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Background: AlphaZero

Many recent breakthroughs in artificial intelligence have been driven by the 
AlphaZero algorithm, which consists of self-play and NN training:
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AlphaZero’s self-play process remains inefficient
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the best move in 
the prior policy

the best move in 
the searched policy

(3) When deeper search changes the best move, 79% of 
the new best moves come from the top-3 runners-up.

……

self-play

(1) Value labels have high variance, as 
they are derived from a single result.

(2) A few positions exhibit high-uncertainty, 
but these positions are not further explored.

Runners-up are not explored.

62% of positions 
remain the same



Uncertainty-Guided Exploration during Self-play
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Game result:          Game plays:
Uncertainty metric:
For any independent plays ,

Label Change Rate (LCR)
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Bayesian view: model the LCR     as a random variable.
Label change:
Observed data:     where

Posterior LCR:
       where

Prior LCR:
       where

with     observed result changes

Bayesian Inference
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Uncertainty-Guided Branching
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Evaluation
1. End-to-end training: improves sample efficiency up to 58.5% in 9x9 Go 

and 47.3% in 19x19 Go.
2. LCR uncertainty estimator closely matches the empirical results with 

an average RMSE of 0.02.
3. Our design space exploration shows that V=10 achieves the best 

balance for exploration within and between games.
        …
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For more details… Please check our paper!
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Thank you
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