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I'= Bernoulli distribution

I’ Binornial distribution

I’ Geometric distribution

I’ Pascal (negative binomial) distribution

@0 L EBricker, Uof 14, 1992



BBBBBB lli Processes 8/23/00 page

Bernoulli Random Variable

A random wvariable X has the Bernoulli distribution
with parameter p if

e.g., outcome of an experiment can be classified
as a ‘success” (X=1)or a "faifure” (X=0)

&
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Bernoulli Random
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Variable

Mean Value | E(x)=1-p+0(1-p)=p

Variance | Var(X) = E[X-E(¥)]?

=(1-p)2p + (0-p)23(1-p)
={1-p)p
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Bernoulli Process |

The stochastic process {(Xn:n=1,2, 3, ... 1
15 a Bernoulll process if
o Xy, %o, ... areindependent
e . has the Bernoulll distribution with
parameter p for each n.
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8/23/00

Exampies

¢ At acertain intersection, about 30% of the
vehicles turn left. ‘we define ¥X,= 1 if the nth
vehicle turns left, and O otherwise,
Then {¥,;n=1,2, ...} is a Bernoulli process
with parameter p=0. 30,

@0 L EBricker, Uof 14, 1992

page



BBBBBB lli Processes 8/23/00 page 7

® Diameters of bearings coming off a production
line are measured, and those that do not meet
specifications are rejected. Let Y, be the
diameter of the ntMbearing, a normally-distributed
randorm variable with mean 3 and standard
deviation 0002, Let a=2.994 and b=3.000 be
the lower & upper tolerances, so that the
bearing is not rejected if 2.994 <Y, < 53.000,
Let Xn=1if the ntMbearing meets specifications.

Then {X,;n=1,2, ..}is a Bernoulli process with
parameter 09974,
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Number of svccesses |

Let N, be the number of "successes” of the
first n trials of the Bernoulli process (X J,

i.E., 11
Na = 121 A,

{Npy:n=1, 2, ....} is a counting process,

and N, has the binomialf distribution:
fn-k

P{N,= k} = k!(:ik“ pkil—p} ,k=0,1,2, ... n

&
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Binomial Distribution |

Variance | Var(Ny) = Var [% Kl} %War(ﬁ-)

1
=n (1-plp
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06561
] Binomial Distribution

n=4, p=0.1

02916

P(X)
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P(X)

0.0625

0.25

8/23/00

0.375

page 11

Binomial Distribution

n=4, p=0.5

0.25

0.0625
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S020

2H84

Binomial Distribution

n=10, p=0.20

2103
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® 8 0000737
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= 0000001
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~ 8 000786
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2461

Binomial Distribution
n=10, p=0.5
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has a capacity of 3 autos. A30% of autos arriving
at the intersection wish to turn left.

If & autos arrive during a red light, what 15 the
probability that the capacity Df the left tur“r] lane
will be tnsufficient™ i

( Solution )
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PiX of 6 autos turn left]

3241

3025

P(X)

(oum) X
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Times of successes |

Define a stochastic process (T, ; k=1,2, ...}
where T, is the number of the trial in which
the k' success occurs.

In order for T, = n, it 1S necessary that
* the first n-1 trials must have been failures
e the n'f* trial must be a success

Therefore,

n-1 LeNReIric
PIT = n}={1-p)" p distribution |

&
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fn-1

P{T1=ﬂ}=(1—]§3} P

geodietric |
distribution |

FTI(F]):I:]{T] <nt=1-Pi T >N J
= 1 - Pin failures in first n trials}

=1 -(1-ps"

_ | relurn
Mean Value | ECT, = peried”
Variance | Var(T, ) = ]_—2
P
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Geometric Distribution
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Time of k' success |

Let T; = additional trials performed after (i1 )th

sUCccess, 1n order to achieve ith success

k
Tk = _ZlTi
i=

Negative Binomial
(Pascal) distribution

k k
Mean Value E(T,)=E [Z } > E(Ti) = kE(T,) = %
1= i=1
k K _
Variance Var(Ty) = UaP[Z Ti =121W3P(T1 )= K LED)
i=1 =

&
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The k' success occurs on trial no if & only if

® there are exactly k-1 successes in the first
n-1 trials -
LSS [k—J [ _Dj”‘kpkﬂ

® there is a success on the nth trial
Lobsor e P

.- — — H_1 _ n-k
P{T, =nl [k—J“ p)"pk
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has a capacity of 3 autos. A30% of autos arriving
at the intersection wish to turn left,

what 15 the probability
distribution of the
nurmber of arrivals which
cause the capacity of the
left-turn lane to be
exceeded”
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FPascal
Distribution
k=4, p=0.3

8/23/00

Frobability that arrival
#*n causes the overflow
of the left-turn lane

D{T,q = ﬂ} =
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n—1
4-1

(1_[]]”_4[:'4

n Pint

4 0.00810000
E  0.02Z2ES000
6 0.03969000
7 0.05556600
&  0.06S06ES5
9 0.07623665
10 0.02004238
11 0.02004238
12 007704657
1% 0.07191013
14 0.0EG43823
15 0.05820050
16 0.05101206
17 0.04304256
18 0.03735653
19 0.03137948
20 0.026R05419
21 002148110
22 001754200
% 0.01421208
24 0.01144F28
S5 0.00015702
26 000722400
27 0.0057E3S6
28 0.00453904
20 0.00355861
30 0.00ZT7E45
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Pascal
Distribution
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