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Preface

The purpose of this book is to provide readers with fundamentals of reli-
ability engineering and demonstrate reliability approaches for evaluating
system reliability with case studies in multistage interconnection networks.

The book can be used as an introductory book in reliability engineering
for undergraduate/graduate students in Industrial/Electrical/ Computer
Engineering as well as engineers, researchers or managers. Practical appli-
cations are included to describe the importance of reliability measurement
to achieve better systems.

In the first part of the book (chapters 1-5), it introduces the concept of
reliability engineering, elements of probability theory, probability distribu-
tions, availability and data analysis.

The second part of the book (chapters 6-11) provides an overview of
parallel/distributed computing, network design considerations, classifica-
tion of multistage interconnection networks, network reliability evaluation
methods, and reliability analysis of multistage interconnection networks
including reliability prediction of distributed systems using Monte Carlo
method.

It covers comprehensive reliability engineering methods and practical
aspects in interconnection network systems. Students, engineers, research-
ers, managers will find this book as a valuable reference source.

The main key features of this book include:

« Fundamental of reliability engineering.

« Elements of probability and probability distributions.

« Classification of network systems.

+ Reliability evaluation methods.

« Reliability analysis of multistage interconnection network
systems is illustrated as practical applications of reliability
methods including reliability prediction of distributed sys-
tems using Monte Carlo method.
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Introduction to Reliability
Engineering

Reliability is defined as the probability that a system (part or component)
can perform its intended task under specified conditions and time interval.
It is used normally as the quantitative measure of the performance of a
designed part, component or system. Reliability is also a design parameter
which can be improved by design modification, redesign, elimination of
deficiencies, and addition of redundant components or units.

The first part of this book (chapters 1-5) describes fundamentals of reli-
ability engineering and the second part (chapters 6-11) presents reliability
methods and its applications in Multistage Interconnection Networks (MIN).
Chapter 9-11 discusses in details reliability analysis of network systems.
Reliability of MIN is an important parameter that can be used as a measure
on how reliable the interconnected components in network systems.

1.1 The Logic of Certainty

Event is a statement that can be true or false. “It may rain today” is not
an event. According to our current state of knowledge, we may say that

1



2 FUNDAMENTALS OF RELIABILITY ENGINEERING

an event is true, false, or possible (uncertain). Eventually, an event will be
either true or false.

Sample Space is the set of all possible outcomes of an experiment [1-4].
Each elementary outcome is represented by a sample point. Examples:
there are six possible outcomes/numbers {1, 2, 3, 4, 5, 6} from tossing a die;
the failure time of a component is {0,00}. A collection of sample points is
an event.

Indicator variables for events can be written in the following form. If an
event i is true then X = 1 and if an event i is false then X, = 0. Two basic
operations, Union (OR) and Intersection (AND) are discussed.

1.2 Union (OR) operation

Suppose there are two events, A and B in the sample space. The equations
below represent C as a union of the two events. X = 1 means that an event
C is true when either event A or B is true.

AUB=C (L.1)
X, =1-(-X,)(1-X,) (1.2)
x.=]1x, (1.3)

Diagram Venn and fault tree for union (OR) operations are shown in
Figure 1.1 below.

Figure 1.1 Diagram Venn and Fault Tree for Union (OR) Operation.
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1.3 Intersection (AND) operation

The equations below represent C as an intersection of A and B. X =1
means that an event C is true when both the events are true.

AnB=C (1.4)
X. =X, X, (1.5)
X, =X, (1.6)

Diagram Venn and fault tree for intersection (AND) operations are
shown in Figure 1.2 below.

In A and B are mutually exclusive events (they are independent to each
other) then

ANB=Y (1.7)

These two basic operations are implemented in real systems as below.

Figure 1.2 Diagram Venn and Fault Tree for Intersection (AND) Operation.



4 FUNDAMENTALS OF RELIABILITY ENGINEERING

1.4 Series systems

Structure function of system failure and success in series systems can be
defined as follows:

System failure: N

N
x=1-[Ja-x)=[]x, (1.8)

1

System success: N

ann (1.9)

Where X =1 or Y, =1 represent when the component j is failed or working.
Reliability block diagram and fault tree for series systems are shown in
Figure 1.3 below.
The system reliability Rs is the product of the individual element
reliabilities:

Rs=R xR xR x...R (1.10)

If we assume that each of the elements has a constant failure rate, then the
reliability of the i, element is given by the exponential relation:

R =¢"! (1.11)
Thus, R, = e hle™hl  gTH o7
R = e—).st _ e—(),1 iyt A At At (1' 12)

S

m o m System
|\

Failure

Figure 1.3 Reliability Block Diagram and Fault Tree for Series Systems.
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and failure rate of system of N elements in series
Ag= A +A, +o+ A+ + Ay (1.13)
Since R =1-F, and R=1-F
Then
1=R={l=Fj}{l=F) e (l=E) w (1-F))

=1 - (F,+ F+ .. F +F,) +products of the F's
If the individual F, are small, i.e. F, << 1,

F,=F +F+..+F+..+F (1.14)

1.5 Parallel systems

Structure function of system failure and success in parallel systems can be
defined as follows:

System failure: al

X :1'11 X, (1.15)
System success: N

Y :HYj (1.16)

Where X = 1 or Y, =1 represent when the component j is failed or working.
Reliability block diagram and fault tree for parallel systems are shown
in Figure 1.4 below.

TOP

\
’
A \
i1 — I I
Y / 277N PO
Niash ’ N2 \
’ o \
1 i Vg 1
v I [N} i+1 1
\ RN ’
~ s \ /
N ad S~e_-

Figure 1.4 Reliability Block Diagram and Fault Tree for Parallel Systems.
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6 FUNDAMENTALS OF RELIABILITY ENGINEERING

The unreliability of parallel system is given by:

F. =FF,..F..F, (1.17)

If the individual elements are identical:

hk=k=.=F=.=F=F (1.18)
This gives:

F=F
1.6 General Series-Parallel System
A general series-parallel system consists of n identical subsystems in paral-
lel and each subsystem consists of m elements in series.

If R, is the reliability of the ith elements in the jth subsystem, then the reli-
ability of the jth subsystem is:

R,=R,R,.R;.R, =]]R; (1.19)
i=1

i=m
=1— 1.2
F =1-]]R; (1.20)
i=1
The overall system unreliability is:
j=n i=m
E = 1-1 IR ji (1.21)
j=1 i=1

1.7 Active Redundancy

A system is referred to as “k out of n” if the overall system will continue
to function correctly when only k (k < n) of the n elements/systems are
working normally; the remaining (n - k) elements/systems ensure extra
reliability.

In 2 out of 4 system, the overall system unreliability is:

F = Prob. (A,B,C,D fail) + Prob. (A,B,C fail) + Prob. (B,C,D fail) + Prob.
(A,C,D fail) + Prob. (A,B,D fail)



