WyckoffTransformer: Generation of Symmetric Crystals
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TLDR Wyckoff Positions

A generative model for materials: permutation—invariant au- For a given symmetry transfor- mirror
toregressive generative Transformer encoder with a symme- mation some points are special:
try-based representation they remain invariant. For a given
space group, a set of points in- [ \4), Vi
Re I‘esentathn variant under given transfprma- B
p tion is called a Wyckoff position
2b is invariant only under 1a is invariant under
WyFormer samples Wyckoff representations ":fvrg';yst;?;‘?f;g:';llZ:e T'ar:zrjLtjrsines)fg,.rnn;féfih?fht;v:
conditioned on space group symmetry. Full structures can almost whole plane is 2b line is 1a

then be constructed with DiffCSP++ [1] or pyXtal [8] & MLIP.
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Model & Training

: A
Step 1: Tokenize et al® ooffeec® QM@(«@@@W Qﬁs\f“«\c e
Nd Al Al Cu STOP Distribution of space groups in MP-20 dataset and the generated samples. 98% of
Y MP-20 [6] structures belong to symmetry groups other than P71, which consists of
139 2/ mm2 . mm2 . ..2/m STOP only lattice transition. For symmetry-unaware models, DiffCSP & FlowMM, just 63%
and 56% do — their structures are unrealistic!
0 0 1 0 STOP
Step 2: Sample known sequence length = 3 & cascade length =1 Genera'n()n Eva I uation
Remove the unknown tokens, MASK the unknown parts of tokens
Nd Al Al Method Novel Unique P1(%) Space Group DFT 1t r CHGNet
139 4/m2/ mm2 . MASK MP-20 Templates (#) 1 X2 | # S.UN.(%) S.S.UN. (%) S.UN. (%) S.S.U.N. (%)
mZ/m WyFormer 180 3.24 0.223 96 7.5 7.5 0.33 39.2 38.2
0 0 MASK WyFormerDiffCSP++ 186 1.46 0.212 95 14.1 14.1 0.44 36.7 36.0
DiffCSP++ [1] 10 2.57 0.255 94 8.5 8.5 0.32 41.4 40.8
CrystalFormer [2] 74 0.91 0.276 — - - - 33.9 33.8
WyCryst [3] 165 4.79 0.710 - - - - 36.6 35.2
Step 3: Embed & concatenate DiffCSP [4] 76 36.57 7.989 82 20.8 13.1 0.36 57.4 40.6
FlowMM [5] 51 44.27 12.423 - - - — 49.2 29.9
WyFormer MPTS-52 386 0 0.225 - - - — 24.4 24.4
o Ee1(Nd) Ee1(AL) Ee1(AL) S.U.N. = Stable Unique Novel; S.S.U.N. = Symmetric Stable Unique Novel
seynmcmoedterdy Ess (ié%/) Ess(mm2. ) Ess (MASK)
operatigns
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Step 4: TranSfOI‘meI‘ enCOdeI’ Method Energy, meV Band gap, meV  Train Test Come to Singapore! I_t iS the mOSt expen_ (}

SchNet 3 i sive city in the world — because it is worth
XEEGNI\TL gg ggg Materials Project-2018.6.1 it!
ALIGNN 22 218
Matformer 21 211
ﬂ Pothet e 204 | Attend Al4X (not that X) conference 8 to
CHGNet 34 - MPTrj MP-20
WyFormer T >3a P20 11 July 2025. Covers Al for most natural
Fully-connected NN AFLOW sciences and, eclectically, finance. Abstract
ﬂ Method Thermal conductivity Debye temperature Bulk modulus Shear modulus SmeISSIOn deadllne zFet)ruary 1 ‘
Roost 2.70 37.17 8.82 9.98
CrabNet 2.32 33.46 8.69 9.08
HotCrab 2.25 35.76 9.10 9.43 R
Cross-entropy loss [« ™ 32 A I Attend the ICLR 2025 workshop on mult
WyFormer 220 36.36 963 10.14 scale ML on April 27/28 2025. Given low-

level theory and code, how can we model

Refe rences COnC| USion complex systems on a useful time scale?
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