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Lecture#3 Important Probability Distributions

1- Uniform Distribution

In uniform random variable the pdf f(x) is constant for the whole range of the continues

random variable X. In general, the pdf is given by:

1
—_— <x<bhb
fO={b-a *°°*
0 elsewhere
. a+b —  b%+ab+a? —  _ )
and: X = —— X2 =— o?=x%2—-%x" (Verify)

An example of uniform source is the random binary source that has the probability of
binary “0” identical to the probability of binary “1”.

Q- For a=2 and b=4, sketch f(x), then find x, x2, and o2

2- Binomial Distribution (or Repeated Bernoulli Trials)

This is an example of discrete random variable. Any experiment with two outcomes
only and repeated n times can be considered as Binomial distribution. This is the same
expression used in binomial expansion and its combination coefficients in Lecture#3.

Let the two outcomes called the “Success event” with probability of Ps and the
“Failure event” with probability of Pr. Clearly:
Ps = The probability of the success event in single trial and (Ps+ Pg) =1.

Define the random variable of the binomial distribution as (k), where:
k= Number of times that the success event occurred out of n trials

The probability that exactly the success event occurred for k times is given by:
n!

P(k) = (). PPE™" or P(k) = o= R (1 = Po)" "

In above equation k=0,1,2,3,....... nand Y, ;x P(k)=1
With mean value: k = n. Ps and variance o2 = n. PsPr also: k2 = o2 + (k)>?

E-mail: ak.kadhim@uomus.edu.iq




Information Theory and Coding: 33tall au
plilS craa e g Sl o) ¢ i i) aud

Jagl ) ¢ Qs sl

2024-2023 : Al ) ddud)

1 palaall O gie

Example

Consider an experiment of tossing fair die for 8 times, then find the probability of:
a) Exactly 4 times the outcome 3 occurred.

b) The outcome 5 occurred at least 6 times

¢) An odd number occurred at most 7 times

d) No odd occurred

Solution:

Since we have repeated trials and the required probabilities are for the occurrence of certain
outcome, then the experiment is Bernoulli trials. Thus, in each case we need to define the
success outcome with k and Ps. Bearing in mind that the total number of trials in each case
Is n=8.

a) The success outcome or event is 3, while k=4 with Pg=P(outcome=3) in single trial.
Thus, P; =1/6 andclearly P =5/6

“ Ple=4) = ()-REPE = () Q0" =

b) The success outcome or event is 5, while k=6 or 7 or 8 with P;=P(outcome=5) in single
trial. Thus, P; = 1/6 and clearly P, =5/6
& Plk=60r70r8)=P(k=6)+P(k=7)+P(k= 8)

= Zk=6,7,8 (Z) . Pskpl"l_k
= (D Q%2+ () QO+ () Q% O°

c) The success outcome or event is “Odd Number”, while k=0,1,2...7, with

Ps=P(outcome=0dd) in single trial. Thus, P = % = 1/2 and clearly P, = 1/2.

2 Pk=012..7) =Pk =0)+ .. 4+P(k = 7) =Xyc1.7 () PP

The above is very complex to calculate, then one may use the following instead:
P(k=012..7)=1-Pk=8)=1- (}).()%()°=1-2" (check)
d) No odd occurred (you solve it)
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3- Normal or Gaussian Distribution
The normal or Gaussian pdf is the most known distribution since it models almost all-natural
behavior of experiment or sample space available in normal life. The expression of f(x)
takes the Gaussian shape (sometimes called bell shape) and the expression is governed by
the variance and the mean value of x. Gaussian or Normal distribution pdf is given by:

f(x)= J\}ﬁe_(x_f)z/z"z for —oo <x <o

The following is a plot of normal pdf f(x) with mean x = 13.5 and standard deviation ¢ =
2.5 as an example:
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The change in the mean affect the positioning of the mean (shift of the curve to the left or

right). The peak value in f(x)-axis of the distribution is determined by o while the

center of the peak in the x-axis is at the mean x (i.e at x = x). The following Normal
curves with different o and the mean is fixed at x = 0.
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In any case (of the mean or the variance) the total area under normal curve is unity since it
Is a pdf, so:

(0]

1 —\2 /5.2
x)dx = J e~ (=D7/20% gy — 1
.[f( ) o2

— 00

4- The Poisson Distribution

A discrete random variable taking unbounded positive values obeys a Poisson law with
parameter A if its distribution is given by:

k
P(k) = j‘(— e™4 fork=0,123.......
With mean and variance given X =A4 and g2=A

The main application of Poisson distribution is related to queuing applications as in network
access trials and cell phone calls (k is the number of users asking for the connection service. It
Is also an accurate approximation of binomial distribution for the case where
Ps or Pr become very small and n very large.

5- The Exponential Distribution

Exponential distribution has a quite distinct position in traffic, queueing and reliability domains.
The distribution depends on a single parameter, traditionally denoted as p in the tele traffic field,
and the density function is given by:

f(x) = pe™ ", forz = 0.

Mean value: m =

S =

Variance: Var =

-—
=~
[ov]
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