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Multi-fidelity data: Δ-learning

Figure: Pavlo O. Dral, Tetiana Zubatiuk, Bao-Xin Xue, Learning from multiple quantum 
chemical methods: Δ-learning, transfer learning, co-kriging, and beyond. In Quantum 
Chemistry in the Age of Machine Learning, Pavlo O. Dral, Ed. Elsevier: 2023. Paperback 
ISBN: 9780323900492

Δ-learning: R. Ramakrishnan, P. O. Dral, M. Rupp, O. A. von Lilienfeld, 
J. Chem. Theory Comput. 2015, 11, 2087

H2 dissociation curve
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Automatic procedure to find optimal training 
points for each delta-model

Hierarchical ML (hML): generalized Δ-learning

hML for H2

Figure: Pavlo O. Dral, Tetiana Zubatiuk, Bao-Xin Xue, Learning from multiple quantum 
chemical methods: Δ-learning, transfer learning, co-kriging, and beyond. In Quantum 
Chemistry in the Age of Machine Learning, Pavlo O. Dral, Ed. Elsevier: 2023. Paperback 
ISBN: 9780323900492

Hierarchical ML: P. O. Dral, A. Owens, A. Dral, 
G. Csányi, J. Chem. Phys. 2020, 152, 204110

hML = ∆!HF + ∆HFFCI
HF

HF
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P. O. Dral, A. Owens, A. Dral, G. Csányi, J. Chem. Phys. 2020, 152, 204110

Δ-ML models:
saved 99% of CPU-time
Weighted RMSE:
1.12 cm−1 = 0.003 kcal/mol

Pure ML-model trained on saved 
90% of CPU-time

Weighted RMSE:
3.49 cm−1 = 0.01 kcal/mol

Hierarchical ML for CH3Cl PES
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Structure-based sampling:
P. O. Dral, A. Owens, S. N. Yurchenko, W. 
Thiel, J. Chem. Phys. 2017, 146, 244108
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Multi-fidelity data: Transfer learning

Figures: Pavlo O. Dral, Tetiana Zubatiuk, Bao-Xin Xue, Learning from multiple quantum 
chemical methods: Δ-learning, transfer learning, co-kriging, and beyond. In Quantum 
Chemistry in the Age of Machine Learning, Pavlo O. Dral, Ed. Elsevier: 2023. Paperback 
ISBN: 9780323900492
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Design

P. Zheng, R. Zubatyuk, W. Wu, O. Isayev, P. O. Dral, Nat. Commun. 2021, 12, 7022


