1 Muliveriate norme




e So tur, our dodn have been Wnivaciote
e, %6“% for oll samples v, , ) Vn-

® In many applicotions, we collect multiple
Measufements  for esch sample eq) height
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Preliminacies

* A d-dimensional tundom veckor is o« vector
X=(Xyg, -, Xg) where each Xj S oo fandom voriable
° The mean of X 5 the d-dimensional vector
E(x])= (E(X), ., E[X))e R
®* The covaciance of X IS +he dxd wodrix

Vac(X,)  Cov(X, %) === Cov(Xy, X,)
Cov (X) = cov (x:xp Ver (%) -+~ CD"O(;XA%

Cov(XaX,) Cov(XaX) = Vac(x,)



whece Cov(X 3,>< k) = [E {ij\:l - E{XJ.] “—;[le IS the

Covociance  between X) Gund Xk'

° Note that COV(XA,XO = COVQ(\(,XQ = Cov(X) IS Symmednic

o Cov(Xy X)) = Vas(Xy)

® Colokion s o nermalized vesion of COVO(‘J;XD:

Corl %) = E0X) [y 4]
\5 Vor (X 9 Var(X,)




Mulivaciore normaol  distribudion

eOne of +the most ommon models for mulhiveriote
dofow v the wmuMivotiode normed  okae mu Hivaciode
Gowssian  distribution .

‘SPCC,\'{:\Ca\\/, x v X=(0Y, .. Y(D +a\<m3 Vo ues
In R hay o multiveciate rormal  dretribucion Y
NEan ee‘R ond  Covoriamce 2 € ‘Rdd 5
its density has the form
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IS o symmettiC, inverkible

dxd  wodrix



. de’((i) 5 the detetminant of 2

e T 1 & the inwerse of 2 e

-1 -is _ _<%i°
22 =2 "2 =Ty=°+

o X' s the ‘\—rzaw\SEwS& ot erRd



o Convenient property of multivariote normal N(B,E)

IS ’\‘ka,\' s max_g\'v\als Gse umiVMiquL Y\DrMOLlZ

V=01, Y4)~N(8,%)

= YjNNi(@ch Vi=1,-d.



)L~ dimensional example

o Study n whidh people (1) foke o test , (1) receive
Some  instruction (Tﬁ) take oncther test. So

Y _ YL _ [ Stere on test T
B \(7_ -~ Score on +est TU

® [t @1 = [E [YJ and @1 = UE [\(7_] S0
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° |_Q+ G; = VM(Yj) Gund) 0'12= 0'21_= C_o\,(\(il\(z>‘
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Bayesian model

e Want to infer pa{wme)rers O and T Hrem dare

°c QE Rd/ S {Rd d (Symmeh{(_) =2 d+ d<§_+0 Pocamelecs

° Exomple. d=3 = 3+‘3—(2L‘,—) = 9 pocamelers :

O 0y Oy, O3
6=<ez> 2 .

2
O, Gs
® ° 031



In +the 1-dimensional CoSe, We Saw

o Yi,.-,,Y“\e,qz C N (6 0‘) «— Likelihood

O ~ N1< \_xo,t;> <— Prior for ©

e 0>~ IGg 2,7_0-> Pior for o>

\/\‘e\ds fu\l conditionad s Note that Yee Rl conditionals

—_ F(e\oz;?h\ oud P(Ul‘eli\ bdmﬂ
2
° e \ 62) 7/r\ — Ni( Pn; tn) o the Seme —G-.w\\'\\f as Yheiy
respechive Oriors. Tws 1S
—

20,5, ~ TG(% Yor) | o semienpue




In the d-dimensiona) case :

* Yi’ ""\(r\ \ 8)2 fu\% Nd<6,z>\;l_|'\<e\\hood
° em NA(PO)—/\-O>H Prior for 9

o ZN :[W(Vo / S;L> < Prior & >

whece IW  is the inverse— Wishoct  distribution

(more. on  Fhis below)



AS In the univarciode cose, the above mode) Is

Se,m(—conjugoc\’e with -Fu\\ Cor\d(J\‘\'or\a\S

* O|= ¥, ~ Nd(pn,/\Q
e Ao= (AL az )
o= A (N + 0 27



. Z\@,S/: ~ I\/\/(vﬂ,g;‘>

o Vn =V, + N
© 3= S, +Sg  where
& = (46
o) - (\/\ \)<YI — 6>T

* Full conditionals = Qibbs samplec



Detoils gbout +he above mocdke)

o Covarience madrices ore Symmefic ond poSitive

definite, ie, X'Zx>0O V x e R\ 3o}

= lhe Pﬂbf onNn Z Mmust be o probabi\\‘Jr\/

CJIS‘\T\'bw\'iOV\ onNn 'H\L Spoue o‘p PoS.cleF_ ma+r\'¢25

= The Wishort distribution s o convenierd
choice of dustribufion over pos. def madrices.

T+ s a multivociote %enera,\l'%.ho/\ ot thre



gomma Aistvibuhion.

= We saw Tt if ‘17("\/ Go.mmc._<o.,b)/ then

X e IY\VUSQGG—MM(OL'b>' SiM(\&-{‘\/, \‘C

T e Wiskert (v,,8,), ke Z~IW(WS.)
Thet s, 8 Hhe Precision wvabrix D7 has o
W(S\»o-f-\— distribubon, then The Covoricue 2.

‘\a.s an  inverse Wishort  diskeibution .



7-dimensional example continued
















