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Moti vation

� Fastcomputersandhigh bandwidthhaschanged

to costof dynamicmarket mechanisms:

– automatedwinner-determination

– automatedbidding

– distributedbidders

� Standardizedontologies,XML

– improve ability to exchangestructured

information

– industry-widestandardizationefforts

� Changeto constructnew markets(c.f. traditional

economics,which is moredescriptive).
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Two Communities

� Economics
– traditionalemphasisongame-theoretic

rationality, describing, andmultipleself-interested

agents

� Computer Science
– traditionalemphasisoncomputational&

informationalconstraints,building, andindividual

or cooperativeagents

Vision: Unification,resolve conflictsbetween

game-theoreticandcomputationalconstraints,develop

rigoroustheoriesandmethodologies.
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Lots of Excitement!
� Fourth ACM Electronic Commerce

Conference, June2003

– combinatorialauctions,mechanismdesign,reputation

mechanisms,sharing,preferenceelicitation

� FederalCommunicationsCommision,Conf. on
Combinatorial Auctions, October2001

– designof combinatorialauctionsandexchangesfor wireless

spectrum

� DagstuhlWorkshop on Electronic Mark et
Design, June2002

– computerscientists,economists,gametheorists

� American Associationfor Advancementof
ScienceFeb2003

– sessionon IncentivecompatibilityandInternetcomputation



Parkes CS286r 5

What is this Course?

Rotating topicscourse.

� Spring,03. ElectronicMarket Design.

Tenative:

� Spring,04. AutomatedStrategic Negotiation.

� Spring,05. ComputationalMechanismDesign.
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Electronic Mark et Design

FundamentalConcept: designsystemsto solve

dynamicresourceallocationproblemsbetween

self-interestedagents(e.g.users,businesses,etc.)

INCENTIVES

MECHANISMAGENTS

structured languages

winner
determination

approximate
one−shot auctions

linked double
auctions

iterative
combinatorial
auctions

preference
elicitation

bidding
languages
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CourseStructur e

� Intr oductory lectures: [until 2/10]

– gametheory, mechanismdesign,auctiontheory.

� Curr ent Research papers: [bulk of course]

– Bidding languagesandwinner-determination

– Communicationcomplexity and

preference-elicitation

– Reputationmechanisms

– Incentive-compatibility, strategyproofness.
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Prerequisites,Enrollment

Enrollmentlimited to around20students.Complete

Survey at endof class!

� Level of math.sophist.,at leastabasiccoursein

linearalgebra(suchasM 21b,AM 21b,or

equivalent)

� TheoreticalCS,at leastCS121(complexity

theory)andCS124(algorithms).

� Familiarity with “agentrationality” concepts,e.g.

anAI course,CS181or CS182,or anappropriate

econ/GTcourse.

Advancedalgorithms,gametheory, microeconomics,

linearprogramming,all helpful but not required.
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Grading

Problemsets 25% 3-4shortproblemsetson

introductorymaterial

Participation 20% Readingpapers,submittingshort

summary& Qsaheadof class,

participationin discussion.

Presentationof 15% A shortsurvey andcritique.

researchpaper

Project 40% Proposal,classpresentation

& final report
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Office Hours

Regular hours:

Mon Wed2-3pm,Maxwell-Dworkin 229.

Extra early-term officehours: Fri 1/3110am-12pm;

Tue2/31-2pm.

MissedCourseMaterials:

Arthur Cram,Maxwell-Dworkin 133.
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Projects

� Goal: Developa deepunderstandingof an

importantopenresearcharea,and,to theextent

possible,to work onanopenresearchproblem.

� Projectsmaybetheoreticalor experimental.

� Suggestedtopicsprovided,althoughcansubmit

own subjectto approval.

� ProposalsdueafterSpringBreak;Presentationsin

readingweek;ProjectreportsbeforeFinals.
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Projects’02

� DistributedVCG Mechanisms

� Anytime StrategyproofMechanisms

� Fault-tolerantMechanismDesign

� Deliberationin Equilibrium: AscendingAuctions

� Web-cacheauctions
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Solution Concepts

� Nashequilibrium. Every agentplaysa

utility-maximizing strategy, giventhe

utility-maximizing strategiesof otheragents.

– assumesrationalandwell-informedagents

� Dominant strategy. Everyagenthasa

utility-maximizing strategy whatever the

strategiesof otheragents.

– strongerimplementationconcept,doesnot

requirewell-informedor rationalagents
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A Lar geProblem: London Bus

Routes

� 3.5million passengerseachday

� 5000buses

� 700routes

� Competitive tenderingsince1997
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The GeneralizedVickr eyAuction
(Vickrey 61,Groves71,Clarke 73)

1. Agents
��� �

submitbids ����
	���
 for all bundles� � � of routes.

2. Computeallocation �� to maximizereportedvalue:���������� ���
� "!$#&%('('('�%)!+*&, - �. - �0/ - �

3. Computebestallocationwithouteach agent
�
:��1��� 2435��� ���
� "!$#&%('('('�%)! * , 6879 -

�. 6 �:/ 6 �

4. Implement �� , andcomputePayments:

;=<?>A@ �"BC�D� �. - � �/ - �FE G ��1�����HE ��1��� 2I35�KJ
This is efficient andstrategy-proof.
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SpecialCase:A SingleItem

ConsidertheVickrey auctionfor asingleitem.

Let LNM denotethehighestbid, and LPO the

second-highestbid. Agent1 pays

Q4R&SUT V L M�W 	 L M�W L O 
�V L O
X sell item to the highestbidder for the
second-highestbid.

This is strategy-proof becauseanagent’sbid defines

therange of pricesit is willing to accept, but not the

actualprice.
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Computational Problems

� Winner-determination problem,selectingbids

to maximizereportedvalue,is NP-hard

– equivalentto maximumweightedsetpacking

� Hard problem for agentsto computevalue

���U	Y��
�V Z[�U	Y��
 W \ �
	���

for asinglecombinationof routes,andan

exponentialnumberof routesto consider.
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Tractable Winner Determination
� Restrictedbidding languages

(Rothfkopf etal. 98,Vohra& deVries 00)

– limited bid prices,e.g.sub-modular

– limited bundletypes,e.g.consecutive items,etc.

� Implementapproximatesolutions,andcompute

approximateVickrey paymentsand/orchangethe

mechanism.

(KfirDahav etal. 98,Lehmannetal. 99)

� Distrib ute computation to agents;perhapsissue

“challenges”.

(Brewer99,Nisan& Ronen00)



Parkes CS286r 19

Tractable Agent Problems

� Usedynamic methods
– askfor someinformation,performintermediate

computation,askfor somemoreinformation,etc.

– computetheoutcomewithout complete

information

� Introducebidding programs, allow auctioneerto

computethevalueof aparticularbundle

“on-the-fly”

– helpsif formulationeasierthansolution
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CompleteInf o. is Not Necessary!
� Singleitem: values� M V ]_^U� O V `H^a��b V ced .

– info. � M f ` ; � O V ` ; � b g ` .
� Combinatorialauction: agentshave

non-overlappingoptimalbundles.

1

23

4

h5h+h cancomputeandverify theefficientallocationin

bothcases.
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Overview of Initial Lectures

[2 ] Mark et Design& Auction Variations.
– multiattribute,multi-unit, combinatorial

auctions,exchanges

– reverse,forward;sealed-bid,iterative;

real-world examples

[3 ] GameTheory
– strategic form, Nashequil.,dominantstrategy,

Bayesian-Nash.

[4 ] MechanismDesignI
– Rev. princ.,VCG mechanism

[5 ] MechanismDesignII
– Negative andPositiveResults

[6 ] Auction theory
– revenueequivalence,efficient auctiondesign
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Electronic Mark et Design:

A Bird’ sEyeView

INCENTIVES

MECHANISMAGENTS

combinatorial auctions

ascending.
multi−unit,
false−name bids

combinatorial
exchanges

linked double
auctions

online auctions

multi−unit auctions

digital goods

pref
elicitation
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I: Bidding Languagesand Winner

determination

Challenge:Expressive bidding;Fast

winner-determination.

[7 ] Combinatorial auctions:
– tradeoffs in biddinglanguages.

[8 ] Combinatorial auctions:
– optimalwinnerdetermination(WD) algorithms.

[9 ] Combinatorial auctions:
– structuredbiddinglanguages& fastWD.
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Example: ExpressiveBidding

Languages.

� combinatorialauctionsprovide abidding

languagei , thatpermitagentsto express

preferencesin somej � j .

� winner-determinationthentakesthebids,and

mustcomputeanallocationto maximizetotal

value.

� interestingquestions:

– whatis thespacecomplexity of differentlanguages?

– canthestructure in a languagebecapturedto allow

fastwinner-determination?

– for whichclassesof preferencesk do

polynomial-timeWD algorithmsexist?
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II: Communication Complexity &

PreferenceElicitation

Challenge: Implementoutcomeswith reasonable

communicationandreasonablepreference-elicitation

costs.

[10 ] PreferenceElicitation :

– complexity of preferenceelicitation.

[11 ] Combinatorial auctions:
– communicationcomplexity.

[12 ] Multiattrib ute auctions:
– average-casepreferenceelicitationcostsof

alternateauctiondesigns.
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Example: Inf ormation Certificates
[Parkes’02]

δ
All preferences

Information

Inf(  )

l
is domainof agentpreferences,m 	n�F
 � o

is the

optimaldecision, givenactualpreferences� � l
.

Let prqts 	 m 
u� l
denotethepreferencesfor which m is

optimal. Goal: elicit just enoughinformationto

constrainagentvaluationsto themaximalset, vKwex 	 m 
 .
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III: Reputation Mechanisms

Challenge:Addressasymettricinformation,provide

trustin electronicmarkets.“Automated

word-of-mouth”.Challenges:pseudonyms,truthful

feedback,informationaggregation,etc.

[13 ] eBay-like mechanisms.
– analyzingtheeconomicefficiency of binary

reputationsystems.

[14 ] Rating elicitation.

– marketsfor evaluationsto elicit optimal

amountsof information.

[15 ] Feedbackelicitation.

– methodsto elicit truthful feedback.



Parkes CS286r 28

Example: eBayFeedback

Aggregation
Onlinefeedbackmechanisms“engineertheeffectof

word-of-mouthnetworksin onlineenvironmentsfor the

purposeof facilitatingefficient transactions.” (Dellarocas)

� eBayprovidesa binary feedback mechanism,in
whichagentsrespondwith +ve or -ve reports(or
no report).

� eBaycollectsfeedback,andpublishesaggregate
information(sumof +ve and-ve reportsover y
periods)

� interestingquestions:
– how do wedefineawell-functioningreputation

system?

– whatis sufficient informationto distributeto usersto

allow a well-functioningsystem?

– whataboutbinary feedback?
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IV: Incentive-Compatibility

Challenge:Achieve efficient computational

complexity in anincentive-compatiblesystem,where

truth-revelationis anequilibriumstrategy for agents.

[16 ] Digital Goods.Competitive auctions.

[17 ] Multi-unit Auctions. Fastandstrategyproof.

[18 ] False-namebids. Achieving robustnessin an

ascendingmulti-unit auction.

[19 ] Double auctions.Linking multiplemarkets.

[20 ] Exchanges.Expressive biddingin two-sided

markets.

[21 ] Online auctions.handlingdynamicarrivals.

[22 ] Online mechanismdesign.
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Example: False-nameBids

� Economicsolutions,suchastheVickrey auction,

arestrategyproof.

– but, agentscanmanipulatemulti-unit auctions

throughfalse-namebids.

– canwedesignauctionsthatarestrategyproof

androbustto false-namebids?(whatabout

EFFICIENT, SP, andFNBP?)

z { zu{ z { zu{
1 7 0 7 1 7 7 14

2 0 0 12 2 0 0 12

3 0 7 7 3 0 0 0
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Next class

� Auction variations and settings:
– combinatorialauctions(logistics)

– multi-unit auctions(sourcing)

– multiattributeauctions(procurement)

– exchanges(FCCwirelessspectrum)

� Detailedexample: combinatorialauctions

– fast& strategyproofauctions

– anytime & strategyproofauctions

– optimalwinner-determination


