
WyckoffTransformer: Generation of Symmetric Crystals

TLDR
A generative model for materials: permutation–invariant au-
toregressive generative Transformer encoder with a symme-
try-based representation

Wyckoff Positions
For a given symmetry transfor-
mation some points are special: 
they remain invariant. For a given 
space group, a set of points in-
variant under given transforma-
tion is called a Wyckoff position

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

mirror

Representation

Composition: Nd2Al16Cu8
Group: I 4/m m m (139)
  8.9013,   8.9013,   5.1991,  90.0000,  90.0000,  90.0000
Wyckoff sites:
    Nd @ [ 0.0000  0.0000  0.0000], WP [2a] Site [4/m2/m2/m]
    Al @ [ 0.2788  0.5000  0.0000], WP [8j] Site [mm2.]
    Al @ [ 0.6511  0.0000  0.0000], WP [8i] Site [mm2.]
    Cu @ [ 0.2500  0.2500  0.2500], WP [8f] Site [..2/m]
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Fully-connected NN

Step 1: Tokenize

Step 3: Embed & concatenate

Step 4: Transformer encoder

Advertisements
Come to Singapore! It is the most expen-
sive city in the world – because it is worth 
it!

Nature is Symmetric

 Model & Training
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Cross-entropy loss

Step 2: Sample known sequence length = 3 & cascade length = 1
Remove the unknown tokens, MASK the unknown parts of tokens

Code ContactPaper

Distribution of space groups in MP–20 dataset and the generated samples. 98% of 
MP–20 [6] structures belong to symmetry groups other than P1, which consists of 
only lattice transition. For symmetry-unaware models, DiffCSP & FlowMM, just 63% 
and 56% do  their structures are unrealistic!→

Generation Evaluation

References Conclusion
WyFormer has a unique and powerful 
synergy of attributes, proven by exten-
sive experimentation: best–in–class 
symmetry–conditioned generation, 
physics–motivated inductive bias, 
competitive stability of the generated 
structures, competitive property pre-
diction quality, and unparalleled infer-
ence speed. Altogether, they make it a 
great starting point in the material de-
sign pipeline.
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Property Prediction

AFLOW

S.U.N. = Stable Unique Novel; S.S.U.N. = Symmetric Stable Unique Novel

Apply for postdoc & PhD student positions  
at the multi scale ML project at the Na-
tional University of Singapore

Attend the ICLR 2025 workshop on multi 
scale ML on April 27/28 2025. Given low-
level theory and code, how can we model 
complex systems on a useful time scale?

Attend AI4X (not that ) conference 8 to 𝕏
11 July 2025. Covers AI for most natural 
sciences and, eclectically, finance. Abstract 
submission deadline ≈February 1.

WyFormer samples coordinate–free Wyckoff representations 
conditioned on space group symmetry. Full structures can 
then be constructed with DiffCSP++ [1] or pyXtal [8] & MLIP.
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