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Preliminary

Empirical force field

Machine Learning Force Field

Two-body interactions:

1924 Lennard-Jones potential
1929 Morse potential
1938 Buckingham potential
…

2018 SchNet
…

Three-body interactions:

1988 Tersoff potential
1992 Modified embedded atom method 
(MEAM)
2005 Angular dependent potential (ADP)
…

2020 DimeNet
2020 DimeNet++
2021 PaiNN
…

Four-body interactions:

2000 Adaptive Intermolecular Reactive 
Empirical Bond Order (AIREBO) Potential
…

2021 GemNet
2022 ViSNet
…

???

Five-body interactions:

2010 AMOEBA and HIPPO
…

Group representation:

2022 NequIP
2022 Allegro
2022 MACE
…
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Empirical force fields

Oxygen in cyclobutane

Simulation Experiment

Improper torsion



Challenges

 Selection of appropriate physical quantities

 Calculating such a physical quantity increases the computational 
complexity as the order of interactions increases



Methods

Selection of appropriate physical quantities  Topology of many-body interactions



Methods

 Calculating physical quantities efficiently  Architecture of QuinNet



Results

Benchmark on MD17 dataset



Results

QuinNet model shows comparable accuracy with the state-of-the-art models in small molecular datasets.

Benchmark on rMD17 dataset



Results

Benchmark on MD22 dataset



Results

QuinNet accurately models these interactions and achieves higher accuracy in energy and force prediction 
compared to other models on the larger molecular systems.

Ablation study on Chignolin



 In this work, we propose the QuinNet architecture, which efficiently incorporates many-body 
interactions up to whole five-body in graph neural networks for molecular dynamics 
simulations.

 Our experiments on several public datasets, including MD17, revised MD17, MD22, and 
Chignolin, demonstrate that QuinNet achieves high accuracy without significantly increasing 
computational complexity.

 Notably, our ablation study on Chignolin highlights the significance of five-body interactions 
in accurately modeling complex bio-molecular systems. 

Conclusions
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