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Hyperparameter Optimization

Data domain & distribution (X, y) e XXY~D
Per-sampleloss £ : Y XY — R,

Model for HP trained on data ﬁg;,s X - Y

Loss for a HP configuration L(Q, D) = ESwD”E(x,y)wa(ya fé,s(x))

HPO problem min L(Q, D)
0B



SMBO

Sequential Model Based Optimization

— Generate Initial Design of HPs

— Evaluate HPs

— Untilbudget expires

« Construct surrogate model & acquisition
function

« Select next HP via AF maximization

« Evaluate new HP
« Add (HP, loss) to set of evaluated HPs

— Select best HP from evaluated set
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Generate Initial Acquisition Function
Design Maximization

Construct Surrogate Function




Few-s hOt H PO Generate Initial Acquisition Function

Design Maximization
T
Very low-budget SMBO
E InitialDesi i

— Evaluate HPs

LA‘

— Untilbudget expires
—Constructsurrogatemodet & acquisition

function

Construct Surrogate Function

« Select next HP via AF maximization 'V

« Evaluate new HP
« Add (HP, loss) to set of evaluated HPs

— Select best HP from evaluated set
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Meta-learning from
Previous HPO Experiences

Sourcetasks:
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Meta-learning from

Previous HPO Experiences r| o
) Y
Target task few-shot warm-started HPO =
0.000 0.333 91065? 1000
- Meta-learning smallinitial design
- Meta-learning pruned HP search space S
- Transfer surrogate functions e

0667
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Goal of Analysis &
Pre-requisites

Optimality gap upper bound

L(6,D) — L(6*, D)

9 HP from few-shotHPO

Q*Optimal HP for problem
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— Smooth per-sample loss w.r.t. label

f:YXY—)R+

— Smooth lossw.r.t. HPs

IL(6,D) = L(6",D)| <y - 100"l

— Smooth surrogate functions w.r.t. HPs

|5:(0) = 5:(0)] < - [|0 = 0]

— Quantify "domain-gap" between source & target

IL(6,D) — L(6,D)|



Quantifying Domain Gap

Domain gap bound
IL(6,D) —L(6,D")
< B Wi (Pg(D), Pg(D"))
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— Distribution of interest
(z1,22) ~ Po(D)
= (x,y) ~D,S ~ D",

21 < Y, 22 f9,5(x)

— Domain gapis HP specific.

— No need for distance between different multi-
dimensional data distributions of different
sizes and dimensionalities; simple 1-
Wasserstein distance suffices.



Best Achievable

L(6,D) — L(6*, D) < O |max min Wl(Pg(D),PQ(Dr)))
Pe® te|T]



Best Achievable
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3t € [T],D ~ D, = L(6, D) ~ L(6*, D)
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Best Achievable

L(6,D) — L(6*, D) < O |max min WI(PQ(D),PQ(Dt)))
Pe® te|T]

3®t C @,t S [T], UtE[T]Gt — @): Possi . .
ossible to get zero optimality
max W (PQ (D), PQ (Dt)) ~ 0 gap without requiring the

0O, target distribution to match

. one of the source distributions
= L(6,D) ~ L(6*,D)
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Optimality Gap for
Pruned Search Spaces

L(é D) - L(6*: D) — Smaller pruned spaces help
’ , — Best possible

< min (}’ -max [|0 — ¢| +2ﬁ'%1§gw1 (Po (D), Pe(Dr))) < (

te[T]:p, €O 0O O | min max W; (Py(D), Py (Dt)))

te[T] 0O

— Zero optimality gap only if target distribution
matchesone of the sourcedistributions

— Weaker than

~

O (max min Wi (Pg(D), Py (Dt)))
0€0 te|T]
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Optimality Gap for
Pruned Search Spaces

L(6;D) — L(6*; D)

< min (y-maxne—qsfn-zﬁ-maxwlwe(D),Pe(Df))

te[T):p, €0 0cOd 0eO

Meta-learned Initial Design
Meta-learned Bounding Box

Meta-learning Convex Hull
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Optimality Gap for
Surrogate Transfer

$(0) == Xierry e (0) - 5(0) _ Weights
. Fixed a;(0) =11V0 € ©,Vt € [T]

1, I ; 9
- Adaptive a;(0) = { arg maxe[r] s:(0)

0, o.w.

L(6; D) — L(6*; D)

< 2max Z ar(0) (f - W1 (Po(D), Po(D;)) + |L(6,D;) — s:(60)])
te|T]
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Optimality Gap for
Surrogate Transfer

L(9;D) — L(6*; D)

< 2%1621@3;( Z a;(0) (- W1 (Po(D), Po(D;)) + |L(6,D;) — s:(6)])

te|T]|

— Depends on smoothness and approximation
ability of surrogate functions

— Best achievable

~

6| max 3 at(e)wl(Pe(D),Pe(Dt)))
te[T]

AutoML 2022 / Baltimore, USA/ © 2022 I1BM Corporation

— Not necessarily better than pruned HP space for
fixed weights

— Can match best possible

10 (max min Wi (Pg(D), Po(Dy))
0eO te[T]

if and only if weights are adaptive and set
appropriately

1, t=argminjcir] Wi(Po(D),Po(Dj))
o (0) = 0. ow



Conclusion

Novel theoretical framework for
warm-started few-shot HPO

— Allows understanding of existing meta-learning
schemes

— Produces novelinsightsinterms of the domain-
gap and comparison of existing schemes
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Effect of
multi-fidelity
evaluation

Role of
meta-features

New warm-started HPO schemes
to approach the best possible
optimality gap bounds
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