Learning at the Edge: Tailed-Uniform Sampling for Robust Simulation-Based Inference

Introduction
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Inverse modelling

Bayesian inference: p(@|x,, -, x )~ [lip(x, |0©) p(O)

e Simulation-based inference (SBI) leverages neural networks
to learn posterior distributions directly from simulation data.

Uniform vs Tailed Uniform Sampling
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Problem: Without gradient information at the boundaries, our
flow-based density estimator cannot learn the correct density

transitions near the cutoff.
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By feeding the network training samples from outside the

uniform region (the extended Gaussian support beyond the

original grid)

e Tailed-Uniform captures the posterior density outside the
assumed prior bounds, and

e Tailed-Uniform learns a smooth, well-calibrated posterior
that extends into boundary-adjacent test points.
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Toy Problem

2D Gaussian simulator with an assumed Gaussian prior

x ~ p(x]| ©)

x ~ p(x| O)
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TABLE I. Posterior Performance for O¢ye = (0.8,0.8).
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Performance vs Tail Width (o)
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Science Experiments

Goal: Want to infer (€2_, h) from observations generated using
the syren-new emulator with heteroskedastic cosmic noise.

C25T in Degeneracy Direction

C2ST Score

o
N
w

0.20
— = ldeal C2ST=0.5

----- Center
0.15 Uniform vs Reference
@ Taileduniform vs Reference

0.900 0.925 0.950 0.975 1.000 1.025 1.050
dl =Q,,+h

C25T in Perpendicular Direction

== Ideal C25T=0.5
~~~~~ Center

C2ST Score

—0.425 —0.400 -0.375 -0.350 -0.325 —0.300 —0.275

d2 =Q,—h

Uniform vs Reference
@ Taileduniform vs Reference

oL

—— Uniform
—— TailedUniform
Reference

True 6

T l > T T T
0.35 0.40 0.45 0.50

Parameter 1

1 % True®

|
1 Uniform proposal

0.30

Parameter 1

® Degeneracy direction (d| =
Qm + h): Uniform degrades
at both ends;
Tailed-Uniform is stable.
Perpendicular direction (d2
= (Qm —h): both methods

perform about the same
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