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8. The exemplary system operation process 
optimization 
 
8.1. Optimal transient probabilities of the 
system operation process at operation states 

Considering the results given in [5], it is natural to 
assume that the system operation process has a 
significant influence on the system reliability. This 
influence is also clearly expressed for the mean 
values of the system unconditional lifetimes in the 
reliability state subsets that can be used for the 
system operation process optimization performed in 
the accordance with the procedure proposed in 
Section 9.2.1 of IS&RDSS 9 [7].   

To determine the optimal characteristics of the 
exemplary system reliability and risk: the optimal 
unconditional reliability function, the optimal mean 
values of unconditional lifetimes in the reliability 
state subsets, the optimal risk function of the system 
and the optimal moment when the system risk 
exceeds a permitted level we use the computer 
program CP 8.9 “Optimization of system operation 
and reliability” [2]. 
The computer program is composed of three panels. 
The first panel “Parameters of the system operation 
process” is used for reading input parameters of the 
system operation process [6]: 
− the number of operation states of the system 

operation process ,v  
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Abstract 

There is presented the application of the integrated software tools to the operation and reliability of an 
exemplary complex technical system optimization. First using the computer program CP 8.9 there are 
determined the optimal limit transient probabilities of the exemplary system operation process at the particular 
operation states maximizing the system lifetime in the reliability states not worse than the critical reliability 
state and its optimal sojourn times at the particular operation states. Program CP 8.9 allows also for automatic 
evaluation of the exemplary system optimal unconditional multistate reliability function, the optimal expected 
values and standard deviations of its unconditional lifetimes in the reliability state subsets and the optimal mean 
values of its lifetimes in the particular reliability states. Moreover, in the case when the system is repairable, its 
optimal renewal and availability characteristics are obtained using the computer program CP 8.11.   
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− the lower bounds of the transient probabilities bp , 
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− the upper bounds of the transient probabilities bp , 
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,  
fixed in [9]. 
 

 
 
The second panel “Parameters of the system 
reliability” is served for reading input parameters of 
the system reliability model [2]: 
− the number of the system and components 

reliability states z + 1,   
− the system and components critical reliability state 

r,  
− the conditional reliability function of the system at 

the operation state ,bz  ,,...,2,1 ν=b  
 

   
)()],([ bt ⋅R ,,)]1,([[1, )(

K
btR= ],)],([ )(bztR  

 
for ,,...,2,1 ν=b  determined in Section 6 [5], 
 
− the system risk permitted level δ. 
 

 
 

 

After giving the last coordinate of the conditional 
reliability function, the computer program 
determines and shows in the Text Area the mean 
values of the system conditional lifetimes ),(rbµ  

,,...,2,1 ν=b  in the reliability states subset not worse 
than the system critical reliability state r. 
 

 
 
Then the computer program determines [6] the 
optimal transient probabilities ,,,, 21 νppp &K&&  of the 
complex technical system operation process. 
 

 
 
8.2. Optimal sojourn times of the system 
operation process at operation states 

Having the values of the optimal transient 
probabilities determined in Section 8.1, it is possible 
to find the optimal unconditional and conditional 
mean values of the sojourn times of the exemplary 
system operation process at the operation states and 
the optimal mean values of the total unconditional 
sojourn times of the exemplary system operation 
process at the operation states during the fixed 
operation time as well.   
Considering, obtained from Section 8.1, the optimal 
transient probabilities at operation states  
 
   ,341.01 =p& ,105.02 =p&  ,245.03 =p&  ,309.04 =p&  
 
in [9] there are determined the optimal mean values 

bM&  of the exemplary system unconditional sojourn 
times in the operation states 

 
   1M& ≅  675, 2M&  ≅  290, 3M&  ≅  490,  .4004 =M&                              
 
Then using the probabilities [4] 
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and the optimal values blM&  of the mean values blM  
of the conditional sojourn times at operation states  
 

 
 
determined in [9], applying the computer program 
CP 8.5 we can obtain the optimal mean values of the 
total unconditional sojourn times of the exemplary 
system operation process at the operation states 
during the fixed operation time 1=θ  year = 365 
days. In the window below there are presented 
results of the computer porgram CP 8.5. 
 
9. The exemplary system reliability 
optimization 

In the third panel “The optimal characteristics of the 
system reliability and risk” there are presented the 
results of the program. Namely, the computer 
program CP 8.9 determines the following 
characteristics [6]: 
− the coordinates of the optimal unconditional 

multistate reliability function of the system (with 
plotting) 

 

   
),( ⋅tR& ,),1,(,1[ K& tR= )],,( ztR&  0≥t ,                   
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− the optimal mean values )(uµ&  of the system 

unconditional lifetimes in the reliability state 
subsets  },,...,1,{ zuu + ,,...,2,1 zu =  

− the optimal values )(uσ&  of the standard deviations 
of the system unconditional lifetimes in the system 
reliability state subsets },,...,1,{ zuu +  

,,...,2,1 zu =  
− the optimal mean values )(uµ&  of the system 

unconditional lifetimes in the particular reliability 
states ,,...,2,1 zu =  

− the optimal system risk function (with plotting) 
),(tr& 0≥t , 

− the optimal moment τ&  when the risk exceeds the 
permitted level δ. 

 

 
 
10. The exemplary system renewal and 
availability optimization 

To determine the optimal renewal and availability 
characteristics of the exemplary system after its 
operation process optimization, we use the results of 
the system reliability characteristics optimization 
performed in Sections 8 and 9 and the results of the 
Section 11.2 of IS&RDSS 11 [7].  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the case when the exemplary system renovation 
time is ignored, considering the optimal values )2(µ&  
and )2(σ&  determined in Section 9, we predict the 
optimal renewal and availability characteristics of the 
exemplary system using the computer program CP 
8.11 “Optimization of system availability” [3]. 
The computer program is reading:  
− the number of the system reliability states, 
− the system critical reliability state r,  
− the optimal mean value )(rµ& of the unconditional 

lifetime of the system in the reliability states 
subset not worse than the system critical reliability 
state r, 

− the optimal standard deviation )(rσ&  of the 
unconditional lifetime of the system in the 
reliability states subset not worse than the system 
critical reliability state r, 

from results of Section 9 and from [9], 
 

 
 
− the number N of the system exceeding the critical 

reliability state r and renovations, 
− the system renewal process duration time  t. 
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The results of the predicting the optimal renewal 
process characteristics of the exemplary system in 
case the renovation time is ignored are given in the 
“Results – ignored time” tab below. 
 

 
 
Each characteristic can be presented in the table of 
values for fixed parameter t. For example, the table 
of distribution values of the optimal time until the 
Nth exceeding the reliability critical state and the 
table of distribution values of the optimal number 
exceeding the reliability critical state are shown 
below. 
 

 
 
The computer program is predicted the following 
characteristics of the complex technical system 
renewal and availability [6]: 
− the distribution ),,()( rtF N& ),,( ∞−∞∈t  of the 

optimal time ),(rSN
&

 },...,2,1{ zr ∈  until the Nth 
exceeding of reliability critical state r of this 
system, for sufficiently large N,  

− the expected value )]([ rSE N
&

 and the variance 

)]([ rSD N
&

 of the optimal time ),(rSN
&

 

},...,2,1{ zr ∈  until the Nth exceeding the 
reliability critical state r of this system , 

− the distribution ),),(( NrtNP =& ,...2,1,0=N , 
},...,2,1{ zr ∈  of the optimal number ),( rtN&  of 

exceeding the reliability critical state r of this 
system up to the moment ,0, ≥tt  for sufficiently 
large t, 

− the expected value ),( rtH&

 
and the variance 

),( rtD&  of the optimal number ),,( rtN&  
},...,2,1{ zr ∈  of exceeding the reliability critical 

state r of this system at the moment ,0, ≥tt  for 
sufficiently large t. 

 

 
 
Further, to make the estimation of the renewal and 
availability of the exemplary system in the case when 
the time of renovation is non-ignored, considering 
the optimal values )2(µ&  and )2(σ&  determined in 
Section 9, assuming the mean value of the system 
renovation time 10)2(0 =µ  years and the standard 

deviation of the system renovation time 5)2(0 =σ  
years, we use the computer program CP 8.11 in the 
following way [3]. 
The computer program is reading:  
− the number of the system reliability states, 
− the system critical reliability state r,  
− the optimal mean value )(rµ& of the unconditional 

lifetime of the system in the reliability states 
subset not worse than the system critical reliability 
state r, 

− the optimal standard deviation )(rσ&  of the 
unconditional lifetime of the system in the 
reliability states subset not worse than the system 
critical reliability state r, 
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− the r -th coordinate ),( rtR& , ,0≥t  of the system 

optimal unconditional reliability function ),(⋅tR&  
determined in Section 6 [5], 

  

 
 
− the mean value )(0 rµ  of the system renovation 

time, 
− the standard deviation )(0 rσ  of the system 

renovation time, 
− the number N of the system exceeding the critical 

reliability state r and renovations, 
− the system renewal process duration time  t, 
− the length of the system availability interval τ .          
 

 

The computer program is predicted the following 
characteristics of the complex technical system 
renewal and availability [6]: 

− the distribution function ),()( rtF N&  

),)(( trSP N <= &  ),( ∞−∞∈t  of the optimal time 

),(rSN
&  },,...,2,1{ zr ∈  until the Nth exceeding the 

reliability critical state r of this system ,...2,1=N ,                                                     

− the expected value )]([ rSE N
&

 and the variance 

)]([ rSD N
&

 of the optimal time ),(rSN
&  

},,...,2,1{ zr ∈  until the Nth exceeding the 
reliability critical state r of this system, 

− the distribution ),),(( NrtNP =& ,...2,1=N of the 

optimal number ),,( rtN&  },...,2,1{ zr ∈  of 
exceeding the reliability critical state r of this 
system up to the moment ,0, ≥tt   

− the expected value ),( rtH&  and the variance 

),( rtD&

 
of the optimal number ),,( rtN&  

},...,2,1{ zr ∈  of exceeding the reliability critical 
state r of this system up to the moment ,0, ≥tt  for 
sufficiently large t,  

− the distribution function ),()( rtF N&
 

),)(( trSP N <=
&

 ),( ∞−∞∈t  of the optimal time 

),(rSN

&
 },,...,2,1{ zr ∈  until the Nth system’s 

renovation, for sufficiently large N, ,...2,1=N ,  

− the expected value )]([ rSE N

&
 and the variance  

)]([ rSD N

&
 of the optimal time ),(rSN

&
 

},,...,2,1{ zr ∈  until the Nth system’s renovation, 

− the distribution ),),(( NrtNP =
&

 ,...2,1=N , of the 

optimal number ),,( rtN
&

 },...,2,1{ zr ∈  of system’s 

renovations up to the moment ,0, ≥tt  

− the expected value ),( rtH
&

 
and the variance 

),( rtD
&

 
of the optimal number ),,( rtN

&
 

},...,2,1{ zr ∈  of system’s renovations up to the 
moment ,0, ≥tt   

− the optimal steady availability coefficient ),,( rtA&  

,0≥t  },...,2,1{ zr ∈  of the system at the moment 
t,  
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− the optimal steady availability coefficient 
),,,( rtA τ& ,0≥t ,0>τ  },...,2,1{ zr ∈  of the 

system in the time interval .0),, >+< ττtt  
 
The optimal renewal and availability characteristics 
of the exemplary system in the case when it is 
repairable and its time of renovation is non-ignored 
are presented in the “Results – non-ignored time” tab 
shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values of distribution of the optimal time until the 
Nth exceeding reliability critical state and until the 
Nth system’s renovation are presented in first two 
tables. In the next two tables there are given values 
of distribution of the optimal number of system’s 
renovation and the optimal number of exceeding the 
reliability critical state for fixed parameter t. 
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