MATH 180A (Lecture AQQ)

Today: Joint distribution. Independence

Next: ASV 8.1

Week 9:

o Homework 6 due Friday, March 10



Joint disteibution (discrete case)
Def. (Joind PMF ). Let X, Yoy Xn be discrete candom
vocioble  defined on the same Probqbi\\'ﬁ space .
The jo'\r\‘\‘ Frobqbilijrj mass Funcfion of (Kiros %o ) 6 qien btj
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Expedcd'iot\ of o Hunchion of o rondom vector

Let Xi,- Xn be discrefe random voriables. Let g R - R

T\'\*’-h E ( 3 (Xu-~~. Xh)\ =

where we sun ovet  all ?osslbk valweS K, .k of X ., Xn
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Mod'cj.mcx\ PM\:

| et F(k‘.-.-‘\ih) be o jo‘m%’ PMF of random variables
X\‘--.‘ Kn. _H'\{h —For ou\j \éjsh the murjinq\ PMFE
of Xj (s guven b:j

(fix J-th varioble  sum over al othec variobles )
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Joind distribution of continuous random voriables

Def. Rondom variables X .., Xn ore joinﬂj continuous  1f
thece exists oo function R > R such that

Function £(xi1%n) i called dhe joint density
Jownt &ehs{{‘\j satisties :

ExmmP\e Consider candom voniables Y and N with :Fm-\
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ExPec‘\'&‘Hoh of o dunction Mo,rlt‘lno\\ PDF
Let Xi.w Xn be jo'mﬂj continuouws randem variob les
with \Solr\* PDF -F; et S:M\% R be o function of n vorlobles.

Then

DQ‘F' Let £ be he Joinjr dev\sH'J of X,,.-, Xa. Then each
random variable Xj hos a (murs'mo\) densi+j

($ix ‘j—ﬂ\ votiable ‘m‘\esmjfe all other \lud‘lb&@)
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Joint distribution and iadependence

Rondom variablks Xii, Xn defined on the same
Probmb{\ilrj space  ase iﬂée?enéeh-\’  foc 0Ny Bi--,. By R
P(X e Kae By - XneBr) = P(X‘EB‘BP(XzeBz)v P(XneBy)

|nde\>er\dence con be exPressecl n tecms of PMFE/PDF

Discrete case!

Let P(\ql--.‘\u\) be the j’ainjr PMF of dicrete fandom
vaciables X Xn . Let ij(\g>=P(Xj=k> be The mcxrj\m\
PMF of Xj' Then X, Xn ore ‘me\e?eh&eﬂ\’
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Exomples
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Roll a foir die “wice

X‘ = # even pumbers

X, = F sixes
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TJoint  distributions and independence . Continuous case

Thm  Let Xi-, Xn be random vociables defined on fhe
so e Probmb'(\\+3 space. Assume that each Xj has PDF J;xj
(1) 1§ the joint densify of  Xi Xa is equal o
£ xn) =
then A, Xn are inclependo_n*r

() 1F X, An axe ir\dePe_r\den* the n
'F(lu-n\ IV\) =

Thm  Lek Xiooy Ka, Xner oo Xnem  be independent ra.ndom
vorwables. Let {: \R“-ﬁ R ‘ S: \Qm'ﬁ R . Define Y= "F(Xh«-\xr\)l
zzg(Xhﬂ‘---‘XMW\\. Then



Exomple

Let Xt An be in&e?ené@n*\ candom Voariables
i~ Geom (pi) . Define Y= min{X . Xn} .
Determin dhe  disteibution of V.

an (X K= kY =
i ) l] T r_omPl\'co:*ecl
nstead  {mind¥ - Xay2 kY=

P (\/v\L\ =

P(Y>L)=



Jownt  disteibufion of X X, Summary
Discrete | Continuous
TJoint  disteibu tion
Joint PMF Joint PDFE
P((Xan(.-\ Kn) € P;B
= P(Xi= W Ka=ka - Kn= k)

= [~ dax, - duy
B

M&rﬂ'\r\u\ Jdstoibution

Mcxrj\nm\ PMFE
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Joint distribution and independence
Exercase et +he J"o'm* distcibution of random variables
X Qné N bc 3'\\12\!\ bj '\'\\2 \'\o‘\‘f\% PMT P(k.l): P(X=\<,\/=€)

\L\\Qo\z

LA AR Y
[ {020\ | ol
) Find  unknown o
2) COW\\DULJ(Q Ahe mqrj'\r\cx\ PMFs K “\ ‘ \ ‘ L ‘O ‘ \ ‘2 ‘
of X and e || o] |

33 Ace X cxhé \/ ‘\Y\éq,pe.nc\.e\r\'\ ’7‘



jo'm‘\' d(s*ribu‘\(oh ond ]ncl,e_pahdu\c(:_

Exerase  Let Xoand ¥ be

joih‘r\E} continuots random vosiabfles
w \‘)o\n‘r PDF
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) Find constant c
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2) Find murj‘\hu\
densifies of X and N
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E)(Odmp\e_ Let X~Ex‘>()\) ' \/NEX?(P\ .......

Jont distribution and independence 90

Su.\:‘)ose X and Y ore \\r\de?qnclen*\.
) Find the \Soiv\‘\ PDF of X andV
2) Com?u‘re P(X4Y>

x +Q\LQS \ICL\UQS .H\ (0\-\-0031\/ “'Q\LQ_S \IOKlUQ.S ‘\n (0‘1.00\
(X\\/) tobke values \n f(xy): xvo (y>oh
) From the 'mde?ehclehce, {x‘\; (1(j)=

23 P(Xé\/)= P((X\\HE {(I‘LD‘.)LU:ST)) =



Joint distribution and independence
Exaimple | et X~EXF(A3,\/~EK\>(P3

SU.NDOSQ X and Y ocre ‘\r\ée?qnclerv\.
Find fhe disteibution of 7= min {X .V}

P(Z>¢)= P(m‘m{x.\/‘;w} =
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Ex?ac'\'os\’ioh of 'FLLY\C.‘HO!\ of n rondom variables

Let %iv; Xn be random variobles et g: R"= R

o f Xy Xn are  discrefe with jo'm'\ PMT P(k.,..., knd) | Then
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