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Abstract - In this paper, a new kind of series repairable 
system with repairman vacation is discussed, in which the 
failure rate functions of all the units and the delayed 
vacation rate function of the repairman are related to the 
working time of the system, and also considers a simple 
repairable system with a warning device which can signal 
an alarm when the system is not in good condition. 
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1. INTRODUCTION  
 
A repairable system is a system which after failing to 

perform one or more of its functions satisfactorily, can be 

restored to fully satisfactory performance by any method 

rather than the replacement of the entire system. Since the 

1960s, various repairable system models have been 

established and researched, such as one-unit, series, 

parallel, series-parallel, redundance, k -out-of- n , 

multiple-state, human machine and software systems. 

Vacation model originally arises in queueing theory and 

has been well studied in the past three decades and 

successfully applied in many areas such as manufacturing 

/ service and computer / communication network 

systems.  

In section 2, we discuss existence and uniqueness of 

system solution and some properties of the system is 

presented.     In section 3, we discuss the reliability 

indexes. In section 4, we discuss the stability, especially 

the exponential stability of the system solution by 0C  

semigroup theory.  

2. Existence and Uniqueness of System Solution 

The unique existence of the solution of the initial value 

problem of abstract semi-linear evolution equations. In 

this section, we discuss the unique existence of the mild 

solution of system because of its limitation of the physical 

condition, by 0C -semigroup theory. Some properties of 

the system operator A  will be presented first. 

Definition 2.1 The system operator    ( )    

  defined by 
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 Here,    are continuously differentiable functions 

satisfying 
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differentiable functions and         (  )  Thus 
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Furthermore, it is easy to prove that          

Therefore,  ( ) is dense in       

Lemma 2.3 * |     +   ( )  where  ( ) is the 

resolvent set of system operator    And there exists a 

constant      such that for any      
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Lemma 2.4  Let   ,    -      be continuous about   

on ,    - and uniformly Lipschitz continuous (with 

constant  ) on    if    is the infinitesimal generator of a 

   semigroup  ( )       on    then for every      the 

initial value problem   

{
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 has a unique mild solution    (,    -      )  Moreover, 

the mapping      is Lipschitz continuous from   into 
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Theorem 2.5 The system operator   generates a    

semigroup  ( )   

Theorem 2.6 For any      assume  ( ) and   ( ) 

(           ) are continuous on         ,   -  Then for 

any      if    (     )   (,   -   (  ))  where     is 

the second component of    the semi-linear evolution 

system  has a unique mild solution    (,   -  )  

Moreover, the mapping      is Lipschitz continuous 

from    into  (,   -      )   

3. Reliability indexes 

In this section, we substitute the limit values  ̂ and  ̂  

respectively for the delayed vacation rate  ( ) of 

repairman and the failure rate   ( ) of each unit    

           Thus system is stable. So in this section we 

can study steady-state reliability indexes of the system 

with the method of Laplace transformation because the 

premise of Laplace transformation needs the condition 

that the system solution, is unique existed and stable. 

Theorem 3.1 The stead-state availability of the system is 
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 Theorem 3.2 The stead-state probability of the 

repairman on vacation is  
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Theorem 3.3 The stead-state failure frequency of the 

system is  

        

 4. Stability of System Solution 

In this section, we discuss the stability, especially the 

exponential stability of the system solution by    

semigroup theory. For this purpose, we first translate the 

system equations into an abstract Cauchy problem in a 

suitable Banach space. Then some primary properties of 

system operator and its adjoint operator are presented. 
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4.1 Properties of System Operator   

In this section, we present some concerned 

properties of system operator   including the distribution 

of its spectrum. 

Lemma 4.1 The system operator   is a densely closed 

dissipative operator.  

Lemma 4.2 For any     satisfying       or 

         * +    is a regular point of the system 

operator     

Lemma 4.3   is an eigenvalue of the system operator   

with algebraic multiplicity one.  

4.2. Properties of Adjoint Operator    

In this section, we present some properties of     

the adjoint operator of system operator    including its 

spectrum distribution. 

Lemma 4.4 For any     satisfying  
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 Lemma 4.5   is an eigenvalue of operator    with 

algebraic multiplicity one.  

Theorem 4.6 The system operator   generates a positive 

   semigroup of contraction  ( )   

Theorem 4.7 The system  (     )  (  ( )   (  
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has a unique nonnegative time-dependent solution 
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It is not hard to see that    is a compact operator with the 

property that      is a bijection from  (  ) to  ( ) and  

,   (   )-  (    )              

Lemma 4.9  ( )    ( ) is a nonnegative compact 

operator, for any       

Theorem 4.10    semigroup  ( ) generated by the 

system operator   is quasi-compact.  

5. Conclusion 

In this paper, we discussed the existence and uniqueness 

of system solution and some properties of the system and 

also investigated the stability, especially the exponential 

stability of the system solution by   -semigroup theory. 
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