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CS-ECON http://econ.cs.duke.edu

CS-ECON@DUKE
Exploring the Intersection of Computer Science and Economics

Who Are We?

W e are a group of Duke University faculty, postdocs, and
students interested in the intersection of computer science
and economics (and the social sciences more broadly) and the
impact of this interplay on decisions in information technology
and digital business. This includes applying techniques from
computer science and optimization to economics -- for example,
using computation to design market clearing mechanisms and
to implement efficient allocation and pricing in them -- as well
as applying techniques from economics to computer science --

for example, designing incentives for users of networked CS-Econ Talks
computer systems and social networks. e Upcoming Talks

e Past Talks
Contacts

Related Seminars

For organizational guestions about the seminar series: e Al Group (CS)

e Yugian Li ¢ Algorithms Seminar (CS)

e Catherine Moon e Decision Sciences Seminar
(Fuqua)

For other matters, contact the relevant faculty member(s): ¢ Duke Robotics, Intelligence,

e Atila Abdulkadiroglu (Econ) and Vision (DRIV) Seminar

e Vincent Conitzer (CS) (Cs)

e Rachel Kranton (Econ) e Machine Learning

¢ Ben Lee (ECE) e Microeconomic Theory

Kamesh Munagala (CS) Seminars (Econ)



http://econ.cs.duke.edu/

About Events News
DUke ECONOMICS DEPARTMENT :

SEARCH Q
TRINITY COLLEGE OF

ARTS & SCIENCES Undergraduate Master's Ph.D. Courses Ecoleach Center What We Do Events People Alumni

2019 Triangle Econometrics Conference

A — M.S. Economics & Computation

¥ Degree Programs

The joint field of economics and computer science has emerged from two converging intellectual needs:
Computer science has become increasingly important for economists working with big data to address
complex questions. Students interested in learning about computational mechanism design with
applications to economics are ideal candidates for this program. Students whose interest is more generally
focused on data analytics across a broad range of fields may also be interested in Duke’s Master

of Quantitative Management (MQM) program, offered at the Fuqua School of Business, and/or Duke’s new
Master in Interdisciplinary Data Science (MIDS) program, which is accepting its first class in Fall 2018.

» M.A. Economics

P M.A. Analytical Political
Economy

M.S. Economics &
Computation

M.S. Quantitative Financial The MSEC program combines the strengths of the Departments of Economics and Computer Science to
Economics educate students in these important computational skills linked to economics, and to prepare them for
Ph.D. studies or careers in economics, finance, government, and business. Reflecting this strong
interdisciplinary relationship, Duke University ranks No. 4 for research in economics and computation,
according to CSRankings.org.

» For Current Students

This program is designed to meet the needs of students with varied levels of exposure to either field, but a
strong quantitative background is recommended.

M.A. Program Assistant
Addie Stagg



https://econ.duke.edu/masters-programs/degree-programs/msec

Journal, conference, ...

ACM Transactions on

Economics and Computation
(TEAC)

ACM Conference on
Economics and Computation

(EC)



http://teac.acm.org/
http://ec20.sigecom.org/
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What is Economics?

« “Economics is the social science that studies the
production, distribution, and consumption of goods and
services.” [Wikipedia, Aug. 2020]

« Some key concepts:

— Economic agents or players (individuals, households,
firms, ...)

— Agents’ current endowments of goods, money, skKills, ...

— Possible outcomes ((re)allocations of resources, tasks, ...

— Agents’ preferences or utility functions over outcomes

— Agents’ beliefs (over other agents’ utility functions,
endowments, production possibilities, ...)

— Agents’ possible decisions/actions
— Mechanism that maps decisions/actions to outcomes



An economic picture
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After trade (a more efficient outcome)

... but how do we
get here?
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Some distinctions in economics

* Descriptive vs. normative economics

— Descriptive:
» seeks only to describe real-world economic phenomena
 does not care if this is in any sense the “right” outcome
— Normative:
 studies how people “should” behave, what the “right” or “best”
outcome is

* Microeconomics vS. macroeconomics

— Microeconomics: analyzes decisions at the level of
individual agents
 deciding which goods to produce/consume, setting prices, ...
* “bottom-up” approach

— Macroeconomics: analyzes “the sum” of economic activity

* interest rates, inflation, growth, unemployment, government
spending, taxation, ...

 “big picture”



What is Computer Science?

“Computer science is the study of computation and
information. Computer science deals with theory of
computation, algorithms, computational problems and the
design of computer systems hardware, software and
applications.” [Wikipedia, Aug. 2020]

A computational problem is given by a function f mapping
iInputs to outputs

— For integer x, let f(x) = 0 if x is prime, 1 otherwise

— For an initial allocation of resources x, let f(x) be the (re)allocation that

maximizes the sum of utilities

An algorithm is a fully specified procedure for computing f

— E.g., sieve of Eratosthenes

— A correct algorithm always returns the right answer

— An efficient algorithm returns the answer fast

Computer science is also concerned with building larger
artifacts out of these building blocks (e.g., personal
computers, spreadsheets, the Internet, the Web, search
engines, artificial intelligence, ...)



Resource allocation as a
computational problem

input

v(ﬁ T ) = $400
v( g ) = $600

output

v([T] @) = $500
v L] )=%400

Here, gains from trade ($300)
are divided evenly
(not essential)




Economic mechanisms

“true” input agents’ bids result

ﬁ_)—mo —- () @) = $500
g ) =%600  ,gent 1's v g ) = $501

bidding
algorithm
—— exchange
ﬁ mechanism

$800  (algorithm)

=
v @) = $45° / |

»
=$400 ggent2s L] )=8450
bidding Exchange mechanism designer
algorithm . does not have direct access to

g agents’ private information

$ 400 Agents will selfishly respond to
incentives



What is game theory?

“Game theory is the study of mathematical models
of strategic interaction among rational decision-
makers. It has applications in all fields of social
science, as well as in logic, systems science and
computer science. [...] Today, game theory applies
to a wide range of behavioral relations, and is now
an umbrella term for the science of logical decision

making in humans, animals, and computers.”
[Wikipedia, Aug. 2020]



What is game theory...

« Game theory studies settings where multiple parties
(agents) each have
— different preferences (utility functions),
— different actions that they can take

« Each agent’s utility (potentially) depends on all
agents’ actions
— What is optimal for one agent depends on what other

agents do
* Very circular!

« Game theory studies how agents can rationally form
beliefs over what other agents will do, and (hence)
how agents should act

— Useful for acting as well as predicting behavior of others



Penalty kick example
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Game playing & Al

perfect information games:
no uncertainty about the
state of the game (e.qg. tic-
tac-toe, chess, Go)

white

black wins white wins draw draw

Optimal play: value of each node =

value of optimal child for current

player (backward induction,

minimax)

For chess and Go, tree is too large
— Use other techniques (heuristics,

limited-depth search, alpha-beta,
deep learning, ...)

Top computer programs better than

humans in chess, Oyet-we=G0"

imperfect information
games: uncertainty
about the state of the

game (e.g., poker)
‘nature”

1 gets King 1 gets Jack

2 1 1 1 -2 1 -1 1
Player 2 cannot distinguish nodes connected by
dotted lines

— Backward induction fails; need more sophisticated
game-theoretic techniques for optimal play

Small poker variants can be solved optimally
er than top compute
at_full- as ians)

Top computer (REzse=dD] poker players are
based on techniques for game theory

—



Science Artificial intelligence masters multiplayer poker
2019 BREAKTHROUGH OF THE YEAR /

Darkness made visible 4
RU P

Face to face with the Denisovans

Quantum supremacy attained

Microbes combat malnourishment

Akiller impact and its aftermath

A close-up of a far-out object

A ‘missing link’ microbe emerges

In a first, drug treats most cases of cystic fibrosis
Hope for Ebola patients, at last

Artificial intelligence masters multiplayer poker

The Amazon ablaze

Measles resurgent
Bird counts dwindling
An eleventh hour climate awakening?
RELATED ITEMS
Video Editorial Podcast

This year, an artificial intelligence (Al) program beat some of the world’s best players in

the most popular version of poker, no-limit Texas Hold ‘'em. The landmark result marks
the first time Al has prevailed in a multiplayer contest in which players have only
SIGN UP FOR OUR DAILY NEWSLETTER imperfect information about the state of the game.

Al has been trouncing humans in games at a spectacular rate. In 2007, computer

_ Sign Up scientists developed a program guaranteed not to lose at checkers. In 2016, another
Cick 1 view the team developed an Al program that defeated the best humans at Go, a board game

Required fields are indicated by an asterisk (¥) with vastly more configurations than checkers.

Poker presents a stiffer challenge, as players cannot see their opponents’ cards and
thus have limited information. In 2017, computer scientists developed an Al program
unbeatable at a two-player version of Hold ‘'em—in which each player forms a hand
from five cards laid face up on the table and two more each holds privately.

Now, Al has bested world-class players in the full multiplayer game, as computer
scientists at Carnegie Mellon University in Pittsburgh, Pennsylvania, announced in
August. By playing 1 trillion games against itself, their program, JIflag, developed a
basic strategy for various kinds of situations—say, playing for an inside straight. For
each specific hand, it could also think through how the cards would likely play out. In
20,000 hands with six players it outperformed 15 top-level players, as measured by
averaae winninas ner hand.



https://vis.sciencemag.org/breakthrough2019/finalists/




Real-world security

applications
— | Milind Tambe’s TEAMCORE group
R Airport security (USC — Harvard)
3m ' Where should checkpoints, canine units,
: E‘-. _

etc. be deployed?
Federal Air Marshals

Which flights get a FAM?

- US Coast Guard
¥ 2% Which patrol routes should be followed?

Wildlife Protection

Where to patrol to catch poachers or find §
their snares?




Global Presence of Security Games Efforts
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Questions and problems in

(computational) game theory
How should we represent games (=strategic settings)?

— Standard game-theoretic representations not always concise
enough

What does it mean to solve a game?
— Solution concepts from game theory, e.g., Nash equilibrium

How computationally hard is it to solve games?
— Can we solve them approximately?
Is there a role for (machine) learning in games?

What types of modeling problems do we face when
addressing real-world games?

— E.g., applications in security



What is social choice?

COMPUTATIONAL
SOCIAL CHOICE

“Social choice theory or social
choice is a theoretical framework
for analysis of combining individual
opinions, preferences, interests, or
welfares to reach a collective
decision or social welfare in some
sense.” [Wikipedia, Aug. 2020]

|.e., making decisions based on
the preferences of multiple agents

Largely, but not exclusively,
focused on voting




Voting over outcomes

voting rule
(mechanism)
determines winner

« Can vote over other things too
— Where to go for dinner tonight, other joint plans, ...

« Many different rules exist for selecting the winner



Combinatorial auctions

Simultaneously for sale: ~ : Tﬁ L
bid 1
V([ | T2 = $500
bid 2

used in truckload transportation, industrial procurement, radio spectrum allocation, ...



Kidney exchange

 Kidney exchanges allow patients with willing but
iIncompatible live donors to swap donors

Mother A Husband
Donot #1 Donot 2
H\-\. .
.\."'\. H‘:H
Son ' \ Wile
Rec #1 Rec 82




Kidney exchange

Q | POPULAR | LATEST | FEATURED Q U A RT Z OBSESSIONS | EMAILS | EDITIONS | (G

Prescription Al

This series explores the promise of Al to personalize, democratize, and
advance medicine—and the dangers of letting machines make decisions.

THE BOTPERATING TABLE

How Al changed organ donation in
the US

By Corinne Purtill - September 10, 2018



https://qz.com/1383083/how-ai-changed-organ-donation-in-the-us/

Kidney exchange

donor 1

patient 1 (patient 1’s friend)

compatibilities

| donor 2
patient 2 (patient 2’s friend)
| donor 3
patient 3 (patient 3’s friend)
donor 4

patient 4 (patient 4’s friend)



Problems in computational social choice

* Winner determination problem
— For some voting rules, determining the winner is NP-hard

— In a combinatorial auction, deciding which bids win is (in
general) an NP-hard problem

* Preference elicitation (communication) problem

— Can be impractical to communicate all of one’s
preferences (e.g., valuation for every bundle)

* Mechanism design problem

— How do we get the bidders to behave so that we get good
outcomes?

* These problems interact in nontrivial ways

— E.g. limited computational or communication capacity can
limit mechanism design options

— ... but can perhaps also be used in a positive way



What is mechanism design?

“Mechanism design is a field in economics and
game theory that takes an objectives-first
approach to designing economic mechanisms
or incentives, toward desired objectives, in
strategic settings, where players act rationally.
[...] two distinguishing features of [mechanism
design] are:

— that a game “designer’ chooses the game structure
rather than inheriting one

— that the designer is interested in the game’s
outcome

[Wikipedia, Aug. 2020]



Mechanism design...

« Mechanism = rules of auction, exchange, ...

* A function that takes reported preferences (bids) as
iInput, and produces outcome (allocation, payments to
be made) as output

v([T) 33 = $500 v([T) @3) = $400
v B )=%400 v [ )=3600

« E.g., the mechanism from before: find allocation that
maximizes (reported) utilities, distribute (reported) gains evenly

« Other mechanisms choose different allocations, payments



Example: (single-item) auctions

« Sealed-bid auction: every bidder submits bid in a
sealed envelope

* First-price sealed-bid auction: highest bid wins, pays
amount of own bid

« Second-price sealed-bid auction: highest bid wins,
pays amount of second-highest bid

bid 1: $10

first-price: bid 1 wins, pays $10
bid 2: $5 second-price: bid 1 wins, pays $5
bid 3: $1




Which auction generates more revenue?

« Each bid depends on

— bidder’s true valuation for the item (utility = valuation - payment),
— bidder’s beliefs over what others will bid (— game theory),

— and... the auction mechanism used

 In a first-price auction, it does not make sense to bid your true

valuation

— Even if you win, your utility will be O...

* In a second-price auction, (we will see later that) it always

makes sense to bid your true valuation

a likely
outcome for
the first-price bid 1: $5
mechanism bid 2: $4

bid 3: $1

O ———

a likely outcome
for the second-
price mechanism

bid 1: $10

bid 2: $5

bid 3: $1

Are there other auctions that perform better? How do we know when we have found the best one?



Mechanism design...
Mechanism = game
— We can use game theory to predict what will
happen under a mechanism
— if agents act strategically

When is a mechanism “good™?

— Should it result in outcomes that are good for the
reported preferences, or for the true preferences?

— Should agents ever end up lying about their
preferences (in the game-theoretic solution)?

— Should it always generate the best allocation?
— Should agents ever burn money?(!?)

Can we solve for the optimal mechanism?



Many uses of linear programming, mixed
integer (linear) programming in this area

Linear programming

Mixed integer linear
programming

Game theory

Dominated strategies
Minimax strategies
Correlated equilibrium

Optimal mixed strategies to
commit to

Nash equilibrium

Optimal mixed strategies to
commit to in more complex
settings

Social choice,
expressive
marketplaces

Winner determination in
auctions, exchanges, ... with
partially acceptable bids

Winner determination in:
auctions, exchanges, ...
without partially acceptable
bids; Kemeny, Slater, other
voting rules; kidney
exchange

Mechanism
design

Automatically designing
optimal mechanisms that use
randomization

Automatically designing
optimal mechanisms that do
not use randomization




Prediction markets
Predict Markets Support Insights Leaderboards O

Dem. Nomination Congress State & Local U.S. Government World

Presidential Election Winner?

Which party will win the Electoral College?
Democratic 334 204 Republican

Majority

Yy

\

\ |

[t]

2020/8/16


https://www.predictit.org/

Prediction markets
Predict Markets  Support Insights Leaderboards @)

Prez. Election Dem. Nomination Congress State & Local U.S. Government World

1. Research and Educational Facility
Predictlt is intended and offered as an experimental research and educational facility of Victoria University of Wellington, New Zealand
(“Provider” or “We"), not as an investment market or a gambling facility. Predictlt is not regulated by, nor are its operators registered with, the

U.S. Commodity Futures Trading Commission (CFTC) or any other regulatory authority.

Provider has received a no-action-letter from the Division of Market Oversight of the Commaodity Futures Trading Commission. Without
explicitly asserting jurisdiction over Provider or any of its submarkets, this letter, dated October 29, 2014, extended no-action relief to
Provider's Political and Economic Indicator Markets (the latter limited to students, faculty and staff of participating universities). The letters
are available at the CFTC website as part of their Freedom of Information Act documents. Pursuant to this letter, there is “a limit of 5000
total traders in any particular contract”, and “a limit on investment by any single participant in any particular contract [of] $850".

i. Predictlt is offered by Victoria University, a highly-regarded, non-profit educational institution.

ii. No political party or other organization referred to on the Website in connection with any Market has (or has had) any role in the promotion

or operation of this Website or any Market.
iii. Nothing on this Website constitutes an offer or invitation to trade with any person who is under 18 years of age.

2. Terms of Use
i. These Terms of Use set out the basis on which Predictlt offers you access to, and use of, the "Predictlt" website and trading facility whose

homepage is located at www.Predictlt.org (the "Website"). By accessing or connecting to the Website, you agree to abide by these Terms of
Use.

ii. We can change these Terms of Use at any time and in any way we consider appropriate. Our changes will take effect as soon as we
publish an updated version of these Terms of Use on the Website. It is up to you to ensure that you are familiar with the latest version of
these Terms of Use.

2020/8/16


https://www.predictit.org/terms-and-conditions

Financial securities
« Tomorrow there must be one of %
A\

N\

« Agent 1 offers $5 for a security that pays off

$10if & or
RS
« Agent 2 offers $8 for a security that pays off
$10 if or

« Agent 3 offers $6 for a security that pays off
$10 if

Can we accept some of these at offers at no
risk?



How to Incentivize a weather
forecaster

P(_ )=
P(&:)

"\

PC )

Z

5 )= .8
3 P(&x) = A
2 ) = .1

 Forecaster’'s bonus can
depend on
— Prediction
— Actual weather on predicted day

* Reporting true beliefs should
maximize expected bonus




Peer prediction

| had a good 55 'had an OK
experience with experience with
product X. product X.
4/5

Each forecaster’'s bonus
depends only on how well it
matches the other’s




Other kinds of private
Information in auctions?

my quality estimate my quality estimate

al L) )= 90 a = )=s0
my need my need

o L y=70 o L )75

| ——————— 1

How should the auctioneer
use this information?




Sponsored search / ad auctions

Go gle prediction markets proper scoring Q

All News Images Videos Shopping More Settings Tools PY C h O i Ce Of
About 714,000 results (0.43 seconds) ad S (if a ny)

A Political Prediction Market - Join Predictlt Today - predictit.org

X www.predictit.org/ ¥ tO ShOW

Buy and sell shares on political outcomes with Predictlt. Let's Play Politics!

Predict & Trade - Safe and Secure - Unique Platform - Easy to Use d ete rm i n ed

About - Markets - Markets Analysis - Blog

Scholarly articles for prediction markets proper scoring %

Prediction markets: Does money matter? - Servan-Schreiber - Cited by 337 - Ad Ve rtlser
Logarithmic markets coring rules for modular ... - Hanson - Cited by 275
... new understanding of prediction markets via no-regret ... - Chen - Cited by 81 b|d

— Predicted
PoFl Geometric Charaterization of Proper Scoring Rules and Hanson ... - ... @ likelihood
www.mit.edu/~pengshi/papers/2009-05-csurf-geometry.pdf v .
One problem in implementing a prediction market is provid- ing liquidity, and ... a proper scoring rule Of CI |Ck

can be a tedious process, and the re- lationship between ...

[POFl Proper Scoring Rules with Additional Properties - MIT €2
www.mit.edu/~pengshi/papers/2009-04-psr-characterization.pdf ~

of market-scoring rules and prediction markets. In this pa- per, we present a geometric interpretation
to a previously known characterization of proper scoring ...

[POF| ogarithmic Market Scoring Rules for Modular ... - Robin Hanson €%
hanson.gmu.edu/mktscore.pdf ~

by R Hanson - 2002 - Cited by 275 - Related articles

cannot even predict the direction in which others will disagree with them (Hanson, .... For a non-proper



Deferred Acceptance algorithm
[Gale & Shapley 1962]

David Gale Lloyd Shapley

B>C>A



Learning & mechanism design

* Auctioneer may need to know distribution
over private information to desi ale ti
mechanism o
— Learn from repeated play?
— Exploration/exploitation tradeoffs’? 1 2

— Conversely: what if data for ML is
generated by strategic agents?

« Agent being classified herself =
« Data from multiple agents used to find social-

welfare maximizing decision




Why should economists care about
computer science?

* Finding efficient allocations of resources is a
(typically hard) computational problem

— Sometimes beyond current computational
techniques

— If so, unlikely that any market mechanism will
produce the efficient allocation (even without
incentives issues)

— Market mechanisms must be designed with
computational limitations in mind

— New algorithms allow new market mechanisms



Why should economists care about
computer science...

» Agents also face difficult computational
problems in participating in the market

— Especially acting in a game-theoretically optimal
way is often computationally hard

— Game-theoretic predictions will not come true if
they cannot be computed

« Sometimes bad (e.g., want agents to find right bundle
to trade)

« Sometimes good (e.g., do not want agents to
manipulate system)



Why should computer scientists care

about economics?

Economics provides high-value computational
problems

Interesting technical twist: no direct access to true
iInput, must incentivize agents to reveal true input

Conversely: Computer systems are increasingly
used by multiple parties with different preferences
(e.g., Internet, blockchain)

Economic techniqgues must be used to

— predict what will happen in such systems,

— design the systems so that they will work well

Game theory is relevant for artificial intelligence

— E.g., computer poker



