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Topic 1 — Learning Laurent Polynomials’

Neural Network Architecture

Approach:

Power approximator
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Power-term approximator component.

Task: Implement power-term approximator and train networks to learn
Laurent polynomials.

Research Question: Can we use the learned Laurent polynomials for
verification?

'Ranasinghe et al., “GINN-LP: A Growing Interpretable Neural Network for Discovering
Multivariate Laurent Polynomial Equations”.
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Topic 2 — Monotonic Networks?

Neural Network Architecture

Approach:
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o Use weight constraints and a
residual connection to learn
monotonic input-output
relationships.

o For monotonic networks it suffices
to only propagate the input 053 3 3 i s 6
bounds to compute tight output
bounds.
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Monotonic networks learn monotonic
input-output relationships.

Task: Implement and train monotonic networks.
Research Question: How expressive are monotonic networks? Can we
easily verify monotonic networks?

2Kitouni et al., “Robust and provably monotonic networks”.
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Topic 3 — Complete Verification of ReLU Networks®

Neural Network Verification

Approach:

—RelLU ILinear Approximation

o Neural networks with ReLU
activations are piecewise linear.

o By recursively splitting the input
the exact output set can be
computed. BE 1

Linear approximation of ReLU.

Task: Implement complete verification for ReLU networks by recursively
splitting the input.
Research Question: What are effective splitting heuristics, e.g. sensitivity of
a network?

3Bunel et al., “Branch and bound for piecewise linear neural network verification”.
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Topic 4 — Bernstein Networks*

Neural Network Architecture
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o Use Bernstein polynomials to
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approximate activation functions.
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o Bernstein polynomials are a RN AN
special type of polynomials with m‘\g/A\\!//A\\g//A\\@/’Q
unique properties, e.g. easy to

bound. Architecture of Bernstein networks.

Task: Implement and train Bernstein networks.
Research Question: How well can we verify Bernstein networks with

polynomial Zonotopes?

4Fatnassi et al., “Bern-nn: Tight bound propagation for neural networks using bernstein
polynomial interval arithmetic”.
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