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Profit comparison of a cold standby system with 

Priority to repair over preventive maintenance and 
server failure during repair 

 
Jyoti Nandal and Jyoti Anand 
 
Abstract 
The main motive of this present paper is to analyze the comparison between two reliability models. For 
that, one unit is operative and the other unit is kept as spare in cold standby. The operative unit undergoes 
for preventive maintenance before its complete failure while repair of the unit is conducted at its 
complete failure. Also, Priority is given to repair of the unit over preventive maintenance. All repair 
activities are tackled by a single server who visits the system immediately when required and the server 
may failure during repair only. All random variables are uncorrelated and statistically independent to 
each other. The distributions of failure time of the unit and server follows negative exponential while the 
distributions of repair time of the unit and treatment time of the server are taken as arbitrary. The 
expressions for various measures of system effectiveness are derived in steady state using semi-Markov 
process and regenerative point technique. The graphical behavior of MTSF, availability and profit 
function with respect to failure rate for fixed values of other parameters. The profit comparison of the 
present model has also been made with that of the model in which no such type of priority is given. 
 
Keywords: cold standby system, repair, preventive maintenance 
 
1. Introduction 
In the modern scenario of global competition that the industries become fully conscious to 
produce reliable system which give us the maximum profit. Most of the researcher Kadyan et 
al. (2010) [4, 5] and Sureria et al. (2012) [2] have carried out cost-benefit analysis of systems 
respectively with the idea of priority to repair and priority to software replacement over 
hardware repair.  
To strengthen the existing literature, the present paper is devoted to examine the effect of 
priority on profit incurred to a system of two identical units have been analyzed stochastically 
with the concepts of preventive maintenance of the unit, server failure and priority to repair 
over preventive maintenance. Initially, one unit is operative and the other unit is kept as spare 
in cold standby. The operative unit undergoes for preventive maintenance before its complete 
failure while repair of the unit is conducted at its complete failure. All repair activities are 
tackled by a single server who visits the system immediately when required. The system is 
observed at suitable regenerative epochs using semi-Markov process and regenerative point 
technique to derive the expressions for some reliability and economic measures such as mean 
time to system failure (MTSF),availability, expected number of repair, expected number of 
preventive maintenance of server and busy period analysis. The numerical results for a 
particular case are obtained to depict the behavior of MTSF, availability and profit of the 
system model. The profit of the present model has also been compared with that of the model 
discussed by Nandal and Malik (2017) [1].  
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2. Notations 
E    : Set of regenerative states 
 ത    : Set of non-regenerative statesܧ
λ    : Constant failure rate 
FUr /FWr  : The unit is failed and under repair/waiting for repair 
SFUt/SFUT  : The server is failed and under treatment/continuously under treatment from previous state 
FUR/FWR  : The unit is failed and under repair / waiting for repair continuously from previous state 
g (t)/G(t)  : pdf/cdf of repair time of the unit  
f (t)/F(t)   : pdf/cdf of preventive maintenance time of the unit 
w (t)/W(t)  : pdf/cdf of arrival time of the server 
qij (t)/ Qij(t)  : pdf / cdf of passage time from regenerative state Si to a regenerative stateSj or to a failed state Sj without 
visiting any other regenerative state in (0, t] 
qij.kr (t)/Qij.kr(t) : pdf/cdf of direct transition time from regenerative state Si to a regenerative state Sj or to a failed state Sj 
visiting state Sk, Sr once in (0, t] 
Mi (t)   : Probability that the system up initially in state Si  E is up at time t without visiting to any regenerative state 
Wi (t)   : Probability that the server is busy in the state Si up to time ‘t’ without making any transition to any other 
regenerative state or returning to the same state one or more non-regenerative states. 
i     : The mean sojourn time in state ௜ܵ which is given by ߤ௜ ൌ ሺܶሻܧ ൌ ׬ ܲሺܶ ൐ ݐ݀	ሻݐ

ஶ
଴

ൌ ∑ ݉௜௝,௝  where 
ܶ	denotes the time to system failure.  
mij    : Contribution to mean sojourn time (i) in state Si when system transits directly 

 to state Sj so that 
i ij

j

m 
 and mij = 

* '( ) (0)ij ijtdQ t q   

&    : Symbol for Laplace-Stieltjes convolution/Laplace convolution  
*/**   : Symbol for Laplace Transformation /Laplace Stieltjes Transformation  
 
3. System Description 
A stochastic model of a system having two identical units has been developed with the ideas of priority to repair over preventive 
maintenance and server failure during repair. The block diagram for the system model is shown in Fig.:1 

 

 
 

Fig 1: State Transition Diagram 



 

~223~ 

International Journal of Statistics and Applied Mathematics 
 

 
The system mode1 (figure 1) has the following transition states: 
 Regenerative States: ܵ଴, 	 ଵܵ, 	ܵଶ,	ܵସܽ݊݀	ܵ଻	 
 Non-regenerative: 	ܵଷ,, ܵହ	ܵ଺, ଼ܵ, ܵଽ, ଵܵ଴, ଵܵଵ, ଵܵଶ	ܽ݊݀	 ଵܵଷ 
We have the following expressions for transition probabilities: 
௜௝݌ ൌ ܳ௜௝ሺ∞ሻ ൌ ׬ ௜௝ݍ

ஶ
଴

ሺݐሻ݀ݐ  

଴ଵ݌ ൌ
ఈబ

ఒାఈబ
଴ଶ݌          ൌ

ఒ

ఒାఈబ
ଵ଴݌      ൌ ݄∗ሺߣ ൅  ଴ሻߙ

ଵଷ݌ ൌ
ఈబ

ఒାఈబ
ሾ1 െ ݄∗ሺߣ ൅ ଵସ݌          ଴ሻሿߙ ൌ

ఒ

ఒାఈబ
ሾ1 െ ݄∗ሺߣ ൅   ଴ሻሿߙ

ଶ଴݌ ൌ ݃∗ሺμ ൅ ߣ ൅ ଶହ݌         ଴ሻߙ ൌ
ఈబ

ஜାఒାఈబ
ሾ1 െ ݃∗ሺμ ൅ ߣ ൅    ଴ሻሿߙ

ଶ଺݌ ൌ
ఒ

ஜାఒାఈబ
ሾ1 െ ݃∗ሺμ ൅ ߣ ൅ ଶ଻݌      ଴ሻሿߙ ൌ

ஜ

ஜାఒାఈబ
ሾ1 െ ݃∗ሺμ ൅ ߣ ൅     ଴ሻሿߙ

ଷଵ݌ ൌ ݄∗ሺ0ሻ	 ݌ସଵ ൌ ݃∗ሺμሻ  ݌ହଵ ൌ ݃∗ሺμሻ  
ହ଼݌ ൌ 1 െ ݃∗ሺμሻ	݌ସ଼ ൌ 1 െ ݃∗ሺμሻ  ݌଻ଶ ൌ ݂∗ሺߣ ൅   ଴ሻߙ
଺ଶ݌ ൌ ݃∗ሺμሻ ݌଺ଽ ൌ 1 െ ݃∗ሺμሻ 
଻,ଵ଴݌ ൌ

ఒ

ఒାఈబ
ሾ1 െ ݂∗ሺߣ ൅ ଻,ଵଵ݌        ଴ሻሿߙ ൌ

ఈబ
ఒାఈబ

ሾ1 െ ݂∗ሺߣ ൅   ଴ሻሿߙ

ଵଶ,଼݌ ൌ ଽ,ଵଷ݌ ൌ ଵ଴,ଵଷ݌ ൌ ଵଵ,ଶ݌ ൌ ݂∗ሺ0ሻ       ݌ଵଶ,ଵ ൌ ଵଷ,ଶ݌ ൌ ݃∗ሺμሻ    
଼,ଵଶ݌ ൌ ଵଷ,ଽ݌ ൌ 1 െ ݃∗ሺμሻ     
For ݄ሺݐሻ ൌ ,ఊ௧ି݁ߛ ݃ሺݐሻ ൌ ሻݐ݂ܽ݊݀ሺ	ఉ௧ି݁ߚ ൌ                  (1)	ఈ௧ି݁ߙ
 
For a perfect distribution  
଴ଵ݌ ൅ ଴ଶ݌ ൌ ଵ଴݌ ൅ ଵଷ݌ ൅ ଵସ݌ ൌ ଶ଴݌ ൅ ଶହ݌ ൅ ଶ଺݌ ൅ ଶ଻݌ ൌ ଷଵ݌ ൌ 
ସଵ݌ ൅ ସ଼݌ ൌ ହଵ݌ ൅ ହ଼݌ ൌ ଺ଶ݌ ൅ ଻ଶ݌=଺ଽ݌ ൅ ଻,ଵ଴݌ ൅ ଻,ଵଵ݌ ൌ ଵଶ,଼݌ ൌ ଽ,ଵଷ݌ ൌ ଵ଴,ଵଷ݌ ൌ ଵଵ,ଵଶ݌ ൌ ଵଶ,ଵ݌ ൅ ଼,ଵଶ݌ ൌ ଵଷ,ଶ݌ ൅ ଵଷ,ଽ݌ ൌ 1 (2) 
 
4.  Mean Sojourn Times (MST) 

଴ߤ ൌ
ଵ

ఈబାఒ
ଵߤ     ൌ

ଵ

ϒାఈబାఒ
ଶߤ    ൌ

ଵ

ఉାఈబାఒାஜ
ଷߤ    ൌ

ଵ

ϒ
 

ସߤ ൌ ହߤ ൌ ଺ߤ	 ൌ ଵଶߤ ൌ ଵଷߤ	 ൌ
ଵ

ఉାஜ
଻ߤ   	 ൌ

ଵ

ఈାఈబାఒ
    

଼ߤ ൌ ଽߤ ൌ ଵ଴ߤ	 ൌ ଵଵߤ ൌ 	
1
ߙ

 

଴ߤ ൌ 	݉଴ଵ ൅	݉଴ଶ  ߤଵ ൌ 	݉ଵ଴ ൅	݉ଵଷ ൅ ݉ଵସ  ߤଶ ൌ 	݉ଶ଴ ൅	݉ଶହ ൅ ݉ଶ଺ ൅ ݉ଶ଻ 
ଷߤ ൌ 	݉ଷଵ  ߤସ ൌ 	݉ସଵ    ߤହ ൌ 	݉ହଵ ൅	݉ହ଼  
଺ߤ ൌ 	݉଺ଶ ൅	݉଺ଽ  ߤ଻ ൌ 	݉଻ଶ ൅	݉଻,ଵ଴ ൅ ݉଻,ଵଵ	଼ߤ ൌ 	଼݉,ଵଶ    
ଽߤ ൌ 	݉ଽ,ଵଷ    ߤଵ଴ ൌ 	݉ଵ଴,ଵଷ   ߤଵଵ ൌ 	݉ଵଵ,ଵଶ     

ଵଶߤ ൌ 	݉ଵଶ,ଵ ൅	݉ଵଶ,଼	ߤଵଷ ൌ 	݉ଵଷ,ଶ ൅ ݉ଵଷ,ଽ 
ଵᇱߤ  ൌ ݉ଵ଴ ൅݉ଵସ ൅ ݉ଵଵ.ଷ    
ଶᇱߤ ൌ ݉ଶ଴ ൅݉ଶଵ.ହ ൅ ݉ଶଵ.ହሺ଼,ଵଶሻ೙	 ൅ ݉ଶଶ.଺ ൅ ݉ଶଶ.଺ሺଽ,ଵଷሻ೙	 ൅ ݉ଶ଻  
ସᇱߤ ൌ ݉ସଵ ൅݉ସଵ.ሺ଼,ଵଶሻ೙	 
଻ᇱߤ ൌ ݉଻ଵ.ଵଵ,ଵଶ ൅ ݉଻ଵ.ଵଵሺଵଶ,଼ሻ೙	 ൅ ݉଻ଶ ൅ ݉଻ଶ.ሺଵ଴,ଵଷሻ ൅ ݉଻ଶ.ଵ଴ሺଵଷ,ଽሻ೙	            (3)  
 
5. Reliability and Mean Time to System Failure (MTSF) 

Let  i(t) be the cdf of first passage time from regenerative state Si to a failed state. 

Regarding the failed state as absorbing state, we have the following recursive relations for  i(t): 

The expressions for ߨ௜ሺݐሻ are as follows: 
ሻݐ଴ሺߨ ൌ ܳ଴ଵሺݐሻⓈ

ଵ
ሺݐሻ ൅ ܳ଴ଶሺݐሻⓈ

ଶ
ሺݐሻ 

ሻݐଵሺߨ ൌ ܳ଴ଵሺݐሻⓈ
଴
ሺݐሻ ൅ ܳଵଷሺݐሻ ൅ ܳଵସሺݐሻ 

ሻݐଶሺߨ ൌ ܳଶ଴ሺݐሻⓈ
଴
ሺݐሻ ൅ ܳଶ଻ሺݐሻⓈߨ଻ሺݐሻ ൅ ܳଶହሺݐሻ ൅ ܳଶ଺ሺݐሻ 

ሻݐ଻ሺߨ ൌ ܳ଻ଶሺݐሻⓈ
ଶ
ሺݐሻ ൅ ܳ଻,ଵ଴ሺݐሻ ൅ ܳ଻,ଵଵሺݐሻ                (4) 

Let us take LST of above relations (4) and solving for π଴∗∗ሺݏሻ  
We have  

ܴ∗ሺݏሻ ൌ
ଵି

బ

∗∗
ሺ௦ሻ

௦
                        (5) 

And,  

ܨܵܶܯ ൌ lim	
௦→଴

ଵି
బ

∗∗
ሺ௦ሻ

௦
ൌ ேభ

஽భ
                     (6) 

Where, ଵܰ ൌ ሺ1 െ ଴ߤ଻ଶሻሺ݌ଶ଻݌ ൅ ଵሻߤ଴ଵ݌ ൅ ଶߤ଴ଶሺ݌ ൅  ଻ሻߤଶ଻݌
And, 	ܦଵ ൌ ሺ1 െ ଵ଴ሻሺ1݌଴ଵ݌ െ ଻ଶሻ݌ଶ଻݌ െ  ଶ଴݌଴ଶ݌
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6. Long Run (Steady State)Availability 
Let Ai(t) be the probability that the system is in up-state at instant ‘t’ given that the system entered regenerative state Si at t = 

0.The recursive relations for ( )iA t  are given as: 

ሻݐ଴ሺܣ ൌ ሻݐ଴ሺܯ ൅ ሻݐଵሺܣሻݐ଴ଵሺݍ ൅  	ሻݐଶሺܣሻݐ଴ଶሺݍ
ሻݐଵሺܣ ൌ ሻݐଵሺܯ ൅ ሻݐ଴ሺܣሻݐଵ଴ሺݍ ൅ ሻݐଵሺܣሻݐଵଵ.ଷሺݍ 	൅  ሻݐସሺܣሻݐଵସሺݍ
ሻݐଶሺܣ ൌ ሻݐଶሺܯ ൅ ሻݐ଴ሺܣሻݐଶ଴ሺݍ ൅ ቀݍଶଵ.ହሺݐሻ ൅ ሻݐଵሺܣሻቁݐଶଵ.ହሺ଼,ଵଶሻ೙ሺݍ ൅ ቀݍଶଶ.଺ሺݐሻ ൅ ሻݐଶሺܣሻቁݐଶଶ.଺ሺଽ,ଵଷሻ೙ሺݍ	 ൅  	ሻݐ଻ሺܣሻݐଶ଻ሺݍ

ሻݐସሺܣ ൌ ቀݍସଵሺݐሻ ൅  ሻݐଵሺܣሻቁݐସଵሺଵଶ,଼ሻ೙ሺݍ

ሻݐ଻ሺܣ ൌ ሻݐ଻ሺܯ ൅ ቀݍ଻ଵ.ଵଵ,ଵଶሺݐሻ ൅ ሻݐଵሺܣሻቁݐ଻ଵ.ଵଵሺଵଶ,଼ሻ೙ሺݍ ൅ ቀ	ݍ଻ଶሺݐሻ ൅ ሻݐ଻ଶ.ଵ଴,ଵଷሺݍ ൅     	ሻݐଶሺܣሻቁݐ଻ଶ.ଵ଴ሺଵଷ,ଽሻ೙ሺݍ	

     (7) 
Where,   
ሻݐ଴ሺܯ ൌ ݁ିሺఒାఈబሻ௧      ܯଵሺݐሻ ൌ ݁ିሺఒାఈబሻ௧ܪሺݐሻതതതതതത   
ሻݐଶሺܯ ൌ ݁ିሺஜାఒାఈబሻ௧ܩሺݐሻതതതതതത    ܯସሺݐሻ ൌ ݁ିஜ௧ܩሺݐሻതതതതതത 
ሻݐ଻ሺܯ ൌ ݁ିሺఒାఈబሻ௧ܨሺݐሻതതതതതത 
Let us take LST of relations (7) and solving for	ܣ଴∗ሺݏሻ. 
The steady state availability is given by 

଴ሺ∞ሻܣ ൌ lim
௦→଴

ݏ ሻݏ଴∗ሺܣ ൌ
ேమ
஽మ
	       

Where, 

ଶܰ ൌ ൫݌ଶ଴ ൅ ଶହ݌ ൅ ଴ߤ଴ଵ݌଻,ଵଵ൯݌ଶ଻݌ ൅ ଶߤଵ଴ሺ݌଴ଶ݌ ൅ ଻ሻߤଶ଻݌ ൅ ሺ݌଴ଵ݌ଶ଴ ൅ ଶହ݌ ൅  ଵߤ଻,ଵଵሻ݌ଶ଻݌
ଶܦ ൌ ൫݌ଶ଴ ൅ ଶହ݌ ൅ ଴ߤ଴ଵ݌଻,ଵଵ൯݌ଶ଻݌ ൅ ଶᇱߤଵ଴ሺ݌଴ଶ݌ ൅ ଻ᇱߤଶ଻݌ ሻ ൅ ሺ݌଴ଵ݌ଶ଴ ൅ ଶହ݌ ൅ ଵᇱߤ଻,ଵଵሻሺ݌ଶ଻݌ ൅  ସሻߤଵସ݌
 
7. Busy Period of the Server Due to Repair in the Long Run 

Let ( )R
iB t be the probability that the server is busy in repair the unit at an instant‘t’ given 

that the system entered regenerative state Si at t=0.The recursive relations for ( )R
iB t are as follows:  

ሻݐ଴ோሺܤ ൌ ሻݐଵோሺܤ©ሻݐ଴ଵሺݍ ൅  ሻݐଶோሺܤ©ሻݐ଴ଶሺݍ
ሻݐଵோሺܤ ൌ ሻݐ଴ோሺܤ©ሻݐଵ଴ሺݍ ൅ ሻݐଵோሺܤ©ሻݐଵଵ.ଷሺݍ ൅  ሻݐସோሺܤ©ሻݐଵସሺݍ

ሻݐଶோሺܤ ൌ ଶܹ
ோሺݐሻ ൅ ሻݐ଴ோሺܤ©ሻݐଶ଴ሺݍ ൅ ቀݍଶଵ.ହሺݐሻ ൅ ሻݐଵோሺܤሻቁݐଶଵ.ହሺ଼,ଵଶሻ೙ሺݍ ൅ ቀݍଶଶ.଺ሺݐሻ ൅ ሻݐଶோሺܤሻቁݐଶଶ.଺ሺଽ,ଵଷሻ೙ሺݍ ൅  ሻݐ଻ோሺܤ©ሻݐଶ଻ሺݍ

ሻݐସோሺܤ ൌ ସܹ
ோሺݐሻ ൅ ൅ቀݍସଵሺݐሻ ൅  ሻݐଵோሺܤሻቁݐସଵሺ଼,ଵଶሻ೙ሺݍ

ሻݐ଻ோሺܤ ൌ ቀݍ଻ଵ.ଵଵ,ଵଶሺݐሻ ൅ ሻݐଵோሺܤሻቁݐ଻ଵ.ଵଵሺଵଶ,଼ሻ೙ሺݍ ൅ 

	ቀݍ଻ଶሺݐሻ ൅ ሻݐ଻ଶ.ଵ଴,ଵଷሺݍ ൅  ሻ                (8)ݐଶோሺܤሻቁݐ଻ଶ.ଵ଴ሺଵଷ,ଽሻ೙ሺݍ

Where, 

ଶܹ
ோሺݐሻ ൌ ݁ିሺఈబାఓାఒሻ௧	ܩሺݐሻതതതതതത ൅ ሺߙ଴݁ିఈబ௧ି݁ߤఓ௧fሺtሻ1ሻܩሺݐሻതതതതതത ൅ 	ሺ	ି݁ߣఒ௧ି݁ߤఓ௧fሺtሻ1ሻܩሺݐሻതതതതതത 

ସܹ
ோሺݐሻ ൌ ݁ିఓ௧ܩሺݐሻതതതതതത ൅ ሺμ݁ିఓ௧fሺtሻ1ሻܩሺݐሻതതതതതത 

Let us take LT of relations (8) and solving for	ܤ଴ோ∗ሺݏሻ.  
We get, ܤ଴

ோሺ∞ሻ ൌ lim
௦→଴

଴ܤݏ
ோ∗ሺݏሻ ൌ

ேయ
஽మ

    

ଷܰ ൌ ଶܹ
∗ሺ0ሻ݌଴ଶሾ݌ଵ଴ ൅ ଵସ൫1݌ െ ଻,ଵଵ൯ሿ݌ ൅ ସܹ

∗ሺ0ሻ݌ଵସሺ݌଴ଵ݌ଶ଴ ൅   ଻,ଵଵሻ݌ଶ଻݌
And, ܦଶ is already specified  
 
8. Busy Period of the Server due to Preventive Maintenance (PM) in the Long Run  
Let ܤ௜

௉ሺݐሻ be the probability that the server is busy in preventive maintenance the unit at an instant‘t’ given 
that the system entered regenerative state Si at t=0.The expressions for ܤ௜

௉ሺݐሻ are given as under:  
ሻݐ଴௉ሺܤ ൌ ሻݐଵ௉ሺܤ©ሻݐ଴ଵሺݍ ൅  ሻݐଶ௉ሺܤ©ሻݐ଴ଶሺݍ
ሻݐଵ௉ሺܤ ൌ ଵܹ

௉ሺݐሻ൅ݍଵ଴ሺݐሻ©ܤ଴௉ሺݐሻ ൅ ሻݐଵ௉ሺܤ©ሻݐଵଵ.ଷሺݍ ൅  ሻݐସ௉ሺܤ©ሻݐଵସሺݍ

ሻݐଶ௉ሺܤ ൌ ሻݐ଴௉ሺܤ©ሻݐଶ଴ሺݍ ൅ ቀݍଶଵ.ହሺݐሻ ൅ ሻݐଵ௉ሺܤሻቁݐଶଵ.ହሺ଼,ଵଶሻ೙ሺݍ ൅ ቀݍଶଶ.଺ሺݐሻ ൅ ሻݐଶ௉ሺܤሻቁݐଶଶ.଺ሺଽ,ଵଷሻ೙ሺݍ ൅  ሻݐ଻௉ሺܤ©ሻݐଶ଻ሺݍ

ሻݐସ௉ሺܤ ൌ ቀݍସଵሺݐሻ ൅  ሻݐଵ௉ሺܤሻቁݐସଵሺ଼,ଵଶሻ೙ሺݍ

ሻݐ଻௉ሺܤ ൌ ቀݍ଻ଵ.ଵଵ,ଵଶሺݐሻ ൅ ሻݐଵ௉ሺܤሻቁݐ଻ଵ.ଵଵሺଵଶ,଼ሻ೙ሺݍ ൅ 

	ቀݍ଻ଶሺݐሻ ൅ ሻݐ଻ଶ.ଵ଴,ଵଷሺݍ ൅  ሻ                (9)ݐଶ௉ሺܤሻቁݐ଻ଶ.ଵ଴ሺଵଷ,ଽሻ೙ሺݍ

Where, ଵܹ
௉ሺݐሻ ൌ ݁ିሺఈబାఒሻ௧	ܪሺݐሻതതതതതത ൅	ሺߙ଴݁ିఈబ௧1ሻܪሺݐሻതതതതതത 

Let us takeLT of relations (9) and solving for	ܤ଴௉∗ሺݏሻ.  
We get, ܤ଴௉ሺ∞ሻ ൌ lim

௦→଴
ሻݏ଴௉∗ሺܤݏ ൌ

ேర
஽మ

    

ସܰ ൌ ଵܹ
௉∗ሺ0ሻሾ݌଴ଵ݌ଶ଴ ൅ ଶହ݌ ൅  .ଶ is already specifiedܦ ଻,ଵଵሿ and݌ଶ଻݌
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9.  Expected Number of Repairs (ENR) of the unit in the Long Run 

Let ( )iR t be the expected number of repairs by the server in (0, t] given that the system entered the regenerative state Si at t = 0. 

The recursive relations for ( )iR t are given as: 

ܴ଴ሺݐሻ ൌ ܳ଴ଵሺݐሻⓈܴଵሺݐሻ ൅ ܳ଴ଶሺݐሻⓈܴଶሺݐሻ 
ܴଵሺݐሻ ൌ ܳଵ଴ሺݐሻⓈܴ଴ሺݐሻ ൅ ܳଵଵ.ଷሺݐሻⓈܴଵሺݐሻ ൅ ܳଵସሺݐሻ©ܴସሺݐሻ 

ܴଶሺݐሻ ൌ ܳଶ଴ሺݐሻⓈሺ1 ൅ ܴ଴ሺݐሻሻ ൅ ቀܳଶଵ.ହሺݐሻ ൅ ܳଶଵ.ହሺ଼,ଵଶሻ೙ሺݐሻቁⓈ൫1 ൅ ܴଵሺݐሻ൯ ൅ ቀܳଶଶ.଺ሺݐሻ ൅ ܳଶଶ.଺ሺଽ,ଵଷሻ೙ሺݐሻቁⓈ൫1 ൅ ܴଶሺݐሻ൯

൅ ܳଶ଻ሺݐሻⓈܴ଻ሺݐሻ 

ܴସሺݐሻ ൌ ቀܳସଵሺݐሻ ൅ ܳସଵሺ଼,ଵଶሻ೙ሺݐሻቁⓈ൫1 ൅ ܴଵሺݐሻ൯ 

ܴ଻ሺݐሻ ൌ ቀܳ଻ଵ.ଵଵ,ଵଶሺݐሻ ൅ ܳ଻ଵ.ଵଵሺଵଶ,଼ሻ೙ሺݐሻቁⓈ൫1 ൅ ܴଵሺݐሻ൯ ൅ ܳ଻ଶሺݐሻⓈܴଶሺݐሻ ൅ 

	ቀܳ଻ଶ.ଵ଴,ଵଷሺݐሻ ൅ 	ܳ଻ଶ.ଵ଴ሺଵଷ,ଽሻ೙ሺݐሻቁⓈሺ1 ൅ ܴଶሺݐሻሻ               (10) 

Let us take LST of relations (10) and solving for	ܴ଴
∗∗ሺݏሻ. 

We get, ܴ଴ ൌ lim
௦→଴

∗∗଴ܴݏ ሺݏሻ ൌ
ேఱ
஽మ
	       

Where, ହܰ ൌ ଴ଶ݌଴ଵ݌ଵସൣ݌ ൅ ଶହ݌ ൅ ଴ଵ݌଻,ଵଵሺ݌ଶ଻݌ െ ଶହሻ൧݌଴ଶ݌ ൅ ଵ଴ሺ1݌଴ଶ݌ െ    ଻ଶሻ݌ଶ଻݌
And ܦଶ is already specified. 
 
10. Expected Number of Preventive Maintenance (PM) of the unit in the Long Run 
Let ܲܯ௜ሺݐሻbe the expected number of repairs by the server in (0, t] given that the system entered the regenerative state Si at t = 0. 
The recursive relations for ܲܯ௜ሺݐሻare given as: 
ሻݐ଴ሺܯܲ ൌ ܳ଴ଵሺݐሻⓈܲܯଵሺݐሻ ൅ ܳ଴ଶሺݐሻⓈܲܯଶሺݐሻ 
ሻݐଵሺܯܲ ൌ ܳଵ଴ሺݐሻⓈሺ1 ൅ ሻሻݐ଴ሺܯܲ ൅ ܳଵଵ.ଷሺݐሻⓈሺ1 ൅ ሻሻݐଵሺܯܲ ൅ ܳଵସሺݐሻⓈܲܯସሺݐሻ 

ሻݐଶሺܯܲ ൌ ܳଶ଴ሺݐሻⓈܲܯ଴ሺݐሻሻ ൅ ቀܳଶଵ.ହሺݐሻ ൅ ܳଶଵ.ହሺ଼,ଵଶሻ೙ሺݐሻቁⓈܲܯଵሺݐሻ ൅ ቀܳଶଶ.଺ሺݐሻ ൅ ܳଶଶ.଺ሺଽ,ଵଷሻ೙ሺݐሻቁⓈܲܯଶሺݐሻ

൅ ܳଶ଻ሺݐሻⓈܲܯ଻ሺݐሻ 

ሻݐସሺܯܲ ൌ ቀܳସଵሺݐሻ ൅ ܳସଵሺ଼,ଵଶሻ೙ሺݐሻቁⓈܲܯଵሺݐሻ 

ሻݐ଻ሺܯܲ ൌ ቀܳ଻ଵ.ଵଵ,ଵଶሺݐሻ ൅ ܳ଻ଵ.ଵଵሺଵଶ,଼ሻ೙ሺݐሻቁⓈܲܯଵሺݐሻ ൅ 

	ቀܳ଻ଶሺݐሻ ൅ ܳ଻ଶ.ଵ଴,ଵଷሺݐሻ ൅ 	ܳ଻ଶ.ଵ଴ሺଵଷ,ଽሻ೙ሺݐሻቁⓈܲܯଶሺݐሻ	              (11)  

Let us take LST of relations (11) and solving for	ܲܯ଴
∗∗ሺݏሻ. 

We get, ܲܯ଴ ൌ lim
௦→଴

଴ܯܲݏ
∗∗ ሺݏሻ ൌ ேల

஽మ
	       

Where, ଺ܰ ൌ ሺ݌ଵ଴ ൅ ଶ଴݌଴ଵ݌ଷଵሻሺ݌ଵଷ݌ ൅ ଶହ݌ ൅  .ଶ is already specifiedܦ ଻,ଵଵሻ and݌ଶ଻݌
 
11. Expected Number of Treatments (ENT) Given to the Server in the Long Run 

Let ( )iT t be the expected number of treatments given to the server in (0, t] given that the system entered the regenerative state Si 

at t = 0. The recursive relations for ( )iT t are given as: 

଴ܶሺݐሻ ൌ ܳ଴ଵሺݐሻⓈ ଵܶሺݐሻ ൅ ܳ଴ଶሺݐሻⓈ ଶܶሺݐሻ 
ଵܶሺݐሻ ൌ ܳଵ଴ሺݐሻⓈ ଴ܶሺݐሻ ൅ ܳଵଵ.ଷሺݐሻⓈ ଵܶሺݐሻ ൅ ܳଵସሺݐሻⓈ ସܶሺݐሻ 
ଶܶሺݐሻ ൌ ܳଶ଴ሺݐሻⓈ ଴ܶሺݐሻ ൅ ܳଶଵ.ହሺݐሻⓈ ଵܶሺݐሻ ൅ ܳଶଵ.ହሺ଼,ଵଶሻ೙ሺݐሻⓈሺ1 ൅ ଶܶሺݐሻሻ ൅ ܳଶଶ.଺ሺݐሻⓈ ଶܶሺݐሻ ൅ ܳଶଶ.଺ሺଽ,ଵଷሻ೙ሺݐሻⓈሺ1 ൅ ଶܶሺݐሻሻ

൅ ܳଶ଻ሺݐሻⓈ ଻ܶሺݐሻ 
ସܶሺݐሻ ൌ ܳସଵሺݐሻⓈ ଵܶሺݐሻ ൅ ܳସଵሺ଼,ଵଶሻ೙ሺݐሻⓈሺ1 ൅ ଵܶሺݐሻሻ 

଻ܶሺݐሻ ൌ ሺܳ଻ଵ.ଵଵ,ଵଶሺݐሻ ൅ ܳ଻ଵ.ଵଵሺଵଶ,଼ሻ೙ሺݐሻሻⓈሺ1 ൅ ଵܶሺݐሻሻ ൅ ܳ଻ଶሺݐሻ ൅ ܳ଻ଶ.ଵ଴,ଵଷሺݐሻ ൅ 
	ܳ଻ଶ.ଵ଴ሺଵଷ,ଽሻ೙ሺݐሻሻⓈሺ1 ൅ ଶܶሺݐሻሻ	              (12) 
Let us take LST of relations (12) and solving for	 ଴ܶ

∗∗ሺݏሻ. The expected no. of repairs per unit time by the server are giving by  

We get, ଴ܶ ൌ lim
௦→଴

ݏ ଴ܶ
∗∗ ሺݏሻ ൌ ேళ

஽మ
	       

Where, 

଻ܰ ൌ ଶ଴݌ସ଼൫݌ଵସ݌଴ଵ݌ ൅ ଶହ݌ ൅ ଻,ଵଵ൯݌ଶ଻݌ ൅ ଵ଴݌଴ଶሾሺ݌ ൅ ହ଼݌ଶହ݌ଵସሻሺ݌ ൅ ଺ଽ݌ଶ଺݌ ൅ ଶ଻ሻ݌ ൅ 
ହ଼݌ଶହ݌ଵସ൛݌	 ൅ ଺ଽ݌ଶ଺݌ െ ଶହ݌ସ଼݌ ൅ ଶ଻ሺ1݌ ൅        ଻,ଵଵሻሽ൧݌ଶହ݌
And, ܦଶ is already specified 
 
12. Profit Analysis 
The profit of the system model can be obtained as: 
ܲ ൌ ଴ܣ଴ܭ െ ଴ோܤଵܭ െ ଴௉ܤସܭ െ ଶܴ଴ܭ െ ଴ܯହܲܭ െ ଷܭ ଴ܶ         
P = Profit of the system model 
K0 = Revenue per unit up-time of the system  
K1 = Cost per unit time for which server is busy due to repair  
K2 = Cost per unit time repair 
K3 = Cost per unit time for treatment of the server 
K4 = Cost per unit time for which server is busy due to preventive maintenance  
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K5 = Cost per unit time for preventive maintenance of the server 
 
13. Particular Cases 
Let us take ݃ሺݐሻ ൌ ሻݐఉ௧,  ݂ሺି݁ߚ ൌ ሻݐఈ௧   ݄ሺି݁ߙ ൌ ϒ݁ିϒ௧ 
଴ଵ݌ ൌ

ఈబ
ఒାఈబ

଴ଶ݌     ൌ
ఒ

ఒାఈబ
ଵ଴݌    ൌ

ϒ

ϒାఒାఈబ
 

ଵଷ݌ ൌ
ఈబ

ϒାఒାఈబ
ଵସ݌     ൌ

ఒ

ϒାఒାఈబ
ଶ଴݌    ൌ

ఉ

ఉା	ஜାఒାఈబ
  

ଶହ݌ ൌ
ఈబ

ఉା	ஜାఒାఈబ
ଶ଺݌    ൌ

ఒ

ఉା	ஜାఒାఈబ
ଶ଻݌    ൌ

ஜ

ఉା	ஜାఒାఈబ
  

ଷଵ݌ ൌ ସଶ݌ ൌ ଵଶ,଼݌ ൌ ଽ,ଵଷ݌ ൌ ଵ଴,ଵଷ݌ ൌ ଵଵ,ଵଶ݌ ൌ 1 

ହଵ݌ ൌ
ఉ

ఉାఓ
ହ଼݌     ൌ

ఓ

ఉାఓ
଺ଶ݌      ൌ

ఉ

ఉାఓ
  

଺ଽ݌ ൌ
ఓ

ఉାఓ
଻ଶ݌	 ൌ

ఈ

ఈାఒାఈబ
଻,ଵ଴݌     ൌ

ఒ

ఈାఒାఈబ
   

଻,ଵଵ݌ ൌ
ఈబ

ఈାఒାఈబ
ଵଶ,ଵ݌     ൌ

ఉ

ఉାஜ
଼,ଵଶ݌	 ൌ

ஜ

ఉାஜ
ଵଷ,ଶ݌	 ൌ

ఉ

ఉାஜ
ଵଷ,ଽ݌    ൌ

ஜ

ఉାஜ
    μ଴ ൌ

ଵ

ఒାఈబ
 

μଵ ൌ
ଵ

ϒାఒାఈబ
   μଶ ൌ

ଵ

ఉାஜାఒାఈబ
   μଷ ൌ μସ ൌ

ଵ

ϒ
  

μ଻ ൌ
ଵ

ఈାఒାఈబ
   μ଼ ൌ μଽ ൌ μଵ଴ ൌ μଵଵ ൌ

ଵ

ఈ
 μ଺ ൌ μହ ൌ μଵଶ ൌ μଵଷ ൌ

ଵ

ఉାஜ
  

μଵᇱ ൌ
ଵ

ϒ
    μଶᇱ ൌ

ఈఉାሺఈబାఒሻሺఈାஜሻ

ఈఉሺఉାஜାఒାఈబሻ
   μ଻ᇱ ൌ

ఈఉାሺఈబାఒሻሺఈାఉାஜሻ

ఈఉሺఒାఈబାఈሻ
  

ܨܵܶܯ ൌ ேభ
஽భ

଴ሻܣሺݕݐ݈ܾ݈݅݅ܽ݅ܽݒܣ     , ൌ
ேమ
஽మ

  

B଴ୖ ൌ
୒య
ୈమ

     	B଴୔ ൌ
୒ర
ୈమ

      R଴ 	ൌ
୒ఱ
ୈమ

 

	P଴ 	ൌ
୒ల
ୈమ

     	T଴ ൌ
୒ళ
ୈమ

  

Where, 

ଵܰ ൌ ሺߛ ൅ ߣ ൅ ߚ଴ሻሾሺߙ2 ൅ ߣ ൅ μ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ െ μߙሿ ൅ ߛሺߣ ൅ ߣ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ μ ൅  ଴ሻߙ
ଵܦ ൌ ሾሺߣ ൅ ߛ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ െ ߚ଴ሿሾሺߙߛ ൅ ߣ ൅ μ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ െ μߙሿ െ ߛሺߚߣ ൅ ߣ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅  ଴ሻߙ

ଶܰ ൌ
ሾሺߛ ൅ ߚ଴ሻሺߙ ൅ μሻ ൅ ߚ଴ሿሾሺߙߣ ൅ ߣ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ ൅ μሺߣ ൅ ଴ሻሿߙ
ሺߣ ൅ ߚ଴ሻሺߙ ൅ μሻሺߛ ൅ ଴ߙ ൅ ߙሻሺߣ ൅ ߣ ൅ ߚ଴ሻሺߙ ൅ μ ൅ ߣ ൅ ଴ሻߙ

 

ଶܦ ൌ

ሺߚ ൅ μሻߙߚϒଶሼሺߚ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሽߙ଴ሻμߙ ൅
ߙϒଶሾሺߣ ൅ ߣ ൅ ߚሺߚߙ଴ሻሼߙ ൅ μሻ ൅ ߚߙ ൅ ሺߙμ ൅ ߙሻሺߚߣ ൅ ߚ ൅ μሻሽ ൅ μሺߚ ൅ μሻ
ሼߙߚ ൅ ሺߣ ൅ ߙ଴ሻሺߙ ൅ ߚ ൅ μሻሽሿ ൅ ሺߚ ൅ μሻߙ଴ሼߙߚሺߛ ൅ ଴ሻߙ ൅ ߙϒሺߣ ൅ μሻሽ

ሼሺߙ ൅ ߣ ൅ ߚ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ ൅ μሺߣ ൅ ଴ሻߙ
ߚϒሺߚߙ ൅ μሻሺߣ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ߛ଴ሻሺߙ ൅ ଴ߙ ൅ ߚሻሺߣ ൅ μ ൅ ߣ ൅ ଴ሻߙ

 

ଷܰ ൌ

ߚሺߣ ൅ μሻሼߚμ ൅ ሺߣ ൅ ߚ଴ሻሺߙ ൅ μ ൅ ߣ ൅ ߙ଴ሻሽሼሺߙ ൅ ሻሺϒߣ ൅ ሻߣ ൅ ϒߙ଴ሽ
ߣሺߚ ൅ ߙߚ଴ሼߙߣ଴ሻߙ ൅ ሺߚ ൅ μሻሺߣ ൅ ଴ሻሽߙ

ߚሺߚ ൅ μሻሺߣ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሻሺμߙ ൅ ߣ ൅ ߛ଴ሻሺߙ ൅ ଴ߙ ൅ ߚሻሺߣ ൅ μ ൅ ߣ ൅ ଴ሻߙ
 

ସܰ ൌ
଴ሺϒ൅ߙ ߙ଴ሻሼሺߙ ൅ ߣ ൅ ߚ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ ൅ μሺߣ ൅ ଴ሻሽߙ
ϒሺߣ ൅ ߚ଴ሻሺߙ ൅ ߣ ൅ ߙ଴ሻሺߙ ൅ ଴ߙ ൅ ߚሻሺߣ ൅ μ ൅ ߣ ൅ ଴ሻߙ

 

ହܰ ൌ
ߚ଴ሼሺߙߣ ൅ ߣ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ ൅ μߙ଴ሺ1 െ ሻሽߣ

ሺߣ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ߛ଴ሻሺߙ ൅ ଴ߙ ൅ ߚሻሺߣ ൅ ߣ ൅ μ ൅ ଴ሻߙ
 

଺ܰ ൌ
ߛ଴ሺߙ ൅ ߚ଴ሻሼሺߙ ൅ ߣ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ ൅ μሺߣ ൅ ଴ሻߙ
ሺߣ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ߛ଴ሻሺߙ ൅ ଴ߙ ൅ ߚሻሺߣ ൅ ߣ ൅ μ ൅ ଴ሻߙ

 

଻ܰ ൌ

ሺߙ ൅ ߣ ൅ ߚ଴ሻሺߙ ൅ ߣ ൅ μ ൅ ߚ଴ሼሺߙߣ଴ሻሾμߙ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ ൅ μߙ଴ሽ ൅
ሺϒߣ ൅ ߣሻሼμሺߣ ൅ ଴ሻߙ ൅ μሺߚ ൅ μሻሽሿ ൅ ߣμሺߣ ൅ ߚ଴ሻሾሺߙ ൅ μሻሼሺߚ ൅ ߣ ൅ μ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሻߙ

൅ߙ଴ଶሽ ൅ ߚሺߣ ൅ ߣ ൅ μ ൅ ߙ଴ሻሺߙ ൅ ߣ ൅ ଴ሻሿߙ
ሺߣ ൅ ߚ଴ሻሺߙ ൅ ߛሻሺߤ ൅ ଴ߙ ൅ ߚሻሺߣ ൅ ߣ ൅ μ ൅ ߙ଴ሻଶሺߙ ൅ ߣ ൅ ଴ሻߙ
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14. Graphical Representation of Reliability Measures 
 

 
 

Fig 2: MTSF Vs Failure Rate 
 

 
 

Fig 3: Availability Vs Failure Rate 
 

 
 

Fig 4: Profit Vs Failure Rate 
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Fig 5: Profit Difference Vs Failure Rate 
 
15. Conclusion 
a) Giving arbitrary values to the parameters and costs, the numerical results for availability and profit function are obtained to 

show the graphical behaviour with respect to failure rate (λ) keeping fixed values of others parameters including ܭ଴ ൌ
ଵܭ ,15000 ൌ ଶܭ ,3000 ൌ ଷܭ ,1000 ൌ ସܭ ,500 ൌ 400 and ܭହ ൌ 200 as shown respectively in figures 2 &3. It is observed 
that profit of the system model go on decreasing with the increase of the failure rates of the unit and server, the rate by which 
unit under goes for preventive maintenance while there is a positive increment in their values with the increase of treatment 
rate of the server (α), repair rate (β) and preventive maintenance rate of the unit (γ) in fig. 4. 

 
b) Comparative Study of the Profit of the System Models 
The profit of the present model has been compared with that of the model in which no such priority is given. The graph of the 
profit difference as shown in figure 5 indicates that profit difference goes on increasing with the increase of failure rate of the unit 
while it declines with the increase of repair rate of the unit and the rate by which unit under goes for preventive maintenance. The 
study for the particular values of the parameters shows that present model is profitable. Hence, it is concluded that the idea of 
priority to repair over preventive maintenance is useful in making the system more effective and profitable to use. 
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