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PROBLEM FORMULATION

* Robust optimization
* Optimize black box function f
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« Consider Input Uncertainty = | 2
*  What is a robust solution? 2 =
 First moment: Je(f) = E[f(x + &) = %
» Second moment: V:(f) = V:[f(x + &)] T a
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“Solution x - is more robust than x*”

Mean:  Eg[f(x; + )] =2 Eg[f(x" + )]
Variance: Ve [f(x + ] < Ve[f(x™ + 8]
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PROBLEM FORMULATION

* Robust optimization
* Optimize black box function f
* Consider Input Uncertainty
 What Is a robust solution?

» Firstmoment:  J:(f) = Ec[f(x + &)]

lraining data
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Objective Function f

» Second moment: V:(f) = V:[f(x + ¢)] /'\ \\y
approach: \ ’(" *?
| \J
 Gaussian Process f~ B =
« Bayesian Treatment of the above moments /l ‘\ ¢ distribution
¢ JeI0P(N] = Ee[67 (x + 9] T T

« VeGP =V6P (x + )] |nputx
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APPROACH

Bochner’s Theorem

J p(w) cos(w"L(x —x")) dw
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APPROACH

Bochner’s Theorem

Inner Product Form Bayesian Linear Model
dT (x)p(x")
Random Fourier Features Monte Carlo
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o2 [ p(w) cos(wTL(x — x")) dw
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APPROACH

Bochner’s Theorem Inner Product Form Bayesian Linear Model
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APPROACH

Bochner’s Theorem Inner Product Form Bayesian Linear Model

J p(w) cos(w"L(x —x")) dw

* JIGP(NI=E [¢p(x+ )']6
» V I[gP()]
~0'E [¢p(x+ )]0 -

[E [¢p(x + )T10]
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APPROACH

Bochner’s Theorem Inner Product Form Bayesian Linear Model

J p(w) cos(w™L(x —x")) dw

| _ * J[GP(H] =E [p(x+ )]0
We derive expressions for * V [GP(f)]
~ OTE [¢p(x + )T]O —

[E [¢p(x+ )T16]°

~ (multivariate) Normal distribution
~ Uniform distribution
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APPROACH

Bochner’s Theorem Inner Product Form Bayesian Linear Model

[ p(w) cos(wL(x —x")) dw

* JIGP(NI=E [¢p(x+ )']6

We derive expressions for * V [GP(f)]

~ OTE [gb(x+ )T]@—
[E [¢p(x+ )T16]°

~ (multivariate) Normal distribution
~ Uniform distribution

Fourier feature base robustness measures

A spectral representation (i.e., a parametric representation) of robustness measures
that supports sampling continuous posterior trajectories
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MAIN CONTRIBUTION

Fourier feature-based robustness measures
A spectral representation (i.e., a parametric representation) of robustness measures

that supports sampling continuous posterior trajectories

Application in Robust
Bayesian Optimization

— Supports various
problem formulations

RFF based f(x) samples
RFF based J(2) samples
RFF based V(x) samples

ot

— Supports various
acquisition functions

QFF based J(x) samples
() samples
B
ot

QFF based f(a) samples

QFF based V

Sample f posterior Sample ] posterior Sample V posterior
T
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MAIN CONTRIBUTION

Fourier feature-based robustness measures
A spectral representation (i.e., a parametric representation) of robustness measures

that supports sampling continuous posterior trajectories

Application in Robust

Bayesian Optimization Proof of Concept
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— Supports various
problem formulations
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— Supports various
acquisition functions
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