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• Monte Carlo Tree Search
• Modeling Gene Regulatory Networks
• Nested Monte Carlo Search
• Retrosynthesis
• Drug Discovery
• Nested Rollout Policy Adaptation
• RNA Design
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Monte Carlo Tree Search



  

Lee Sedol is among the strongest and the most famous
9p Go player :

AlphaGo Lee won 4-1 against Lee Sedol in march 2016.



  

AlphaGo Zero

   



MCTS



  

• State of the art in General Game Playing (GGP)
• Best AI of the Ludii system (https://ludii.games/)
• Simple modification of RAVE
• Uses statistics both for Black and White at all nodes
• “In principle it is also possible to incorporate the 

AMAF values, from ancestor subtrees.  However, in 
our experiments, combining ancestor AMAF values 
did not appear to confer any advantage.”

GRAVE



  

• Infinite number of moves
• Progressive widening
• Action Decomposition (AD)
• Constraints on the possible actions (CSP)
• cRAVE and cGRAVE
• Application : Biology

Continuous MCTS



  

Modeling Gene Regulatory Networks



  



  

Hybrid Gene Regulatory Networks



  

cGRAVE



  

Nested Monte Carlo Search



  

Nested Monte-Carlo Search



Refutation of Spectral Graph 
Theory Conjectures

 

 
● Monte Carlo Search better than Deep RL 
[Roucairol & Cazenave 2022]



Coalition Structure Generation

● Lazy Nested Monte Carlo Search with clever 
state space [Roucairol et al. 2024] :

 

 



  

Nested Monte Carlo Search :
● Morpion Solitaire [Cazenave 2009]
● SameGame [Cazenave 2009]
● Sudoku [Cazenave 2009]
● Expression Discovery [Cazenave 2010]
● The Snake in the Box [Kinny 2012]
● Cooperative Pathfinding [Bouzy 2013]
● Software Testing [Poulding et al. 2014]
● Heuristic Model-Checking [Poulding et al. 2015]
● Pancake problem [Bouzy 2015]
● Games [Cazenave et al. 2016]
● Cryptography [Dwivedi et al. 2018]
● RNA inverse folding problem [Portela 2019]
● Perfect Rectangle Packing [Doux et al. 2022]
● Refutation of Spectral Graph Theory Conjectures [Roucairol et al. 2022]
● Coalition Structure Generation [Roucairol et al. 2024]
● Optimization of Radars [Ardon et al. 2024]
● Neural Architecture Search [Lallouet et al. 2024]
● Retrosynthesis [Roucairol et al. 2024]
● Drug-like molecule generation [Roucairol et al. 2024]
● …

Applications



  

Retrosynthesis



  

Retrosynthesis



  

• Find a set of chemical reactions that enable to 
synthetize a given molecule.

• The state space is an AND/OR tree as in games.
• DF-PN and MCTS have been used to find 

retrosynthesis pathways.
• Alphachem [Segler et al. 2017].
• AiZynthFinder [Genheden et al. 2020].

Retrosynthesis



  



  

Retrosynthesis



  

Drug Discovery



  



  

DrugSynthMC

• De novo design of virtual libraries
• Statistics on ngrams with the molecules of the FDA
• Lipinski rule of 5
• Synthesizability with AIZynthfinder
• Thousands of novel drug-like molecules per second
• Very small dataset used to train the ngrams (FDA)
• Future work : target oriented evaluation



  

DrugSynthMC



  

Nested Rollout Policy Adaptation



● NRPA is NMCS with policy learning.
● It uses sampling with a softmax of the move 

weights as a playout policy.
● There are recursive levels of best sequences 

as in NMCS.
● There is a policy at each level.
● The policy is reinforced on the best sequence.

Nested Rollout Policy Adaptation



Morpion Solitaire

                                       World record [Rosin 2011]



Virtual Network Embedding

● MCTS for 5G network slicing [Elkael 2023]



Snake in the Box
● Find a long path in an hypercube :

● Improved lower bounds [Dang & al. 2023]



  

● Morpion Solitaire [Rosin 2011]
● CrossWords [Rosin 2011]
● Traveling Salesman Problem with Time Windows [Cazenave et al. 2012]
● 3D Packing with Object Orientation [Edelkamp et al. 2014]
● Multiple Sequence Alignment [Edelkamp et al. 2015]
● SameGame [Cazenave et al. 2016]
● Vehicle Routing Problems [Edelkamp et al. 2016, Cazenave et al. 2020]
● Graph Coloring [Cazenave et al. 2020]
● RNA Design [Cazenave & Fournier 2020]
● Network Traffic Engineering [Dang & al. 2021]
● Refutation of Spectral Graph Theory Conjectures [Roucairol & Cazenave 2022]
● Slicing 5G [Elkael et al. 2023]
● Snake in the Box [Dang et al. 2023]
● Latin Square Completion and Kakuro [Cazenave 2024]
● Flexible Job Shop Scheduling [Kobrosly et al. 2025]
● …

Nested Rollout Policy Adaptation



  

RNA Design



  

RNA Design

• Molecule Design as a Search Problem
• Find the sequence of nucleotides that gives 

a predefined structure
• Useful for synthetic biology, medicine, and 

nanotechnology
• GREED-RNA: Greedy Local Search



  



  



  

Eterna is Solved

• Montparnasse
• Multi Objective Generalized Nested Rollout 

Policy Adaptation with Limited Repetitions
• Base Pair Distance (BPD), Hamming 

Distance, …
• Stop search at a level if the same best 

sequence is found a second time.
• Prior on CG, GC and A.



  

Eterna is Solved



  

Eterna is Solved



  

Eterna is Solved



  

Eterna is Solved



  

Eterna is Solved

• First time that the most difficult problems 
from Eterna are solved within one day.

• Eterna consists of puzzles for the secondary 
structure.

• Next step : 3D design.



  

• Monte Carlo Search has many applications to 
Chemistry and Biology:

– Modeling Gene Regulatory Networks
– Retrosynthesis
– Drug Discovery
– RNA Design

Conclusion


