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Appendix

Throughout the appendix the expectations and variances of random variables are taken with respect to a Gaus-
sian distribution with parameters C, i (or C, ). We list several algebric properties that are used in the paper
to derive the updates.

n m

m n
L w(AB)=> Y A, B, => > By,A,, =tu(BA).

2. Let A be a square matrix. Then,

p=1¢=1 g=1p=1

Al =Y, cofp Ay and A1 = % , where cofj, 4 is the cofactor of
A, ,in A. For a symmetric matrix A, cof, ; = cof;, , and we get that

d A 71
dA,, = cofpy = cofyy = [A[(A7)py-
Thus 21 — |A|A~1 and, similarly, 28 — —|A-1|A 1.

11



w

IN

©

10.

11.

12.

14.

. From (2) we get

81r1|A\

=A1

. From (2) and (3) we have |A~!| = |A|~! and thus oln|A| _ _OlnlA T _ A

E((x—p)(x—m")
E(xx") — E(up")

E((x-m)'C (x~q)

Otr(AB) _ 3Zp Zq ApqBgp AT
0B -

0B -

9A-T = 6A-1

= BE(xx") = E(ep”) — E(ux") + E(up")

E(u((x— )" C™ (x - 7))
E((C' (x —p)(x —@)")  (Using (1))
w(CT E(x — i) (x — 1)")

tr(C'C) = tr(I) = d

E(tr((x

tr
tr

tr

tr

w'CT (x — )

(C™ 1E( M)(X—M)T)
(c!
tr(C™
(
(

B(xx —xp” — px" + pup”)

YC+ " — fip” — pii” + pp™)) (Using (5))
C™'C) + w(C™ (i — p) (i — w)")
C™'C) + (i — )" C™ (i — )

. Let I, ;, denotes the matrix that has a one in position (p, ¢) and is zero otherwise and let A, ,(A, )

denote the pth column (row) of the matrix A. Then,

AIpan = COl(A,p) ' rOW(B7Q) =

Let O denote the zero matrix. Then,

T I _
A pBg and x" I, ox =[x X]p 4 = XX

dl dC~'Cc dcC!
0= = = c+c! iC
dCpq dCpq dCpq dCpq

This implies that $§— = ~C~'1,,C~' = ~C; 1C, ! .

9Cc—! _ _ —10—

5c == —C gL,

ZT VA 3t ZZTA

aaAA‘ — r(8A ) — (227)" = 22"

dxTBx dB

13. T = XT—yX
From above we get
d(x —p)"'C ' (x —p) T -1
= cL,C
dC,pq ( ) Dyq ( 14)



15.
16.

Hence

Ix —p)"C (x — p)
aC

= —(C ' x—-m)(C (x—p)"
= C'(x—p)(x—p'c!

Equality (14) imply that a(x—u);éj:ll (x=pt) _ (x —p)(x —p)T.

Let A and B be symmetric matrices. Then,

0

—1
8Bi,j Pyq P,q

0B
ZAP,QB‘LP = ZAP,anIflf = _ZAP,qBi,qu,J’ = _Bi,*AB*,J’
,J Pyq

Hence, 82"](3‘61113) = —-BAB.
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