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GDML: Learning Molecular Force Fields in the Gradient Domain
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The Computational-Chemistry Objects : BO-PES
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BO approximated Potential Energy : VBO (R)



The Computational-Chemistry Objects : location vector to Force vector

Effective Force VVector :

BO approximated Potential Energy
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negative gradient operator



The Computational-Chemistry Objects : location vector to Force vector

Potential Energy Surface Energy

High

A
Energy \\1, & ¥
N
N
N .&\\ \;,t, 2 DR e

Low




How GDML Constructs a Conservative Vector Field
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Descriptor encodes molecular structure.
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Kernel function measures the similarity
between pairs of inputs.
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Kr(R,R) = Vg Vg &(R,R’)
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prevents the informational mutation by translate, rotate

this kernel measures the similarity of two molecular pair

Differentiate the kernel to construct the force covariance.

| = indentity matrix (Bias)
a = weight



Why Force-Domain Supervision Contains More PES Information
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Problem:

Energy-based model lacks detail in under-

sampled regions.

Test Error

Energy Model

Force Model



Why Force-Domain Supervision Contains More PES Information

Solution:

il utll Training in the force domain accurately re-
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These general priors are sufficient
to reproduce good estimates from a restricted numlber of force samples.



What Energy Conservation Removes: The Solenoidal Error
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Ground Truth

true force field is conservative
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Helmholz Decomposition



Does the Physical Prior Improve Data Efficiency?
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£ orders of magnitude more samples.
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From Force Accuracy to Molecular Dynamics
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Fig. 4a: aspirin interatomic-distance distribution
Fig. 4b: dihedral-angle probability distribution
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From Force Accuracy to Molecular Dynamics
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What survived?

1. Energy—force consistency

2. Physical structure is imposed, not learned from scratch
3. Forces are information-rich PES observations
4. The final target is molecular dynamics
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