ ܵ and ܶ have no common fixed points. Thus theorem 2.1 fails. 
 
 The following example shows that theorem 2.2 fails 
 
Example 3.2 Let ܺ =  {0, 1}; = ܣ   ܵ = ,(ݕݐ݅ݐ݊݁݀ܫ) ܫ  ∗ = minimum t-norm and  

= ௫,௬(t)ܨ 0, 


t
yxt

t . Now we show that (2.2.1) holds if ܽ =  −1/2 and 

݇ =  ½ 
 Clearly (2.2.1) becomes 
ൣ1 + ൧(ݐ݇)௫,௬ܨܽ ∗ (ݐ݇)௫,௬ܨ ≥ 

ܽ݉݅݊ ቆ
(ݐ݇)௫,௫ܨ ∗ (ݐ݇)௬,௬ܨ

(ݐ2݇)௫,௬ܨ ∗ ቇ(ݐ2݇)௬,௫ܨ + ቆ
(ݐ)௫,௬ܨ ∗ (ݐ)௫,௫ܨ ∗ (ݐ)௬,௬ܨ ∗

(ݐ2)௫,௬ܨ ∗ (ݐ2)௬,௫ܨ ቇ 

(ݐ2݇)௫,௬ܨܽ = + (ݐ)௫,௬ܨ  → (3.2.1) 
 
 If ݔ =  .the above inequality clearly holds ݕ 
 Suppose ݔ ≠ = ݔ We may suppose that .ݕ   0, = ݕ  1.  

 Then ܨ௫,௬(t) =
yxt

t


 = 0,
1




t
t

t
 

 Then (3.2.1) becomes  
 ቂ1 + ܽ ௞௧

௞௧ାଵ
ቃ ∗ ௞௧

௞௧ାଵ
≥ ܽ ଶ௞௧

ଶ௞௧ାଵ
+ ௧

௧ାଵ
 

Put ݇ =  ½ 

቎1 + ܽ
2/ݐ

ݐ
2 + 1

቏ ∗
2/ݐ

ݐ
2 + 1

≥ ܽ
ݐ

ݐ + 1 +
ݐ

ݐ + 1 = (ܽ + 1)
ݐ

ݐ + 1 

⇒ቂ1 + ௧௔
௧ାଶ

ቃ ∗ ௧
௧ାଶ

≥ (ܽ + 1) ௧
௧ାଵ

   
 
 Observe that 1 + ௧௔

௧ାଶ
≥ (ܽ + 1) ௧

௧ାଵ
 when ܽ =  −1/2 and t > 0.  

 Also observe that ௧
௧ାଶ

≥ (ܽ + 1) ௧
௧ାଵ

  holds when ܽ = −1/2 and t >0. 

 Hence ቂ1 + ௧௔
௧ାଶ

ቃ ∗ ௧
௧ାଶ

≥ (ܽ + 1) ௧
௧ାଵ

 holds when ܽ =  −1/2 and ݇ =  ½. 
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 (3.2.1) holds when k = ½ and ܽ =  −1/2 and ܨ௫,௬(t) =
yxt

t


 with * as 

minimum t-norm. But A and B do not have unique common fixed point. Thus 
Theorem 2.2 fails. 
 Now we give a more general example to show the non- validity of Theorem 2.2 
 
Example 3.3 Let X be a subset of R with more than one element. Let S be any self 

map on X and ܣ =  ܵ. Take ݇ =  ½ and ܽ =  −½  and ܨ௫,௬(t) =
yxt

t


 with * as 

a minimum t-norm. Then (ܺ,  is a Menger space, all the hypotheses of Theorem (∗,ܨ
2.2 is satisfied. But the conclusion of theorem 2.2 does not hold. In fact, every point 
of X is a coincidence point of A and S. But, depending on the choice of the function 
A, 

1. (A, S) may not have common fixed point 
2. (A, S) may have more than one common fixed point. 

 
 Now we prove the following Theorem in which the self maps are assumed to 
satisfy a convex type inequality. It may be mentioned that this type of inequalities are 
not considered before. 
 
Theorem 3.4 Let (ܺ,  be a Menger space with ∗ = min t-norm, so that *  is a (∗,ܨ
continuous t-norm. Suppose 0 <  ݇ <  1;  0 ≤ ,ߙ ߚ ≤ 1, ߙ + ߚ = 1. Suppose ܣ, ,ܤ ܵ 
and ܶ be self maps on X. Further let the pairs (ܣ, ܵ) and (ܤ, ܶ) be occasionally 
weakly compatible in X satisfying  
൧(ݐ݇)ௌ௫,்௬ܨߙൣ ∗ ൧(ݐ݇)஺௫,஻௬ܨߚൣ ≥ 

ߙ  ቆ
(ݐ݇)஺௫,ௌ௫ܨ ∗ (ݐ݇)஻௬,்௬ܨ ∗
(ݐ2݇)஺௫,்௬ܨ ∗ ቇ(ݐ2݇)஻௬,ௌ௫ܨ + ߚ ቆ

(ݐ)ௌ௫,்௬ܨ ∗ (ݐ)஺௫,ௌ௫ܨ ∗ (ݐ)஻௬,்௬ܨ ∗
(ݐ2)஺௫,்௬ܨ ∗ (ݐ2)஻௬,ௌ௫ܨ ቇ → (3.4.1) 

 
for all t > 0 and ݔ,  ݕ  ܺ.  
 Then there exists unique point ݓ ܺ such that ݓܣ = = ݓܵ   and a unique ݓ 
point ݖ   ܺ such that ݖܤ = = ݖܶ = ݖ More over .ݖ   so that there is a unique ݓ 
common fixed point of ܣ, ,ܤ ܵ and ܶ. 
 
Proof: Since the pairs (ܣ, ܵ) and (ܤ, ܶ) are occasionally weakly compatible, there 
exist ݔ, ݕ ∈ ܺ such that ݔܣ = = ݕܤ and  ݔܵ  Inequality (3.4.1) becomes ݕܶ
൧(ݐ݇)஺௫,஻௬ܨߙൣ ∗ ൧(ݐ݇)஺௫,஻௬ܨߚൣ ≥ 

ߙ  ቆ
(ݐ݇)஺௫,஺௫ܨ ∗ (ݐ݇)஻௬,஻௬ܨ ∗
(ݐ2݇)஺௫,஻௬ܨ ∗ ቇ(ݐ2݇)஻௬,஺௫ܨ + ߚ ቆ

(ݐ)஺௫,஻௬ܨ ∗ (ݐ)஺௫,஺௫ܨ ∗ (ݐ)஻௬,஻௬ܨ ∗
(ݐ2)஺௫,஻௬ܨ ∗ (ݐ2)஻௬,஺௫ܨ ቇ 

ߙ)⇒ + (ݐ݇)஺௫,஻௬ܨ(ߚ ≥ (ݐ2݇)஺௫,஻௬ܨߙ +  (ݐ)஺௫,஻௬ܨߚ

                               ≥   ቊ
(ݐ2݇)஺௫,஻௬ܨߙ + 2݇ ݂݅   (ݐ2݇)஺௫,஻௬ܨߚ ≤ 1
(ݐ)஺௫,஻௬ܨߙ + 2݇ ݂݅             (ݐ)஺௫,஻௬ܨߚ > 1 
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   ܨ஺௫,஻௬(݇ݐ)   ≥   ቊ
2݇ ݂݅  (ݐ2݇)஺௫,஻௬ܨ ≤ 1
2݇ ݂݅       (ݐ)஺௫,஻௬ܨ > 1 

 
 This being true for all ݐ >  0, = ݔܣ  (by Lemma 2.1)               ݕܤ 
 ݔܣ = = ݔܵ  = ݕܤ  = ݕܶ   (3.4.2) → (say) ݓ 
 
 Since (ܣ, ܵ) is occasionally weakly compatible at ݔ and ݔܣ =  ,ݔܵ 
we have ݔܵܣ = = ݓܣ so that ݔܣܵ   ܵ. Hence by the above and by (3.4.2)  we get 
= ݓܣ   = ݓܵ  = ݕܤ  = ݕܶ   (3.4.3) → ݓ 
        ݓܣ = = ݓܵ  ,ݓ    .ܵ ݀݊ܽ ܣ is a fixed point of ݓ
 
 Since (ܤ, ܶ) is occasionally weakly compatible at ݕ and ݕܤ =   ,ݕܶ 
we have ݕܶܤ = = ݓܤ so that ݕܤܶ    hence by the above, we get ,ݓܶ 
= ݓܣ   = ݓܵ  = ݓܤ  = ݓܶ   (by (3.4.3))               ݓ 
        ݓܤ = = ݓܶ  ,ݓ   .ܶ and ܤ is a fixed point of ݓ
 
 Uniqueness: Let ݖ be a common fixed point of ܣ, ,ܤ ܵ ܽ݊݀ ܶ. Then put ݔ =
,ݖ  = ݕ  in (3.4.1) we have ݓ 
൧(ݐ݇)஺௭,஻௪ܨߙൣ ∗ ൧(ݐ݇)஺௭,஻௪ܨߚൣ ≥ 

ߙ  ቆ
(ݐ݇)஺௭,஺௭ܨ ∗ (ݐ݇)஻௪,஻௪ܨ ∗
(ݐ2݇)஺௭,஻௪ܨ ∗ ቇ(ݐ2݇)஻௪,஺௭ܨ + ߚ ቆ

(ݐ)஺௭,஻௪ܨ ∗ (ݐ)஺௭,஺௭ܨ ∗ (ݐ)஻௪,஻௪ܨ ∗
(ݐ2)஺௭,஻௪ܨ ∗ (ݐ2)஻௪,஺௭ܨ ቇ 

ߙ)⇒ + (ݐ݇)௭,௪ܨ(ߚ ≥ (ݐ2݇)௭,௪ܨߙ +  (ݐ)௭,௪ܨߚ

   ܨ஺௫,஻௬(݇ݐ)   ≥   ቊ
2݇ ݂݅  (ݐ2݇)௭,௪ܨ ≤ 1
2݇ ݂݅       (ݐ)௭,௪ܨ > 1 

 
 This being true for all t > 0, ݖ =   ݓ
 ݓ is the unique common fixed point for ܣ, ,ܤ ܵ ܽ݊݀ ܶ. 
 
 From Theorem 3.4 with ߙ = 0, ߚ = 1 we have the following Corollary. 
 
Corollary 3.5 Let (ܺ,  .be a Menger space with continuous t-norm, *=min (∗,ܨ
Further let (ܣ, ,ܤ) ݀݊ܽ (ܵ ܶ) be occasionally weakly compatible in X satisfying 

(ݐ݇)஺௫,஻௬ܨ ≥  ቆ
(ݐ)ௌ௫,்௬ܨ ∗ (ݐ)஺௫,ௌ௫ܨ ∗ (ݐ)஻௬,்௬ܨ ∗

(ݐ2)஺௫,௧௬ܨ ∗ (ݐ2)஻௬,ௌ௫ܨ ቇ 

 
for all ݐ >  0; ,ݔ  ,ܺ with a constant ݇(0ݕ 1). Then there exists a unique 
point ݓܺ such that ݓܣ = = ݓܵ              ܺ  such that ݖ  and a unique point  ݓ 
= ݖܤ = ݖܶ  = ݖ More over .ݖ   so that there is a unique common fixed point of ݓ 
,ܣ ,ܤ ܵ and ܶ.  
 
Open Problem: Is Theorem 3.4 true if min. t-norm is replaced by any continuous t-
norm? 
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