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Moti vation

e Fastcomputersaandhigh bandwidthhaschanged
to costof dynamicmarket mechanisms:
— automatedvinnerdetermination
— automatedidding
— distributedbidders

e Standardizedntologies XML
— improve ability to exchangestructured
Information
— industry-widestandardizatiorfforts

e Changdo constructnenvy markets(c.f. traditional
economicswhichis moredescriptive.
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Two Communities

e Economics
—traditionalemphasi®n game-theoretic
rationality, describing andmultiple self-inteested
agents

e Computer Science
—traditionalemphasi®n computationa&
Informationalconstraintspuilding, andindividual
or coopeantive agents

Vision: Unification,resole conflictsbetween
game-theoreti@ndcomputationatonstraintsdevelop
rigoroustheoriesandmethodologies.
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Lots of Excitement!

Fourth ACM Electronic Commerce
Conference June2003
— combinatorialuctionsmechanisndesign reputation

mechanismssharing preferenceelicitation

Federal Communications Commision, Conf. on
Combinatorial Auctions, October2001
— designof combinatorialuctionsandexchangedor wireless

spectrum

Dagstuhl Workshop on Electronic Mark et
Design June2002

— computerscientistsgeconomistsgametheorists

American Associationfor Advancementof
ScienceFeb2003

— sessioron Incentve compatibilityandinternetcomputation
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What is this Course?

Rotating topics course.

e Spring,03. ElectronicMarket Design.
Tenative:

e Spring,04. AutomatedStratgic Negotiation.

e Spring,05. ComputationaMechanisnmbDesign.

.
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Electronic Mark et Design

Fundamental Concept: designsystemgo solve
dynamicresourcallocationproblemsbetween
self-interesteédgentqe.g. userspusinessestc.)

structured languages

AGENTS MECHANISM

bidding

winner

; determination
preference

elicitation

approximate
one-shot auctions

iterative
combinatorial linked double
auctions auctions

INCENTIVES
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Course Structur e

e Intr oductory lectures [until 2/10]
— gametheory mechanisnudesign,auctiontheory

e Current Reseach papers [bulk of course]
— Bidding languagesindwinnerdetermination
— Communicatiorcompleity and
preference-elicitation
— Reputatiormechanisms
— Incentve-compatibility stratgyproofness.
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Prerequisites,Enrollment

Enrollmentlimited to around20 studentsComplete
Surve at endof class!

e Level of math.sophist. at leasta basiccoursen
linearalgebra(suchasM 21b,AM 21b,or
equvalent)

e TheoreticalCS,atleastCS121(compleity
theory)andCS 124 (algorithms).

e Familiarity with “agentrationality” conceptse.g.
anAl courseCS18lor CS182,0r anappropriate
econ/GTcourse.

Advancedalgorithms,gametheory microeconomics,
linearprogrammingall helpful but not required.

.
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Grading

Problemsets

Participation

Presentatiomof

researcipaper

Project

25%

20%

15%

40%

3-4 shortproblemsetson
introductorymaterial
Readingpaperssubmittingshort
summary& Qsaheadf class,
participationin discussion.

A shortsuney andcritique.

Proposalgclasspresentation

& final report
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Office Hours

Regular hours:

Mon Wed 2-3pm,Maxwell-Dworkin 229.
Extra early-term office hours: Fri 1/3110am-12pm;

Tue2/31-2pm.
Missed Course Materials:

Arthur Cram,Maxwell-Dworkin 133.
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Projects

Goal: Developadeepunderstandingf an
Importantopenresearclarea,and,to the extent
possibleto work onanopenresearciproblem.

Projectsmaybetheoreticalbr experimental.

Suggestedopicsprovided,althoughcansubmit
own subjectto approval.

Proposalglueafter SpringBreak;Presentations
readingweek;ProjectreportsbeforeFinals.
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Projects’02

DistributedVCG Mechanisms

Anytime Strat@yproofMechanisms
Fault-tolerantMechanisnmbDesign

Deliberationin Equilibrium: AscendingAuctions

Web-cachauctions
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Solution Concepts

e Nashequilibrium. Everyagentplaysa
utility-maximizing strat@y, giventhe

— assumesational andwell-informedagents

e Dominant strategy. Every agenthasa
utility-maximizing stratgy whatever the
stratgiesof otheragents.

— strongenmplementatiorconceptdoesnot
requirewell-informedor rationalagents

utility-maximizing stratgjiesof otheragents.
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A LargeProblem: London Bus
Routes

e 3.5million passengersachday
e 5000buses
e /00routes

e Competitve tenderingsincel997
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The GeneralizedVickr ey Auction
(Vickrey 61,Groves71,Clarke 73)

1. Agents submitbids for all bundles
of routes.

3. Computebestallocationwithoutead agent

4. Implement , andcomputePayments:

Thiss efficient andstrategy-proof.

2. Computeallocation to maximizereportedvalue:
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SpecialCase: A Singleltem

ConsidertheVickrey auctionfor asingleitem.

Let denotethehighestbid,and the
second-highediid. Agent1 pays

sellitem to the highestbidder for the
second-highesbid.

This s strategy-proof becaus@anagents bid defines
therange of pricesit is willing to accept but notthe
actualprice.
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Computational Problems

e Winner-determination problem,selectingobids
to maximizereportedvalue,is NP-hard
— equwvalentto maximumweightedsetpacking

e Hard problemfor agentsto computevalue

for asinglecombinationof routes,andan
exponentialnumberof routesto consider

17
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Tractable Winner Determination

e Restricted bidding languages
(Rothfkopf etal. 98, Vohra& deVries 00)
— limited bid prices,e.g.sub-modular
— limited bundletypes,e.g.consecutie items,etc.

e Implementapproximate solutions,andcompute
approximateVickrey paymentsaand/orchangehe
mechanism.

(KfirDahav etal. 98, Lenhmannetal. 99)

e Distrib ute computation to agentsperhapsssue
“challenges”.
(Brewer 99, Nisan& Ronen00)
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Tractable Agent Problems

e Usedynamic methods
— askfor someinformation,performintermediate
computationaskfor somemoreinformation,etc.
— computethe outcomewithoutcomplete
Information

e Introducebidding programs allow auctioneeto
computethevalueof aparticularbundle
“‘on-the-fly”

— helpsif formulationeasierthansolution

19
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Completelnfo. is Not Necessary!

e Singleitem: values
— info. : ,

e Combinatorialauction: agentshave
non-overlappingoptimalbundles.

A
1
o olle © o
o © @ © @
o o @ © o
3 7

cancomputeandverify the efficientallocationin
bothcases.
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Overview of Initlal Lectures

| Mark et Design& Auction Variations.
— multiattribute, multi-unit, combinatorial
auctionsgxchanges

—reverse forward; sealed-biditerative;
real-world examples

| GameTheory
— strat@ic form, Nashequil.,dominantstrateyy,
Bayesian-Nash.

| MechanismDesignl
— Rev. princ.,VCG mechanism

| Mechanism Designl|
— Negative andPositve Results

| Auction theory
— revenueequwalence gfficient auctiondesign

21
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Electronic Mark et Design:
A Bird’ skye View

combinatorial auctions

AGENTS MECHANISM

pref
elicitation
digital good:
linked double
auctions
ascending. _ _
multi—unit, online auctions

false-name bids multi—unit auctions

INCENTIVES

combinatorial
exchanges

22
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I Bidding Languagesand Winner
determination

Challenge: Expressre bidding; Fast
winnerdetermination.

[7 ] Combinatorial auctions
—tradeofs in biddinglanguages.

[8 ] Combinatorial auctions

[9 ] Combinatorial auctions
— structuredbiddinglanguage# fastWD.

— optimalwinnerdeterminatior(\WD) algorithms.
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Example: Expressve Bidding
Languages.

e combinatoriauctionsprovide abidding
language , thatpermitagentdo express
preferenceth some

e winnerdeterminatiorthentakesthebids,and
mustcomputeanallocationto maximizetotal
value.

e Interestingguestions:
—whatis the spacecompleity of differentlanguages?
— canthestructue in alanguagebe capturedo allow
fastwinnerdetermination?
— for which classe®f preferences do
polynomial-timeWD algorithmsexist?
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II: Communication Complexity &
PreferenceElicitation

Challenge: Implementoutcomeswith reasonable
communicatiorandreasonabl@reference-elicitation
costs.

[10 ] PreferenceElicitation:
—compleity of preferenceelicitation.

[11 ] Combinatorial auctions
—communicatiorcompleity.

[12 ] Multiattrib ute auctions
— average-caspreferenceelicitation costsof
alternateauctiondesigns.
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Example: Information Certificates
[Parkes’02]

INf® )

All preferences

Information

Is domainof agentpreferences, IS the
optimaldecision givenactualpreferences

Let denotethe preference$or which is
optimal Goal: elicit justenoughinformationto
constrainagentvaluationsto the maximalset,

26
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Il Reputation Mechanisms

Challenge: Addressasymettrianformation,provide
trustin electronicmarkets.“Automated
word-of-mouth”.Challengespseudogms, truthful
feedbackjnformationaggreation, etc.

[13 ] eBay-like mechanisms.
—analyzingthe economicefficiency of binary
reputationsystems.

[14 ] Rating elicitation.
— marketsfor evaluationsto elicit optimal
amountf information.

[15 ] Feedbackelicitation.
— methodgo elicit truthful feedback.
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Example: eBayFeedback
Aggregation

Onlinefeedbacknechanismé&engineerthe effect of
word-of-mouthnetworksin online environmentsfor the
purposeof facilitating efficienttransactions. (Dellarocas)

e eBayprovidesabinaryfeedbak mechanismin
which agentgespondvith +ve or -ve reports(or
no report).

e eBaycollectsfeedbackandpublishesaggreate
Information(sumof +ve and-ve reportsover
periods)

e Interestingguestions:
—how dowe definea well-functioningreputation
system?
—whatis sufficientinformationto distributeto usersto
allow awell-functioningsystem?
—whataboutbinary feedback?
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IV Incentive-Compatibility

Challenge: Achieve efficient computational
compl«ity in anincentve-compatiblesystemwhere
truth-revelationis anequilibriumstratgy for agents.

Digital Goods.Competitve auctions.

Multi-unit Auctions. Fastandstrat@yproof.

| False-namebids. Achieving robustnessn an
ascendingnulti-unit auction.

| Double auctions. Linking multiple markets.

| Exchanges.Expresste biddingin two-sided
markets.

| Online auctions. handlingdynamicarrivals.

] Online mechanismdesign.
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Example: False-nameBids

e Economicsolutions,suchastheVickrey auction,
arestrat@yproof.
— but, agentscanmanipulatemulti-unit auctions
throughfalse-namdids.
— canwe designauctionshatarestratgyproof
androbustto false-nameids?(whatabout
EFFICIENT, SP andFNBP?)

30
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Next class

e Auction variations and settings
— combinatorialauctiong(logistics)
— multi-unit auctions(sourcing)
— multiattribute auctions(procurement)
—exchangegFCCwirelessspectrum)

e Detailed example: combinatoriauctions
—fast& stratgyproofauctions
— anytime & stratgyproofauctions
— optimalwinnerdetermination
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