 Leb us consider o Scenario where, NI

_rawdowm vacvakles X, Ko ars, Ky @€
 defined on o givew seb S of outcomes
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% |Mukivarioke Disiwbokions (;ji:;:’ :‘:;fwﬂz i e wivil
= (et i)
w@ are mims&eol i cgnamdreﬁ?.m%. 4he veckor: X = LX. Ko suss Xu]'
_Firsk, we need 4o study how these RYs vary together =5 Remedoer thak:
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___d“e"‘“ P ("' < X.< ‘ol 23<¥agly ..., an< Ay SLN) is the \DWW M:j of
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R, ve need. o) mokhematicol fonckion to describes Yhe probabilily of jush Hhese
linteerechions of events => We define the JOINT PDF ac:
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*Ttw pdf of the RY f¢ is now called “MARGINAL™ pdf

Remember thak Ywo events A and B are indepeudent £ 2(A /\5) =P(A) P(E):}

M“é we soy thot X1, Xa oo, Xt axe INDEPEWDENT RVg ([

?(M(X.Sbuﬁl‘fxlﬁ,oz QN<Xn$\DN> TT?(&;KX )
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mm Yais definition o condikion gn Fhe )owﬁ' pag follows:
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e charaderiae Hae yector X in feom of Joint \gro“wmbiktv\} dislri bubiow, becanse.

}m %emm)@ , the RV X, Xz,c..., Xy _are NOT iw,Ms@ =5 How do we meagure

he, amouwt of deptndin & betugeen RVs?

We Mggg@ measvre_depondenty ber pairs of RYS. Nomerous diflecout dypes of

measvres com e congideved, The most nsed measoves are!




_|However:

_ ly=x*
h,,,-ﬁ(m) 3{ (-=)

,,,,A,/u; E ()‘) a4

|\> ;:

° |COVARIANCGE

B, %, W] .« B

( "”/‘a)(:l -/‘:1) ac("ﬁ“lé'j
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| T s used inghead of covoriance because it is stowdordized, and iS wot affecked
by X, and X's oun vanalelily, ise, £ only dependS onthe, joint variekien of X, Y,

~Moreover it can boe shown thab : —tgpyy<l
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gl =e e -predickion fonckion  (¥)

3t can be shown thak khe prediction funciion of form (%) Yhat wininuges the mean

square, ({DWRM) Loy X0 = E((Y'- %(X))OD 1S Qiven wlhew :

s e
p=pP,., 97 . -~
‘ py o
‘ Y= A -
. In +Wis case it can be shown ook i Puy = | = E (( o PX) ) (%%)
1 & 9.
Y
B Tocmula (¥%) wmdecates that (¢) erc=0 when Pry=13 (iL) err is maxinmized,
then f’*“r =0 (¢ic) {’;‘\( is B measure of LINEAR associolwon behween X ond Y
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In the bitariake wormal, distribubion , the contoors sabisty the equakion:
| with one value ¢* for every conbour=>  Conkours are ell vpses with axes:

. j_‘ ik € _j = - f_’f.x _
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|
]
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{x)>0 4(%)20 Yze(a)) the distance betuseen £ and o is:
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;Le*' ws assume that X and Y are two RVSs with joidk pdf £(2,y) awd max ginal,
ML%L&)JM&L%_(QLLE&#&_@E&%._TMD we hante:

wrommaron L06Y) 2 Dy (£, 60y) -

intervals Whextin
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= I(XY)=-——Z03 (4 FXT)

Pre £ corcelation between Xomd Y

= I(XY) =0 when X, Y are independeat and T(KY)—r+oo o€ Phe

 rcelokion between X and ¥ neveases

More in genecal, far any two RVs X amd Y whose jout pdf is £(x,y)70,Je have:

L XY adependent = T(X¥) =0 ewd  I(00,§00)= T(X,Y) for any poscof
, 4_; B one-te -one. continuous trangfocmakion, ¥ Mg :
This was wot %
&uaraw\»ee& T -
Gorrelodion  Iw case o(‘ correlabion, " T o\;ouLd be

| dn S\?M".‘\W:j 5 givm, a. veckor of RVs X =[X1 Xz ... XN]TJ wWe tawa, Pwvide. o wwltiaxialt

probakilily disteibution. by defiuing +he joint pdf . Tn addikivw, we. can proide okl bhe
porwise. ruasures of depenclency agareqaked in one. makeiy :

pY 2 m”* ) : = e mateix can be @v‘_\y.\iés‘;o,wo\«..ﬁéﬂ&..@djmwwg
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Tn tae apeciak case when iy =CoV ()(cLY'&) we hawe :
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Also, i X and X ave independent ‘HWW_-l7](_\,)5L\g~£?rlj),ﬁf.43€x.£&),_,._m..w_,_

_ The wotion of condibional pdf can be used to study one RV as a funchion of the other.
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Therefore, e can prove thak :
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An.«,a%ous\j JWe can define ;(z) £y (YIX z) ond hawet
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| Another nseful gpp@é?é&ﬂmﬂ{;mﬂéé bional distribution __tlg__,__og_hm,.thcmAsm@rhm*j_ of
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(it meacvres the disorder
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Because f(a,q)= L (eluy) . (4) itis easy to show thab:
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H(X’Y) = H (X) ~I(X,Y) = The MI is the a,ve}rag& anount (over Y)
\o:/ which the entopy of X decreases given
+he. OAA:«?‘\:MOML imformc&ﬁon Y= Yy
% Sequences of Random Vaurtalles S -

5o far, e have assvmed Lhot all the RV i the veckor X = [ X4 Xa .. XN ]T ave defined.

on & and used s(md’camous\\‘.} (e e, e ha,ug,-focuse,o\, an +he tntercechion of we/w{—,s],-

2och ek, qu(ma defined, on one RN in X ). Gonsider nou khe @olbwmou, case?
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xS Xy T is avedor
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_Moreover, Hhese RV saticfy the following conditions: -
- cdpop X vst F(a)=Fln) Yae®R ) [X.. XN:\ is called o
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(X 0X1-, X ) Convexges )
| ¢ = /QMM Fz (*)-—f FX(K} VeeH
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