MATH 180A (Lecture AQQ)

Today: Joint distribution

Next: ASV 8.1

Week 9:

o Homework 6 due Friday, March 10



ComPu.Jrir\q momenTs %ihj MEF
Differentiate My () = E (¥ ) wet +

Differentiate Qjoﬁ\r\

Maore 3e.nerallj
Thn, f My ) is bounded wround t=0 then

No ?fO‘Q‘F.
P\\‘\‘ur\oc\'\\( Q\j \



Computing moments using MEF  Examples
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D\‘s'\'r'\bu‘\'\bh 0& oL —Fund'\'oh o{: aC (\&r\dom \Jo.r(QBLO_

Let X be a rondom voriable \eJc 9 be oo funcfion defined

on the row\je of X. Ne oLre_cLéj how how o C-omgu:}e, E(3(>Q\
E(q00)= Z 90 Pix=k) E(300)= | 963§, ) d=
Q: How to com\mde the PMF/PDF of 3()()’7-

Discrefe case: () find the set of all ?055."0\‘2 Volues of 3(X)
G

Exomple K ‘_\ ‘ ‘




Disteibution of o function of a continuous random variable

Let X be o continuous candom variable, 9:R>R
In order to compute fhe POF of 3()@

) c_ovv\\sufre fhe CDF of 30()

(i) differentiote qhe CDF of 4(X)

Exqm?h

Let W~ Unf (o et j(1§=- *\03 (-x) Hor A>o
Find fhe distetbution of V= 5(X).

(o) Rcmga of (fhe \)ossib\e Volues ) of Y s

(i)

G



Lineat Fransformotion of o continuout tondom variable

EXOJY\P‘Q L_ek X ba a Qon'\'ihuous (‘Ckhclom varia ble wH‘h

POF £%() and CDF T (). Let Y=aXsb with beR a#o.
ComFu‘(e_ CDF and POF of V. \I=3(K) with 9&)=ox b

F\/(“ﬁ:-

£9)=



Genera|l formula. Hor oo function of o continuous RV

Let X be a continwous candom variable wiith PDF fy (@)
\£ 3‘-“2*\\1 is or\e-Jro—one_\ diffecentiable and 3‘(1):0
only on o Limfe set | then

3(>q(33 WC (3C3\> 3(3(\)\

EXOJY\P\Q L et X“’N(O\\) ( 3:\2-?“1\ 3(1)=13_Finc\ POF of )G,
[ et \/’-‘30(\: oY dobes volues on The whele [R.

¢ q is not Ohe-To-one. SPH into Intecvals where g 1s one-fo-one .



Rondom vectors

Until now we studied (moer\j\ indwidual random variables
one of o fime us'\ng voriouws “vols  such as

PMF/PDF  CDF ex‘)ec’ruirion‘ Jariance . moments  M&F

We  discussed some very simple models with finite /infinte

number of rondom Variables ('\nde\:ehéen* “rr(u\s)

New se{Jvinj: candom variabks X Xz, Xs, ., Xn | all defined
onh e same \)robub.\\.\{'g space (not hecqssou*‘\\i indeFan&enlr)

(Q 3P> X QR



E.chm\?\e.

o Choose o Fo'm-l w from G wmt disk
R(Nw = é(S'kthQ +o ‘“\e center
T(oﬂ = O‘“S\e

(R(T) s o random veltor

e Roll o daic dic 2 Himes
X, = # of even numbers

X, = # of  sixes

(X\ ‘XL} (5 o Cohdom Nectar



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

wh2 (\L"\LZB
Renrk e

7 0 |

EXO-mP\Q Rol a 'E):\(‘ die twice

X, =% of even numbers

X‘Z_ 2# 0{ S'\XQS 2




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

Ex&mp\e (ccm-\” Tor each even number Yoo ‘jej( l do“Q,r’

ond  The sum 1S W\uH(?\\‘eA bj —he number of Sixes .
q (k)=

E( 3(X|‘Xz\>

1)



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-\

CLQ K\S\'kj



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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_F(x‘j):g%(ijz*j) [ 0sxel, 08y¢

(&) s 0‘\'\,\e_rw§5t
) E(XY) =
RISE

(“) ‘F)( (1) =

fy(4) =

(i) P(XAV):



