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/N KA (Minimax) SEER

Function B /N K- 5 (s) returns — N7 3
VEREA el return 4T3 ain Actions(s) , BERESEERAR
¢ /N-{H (Result(s,a)) HJ iR [B{H

\

Function & K-{E(s) returns —/™ME Function &¢/N-1E (s) returns —ME
If 2% J53-Fa il (s) then return Utility(s) If 2 J5-1500)(s) then return Utility(s)
WIGEAL v = -0 HIGEAL v = +o0
for each a in Actions(s): for each a in Actions(s):
v = max(v, &/ (Result(s,a))) “ v = min(v, B X-1H (Result(s,a))
return v return v
V(s)= max  V(s) V(s') = min ~ V(s)

. s’ Esuccessors(s) _ s€successors(s’) I
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Function B¢/ E N-# 5 (s) returns — M T 3]

return 73 ain Actions(s) , BEREFEEHAHT
value(Result(s,a)) HJi& [F]{E

!

function value(s) returns —/ME
If 2& J55-#5 M (s) then return Utility(s)
if Player(s) = MAX then return max, i, actions(s) Value(Result(s,a))
if Player(s) = MIN then return min yvalue(Result(s,a))

ain Actions(s
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a = 7E 2 {1 B AR BT MAXTY 5 i K IME
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Alpha-Beta BY A 572551

def alpha-beta-search(state) return —/~{T 3]

v <- max-value(state, -00, +o0)  (a MAXTS B oKE, ZETEg AR b
return SEE N v FI173)) B: MINTT i i /ME, 2Rt b
N

def min-value(state , a, B):

: if 2 J5-F5(state) return Utility(state)
. é\ =1 b 0 : ol \\ A
if 22 [F-10M(state) return Utility(state) YIHEAN v

def max-value(state, o, B):

N _
HIGEA v = -0 for each a in ACTIONS(state) do
for each a in ACTIONS(state) do — mi
. v = min(v, max-value(Result(s,a),
v = max(v, min-value(Result(s,a), a, B))
a, B)) e ]
; JL if v<areturn v //BI

c BHU

if v Breturn v //B7F; B = min(B, v)

a = max(a, v)

return v

return v

) ——
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a: MAX’s best option on path to root
B: MIN’s best option on path to root

def max-value(state, a, B):

initialize v = -0

for each successor of state:
v = max(v, value(successor, a, B))
ifv2p

returnv

o = max(a, v)

return v
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a: MAX’s best option on path to root
B: MIN’s best option on path to root

def min-value(state, a, B):
initialize v = +oo
for each successor of state:
v = min(v, value(successor, a, B))

ifvsa
returnv
B = min(B, v)

returnv
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"Function PR (s) returns — 4T3 A

return Actions(s) F 4T3 a, B
value(Result(s,a)) & K

A /

/function value(s) returns a value
If 2% J3-F Ml (s) then return Utility(s)

if Player(s) = MAX then return max
value(Result(s,a))

if Player(s) = MIN then return min
value(Result(s,a))

< y
e

a in Actions(s)

a in Actions(s)




HH 28 5% 7N B NAHE (Expectiminimax)

Function #8 %5 (s) returns — M7 3l

return Actions(s) EH]—MT3) a,
‘B HJ value(Result(s,a)) 7& &

!

function value(s) returns a value
if 2% J55-#5(s) then return Utility(s)

if Player(s) = MAX then return max
value(Result(s,a))

if Player(s) = MIN then return min
value(Result(s,a))

if Player(s) = CHANCE then return sum,;; actions(s) Pr(a) *
value(Result(s,a))

a in Actions(s)

a in Actions(s)
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{sum

a in Action(s)
Pr(a) * value(Result(s,a))

} 1/2

1/3

\ 4

1/6

24

-12

v =(1/2) (8) +(1/3) (24) + (1/6) (-12) =
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ol[40] |20]|30] x : [o]lkeod |a00] 900

x>y => f(x)>f(y) f(x) = Ax+B where A>0
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o Mm%~ 2] Reinforcement learning (& Fripkt)
o EARINR Iterative deepening (& B G )
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Definition 3.2.1 (Normal-form game) A (finite, n-person) normal-form game is
a tuple (N, A, w), where:

« N is a finite set of n plavers, indexed by i,

action * A=A x..-x A, where A, is a finite set of actions available to plaver i.

, Eachvector a = (ay,...,a,) € Ais called an action profile;
action profile

*u = (Uy,...,u,) where u; : A r— R is a real-valued utility (or payoff)

tility funct : .
utility function function for plaver i.

Heads Tails

Heads I,—1 —1,1

Tails ~1,1

ure 3.6: Matching Pennies game.




Definition 3.2.4 (Mixed strategy) Let (N, A, u) be a normal-form game, and for
any set X let I1(X) be the set of all probability distributions over X. Then the set
of mixed strategies for plaver i is S; = 11(A;).

Definition 3.2.5 (Mixed-strategy profile) The sef of mixed-strategy profiles is sim-
plv the Cartesian product of the individual mixed-strategy sets, S| x --- x S,,.

Definition 3.2.7 (Expected utility of a mixed strategy) Given a normal-form game
(N, A,u), the expected utility u; for plaver i of the mixed-strategy profile s =
(81,...,8,) is defined as

T

u;(8) = Zui(u) H si(a;).

acA j=1




Definition 3.3.3 (Best response) Plaver i’s best response fo the strategy profile
§_; is a mixed strategy s7 ¢ S; such that u;(s!,8_;) > u;(s;,s_;) for all strate-
gies 8; € S;.

Definition 3.3.4 (Nash equilibrium) A strategy profile s = (8y,...,8,,) is a Nash
equilibrium if; for all agents i, s; is a best response to s_;.

Intuitively, a Nash equilibrium 1s a stable strategy profile: no agent would want
to change his strategy 1f he knew what strategies the other agents were following.



Heads Tails

Heads I, —1 —1,1

Tails ~1,1 1,1

gure 3.6: Matching Pennies game.






