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Can we formulate Graph Convolutional Networks 
as Mixed Integer (Non-) Linear Problems?
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Matteo Fischetti and Jason Jo: Deep neural networks and mixed integer linear optimization. 
Constraints, 23(3):296–309, 2018




ⓒ2022 N. Yorke-Smith

f(A,X) = MLP( POOL( GNN(A,X) )) 

adjacency matrix 
feature vector

graph neural 
network

mapping to single 
value
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GCN structure

MINLP model

pooling
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Unknown graph structure

add a boolean var

can make bilinear
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GraphSAGE structure

details in the paper :)
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Helping the solver
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Helping the solver

feasibility-based 
bounds tightening

domain-specific 
side constraints
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Directly optimise Graph Neural Networks 
with a (simple) genetic algorithm
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find molecular structures such that boiling point is optimised

train GNN (using standard training mechanism)

(using Gurobi solver with embedded trained GNN)

examine output molecules by human expert scientist
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