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Human reasoning and scientific discovery

Inductive and deductive reasoning
I From observations we construct a theory ( = 
)
I We then use the theory to make predictions and design objects
I Until the theory is proven to be incorrect

Sudoku grid with solution Protein structure with its sequence

The theory is written as pairwise Cost Function Network
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Cost Function Networks

Pairwise Cost Function Network (Ising/Potts/Graphical model)

I A set of variables variables
I Variable has domain max. size
I a set of cost/energy functions : � ! R [ f1g

Costs and probabilities
I The cost ( ) of an assignment is the sum of all cost functions on
I Toulbar2 finds ( ) and proves optimality.
I A CFN defines a probability distribution: ( ) / (� ( )) Markov Random Fields
I Normalizing constant is #P-hard to compute
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Designing Proteins The engines of Life

I Most active molecules of life (virus to humans)
I Useful in health to green chemistry
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Protein folding

� � �

Organizes different types of atoms in 3D

Sequence Structure Function

Learning how to design proteins with hybrid AI
5/19 October 1st, 2024



Protein folding

� � �  

Organizes different types of atoms in 3D

Sequence Structure Function

Learning how to design proteins with hybrid AI
5/19 October 1st, 2024



Protein folding

� � �  

Organizes different types of atoms in 3D

Sequence Structure Function

Learning how to design proteins with hybrid AI
5/19 October 1st, 2024



Protein folding

 
Amino acid sequence
(20 letters alphabet)

�
Continuous SE(3)-invariant

3D structure

Organizes different types of atoms in 3D
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Designing Proteins with physics

�

A quite successful all physics+logic generative process

Com. ACM-20, B. Donald et al.
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Predicting SARS-CoV2 variants (Colom et al. 2024)

RBD ACE2

Enumerate CoViD variants with a bounded number of mutations
I Uses only the initial March 2020 RBD-ACE2 structure + Effie/toulbar2
I Relies on (Montalbano et al. 2022) global constraint to bound mutations
I Predicts all the first SARS-CoV2 VoCs (�; �; 
; �; �; �; � and �)
I In a few seconds, on one CPU-thread.

Not achievable by pure autoregressive models (ProteinMPNN)
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Design of an enzyme organizing platform

Design of an heteromeric hexamer

I Design and that self-assemble as but not as or
I Physics+logic: requires bi-level optimization ( -complete) (Vucinic et al. 2020)
I Compare Effie+tb2 (NP-complete) with ProteinMPNN, bi-criteria (Buchet et al. 2024)
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How often is better than ?

Scoring ! Effie PMPNN

Effie 100 % 99.5 %
PMPNN 3.0 % 82.6 %
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Conclusions

A Neural Net, a CFN and a CFN prover in a hybrid autoencoder
I A hybrid generic Generative AI that benefits from each component
I Neural Network: ideal to extract a representation of ( j�) from raw inputs
I Represented as a CFN in a fully explorable and controllable latent layer
I Using decoding by discrete reasoning (toulbar2)
I All this with scalable training
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