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Abbreviations and Notations

The abbreviations and notations we used adopted throughout the thesis.

1. Abbreviations:

We use the following abbreviations:

PDF probability density function.

CDF cumulative distribution function.

i.i.d Independent and identically distributed.

MLE maximum likelihood estimator.

EM Expectation-Maximization algorithm.
2. Notations:

The following notations are used throughout the thesis.

Number of components of the system.
The minimum number of consecutive failed com-

ponents which cause the system failure.

Regular linear Linear consecutive k-out-of-n: F system, which is
not relayed.
y y = r stands for a regular linear,

y = u stands for a unipolar-relayed linear,
y = b stands for a bipolar-relayed linear.
R,(n, k;p) Reliability of y consecutive k-out-of-n: F system,

with identical components reliability p.
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P(a) = [p1,p2]

R, (n, k;c, E(c))

m

a=[ay, .., an]

510)

= [pi' Dit1s ey p]]

P(a)

= [plr P2, -y pm+1]

R, (n k; P, (1))

Vector of reliabilities, where p; denotes the relia-
bilities of components from the first component in
the system up to the component at position a
(change point), and p, denotes the reliabilities of
components from the component at position a + 1
up to the last component in the system.

The reliability of y consecutive k-out-of-n: F sys-
tem, with a change point, at position ¢, with com-
ponents reliabilities P(c).

Number of change points in the system.

Vector of the positions of the change points of the
system.

Vector of the reliabilities of the system compo-
nents, the system consists of j — i + 1 components,
first component with reliability p;, second with re-
liability p;1, ..., and last with reliability p;.
Vector of reliabilities, where p, denotes the relia-
bilities from the first component in the system up
to the component at position a,, p, denotes the re-
liabilities of components from the component at
position a; + 1 up to a,, ..., and p,,+, denotes the
reliabilities of components from the component at
position a,, + 1 up to the last component in the
system.

The reliability of y consecutive k-out-of-n: F sys-

tem, for 2k > n, with components reliabilities
P,(1).



R, (n, k,m; C, E(Q)) The reliability of y consecutive k-out-of-n: F sys-
tem, for 2k > n, with m change points, at positions
C, and (m + 1) different reliabilities.

1  ifthe component at position i is operating .
i = {0 if the component at position i is failed E=12m.
; The length of the zero’s run at i*" component.
L;-)(l) The longest zero’s run in Xy, ..., Xj, L = 1, and j =
n,orl=2,andj =nn—-1.
Rs.5)y (M, k5 €) Stress-strength reliability of y consecutive k-out-

of-n: F system, with a change point, at position c.

R(s:syy (n, k, m; C) Stress-strength reliability of y consecutive k-out-
of-n: F system, with m change points, at positions
C.
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Abstract

The aim of this thesis is to study the reliability of some linear consecutive k-
out-of-n: F systems, with a stress-strength setup. Explicit expressions for the
reliability of regular and relayed linear consecutive k-out-of-n: F systems, with
one change point are obtained for any value of k, 1 < k < n, by conditioning
on the state of the component at the change point, working or failed. A change
point in a system means that the reliabilities of the components before and at
this point differ from those after it. The case of having more than one change
point is also discussed, and explicit expressions of the reliability are obtained
for regular and relayed linear consecutive k-out-of-n: F systems, when
2k = n, by using the longest zeros’ run statistic. The components of the system
are assumed to be independent. The change in reliabilities of the components
may be due to change in the stress imposed on the components, change in the
strength of the components, or change in both the stress and the strength. These
three possibilities are studied, when there is one change point or when there
are more than one change point. Formulas of the stress-strength reliabilities are
derived generally for any continuous distributions for the stress and the
strength. As application two cases are discussed: Case I, when the stress and
the strength have distributions with the same exponential form, and Case II,
when the stress and the strength have different distributions forms. In Case |
explicit expressions for the stress-strength reliability of regular and relayed lin-
ear consecutive k-out-of-n: F systems are obtained under the three possibilities
of a change point (one, or more). For Case Il, as illustration the stress is as-
sumed to have negative exponential distribution, while the strength is assumed

to have generalized Lindley distribution. Estimation of the stress-strength
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