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Shill bidding in English auctions is the use of insincereshith the seller's behalf to artificially drive up the
price of the listing. Shilling is illegal and has become aisas problem in online auctions because it is easy
for the seller to bid under false names and hence self-cellife show that in an independent private-value
(IPV) English auction where there are heterogeneous bisldiee seller can increase her expected profit by
starting with a low ex ante reserve price and then optionedsetting it via shilling after observing the second
highest bidder’s valuation. A shill-proof mechanism netdensure that the seller’s optimal strategy is to set
her optimal reserve based upon her best estimation of theilpesgpresence of a high-type bidder ex ante and
not to revise the reserve via shilling. We introduce a Shittof Fee (SPF) schedule for IPV English auctions
where an auctioneer charges the seller a commission feeasacbupon the final sale price but the difference
between the final sale price and the seller’s disclosed ve&segCommission rates vary across auctions, and are
mathematically determined to guarantee the non-profiigtof shilling.
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|.  Introduction

“eBay can be a fun place for buying and selling but. ..
full of cons, crumbs and kooks” (Anonymous). Nearly onehi
of online Americans have participated in Internet aucti®6

environment for the seller to shill; shilling is cheap, easyd
hard to detect in online auctions. Creating new email adei®es

itoals and aliases is almost costless and nearly effortless, ialpthie

seller to self-collude. The lack of the strong binding betwa
screen-name and a real identity — the intrinsic problemefrh

of them have purchased an item through auctions and neagly onternet — provides unprecedented opportunities for identis-

third of participants have sold items. But unfortunatefig@of

representation and fraudulent bids. In the indictment chse

all buyers acknowledged having a problem at one time or ancussed above, the defendants created 40+ IDs using false reg
other (Internet Prophets 2004). Among the thousands of cortration information and used these aliases to shill. Theypeve-
sumer fraud complaints the Federal Trade Commission (FTCted and utilized IDs containing the last names of the reealwn

receives yearly, those dealing with online auction fraudsis
tently rank at or near the top of the figFederal Trade Commis-
sion 2004).Shill biddingor shilling — the use of insincere bids
on the seller’s behalf to artificially drive up the price — Heeen

artists to trick buyers into believing that family membefghe
artists were bidding. With the easy adoption of multiplesds
online, the seller can simply shill all by herself; there a
principal-agent problems and she can retain all the additio

identified as one of the most common types of Internet auctioeconomic rents.

fraud (Internet Fraud Complaint Center 20D1)High-profile
shilling cases have even become headline Aefer instance, in
2001, three men were indicted for operating a shilling rimag t

Auction fraud is on the rise, yet there is a lack of theoreti-
cal studies. Klemperer (2002) has cautioned of the danger of
such thinness, stating that most auction literature assarfireed

auctioned a fake Richard Diebenkorn painting for $135,805 0 number of bidders who behave non-cooperatively and that auc
eBay (U.S. Department of Justice 2001). One of them, accusetbn theorists pay little attention to the most importarsiis in

of inflating bids in hundreds of online art auctions and netti

auction design — how to discourage collusive and predatery b

$450,000+ over a _20-month period, has received za_4-yem1pris havior. In the limited literature on collusion, most resdestud-
term and a heavy fine (Lee 2004). Anecdotes of shilling cam alsies how bidders collude to either deter the entry or depitess t

be found on several websifes
Lift-lining in live English auctions is similar to shilling. It

bidding of rivals in order to avoid bidding up prices (McAfee
and McMillan 1987, McAfee and McMillan 1992, Milgrom and

refers to a common practice of auctioneers to use phantosn bidVeber 1982, Milgrom 2000, Graham and Marshall 1987, Klem-

to push up the final price (Cassady 1967). Auctioneers havperer 2002, Fabra 2003).

the incentives to lift-line in live auctions because they @a
crease their commission fees and attract future sellerstbyat-
ing higher sale prices. However, shilling, initiated by gedler
but not supported by the auctioneer, is rare, costly anctdiffi
to achieve in live auctions. The seller cannot simply apjeear
the auction floor to shill bid and therefore has to hire asdesi

Theoretical studies on seller self
collusion, i.e., shilling, are even more limited (Grahamamvi
shall and Richard 1990, Bag, Dinlersoz and Wang 2000, Sinha
and Greenleaf 2000, Chakraborty and Kosmopoulou 2004).
Graham et al. (1990) show that when private-value bidders
draw their valuations from heterogeneous probabilityritiat
tions, the auctioneer can increase the expected sellet pyofi

She has to overcome the principal-agent problem ensuratg thgynamically resetting the reserve price upon learning tila-v
her associates truly act on her behalf and are capable ofiexec ation of the second highest bidder. Their result is baseden t

ing strategies that maximize her benefits. Moreover, thiersel
needs to deploy signalling and punishment strategies fioase
sociates as well as schemes on how to divide the spoils.

strong assumption that the auctioneer knows not only each of
these value distributions but also the exact number of bglide
each distribution. Bag et al. (2000) prove that shilling &en

In comparison, Internet auctioneers do not have strong inprofitable for the seller where bidders draw their privatiiaa

centives to lift-line as auctioneers in live auctions beseathey

tions from one of two distributions with disjoint suppor&nha

charge much lower commission rates and handle much largeind Greenleaf (2000) study auctions where bidding is cistti

volumes of transactions. But the Internet provides theguérf

1Being consistent with the FTC data, auction fraud has toppiednet fraud
for five years in a row 1998-2002 according to the Internetiéiid@/atch operated
by the National Consumers League: in 1998, online auctiandiaccounted for
68% of reported Internet incidents. In 1999, 87%. In 200067& 2001, 70%.
And in 2002, a soaring 90%. Data on year 2003 and 2004 are aitable.

2|FCC stands for Internet Fraud Complaint Center, which isadngrship
between the Federal Bureau of Investigation (FBI) and theNal White Collar
Crime Center (NW3C).

SExamples of shilling were reported in the New York Times ahne tVall
Street Journal (Dobrzynski 2000, Simpson 2000, Schwarty Robrzynski
2001).

“Here are some of the websites describing details of suspicio
shill bidding: http://www.geocities.com/ebayoyvey/gbhills.html and
http://www.geektimes.com/michael/culture/crime/efsaifl.html.

to a number of exogenously-set bid levels with significaqisya
between possible bids and conclude that discrete bidding co
bined with differences in bidders’ aggressiveness can tead
profitable shilling. Chakraborty and Kosmopoulou (2004)vgh
that shilling in common-value auctions reduces both thiess|
and bidders’ expected profits and the only party who gairtsais t
auctioneer.

None of the previous research offers a solution to deter or
prevent shill bidding. Vickrey (1961) briefly suggested thse
of a trustworthy bid-holder as a means to prevent shilling in
sealed-bid second price auction: “To prevent the use ofifl’ ‘sh
to jack the price up by putting in a late bid just under the top
bid, it would probably be desirable to have all bids delivkie



and certified by a trustworthy holder, who would then deladér
bids simultaneously to the seller.” Unfortunately, theas been
no follow-up study on this issue in the past four decades.

a seller is charged. Since there is no way of knowing whether a
seller will shill or not before an auction starts, an auctiencan-
not deter shilling by restricting entries. But an auctiarem use

Our present research extends the previous results on the ojis fee schedule to control the seller’s shilling strafegys we

timal reserve and shilling strategies and, more imporyairtt
troduces an intermediation fee schedule to prevent shillilte
study these issues in the context of the independent prirdite

have mentioned, shilling in an IPV English auction is eqlgaa
to resetting the reserve price during the auction, theeetoz
aim to design a Shill-Proof Fee (SPF) schedule where setting

(IPV) model of single-round English auctions with contimgo ex ante optimal reserve price and not to shill is the bestegiya
bidding. We also study heterogeneous bidders, but with @morfor the seller.
relaxed assumption that these bidders can have possildapve Currently, most auctioneers have similar intermediatiea f
ping value distributions and the auctioneer and the sellemk  structures: an auctioneer charges a seller a listing fesgdoan
the probability that a bidder has a certain type, but do netine the reserve price, before an auction starts, and a commiteso
to know exactly how many bidders of each type are present. a percentage of the final price, if the auction is ended with a
The rationale for the profitability of shilling is as follow§he ~ sale. Such fee structures are not designed to prevennghilli
seller, as bidders often do (Cramton 1998), can update'thidir ~ and may even actually encourage such a fraud. For instance,
ding” strategies upon learning from the bidding processrin a €Bay charges a low listing fee and a commission rate uniform
open auction. She can use shill bids as costless (or low cost) all markets except for motor vehicles and real edtates of
threats to corner high-value bidders. Shilling can be @bk  June 2004, for a regular non-featured reserve-price Englis-
especially if the seller's expected profit function has iplgt  tion, eBay’s listing fee is between $0.30 and $4.80, ascendi
local maxima caused by different types of bidders, such ks cowith the reserve. A seller is motivated to start with a loverse
lectors vs. dealers or bidding for winning vs. bidding forpa Price and shill because she can at least save on the listing fe
ticipation. The multiple local maxima motivate a seller tars  (Kauffman and Wood 2005). eBay’s commission rates are not
with a reserve price corresponding to a low local maximum ofdesigned to deter shilling either. They are 5.25% for theahi
her expected profit and then to maximize her expected profit b$25 of the closing value, plus 2.75% for $25.01 - $1000, and
optionally shilling to reset her reserve correspondinghigher ~ 1.50% for the remaining closing value balance ($1000.0as-cl
local maximum upon observing the second highest biddels vaing value). Suppose an auction currently has the highestfbid
uation. $10,000 and the seller chooses to shill bid at $10,100 (RL0@i
The possibility of shilling greatly reduces the pressurdérgn ~ Minimum increment set by eBay for bids above $5000). If the
seller to set the optimal reserve price ex ante. She caniatart Shill bid succeeds and is outbid, say by $10,200, the seiler w
and then shill to reset it. The lower the disclosed reserieepr have an additional net profit ¢fl97 = $200 — $3. If the shill
the more attractive the auction, which provides anotheerinc  Pid is not outbid, the seller needs to pay the auctioneer $264
tive for shilling. Besides, the ascending structure of aglsh ~ and loses the sure deal that she has had. The seller is better

auction allows a cheat time for the seller to assess the ssicceOff shilling if she estimates that there is at least an 87%cha

of her shilling strategy. Consequently, a bidder’s striateg-
sponse to shilling is to snipe —to delay his bid until the fast-

that her shill bid will succeed (assume her valuation is 88)7
which is quite possible considering that a bidder alreadingi

utes — in order to avoid disclosing information and shorten t t0 pay $10,000 s unlikely to walk away because of a mere $200

seller’'s cheat time. The substantial shares of late bidstarhet

price increase. The seller has an incentive to shill as lang a

auctions, and the fact that the amount of late bidding in eBayShe can increase her expected profit. Moreover, eBay’sypofic
type hard-close auctions is much more than that of Amazpa-ty relisti_ng does not discourage shilling either; if an itenesmot .
soft-close auctiorfs(Roth and Ockenfels 2002) may reflect the Sell either because of no bid above the reserve or a nongayin
bidders’ consideration of shilling. winning bidder (who may be a shilling seller), eBay allows a

Note that it is always the seller who plots behind the scenefll or partial refund of the “final value fee credit.” This mes
and the ultimate goal of shilling is to benefit the seller. en thatafter a period of time, the seller who fails to sell beseaaf
any economic mechanism or policy against shilling requires shilling can have a second round auction at no charge.

redesign of the seller’s incentives. Since the only immimea-
jor party that can control the seller’s incentive is the arater,
we aim to revise the auctioneer’s policies towards the stdle
eliminate, or at least reduce, the seller’s incentives ih sh

An auctioneer has two major controls over a seller; whether o

not to allow a seller to list her item, and what intermediafiees

5An Amazon-type soft-close auction refer to the auction vehdeadline is
automatically extended to a certain period of time afterl#is¢ submitted bid.
Auctions at uBid.com also have soft-close deadlines. Inogahauctions, the
seller has an option to label her auction with fixed-closetim“auto-extension.”

How to set intermediation fees that prevent shill bidding? A
auctioneer should not set the them too low because a seller wi
have the incentive to shill as long as it leads to an expecied i
crease of the sale price that is greater than the expecteshse
of intermediation fees. On the other hand, the auctionemildh

81t has been shown that fee schedules charged by auctionednave an
impact on both the sellers’ choice of auctions and the sscae of resulting
sales (Lucking-Reiley 2000). For instance, Yahoo! usedawemo listing fee
and the lowest success rate (16%). But eBay has relatively lsting fees
among online auction sites and high success rates (54%).

"For details, please go to http:/pages.ebay.com/helffésa.html.



not set fees too high because a seller would then go to conthe adverse effects of shillifigseveral methods — building a
peting auctioneers who charge less. Keeping these faators fraud-conscious community, data mining auction records, a
mind, we design an SPF schedule, under which the auctionegerifying digital identities — have been suggested to datietion
charges a seller the intermediation fees according to the fofraud, but all of these methods are limited in their applilitgh
lowing: 1) a listing fee which is a function of the seller'ssdi and scope.
closed reserve; and 2) a commission fee which is a function Limitations of Building a Fraud-conscious Community
of a commission rate and the difference between the final salerom a social engineering perspective, many auctioneans, |
price and the disclosed reserve. Commission rates are mathenforcement agencies, relevant business partners, amatgets
matically determined to ensure the non-profitability oflIsig: provide tips to raise awareness of auction fraud. In 2008, th
shilling will not provide extra expected profit to the selland  FTC launched its SafeBid project to train, educate and deord
she is rewarded with a low commission fee if she has disclosefate law enforcement agencies to detect and prosecutadhter
a reserve price close to her expected final sale price. Commigauction fraud, including shilling. In 2004, the FTC publigh
sion rates under the SPF may differ across auctions bedase t tips for buyers and sellers of Internet auctions. Thesetsfire
are a function of bidders’ value distributions. By contrasbst  helpful to build a fraud-conscious culture, but there id sin
auctioneers use one or few flat commission rates for allaugti urgent need for more effective deterrents. At present, thetm
and there is no theory of how these rates are determined and wikommon deterrent in practice is to detect evidence of fraad v
they are good choices. Our design of variable rates haseteor data mining.
ical support and the conclusion conforms to what is sugdeste Limitations of Data Mining Auction Records eBay’s cur-
by Klemperer (2002) that: "Auction design is not ‘one size fit rent strategy is to rely on user reports to trigger invesitges of
all ... In the practical design of auctions, local circuarstes  shilling and then study statistics on the bidding recorddise
matter and the devil is in the details.” cover evidence. A seller is temporarily suspended the first t
The most obvious benefit of shilling, also the focus of this pa shilling is discovered, and is permanently suspended \eitie+
per, is to push up the sale price. But shilling can deliveeoth curring offenses. A major challenge of this approach is how t
benefits to the seller as well: 1) she can reduce her liste@ye define the patterns of shilling. It is difficult to tell whethar not
starting with a low reserve and resetting it with shill bidslg  a seller has shilled from the observed behavior in the amctio
in an auction (Kauffman and Wood 2005); 2) if nobody has bidFor instance, if a bidder exclusively bids on a particuldiess
yet, the seller can shill to jump-start the bidding. Shdliearly  items, it doesn’t mean the bidder is a shilling seller, he nhago
in an auction has a marketing effect and it is well known thatt just because he only trusts this seller. eBay considersitterps
more the bidders, the better off the seller (Bulow and Klerape of shilling are those “that suggest no advantage to the biolate
1996); and 3) shilling can create for the seller an oppotjutoi  significantly increase the bidding price of the listing."tédugh
leave positive feedback on herself in case her shill bidedittel ~ eBay provides examples of questionable patfgrinss infeasi-
winning bid. In the above indictment case (U.S. Departmént oble to define all possibilities because experienced shiltibis
Justice 2001), the ring members left themselves great tedb can always discover new ways to outsmart these patterns Eve
like “Painting Way Better Than Expected. You Can Do Businessf profiles of shills were well-defined, statistical methagsuld
Here With Confidence!!!!l” Therefore, any mechanismor pgli  still be costly because an auctioneer needs to analyzdatbtai
preventing or deterring shilling will also enhance the doély  bidding records over a long period of time in order to find cor-
of the reputation systems. Unfortunately, current studiegn-  relations, and thorough investigation is required to pragea
ternet auction feedback systems (Dellarocas 2003, Reanidk shill. Hence the chance for a shill to be caught through the

Zeckhauser 2002) fail to incorporate the effects of shgllin current statistical methods is very slim and an auctionaely
The paper proceeds as follows. In Section I, we explain whypunishes a seller even if suspicious behavior is reportest. B
current methods against shilling are not effective. In Bedil, sides, how to prevent a suspended seller from adopting anoth

we theoretically analyze why shilling can provide the sedletra  alias given the ease of switching online identities? Thaesf
expected profits in an IPV English auction and analyze how thether methods are sought and many have suggested methods of
seller determines her optimal shill bid level. In Section e  verifying digital identities to solve the root of the probie- the

prove why our SPF schedule prevents shilling, discuss the-pr anonymity of the Internet.

ticality of applying the SPF, and analyze the seller's sgis. Limitations of Verifying Digital Identities From a techni-
Section V concludes our analysis. cal computer-engineering perspective, Friedman and Blesni
8For instance, eBay now has rules and policies on shilling:wtid not exist
against Shilling Not Effective? SeBay provides examples of questionable patters of shillkeg “multiple

bids by a bidder in short, deliberate intervals and biddiexesal times in small

; S : : . amounts even if not having been outbid” or “a member bidsre¢\Enes just
Without proper controls, Shllllng will continue and mayrease, under the highest bidder towards the end of a listing, inerging the final sale

dqmaging consumers’ trust in (_)n_"ne auction markets-. NDBt SU price by a dollar and retracting if he/she inadvertentlystidore than the high
prisingly, because market participants have gradualllizesh  bidder.”



(2001) propose the application of cryptographic technigiee
bind online pseudonyms with true identities, which mears th
online users will apply digital signatures to make each web
transaction truly accountable. This approach is feasitiled¢ory

but not in practice. The general public has not accepted-cryp
tography as a common daily tool; most Internet users have not
created public/private keys or used digital signaturesgo sff
emails and web transactions. Besides, the credible useggef di
ital signatures requires reliabfriblic key infrastructurd¢PKI),

but current practices are far from meeting such a requir¢ihien
Similarly, existing attempts of verifying digital idengs, such
as eBay’s ID Verify, Microsoft Passport, or the Liberty Altice
Project?, are limited in scope and, more importantly, subject to
privacy issues and the intrinsic trust problem towards thbar-

ity itself.

Our Market Design Principle The current feebleness of anti-
shilling detection and prevention methods in online auntio
leaves room for fraud. We believe that proactive methodmaga
this type of fraud are more effective than detective or react
approaches, and designing incentive compatible tradinchme
anisms are as important as technical security implementsti
especially when the feasibility of technical solutionsiggtion-
able. Klemperer (2002) states that “The most importantifest
of an auction are its robustness against collusion andtitzcat
tiveness of potential bidders. Failure to attend to thesesis can
lead to disaster.” Wilson (2001) has also emphasized tha “o
purpose of market design is to eliminate loopholes in theg@ro
dural rules that might be exploited by a wily trader.” Theef,
we aim to proactively prevent shilling through market dasig

Ill.  Why can Shill Bidding Be Profitable in IPV English
Auctions and How to Set the Optimal Shill Bid Level?

e The auctioneer controls a clock ticker starting at the neser
price and ascending continuously. Each bona fide bidder
controls a “bid” button which lights up from the start of
the auction, indicating he is active and bids at the ticker
price. Once he turns off the light by pressing the button, he
permanently quits the auction. During the auction, bidders

cannot observe other bidders’ buttons and do not know how
many bidders are active.

e The seller controls a special “shill” button, which is iaity
inactive, but automatically lights up when only one bona
fide bidder remains active. The seller can choose not to
shill by immediately pressing her shill button or to shill up
till a level by keeping her shill button lighted until the kier

price reaches that level.

The auction ends when there remains only one active bidder
(i.e., only one button is lighted), who will be the winner and
pay the ticker price to the seller.

e The seller pays the auctioneer a commission fee.

Here we model the seller differently from other bidders be-
cause she knows who are the bona fide bidders. We assume
that the ticker price at which only the highest bidder rersain
active is observable by the seller. This assumption easigsh
for Amazon-type soft-close auctions but not for eBay-typedh
close auctions where many bidders bid only in the last mgute
leaving no time for the seller to shill.

Profitability of Shilling Consider the typical auction model
where the seller does not shill and there are no listing omamn
sion fees. Lel,,(r) denote the expected seller profit withbid-
ders and reserve prige If the seller sells her item, she receives
a payment equal to either the reserve or the second higttest bi
der valuation. The probability that the second highestatadm
is at or below the valuationis F"*(v) +n(1 — F(v))F"~*(v).

The Model We use an independent private-value (IPV) modelTherefore, the seller's expected profit is

assuming a single risk-neutral seller with valuatian faces
n risk-neutral bidders where biddeérholds valuationv;, : =

1,...,n, and the bidders’ valuations are independent and iden-

tically distributed (11D) drawn from the common differeatile
probability distributionF'(v).

To render tractable results, we assume that the auctiomis co
ducted as a conventional English thermometer auction kit wi
the possibility of shilling:

e The seller pays the auctioneer a listing fee and discloses
reserve price to the auctioneer before the auction starts.

10pK| can only eliminate the use of false identities if thera iobally trusted
authority that issues the keys to all users and verifies tieeidientity of the users
before issuing a key. However, there is strong politicalagiion from privacy
groups against such a central ID. There are also seriousitattdifficulties in
implementing a global PKIl infrastructure, as it is uncleawlsuch a system can
be protected against identity thefts.

11The Liberty Alliance Project is an alliance of more than 18Bnpanies,
non-profit and government organizations from around théealoThe consor-
tium is committed to developing an open standard for fe@dragtwork identity.
http://www.projectliberty.org/.
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Integrating by parts we get
(1) Un(r) —vo(1 — F"(r)) +
n/ (vF'(v) + F(v) = 1)F"(v) dv

Bhis is the same formula as that in Riley and Samuelson (1981)
but with an extra—v, term because we consider expected profit
rather than expected revenue.

Making the derivative of (1) zero yields the classical réestl
the optimal reserve* as that in Riley and Samuelson (1981).

1—F@r*)
F'(r+)
Riley and Samuelson (1981) only focus on the special case

where (2) has a unique solution and an ascending auctior is op
timal. But (2) may have multiple solutions correspondingite

)

r* =y +



local maxima and minima of the expected seller profit given by °
(1). When (2) has multiple solutions—(1—F'(z))/F'(z) is not
monotone increasing i and an ascending auction is no longer
optimal (Myerson 1981). The reserve prices corresponding t4.6
the local maxima of the expected seller profit do not depend on
n, but the expected profits corresponding to these reserves db*
As n increases, the optimal reserve pricé correspondingto ,,
the global maximum of the expected seller profit can shifirfro

a smallerry to a largerr;. Hence, the seller can ex ante set a 4
smallerr; and then optionally shill bid to reset a larggrbased £
upon the additional information obtained from the biddimg-p§ 3.8
cess.

(2) can have multiple solutions whef(v) is a combination 5
of value distributions of different types of bidders. Whéere g
are heterogeneous bidders, such as low-type vs. hightypez 5,

. . . o V-
expected seller profit may have multiple local maxima. Magy
auctions have heterogeneous bidders. For instance, imadrfga 3
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their capacity committed and bid only for participation asliw 20 3 40 50 60 70 80 90 100 110
as bidders with little capacity committed who bid seriously Reserve price ($)

contracts (Jofre-Bonet and Pesendorfer 2000). ) o ) )
. . . : , . Figure 1. The seller's ex ante expected profits in an IPV English anctis a
Before an auction, an estimation of the bidders’ value disfunction of the reserve prices. The seller’s valuationgs= $20, and bidders’
tribution and how many bidders may participate can serve as w&lue distribution is0.95N (820, $20) + 0.05N (8120, $20), where N (u, o)

ood predictor for the possible presence of a high-typedyidd denotes a normal distribution. The seller's ex ante optisérver™* is ry ~
g P P P gn-typ $38 if there are less than 12 bidders, and-js ~ $98 if there are more than

During an auction, the seller can determine her Shi"ingtegy 12 bidders. When there are 12 bidders, settitij at either $38 or $98 leads to
conditional on her updated estimation of the possible pr@se the same expected seller profit. With the possibility oflistyl the seller’s best
of a high-type bidder based on the observed current high bidtrategy is to always ex ante set the reserve as $38, théhishilp to $98 if the
Note that even if the seller knows exactly the number of bid-current high bid of the last remaining bidder has passed#$50.

ders ex ante and thus knows that a larger solution of (2) ¢iioba
maximizes her expected profit, the seller is still betterstdirt-
ing with a lower solution of the reserve to attract low-typé-b
ders, and then pushing up the reserve to the larger soluigon v

shilling when the current high bid reveals that there aresitdes up to her revised optimal reserve price $98 corresponditigeto
high-type bidders. second peak.

An Example Figure 1 illustrates an example where the The Optimal Shill Bid Level How does the seller know if her
seller's optimal reserve corresponding to her global maxim  ghjjling will be profitable or not? If her shilling is profitéband
expected profit changes with the number of biddeend how  she chooses to shill, how does the seller determine her aptim
shill bidding can be profitable. Assume the seller's vabmti  ghj| bid level to corner the remaining bona fide bidder faine
is $20 and there are two types of bidders: 95% of the bidderﬁncertainty about the valuation of her “rival’?
draw their valuations fronV (520, $20) and 5% of the bidders  1q calculate whether or not shilling is profitable and the-opt
draw fromN'($120, $20), whereN (u, o) denotes a normal dis- g shill bid level, the seller has to calculate the Bayesiatate
tribution. Note that each of the expected profit curves, V@Y o the last remaining bona fide bidder’s value distributiithe
according ton, has two local maxima (peaks) corresponding tocyrrent high bid ish, then the seller knows that the remaining
the same set of reserve prices.nlf< 12, the expected seller pighest bidder's valuation is drawn from the distributiorf”
profit at the first peak is higher than that at the second peaik, ¢ conditional on his valuation being at ledstTherefore, the up-

responding to the smaller optimal reserve = 71 ~ $38. But  gated cumulative distribution function of the remainingdsr,
if n > 12, the second peak is higher, corresponding to the largefienoted byG(v), is:

optimal reserve** = ri ~ $98. When shilling is possible,

the seller can set her ex ante optimal reserve price as $38 as- F(v) — F(b)

suming the worst scenario that only one low-type bidder woul Gv) = Flvjo 2 b) = T1-F0)

participate. However, during the auction, if the curregihbid

has passed $50.4 ($50.4 is the borderline reserve priceewheAt this point, the seller has the option to shill. Her expdcte

the expected seller profit starts to be lower than that of dee s
ond peak in the one-bidder case), then there is a high priitiyabi
that a high-type bidder is present and the seller could bHll



profit with a shill bids, denoted byI(s), s > b, is Under the SPF, the seller is motivated to disclose her optima
reserve price ex ante rather than starting low and resettuig

s—v9)(1—F(s illi i i
TH(s) = (5 — vo)(1 — G(s)) = (s — vo)( (s)) shilling. If the seller discloses too low a reserve, she wél
1—F(b) punished with a higher commission fee when the final salespric
(4) _ Ui(s) remains the same. If the seller discloses too high a ressiee,
1—F(b) will be punished with a higher listing fee and a higher risk of

_ ) ) ) ~no sale. The intricacies of the SPF work in a complementary
Becauses = b is equivalent to accepting the current high bid, fashion to encourage the seller to ex ante disclose her aptim
II(b) represents the seller's expected profit if she chooses not {@serve price close to her estimated final sale price basaeron
shill. Shilling is profitable if, for somes > b, II(s) > II(b),  pest knowledge about the valuation distribution of the bidd

which happens if and only i/, (s) > U1 (b). and the possible presence of a high-type bidder.
The example in Figure 1 shows that the seller should ex ante

set up a reserve price of $38. Whgh0.4 < b < $98, it is

profitable for the seller to submit shill bids up to $98 be&aus

Ui1(b) < U;(%98). However, wher$38 < b < $50.4, it is not

profitable to shill. The Determination of a Shill-Proof Commission RateTo see
Hence, with the possibility of shilling, the seller's bessias-  how the SPF prevents shilling, we need to compare the exgecte

egy is to ex ante set the optimal reserve price corresporiding seller profits with and without shilling and ensure that thiées’s

the global maximum point of/; (the seller's expected profit loss from shilling outweighs her possible gain.

when there is only one bidder), observe the bidding until one As described in the English thermometer model, the seller ca

bidder remains, and submit shill bids up to the level comesp  attentively observe the auction until only one bona fide bidd

ing to the global maximum ofI(s) if the bidding goes high remains with the current high bil Let v be the valuation of

enough to indicate that there is a high probability that e r this remaining bidder. At this point the seller can choosleegi

maining bidder is a high type. Note thHafs) is an affine scaling not to shill with a gain of [I. denotes the seller expected profit

of U truncated to the right of the current high bidtherefore  under the SPF with the commission raje

the global maximum ofI(s) is also the global maximum of the

truncated/;. This is why the optimal shill bid level is the op- Ie(b) =b—wvo —U(r) —c(b—r)

timal reserve price corresponding to the truncatgd Conse-

guently, there is no point setting the initial reserve phetow

the one corresponding to the global maximuni/gtbecause the

seller’'s optimal shilling strategy is to reach the globakinaum

of II(s), which requires the seller to always shill bid at least up

to the reserve price corresponding to the global maximubh, of
The following theorem concludes the above arguments.

A. How Does the SPF Work and How to Determine
the Shill-Proof Commission Rate for an Auction?

or to pick a shill bid levels, s > b, and let the clock ticker in-
crease until either the remaining bona fide bidder quits er th
clock reaches. The former happens when< s, and the shill
bid wins the item at price. The seller retains the item and has a
loss equal to the intermediation fel@s(v) = —I(r) — c(v — 7).

If the clock ticker reaches, the remaining bidder outbids the
seller’s shill bid and pays. The seller loses the listing féér)

THEOREM 1: In an IPV English auction with continuous bid- andthe Itemyo, bgt f/ecewes apaymentef-c(s—r). Therefore
ding, shilling is profitable to the seller only if = v, + =) the seller's gain i8I (s) = s — vo — I(r) — (s - r). Recall that
' } ‘(") G(v) in (3) represents the conditional probability that the win-
has a solutionv* > 7%, wherer* = argmaxU,(r) andr*  ning bide [b,v). HenceG(s) is the conditional probability that
maximized/, (r) for r € [b,co) wherebis current high bid. The  the shill bids is not outbid. Combining the above two scenarios
optimal shill bid level equals to* . and integrating by parts, the expected seller profit frortiisbi
is

IV. What Is the Shill-Proof Fee s

(SPF) Schedule for English Auctions? IL(s) . I (v) dG(v) + I (s) (1 — G(s))
The SPF ScheduleOur IPV English auction still uses the ther- ®) (1= G(5))(s = o) s
mometer model. But our auctioneer applies a modified feestru I(r) — C[S —r— / G(v) dv}
ture called the Shill-Proof Fee (SPF) schedule. Under the SP b
the seller pays the auctioneer a listing feé(e} before the auc-
tion starts and a commission fee«t — ) if the auctioned item
is sold, where: € [0,1) is the commission rate mathematically A shill-proof commission rate: needs to satisfyil.(s) <
determined to ensure the non-profitability of shilling inatic- I1.(b), that is, -
ular auctiony is the final sale price, andis the seller’s ex ante

disclosed reserve pricé) < I’(r) < cfor all » andi(r) is an s
increasing function. (1=G(s))(s —vo) = (b= o) < C/b (I-G(v))dv

Note thatlI(s) (ho commission case) is the samdHs) in



ReplacingG(s) with %{;gb) gives This contradicts our assumption. On the other hand, if (8sdo
not hold for some, then for some sufficiently smadl > 0, a
6 > (1 —F(s))(s —vo) — (1 = F(b))(b— o) timid shill bid of s = b + ¢ is profitable. m

) [ a-Fepa | _ |
b According to Theorem 2, we can use inequality (7) as a sim-
Inequality (6) yields the lower bound of a commission ratePlified calculation of the lower bound of a commission ratetth

for an auction above which shilling is non-profitable. Theep  Prevents all shill bids, timid or bold. A chosen commissiater
bound of the commission rate can be determined by otherrfacto " an auction should be the maximum of the right-hand side
such as the competition among auctioneers, because toahigtP! (7) for allb, b > r wherer is the seller's disclosed ex ante
commission rate can make an auctioneer less competitive. ~ "¢S€"Ve:

(6) also shows that a commission ratemay vary across dif- Note t_hat the sign of the. rig.ht-hand side of (7) is the same
ferent auctions, and is mathematically related to the bilde @S the sign of the first derivative of the expected seller profi
value distribution unique to an auction. An auctioneer sthou fUnction with no commissio/,, in (1). Itis interesting to see
charge a higher commission rate in an auction where shiting the similarity between the right-hand side of (7) and themat
more likely to be a problem than in an auction where shilling h reserve price satisfying* — vo) 15}@2) = 1 (atransformation
less impacts. of (2)). Note that whe = r* the right-hand side of (7) is zero,

Note that the commission rate in (6) does not depend on thiadicating that when the current high bid equals to the ogtim
listing fee. The listing fee must be paid before the aucttarts, ~ reserve in a no-commission auction, no shill bid is proftal
so it is not related to shilling. addition, for most distributiond,— (b—vo)lf—l% permanently

Simplification Determining the lower bound of a shill-proof stays below zero after some large enoigtFor example, the
commission rate using (6) is complicated. Next we simpli§y i minimum commission rate shown in Figure 2 stays negative for

calculation. We start with a special case, then prove thaggtult  ; ~ $98. This simply implies that a shill bid far in the right tail

can be generalized. of the bidders’ value distribution will never be profitabiea in
Consider one special case wheiis a timid shill bid, only 3 no-commission auction.
slightly above the current high bid Calculating the limit of (6) Examples Figure 2 shows the minimum commission rate
ass | bgives the auctioneer should charge to prevent shilling in the auc-
b—vo tion where the bidders’ value distributionG€5 N ($20, $20) +
(7) cz1- 1—7F(b)F (b) 0.05N($120,$20) and the seller's valuation, is $20. Even

o without any commission, a shill bid is not profitable tif €
(7) represents the lower bound of a commission rate undetsg $50.4], because, in this range, the expected seller profit
which a timid shill bid is not profitable. o _ is higher than the second peak in the one-bidder case dépicte
The following theorem shows that if a commission rate is choqp, Figure 1. Wherb € [$50.4, $66.70], a timid shill bid is not
sen to discourage timid shill bids according to (7), therhsaic  pyofitable but a bold one of $98 is ($66.70 is the current high b
commission rate also ensures that no other shill bid, tiniid 0|eye| above which timid shill bids become profitable, i.ehere
bold, is profitable. the minimum commission rate in Figure 2 becomes positive). A

THEOREM 2: In an IPV English auction with continuous bid- timid shill bid is not profitable in this range because it isrmo

ding and under the SPF schedule, shill bidding is not profitab likely to cause low-type bidders to drop out, and less likely
regardless the current high biblif and only if the commission Push the payment of a possible high-type bidder high encugh t
compensate for this loss. However, a bold shill bid of $98 is

ratec 2 1 — T-F0) '(b) holds for allb > r, wherer is the  profitable in this range because it is large enough to passibl
ex ante reserve price. tract, from a possibly present high-type bidder, a paynieeut t

o is high enough to compensate for the decreased probability o
PROOF. By contradiction. Assume that (7) holds for al> »  gccessful shill bidding. Wheine [$66.70, $98), any shill bid,
bUt, S_h'"'n,g is profitable, i.e.3s, s > b’/s't"HC(S) > _Hc(b)' timid or bold, is profitable. No matter whatis, as long as the
This implies thaBSg, b < § < s, S.t,TI(§) > 0. Taking the 5 ,ctioneer sets the commission rate above 60% (the maximum

derivative of (5) and using'(b) < F'(¢), we get of all the minimume for all possibleb, b > the seller’s dis-
, 1—F(¢) E—w ., closed ex ante reserve), no shill bid, timid or bold, is paddfi¢.
0<Il(§) = (1—0¢) T—F() 1- F(b)F ©) 60% is kind of high because Figure 2 depicts a rather extreme
—v o, case where the mean valuations of two types of bidders ate qui
<(1-¢)- 1—7F(E)F ) apart.
o ) ' Take another example where the two types of bidders
which is equivalent to are not quite apart. If the bidders’ value distribution is
E—vy 0.95N($8700, $400) 4+ 0.05N ($10400, $400) and the seller's
c<l-— TFQ)F (€) valuation is $8700, the commission rate required to prevent



1 . . . . ; ; ; ; cal and does not conduct such a fraud. Then it is not necessary
to have a very restrictive commission rate to prevent a vary u
likely shill bid. Therefore, we can also rega®®#F% as ashill-

0.6 | . protection-factor indicating an auctioneer’s tolerance level of
shilling in an auction, that is, he can choose a commissiten ra
that is not shill-proof but ensures that the probability obfp

02 | . itable shilling is below(1—SPF%). For instance, a commission
rate with SPF95 means that the probability of profitabldisigil

is below5%. A shill-proof commission rate calculated by (7)
02 F . has a factor of SPF100. How an auctioneer calculates the SPF%
factor of his current commission rate and how to determine a

0.8 | —

Minimum comission rate to prevent timid shill bids

-04 B L . . .

commission rate satisfying a particular SPF% are futureaneh
-0.6 | 8 issues outside the scope of this paper.
_08 1 1 1 1 1 1 1 1

20 30 40 50 60 70 80 90 100 110

Current high bid () B. How Does the Seller Set Her Ex Ante

Optimal Reserve Price(s) under the SPF?

Figure 2. The minimum commission rate(as a function of the current high bid . . .
b) that the auctioneer should charge to make shill bids djigtitove the current In-an Engl'Sh auction under the SPF schedule, the sellér stil

high bid unprofitable under the SPF. Assume the bidders'evdlstribution is ~ needs to set her ex ante optimal reserve price that maximizes
0.95N (820, $20) +0.05N (8120, $20) and the seller's valuation, = $20. A her expected profit. The expected seller profit under the SPF
negativec here means that for a given high bid, the expected selletpvoild o o nGtaq by, (r, ¢), which is a function of the number of
decrease if she uses a timid shill bid. Taking the maximurhiefdurve truncated . . .. .
to the right of the optimal ex ante reserve price providesctvamission rate  didders, reserve price, and the commission rate for thecpéat
which makes all shill bids unprofitable. auction that the seller will enter.
Note that the conventional English auction without thenigt

and commission fees is a special case of the English auction
shilling is only 16.9%. With such a commission rate and anunder the SPF withh = 0. This implies that/,,(r,0) = U, (r).
assumption of ten bidders, the seller's optimal reservev(ho We rewrite (1) as
to compute it is shown in the next section) should be set at
$9147.50 if there is no listing fee. Introducing @5% listing  (8) Un(r,0) = (r —vg)(1 — F*(r)) —r(1 = F™(r)) +
fee, which is comparable to that in eBay, would slightly reglu < _—
the optimal reserve t80146.80. If the final sale price is $10,000, "/ (vF"(v) + F(v) = ) F"(v) dv
the commission fee is only $144, similar to the commissian fe "
of $163.12 currently charged by eBay. This shows that forhon By rewriting, we divide the expected seller profit into two
est sellers, an English auction with the SPF is no more expens parts. The first term in (8) is the expected seller profit friwe t
than current eBay auctions. However, for sellers startiig &  payment equal to the reserve (including the case whereditre it
low reserve, say, $5000, the SPF commission fee would be, $84fs not sold). The remaining two terms represent the extra ex-
much higher than that in eBay. pected profit from the payment above the reserve.

Practicality Adopting the SPF does not affect honest sellers To expresd/,,(r, ), the first term in (8) does not change be-
and bidders. An honest seller can minimize her commissien fecause there is no commission fee if the seller is paid onlyet t
because the SPF rewards the truthful disclosure of her @& anteserve, but the remaining two terms have to be multiplied by
optimal reserve. In case the seller’s sale price is way aheve (1 — ¢) because the seller only gets — ¢) portion of the sale
reserve, the seller would probably not mind paying highenco price above the reserve. Merging the first two terms and sub-
mission fee out of her surprisingly high profit. Bidders witil-  tracting the listing fee we get:
uations above the reserve are not affected by the change in th
seller’s intermediation fees. Bidders with valuationsoethe  (9) Un(r,c) = (cr —vo)(1 —
reserve would not join the auction; they are less desiraptad &
seller anyway. Under the SPF, a bidder’s best strategylis sti (1- C)"/T
simple, i.e., to bid up to his valuation.

The requirement to choose a commission rate that is shill¥Ve can rearrange (9) as

proof may be relaxed. It is possible that a shill-proof com- .
mission rate would be too high to be practical or acceptaple b(20) Un(r,c) = c(r —wvo)(1 = F"(r)) —

F(r)) = 1(r) +
(wF'(v) + F(v) = 1)F" 1 (v) dv

sellers, especially in auctions where shill bidding is regen (1—c)vo(1 — F™(r)) —1I(r) +
when heterogeneous bidders exist in an auction and shiing < .
be profitable, it is possible that the seller in the auctioats- (1- C)”/T (vF(v) + F(v) = F" (v) dv



Note that, without considering the listing fee, the seflezk- V. Concluding Remarks

pected profit in an English auction under the SPF is a con-

vex combination of the expected seller profits in the alldeid  We believe that the rise of online auction fraud is largelysea
collude auction (Graham and Marshall 1987) with weight by the uniqueness of auctioning over the Internet, thatys, d
and that in the no-bidder-collude auction (Riley and Sasarel namic pricing determination in a virtual environment where
1981) with weight(1 — ¢). If all bidders collude, they agree that traders’ identities are easy to disguise. The dynamicmgidie-
only one bidder bids at the reserve and therefore, the esgect termination offers flexibility but also leaves room for unfal
seller profit is(r — vo)(1 — F™(r)). If no bidder colludes, the manipulation that is hard to detect. The virtual environtiers

expected seller profit is given by (1). an intrinsic problem — the anonymity of trading — which cesat
To obtain the seller’s optimal reserve under the SPF, differ new venues for fraud like shill bidding.
tiating (9) with respect te we get Interestingly, Klemperer (2002) has recommended that bids
be made anonymously as a method of making the English auc-
oU, . n / tion more robust against bidder collusion, however, ananysn
T 7€) = ell=F () = I(r) = bids, which have become widespread in online auctions, have
nF" " () [F'(r)(r — vo) — (1 = ¢)(1 = F(r))] made the English auction vulnerable to seller self-cabinsn
the form of shilling.
AssumingF(r) > 0, we can rewrite the above as We believe that the most effective method against fraud is to
design incentive-compatible mechanisms and policiesmiai
(11) aaUr" (r,¢) _ principle is demonstrated in suggestions to solve the amitgy
nFr=1(r)F'(r) problem of the Internet. Friedman and Resnick (2001) recom-
- P(r) = Fo(r) — U (r) men_d Char.ging for name changes j[o discouragg the creation of
=v+(1-¢)— +ec — —<— —7r multiple aliases and mitigate the inherent social cost eg fr
Fi(r) nEnr=i(r)F (,T) name changes. Dellarocas (2003) suggests that “the désign t
o+ (1—c) 1—F(r) n 01 —F(r) - 20 . results in optimal social efficiency is one where the mecrani
F'(r) Fr'(r) sets the initial profile of new members to correspond to the

‘worst’ possible reputation.” Rather than solving the gahe
At the optimal reserve, equation (11) is zero and it changgs s anonymity problem using incentive alignment, Wang, Higivé
from positive to negative. Thus the optimal reserve safisfie =~ and Whinston (2001-2002a) focus on the design of an auc-
tion protocol itself, suggesting a new mechanism for muiltit

1—F(r*)  1—F"(r*) - E(rr) sealed-bid auctions that is robust against bidders’ fatsae
(12) r* = vo+ (1 —¢) ) +c nFn_l(T*)F/(T‘i) bids. Yokoo, Sakurai and Matsubara (2004) generalizessthe i
. . V) sue of bidders’ false-name bids and show one sgfﬁcient eondi
— ot (1—c) 1-F@)  1-F0) ——~ tion where the Vickrey-Clarke-Grove mechanism is falsexea
F'(r*) Fr'(r%) proof. In this paper we redesign the policies related to an au

tion instead of the auction mechanism itself to fight agaimst
Again, interestingly, the seller’s ex ante optimal resameler  seller’s false-name bidding.
the SPF is a convex combination of the optimal reserve price Applying the SPF in English auctions discourages shilliag b
in the all-bidder-collude case with weightand that of the no-  havior from rational sellers. On the other hand, it does ot a
bidder-collude case with weigkt — c). cumbersome rules that restrict honest sellers’ and bidflexs

Whenc = 0 and excluding the consideration of the listing fee, ibility, and only requires changes on the auctioneer’s.sider
(12) becomes (2), the result in the classical auctions. Atde  SPF design indicates that the policies of a market makersare e
that if there is only one bidder, i.en, = 1, (12) becomes (2) as sential to ensuring the integrity of a market and to enhapitie
well because the final sale price equals to the reserve. trust among traders.

As we have discussed earlier, the listing fee in the SPF pre- The following research directions are of interest and they a
vents the seller from setting too high a reserve. We can see fr indicate the limitations of the paper. First, our auctiord@laas-
(12) that charging a listing fee does reduce the optimakvese sumes IPV bidders, instead of common-value or affiliatddera
price. We can also obtain the upper bound @f*) ensuring  bidders (Milgrom and Weber 1982). Shilling does have severe
U, (r*,c) > 0. negative impacts in common-value auctions (Chakraborty an

An Example In our example where the bidders’ value distri- Kosmopoulou 2004, Kauffman and Wood 2005). Shilling af-
bution is0.95N ($20, $20) + 0.05N($120, $20) and the seller's  fects how bidders update their valuations upon the infoionat
valuationvg is $20, with a 60% commission rate and)&%  aggregated from others’ bids, because bidders can no lasger
listing free, the seller’s optimal ex ante reserve pricéesabe- sume that behind every bid there is a bona fide bidder willing t
tween $37.35 and $41.20 for four or fewer bidders, and isZ98. pay that price.
or higher for five or more bidders. Shill bidding also has similar negative effects on IPV
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multiple-round English auctions. Preliminary study in \Wan Cheap Pseudonymslburnal of Economics and
Hidvégi and Whinston (2002b) extends McAfee and Vincent Management Strateg$gummer 200110, 173-199.
(1997)'s model and shows that shill bidding, or even the perGraham, Daniel A. and Marshall, Robert C. “Collusive
ception of it, destroys the seller’s ability to enforce asgarve Bidder Behavior at Single-Object Second-Price and English
price in multiple-round English auctions. Auctions.” Journal of Political Economy1987,95 (6),

Even though we have not yet theoretically studied the SPFin 1237-1239.
other auction models, we believe that the SPF can reduce the ;___ and Richard, Jean-Francois‘Phantom Bidding
negative impacts of shilling in other settings as well beeahe Against Heterogeneous Bidder&tonomics Letters1 990,
intuition remains the same — the SPF provides an incentive fo 32, 13-17.
the seller to choose a reserve price close to the real value dfiternet Fraud Complaint Center. “Internet Auction Fraud.”
the item, and hence increases bidders’ trust in the market. W http://www.ifccfbi.gov/strategy/AuctionFraudReppdti,
would also like to study how the SPF enhances traders’ trust May 2001.
in an auction market as a whole, including the integrity @& th Internet Prophets. "Auction Pitfalls.”

market reputation system. http://www.internetprophets.com/articles/index.pios20,
Last but not least, we could further extend our study on the 2004.
shill-protection-factor SPF%. Jofre-Bonet, Mireia and Pesendorfer, Martin. “Bidding
Behavior in a Repeated Procurement Auctidtufopean
Economic Review2000,44.
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