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MINIMAX(S) =

UTILITY (s) if TERMINAL-TEST (s)
MaXge Actions(s) MINIMAX(RESULT(s,a)) if PLAYER(s) = MAX
MiNge Actions(s) MINIMAX(RESULT(s,a)) if PLAYER(s) = MIN
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function MINIMAX-DECISION(state) returns an action
return argmax,_ . ACTIONS s) MIN-VALUE(RESULT(state, a))

function MAX-VALUE(state) returns a utilily value
if TERMINAL-TEST(state) then return UTILITY(state)
V< —0O0
for each a in ACTIONS(state) do
v «— MAX(v, MIN-VALUE(RESULT(s, a)))
return v

function MIN-VALUE(state) returns a utility value
if TERMINAL-TEST(state) then return UTILITY(State)
v «— 00
for each ¢ in ACTIONS(state) do
v «— MIN(v, MAX-VALUE(RESULT(s, a)))
return v

&
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to move
A (1,2,6)
B (1,2,6) (-1,5,2)
C (1,2,6) (6,1,2) (-1, 5,2) (5,4,5)
A
(1,2,6) (4,2,3) (6,1,2) (7,4-1) (5-1,-1) (-1,5,2) (7,7-1) (5,4,5)
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ALPHA-BETA PRUNING
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[3.,2]§ 12, 2]

3 12

MINIMAX (root)

&
&

3 2 14 5

max(min(3, 12, 8), min(2, z, y), min(14, 5, 2))

= max(3, min(2, z,y), 2)

max(3, z, 2) where z = min(2, z,y) < 2
3.
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function ALPHA-BETA-SEARCH(state) returns an action
v «— MAX-VALUE(state, —o0, +00)
return the action in ACTIONS(state) with value v

function MAX-VALUE(state, a, (3) returns a utility value
if TERMINAL-TEST(state) then return UTILITY(state)
V— —00
for each ¢ in ACTIONS(state) do
v «— MAX(v, MIN-VALUE(RESULT(s,a), o, 3))
if v > [3 then return v
a«— MAX(a, v)
return v

function MIN-VALUE(state, o, 3) returns a utility value
if TERMINAL-TEST(state) then return UTILITY(state)
U «— +00
for each a in ACTIONS(state) do
v < MIN(v, MAX-VALUE(RESULT(s,a) , o, (3))
if v < « then return v
B« MIN(S, v)
return v
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TERMINAL-TEST Ll & 5037 o5 (slats CUTTOFF-TEST ali3 ¢, g0 51 a5 3 suslisiul
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CUTTOFF-TEST

OLL (g0 palG
TERMINAL-TEST

st gl Gae ua auile
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UTILITY (suses g o5 slats EVAL clla U550 a5 3l sslisud

(Sa20d g s alla byl s
UTILITY EVAL
Sl S csllae Gl (pedS
(Sien s 26)

H-MINIMAX (s,d) =

EVAL(s) if CUTOFF-TEST (s, d)
MaX,e Actions(s) H-MINIMAX (RESULT (s, a),d + 1) if PLAYER(s) = MAX
MiN,e Actions(s) H-MINIMAX(RESULT (s, a),d + 1) if PLAYER(s) = MIN.



Prepared by Kazim Fouladi | Spring 2021 | 4% Edition

Yo

2ol &b

poY bl s
EVALUATION FUNCTION (EVAL)

il Sialea (satos g B Hla8e b SLL slacdls ju o Hlage sl

caas Glas sea Gl Gad sl uild Wb

1S el (S galand hd S S o e G ) (Lo b ol e
n
EVAL(S) = wlfl(s) + w2f2(s) + o0t ’U)nfn(S) = szfz(s)
1=1

cals aladl padile S0k b ol ee 15 LG5 Gmeas

L]
’U};K



2Lyl

mobd 5k 1 JBs

EVALUATION FUNCTION (EVAL)

O3k 1y 6ok 29 Oole caws 5L olew

E & & AN

i

3

(a) White to move
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(b) White to move

EVAL(s) = wy fi(s) + wafa(s) + - +wnfn(s) = Zwifz-(s)
i=1

fi(s) = (number of white queens) — (number of black queens)
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EXPECTIMINIMAX (8) =

( UTILITY (s) if TERMINAL-TEST(s)
max, EXPECTIMINIMAX (RESULT(s,a))  if PLAYER(s) = MAX
min, EXPECTIMINIMAX (RESULT(s,a))  if PLAYER(s) = MIN

| >, P(r)EXPECTIMINIMAX (RESULT (s, 7)) if PLAYER(S) = CHANCE
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Kasparov, Garry: Kasparov playing against Deep Blue, 1997
Garry Kasparov playing against Deep Blue, the chess-playing computer built by IBM.



Ryska, winner of the 2008 and 2009 World Computer Chess
Championships, 1s considered the strongest current computer player. It
uses an off-the-shelf 8-core 3.2 GHz Intel Xeon processor, but little 1s
known about the design of the program. Ryska’s main advantage appears
to be its evaluation function, which has been tuned by its main developer,
International Master Vasik Rajlich, and at least three other grandmasters.

The most recent matches suggest that the top computer chess
programs have pulled ahead of all human contenders. , ,

AIMA3e, pg. 186
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Peter

Norvig A Modern Approeach

P Fourth Edition

Stuart Russell and Peter Norvig,
Artificial Intelligence: A Modern Approach,
4th Edition, Prentice Hall, 2020.

Chapter 5
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