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3. The exemplary system operation prediction 

To determine the mean values of the unconditional 
sojourn times of the exemplary system operation 
process at the operation states, the limit values of the 
transient probabilities of the system operation 
process at the particular operation states and the 
system operation process total sojourn times at the 
particular operation states for the fixed sufficiently 
large system operation time we use the computer 
program CP 8.5 “Prediction of the operation process” 
[2].  
The computer program is reading in [7]:   
− the duration time θ  of the system operation 

process, 
− the number ν  of the operation states of the system 

operation process,  

− the matrix of probabilities of the system operation 
process transitions between the operation states 
given in [8] 
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where 0=bbp  for ;,...,2,1 vb =  
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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 prediction. The computer program CP 8.5 is used to determine the 
unconditional mean sojourn times and the limit transient probabilities of the exemplary system operation 
process at the particular operation states evaluations. Using the computer program CP 8.6 there are performed 
the evaluations of the 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. Finally, in the case when the system is repairable, its renewal and 
availability characteristics are estimated from the results of computer program CP 8.8.   
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− the matrix of mean values of the conditional 

sojourn times blθ  at the operation states bz  when 
its next operation state is ,lz  from [8] 
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where ][ blbl EM θ=  and 0=bbM  ,,...,2,1, vlb =  

.lb ≠       
 

 
 
After reading all necessary data the computer 
program is estimating the following characteristics of 
the system operation process [7]:  
− the mean values ][ bb EM θ= , ,,...,2,1 vb =  of the 

unconditional sojourn times ,bθ  ,,...,2,1 vb =  of 
the system operation process at the particular 
operation states,  

− the limit values of the transient probabilities ,bp  
,,...,2,1 vb =  of the system operation process at the 

particular operation states,  
− the mean values ,]ˆ[ θθ bb pE = ,,...,2,1 vb =  of the 

system operation process total sojourn times bθ̂ , 
,,...,2,1 vb =  at the particular operation states ,bz  

for the fixed large operation time θ .  
 

 
 
In above window there are given the unconditional 
mean sojourn times, the limit values of the 
exemplary system operation process transient 
probabilities at the particular operation states and the 
expected values of the total sojourn times bθ̂ , 

,4,3,2,1=b  of the system operation process at the 
particular operation states bz , ,4,3,2,1=b  during the 
fixed operation time 1=θ  year = 365 days. 
 
6. The exemplary system reliability prediction 

Considering the results of the system components 
reliability modeling from Section 3 [9] 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 and 
the results of the evaluations of the system 
components intensities of departures from the 
reliability state subsets from Section 4 [5], we may to 
perform the prediction of the exemplary system 
reliability characteristics.  
The computer program CP 8.6 “Evaluation and 
prediction of system reliability and risk” allows to 
evaluate and predict complex technical system 
reliability and risk characteristics [3]. 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: 
− the number of operation states of the system 

operation process ,v  
− the transient probabilities in particular operation 

states 1p , 2p , …, νp .  
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The second panel “Reliability parameters of the 
system” is served for reading input parameters of the 
system reliability model: 
− 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 parameters of a system reliability structure in 

various operation states fixed in [8], 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

− 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]. 

 

 
 
After finishing giving data mentioned above the 
computer program automatically comes to the next 
panel “Characteristics of the system reliability and 
risk” where are shown the results. Namely, there are 
determined the following characteristics [1]: 
− the conditional reliability functions of the system 

while the system is at the operational states bz   
 

   
)()],([ bt ⋅R ,)]1,([[, )(btR= ,)],([..., )(bztR ),,0 ∞∈<t   

 
for ,,...,2,1 ν=b                            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
− the unconditional reliability function of the system 

(with plotting)   
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),( ⋅tR ),...,1,(,1[ tR= )],,( ztR  ),,0 ∞∈<t                                                                                                    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
− the mean values )(ubµ

 
of the system conditional 

lifetimes in the reliability state subsets 
},,...,1,{ zuu + ,,...,2,1 zu =  while the system is at 

the operational state ,bz ,,...,2,1 vb =  
− the mean values )(uµ

 
of the system unconditional 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
− the standard deviations )(uσ  of the system 

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

− the mean values )(uµ  of the system unconditional 
lifetimes in the particular reliability states 

,,...,2,1 zu =  
− the system risk function (with plotting) r(t), 

),,0 ∞∈<t                                                                                                            
− the moment τ  when the risk exceeds a permitted 

level δ .                                                                                           
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7. The exemplary system renewal and 
availability prediction 

Using the results of the exemplary system reliability 
prediction given by (6.51)-(6.52) and the results of 
the classical renew theory presented in IS&RDSS 8 
[6], we may  predict the renewal and availability 
characteristics of this system in the case when it is 
repairable and its time of renovation is either ignored 
or non-ignored. In order to do predict them we use 
the computer program CP 8.8 “Prediction of system 
renewal and availability” [4]. 
     First, we assume that the system is repaired after 
the exceeding its reliability critical state r = 2 and 
that the time of the system renovation is ignored. 
Then the computer program is reading following 
reliability data, fixed in [8]:  
− the number of the system reliability states, 
− the system critical reliability state r,  
− the 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 standard deviation )(rσ  of the unconditional 
lifetime of the system in the reliability states 
subset not worse than the system critical reliability 
state r. 

 

 
 
The computer program also needs following input 
renewal parameters:  
− the number N of the system exceeding the critical 

reliability state r and renovations, 
− the system renewal process duration time  t. 
 

 

After reading data and pressing button “Calculate” 
the computer program is predicting the following 
characteristics of the complex technical system 
renewal and availability [6]: 
− the distribution ),,()( rtF N ),,( ∞−∞∈t  

},...,2,1{ zr ∈  of the time )(rSN  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 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 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 number ),,( rtN  },...,2,1{ zr ∈  of 

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

The results of the predicting the 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 time until the Nth 
exceeding the reliability critical state and the table of 
distribution values of the number exceeding the 
reliability critical state are shown below. 
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Further, assuming that the system is repaired after 
the exceeding its reliability critical state r = 2 and 
that the time of the system renovation is non-ignored 
and it has the mean value 10)2(0 =µ  and the 
standard deviation 5)2(0 =σ , we follow the 
procedure. 
The computer program is reading:  
− the number of the system reliability states, 
− the system critical reliability state r,  
− the 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 standard deviation )(rσ  of the unconditional 
lifetime of the system in the reliability states 
subset not worse than the system critical reliability 
state r, 

 

 
 
− the r -th coordinate ),( rtR , ,0≥t  of the system 

unconditional reliability function ),,( ⋅tR  
determined in Section 6,  
 

 

− 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 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 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 
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 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

 ),( ∞−∞∈t  of 
the 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 time ),(rSN  },...,2,1{ zr ∈  until 
the Nth system’s renovation, 
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− the distribution ),),(( NrtNP =  ,...2,1=N , of the 
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 number ),,( rtN  },...,2,1{ zr ∈  of 

system’s renovations up to the moment ,0, ≥tt   
− the availability coefficient ),,( rtA  ,0≥t  

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

},...,2,1{ zr ∈  of the system in the time interval 
.0),, >+< ττtt  

 
The 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 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 number of system’s renovation and the number 
of exceeding the reliability critical state for fixed 
parameter t. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Blokus-Roszkowska Agnieszka, Kołowrocki Krzysztof, Fu Xiuju 
Integrated software tools supporting decision making on identification, prediction and optimization of complex 

technical systems operation, reliability and safety. Part 3 Integrated software tools application –  
Exemplary system operation and reliability characteristics prediction 

 

 296

 

Acknowledgements 

The paper describes the work in the Poland-
Singapore Joint Research Project titled “Safety and 
Reliability of Complex Industrial Systems and 
Processes” supported by grants from the Poland’s 
Ministry of Science and Higher Education (MSHE 
grant No. 63/N-Singapore/2007/0) and the Agency 
for Science, Technology and Research of Singapore 
(A*STAR SERC grant No. 072 1340050).  
 
References 

[1] Blokus-Roszkowska, A., Guze, S., Kołowrocki, 
K., Kwiatuszewska-Sarnecka, B., Milczek, B. & 
Soszyńska, J. (2009). Methods of complex 
technical systems reliability, availability and 
safety evaluation and prediction. Task 7.2 in 
WP7: Integrated package of solutions for 
complex industrial systems and processes safety 
and reliability optimization. Poland-Singapore 
Joint Project. MSHE Decision No. 63/N-
Singapore/2007/0. Gdynia Maritime University. 

[2] Blokus-Roszkowka, A., Guze, S., Kołowrocki, K. 
& Soszyńska, J. (2010). The computer program 
for prediction of operation processes of complex 
technical systems. Task 8.5 in WP8: Packages of 
Tools for Complex Industrial Systems and 
Processes Safety and Reliability Optimization. 
Poland-Singapore Joint Research Project. MSHE 
Decision No. 63/N-Singapore/2007/0.Gdynia 
Maritime University. 

[3] Blokus-Roszkowka, A., Guze, S., Kołowrocki, K. 
& Soszyńska, J. (2010). The computer program 
for evaluation and prediction of the complex 
technical system reliability and risk. Task 8.6 in 
WP8: Packages of Tools for Complex Industrial 
Systems and Processes Safety and Reliability 
Optimization. Poland-Singapore Joint Research 
Project. MSHE Decision No. 63/N-
Singapore/2007/0.Gdynia Maritime University. 

[4] Blokus-Roszkowka, A., Guze, S., Kołowrocki, K. 
& Soszyńska, J. (2010). The computer program 
for prediction of complex technical systems 
renewal and availability. Task 8.8 in WP8: 
Packages of Tools for Complex Industrial 
Systems and Processes Safety and Reliability 
Optimization. Poland-Singapore Joint Research 
Project. MSHE Decision No. 63/N-
Singapore/2007/0.Gdynia Maritime University. 

[5] Blokus-Roszkowka, A., Kołowrocki, K. & Fu 
Xiuju (2011). Integrated software tools 
supporting decision making on operation, 
identification, prediction and optimization of 
complex technical systems reliability and safety. 

Part 2. Integrated software tools application – 
Exemplary system operation and reliability 
unknown parameters identification. Summer 
Safety & Reliability Seminars. Journal of Polish 
Safety and Reliability Association, Issue 5, Vol. 2, 
2011, 279-288. 

[6] Kołowrocki, K. & Soszyńska, J. (2010). 
Integrated Safety and Reliability Decision 
Support System – IS&RDSS. Tasks 10.0-10.15 in 
WP10: Safety and Reliability Decision Support 
Systems for Various Maritime and Coastal 
Transport Sectors. Poland-Singapore Joint 
Research Project. MSHE Decision No. 63/N-
Singapore/2007/0. Gdynia Maritime University. 

[7] Kołowrocki, K. & Soszyńska, J. (2009). Methods 
of complex technical systems operation processes 
modeling. Task 7.1 in WP7: Integrated package 
of solutions for complex industrial systems and 
processes safety and reliability optimization. 
Poland-Singapore Joint Project. MSHE Decision 
No. 63/N-Singapore/2007/0. Gdynia Maritime 
University. 

[8] Kołowrocki, K. & Soszyńska, J. (2010). The 
exemplary system operation, reliability, risk, 
availability and cost identification, prediction and 
optimization - Testing IS&RSS. Task 9.6 in WP9: 
Applications and Testing of Packages of Tools in 
Complex Maritime Transportation Systems and 
Processes Safety and Reliability Optimization. 
Poland-Singapore Joint Research Project. MSHE 
Decision No. 63/N-Singapore/2007/0.Gdynia 
Maritime University. 

[9] Kołowrocki, K., Soszyńska-Budny, J. & Ng Kien 
Ming. (2011). Integrated package of tools 
supporting decision making on operation, 
identification, prediction and optimization of 
complex technical systems reliability and safety. 
Part 2. IS&RDSS Application – Exemplary 
system operation and reliability unknown 
parameters identification. Summer Safety & 
Reliability Seminars. Journal of Polish Safety and 
Reliability Association, Issue 5, Vol. 2, 373-386.    

 


