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Mastering the game of Go with deep
neural networks and tree search

David Silver'*, Aja Huang", Chris J. Maddison', Arthur Guez', Laurent Sifre!, George van den Driessche!,
Julian Schrittwieser!, Ioannis Antonoglou', Veda Panneershelvam!, Marc Lanctot!, Sander Dieleman', Dominik Grewe!,
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Human-level control through deep reinforcement
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Deep-Q Learning
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M. H. Anderson et al., Science 269, 198 (1995)

The Nobel Prize in Physics 2001

“for the achievement of Bose-Einstein condensation in dilte gases of

alkal #tome, and for early fundamental studies of the properies of the

Eric A. Cornell Waolfgang Carl E. Wieman
Ketterle

Tc ~100 nK
# of atoms 104~6
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Algorithm 1

Initialize deep-Q network Q
Initialize target network as Q =0
for episode = 1, Nepisoge do
Initialize environment and get initial observation s
for t =0, Teyy do
Select action a; = argmax, Q(s;, a) with e-greedy exploration
Execute action a; on environment and get reward r; and next state

St At
2D 3 3 3 2 Store (s, a,, 1y, 54 50) In replay memory
Iayer Shape 64" x4 157 32 7" x 64 3 %128 256 128 6 Sample minibatch of (s, a;, 7y, 5,4 4,) from replay memory
filter size g 3? 3 32 Set y, = r, if t = Ty, otherwise v, = r, + ¥Q(s,.a,.a"), where @' =
i El.l'ng]ED(a Q(*“r-{-:}.ﬁa}
stride 4 2 2 2 Train network using gradient of L(y, — Q(s;, a,))
3D Copy O = Q every C steps
layer shape 32°x 5 157 % 32 Pxbd  Fx128 256 128 6 end for
filter size 4 ¥ 3 3 end for
stride 2 2 2 2
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