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Ab initio molecular dynamics simulations

Computationally costly quantum
mechanical calculations
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Representing atomic environments

Message passing neural network [Gilmer et al 2017]
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Rotational invariance:

M(~x) = M(R ~x)

for any rotation R.
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Limits of rotationally invariant message passing

We require local representations for O(atoms) scaling. This introduces additional
(unwanted) symmetries:

Atom representations need to retain some additional directional information!
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Rotationally equivariant message passing

Equivariant message passing:
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with
R ~M(~x) = ~M(R ~x)

for any rotation R.

Equivariant building blocks:
Any (nonlinear) function of scalars: f(s)
Scaling of vectors: s ◦~v
Linear combinations of equivariant vectors: W~v
Vector products: ~v1 ×~v2

Scalar products: s = ‖~v‖2, s = 〈~v1,~v2〉



PaiNN - polarizable atom interaction neural network

Scalar features
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Propagation of directional information

Equivariant message passing is able to
propagate directional information beyond the
radial cutoff

Schütt, Unke, Gastegger (2021). Equivariant message passing for the prediction of tensorial properties and molecular spectra. arXiv:2102.03150
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Predicting tensorial properties
Dipole moment

~µ =
N∑

i=1
~µatom(~vi ) + qatom(si )~ri

Order-M, rank-r tensors:

T =
N∑

i=1

R∑
k=1

λ(si )~ν(~vi )k,1 ⊗ · · · ⊗ ~ν(~vi )k,M

Polarizability tensor:

α =
N∑

i=1
α0(si ) I3 + ~ν(~vi )⊗ ~ri + ~ri ⊗ ~ν(~vi )



Molecular spectra
RPMD @ 64 beads of Aspirin: 25 years → 1 h



Conclusion

Equivariant message passing enables propagation of directional information
beyond the cutoff.

PaiNN enables data-efficient, accurate predictions of tensorial properties.

Further experiments in the paper:
Accurate predictions on QM9 and MD17 benchmark datasets.
Ablation studies showing the importance of equivariant features also for scalar
properties.


