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TP-based Equivariant GNNs

A tensor is a multi-dimensional array with directional information. 

We have two key operators for Cartesian tensors: tensor product and tensor contraction. They allow us to move up and 

down the rank of Cartesian tensors to produce tensors of higher ranks or contract them down to lower ranks. 

Intuitively, tensor product is to create new tensors using the indices of old tensors and tensor tensor contraction is to 

collapse old tensors using summation and indices.

Today’s Keywords: 

1. Spherical tensors

2. Clebsch-Gordan coefficients

3. Representations and irreps

4. Wigner D-matrices

5. Spherical harmonics

Coming up:

1. TP based equivariant interactions

2. Equivariant GNNs with spherical tensors (Spherical EGNN)

New topic: 

Unconstrained Geometric GNNs
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Tensor Products
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Basis of Tensors
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Change of Basis
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Change of Basis

Image Credit: A Hitchhiker's Guide to Geometric GNNs for 3D Atomic Systems, Duvel et al.. and their presentation slides

Decompose the Catersian Tensor into a direct sum of some subspaces.
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TP-based Equivariant GNNs

Image Credit: A Hitchhiker's Guide to Geometric GNNs for 3D Atomic Systems, Duvel et al.. and their presentation slides

Inner product

Cross product
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Preliminary: Representations
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Preliminary: Representations

Reducible 

Representation

Irreducible

Decomposed 

into irreps

Irreducible

Irreducible



10

Rotation of Spherical Tensor



11

Tensor Products of Spherical Tensors
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Tensor Products of Spherical Tensors

𝑙1 = 1 𝑙2 = 2

𝑙3 = 1

𝑙3 = 2

𝑙3 = 3
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Tensor Products of Spherical Tensors
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Preliminary: Spherical Harmonics
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Preliminary: Spherical Harmonics
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Preliminary: Spherical Harmonics
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Preliminary: Spherical Harmonics

Caveat: May check if these names are rigorous, these are what I see from other papers, but 

not necessarily rigorous.
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Why TP?
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