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Tuning Hyperparameters is Expensive

Grid search or smarter search CIFAR-10 N = 100 (ConvNeXt-Tiny)
methods rely on 055 1 |
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Figure: Test accuracy over time for ConvNeXt-Tiny
(D > 1e7) on CIFAR-10 (N = 100).
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Evidence or Marginal Likelihood

log py(y) = log [ py(y|0)py(0)do

e Used in probabilistic models to learn hyperparameters
e Prefers the simplest model that fits the data best (MacKay, 1992)
e For fixed model and data, fits data well even when D > N

LML
Intractable for DNNs

14

> 0

—1 4

_9
2 0 2

Tufts | Department of Computer Science



Evidence Lower Bound (ELBO)

log py(y) = Eqy,6) [log py(y|0)] — Dxr(qy(0)y(0))

In variational inference, we assume an approximate posterior distribution
qw(e) and maximize the ELBO

LML ELBO
Intractable for DNNs D x D covariance
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D > N + Isotropic Covariance = ELBO Underfits
qy(0) = N(010,0,1p)

CONTRIBUTIONS
1. We show analytically that under these assumptions the ELBO underfits

LML ELBO ELBO
Intractable for DNNs D x D covariance isotropic covariance
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Tempered Variational Inference

k- By, 0) log pp(y]0)] — Dxrlgy(6)[/py(6))

Tempered variational inference (Mandt et al., 2016; Zhang et al., 2017;
Aitchison, 2021), power posteriors (McLatchie et al., 2025), and -VAE
(Higgins et al., 2017)

LML ELBO ELBO
Intractable for DNNs D x D covariance isotropic covariance
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Data-Emphasized ELBO

K - Eq,0) [log py(y10)] — Dxr(gy(0)[/py(0))
CONTRIBUTIONS
2. We propose the DE-ELBO (x = D/N) for learning hyperparameters

LML ELBO ELBO DE-ELBO
Intractable for DNNs D x D covariance isotropic covariance isotropic covariance
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Learning Hyperparameters is Affordable

P Gradlent_based lea rnlng Of CIFAR-10 N = 100 (ConvNeXt-Tiny)
hyperparameters via the 0.85- i =
DE-ELBO avoids the extreme
time costs of grid search
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Figure: Test accuracy over time for ConvNeXt-Tiny
(D > 1e7) on CIFAR-10 (N = 100).
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Best Test Accuracy Given Limited Compute

CIFAR-10 N = 100 (ConvNeXt-Tiny)

CIFAR-10 N = 1000 (ConvNeXt-Tiny)

News-4 N = 40000 (BERT-base)

News-4 N = 120000 (BERT-base)

0.85 1 0.94 + ? .
0.925
2 0.80 1 5 0927 - 5 0:900 1
3 I3 8 8
2 2 E 5 0.875 —
2075_ E 0.90 A g g 875 m?gz
5 % 7 2 0.850 AP +
= P o484 © & ® diagEF LA-LML
0.70 1 T 0.825 4 —— diagEF LA-CLML
0.60 ] ® iso ELBO
0.800 4+ : 8
® iso DE-ELBO (ours)
0.65 - 0.55 A I \ | I T
8 32 128 8 32 128
0.90
0.94 -
0.90 - 0.90 1
0.80 -
0.92 A
g g g 0.8 g
3 5 0.80 1 H :
b B © 0.86 090
% 0.70 4 % R v
[ i [ 3
a ) F 0704 = 054 - = J
4 e - e |
0.20 ! 0.20
[ ] ‘ 0.82 4 0.80 - ]
T T T T T T T T T
4 16 64 4 16 64 4 16 64
Hours Hours Hours Hours

Tufts

UNIVERSITY

| Department of Computer Science




Learning Hyperparameter via a
Data-Emphasized Variational Objective

Poster Session: 1

Poster Number: 181

arXiv: arxiv.org/abs/2502.01861

GitHub: github.com/tufts-ml/data-emphasized-ELBO

Tufts | Department of Computer Science



