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Random Variables

Given a random experiment, 3:(S,F,P), a real valued function X (&) defined on
the probability space is called a random variable. That is, to every outcome, & , a number
X (&) is assigned by a certain rule. A random variable (RA) X (&) is subject to the
following two conditions:

i) For every real number x, the set {&: X (&)< x} isaneventin F .
i) P(X:oo):O, P(X:—oo):O.

Probability Distribution Function

Definition: The distribution function of a random variable X (&) is a function
F, (x) defined by

Properties of F, (x)
Important properties of the probability distribution function are:

i) F(-

ii)  F(x) is a nondecreasing function of x, i.e. F(x,)<
iii)  F(x) is continuous from the right. i.e., F( ): F(x
(x+)_I|mF (x+¢), 6>0.

®)=0, F(+o0)=1.
F(x,) if X, <X,.
), where

T

iv) If F(x,)=0,then F(x)=0 forevery x <x,.

V) P{X(¢&)>x}=1-F(x)

vi)  P{x, <X <x,}=F(x,)-F(x,)

vii) P{X =x}=F(x)-F(x), where F(X_):Igifo‘ F(x-¢)
viii) P{x, < X <x,}=F(x,)-F(x).

Density Function

The probability density function of a random variable X (5) is defined as
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Continuous and Discrete Random Variable

A random variable X (&) is called a continuous random variable if its associated

distribution function is continuous and differentiable almost everywhere. For a discrete
random variable, the distribution function takes the shape of a staircase with a finite or
countably infinite number of jumps. The corresponding density function then is given as

:ZPié(x—xi), P =P{x=x}.
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Figure 1. A typical probability density function of a discrete random variable.

Properties of f, (x)

Important properties of the probability density function are:

f( )
i) j f(X)dx =1.
i) F(x)= j f(&)dg

iv)  P{x, <X <x,}=F,(x,)-Fy (Xl):J‘

Xy

£ (x)dx
v)  For a continuous random variable, P{x < X < x+ Ax}~ f(x)Ax and
f(x)= lim P(x < X < X+ AXx)
AX—0 AX
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Common Probability Density Functions
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Weibull

B-1,-ox”
fx (X) _ {kX e

x>0
0 otherwise

Beta
b (o
f(x)= AX°(1-x)° 0<x<1
0 elsewhere
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Binomial

Exponential

f(x)=ce“U(x).

f(x)
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