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This is the First time that a
computer progrom has defeated
a human Pr‘of—ecseional Player in the

Full-sized gome of Go, a fFeat
previously thought to be at
least a decade away.

Silver, D. et al., 2016. Mastering the game of Go with deep neural
networks and tree search. Nature, 529(7587), p.484-4809.
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ABSTRACT

The game of Go is more challenging than other board games, due to the difficulty
of constructing a position or move evaluation function. In this paper we investi-
gate whether deep convolutional networks can be used to directly represent and
learn this knowledge. We train a large |2-layer convolutional neural network by
supervised learning from a database of human professional games. The network
correctly predicts the expert move in 55% of positions, equalling the accuracy
of a 6 dan human player. When the trained convolutional network was used di-




What did AlphaGo do 1o beat the
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Go vs. Chess



Complex vs Complica+ed



,While the Baroque rules of chess could only
have been created by humans, the rules of
go are so elegant, organic, and rigorously
logical that if intelligent life forms exist
elsewhere in the universe, they almost
certainly play go.”

Edward Lasker (chess grandmaster)
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Almost every move is
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Global impact ot moves
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How do you determine Pi?



n o= 3000 (r = 3.16667)
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Browne, Cb, and Edward Powley. 2012. A survey of monte carlo tree search methods. Intelligence and Al 4, no. 1: 1-49
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ABSTRACT

The game of Go is more challenging than other board games, due to the difficulty
of constructing a position or move evaluation function. In this paper we investi-
gate whether deep convolutional networks can be used to directly represent and
learn this knowledge. We train a large 12-layer convolutional neural network by
supervised learning from a database of human professional games. The network
correctly predicts the expert move in 55% of positions, equalling the accuracy
of a 6 dan human player. When the trained convolutional network was used di-
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Deep Neural Networks
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Michael A. Nielsen, "Neural Networks and Deep Learning", Determination Press, 2015

http://neuralnetworksanddeeplearning.com
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Shared weights and biases
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Multiple Feature maPG/PiH-ers

28 x 28 input neurons first hidden layer: 3 x 24 x 24 neurons

Michael A. Nielsen, "Neural Networks and Deep Learning", Determination Press, 2015
http://neuralnetworksanddeeplearning.com
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28 » 28 input neurons 4 x 24 » 24 neurons

G x 12 % 12 neurons

Michael A. Nielsen, "Neural Networks and Deep Learning", Determination Press, 2015
http://neuralnetworksanddeeplearning.com
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the next move
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Inpu+ Features

e Stone Colour X 3
e Liberties X 4

e Liberties after move Played X G

. I_eﬂal Move X |
e Turhns since X 5
« Capture Size X 7
e Ladder Move X |

e KGs Rank X 9
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Moc;ﬂy beats GhuGo



Combined with MCTS
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Networks in Training

Rollout policy SL policy network

Human expert positions Self-play Positions

Silver, D. et al., 2016. Mastering the game of Go with deep neural
networks and tree search. Nature, 529(7587), p.484-4809.



Alphaéro Search

a Selection b  Expansion c Evaluation d Backup
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Silver, D. et al., 2016. Mastering the game of Go with deep neural
networks and tree search. Nature, 529(7587), p.484-4809.
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3 Strengths ofF AlphaGo

Human Instinct Policy Network
Readina CaPalailier Search

Positional Judgemerﬂr Value Network



Most Impor'+an+ s+reng+h

Human Instinct Policy Network

Readina CaPaloilier Search

Positional Judaement Value Network
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Making X Faster
V=
Doing less of X



Moclularizina small components



Benchmark evererhina



5o|vina Prob\eme the way
VS
So\vina Prola\emc; the
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Don't blindly dismiss approaches
as infeasible



One Approach
V=
Combination of Approaches
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Make a move in the form XY, e.g. Al19, D7 as the labels indicate!
> F8

ABCDEF®GHI]

Dt & A 9
B Koo L AR 8
7.00. . 0 7
G . i D 6
5.00X 0 5
" ek i S e 4
BT G O e S
20 « K. 2
1 1

ABCDEFGHI]
white played at F8
black's turn to move!'’
Rubykon is thinking...

D2 == B.4881516587677725
C8 => 0.4827586206896552
F4 == 0.4827586206896552
F5 == 0.47761194029850745
G4 => 0.47474747474747475
E8 => 0.4744897959183674
G6 == 0.47150259067357514
D6 == 0.46875
D4 == 0.4627659574468085
F7 => 0.46236559139784944
ABCDEFGHI
9 i o5 @ 9
- S S 1 ¢ 8
T = 000 .05 0 7
6 . o D 6
5.00X ] 5
4 . XX . e 4
C S S G 3
28 Xow o X P
1 1

ABCDEFGH?I
black played at D2
white's turn to move!:’
Make a move in the form XY, e.g. Al19, D7 as the labels indicate!
= F5
ABCDEFGH2I]

S S TR ST WY T
>
=
=

RPN RN PTRN T WY, Y T

ABCDEFGHI]
white played at F5
black's turn to move!'’
Rubykon is thinking...



Welcome to web-go

This is work in progress, please enjoy your game.
Counting rules are chinese /area counting.

Pr‘agTola/ web—go




pasky / michi ® Watch~ 18

Minimalistic Go MCTS Engine

'Cr} 117 commits E-'F'E branches > 0 releases Iﬁﬁﬁmntribumrs
rI‘.:'!, Eranch: master « michi ,'f S m Fork this project and create a new file
a pasky Merge pull request #5 from travellerd2/master == Latest commit 2f22d84 18 days
£ .gitignore Keep only repository specific entries in repository .gitignore a montr
[E] README.md Update links to michi-c and michic2 a montr
E] michi.py Test for Pass in the GTP code was too strict 18 days

Michi --- Minimalistic Go MCTS Engine

Michi aims to be a minimalistic but full-fledged Computer Go program based on state-of-art methods
(Monte Carlo Tree Search) and written in Python. Our goal is to make it easier for new people to enter
the domain of Computer Go, peek under the hood of a "real” playing engine and be able to learn by


https://github.com/PragTob/Rubykon

What did AlphaGo do 1o beat the
<5+r'onae<5+ human Go P\ayer?

Tobias Pfeiffer
@Praﬂ‘rola
PraﬂJrob.inqu



https://github.com/PragTob/web-go
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Silver, D. et al., 2016. Mastering the game of Go with deep neural networks and tree search.
Nature, 529(7587), p.484-489.

Michael A. Nielsen, "Neural Networks and Deep Learning", Determination Press, 2015
http://neuralnetworksanddeeplearning.com

Gelly, S. & Silver, D., 2011. Monte-Carlo tree search and rapid action value estimation in
computer Go. Artificial Intelligence, 175(11), p.1856-1876.

l. Althofer, “On the Laziness of Monte-Carlo Game Tree Search In Non-tight Situations,”
Friedrich-Schiller Univ., Jena, Tech. Rep., 2008.

Browne, C. & Powley, E., 2012. A survey of monte carlo tree search methods. IEEE Transactions
on Intelligence and Al in Games, 4(1), p.1-49.

Gelly, S. & Silver, D., 2007. Combining online and offline knowledge in UCT. Machine Learning,
p.273-280.

https://www.youtube.com/watch?v=LX8KnlI0OgOLE&index=9&list=WL


https://github.com/pasky/michi

Photo Credit

http://www.computer-go.info/events/ing/2000/images/bigcup.jpg
https://en.wikipedia.org/wiki/File:Kasparov-29.jpg
http://www.geforce.com/hardware/desktop-gpus/geforce-gtx-titan-black/product-images
http://giphy.com/gifs/dark-thread-after-ICP95tGSbMmMWI

https://cloudplatform.googleblog.com/2016/05/Google-supercharges-machine-learning-tasks-with-custom-chi
p.html

https://gogameguru.com/i/2016/01/Fan-Hui-vs-AlphaGo-550x364.jpg
CCBY 2.0
- https://en.wikipedia.org/wiki/File:Deep_Blue.jpg
- https:/lwww.flickr.com/photos/luisbg/2094497611/
CCBY-SA3.0
- https://en.wikipedia.org/wiki/Alpha%E2%80%93beta_pruning#/media/File:AB_pruning.svg
CCBY-SA2.0
- https://lic.kr/p/cPUtny
- https:/flic.kr/p/dLSKTQ
- https:/lwww.flickr.com/photos/83633410@NO07/7658272558/


https://twitter.com/PragTob
http://www.pragtob.info/

Photo Credit

* CCBY-NC-ND 2.0

https://flic.kr/p/ql5pzb

https://flic.kr/p/bHSj7D

https://flic.kr/p/ixSsfM
https://www.flickr.com/photos/waxorian/4228645447/
https://lwww.flickr.com/photos/pennstatelive/8972110324/
https://www.flickr.com/photos/dylanstraub/6428496139/

*  https://en.wikipedia.org/wiki/Alphabet_Inc.#/media/File:Alphabet_Inc_Logo_2015.svg

« CCBY3.0

https://en.wikipedia.org/wiki/File:Pi_30K.gif


http://neuralnetworksanddeeplearning.com/
https://www.youtube.com/watch?v=LX8Knl0g0LE&index=9&list=WL

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148
	Slide 149
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155
	Slide 156
	Slide 157
	Slide 158
	Slide 159
	Slide 160
	Slide 161
	Slide 162
	Slide 163
	Slide 164
	Slide 165

