
 

ICONDITIONALDISTRUBUTIONSTET
X Y be a pair of discrete r.us with support X and Ifrespectively joint punt p and marginal pints Px andby

Consider the events X c A and 4GB for some Act and BEY
The conditional probability of IKEA given YEB is given by

P c Als MeistPIXEAIYEB
PYLYc B

Pfses Kai c AxB

P SES Yes cBl

We may now define the conditional put of X givenY

Det For any value y for which pyly o the conditional punt
of X given that Y is the function givenby

joint mtof6,4
plxlyt PCX xlY D.PK

Hk
for all c IR marginalpintof Y

Likewise for any value x for which KH o the
conditional pint of 4 given that Xx is thefunction
given by

pkk P y Ix ts
4

for all y c IR marginal pint of X

Renfe The conditional pants are legitimate pints

Pkk a



play O for all ER since pay o and Pyly o

likewise for PHI

E.ggRoll two dice ht X sum of rolls Y_maximum of rolls

Get conditional pints of X given 4 4 and Y given 4 7

Consider single column or single row of joint punt table

Y marginal put of X
2 2 3 4 s 6 Pd

2 436 436 Conditional pastof Xgiven
that4 4
s d

4 You 436 436 PHI
s s 47 Hs

Pyle 736
6 436 436 46 436 6 47

7 436 36 636 7 47

8 436 6 436 8 17

9 Jointprobabilities 436 436 436
Play Yue 436

436 436

4
g

marginal pintofY

Y 4 S 6

putzt
T
Conditional punt of Y given that 4 7



Let Y be a pair of continuous r.us with joint potfandmarginal pdfs f and ty
We define conditional pdfs much like we have defined conditional punts

Def For any y c Ik such that by o the conditional pot
of X given that Yy is

thy H for all xc.IR
44

Likewise for any ER such that G so the conditional potof Y given that Xix is

f y H for all yen
4

Remark The conditional pdfs are legitimate pdfs

thy dx rftjdx.tt I I

f Ny 70 for all ER since f 4 70 and fycy 0

Likewise for fkk

E ht 4 kam joint pdf given by

f x y y i x e ICoaxas 04 8

a Find the conditional pdf f x of XIY y
Wer kam
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so ne first need to find the marginal pdf of 4

4 yli xje Ydx ICoaycd

yeY.nl oayco I Ä dx

Ü Ilo

ho for I and y o we have

thy YU x

c

y l x

If we study this pdf carefully we can see tht

14 1 Beta as

b Find P X 4 2

We have

pH 14 2 zu Ä dx
42

z x E
z Ii
3
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Ey ht Y kam joint pdf given by

fC x eepf tn.LY'tD Ilona you

a Find the conditional pdf flylxtofYIX
x.h.nu

41
K
tu

we must first Sind the marginal pdf of X

x x eepf tz.lytDJICocxco dy
g

o I
2X 2X

Ike Ex e dy IlonaFx
µ

e ICoaxco

b for one and y we have

f ylxt zx eepf E.ly D

expf



which we recognize as the pdf of the Normal x
distribution so that

4 X X Normal o x

b Find P 4 2 11 4

Wu hm

PLY 21 y PC IX a

Plz zu Norad o

s ICK
pnorm as

0.3085375

E het v.v kam joint pdf given by

f a 6 v n Ilo neu 2

G Find the conditional density flat of ulk.ir

Sinn

Flak t
Juli

when fuhr o we must first find the marginal
pdf fv of V

We have for 2



4 6 v n 110cm c du

6h n du

6 un E

6 I
z
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So wie kam for von 2

fLulu G 110am r
3W

z Y 2 oau u

b Find P U

wie kam

plu.tn v E du

Yu

4 n a



4 ff H
2 Ly

4

E.gg L2
dimensionalEpanechnikorkernent

Xii f 4 I CITY where a max o

flay Y
t

r intiI.im.n
it

outsidetheunit

Y
2 contours circle

of

i Get conditional pdf of X given that Yay for some y c C D

By the definition

f Klo H
fyly
Feedthemarginalpdfof Y

First get KH In E
Eye

Key x dx
Fi



Ey
HÄ EI

Slice the jointpdf at

c DE

ftp.t Hill 4

Ärotta 1 C y zu

D

Then

tm E 9
It y

4 II Fax E t.rdlxc.IR



ii Find P1 X 14 4

The conditional pot of X given that 4 4 is

1 Hk III Kit n FKK x Ä

Fü E _E atmen Kk

N

PC 14 4 x Ilkka x Kk dx

Lka E L xDdx

B

L X Elf
E EH 4 4
E t E

E 3



CONDITIONAL EXPECTATION

het X Y be a pair of discrete or continuous raus

Det For any function g IR IR and any value y euch that
Pyly 0 or y o the conduit.net of g X giventhat Yay is

glxs.pk y if XY is discrete

ÄH
ga.fl.ly it y is continuous

And likewise for EGLIIX x

12 1 The conditional expectation Efg Y is a function of ysince X is summed integrated out

Set aside the function g IR IR for a moment

If we write TICHY without choosing a value y for Ythen EINY is a random variable as its value depends
on the value of the random variable Y

E.ggRoll two dice ht X sum of rolls 4maximum of rolls

Get conditional expectation of X given 4 4 and Y given 4 7

From before

X S 6 7 8 gives F 144 2CDtz.CH 2C7 tC8
Pxylxl4 Yz4z4zYz 7

44
F

Y 4 S 6
gives F 4 4 7 2CHtelsyte g

Pyd



Egg het v.v kam joint pdf given by

f a 6 v n 1 o neu 2

a Find E Uhr

Wie kam

Efutur u z I F du

IV

b bin El IV
We kam

Elly IV tz 3 E E E Es

F het 4,4 12 City

C Find Eßly for any YEA

EICHY fx.tk y dx



frompreviouswork

H E x E dx

I x ich
E

HÄ Ä

H 5 E
0

We might haveguessed A cross section of
the joint pdf at any y is symmetric
about 0

ii Find EIN

Er
HH 4 IHK ä dx

Hm EH
M2



1k HI t.EE DI
HD E EI
tslt y

Det The conditional variance of X given that Y is

Var xlt yJ EKX EEXIH.BY Y y

Rem IfwewriteVarfXIY without choosing a value yfor Y then Var 14 is a random variable as
it depends on the value of the random variable Y

Usefulexpression a War Xl EXIT EN

E het Y 12 City

From before EHM D and EHM l Y so

Varkt Ill y
Then for example Var Xl 4 4 is given by

Varta E III t

20



E ht 4 have joint pdf given by

f x y y l x e ICoaxas 04 8

a Find EI 14

Um the fact tht XII Beta a y EXITg
We can also obtain by the ulaktrun

F Xl4 x yu Ä'd

y x a Ä dx
B 2 y y

Play
y Phi

Plenty

y
DyPly

L
Ity

b Find War 414 7

We have since 4144 Beta by that KKK KITTY

We can also fand this es 444 EK y Wen kam

KH i yl dx

y i HÄ dx



Pts
pls

y 2 PK
yt2CytDyPlx
2
2 yt

so that

V X14

Dz Yt 2

HTLytz
4
titlytz

ADDENDUM To find C such that 1 Itf is a joint pdf
we do the following

2 f I KH dxdy
n

ff 1 xzty IC x'ty 2 dad

with to polar coordinates r 542 F r cos 0 y r sind

dxdy derdo o 1 0 04

cjfod rhrdrdo
cjf r.tl do

4

C do

c zip


