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Motivation

• AI has achieved superhuman performance in board games

• How to learn from these AI?

• AI is too strong, directly playing with it results in frustration

• Questions: Can AI provide suitable strength for human players to 
learn?

• Contribution: Propose a strength system which can estimate player’s 
strength and adjust strengths accordingly to offer a better human-AI 
learning experience
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Challenges in Strength Estimation with AI

• Playing multiple games to estimate strength:

• Can accurately predict strength after around 20 games (Liu, 2019)

• Issue: Requires a lot of playtime➔ inefficient

• Predicting by history game records:

• Does not require playing, making it efficient (Moudřík & Neruda, 2016)

• Issue: Previous state-of-the-art (SOTA) achieved only 49% accuracy even
with 100 game records➔ highly inaccurate

➔ How to efficiently and accurately estimate player strength?
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Challenges in Strength Adjustment with AI

• Existing methods can adjust strength, but

• AI plays differently from humans ➔ impacts learning and experience (Wu et 
al., 2019)

• Requires fine-tuning to align with real-world strength

➔ How to adjust playing strengths while simultaneously offer 
human-like behavior?

3



Strength Estimator (SE)

• We proposed Strength Estimator (SE) network, SE𝜃(𝑝) = 𝛽, which predicts a strength score (𝛽)
for a given state-action pair 𝑝 = 𝑠, 𝑎
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Bradley-Terry model

𝑃 𝑖 ≻ 𝑗 =
𝛾𝑖

𝛾𝑖+𝛾𝑗
=

𝑒𝛽𝑖

𝑒𝛽𝑖+𝑒
𝛽𝑗

represents the probability that 

individuals 𝑖 defeats 𝑗
• Higher 𝛾𝑖 indicates a stronger individual

𝑃 𝑟1 ≻ 𝑟2 =
𝑒𝛽1

𝑒𝛽1 + 𝑒𝛽2
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➔ 𝑃 𝑟1 ≻ 𝑟2 → 1 if 𝑟1 is stronger than 𝑟2



Strength Estimator (SE)

• We proposed Strength Estimator (SE) network, SE𝜃(𝑝) = 𝛽, which predicts a strength score (𝛽)
for a given state-action pair 𝑝 = 𝑠, 𝑎
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Generalized Bradley-Terry Model

𝑃 𝑖 ≻ 𝑗, 𝑘 =
𝛾𝑖

𝛾𝑖 + 𝛾𝑗 + 𝛾𝑘
=

𝑒𝛽𝑖

𝑒𝛽𝑖 + 𝑒𝛽𝑗 + 𝑒𝛽𝑘

represents the probability that individuals 𝑖 defeats 𝑗 and 𝑘

𝑃 𝑟1 ≻ {𝑟2, 𝑟3, … , 𝑟𝑛} =
𝑒𝛽1

𝑒𝛽1+𝑒𝛽2+𝑒𝛽3+⋯+𝑒𝛽𝑛

…
…

𝑟1

…
…

𝑟2

𝑟𝑛

𝛽2

𝛽1

𝛽𝑛
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Strength
Estimator

➔ 𝑃 𝑟1 ≻ {𝑟2, 𝑟3, … , 𝑟𝑛} → 1 if 𝑟1 is the strongest in {𝑟1~𝑟𝑛}



Strength Estimator (SE)

• We proposed Strength Estimator (SE) network, SE𝜃(𝑝) = 𝛽, which predicts a strength score (𝛽)
for a given state-action pair 𝑝 = 𝑠, 𝑎
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Generalized Bradley-Terry Model

𝑃 𝑖 ≻ 𝑗, 𝑘 =
𝛾𝑖

𝛾𝑖 + 𝛾𝑗 + 𝛾𝑘
=

𝑒𝛽𝑖

𝑒𝛽𝑖 + 𝑒𝛽𝑗 + 𝑒𝛽𝑘

represents the probability that individuals 𝑖 defeats 𝑗 and 𝑘

𝑃 𝑟2 ≻ {𝑟3, … , 𝑟𝑛} =
𝑒𝛽2

𝑒𝛽2+𝑒𝛽3+⋯+𝑒𝛽𝑛

➔ 𝑃 𝑟2 ≻ {𝑟3, … , 𝑟𝑛} → 1 if 𝑟2 is the strongest in {𝑟2~𝑟𝑛}
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𝛾𝑖 + 𝛾𝑗 + 𝛾𝑘
=
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represents the probability that individuals 𝑖 defeats 𝑗 and 𝑘
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Strength Estimator (SE)

• To stabilize the prediction, we propose using aggregated 𝜷 values to 
estimate overall strength

• For each rank 𝑟𝑖, 𝑚 state-action pairs is used
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Strength Estimator (SE)

• Handling out-of-distribution actions:

• Introduce a weakest rank, 𝑟∞, among all ranks

• Disturb the state-action pair by replacing the action to a random action
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SE-MCTS

• Human-like strength adjustment

• To adjust to a specific rank

• Obtain the strength score (𝛽𝑡𝑎𝑟𝑔𝑒𝑡) which is evaluated by the strength estimator

• Prioritize the move in MCTS search based on how close to the target strength score 
through PUCT formula
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𝑎∗ = 𝑎𝑟𝑔max
𝑎

𝑄 𝑠, 𝑎 + 𝑐 ⋅ 𝑃 𝑠, 𝑎 − 𝑐1 ⋅ መ𝛿 𝑠, 𝑎 ⋅
σ𝑏𝑁(𝑠,𝑏)

1+𝑁(𝑠,𝑎)
,

where ቐ
෠δ s, a = normalized δ(s, a) // normalized difference in [0,1]

δ(s, a) = |β(s, a) − βtarget| // difference between action and target strength



Dataset: Go and Chess
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Go Chess

Dataset FoxWeiqi LiChess

# Ranks 11 8

Ranks 𝑟1: 9 Dan

𝑟2: 8 Dan

𝑟3: 7 Dan

𝑟4: 6 Dan

𝑟5: 5 Dan

𝑟6: 4 Dan

𝑟7: 3 Dan

𝑟8: 2 Dan

𝑟9: 1 Dan

𝑟10: 1-2 Kyu

𝑟11: 3-5 Kyu

𝑟1: Elo 1000-1199

𝑟2: Elo 1200-1399

𝑟3: Elo 1400-1599

𝑟4: Elo 1600-1799

𝑟5: Elo 1800-1999

𝑟6: Elo 2000-2199

𝑟7: Elo 2200-2399

𝑟8: Elo 2400-2599

Go

Chess



Strength Estimation in Go and Chess
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• We compare SE and two Supervised-learning (SL) methods (Moudřík
& Neruda, 2016) in both Go and chess

SE achieves over 80% accuracy within just 15 and 26 games in Go and chess



Strength Adjustment in Go

13

• MCTS: High move accuracy but cannot 
adjust strength

• SA-MCTS: Can adjust strengths but 
lowest move accuracy

• SE∞-MCTS: Perform high move 
accuracy and also can adjusts strength



Strength Adjustment in Chess
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• MCTS: High move accuracy but cannot 
adjust strength

• SA-MCTS: Can adjust strengths but 
lowest move accuracy

• SE∞-MCTS: Perform high move 
accuracy and also can adjusts strength



Summary

• We propose a comprehensive strength system that 

• Strength estimation: efficient and accurate (SOTA)

• Strength adjustment: human-like, utilized the predicted strength

• Enhances human-AI interaction by providing adaptive and realistic 
gameplay experiences
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Thank You for Your Attention
Our code and model are available at 

https://rlg.iis.sinica.edu.tw/papers/strength-estimator/
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