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• Generated molecules should satisfy certain desirable properties , which involves learning a 

distribution of molecules conditioned on certain properties from data 

Inverse Molecular Design 
Bao & Zhao et al., ICLR 2023



3

• Let a tuple 𝑧 = (𝑥, ℎ) represent a molecule, where 𝑥 = (𝑥1, ⋯ , 𝑥𝑀) ∈ 𝑅𝑀𝑛 is the collection 

of coordinates of the M atoms and ℎ = (ℎ1, ⋯ , ℎ𝑀) ∈ 𝑅𝑀𝑑 is the corresponding atom feature.

 

Background
Bao & Zhao et al., ICLR 2023

• The model distribution 𝑝 𝑧 𝑐  should be invariant to translational and rotational transformations 
to  leverage the geometric symmetry in 3D molecular conformation

!
𝑝 𝑧 𝑐 𝑝(𝑅𝑧|𝑐)=

𝑅𝑧 = (𝑅𝑥, ℎ)
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Equivariant SDE
Bao & Zhao et al., ICLR 2023

• forward SDE in the product space 𝑋×𝑅𝑀𝑑

independent standard Wiener processes in 𝑋 and 𝑅𝑀𝑑 

• Zero center of mass (CoM) subspace for translational invariance: 𝑋 = 𝑥: !
"
∑#$!" 𝑥𝑖 = 0   

Geodiff: A geometric diffusion model for molecular conformation generation. ICLR 2022. 
 Hoogeboom et al.. Equivariant diffusion for molecule generation in 3d.. ICML, 2022.
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Equivariant SDE
Bao & Zhao et al., ICLR 2023

• Rotation invariance

• reverse SDE in the product space

in the product space, subtract the CoM for translational invariance 
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Equivariant Energy-guided SDE (EEGSDE)
Bao & Zhao et al., ICLR 2023

• Guide generated molecules towards desired properties 𝑐 via a time-dependent energy function 𝐸(𝑧, 𝑐, 𝑡):

translational invariance

• Rotation invariance:

• The EEGSDE defines a distribution 𝑝 𝑧% 𝑐 conditioned on the property 𝑐, which is invariant to 
translational and rotational transformations 



Bao & Zhao et al., Arixv 2022

Equivariant Energy-guided SDE



Choice of Energy : generating molecules with desired quantum property
Bao & Zhao et al., Arixv 2022

the desired property

time-dependent property prediction model

• The energy function is defined as the squared error between the predicted property and the 
desired property:

• Implementation of property prediction model :

the second component (h feature part) in the output of EGNN 
invariant to orthogonal transformations Satorras et al.. E (n) equivariant graph neural networks. ICML, 2021.



Choice of Energy : generating molecules with desired quantum property
Bao & Zhao et al., Arixv 2022

• EEGSDE is able to generate more accurate molecules than EDM, e.g., reducing the mean absolute 
error by more than 30% on the dipole moment property.

Evaluation by Gaussian softwareEvaluation by test property prediction model



Choice of Energy : generating molecules with multiple target properties
Bao & Zhao et al., Arixv 2022

• EEGSDE is able to generate molecules targeted to multiple properties by combining the corresponding 
energy functions linearly:

• EEGSDE still has a significantly better MAE than the conditional EDM



Choice of Energy : generating molecules with target structure
Bao & Zhao et al., Arixv 2022

molecular fingerprint 

time-dependent fingerprint prediction model

• The energy function is defined as the squared error between the predicted fingerprint and the 
molecule fingerprint :

• Implementation of fingerprint prediction model :

O
N

target structure
as fingerprint

multi-label classifier 



Choice of Energy : generating molecules with target structure
Bao & Zhao et al., Arixv 2022

• When targeted to specific molecular structures, EEGSDE better capture the structure information 
in molecules than EDM, e.g, improving the similarity to target structures by more than 10%.:



Thank you!


