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Abstract. 
This paper studies the stochastic analysis of a two non-identical unit parallel system with common-cause failure, critical human error, non-critical human error, preventive maintenance, and two types of repair. The system goes for preventive maintenance at random epochs. We assume that the failure, repair, replacement, and maintenance times are independent random variables and their rates are constant for each unit. The system is analyzed by using the graphical evaluation and review technique (GERT) to obtain various related measures. We study the effect of the preventive maintenance on the system performance. Certain important results have been derived as special cases. The plots for the mean time to system failure and the steady-state availability 
	
		
			
				𝐴
				(
				∞
				)
			

		
	
 of the system are drawn for different parametric values.


1. Introduction
Goel et al. [1, 2] have studied a two-similar or dissimilar unit cold standby redundant system with preventive maintenance, inspection, and two types of repair. Mokaddis et al. [3] studied a two-unit cold standby system with four different models (normal, human errors, partial hadware failure, and total hardware failures). Kadyan et al. [4] and Chander [5] have analyzed reliability models of non-identical units with priority and keeping one unit in cold standby. The stochastic analysis of a non-identical two-unit parallel system with common-cause failure by graphical evaluation and review technique (GERT) is investigated by [6]. A stochastic analysis of a dissimilar two-unit parallel system with preventive maintenance and common-cause failure is investigated by [7]. Galikowsky et al. [8] examined the series system with cold standby components, where the time-to-failure and the time-to-repair of the primary and standby units are exponentially distributed. Wang et al. [9] considered four different system configurations with warm standby components, and standby switching failures are compared based on their reliability and availability, when the time-to-repair and the time-to-failure for each of the primary and warm standby components, are assumed to follow the negative exponential distribution. Further, sometimes it becomes necessary to give priority in repair to one unit over another unit. The reliability analyses of two mathematical models (outdoor electric power systems) are studied by Mokaddis et al. [10]. Mahmoud and Moshref [11] studied the stochastic analysis of a two-unit cold standby system considering hardware failure, human error failure, and preventive maintenance (PM). 
Human error is defined as a failure to perform the performance of a prohibited action, which could result in damage to equipment and property or disruption of scheduled operations. It can be classified as either critical or non-critical. A critical human error is one which causes the failure of the entire system; for example, fire due to a human error in a room where a redundant system is located will cause total system failure. On the other hand, a non-critical human error does not lead to a catastrophic result. The occurrence of human errors can be due to incorrect actions, maintenance errors, misinterpretation of instruments, and so on.

				A CCF is defined as the failure of single unit or multiple units due to a single common-cause. Some of the CCF may occur due to the following reasons:(i)abnormal environmental conditions, for example, temperature and pressure;(ii)defective design; (iii)natural catastrophe like fire,…, and so forth.

				GERT analysis is applied to stochastic network having the following features.(a)All networks contain logical nodes and branches.(b)The probability represents a branch that the activity with it will be determined.(c)The activities represented by the branches are described by other parameters.
The time parameter is the main factor in the paper. The time 
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 related with a branch is described by a moment generating function (m.g.f.) of the form 
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 is the m.g.f. this function is used to get the information of relationship which exists between the nodes. Moreover, the equivalent probability of realization of the network, equivalent m.g.f., and mean time of realization of the network, are, respectively, given as 
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					The present paper is devoted to deal with two-unit (non-identical) parallel system with additional preventive maintenance on regenerative state 
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 at random epochs. The mean time to system failure, steady-state availability, busy-time, and idle-time for the service facility are obtained using the graphical evaluation and review technique (GERT). The effect of preventive maintenance on the system performance is shown graphically.
The results obtained by [12] can be derived from present paper as a special case.
2. Assumptions
(1)The system consists of two non-identical parallel components, “
	
		
			

				𝐴
			

		
	
 and 
	
		
			

				𝐵
			

		
	
.”(2)The system remains operative even if a single component operates.(3)All failure, repair, replacement, and preventive maintenance rates are constant.(4)The common-cause failure and other failures are statistically independent.(5)The system is downstate when both components are failed.(6)The online unit suffers four types of failures, namely, hardware error, non-critical human error, critical human error, and common-cause failure.(7)The system is subject to common-cause failure, hardware error, non-critical human error, and critical human error when it is operating.(8)There are two types of repair, that is, (1) repair low-cost with probability 
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 and (2) costly repairs with probability 
	
		
			
				
			
			
				𝜋
				=
				1
				−
				𝜋
			

		
	
.(9)Both the components (when failed) can be replaced simultaneously.(10)Preventive maintenance (e.g., overhaul, inspection, minor, repairs, etc.) is provided to this system at random epochs when the system is in the state 
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 defined below.(11)After the repair or replacement, the component is as good as new.
3. Notation
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: Constant hardware failure rate of component 
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: Constant non-critical human error failure rate of component 
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: Constant common-cause failure rate of the system when both the units are operating
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 has been already under repair of type 2 (costlier repair)
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: Constant common-cause failure rate of component 
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 has been already under repair of type 2 (costlier repair)
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: Constant common-cause failure rate of component 
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 has been already under repair of type 1 (cheaper repair)
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: Constant critical human error failure rate of the system when both the units are operating
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: Constant critical human error failure rate of component 
	
		
			

				𝐴
			

		
	
 when 
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 has been already under repair of type 2 (costlier repair)
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: Constant critical human error failure rate of component 
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 when 
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 has been already under repair of type 2 (costlier repair)
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: Constant critical human error failure rate of component 
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 when 
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 has been already under repair of type 1 (cheaper repair)
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: Constant critical human error failure rate of component 
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 has been already under repair of type 1 (cheaper repair)
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: Constant rate of PM time
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: Constant rate of time for taking a unit into PM
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: The transition probability from state 
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Symbols for the States of the System 
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				𝑁
			

		
	
: Component 
	
		
			

				𝐴
			

		
	
 in normal and operative mode
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				𝑁
			

		
	
: Component 
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 in normal and operative mode
	
		
			

				𝐴
			

			
				𝐹
				𝑆
				1
			

		
	
: Component 
	
		
			

				𝐴
			

		
	
 in failure (hardware failure or non-critical human error) mode and under repair of type 1
	
		
			

				𝐵
			

			
				𝐹
				𝑆
				1
			

		
	
: Component 
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 in failure (hardware failure or non-critical human error) mode and under repair of type 1
	
		
			

				𝐴
			

			
				𝐹
				𝑆
				2
			

		
	
: Component 
	
		
			

				𝐴
			

		
	
 in failure (hardware failure or non-critical human error) mode and under repair of type 2
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				𝐹
				𝑆
				2
			

		
	
: Component 
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 in failure (hardware failure or non-critical human error) mode and under repair of type 2
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				𝑁
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: Component 
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 in normal mode and under preventive maintenance
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: Component 
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 in normal mode and under preventive maintenance
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: Component 
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 in failure (common-cause) mode and needs replacement
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 in failure (common-cause) mode and needs replacement
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: Component 
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 in failure (critical human error) mode and needs replacement
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				𝐹
				𝐶
				𝐻
			

		
	
: Component 
	
		
			

				𝐵
			

		
	
 in failure (critical human error) mode and needs replacement. Considering these symbols, the system can be in any of the following states: 
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4. Transition Probabilities and Mean Sojourn Times
The probability of transition from state 
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				+
				𝜑
			

			

				4
			

			
				+
				𝜂
			

			

				4
			

			
				+
				𝛿
			

			

				1
			

			
				,
				𝑝
			

			
				1
				,
				1
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				+
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				+
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				+
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				,
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				1
				,
				1
				2
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				
				𝛽
				+
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				+
				𝛽
			

			

				1
			

			
				+
				𝜑
			

			

				4
			

			
				+
				𝜂
			

			

				4
			

			
				+
				𝛿
			

			

				1
			

			
				,
				𝑝
			

			
				1
				,
				6
			

			
				=
				𝜑
			

			

				4
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				+
				𝛽
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				+
				𝜑
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				+
				𝜂
			

			

				4
			

			
				+
				𝛿
			

			

				1
			

			
				,
				𝑝
			

			
				1
				,
				5
			

			
				=
				𝜂
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				+
				𝛽
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				+
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				𝜂
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				𝛿
			

			

				2
			

			
				,
				𝑝
			

			
				2
				,
				9
			

			

				=
			

			
				
			
			
				𝜋
				
				𝛽
				+
				𝛽
			

			

				1
			

			

				
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				+
				𝛽
			

			

				1
			

			
				+
				𝜑
			

			

				2
			

			
				+
				𝜂
			

			

				2
			

			
				+
				𝛿
			

			

				2
			

			
				,
				𝑝
			

			
				2
				,
				7
			

			
				=
				𝜂
			

			

				2
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				+
				𝛽
			

			

				1
			

			
				+
				𝜑
			

			

				2
			

			
				+
				𝜂
			

			

				2
			

			
				+
				𝛿
			

			

				2
			

			
				,
				𝑝
			

			
				2
				,
				8
			

			
				=
				𝜑
			

			

				2
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				+
				𝛽
			

			

				1
			

			
				+
				𝜑
			

			

				2
			

			
				+
				𝜂
			

			

				2
			

			
				+
				𝛿
			

			

				2
			

			
				,
				𝑝
			

			
				2
				,
				1
				0
			

			
				=
				𝜋
				
				𝛽
				+
				𝛽
			

			

				1
			

			

				
			

			
				
			
			
				𝛽
				+
				𝛽
			

			

				1
			

			
				+
				𝜑
			

			

				2
			

			
				+
				𝜂
			

			

				2
			

			
				+
				𝛿
			

			

				2
			

			
				,
				𝑝
			

			
				3
				,
				0
			

			
				=
				𝛾
			

			

				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				3
			

			
				+
				𝜂
			

			

				3
			

			
				+
				𝛾
			

			

				1
			

			
				,
				𝑝
			

			
				3
				,
				1
				1
			

			
				=
				𝜋
				
				𝛼
				+
				𝛼
			

			

				1
			

			

				
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				3
			

			
				+
				𝜂
			

			

				3
			

			
				+
				𝛾
			

			

				1
			

			
				,
				𝑝
			

			
				3
				,
				1
				0
			

			

				=
			

			
				
			
			
				𝜋
				
				𝛼
				+
				𝛼
			

			

				1
			

			

				
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				3
			

			
				+
				𝜂
			

			

				3
			

			
				+
				𝛾
			

			

				1
			

			
				,
				𝑝
			

			
				3
				,
				1
				6
			

			
				=
				𝜑
			

			

				3
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				3
			

			
				+
				𝜂
			

			

				3
			

			
				+
				𝛾
			

			

				1
			

			
				,
				𝑝
			

			
				3
				,
				1
				5
			

			
				=
				𝜂
			

			

				3
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				3
			

			
				+
				𝜂
			

			

				3
			

			
				+
				𝛾
			

			

				1
			

			
				,
				𝑝
			

			
				4
				,
				0
			

			
				=
				𝛾
			

			

				2
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				1
			

			
				+
				𝜂
			

			

				1
			

			
				+
				𝛾
			

			

				2
			

			
				,
				𝑝
			

			
				4
				,
				1
				2
			

			
				=
				𝜋
				
				𝛼
				+
				𝛼
			

			

				1
			

			

				
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				1
			

			
				+
				𝜂
			

			

				1
			

			
				+
				𝛾
			

			

				2
			

			
				,
				𝑝
			

			
				4
				,
				9
			

			

				=
			

			
				
			
			
				𝜋
				
				𝛼
				+
				𝛼
			

			

				1
			

			

				
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				1
			

			
				+
				𝜂
			

			

				1
			

			
				+
				𝛾
			

			

				2
			

			
				,
				𝑝
			

			
				4
				,
				1
				3
			

			
				=
				𝜑
			

			

				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				1
			

			
				+
				𝜂
			

			

				1
			

			
				+
				𝛾
			

			

				2
			

			
				,
				𝑝
			

			
				4
				,
				1
				4
			

			
				=
				𝜂
			

			

				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				1
			

			
				+
				𝜂
			

			

				1
			

			
				+
				𝛾
			

			

				2
			

			
				,
				𝑝
			

			
				𝑖
				,
				0
			

			
				=
				1
				,
				∀
				𝑖
				=
				5
				,
				…
				,
				1
				9
				.
			

		
	

					The mean sojourn time in state 
	
		
			

				𝑆
			

			

				𝑘
			

		
	
 is defined as the time of stay in state 
	
		
			

				𝑆
			

			

				𝑘
			

		
	
 before transiting to any other state given by
						
	
 		
 			
				(
				3
				)
			
 		
	

	
		
			

				𝜇
			

			

				0
			

			
				=
				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝛽
				+
				𝛽
			

			

				1
			

			
				,
				𝜇
				+
				𝜅
				+
				𝜂
				+
				𝜑
			

			

				1
			

			
				=
				1
			

			
				
			
			
				𝛽
				+
				𝛽
			

			

				1
			

			
				+
				𝜑
			

			

				4
			

			
				+
				𝜂
			

			

				4
			

			
				+
				𝛿
			

			

				1
			

			
				,
				𝜇
			

			

				2
			

			
				=
				1
			

			
				
			
			
				𝛽
				+
				𝛽
			

			

				1
			

			
				+
				𝜑
			

			

				2
			

			
				+
				𝜂
			

			

				2
			

			
				+
				𝛿
			

			

				2
			

			
				,
				𝜇
			

			

				3
			

			
				=
				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				3
			

			
				+
				𝜂
			

			

				3
			

			
				+
				𝛾
			

			

				1
			

			
				,
				𝜇
			

			

				4
			

			
				=
				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝜑
			

			

				4
			

			
				+
				𝜂
			

			

				4
			

			
				+
				𝛾
			

			

				2
			

			
				,
				𝜇
			

			

				𝑗
			

			
				=
				1
			

			
				
			
			
				𝜃
				𝜇
				,
				∀
				𝑗
				=
				5
				,
				…
				,
				1
				8
				,
			

			
				1
				9
			

			
				=
				1
			

			
				
			
			
				𝜆
				.
			

		
	

					Hence from the above states the 
	
		
			

				𝑊
			

		
	
-function from state 
	
		
			

				𝑘
			

		
	
 to state 
	
		
			

				ℎ
			

		
	
 is given by
						
	
 		
 			
				(
				4
				)
			
 		
	

	
		
			

				𝑊
			

			
				𝑘
				,
				ℎ
			

			
				(
				𝑠
				)
				=
				𝑝
			

			
				𝑘
				,
				ℎ
			

			
				
				1
				−
				𝜇
			

			

				𝑘
			

			
				𝑠
				
			

			
				−
				1
			

			

				,
			

		
	

					where 
	
		
			

				𝑝
			

			
				𝑘
				ℎ
			

		
	
 is the probability of transition from state 
	
		
			

				𝑘
			

		
	
 to state 
	
		
			

				ℎ
			

		
	
, 
	
		
			

				𝜇
			

			

				𝑘
			

		
	
 is the mean sojourn time.
5. Mean Time to System Failure (MTSF)
The mean time to system failure is defined as the time until the system is completely inoperative. This is accomplished by finding the 
	
		
			

				𝑊
			

		
	
-function from the initial state 
	
		
			

				𝑆
			

			

				0
			

		
	
 to terminal state 
	
		
			
				{
				𝑆
			

			

				1
			

			
				,
				…
				,
				𝑆
			

			
				1
				9
			

			

				}
			

		
	
. Making use of Mason’s rule we get
						
	
 		
 			
				(
				5
				)
			
 		
	

	
		
			
				𝑁
				𝑊
				(
				𝑠
				)
				=
			

			

				0
			

			
				(
				𝑠
				)
			

			
				
			
			

				𝐷
			

			

				0
			

			
				,
				(
				𝑠
				)
			

		
	

					where
						
	
 		
 			
				(
				6
				)
			
 		
	

	
		
			

				𝑁
			

			

				0
			

			
				(
				𝑠
				)
				=
				𝑊
			

			
				0
				,
				1
			

			
				
				𝑊
				(
				𝑠
				)
			

			
				1
				,
				5
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				1
				,
				6
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				1
				,
				1
				1
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				1
				,
				1
				2
			

			
				
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				2
			

			
				
				𝑊
				(
				𝑠
				)
			

			
				2
				,
				7
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				2
				,
				8
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				2
				,
				9
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				2
				,
				1
				0
			

			
				
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				3
			

			
				
				𝑊
				(
				𝑠
				)
			

			
				3
				,
				1
				0
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				3
				,
				1
				1
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				3
				,
				1
				5
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				3
				,
				1
				6
			

			
				
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				4
			

			
				
				𝑊
				(
				𝑠
				)
			

			
				4
				,
				9
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				4
				,
				1
				2
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				4
				,
				1
				3
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				4
				,
				1
				4
			

			
				
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				7
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				8
			

			
				𝐷
				(
				𝑠
				)
				,
			

			

				0
			

			
				
				𝑊
				(
				𝑠
				)
				=
				1
				−
			

			
				0
				,
				1
			

			
				(
				𝑠
				)
				𝑊
			

			
				1
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				2
			

			
				(
				𝑠
				)
				𝑊
			

			
				2
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				3
			

			
				(
				𝑠
				)
				𝑊
			

			
				3
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				4
			

			
				(
				𝑠
				)
				𝑊
			

			
				4
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				9
			

			
				(
				𝑠
				)
				𝑊
			

			
				1
				9
				,
				0
			

			
				
				,
				(
				𝑠
				)
			

		
	

					where 
						
	
 		
 			
				(
				7
				)
			
 		
	

	
		
			

				𝑊
			

			
				𝑘
				,
				ℎ
			

			
				(
				𝑠
				)
				=
				𝑝
			

			
				𝑘
				,
				ℎ
			

			
				
				1
				−
				𝜇
			

			

				𝑘
			

			
				𝑠
				
			

			
				−
				1
			

			
				,
				∀
				𝑘
				,
				ℎ
				=
				0
				,
				…
				,
				1
				9
				,
				𝑘
				≠
				ℎ
				.
			

		
	

					The transition probabilities are 
	
		
			

				𝑊
			

			
				𝑘
				,
				ℎ
			

			
				(
				0
				)
				=
				𝑝
			

			
				𝑘
				,
				ℎ
			

		
	
.
The mean sojourn time can be written as follows:
						
	
 		
 			
				(
				8
				)
			
 		
	

	
		
			

				𝜇
			

			

				0
			

			
				=
				𝑑
			

			
				
			
			
				
				𝑑
				𝑠
			

			

				4
			

			

				
			

			
				𝑟
				=
				1
			

			

				𝑊
			

			
				0
				,
				𝑟
			

			
				(
				𝑠
				)
				+
			

			
				1
				9
			

			

				
			

			
				𝑟
				=
				1
				7
			

			

				𝑊
			

			
				0
				,
				𝑟
			

			
				
				(
				𝑠
				)
			

			
				𝑠
				=
				0
			

			
				,
				𝜇
			

			

				1
			

			
				=
				𝑑
			

			
				
			
			
				
				𝑊
				𝑑
				𝑠
			

			
				1
				,
				0
			

			
				(
				𝑠
				)
				+
			

			

				6
			

			

				
			

			
				𝑟
				=
				5
			

			

				𝑊
			

			
				1
				,
				𝑟
			

			
				(
				𝑠
				)
				+
			

			
				1
				2
			

			

				
			

			
				𝑟
				=
				1
				1
			

			

				𝑊
			

			
				1
				,
				𝑟
			

			
				
				(
				𝑠
				)
			

			
				𝑠
				=
				0
			

			
				,
				𝜇
			

			

				2
			

			
				=
				𝑑
			

			
				
			
			
				
				𝑊
				𝑑
				𝑠
			

			
				2
				,
				0
			

			
				(
				𝑠
				)
				+
			

			
				1
				0
			

			

				
			

			
				𝑟
				=
				7
			

			

				𝑊
			

			
				2
				,
				𝑟
			

			
				(
				
				𝑠
				)
			

			
				𝑠
				=
				0
			

			
				,
				𝜇
			

			

				3
			

			
				=
				𝑑
			

			
				
			
			
				
				𝑊
				𝑑
				𝑠
			

			
				3
				,
				0
			

			
				(
				𝑠
				)
				+
			

			
				1
				1
			

			

				
			

			
				𝑟
				=
				1
				0
			

			

				𝑊
			

			
				3
				,
				𝑟
			

			
				(
				𝑠
				)
				+
			

			
				1
				6
			

			

				
			

			
				𝑟
				=
				1
				5
			

			

				𝑊
			

			
				3
				,
				𝑟
			

			
				
				(
				𝑠
				)
			

			
				𝑠
				=
				0
			

			
				,
				𝜇
			

			

				4
			

			
				=
				𝑑
			

			
				
			
			
				
				𝑊
				𝑑
				𝑠
			

			
				4
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				4
				,
				9
			

			
				(
				𝑠
				)
				+
			

			
				1
				4
			

			

				
			

			
				𝑟
				=
				1
				2
			

			

				𝑊
			

			
				4
				,
				𝑟
			

			
				
				(
				𝑠
				)
			

			
				𝑠
				=
				0
			

			
				,
				𝜇
			

			

				𝑖
			

			
				=
				𝑑
			

			
				
			
			
				
				𝑊
				𝑑
				𝑠
			

			
				𝑖
				,
				0
			

			
				
				(
				𝑠
				)
			

			
				𝑠
				=
				0
			

			
				,
				∀
				𝑖
				=
				5
				,
				…
				,
				1
				9
				.
			

		
	

					Hence, the mean time to system failure is given by 
	
		
			
				M
				T
				S
				F
				=
				𝐸
				(
				𝑡
				)
				=
				(
				1
				/
				𝑝
				)
				[
				(
				𝑑
				/
				𝑑
				𝑠
				)
				𝑊
				(
				𝑠
				)
				]
			

			
				𝑠
				=
				0
			

		
	
, where
						
	
 		
 			
				(
				9
				)
			
 		
	

	
		
			
				[
				]
				𝑝
				=
				𝑊
				(
				𝑠
				)
			

			
				𝑠
				=
				0
			

			
				=
				1
				.
			

		
	

					The mean time to system failure (MTSF) when the system starts from 
	
		
			

				𝑆
			

			

				0
			

		
	
 is
						
	
 		
 			
				(
				1
				0
				)
			
 		
	

	
		
			
				𝑁
				M
				T
				S
				F
				=
				𝐸
				(
				𝑡
				)
				=
			

			

				0
			

			
				
			
			

				𝐷
			

			

				0
			

			

				,
			

		
	

					where
						
	
 		
 			
				(
				1
				1
				)
			
 		
	

	
		
			

				𝑁
			

			

				0
			

			
				=
				𝜇
			

			

				0
			

			
				+
				𝑝
			

			
				0
				,
				1
			

			

				𝜇
			

			

				1
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝜇
			

			

				2
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝜇
			

			

				3
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝜇
			

			

				4
			

			
				+
				𝑝
			

			
				0
				,
				1
				9
			

			

				𝜇
			

			
				1
				9
			

			
				,
				𝐷
			

			

				0
			

			
				
				𝑝
				=
				1
				−
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				1
				9
			

			

				𝑝
			

			
				1
				9
				,
				0
			

			
				
				.
			

		
	

6. Mean Time to Repair and Replacement (MTTR)
The repair facility of the system is available in states 
	
		
			
				{
				𝑆
			

			

				5
			

			
				,
				…
				,
				𝑆
			

			
				1
				9
			

			

				}
			

		
	
. Hence, the mean time to repair is given by
						
	
 		
 			
				(
				1
				2
				)
			
 		
	

	
		
			
				𝑁
				M
				T
				T
				R
				(
				𝑠
				)
				=
			

			

				1
			

			
				(
				𝑠
				)
			

			
				
			
			

				𝐷
			

			

				1
			

			
				,
				(
				𝑠
				)
			

		
	

					where
						
	
 		
 			
				(
				1
				3
				)
			
 		
	

	
		
			

				𝑁
			

			

				1
			

			
				𝑑
				(
				𝑠
				)
				=
			

			
				
			
			
				𝑝
				𝑑
				𝑠
				
				
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				1
				1
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				1
			

			
				
				𝑊
			

			
				1
				1
				,
				0
			

			
				+
				
				𝑝
				(
				𝑠
				)
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				1
				2
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				1
				2
			

			
				
				𝑊
			

			
				1
				2
				,
				0
			

			
				+
				
				𝑝
				(
				𝑠
				)
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				9
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				9
			

			
				
				𝑊
			

			
				9
				,
				0
			

			
				+
				
				𝑝
				(
				𝑠
				)
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				1
				0
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				0
			

			
				
				𝑊
			

			
				1
				0
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑝
			

			
				0
				,
				1
			

			
				
				𝑝
			

			
				1
				,
				5
			

			

				𝑊
			

			
				5
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑝
			

			
				1
				,
				6
			

			

				𝑊
			

			
				6
				,
				0
			

			
				
				(
				𝑠
				)
				+
				𝑝
			

			
				0
				,
				2
			

			
				
				𝑝
			

			
				2
				,
				7
			

			

				𝑊
			

			
				7
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑝
			

			
				2
				,
				8
			

			

				𝑊
			

			
				8
				,
				0
			

			
				
				(
				𝑠
				)
				+
				𝑝
			

			
				0
				,
				4
			

			
				
				𝑝
			

			
				4
				,
				1
				3
			

			

				𝑊
			

			
				1
				3
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑝
			

			
				4
				,
				1
				4
			

			

				𝑊
			

			
				1
				4
				,
				0
			

			
				
				(
				𝑠
				)
				+
				𝑝
			

			
				0
				,
				3
			

			
				
				𝑝
			

			
				3
				,
				1
				5
			

			

				𝑊
			

			
				1
				5
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑝
			

			
				3
				,
				1
				6
			

			

				𝑊
			

			
				1
				6
				,
				0
			

			
				
				(
				𝑠
				)
				+
				𝑝
			

			
				0
				,
				1
				7
			

			

				𝑊
			

			
				1
				7
				,
				0
			

			
				(
				𝑠
				)
				+
				𝑝
			

			
				0
				,
				1
				8
			

			

				𝑊
			

			
				1
				8
				,
				0
			

			
				
				(
				𝑠
				)
			

			
				𝑠
				=
				0
			

			
				,
				𝐷
			

			

				1
			

			
				
				𝑝
				(
				𝑠
				)
				=
				1
				−
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				1
				9
			

			

				𝑝
			

			
				1
				9
				,
				0
			

			
				
				.
			

		
	

					The mean time to repair (MTTR) is given by 
						
	
 		
 			
				(
				1
				4
				)
			
 		
	

	
		
			
				𝑁
				M
				T
				T
				R
				=
			

			

				1
			

			
				
			
			

				𝐷
			

			

				1
			

			

				,
			

		
	

					where
						
	
 		
 			
				(
				1
				5
				)
			
 		
	

	
		
			

				𝑁
			

			

				1
			

			
				=
				𝑝
				
				
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				1
				1
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				1
			

			
				
				𝜇
			

			
				1
				1
			

			
				+
				
				𝑝
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				1
				2
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				1
				2
			

			
				
				𝜇
			

			
				1
				2
			

			
				+
				
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				9
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				9
			

			
				
				𝜇
			

			

				9
			

			
				+
				
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				1
				0
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				0
			

			
				
				𝜇
			

			
				1
				0
			

			
				+
				𝑝
			

			
				0
				,
				1
			

			
				
				𝑝
			

			
				1
				,
				5
			

			

				𝜇
			

			

				5
			

			
				+
				𝑝
			

			
				1
				,
				6
			

			

				𝜇
			

			

				6
			

			
				
				+
				𝑝
			

			
				0
				,
				2
			

			
				
				𝑝
			

			
				2
				,
				7
			

			

				𝜇
			

			

				7
			

			
				+
				𝑝
			

			
				2
				,
				8
			

			

				𝜇
			

			

				8
			

			
				
				+
				𝑝
			

			
				0
				,
				4
			

			
				
				𝑝
			

			
				4
				,
				1
				3
			

			

				𝜇
			

			
				1
				3
			

			
				+
				𝑝
			

			
				4
				,
				1
				4
			

			

				𝜇
			

			
				1
				4
			

			
				
				+
				𝑝
			

			
				0
				,
				3
			

			
				
				𝑝
			

			
				3
				,
				1
				5
			

			

				𝜇
			

			
				1
				5
			

			
				+
				𝑝
			

			
				3
				,
				1
				6
			

			

				𝜇
			

			
				1
				6
			

			
				
				+
				𝑝
			

			
				0
				,
				1
				7
			

			

				𝜇
			

			
				1
				7
			

			
				+
				𝑝
			

			
				0
				,
				1
				8
			

			

				𝜇
			

			
				1
				8
			

			
				
				,
				𝐷
			

			

				1
			

			
				
				𝑝
				=
				1
				−
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				1
				9
			

			

				𝑝
			

			
				1
				9
				,
				0
			

			
				
				.
			

		
	

6.1. Availability Analysis
The system availability, 
	
		
			
				𝐴
				(
				𝑡
				)
			

		
	
, is defined as Pr (that the system is in an operating state at time 
	
		
			

				𝑡
			

		
	
). The steady-state availability is defined as
								
	
 		
 			
				(
				1
				6
				)
			
 		
	

	
		
			
				𝐴
				(
				∞
				)
				=
				l
				i
				m
			

			
				𝑡
				→
				∞
			

			
				𝐴
				(
				𝑡
				)
				=
				M
				T
				S
				F
			

			
				
			
			
				=
				
				𝑁
				M
				T
				S
				F
				+
				M
				T
				T
				R
				1
				+
			

			

				1
			

			
				
			
			

				𝑁
			

			

				0
			

			

				
			

			
				−
				1
			

			

				.
			

		
	

7. Busy-Time and Idle-Time for the Service Facility
When the process is available in states 
	
		
			

				𝑆
			

			

				0
			

		
	
, the repair facility is idle. This path is represented by
						
	
 		
 			
				(
				1
				7
				)
			
 		
	

	
		
			
				𝑊
				(
				𝑠
				)
				=
				𝑊
			

			
				0
				,
				1
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				2
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				3
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				4
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				7
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				8
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				9
			

			
				(
				𝑠
				)
				.
			

		
	

					Thus, 
						
	
 		
 			
				(
				1
				8
				)
			
 		
	

	
		
			
				t
				h
				e
				m
				e
				a
				n
				i
				d
				l
				e
				-
				t
				i
				m
				e
				=
				𝜇
			

			

				0
			

			
				=
				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝛽
				+
				𝛽
			

			

				1
			

			
				=
				1
				+
				𝜅
				+
				𝜂
				+
				𝜑
			

			
				
			
			
				𝑥
				.
			

		
	

					The repair facility is available in states 
	
		
			
				{
				𝑆
			

			

				1
			

			
				,
				…
				,
				𝑆
			

			
				1
				9
			

			

				}
			

		
	
 with repair, replacement, and preventive maintenance rates 
	
		
			

				𝛿
			

			

				1
			

		
	
, 
	
		
			

				𝛿
			

			

				2
			

		
	
, 
	
		
			

				𝛾
			

			

				1
			

		
	
, 
	
		
			

				𝛾
			

			

				2
			

		
	
, 
	
		
			

				𝜃
			

		
	
, and 
	
		
			

				𝜆
			

		
	
, respectively. Hence, the equivalent 
	
		
			

				𝑊
			

		
	
-function 
	
		
			
				𝑊
				(
				𝑠
				)
			

		
	
 is obtained as
						
	
 		
 			
				(
				1
				9
				)
			
 		
	

	
		
			
				𝑊
				(
				𝑠
				)
				=
				𝑝
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				0
			

			
				
				𝑠
				1
				−
			

			
				
			
			

				𝛿
			

			

				1
			

			

				
			

			
				−
				1
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				0
			

			
				
				𝑠
				1
				−
			

			
				
			
			

				𝛿
			

			

				2
			

			

				
			

			
				−
				1
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				0
			

			
				
				𝑠
				1
				−
			

			
				
			
			

				𝛾
			

			

				1
			

			

				
			

			
				−
				1
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				0
			

			
				
				𝑠
				1
				−
			

			
				
			
			

				𝛾
			

			

				2
			

			

				
			

			
				−
				1
			

			
				+
				𝑝
			

			
				0
				,
				1
				9
			

			

				𝑝
			

			
				1
				9
				,
				0
			

			
				
				𝑠
				1
				−
			

			
				
			
			
				𝜆
				
			

			
				−
				1
			

			
				+
				
				𝑝
			

			
				0
				,
				1
			

			
				
				𝑝
			

			
				1
				,
				5
			

			
				+
				𝑝
			

			
				1
				,
				6
			

			
				+
				𝑝
			

			
				1
				,
				1
				1
			

			
				+
				𝑝
			

			
				1
				,
				1
				2
			

			
				
				+
				𝑝
			

			
				0
				,
				2
			

			
				
				𝑝
			

			
				2
				,
				7
			

			
				+
				𝑝
			

			
				2
				,
				8
			

			
				+
				𝑝
			

			
				2
				,
				9
			

			
				+
				𝑝
			

			
				2
				,
				1
				0
			

			
				
				+
				𝑝
			

			
				0
				,
				3
			

			
				
				𝑝
			

			
				3
				,
				1
				0
			

			
				+
				𝑝
			

			
				3
				,
				1
				1
			

			
				+
				𝑝
			

			
				3
				,
				1
				5
			

			
				+
				𝑝
			

			
				3
				,
				1
				6
			

			
				
				+
				𝑝
			

			
				0
				,
				4
			

			
				
				𝑝
			

			
				4
				,
				9
			

			
				+
				𝑝
			

			
				4
				,
				1
				2
			

			
				+
				𝑝
			

			
				4
				,
				1
				3
			

			
				+
				𝑝
			

			
				4
				,
				1
				4
			

			
				
				+
				𝑝
			

			
				0
				,
				1
				7
			

			
				+
				𝑝
			

			
				0
				,
				1
				8
			

			
				
				
				𝑠
				1
				−
			

			
				
			
			
				𝜃
				
			

			
				−
				1
			

			

				.
			

		
	

					Therefore, the mean busy-time of service facility is given as 
						
	
 		
 			
				(
				2
				0
				)
			
 		
	

	
		
			

				𝑝
			

			
				0
				,
				1
			

			

				𝜇
			

			

				1
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝜇
			

			

				2
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝜇
			

			

				3
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝜇
			

			

				4
			

			
				+
				𝑝
			

			
				0
				,
				1
				9
			

			

				𝜇
			

			
				1
				9
			

			
				+
				
				𝑝
			

			
				0
				,
				1
			

			
				
				𝑝
			

			
				1
				,
				5
			

			
				+
				𝑝
			

			
				1
				,
				6
			

			
				+
				𝑝
			

			
				1
				,
				1
				1
			

			
				+
				𝑝
			

			
				1
				,
				1
				2
			

			
				
				+
				𝑝
			

			
				0
				,
				2
			

			
				
				𝑝
			

			
				2
				,
				7
			

			
				+
				𝑝
			

			
				2
				,
				8
			

			
				+
				𝑝
			

			
				2
				,
				9
			

			
				+
				𝑝
			

			
				2
				,
				1
				0
			

			
				
				+
				𝑝
			

			
				0
				,
				3
			

			
				
				𝑝
			

			
				3
				,
				1
				0
			

			
				+
				𝑝
			

			
				3
				,
				1
				1
			

			
				+
				𝑝
			

			
				3
				,
				1
				5
			

			
				+
				𝑝
			

			
				3
				,
				1
				6
			

			
				
				+
				𝑝
			

			
				0
				,
				4
			

			
				
				𝑝
			

			
				4
				,
				9
			

			
				+
				𝑝
			

			
				4
				,
				1
				2
			

			
				+
				𝑝
			

			
				4
				,
				1
				3
			

			
				+
				𝑝
			

			
				4
				,
				1
				4
			

			
				
				+
				𝑝
			

			
				0
				,
				1
				7
			

			
				+
				𝑝
			

			
				0
				,
				1
				8
			

			
				
				
				1
			

			
				
			
			
				𝜃
				
				=
				𝐵
				(
				s
				a
				y
				)
				.
			

		
	

					Therefore, the busyness of the service facility may be defined as
						
	
 		
 			
				(
				2
				1
				)
			
 		
	

	
		
			
				B
				u
				s
				y
				n
				e
				s
				s
				=
				(
				M
				e
				a
				n
				b
				u
				s
				y
				−
				t
				i
				m
				e
				)
			

			
				
			
			
				,
				𝐵
				(
				M
				e
				a
				n
				b
				u
				s
				y
				−
				t
				i
				m
				e
				+
				M
				e
				a
				n
				i
				d
				l
				e
				−
				t
				i
				m
				e
				)
				B
				u
				s
				y
				n
				e
				s
				s
				=
			

			
				
			
			
				=
				1
				/
				𝑥
				+
				𝐵
				𝑥
				𝐵
			

			
				
			
			
				.
				1
				+
				𝑥
				𝐵
			

		
	

8. Special Cases
8.1. Study the System without Preventive Maintenance
When 
	
		
			
				𝜅
				=
				0
			

		
	
 and so on, 
	
		
			

				𝑝
			

			
				0
				,
				1
				9
			

			
				=
				0
			

		
	
. 
The mean time to system failure (
	
		
			
				M
				T
				S
				F
			

			

				1
			

		
	
) is given as
								
	
 		
 			
				(
				2
				2
				)
			
 		
	

	
		
			
				M
				T
				S
				F
			

			

				1
			

			
				=
				𝐸
			

			

				1
			

			
				=
				𝜇
				(
				𝑡
				)
			

			

				0
			

			
				+
				𝑝
			

			
				0
				,
				1
			

			

				𝜇
			

			

				1
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝜇
			

			

				2
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝜇
			

			

				3
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝜇
			

			

				4
			

			
				
			
			
				
				𝑝
				1
				−
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				0
			

			
				
				.
			

		
	

The mean time to repair/replacement (MTTR1) is given as
								
	
 		
 			
				(
				2
				3
				)
			
 		
	

	
		
			
				M
				T
				T
				R
			

			

				1
			

			
				=
				𝑁
			

			

				1
			

			
				
			
			

				𝐷
			

			

				2
			

			

				,
			

		
	

							where
								
	
 		
 			
				(
				2
				4
				)
			
 		
	

	
		
			

				𝐷
			

			

				2
			

			
				
				𝑝
				=
				1
				−
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				0
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				0
			

			
				
				,
			

		
	

							The steady-state availability is given by
								
	
 		
 			
				(
				2
				5
				)
			
 		
	

	
		
			

				𝐴
			

			

				1
			

			
				
				𝑁
				(
				∞
				)
				=
				1
				+
			

			

				1
			

			
				
			
			

				𝜇
			

			

				0
			

			
				+
				𝑝
			

			
				0
				,
				1
			

			

				𝜇
			

			

				1
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝜇
			

			

				2
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝜇
			

			

				3
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝜇
			

			

				4
			

			

				
			

			
				−
				1
			

			

				.
			

		
	

							Busy-time and idle-time for the service facility:

					when the process is available in state 
	
		
			

				𝑆
			

			

				0
			

		
	
, the repair facility is idle. This path is represented as
								
	
 		
 			
				(
				2
				6
				)
			
 		
	

	
		
			
				𝑊
				(
				𝑠
				)
				=
				𝑊
			

			
				0
				,
				1
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				2
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				3
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				4
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				7
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				8
			

			
				(
				𝑠
				)
				.
			

		
	

							Thus, 
								
	
 		
 			
				(
				2
				7
				)
			
 		
	

	
		
			
				t
				h
				e
				m
				e
				a
				n
				i
				d
				l
				e
				t
				i
				m
				e
				s
				=
				𝜇
			

			

				0
			

			
				=
				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝛽
				+
				𝛽
			

			

				1
			

			
				=
				1
				+
				𝜂
				+
				𝜑
			

			
				
			
			

				𝑥
			

			

				1
			

			

				.
			

		
	

							Therefore, the mean busy-time of service facility is given as
								
	
 		
 			
				(
				2
				8
				)
			
 		
	

	
		
			

				𝑝
			

			
				0
				,
				1
			

			

				𝜇
			

			

				1
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝜇
			

			

				2
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝜇
			

			

				3
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝜇
			

			

				4
			

			
				+
				
				𝑝
			

			
				0
				,
				1
			

			
				
				𝑝
			

			
				1
				,
				5
			

			
				+
				𝑝
			

			
				1
				,
				6
			

			
				+
				𝑝
			

			
				1
				,
				1
				1
			

			
				+
				𝑝
			

			
				1
				,
				1
				2
			

			
				
				+
				𝑝
			

			
				0
				,
				2
			

			
				
				𝑝
			

			
				2
				,
				7
			

			
				+
				𝑝
			

			
				2
				,
				8
			

			
				+
				𝑝
			

			
				2
				,
				9
			

			
				+
				𝑝
			

			
				2
				,
				1
				0
			

			
				
				+
				𝑝
			

			
				0
				,
				3
			

			
				
				𝑝
			

			
				3
				,
				1
				0
			

			
				+
				𝑝
			

			
				3
				,
				1
				1
			

			
				+
				𝑝
			

			
				3
				,
				1
				5
			

			
				+
				𝑝
			

			
				3
				,
				1
				6
			

			
				
				+
				𝑝
			

			
				0
				,
				4
			

			
				
				𝑝
			

			
				4
				,
				9
			

			
				+
				𝑝
			

			
				4
				,
				1
				2
			

			
				+
				𝑝
			

			
				4
				,
				1
				3
			

			
				+
				𝑝
			

			
				4
				,
				1
				4
			

			
				
				+
				𝑝
			

			
				0
				,
				1
				7
			

			
				+
				𝑝
			

			
				0
				,
				1
				8
			

			
				
				
				1
			

			
				
			
			
				𝜃
				
				=
				𝐵
			

			

				1
			

			
				𝐵
				(
				s
				a
				y
				)
				,
				B
				u
				s
				y
				n
				e
				s
				s
				=
			

			

				1
			

			
				
			
			
				1
				/
				𝑥
			

			

				1
			

			
				+
				𝐵
			

			

				1
			

			
				=
				𝑥
			

			

				1
			

			

				𝐵
			

			

				1
			

			
				
			
			
				1
				+
				𝑥
			

			

				1
			

			

				𝐵
			

			

				1
			

			

				.
			

		
	

8.2. Study the System without Common-Cause Failure
When 
	
		
			
				𝜑
				=
				𝜑
			

			

				1
			

			
				=
				𝜑
			

			

				2
			

			
				=
				𝜑
			

			

				3
			

			
				=
				𝜑
			

			

				4
			

			
				=
				0
			

		
	
 and so on, 
	
		
			

				𝑝
			

			
				0
				,
				1
				8
			

			
				=
				𝑝
			

			
				1
				,
				6
			

			
				=
				𝑝
			

			
				2
				,
				8
			

			
				=
				𝑝
			

			
				3
				,
				1
				6
			

			
				=
				𝑝
			

			
				4
				,
				1
				3
			

			
				=
				0
			

		
	
. Note that 
								
	
 		
 			
				(
				2
				9
				)
			
 		
	

	
		
			

				𝜇
			

			

				𝑗
			

			
				=
				1
			

			
				
			
			
				𝜃
				,
				𝑗
				=
				5
				,
				…
				,
				1
				9
				.
			

		
	

							The mean time to system failure (MTSF2) is given by
								
	
 		
 			
				(
				3
				0
				)
			
 		
	

	
		
			
				M
				T
				S
				F
			

			

				2
			

			
				=
				𝐸
			

			

				2
			

			
				𝑁
				(
				𝑡
				)
				=
			

			

				0
			

			
				
			
			

				𝐷
			

			

				0
			

			

				.
			

		
	

							The mean time to repair (MTTR2) is given by
								
	
 		
 			
				(
				3
				1
				)
			
 		
	

	
		
			
				M
				T
				T
				R
			

			

				2
			

			
				=
				𝑁
			

			

				2
			

			
				
			
			

				𝐷
			

			

				1
			

			

				,
			

		
	

							where
								
	
 		
 			
				(
				3
				2
				)
			
 		
	

	
		
			

				𝑁
			

			

				2
			

			
				=
				𝑝
				
				
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				1
				1
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				1
			

			
				
				𝜇
			

			
				1
				1
			

			
				+
				
				𝑝
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				1
				2
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				1
				2
			

			
				
				𝜇
			

			
				1
				2
			

			
				+
				
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				9
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				9
			

			
				
				𝜇
			

			

				9
			

			
				+
				
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				1
				0
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				0
			

			
				
				𝜇
			

			
				1
				0
			

			
				+
				𝑝
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				5
			

			

				𝜇
			

			

				5
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				7
			

			

				𝜇
			

			

				7
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				1
				4
			

			

				𝜇
			

			
				1
				4
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				5
			

			

				𝜇
			

			
				1
				5
			

			
				+
				𝑝
			

			
				0
				,
				1
				7
			

			

				𝜇
			

			
				1
				7
			

			
				
				.
			

		
	

							The steady-state availability is given by
								
	
 		
 			
				(
				3
				3
				)
			
 		
	

	
		
			

				𝐴
			

			

				2
			

			
				
				𝑁
				(
				∞
				)
				=
				1
				+
			

			

				2
			

			
				
			
			

				𝑁
			

			

				0
			

			

				
			

			
				−
				1
			

			

				.
			

		
	

							Busy-time and idle-time for the service facility:

					when the process is available in state 
	
		
			

				𝑆
			

			

				0
			

		
	
, the repair facility is idle. This path is represented by
								
	
 		
 			
				(
				3
				4
				)
			
 		
	

	
		
			
				𝑊
				(
				𝑠
				)
				=
				𝑊
			

			
				0
				,
				1
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				2
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				3
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				4
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				7
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				9
			

			
				(
				𝑠
				)
				.
			

		
	

							Thus, 
								
	
 		
 			
				(
				3
				5
				)
			
 		
	

	
		
			
				t
				h
				e
				m
				e
				a
				n
				i
				d
				l
				e
				t
				i
				m
				e
				=
				𝜇
			

			

				0
			

			
				=
				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝛽
				+
				𝛽
			

			

				1
			

			
				=
				1
				+
				𝜅
				+
				𝜂
			

			
				
			
			

				𝑥
			

			

				2
			

			

				.
			

		
	

							Therefore, the mean busy-time of service facility is given by 
								
	
 		
 			
				(
				3
				6
				)
			
 		
	

	
		
			

				𝑝
			

			
				0
				,
				1
			

			

				𝜇
			

			

				1
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝜇
			

			

				2
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝜇
			

			

				3
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝜇
			

			

				4
			

			
				+
				𝑝
			

			
				0
				,
				1
				9
			

			

				𝜇
			

			
				1
				9
			

			
				+
				
				𝑝
			

			
				0
				,
				1
			

			
				
				𝑝
			

			
				1
				,
				5
			

			
				+
				𝑝
			

			
				1
				,
				1
				1
			

			
				+
				𝑝
			

			
				1
				,
				1
				2
			

			
				
				+
				𝑝
			

			
				0
				,
				2
			

			
				
				𝑝
			

			
				2
				,
				7
			

			
				+
				𝑝
			

			
				2
				,
				9
			

			
				+
				𝑝
			

			
				2
				,
				1
				0
			

			
				
				+
				𝑝
			

			
				0
				,
				3
			

			
				
				𝑝
			

			
				3
				,
				1
				0
			

			
				+
				𝑝
			

			
				3
				,
				1
				1
			

			
				+
				𝑝
			

			
				3
				,
				1
				5
			

			
				
				+
				𝑝
			

			
				0
				,
				4
			

			
				
				𝑝
			

			
				4
				,
				9
			

			
				+
				𝑝
			

			
				4
				,
				1
				2
			

			
				+
				𝑝
			

			
				4
				,
				1
				4
			

			
				
				+
				𝑝
			

			
				0
				,
				1
				7
			

			
				
				×
				
				1
			

			
				
			
			
				𝜃
				
				=
				𝐵
			

			

				2
			

			
				𝐵
				(
				s
				a
				y
				)
				,
				B
				u
				s
				y
				n
				e
				s
				s
				=
			

			

				2
			

			
				
			
			
				1
				/
				𝑥
			

			

				2
			

			
				+
				𝐵
			

			

				2
			

			
				=
				𝑥
			

			

				2
			

			

				𝐵
			

			

				2
			

			
				
			
			
				1
				+
				𝑥
			

			

				2
			

			

				𝐵
			

			

				2
			

			

				.
			

		
	

8.3. Study the System without Critical Human Error 
When 
	
		
			
				𝜂
				=
				𝜂
			

			

				1
			

			
				=
				𝜂
			

			

				2
			

			
				=
				𝜂
			

			

				3
			

			
				=
				𝜂
			

			

				4
			

			
				=
				0
			

		
	
 and so on, 
	
		
			

				𝑝
			

			
				0
				,
				1
				7
			

			
				=
				𝑝
			

			
				1
				,
				5
			

			
				=
				𝑝
			

			
				2
				,
				7
			

			
				=
				𝑝
			

			
				3
				,
				1
				5
			

			
				=
				𝑝
			

			
				4
				,
				1
				4
			

			
				=
				0
			

		
	
. Note that 
								
	
 		
 			
				(
				3
				7
				)
			
 		
	

	
		
			

				𝜇
			

			

				𝑗
			

			
				=
				1
			

			
				
			
			
				𝜃
				,
				𝑗
				=
				5
				,
				…
				,
				1
				9
				.
			

		
	

							The mean time to system failure (MTSF3) is given by
								
	
 		
 			
				(
				3
				8
				)
			
 		
	

	
		
			
				M
				T
				S
				F
			

			

				3
			

			
				=
				𝐸
			

			

				3
			

			
				𝑁
				(
				𝑡
				)
				=
			

			

				0
			

			
				
			
			

				𝐷
			

			

				0
			

			

				.
			

		
	

							The mean time to repair/replacement (MTTR3) is given by
								
	
 		
 			
				(
				3
				9
				)
			
 		
	

	
		
			
				M
				T
				T
				R
			

			

				3
			

			
				=
				𝑁
			

			

				3
			

			
				
			
			

				𝐷
			

			

				1
			

			

				,
			

		
	

							where
								
	
 		
 			
				(
				4
				0
				)
			
 		
	

	
		
			

				𝑁
			

			

				3
			

			
				=
				𝑝
				
				
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				1
				1
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				1
			

			
				
				𝜇
			

			
				1
				1
			

			
				+
				
				𝑝
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				1
				2
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				1
				2
			

			
				
				𝜇
			

			
				1
				2
			

			
				+
				
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				9
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				9
			

			
				
				𝜇
			

			

				9
			

			
				+
				
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				1
				0
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				0
			

			
				
				𝜇
			

			
				1
				0
			

			
				+
				𝑝
			

			
				0
				,
				1
			

			

				𝑝
			

			
				1
				,
				6
			

			

				𝜇
			

			

				6
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝑝
			

			
				2
				,
				8
			

			

				𝜇
			

			

				8
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝑝
			

			
				4
				,
				1
				3
			

			

				𝜇
			

			
				1
				3
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝑝
			

			
				3
				,
				1
				6
			

			

				𝜇
			

			
				1
				6
			

			
				+
				𝑝
			

			
				0
				,
				1
				8
			

			

				𝜇
			

			
				1
				8
			

			
				
				.
			

		
	

							The steady-state availability is given by
								
	
 		
 			
				(
				4
				1
				)
			
 		
	

	
		
			

				𝐴
			

			

				3
			

			
				
				𝑁
				(
				∞
				)
				=
				1
				+
			

			

				3
			

			
				
			
			

				𝑁
			

			

				0
			

			

				
			

			
				−
				1
			

			

				.
			

		
	

Busy-time and idle-time for the service facility:

					when the process is available in state 
	
		
			

				𝑆
			

			

				0
			

		
	
, the repair facility is idle. This path is represented as
								
	
 		
 			
				(
				4
				2
				)
			
 		
	

	
		
			
				𝑊
				(
				𝑠
				)
				=
				𝑊
			

			
				0
				,
				1
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				2
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				3
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				4
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				8
			

			
				(
				𝑠
				)
				+
				𝑊
			

			
				0
				,
				1
				9
			

			
				(
				𝑠
				)
				.
			

		
	

							Thus, 
								
	
 		
 			
				(
				4
				3
				)
			
 		
	

	
		
			
				t
				h
				e
				m
				e
				a
				n
				i
				d
				l
				e
				t
				i
				m
				e
				=
				𝜇
			

			

				0
			

			
				=
				1
			

			
				
			
			
				𝛼
				+
				𝛼
			

			

				1
			

			
				+
				𝛽
				+
				𝛽
			

			

				1
			

			
				=
				1
				+
				𝜅
				+
				𝜑
			

			
				
			
			

				𝑥
			

			

				3
			

			

				.
			

		
	

							Therefore, the mean busy-time of service facility is given by 
								
	
 		
 			
				(
				4
				4
				)
			
 		
	

	
		
			

				𝑝
			

			
				0
				,
				1
			

			

				𝜇
			

			

				1
			

			
				+
				𝑝
			

			
				0
				,
				2
			

			

				𝜇
			

			

				2
			

			
				+
				𝑝
			

			
				0
				,
				3
			

			

				𝜇
			

			

				3
			

			
				+
				𝑝
			

			
				0
				,
				4
			

			

				𝜇
			

			

				4
			

			
				+
				𝑝
			

			
				0
				,
				1
				9
			

			

				𝜇
			

			
				1
				9
			

			
				+
				
				𝑝
			

			
				0
				,
				1
			

			
				
				𝑝
			

			
				1
				,
				6
			

			
				+
				𝑝
			

			
				1
				,
				1
				1
			

			
				+
				𝑝
			

			
				1
				,
				1
				2
			

			
				
				+
				𝑝
			

			
				0
				,
				2
			

			
				
				𝑝
			

			
				2
				,
				8
			

			
				+
				𝑝
			

			
				2
				,
				9
			

			
				+
				𝑝
			

			
				2
				,
				1
				0
			

			
				
				+
				𝑝
			

			
				0
				,
				3
			

			
				
				𝑝
			

			
				3
				,
				1
				0
			

			
				+
				𝑝
			

			
				3
				,
				1
				1
			

			
				+
				𝑝
			

			
				3
				,
				1
				6
			

			
				
				+
				𝑝
			

			
				0
				,
				4
			

			
				
				𝑝
			

			
				4
				,
				9
			

			
				+
				𝑝
			

			
				4
				,
				1
				2
			

			
				+
				𝑝
			

			
				4
				,
				1
				3
			

			
				
				+
				𝑝
			

			
				0
				,
				1
				8
			

			
				
				×
				
				1
			

			
				
			
			
				𝜃
				
				=
				𝐵
			

			

				3
			

			
				𝐵
				(
				s
				a
				y
				)
				,
				B
				u
				s
				y
				n
				e
				s
				s
				=
			

			

				3
			

			
				
			
			
				1
				/
				𝑥
			

			

				3
			

			
				+
				𝐵
			

			

				3
			

			
				=
				𝑥
			

			

				3
			

			

				𝐵
			

			

				3
			

			
				
			
			
				1
				+
				𝑥
			

			

				3
			

			

				𝐵
			

			

				3
			

			

				.
			

		
	

8.4. Study the System without Preventive Maintenance, Common-Cause Failure, Critical Human Error, Non-Critical Human Error, and One Type of Repar “i.e., 
	
		
			
				𝜋
				=
				1
			

		
	
”
All results of [12] are deduced.




8.5. Study the System without Common-Cause Failure, Critical Human Error, Non-Critical Human Error, and One Type of Repar “i.e., 
	
		
			
				𝜋
				=
				1
			

		
	
”
We have the results of [12].
9. Comparison between MTSF and 
	
		
			
				𝐴
				(
				∞
				)
			

		
	
 under the Effect of Preventive Maintenance
The purpose of this section is to study the effect of PM on the system. The following numerical results are obtained by considering the following system parameters.
We fix 
	
		
			

				𝛼
			

			

				1
			

			
				=
				0
				.
				0
				9
			

		
	
, 
	
		
			

				𝛽
			

			

				1
			

			
				=
				0
				.
				0
				9
			

		
	
, 
	
		
			
				𝜑
				=
				0
				.
				0
				1
			

		
	
, 
	
		
			

				𝜑
			

			

				1
			

			
				=
				0
				.
				0
				2
			

		
	
, 
	
		
			

				𝜑
			

			

				2
			

			
				=
				0
				.
				0
				3
			

		
	
, 
	
		
			

				𝜑
			

			

				3
			

			
				=
				0
				.
				0
				4
			

		
	
, 
	
		
			

				𝜑
			

			

				4
			

			
				=
				0
				.
				0
				5
			

		
	
, 
	
		
			
				𝜂
				=
				0
				.
				0
				1
			

		
	
, 
	
		
			

				𝜂
			

			

				1
			

			
				=
				0
				.
				0
				2
			

		
	
, 
	
		
			

				𝜂
			

			

				2
			

			
				=
				0
				.
				0
				3
			

		
	
, 
	
		
			

				𝜂
			

			

				3
			

			
				=
				0
				.
				0
				4
			

		
	
, 
	
		
			

				𝜂
			

			

				4
			

			
				=
				0
				.
				0
				5
			

		
	
, 
	
		
			

				𝛾
			

			

				1
			

			
				=
				0
				.
				2
			

		
	
, 
	
		
			

				𝛾
			

			

				2
			

			
				=
				0
				.
				2
				2
			

		
	
,  
	
		
			

				𝛿
			

			

				1
			

			
				=
				0
				.
				2
				8
			

		
	
, 
	
		
			

				𝛿
			

			

				2
			

			
				=
				0
				.
				2
				9
			

		
	
, 
	
		
			
				𝜃
				=
				0
				.
				2
			

		
	
, 
	
		
			
				𝜋
				=
				0
				.
				8
			

		
	
, and 
	
		
			
				
			
			
				𝜋
				=
				0
				.
				2
			

		
	
 and vary the values of 
	
		
			

				𝛼
			

		
	
 and 
	
		
			

				𝛽
			

		
	
 from 0.1 to 0.8. We found that the values of MTSF and 
	
		
			
				𝐴
				(
				∞
				)
			

		
	
 are better when the time for taking a unit into 
	
		
			
				P
				M
				(
				𝜅
				)
			

		
	
 greater than the PM time rate 
	
		
			
				(
				𝜆
				)
			

		
	
 than other cases (see Tables 1, 2, 3, and 4).
Table 1
	

	
	
		
			

				𝛼
			

		
	
	
								MTSF,  
	
		
			
				𝛽
				=
				0
				.
				1
			

		
	

	
	
		
			
				𝜆
				=
				0
				.
				2
				<
				𝜅
				=
				0
				.
				9
			

		
	
	
	
		
			
				𝜆
				=
				𝜅
				=
				0
				.
				9
			

		
	
	
	
		
			
				𝜆
				=
				0
				.
				9
				>
				𝜅
				=
				0
				.
				2
			

		
	
	Without PM
	

	0.1	28.1723	12.3829	8.87415	7.87164
	0.2	22.176	9.95337	7.23722	6.46118
	0.3	16.0143	7.3608	5.44237	5.70417
	0.4	14.5937	6.87481	5.1717	5.23841
	0.5	13.458	6.4963	4.96322	4.92619
	0.6	12.5311	6.19374	4.79899	4.70408
	0.7	11.761	5.94665	4.66695	4.53902
	0.8	11.1116	5.74124	4.55885	4.41215
	



Table 2
	

	
	
		
			

				𝛽
			

		
	
	
								MTSF, 
	
		
			
				𝛼
				=
				0
				.
				1
			

		
	

	
	
		
			
				𝜆
				=
				0
				.
				2
				<
				𝜅
				=
				0
				.
				9
			

		
	
	
	
		
			
				𝜆
				=
				𝜅
				=
				0
				.
				9
			

		
	
	
	
		
			
				𝜆
				=
				0
				.
				9
				>
				𝜅
				=
				0
				.
				2
			

		
	
	Without PM
	

	0.1	28.1723	12.3829	8.87415	7.87164
	0.2	21.9342	9.95533	7.29334	6.53278
	0.3	18.3484	8.5974	6.4305	5.81139
	0.4	15.9998	7.73026	5.8926	5.36755
	0.5	14.3325	7.12881	5.52798	5.0706
	0.6	13.0827	6.68727	5.26607	4.86001
	0.7	12.1081	6.34944	5.06973	4.7041
	0.8	11.3253	6.08265	4.91762	4.58475
	



Table 3
	

	
	
		
			

				𝛼
			

		
	
	
								 
	
		
			
				𝐴
				(
				∞
				)
			

		
	
, 
	
		
			
				𝛽
				=
				0
				.
				1
			

		
	

	
	
		
			
				𝜆
				=
				0
				.
				2
				<
				𝜅
				=
				0
				.
				9
			

		
	
	
	
		
			
				𝜆
				=
				𝜅
				=
				0
				.
				9
			

		
	
	
	
		
			
				𝜆
				=
				0
				.
				9
				>
				𝜅
				=
				0
				.
				2
			

		
	
	Without PM
	

	0.1	0.6283	0.426268	0.34745	0.32079
	0.2	0.570919	0.373905	0.302763	0.279368
	0.3	0.528572	0.340088	0.275739	0.254982
	0.4	0.495541	0.316357	0.257771	0.239141
	0.5	0.468802	0.298742	0.245031	0.22814
	0.6	0.446576	0.285123	0.235565	0.220118
	0.7	0.42773	0.274266	0.228277	0.214047
	0.8	0.411499	0.2654	0.222507	0.209317
	



Table 4
	

	
	
		
			

				𝛽
			

		
	
	
	
		
			
				𝐴
				(
				∞
				)
			

		
	
, 
	
		
			
				𝛼
				=
				0
				.
				1
			

		
	

	
	
		
			
				𝜆
				=
				0
				.
				2
				<
				𝜅
				=
				0
				.
				9
			

		
	
	
	
		
			
				𝜆
				=
				𝜅
				=
				0
				.
				9
			

		
	
	
	
		
			
				𝜆
				=
				0
				.
				9
				>
				𝜅
				=
				0
				.
				2
			

		
	
	Without PM
	

	0.1	0.6283	0.426268	0.34745	0.32079
	0.2	0.568231	0.373951	0.304397	0.281592
	0.3	0.524015	0.340302	0.278411	0.258536
	0.4	0.489792	0.316854	0.261205	0.243601
	0.5	0.462352	0.299587	0.249068	0.233268
	0.6	0.439764	0.286345	0.240101	0.225767
	0.7	0.420789	0.275869	0.233237	0.220118
	0.8	0.404591	0.267377	0.227833 	0.215739
	



These curves are shown in Figures 3, 4, 7, and 8. From these figures we conclude that MTSF and the steady-state availability for system (with PM) are always above as compared to those for system (without PM) which implies that the preventive maintenance “PM” leads to an improvement in overall system performance.
In Figures 1, 2, 5, and 6 we show that the MTSF and 
	
		
			
				𝐴
				(
				∞
				)
			

		
	
 are increased when the time for taking a unit into 
	
		
			
				P
				M
				(
				𝜅
				)
			

		
	
 greater than the 
	
		
			
				P
				M
			

		
	
 time rate
	
		
			
				(
				𝜆
				)
			

		
	
. 
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Figure 8


10. Contributions and Concluding Remarks
This paper applies the concept of GERT that is used to derive some reliability measures of a non-identical two-unit parallel system. Some previous results are deduced as a special case of our model. The effect of PM on the measures of the system is studied graphically. Finally, for achieving high reliability of the system, we recommend adding PM to the model and 
	
		
			
				𝜅
				>
				𝜆
			

		
	
 because of its positive effect on the model as shown in.
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