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Higher order message passing neural networks (MPNNSs), or Graph Neural Networks (GNN), assign
(k+1)’th order tensors to subgraphs, for example, for k=2, a 6-cycle would output a 6x6xc tensor where the
first two dimensions index the vertices of cycle while the third dimension corresponds to the channels. The
general rules for permutation equivariant message passing between subgraphs carrying such tensors were
derived in P-tensor framework [1].

While at the level of the graph as a whole such networks can capture structure in an expressive way, at the
level of subgraphs, they enforce equivariance to the full symmetric group Sm of all permutations of vertices
of the subgraph, which limits the space of equivariant maps. The true
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Corollary 1. Consider a GNN on a graph that involves a neuron ng corresponding to a subgraph S In the theory section of our paper, we
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is a permutation equivariant linear operation.
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Table 3: Comparison of different models on the ZINC-12K and OGBG-MOLHIV datasets.
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