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Exploration-Exploitation Tradeoff in MCTS
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Larger c: 
wider tree

More threads: 
shallower tree



Characterization of the Asymptotic Tree Structure
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Under regularity assumptions:

• Constant exploration coefficient c, optimal depth grows

• Dynamic exploration coefficient c(⋅),

In particular, for some slowly-varying function L

for

smaller growth rate of exploration c
=> deeper tree, asymptotically



Characterization of the Asymptotic Tree Structure
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Under regularity assumptions:

• Constant exploration coefficient c, optimal depth grows

• Dynamic exploration coefficient c(⋅),

• Example 1:

• Example 2:
(MuZero)

for

smaller growth rate of exploration c
=> deeper tree, asymptotically



Characterization of the Asymptotic Tree Structure
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Under the assumption on thread contention:
• Fixed thread count T, optimal depth grows

• General parallelism T,

Empirical distribution of nodes over depth:
“moderate” level of parallelism if less than ≈



Evaluation: Empirical Scaling of Search Depth
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Empirical depth closely matches the estimate with R2 = 0.86



Evaluation: Joint Tuning
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In Go experiments, the least-squares fit (R² = 0.97) gives

i.e., each doubling of threads lowers the best c by ≈ 0.19



For more details… Please check our paper!
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Thank you
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