
University of Vienna

Faculty of Physics, Computa�onal and So� Ma�er Physics

Kolingasse 14-16, 1090 Wien

T: +43-1-4277-73201

Deep Learning for Rare Event Sampling

Sebas�an Falkner,1* Alessandro Core�,1 Phillip Geissler,2 Christoph Dellago1

1) University of Vienna, Faculty of Physics, 1090, Vienna, Austria

2) Department of Chemistry, University of California, Berkeley, California 94720, USA

Transi�on Path Sampling
Sampling the Path Ensemble 

Limita�ons of regular TPS

Shoo�ng Move

TPS aims at sampling the ensemble of reac�ve trajectories 
connec�ng stable states                                

On an ini�al path, a configura�on is randomly selected and 
op�onally modified                               

Integra�on is performed forward and backward in �me to 
generate a new path                                   

If an acceptance criterion is fulfilled, the path is added to the 
ensemble and the procedure is repeated

Correla�ons between subsequently visited paths impact 
explora�on of path space                                     

Low path genera�on probabilites in complex systems lead to 
waste of computa�onal resources                                

Inherently sequen�al sampling of the path ensemble limits 
scalability

Reac�ve Path Sampling in Parallel

Condi�oning Boltzmann Generators

Star�ng from a set of shoo�ng points, 
paths can be generated in parallel       

Shoo�ng points can be centered on 
regions with high probability to generate 
a reac�ve trajectory                        

Less correla�ons between paths since 
they depend on correla�ons between 
shoo�ng points                   

Trajectories that dwell for a extended 
�me in the biased region are sampled 
more o�en                     

Paths can be reweighted to obtain an 
unbiased path ensemble

Shoo�ng points can be sampled using 
genera�ve neural networks            

Boltzmann generators have been shown 
to be able to generate uncorrelated 
configura�ons    

Configura�ons are generated via a 
learnable, inver�ble transforma�on 
between the Boltzmann distribu�on and 
a latent space distribu�on              

Condi�oning the transforma�on allows 
for biasing different regions in 
configura�on space                 

Harmonic poten�als, as applied in 
umbrella sampling, are used for efficient 
biasing

A B

fzx(z, r)

fxz(x, r)

fzx(z, r)

fxz(x, r)

C D

Biased Equilbrium Distribu�on:

1. Sample Points 2. Integrate

3. Reweight Paths
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Polymer model as a complex 
test system for path 
sampling algorithms     

Genera�on is biased along 
radius of gyra�on (le�)

Efficient path sampling due 
to reduced correla�ons 
(middle)

Thermodynamics of the 
transi�on region can be 
resolved (right)
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