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Shill bidding in Englishauctionis thedeliberateplacingbidson theseller’s behalfto artificially drive up the
price of his auctioneditem. Shill bidding hasbeenknownto occur in auctionsof high-valueitemslike art
andantiqueswhere bidders’ valuationsdiffer andtheseller’s payoff fromfraudis high. We provethat private-
valueEnglishauctionswith shill biddingcanresultin a higherexpectedsellerprofit thanfirstandsecondprice
sealed-bidauctions.To detershill bidding, we introducea mechanismwhich makesshill biddingunprofitable.
Themechanismemphasizesthe role of an auctioneerwho chargesthe seller a commissionfeebasedon the
differencebetweenthe winning bid and the seller’s reserve. Commissionratesvary from market to market
andare mathematicallydeterminedto guaranteethenon-profitability of shill bidding. We demonstratethrough
exampleshowthis mechanismworksandanalyzetheseller’soptimalstrategy.

TheInternetprovidesauctionsaccessibleto thegeneralpub-
lic. Anyonecaneasilyparticipatein online auctions,eitheras
a seller or a buyer, and the valueof items sold rangesfrom a
few dollarsto millions. To respondto this demand,onlineauc-
tion houseshave sprungup, supportedby therevenuemodelof
chargingsellerslisting andcommissionfees.Comparedto phys-
ical auctions,theselisting andcommissionsfeesarerelatively
small, attractingboth traditional and new auctionsellers. We
expectonline auctionswill continuegrowing andwill account
for anexpandingvolumeof economicactivities.

Unfortunately, theincreasedpopularityof onlineauctionshas
beenaccompaniedby inevitable growing pains. According to
the InternetFraudWatch,online auctionfraud hasbecomethe
numberonetype of Internetfraud over the last threeyears. In
1999,it accountedfor 87%of reportedincidents,up from 68%
in 1998. Indeed,online auctionsseemedto attractfraud. Be-
tween1998and1999,fraud relatedto auctionssoaredby 76%
while fraud relatedto other typesof online transactionsplum-
metedby 44%. In the year2000 the volumeof auctionfraud
increased23%andaccountedfor 78%of thereportedincidents.

Part of the online auctionfraud is due to the general“lack
of trust” problem(e.g.,inaccuratedescriptionsof goods,unde-
liveredproducts,uncollectiblepayments,and fraudulentcom-
ments)whichoccursin onlinefixed-pricesalesaswell. Howeer,
the main reasonwhy online auctionattractsfraud is rootedin
theuniquenessof “auctioning” over “the Internet,” that is, vari-
ablepricingexecutedin aweakly-controlleddistributedcomput-
ing environment.Thisuniquenessbringsseveraldifficult issues,
challengingthescope,validity andemphasisof theexisting lit-

eratureon auctiontheories,which currentlyare insufficient to
guideonlinepractices.

Oneof theemergingissuesis shill bidding,whichhasbecome
popularbecauseof the lack of authenticationover the Internet.
Shill biddingis thedeliberateplacingof bidsby thesellerto ar-
tificially drive up the price of an auctioneditem. The Internet
environmentprovidesunprecedentedopportunitiesfor sellersto
createfalseidentitiesunderwhich to submitshill bids for their
own goodsin order to increasetheir profits. Shill bidding has
beenidentifiedasoneof the mostcommontypesof e-auction
fraud by the InternetFraudComplaintCenter(IFCC), a part-
nershipbetweenthe FederalBureauof Investigation(FBI) and
theNationalWhite Collar CrimeCenter(NW3C) (TheInternet
FraudComplaintCenter2001). More thanonce,shill bidding
in eBayhasbecomeheadlinenews (Schwartz andDobrzynski
2001).In addition,theanalysisof therarecoinauctionmarketin
eBayalsoindicatedthatabout10%of auctionbuyershadshown
questionablebidding behavior; they intendedto run up the bid
ratherthanto win theauction(KauffmanandWood2000).

Although thesenews andobservationshave triggeredmuch
concernsaboutshill bidding,no onehasseriouslyexaminedthe
auctionstructuresandpolicieswith respectto fraudprevention
and detection. As we will explain later, the pricing and auc-
tion policiesof eBayactuallyencourageshill bidding. Another
emergingissue,causedby similar reasons,is buyers’false-name
bidding. False-namebiddingfacilitates“bid shielding”(whena
buyersubmitsahighbid underanon-payingfalseidentity in or-
der to securethebuyer’s low bid asthenext valid bid) andalso
challengesthe incentive compatibility of the widely practiced
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Vickrey auctionandits derivatives(Wang,Hidvégi andWhin-
stonforthcoming,Wang,HidvégiandWhinston2001).

Our researchthemeis to improve or redesignonline auction
structuresto proactively deterauctionfraud. Wanget al. (2001)
havedesignedanefficientBinaryVickrey Auction(BVA) proto-
col againstbuyerfalse-namebidding in multi-unit auctions.As
a continuationalongour researchtheme,this paperfocuseson
shill bidding.

In searchfor the literatureon shill bidding,we foundno sig-
nificantdiscussionson this subject.Literatureon auctionfraud
focusesmainly on buyer collusionandis quite limited. Klem-
perer(2000)hascautionedof the dangerof the thinnessof the
auction-theoreticliteratureon auctionfraud.Hestatesthatmost
auctionliteratureassumesafixednumberof buyerswhobehave
non-cooperativelyandauctionsurveyspayrelatively little atten-
tion to collusion,whichis reflectedby thescantliteratureonthis
importanttopic (Klemperer2000).As a result,almostnonehas
analyzedthedangerof buyer-sellercollusionfrom shill bidding.

Myerson(1981)aswell asRiley andSamuelson(1981)have
shown that if a certainregularity conditionholds, the first and
secondpricesealed-bidauctionsandtheEnglishauctionareop-
timal andgive thesameexpectedprofit for theseller. Unfortu-
nately, non-regular casesdo occur in which thesemechanisms
arenot optimalany more. A mechanismallowing shill bidding
cangive higherexpectedsellerprofit thanthe oneagainstshill
bidding. Thereasonis simple.Traditionalauctionsassumethat
thesellercommitsto hisreservepricebeforeanauctionanddoes
not reviseit duringtheauction.However, with shill bidding,the
sellercaneffectively changehis reserveduringtheauctionashe
learnsmoreaboutthebidders’valuationsandtakesadvantages
of this knowledge.

Suchnon-regularcasesoccurwhentherearedifferenttypes
of bidders.This is not uncommonin practice:a biddermaybe
eitheranend-useror areseller;or in anauctionwith acollectible
item onegroupof biddersthinkstheauctioneditem a rareorig-
inal piecewhile anothergroupregardsit simply a copy. Hence,
biddersmaybelongto differenttypes.Thesellerdoesnot know
theexacttypeof aparticularbidderbeforetheauction.But dur-
ing the auction,hecanlearnthehighestbidder’s type from the
bidsandthenbenefitfrom theknowledge.

We will introduceaShill-deterrentFeeSchedule(SDFS)that
anauctioneercanapplyto chargesellers.SDFSandits parame-
tersaredesignedasan incentive mechanismto discouragesell-
ersfrom submittingshill bids. UnderSDFS,theauctioneerstill
chargesthesellera listing andcommissionfee.However, SDFS
is uniquein the following: 1) a listing fee is a function of the
seller’s reserve; 2) a commissionfee is a function of the com-
missionrateandthedifferencebetweenthefinal salepriceand
the seller’s reserve; and3) the commissionrate is mathemati-
cally determinedto ensurethenon-profitabilityof shill bidding.
Thecommissionrateis a functionof buyers’valuedistribution,
which differsacrossauctionmarkets.

Contrastto ourscheme,theexistingonlineauctionfeesched-
ulesandpoliciesare,in fact,notdesignedto inhibit shill bidding,

if not encouragingsuchpractices. For instance,for a reserve
priceEnglishauction,eBaychargesasmalllisting andlow com-
missionfee. As of February2001, for a non-featuredauction,
eBay’s listing fee is maximum$3.30for listing plus maximum
$1.00for refundablereservepriceauctionfee.Thecommission
ratesin eBayare5% for winning bid below $25,2.5%for $25
- $1000,and1.25%for above $1000. For a final salevalueof
$10,000,the commissionfee is only about$138. In auctions
with high valuegoods,theseintermediationfeesaretoo low to
detershill bidding. As long asa sellercan,from a shill, gainan
extra expectedprofit higherthanthe intermediationfeeshehas
to pay, thesellerwill haveanincentiveto conductthefraud.

In addition,eBay’s policiesdo not discourageshill bidding;
if an item doesnot sell eitherbecauseof no bid above the re-
serveor non-payingwinningbidder(whomaybeashill bidder),
eBayallowsafull or partialrefundof the“final valuefeecredit.”
This meansthataftera periodof time, thesellerwith shill bid-
ding can have a secondround auctionof the sameitem at no
charge. In otherwords,a selleranticipatinga secondroundof
freeauctionhaslessincentive to auctionoff his item in thefirst
round.Althougha shill sellerhasa lower probabilityto auction
off the good, assumingno discount,his expectedprofit is not
loweredbecauseheeitheris betteroff if theshill bid pushesup
thefinal paymentor receivesthesameexpectedprofit in a later
roundif theshill fails. But underSDFS,thesellerhasto paythe
commissionfee unlesshe canprove that he himself is not the
non-payingwinning bidder. Besides,the commissionratesin
differentauctionmarketsarecarefullychosenby theauctioneer
to ensurenon-profitabilityfrom shills.

In responseto the auctioneer’s new SDFS fee schedule,a
sellercancalculatethe optimal reserve price for his auctioned
item,maximizinghis expectedprofit. Both theauctioneer’sop-
timal commissionrateandtheseller’s optimalreserve requirea
knowledgeof thebidders’valuedistribution,which, in practice,
canbeobtainedthroughmarket research.

In this paper, we usea sampledistribution to illustratehow
shill biddingcanbeprofitablein traditionalEnglishauctionsand
how to choosecommissionratesunderSDFSto detershill bid-
ding.

OurSDFSdesignalsoindicatesthatatrustedthird partyis es-
sentialin onlinemarketsto ensurebuyersthetrustworthinessof
theseller, andvice versa.This is not a new idea.Vickrey, in his
famouspaper, hassuggestedtheuseof a trustworthybid-holder
as a meansto prevent shill bidding: “to prevent the useof a
‘shill’ (in a sealed-bidsecondpriceauction)to jack thepriceup
by puttingin a latebid just underthetop bid, it would probably
bedesirableto haveall bidsdeliveredto andcertifiedby a trust-
worthy holder, who would thendeliver all bids simultaneously
to theseller” (Vickrey 1961). Unfortunately, to our knowledge,
thereis nofollowupresearchin theauctionliteratureextensively
discussingtherole of a trustedthird partyandits essentialfunc-
tionsin facilitatingvalid andtrustworthyauctiontransactions.

Yet the Internetdemandstrustedthird partiesto help solve
the “lack of trust” problembetweensellersandbuyers. There-
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fore, departingfrom the traditionalauctiontheory, we consider
an auctioneer(i.e., an auctionhouse)asan independentprofit-
orientedagentdifferent from the seller. The auctioneer’s goal
is to maximizehis profit andhis incomecomesfrom the inter-
mediationfeeschargedto sellersand/orthe buyers. The auc-
tioneercanattractmoresellersby: 1. providing soundauction
processes,2. retaininga largebuyerbase,and3. charging sell-
ers reasonableintermediationfees. The auctioneercanattract
morebuyersby convincingthemthattheauctionhouseprovides
trustabletransactionsandpreviouslyauctioneditemsaresoldat
reasonableprices.Moresellersandmorebuyersincreasemarket
liquidity, beneficialnot only to theauctioneerbut alsoto sellers
andbuyers.Our SDFSscheduleencourageshonestbehavior of
sellers,helpsto build online trust, andhenceincreasesmarket
liquidity.

Thepaperproceedsasfollows. SectionI intuitively discusses
shill bidding and its variousforms. In SectionII, we theoret-
ically analyzeshill bidding underthe framework of Riley and
Samuelson(1981)andexplainwhy shill biddingcanprovidean
extraexpectedprofit to sellerswhentherearemultiplesolutions
to the equationcalculatingthe optimal reserve. In SectionIII,
we explain why theexisting statisticalandtechnicalmethodsto
catchshill biddersare limited anddiscussthe essentialrole of
an auctioneerin deterringfraud. In SectionIV, we introduce
our Shill-deterrentFeeSchedule(SDFS)for Englishauctions,
analyzeits impacton sellers,andexplain why it works. Sec-
tion V concludesour contributionanddiscusseslimitationsand
futureresearchdirections.

I. What is Shill Bidding?

Shill biddingis thedeliberateplacingof bidson theseller’s be-
half to artificially drive up thepriceof anauctioneditem. Shill
bidding occursin second-priceauctionslike EnglishandVick-
rey auctionswheretheseller(and/orhisagent(s))pretendsto be
the secondhighestbidderanduseshis bid to pushup the pay-
mentof thewinningbidder. In anEnglishauction,thesellercan
submita shill bid after or even beforesomebuyer hasalready
bid at or above thereserve (herewe assumethatonly bidsat or
above the reserve price areacceptable).Fromthe biddingpro-
cess,thesellercanlearnabouthow many biddersareinterested
in his item andtheir valuations.Basedon this information,the
sellercanmake a judgmenton the expectedpayoff of his shill
bidding. By submittingshill bids, the sellercaninflate the bid
price,whichmayresultin ahigherfinal salepricefor his item.

Shill bidding in English auctionsis equivalent to settingup
reserve price(s)dynamicallyduring the bidding process. The
auctioneerandbuyersmay not be awareof suchan act of the
seller. Thebuyersbelievethatthey participatein anauctionwith
astablereserve,but in reality, adynamiconeadjustedaccording
to thecurrentbid prices.

In contrast,in a Vickrey auction,aslong asbidsarehandled
by a trustedthird party to ensurethat the sellerhasno knowl-
edgeof the bids, submittinga shill bid only achievesthe same

outcomeassettingthe reserve at the shill bid valuebeforethe
auctionstarts.Theseller’s reservehasto bethesingle“bestand
final” one. Therefore,an easysolutionto eliminateshills is to
usesealed-bidauctionsconductedby trustableauctioneers.The
lack of authenticationof biddersis not asbig of a threathereas
in anEnglishauction.

But both sellersandauctioneerspreferEnglishauctionsbe-
causetheopenbiddingprocessincreasesthecompetitionamong
buyers.Therevenueequivalencetheoremonly holdsin aprivate
valuecontext, andin practice,experienceshave shown thatas-
cendingauctionsgeneratethe mostrevenueto sellersandauc-
tioneers(Cramton1998).“The dynamicpricediscoveryprocess
of an ascendingauctionsimply doesa betterjob of answering
thebasicauctionquestion:whoshouldgettheitemsandatwhat
prices?”(Cramton1998).

On the other hand,open-bidauctionsare also attractive to
buyers becausetheir participationstrategy is simple, and the
open bidding procedurenot only allows them to learn about
other bidders’ valuationsbut also appealsto their competitive
instincts; it is not unusualin open-bidauctionsto sell an item
well above its reasonableprice.

For theabove andmany morereasons,open-bidauctionsare
preferredin most cases,and the English auction is the most
widely usedonlineauctionmechanism.Consequently, shill bid-
ding canbewidely practiced.Datacollectionandanalysiscon-
firmsthisprediction(KauffmanandWood2000).Althoughboth
the traditionalauctionhousesandnew cyberauctionworld ex-
plicitly forbid thedeceptiveandillegalpracticeof shill bidding,
thereis lackof theoreticwork on this subject.

Oneof thereasonswhy theexistingauctionliteraturehasfew
discussionson shill bidding is becauseshill bidding in physical
auctionsis very limited. A physicalauctionrestrictsthenumber
of its participants. Within a small physicalgroup, identifying
eachparticipantis easy. It is almostimpossiblefor a seller to
take a differentidentity asa buyer. Theonly way for a sellerto
submitashill is to hiresomeoneto bid ontheseller’sbehalf.It is
not only costlybut alsoineffective dueto principle-agentprob-
lems. Becauseof thedifficulty of conductingthe fraudandthe
highrisksinvoloved,shill biddingrarelyoccursin physicalauc-
tions. But the lack of authenticationin onlineauctionsandthe
largenumberof onlinebiddershaveprovidedtheperfectsetting
for easyshill bidding.

In fact,shill biddingcantake several forms: I) Thesellerdi-
rectly takesoneor severalbuyeridentitiesandplacesshill bid(s)
for his own item. II) The seller hires a buyer to bid up the
seller’s item. III) Thesellerestablishesabiddingring composed
of multiple buyersbiddingon theseller’s item, with or without
the direct involvementof the seller. andIV) The sellersestab-
lishesa bidding ring composedof multiple sellersbidding on
eachother’s items.

Thecollusionsamongtheseller(s)andbuyer(s),Form II, III
andIV, aretheoriginaltypesof shill biddingin physicalauctions
if it everoccursandis referredto in theauctionliterature.These
formsof shill biddingarelesseffective thanForm I becausethe
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seller(s)andbuyer(s)often encounterthe common“principle-
agent”problems.Form I is the mosteffective andeasiestway
of shill bidding,especiallywhenthe anonymity of the Internet
allows the seller to obtainarbitraryonline identitiesandto or-
chestratethefraudall by himself.

The securityagainstForm I of shill bidding hasto be reli-
able and complete. Even if we assumethe really robust on-
line authenticationmethodsin the future andno falseidentity
is allowed,dishonestsellerscanstill submitshill bidsby hack-
ing into buyers’computingsystemsanddisguisingaslegitimate
buyers,in which Form I transfersto Form II and III. Besides,
biddingringscomposedof multiplelegitimateidentitiescanalso
be formed. Form III and IV aremorecomplicatedandhence
moredeceptive.

No matterwhatform shill biddingtakes,we expectthatshill
bidding will continueand increase,largely damagingthe effi-
ciency of onlineauctionmarkets.Notethatit is alwaystheseller
who plots behindthe scenesandthe ultimategoal of shill bid-
dingis to increasetheseller’sprofit. Henceamechanismagainst
shill biddingrequiresa redesignof theseller’s incentives.In the
next section,we will analyzewhy thesellerhasan incentive to
shill bid in thetraditionalEnglishauction.Then,we will intro-
duceournew mechanismto modify theseller’s incentive.

II. Why can Shill Bidding be Profitable
in the Traditional English Auction?

In the existing literature,auctionsoften operateunderthe fol-
lowing IID assumption:1) There is a single seller selling an
item that is worth � 0 to him. 2) Thereare � buyers,andbuyer�

valuesthe goodfor saleat ��� , � = 1�	�
�	����� . and,3) The val-
uationof thebuyersareindependentandidenticallydistributed
accordingto thedifferentiableprobabilitydistribution 
 (� ).

In many of the openauctionsin the real world, assumption
3) is not true. An openauctionprovideseachbiddera learn-
ing processandbids even in a private-valueauctioncanoften
affect otherbidders’valuations.Interdependentbidders’valua-
tions canincreasethe effectivenessof shill bidding. Although
this factorcontributesto the phenomenonof shill bidding, this
is a perspective thatwe will considerin our future research.In
this paper, weretaintheIID assumptionandwill show thatshill
biddingcanstill bea concernevenin theprivatevaluemodel.

Let us regardthesellerandbuyersasrisk neutral. Let ��� (� )
denotethe seller’s expectedutility with � buyersand reserve
priceat � undertheIID assumption.We addanextra ��� 0 term
to theRiley andSamuelson(1981)’s result,whichgives

� � (� ) = � 0 
 � (� ) ��� 0 +(1)

�
�
� ( 
 (� ) + ��
�� (� ) � 1)
 ��� 1(� ) d�

This is becausewe assumethat thesellerownstheauctioned
item beforethe auction,which is worth � 0 to him. He either
keepstheitem if no bid is at or above � , or sellsit to thehighest
bidder, which resultsin � 0 disutility.
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Figure 1. A casewith onebidder: the seller’s expectedprofit in the conven-
tional English auctionas a function of the reserve price if there is only one
bidder. The seller’s valuation is � 0 = $20, and buyers’ value distribution is
0 � 95� ($20 $20)+ 0 � 05� ($120 $20),where� (!� #" ) denotesnormaldistribu-
tion. The seller’s maximumexpectedprofit is about$4 andthe corresponding
optimalreserve is around$38.

At theoptimalreserve �%$ , thederivativeof (1) is zero,which
yieldsthefollowing classicalresult:

(2) � $ = � 0 +
1 �&
 (� $ )

 � (�%$ )

From (2), Riley andSamuelson(1981)have arguedthat the
seller’soptimalreserveandexpectedprofit areunique,indepen-
dentof thenumberof buyers� . However, thatis only trueif (2)
hasa uniquesolution. Solutionsof (2) correspondto the local
minimumsandmaximumsof the seller’s expectedprofit given
by (1). Thereserve pricecorrespondingto thelocal maximums
doesnotdependon � , but theactualexpectedprofit doeschange
with � . As � increases,theoptimalreservecorrespondingto the
global maximumof (1) can shift from a smallersolution to a
largersolutionof Equation(2).

Myerson(1981) hasshown that an English auctionwithout
shill biddingis notoptimalif thefunction �'� (1 �(
 (� )) )*
 � (� )
is not monotoneincreasingin � . This is exactly the casewhen
(2) hasmultiplesolutions.Fromthefollowing example,wewill
show thatwhentherearemultiple solutionsto (2) shill bidding
canbeprofitableto theseller.

Figures1, 2 and 3 illustrate an examplewhere the seller’s
local maximum expected profits and the correspondingre-
serve priceschangewith the numberof bidders. Thesecurves
show that theseller’s maximumexpectedprofit �+� (� $ ) changes
with � under a samplebuyers’ value distribution, which is
0� 95, ($20� $20)+ 0� 05, ($120� $20), where , ( -.�
/ ) denotes
normaldistribution. Theseller’s valuationof theauctioneditem
is $20. Note that eachexpectedprofit curve hastwo peaks. If
�10 11,theseller’sexpectedprofitatthefirst peakis higherthan
the secondpeakandhencegivesa lower optimal reserve price
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Figure 2. A casewith twelve bidders: the seller’s expectedprofit in the con-
ventionalEnglishauctionasa function of the reserve price if therearetwelve
bidders. The seller’s valuationis � 0 = $20, andbuyers’ value distribution is
0 � 95� ($20 $20)+ 0 � 05� ($120 $20),where� (!� #" ) denotesnormaldistribu-
tion. In this case,settingreserve pricesaround$38 and$98 result in similar
expectedprofitsto theseller, which is about$33.8.
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Figure 3. A casewith 24 bidders: the seller’s expectedprofit in the conven-
tional Englishauctionasa functionof thereserve priceif therearetwenty four
bidders. The seller’s valuationis � 0 = $20, andbuyers’ value distribution is
0 � 95� ($20 $20)+ 0 � 05� ($120 $20),where� (!� #" ) denotesnormaldistribu-
tion. Theseller’smaximumexpectedprofit is about$56.7andthecorresponding
optimalreserve is around$98.

(� $32 $38). But if �54 12, the optimal reserve is at the sec-
ondpeak(� $'2 $98). Beforetheauctionstartswhentheseller
needsto sethisreserve,thesellerhasnoinformationabout� and
is uncertainabouthis optimal reserve. However, from the bid-
ding, � becomesknown. If shill biddingis possible,theseller’s
beststrategy is to setthereservecorrespondingto thefirst profit
peakandthensubmita shill bid correspondingto a later peak
after observingenoughinterestin the auctioneditem from the

biddersduringtheauctionprocess.
This exampleillustrateswhatEquation(1) represents:in the

conventionalEnglishauction,aseller’sexpectedprofit is depen-
denton his reserve price � , the numberof bidders� , and the
bidders’valuedistribution 
 . Therefore,asellercanlearnabout
� and 
 from thebiddingprocessandthenif necessaryresetthe
reserve price by submittinga shill bid in order to dynamically
maximizehis expectedprofit.

Now thequestionis: how to settheoptimalshill bid?We can
simplify theproblemto thecasewhenthereis only onebidder
left. A sellercaninitially startwith a low reserve andthenwait
for bidsto stabilize.Thenthesellercansimplyassumethatthere
is only onebidderleft andsubmitshills to resethis reserve. In
this way, theoptimalshill problemis reducedto theonebidder
case.Thereweresomehighly publicizedcasesof shill bidding
on eBay relatedto rarecollectibleswheretherewas only one
personwho really wantedto buy thecollectibleat all costs,and
theshill bidsweresubmittedafteronly thatpersonremainedto
bid.

If the currenthigh bid is 6 , the sellerwill know that the re-
mainingbidder’svaluationis drawn from thedistribution 
 con-
ditionalon thevaluationbeingat least 6 . Therefore,thecumula-
tiveprobabilitydistribution functionof thehigh bidderis:

(3) 7 (� ) = 
 (��8 �:9;6 ) =

 (� ) �<
 ( 6 )

1 �&
 ( 6 )
At this point, the sellerhasthe option to seta new reserve by
submittinga shill bid. He knows that thereis only onebidder
left, with avaluedistributionof 7 . Therefore,hisexpectedprofit
with a shill bid =>9;6 is

? ( = ) = ( =���� 0)(1 �<7 ( = )) =
( =���� 0)(1 �<
 ( = ))

1 �&
 ( 6 )
=

� 1( = )
1 �<
 ( 6 )(4)

Here = = 6 is equivalentto acceptingthe currenthigh bid (no
shill bidding). Shill bidding is profitableif, for some =&4@6 ,? ( = ) 4 ? ( 6 ), which happensif andonly if � 1( = ) 4;� 1( 6 ). The
seller’sbeststrategy is to: setthereservepricecorrespondingto
theglobalmaximumpointof � 1 (i.e.,onebiddercase)beforethe
auctionstarts,thenobserve thebiddingandsubmita shill bid =
every time � 1( = ) 4A� 1( 6 ) ( 6 is thecurrenthigh bid). This leads
to thefollowing theorem.

THEOREM1: Let ��$ betheoptimalreservewhere � 1 takesits
global maximum.Under the IID assumption,shill bidding can
beprofitableif andonly if � 1( = ) = ( =��B� 0)(1 �C
 ( = )) hasa strict
local maximumfor some=D4&�%$ .
PROOF. The sellercanstartwith a lower reserve thanthe one
correspondingto theglobalmaximumof � 1, but this would not
changetheresultbecausethestrategy requiresthesellersubmit
shill bidsuntil theglobalmaximumis reached.

The optimal shill bids of the sellermaximize � 1( = ) for =FE
[ 6��	G ), which meansthat if thesellercanincreasehis expected
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profit by shill bidding,theoptimalshill bid mustsatisfy(2). But
the ��$ correspondingto the global maximumpoint of � 1 also
satisfies(2), thereforeif shill biddingis profitable,then(2) must
havemultiplesolutions.

Let us go backto the exampleof onebiddercase.Figure1
shows that for $52 HI6>H $98, � 1 falls below thesecondpeek,
i.e., � 1( 6 ) HJ� 1($98). It impliesthatif thecurrenthigh bid is in
thatregion,it will beprofitablefor thesellerto submitashill bid
at $98.

In summary, in the classicalRiley and Samuelson(1981)’s
Englishauctionframework undertheIID assumption,shill bid-
ding can be profitableif the optimal reserve equation(2) has
multiple solutions.Theoptimal shill bid alsosatisfiestheopti-
mal reserveequation.

III. The Critical Roleof Auctioneersin Deterring Fraud

A. WhytheExistingMethodsFail to Catch Shill Bidders?

Not surprisingly, becauseof the increasingconcernsaboutshill
bidding in online auctions,several methodshave alreadybeen
introducedto fight againstshill bidding.But noneis sufficiently
effectiveor efficient.

Onemethodtakenby eBayis to statisticallyanalyzethebid-
ding recordsto detectshill bidsandbiddingrings. This method
is very limited becauseeBay only keepsone month bidding
recordsandthereis a lack of effective fraud-huntingsoftware.
Currentdetectionof shill bidderswasoftentriggeredby reports
from biddingring membersratherthandiscoveredby thestatis-
tical methods.In addition,someinsiderof eBayhasindicated
that eBay was not willing to spendsubstantiallyon advanced
dataminingsoftware.EveneBayitself admitsthatits screening
systemis noteffectiveenoughto detectall shill bidsandbidding
rings.Detectionis hardbecauseshill bidderstry to remainunde-
tectedandhenceanonymous.TheInternetmakesthehiding of
trueidentitiesa mucheasierjob andconsequentlyfinding one’s
true identity anextremelydifficult task. A lot of guesswork is
neededandshill bidders’behavior patternsneedto be defined.
For instance,Kauffman andWood (2000) regardbidderswith
the following behaviors aremorelikely to be the shill bidders:
1) areagentsof the seller, andthereforenot necessarilybuyers
andwill tendto limit their bids to a singleselleror perhapsa
few sellers;2) do not want to win the auction,but ratherwant
the winner to pay more;3) want to avoid bidding nearthe end
of theauctionwherethechanceof winning is greater;and4) bid
in incrementshigherthanaveragein aneffort to quickly run up
the bid. To find correlationsamongthesebehavior patterns,an
auctioneerneedsto collectdetailedauctionrecordsover a long
periodof time. But still, strongcorrelationscanserve asa good
indicator of possibleshill bidding but not as the evidence. It
mustbefollowedby thoroughandcostly investigationto really
prosecuteshill bidders.

Anothermethodagainstshill bidding is to apply a software
agentwhich automaticallyplacesa bid on a buyer’s behalfjust

secondsbeforethe final closingtime of an auction(if the auc-
tion hasthepre-determineddeadlineliketheonesin eBay).This
leaves little time for the seller to submita shill andhencese-
curesthe legitimate bidder’s winning position. However, this
methodassumesthe idealcomputingenvironmentwhereevery
bid submittedat thefinal momentis acceptedby theauctioneer.
But thefactis, at leastfor now, moste-auctionserversareoften
overloadedat thefinal momentof anauction.Last-minutebids
have a higher probability of getting rejectedor delayed;they
may never reachthe server or arrive only after the auctionhas
closed.“Wait until thelastminute” is alwaysnot agoodidea.

Fromsocialengineeringperspective,theFederalTradeCom-
mission(FTC) haslauncheda campaignagainstonlineauction
fraud. Its SafeBidproject(FederalTradeComissionConsumer
Report2000)aimsto train,educateandcoordinatelaw enforce-
mentagenciesto detectandprosecuteInternetauctionfraud,in-
cluding shill bidding. The FTC also provides tips for auction
sellersandbuyersin orderto raisetheir awarenessof e-auction
fraud. Theseefforts arehelpful to build a fraud-consciouscul-
turebutmoreeffectiveweaponsarestill in urgentneedtocombat
fraud.

From computer engineering perspective, Friedman and
Resnick(forthcoming)proposedto apply cryptographictech-
niquesto bind true identitieswith online pseudonyms. Cryp-
tographicalgorithmswill strengthenonline authenticationand
restrictusersfrom takingmultiple identities. This is a feasible
approach.However, it will takea long time for thegeneralpub-
lic to acceptcryptographyas a daily commontool for online
activities. Besides,applyingcryptographyis alsobasedon the
assumptionthat the Public Key Infrastructure(PKI), necessary
for thecredibleuseof digital signatures,is valid,efficientandle-
gitimate. Thecurrentstatusof thecertificateauthoritybusiness
is still far from living up to this standard.

Proactivemethodsagainstfraudaremoreeffectivethandetec-
tive or reactive approaches.Soundtradingstructuresaremore
critical thansecuretechnicalimplementations.Themostviable
approachto shill bidding, we believe, is to designan auction
structurethatdiscouragesthefraud.

B. TheEssentialRoleof Auctioneerto DeterShill Bidding

We argue that designinga soundauctionstructurethat proac-
tively detersfraud requiresthe involvementof a trustedthird
party, i.e., a credibleauctioneer. A credibleauctioneerplaysan
essentialrole to facilitatetruthful auctiontransactionsbetween
thesellerandbuyers.Thefollowing scenariopartially explains
why this is the case. Technically, the sellercangraspbuyers’
generalinterestsin his item by observingbidders’webcomput-
ing behaviors during theauction. If theauctionprocessis fully
controlledby the seller himself, i.e., he hasfull accessto the
auctionserverandfull knowledgeof buyers’biddingbehaviors,
then the seller can know exactly and in almostreal-timehow
many andwhich biddersarestill downloadingthe webpage(s)
regardinghis auctionandremaininterestedin his item. So the
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sellercanhave a betterpredictionon theprobabilityof his suc-
cessin submittingshill bidsto manipulatetheremainingbidders.

In fact, if the sellerhasfull control over his auction,he can
potentiallyunderminemany auctionrules andcreatea variety
of deceptive behavior to increasehis own utility. This is pos-
sible becausethereis no seriousreputationdamagelike what
would have causedto a dishonestonline retailer. Most online
retailersin direct e-saleschoosenot to manipulatetheir trans-
actionsbecausetheir dis-credibility is easyto detectdueto the
simplicity of the trade: pricesare fixed, contractualtermsare
well-definedprior to the trade,andvery often only onebuyer
andonesellerareinvolvedin thetrade.Evenin bundletrading
whereseveralsellersmaybeinvolved,thesecoordinatingsellers
haveoftenclearedtradingtermsandreachedlegalagreementsin
advance.Onthecontrarary, onlineauctionsaremuchmorecom-
plicatedandrelatively not well-defined;pricesaredynamically
determinedandan auctionprocessoften involvesan undefined
scopeof participants.This complexity makesit harderto detect
deceptive behaviors. For instance,if a bidderrealizesthat she
hasexperiencedthe “winner’s curse,” shecannottell whether
it is becauseshewas cheatedby the seller or shewas simply
competingagainstanotherlegitimate,but strongbidder. There-
fore, theauctionsellercanincreasehis profit from cheatingbut
withoutnecessarilydamaginghis reputation.Becausefraudin a
dynamictradingenvironmentis muchharderto detectandcon-
trol thanin a simplestabletradingenvironment,anindependent
trustedthird partyis evenmoreimportantto helpbuild thetrust
amongtraders.Our following SDFSschemeis a vivid demon-
strationhow anauctioneercanplay sucha role.

Despitethe importanceof an auctioneer, traditional auction
modelshave ignoredits essentialrole. Most of theexistingauc-
tion theoryonly considersan auctionasa transactionbetween
sellersandbuyers.Klemperer(1999)regardsanauctioneerthe
sameagentas a seller in his most recentguide to the auction
literature.GrahamandMarshall(1987)treatanauctioneerasa
representative of a sellerandstatethat “an auctioneer”(that is,
the seller)often respondsto the presenceof (buyer) coalitions
by establishinghigher reserve prices. As online auctionfraud
becomesmoreandmorepopularandhenceanauctioneer, asan
economicparty with self-interest,becomesmoreandmorees-
sentialandcritical in auctiontrades,we canno longersimplify
his role andignorehis importance.

IV. Shill-deterrent FeeSchedule(SDFS)

A. The SDFSScheme

In currentonlineauctions,anauctioneercontrolsasellermainly
in two ways: whetheror not to allow thesellerto have anauc-
tion in his auctionsiteandtheintermediationfeechargedto the
seller. A strict controlover theaccessibilityhasa side-effect; it
limits theauctioneer’sprofit. Besides,it is difficult to recognize
whoarethepotentialshill biddersto turnthebackon. Therefore,
we look into thedesignof feeschedulesto controlsellers.

Currentfee structuresandpoliciesof online auctionhouses
arenot theoreticallydesignedto deterfraud. For instance,the
listing feesandcommissionrateschargedby eBayareso low
thatin auctionswith high valuegoodstheseintermediationfees
– the seller’s loss– canbe easilyexceededby the seller’s ex-
pectedgainsfrom shill bidding. This createsan incentive for
fraud. If for a final saleof $10,000thecommissionfee is only
$138ratherthana highervalue,say$800,a shill bid aiming to
raisethefinal bid above$10,138(to beexact,above$10139.87)
is lessrisky thana shill aiming to raisethe winning bid above
$10,800.

Onemaythink thatanauctioneercansimply raiseup thelist-
ing feesandcommissionratesto forceshill bidsto bebolderand
riskier if they areexpectedto be profitable. But if so, the auc-
tioneermay losesellersto otherauctioneersin themarket who
chargelower intermediationfees.Besides,anauctioneershould
not punish honestsellerstogetherwith shill bidders. There-
fore,we suggestthatanauctioneerchargea variablelisting and
commissionfeesthatrewardhonestsellersandpunishdishonest
ones.

Under this guidance,we design a variable intermediation
Shill-deterrentFeeSchedule(SDFS).Our SDFSEnglish auc-
tion is conductedaccordingto thefollowing rules:

1. Thesellersetsthereservepriceat � . Only bidsgreaterthan
or equalto � will beacceptedby theauctioneer.

2. The buyer with the highestbid � (�K9L� ) wins, andpays
herbid.

3. SDFS: Thesellerpaystheauctioneeralisting fee(1 �NM ) O (� )
beforetheauctionandacommissionfee(1 �PM )(���N� ) if the
item is auctionedoff, where0 0IM'0 1. Hence,theseller
receivesafinal paymentof � + M (�Q�R� ) � (1 �FM ) O (� ) for the
auctionsale.We alsoassumethat0 0AO � (� ) 0 1 for all � .

4. Theselleris obligatedto paytheauctioneerthecommission
feeevenif thewinningbidderdoesnotpay, unlesstheseller
can prove to the auctioneerthat the non-payingwinning
bidderis not the sellerhimselfor is not affiliated with the
seller.

With theserules,shill bidding is riskier becauseif a shill bid
wins,thesellerlosesnotonly his listing feebut also(1 �RM ) times
the differencebetweenthe shill bid and reserve. If the seller
announcestoo low a reserve price, the sellerwill be punished
with a highercommissionfeewhenthefinal salevalueremains
thesame.If too high, thesellerwill be punishedwith a higher
listing feeanda higherrisk of no sale.Theintricaciesin SDFS
English auctionrules work handin handto encouragesellers
to truthfully disclosetheir optimal reservesbeforethe auction
starts.

Besides,to ensurethe non-profitability of shill bidding, the
commissionrate(1 �&M ) is carefullychosento increasetherisks
from shill bidding,thatis, theseller’s lossfrom shillsoutweighs
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his possiblegain. In eachauctionmarket, M variesandis math-
ematicallydeterminedby the characteristicsof the market: the
buyers’valuedistribution. An auctioneerwouldprobablycharge
ahighercommissionratein aprivate-valueantiqueauctionmar-
ket wherea shill bid is most likely to be profitablethan in a
common-valuepalmpilot auctionmarket.

Anotherpositiveaspectof SDFSEnglishauctionrulesis that
they do not affect honestbiddersanddo not punishhonestsell-
ers. To honestbidders,therulesarethesameasin a traditional
Englishauctionwherethebeststrategy for eachbidderis to raise
her bid as long as it is below her valuation. To honestsellers,
they canstill minimize their intermediationfeesbecauseSDFS
rewardstheir truthful disclosureof their optimal reserves. For
the samesaleprice in the samemarket, SDFSchargessmaller
commissionfeesif the reserve is closerto the saleprice. The
O � (� ) 0 1 conditionis alsohelpful herebecauseO � (� ) shouldbe
smallenoughsothatthelisting andcommissionfeesarelow un-
lessthesaleprice is well above theseller’s reserve. If the latter
caseoccurs,the sellerwould probablynot mind payinghigher
intermediationfeesout of hissurprisinglyhighprofit.

B. Seller’s OptimalReservePrice(s)underSDFS

To seehow SDFSdetersshill bidding,we needto comparethe
seller’s expectedprofits with and without shill bidding under
SDFS.To do so, we needto know the seller’s optimal reserve
price(s)underSDFS.

Let � � (�*�	M ) denotetheseller’s expectedprofit with � buyers,
reserve price � , and0 0IM'0 1. When M = 1, this is equivalent
to Equation(1) of the classicalauction,i.e., � � (�*� 1) = � � (� ).
After rearranging(1), we get

� � (�*� 1) = (�S��� 0)(1 �<
 � (� )) ��� (1 �<
 � (� )) +(5)

�
�
� ( 
 (� ) + ��
 � (� ) � 1)
 �T� 1(� ) d�

Thefirst termis theseller’s expectedprofit if thehighestbidder
paysonly the reserve price. The remainingtermsrepresentthe
extra profit that the seller gainsfrom the saleprice above the
reserve. Under the SDFSpaymentscheduleto the seller, i.e.,
� + M (�U�V� ) � (1 �3M ) O (� ), thefirst termin (5) doesnotchangebut
the subsequenttermshave to be multiplied by M andthe listing
feehasto bededucted,whichgives

� � (�*�
M ) = [(1 �&M )�S�C� 0](1 �&
 � (� )) � (1 �&M ) O (� ) +(6)

MW�
�
� ( 
 (� ) + ��
 � (� ) � 1)
 �T� 1(� ) d�

Note that without consideringthe listing fee, the seller’s ex-
pectedprofit is theconvex combinationof thatin theall-bidder-
colludeauction(GrahamandMarshall1987)with weight(1 �XM )
andthat in theno-bidder-colludeauction(Riley andSamuelson
1981)with weight M . In thecaseof all-bidder-collude,all of the
� biddersagreethat only onebidderwill bid andact as if her
valuationis themaximumof all bidders.Sincethereis no com-
petition,this singlebidderwill get thegoodat thereserve price

andhencetheseller’sprofit is (�D�P� 0)(1 �F
 � (� )) � (1 �(M ) O (� ).
In the caseof no-bidder-collude,the seller’s expectedprofit is
givenby (1).

Differentiating(6) with respectto � , the seller’s expected
profit is maximizedfor some� satisfyingthecondition

Y �+�Y � (�*�	M ) = (1 �<M )(1 �<OZ� (� ) �<
 � (� )) �(7)

�[
 ��� 1(� )[ 
�� (� )(�N��� 0) �<M (1 �<
 (� ))] = 0

We assumenow thatneartheoptimal reserve price, 
 � (� ) 4 0.
The only caseswhen this might not be true is when the com-
missionfeeandmarginal listing feearehigh, i.e., M is smalland
O � (� ) is large. Dividing (7) by �[
 ��� 1(� ) 
 � (� ) 4 0, we get the
following resultfor theoptimalreserve:

� = � 0 + M 1 �<
 (� )

 � (� ) + (1 �<M )1 �<O � (� ) �&
 � (� )

�[
 ��� 1(� ) 
 � (� )(8)

= � 0 + M 1 �<
 (� )

 � (� ) + (1 �<M )1 �<O � (� ) �&
 � (� )


 � � (� )
In addition, the seller’s expectedprofit, as a function of � , is
increasingif � is lessthantheright sideof Equation(8), andis
decreasingif otherwise.

Note that under the paymentscheduleof SDFS,Equation
(8) describingthe optimal reserve price � $ that maximizesthe
seller’s expectedprofit is the convex combinationof the all-
bidder-collude casewith weight (1 �\M ) and the no-bidder-
collude casewith weight M . Again, when setting M = 1, this
yields to the sameresultasEquation(2), the Proposition3 in
Riley andSamuelson(1981).

Also notethatif thereis only onebuyer, i.e., � = 1, Equation
(8) is identicalto theclassicalauctioncase,sincetheonly buyer
will bid at thereservepriceandthis bid will win dueto thelack
of competition.

Wecanseefrom (8) thatcharginga listing feereducestheop-
timal reserve price. Increasein themarginal listing feereduces
themarginalprofit. To gainpartof thereductionback,theseller
canreducetheoptimal reserve. Increasein themarginal listing
feealsohasaneffect of reducingmoreof theexpectedprofit at
largerlocalmaximumpoints.

C. How to DeterShill BiddingunderSDFS?

Now let usconsidershill biddingin SDFSEnglishauctions.The
sellercanobserve the auctionuntil the biddingstops,i.e., only
onebidderremainsandnoonewould outbidthecurrenthighest
bid 6 . At this point the sellermay try to pushup the price by
shill bidding againstthe remainingbidder: bid = above 6 until
= is outbid. If the highestbidder quits beforethe seller does
becausehervaluation�CH]= , thenthesellerwins theitem at the
highestbidder’s valuation. Otherwisethe highestbidderwins
andpaystheshill bid = .

CaseI: Theseller’s shill bid is thewinningbid.
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Thesellerpays� + (1 �FM ) O (� ) andreceivesapayment
of � + M (�B��� ). Hence,theseller’sgainis

�+^ ( =_��� ) = � + M (�B�C� ) �C�R� (1 �&M ) O (� )
= � (1 �&M )( O (� ) + �R�C� )(9)

Note that thereis no � 0 in the equationbecausethe
goodstayswith theseller.

CaseII: Theseller’s shill bid = is not thewinningbid.

A bidder has outbid the shill and pays the second
highest bid, i.e., the shill bid = . The seller pays
(1 �KM ) O (� ), lossesthe good,andreceivesa payment
of � + M ( =���� ). Sotheseller’sgainis

� ^`^ ( = ) = � + M ( =���� ) �C� 0 � (1 �<M ) O (� )

Theconditionalprobabilitythatthewinningbid is above 6 but
lessthan � is representedby Equation(3). Hence, 7 ( = ) repre-
sentsthe conditionalprobability that the shill bid = will not be
outbidby a realbuyer.

Combiningthe above two cases,the expectedutility of the
sellerfrom shill biddingin anSDFSEnglishauctionis

? ( = ) =

a
b � ^ ( =_��� ) d7 (� ) + (1 �<7 ( = ))� ^`^

= (1 �J7 ( = ))( M�=[��� 0) +

(1 �JM ) �S�JO (� ) �
a
b � d7 (� )

= (1 �J7 ( = )) =��C� 0 + 7 ( = )� 0 +(10)

(1 �JM ) �S�JO (� ) �<= +

a
b 7 (� ) d�

Theseller’sexpectedprofit with no shill biddingis

? ( 6 ) = (1 �&M )(�Q�<O (� )) + M
6c��� 0

Therefore,to prevent shill bidding, we needto choosesome M
which ensuresthatthesellerwill not earnextra profit from shill
bidding,thatis, ? ( = ) 0 ? ( 6 ), which leadsto

(1 �&7 ( = ))( =��C� 0) + � 0 �&6�0 (1 �<M )
a
b (1 �<7 (� )) d�

Replacing7 ( = ) with d (a ) � d (
b
)

1 � d (
b
) gives

(11) (1 �&M ) 9 (1 �&
 ( = ))( =[�C� 0) + (1 �&
 ( 6 ))(� 0 �<6 )a
b (1 �&
 (� )) d�

Inequality (11) gives the lower boundof the commissionrate
(1 �eM ) above which shill bidding is non-profitable.Theupper
boundof thecommissionratecanbedeterminedby thecompe-
tition in theauctioneermarket. Too high a commissionratewill
drivesellersto otherauctionmarkets.

Next, we simplify the determinationof the lower boundof
the commissionratein anauctionmarket. We will startwith a

specialcase,thenprovethattheresultof thespecialcasecanbe
generalized.

Consideronespecialcasewhen = is only slightly above the
currenthighestbid 6 , i.e., calculatingthe limit of (11) as =Rfg6 .
Thisgives

(12) 1 �<Mh9 1 � 6i��� 0

1 �<
 ( 6 ) 
�� ( 6 )

Inequality(12) representsthe lower boundof a commission
rate(1 �JM ) underwhich a smallshill bid (a shill slightly above
the currenthigh bid) is not profitable. The following theorem
shows that if a reasonablecommissionrateis chosenaccording
to (12)to discouragesmallshill bids,it alsoensuresthatnoother
shill bid is profitable.

THEOREM2: Given 6 0, shill bidding is not profitablefor any

6h9;6 0 and =j4A6 if andonly if 1 �kMl9 1 � 6c��� 0

1 �&
 ( 6 ) 
 � ( 6 ) holds

for all 6h9;6 0.

PROOF. By contradiction. Assumethat shill bidding is prof-
itable,i.e., ? ( = ) � ? ( 6 ) 4 0, and(12) is truefor all 6h9A6 0. This
implies that m%6'H]nFHo= : ? � (n ) 4 0. Taking thederivative of
(10)andusing 
 ( 6 ) 0;
 (n ), we get

0 H ? � (n ) = M 1 �<
 (n )
1 �<
 ( 6 ) �

n'��� 0

1 �&
 ( 6 ) 
 � (n )

0pMi� n'�C� 0

1 �<
 (n ) 
 � (n )

which is equivalentto

1 �<Mh0 1 � n'��� 0

1 �&
 (n ) 
�� (n )

This contradictsour hypothesis.On theotherhand,if (12) does
not hold for some 6 , thenfor somesufficiently small q14 0, a
shill bid of 6 + q is profitable.

Hence,inequality(12) is a simplified calculationfor determin-
ing the lower boundsof commissionrates. To find the lowest
requiredcommissionratefor a particularauctionmarket to dis-
courageshill bidding, an auctioneercan useTheorem2 with
6 0 = �%$ and take the maximumof the right-handsideof (12)
for all possiblebids above the optimal reserve. In particular,
(12) musthold for 6 = �%$ , which, togetherwith (8), impliesthat
O � (��$ ) 0 1 �r
 � (�%$ ) musthold, i.e., thelisting feecannotbetoo
high.

Figure4 shows theminimumcommissionratetheauctioneer
shouldchargeto detershill bidding in a particularauctionmar-
ket wherethe buyers’ value distribution is 0� 95, ($20� $20)+
0� 05, ($120� $20) and the seller’s valuation � 0 is $20. Even
without any commission,if thecurrenthighestbid 6 is between
$52 and$66.7,a small shill bid is not profitableto the seller.
$52is thereservepricebetweenthetwo peaksof Figure1 where
theseller’s expectedprofit startsto dropbelow thesecondpeak

9



-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

20 30 40 50 60 70 80 90 100 110

M
in

im
um

 c
om

is
si

on
 d

is
co

ur
ag

in
g 

sm
al

l s
hi

ll 
bi

ds

s

Current highest bid ($)

line 1

Figure 4. With the buyers’ value distribution as 0 � 95� ($20 $20) +
0 � 05� ($120 $20) and the seller’s valuationas � 0 = $20, the lower boundof
the commissionrate(1 tgu ) (asa function of the currenthighestbid) that the
auctioneermustchargeunderSDFSto make shill bidsunprofitable.

and$66.7 is the reserve above which small shill bids become
profitable,i.e.,wheretheminimumcommissionratein Figure4
becomespositive. But asit canbecalculatedfrom (11), a bold
shill bid around$98is profitable.However, underSDFS,if the
auctioneersetsthe commissionrateabove 60% (the maximum
of all theminimum(1 �<M ) underall possible6D9<�%$ , �%$ 2 $48
if assumetenbidders),no shill bid, smallor bold, will beprof-
itable. 60% is kind of high becauseFigure 4 depictsa rather
extremecasewherethemeansof thevaluedistributionsof two
typesof buyersarequiteapart.

In most situations,a much lower commissionrate should
be sufficient to deter shills. Take the eBay example,
if the buyers’ value distribution is 0� 95, ($8700� $400) +
0� 05, ($10400� $400), with the seller’s valuationat $8700,the
commissionrate(1 �AM ) requiredto detershill bidding is only
16.9%. With this commissionrateandten bidders,the seller’s
optimalreserveshouldbesetat$9147� 5. If thefinal salepriceis
$10,000,thecommissionfeeis only $144,comparableto thefee
chargedby eBay. This shows that for honestsellers,SDFSEn-
glishauctionsarenotmoreexpensivethaneBayauctions.How-
ever, for sellersstartingwith a lower reserve, say, $5000,the
commissionfee would be $845, muchhigher thanwhat eBay
charges.

Notethatthecommissionratein (12) doesnot dependon the
listing fee.Thelisting feemustbepaidbeforetheauctionstarts.
Soit is not relatedwith shill bidding.But remember, aswehave
discussedearlier, thelisting feein SDFSdoespreventtheseller
from settinghisoptimalreserve too high.

Theoptimalreservepricein theclassicalEnglishauctionsat-
isfies(� $ �j� 0) 
 � (� $ ) ) (1 �g
 (� $ )) = 1 (atransformationof Equa-
tion (2)), which meansthatfor 6 = � $ theright sideof (12) is 0.
Moreover, 1 � (�P�v� 0) 
 � (� ) ) (1 �;
 (� )) H 0 implies that the

seller’s expectedprofit in theno-commissioncaseis locally de-
creasingasthe reserve � is increasing.Assumethataftersome
largeenough� , 1 � (�'��� 0) 
 � (� ) ) (1 �J
 (� )) will permanently
staybelow 0. In fact for mostcommondistributionsthis tends
to negativeinfinity. For example,theminimumcommissionrate
shown in Figure4 staysnegative for �J4 $98. Therefore,the
largestsolutionof 1 � (�P�r� 0) 
 � (� ) ) (1 �A
 (� )) = 0 mustbe
a local maximumratherthan minimum of the expectedprofit
curve. Moreover, if � is largeenough,this last local maximum
will becomea global maximum,i.e., it will be the optimal re-
serve priceassumingthereis no shill bidding. This meansthat
if thesellerchoosesthelargestsolutionof (2) asthereserve,he
will not be ableto submita profitableshill bid even if thereis
no commissionat all. This observation is important,especially
for Internetauctionswherethenumberof biddersis potentially
largeandcanevenbeassumedunlimited.However, althoughthe
sellermayknow thatthelargestsolutionof (2) leadsto hisglobal
maximumexpectedprofit whenthereis no commissionfee,he
canstill startfrom a lower reserve andsubmitshills. SDFScan
beusefulto makehisshillsunprofitable.

V. Concluding Remarks

The critical distinctionbetweenan ascending-bidEnglishauc-
tion and a seal-bidauction is that an ascendingauction pro-
videsinformationaboutthebidding to both thebidders(Cram-
ton 1998)andthe seller. This informationcanbe usedby the
seller to squeezethe extra juice out of high value biddersby
shill bidding. In traditionalEnglishauctions,shill bidding can
beprofitableif theseller’s expectedprofit functionhasmultiple
local maximums.Thesemultiple humpsin theseller’s expected
profit curvearecausedby differenttypesof buyerspresentin an
auctionmarket. For example,in onlineart auctionswheremost
of theshill biddingactivitieshavebeenreportedsofar, thereare
collectorsandart dealers,who have differentvaluedistribution.
In California highway procurementauctions,therearebidders
who have alreadygot a largeportionof their capacitycommit-
tedandbid only for participationandtherearebidderswith little
capacitycommittedandbid seriouslyfor contracts(Jofre-Bonet
andPesendorfer2000). Whentherearemultiple humpsin the
expectedprofit curve,theglobalbestsolutionof theoptimalre-
serve varieswith respectto the numberof biddersandthe bid-
ders’valuedistribution. Sellerswith shill biddingcanstartwith
low reserve,obtainbidderinformationby observingthebidding
process,and thenmaximizetheir expectedprofits accordingly
by resettinga higheroptimalreserve throughshill bids.

We handlethe shill biddingproblemby redesigningEnglish
auctionrules. Wilson (forthcoming)hasemphasizedthat “one
purposeof marketdesignis to eliminateloopholesin theproce-
duralrulesthatmight by exploitedby a wily trader.” Oneof the
key elementsof our marketdesignis theintroductionof anauc-
tioneer. Different from the traditionalauctionliteraturewhich
assumesanauctioneerthesameastheseller, we modeltheauc-
tioneerasan independentprofit-orientedagentandemphasize
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his essentialrole in deterringfraud.
An auctioneercancontrolsellers’behavior throughtheinter-

mediationfee schedulehe charges. The auctioneershouldnot
settheintermediationfeestoo low becauseasellerwill havethe
incentive to submita shill bid aslongastheshill bid leadsto an
extraexpectedprofit morethantheintermediationfeeshehasto
pay. On the otherhand,the auctioneershouldnot set feestoo
high becausea sellerwould thengo to competingauctioneers.
Besides,it is difficult to determineoneor severalflat ratesthat
would bereasonablein all auctionmarkets.This is therationale
behindwhich we suggesta variableintermediationfeeschedule
wherecommissionratesdiffer in eachauctionmarket and the
actualcommissionfeesdiffer in eachauctionsales.

Under our SDFS fee schedule,the auctioneercharges the
sellerthe intermediationfeesaccordingto thefollowing: 1) the
listing feeis afunctionof theseller’s reserve;2) thecommission
fee is a function of the commissionrateandthe differencebe-
tweenthefinal salepriceandthereserve;and3) thecommission
rateis mathematicallydeterminedto ensurethenon-profitability
of shill bidding; the commissionrate is a function of buyers’
valuedistribution, which differs in eachauctionmarket. With
carefully-chosencommissionrates,shill bidding will not pro-
vide extra profits to theseller. Although in somespecialcases,
shill biddingin SDFSEnglishauctionscanstill providepositive
expectedprofit to theseller, it is muchriskier thanin traditional
Englishauction.

SDFSis simplebecauseit doesnotaddcumbersomerulesthat
restricthonestsellers’andbidders’flexibility andonly requires
somechangeon theauctioneer’sside.

We will continueexploring severalopenquestions.The fol-
lowing researchdirectionsalso indicatethe limitations of this
paper. We will

w Considerthecommon-valuecasewherebuyershave inter-
dependentvaluationsandtheIID assumptiondoesnothold.

w Look intomulti-roundmodels.McAfeeandVincent(1997)
have looked at classicalsequentialauctionswithout shill
bidding.This modelcouldbeextendedto cover theeffects
of shill bidding.

w Analyzethecaseswith risk-aversesellersandbuyers.

w Analyzehow buyerscalculatetheirexpectedprofitsconsid-
eringtheprobabilityof shill biddingfrom theseller.

w Analyzetheauctioneermarket underdifferentcompetition
modelsand discussprofit-maximizingstrategies for auc-
tioneers.

It will bealongprocessfor bothshill biddingandthemethods
againstit to evolve andimprove. This paperis only the begin-
ning of ourquestto fight auctionfraud.
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Wang,Wenli; Hidv égi,Zolt án and Whinston, Andr ewB.

11



“BVA – A ProtocolAgainstFalse-nameBidding in
Multi-unit Auctions,” June2001.working paper.
; and . “DesigningMechansimsfor E-Commerce

Security:An Examplefrom Sealed-bidAuctions.”
InternationalJournalof Electronic Commerce, forthcoming.

Wilson, Robert. “Activity Rulesfor anIterativeDouble
Auction,” in KalyanChatterjeeandWilliam F. Samuelson.,
eds.,BusinessApplicationsof GameTheory, Kluwer
AcademicPress,forthcoming,chapter10.

12


