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Joint Distributions

· Joint PMF Px
, y
(x, 3) = P(X= x , y = y]

· Joint PDF fx
,
(2, 2) = density at 11, 31

Say B = set ofN, 31 values =

region in X
, Y chart

PCB] = PL (X,YE B] = Paiy( ay)

Say V = region in X
, Y place

PCV3 = SSy fxx kin/dis dy
When U = GazX = 6

,
c : Y : d3 have :

PU]= f {。'fa、ndeay

Marginal distribution :

"Marginal" = PMF of X or Y py(e) Rlx )considered separately.
θ µ

P× (1
) = Pavlxy )

Pyly ) =臨 Payley )

f
×
(7) = {

.

faslcy)dy
fyly ) -Ifaiy lxiyl dx



Example : Roll 2 dise
, X= Min Y = max.

Q : Find marginal PMFs.
A :

Jonnt PMF Chart :

P ,[61
=143

Py /s) =
9/36

Py(4) = 7/36

P,(3
)
=$36

Pyla )
= 3/36

PyL , = 1136
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(a) P(a = o] (b) P[Q =G] (c) P[G >1] (d) P(G>Q]
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Example : Ex
,
xky) = Guide yx2

,
xE20

. 1]

else

Find fy(y) and Ply(3X].
X ∞

Answer : fy (3) = (
.

*
x
, y
(4 , 4)da

} #iiDraw region:

So fyly) = zee- das
7く =0
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when ye 10 , 1]
ㅣ

fylyl - cce' -
"
dswse '

")

.- e " - e'

= e
'

le _ - 1

when y >I

ㆀ

fy = {-eie 燕
1

PLYC 3 X2 J = -
‰
Sin

"'

e '-"Qude ☆ i ( ite^ )
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Joint CDF

nhen )=
P

些总”落
= I
.

"

L
.

'

tay lurl dudv

fxiy (x. y ) = ayFaiy (any)

Example : (a) Why is Exy(asy) = Exx( : y') ?

Whena, yay

Aus:s =Fㆀ

(b) Fx(x) = Fx
,

y(x , a) 著m
Fy ( y ) = Fxiyla . y )

)Fxiy (x, - ∞ ) = 0 = Faay (- a , y )

Main application : find fro etc.



Independent RVs

Recall for events A. B : PCAIB] = P(A] PLAB] = PLAYP(B]

Definition : X
, Y independent when :

PCXEB , YEBIJ= PEXEBIJ .PCYE B2?

for all B
, B2 < IR intervals

Too hand Bix
.

to cheok all Bi, B2 !

Short version : indep . When

any of these function equalities holds :

O Pay = PR. Pyo fxiy = fafy OFay = Fx . fy
watch out

i .e .PXylx. y ) = R (x) .Pyly 」 !
eeerise fins !



Example : ·A man woman plan to meetbtwn 12
, 10m.

· Uniform dist
.

over 12 : 00 - 1 : 00 each
· Independent of each other.

Find prod . The first to arrive waits longer
than 1Smins for the second to arrive .

Solution : Let X = arrival of man
,
X-10, 60.

Y = arrival of woman
,
Ye(0, 60)

ANS = P["1
*
wail > IS mms"]

= P ( 'time btwo X
, 4 315

"

]
= PLIX - y 101 s ]
= PCX - Y 3 15 OR - (×- *] > 1 s ]
= P(X - Y < 1S OR X-yc - 15]
= P(X-y 1S] + P(X -y - 1S]
= 2P(X - y Is] (by symmetry x + Y)
= 2 PCYEX - 1 S コ 0

Y = コ[ - ( S

US
4 s 6o

ㄹ

=. aidy 로
y + 15 은 "

'

เอ

fx
, e

= f× fy = ‰)( ‰) × iy ε (860 )
Unif . density , can y = a

" S

~∞ 융 just use arece
=

立 / rs 」 ( us )
areas : 60

≠
Y = 3E - i

area =
記 ( φ ssLoss 」

∅
bo -o

P(X-y) - 1S]

5 롯 P(IX-3k1s] = great
area

P(X -y >1 S]∞ = 答 = 歌= 品

" เอ



Example : point p= 3) Mit(:
(a) are X

, Y indes?
6) are R

,
O indep ?

'ty ?
:

1

Eolution :
sa fx

. y
= 倍 else

f×= idy = 号Vi xE [-, + 13

-Ni

fy = 류 vi -
*

Y EE- Y + 1 ]

fxfy = 和 Viu-xz 」(-^ 」 未 立 =
f×y

on us
, y eE ;, 1] って← yるとし

in
<, y = ( + 1]

_ ouf sa
β← y

2
1
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notesendendent



(6) fr,
o
, fr - fo

Method :


