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A b s t r a c t  system  is determ ined by the states of its

The Multi-State System (M SS) reliability is components.
. . . .  J T . , . . So, the component states are denoted as Г 51:investigated in this paper. It is a system, which

can have some different task performance levels. x,(t)=W, (1)
The original investigation direction of reliability , .

1 ■ p + u • u  >*■ 1 where W ,e{0, І...../я-l}  is numericalanalysis for this system by using Multiple- . .
Valued Logic and the Direct Partial Logic characteristic for the state of z-th component at
Derivatives develops in this paper. The new instant t ; x,(t)—0 corresponds to the failure and
class of Dynamic Reliability Indices is obtained. corresponds to the best state.
These indices estimate influence upon the Multi- ^ is  paper a system is analyzed in fixed 
State System reliability by the capacity levels of instants. In [5, 9, 10] is shown that for this system
a system component instead of functions Xj(t) we can use variables

*;e{0, l,...,/w-l}.
1. INTRODUCTION The MSS behavior is characterized by its 

In this paper the Multiple-Valued Logic  evolution in the space of states.
(MVL) is applied for MSS reliability analysis X2 x^y |q j m l } "  >
[5]. In this case a structure function is {0 1 m l } (2)
interpreted as a MVL function. MVL approach ’ ’
causes to synthesize special reliability indices [5, where f ix], x2,.. . jcn)=AX-Y, /(X)=0 corresponds to
6]. We have used the Direct Partial Logic the system failure and ДХ)=ш-1 corresponds to the
Derivatives of MVL functions for calculation of best state of it.
reliability indices. This approach is permitted to The relation (2) is MVL function, which is
investigate influence upon the MSS reliability by interpreted as structural function in a reliability
the capacity levels of a system component [7]. theory. MVL function will be represented as truth

Firstly the Direct Partial Logic Derivatives of table X=[jc(0) The problem of
MVL functions for MSS reliability analysis had structural function synthesis is complex, because
proposed in [6, 7]. The new class of Dynamic dimension of this is mn (m and n are numbers of
Reliability Ind ices  (DRI) had obtained in these system states and system components accordingly),
papers. The authors had defined the Dynamic Therefore decomposition of a system is necessary
Deterministic Reliability Ind ices  (DDRI) and had for reliability analysis.
synthesised the algorithm for they calculation. For example, the structural function for the
We have continued these investigations and have system in fig.l is shown in tabl.l. This system and
proposed new indices of the DRI class. These its components have three states: w e {0, 1, 2}. 
indices determine a probability evaluation of a 
VISS reliability modification when a component
changes capacity levels. ------ v — -----  v -----

Л  j  X  2
2. P r o b l e m  F o r m u l a t io n  and ---------------  ---------------
De sc r ip t io n  o f  S y s t e m  M o d el

A system consisting of n components is
considered. The system and its components have — * 3  ------
n  states (level to performance a task or 
serviceability): from complete failure up to
perfect functioning. The failure is corresponds to Figure 1. Example of MSS.
zero state. The best state is (m -1). The state of

Minsk, Belarus, October 2 -4 , 2 0 01

1 1 7

http://edoc.bseu.by:8080

mailto:zaitseva_e@yahoo.com


3. R e l ia b il it y  I n d ic e s  o f  M S S  reliab ility to a change o f a level o f quality of
.  . .  operation a component. The DRI consist of two

There are three classes of indices of system indices types
reliability according to publications in the The first DRI type is DDR1. They permit to
re îa i lty t eory ( lg. ). analyze MSS reliability on a design stage (fig.2).

Table 1: The structural function of MSS (m=3). DDRI were defined in [6]. The calculation
------------ -------- ------------- -------- -------------  algorithm by the mathematics app-roach of
*i x2 *з Xх ) *1 *2 *3___ ДХ)__ X, x2 Л-3__ /(X) Logic Differential Calculus was proposed in [8].
0 0 0 ------ 5--------Ш ------ 5------- 2_0_0-------1------ The Dynamic In teg ra t ed  Reliability Indices
q q 2------ о--------1~~0~2-------1~~~~ 2 0 2 -------1------ (DIRI) are the second DRI type. In this paper the

~ j  q------ q--------j—TÖ І 2 F 0 2 ~ ~ DIRI are considered firstly. These indices allow
0 i i ö i i j 2 2 1 1 2 to define a probability evaluation of a MSS
0 12 1_____1 1 2 2 2 1 2 2___  failure or repair for modification of a level of
0 2 0 0____ 1 2 0 2 2 2 0 2___  serviceability of a system component.
0 2 1 1_____1 2 1____ 2____ 2_2_J____ 2___  Form the computational point of view, the

JL2_2-----|_l------LL.2.2 -----L2------1 2 2 2-----L2-----  calculation of DRI is sensitivity investigation of
structural function which is g iven as M VL

x\ is  the 1-st com ponent; xj is the 2-nd function.
component; хз is the 3-rd component. Mathematical tools of Logic Differential

, . . .  Calculus calculate the sensitivity of MVL
The f i r s t  с  a ss  is deterministic reliability function [y] We have considered DRI

indices for analysis MSS structure. As a rule the calculation technology below. The Logic Partial
deterministic indices are defined by the Derivatives of MVL function, which are part of
mathematical approach of the graph theory [5, Logic Differential Calculus, were used in this
10]. These indices are used in a step of the technology
system design.

a p p l i c a t i o n s  4. T he  Dy n a m ic  R e l ia b il it y  I n d ic e s

Maintenance
Design f -------------- ^ ^  4.1. The Dynamic Deterministic Reliability

---------------■л '---------------\ Indices
----------1 -------------------------------------- -----  -  ----------------------------------------- ------  -------------------------------------1

! 5 „ . ... n , , i The DDRI evaluate an influence of a level 1 O Deterministic Stochastic Combined ,
J £ i change of a component state on system
1 > J reliability. Numerical DDRI is defined as sets of
i H  ̂ Dynamic j the system states. These sets are calculated by
1 ââ \ \  г —^  I 7“ --------  1 Direct Partial Logic Derivatives [7].
j ~ W  ReHa îu înd^sTcDDRi) | D efin ition 1 DDRI are sets of a MSS states
J и __Л X  ----------------- i {G} which modify level to performance a task
! 05 Dynamic integrated ! from a  to b if  a component serviceability level
1 Reliability indices (DiRi) j (component state) changes from t to k. The states

system {G} is union of subsets {G|Xj.}. The
Figure 2\ The classification of reliability indices. subset elements are system states for which a

_ . , change of a serviceability level of г'-thThe s e c o n d  c la s s  ot indices is stochastic . f  . . , , c. „  ,, . . component from t to к causes a change of the
indices. They allow estimating a reliability of a » 1 1 * с  * i -г * u. '  , , 0 . _ J system level to performance a task from a to b.
system without the analysis of exterior t ^ f r in m„ _  , . , , The mathematical interpretations of DDIR are influences. The mathematical statistic and
probability theory use to form these indices. (G}={G [X| } u { G (3) 
They are applied for an evaluation of system
reliability during its work [9, 11, 12]. where subsets elements {Gj*.} correspond the

The third c lass  of reliability indices includes , . . .  с  • ui. . .  , • , , ■ • values t\...ti.\tj+\...t„ of variablesindices, which characterize operation of a system c  , . , , г-гл- . п ^ - і т. . _ for which the values of Direct Partial Logicwith exterior influence 2 . ^  , . .
. . . ,. , ,i tatï t t l  Derivative oXu—tnloxHa—tb)  with respect to г-thIn this paper we investigate the DRI. These . . .  v , , ,  r ,. . .  и * j  . . . л- . variable are not equal 0 (X is the truth table of theindices allow to consider sensitivity of a system  ̂ .structure function (2) ):
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dX(j-^[)/dXi(a—>b)^0. (4) • the 2-nd component has state 1 and the 3-rd
. .. component is failure;

The four reliability indices from DDR! are , 4 ~ , . • , e  -, ,, _ , . , , „ , b) the 2-nd component is coming to failure and
defined in tabl. 2. These Direct Partial Logic , , . ..^  , . . . f . • the 1-st component is failure and the 3-rdDerivatives for calculation they are shown in this . , . , _J component has state 2;table too. , .• the 1-st component has state 1 and the 3-rd
4.2. The Dynamic Integrated Reliability component is failure,
Indices c l the 3-rd component is coming to failure and

• the 1-st component is failure and the 2-nd 
The DIRI is generalization of the DDRI. The component has state 2;

DIRI is a probable evaluation of a modification e j . sj component has state 1 and the 2-nd
of system boundary states depending on a component is failure 
serviceability level change of a system
component. 3 ' The MSS is failure, if

Definition 2. DIRI are probability of a * th e j ^.component is reduce states and the 2-
modification of level to performance a task from and 3-rd component are failures;
j  to I if a component serviceability level m the 3-rd component is reduce states and the 1-
(component state) changes from a  to b. st component is failure and the 2-nd

« , component has state 2.
g = l> ( 0 £ i*  (5) 4 T, , , , ,  f  . • ,,=i 4. lh e  probability ot a system repairing above

where we have compatible events; P{i)Jâ ’b is by replacement of the failure component
probability of a modification of system level to 0̂ 19 ) than for increases a serviceability level
performance a task from j  to I if z-th component °^ a sy stem component (0.06).
serviceability level changes frojn a to b\ 5. The system failure can be eliminated by the
p i')a^b = Р (0 £ /*/,и”; РЦУа̂ ь is number of system replacement of:
states for which a change z-th component • Lhe_.l-st component if the 2-nd component is
serviceability level changes from a  to b causes a failure (in this case the state of the 3-rd
modification of system level to performance a component is not important);
task from j  to I. • the 2-nd component if  the 1-st component is

The p ( i ) Jâ b is number of values of Direct failure and the 3-rd component is not failure;
Partial Logic Derivative 3X (/-> № < a-> 4) with ’  ^ - 3 - r d  CWPHWIII if  the 1-st component is
respect to M l variable (4) which are not equal 0. fa,lure and lhc 2' nd “ ™ P°"ent is not failure.

In tabl. 2 are defined some DIRI. 6. For eliminating the system failure is
necessary to increase the states of:

5. Calculations of the Dynamic Reliability .  the 1-st component if 2-nd and the 3-rd
Indices components are failures;

T , . . ■ • the 3-rd component if the 1-st component is
Let s consider an example of a Dynamic «.lT .. , , •  ̂ .ror, , failure and the 2-nd component has state 1. Reliability Indices calculation of a MSS (see

Fig.l). Its structure function is given in Table 1. We would like to mark that the first and the
We used Direct Partial Logic Derivatives of fourth comments are based on DIRI, and
MVL functions for a calculation. Dvnamic remaining on DDRI. Therefore, DIRI allow to

Minsk, Belarus, October 2-4 , 2001



offer to use Direct Partial Logic Derivatives for [11]. G.Levitin, A.Lisnianski, Optimization of
calculation of dynamic reliability indices. Imperfect Preventive Maintenance for

These indices allow to investigate an outcome Multi-State Systems, Reliability
of a modification of a serviceability level of E ngin eer ing & System Safety, vol.67 (2),
separate a system components on a condition of 2000, pp. 193 -2 0 3 .
a system in a reliability theory. These indices [12]. A.Lisnianski, G.Levitin, Y.Ben-Haim,
can be determined on a design stage of a system. Structure Optimization of Multi-State

The authors' further investigations consist in System with Time Redundancy, Reliability
using of these indices for optimization of MSS E ngin eer ing & System Safety, vol.67 (2),
reliability. 2000, pp. 103 -  112.
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j 2 graphs coincides with the fast Fourier transform 
__ ; __ + _ _ ? signal flow graphs structure used in digital signal

P3(2'2) =рз(2) ® M3= I i 2 • processing.
x  dX(j^f)/dxi(l^2) X

i i 2
' 1 2j \  Ф * j;rCTQl;t(6r

Example A.2. Compute the Direct Partial V Y / *
Logic Derivative 9X(0—>1)/9jci( 1—>2) of the 3- ^

^ .(6) Д М )) I *(6»Q M<3)
valued logic function f iX )  of 2 variables given ' /O O vT m w
by its truth table X=[ 11 1200210]T. *(?) ~**l l xl 4D}x

Use expression (A) and write * t8)_ ->*i

ax(o^>i )/&£,(i ->2H p<“ > фо(Х)) ■(p“  фо(х )), r,..,-!
where фо(Х)=[000022002]т,
фі(Х)=[222000020]1; matrices p̂ 1» ,  р£'2) are лИ) }Л]- , ^ p  Jjr Wqj *(5)
formed as in Example A.I. The computed vector » i
SX(0->l)/öxi(l->2)= jjP) — v-xjJ—f jx 17'O i  ,y (8j

=[020020020]T corresponds to the following x(sj i (7)
symbolic notation: df{0-»1)/& i(1-»2)=x2 .

For instance, this notation describes the Figure Al. Flow graphs of the algorithms of 
function, changing the state on the 1-st input computing the Direct Partial Logic Derivatives 
from 1 to 2 results in changing the output from 0 MVL-function (n-2 , m-3), symbol • is
to 1 when state on 2-nd input is 1“. comparison operation tp, (y).

The flow graphs of (A) when m=3; n=2; a= 1, 
b=2; /=1,2 are shown in fig .A l. It should be 
noted that the structure of synthesized flow

Table 2. The Dynamic Reliability Indices

R eliab ility  Failure o f system Repair o f system

Indlces BR1F TR1F BR1R TRIR

/=1 {Gf |Xi}={101, 102, 110} { Gf |ri}={200} {Gr| Vl>={000,001,002} { Gr|ri}={100}

-  f=2 {Gfl Л={012, 1 1 0} { G f |r }=0 {Gr |x }= {001,002} { Gr |,2}=0
0£ -----------------------------------------------------------------------------------------------------------------------------
О 1=3 {Gf L j= {021, 101} { Gf L}={012} {Gr I, }= {010,020} { G r L j= {011}j J  J  J

{Gf}={101, 102, 110, 012, j Gf}={200, 012} {Gr}={000, 001, 002, 010, 020} { Gr}={ 100, 011}

1  f(l)^= 0.03  _____________ p ( 1)^2 =003

s  1=2 P (2 ) ;:g = 0 .0 7 ______________? ( 2 ) ^ ” =0 Д 2 )° ^ = 0 .0 7 ________________ P ( 2 ) ^ '2=0

3  i=3 Д3)|:°=0.07 P( 3)^® =0.03 P( 3)0°:;=0.07 P(3)£J=0.03

gf=0.19 gf=0.06 gr=0.19 gr=0.06

axn->0) ax(i->0) ax(o->n ахо-и )
ôjc,(1—>0) дх{2 -*\) дх,{ 0->2) Эх,{1->2)
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Table 3. The Dynamic Reliability Indices.

The Direct
Dynamic Deterministic Reliability Indices* Dynamic Integrated Reliability Indices* Partial 

____________________________________________________ ________________________________________  Derivatives
The bottom reliability indices o f failure (BRIF):

g The set {Gf} of the system states, for which the The gf is probability of system failure if ДХП—>0>
to failure of one component causes system failure one of system components fails. 3 jc/(1-*0)
^ _ - ■- — ■ . ... .
0 The top reliability indices of failure (TRIF):

—— — — — — _ _ _ _ _ _
Я  The set { Gf} of the system states, for which the The gT is probability of system failure if Д Х(1 ~>0 )
^  reduction a serviceability level o f a system one of system components reduces а

component causes system failure. serviceability level. (s = 2,...,m-\

The bottom reliability indices to repair (BRIR):

The set {Gr} of the system failure states, which are The gr is probability of system repair if
1  eliminated by the replacement of a failure one of failure system components is
I  component.______________________________________ replaced.________________________________

's The top reliability indices to repair (TRIR):
§, The set { Gr} of the system failure states, which are The Gf is probability of system repair if  

eliminated by the increase a serviceability level of a one ° f  system compo-nents increases a 
system component that is no failure. serviceability level that is no failure. °x^s- -w j

*We have used in these definitions next assumption: the structural function (2) is monotonous and it changes step by 
step. These assumptions are caused by conditions of MSS operation______________________________________________
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