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REVIEW: VARIATIONAL SPARSE GP



AUGMENTING THE MODEL

p(y. f) = p(y|f)p(f)



AUGMENTING THE MODEL

p(y. f) = p(y|f)p(f)

p(y,f.u) =p(y|f)p(fp(u|f)



VARIATIONAL COMPRESSION

Let the form of the approximate posterior be

q(f, uly) = p(flu)a(u)



THE BOUND:

L =Eqq [logp(y [f)] = KLI[a(u)l|p(u)]



GAUSSIAN LIKELIHOODS

For a Gaussian likelihood, it is possible to find an analytical solution
for gq(u):

1
£ = logN(y|0,Qs + o’l) — 552 % (Ker — Qrr)

with
Q= K, Kuy ™ 'Key "

Titsias 2009



STOCHASTIC VARIATIONAL INFERENCE

..but making the representation of q(u) explicit leads to a stochastic
optimization algorithm

q(u) = N (u|m,s)

1
L = logN(y|Am, o?l) — o7t (Keg —ASAT) — KL [q(u)||p(u)]

with
A = Kgqy Kuu_1

Hensman et al 2013



PREDICTION

The nonparametric nature of the model is recovered at predict time.
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p(F|y) = / o(F* | F)p(f|y) df



PREDICTION

The nonparametric nature of the model is recovered at predict time.

p(F|y) = / o(F* | F)p(f|y) df

p(F* |y) z/p(f*|f,u>q(f,u\y) df du :/p(f*|u)q(u)du



KL BETWEEN PROCESSES

Minimize the KL:
KL[g(u)p(fu)[[p(u, fly)]



KL BETWEEN PROCESSES

Minimize the KL:
KL[g(u)p(fu)[[p(u, fly)]

Which minimizes the KL beween the posterior processes

S p(f[u)a(u)du || p(fly)

Seeger 2003, Matthews et al 2015



NON-GAUSSIAN LIKELIHOODS




LIKELIHOOD FACTORIZATION

L =Eq) [logp(y | f)] = £L[q(u)][p(u)]

1



LIKELIHOOD FACTORIZATION

L =Eq) [logp(y | f)] = £L[q(u)][p(u)]

L= Eq)llogp(yi| fi))] = £L[a(u)l[p(u)]

q(f) = / p(f, | u)q(u) du

One dimensional quadrature

1



STRATEGY

- Assume g(u) is Gaussian
- parameterize as q(u) = A(m,LLT)
- Optimize Z, 6, m, L using preferred (stochastic?) optimizer



COMPETITORS

VarDTC + mean field

- Assume latent noise p(t|y)p(y|f)p(f)

- Use Sparse GP regression for f

- Use mean-field approximation for latenty
- + Minimizes a KL

- — Nastly factorizing assumption

- — No stochastics

EP + FITC

- Use FITC approximation to the covariance
- Do EP on this approximation
- +EP

- — Stochastics? 13






Holdout negative log probability
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AIRLINE DELAY CLASSIFICATION
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FREE FORM VARIATIONAL METHOD




CURRENT WORK

£ = Eq [log p(y | N] - K£ [a(u)][p(u)



CURRENT WORK

£ = Eq [log p(y | N] - K£ [a(u)][p(u)

log G(u) = Epfu) [logp(y | f)] + log p(u) +



CURRENT WORK

L = Eqq [logp(y| )] — £L[g(u)|[p(u)]
log G(u) = Epfu) [logp(y | f)] + log p(u) +

loga(u, 0) = Eprjue) [log p(y | )] + log p(u | 6) + logp(6) + C



QUESTIONS?



	Review: variational sparse GP
	Non-Gaussian Likelihoods
	Free form variational method

