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Chapter 3. Random Variables

3.3 Cumulative Distribution Variables
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Cumulative Distribution Functions

Cumulative Distribution Functions (CDF)

» Distribution of a discrete random variable X is characterized
by its probability mass function f(x) and its associated support A.

» Distribution of a continuous random variable X is
characterized by its probability density function f(x) and its
associated support A.

» The cumulative distribution function (cdf) applies to both
types of random variables F(x) = P(X < x). |: (9\') = le)‘ P (Xs’x)

» Discrete random variable X v vokt T valu! Jalne

F(x) = P(X < x) :éw

» Continuous random variable X

F(x)=P(X < x) = /(9 f(w)aw.
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Properties of CDF

Properties of CDF

» Since F(x) is defined as a proobability, 0 < F(x) < 1. Fxy = 1A <p)
WW
= E(x) IS ingndecreasmg function of x, that is, for a < be(a) P( .sa)
<
| (a) 5__()) ; o Feb)=P ( §<b)
o (0) < FCb
» Pla< X<b)=F(b)—F(a)=P(X<b)—P(X<a).
VI e A ACIAI AP
» The random variables X and Y are identically distributed if and

only if they have identical cumulative distribution functions.

Pra<Xsb) = P(X<b) - f(X <) - = F(b)- F(0)

§‘® Disuett R\) i S ?*os.rlbm W (X=a)>0
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Example 1

Jo. fO,I,Z} ' ' . §e (w),(l-lﬂ),&(‘l‘,H),(T,T)
A 4
4 X=0 x: 2 ¥
j-)é (,x).-.:f(q) .i— X =\ ) : / 0)
* xo _J& 7
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Example 2

Find the cumulative distribution function for a continuous random
variable X that is uniformly distributed between 0 and 1.
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More properties of CDF

» If X is a discrete random variable, F(x) is a right-continuous step-
function; if X is a continuous random variable, F(x) is a
continuous function.

» For a discrete random variable X with support
A={X1,Xo,...,Xp}, Where x; < Xo < --- < Xp,

fx(X/) — FX Xj) — FX(X,'_1), | = 2,3, cey N,

and fx(x1) = F(xy).
» For a continuous random variable X, if fx(x) is continuous, then
F (x) exists, and
fx(x) = Fys(x).

» In actuarial science, biostatistics, and reliability, the related
survivor function, defined as S(x) = P(X 2 x), is used more
frequently than the cumulative distributed function. If X is a
patient’s survival time after a particular type of surgery, then S(x)
can be considered as the probability that the patient survives to
time x.
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Example 3

(1/9

3/9 X =2 .

] 5/9 XT3 X is diswde

XX)=91 619 x=4
6

8/9 X=
1 X=9 - - =

fx(’x)': F"U)/b X :
o)~k x =2 - 3"1"/‘] LA
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Example 4

Find the PDF of the random variable X with CDF given by

2 = < <
FX(x):X— 0<x<2 S fo ,/X 23 ,
s Cowin

fom =B ox) <)% 22X K pexa
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Thank You

THANK YOU!
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