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Abstract. 
The purpose of this paper is to establish a strong convergence of a new parallel iterative algorithm with mean errors to a common fixed point for two finite families of Ćirić quasi-contractive operators in normed spaces. The results presented in this paper generalize and improve the corresponding results of Berinde, Gu, Rafiq, Rhoades, and Zamfirescu.


1.   Introduction and Preliminaries 
 Let 
	
		
			
				(
				𝑋
				,
				𝑑
				)
			

		
	
 be a metric space. A mapping 
	
		
			
				𝑇
				∶
				𝑋
				→
				𝑋
			

		
	
 is said to be 
	
		
			

				𝑎
			

		
	
-contraction, if 
	
		
			
				𝑑
				(
				𝑇
				𝑥
				,
				𝑇
				𝑦
				)
			

		
	
 
	
		
			

				≤
			

		
	
 
	
		
			
				𝑎
				𝑑
				(
				𝑥
				,
				𝑦
				)
				f
				o
				r
				a
				l
				l
				𝑥
				,
				𝑦
				∈
				𝑋
			

		
	
, where 
	
		
			
				𝑎
				∈
				(
				0
				,
				1
				)
			

		
	
.
The mapping 
	
		
			
				𝑇
				∶
				𝑋
				→
				𝑋
			

		
	
 is said to be Kannan mapping [1], if there exists 
	
		
			
				𝑏
				∈
				(
				0
				,
				1
				/
				2
				)
			

		
	
 such that 
	
		
			
				𝑑
				(
				𝑇
				𝑥
				,
				𝑇
				𝑦
				)
			

		
	
 
	
		
			
				≤
				𝑏
				[
				𝑑
				(
				𝑥
				,
				𝑇
				𝑥
				)
				+
				𝑑
				(
				𝑦
				,
				𝑇
				𝑦
				)
				]
				f
				o
				r
				a
				l
				l
				𝑥
				,
				𝑦
				∈
				𝑋
			

		
	
.
A mapping 
	
		
			
				𝑇
				∶
				𝑋
				→
				𝑋
			

		
	
 is said to be Chatterjea mapping [2], if there exists 
	
		
			
				𝑐
				∈
				(
				0
				,
				1
				/
				2
				)
			

		
	
 such that 
	
		
			
				𝑑
				(
				𝑇
				𝑥
				,
				𝑇
				𝑦
				)
			

		
	
 
	
		
			
				≤
				𝑐
				[
				𝑑
				(
				𝑥
				,
				𝑇
				𝑦
				)
				+
				𝑑
				(
				𝑦
				,
				𝑇
				𝑥
				)
				]
				f
				o
				r
				a
				l
				l
				𝑥
				,
				𝑦
				∈
				𝑋
			

		
	
.
Combining these three definitions, Zamfirescu [3] proved the following important result. 
Theorem Z (see [3]).   Let 
	
		
			
				(
				𝑋
				,
				𝑑
				)
			

		
	
 be a complete metric space and 
	
		
			
				𝑇
				∶
				𝑋
				→
				𝑋
			

		
	
 a mapping for which there exist the real numbers 
	
		
			
				𝑎
				,
				𝑏
			

		
	
, and 
	
		
			

				𝑐
			

		
	
 satisfying 
	
		
			
				𝑎
				∈
				(
				0
				,
				1
				)
			

		
	
, 
	
		
			
				𝑏
				,
				𝑐
				∈
				(
				0
				,
				1
				/
				2
				)
			

		
	
 such that for each pair 
	
		
			
				𝑥
				,
				𝑦
				∈
				𝑋
			

		
	
, at least one of the following conditions holds:  
	
		
			
				(
				𝑧
			

			

				1
			

			
				)
				𝑑
				(
				𝑇
				𝑥
				,
				𝑇
				𝑦
				)
				≤
				𝑎
				𝑑
				(
				𝑥
				,
				𝑦
				)
			

		
	
, 
	
		
			
				(
				𝑧
			

			

				2
			

			
				)
				𝑑
				(
				𝑇
				𝑥
				,
				𝑇
				𝑦
				)
				≤
				𝑏
				[
				𝑑
				(
				𝑥
				,
				𝑇
				𝑥
				)
				+
				𝑑
				(
				𝑦
				,
				𝑇
				𝑦
				)
				]
			

		
	
, 
	
		
			
				(
				𝑧
			

			

				3
			

			
				)
				𝑑
				(
				𝑇
				𝑥
				,
				𝑇
				𝑦
				)
				≤
				𝑐
				[
				𝑑
				(
				𝑥
				,
				𝑇
				𝑦
				)
				+
				𝑑
				(
				𝑦
				,
				𝑇
				𝑥
				)
				]
			

		
	
. Then 
	
		
			

				𝑇
			

		
	
 has a unique fixed point 
	
		
			

				𝑝
			

		
	
 and the Picard iteration 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 defined by 
							
	
 		
 			
				(
				1
				.
				1
				)
			
 		
	

	
		
			

				𝑥
			

			
				𝑛
				+
				1
			

			
				=
				𝑇
				𝑥
			

			

				𝑛
			

			
				,
				𝑛
				∈
				ℕ
			

		
	

						converges to 
	
		
			

				𝑝
			

		
	
 for any arbitrary but fixed 
	
		
			

				𝑥
			

			

				1
			

			
				∈
				𝑋
			

		
	
. 
Remark 1.1.  An operator 
	
		
			

				𝑇
			

		
	
 satisfying the contractive conditions 
	
		
			
				(
				𝑧
			

			

				1
			

			
				)
				−
				(
				𝑧
			

			

				3
			

			

				)
			

		
	
 in the above theorem is called 
	
		
			

				𝑍
			

		
	
-operator. 
Remark 1.2.  The conditions 
	
		
			
				(
				𝑧
			

			

				1
			

			
				)
				−
				(
				𝑧
			

			

				3
			

			

				)
			

		
	
 can be written in the following equivalent form: 
							
	
 		
 			
				(
				1
				.
				2
				)
			
 		
	

	
		
			
				
				𝑑
				𝑑
				(
				𝑇
				𝑥
				,
				𝑇
				𝑦
				)
				≤
				ℎ
				m
				a
				x
				𝑑
				(
				𝑥
				,
				𝑦
				)
				,
				(
				𝑥
				,
				𝑇
				𝑥
				)
				+
				𝑑
				(
				𝑦
				,
				𝑇
				𝑦
				)
			

			
				
			
			
				2
				,
				𝑑
				(
				𝑥
				,
				𝑇
				𝑦
				)
				+
				𝑑
				(
				𝑦
				,
				𝑇
				𝑥
				)
			

			
				
			
			
				2
				
				,
			

		
	

						for all 
	
		
			
				𝑥
				,
				𝑦
				∈
				𝑋
				,
				0
				<
				ℎ
				<
				1
			

		
	
. Thus, a class of mappings satisfying the contractive conditions 
	
		
			
				(
				𝑧
			

			

				1
			

			
				)
				−
				(
				𝑧
			

			

				3
			

			

				)
			

		
	
 is a subclass of mappings satisfying the following condition: 
							
	
 		
 			

				(
			
 			
				C
				G
			
 			

				)
			
 		
	

	
		
			
				
				𝑑
				𝑑
				(
				𝑇
				𝑥
				,
				𝑇
				𝑦
				)
				≤
				ℎ
				m
				a
				x
				𝑑
				(
				𝑥
				,
				𝑦
				)
				,
				𝑑
				(
				𝑥
				,
				𝑇
				𝑥
				)
				,
				𝑑
				(
				𝑦
				,
				𝑇
				𝑦
				)
				,
				(
				𝑥
				,
				𝑇
				𝑦
				)
				+
				𝑑
				(
				𝑦
				,
				𝑇
				𝑥
				)
			

			
				
			
			
				2
				
				,
			

		
	

	
		
			
				0
				<
				ℎ
				<
				1
			

		
	
. The class of mappings satisfying 
	
		
			
				(
				C
				G
				)
			

		
	
 is introduced and investigated by  
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
  [4] in 1971. 
Remark 1.3. A mapping satisfying  
	
		
			
				(
				C
				G
				)
			

		
	
  is commonly called 
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
 generalized contraction.   In 2000, Berinde [5] introduced a new class of operators on a normed space 
	
		
			

				𝐸
			

		
	
 satisfying 
							
	
 		
 			
				(
				1
				.
				3
				)
			
 		
	

	
		
			
				‖
				𝑇
				𝑥
				−
				𝑇
				𝑦
				‖
				≤
				𝜌
				‖
				𝑥
				−
				𝑦
				‖
				+
				𝐿
				‖
				𝑇
				𝑥
				−
				𝑥
				‖
				,
			

		
	

						for any 
	
		
			
				𝑥
				,
				𝑦
				∈
				𝐸
			

		
	
, 
	
		
			
				0
				≤
				𝛿
				<
				1
			

		
	
 and 
	
		
			
				𝐿
				≥
				0
			

		
	
.
Note that (1.3) is equivalent to 
						
	
 		
 			
				(
				1
				.
				4
				)
			
 		
	

	
		
			
				{
				‖
				𝑇
				𝑥
				−
				𝑇
				𝑦
				‖
				≤
				𝜌
				‖
				𝑥
				−
				𝑦
				‖
				+
				𝐿
				m
				i
				n
				‖
				𝑇
				𝑥
				−
				𝑥
				‖
				,
				‖
				𝑇
				𝑦
				−
				𝑦
				‖
				}
				,
			

		
	

					for any 
	
		
			
				𝑥
				,
				𝑦
				∈
				𝐸
			

		
	
, 
	
		
			
				0
				≤
				𝜌
				<
				1
			

		
	
 and 
	
		
			
				𝐿
				≥
				0
			

		
	
.  
 Berinde [5] proved that this class is wider than the class of Zamfiresu operators and used the Mann [6] iteration process to approximate fixed points of this class of operators in a normed space given in the form of following theorem.
Theorem B (see [5]).  Let 
	
		
			

				𝐶
			

		
	
 be a nonempty closed convex subset of a normed space 
	
		
			

				𝐸
			

		
	
. Let 
	
		
			
				𝑇
				∶
				𝐶
				→
				𝐶
			

		
	
 be an operator satisfying (1.3) and 
	
		
			
				𝐹
				(
				𝑇
				)
				≠
				∅
			

		
	
. For given 
	
		
			

				𝑥
			

			

				0
			

			
				∈
				𝐶
			

		
	
, let 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 be generated by the algorithm 
							
	
 		
 			
				(
				1
				.
				5
				)
			
 		
	

	
		
			

				𝑥
			

			
				𝑛
				+
				1
			

			
				=
				
				1
				−
				𝛼
			

			

				𝑛
			

			
				
				𝑥
			

			

				𝑛
			

			
				+
				𝛼
			

			

				𝑛
			

			
				𝑇
				𝑥
			

			

				𝑛
			

			
				,
				𝑛
				≥
				0
				,
			

		
	

						where 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			

				}
			

		
	
 be a real sequence in [0, 1]. If 
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛼
			

			

				𝑛
			

			
				=
				∞
			

		
	
, then 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

			
				∞
				𝑛
				=
				0
			

		
	
 converges strongly to the unique fixed point of 
	
		
			

				𝑇
			

		
	
.
 In 2006, Rafiq [7] considered a class of mappings satisfying the following condition: 
						
	
 		
 			

				(
			
 			
				C
				R
			
 			

				)
			
 		
	

	
		
			
				
				‖
				𝑇
				𝑥
				−
				𝑇
				𝑦
				‖
				≤
				ℎ
				m
				a
				x
				‖
				𝑥
				−
				𝑦
				‖
				,
				‖
				𝑥
				−
				𝑇
				𝑥
				‖
				+
				‖
				𝑦
				−
				𝑇
				𝑦
				‖
			

			
				
			
			
				2
				
				,
				,
				‖
				𝑥
				−
				𝑇
				𝑦
				‖
				,
				‖
				𝑦
				−
				𝑇
				𝑥
				‖
			

		
	

	
		
			
				0
				<
				ℎ
				<
				1
			

		
	
. This class of mappings is a subclass of mappings satisfying the following condition: 
						
	
 		
 			

				(
			
 			
				C
				Q
			
 			

				)
			
 		
	

	
		
			
				{
				‖
				𝑇
				𝑥
				−
				𝑇
				𝑦
				‖
				≤
				ℎ
				m
				a
				x
				‖
				𝑥
				−
				𝑦
				‖
				,
				‖
				𝑥
				−
				𝑇
				𝑥
				‖
				,
				‖
				𝑦
				−
				𝑇
				𝑦
				‖
				,
				‖
				𝑥
				−
				𝑇
				𝑦
				‖
				,
				‖
				𝑦
				−
				𝑇
				𝑥
				‖
				}
				,
			

		
	

	
		
			
				0
				<
				ℎ
				<
				1
			

		
	
. The class of mappings satisfying 
	
		
			
				(
				C
				Q
				)
			

		
	
 was introduced and investigated by 
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
 [8] in 1974 and a mapping satisfying is commonly called 
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
 quasi-contraction.
 Rafiq [7] proved the following result.
Theorem R (see [7]).  Let 
	
		
			

				𝐶
			

		
	
 be a nonempty closed convex subset of a normed space 
	
		
			

				𝐸
			

		
	
. Let 
	
		
			
				𝑇
				∶
				𝐶
				→
				𝐶
			

		
	
 be an operator satisfying the condition 
	
		
			
				(
				C
				R
				)
			

		
	
. For given 
	
		
			

				𝑥
			

			

				0
			

			
				∈
				𝐶
			

		
	
, let 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 be generated by the algorithm 
							
	
 		
 			
				(
				1
				.
				6
				)
			
 		
	

	
		
			

				𝑥
			

			
				𝑛
				+
				1
			

			
				=
				𝛼
			

			

				𝑛
			

			

				𝑥
			

			

				𝑛
			

			
				+
				𝛽
			

			

				𝑛
			

			
				𝑇
				𝑥
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			

				𝑢
			

			

				𝑛
			

			
				,
				𝑛
				≥
				0
				,
			

		
	

						where 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			
				}
				,
				{
				𝛽
			

			

				𝑛
			

			

				}
			

		
	
, and 
	
		
			
				{
				𝛾
			

			

				𝑛
			

			

				}
			

		
	
 be three real sequences in [0, 1] satisfying 
	
		
			

				𝛼
			

			

				𝑛
			

			
				+
				𝛽
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			
				=
				1
			

		
	
 for all 
	
		
			
				𝑛
				≥
				1
			

		
	
, 
	
		
			
				{
				𝑢
			

			

				𝑛
			

			

				}
			

		
	
 is a bounded sequences in 
	
		
			

				𝐶
			

		
	
. If 
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛽
			

			

				𝑛
			

			
				=
				∞
			

		
	
 and 
	
		
			

				𝛾
			

			

				𝑛
			

			
				=
				𝑜
				(
				𝛼
			

			

				𝑛
			

			

				)
			

		
	
, then 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

			
				∞
				𝑛
				=
				0
			

		
	
 converges strongly to the unique fixed point of 
	
		
			

				𝑇
			

		
	
. 
 In 2007, Gu [9] proved the following theorem.
Theorem G (see [9]).  Let 
	
		
			

				𝐶
			

		
	
 be a nonempty closed convex subset of a normed space 
	
		
			

				𝐸
			

		
	
. Let 
	
		
			
				{
				𝑇
			

			

				𝑖
			

			

				}
			

			
				𝑁
				𝑖
				=
				1
			

		
	
 
	
		
			

				∶
			

		
	
 
	
		
			
				𝐶
				→
				𝐶
			

		
	
 be 
	
		
			

				𝑁
			

		
	
 operators satisfying the condition 
	
		
			
				(
				C
				R
				)
			

		
	
 with 
	
		
			
				𝐹
				=
				∩
			

			
				𝑁
				𝑖
				=
				1
			

			
				𝐹
				(
				𝑇
			

			

				𝑖
			

			
				)
				≠
				∅
			

		
	
 (the set of common fixed points of 
	
		
			
				{
				𝑇
			

			

				𝑖
			

			

				}
			

			
				𝑁
				𝑖
				=
				1
			

		
	
). Let 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝛽
			

			

				𝑛
			

			

				}
			

		
	
, and 
	
		
			
				{
				𝛾
			

			

				𝑛
			

			

				}
			

		
	
 be three real sequences in [0, 1] satisfying 
	
		
			

				𝛼
			

			

				𝑛
			

			
				+
				𝛽
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			
				=
				1
			

		
	
 for all 
	
		
			
				𝑛
				≥
				1
			

		
	
, 
	
		
			
				{
				𝑢
			

			

				𝑛
			

			

				}
			

		
	
 a bounded sequences in 
	
		
			

				𝐶
			

		
	
 satisfying the following conditions: (i)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛽
			

			

				𝑛
			

			
				=
				∞
			

		
	
;(ii)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛾
			

			

				𝑛
			

			
				<
				∞
			

		
	
 or 
	
		
			

				𝛾
			

			

				𝑛
			

			
				=
				𝑜
				(
				𝛽
			

			

				𝑛
			

			

				)
			

		
	
.  Suppose further that 
	
		
			

				𝑥
			

			

				0
			

			
				∈
				𝐶
			

		
	
 is any given point and 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 is generated by the algorithm 
							
	
 		
 			
				(
				1
				.
				7
				)
			
 		
	

	
		
			

				𝑥
			

			
				𝑛
				+
				1
			

			
				=
				𝛼
			

			

				𝑛
			

			

				𝑥
			

			

				𝑛
			

			
				+
				𝛽
			

			

				𝑛
			

			

				𝑇
			

			

				𝑛
			

			

				𝑥
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			

				𝑢
			

			

				𝑛
			

			
				,
				𝑛
				≥
				0
				,
			

		
	

						where 
	
		
			

				𝑇
			

			

				𝑛
			

			
				=
				𝑇
			

			
				𝑛
				(
				m
				o
				d
				𝑁
				)
			

		
	
. Then 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 converges strongly to a common fixed point of 
	
		
			
				{
				𝑇
			

			

				𝑖
			

			

				}
			

			
				𝑁
				𝑖
				=
				1
			

		
	
. 
Remark 1.4. It should be pointed out that Theorem G extends Theorem R from a 
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
 quasi-contractive operator to a finite family of  
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
  quasi-contractive operators. 
 Inspired and motivated by the facts said above, we introduced a new two-step parallel iterative algorithm with mean errors for two finite family of operators 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
 and 
	
		
			
				{
				𝑇
			

			

				𝑗
			

			

				}
			

			
				𝑘
				𝑗
				=
				1
			

		
	
 as follows: 
						
	
 		
 			
				(
				1
				.
				8
				)
			
 		
	

	
		
			

				𝑥
			

			
				𝑛
				+
				1
			

			
				=
				
				1
				−
				𝛼
			

			

				𝑛
			

			
				−
				𝛾
			

			

				𝑛
			

			
				
				𝑥
			

			

				𝑛
			

			
				+
				𝛼
			

			
				𝑛
				𝑚
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			

				𝑆
			

			

				𝑖
			

			

				𝑦
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			

				𝑢
			

			

				𝑛
			

			
				𝑦
				,
				𝑛
				≥
				1
				,
			

			

				𝑛
			

			
				=
				
				1
				−
				𝛽
			

			

				𝑛
			

			
				−
				𝛿
			

			

				𝑛
			

			
				
				𝑥
			

			

				𝑛
			

			
				+
				𝛽
			

			
				𝑛
				𝑘
			

			

				
			

			
				𝑗
				=
				1
			

			

				𝜇
			

			

				𝑖
			

			

				𝑇
			

			

				𝑗
			

			

				𝑥
			

			

				𝑛
			

			
				+
				𝛿
			

			

				𝑛
			

			

				𝑣
			

			

				𝑛
			

			
				,
				𝑛
				≥
				1
				,
			

		
	

					where 
	
		
			
				{
				𝜆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

			
				,
				{
				𝜇
			

			

				𝑗
			

			

				}
			

			
				𝑘
				𝑗
				=
				1
			

		
	
 are two finite sequences of positive number such that 
	
		
			

				∑
			

			
				𝑚
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			
				=
				1
			

		
	
 and 
	
		
			

				∑
			

			
				𝑘
				𝑗
				=
				1
			

			

				𝜇
			

			

				𝑗
			

			
				=
				1
			

		
	
, 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝛽
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝛾
			

			

				𝑛
			

			

				}
			

		
	
 and 
	
		
			
				{
				𝛿
			

			

				𝑛
			

			

				}
			

		
	
 are four real sequences in [0, 1] satisfying 
	
		
			

				𝛼
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			
				≤
				1
			

		
	
 and 
	
		
			

				𝛽
			

			

				𝑛
			

			
				+
				𝛿
			

			

				𝑛
			

			
				≤
				1
			

		
	
 for all 
	
		
			
				𝑛
				≥
				1
			

		
	
, 
	
		
			
				{
				𝑢
			

			

				𝑛
			

			

				}
			

		
	
 and 
	
		
			
				{
				𝑣
			

			

				𝑛
			

			

				}
			

		
	
 are two bounded sequences in 
	
		
			

				𝐶
			

		
	
 and 
	
		
			

				𝑥
			

			

				0
			

		
	
 is a given point.
 Especially, if 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝛾
			

			

				𝑛
			

			

				}
			

		
	
 are two sequences in [0, 1] satisfying 
	
		
			

				𝛼
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			
				≤
				1
			

		
	
 for all 
	
		
			
				𝑛
				≥
				1
			

		
	
, 
	
		
			
				{
				𝜆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

			
				⊂
				[
				0
				,
				1
				]
			

		
	
 satisfying 
	
		
			

				𝜆
			

			

				1
			

			
				+
				𝜆
			

			

				2
			

			
				+
				⋯
				+
				𝜆
			

			

				𝑚
			

			
				=
				1
			

		
	
, 
	
		
			
				{
				𝑢
			

			

				𝑛
			

			

				}
			

		
	
 is a bounded sequence in 
	
		
			

				𝐶
			

		
	
 and 
	
		
			

				𝑥
			

			

				0
			

		
	
 is a given point in 
	
		
			

				𝐶
			

		
	
, then the sequence 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 defined by 
						
	
 		
 			
				(
				1
				.
				9
				)
			
 		
	

	
		
			

				𝑥
			

			
				𝑛
				+
				1
			

			
				=
				
				1
				−
				𝛼
			

			

				𝑛
			

			
				−
				𝛾
			

			

				𝑛
			

			
				
				𝑥
			

			

				𝑛
			

			
				+
				𝛼
			

			
				𝑛
				𝑚
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			

				𝑆
			

			

				𝑖
			

			

				𝑥
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			

				𝑢
			

			

				𝑛
			

			
				,
				𝑛
				≥
				1
			

		
	

					is called the one-step parallel iterative algorithm with mean errors for a finite family of operators 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
. 
 The purpose of this paper is to study the convergence of two-steps parallel iterative algorithm with mean errors defined by (1.8) to a common fixed point for two finite family of 
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
 quasi-contractive operators in normed spaces. The results presented in this paper generalized and extend the corresponding results of Berinde [5], Gu [9], Rafiq [7], Rhoades [10], and Zamfirescu [3]. Even in the case of 
	
		
			

				𝛽
			

			

				𝑛
			

			
				=
				𝛿
			

			

				𝑛
			

			
				=
				0
			

		
	
 or 
	
		
			

				𝛾
			

			

				𝑛
			

			
				=
				𝛿
			

			

				𝑛
			

			
				=
				0
			

		
	
  for all 
	
		
			
				𝑛
				≥
				1
			

		
	
 or 
	
		
			
				𝑚
				=
				𝑘
				=
				1
			

		
	
 are also new. 
 In order to prove the main results of this paper, we need the following Lemma. 
Lemma 1.5 (see [11]).  Suppose that 
	
		
			
				{
				𝑎
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝑏
			

			

				𝑛
			

			

				}
			

		
	
, and 
	
		
			
				{
				𝑐
			

			

				𝑛
			

			

				}
			

		
	
 are three nonnegative real sequences satisfying the following condition: 
							
	
 		
 			
				(
				1
				.
				1
				0
				)
			
 		
	

	
		
			

				𝑎
			

			
				𝑛
				+
				1
			

			
				≤
				
				1
				−
				𝑡
			

			

				𝑛
			

			
				
				𝑎
			

			

				𝑛
			

			
				+
				𝑏
			

			

				𝑛
			

			
				+
				𝑐
			

			

				𝑛
			

			
				,
				∀
				𝑛
				≥
				𝑛
			

			

				0
			

			

				,
			

		
	

						where 
	
		
			

				𝑛
			

			

				0
			

		
	
 is some nonnegative integer, 
	
		
			

				𝑡
			

			

				𝑛
			

			
				∈
				[
				0
				,
				1
				]
			

		
	
, 
	
		
			

				∑
			

			
				∞
				𝑛
				=
				0
			

			

				𝑡
			

			

				𝑛
			

			
				=
				∞
			

		
	
, 
	
		
			

				𝑏
			

			

				𝑛
			

			
				=
				𝑜
				(
				𝑡
			

			

				𝑛
			

			

				)
			

		
	
 and 
	
		
			

				∑
			

			
				∞
				𝑛
				=
				0
			

			

				𝑐
			

			

				𝑛
			

			
				<
				∞
			

		
	
. Then 
	
		
			
				l
				i
				m
			

			
				𝑛
				→
				∞
			

			

				𝑎
			

			

				𝑛
			

			
				=
				0
			

		
	
.  
2. Main Results 
 We are now in a position to prove our main results in this paper. 
Theorem 2.1.  Let 
	
		
			

				𝐶
			

		
	
 be a nonempty closed convex subset of a normed space 
	
		
			

				𝐸
			

		
	
. Let 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

			
				∶
				𝐶
				→
				𝐶
			

		
	
 be 
	
		
			

				𝑚
			

		
	
 operators satisfying the condition 
	
		
			
				(
				C
				R
				)
			

		
	
 and 
	
		
			
				{
				𝑇
			

			

				𝑗
			

			

				}
			

			
				𝑘
				𝑗
				=
				1
			

			
				∶
				𝐶
				→
				𝐶
			

		
	
 be 
	
		
			

				𝑘
			

		
	
 operators satisfying the condition 
	
		
			
				(
				C
				R
				)
			

		
	
 with 
	
		
			
				⋂
				𝐹
				=
				(
			

			
				𝑚
				𝑖
				=
				1
			

			
				𝐹
				(
				𝑆
			

			

				𝑖
			

			
				⋂
				)
				)
				∩
				(
			

			
				𝑘
				𝑗
				=
				1
			

			
				𝐹
				(
				𝑇
			

			

				𝑗
			

			
				)
				)
				≠
				∅
			

		
	
, where 
	
		
			
				𝐹
				(
				𝑆
			

			

				𝑖
			

			

				)
			

		
	
 and 
	
		
			
				𝐹
				(
				𝑇
			

			

				𝑗
			

			

				)
			

		
	
 are the set of fixed points of 
	
		
			

				𝑆
			

			

				𝑖
			

		
	
 and 
	
		
			

				𝑇
			

			

				𝑗
			

		
	
 in 
	
		
			

				𝐶
			

		
	
, respectively. Let 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝛽
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝛾
			

			

				𝑛
			

			

				}
			

		
	
, and 
	
		
			
				{
				𝛿
			

			

				𝑛
			

			

				}
			

		
	
 be four real sequences in [0, 1] satisfying 
	
		
			

				𝛼
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			
				≤
				1
			

		
	
 and 
	
		
			

				𝛽
			

			

				𝑛
			

			
				+
				𝛿
			

			

				𝑛
			

			
				≤
				1
			

		
	
 for all 
	
		
			
				𝑛
				≥
				1
			

		
	
, 
	
		
			
				{
				𝜆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

			
				,
				{
				𝜇
			

			

				𝑗
			

			

				}
			

			
				𝑘
				𝑗
				=
				1
			

		
	
 two finite sequences of positive number such that 
	
		
			

				∑
			

			
				𝑚
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			
				=
				1
			

		
	
 and 
	
		
			

				∑
			

			
				𝑘
				𝑗
				=
				1
			

			

				𝜇
			

			

				𝑗
			

			
				=
				1
			

		
	
, 
	
		
			
				{
				𝑢
			

			

				𝑛
			

			

				}
			

		
	
 and 
	
		
			
				{
				𝑣
			

			

				𝑛
			

			

				}
			

		
	
 two bounded sequences in 
	
		
			

				𝐶
			

		
	
 satisfying the following conditions: (i)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛼
			

			

				𝑛
			

			
				=
				∞
			

		
	
;(ii)
	
		
			
				l
				i
				m
			

			
				𝑛
				→
				∞
			

			

				𝛿
			

			

				𝑛
			

			
				=
				0
			

		
	
;(iii)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛾
			

			

				𝑛
			

			
				<
				∞
			

		
	
 or 
	
		
			

				𝛾
			

			

				𝑛
			

			
				=
				𝑜
				(
				𝛼
			

			

				𝑛
			

			

				)
			

		
	
.  Suppose further that 
	
		
			

				𝑥
			

			

				0
			

			
				∈
				𝐶
			

		
	
 is any given point and 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 is an iteration sequence with mane errors defined by (1.8), then 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 converges strongly to a common fixed point of 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
 and 
	
		
			
				{
				𝑇
			

			

				𝑗
			

			

				}
			

			
				𝑘
				𝑗
				=
				1
			

		
	
. 
 Proof.  Since 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

			
				∶
				𝐶
				→
				𝐶
			

		
	
 is 
	
		
			

				𝑚
			

		
	
 
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
 operator satisfying the condition 
	
		
			
				(
				C
				R
				)
			

		
	
, hence there exists 
	
		
			
				0
				<
				ℎ
			

			

				𝑖
			

			
				<
				1
			

		
	
 (
	
		
			
				𝑖
				∈
				𝐼
				=
				{
				1
				,
				2
				,
				…
				,
				𝑚
				}
			

		
	
) such that 
							
	
 		
 			
				(
				2
				.
				1
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				≤
				ℎ
			

			

				𝑖
			

			
				
				‖
				‖
				m
				a
				x
				‖
				𝑥
				−
				𝑦
				‖
				,
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				+
				‖
				‖
				𝑦
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
			

			
				
			
			
				2
				,
				‖
				‖
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				,
				‖
				‖
				𝑦
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				
				.
			

		
	

						For each fixed 
	
		
			
				𝑖
				∈
				𝐼
				=
				{
				1
				,
				2
				,
				…
				,
				𝑚
				}
			

		
	
. Denote 
	
		
			
				ℎ
				=
				m
				a
				x
				{
				ℎ
			

			

				1
			

			
				,
				ℎ
			

			

				2
			

			
				,
				…
				,
				ℎ
			

			

				𝑚
			

			

				}
			

		
	
, then 
	
		
			
				0
				<
				ℎ
				<
				1
			

		
	
 and 
							
	
 		
 			
				(
				2
				.
				2
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				
				‖
				‖
				≤
				ℎ
				m
				a
				x
				‖
				𝑥
				−
				𝑦
				‖
				,
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				+
				‖
				‖
				𝑦
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
			

			
				
			
			
				2
				,
				‖
				‖
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				,
				‖
				‖
				𝑦
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				
			

		
	

						hold for each fixed 
	
		
			
				𝑖
				∈
				𝐼
				=
				{
				1
				,
				2
				,
				…
				,
				𝑚
				}
			

		
	
. If from (2.2) we have 
							
	
 		
 			
				(
				2
				.
				3
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				≤
				ℎ
			

			
				
			
			
				2
				
				‖
				‖
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				+
				‖
				‖
				𝑦
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				
				,
			

		
	

						then 
							
	
 		
 			
				(
				2
				.
				4
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				≤
				ℎ
			

			
				
			
			
				2
				
				‖
				‖
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				+
				‖
				‖
				𝑦
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				
				≤
				ℎ
			

			
				
			
			
				2
				
				‖
				‖
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				‖
				‖
				+
				‖
				𝑦
				−
				𝑥
				‖
				+
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				+
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				
				.
			

		
	

						Hence 
							
	
 		
 			
				(
				2
				.
				5
				)
			
 		
	

	
		
			
				
				ℎ
				1
				−
			

			
				
			
			
				2
				
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				≤
				ℎ
			

			
				
			
			
				2
				‖
				‖
				‖
				𝑥
				−
				𝑦
				‖
				+
				ℎ
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				,
			

		
	

						which yields (using the fact that 
	
		
			
				0
				<
				ℎ
				<
				1
			

		
	
) 
							
	
 		
 			
				(
				2
				.
				6
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				≤
				ℎ
				/
				2
			

			
				
			
			
				ℎ
				1
				−
				ℎ
				/
				2
				‖
				𝑥
				−
				𝑦
				‖
				+
			

			
				
			
			
				‖
				‖
				1
				−
				ℎ
				/
				2
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				.
			

		
	

						Also, from (2.2), if 
							
	
 		
 			
				(
				2
				.
				7
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				
				‖
				‖
				≤
				ℎ
				m
				a
				x
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				,
				‖
				‖
				𝑦
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				
			

		
	

						holds, then(a) 
	
		
			
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				≤
				ℎ
				‖
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
			

		
	
, which implies 
	
		
			
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				≤
				ℎ
				‖
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				+
				ℎ
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
			

		
	
 and hence, as 
	
		
			
				ℎ
				<
				1
			

		
	
,
							
	
 		
 			
				(
				2
				.
				8
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				≤
				ℎ
			

			
				
			
			
				‖
				‖
				1
				−
				ℎ
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				,
			

		
	

						or(b)  
	
		
			
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				≤
				ℎ
				‖
				𝑦
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
			

		
	
, which implies 
							
	
 		
 			
				(
				2
				.
				9
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				‖
				‖
				≤
				ℎ
				‖
				𝑦
				−
				𝑥
				‖
				+
				ℎ
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				.
			

		
	

						Thus, if (2.7) holds, then from (2.8) and (2.9) we have 
							
	
 		
 			
				(
				2
				.
				1
				0
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				ℎ
				≤
				ℎ
				‖
				𝑦
				−
				𝑥
				‖
				+
			

			
				
			
			
				‖
				‖
				1
				−
				ℎ
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				.
			

		
	

						Denote 
							
	
 		
 			
				(
				2
				.
				1
				1
				)
			
 		
	

	
		
			

				𝜌
			

			

				1
			

			
				
				=
				m
				a
				x
				ℎ
				,
				ℎ
				/
				2
			

			
				
			
			
				
				1
				−
				ℎ
				/
				2
				=
				ℎ
				,
				𝐿
			

			

				1
			

			
				
				ℎ
				=
				m
				a
				x
				ℎ
				,
			

			
				
			
			
				,
				ℎ
				1
				−
				ℎ
				/
				2
			

			
				
			
			
				
				=
				ℎ
				1
				−
				ℎ
			

			
				
			
			
				.
				1
				−
				ℎ
			

		
	

						Then we have 
	
		
			
				0
				<
				𝜌
			

			

				1
			

			
				<
				1
			

		
	
 and 
	
		
			

				𝐿
			

			

				1
			

			
				≥
				0
			

		
	
. Combining (2.2),(2.6), and (2.10) we get 
							
	
 		
 			
				(
				2
				.
				1
				2
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑦
				‖
				‖
				≤
				𝜌
			

			

				1
			

			
				‖
				𝑥
				−
				𝑦
				‖
				+
				𝐿
			

			

				1
			

			
				‖
				‖
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
			

		
	

						holds for all 
	
		
			
				𝑥
				,
				𝑦
				∈
				𝐶
			

		
	
 and 
	
		
			
				𝑖
				∈
				𝐼
			

		
	
. On the other hand, since 
	
		
			
				{
				𝑇
			

			

				𝑗
			

			

				}
			

			
				𝑘
				𝑗
				=
				1
			

			
				∶
				𝐶
				→
				𝐶
			

		
	
 is 
	
		
			

				𝑘
			

		
	
 
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
 operator satisfying the condition 
	
		
			
				(
				C
				R
				)
			

		
	
, similarly, we can prove 
							
	
 		
 			
				(
				2
				.
				1
				3
				)
			
 		
	

	
		
			
				‖
				‖
				𝑇
			

			

				𝑗
			

			
				𝑥
				−
				𝑇
			

			

				𝑗
			

			
				𝑦
				‖
				‖
				≤
				𝜌
			

			

				2
			

			
				‖
				𝑥
				−
				𝑦
				‖
				+
				𝐿
			

			

				2
			

			
				‖
				‖
				𝑥
				−
				𝑆
			

			

				𝑖
			

			
				𝑥
				‖
				‖
				,
			

		
	

						for all 
	
		
			
				𝑥
				,
				𝑦
				∈
				𝐶
			

		
	
 and 
	
		
			
				𝑗
				∈
				𝐽
				=
				{
				1
				,
				2
				,
				…
				,
				𝑘
				}
			

		
	
, where 
	
		
			
				0
				<
				𝜌
			

			

				2
			

			
				<
				1
			

		
	
 and 
	
		
			

				𝐿
			

			

				2
			

			
				≥
				0
			

		
	
. Let 
	
		
			
				⋂
				𝑝
				∈
				𝐹
				=
				(
			

			
				𝑚
				𝑖
				=
				1
			

			
				𝐹
				(
				𝑆
			

			

				𝑖
			

			
				⋂
				)
				)
				∩
				(
			

			
				𝑘
				𝑗
				=
				1
			

			
				𝐹
				(
				𝑇
			

			

				𝑗
			

			
				)
				)
			

		
	
; using (1.8) we have 
							
	
 		
 			
				(
				2
				.
				1
				4
				)
			
 		
	

	
		
			
				‖
				‖
				𝑥
			

			
				𝑛
				+
				1
			

			
				‖
				‖
				=
				‖
				‖
				‖
				‖
				
				−
				𝑝
				1
				−
				𝛼
			

			

				𝑛
			

			
				−
				𝛾
			

			

				𝑛
			

			
				𝑥
				
				
			

			

				𝑛
			

			
				
				−
				𝑝
				+
				𝛼
			

			
				𝑛
				𝑚
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			
				
				𝑆
			

			

				𝑖
			

			

				𝑦
			

			

				𝑛
			

			
				
				−
				𝑝
				+
				𝛾
			

			

				𝑛
			

			
				
				𝑢
			

			

				𝑛
			

			
				
				‖
				‖
				‖
				‖
				≤
				
				−
				𝑝
				1
				−
				𝛼
			

			

				𝑛
			

			
				−
				𝛾
			

			

				𝑛
			

			
				
				‖
				‖
				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛼
			

			
				𝑛
				𝑚
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			
				‖
				‖
				𝑆
			

			

				𝑖
			

			

				𝑦
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛾
			

			

				𝑛
			

			
				‖
				‖
				𝑢
			

			

				𝑛
			

			
				‖
				‖
				≤
				
				−
				𝑝
				1
				−
				𝛼
			

			

				𝑛
			

			
				
				‖
				‖
				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛼
			

			
				𝑛
				𝑚
			

			

				
			

			
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			
				‖
				‖
				𝑆
			

			

				𝑖
			

			

				𝑦
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛾
			

			

				𝑛
			

			
				𝑀
				,
			

		
	

						where 
	
		
			
				𝑀
				=
				s
				u
				p
			

			
				𝑛
				≥
				1
			

			
				{
				|
				|
				𝑢
			

			

				𝑛
			

			
				−
				𝑝
				|
				|
				,
				|
				|
				𝑣
			

			

				𝑛
			

			
				−
				𝑝
				|
				|
				}
			

		
	
. Now for 
	
		
			
				𝑦
				=
				𝑦
			

			

				𝑛
			

		
	
 and 
	
		
			
				𝑥
				=
				𝑝
			

		
	
, (2.12) gives 
							
	
 		
 			
				(
				2
				.
				1
				5
				)
			
 		
	

	
		
			
				‖
				‖
				𝑆
			

			

				𝑖
			

			

				𝑦
			

			

				𝑛
			

			
				‖
				‖
				=
				‖
				‖
				𝑆
				−
				𝑝
			

			

				𝑖
			

			

				𝑦
			

			

				𝑛
			

			
				−
				𝑆
			

			

				𝑖
			

			
				𝑝
				‖
				‖
				≤
				𝜌
			

			

				1
			

			
				‖
				‖
				𝑦
			

			

				𝑛
			

			
				‖
				‖
				.
				−
				𝑝
			

		
	

						Substituting (2.15) into (2.14), we obtain that 
							
	
 		
 			
				(
				2
				.
				1
				6
				)
			
 		
	

	
		
			
				‖
				‖
				𝑥
			

			
				𝑛
				+
				1
			

			
				‖
				‖
				≤
				
				−
				𝑝
				1
				−
				𝛼
			

			

				𝑛
			

			
				
				‖
				‖
				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛼
			

			

				𝑛
			

			

				𝜌
			

			

				1
			

			
				‖
				‖
				𝑦
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛾
			

			

				𝑛
			

			
				𝑀
				.
			

		
	

						Again it follows from (1.8) that 
							
	
 		
 			
				(
				2
				.
				1
				7
				)
			
 		
	

	
		
			
				‖
				‖
				𝑦
			

			

				𝑛
			

			
				‖
				‖
				=
				‖
				‖
				‖
				‖
				
				−
				𝑝
				1
				−
				𝛽
			

			

				𝑛
			

			
				−
				𝛿
			

			

				𝑛
			

			
				𝑥
				
				
			

			

				𝑛
			

			
				
				−
				𝑝
				+
				𝛽
			

			
				𝑛
				𝑘
			

			

				
			

			
				𝑗
				=
				1
			

			

				𝜇
			

			

				𝑗
			

			
				
				𝑇
			

			

				𝑗
			

			

				𝑥
			

			

				𝑛
			

			
				
				−
				𝑝
				+
				𝛿
			

			

				𝑛
			

			
				
				𝑣
			

			

				𝑛
			

			
				
				‖
				‖
				‖
				‖
				≤
				
				−
				𝑝
				1
				−
				𝛽
			

			

				𝑛
			

			
				−
				𝛿
			

			

				𝑛
			

			
				
				‖
				‖
				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛽
			

			
				𝑛
				𝑘
			

			

				
			

			
				𝑗
				=
				1
			

			

				𝜇
			

			

				𝑗
			

			
				‖
				‖
				𝑇
			

			

				𝑗
			

			

				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛿
			

			

				𝑛
			

			
				‖
				‖
				𝑣
			

			

				𝑛
			

			
				‖
				‖
				≤
				
				−
				𝑝
				1
				−
				𝛽
			

			

				𝑛
			

			
				
				‖
				‖
				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛽
			

			
				𝑛
				𝑘
			

			

				
			

			
				𝑗
				=
				1
			

			

				𝜇
			

			

				𝑗
			

			
				‖
				‖
				𝑇
			

			

				𝑗
			

			

				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛿
			

			

				𝑛
			

			
				𝑀
				.
			

		
	

						Now for 
	
		
			
				𝑦
				=
				𝑥
			

			

				𝑛
			

		
	
 and 
	
		
			
				𝑥
				=
				𝑝
			

		
	
, (2.13) gives 
							
	
 		
 			
				(
				2
				.
				1
				8
				)
			
 		
	

	
		
			
				‖
				‖
				𝑇
			

			

				𝑗
			

			

				𝑥
			

			

				𝑛
			

			
				‖
				‖
				=
				‖
				‖
				𝑇
				−
				𝑝
			

			

				𝑗
			

			

				𝑥
			

			

				𝑛
			

			
				−
				𝑇
			

			

				𝑗
			

			
				𝑝
				‖
				‖
				≤
				𝜌
			

			

				2
			

			
				‖
				‖
				𝑥
			

			

				𝑛
			

			
				‖
				‖
				.
				−
				𝑝
			

		
	

						Combining (2.17) and (2.18) we get 
							
	
 		
 			
				(
				2
				.
				1
				9
				)
			
 		
	

	
		
			
				‖
				‖
				𝑦
			

			

				𝑛
			

			
				‖
				‖
				≤
				
				−
				𝑝
				1
				−
				𝛽
			

			

				𝑛
			

			
				
				1
				−
				𝜌
			

			

				2
			

			
				‖
				‖
				𝑥
				
				
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛿
			

			

				𝑛
			

			
				‖
				‖
				𝑥
				𝑀
				≤
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛿
			

			

				𝑛
			

			
				𝑀
				.
			

		
	

						Substituting (2.19) into (2.16), we obtain that 
							
	
 		
 			
				(
				2
				.
				2
				0
				)
			
 		
	

	
		
			
				‖
				‖
				𝑥
			

			
				𝑛
				+
				1
			

			
				‖
				‖
				≤
				
				−
				𝑝
				1
				−
				𝛼
			

			

				𝑛
			

			
				
				‖
				‖
				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛼
			

			

				𝑛
			

			

				𝜌
			

			

				1
			

			
				
				‖
				‖
				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛿
			

			

				𝑛
			

			
				𝑀
				
				+
				𝛾
			

			

				𝑛
			

			
				𝑀
				=
				
				1
				−
				𝛼
			

			

				𝑛
			

			
				
				1
				−
				𝜌
			

			

				1
			

			
				‖
				‖
				𝑥
				
				
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝛼
			

			

				𝑛
			

			

				𝛿
			

			

				𝑛
			

			

				𝜌
			

			

				1
			

			
				𝑀
				+
				𝛾
			

			

				𝑛
			

			
				𝑀
				=
				
				1
				−
				𝑡
			

			

				𝑛
			

			
				
				‖
				‖
				𝑥
			

			

				𝑛
			

			
				‖
				‖
				−
				𝑝
				+
				𝑏
			

			

				𝑛
			

			
				+
				𝑐
			

			

				𝑛
			

			

				,
			

		
	

						where 
							
	
 		
 			
				(
				2
				.
				2
				1
				)
			
 		
	

	
		
			

				𝑡
			

			

				𝑛
			

			
				=
				𝛼
			

			

				𝑛
			

			
				
				1
				−
				𝜌
			

			

				1
			

			
				
				,
				𝑏
			

			

				𝑛
			

			
				=
				𝛼
			

			

				𝑛
			

			

				𝛿
			

			

				𝑛
			

			

				𝜌
			

			

				1
			

			
				𝑀
				,
				𝑐
			

			

				𝑛
			

			
				=
				𝛾
			

			

				𝑛
			

			

				𝑀
			

		
	

						or 
							
	
 		
 			
				(
				2
				.
				2
				2
				)
			
 		
	

	
		
			

				𝑡
			

			

				𝑛
			

			
				=
				𝛼
			

			

				𝑛
			

			
				
				1
				−
				𝜌
			

			

				1
			

			
				
				,
				𝑏
			

			

				𝑛
			

			
				=
				𝛼
			

			

				𝑛
			

			

				𝛿
			

			

				𝑛
			

			

				𝜌
			

			

				1
			

			
				𝑀
				+
				𝛾
			

			

				𝑛
			

			
				𝑀
				,
				𝑐
			

			

				𝑛
			

			
				=
				0
				.
			

		
	

						From the conditions (i)–(iii) it is easy to see that 
	
		
			

				𝑡
			

			

				𝑛
			

			
				∈
				[
				0
				,
				1
				]
			

		
	
, 
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝑡
			

			

				𝑛
			

			
				=
				∞
			

		
	
, 
	
		
			

				𝑏
			

			

				𝑛
			

			
				=
				𝑜
				(
				𝑡
			

			

				𝑛
			

			

				)
			

		
	
, and 
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝑐
			

			

				𝑛
			

			
				<
				∞
			

		
	
. Thus using (2.20) and Lemma 1.5 we have 
	
		
			
				l
				i
				m
			

			
				𝑛
				→
				∞
			

			
				|
				|
				𝑥
			

			

				𝑛
			

			
				−
				𝑝
				|
				|
				=
				0
			

		
	
, and so 
	
		
			
				l
				i
				m
			

			
				𝑛
				→
				∞
			

			

				𝑥
			

			

				𝑛
			

			
				=
				𝑝
			

		
	
. This completes the proof of Theorem 2.1. 
Theorem 2.2.  Let 
	
		
			

				𝐶
			

		
	
 be a nonempty closed convex subset of a normed space 
	
		
			

				𝐸
			

		
	
. Let 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

			
				∶
				𝐶
				→
				𝐶
			

		
	
 be 
	
		
			

				𝑚
			

		
	
 operators satisfying the condition (2.12) and let 
	
		
			
				{
				𝑇
			

			

				𝑗
			

			

				}
			

			
				𝑘
				𝑗
				=
				1
			

			
				∶
				𝐶
				→
				𝐶
			

		
	
 be 
	
		
			

				𝑘
			

		
	
 operators satisfying the condition (2.13) with 
	
		
			
				⋂
				𝐹
				=
				(
			

			
				𝑚
				𝑖
				=
				1
			

			
				𝐹
				(
				𝑆
			

			

				𝑖
			

			
				⋂
				)
				)
				∩
				(
			

			
				𝑘
				𝑗
				=
				1
			

			
				𝐹
				(
				𝑇
			

			

				𝑗
			

			
				)
				)
				≠
				∅
			

		
	
, where 
	
		
			
				𝐹
				(
				𝑆
			

			

				𝑖
			

			

				)
			

		
	
 and 
	
		
			
				𝐹
				(
				𝑇
			

			

				𝑗
			

			

				)
			

		
	
 are the set of fixed points of 
	
		
			

				𝑆
			

			

				𝑖
			

		
	
 and 
	
		
			

				𝑇
			

			

				𝑗
			

		
	
 in 
	
		
			

				𝐶
			

		
	
, respectively. Let 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝛽
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝛾
			

			

				𝑛
			

			

				}
			

		
	
, and 
	
		
			
				{
				𝛿
			

			

				𝑛
			

			

				}
			

		
	
 be four real sequences in [0, 1] satisfying 
	
		
			

				𝛼
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			
				≤
				1
			

		
	
 and 
	
		
			

				𝛽
			

			

				𝑛
			

			
				+
				𝛿
			

			

				𝑛
			

			
				≤
				1
			

		
	
 for all 
	
		
			
				𝑛
				≥
				1
			

		
	
, 
	
		
			
				{
				𝜆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

			
				,
				{
				𝜇
			

			

				𝑗
			

			

				}
			

			
				𝑘
				𝑗
				=
				1
			

		
	
 two finite sequences of positive number such that 
	
		
			

				∑
			

			
				𝑚
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			
				=
				1
			

		
	
, and 
	
		
			

				∑
			

			
				𝑘
				𝑗
				=
				1
			

			

				𝜇
			

			

				𝑗
			

			
				=
				1
			

		
	
, 
	
		
			
				{
				𝑢
			

			

				𝑛
			

			

				}
			

		
	
 and 
	
		
			
				{
				𝑣
			

			

				𝑛
			

			

				}
			

		
	
 two bounded sequences in 
	
		
			

				𝐶
			

		
	
 satisfying the following conditions: (i)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛼
			

			

				𝑛
			

			
				=
				∞
			

		
	
;(ii)
	
		
			
				l
				i
				m
			

			
				𝑛
				→
				∞
			

			

				𝛿
			

			

				𝑛
			

			
				=
				0
			

		
	
;(iii)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛾
			

			

				𝑛
			

			
				<
				∞
			

		
	
 or  
	
		
			

				𝛾
			

			

				𝑛
			

			
				=
				𝑜
				(
				𝛼
			

			

				𝑛
			

			

				)
			

		
	
.  Suppose further that 
	
		
			

				𝑥
			

			

				0
			

			
				∈
				𝐶
			

		
	
 is any given point and 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 is an iteration sequence defined by (1.8), then 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 converges strongly to a common fixed point of 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
 and 
	
		
			
				{
				𝑇
			

			

				𝑗
			

			

				}
			

			
				𝑘
				𝑗
				=
				1
			

		
	
. 
Theorem 2.3.   Let 
	
		
			

				𝐶
			

		
	
 be a nonempty closed convex subset of a normed space 
	
		
			

				𝐸
			

		
	
. Let 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

			
				∶
				𝐶
				→
				𝐶
			

		
	
 be 
	
		
			

				𝑚
			

		
	
 operators satisfying the condition 
	
		
			
				(
				C
				R
				)
			

		
	
 with 
	
		
			
				⋂
				𝐹
				=
			

			
				𝑚
				𝑖
				=
				1
			

			
				𝐹
				(
				𝑆
			

			

				𝑖
			

			
				)
				≠
				∅
			

		
	
 (the set of common fixed points of 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
). Let 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			

				}
			

		
	
 and 
	
		
			
				{
				𝛾
			

			

				𝑛
			

			

				}
			

		
	
 be two real sequences in [0, 1] satisfying 
	
		
			

				𝛼
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			
				≤
				1
			

		
	
 for all 
	
		
			
				𝑛
				≥
				1
			

		
	
, 
	
		
			
				{
				𝜆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
  a finite sequence of positive number such that 
	
		
			

				∑
			

			
				𝑚
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			
				=
				1
			

		
	
, and 
	
		
			
				{
				𝑢
			

			

				𝑛
			

			

				}
			

		
	
 a bounded sequence in 
	
		
			

				𝐶
			

		
	
 satisfying the following conditions: (i)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛼
			

			

				𝑛
			

			
				=
				∞
			

		
	
;(ii)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛾
			

			

				𝑛
			

			
				<
				∞
			

		
	
 or 
	
		
			

				𝛾
			

			

				𝑛
			

			
				=
				𝑜
				(
				𝛼
			

			

				𝑛
			

			

				)
			

		
	
.  Suppose further that 
	
		
			

				𝑥
			

			

				0
			

			
				∈
				𝐶
			

		
	
 is any given point and 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 is an iteration sequence with mane errors defined by (1.9), then 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 converges strongly to a common fixed point of 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
. 
Theorem 2.4.   Let 
	
		
			

				𝐶
			

		
	
 be a nonempty closed convex subset of a normed space 
	
		
			

				𝐸
			

		
	
. Let 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

			
				∶
				𝐶
				→
				𝐶
			

		
	
 be 
	
		
			

				𝑚
			

		
	
 operators satisfying the condition (2.12) with 
	
		
			
				⋂
				𝐹
				=
			

			
				𝑚
				𝑖
				=
				1
			

			
				𝐹
				(
				𝑆
			

			

				𝑖
			

			
				)
				≠
				∅
			

		
	
 (the set of common fixed points of 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
). Let 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			

				}
			

		
	
 and 
	
		
			
				{
				𝛾
			

			

				𝑛
			

			

				}
			

		
	
 be two real sequences in [0, 1] satisfying 
	
		
			

				𝛼
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			
				≤
				1
			

		
	
 for all 
	
		
			
				𝑛
				≥
				1
			

		
	
, 
	
		
			
				{
				𝜆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
 a finite sequence of positive number such that 
	
		
			

				∑
			

			
				𝑚
				𝑖
				=
				1
			

			

				𝜆
			

			

				𝑖
			

			
				=
				1
			

		
	
, and 
	
		
			
				{
				𝑢
			

			

				𝑛
			

			

				}
			

		
	
 a bounded sequence in 
	
		
			

				𝐶
			

		
	
 satisfying the following conditions: (i)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛼
			

			

				𝑛
			

			
				=
				∞
			

		
	
;(ii)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛾
			

			

				𝑛
			

			
				<
				∞
			

		
	
 or 
	
		
			

				𝛾
			

			

				𝑛
			

			
				=
				𝑜
				(
				𝛼
			

			

				𝑛
			

			

				)
			

		
	
.  Suppose further that 
	
		
			

				𝑥
			

			

				0
			

			
				∈
				𝐶
			

		
	
 is any given point and 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 is an iteration sequence defined by (1.9), then 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 converges strongly to a common fixed point of 
	
		
			
				{
				𝑆
			

			

				𝑖
			

			

				}
			

			
				𝑚
				𝑖
				=
				1
			

		
	
. 
Corollary 2.5 (see [7]).  Let 
	
		
			

				𝐶
			

		
	
 be a nonempty closed convex subset of a normed space 
	
		
			

				𝐸
			

		
	
. Let 
	
		
			
				𝑇
				∶
				𝐶
				→
				𝐶
			

		
	
 be an operators satisfying the condition 
	
		
			
				(
				C
				R
				)
			

		
	
. Let 
	
		
			
				{
				𝛼
			

			

				𝑛
			

			

				}
			

		
	
, 
	
		
			
				{
				𝛽
			

			

				𝑛
			

			

				}
			

		
	
, and 
	
		
			
				{
				𝛾
			

			

				𝑛
			

			

				}
			

		
	
 be three real sequences in [0, 1] satisfying 
	
		
			

				𝛼
			

			

				𝑛
			

			
				+
				𝛽
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			
				=
				1
			

		
	
 for all 
	
		
			
				𝑛
				≥
				1
			

		
	
 and  
	
		
			
				{
				𝑢
			

			

				𝑛
			

			

				}
			

		
	
  a bounded sequences in 
	
		
			

				𝐶
			

		
	
 satisfying the following conditions: (i)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛽
			

			

				𝑛
			

			
				=
				∞
			

		
	
;(ii)
	
		
			

				∑
			

			
				∞
				𝑛
				=
				1
			

			

				𝛾
			

			

				𝑛
			

			
				<
				∞
			

		
	
 or 
	
		
			

				𝛾
			

			

				𝑛
			

			
				=
				𝑜
				(
				𝛽
			

			

				𝑛
			

			

				)
			

		
	
.  Suppose further that 
	
		
			

				𝑥
			

			

				0
			

			
				∈
				𝐶
			

		
	
 is any given point and 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 is an explicit iteration sequence as follows: 
							
	
 		
 			
				(
				2
				.
				2
				3
				)
			
 		
	

	
		
			

				𝑥
			

			
				𝑛
				+
				1
			

			
				=
				𝛼
			

			

				𝑛
			

			

				𝑥
			

			

				𝑛
			

			
				+
				𝛽
			

			

				𝑛
			

			
				𝑇
				𝑥
			

			

				𝑛
			

			
				+
				𝛾
			

			

				𝑛
			

			

				𝑢
			

			

				𝑛
			

			
				,
				𝑛
				≥
				1
				,
			

		
	

						then 
	
		
			
				{
				𝑥
			

			

				𝑛
			

			

				}
			

		
	
 converges strongly to the unique fixed point of 
	
		
			

				𝑇
			

		
	
. 
Proof.  By 
	
		
			
				́
				C
			

		
	
iri
	
		
			
				́
				c
			

		
	
 [8], we know that 
	
		
			

				𝑇
			

		
	
 has a unique fixed point in 
	
		
			

				𝐶
			

		
	
. Taking 
	
		
			
				𝑚
				=
				1
			

		
	
 in Theorem 2.3, then the conclusion of Corollary 2.5 can be obtained from Theorem 2.3 immediately. This completes the proof of Corollary 2.5. 
Remark 2.6. Theorems 2.2–2.4 and Corollary 2.5 improve and extend the corresponding results of Berinde [5], Gu [9], Rafiq [7], Rhoades [10], and Zamfirescu [3]. 
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