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function MiNIMAX-DECISION(state) returns an action

v+ MAX-VALUE(state)
return the action in SUCCESSORS( state) with value v

function MAX-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)
U 4— —00
for a,s in SUCCESSORS(state) do
v+ Max(v, MIN-VALUE(S))
return v

function MIN-VALUE(state) returns a utility value

if TERMINAL-TEST(state) then return UTILITY(state)
U 4— 00
for a, s in SUCCESSORS(state) do
v MIN(y, MAX-VALUE(s))
return v
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Complete? Yes (if tree is finite)

Optimal? Yes (against an optimal opponent)
Time? O(b™)

Space? O(bm) (depth-first exploration)
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function ALPHA-BETA-SEARCH(state) returns an action
inputs: state, current state in game

v+ MaXx-VALUE(state, —oc, +00)
return the action in SUCCESSORS( state) with value v

function MAX-VALUE(state, ar, 8) returns a utility value
inputs: state, current state in game
«, the value of the best alternative for MAX along the path to state
3, the value of the best alternative for MIN along the path to state

if TERMINAL-TEST(state) then return UTILITY(Sstate)
V= —00
for a,sin SUCCESSORS(state) do
v Max(v, MIN-VALUE(s, v, 3))
if v > § then return v
a — Max(a, v)
return v
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function MIN-VALUE(state, o, §) returns a utility value
inputs: state, current state in game
¢, the value of the best alternative for MAX along the path to state
3, the value of the best alternative for MIN along the path to state

if TERMINAL-TEST(state) then return UTILITY(state)
U4—+0C
for a,s in SUCCESSORS(state) do

v MIN(v, MAX-VALUE(s, a, 3))

if v < & then return v

B MIN(S3, v)

return v
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Eval(s) =w, f(s) + w, f,(s) + ... + w_ f (s)

« 5l: w,=9T

fi(s) = (number of white queens) — (number of black
gueens), etc.
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bm = 106, b=35 > m=4
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Checkers: Chinook ended 40-year-reign of human world champion
Marion Tinsley in 1994. Used a precomputed endgame database
defining perfect play for all positions involving 8 or fewer pieces on
the board, a total of 444 billion positions.

»

Chess: Deep Blue defeated human world champion Garry Kasparov
in a six-game match in 1997. Deep Blue searches 200 million
positions per second, uses very sophisticated evaluation, and
undisclosed methods for extending some lines of search up to 40

ply.

Othello: human champions refuse to compete against computers,
who are too good.

Go: human champions refuse to compete against computers, who
are too bad. In go, b > 300, so most programs use pattern
knowledge bases to suggest plausible moves.
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