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Introduction 

• Boltzmann Probability Density

• Partition function Z: intractable

• Goal: sample from distribution μ only having access to Boltzmann energy 
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Motivation 

• Statistical Physics

• Molecular Dynamics

• Protein Modeling

• Material Science

• Bayesian Inference in Astrophysics, Quantum Chromo-Dynamics and many more . . .
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Related Work

• MC techniques:  AIS, SMC
• Computationally expensive
• Slow convergence in HD spaces

• Simulation techniques
• Scalability issues

• Diffusion Models
• Need training data
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iDEM



iDEM introduction

• Neural sampler

• Diffusion-style

• Simulation-free (in inner loop)

• Computationally tractable

• Stochastic regression objective

• Diffusion sampled data

• Good coverage of all modes

• Imbues symmetries (SE(3) group)
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iDEM introduction

Bi-Level algorithm 

Inner loop

• Optimizes score function
1. How, when we do not have 

samples from the distribution?

Outer loop

• Reverse SDE of score function

• Actual samples are generated
2. Where to get good samples?
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C1 – Inner Loop
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C1 – Inner Loop
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inner loop summary:

• Estimate the smoothed score function 
           using noisy samples 

• Train a neural network with DEM loss

• Use network in outer loop



• With                  frozen:

• Reverse time SDE

• Generate samples

• Store in replay buffer

C2 – Outer Loop
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iDEM algorithm
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  40-mode GMM

  Lennard-Jones 13

  Lennard-Jones 55

  4-particle double-well potential
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Evaluation on 4 tasks, 5 benchmarks
 

PIS

DDS

FAB

pDEM

iDEM



Evaluation on 4 tasks, 5 benchmarks
  40-mode GMM
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Evaluation on 4 tasks, 5 benchmarks
  Lennard-Jones 13 , Lennard-Jones 55
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Evaluation on 4 tasks, 5 benchmarks
 4-particle double-well potential , LJ-13 

7/3/2025 14School of Electrical and Computer Engineering  |  Technical University of Crete  |  Chivintar Amenty  |           github.com/chivintar



Performance Results

• Negative Log Likelihood

• Effective Sample Size

• Wasserstein distance

• Efficient

• High quality samples
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Discussion & Future Work

• Consistent DEM objective
• can it be biased still? 

• reverse SDE: simulation step still
• can it be replaced by a learned policy? RL-like or GFlowNets inspired methods?

• Molecule’s energy is really complex (low temperatures, huge variations)
• maybe flatten a little the energy landscape with more energy?

• collect samples and then somehow simulate the trained model at lower temperature progressively until we 
reach the target temperature?
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Conclusion & Acknowledgements
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Bengio, Nikolay Malkin, Alexander Tong

iDEM strong step forward:

• scalable 

• symmetry-aware

• simulation-efficient sampling

• general

• extensible

• Feynman-Kac Correctors, Schrodinger Bridges, Transition Matching . . . 

• special thanks to the authors for their work and the code availability   → 
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