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Motivation

"Bangladesh raises USD1.7bn from LTE 
frequency tender." 15 Feb. 2018, https://
www.telegeography.com/products/comm	
supdate/articles/..

Bangladesh
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Motivation

"Spectrum auction ends, govt makes 
Rs65,789 crore, misses target." 
07 Oct. 2016, https://www.livemint.com/
Industry/xt5r4Zs5RmzjdwuLUdwJMI/..

"Bangladesh raises USD1.7bn from LTE 
frequency tender." 15 Feb. 2018, https://
www.telegeography.com/products/comm	
supdate/articles/..

Bangladesh

India
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Motivation

"Spectrum auction ends, govt makes 
Rs65,789 crore, misses target." 
07 Oct. 2016, https://www.livemint.com/
Industry/xt5r4Zs5RmzjdwuLUdwJMI/..

"MTN Ghana poised to snap up 
unallocated 800MHz 4G spectrum." 
05 April. 2019, https://www.telegeography.
com/products/commsupdate/..

"Bangladesh raises USD1.7bn from LTE 
frequency tender." 15 Feb. 2018, https://
www.telegeography.com/products/comm	
supdate/articles/..

Bangladesh

India

Ghana
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Setup

3

In traditional game theory, we have access to games’ payoffs...

C D

C 3, 3 0, 5

D 5, 0 1, 1

Prisoner's dilemma 
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S1
col S2

col Sn
col

S1
row ?, ? ?, ? ?, ?

S2
row ?, ? ?, ? ?, ?

Sm
row ?, ? ?, ? ?, ?

Simulation-based game

Simulator

<5.5, 6.6>
<5.7, 6.8>

<5.6, 6.7>
Sj

col

Si
row

Setup

3

... but in the real-world, multi-agent systems are too complicated 
for traditional game-theoretical analysis 

C D

C 3, 3 0, 5

D 5, 0 1, 1

In traditional game theory, we have access to games’ payoffs...

Prisoner's dilemma 
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Parameterized mechanism design

— A set Θ describes all
possible worlds (games)

— θ in Θ is a “mechanism”

Parameter search

Θ

Game 2 (θ2)

Game n (θn)

Game 1 (θ1)

θ (e.g. reverse prices) for internet ad auctions

4

— A set Θ describes all
possible worlds (games)

— θ in Θ is a “mechanism”

— Multiple players in each world
— Find an equilibria with 

choosen θ
— The designer measures an  

objective at equilibrium

Equilibria estimation
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How should a mechanism 
designer (e.g., an auctioneer) set 
parameters (e.g. reserve prices), 
given access only to data (or to a 
simulator capable of generating 
data) about the game under 
different settings?
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Our contributions

Formulate the problem of searching 
over Θ as a black-box optimization 
problem and use Bayesian techniques 
to incorporate piecewise constant 
noise that characterizes PAC learners.

Derive a novel probably approximately 
correct (PAC) algorithm to learn the 
equilibria of games given access to 
noisy observations (or simulator) of 
the game’s payoffs.

↑ Learning Simulation-Based Games from Data, 
Proceedings of the 18th International Conference on 
Autonomous Agents and MultiAgent Systems
(AAMAS) 2019, Montreal, QC, Canada.

1 2
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Our contributions

Formulate the problem of searching 
over Θ as a black-box optimization 
problem and use Bayesian techniques 
to incorporate piecewise constant 
noise that characterizes PAC learners.

Derive a novel probably approximately 
correct (PAC) algorithm to learn the 
equilibria of games given access to 
noisy observations (or simulator) of 
the game’s payoffs.

1 2
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↑ Empirical Mechanism Design: Designing Mechanisms 
from Data, Proceedings of the Thirty-Fifth Conference 
on Uncertainty in Artificial Intelligence (UAI) 2019, 
Tel Aviv, Israel.
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Parameterized mechanism design (déjà vu)

— A set Θ describes all
possible worlds (games)

— θ in Θ is a “mechanism”

— Multiple players in each world
— Find an equilibria with 

choosen θ
— The designer measures an  

objective at equilibrium

Parameter search

Equilibria estimation

Θ

Game 2 (θ2)

Game n (θn)

Game 1 (θ1)

θ (e.g. reverse prices) for internet ad auctions
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Players

1

{ S1= }, S2= , S3= , Sn=

Solving for equilibria (fixed parameters) Equilibria estimation

8
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Players

1

{ S1= }, S2= , S3= , Sn=

Solving for equilibria (fixed parameters)

{ S1= }, S2= , S3= , Sn=
2

Equilibria estimation

8
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Players

1

{ S1=

{ S1=

}

}

, S2=

, S2=

, S3=

, S3=

, Sn=

, Sn=
m

{ S1= }, S2= , S3= , Sn=
2

Solving for equilibria (fixed parameters) Equilibria estimation
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Approximating equilibria from data

N(ground-truth game) N2ε(estimated game) N4ε(ground-truth game)
With probability at least 1−δ

estimated game

false positives

true positives

ground-truth 

ε ε ε ε

Equilibria estimation
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Searching over the mechanism’s parameters

Fitting Gaussian to PAC noise

Gaussian
approximation

1−δ

PAC noise

f(θ1)

f(θ2)

f(θn)

θ1

θ2

θn

Solve 
equilibria

Solve 
equilibria

Solve 
equilibria

Measure
f

Measure
f

Measure
f

Blackbox

f(θ1) = noisy measure of the 
designer's objective function

Parameter search

10



Enrique Areyan Viqueira      ·      October 20, 2019      ·      INFORMS—Seattle, Washington    					     Designing Mechanisms from Data 

Results

11
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I presented a two-part methodology to optimize systems 
inhabited by strategic agents. 

Conclusion

12
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1 2

Search over the space of parameters 
for an approximately optimal one.

For a given game, solve for its 
equilibria by collecting data from 
simulations of gameplay. 

Conclusion

12
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Conclusion

1 2

Search over the space of parameters 
for an approximately optimal one.

For a given game, solve for its 
equilibria by collecting data from 
simulations of gameplay. 
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Thank you!
Any questions?


