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Today : § 6.1 - 6.3

Next : § 8. l - 8.3
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covering chapters 3. § ,
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Definition : Given (discrete) random variables Xi
,
K
,
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.,Xn

all defined on the same sample space ,

their jointdistributow is the collection of
a"

pix
,ski ,Xi-K, - . . ,Xn=kn){ all possible values k

,
of Xi
,
kofxz

,
. .

,
knofxn)

Eg
.

X
,

Y - BerCp) ,
X

f .#



Recovering Xj from X. = Hi,K. . . .. Xn) : Marginals
Suppose we knew px.lk) for all k -- Hi

, kg . . ., kn) .

How can we find pqltl ?



Eg. Toss a fair coin 3 times . X = # tails in first toss Gori)
y Y = total # tails in all 3 (o, 1,2,3)

xo.lt#

Question : Are X
,
Y independent ?



Joint distributions are just distributions of random vectors
Xi ,Xy .

- -

,
Xn → I -- CX;Xz, . . .,XD
-

-

possible values for X. are vectors 1h, . ., kn) .

Eg
.

Multinomial
.

often
,
trials have more than 2 outcomes

.

Consider a trial w
,
r possible outcomes , e probabilities

13Pa, - - , Pr

Perform n trials
.

For lsjsr , Xj = #times we get outcome j .
Possible values for X. = CX ; . . ..XD :

f
Pl X. = b )

pmf of Mutt ( n ; pi, . . ..PD



Eg . s.is::: ":S.:*.:p;
me.

Note : if r --2
,
Mutt (nip , g )

Eg . Suppose X. n Mutt (nippy .
.
.

,pr) .

Find the marginal
distribution of X , .



Expectations
Let x. = (Xi , . . ..Xn) be a (discrete ) random vector with
joint probability mass function Px

.

.

If g : Rn → IR is a function
,
f- g (X) is a random variable

( still discrete )
.

IE H ) = § t.PH . t)

Eg
.

Toss a fair coin twice
,
Xi
,
the GM .

EH
,K)



t%Hy6ntinuousRan_dmes
A random vector I = Hi , . . .,Xn) has a pdf fi : Rh→ Rt
if
,
for "nice " subsets B s Rh

Pl X. c- B) = fgfx.la. - Dda ,
- -
- dxn

.

( we say X
,
K
,
- . .

, Xn are jointly continuous . )

Properties :

Eg .

Standard Multivariate Normal fix
, . ..

= ⇐in kg



Eg . Uniform Probability
Let A be a bounded region in R2 with area a.g
Let V be a bounded region in 1123 with volume V
i
- ¥1
A random vector X. = Hi,XD ( resp . I = Nyk

,
XD) is

uniformly distributed in A (resp . V) if it is jointly
continueus and has density

FA la ,plz) = at D limpid EA) resp . fv Hi,K,%) -- ftp.xzxde-V)



Eg . Suppose H, t ) has joint density fix,yt-zlxyltyldksa.gsD

compute PIX 41 .



Marginals
Let X. = Hi

,
X
, . . ,

Xn) be a jointly continuous random vector
,

with joint density fx
.

.

The density of Xj is

fx
;
It) = 1µm ,tx lapis . -, xj-yt, x;", . . ., xD die, - - - dxjidsljt , - - - dan .

I Integrate out all but the j th variable )



Eg . Suppose X. is uniformly distributed on the disk of radius 2 .

Find the marginal density of x
, IX. -- Hi

,
XD)


