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Outline
• Representation of Board (deep 

convolutional neural networks, CNN)

• Imitating expert moves (supervised 
learning)

• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

• Select a move, more wisely (Monte 
Carlo tree search)

Policy network (SL)

Value network

Deterministic MDP



• Representation of Board (deep 
convolutional neural networks, CNN)



• Representation of Board (deep 
convolutional neural networks, CNN)



• Representation of Board (deep 
convolutional neural networks, CNN)



• Imitating expert moves (supervised 
learning)

Initializing policy



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

fitted value iteration algorithm



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

Prediction
Model

f: s-> v(s) v(s)

1(win)/0(lose)



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

Prediction
Model

f: s-> v(s) v(s)

1(win)/0(lose)

(S, Z) — training pair (x,y)
“29,400,000 positions from 160,000 games 
played by KGS 6 to 9 dan human players”

1

Overfitting, Training error rate 0.19, Test error rate 0.37



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

(S, Z) — training pair (x,y) — self play?

Supervised Learning policy (SL policy)



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

(S, Z) — training pair (x,y) — Better policy?

Reinforcement Learning policy (SL policy)

better policy better estimation of the value

policy gradient



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

ver. 0 = Supervised Learning policy (SL policy)

Policy Network  ver.0 vs Policy Network  ver.0 Win/loss

……
Policy Network  ver. 

200 vs Policy Network  ver.153 Win/loss

Policy Network  ver. 
201 vs Policy Network  ver.78 Win/loss

……
Policy Network  ver. 

20000 vs Policy Network  ver.
12531

Win/loss



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

policy gradient

win z = 1

lose z = -1

Update



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

Policy Network  ver. 
20000

Reinforcement Learning policy (RL policy)

“a new self-play data set consisting of 
30,000,000 positions, each sampled from a 
separate game”

2



• Select a move, more wisely (Monte 
Carlo tree search)



• Representation of Board (deep 
convolutional neural networks, CNN)



• Representation of Board (deep 
convolutional neural networks, CNN)



• Representation of Board (deep 
convolutional neural networks, CNN)



• Imitating expert moves (supervised 
learning)

Initializing policy



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

fitted value iteration algorithm



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

Prediction
Model

f: s-> v(s) v(s)

1(win)/0(lose)



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

Prediction
Model

f: s-> v(s) v(s)

1(win)/0(lose)

(S, Z) — training pair (x,y)
“29,400,000 positions from 160,000 games 
played by KGS 6 to 9 dan human players”

1

Overfitting, Training error rate 0.19, Test error rate 0.37



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

(S, Z) — training pair (x,y) — self play?

Supervised Learning policy (SL policy)



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

(S, Z) — training pair (x,y) — Better policy?

Reinforcement Learning policy (SL policy)

better policy better estimation of the value

policy gradient



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

ver. 0 = Supervised Learning policy (SL policy)

Policy Network  ver.0 vs Policy Network  ver.0 Win/loss

……
Policy Network  ver. 

200 vs Policy Network  ver.153 Win/loss

Policy Network  ver. 
201 vs Policy Network  ver.78 Win/loss

……
Policy Network  ver. 

20000 vs Policy Network  ver.
12531

Win/loss



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

policy gradient

win z = 1

lose z = -1

Update



• Predicting the wining possibility 
given a board configuration 
(reinforcement learning)

Policy Network  ver. 
20000

Reinforcement Learning policy (RL policy)

“a new self-play data set consisting of 
30,000,000 positions, each sampled from a 
separate game”

2



• Select a move, more wisely (Monte 
Carlo tree search)


