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1. Introduction

SVM

e Not a probabilistic prediction
e Only Binary decision
e have to tune hyperparameter C

RVM is more sparse, and can solve three problems above.

2. RVM for Regression

RVM = Linear Model + Modified prior for sparse solution

2.1 Model setup

1) conditional distribution : p(t | z,w, 8) = N(t | y(z),1/8)
2) prior :

e (LM) p(w;)=N(0,1/a)
* (RVM) p(w;) = N(0,1/ey)

3) posterior: p(w | t,X,a,8) = N(w | m,X), where

e m=p20Tt
e T=(A+p27®) ' (where A = diag(a;) )

2.2 Maximize Marginal Likelihood
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¢ find optimal @ and 8 by maximizing marginal likelihood, p(t | X, e, 8)

p(t | X, 0, 6) = / p(t | X, w, B)p(w | o)duw
/N(t|qub )N(w|O,A_1)dw
— N(¢ | 0,0)

where C = 811 + ®A &7

Woodbury identity
(A+BD'C) ' =A'-A'B(D+CA'B) 'cA™!

Inourcase, A=8"1I,B=®,D=A,C ="

If we solve...

. a%p(t | X,a,8) =0
o Lp(t] X, a8 =0

Solution :
arev = % =(1— ;%) /m? : implicit

(8%=) " = it — ®m|]*/ (N = X, 73)
e can not solve oV directly...
e step 1) initialize ay and By
step 2) find posterior
step 3) update o« and 3
step 4) repeat step 2 & 3

Relevance Vector

e data(vector) with non-zero weight
e o, ~o00 ,w; =0

RVM vs SVM

1) Sparsity : RVM > SVM

2) Generalization : RVM > SVM

3) Need to estimate hyperparameter : only SVM

4) Training Time : RVM>>SVM
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3. Analysis of Sparsity

Alternative way to train RVM, due to long training time.
[ Log Marginal Likelihood (L(a) )]

L(a) = L) + AMey)

L(a) = In(p(t | X, e, f)) = In(N(t | 0,C))

where C = 8711 + D it a;1¢j¢? +a; ¢l = C_i + o ' g7

Solution :

L R T CoiegiCl
AMoy)=39In(|1+o; ' ¢TCli]) — ¢ )t
si = ¢7C} ¢

e sparsity of ¢;
e overlap between ¢; and ¢;

4 = ¢/ C it

e quality of ¢;
e C~/t:prediction error — g¢; : information about ¢;

85 >q —¢; =0

5i <q —¢; #0

1.2 2
O T (o) = D x(eg) _ Citsd
aaL(a) — da )\(Oé) - (aﬂrsi)z 0
. 9 s}
o if S; S ql — 0y = m

o ifs; >¢q> — 0o =00

4. RVM for Classification

Binary case

* y(z) = o (v p(z))

Multi-class case

exp(ulp(z))

Pu@ =g exp (w7 o(a)
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Hard to calculate marginal likelihood, so use Laplace Approximation
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