
 

Random Variables chapter 3.1

Probability mass function pmf ch 3.2

Cumulative distribution function calf ch 4.1

probability density function pdf ch 4.2
except 4 2 2

Topic 2 I

the outcome of a random experiment is often

a number so let's treat it like one

measurement on a tachometer
stock price
GPA
power demand in a given city at a

particular time of day in summer

XLw map the outcome from the sample space
to a number on the real number line

a random variable RV
is a function x s R



mapping Xlw X x EIR

X or Xlw is a random variable

NOT a value

x is a value It's not random at all
It's just a number

w is the outcome of the random experiment

Xlw is a deterministic mapping function

nothing random at all

some Events of Interest using RVs

Nw x a EX Iw b

we still have our previous function

Pi A o I probability mapping

P Nw x PIX x

P a c Xlw Eb Pla X b

probability that the random variable X
takes on the value x



Example 3 game series

In a typical 3 game series
two teams play

until one team wins 2 games This either takes

2 or3 games depending on the outcome

Since there is often a home gameadvantage

typically the venue is alternated to even the

chances Does this help
Consider the case where team C plays first

at home then plays away and then if necessary
plays at here Let p probability the home

team wins
1 P aww WLW

tree w p Denote W to be

diagrampy.PL wu a win by team CWL

s e Into LLW

p o

i

Team C at home

sample space 5 WW WLW Wh L w w L WL LL

2 RVs from this one experiment

I et Xt w games won by team
C

let Y W games played to complete
series



w outcomes Pllw Nw y w
PCoutcome

WW pll p 2 2

WLW p3
2 3

WLL p p U p l 3

WW 4 p U p p 2 3
WL d PKI PKI p l 3

LL X p p o 2

Can condense the table for both Xlw and Kw
To do this collect all possible outcomes w X _x
and add their probabilities to get p ix
Remember the outcomes form disjoint sets

Xlw P Nw x yLw Plylw y
0 pct p z 2pct p

p2 hp id P 3 I 2pct p
z Pu p tp3f pYp

A table indicating the The pmf of Y
probability mass function pmf

for X



Discrete or continuous

If discrete the range of X contains a

countable possibly infinite number

of elements x Xa i

Discrete RVs have a probability mass function

pmf p lx

continuous RVs can take on any real number

y on an interval ex a Eyeb

All RVs have a probability density function

pdf f lx see chapter 4.2

All RVs have a cumulative distribution function

cdf Fxtx see Chapter 4,1

We'll start with discrete RVs



Probability mass function pint

p lx the probability of event Nw x

lowercase p subscript capital X to

denote which RV this is a pint of
argument lowercase x for the value

pmf is only defined for discrete RVs

Pax p X x p WES Mw x

for x C IR

calculating a pmf
For each value x that X can take

collect all possible outcomes w Mw x

and add their probabilities to get p lx

can denote a pmf by
a a table
b a graph
c a formula



From the 3 game series example

p lx
P 402 4 pj

plz Zp Zp 2pctp l 2pct P

I
pyly

Fy
and using formulas

p lx
PHP if o

C p p't tp if x I
p 2 3p 2p2 if 21 2

O otherwise

Pyly 2pct p if y 2

I 2pct p
if y 3

0 otherwise

Always include the otherwise or else row

The book doesn't always but it's a useful reminder

and technically incomplete without it

I WILL mark off if you omit it and
it's very easy to make subsequent mistakes

if you forget it



Another example
Roll a pair of fair dice and observe maximum

S i j IE ie 6 and I Ej 6 i 0 C Z

Yew Y Li D Max Li j
whats the pmf of y Sy 4334,5 6

Enumerate sets i

set 4 1 4,1

Set 4 2 1,21 2,1 2,2
etc

Pyly PCky
136 pyly

6

2 3 36
7 36

5136
3 5 36

see iii 1
1

5,19 36
4 6136

else I 0

Fist sums lol



Basic properties of a pmf p lx

PHX 30 for all x recall Pax is
a probability

E Pdx 1 because all the sets

x CSx x x together

P X is in event B
form a partition of 5

Pax bail J
summary and preview

we define a RV as a function of outcomes

PC is still a mapping from events to 0,13

There are 3 ways we can get a RV

The RV is the observation ex photon count

The RV is a function of the outcome working

The RV is a function of another Rv
circuits

powerfromvoltage or revenue fromworking circuits

we can condition a RV on an event or a Rr
We will explore independence of an RV

from an event or another RV


