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f

I
B
o
o
tstra

p
e
stim

a
te

s
F̂
∗i
,

i
=

1
,...,s

(a
s

in
C
h
a
p
te

r
1
3
).

I
B
o
o
tstra

p
e
stim

a
te

F̂
∗T
=

g
(F̂

∗1
,...,F̂

∗s
)

•
A

1
0
0
(1

−
α
)%

a
p
p
ro

x
im

a
te

c
o
n
fi
d
e
n
c
e

in
te

rv
a
l
b
a
se

d
o
n

Z
lo

g
it(F̂

T
)
∼̇

Z
lo

g
it(F̂

∗T
) a

n
d

B
b
o
o
tstra

p
sa

m
p
le

s
is

[F
T˜
,

F̃
T
]
=


F̂

T

F̂
T

+
(1

−
F̂

T
)
×

w˜
,

F̂
T

F̂
T

+
(1

−
F̂

T
)
×

w̃



w
h
e
re

w˜
=

e
x
p
{
z
lo

g
it(F̂

∗T
)
(
1
−

α
/
2
) ŝe

F̂
T
/
[F̂

T
(1

−
F̂

T
)]}

a
n
d

w̃
=

e
x
p
{
z
lo

g
it(F̂

∗T
)
(α

/
2
) ŝe

F̂
T
/
[F̂

T
(1

−
F̂

T
)]}

a
re

o
b
ta

in
e
d

fro
m

th
e

q
u
a
n
tile

s
o
f
th

e
B

b
o
o
tstra

p
e
stim

a
te

s
F̂
∗T
.
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O
t
h
e
r
S
y
s
t
e
m

S
t
ru

c
t
u
re

s

S
t
a
n
d
b
y

o
r

p
a
s
s
iv
e

re
d
u
n
d
a
n
c
y
:

a
re

d
u
n
d
a
n
t

u
n
it

is
a
c
-

tiv
a
te

d
o
n
ly

w
h
e
n

a
n
o
th

e
r
u
n
it

fa
ils

a
n
d

th
e

re
d
u
n
d
a
n
t
u
n
it

is
n
e
e
d

to
k
e
e
p

th
e

sy
ste

m
w
o
rk

in
g
.

T
h
e
re

a
re

m
a
n
y

v
a
ria

tio
n
s

o
f
th

is:

•
C
o
ld

sta
n
d
b
y.

•
P
a
rtia

lly
lo

a
d
e
d

re
d
u
n
d
a
n
c
y.

N
e
e
d

to
c
o
n
sid

e
r

th
e

re
lia

b
ility

o
f

th
e

sw
itc

h
in

g
m

e
c
h
a
n
ism

th
a
t

a
c
tiv

a
te

s
th

e
sta

n
d
b
y

u
n
its.
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O
t
h
e
r
T
o
p
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s

in
S
y
s
t
e
m

R
e
lia

b
ility

•
O

th
e
r

sy
ste

m
s

stru
c
tu

re
s.

•
S
y
ste

m
re

p
a
ir,

m
a
in

ta
in

a
b
ility,

a
n
d

a
v
a
ila

b
ility.

•
D

e
p
e
n
d
e
n
t

fa
ilu

re
s:

th
e

c
o
m

m
o
n

a
ssu

m
p
tio

n
o
f

c
o
m

p
o
-

n
e
n
ts

w
ith

in
d
e
p
e
n
d
e
n
t

fa
ilu

re
s

is
so

m
e
tim

e
s

u
n
re

a
listic

.
It

is
p
o
ssib

le
th

a
t

a
c
o
m

p
o
n
e
n
t

fa
ilu

re
im

p
ro

v
e
s

o
r

d
e
g
ra

d
e
s

th
e

re
lia

b
ility

o
f
o
th

e
r

sy
ste

m
c
o
m

p
o
n
e
n
ts.

•
M

a
rk

o
v

m
o
d
e
ls

fo
r

h
a
n
d
lin

g
d
e
p
e
n
d
e
n
c
ie

s
a
n
d

c
o
m

m
o
n
-

c
a
u
se

fa
ilu

re
s.
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R
e
p
a
ira

b
le

a
n
d

N
o
n
re

p
a
ira

b
le

S
y
s
t
e
m

s

•
N
o
n
re

p
a
ira

b
le

sy
ste

m
:

a
sy

ste
m

(c
o
m

p
o
n
e
n
t)

th
a
t

is
d
is-

c
a
rd

e
d

th
e

fi
rst

tim
e

th
a
t

it
fa

ils.

•
R
e
p
a
ira

b
le

sy
ste

m
:

a
sy

ste
m

(c
o
m

p
o
n
e
n
t)

th
a
t

c
a
n

b
e

re
p
a
ire

d
o
r

re
p
la

c
e
d

a
fte

r
fa

ilu
re

.

M
o
d
e
lin

g
th

e
re

lia
b
ility

o
f
a

sy
ste

m
c
o
n
ta

in
in

g
m

a
n
y

c
o
m

p
o
-

n
e
n
ts

o
f
d
iff

e
re

n
t

a
g
e
s

is
c
o
m

p
lic

a
te

d
(c

o
m

p
o
n
e
n
ts

n
o
t

iid
).
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R
e
p
a
ira

b
le

S
y
s
t
e
m

R
e
lia

b
ility

M
e
t
ric

s

•
F
o
r

re
p
a
ira

b
le

sy
ste

m
s

w
ith

fa
ilu

re
s

a
t

T
1
,T

2
,...

a
n
d

n
e
g
li-

g
ib

le
re

p
a
ir

tim
e

d
e
fi
n
e

τ
i
=

T
i
−

T
i−

1
,
w

h
e
re

T
0

=
0
,

I
M

e
a
n

tim
e

b
e
tw

e
e
n

fa
ilu

re
s
(M

T
B
F
):

a
v
e
ra

g
e

tim
e

e
la

p
se

d

b
e
tw

e
e
n

fa
ilu

re
s,

M
T

B
F

i
=

E
(τ

i ).
In

g
e
n
e
ra

l,
M

T
B
F

i

d
e
p
e
n
d
s

o
n

i
a
n
d

τ
1
,...,τ

i−
1
.

I
T

h
e

fa
ilu

re
o
c
c
u
rre

n
c
e

ra
te

(o
r

in
te

n
sity

)
is

d
e
fi
n
e
d

a
s:

v
(t)

=
d
E
[N

(t)]

d
t

w
h
e
re

N
(t)

is
th

e
n
u
m

b
e
r
o
f
fa

ilu
re

s
in

th
e

in
te

rv
a
l
(0

,t].
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h
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d
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M
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rk
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o
d
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e
m

o
d
e
lin

g
o
f
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p
a
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b
le

m
o
d
e
ls

a
l-

lo
w
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g
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r

d
e
p
e
n
d
e
n
c
e

a
m

o
n
g

c
o
m

p
o
n
e
n
ts

a
n
d

c
o
m

m
o
n
-

c
a
u
se

fa
ilu

re
s.

•
M

a
rk

o
v

m
o
d
e
ls

a
re

,
h
o
w
e
v
e
r,

o
n
ly

su
ita

b
le

fo
r

sm
a
ll

sy
s-

te
m

s.

•
T

h
e

M
a
rk

o
v

m
o
d
e
ls

a
re

a
lso

lim
ite

d
b
y

th
e

life
a
n
d

re
p
a
ir

d
istrib

u
tio

n
s

th
a
t

c
a
n

b
e

e
m

p
lo

y
e
d
.

•
N
o
n
-M

a
rk

o
v
ia

n
g
e
n
e
ra

liz
a
tio

n
s
p
o
ssib

le
,
b
u
t
le

a
d

to
c
o
m

p
u
-

ta
tio

n
a
l
d
iffi

c
u
ltie

s.
A
n
a
ly

sis
o
f
su

c
h

m
o
d
e
ls

g
e
n
e
ra

lly
d
o
n
e

w
ith

sim
u
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n
.
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