9. Probability Distribution

e A random variable is a real-valued function whose domain is the sample space of a random experiment.
e The probability distribution of a random variable X is the system of numbers:

X: X1 b)) Xn
P(X): ri P2 Pn

Where,£: = 0= T p;=li=1l2 . »
Here, the real numbers x1, x2, ..., x;; are the possible values of the random variable Xand p; (i=1, 2, ...,
n) is the probability of the random variable X taking the value of x; i.e., P(X=x;) = p;

Cumulative Probability
Cumulative probability is the probability of observing less than or equal to a given number of successes.
Cumulative distribution function :

Let X be a discrete random variable. Suppose x1, x2, ..... xn is the range set of X and p1, p2 ..... pn are the
respective probabilities of values of X. The cumulative distribution function (c.d.f) of X at some fixed value x is
denoted by F(x) and is defined as

Fx=P X <x,x€ER
ie. FxXi=PX<xi=pl+p2+..+pi;i=12,..n

Cumulative Frequency Plot

It is a way of displaying a cumulative frequency graphically. It shows the number, percentage, or proportion of
observations in a a data set that are less than or equal to particular values. c.d.f. of a discrete random variable is a
step function.

e Mean/expectation of a random variable: Let X be a random variable whose possible values x1, x2, x3 ...

X,;, occur with probabilities p1, p2, p3 ... pj respectively. The mean of X (denoted bym) or the expectation
H
. L XD,
of X (denoted by E(X)) is the number =1 = °
¥l
That is, E(X) =0 = Lap = 0py + X3Pz . Inby
e Variance of a random variable: Let X be a random variable whose possible values x1, x7 ... x; occur

with probabilities p(x]), p(x2) ... p(x;,) respectively. Let m = E(X) be the mean of X. The variance of X
denoted by Var (X) or Ox : is calculated by any of the following formulae:

L 0= 5 -G

o 0;° =E(X —p)’

7.8 3 3 :
Ox“ = 2 3 p(x;) — [.E -Tﬂ?"i-"a')]
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0P =E@Y) - [E()) where [E(X))? éxfp(ra-)

It is advisable to students to use the fourth formula.
Probability Density Function
Let X be a continuos random variable. The function f{x) is said to be a probability density function of X if
Hf(x)=0
(ii) J-oooofxdx=1
Let X take values in the interval (a, b) and let x1, X2 be an interval contained in (a, b). Then
1. P(a < X < b) =Jabfxdx=1

Geometrically, this represents the area bounded by the curve y = f(x), x-axis, x = a and x = b. The area bounded
by the curve is 1.

2. P(xl < X< X2) = P()Cl §X< XZ) = P()Cl <XSX2) = P()Cl SXSXz) = IXlXQ.fXdX as P(X =x1) = P(x ZX2) =0
Geometrically, this represents the area bounded by the curve y = f(x), x-axis, x = x and x = x,.

Distribution Function

Let X be a continuos random variable with probability density function f{x). For every real number x;, the
distribution function F(x;) is defined as

Fxi=PX<xi=]-coxifxdx
1.P[X>x]=1-P[X<x]=1- F(x)

2.P(x) <X <xp)=P(x; £X<xp)=P(x; <X<x)=P(x; £X<xy) = F(xp) — F(xy), for (x1, x) contained in the
range of X.



