Overcoming Mean-Field
Approximations in Recurrent
Gaussian Process Models

Alessandro Davide lalongo
Mark van der Wilk
James Hensman

Carl Edward Rasmussen

g% UNIVERSITY OF
“§» CAMBRIDGE

s72) PROWLER.i0o

the decision company

MAX-PLANCK-GESELLSCHAFT



A motivating example




A motivating example

/




A motivating example




A motivating example




A motivating example

J




A motivating example

P\




A motivating example




A motivating example




A motivating example




Transition-function view

Transition-function view
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"Unrolled" Trajectory
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GP State-Space Model

f~GP(m(-),k(-,))
X1 ~ N(upl , Epl)

Xt+1 | JyXy ~ N(f(Xt)a Q)

yt|XtNN(CXt—|—d,R)



Variational Inference
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p(X|f,Y) =p(xalf,Y) | [ p(xel f(xe=1), yer)



A Natural Posterior Choice

Q(XH—l \ /5 Xt) — N(Xt+1; Aty 4 by, ij)
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Avoiding the Cubic Sampling Cost

If: ft — f(Xt)

—1
So, take: I, =~ Ky, ZKZ,ZU‘

d(X | ) ;| S;

1) Factorised - linear q(X) X S,

2) Factorised - non-linear q(X) Ky, zK 2,12 ey S +ACr(xi)A,
3) Non-Factorised - non-linear ¢(X | f) f(x¢) S,

4) VCDT (X |u) Ky zKzyu S+ ACpu(x)A,



Better Calibration

Factorised Posterior Non-Factorised Posterior Comparison
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Better Predictive Performance

HE F[actorised - linear
Factorised - non-linear
mm VCDT
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Cart Position Pendulum Angle Cart Velocity Pendulum Velocity

Cart and Pole Dimensions
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MODEL NLPP RMSE
FACTORISED - LINEAR 2.268 3.548
FACTORISED - NON-LINEAR 1.847 2.974

VCDT 0.694 2.139



