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Learning Objectives

1. Calculate probabilities for discrete random variables
2. Calculate and graph a probability mass function (pmf)

3. Calculate and graph a cumulative distribution function (CDF)
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What is a probability mass function?

Definition: probability distribution or probability mass function (pmf)

The probability distribution or probability mass function (pmf) of a discrete rv. X is defined for every number x
by

px(xX)=PX =x)=P@llw €S : X(w) =x)
{ —t=

Pz(x)
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Let’s demonstrate this definition with our coin toss P= probof il

= {HHH, HHT .... | TTT}  (-p = prob of heads
\:
Suppose we toss 3 coins with X(W) =X — K= O/ \) y 3
T S IXE P(X=0)= PUHAK) = (1) (1-p)1-p) =( 1)’
numbetjf)ftails,whatarethe p (Z= j_) = P( H_H_f__ or HTH or THH)
probabilities of each value of X? — - - T
= (=P)(1-pp + (-p)e(I-p) + p(1-P)( 1-p)
P(X=2)=P(TTHov THT or HTT) :SP(‘.];>&
= P(TTH)+ PTHT)* P(HTT) | |
= pp(i-p) T Pl-p)p+ (lpdp-p ) 3> %, 37X
=3 9.((_ ) 2?x(2&>“ X P (l P>
P P Hails ;ﬁc;r 7(,’:0} |, 2, or 3*
P(X=3)=P(TTT) = pp-p=p> [3)-3 (3)73
eeeeeeeeeeeee (=1 (3)7!



Remarks on the pmf

» A pmf px(X) must satisfy the following properties:

» 0 < px(x) < 1forallx.

—

* 3 =L p(xX= )t P(x=() 1 P(x=2)+ P(%=3) =1

{all x}
e Some distributions depend on parameters
= Each value of a parameter gives a different pmf
= |n previous example, the number of coins tossed was a parameter
o We tossed 3 coins
o If we tossed 4 coins, we'd get a different pmf!

= The collection of all pmf’s for different values of the parameters is called a family of pmf’s

— S
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Binomial family of RVs
STUHHH, HHT . 17T}

Suppose you tosg(jeoins, each with PX (x,> = ( ;3’(’ ) p X( (-p) 3-%

probability of tails p. If X is the
number of tails, what is the pmf of

X? 6‘ 10$5¢§ :  for x=01,2, 3/0,,7-

Px )= (£ )p=(1-p)'™

/

BINOMIAL PMF: " . ., xﬁ
(‘FﬁWl”\/) X, ) = [—9 B
for & option PX( > (%) P ( | )
ontzomenr
defined x og F for x= O,1,2,3,...,n
071' 7] ,Ol‘e*deﬁhcj —

cutzome (1 of Hhad)
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Bernoulli family of RVs

Suppose you toss 1 coin, with
probability of tails p. If X is the

number of tails, what is the pmf of
X?

n=71

binomial = > bernoul;

Fy [)O:(l)’DXJ(/p’D),_xﬁr x=0,1

(>1é>l

| Px (0= P20 for MJ
[
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Household size (1/5)

The table below shows household sizes in 2019. Data are from the U.S. Census.

Size 1 2 3 4 5 or more

Percent 28% 35% 15% 13% 9%

1. What is the sample space for household sizes?
2. Define the random variable for household sizes.

3. Do the values in the table create a pmf? Why or why not?
4. Make a plot of the pmf.

5. Write the cdf as a function.
6. Graph the cdf of household sizes in 2019.
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https://www.census.gov/data/tables/time-series/demo/families/households.html

Household size (2/5) 0, weS

S=11,2,3,4,5,6,72,3,.}
The table below shows household sizes in 2019. Data f \
are from the U.S. Census. @ m |
—> Size 1 2 3 4 5ormore 2 2
Percent 28% 35% 15% 13% 9% 5 B
1. What is the sample space for household sizes? —_S_ \*5 t7t
N~
2. Define the random variable for household sizes. 6L —
- 8§ —— =
X(UU>~' w w——l/"Z/B/‘?l e/:’—’ﬂ_’J
£ Wnat s really
5-[_ w?5/6,7/8/... ko}d(‘n us
—_— back 4"

W =5 jnclude S. 5

Saging =S


https://www.census.gov/data/tables/time-series/demo/families/households.html

Household size (3/5) ® Px (x)r
04 T
0.3 +

The table below shows household sizes in 2019. Data
are from the U.S. Census. 0.2 —+

Size 1 2 3 4 5ormore
Percent 28% 35% 15% 13% 9% 0.0 T
0.2%8 0.2 oO.I1¢C 0.13 0019
3. Do the values in the table create a pmf? Why or

why not?
4. Make a plot of the pmf

0.28 + 0.855+0.I5+
implles 0.3 +0.09= 1

= Creatfets viable /aymﬁf
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https://www.census.gov/data/tables/time-series/demo/families/households.html

What is a cumulative distribution function?

Definition: cumulative distribution function (CDF)

The cumulative distribution function (cdf) of a discrete rv. X with pmf px(X), is defined for every value x by

Fx()=PX=<x)= ) px(y)

s, e

\I, {allﬁ}: y=<x}

P(X£2) = P(X=0)+P(x=1)rP(x=a)

(in coin toss ex)

& r code ptro
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AS IDEC

Household size (4/5) Fx (%) = > Px (ﬁ) Fx ()
oll

%;/,2,3 0
}DX(LCD X

are from the U.S. Census. -

) f@
The table below shows household sizes in 2019. Data 3 ’OX %‘

Size 1 2 3 4  5ormore FZ(L[—>: FX(g)-I— P(X:L}—)

Percent 28% 35% 15% 13% 9% = pg+ 0.13 y P\:j(%)
5. Write the cdf as a function. 0.9
Fx(D=P(X£1)=P(X=1)=0a8 F=(S9=Fglir ~
A(X=<9 S~ =

Fe (@)= P(X£2)=P(EX=1D+PE=2) = 0.9 +0.49
o 0% —L e xen
Fx(3)= P(E £3) - FE- D PEPED| Fet0- (8 3554
Pz () O GixeL

= 0.63 +0.15.5.0.79 1 x=z


https://www.census.gov/data/tables/time-series/demo/families/households.html

Household size (5/5) e (%

A
17

ﬁ
——0
The table below shows household sizes in 2019. Data 1 e—1O0
0.1
are from the U.S. Census.
Size 1 2 3 4 5ormore 0s :
Percent 28% 35% 15% 13% 9%
6. Graph the cdf of household sizes in 2019. 0.25 + e—O
o x<1 o—0——F—1— ;
08 A1&£X

Fe(®)= {053 2¢x<3
0.78 3 £X <Y
0.9 g & xXes§
72 x=5
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https://www.census.gov/data/tables/time-series/demo/families/households.html

Properties of discrete CDFs . _ o
© Jyp o(/scomﬁnmf?
. li(x) is increasing or flat (never decreasing)

e min F(x) =0
2 — l J_ 7

e max F(x) =1

T~
e CDF is astep function

p)ece Wise
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