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Single-Agent Trees

8

2 0 2 6 4 6… …



Value of a State

Non-Terminal States:

8

2 0 2 6 4 6… …
Terminal States:

Value of a state: 
The best achievable 
outcome (utility) from 
that state

𝑉 𝑠 = max
𝑠′∈ children(𝑠)

𝑉(𝑠′)

𝑉 𝑠 = known



Adversarial Game Trees
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Minimax Values
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States under Agent’s Control:

Terminal States:

States Under Opponent’s Control:

𝑉 𝑠 = max
𝑠′∈ children(𝑠)

𝑉(𝑠′)

𝑉 𝑠 = known

𝑉 𝑠′ = min
𝑠 ∈ children(𝑠′)

𝑉(𝑠)



Tic-Tac-Toe Game Tree



▪ Deterministic, zero-sum games:

▪ Tic-tac-toe, chess, checkers

▪ One player maximizes result

▪ The other minimizes result

▪ Minimax search:

▪ A state-space search tree

▪ Players alternate turns

▪ Compute each node’s minimax
value: the best achievable utility 
against a rational (optimal) 
adversary

Adversarial Search (Minimax)
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Terminal values:
part of the game 

Minimax values:
computed recursively



Minimax Implementation

def min-value(state):
initialize v = +∞
for each successor of state:

v = min(v, max-value(successor))
return v

def max-value(state):
initialize v = -∞
for each successor of state:

v = max(v, min-value(successor))
return v

𝑉 𝑠 = max
𝑠′∈ children(𝑠)

𝑉(𝑠′) 𝑉 𝑠′ = min
𝑠 ∈ children(𝑠′)

𝑉(𝑠)



def value(state):
if the state is a terminal state: return the state’s utility

if the next agent is MAX: return max-value(state)
if the next agent is MIN: return min-value(state)

Minimax Implementation (Dispatch)

def min-value(state):
initialize v = +∞
for each successor of state:

v = min(v, value(successor))
return v

def max-value(state):
initialize v = -∞
for each successor of state:

v = max(v, value(successor))
return v



Minimax Example
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Optimal against a perfect player.  Otherwise?

Minimax Properties
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