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11. The improved exemplary system 
reliability modelling 
 
11.1. Reliability improvement of the 
exemplary system 

In Section 3 [5] there are presented the results of the 
system components reliability modeling from 
concerned with the fixed system reliability structures 
and their shape parameters and with the assumed the 
exponential models of the reliability functions of the 
system components in various operation states. 
Considering these results and the evaluations of the 
system components intensities of departures from the 
reliability state subsets from Section 4 [5], we may 

perform the improvement of the exemplary system 
reliability. 
To determine the reliability characteristics of the 
system with hot and cold single reservation of its 
components and of the improved exemplary system 
with reduced intensities of departure from the 
reliability state subsets of its components [2] we use 
the computer program CP 8.16 “Prediction of 
improved system reliability and safety”. 
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 [3]: 
− the number of operation states states of the system 

operation process ,v  
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Abstract 

There is presented the application of the integrated software tools to the reliability of the improved exemplary 
complex technical system prediction. There are considered three ways of the exemplary system reliability 
improvement, i.e. a hot single reservation of its components, a cold single reservation of its components and 
replacing its components by the improved components with reduced intensities of departure from the reliability 
state subsets. Automatically obtained, using the computer program CP 8.16, the evaluations of these ways 
improved exemplary system unconditional multistate reliability function, the expected values and the standard 
deviations of its unconditional lifetimes in the reliability state subsets and the mean values of its lifetimes in the 
particular reliability states are presented. Moreover, in the case when the improved system is repairable, its 
renewal and availability characteristics are estimated using the computer program CP 8.8 with appropriately 
given data.   
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− the transient probabilities in particular operation 
states 1p , 2p , …, νp , determined in Section 5 
[6].  

 

 
 
The second panel “Reliability parameters of the 
system” is served for reading input parameters of the 
system reliability model and method of 
improvement: 
− the number of the system and components 

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

r,  
− the system risk permitted level δ,  

 

 
 
− the method of system reliability improvement [2]: 

• a hot single reservation of system components, 
• a cold single reservation of system components, 
• replacing the system components by improved 

components with reduced intensities of 
departure from the reliability state subsets, 

 

 
 
− the parameters of a system reliability structure in 

various operation states, described in Section 3 [5], 

 
 
− the intensities of components departure 

(equivalently )()]([ b
i uλ  or )()]([ b

ij uλ ) from the 

reliability states subset },...,1,{ zuu + , 

,,...,2,1 zu =  at the operation state bz , 

ν,...,2,1=b , assuming that the reliability functions 
of the system components are exponential, 
determined in Section 4 [5], 

 

 
 

− the factor ),()( ubρ ,1)(0 )( ≤< ubρ  (equivalently 

factors )()( ub
iρ  or )()( ub

ijρ ), in a case of replacing 

the system components by improved components 
with reduced intensities of departure from the 
reliability state subsets },,...,1,{ zuu + ,,...,2,1 zu =  

at the operation state bz , ν,...,2,1=b , by 
multiplying intensities by this factor fixed in [9]. 

 
After finishing giving data the computer program 
automatically comes to the third panel 
“Characteristics of the system reliability and risk” 
where are shown the results. Namely, there are given 
following reliability and risk characteristics of the 
system before and after system improvement [2]: 
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− the unconditional reliability function of the system 
(with plotting) before   

 

   
),( ⋅tR ,),1,(,1[ KtR= )],,( ztR    

                                                                                                    
and after the system improvement

  

   
),()( ⋅tkR ,),1,(,1[ )(

KtkR= )],,()( ztkR  },3,2,1{∈k                                                                                                      
 
where ),()1( ⋅tR  denotes the improved unconditional 
reliability function of the system with a hot single 
reservation of its components, ),()2( ⋅tR  denotes the 
improved unconditional reliability function of the 
system with a cold single reservation of its 
components and ),()3( ⋅tR  denotes the improved 
unconditional reliability function of the system with 
reduced intensities of its components departure, 
− the mean values of the system conditional 

lifetimes in the reliability state subsets 
},...,1,{ zuu +  while the system is at the 

operational state ,bz ,,...,2,1 vb =  before the 
system improvement 

 

   
∫=
∞

0

)( ,)],([)( dtutu b
b Rµ

 
,,...,2,1 zu =
 

 
and after the system improvement

  

   
),()( uk

bµ
 

,,...,2,1 zu =  },3,2,1{∈k  

 
− the mean values of the system unconditional 

lifetimes in the reliability state subsets 
},...,1,{ zuu +  before the system improvement 

 

   
),(uµ  ,,...,2,1 zu =  

 
and after the system improvement 
 

   
),()( ukµ

 
,,...,2,1 zu =  },3,2,1{∈k                          

 
− the standard deviations of the system 

unconditional lifetimes in the reliability state 
subsets },...,1,{ zuu +  before the system 
improvement 

 
   ),(uσ  ,,...,2,1 zu =                                                                               
 
and after the system improvement 
 

   ),()( ukσ  ,,...,2,1 zu =  },3,2,1{∈k                                                                               
 

− the mean values of the system unconditional 
lifetimes in the particular reliability states before 
the system improvement 

 
   ),(uµ  ,,...,2,1 zu =                                                         
and after the system improvement 
 

   ),()( ukµ  ,,...,2,1 zu =  },3,2,1{∈k                                                                
 
− the system risk function (with plotting) before the 

system improvement     
 
   ),(tr  ),,0 ∞∈<t                                                                                                            
 
and after the system improvement 
 

   ),()( tkr  ),,0 ∞∈<t  },3,2,1{∈k                                                                                                            
 
− the moment when the risk exceeds a permitted 

level δ  before the system improvement  
 
   ,τ                                                                                                                                     
 
and after system improvement 
 
   ,)(kτ  }.3,2,1{∈k  

 
Below there are presented results for the exemplary 
system with a hot single reservation of its 
components. 
 

 
 
As a result there are given the reliability 
characteristics of the exemplary system in the first 
window before and in the second window after 
system improvement. 
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The program gives possibility of showing the plot of 
the coordinates of the system unconditional 
reliability function in the reliability state subset by 
pressing the button “Reliability Plot” for both 
widows i.e. for the system before and after 
improvement. Then the following window with the 
plot appears on the screen. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is also possible to obtain the plot of the system risk 
function with marked moment when the risk exceeds 
a permitted level by pressing the button “Risk Plot”.  
 

 
 
For the exemplary system with a cold single 
reservation of its components we obtain following 
results. 
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The results of the computer program CP 8.16 for the 
exemplary system with reduced intensities of 
departure of its components are presented below. 
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11.2. Renewal and availability characteristics 
of the improved exemplary system 

To determine the renewal and availability 
characteristics of the improved exemplary system, 
we use the results of the system reliability 
characteristics evaluation performed in Sections 11.1 
and the results of the Section 12.3.1. of IS&RDSS 12 
[7].  
If components of the repairable improved exemplary 
system with ignored time of renovation have 

exponential reliability functions at the operation 
states ,bz  ,,...,2,1 vb =  with the coordinates fixed in 
Sections 11.1 and the system reliability critical state 
is ,2=r  using the computer program CP 8.8 [4] 
with appropriately given data from Sections 11.1, we 
determine following characteristics: the distribution, 
the expected value and the variance of the time until 
the Nth exceeding of reliability critical state of this 
system, the distribution, the expected value and the 
variance of the number of exceeding the reliability 
critical state of this system up to the particular 
moment. 
For the exemplary system with a hot single 
reservation of its components we obtain following 
results. 
 

 
 

 
 

 
 
For the exemplary system with a cold single 
reservation of its components we get. 
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For the exemplary system with reduced rates of 
departure of its components the computer program is 
predicting the renewal and availability characteristics 
in the following way. 
 

 
 

 
 

 
 
To make the estimation of the renewal and 
availability of the improved exemplary system in the 
case when the time of renovation is non-ignored, we 
assume the mean value of the system renovation time 
is equal 10)2(0 =µ  years and the standard deviation 

of the system renovation time amounts 5)2(0 =σ  
years. If components of the repairable improved 
exemplary system have exponential reliability 
functions at the operation states ,bz  ,,...,2,1 vb =  
with the coordinates fixed in Section 11.1 and the 
system reliability critical state is ,2=r  using the 
computer program CP 8.8 with appropriately given 

values  )2()(kµ  and )2()(kσ , ,3,2,1=k  from 
Section 11.1, we determine its renewal and 
availability characteristics. Namely, the computer 
program is predicting following characteristics: the 
distribution function, the expected value and the 
variance of the time until the exceeding the reliability 
critical state of this system, the distribution, the 
expected value and the variance of the number of 
exceeding the reliability critical state of this system 
up to the particular moment, the distribution 
function, the expected value and the variance of the 
time until the system’s renovation, the distribution, 
the expected value and the variance of the number of 
system’s renovations up to the particular moment. 
Finally, in this type of renovation, the computer 
program predict the availability coefficient of the 
system at the particular moment and in the time 
interval.  
For the exemplary system with a hot single 
reservation of its components we get. 
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For the exemplary system with a cold single 
reservation of its components the results are 
presented below. 
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For the exemplary system with reduced rates of 
departure of its components the computer program is 
predicting the renewal and availability characteristics 
in the following way. 
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