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sSearch is about choices

= Search is about the choices which you
make when you are trying to make
decisions
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(a) Checkers

(b) Othello

(c) Backgammon

(d) Monopoly
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(e) Stratego
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1912 | Ernst Zermelo | Minimax algorithm
T4 - WAL it i A

1949 | Claude Shannon |Chess playing with evaluation function, selective search
wHW e EFR 1 F 800 1 90 4 19 K T 5 AR

1956 | John McCarthy | Alpha-beta search
cal I S Alpha-beta {¥ #

1956 | Arthur Samuel | Checkers program that learns its own evaluation function

TH. %55

YOI EEENFr AT ERRE F

B Emst Zermelo (1871-1953), a German logician and mathematician.

® Claude Shannon (1916-2001), an American mathematician, and cryptographer known as “the father of information theory”.
® John McCarthy (1927-2011), an American computer scientist and cognitive scientist, and one of the founders of Al

B Arthur Samuel (1901-1990), an Amencan pioneer of computer gaming, Al, and ML.
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B Computers are better than humans i s t£ + A #

Checkers Solved in 2007
7 4 Bkt 2007 4 £, 8 2
Chess IBM Deep Blue defeated Kasparov in 1997
555 f IBMi% 8 T1907 4 4 7 + 047 o8 ¥ &
Go Google AlphaGo beat Lee Sedol, a 9 dan professional in Mar. 2016
i) 4t & §tAlphaGo 2016 43 F S5 bt TOM MU Mt F F # &

B Computers are competitive with top human players it # L 5 17 £ A % 37 % # %

TD-Gammon used reinforcement learning to learn evaluation function
BaCkgammon TD-Gammonf® Al T R FI] FZ X B I FHEX
Bridae Top systems use Monte-Carlo simulation and alpha-beta search
g W45 65 7 4 (6 JF 4 # + % (5 X foalpha-detal &
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O B AR DE % (The Minimax Algorithm)
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AR KB FE R (The Minimax Algorithm)
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O a-B3 & AL TRk he T a4k

m At every leaf node the evaluation 1s calculated.

® For every maximum node the current largest child value 1s
saved 1n a.

® For every minimum node the current smallest child value 1s
saved 1n p.

® [f at a minimum node £ the current value f < a, then the search
under k£ can end. Here a 1s the largest value of a maximum node in
the path from the root to .

® [f at a maximum node / the current value o > f, then the search
under / can end. Here f 1s the smallest value of a minimum node
in the path from the root to /. @
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m At every leaf node the evaluation is calculated.
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B =+

MAX

MIN

B =+oo

a = —00

m At every leaf node the evaluation is calculated.
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MAX o= —oo

m At every leaf node the evaluation is calculated.
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MAX

B =+

m For every minimum node the current smallest
child value 1s saved in /.
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MAX

B =+

m For every minimum node the current smallest
child value 1s saved in .
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MAX

B =+

m For every maximum node the current largest
child value 1s saved in a.
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MAX

B =+

2
3

m For every minimum node the current smallest
child value is saved in /.
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MAX

B =+

mIf at a minimum node % the current value f < «,
then the search under & can end. Here a is the
largest value of a maximum node in the path from
the root to 4.
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MAX

MIN i
a = —0o

m For every minimum node the current smallest
child value 1s saved in /.
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B =+
MAX
MIN
B =+
a=3
MAX
m For every maximum node the current largest
8 child value 1s saved in a.
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B = +oo
MAX
MIN
B = too
a=3
MAX
m[f at a maximum node / the current value o > f,
p then the search under / can end. Here f is the

smallest value of a minimum node in the path
A OO N O

from the root to /.
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‘ m For every minimum node
the current smallest child
value is saved in f.
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MAX PO
B = oo
g =3 e a=3
l\/”N a = —o0
p =+ Ba_=+';o
a=3 p=3

a ol
e 0 e Q m For every minimum node

x the current smallest child

value is saved in f.
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MIN
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B =+ Ba_=+';o
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m]f at a minimum

5 p=2 x B =2 node 4 the current
o= oo a =34 value f < a, then the
MIN > search under & can
e e e - end. Here a 1s the
x x largest value of a
maximum node in the

path from the root tg
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MING e e
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a=3 p=3
MAX @=15 m For every maximum
node the current largest
A=z x child value is saved in «.
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® For every minimum

B = 4o node the current
MAX a=3 . smallest child value is
saved in /.
B =3 B=1
MIN Q= —00 e e a=3
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I mIf at a minimum node £ the current
Vatte P, theH the searc under £ can
end. Here a is the largest value of a

p =t . maximum node in the path from the
root to k.
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