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Force fields learning
(Development)

Atomistic simulations

Dynamical processes
(Nuclear and electronic)

Propagator learning

ML and Quantum Monte Carlo
(First and second quantization)

Electronic structure

Nuclear quantum effects

Battery physics
Metal clusters’ 

Physics
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Machine Learning for Simulations @

Dynamical processes
(Nuclear and electronic)

Propagator learning

Physical 
Property, x

Time

Machine learning: Time series

For example using LSTM:

Mach. Learn.: Sci. Technol. 3, 025011 (2022) 

effective page
full page1 mm = 7.88 pts

with figure 
1460 x 902 pts 

185.3 x 114.5 mm trajectory: Text in fig. 
and its caption 22pt

However: regular text 26 pt
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Outline

• Applications

• Evolution

• Simulations

• Kernel Methods

• SchNet



• Some uses of ML

Computation efficiency 

Resources management

Explainable AI



Machine Learning
Learning force fields

H = VBO �F = h ⇤
|@H/@x| i



The problem…
Limitations of ab initio molecular dynamics



Ab initio Force Fields

Chem. Rev. 121, 10142-10186 (2021)

Predictive simulations: Energies and forces
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O(N !)

~ sec -> hours

Ab initio

Predictive simulations: Energies and forces
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106 ⇤O(N3)

?

ML

~10 s/s.p.c. ~100 days

Predictive simulations:

Ab initio + Molecular dynamics



ML in physics and chemistry… 

Chem. Rev. 121, 10142-10186 (2021)



MD trajectory of 
fullerene C20

Molecular dynamics (MD) 
simulations

Nat. Commun., 9, 3887 (2018).
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Molecular bond delocalization during MD simulations
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A)    Main degrees of freedom

B)   Minima of the system

C)    Dynamics of the system
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