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Abstract 

 

The aim of this work is to discuss reliability equivalence technique to apply it to a 

general parallel system consists of n components, with independent and non-

identical mixture of lifetimes and delayed time. We derive the reliability and 

mean time to failure of the original and improved systems according to reduction, 

hot duplication, cold and imperfect switch duplication methods, respectively. 

Reliability equivalence factors are introduced to compare different systems. The 

α-fractiles of the original and improved systems are calculated. Two types of 

reliability equivalence factors of the system are obtained. Numerical results are 

provided to interpret how one can utilize the theoretical results obtained in this 

work and to compare the different reliability factors of the systems, some special 

cases are introduced. 
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1. Introduction 

 
The concept of reliability equivalence introduced in Råde [12]. In such a concept, 
the design of the system which is improved according to reduction method should 
be equivalent to the design of the system improved according to the redundancy 
methods. The comparison of the designs produces the so-called reliability 
equivalence factors. Råde [13, 14], Sarhan et al. [15], Sarhan [16-18], Sarhan and 
Mustafa [19] and Sarhan et al. [20], investigated various systems by applying such 
concept. That is, in this concept, one may say that the reliability of a system can 
be improved through an alternative design. Sarhan [17] provided more general 
methods of improving the reliability of a system. In such methods, the reliability 
of a system can be improved by using one of the following four different methods: 
(1) improving the quality of some components by reducing their failure rates by a 

factor �, 0 � � �1; (2) assuming hot duplications of some of the system's 
components; (3) assuming cold duplications of some of the system's components; 
(4) assuming cold redundant standby components connected with some system 
components (one for each) via random switches. However, these systems in the 
above-mentioned literatures were investigated in the case of no mixture of failure 
rates or lifetimes, and discussed reliability equivalence according to the reduction 
and redundancy methods. Mustafa et al. [5] assumed a system components have 
three types of constant failure rates and made a mixture of these types; see Everitt 
and Hand [2], Elsayed [3].  Xia and Zhang [21] applied the reliability equivalence 
factor of a parallel system with n independent and identical components with 
Gamma life time distribution. Gamma distribution has a failure rate of function of 
time. Mustafa [6] studied the reliability equivalence factor of a series system. The 
failure rates of the system components are functions of time t, and introduced two 
cases of non-constant failure rates (i) Weibull distribution (ii) linear increasing 
failure rate distribution. There are two methods are used to improve the given 
system. Mustafa [7], introduced reliability equivalence factors for some systems 
with mixture Weibull failure rates, and studied two cases (i) the mixture of two 
stages of life time distribution with Weibull failure rates, (ii) the mixture of two 
stages failure rates with Weibull distribution. Mustafa and El-Bassiouny [8], 
introduced the reliability equivalence factor of the system such that the failure 
rates of the system's components are functions of time t, studied  two cases (i) the 
life time distribution of a components has two stages with increasing failure rates, 
(ii) the failure rates of the components have the two stages. Mustafa, et al. [9], 
applied the reliability equivalence techniques to a system consists of n 
independent and non- identical components connected in series system that have 
mixing constant failure rates. Mustafa and El-Faheem, [10], generalized reliability 
equivalence technique to apply it to a system consists of m independent and non-
identical lifetimes distributions, with mixed failure lifetimes 
f1(t),f2(t),…,fm(t).Mustafa and El-Faheem, [11], studied the general system 
mixture of two life times and delayed time. In current study, we focus on the 
equivalence analysis of different designs of a general parallel system with mixture  
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of independent and non-identical lifetimes, delayed time. For a general parallel 
system with mixture and delayed lifetime, the system reliability can also be 
improved by four methods: (1) reduction method; (2) hot duplication method; (3) 
cold duplication method; (4) imperfect duplication method. For the parallel 
system in the case of no mixture and delayed lifetime, Råde [13, 14] has 
calculated the reliability equivalence factors for a single component and for two 
independent and identical component series and parallel systems. Sarhan [17] 
studied the reliability equivalence factors of parallel system with n independent 
and non-identical components. Råde [13,14] and Sarhan[17] are special cases 
from our work. The article is organized as follows. Section 2 presents the 
description of the system considered here and present the reliability and mean 
time to failure of the original system. Section 3 derives reliability and mean time 
to failure of the systems improved according to the four different methods. The �-
fractiles of the original and improved systems are obtained in section 4. The 
reliability equivalence factors of the system are obtained in Section 5.Numerical 
results and conclusions are given in Sections 6.Some special cases are introduced 
in Section 7. 
 
 

2. The General Parallel System 

The system we consider here consists of n components connected in parallel 

system, and each component has mixture lifetimes, delayed time. The common 

structure of the parallel system is illustrated in figure 1. The parallel system works 

when at least one of its components works. In a parallel system consider here, the 

components are assumed to be independent and non-identical.  The life time of 

each component is mixture of the two non-identical exponential life times, 

delayed time, �, 0 � � � �.See Mustafa and El-Faheem [11]. 
���  �
���� � �1 � ��
��� � �� 
That is, 
���  �� exp����� � �1 � ��� exp����� � ���																						�2.1� 
where		�, � are the constant failure rates for two stages of lifetimes. 

Let�����, be the reliability function of the component �, �  1, 2,⋯ , !, that is ����� can be expressed by the following equations: �����  �� exp������ � �1 � ��� exp������ � ����													�2.2� 
Let �"��� be the reliability function of the parallel system, the function �"��� can 

be obtained as follows, Lewis [4]. 

�#���  1 �$%1 � �����&
'
�(�

 

 1 �$%1 � �� exp������ � �1 � ��� exp������ � ����&				
'
�(�

	�2.3� 
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Let MTTF be the mean time to failure to the original system that can be obtained 

by the following equation, Billinton and Allan [1]. 

*++,  - �"���.�																																																									/
0 		�2.4� 

Equation (2.4) has no closed form solution; we can use some numerical 

techniques to find MTTF. 

 

3. The Improved Systems  

In this section, we will present four different methods to improve the parallel 

system, as shown in figure 1, with!components connected in parallel system. The 

objective is to compare the reliability of the original system and that for the 

improved systems. The system can be improved according to one of the following 

four different methods: 

1. Reduction method. In this method it is assumed that the component can be 

improved by reducing its failure rate by a factor �, 0	 � �	 � 1. 
2. Hot duplication method. This method assumed that the component is 

duplicated by a hot standby component. 

3. Cold duplication method. It is assumed in this method that the component 

is duplicated by a cold redundant standby component. 

4. Imperfect duplication method. In this method it is assumed that the 

component is duplicated by a cold redundant standby component via an 

imperfect switch. 

In the remainder of this section, the reliability function and mean time to failure of 

the system improved according to the methods mentioned above are derived 

below in detail. 

3.1 The Reduction Method 

In the reduction method, it is assumed that the system can be improved by 

reducing the failure rates of the set 2 consists of 3, 0 � 	3 � 	!, of the system 

components. Let ��,4 denote the reliability function of the component�, improved 

by reducing the failure rate by the factor	�. The reliability of component�, after 

reducing its failure rates��, 	��  by � is given as follows. 

��,4  �� exp������� � �1 � ��� exp������� � ����																					�3.1� 
One can obtain the reliability function�5,4, of the parallel system improved by 

reducing the failure rates of the set 2 components by the factor � as follows. 

�5,4���  1 �$61 � ��,4���7�∈5
$91� �����:�∈5̅
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 1 �$%1 � �� exp������� � �1 � ��� exp������� � ����& <�∈5
 

$%1� �� exp������ � �1 � ��� exp������ � ����&�∈5̅
											�3.2� 

where				2̅  =\	2,	and	=  �1, 2, 3,⋯ , !�. 
The mean time to failure to the reduction system, say *++,5,4 can be obtained as 

following 

*++,5,4  - �5,4���.�/
0 																																																													�3.3� 

By using some numerical techniques, we can calculate the above integral to find *++,5,4. 
3.2 The Hot Duplication Method 

Let us assume that each component of the set ? is duplicated by a hot redundant 

identical standby component. We denote by	�@A���, the reliability function of the 

system improved by improving the components belonging to the set ? according 

to the hot duplication method. For this system, when the reliability function of the 

component� is improved by hot duplication, we can write the reliability function, ��A��� of the component�, in the following form. 

��A���  1 � 91 � �����:� 
 1 � %1 � �� exp������ � �1 � ��� exp������ � ����&�				�3.4� 

then the function�@A��� can be obtained as follows. 

�@A���  1 �$61� ��BA���7B∈@C
$61� ��B���7B∈@DC

 

Thus, the reliability function �@A���  of the system improved by the hot 

duplication method can be derived as follows, Lewis [4] and Elsayed [3] 

�@A���  1 �$%1 � �� exp������ � �1 � ��� exp������ � ����&� <�∈@
 

$%1 � �� exp������B∈@D � �1 � ��� exp������ � ����&								�3.5� 
where ?D  =\?. 
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The mean time to failure to the improved system by hot duplication method, say *++,@A can be obtained from equation (3.7) as follows. 

*++,@A  - �@A���.�/
0 																																																				�3.6� 

By using some numerical techniques, we can calculate the above integral to find *++,@A . 
 

 

3.3 The Cold Duplication Method 

It is assumed, in the cold duplication method, that each component of the set ? is 

connected with an identical component via a perfect switch. Here, the set ? 

consists of G, 0 � 	G � 	= components, |?|  G. Let ��I��� is the reliability 

function of the component�, when it is improved according to the cold duplication 

method. We can use the joint probability technique to calculate the function��I���, 
see Mustafa and El-Faheem [11]. 

��I���  ����1 � ���� exp������ � 2���1 � ��� exp�������� � ��  

%�� exp������ � �� exp������&� �1 � �����1 � ���� exp������ � 2����&																�3.7� 
Let �@I��� denote the reliability function of the system improved by improving the 

components belonging to the set ? according to the cold duplication method. The 

reliability of the improved system �@I��� can be obtained as follows, Billinton and 

Allan [21]. 

�@I���  1 �$61 � ��I���7�∈@
$91� �����:�∈@D

 

 1 �$K1 � ����1 � ���� exp������ � 2���1 � ��� exp�������� � �� <
�∈@

 

%�� exp������ � �� exp������&� �1 � �����1 � ���� exp������ � 2����& < 

$%1 � �� exp������ � �1 � ��� exp������ � ����&B∈@D
											�3.8� 

The mean time to failure to the improved system by cold duplication method, say *++,@I  can be obtained as following 
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*++,@I  - �@I���.�/
0 																																															�3.9� 

By using some numerical techniques, we can calculate the above integral to find *++,@I . 
 

3.4The Imperfect Duplication Method 

It is assumed in the imperfect duplication method that each component of the set ? is connected with cold standby component via an imperfect switch, with 

constant failure rateN.Let ��O���denote the reliability function of the component	�, 
when it is improved according to the imperfect duplication method. The reliability 

function ��O��� can be obtained from Mustafa and El-Faheem [11], as follows. 

��O���  ���N� %�� � N� � �� exp��N���& exp������ 
� ���1 � ����� � N� � �� %��� � N�� exp������� �� exp����� � N����& exp������ 
� ���1 � ����� � N� � �� %��� � N�� exp������� �� exp����� � N���	�& exp������ 
� �1 � ����N� %�� � N� � �� exp��N���& exp������ � 2����										�3.10� 

We denote by �@O ���the reliability function of the parallel system, improved by 

improving the components belong to the set ?, according to the imperfect 

duplication method, which can be derived in the following form: 

�@O ���  1 �$%1 � ��O���&�∈@
$%1� �����&�∈@D

 

 1 �$K1 � ���N� %�� � N� � �� exp��N���& exp�������∈@
 

� ���1 � ����� � N� � �� %��� � N�� exp������� �� exp����� � N����& exp������ 
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� ���1 � ����� � N� � �� %��� � N�� exp������� �� exp����� � N���	�& exp������ 
��1 � ����N� %�� � N� � �� exp��N���& exp������ � 2����P < 

$%1� �� exp������ � �1 � ��� exp������ � ����&�∈@D
											�3.11� 

Let *++,@O  be the mean time to failure to the improved system by imperfect 

duplication method, can be obtained as following 

*++,@O  - �@O ���.�/
0 																																															�3.12� 

By using some numerical techniques, we can calculate the above integral to find *++,@O . 
 

4. The Q-Fractilies 

 

The α-fractile is one of the important measures that measure the performance of 
reliability of a system. This section presents the α-fractiles of the original and 

improved systems. Let L(α) be the α-fractiles of the original system, and R@S���	, 
be the α-fractile of the system improved by improving the set ? components 

according to method.The functions R���and R@S���, are defined as the solution of 
the following equations, respectively,  

� TR���Λ V  �,						�@S TR���Λ V  �																																										�4.1� 
Where Λ  ∑ ��� � ���'�(� . 
From equation (2.3) and first equation of (4.1), R  R���, satisfies the following 

non-linear equation 

Xlog \1 � �� exp \� ��RΛ ] � �1 � ��� exp \��� ^RΛ � ��_]]
'
�(� log�1 � ��																																																																																					�4.2� 

From equation (3.5) and second equation in (4.1), one can obtain R  R@A��� as a 

solution of the following nonlinear equation. 
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Xlog `1 � �� exp \� ��RΛ ] � �1 � ��� exp \��� ^RΛ � ��_]a
'
�(�

� 

Xlog `1 � �� exp \� ��RΛ ] � �1 � ��� exp \��� ^RΛ � ��_]a�∈@	  log�1 � ��																																																																			�4.3� 
Similarly, from equation (3.8) and second equation in (4.1), one can obtain R  R@I ��� as a solution of the following nonlinear equation. 

Xlog b1 � ��� ^1 � ��RΛ _ exp \� ��RΛ ] � 2���1 � ��� exp�������� � �� <
�∈@

 

`�� exp \���RΛ ] � �� exp \� ��RΛ ]a
� �1 � ���� ^1 � ��RΛ _ exp \��� ^RΛ � 2��_]] � 

Xlog `1 � �� exp \���RΛ ] � �1 � ��� exp \��� ^RΛ � ��_]a�∈@D  log	�1 � ��																																																																		�4.4� 
 

Finally, from equation (3.11) and second equation in (4.1), one can obtain R  R@O ��� as a solution of the following nonlinear equation. 

Xlog b1 � ���N� ^�� � N� � �� exp \�N�RΛ ]_ exp \� ��RΛ ] ��∈@
 

���1 � ����� � N� � �B K��� � N�� exp \�
��RΛ ] � �� exp b� ��� � N��RΛ cP exp������

� 

���1 � ����� � N� � �� K��� � N�� exp \���RΛ ] � �� exp b�
��� � N��RΛ cP exp������

� 

�1 � ����N� ^�� � N� � �� exp \�N�RΛ ]_ exp \��� ^RΛ � 2��_]c � 
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Xlog \1 � �� exp \� ��RΛ ] � �1 � ��� exp \��� ^RΛ � ��_]]�∈@D  log�1 � ��																																																														 �4.5� 
As it seems, equations (4.2)-(4.5) have no closed form solutions. Therefore, a 

numerical technique method is needed to get their solutions. 

 

5. The Reliability Equivalence Factors 

 

In this section, we present two types of the reliability equivalence factors of the 

parallel system with !, components with mixture lifetimes and delayed time. 

According to the literatures Sarhan et al. [15], Sarhan[17,18],and  Xia and 

Zhang[21]. Where ?is the set of components improved according to one of the 

duplication methods (H, C and I) and 2is the set of components improved 

according to a reduction method. 

 

5.1 Survival Equivalence Factors 

In this subsection, we shall derive the survival equivalence factors, say SREF, in 
three different methods. The survival equivalence factor is defined as the factor by 
which the failure rates of some of the system components should be reduced in 

order to reach equality of the reliability of another better system, say � �5,@S ���, d  e, f, g, for hot, cold and imperfect, is defined as that factor �	hy 

which the failure rates of the set 2 components should be reduced in order to 
reach the reliability of that system which improved by improving some of the 

original system components according to hot  and cold duplications of the set ? 

components. That is, �  �5,@S   is the solution of the following equation. 

�5,4���  �@S���  �, d e, g, f																																																						�5.1� 
Using equation (5.1), when D = H, together with equation (3.2), one can obtain 
the following nonlinear system. 
 

Xlog%1 � �� exp������� � �1 � ��� exp������� � ����&�∈5	
�															

X log%1 � �� exp������ � �1 � ��� exp������ � ����&�∈5̅
 log�1 � ��

�@S���  � ij
k
jl				�5.2� 
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The system (5.2) of nonlinear equations, have no closed form solutions and can be 
solved using some numerical techniques, when D = H, C, I, by using equations 
(3.5), (3.8) and (3.11). 

 

5.2 Mean Reliability Equivalence Factors 

The mean reliability equivalence factor, say MREF, is that reliability equivalence 
factor which can be obtained when the system mean time to failure is used as a 

performance measure. Let �  m5,@S , D = H, C and I, denoted the MREF of the 

system improved by reducing the set A component by the factor �to get a system 
with the same mean time to failure as that system improved according to a 

redundancy method D. Therefore, �  m5,@S can be obtained by solving the 

following equation with respect to �. *++,5,4  	*++,@S 																																																									�5.3�	
Based on equation (5.3) and using the results previously obtained for the mean 
time to failure of the systems improved according to duplication methods, 
equation (3.6) for hot duplication, equation (3.9), for cold duplication, and 
equation (3.12) for imperfect duplication method, one can use some numerical 

techniques to solve the obtained nonlinear equations to find �  m5,@				S forgiven A 

and B. 

 

6. Numerical Results and Conclusion 

 

To explain how one can utilize the previously obtained theoretical results, we 

introduce a numerical example. In such example, we calculate the two different 

reliability equivalence factors of a parallel system of non-identical components 

with two non-identical mixing lifetimes, delayed time under the following 

assumptions: 

1- The parallel system has three components, !  3,	 
2- All system components have non-identical mixing lifetime, delayed time. 

3- The failure rates�, �, delayed time		� and the probability � for the system 

components are given in the table 1. 

4- The system reliability will be improved when the set ?	of system 

components are improved according to one of the previous duplication 

methods, where ? ⊆ 	 �1,2,3�. 
5- In the reduction method, we improve the system reliability when the 

failure rates of the set 2 ⊆ �1, 2, 3�. 
For this example, we have found that the mean time to failure of the original 

system is, *++,	  	19.0104, and the mean time to failure of the improved  
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systems assuming hot, imperfect and cold duplication methods are presented in 

table 2.  

From the above table, one can conclude that: 

*++,	 � 	*++,@A � 	*++,@O � 	*++,@I .	
 The α-fractiles L(α), R@S��� and the reliability equivalence factors �5,@S ���, d e, g, f		are calculated using Mathematica Program System according to 

theprevious theoretical formulae. In such calculations the levelα is chosen to be 

0.1, 0.2, …, 0.9. 

Tables 3, 4 represent the α-fractiles of the original and improved systems that are 

obtained by improving the system component according to the previously 

mentioned methods  . Based on the results presented in tables 3 and 4, it seems that: 

 L�α� � Lqr�α� � Lqs �α� � Lqt �α�		in all studied cases. 

This is confirmed by the results obtained for MTTF. 

Tables 5 and 6 show the SREF of the improved systems using each duplication 

method and A, B. 

According to the results presented in tables 5 and 6, it may be observed that: 

1- Hot duplication of component 1, ?  �1�, will increase L(0.1) from 
��.0u�0v   

to 
��.w�wxv , see table 3 .The same effect on L(0.1) can occur by reducing the 

failure rates of (i) the mixing lifetimes, of component 1,  2  �1� by the 

factor �A 	 0.8122, (ii) the mixing lifetimes of component 2, 2  �2�, 
by the factor �A  0.8008, (iii) the mixing lifetimes of component 3, 2  �3�, by the factor �A  0.8465, (iv) the mixing lifetimes of 

components 1 and 2,  2  �1, 2� by the factor �A  0.8854, (v) the 

mixing lifetimes of components 1 and 3, 2  �1, 3�by the factor �A 0.9027, (vi) the mixing lifetimes of components 2 and 3, 2  �2,3�, by 

the factor �A  0.8994, (vii) the mixing lifetimes of components 1, 2 and 

3 by the factor �A  0.9267, see table 5. 

2- Imperfect duplication of component 1, ?  �1�, will increase L(0.1) from ��.0u�0v   to 
��.yx0zv , see table 3 .The same effect on L(0.1) can occur by 

reducing the failure rates of (i) the mixing lifetimes, of component 1, 2  �1� by the factor �A 	 0.7646, (ii) the mixing lifetimes of 

component 2, 2  �2�, by the factor �A  0.7518, (iii) the mixing 

lifetimes of component 3, 2  �3�, by the factor �A  0.8042, (iv) the 

mixing lifetimes of components 1 and 2, 2  �1, 2�, by the factor �A 0.8508, (v) the mixing lifetimes of components 1 and 3, 2  �1, 3�,, by 
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 the factor �A  0.8722, (vi) the mixing lifetimes of components 2, 3, 2  �2,3�, by the factor �A  0.8680, (vii) the mixing lifetimes of 

components 1, 2 and 3,2  �1,2, 3�, by the factor �A  0.9022, see table 

5.  

3- Cold duplication of component 1, ?  �1�, will increase L(0.1) from ��.0u�0v   to 
�u.�x{�v , see table 3 .The same effect on L(0.1) can occur by 

reducing the failure rates of (i) the mixing lifetimes, of component 1,  2  �1� by the factor �A 	 0.6124, (ii) the mixing lifetimes of 

component 2,  2  �2�, by the factor �A  0.5979, (iii) the mixing 

lifetimes of component 3,  2  �3�, by the factor �A  0.6616, (iv) the 

mixing lifetimes of components 1 and 2, 2  �1,2�, by the factor �A 0.7239, (v) the mixing lifetimes of components 1 and 3	, 2  �1, 3�, by the 

factor �A  0.7563, (vi) the mixing lifetimes of components 2, 3, 2  �2,3�, by the factor �A  0.7496, (vii) the mixing lifetimes of 

components 1,2 and 3,2  �1,2, 3� by the factor �A  0.8026, see table 5.  

4- In the same manner, one can read the rest of results presented in tables 5 

and 6. 

 

Tables 7 and 8 show the MREF of the improved systems using each duplication 

method and A, B.  

Based on the results presented in tables 7 and 8, one can conclude that: 

1- The improved system that can be obtained by improving the component 

1,?  �1�,	according to hot duplication method, has the same mean time to 

failure of that system which can be obtained by reducing the failure rates 

of the mixing lifetimes of (i) the component 1, 2  �1�by the factor mA 	 0.7267, (ii) the component 2, 2  �2�by the factor mA 	0.7157	(iii) the component 3,2  �3�by the factor mA 	 0.7627	(iv) the 

components 1 and 2,2  �1,2� by the factor mA 	 0.8289 (v) the 

components 1 and 3,2  �1, 3�	by the factor mA 	 0.8473	(vi) the 

components 2 and 3,2  �2, 3� by the factor mA 	 0.8439	(vii) the 

components 1, 2 and 3,2  �1, 2, 3� by the factor mA 	 0.8852, see table 

7. 

2- The improved system that can be obtained by improving the component 

1,?  �1�,	according to imperfect  duplication method, has the same mean 

time to failure of that system which can be obtained by reducing the 

failure rates of the mixing lifetimes of (i) the component 1,  2  �1�	by the 

factor mA 	 0.6754, (ii) the component 2, 2  �2�	by the factor mA 	0.6636 (iii) the component 3, 2  �3�	by the factor mA 	 0.7146	(iv) the  
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components 1 and 2, 2  �1,2�	by the factor mA 	 0.7892		(v) the 

components 1 and 3, 2  �1, 3�	by the factor mA 	 0.8106 (vi) the 

components 2 and 3, 2  �2, 3�	by the factor mA 	 0.8066		(vii) the 

components 1, 2 and 3, 2  �1, 2, 3�		by the factor mA 	 0.8554, see table 

7. 

3- The improved system that can be obtained by improving the component 

1,?  �1�,	according to cold duplication method, has the same mean time 

to failure of that system which can be obtained by reducing the failure 

rates of the mixing lifetimes (i) the component 1,  2  �1�	by the factor mA 	 0.5423, (ii) the component 2, 2  �2�	by the factor mA 	 0.5302 

(iii) the component 3, 2  �3�		by the factor mA 	 0.5848		(iv) the 

components 1 and 2, 2  �1,2�	by the factor mA 	 0.6735		(v) the 

components 1 and 3, 2  �1, 3�	by the factor mA 	 0.7009 (vi) the 

components 2 and 3, 2  �2, 3�	by the factor mA 	 0.6956				(vii) the 

components 1, 2 and 3, 2  �1, 2, 3�by the factor mA 	 0.7611, see table 

7. 

4- In the same manner, one can read the rest of results presented in tables 7 

and 8. 

 

7. Special Cases 

 

In our work we are calculated the reliability equivalence factors of the general 
parallel system with independent and non-identical mixture of lifetimes, delayed 
time. We can calculate the reliability equivalence factors for the special cases 
from the present system as follows. 

Case 1: If	��  1, �  1, 2, … , !, in the present work, we have the results that are 

obtained in Sarhan [6]. 

Case 2: If		!  2, λ~  �, ��  1,in the present work, we can obtain the results in 

Råde [2, 3]. 

Case 3: If	��  0, �  1, 2, … , !, in the present article, we have the reliability 

equivalence factor for the parallel system, with mixture of independent and 

non-identical lifetime, no delayed time. 

Case 4: If 	��  ��  �, ��  0, �  1, 2, … , !, in the present article, we have the 

reliability equivalence factor for the parallel system, with mixture of 

independent and identical lifetime, no delayed time. 
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