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Shill biddingin Englishauctionis the deliberate placing bids on the seller’s behalfto artificially drive up the
price of his auctioneditem. Shill bidding has beenknownto occur in auctionsof high-valueitemslike art
and antigueswhete bidders’ valuationsdiffer andthe seller’s payof fromfraudis high. We prove that private-
valueEnglishauctionswith shill biddingcanresultin a higherexpectedsellerprofit thanfirstand secondorice
sealed-bidauctions.To detershill bidding, we introducea metanismwhich malesshill bidding unprofitable
The medhanismemphasizeshe role of an auctioneerwho chargesthe seller a commissiorfee basedon the
differencebetweenthe winning bid and the seller’s reserve Commissiorratesvary from market to market
andare mathematicallydeterminedo guaranteethe non-pofitability of shill bidding We demonstatethrough
exampleshowthis metanismworksandanalyzethe seller’s optimal strategy.

The Internetprovidesauctionsaccessibléo the generalpub-
lic. Anyonecaneasilyparticipatein online auctions,eitheras
a selleror a buyer, and the value of items sold rangesfrom a
few dollarsto millions. To respondo this demandpnline auc-
tion houseshave sprungup, supporteddy the revenuemodel of
chagingsellerdistingandcommissiorfees.Comparedo phys-
ical auctions,theselisting and commissiondeesarerelatively
small, attractingboth traditional and new auctionsellers. We
expectonline auctionswill continuegrowing andwill account
for anexpandingvolumeof economicactuities.

Unfortunatelytheincreasegopularityof onlineauctionshas
beenaccompaniedy inevitable growing pains. Accordingto
the InternetFraudWatch, online auctionfraud hasbecomethe
numberonetype of Internetfraud over the lastthreeyears. In
1999, it accountedor 87% of reportedincidents,up from 68%
in 1998. Indeed,online auctionsseemedo attractfraud. Be-
tween1998and 1999, fraud relatedto auctionssoaredby 76%
while fraud relatedto othertypesof online transactiongplum-
metedby 44%. In the year 2000the volume of auctionfraud
increase®3%andaccountedor 78% of thereportedncidents.

Part of the online auctionfraud is due to the general“lack
of trust” problem(e.g.,inaccuratedescriptionof goods,unde-
livered products,uncollectiblepayments and fraudulentcom-
ments)which occursin onlinefixed-pricesalesaswell. Howeer
the main reasonwhy online auctionattractsfraud is rootedin
the uniquenessf “auctioning” over “the Internet; thatis, vari-
ablepricingexecutedn aweakly-controlledlistributedcomput-
ing environment.This uniquenessringsseveraldifficult issues,
challengingthe scope validity andemphasiof the existing lit-

eratureon auctiontheories,which currently are insufiicient to
guideonlinepractices.

Oneof theemegingissuess shill bidding,whichhasbecome
popularbecausef the lack of authenticatiorover the Internet.
Shill biddingis thedeliberateplacingof bidsby the sellerto ar-
tificially drive up the price of an auctioneditem. The Internet
ernvironmentprovidesunprecedentedpportunitiedor sellersto
createfalseidentitiesunderwhich to submitshill bids for their
own goodsin orderto increasetheir profits. Shill bidding has
beenidentified as one of the mostcommontypesof e-auction
fraud by the InternetFraud ComplaintCenter(IFCC), a part-
nershipbetweenthe FederalBureauof Investigation(FBI) and
the NationalWhite Collar Crime Center(NW3C) (The Internet
FraudComplaintCenter2001). More thanonce,shill bidding
in eBay hasbecomeheadlinenews (Schwartz and Dobrzynski
2001).In addition,theanalysiof therarecoinauctionmarketin
eBayalsoindicatedthatabout10%of auctionbuyershadshovn
questionabléidding behaior; they intendedto run up the bid
ratherthanto win the auction(KauffmanandWood 2000).

Although thesenews and obsenationshave triggeredmuch
concernsaboutshill bidding,no onehasseriouslyexaminedthe
auctionstructuresandpolicieswith respecto fraud prevention
and detection. As we will explain later, the pricing and auc-
tion policiesof eBayactuallyencourageshill bidding. Another
emegingissue causedy similarreasonsis buyers’false-name
bidding. False-namiddingfacilitatesbid shielding” (whena
buyersubmitsa high bid underanon-payingfalseidentity in or-
derto securethe buyer’s low bid asthe next valid bid) andalso
challengeghe incentive compatibility of the widely practiced



Vickrey auctionandits derivatives (Wang, Hidvégi and Whin-
stonforthcoming,Wang,Hidvégi andWhinston2001).

Our researchthemeis to improve or redesignonline auction
structurego proactiely deterauctionfraud. Wangetal. (2001)
have designedinefficientBinary Vickrey Auction (BVA) proto-
col againstbuyerfalse-namdiddingin multi-unit auctions.As
a continuationalongour researchtheme,this paperfocuseson
shill bidding.

In searchor the literatureon shill bidding, we found no sig-
nificantdiscussion®n this subject. Literatureon auctionfraud
focusesmainly on buyer collusionandis quite limited. Klem-
perer(2000) hascautionedof the dangerof the thinnessof the
auction-theoretititeratureon auctionfraud. He stateghatmost
auctionliteratureassumes fixednumberof buyerswho behare
non-cooperatiely andauctionsureys payrelatively little atten-
tion to collusion,whichis reflectedby the scantiiteratureonthis
importanttopic (Klemperer2000). As aresult,almostnonehas
analyzedhedangerf buyersellercollusionfrom shill bidding.

Myerson(1981)aswell asRiley andSamuelsorf1981)have
shawvn thatif a certainregularity condition holds, the first and
secondorice sealed-bidauctionsandthe Englishauctionareop-
timal andgive the sameexpectedprofit for the seller Unfortu-
nately non-regular casesdo occurin which thesemechanisms
arenot optimalary more. A mechanisnallowing shill bidding
cangive higherexpectedseller profit thanthe one againstshill
bidding. Thereasoris simple. Traditionalauctionsassumehat
thesellercommitsto hisresene pricebeforeanauctionanddoes
notreviseit duringtheauction.However, with shill bidding,the
sellercaneffectively changehisresene duringtheauctionashe
learnsmore aboutthe bidders’valuationsandtakesadwantages
of this knowledge.

Suchnon-regular casesoccurwhenthereare differenttypes
of bidders. This is notuncommonin practice:a biddermay be
eitheranend-usepr areseller,or in anauctionwith acollectible
item onegroupof biddersthinksthe auctionedtem a rareorig-
inal piecewhile anothergroupregardsit simply a copy. Hence,
biddersmaybelongto differenttypes.The sellerdoesnot know
the exacttype of a particularbidderbeforethe auction.But dur-
ing the auction,he canlearnthe highestbidder's type from the
bidsandthenbenefitfrom the knowledge.

We will introducea Shill-deterrenfFeeScheduld SDFS)that
anauctioneecanapplyto chagesellers.SDFSandits parame-
tersaredesignedasanincentive mechanismo discouragesell-
ersfrom submittingshill bids. UnderSDFS the auctioneesstill
chagestheselleralisting andcommissiorfee. However, SDFS
is uniquein the following: 1) alisting feeis a function of the
sellers resere; 2) a commissionfee is a function of the com-
missionrateandthe differencebetweenthefinal saleprice and
the seller’s resere; and 3) the commissionrate is mathemati-
cally determinedo ensurethe non-profitabilityof shill bidding.
The commissiorrateis afunction of buyers’valuedistribution,
which differsacrossauctionmarkets.

Contrasto our schemethe existing onlineauctionfee sched-
ulesandpoliciesare,in fact,notdesignedo inhibit shill bidding,

if not encouragingsuchpractices. For instance for a resene

priceEnglishauction,eBaychagesasmalllisting andlow com-
missionfee. As of February2001, for a non-featurechuction,
eBays listing feeis maximum$3.30for listing plus maximum
$1.00for refundableresene price auctionfee. The commission
ratesin eBayare 5% for winning bid below $25,2.5%for $25
- $1000,and 1.25%for above $1000. For a final salevalue of

$10,000,the commissionfee is only about$138. In auctions
with high valuegoods,theseintermediatiorfeesaretoo low to

detershill bidding. As long asa sellercan,from a shill, gainan

extra expectedprofit higherthanthe intermediatiorfeeshe has
to pay, thesellerwill have anincentive to conductthe fraud.

In addition, eBay’s policiesdo not discourageshill bidding;
if anitem doesnot sell either becauseof no bid above the re-
sene or non-payingwinning bidder(who maybeashill bidder),
eBayallowsafull or partialrefundof the“final valuefeecredit’
This meanghataftera periodof time, the sellerwith shill bid-
ding can have a secondround auctionof the sameitem at no
chage. In otherwords, a selleranticipatinga secondround of
free auctionhaslessincentive to auctionoff hisitemin thefirst
round. Althoughasshill sellerhasa lower probabilityto auction
off the good, assumingno discount,his expectedprofit is not
loweredbecausée eitheris betteroff if the shill bid pusheaup
thefinal paymentor recevesthe sameexpectedprofit in alater
roundif theshill fails. But underSDFS thesellerhasto paythe
commissionfee unlesshe canprove that he himselfis not the
non-payingwinning bidder Besidesthe commissionratesin
differentauctionmarketsarecarefully choserby theauctioneer
to ensurenon-profitabilityfrom shills.

In responseo the auctionees nev SDFS fee schedule,a
sellercan calculatethe optimal resere price for his auctioned
item, maximizinghis expectedprofit. Both the auctioneers op-
timal commissiorrateandthe seller’s optimalresene requirea
knowledgeof the bidders'valuedistribution, which, in practice,
canbeobtainedthroughmarketresearch.

In this paper we usea sampledistribution to illustrate how
shill biddingcanbeprofitablein traditionalEnglishauctionsand
how to choosecommissiorratesunderSDFSto detershill bid-
ding.

Our SDFSdesignalsoindicateghatatrustedthird partyis es-
sentialin online marketsto ensurebuyersthe trustworthinessof
theseller andvice versa.Thisis notanew idea. Vickrey, in his
famouspaper hassuggestedhe useof a trustworthy bid-holder
asa meansto prevent shill bidding: “to prevent the useof a
‘shill" (in a sealed-bidsecondpriceauction)to jack the priceup
by puttingin a late bid just underthetop bid, it would probably
bedesirableo have all bidsdeliveredto andcertifiedby atrust-
worthy holder who would thendeliver all bids simultaneously
to the seller” (Vickrey 1961). Unfortunately to our knowledge,
thereis nofollowupresearctin theauctionliteratureextensiely
discussingherole of a trustedthird partyandits essentiafunc-
tionsin facilitating valid andtrustworthy auctiontransactions.

Yet the Internetdemandgrustedthird partiesto help solve
the“lack of trust” problembetweensellersandbuyers. There-



fore, departingfrom the traditionalauctiontheory we consider
an auctioneel(i.e., an auctionhouse)as an independenprofit-

orientedagentdifferentfrom the seller The auctioneers goal
is to maximizehis profit and his incomecomesfrom the inter-

mediationfeeschagedto sellersand/orthe buyers. The auc-
tioneercanattractmoresellersby: 1. providing soundauction
processes?. retaininga large buyerbase and3. chaging sell-

ersreasonablentermediationfees. The auctioneercan attract
morebuyersby corvincingthemthattheauctionhouseprovides
trustabletransactionsindpreviously auctionedtemsaresold at
reasonablerices.More sellersandmorebuyersincreasenarket
liquidity, beneficialnot only to the auctioneebbut alsoto sellers
andbuyers. Our SDFSscheduleencouragesonesthehaior of

sellers,helpsto build online trust, and henceincreasesnarket
liquidity.

The papemproceedasfollows. Sectionl intuitively discusses
shill bidding andits variousforms. In Sectionll, we theoret-
ically analyzeshill bidding underthe frameawork of Riley and
Samuelsor§1981)andexplain why shill bidding canprovide an
extra expectedprofit to sellerswhentherearemultiple solutions
to the equationcalculatingthe optimal resere. In Sectionlll,
we explain why the existing statisticalandtechnicalmethodso
catchshill biddersare limited anddiscussthe essentiafole of
an auctioneerin deterringfraud. In SectionlV, we introduce
our Shill-deterrentFee Schedule(SDFS)for Englishauctions,
analyzeits impacton sellers,and explain why it works. Sec-
tion V concludesur contribution anddiscussedimitationsand
futureresearchdirections.

I.  What is Shill Bidding?

Shill biddingis the deliberateplacingof bidson the seller’s be-
half to artificially drive up the price of anauctionedtem. Shill
bidding occursin second-pricauctionslike EnglishandVick-
rey auctionswherethe seller(and/orhis agent(s)pretenddgo be
the secondhighestbidderand useshis bid to pushup the pay-
mentof thewinning bidder In anEnglishauction thesellercan
submita shill bid after or even beforesomebuyer hasalready
bid at or above theresene (herewe assumehatonly bidsat or
above theresene price areacceptable) Fromthe bidding pro-
cessthesellercanlearnabouthow mary biddersareinterested
in hisitem andtheir valuations.Basedon this information, the
sellercanmake a judgmenton the expectedpayof of his shill
bidding. By submittingshill bids, the sellercaninflate the bid
price,which mayresultin a higherfinal salepricefor hisitem.

Shill bidding in Englishauctionsis equialentto settingup
resene price(s)dynamically during the bidding process. The
auctioneerand buyersmay not be aware of suchan act of the
seller Thebuyersbelieve thatthey participatein anauctionwith
astableresene, butin reality, adynamiconeadjustedaccording
to thecurrentbid prices.

In contrast,n a Vickrey auction,aslong asbids arehandled
by a trustedthird party to ensurethat the sellerhasno knowl-
edgeof the bids, submittinga shill bid only achiesesthe same

outcomeas settingthe resene at the shill bid value beforethe
auctionstarts.The sellers resere hasto bethesingle“bestand
final” one. Therefore,an easysolutionto eliminateshills is to
usesealed-bidauctionsconductedy trustableauctioneersThe
lack of authenticatiorof biddersis not asbig of athreathereas
in anEnglishauction.

But both sellersand auctioneergrefer English auctionsbe-
causdheopenbiddingprocessncreaseshecompetitionamong
buyers.Therevenueequivalenceheorenonly holdsin aprivate
value contet, andin practice,experiencehave shavn thatas-
cendingauctionsgeneratehe mostrevenueto sellersandauc-
tioneerg Cramton1998).“The dynamicpricediscovery process
of an ascendincauctionsimply doesa betterjob of answering
thebasicauctionquestion:.who shouldgettheitemsandatwhat
prices?”(Cramton1998).

On the other hand, open-bidauctionsare also attractize to
buyers becauseheir participationstratey 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 anitem
well aboveits reasonabl@rice.

For the abore andmary morereasonsppen-bidauctionsare
preferredin most cases,and the English auctionis the most
widely usedonlineauctionmechanismConsequentlyshill bid-
ding canbewidely practiced.Datacollectionandanalysiscon-
firmsthis prediction(KauffmanandWood2000). Althoughboth
the traditional auctionhousesand new cyberauctionworld ex-
plicitly forbid the deceptve andillegal practiceof shill bidding,
thereis lack of theoreticwork on this subject.

Oneof thereasonsvhy the existing auctionliteraturehasfew
discussion®n shill biddingis becauseshill biddingin physical
auctionsis very limited. A physicalauctionrestrictsthe number
of its participants. Within a small physicalgroup, identifying
eachparticipantis easy It is almostimpossiblefor a sellerto
take a differentidentity asa buyer. The only way for a sellerto
submitashill isto hire someondo bid onthesellersbehalf.It is
not only costly but alsoineffective dueto principle-agenprob-
lems. Becauseof the difficulty of conductingthe fraud andthe
highrisksinvoloved,shill biddingrarelyoccursin physicalauc-
tions. But the lack of authenticatiorin online auctionsandthe
largenumberof online biddershave providedthe perfectsetting
for easyshill bidding.

In fact, shill bidding cantake severalforms: I) The sellerdi-
rectlytakesoneor severalbuyeridentitiesandplacesshill bid(s)
for his own item. IlI) The seller hires a buyer to bid up the
sellersitem. lll) Thesellerestablishes biddingring composed
of multiple buyersbidding on the sellers item, with or without
the directinvolvementof the seller andIV) The sellersestab-
lishesa bidding ring composedf multiple sellersbidding on
eachothersitems.

The collusionsamongthe seller(s)andbuyer(s),Form II, 11
andlV, aretheoriginaltypesof shill biddingin physicalauctions
if it everoccursandis referredto in theauctionliterature.These
formsof shill biddingarelesseffective thanForm | becausé¢he



seller(s)and buyer(s) often encountethe common“principle-

agent”problems. Form | is the mosteffective and easiestvay
of shill bidding, especiallywhenthe anorymity of the Internet
allows the sellerto obtainarbitrary online identitiesandto or-

chestratehefraudall by himself.

The securityagainstForm | of shill bidding hasto be reli-
able and complete. Even if we assumethe really robust on-
line authenticatiormethodsin the future and no falseidentity
is allowed, dishonessellerscanstill submitshill bids by hack-
ing into buyers’ computingsystemsanddisguisingaslegitimate
buyers,in which Form | transfersto Form Il andlll. Besides,
biddingringscomposeaf multiple legitimateidentitiescanalso
be formed. Form lll andIV are more complicatedand hence
moredeceptve.

No matterwhatform shill bidding takes,we expectthat shill
bidding will continueand increaseJargely damagingthe effi-
cieng of onlineauctionmarkets.Notethatit is alwaystheseller
who plots behindthe scenesandthe ultimate goal of shill bid-
dingistoincreasdahesellers profit. Henceamechanisnagainst
shill biddingrequiresaredesigrof thesellersincentives.In the
next section,we will analyzewhy the sellerhasanincentive to
shill bid in the traditionalEnglishauction. Then,we will intro-
duceour nev mechanisnto modify thesellersincentie.

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

In the existing literature,auctionsoften operateunderthe fol-
lowing IID assumption:1) Thereis a single seller selling an
item thatis worth vg to him. 2) Therearen buyers,andbuyer
1 valuesthe goodfor saleatv;, i = 1,...,n. and,3) Theval-
uationof the buyersareindependenandidentically distributed
accordingto thedifferentiableprobability distribution £'(v).

In mary of the openauctionsin the real world, assumption
3) is not true. An openauctionprovides eachbiddera learn-
ing processand bids evenin a private-alue auctioncan often
affect otherbidders’valuations.Interdependeribidders’valua-
tions canincreasethe effectivenesof shill bidding. Although
this factor contributesto the phenomenorf shill bidding, this
is a perspectie thatwe will considerin our future research.In
this paperweretainthellD assumptiorandwill show thatshill
biddingcanstill beaconcerrevenin the privatevaluemodel.

Let usregardthe sellerandbuyersasrisk neutral. Let w,,(r)
denotethe sellers expectedutility with n buyersandresene
priceatr underthellD assumptionWe addanextra —vg term
to theRiley andSamuelsor{1981)sresult,which gives

1)

v (r) — vo +

n /OO(F(U) +uF'(v) — 1)F" Y(v) dv

up(r) =

This is becausave assumehatthe sellerownsthe auctioned
item beforethe auction,which is worth vg to him. He either
keepsheitemif nobidis ator abover, or sellsit to the highest
bidder, which resultsin vg disutility.
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Figure 1. A casewith onebidder: the sellers expectedprofit in the conven-

tional English auctionas a function of the resere price if thereis only one

bidder The sellers valuationis vg = $20, and buyers’ value distribution is

0.95N($20, $20)+ 0.05N ($12Q $20), where N (a, o) denotesnormaldistribu-

tion. The sellers maximumexpectedprofit is about$4 andthe corresponding
optimalresere is around$38.

At the optimalresere r,, the derivative of (1) is zero,which
yieldsthefollowing classicakesult:

1- F(r.)

(2) T :UO+W

From (2), Riley and Samuelsor(1981) have arguedthat the
sellers optimalresene andexpectedprofit areunique,indepen-
dentof thenumberof buyersn. However, thatis only trueif (2)
hasa uniquesolution. Solutionsof (2) correspondo the local
minimumsand maximumsof the sellers expectedprofit given
by (1). Theresenre price correspondingo thelocal maximums
doesnotdependnn, but theactualexpectecdobrofit doeschange
with n. Asn increasestheoptimalresene correspondingo the
global maximumof (1) canshift from a smallersolutionto a
largersolutionof Equation(2).

Myerson(1981) hasshavn that an English auctionwithout
shill biddingis notoptimalif thefunctionv — (1 — F'(v))/F’(v)
is not monotoneincreasingn v. This is exactly the casewhen
(2) hasmultiple solutions.Fromthefollowing example we will
shav thatwhentherearemultiple solutionsto (2) shill bidding
canbe profitableto theseller

Figures1, 2 and 3 illustrate an example wherethe sellers
local maximum expected profits and the correspondingre-
sene priceschangewith the numberof bidders. Thesecurves
shaw thatthe seller's maximumexpectedprofit «,,(r.) changes
with n under a sample buyers’ value distribution, which is
0.95N($20, $20) + 0.05N ($120 $20), where N(a, o) denotes
normaldistribution. The sellers valuationof the auctionedtem
is $20. Note that eachexpectedprofit curve hastwo peaks. If
n < 11,thesellersexpectedprofit atthefirst peakis higherthan
the secondpeakandhencegivesa lower optimal resene price
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Figure 2. A casewith twelve bidders: the sellers expectedprofit in the con-
ventionalEnglishauctionasa function of the resere priceif therearetwelve
bidders. The sellers valuationis vg = $20, and buyers’ value distribution is
0.95N (%20, $20)+ 0.05N($12Q $20),whereN(a, o) denotesrormaldistribu-
tion. In this case,settingresenre pricesaround$38 and $98 resultin similar
expectedprofitsto theseller whichis about$33.8.
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Figure 3. A casewith 24 bidders: the sellers expectedprofit in the conven-
tional Englishauctionasa function of theresere priceif therearetwenty four
bidders. The sellers valuationis vg = $20, and buyers’ value distribution is
0.95N ($20, $20)+ 0.05N ($12Q $20),where N (a, o) denotesrormaldistribu-
tion. Thesellers maximumexpectedorofitis about$56.7andthecorresponding
optimalresere is around$98.

(r« ~ $38). Butif n > 12, the optimalresere is at the sec-
ondpeak(r. ~ $98). Beforethe auctionstartswhenthe seller
needdo sethisresere,thesellerhasnoinformationaboutn and
is uncertainabouthis optimal resene. However, from the bid-
ding, n becomesknown. If shill biddingis possiblethe sellers
beststratayy is to settheresene correspondingo thefirst profit
peakandthensubmita shill bid correspondingo a later peak
after observingenoughinterestin the auctioneditem from the

biddersduringthe auctionprocess.

This exampleillustrateswhat Equation(1) representsin the
conventionalEnglishauction,asellers expectedprofit is depen-
denton his resere price r, the numberof biddersn, andthe
bidders'valuedistribution F'. Thereforea sellercanlearnabout
n andF' from thebiddingprocessandthenif necessaryesetthe
resene price by submittinga shill bid in orderto dynamically
maximizehis expectedorofit.

Now the questionis: how to setthe optimalshill bid? We can
simplify the problemto the casewhenthereis only onebidder
left. A sellercaninitially startwith alow resene andthenwait
for bidsto stabilize. Thenthesellercansimply assumehatthere
is only onebidderleft andsubmitshills to resethis resere. In
this way, the optimal shill problemis reducedo the onebidder
case.Thereweresomehighly publicizedcasesf shill bidding
on eBay relatedto rare collectibleswheretherewas only one
personwho really wantedto buy the collectibleat all costs,and
the shill bids weresubmittedafter only thatpersonremainedo
bid.

If the currenthigh bid is b, the sellerwill know thatthe re-
mainingbidder’svaluationis drawvn from thedistribution £’ con-
ditional onthevaluationbeingatleasth. Thereforethecumula-
tive probability distribution function of the high bidderis:

F(v) — F(b)
1—F(b)

At this point, the sellerhasthe option to seta new resene by
submittinga shill bid. He knows thatthereis only one bidder
left, with avaluedistribution of G. Therefore hisexpectedorofit
with ashillbids > b is

®3) Gv) = F(vjv 2 b) =

(s — o)1 — F(s))

w(s) = (s = o)1= G(s) = =
_u(s)
(4) T 1-FO)

Heres = b is equivalentto acceptingthe currenthigh bid (no
shill bidding). Shill bidding is profitableif, for somes > b,
w(s) > w(b), which happensf andonly if ui(s) > ui(b). The
sellers beststratay is to: settheresene price correspondingo
theglobalmaximumpointof u; (i.e.,onebiddercase)eforethe
auctionstarts,thenobsene the biddingandsubmita shill bid s
everytime ui(s) > ua(b) (b is the currenthigh bid). This leads
to thefollowing theorem.

THEOREMZ1: Letr, betheoptimalreservewhere u; takesits
global maximum.Underthe IID assumptionshill bidding can
beprofitableif andonlyif ui(s) = (s — vo)(1 — F(s)) hasa strict
local maximunfor somes > r.,.

PrROOF. The sellercanstartwith a lower resene thanthe one
correspondingdo the global maximumof u, but this would not
changetheresultbecauséhe stratgyy requiresthe sellersubmit
shill bidsuntil theglobalmaximumis reached.

The optimal shill bids of the sellermaximizeu;(s) for s €
[b, 00), which meanghatif the sellercanincreasehis expected



profit by shill bidding,the optimalshill bid mustsatisfy(2). But
the r, correspondingo the global maximumpoint of u; also
satisfieq2), thereforeif shill biddingis profitable then(2) must
have multiple solutions. m

Let us go backto the exampleof onebiddercase. Figure 1
shavs thatfor $52 < b < $98,u; falls below the secondoeek,
i.e.,u1(b) < u1($98). It impliesthatif the currenthigh bid is in
thatregion, it will beprofitablefor thesellerto submitashill bid
at$98.

In summary in the classicalRiley and Samuelsorn(1981)'s
Englishauctionframavork underthellD assumptionshill bid-
ding can be profitableif the optimal resere equation(2) has
multiple solutions. The optimal shill bid alsosatisfiesthe opti-
mal resene equation.

Ill.  The Critical Roleof Auctioneersin Deterring Fraud

A. WhytheExistingMethodsFail to Catdh Shill Bidders?

Not surprisingly becausef the increasingconcernsaboutshill

bidding in online auctions,several methodshave alreadybeen
introducedo fight againsshill bidding. But noneis sufficiently
effective or efficient.

Onemethodtakenby eBayis to statisticallyanalyzethe bid-
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 membergatherthandiscoreredby the statis-
tical methods.In addition,someinsiderof eBayhasindicated
that eBay was not willing to spendsubstantiallyon advanced
datamining software.EveneBayitself admitsthatits screening
systemis noteffective enoughto detectall shill bidsandbidding
rings. Detectionis hardbecauseshill bidderstry to remainunde-
tectedandhenceanorymous. The Internetmakesthe hiding of
trueidentitiesa mucheasierjob andconsequentlfinding one's
true identity an extremelydifficult task. A lot of guesswork is
neededandshill bidders’behaior patternsneedto be defined.
For instance Kauffman and Wood (2000) regard bidderswith
the following behaviors are morelik ely to be the shill bidders:
1) areagentsof the seller andthereforenot necessarilybuyers
andwill tendto limit their bids to a single selleror perhapsa
few sellers;2) do not wantto win the auction,but ratherwant
the winnerto pay more; 3) wantto avoid bidding nearthe end
of theauctionwherethechanceof winningis greaterand4) bid
in incrementsigherthanaveragein aneffort to quickly runup
the bid. To find correlationsamongthesebehaior patternsan
auctioneemneedgo collectdetailedauctionrecordsover a long
periodof time. But still, strongcorrelationscansene asagood
indicator of possibleshill bidding but not as the evidence. It
mustbe followed by thoroughandcostly investigatiorto really
prosecuteshill bidders.

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

seconddeforethe final closingtime of an auction(if the auc-
tion hasthepre-determinedeadlindik etheonesin eBay). This
leaveslittle time for the sellerto submita shill and hencese-
curesthe legitimate bidder’s winning position. However, this
methodassumeshe ideal computingervironmentwhereevery
bid submittedat the final momentis acceptedy the auctioneer
But thefactis, at leastfor now, moste-auctionsenersareoften
overloadedat the final momentof anauction. Last-minutebids
have a higher probability of getting rejectedor delayed;they
may never reachthe sener or arrive only afterthe auctionhas
closed.“Wait until thelastminute”is alwaysnot agoodidea.

Fromsocialengineeringperspectie, the FederalTradeCom-
mission(FTC) haslauncheda campaignagainstonline auction
fraud. Its SafeBidproject(FederalTradeComissionConsumer
Report2000)aimsto train, educateandcoordinatdaw enforce-
mentagencieso detectandprosecuténternetauctionfraud,in-
cluding shill bidding. The FTC also providestips for auction
sellersandbuyersin orderto raisetheir awarenes®f e-auction
fraud. Theseefforts are helpful to build a fraud-consciougul-
turebut moreeffectiveweaponsrestill in urgentneedio combat
fraud.

From computer engineering perspectie, Friedman and
Resnick (forthcoming) proposedto apply cryptographictech-
niquesto bind true identitieswith online pseudogms. Cryp-
tographicalgorithmswill strengtheronline authenticatiorand
restrictusersfrom taking multiple identities. This is a feasible
approachHowever, it will take along time for the generalpub-
lic to acceptcryptographyas a daily commontool for online
actiities. Besidesapplying cryptographyis alsobasedon the
assumptiorthat the Public Key Infrastructure(PKI), necessary
for thecredibleuseof digital signaturesis valid, efficientandle-
gitimate. The currentstatusof the certificateauthoritybusiness
is still far from living up to this standard.

Proactve methodsagainsfraudaremoreeffectivethandetec-
tive or reactve approachesSoundtrading structuresare more
critical thansecureechnicalimplementationsThe mostviable
approachto shill bidding, we believe, is to designan auction
structurethatdiscourageshefraud.

B. TheEssentiaRoleof Auctioneerto Deter Shill Bidding

We arguethat designinga soundauctionstructurethat proac-
tively detersfraud requiresthe involvementof a trustedthird
party, i.e., a credibleauctioneerA credibleauctioneeplaysan
essentialole to facilitate truthful auctiontransactiondetween
the sellerandbuyers. Thefollowing scenarigpartially explains
why this is the case. Technically the seller can graspbuyers’
generalnterestdn hisitem by observingbidders’'web comput-
ing behaviors during the auction. If the auctionprocesss fully
controlledby the sellerhimself, i.e., he hasfull accesdo the
auctionsener andfull knowledgeof buyers’biddingbehaviors,
thenthe sellercanknow exactly andin almostreal-time how
mary andwhich biddersarestill downloadingthe web page(s)
regardinghis auctionand remaininterestedn his item. Sothe



sellercanhave a betterpredictionon the probability of his suc-
cessn submittingshill bidsto manipulateheremainingbidders.

In fact, if the sellerhasfull control over his auction,he can
potentially underminemary auctionrules and createa variety
of deceptve behaior to increasehis own utility. This is pos-
sible becausehereis no seriousreputationdamagelike what
would have causedo a dishonesbnline retailer Most online
retailersin direct e-saleschoosenot to manipulatetheir trans-
actionsbecauseheir dis-credibility is easyto detectdueto the
simplicity of the trade: pricesare fixed, contractuatermsare
well-definedprior to the trade,andvery often only one buyer
andonesellerareinvolvedin thetrade. Evenin bundletrading
whereseveralsellersmaybeinvolved,thesecoordinatingsellers
have oftenclearedradingtermsandreachedegalagreements
adwance.Onthecontrararyonlineauctionsaremuchmorecom-
plicatedandrelatively not well-defined;pricesaredynamically
determinedandan auctionprocessofteninvolvesan undefined
scopeof participants.This compleity makesit harderto detect
deceptve behaviors. For instance|f a bidderrealizesthat she
hasexperiencedthe “winner’s curse, shecannottell whether
it is becauseshewas cheatedby the seller or shewas simply
competingagainstanothedegitimate,but strongbidder There-
fore, the auctionsellercanincreasehis profit from cheatingbut
without necessarilglamagingis reputation.Becausdraudin a
dynamictradingervironmentis muchharderto detectandcon-
trol thanin a simplestabletradingervironment,anindependent
trustedthird partyis evenmoreimportantto helpbuild the trust
amongtraders.Our following SDFSschemes avivid demon-
strationhow anauctioneecanplay sucharole.

Despitethe importanceof an auctioneertraditional auction
modelshave ignoredits essentiatole. Most of the existing auc-
tion theoryonly considersan auctionasa transactiorbetween
sellersandbuyers. Klemperer(1999)regardsan auctioneethe
sameagentas a sellerin his mostrecentguide to the auction
literature. GrahamandMarshall(1987)treatan auctioneeasa
representatie of a sellerandstatethat“an auctioneer’(thatis,
the seller) often responddo the presencenf (buyer) coalitions
by establishinghigherresene prices. As online auctionfraud
becomesnoreandmorepopularandhenceanauctioneerasan
economicparty with self-interestbecomesnoreandmorees-
sentialandcritical in auctiontrades,we canno longersimplify
hisrole andignorehisimportance.

IV. Shill-deterrent Fee Schedule(SDFS)

A. The SDFSSheme

In currentonlineauctionsanauctioneecontrolsa sellermainly
in two ways: whetheror not to allow the sellerto have anauc-
tion in his auctionsite andthe intermediatiorfee chagedto the
seller A strict control over the accessibilityhasa side-efect; it
limits the auctioneers profit. Besidesit is difficult to recognize
who arethepotentialshill biddersto turnthebackon. Therefore,
we look into thedesignof fee scheduleso controlsellers.

Currentfee structuresand policies of online auctionhouses
are not theoreticallydesignedo deterfraud. For instance the
listing feesand commissionrateschagedby eBay are so low
thatin auctionswith high valuegoodstheseintermediatiorfees
— the seller’s loss— canbe easily exceededy the seller’s ex-
pectedgainsfrom shill bidding. This createsan incentive for
fraud. If for afinal saleof $10,000the commissiorfee is only
$138ratherthana highervalue,say$800,a shill bid aimingto
raisethefinal bid abose $10,138(to be exact,abore $10139.87)
is lessrisky thana shill aiming to raisethe winning bid above
$10,800.

Onemaythink thatanauctioneecansimply raiseup thelist-
ing feesandcommissiorratesto forceshill bidsto bebolderand
riskier if they are expectedto be profitable. But if so,the auc-
tioneermay lose sellersto otherauctioneersn the market who
chagelowerintermediatiorfees.Besidesanauctioneeshould
not punish honestsellerstogetherwith shill bidders. There-
fore, we suggesthatanauctioneechagea variablelisting and
commissiorfeesthatrewardhonessellersandpunishdishonest
ones.

Under this guidance,we designa variable intermediation
Shill-deterrentFee Schedule(SDFS). Our SDFS English auc-
tion is conductedaccordingto thefollowing rules:

1. Thesellersetstheresere priceatr. Only bidsgreateithan
or equalto r will beacceptedy theauctioneer

2. The buyerwith the highestbid v (v > r) wins, and pays
herbid.

3. SDFS: Thesellerpaystheauctioneealisting fee (1—c¢)i(r)
beforetheauctionandacommissiorfee(1— c)(v—r) if the
item is auctionedoff, where0O < ¢ < 1. Hence the seller
recevesafinal paymenbof r +c(v — r) — (1 — ¢)I(r) for the
auctionsale.We alsoassumeahat0 < /’(v) < 1 for all v.

4. Theselleris obligatedto paytheauctioneethecommission
feeevenif thewinningbidderdoesnotpay; unlesgheseller
can prove to the auctioneerthat the non-payingwinning
bidderis not the sellerhimselfor is not affiliated with the
seller

With theserules,shill biddingis riskier becauséf a shill bid
wins,thesellerlosesnotonly hislisting feebut also(1— c) times
the differencebetweenthe shill bid andresere. If the seller
announce$oo low a resene price, the sellerwill be punished
with a highercommissiorfee whenthefinal salevalueremains
the same.If too high, the sellerwill be punishedwith a higher
listing feeanda higherrisk of no sale. Theintricaciesin SDFS
English auctionrules work handin handto encouragesellers
to truthfully disclosetheir optimal resenes beforethe auction
starts.

Besides,to ensurethe non-profitability of shill bidding, the
commissiorrate(1 — ¢) is carefullychoserto increaseherisks
from shill bidding,thatis, thesellerslossfrom shills outweighs



his possiblegain. In eachauctionmarket, c variesandis math-
ematicallydeterminecdby the characteristicef the market: the
buyers’valuedistribution. An auctioneewould probablychage
ahighercommissiorratein a private-\alueantiqgueauctionmar
ket where a shill bid is mostlikely to be profitablethanin a
common-aluepalmpilot auctionmarket.

Anotherpositive aspecbf SDFSEnglishauctionrulesis that
they do not affect honestiddersanddo not punishhonestsell-
ers. To honestbidders the rulesarethe sameasin atraditional
Englishauctionwherethebeststratgy for eachbidderis to raise
her bid aslong asit is below hervaluation. To honestsellers,
they canstill minimize their intermediationfeesbecause&sDFS
rewardstheir truthful disclosureof their optimal resenes. For
the samesaleprice in the samemarket, SDFSchagessmaller
commissionfeesif the resere is closerto the saleprice. The
I"(v) < 1 conditionis alsohelpful herebecausé’(v) shouldbe
smallenouglsothatthelisting andcommissiorfeesarelow un-
lessthe salepriceis well above the sellersresenre. If the latter
caseoccurs,the sellerwould probablynot mind paying higher
intermediatiorfeesout of his surprisinglyhigh profit.

B. Seller's Optimal ReservePrice(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 sellers optimal resene
price(s)underSDFS.

Let u,,(r, ¢) denotethe seller’s expectedprofit with n buyers,
resene pricer, and0 < ¢ < 1. Whene = 1, thisis equivalent
to Equation(1) of the classicalauction,i.e., w, (r, 1) = wu,(r).
After rearranging1), we get

(5) un(r,1) = (r —vo)(L = F"(r)) — r(1 — F"(r)) +
n / (F(v) + vF'(v) — 1)F" Y(v) dv

Thefirst termis the sellers expectedprofit if the highestbidder
paysonly theresene price. Theremainingtermsrepresenthe
extra profit that the seller gainsfrom the sale price above the
resere. Underthe SDFSpaymentscheduleto the seller i.e.,
r+c(v—r)—(1—c)l(r), thefirsttermin (5) doesnotchangebut
the subsequentermshave to be multiplied by ¢ andthelisting
feehasto be deductedwhich gives

6)  un(r.c) =[(1—c)r—wo](1 = F"(r)) = (1 = lUr) +
cn/ (F(v) +vF'(v) — 1)F" () dv

Note that without consideringthe listing fee, the sellers ex-
pectedprofit is the convex combinationof thatin theall-bidder
colludeauction(GrahamandMarshall1987)with weight(1— c)
andthatin the no-biddercolludeauction(Riley and Samuelson
1981)with weighte. In the caseof all-biddercollude,all of the
n biddersagreethat only one bidderwill bid andactasif her
valuationis the maximumof all bidders.Sincethereis no com-
petition, this singlebidderwill getthegoodattheresere price

andhencethesellers profitis (r — vo)(1 — F"(r)) — (1 — ¢)I(7).
In the caseof no-biddercollude,the seller’s expectedprofit is
givenby (1).

Differentiating (6) with respectto r, the sellers expected
profitis maximizedfor somer satisfyingthe condition

(7) —T(Ta =LA -0V(r)— F"(r) —
nF"il(r)[F’(r)(r —wvg) —c(1— F()] =0

We assumenow thatnearthe optimalresere price, F'(r) > O.
The only caseswhenthis might not be true is whenthe com-
missionfeeandmaminallisting feearehigh, i.e., ¢ is smalland
I'(r) is large. Dividing (7) by nF™(r)F'(r) > 0, we getthe
following resultfor the optimalresene:

_ 1— F(r) 1-1U(r)— F™(r)
®) TEtte F'(r) t(d=o) nEFn=Y(r)F'(r)

_ 1-— F(r) 1-1U(r)— F™(r)

I R O

In addition, the sellers expectedprofit, as a function of r, is
increasingf r is lessthantheright sideof Equation(8), andis
decreasingf otherwise.

Note that under the paymentscheduleof SDFS, Equation
(8) describingthe optimal resene price r,. that maximizesthe
sellers expectedprofit is the corvex combinationof the all-
biddercollude casewith weight (1 — ¢) and the no-bidder
collude casewith weight c. Again, whensettingc = 1, this
yields to the sameresultas Equation(2), the Proposition3 in
Riley andSamuelsorf1981).

Also notethatif thereis only onebuyer, i.e.,n = 1, Equation
(8) isidenticalto theclassicakuctioncase sincethe only buyer
will bid attheresene price andthis bid will win dueto thelack
of competition.

We canseefrom (8) thatchagingallisting feereducegheop-
timal resene price. Increasean the mamginal listing feereduces
themarginal profit. To gainpartof thereductionback,theseller
canreducethe optimalresere. Increasen the maminal listing
feealsohasan effect of reducingmore of the expectedprofit at
largerlocal maximumpoints.

C. Howto Deter Shill BiddingunderSDFS?

Now letusconsideshill biddingin SDFSEnglishauctions.The
sellercanobsene the auctionuntil the bidding stops,i.e., only

onebidderremainsandno onewould outbidthe currenthighest
bid b. At this point the sellermay try to pushup the price by

shill bidding againstthe remainingbidder: bid s above b until

s is outbid. If the highestbidder quits beforethe seller does
becausdervaluationv < s, thenthesellerwins theitem atthe
highestbidder's valuation. Otherwisethe highestbidderwins
andpaysthe shill bid s.

Casdl: Thesellersshill bid is thewinning bid.



Thesellerpaysv + (1 — ¢)i(r) andreceivesa payment
of r + ¢(v — r). Hencethesellersgainis

ur(s,v) = r+ecfv—r)—v—(1—c)i(r)
©) = —@A-gU(r)tv—r)

Note that thereis no vg in the equationbecausehe
goodstayswith theseller

Casdl: Thesellersshill bid s is notthe winning bid.

A bidder has outbid the shill and paysthe second
highestbid, i.e., the shill bid s. The seller pays
(1 — o)l(r), lossesthe good,andrecevesa payment
of r + ¢(s — r). Sothesellersgainis

urr(s) =r+c(s —r) —vo— (L — o)l(r)

Theconditionalprobabilitythatthewinning bid is above b but
lessthanv is representedby Equation(3). Hence,G(s) repre-
sentsthe conditionalprobability that the shill bid s will not be
outbidby arealbuyer.

Combiningthe above two casesthe expectedutility of the
sellerfrom shill biddingin an SDFSEnglishauctionis

S

w(s) = i ur(s,v) dG(v) + (1 — G(s))ugg
= {0~ Gs)es — o) +
a—@p—um—/zmaq
b
= (1-G(s))s —wvo+ G(s)vg +

d-o [r —l(r)—s+ /bs G(v) dv]

(10)

Thesellers expectedprofit with no shill biddingis
w) =1 —c)(r —1I(r)) +cb— v

Therefore,to prevent shill bidding, we needto choosesomec
which ensureghatthe sellerwill not earnextra profit from shill
bidding, thatis, w(s) < w(b), which leadsto

Q-G s—w)+tv—b<(1—2¢) ‘/bs(l — G(v))dv

ReplacingG(s) with ZE270) gives

o (A= F(s))(s —vo) + (1 — F(b))(vo — b)

(11) 5
/b Q- F))dv

(1-9

Inequality (11) givesthe lower bound of the commissionrate
(1 — ¢) above which shill biddingis non-profitable. The upper
boundof the commissiorratecanbe determinedy the compe-
tition in the auctioneemarket. Too high acommissiorratewill
drive sellersto otherauctionmarkets.

Next, we simplify the determinationof the lower bound of
the commissiorratein anauctionmarket. We will startwith a

specialcasethenprovethattheresultof the specialcasecanbe
generalized.

Considerone specialcasewhen s is only slightly above the
currenthighestbid b, i.e., calculatingthe limit of (11)ass | b.
This gives

. b—vo
1— F(b)

(12) l—-c>1 F'(b)

Inequality (12) representshe lower boundof a commission
rate(1 — ¢) underwhich a smallshill bid (a shill slightly above
the currenthigh bid) is not profitable. The following theorem
shavs thatif areasonableommissiorrateis choseraccording
to (12)to discouragesmallshill bids,it alsoensureshatno other

shill bid is profitable.

THEOREMZ2: Givenby, shill biddingis not profitable for any

b— (%) ,
1= F(b)F (b) holds

b > bpands > bif andonlyif 1 —c¢ > 1—
forall b > by.

PrRoOOF. By contradiction. Assumethat shill bidding is prof-
itable,i.e.,w(s) — w(b) > 0,and(12)is truefor all b > bo. This
impliesthat3b < £ < s : w'(¢) > 0. Takingthe derivative of
(10)andusing F'(b) < F(£), we get

’ _ 1-F(&) E—vo
O<wi() = cl—F(b) — 1—F(b)F(€)
v
=1 rgl @
whichis equivalentto
§—vo .,
1-c<1- 1—F(£)F(§)

This contradictour hypothesisOn the otherhand,if (12) does
not hold for someb, thenfor somesuficiently smalle > 0, a
shill bid of b + ¢ is profitable. m

Hence,inequality (12) is a simplified calculationfor determin-
ing the lower boundsof commissionrates. To find the lowest
requiredcommissiorratefor a particularauctionmarketto dis-
courageshill bidding, an auctioneercan use Theorem?2 with
bo = r, andtake the maximumof the right-handside of (12)
for all possiblebids above the optimal resere. In particular
(12) mustholdfor b = r,, which, togethemith (8), impliesthat
U'(r.) < 1— F™(r,) musthold,i.e.,thelisting fee cannotbetoo
high.

Figure4 showvs the minimum commissiorratethe auctioneer
shouldchageto detershill biddingin a particularauctionmar
ket wherethe buyers’ value distribution is 0.95N($20, $20) +
0.05N($120 $20) and the sellers valuationvg is $20. Even
without any commissionjf the currenthighestbid b is between
$52 and $66.7,a small shill bid is not profitableto the seller
$52is theresene pricebetweerthetwo peaksof Figurel where
the seller’s expectedprofit startsto drop below the secondpeak



T T
line 1

1)
b=
2 o8¢t i
=
2]
=z 06 —
IS
2]
o 04 i
£
e
S o02f .
o
o
0
S 0r —
c
S
3 -02¢f E
1S
o
S .04 _
1S
g
£ 06 E
s
'08 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100 110
Current highest bid ($)
Figure 4.  With the buyers’' value distribution as 0.95N($20, $20) +

0.05N ($12Q $20) andthe sellers valuationasvg = $20, the lower bound of
the commissionrate (1 — ¢) (asa function of the currenthighestbid) thatthe
auctioneemustchage underSDFSto male shill bidsunprofitable.

and $66.7is the resene above which small shill bids become
profitable,i.e.,wherethe minimumcommissiorratein Figure4
becomegpositive. But asit canbe calculatedrom (11), a bold
shill bid around$98is profitable. However, underSDFS,if the
auctioneessetsthe commissiorrate above 60% (the maximum
of all theminimum (1 — ¢) underall possibleb > r,, r. ~ $48
if assumeen bidders),no shill bid, smallor bold, will be prof-
itable. 60% is kind of high becausdrigure 4 depictsa rather
extremecasewherethe meansof the valuedistributionsof two
typesof buyersarequiteapart.

In most situations,a much lower commissionrate should
be suficient to deter shills. Take the eBay example,
if the buyers’ value distribution is 0.95N($870Q $400 +
0.05N ($1040Q $400, with the sellers valuationat $8700,the
commissionrate (1 — ¢) requiredto detershill bidding is only
16.9%. With this commissiorrate andten bidders,the sellers
optimalresene shouldbesetat$91475. If thefinal salepriceis
$10,000thecommissiorfeeis only $144,comparabléo thefee
chagedby eBay This shavs thatfor honestsellers,SDFSEnN-
glishauctionsarenot moreexpensve thaneBayauctions.How-
ever, for sellersstartingwith a lower resere, say $5000,the
commissionfee would be $845, much higher than what eBay
chages.

Notethatthe commissiorratein (12) doesnot depencbn the
listing fee. Thelisting feemustbe paidbeforetheauctionstarts.
Soit is notrelatedwith shill bidding. But rememberaswe have
discussedckarlier thelisting feein SDFSdoespreventthe seller
from settinghis optimalresene too high.

Theoptimalresene pricein theclassicaEnglishauctionsat-
isfies(r. —vo) F'(r.)/(1— F(r.)) = 1 (atransformatiorof Equa-
tion (2)), which meanghatfor b = r, theright sideof (12)is 0.
Moreover, 1 — (r — vo)F'(r)/(1 — F(r)) < 0 impliesthatthe
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seller’s expectedprofit in the no-commissiorcaseis locally de-

creasingastheresene r is increasing.Assumethat after some
largeenoughr, 1 — (r — vo) F'(r)/(1 — F(r)) will permanently
staybelow 0. In factfor mostcommondistributionsthis tends
to negative infinity. For example theminimumcommissiorrate

shawn in Figure 4 staysnegative for » > $98. Therefore,the

largestsolutionof 1 — (r — vg) F’'(r)/(1 — F(r)) = 0 mustbe

a local maximumratherthan minimum of the expectedprofit

curve. Moreover, if n is large enough this lastlocal maximum
will becomea global maximum,i.e., it will be the optimal re-

sene price assuminghereis no shill bidding. This meanghat

if the sellerchooseghe largestsolutionof (2) astheresene, he

will not be ableto submita profitableshill bid evenif thereis

no commissionat all. This obsenationis important,especially
for Internetauctionswherethe numberof biddersis potentially
largeandcanevenbeassumednlimited. However, althoughthe

sellermayknow thatthelargestsolutionof (2) leadsto hisglobal

maximumexpectedprofit whenthereis no commissiorfee, he

canstill startfrom alower resene andsubmitshills. SDFScan

be usefulto make his shills unprofitable.

V. Concluding Remarks

The critical distinction betweenan ascending-bidenglishauc-
tion and a seal-bidauctionis that an ascendingauction pro-
videsinformationaboutthe bidding to both the bidders(Cram-
ton 1998) andthe seller This informationcanbe usedby the
sellerto squeezehe extra juice out of high value biddersby
shill bidding. In traditional Englishauctions,shill bidding can
be profitableif the seller’s expectedprofit functionhasmultiple
local maximums.Thesemultiple humpsin the seller’s expected
profit curve arecausedy differenttypesof buyerspresenin an
auctionmarlet. For example,in online art auctionswheremost
of theshill biddingactuvities have beenreportedsofar, thereare
collectorsandart dealerswho have differentvaluedistribution.
In California highway procurementiuctions,thereare bidders
who have alreadygot a large portion of their capacitycommit-
tedandbid only for participationandtherearebidderswith little
capacitycommittedandbid seriouslyfor contractgJofre-Bonet
and Pesendorfe2000). Whenthereare multiple humpsin the
expectedprofit curve, the globalbestsolutionof the optimalre-
sene varieswith respecto the numberof biddersandthe bid-
ders’valuedistribution. Sellerswith shill bidding canstartwith
low resere, obtainbidderinformationby observinghe bidding
processandthen maximizetheir expectedprofits accordingly
by resettinga higheroptimalresene throughshill bids.

We handlethe shill bidding problemby redesigningenglish
auctionrules. Wilson (forthcoming)hasemphasizedhat “one
purposeof marketdesignis to eliminateloopholesin the proce-
duralrulesthatmight by exploitedby awily trader’ Oneof the
key elementf our marketdesignis theintroductionof anauc-
tioneer Differentfrom the traditional auctionliteraturewhich
assumesnauctioneethe sameasthe seller we modelthe auc-
tioneeras an independenprofit-orientedagentand emphasize



his essentiatole in deterringfraud.

An auctioneecancontrolsellers’behaior throughtheinter-
mediationfee schedulehe chages. The auctioneershouldnot
settheintermediatiorfeestoo low becausea sellerwill havethe
incentive to submita shill bid aslong asthe shill bid leadsto an
extra expectedorofit morethantheintermediatiorfeeshe hasto
pay. Onthe otherhand,the auctioneershouldnot setfeestoo
high because sellerwould thengo to competingauctioneers.
Besidesit is difficult to determineoneor severalflat ratesthat
would bereasonablén all auctionmarkets. Thisis therationale
behindwhich we suggest variableintermediatiorfee schedule
wherecommissionratesdiffer in eachauctionmarket and the
actualcommissiorfeesdiffer in eachauctionsales.

Under our SDFS fee schedule,the auctioneerchages the
sellerthe intermediatiorfeesaccordingto the following: 1) the
listing feeis afunctionof thesellersresere; 2) thecommission
feeis a function of the commissionrate andthe differencebe-
tweenthefinal salepriceandtheresene; and3) thecommission
rateis mathematicallydeterminedo ensurehenon-profitability
of shill bidding; the commissionrate is a function of buyers’
value distribution, which differsin eachauctionmarket. With
carefully-chosercommissionrates, shill bidding will not pro-
vide extra profitsto the seller Althoughin somespecialcases,
shill biddingin SDFSEnglishauctionscanstill provide positive
expectedprofit to the sellet it is muchriskier thanin traditional
Englishauction.

SDFSis simplebecausé doesnotaddcumbersomeulesthat
restricthonestsellers’andbidders’flexibility andonly requires
somechangeon theauctionees side.

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

Considerthe common-aluecasewherebuyershave inter-
dependentaluationsandthellD assumptiomoesnothold.

Look into multi-roundmodels.McAfee andVincent(1997)
have looked at classicalsequentialauctionswithout shill
bidding. This modelcouldbe extendedto cover the effects
of shill bidding.

Analyzethe casewith risk-aversesellersandbuyers.

Analyzehow buyerscalculatetheir expectedprofitsconsid-
eringthe probability of shill biddingfrom the seller

Analyzethe auctioneemarket underdifferentcompetition
modelsand discussprofit-maximizing strateies for auc-
tioneers.

It will bealongprocesdor bothshill biddingandthemethods
againstit to evolve andimprove. This paperis only the begin-
ning of our questto fight auctionfraud.
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