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Bernoulli Trials  Example

¥ Consider a system with n components that requires m (≤n) or
more components  to function for the correct operation of the
system (called m-out-of-n system). If we let m=n, then we have
a series system; if we let m = 1, then we have a system with
parallel redundancy.

¥ Assume: n components are statistically identical and function
independently of each other. If we let R denote the reliability  of
a component ( and q = 1 - R gives its unreliability), then the
experiment of observing the status of n components can be
thought of as a sequence of n Bernoulli trials with the probability
of success equal R.
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¥
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ber: in term
s of random

 variables,

w
here X

 is a r.v. representing the num
ber of successes, and i is

a particular value.
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A

s special case of m
-out-of-n system

, consider a system
 w

ith
triple m

odular redundancy (T
M

R
). In such a system

 there are
three com

ponents, tw
o of w

hich are required to be in w
orking

order for the system
  to function properly (i.e., n =

 3 and m
 =

 2).
T

his is achieved by feeding the outputs of the three com
ponents

into a m
ajority voter.
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¥
T

he reliability of T
M

R
 system

 is given by the expression:

¥
and thus 

N
ote that:

¥
T

hus T
M

R
 increases reliability over the sim

plex system
 only if

the sim
plex reliability is greater than 0.5

; otherw
ise decreases

reliability

¥
N

ote: the voter output corresponds to a m
ajority

; it is possible for
tw

o or m
ore m

alfunctioning units to agree on an erroneous vote.
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¥
P

robability m
ass functio

n (pm
f) or the discrete density function

  of the
random

 variable X
  p

X (x) gives:

the probability that  the value  of the random
 variable  X

 obtained on a
perform

ance of the experim
ent is eq

ual to x.

¥
P

roperties of the p
m

f:
(p1) 0 ≤  p

X (x) ≤ 1 for all x ∈
 ℜ

; (since p
X (x) is a probability)

(p2) 
       (since the random

 variable assigns som
e value x ∈

 ℜ
 to 

  each sam
ple point s ∈

 S)

(p3) for a discrete random
 variable X

, the set {x| p
X (x) ≠ 0} is a finite or countably

infinite subset of real num
bers. L

et denote this set by {x
1 , x

2 ,...}. T
hen the

property (p2) can be restated as:
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) F

X (t) of the random
 variable X

 is defined by:

w
here  -∞

 <
 t <

 ∞
.

¥
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 this definition that:

P
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¥
T

he distribution function of som
e discrete random

 variable
satisfies the follow

ing p
roperties

¥
(F

1) 0 ≤ F
(x) ≤ 1 for -∞

 <
 x <

 ∞
,    (F

(x) is a probability)

¥
(F

2) F
(x) is a m

onotone non-decreasing function of x,i.e.,

if x
1  ≤ x

2  then F
(x

1 ) ≤ F
(x

2 )

¥
(F

3) 
 and

¥
(F

4) F
(x) has a positive jum

p equal to
 p

X (x
i ) at i =

 1, 2, ...., and in
the interval [x

i , x
i+

1 ) F
(x) has a constant value. T

hus:

F
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 F
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1    and   F
(x
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X (x
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he B
ernoulli pm

f  is the density function of a discrete random
variable X

 having 0 and 1 as its only possible valu
es and is

given by:

p
X (0) =

 p
0  =

 P
(X

 =
 0) =

 q  p
X (1) =

 p
1  =

 P
(X

 =
 1) =

 p;     p +
 q =

 1

¥
T
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D

F
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¥
T

he binom
ial distribution

 gives the probability of k ÒsuccessesÓ in
n independent tria

ls of an experim
ent that has probability  p of

success

¥
Let Y

n  denote the num
ber of successes in n trials

¥
T

he value assigned to  a sam
ple po

int by Y
n   corresponds to the

num
ber of 1Õs in the n-tuple

; the
 pm

f of Y
n   is

¥
T

his equation give th
e probability of k ÒsuccessesÓ in n

independent trials of an experim
ent that has probability p

 of
success on each trial.
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alled the binom
ial density w

ith param
eters n

 and p often
denoted by b(k; n

, p)  (e.g. b
(k; 3, 0.5))

¥
U

sing the binom
ial theo

rem
 that:

¥
T

ypically
, refer to a random

 variable
 Y

n  as having bino
m

ial
distribution (w

ith param
eters n and p).
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¥
T

he binom
ial distribution is applicable w

henever a series of trials
is m

ade  satisfying  the follow
ing conditions:

1. E
ach trial has exactly tw

o m
utually exclusive outcom

es
(success and failure)

2. T
he probability of success on each trial is a constant, denoted

by p. T
he probability of failure is q = 1 - p.

3. T
he outcom

es of successive trials are m
utually independent
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