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The space of  possible 
materials is intractably vast

A rough estimate: 10160

Even if quantum mechanical 

computation (DFT) is replaced with a 

1000x faster algorithm we can't 

screen all
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Material Generation Problem Statement

• A crystal consists of:
oA 3D point cloud of atoms, including 

coordinates and chemical elements

o Lattice parameters

• The goal is to generate crystals that are
oStable under normal conditions

oNovel: not present in the training data
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ML Challenges

1. Atom types are discrete, 

coordinates are continuous

2. The number of atoms varies

3. Structures are permutation, 

rotation and translation 

invariant

4. Lots of local energy minima
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Symmetries in Crystals

https://opengeology.org/Mineralogy/10-crystal-morphology-and-symmetry/
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Most Real Crystals Have Internal Symmetry

Space group other than P1 indicates presence of symmetry beyond the 
lattice translation
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Materials Project



Wyckoff  Positions
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1a is invariant under

mirror transformation. The two 

x are just examples; the whole 

line is 1a

2b is invariant only under 

identity transformation. The two 

o’s are just examples; almost 

whole plane is 2b

mirrormirror



Wyckoff  
Positions for 

a Space 
Group
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Aroyo, et. al. Zeitschrift fuer Kristallographie (2006), 221, 1, 15-27.



Wyckoff  Positions as Tokens
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Relaxation: DiffCSP++
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Jiao, Rui, et al. "Crystal structure prediction by joint equivariant diffusion." Advances in Neural Information Processing Systems 36 (2023): 17464-17497.

https://proceedings.neurips.cc/paper_files/paper/2023/hash/38b787fc530d0b31825827e2cc306656-Abstract-Conference.html
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Wyckoff  Transformer
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An autoregressive generative Transformer:

• Encoder-only

• Permutation-invariant: no positional encoding, shuffle token order

• Predict the probability for the next part of token



Results
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ICML 2025



The nature is 
elegant, so is 
WyFormer
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WyFormer

• Best-in-class symmetry-
conditioned generation

• Relative 20% S.U.N. 
improvement

• Physics-motivated inductive 
bias

• Unparalleled inference speed
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