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Abstract

The operation process of the complex industrialesyss considered and its operation states aredated. The
semi-markov process is used to construct a gempeodabilistic model of the considered complex iridak
system operation process. To build this model #wtor of probabilities of the system operation psxinitials
operation states, the matrix of probabilities of gystem operation process transitions betweembeation
states, the matrix of conditional distribution ftinoos and the matrix of conditional density funosoof the
system operation process conditional sojourn timethie operation states are defined. To describesystem
operation process conditional sojourn times ingaeicular operation states the uniform distribatithe triangle
distribution, the double trapezium distributiong texponential distribution, the Weibull distributi@and the
normal distribution are suggested. Under thesesgumptions from the constructed general modehtaim
characteristics of the system operation processfiade The mean values of the system operation gs®c
conditional sojourn times in particular operatidatas having these distributions are calculatedreldheer, the
unconditional distribution functions of the systeperation process unconditional sojourn times engérticular
operation states, the mean values of the systematige process unconditional sojourn times in theipular
operation states, the limit values of the transpobabilities of the system operation processhatgarticular
operation states and the mean values of the sysfmration process total sojourn times in the paldic
operation states are determined.

1. Introduction of the systems operation processes proposed in this

: work.
Most real transportation systems are very compiek a

it is difficult to analyze their reliability and auability.
Large numbers of components and subsystems a
their operating complexity cause that the evalumatio We assume that the system during its operation
and optimization of their reliability and availabjl is process is takings, v O N, different operation states.
complicated. The complexity of the systems’ operati - Fyther, we define the system operation procgés,
processes and their influence on changing in tinee t
systems’ structures and their components’ relighbili
characteristics is often very difficult to fix anp ~ Set of states Z={z,z,,...,z}. Moreover, we
analyze. Usually the system environment andassume that the system operation proZ¢gsis semi-
infrastructure have either an explicit or an imiplic markov [1] with the conditional sojourn time%, at
strong influence on the system operation proceSAA e gperation states, when its next operation state is
rule some of the initiating environment events and )
infrastructure conditions define a set of different Z» B! =32....v, b#I. Under these assumptions, the
operation states of the industrial system. A cofergn  System operation process may be described by:

tool for solving this problem is semi-markov modegli

n%. Modeling system operation process

t <0400 >, with discrete operation states from the
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- the vector of probabilities of the system openati

_d _
proces<(t) initial operation states Mo (1) = a[Hb' (O] for b1 =12,....v, b#I.

[P, O)]1, =[P.(0), P-(0).....p, (O)] , (1) We assume that the typical distributions to desctite
system operation proce&§) conditional sojourn times
where G,, bl=212..v,b#l, in the particular operation
states are:
Py (0) = P(Z(0) = z,) for b=12,...,v, - the uniform distribution with a density function
- the matrix of probabilities of the system opeati 0 t<x
proces<(t) transitions between the operation states ' 1 o
hy (t) = B Xp SUS Yy 5)
Pi1 P2 -+ Py bl ~ Xpl
0] t>y
p p ree p 4 bl
[pbl]vxv = e 2 ’ (2)
where0< X, <y, < +o,
pvl pv2 pvv ol ybl
- the triangle distribution with a density function
where
<
P, =0 for b=12,...v, 0 E< %y
2 t— Xy
- the matrix of conditional distribution functiows the h (t) = Yor = %1 Zoi ™ Xl ©6)
system operation procegf) conditional sojourn times ol 2 Yo —t 2 stsy
6, in the operation states Yo = %o Yo =2y "
0, t> Yy
Hyy(t) Hip(t) ... Hy (1)
[Ho (D] = fall) ) Ha ) , (3) where0 < X, <z, <y <+,
H, () H,,(t)...H,, (t) - the double trapezium distribution with a density
function
where
0, t <Xy
Hy (t) =P(6, <t) for b, =12,....,v, b #1, " +[2_Qb|(2b| = Xpi) = Wy (Yo = Zy)
and Yo = Xpi
-qy ] 7%y <tey
Hy,(t) =0 for b=122,...,v. h (1) = o Zy — Xy bl ol @
. . ! W +[2_Qb| (Zo = Xp1) = W (Yo = 2Zy1)
Further, we denote the matrix of corresponding bl Ve — X
conditional density functions of the system operati ol 7l
proces<(t) conditional sojourn time§,, by -w,] Yo ~t , Z, Sty
Yoi = Zy)
by (t) hyp(t) ... by, (1) 0, t> Yy

hpy (1) 5 (1) - By, (1)

[Py (D] = (4)  whereO< x, <z, <y, <+», 0<qp <+,
h,y () h,,(t)...h, t) 0= Wy <00, 0=y (Zy = Xpr) + Wo (Yor =2) €2,
- the exponential distribution with a density fupat
where
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h () = 0, t<0
T ay, explagt], t=0,

where0< a,, <+,

- the Weibull distribution with a density function

0, t<0
hy (t) ={

ablﬁbltﬂbl - eXp[_abltﬁb' l, t=0
where0< a,, <+w, 0< B, < +oo,
- the normal distribution with a density function
hy (t) =

1 (t-my)®
exp[-
o2 Pl 20,,°

], t0(=e0, ),

where—oco <my <+, 0< 0y, <+,

As the mean values of the conditional sojourn times

g, are given by [2]

My = E[6,] = thHbl (t) = Tthm (tdt,

bl =12,...,v,b#l,

(8)

(9)

(10)

(11)

then for the above distinguished distributions ((B)),

the mean values of the system operation pro

ZE3s

conditional sojourn times,,, b, =12,....,v,b#l, in
particular operation sattegre respectively given by

(2], [3]:

- for the uniform distribution

X +
M, = E[6,] =blTybl,

- for the triangle distribution

Xy F + Z
My = E[6y] = =—2— ysbl o,

- for the double trapezium distribution

2 2
%o * Yor * Zor | Wor Yo ~ G %ol
2

My = E[6,]=

+ Wy + Oy
6

(12)

(13)
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+ %o Yol (X + Yb|)]
Yor = Xyl

[(X61 Zo1 = Yo Zor)

3 3
_ Xt O + Y Wh

, 14
(Yo~ Xor) (14)

- for the exponential distribution

My = E[6,] = ai' (15)

bl

- for the Weibull distribution

1

My = E[6,] = al;ar(1+i), (16)
By

where
I'(u)= [ t""etdt, u>0,
0

is the gamma function,

- for the normal distribution
My = E[6,] = m,. (17)

From the formula for total probability [1] it foles
that the unconditional distribution functions ofeth
sojourn timesé,, b=12,...,v, of the system operation

processZ(t) at the operation stateg, b=12,...\v,
are given by [1]

Hy(t) = épblel (1), b=12,..v. (18)

Hence, the mean valuBgg,] of the unconditional
sojourn timesg,, b=12,...,v, are given by

M, = E[6,] = élpblel ,b=12,..v, (19)

where M, are defined by the formula (11) in a case of
any distribution of sojourn timesj, and by the
formulae (12)-(17) in the cases of particular
distinguished respectively by (5)-(10) distribusonf
these sojourn times.

The limit values of the transient probabilitiesla
particular operation states

Po ()= P(Z(1) = z,) , tO<0,40), b=12,...v,
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are given by [1]

m,M,

Py = lim Py (t) = , b=12..yv, (20)

to oo i

> M,
i=1

where M, b=12,...v, are given by (19), while the
probabilities 7z, of the vector[7n,],,, satisfy the
system of equations

[72,] = [ 75, ][ Py ]

v 1§2
> =1 :
1=1

Other interesting characteristics of the systen[\7]

operation processZ(t) possible to obtain are its

sojourn timesé’b in the particular operation stateg,
b=12,..v. It is well known [1] that the system

operation process total sojourn timeé, in the

particular operation stateg,, for sufficiently large

operation time &4, have approximately normal
distribution with the expected value given by

E[6,] = p,6, b=12,...v, (22)

where p, are given by (20).

3. Conclusions

The constructed general probabilistic model of the
complex system operation process is the basishtor t
further tasks of the Poland-Singapore Joint Rebkearc
Project. Its unknown parameters will be estimated i
Tasks of WP 6. The model will be used in WP2 for
particular modeling the operation processes of aodt
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shipyard transportation systems in Task 2.2 and for
modeling the operation process of ships at the

restricted and open water areas in Task 2.3. Th#emo
will also be used to construct in Task 4.1 of WRd t
integrated general reliability, availability and fess
probabilistic models of complex industrial systems
related to their operation processes and its pdatic
case for port and shipyard transportation systeams i
Task 4.2 and for ships operating at the restricted
open water areas in Task 4.3.
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