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92: Modular utility representation for decision-
theoretic planning (Wellman & Doyle)

04: Price prediction strategies for market-based 
scheduling(MacKie-Mason et al.)

04: Distributed feedback control for decision 
making on supply chains (Kiekintveldet al.)



Planning in Strategic Environments

ÅPlanning problem
ïfind agent behavior satisfying/optimizing objectives 

wrt environment
ïstrives for rationality

ÅWhen environment contains other agents
ïmodel them as rational planners as well
ïproblem is a game
ïsearch now multi-dimensional, different (global) 

objective

Environment Agent2Agent1



Real-World Games

Årich strategy space
ïstrategy: obs* Ҏtime Ą

action

Åseverely incomplete 
information
ïinterdependent types (signals)
ïinfo partially revealed over 

time

‐analytic game-theoretic 
solutions few and far 
between

two approaches
1. analyze (stylized) 

approximations
ïone-ǎƘƻǘΣ ŎƻƳǇƭŜǘŜ ƛƴŦƻΧ

2. simulation-based 
methods
ïsearch
ïempirical: statistics, 
ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎΣΧ

complex dynamics and uncertainty



Empirical Game-Theoretic Analysis 
(EGTA)

ÅGame described procedurally, no directly 
usable analytical form

ÅParametrizestrategy space based on agent 
architecture

ÅSelectively explore strategy/profile space

ÅInduce game model (payoff function) from 
simulation data

Empirical game



EGTA Process

SimulatorProfile Payoff 
Data

Empirical
Game

Strategy Set

Profile Space

Game
Analysis (NE)

1. Parametrizestrategy space

2. Estimate empirical game

3. Solve empirical game



TAC Supply Chain Mgmt Game
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Two-Strategy Game (Unpreempted)



Two-Strategy Game (Unpreempted)



Three-Strategy Game:Deviations
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Improving Scalability

ÅExploit locality of interaction

ïgraphical games, MAIDs, 
action-ƎǊŀǇƘ ƎŀƳŜǎΣ Χ

ÅAggregate agents

ïhierarchical reduction 
(Wellman et al. AAAI-05)

ïclustering (Ficiciet al. UAI-08)



Hierarchical Game Reduction

Åp-player reduced version of symmetric game G

G®p = àp,S,Ƕ()ð

where

 

Ĕ u i (s1, ,sp)=uqÖi (s1,

q

,s2,

q

, ,sp,

q

)

Premise: Reduced game often a good approximation of 
original, with dramatically smaller profile space.



Why Trust Reduced-Game Results?

ÅClaim: Equilibria in reduced game likely to be 
relatively stable in full game

ÅEvidence:

ïRandom instances of local-effect games(LEGs)

ïFPSBauctions

LEG8®1 LEG8®2 LEG8®4



Research Questions

ÅWhat is the space of reduction aggregations?
ïand which are most effective for what classes of 

games?

ÅHow to adjust for systematic biases of 
reduction?

ÅHow to automatically cluster agents in non-
symmetric games?

ÅHow to reason at multiple levels of 
aggregation?



TAC/SCM-06 Deviation Graph

concentric regret regions



CDA Deviation Graph

4 strategies:
GD, GDX, ZI, Kap

[3GD, 1GDX]

[4GDX]

[1GD, 3Kap]



Ranking Strategies: TAC/SCM-07

SCM-07 EGTASCM-07 Tournament

from PR Jordan PhD Thesis, 2009



Strategy Ranking (TAC Travel)
Strategies ranked with 
respect to the final 
equilibrium context

from LJ SchvartzmanPhD Thesis, 2009



Strategy Ranking (CDA)

strategy NE1 regret NE2 regret symm. 
profile 
payoff

GDX 0 1.32 247.98

GD 0.49 3.26 248.57

RB 2.20 8.64 248.08

ZIP 2.90 9.86 247.95

Kaplan 4.56 24.55 2.02

ZIbtq 14.67 17.44 247.45

ZI 16.42 16.82 248.07



DeepMaize-08 Design Exploration

from PR Jordan PhD Thesis, 2009



Iterative EGTA Process
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Sampling Control Problem

ÅRevealed payoff model

ïsample provides exact payoff

ïminimum-regret-first search (MRFS)

Åattempts to refute best current candidate

ÅNoisy payoff model

ïsample drawn from payoff distribution

ïinformation gain search (IGS)

Åsample profile maximizing entropy difference wrt
probability of being min-regret profile
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Select random deviation from current best profile

Min-Regret Search
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Confirmed!

Min-Regret Search

evaluated

best


