
Imperfect-
Information, 

Extensive-Form 
Games



Imperfect Information

• Up until this point, we’ve assumed players 
know exactly which node of the game tree 
they’re in

• Meaning: they have perfect recall of all 
actions played, including all other players.

• Want to represent two choices made in 
ignorance of one another



Imperfect Information

• Partition the nodes into “information 
sets”, where a player cannot distinguish 
between two nodes in the same set



Imperfect Information

• Partition the nodes into “information 
sets”, where a player cannot distinguish 
between two nodes in the same set





Imperfect-
Information, 

Extensive-Form 
Games: Strategies 

and Equilibria



Pure Strategies



Normal-Form to 
Extensive-Form



Mixed Strategies

• Transform extensive-form game into 
normal-form (enumerate all pure 
strategies of each agent)

• Mixed strategy is set of mixed strategies in 
this image normal-form game

• Can also define behavioral strategies
● Instead of randomizing over pure 

strategies, randomize independently at 
each node in a given information set



Example



Perfect Recall

• Every player remembers all of their 
previous choices





Imperfect-
Information, 

Extensive-Form 
Games: Sequential 

Equilibria



On Equilibria
● Recall that Nash equilibrium was too weak 

of a concept for perfect information games
● Subgame-perfect equilibrium
● Q: Can we generalize this notion to 

imperfect information games?



Subgame-Perfect ?



Sequential Equilibrium
● Fully mixed strategy gives positive probability to 

every node in the game tree
● Makes sense to talk about expected utility given 

that we are in a specific subtree (using Bayes’ rule)
● What about if strategy isn’t fully mixed?
● We say probability distribution        is consistent 

with strategy strategy profile if it agrees with Bayes’ 
rule for subtrees with nonzero probability



Sequential Equilibrium
● Expected utility at h given strategy profile s 

and probabiloity distribution:



Sequential Equilibrium



Imperfect-
Information, 

Extensive-Form 
Games: Computing 

Equilibria with 
Sequence Form



Sequence-Form 
Representation



Sequence-Form 
Representation



Example



Example



Sequence-Form 
Representation
● But how does player select a sequence? 

Depending on what other players select, 
not all sequences are valid

● behavioral strategy: probability

of taking action ai at node h 



Sequence-Form 
Representation



Computing best 
response

● Dual:



Computing equilibria of 
two-player, zero-sum
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