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Deep Blue
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JOURNAL ARTICLE
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The Computer Journal,Volume 7, Issue 3, 1964, Pages 203-207,
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Abstract

A game calledlComputer Golfis defined. Computer Go

differs from the game of Japanese Go only in that certain
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TD-Gammon, a Self-Teaching Backgammon Program,
Achieves Master-Level Play

Gerald Tesauro D Bl
1BM Thomas |. Watson Research Center, P. O. Box 704, eep ue
Yorktown Heights, NY 10598 USA
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TD-Gammon is a neural network that is able to teach itself to play
backgammon solely by playing against itself and learning from the
results, based on the TD()) reinforcement learning algorithm (Sutton
1988). Despite starting from random initial weights (and hence random
I N ) WAL A Nl et

T - 1Y P PO, -, 7 A W SN - N ¢

15




Google s AlphaGO and AlphaZero
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ARTICLE

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

David Silver*, Aja Huang', Chris J. Maddison!, Arthur Guez!, L'mrent Sifre!, George van den Driessche!,
Julian Schrittwieser!, loannis Antonoglou!, Veda Panneershelvam!, Marc Lanctot!, Sander Dieleman', Dor
John Nham?, Nal Kalchbrenner, Ilya Sutskever?, Timothy Lillicr 1p' Madeleine Leach!, Koray Kavukcuog]
Thore Graepel! & Demis Hassabis'

The game of Go has long been viewed as the most challenging of classic games for artificial intel
enormous search space and lhe difﬁculty of evalualing board posilions and moves. Here we introd
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Other Successes of Google’s DeepMind

Google’s DeepMind Al can lip-read TV shows better
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Highly accurate protein structure prediction

with AlphaFold

orgic, John Jumper*, Richard Evans', Alexander Pritzel, Tim Green'~, Michael Figurnov™,
= T olaf M, Kathryn 1'%, Russ Batas', Augustin Zidek',
_ Recena MM a2 Ania Potapenko', Alex Bridgland', Clemens Meyer™, Simon A, A Kohl',
Accaptad: 12 July 2021 Andrew J. Ballard™, Andrew Cowie'?, Bemardino Romers -Paredes™, Stanislav Nikolov™,
o Rishub Jain'“, Jonaz Adlor, Trevor Back, Sty Petersen’, David Reiman, Ellen Clancy',
Published online: 15 July 2021 Michal Zielinsk!', Martin S 22 Michalina ', Tamas

Open sccess Sebastian Badenstein’, David Silver!, Oriol Vinyals!, Andrew W. Senior’, Koray Kavukcuoglu,
Pushmest Kohll'& Dom s Hassabist*™
®|Check for updates

thisrep tactionofrthe L 0W11 Protein seq; “Structural

N E h 2 * ooverage isbottlenecked by the months ta vears of painseaking effort required to
N determine asingle proleinstrucnre. Acaurate compitational appreaches are needed
)i HR - R T it R G

A A 3
' °® A D P RL E \‘ I Protelnsarecssentialeolife, and Ingthelr strueture can facilicatea
[ mechanistic inderstanding of their function. Through anenormousexperimental
| ellort’ * the structures ol around 104,000 unique proteins have beendetermined’, but
P S
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three-dimensional structure thata prateinwilladopr based solely on itsaminoacld
sequence thestructire prediction component ofthe ‘protein folding problem®—las
heen animportant open research problem for more than 3 vears”, Despi €l
h ' é progress™ ¥, existing methods Falllar short elatwmicacenracy, especiallywhenno
. T homologousstiucture isavailable, Herewe providethe firstcomputational method
, s ﬁ that can regularly predict protein structureswith k evenin 5 icl
nesimilarsiructurei Wevalidate: irelyr i eTsil fournenral
network-based model, AlphaFold,in the challenging 14th Critical ol protein
St rediction (CASPLTY, d stratingaccuracycompetitivewith
experimental structuresinamajority of cases and greatly oumperforming other
methods. Underpinning the Iatest version of Alphafold ovelmachine learning
approach thatincorpera esical and bicdlegical knowkedgze about protein struciure,
I mulel-seqs 5. intocl ofthedeepl s algorichm.
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Adaptive Dynamic Programming and Reinforcement Learning
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ADPRL - H

&M SR S5 E S

> Adaptive Dynamic Programming and Reinforcement Learning &KL
Self-learning controller
minQ(z,,u, )
Z 1 u |
k Controller ‘ : N - Qzuy)
(Action net) R Critic network : >
Y Y
Xy Coptroller AN R X1 T O
(Action net) i The plant X, =F(x,,u,) > ‘. b
| (_ Critic Network i
|
: R i A New
| "k+l | g
| | Critic Network
-1 P | |

Z < | |
: Model Network :
| !

LT S LS . Ay AN (]
7 ARt SEERIEF

% A

WY
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ADPRL - Adaptive Dynamic Programming and Reinforcement Learning

Step 1/3 (critic network) .
E, = (Qk -U, _Qk+1)2

2
Paul Werbos, 1977
2\k+1 > Q + U
, Critic network (O k
+1 >
- _ The following data are collected:
V\‘\\\ E ECOpIEd xo,xl,xz,...,xN
Z, > Cr\iﬁcngtwork Q ~<‘>— ZO: 1{{1; llLJZ; cee ZN
A o (including modet-ngtwork) ; QO, Ql' QZ’ QN
. ~ - : 01,2 ) N
| s minE, . In order to achieve Q; — Uy, — Q41 = 0,
Data to estimate Zy, ; |(Data =model) ========="" u the Critic Network learns the following
Z > N ino:
uk . The plant X, = F (X, U) > mappins: Xj,
k WN: = (U + Qe
ADPRL is a data-based method
T s .z_\ SHE A2 e
5"? &_ a 5-4%&% % AR SEEHIEFRR 25
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ADPRL - Adaptive Dynamic Programming and Reinforcement Learning

< : <

Step 2/3 (controller)

Z Contrafler | U

1 (Action net > Critic network Q(Zk;“k)
f,f" on ney PR (including model network)
7 k
S e s o;_\b SHE AN ey
CIEEZZEL: RERiT SEEHIES 26
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ADPRL - Adaptive Dynamic Programming and Reinforcement Learning

Step 3/3 (implementation)
| |

Xy Controller - X1
(Action net) ' The plant X, = F(X,U,)
We actually need Steps 1,2,3,1,2,3, ...... repeating
o ALt RoET ST 7
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~ ADPRL - BiEMNEISHX SEAE S

Adaptive Dynamic Programming and Reinforcement Learning
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minQ(z,,u,)
Ly Contyoller Uy R ' Q(z,u,)
(Action net) Critic network ’ >
» ’ A
Xy Controller | A Xy 11
(Action net) - The plant X, =F(x.,u,) >
z71l |
H Intelligence comes from the critic network — A better critic
implies better intelligence and better performance.
H |t is fulfilled by the action network/controller.
e s .z_\ SHE A2 e
coOrymyy BRI SEAIE S 28



ADPRL.: like a coach, like an athlete

>»>> <L
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Under his coaching, America earned 31 Olympic medals with 21 gold. And he can't swim!!!
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/ 2% v X / Artifidial Output

Reall Qutpnt

Real Input W= T IV AN N

Feedback }t
Step 3: Parallel Execution

.‘-_v'"

Fei-Yue Wang, 2004
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Alﬁﬁ /,/ — \\\ ///"' "\.\.\ i
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l: W iL 'i \“ﬁ‘-- -ﬁ“.'
SR 3 f Output
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g Step 1:_Construct Artificis] System
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| 'i R | | -
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Step 2: Compurtationsl Experiment
Feodback |4
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ADPRL

> &L
minQ(Zk’uk)
Step 1
Z, Cont/r,en/er Y, L Q(zuy)
"| (Agtion net) | ALRZG: WAME ——
K/ A
X Cc;'ntrol‘lrer X . Xt
(Action net) — S EPRRSG >
ADPRL FEiTiES 1
z <
FHINE ARG
minQ =Bk,
SCI SEATHAT
N 42530y .nl-\b RS
) a 3 47& £ % AFRITSEEHIEFPR 33

oY / School of System Design and Intelligent Manufacturing



ADPRL

> &L
Step 2
minQ(z,,u,)
Bt S 2 Step 1
Z Cont/r,en/er b X L Q(z,,u,)
"| Action net) | ALR%: "PAMNE ———
‘/ 2
X Cc;'ntrol‘lrer N - X, oy
(Action net) — g SRR S >
ADPRL  SRiTi=sl —
7 <
AL ARG
minQ =Bk,
s AT T
=N YAt .nl-\b R s
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ADPRL
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Step 2
minQ(Zk uk)
Wit HIE G2 Step 1
Z Cont;,eﬂér b X L Q(z,,u,)
| (Astion net) J ALRG: FAME —————
A Cc;'ntrol‘lrer P NN . X, 11
Step 3 (Action net) S EPRRSG >
) SN 5
ADPRL 1T 1
z <
N AIRSR
minQ =Bk,
s AT T
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ETHRIEAYFEH] - Agent-based control

>>) <<
® Agentn 2R S
* Remote global traffic operation center
* ° Control agent Control agent ) ... ( Control agent
2EFB8: Remote agents
FHUFEE, mESH =
B, ItEESK
Regional control agent dispatcher
situation assessment, Situation assessment,
arbitration, and control fusion arbitration, and control fusion
e | | Local agents
; Executing agents Default agents Executing agents Default agents
(el S lele] - lele] (]
Network traffic devices Network traffic devices
Fei-Yue Wang, 2005
D
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; For more information

® liudr@sustech.edu.cn
® http://www.derongliu.org
® WeChat: 13810670526
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