Trace trick

e [race:

Trace(B) = Tr(B) = Z B;; = “sum of diagonal elements”
i=1

e (Cyclic permutations are allowed inside
trace

Tr(BCD) = Tr(DBC) = Tr(CDB)

e Jrace of a scalar is a scalar

x"Bx = Tr(x " Bx) = Tr(xx ' B)
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(Gaussian

N(z|p,o?)
:
r y 1 1
N (.l.."[,l‘. 0'2) — (2,_0_2)1/'_) Cxp {_ 202 ('I’. N /1)

or Normal

Tuesday, 5 October 2010



Multivariate Gaussian

lambda =1, sigma=1, mu, = 0, mu,, = 0

1 1 1

D B L DA
(‘Zﬂ-)l),/’.?|E’l,"2(‘\p 2(x p) 3 (X — p)

N (x|, B) =
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Why a Gaussian!

e Central Limit Theorem

e Distribution of the sum of N 1id
random variables becomes
increasingly Gaussian as N grows.

e example




(Gaussian

e Expectation

E[x] = p

e Second moment

Exx'] = ppu" + .

e Covariance

covix| =E [(x — E[x])(x —E[x])'] = =

CBQ‘

.’172‘
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(Gaussian

e | ots of good properties.

e |inear transform of a gaussian variable
IS a gaussian

E(AX +b) = AE(X) + b

}General'

Cov(AX + b) = ACov(X)A*

SO.

X ~N(WuY) = AX+b~N(Ap+b, ALAT).
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(Gaussian

o | et Xy, Xo ~Normal, indep

Y=X1+X0, X1 L Xo = py=p+pe, 2y =2+ 2
o p(Xi)-p(Xz2) ~ Multivariate Normal

e X;| Xs~ Normal

® p Xa,Xb Normal

e marginal is Normal: #(x)= [ pex.x)ax
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Conditional

1
Tp
0.5¢
p(xaa wb)
O L
0 0.5 Tq

10

p(xa |xb - 07) /\

p(Ta)

0.5 T,
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Working with Gaussians

e Goal: End up with a gaussian form
e EXxpand, collect all terms, complete the square.

e See Bishop, Section 2.3.
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Working with Gaussians

e Life saver: Equations 2.113 - 2.117
e Tryto derive them!

e -> (Geometric intuition

Marginal and Conditional Gaussians

Given a marginal Gaussian distribution for x and a conditional Gaussian distri-
bution for y given x in the form

p(x) = N(xlp,A™) (2.113)
p(ylx) = N(y|Ax+b,L ") (2.114)
the marginal distribution of y and the conditional distribution of x given y are

given by
ply) = N(y|[Ap+b, L '+AA'AT) (2.115)
p(xly) = NZ{A'L(y —b)+ Au},X) (2.116)

where

¥»=(A+ATLA) . (2.117)
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Additional infos

e List of cribsheets and additional
material soon on the website.




