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Abstract
There is presented the application of the integrated software tools to the operation and reliability models of an
exemplary complex technical system unknown parameters identification. There are performed in the paper, the
exemplary system operation and reliability analysis and modelling. The identification of the probabilities of
transitions this system operation process between the operation states and the conditional mean values of this
process sojourn times at the particular operation states because of the lack of statistical data is performed
throw the arbitrary fixing their values assumption. Next using the computer program CP 8.3 the automatic
evaluation of the system components unknown intensities of departures the reliability state subsets and the
identification of the exponential forms of their multistate reliability functions on the arbitrarily fixed statistical
data coming from the system components states changing processes are performed as well.

3. The exemplary system operation process
unknown parameters identification
3.1. The exemplary system analysis

E11(1)

E12(1)

E13(1)

We analyze [8] the reliability of an exemplary
system S that consists of two subsystems S1 , S 2 .
The subsystem S1 is composed of two series
subsystems, each of them composed of 3
components, denoted respectively by

E 21(1)

E 22(1)

E 23(1)

E ij(1) , i = 1,2, j = 1,2,3,

Figure 1. The scheme of the system S1 reliability
structure

with the reliability structure presented in Figure 1.
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• an operation state z 4 − the system is composed of
the subsystem S 1 and S 2 , with the scheme
showed in Figure 3, while the subsystem S 1 is a
series-parallel system with the scheme given in
Figure 1 and the subsystem S 2 is a series-“2 out
of 4” system.
Moreover, we assume that there are possible the
transitions between all system operation states. Thus,
according to Section 2 of [IS&RDSS], the
parameters of the system operation process semiMarkov model are [5]:
− the initial probabilities pb (0) , b = 1,2,3,4, of the
system operation process Z(t) staying in the
particular states zb at the moment t = 0,

The subsystem S 2 is composed of four series
subsystems, each of them composed of 2
components, denoted respectively by
E ij( 2) , i = 1,2,3,4 j = 1,2,

with the reliability structure presented in Figure 2.

E11( 2)

E12( 2)

E 21( 2)

E 22( 2)

E 31( 2)

E 32( 2)

( 2)
41

( 2)
42

E

E

− the matrix [ pbl ]4 x 4 of probabilities of the
exemplary system operation process Z(t)
transitions between the operation states,
− the matrix [ H bl (t )] 4 x 4 of conditional distribution
functions of the exemplary system operation
process Z(t) conditional sojourn times θ bl in the
operation states,
− the mean values of the conditional sojourn times
θ bl .
To identify all these parameters of the exemplary
system operation process the statistical data about
this process is needed and we can do it automatically
using the computer program CP 8.1 “Identification of
the operation processes”. As the considered system is
an exemplary one and its operation process
parameters are arbitrarily assumed then we do not
have the statistical data collected that are needed for
estimating these parameters.

Figure 2. The scheme of the system S 2 reliability
structure

The subsystems S1 , S 2 , illustrated in Figures 1–2
are forming a series reliability structure presented in
Figure 3.

S1

S2

Figure 3. The general scheme of the system S
reliability structure

3.2. The exemplary system operation process
modelling

3.3. The exemplary system operation process
identification

Under the assumption that the exemplary system
structure and the subsystem components reliability
depend on its changing in time operation states, we
arbitrarily fix the number of the system operation
process states ν = 4 and we distinguish the following
as its four operation states [7], [8]:
• an operation state z1 − the system is composed of
the subsystem S 1 , with the scheme showed in
Figure 1, that is a series-parallel system,
• an operation state z 2 − the system is composed of
the subsystem S 2 , with the scheme showed in
Figure 2 that is a series-parallel system,
• an operation state z 3 − the system is composed of
the subsystems S 1 and S 2 , with the scheme
showed in Figure 3 that are series-parallel system
with the schemes given in Figures 1-2,

In this case, we do not have statistical data on the
exemplary system operation process and we fix the
process parameters defined by (2.1) and (2.3) in
IS&RDSS 2 [5] arbitrarily.
The arbitrarily fixed transient probabilities from the
operation state z b into the operation state z l ,
defined by pbl (2.1), are given in the matrix below

0.22 0.32 0.46
 0
0.20
0
0.30 0.50
[ pbl ] = 
.
0.12 0.16
0
0.72


0 
0.48 0.22 0.30
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As we do not have the realizations of the conditional
sojourn times θ bl , b, l = 1, 2,3,4, of the exemplary
system operation process at the particular operation
states, then it is not possible to identify their
distributions defined by (2.2) in [IS&RDSS 2].
The arbitrarily fixed conditional mean values
M bl = E[θ bl ], b, l = 1,2,3,4, defined by (2.3) in
[IS&RDSS 2], of the system sojourn times in the
particular operation states are as follows:

The computer program estimates the following
parameters of the operation process [3]:
i) the vector of the probabilities p b (0) , b = 1,2,...,ν ,
of the initial states of the system operation process,
ii) the matrix of the probabilities pbl , b, l = 1,2,...,ν ,
of the system operation process transitions from the
operation state z b to the operation state zl .

M 12 = 192, M 13 = 480, M 14 = 200,
M 21 = 96, M 23 = 81, M 24 = 55,
M 31 = 870, M 32 = 480, M 34 = 300,

M 41 = 325, M 42 = 510, M 43 = 438.
In case we have in disposal data about the system
operation process we can use the computer program
CP 8.1 to determine the parameters of the system
operation process. Below there is given illustration of
this computer program running [3].
First the computer program is reading in [6]:
− the number of operation states of the operation
process,
− the number of the observed realisation of the
operation,

Then the computer program is reading in:
- the realizations θ blk , k = 1,2, …, nbl , b, l = 1,2,...,v,
b ≠ l , of the conditional sojourn times θ bl of the
system operations process at the operation state z b
when the next transition is to the operation state z l .

After reading the realizations the computer program
CP 8.1 [6]:
− testifies successively the hypotheses that the form
of the distribution functions of the conditional
sojourn times θ bl , b, l = 1,2,...,ν , b ≠ l , at the
operation state z b when the next transition is to
the operation state z l , is one of the following:
uniform distribution, triangular distribution,
double-trapezium distribution, quasi-trapezium
distribution, exponential distribution, Weibull
distribution, normal distribution, chimney
distribution,
− determines the best fitting distribution and gives
its name,

− the vector of the realizations of the numbers of
staying of the operation process in the operation
states at the initial moment,

− the matrix of the realizations of the numbers of the
system operation process transitions between the
operation states.
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− determines the mean value from the fitted
distribution M bl , b, l = 1,2,...,ν , b ≠ l , ( in case of
the hypothesis acceptance),
− determines the empirical values of the mean values
θ bl , b, l = 1,2,...,ν , b ≠ l , (in case of the
hypothesis rejecting).

composed of three components ( l1 = 3, l 2 = 3 ) with
the reliability structure showed in Figure 1.
At the system operation state z 2 , the system is
composed of the series-parallel subsystem S 2
containing four series subsystems ( k = 4 ), each
composed of two components ( l1 = 2 , l 2 = 2 ,
l 3 = 2 , l 4 = 2 ) with the reliability structure showed
in Figure 2.
At the system operational state z3 , the system is a
series system with the reliability structure showed in
Figure 3, composed of two series-parallel
subsystems S 1 , S 2 illustrated in Figures 1-2.
The subsystem S 1 consists of two series subsystems
( k = 2 ), each composed of three components
( l1 = 3, l 2 = 3 ) with the reliability structure showed
in Figure 1. The subsystem S 2 consists of four
series subsystems ( k = 4 ), each composed of two
components ( l1 = 2 , l 2 = 2 , l 3 = 2 , l 4 = 2 ) with
the reliability structure showed in Figure 2.
At the system operation state z 4 , the system is a
series system with the scheme showed in Figure 3,
composed of the subsystem S 1 and S 2 illustrated in
Figures 1-2, whereas the subsystem S 1 is a seriesparallel system and the subsystem S 2 is a series-“2
out of 4” system.
The subsystem S 1 consists of two series subsystems
( k = 2 ), each composed of three components
( l1 = 3, l 2 = 3 ) with the reliability structure showed
in Figure 1. The subsystem S 2 consists of four
series subsystems ( k = 4 ), each composed of two
components ( l1 = 2 , l 2 = 2 , l 3 = 2 , l 4 = 2 ) and is a
series-“2 out of 4” system ( m = 2 ).
The system operation process influence on the
system components reliability is expressed by the
assumption that the subsystems Sυ , υ = 1, 2, are
composed of four-state, i.e. z = 3, components Eij(υ ) ,
υ = 1, 2, having the conditional four-state reliability
functions

The exemplary results of the computer program CP
8.1 are given in the window below.

4. The exemplary system reliability model
unknown parameters identification
4. 1. The exemplary system components
reliability modelling
We assume that the exemplary system and its
components have four reliability states 0, 1, 2 3, i.e.
z = 3 . And consequently, at all operation states z b ,
b = 1,2,3,4, we arbitrarily distinguish the following
reliability states of the system and its components:
• a reliability state 3 – the system operation is fully
effective,
• a reliability state 2 – the system operation is less
effective because of ageing,
• a reliability state 1 – the system operation is less
effective because of ageing and more dangerous,
• a reliability state 0 – the system is destroyed.
We assume that there are possible the transitions
between the components reliability states only from
better to worse ones and we fix that the system and
components critical reliability state is r = 2 .
Moreover, we assume that the changes of the
operation states of the system S operation process
Z(t) have an influence on the system reliability
structure and the system multi-state components
reliability as well.
The system operation process influence on the
system reliability structure is expressed as follows.
At the system operation state z1 , the system is
composed of the series-parallel subsystem S 1
containing two series subsystems ( k = 2 ), each

[ Rij(υ ) (t , ⋅)] ( b )
= [1, [ Rij(υ ) (t ,1)] (b ) , [ Rij(υ ) (t , 2)] ( b ) [ Rij(υ ) (t , 3)] ( b ) ],

t ≥ 0, b = 1,2,3,4, υ = 1, 2,
with the exponential co-ordinates
[ Rij(υ ) (t , 1)] ( b ) = exp[ −[λij(υ ) ( 1)]( b ) t ],
[ Rij(υ ) (t , 2)] (b ) = exp[ −[λ(ijυ ) ( 2)] (b ) t ],
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υ = 1,2,
components
unknown
intensities
(υ )
(b )
(υ )
(b)
(υ )
(b)
[λij (1)] , [λij ( 2)] and [λij (3)] of departure
respectively from the reliability states subsets
{1,2,3} , {2,3} , {3} , while the system is operating in
the operation state z b , b = 1,2,3,4, existing in (5.1)(5.2), we can use statistical data presented in Section
6.1 and the formula (6.9) from IS&RDSS 6 [6]. We
can also use the formula (6.10) from IS&RDSS 6 [6]
to get their pessimistic evaluations.
Using the computer program CP 8.3 “Reliability
models identification of the components” we can
find automatically these evaluations and the results
are presented below [4].
First the computer program is reading in:
− the number of operation states v,
− the number of reliability states z + 1.

[ Rij(υ ) (t , 3)]( b ) = exp[ −[λij(υ ) ( 3)]( b ) t ],

t ≥ 0, b = 1,2,3,4, υ = 1, 2,
different in various operation states z b , where
[λ (ijυ ) ( 1)] (b ) , [λ ij(υ ) ( 2)]( b ) , [λ ij(υ ) ( 3)] ( b ) , b = 1,2,3,4,
υ = 1, 2, are the subsystems components unknown
intensities of departures respectively from the
reliability state subsets {1,2,3}, {2,3}, {3}.

4.2. The exemplary system components
reliability identification
4.2.1. Data collections coming from system
components reliability state changing
processes
To estimate existing in the formulae (5.1)-(5.2) the
subsystems components unknown intensities
[λ (ijυ ) ( 1)] (b ) , [λ ij(υ ) ( 2)]( b ) , [λ ij(υ ) ( 3)] ( b ) , b = 1,2,3,4,
υ = 1, 2, of departure respectively from the reliability
state subsets {1,2,3}, {2,3}, {3}, we suppose that we
have in disposal data collected from the system
components reliability states changing processes due
to the experiment Case 2 described in Section 6.1.1
of IS&RDSS 6 [6]. Namely, we have in disposal the
following data for particular components Eij(υ ) ,
υ = 1,2, of the system [5]:
− the numbers of identical experiment posts
n ( b ) = n ij( b ) ,
− the observation times τ (b ) = τ ij(b) ,
− the numbers m ( b ) (u ) = mij( b ) (u ) of components

As we have in disposal data coming from
components reliability states changing process due to
the experiment Case 2 the computer program is
reading in [1]:
− the number of experimental posts n (b) on which
the observation is performed at the operation state
z b , b = 1,2,...,ν , the observation time τ (b ) ,
τ (b) > 0, of components at the operation state z b ,
b = 1,2,...,ν ,
− the
numbers
of
components
m (b ) (u ),
m (b ) (u ) ≤ n (b ) , that have left the reliability states
subset {u , u + 1,..., z} , u = 1,2,..., z , at the operation
state z b , b = 1,2,...,ν ,
− the moments t i(b ) (u ) , i = 1,2,..., m (b ) (u ), of
departure of the component on the i − th
observational post from the reliability states subset
{u , u + 1,..., z} at the operation state z b ,
b = 1,2,...,ν .

that have left the reliability states subset
{u , u + 1,...,3} , u = 1,2,3,

− the sets Aij( b ) (u ) = {t i(b ) (u ) : i = 1,2,..., m ( b ) (u )} of
realizations t i( b ) (u ) = t ij(b) (u ) of the component
lifetimes Tij(b) (u ) in the reliability states subset
{u , u + 1,...,3} , u = 1,2,3, at the operation state zb ,
b = 1,2,3,4 .
The data for all components are presented in [7].

4.2.2. Estimating system components
intensities of departures from reliability state
subsets
As there are data collected from the exemplary
system components reliability states changing
processes, then their reliability functions unknown
parameters identification using the methods
described in Section 6.2.1.1 of IS&RDSS 6 [6] is
possible. To find the approximate values [λˆ(ijυ ) (1)] ( b ) ,
[λˆ(ijυ ) ( 2)] ( b ) and [λˆ(ijυ ) (3)] ( b ) of the subsystems Sυ ,
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− the maximum likelihood evaluation of the
unknown component intensity of departure
[λ (u )](b ) from the reliability states subset
{u , u + 1,..., z} , u = 1,2,..., z , at the operation state
z b , b = 1,2,...,ν , (in all cases),
− the pessimistic evaluation of the intensity of
departure [λ (u )](b ) from the reliability states
subset {u , u + 1,..., z} , u = 1,2,..., z , at the operation
state z b , b = 1,2,...,ν , (in all cases except case 1),
The results are presented below:
(1)
of the
− for the components E11(1) and E 21
subsystem S1 ;

Then after reading all necessary data mentioned
above, in case we have in disposal data coming from
components reliability states changing process, the
computer program CP 8.3 determines [1]:

− for the components
subsystem S1 ;

E12(1)

and

(1)
E 22

of the
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− for the components
subsystem S1 ;

E13(1)

and

(1)
E 23

of the

− for the components
subsystem S 2 ;

E11( 2 )

and

(2)
E 21

of the

− for the components

(2)
of the
E12( 2 ) and E 22

subsystem S 2 .
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4.2.3. Identifying system components
exponential reliability functions

We may verify the hypotheses on the conditional
exponential four-state exemplary components
reliability functions [ Rij(υ ) (t , ⋅)](b ) , υ = 1, 2, b = 1, 2,3,
at the particular operation states z b , b = 1, 2,3.
In order to perform this verification we can use the
second part of the program CP 8.3 “Reliability
models identification of the components”. Then the
significance level α ( α = 0.01, α = 0.02, α = 0.05
or α = 0.10) of the test in the field “alfa” should be
given and next after pressing the button “Verify” the
program verify the hypothesis.

As there are data collected from the system
components reliability states changing processes,
then it is possible to verify the hypotheses on the
exponential forms of the system components
conditional reliability functions. To this end, we use
the procedure given in Section 6.2.2.1 of IS&RDSS
6 [6] and data collected in Section 6.1.

− gives the answer whether the hypothesis is rejected
or there are no arguments to reject it,
− if there are no arguments to reject the hypothesis
about the exponential distribution gives the
coordinates of the conditional multistate reliability
function of the system component.

As a result the computer program [4]:
− testifies the hypothesis that the coordinates of the
conditional multistate reliability function of the
system component are the exponential reliability
functions,
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In Case 2, the computer program also testifies the
hypothesis about the conditional multistate reliability
function of the system components for the
pessimistic evaluation of the intensities of departure.
Below there are presented the results of the
verification the hypothesis that coordinates of the
conditional four-state reliability function of the
system component E11(1) are exponential reliability
functions.

The hypotheses verification for the remaining
components of the subsystems at various operation
sates is analogous as for the component E11(1) [7].
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