Chapter 1
Getting to W ork

The era of putting auction theory to work began in 1993-94, with the design and
operation of the radio spectruamctions in the United States. Although the ecanom
theory of auctions had its beginnings ie trarly 1960s, early research had little influence
on practice. Since 1994, econigrauction theorists have designed spectsaies for
countries on six continents, electric power auctions in the US and Europap&®rent
auctions, and various asset auctions. By 1996, auction theory hadezecorfiuential
that its principal founder, Wiam Vickrey, was awarded a Nobel Prize in ecoimom
science. In 2000, the US National Science Foundatio'saBfiversary celebration
featured the success of the US spectaudions to justify its support for fundaantal
research in subjects like gaitiheory. By the end of 2001, just seven years after the first
of the large madern auctions, the theorists’ designs had powered worldwide sales totaling
more than $100 billion. The early US spectranctions had evolved into a world
standard, with their ajor features expressed in all the new designs.

It would be hard to exaggerate how unlikely these devetopsrseerd in 1993.
Then, as now, the status of gatheory within economs was a hotly debated topic.
Auction theory, which generated itsaim predictions by treating auctions as “gesyi
had inherited the controversy. At the 1986f Congress of the Econa@tric Society, a
wide gulf developed between bargaining theerigtho were skeptical that garniheory
could explain mch about bargaining or heseful for inproving bargaining protocols,
and researchers in auctions and industrial organization, who believed tleethgany
was illumnating their fields. Although gasrtheory gained increasing pramnce
throughout the 1980s and had begun to influence the leading graduate textbooks by the
early 1990s, there was certainly no consensus about it in 1994, when the Federal
Communications Comission conducted the first of the new spectauations.

The traditional foundations of gatheory incorporate stark assptions about the
rationality of the players and the accuracy of their expectations that are hard to reconcile
with reality. Econorit experinenters have tested the predictions of auction theory in
laboratory experimnts with hunan biddersand found rany violations, but somkey
tendencies predicted by the theory do firgerimental support. The findings indicate
that existing theories overspiify the way hunans play gam®s, and that real world
auction design mst be undertaken like other practical arts, lying theory with
experinents and practical judgemt.

Whatever the doubts in the acadernine dramtic case histories of the new auctions
seized public attention. A 1995 New York Tasmarticle hailed one of the spectrum
auctions as “The Greatest Auction Evéghd, in 2001, an acad@nauction designer—
Professor Ken Binrore—was nared a “Commander ofthe British Enpire” for his work:
the British 3-G spectrurauctiorf had raised wre money than any other auction in
history. In 1995, Professor Alvin Roth was called upon to applyegheory to revise the
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National Resident Matching Progranby which 20,000 US physicians aretohed
annually to hospital residency progmnthe nedical match, whose design is subtly and
deeply connected to the new auction designs, wpirented in 1998.By the nid-
nineties, thirty-five years’ of theoretical economesearch concerning auctiorankets
and natching markets was suddenly bearing very practical fruits.

Politics Sets the Stage

To most teleconmindustry cormentators, the @n significance of the US spectrum
auctions was that aarket mechanisnwas used at all. Spectruights (licenses) in the
US and nany other countries had long been assignezbmparative hearingsn which
regulators comared proposals to decide which applicant would put the spetdrim
best use. The process was hardly objectivavolved lawyers and lobbyists arguing that
their plans and clients wereost deserving of a valuable-but-free goveentiicense’
With its formal procedures and appeals, a pamtive hearing could take years to
conplete. By 1982, the need to allocatany licenses for cellular telephones in the US
market had overwheled the regulatory apparatus, so Congress agreed to allow licenses
to be assigned randdyramong applicants by lottery.

The lottery did speed up the license approval process, but it created a new set of
problens. Lottery winners were free to resell their licenses, encouraging thousands of
new applicants to apply for licenses and rangaewarding nany with multimillion-
dollar prizes. The lottery winners were often gienspeculators with no experience in the
industry and no intention of operating a fene business. The hundreds of thousands of
applications wasted econ@mwesources on a huge scale, and the consequent need for the
real wireless operators to negotiate and buy licensesthrese speculators resulted in
still more waste. The lotteries sfall licenses contributed to the geographic
fragmentation of the cellular industry, delaying the introduction of nationwidbil@
telephone services in the United States.

A better process was needed, and Congress chose auctions as the answer. The question
of how an auction @arket for radio spectrurahould be designed andpfemented called
for fresh thinking and critical analysis.

Designing for M ultiple Goals

When the US Congress authorized the first specauations as part of the 1993
budget act, it included several explicit instructions. One was that the first auctions were to
be run in that fiscal year. A second calledvade participation in the new industry. The
FCC initially responded to this secon@mdate by introducing bidding credits and
favorable financing termfor snall businesses and wam and ninority-controlled
businesses, to reduce the cost of any licenses acquired by those businesses. Another goal
of the auction was also to prote “efficient and intensive use” of the radio spectrum
The meaning ofthe word “eficient” was initially subject to debate, but it was eventually

3 A similar match was mplemented soon aférwards for dnical psychology fellowships, aso wih Roth's
assistance.

* The process was once characterizgdn FGC Commissbner as ‘he FQC's equialent of the Medieval
trial by ordeal” (See he dissening satementof Commissioner Fobinson h Re: Cowles Fbrida
Broadcasting, Inc. et a60 FCC 2d 372 (1976)).




read in econor terns to mean, in the words of Vice President Albert Gore, “putting
licenses into the hands of those who value ttreemost.™

There is a powerful tradition in econa® claimng that narkets, left to their own
devices and operating in a sound legal faork, can achieve efficient allocations, but
that tradition should not be applied too quickly to spectallotation. Even coputing
the efficient allocation can be an inhanty hard problemand getting participants to
reveal the inforration necessary to do that comtation is often irpossible. Comparing
the developrant of a universal standard (GSM) foobile telephones in Europe thera
fragmented systenthat energed in the US highlights that the lottery systicnot lead
to efficient spectrunallocations. Getting the allocation nearly right tinstftime does
matter. Achieving that with an auction systeailed for fresh thinking and critical
analysis.

The actual task of designing and running the auctions in the United States fell to the
Federal Comunications Commission (FCC), whik had no previous auction experience.
Within the FCC, the auction design task was assigned to a group led by Dr. Evan
Kwerelgan econoimst and long-tine advocate of using auctions to allocate spectrum
licenses.

Like any other important FCC decision, theuction design decision would need to be
based on an adequate public record—a reqemethat would force the FCC to go
through a long series of steps. It would need to write and issue a proposed rule, allow a
period for corments and another for “reply conents,” meet with interested parties to
discuss and clarify the points of disagreem resolve those disagreemts, issue a
ruling, consider appeals, and finally run the auction. Steps like these often stifle
innovation, but that is not what happened on this occasidh.iW political guidance
about what kind of auction to use, no in-house experts lobbying to do things their way,
and no telecomwith an historically fixegposition about how an auction should be run,
Dr. Kwerel had unusual freedoim evaluate the alternatives. Astters evolved, FCC
chairman Reed Hundt caerto regard the auction as an opportunity to doefang
dramatic, novel and creative. The stage was set.

Kwerel drafted a notice that proposed a ptax auction rule. Industry participants,
stunned by the novel proposal and with little experience or expertise of their own, sought
the advice of acadamconsultants. These consultants generated a flood of suggestions,
and the FCC hired its own acaderaxpert to help therrevaluate the proposed designs.

In the end, the FCC adopted a kind of @ianeous ascending auction, in which bids
increase over timfor all licenses and bidders are free to switch their bidmgricenses
as information about the highest bids on various licensesrges during the auctiéh.

®> Quoted fromVice President Gore’s speeahthe beginning of FCC auction #4.

® Kwerel's initial advocacy can be found in KwereldaFelker (1985), “Using Auctions to Select FCC
Licensees,” OPP wortlg paper 16.

" Professor John McMillan.

8 The final FCC rules resdated those included itwo proposals subitted by eononics professors. They
most closely resenbled the smultaneous ascendg alction proposed byProfessor BbertWilson and re,
including our sinultaneous absings of bdding on al licenses and yractivity rule to make tat closing rule
feasble. Theyalso reserbled the smultaneous ascenndg aucion proposed b¥Professor Presh McAfee,
which had no activity rule and proposed ahgsbidding on each licese independently.



Substitutes and Complements

To understand the nature of the auction design proldaemnust first understand the
identities and needs of the bidders. In the initial PCS auction, there were three classes of
potential bidders. The first group included long-distancepaones with no existing
wireless businesses. These pames, including MCI and Sprint, wereaking plans to
enter the wireless business on a national scale. Each wished to acquire a license or
licenses that would cover the entire United States, allowing igke s service
ubiquitous and to cobine wireless with their own long distance service to offer an
attractive and profitable package to constsn

A second group copnised the existing wireless cgamnies, including both giants like
AT&T and sone sraller conpanies. The copanies in this group already owned or
controlled licenses that enabled theroffer services to parts of the country. Their
objectives in the auction were to acquire licenses ilked fn the varying gaps in their
existing coverage and perhaps also to expamew regions or to the entire nation. These
conpanies posed a regulatory challenge for the FCC, which wanted to allovichem
meet their legitinte business needs without gaining control of solnspectrunthat
they could nanipulate narket prices. To avoid that outcenthe FCC had iposed linits
on the armunt of spectrunthat any company could control in any geographic area. These
wireless corpanies would be ineligible to bid for a nationwide PCS license of the sort
that was typically awarded in European countries. Rvtibi's perspective, that eant
that a nationwide licenseight be bought cheaply at auction, so it lobbied the FCC to
structure the new licenses that way.

The last group consistedamly of new entrants without wireless businesses. &aim
these corpanies, like Pacific Bell in California, were quite large. Thesepamies
typically sought licenses or packages covering large regicarékis, but not licenses
covering the entire nation.

One of the first lessons to take frdims description is that the auction gabegins
long before the auction itself. The scope and sesfrspectrunlicenses can be everore
important than the auction rules for detammg the allocation, because a license can
directly serve the needs of seotential bidders while being useless to others. For the
actual PCS auctions, a license provided its owner the right to itaarsiireceive radio
signals suitable for obile telephone service in a particular band of radio frequencies and
in a particular geographic area. These license specifications constrain the possible
spectrunallocations. The task of the auction designer was to gtethe best (ost
“efficient”) possible allocation, subject to those constraints.

Achieving efficiency involves various subttenplications. A certain license ay be
valuable to one bidder because it helps exclude entry and increaspaty power,
while it is valuable to another because the buyer will use it to create valuable services. In
conparing the efficiency of allocations, ontlge second kind of value counts, but bidders
don’t respect that difference when placing their bids. The value of a license to a bidder
may depend not only on the license itdalit also on the identities other licensees and
the technologies they use, because that can affect theiritrgamangemnts”—which
allow their custorars to use another cgamy’s services when they roamthe other
conpany’s license area. A third cgiication is that the biddersay need to pool



information even to detenme their own likely profits fronvarious arrangeemts, for
exanple because the bidders have different infition about the available technology or
forecasted deamd.

But the fundarental barrier to efficiency that wasast debated aong the FCC
auction designers concerned the “packaging probl&he value of a license to a bidder
is not fixed; it generally depends on the other licenses the bidder receives. Fpleexam
bidder mght be willing to pay quite a lobf a package ¢fay, fve or six licenses, but
not much for snaller packages and notuch extra for larger packag@sintil such bidder
knows all of the licenses it will have, it cannot say how much any particular license is
worth.

Consider a situation with just two licenses. If acquiring one licermkesra bidder
willing to pay less for the second, then the licensesuabstituteslf acquiring one rakes
the bidder willing to pay wre for the second, then the licensesamaplementswith
more than two licenses, there are othepamant possibilities, and these add considerable
conplexity to the real auction problerior exarple, if there are three licenses—say A,
B and C—and a certain bidder anticipates needing exactly two oftthestablish its
business, then A and B are gdements if the bidder has not acquired C, but they are
substitutes in the bidder has already acqutellevertheless, ost econont discussions
of the auction design are organized byplasizing the two pure cases.

Recent auctions devised by ecomotheorists are ost distinguished frorntheir
predecessors in the ways they deal with the prablEfsubstitutes and cqotements.
Our later analyses will show that sewf the new designs dealfettively with cases in
which the items to be traded are substitutes, but that all auctionsmedignificantly
worse in the rare general case in which licenseght sonetimes be substitutes and
sonetimes conplements. The inpaired perforrance nay take the fornof loss of
efficiency ofthe outcorss, uncorpetitively low revenues to the seller, or vulnerability to
collusion.

To illustrate how value interdependencies affect proper auction design, we turn to a
case study in which theatter received too little attention.

New Zealand’s Transponder Auction

New Zealand conducted its first auctions of rights to use radio spent@880. Sora of
the rights took the traditional forof “license right$to use the spectruto provide a
specific service, such as the right to broadcast television signals using those frequencies.
Others consisted oftfanagement right@according to which the buyeraypdecide how to
use the spectrurshoosing, for exapie, between television broadcasts, wireless telephones,
paging, or somother service. In theory, wheranagenent rights are sold, private interests
have an incentive to allocate spectrianits nost profitable uses, but the problern
coordinating uses amng licensees can also be@omore conplex.

Acting on the advice of a certain consulting fithe New Zealand govermmt adopted a
second price sealed-tender auctionits first four auction sales. According toilldm

° An instance of his sortarose m the Neherlands specum aucton in 1998, h which most of the licenses
were for snmall anpunts of bandwidith. New entants wereexpeced b need fve or sk such icensesd
achieve efficient scale andale entry worthwhile.



Vickrey's (1961) original description of the second price auction, its rules are these: Each
bidder subrnts a sealed tender. Then, the license is awarded to the highest bidder for a price
equal to theseconchighest bid, or the mimum price if only one qualifying bid is adle.

The auction gets its nafrom the fact that it is the second highest bid that detesrihe

price.

The very idea of a second-price sealed-tender auction strékgsp®ople as strange
when first they hear about it, but on closer analysis, the auction is not strange at all. In fact, it
implements a version dhe ascending (“English”) auction siarn to one &miliar at
electronic auction sites like eBay.

In an ascending auction, if a bidder has a bpmion about what the itera worth, then
it can plan in advance how high to bid — aroant that we ray call the biddes reservation
value At sites like eBay, the bidder can report that value privately to the auctioneer, who
will make place on its behalf, as if instructed to pete up to the specified price, but no
higher. If everyone bids that way, then the outieont be that corpetition ends when the
price rises to the second highest reservation value, or thereabouts (with differences due to
the mnimum bid increnent). In effect, if everyone adopts such a strategy, then the
ascending auction is really just the saam a second price auction. In such an auction, the
strategic considerations are easy: just set the reservation value to what the thing is worth. A
bidder can't affect its price msh anyway® and this bid wins whenever it should.

The second-price auction has two advantages cograther designs. First, it duplicates
the outcore of the ascending bid auction without any need to ddedire bidders together
or to have therhire separate agents. Second, it presents each bidder withleasdnategic
bidding problemeach narely has to determe its reservation price and bid it. There is no
need to reke estinates of the nubver of other bidders or their values, since those have no
bearing on a rational biddeoptinal bid.

The second-price auction has a@arextension to sales ofultiple identical itens, and
it, too, can be mtivated by considering ascending auctions. For @&mnsuppose there is
such an auction rule with seven identical g€periect substitutespf sale, to be awarded
to seven different bidders in a single ascending bigpetition. An analysis wrch like the
preceding one leads to the conclusion that thesiwgthbe awarded to the seven bidders
with the highest values for prices approatety equal to the eighth highest reservation
price. To duplicate that with a sealed-tender auction, the ndeaward iteraat a uniform
price equal to the highest rejected bid. In such an auction, the right advice to bidders is
simple: “bid the highest price you are willing to pay.” A gam uniform-price rule has
sonetimes been used in the saleb8. Treasury bill$!

The New Zealand goverremt was indeed selling essentially identical licenses to deliver
television signals to New Zealand audiences. On the advice of its consultants, it did not
adopt this “highest rejected bid” rule, but chose instead to condudtesigous second-
price sealed-tender auctions for each license. Realand’ s second-price rules would

°The order of liis can affecthe price, so a lder wth very precse expecttions coud, in principle, care
about the tirmg of bids. In practicesuch precise forecasts of other’s béde rarely available. Wassuna
here that bid increemts are negligilly small, so the price is literallgqual to the second highest value and
the “order effect” is negligible.

HTheTreasury rule set a uniforprice equal to the lowest accepted bid.



work well in one case only: when the values of the stes@re independent—neither
substitutes nor coptements. In the actual New Zealand auction, it would have been
difficult to give bidders good advice. Should a bidder bid for only one licdhse?
which onef everyone else plans to bid for just one license and picks rapdoenhaps
there will be soralicense that attracts no bids. Bidding aa#iranount for every license
might then be a good strategy. On the other handanyrapread around st bids like
that, then bidding a aderate amunt for a single license would have a high chance of
success. \en the values are so interdependent, unlinked, independent auctions
inevitably involve guesswork that gets in the way of an efficient allocation.

Table 1
Winning Bidders on Nationwide UHF Lots
8 MHz License Rights
Lot | Winning Bidder High Bid [ Second Bid
(NZ$) (NZ$)
1 | Sky Network TV 2,371,000 401,000
2 | Sky Network TV 2,273,000 401,000"
3 | Sky Network TV 2,273,000 401,000"
4 | BCL 255,124 200,000"
5 | Sky Network TV 1,121,000 401,000"
6 | Totalisator Agency Board 401,000 100,000"
7 | United Christian Broadcast 685,200 401,000"

Source: Hazlett (1998).

The actual outcomof the first New Zealand auction is shown in Table 1. Notice that
one bidder, Sky Network TV, consistently bid and paigtimnore for its licenses than
other bidders. Totalisator Agency Board, which bid NZ$401,000 for each of six licenses,
acquired just one license at a price of NZ$100,000, while BCL, which bid NZ$255,000
for just one license, paid NZ$200,000 for ititiéut knowing the exact values of various
numbers of licenses to the bidders, it imssible to be certain that the resulting license
assignnent is inefficient, but the outcaertainly confirng that the bidders could not
guess one anothebehavior. If Sky Network, BCL, or United Christian had been able to
guess the pattern of prices, they would have changed the licenses on which they had bid.
The bid data shows little connection between theaddsexpressed by the bidders, the
numbers of licenses they acquired, and the prices they eventually paid, suggesting that
the outcome was inefficient.



A second problenwas even mmre enbarrassing to New Zealasdjovernrent
officials. John McMillan (1994) described it as follows: “In one exgaase, a firnthat
bid NZ$100,000 paid the second-highest bid of NZ$6. In another the high bid was NZ$7
million and the second bid was NZ$5,000.” Total revenue, which consultants had
projected to be NZ$250itton, was actually just NZ$36 ittion. The second-price rules
allowed public observers to get a good eaterof the winning bidderprofits, sone of
which were nany times higher than the price. To avoid furthebamassrant, the
governnent shifted fromthe second-price sealed tender fato a nore standard “first-
price” sealed-tender foram, in which the highest bidder pays theocamt of its own bid.
As we will see later in this book, that did not guarantee in higher prices. It did, however,
conceal the bidderprofits froma curious public.

The change in auctiomimat still failed to address the @at serious auction design
problens. Unlinked auctions with several licensesdale that ray be substitutes or
conplements force a choice between the risk of acquiring too few licenses oatgg m
leaving a guessing gaor bidders and a big role for luck. Allocations are
unnecessarily randgnoausing licenses to be too rarely assigned to the bidders who value
themthe nost.

Better Auction Designs

In the New Zealand case, alternative auction designs could have perfonch
better. For exaple, the governent could have nmicked the design of the Dutch flower
auctions. The winner at the first round would be allowed to takeaag lots as it wished
at the winning price. Once that was done, the right to choose next could be sold in the
next auction round, and so onitiWsuch an auction, no bidder would be forced to guess
about which licenses to bid on. Each bidder could be sure that, if it wins at all, it will win
the nunier of lots or licenses anticipated by its business plan at the bid price it chose.

There are other designs, as well, thaitltme guesswork that bidders face. A coom
one in US on-line auctions allows bidders to specify both a price and a desired quantity.
The highest bidders (or, in casetiels, those who bid earliest) get their ordéksd in
full, with only the last winning bidder running the risk of having to settle for a partial
order. As with the Dutch design, efficiency is enhanced because bidders do not have to
guess about which licenses to bid on, and such rules reduce the “exposure” risk that a
bidder may wind up acquiring licenses at a loss, because it buys too few to build an
efficiently scaled system

The FCC Design and Its Progeny

In the circunstances of the FCC’s big PCS auction, it was obvious that kmenses
would be substitutes. For explg, there would be two licenses available to provide PCS
service to the San Francisco area. Since the two licenses had nearly identical technical
characteristics and sincey fantitrust reasons, no bidder would be allowed to acquire
more than one, these licenses were necessarily substitutes. Theiairtjueh sora



licenses were copfements was also atle occasionally, but the force of the argun
was reduced by the large geographic scope of the lichses.

As in the New Zealand case, thaimdesign issue was toimmize guesswork,
allowing bidders to choose amg substitute licenses based on their relative priceenW
substitute goods are sold in sequence, either by sealed bids or in an ascending auction, a
person biddingdr the frst itemmust guess what price it will have to pay lateit ifvaits
to buy the second, third, or fourth itenstead. Incorrect guesses can allow bidders with
relatively low values to win the first itesnleading to an inefficient allocation. it this
problemin mind, the final rules provided that the licenses would be sold all at once, in a
single open ascending auction. The openness of the process wouldtelithe
guesswork, allowing bidders to switch ang substitute licenses, and guaranteeing equal
prices br periect substitutes as well as afi@ent outcore.

In order for the auction to work in this idealized way, bidding on all licenses would
need to rer@n open until no new bids were received for any license. In a worst case
scenario, the auctionight drag on interimably as each bidder bid on just one license at
a time, even when it was actually interested in eventually buying, say, 100 licenses. To
mitigate this risk, the FCC adopted/msuggestion of andctivity rule” In its sinplest
form, the rule prohibits any bidder fromcreasing the population covered by bids during
the auction, as license prices increase, although it does allow bidders to switch back-and-
forth anong licenses. This rule ensures plenty of activity early in the auction and allows
bidders to respond to changing prices, prong a nore efficient assignemnt of licenses.

The FCC rules have evolved slowly since the original 1994 design, but larger changes
have been adle to adapt the sandeas for other applications. One aoon variation
arises when there areany units of each kind of itepsuch as power auctions with a few
kinds of electricity contracts. In these auctions, the auctioneer accepts bids expressing
total quantity deranded at a price; it then raises the prices slightly of goods for which
dermand exceeds supply. A series of “clocks” record the current prices for the various
goods, and the rate ofavenent in the clock determes the progress of the auction. A
similar clock auction was used in March, 2002 by the British govemhito buy 4
million metric tons of CO, emission reductions proposed by British businesses.

Clock auctions shares key characteristics with their FCC ancestor. Bidding on all item
takes place sioitaneously, so that bidders can respond to changing relative prices. Prices
rise nonotonically, ensuring that the auction progresses. All bids are serious and
represent real comitments. There is an activity rule that prevents a buyer from
increasing its overall deand as prices increase. Finally, bidding endsukaneously on
all the lots, so that opportunities for substitution do not disappear during the auction until
all final prices are set.

12 Dr. Mark Bykowsky of the Natonal Teleconmunicaions and Informton Adninistaion (NTIA) was a
forceful advocag tatlicenses codlbe corplements and proposed a cqhex package auin desjn ©
acconmodate the possibility. His caseattconplementarity was inportantis more convincing for the later
auctions in which smaller licerses were dd. Whatever the intellectual merits of this position, the stort

time avalable © run he firstaucton led to a near-consensusat the package aucn proposalnvolved

too many unspedied detils and unreseled uncewrinties  evaliaie and adoptmmediately.
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New variations based on the saprinciples continue to be created to solve a wide
range of econoiuo problens. Electricité de France (EDF) used a particularly interesting
one in 2001 in a sale of electrical power caats. The sale involved power contracts of
different lengths, ranging fromtiree nonths totwo years, but all beginning in January of
2002. Because different buyers wanted differaixies of contract lengths and because all
contracts covered the first quarter of 2002, the seller needed paoseveral different
kinds of offers to deterime which to accept.

Professors Larry Ausubel and Peter Ciamdeveloped the auction design. The first
step was to assist EDF in developingandard for comparing bids on contracts of
different lengths. During the auction itself, the auctioneer raised the prices of the various
acceptable contracts using “price clocksdimtaining price differences that would leave
the seller indifferent aong the offers. It stopped raising prices when the totadiremg
demand exhausted the total power offered for the first quarter of 2002. Such an auction
creates coipetition anong bidders for conéicts of different lengths, increasing both
efficiency and sales revenue gaemed to nore traditional auction designs.

Comparing Seller Revenues

The question wst frequently asked of auction designers is thisatkind of auction
leads to the highest prices for the sellEn® answer, of course,ust always be heavily
qualified, but it still holds a surpriserfmany people. There is no systatit advantage
of either sealed bids over open bid auctions, or the reverse.

A particular fornal staterent of this conclusion is known as thayoff equivalence
theorem It holds that in an iortant class of idealized situations, the average revenues
froman auction and the paysff bidders are exactly the sanTo illustrate the logic of
the idea, suppose you are selling an iteat is worth $10 to bidder A and $15 to bidder
B. If you sell the itenusing an ascending bid auction with both bidders in attendance,
then bidder A will stop bidding at a price close to $10 and B will acquire theotetmat
price. If you use sealed bids instead and sell thetibetime highest bidder, then the
outcone will depend on what the bidders know when they bid. If they know all the
values, that in theory B will bid just enough to ensure that it wins—around $10 or $10.01
and A will likely bid just under $10, so the price will be just theesdmboth kinds of
idealized auctions, the seller receives about the paice in both cases and each party
earns the saeprofit. As William Vickrey first observed, a sitar conclusion holds on
average both for a wider class of auction rules and in a wider class of situations than the
one described here.

Practical people tend to feel puzzled when presented with Vickrey’s irrelevance
conclusion. Auctioneers who conduct ascending auctions often say that they generate
more excitenent and nore conpetition than sealed bids. #&f all, they argue, no bidder
is willing to bid close to its value unless pushed to do so by the operetithom of the
ascending auction design. Those who faealed-tenders counter by arguing that
ascending auctions never result inrenbeing paid than is absolutely necessary to win the
auction, while sealed tenders s#immes leave very large swof money “on the table.”

In the Decerber 1997 auction for licenses to provide wireless telephone services in
Brazil, an international consortiumcluding Bellsouth and Splice do Brazil bid $2.45
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billion in that auction to win the license covering the Sao Paulo concession. This was
about 60% higher than the second highest bid, leaving nearly $1 billion on th¥ table.

Similar price debates have arisen in discussiontbefules used to sell Treasury bills
in the United States. The Treasury staff have periodically argued the relatiiseah
two alternative auction schesi—one in which each bidder pays theoammt of its own
bid for each bill it buys and another in which all bidders pay the paice: the lowest
acceptable bid or “arket-clearing price.” Advocates of the first (“each-pays-its-own-
bid”) schene say that the governent will get nore noney fromthe auction, since
winning bidders are by definition people who have baterthan the lowest acceptable
bid. Advocates of the second (“each-pays-tteeket-clearing-price”) scheacounter
that bidders who know theyust pay their own bid when they win will naturally bid less,
reducing narket clearing price and leading to lower revenues.

Informal argunents like the ones just described lead to no useful conclusions. Alform
analysis based on tipayoff equivalence theoreimtroduced in this book helps to cut
through the confusion. @will find that if the allocation of lots aamg bidders is the
sane for the two designs, then the average payoffs to all parties, including the average
prices obtained by the sellerust also beexactly the saméne cannot conduct a
meaningful analysis of average prices alomghout also studying how the designs affect
the distribution of the lots ammg the winning bidders.

When the assuptions of thepayoff equivalence theoremasonably approxiae
reality, the auction designer should shift its attention fhony paynents are detenmed
to such other factors as the costs of running and bidding in the auctimg, tiv@ auction
and packaging lots to attract bidders, the vulnerability of the auction to collustogam
bidders or to corrupt behavior by the auctioneer, and so ben\ie assuptions falil,
sonething valuable is still gaineddm the theoremattention is shted to how the
differences between the asqutions and the reality ay make one auctiondrm more
effective than anothéf.

The Academic Critics

Econonists who work at putting auction theory to work encounter a dazzling array of
issues, fromdeological to theoretical to practical. Recognizing theerity of the
problens and the short ties available to solve thertihe engineering work for auctions
sonetimes entails guesses and judmnts that cannot be fully grounded in a ptete
econonic analysis. Auction designers use theory to generate ideas, test the ideas when
they can, and iplement themwith awareness of their litations, supplemnting the
econonic analysis with worst-case analyses and otheifaimxercises.

13 While the 60% overbid ay be atypical, the ordary anounts of noney left on the table are still
impressie. Fa exanple, inthe Brazilianband A privatizatian, the nedian overbid was Z%. That is, fa
halff the licenses,ite winning bidders hil at least27% nore than tie second Ighestbid.

% This use of e revenue equalence heoremis similar to the bestuses of dier mportant theorens in
econonic theory. In practice, therfit welfare theorenthe Coase theorerthe Miller-Modigliani theorens,
ard monetary reutrality thearerms are lkest used as startig points for anaralysis. O wses these tiearens
to idenify and rejecplausble-soundng butincorrectargunens and b focus he anaysis on how
paricular faled assurptions nmight alter the conclision and gude te polcy deckion.



12

The idea that econamtheorists can add value through thisture of auction theory
and practical judgent has comunder attack fronsorre members of the econoits
profession. Somof the nore frequent attacks, andymesponses to therare expressed
below.

Resale and the Coase Theorem

One ofthe nost frequent and mguided criticisra of modern auction design casin
the form of the renarkable claimthat the auction design doesn’siter at all. Ater all,
say the critics, once the licenses are issued, parties will naturally buy, sell and swap them
to correct any inefficiencies in the initial allocation. Regardless of how license rights are
distributed initially, theihal allocation ofights will take care oitself. Sorre critics went
even farther, arguing on this basis that the only proper objective of the gexérato
raise as mch noney as possible in the sale, since it shouldn’t and can’t control the final
allocation anyway.

To justify this argunent, the critics relied on the Coase Theqgretmich holds that if
there are norictions in the rarket and no wealth &#cts on predrences, then the initial
allocation of property rights cannot affect tistribution of wealth in society. It cannot
affect the efficiency of the allocation or anything that is relevant for productive
efficiency. Coase reasoned that so long as the allocati@nsemefficient, the parties
will find it in their interests to buy, sell and swap as necessary tmalienthe
inefficiency.

Whatever narits the Coasian arguent may have in other situations, it plainly leads to
the wrong conclusion in this caSeAuction and bargaining theory and the history of
cellular telephones in the US teach us that the initial assiginof right does affect
efficiency. The theoretical arguant juxtgposes two well-known propositions. First, there
exist auction rachanisrs that can achieve efficient license rights allocations, even when
there are rany available licenses, provided the goveentruses the auction frothe
start. Second, even in the gilest case with just a single license for sale, there axists
mechanisnthat will reliably untangle an initial isallocation. The difference between
bargaining and auctions is that in bargaining, parties will be inclined to exaggerate their
position to gain a bargaining advantage. That unavoidable exaggeration often delays and
sonetimes blocks a mtually profitable agreeent. In contrast, a siple English auction
leads to an efficient allocation with a single iteand the generalized Vickrey auction
extends that outcoato any nurber of licenses®

In the actual situation in the United States, the bargaining pretdemng multiple
parties were mch harder than even the theory acknowledges, so the Coasian reasoning
based on assunyg that bargainers reach efficient agreats does not apply. Theuoh
slower developmant the cellular telephone industry in the United States than in Europe

> The Coase theorehas includes a variety of assptinns that may fail in this agplication, sich as the
assumption that the parties aluesreflect social value—nanarket power, the assuystion that the parties
have unlinited budgets, so spemdj on spectrumights does not ipar the ability to invest in
infrastructure, and the assption that rights have no “externalities,” thiat that bidders don't care about
which competitors cet license ridhts. The importance d the last assuption is aralyzedby Jehel ard
Moldovanu (2001).

1% This argimert is developed more fully in chapter 3 after tre relewant theary has beenintroduced
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denonstrates the iportance of the initial steps. Consens long ago deamstrated their
willingness to pay aply for the ability to “roarf and use their obile telephones across
the nation, but US consuars today still face uratessary gaps in coverage resulting from
the industry’s initial fragrentation.

Mechanism Design Theory

A second line of criticisnermerges froma part of gamtheory called fhechanism
design theory A “mechanism is essentially a set of rules to govern the interactions of
the parties. For exgnte, it may specify the rules of an auction. Are there to be sealed or
ascending bidsf? sealed bids, how will the winner and price be deteea?And so on.

Once the rules of theenhanisnand the designer’s objective have all been specified,
the designer applies serariterion or ‘solution conceptto predict the outcomand then
evaluates the outcanaccording to the objective. In this highlyatinematical theory, the
ultimate aimis to maximize the perforrance according to the specified objective. For
exanple, one nght try to find the auction thataximizes the expected selling price or
the expected &ftiency ofthe outcore. We will treat parts othis theory at length later in
this book.

Mechanismdesign theory poses this challenge to practical auction designers: how can
you justify any use of theory without applying theahanisndesign approach?you
believe your theory describes the behavior of players, why don’t you use the theory to
optimize the nechanisnperformance?

The answer is the s@wone applied to any far-reaching use of an ogttion nodel.
Optimization requires that one trust adel to be complete and accurate and the
objective clear and fully specified. These exteeronditions are unlikely to be satisfied
in unique and copilicated situations. Yet even when adel is not corplete, it can lead
to insights that are useful to the designer. Just ascaanical engineer whose
mathematical nodel assums a frictionless surface treats those calculations as inexact, an
econonic designer who asswes that the players are optaars and have rational
expectations @y do the sam Just as the real-worldaohanical engineer pays attention
to factors that increase friction and builds in redundancy and sadegyns) the real-
world mechanisndesigner pays attention to timg and bidder interfaces toake rational
decisions easier, and plans to acomdate worst-case scenarios, in case a few bidders
behave contrary to expectations.

At the present state of the art, academechanisndesign theory relies on extrem
assumtions to reach theoretical conclusions that canetiamas be very fragile. In the
standard optimzing approach, the echanisndesigners apply a gatheoretic solution
that assures that bidders aximize accurately and are cpletely confident that others
will maximize accurately as well. The bidders are assiim hold this confidence
unshakably, even when the consequences ol smstake by another bidder can have
dire consequencé$ Of course, practical achanisndesigners also use equilibrium
theory, but a good analysis never stops at that. Mechapigposed for practice need to

" Even he nost distinguished nechansm desgn teorists arguetiis way, and hey pubish their resutsin
the nost prestigious academjournals. For exaple, see Dasgupta and MasK2000) and Perry and Reny
(2002).
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be tested for robustness. Those that are too fragile should be rejected, while robust
mechanisma should often be adopted even if they have no provable algrproperties.

Besides the very deanding behavioral assystions that characterize the theoretical
mechanisndesign approach, the foainmodels of the theory typically capture foonly
a snall subset of the issues that a real auctioneer face® &dire inportant issues that
are usually ontted frommechanisndesign nodels are listed below. kile none of these
is inconpatible with mechanisndesign theory in principle, accounting &ll in a single
optimization nodel is beyond the reach of present practice.

X

What to sellaf a farmer dies, should the entire fatme sold as a unit@r

should som fields be sold to neighborhe house and barn as a holiday and
weekend hom?How should the FCC cut up the radio spect@hould power
suppliers be required to bundle regulation services, or should that be priced
separately?

To whom and whenlarketing a sale is often the biggest factor in its success.
Competitors, too, ray try to discourage one another, in order to get a better
price® Auctioneers ray seek expressions of interest in order to detegm

which bidders are best qualified to bid.

How? For exarple, if the deal is copilicated and needs to be individually
tailored for each bidder, a sellerght prefer to engage in a sequence of
negotiationgo econorze on costs. If an auction is to be used, the right kind
can depend, as we have already seen, on whether tisaiesubstitutes or
complements.

Interactions?These decisions are not generallgdeindependently. The
desirability of selling the farhouse separately depends on answering “to
whom” that is, on the identity of the potentially interested buyers. And, the
auction design ay depend on whether there is potential petition between a
buyer of the whole property and buyers of the parts.

Mergers and CollusionThe European spectruauctions of 2000, with their

very high stakes, provided senmteresting exapies of before-the-auction

actions to reduce cgpetition. In Switzerland, last mute nergers amng

potential bidders resulted in only four bidders showing up for four spectrum
licenses. The auction was postponed, but the licenses were eventually sold for
prices close to the goverment-set ninimum. Similar problens of valuable
spectrumattracting few bidders and resulting in prices near timenmm

occurred in Germny, Italy, and Israel.

Resale’Most of the theory of echanisndesign starts with a given set of

bidders who keep whatever they buy. The possibility of resale not only affects
auction strategy, it ay also attract speculators who buy with the intention of
reselling. Should the seller encourage speculators, as additional bidders create
more conpetition in the auction®r should it discourage themince value

18 On the eve of the FCC PCS spestraucton #4, he auhor nede a élevision appearance on behaf
Pacfic Bell telephone, announog a comrmitmentto win the Los Angets Eelephone icense, and
swecessfilly discauragng most potertial competitors from eventrying to bid for that licerse.
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captured by speculatorsust cone from soneone else’s payoff—possibly the
seller's?

The mechanisndesign extremst’s view, which holds that the only consistent approach
is to develop theoretically “optial” mechanisrg, is not useful in practice. Even if we
could incorporate all the features describbdve, our radels of huran behavior are not
nearly accurate enough for use in ofti@mion. Behavior is neither perfectly stable over
time, nor the samacross individuals, nor edictable for any single individual. Useful
analyses have to be cognizant of that.

Despite these liits, a large portion of this book focuses oedmanisndesign and
related analyses. The theory is useful in practice for thinking throughissnes and
guiding sone decisions. Amang the decisions that the theory illumates are ones about
information policy(what information to reveal to bidders), how to structapdit awards
(in which a buyer running a procurent auction splits its business between two arem
suppliers), how to creaszoring ruleg(in which bids are evaluated on dinsions
besides price), and when and how tplementhandicapping(in which the auctioneer
treats bids unequally in order to encourageenefective conpetition). The nechanism
design approach also helps answgrontant questions about when to use auctions at all.
Members of the Institute for Supply Managemhdiscuss this issue so often that they
have coined the terfrauctionablé to describe goods and services that can bet m
effectively purchased using auctions.

Theory and Experiment

In sharp contrast to @hanisndesign purists, sogrecononc experinenters raise an
opposite objection: why should any attention be paid to auction theory at all, now that we
have the capability to test alternative auction designs in exg@ghecononts
laboratoriesTheories sortimes fail badly. The rest of the teanthey explain only soen
of the data, so why rely on theory at all?

The possibility of experiental tests has, indeed, fundentally shifted the way
auctions can be designed. In the FCC auction design, successful tests conducted by
Professor Charles Plott at Caltech helped convince the FCC to adopt the theoretically
motivated design. \Wtking software demnstrating the design was anothepartant
element’® Yet, the experirents to date have been very far froeplicating the actual
circurstances of high value auctions.

In practice, it is unlikely that anyone will ever test a range of actual proposals in a
conpletely realistic setting. The amnts at stake in experemts are necessarilyuoh
smaller, and the preparation tor bidders will nornally be much less. Because
experinental settings differ so och fromthe auctions they sufate, the role of theory is
indispensable. Theory guides the design of expatisn suggests which parts of any

19 Working sdtware demonstrating the feasilility of the new design was awother importart elenert.
Implementation issues also playaduge role in the debate. The vpnssibility of running the coputer
implemented simltaneous auction drew hackles framitics in 1994. To rebut the critics,ynassistant,
Zoran QGnja, programmed a flawless snall-scak verson of he softvare n a setof linked Excel
spreadshest His softvare conuinced he FCC that a relable systemcould be creatd usihg our proposed
rules eenin the stort time awailalde.
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experinental results nght be generalized, and illunates the econdmprinciples at
work, enabling further predictions andprmvenents upon the original design.

Lord Alfred North Whitehead, when asked whether theory or facts was m
important, answered fasasly: “theory about facts.” Indeed, theories that are
incompatible with facts are useless, but there can be no exgedahtesigns and, indeed,
no reporting of experiental results without a conceptualization of the issues. Theory
will always play a key role in answeringgineering questions, including questions about
auction design.

Practical Concerns

The final criticismis that, in the real world, the auction rules are a secondary concern
in setting up and running a cpfax auction. Several other issues are said todre m
important.

One such issue isarketing: an auction cannot succeed without participants. A partial
answer to this is that, depending on the cirstamces, changing the auction rulesym
attract nore participants. There areany exanples ofauctions and other cqatitions
that get poor results because the rules are rigged to favor particular bidders, discouraging
others fromparticipating. The earlier description of MCI's at@mto rig the US
spectrumauctions in its favor by aking the “lot” a single national license is onea@ry
many exanples. WWhen different bidders want different lots, a package design, such as the
ones often used in bankruptcy saleay mnable wider participation.

A second inportant practical issue concerns the property rights being allocated. For
exanple, if auctions are to be used to allocate take-off and landing rights at a congested
airport, then the rights theselves need to be carefully definedhdis to happen to a
plane that is delayed foraohanical reasons and cannot depart in its assigned\#hat?
about weather delays that decrease the capacity of the airport. It is certainly true that no
sophisticated auction rule can lead to a good ouwtaortess this practical issue is
resolved, but it is equally true that an auction sydtenhfails to coordinate all the
resources needed by the airlines—takeoff slots, landing slots, rights tlmoughte
choke points, gate access, and so on—cannot succeed regardless of how well rights are
defined. Real problesrequire comprehensive solutions, and the auction rules are often
an inportant part of that.

Yet another important practical detail for electronic auctions is the interface used by
bidders. The original FCC auction softwareda it easy for bidders toake nistakes.
On several occasions, biddersda what cara to be called “fat finger bids.” For
exanple, when trying to bid $1,000,000, a biddeght accidentally enter a bid of
$10,000,000—an error encouraged by the fact that the early interfaces could not accept
commeas in the bid field.

The FCC'’s solution for this problerhowever, was one that considerearenthan the
ease of bidding. Under the FCC’s initial rules, bidders found it easy tmaoicate
messages, including threats, with their bids in the auction. Suppose, foplexémat
bidder A wishes to discourage cpetitor B from bidding on a particular license, say
#147, in a particular auction. If B bids on that license,ightretaliate by raising the
price of another license on which B has the current high bid of, say, $9,000,000 by
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bidding $10,000,147, where the last three digits send a none-too-saetsiags about its
motivations. Such bids were frequently observed inesofrihe early FCC auctions.

Both the “fat finger” and the signaling problsmwere solved when the FCC changed
the auction interface to require that a bidder select its biddrehort drop-down emu
on its bidding screen. All bids on theanu used round nubers, being the mimum bid
plus one or rare increnents. This elinmated typos involving one orare extra digits
and sinultaneously rade it nuch harder for bidders to encodessages in their bids.

Sone critics respond to such anecdotes with the ctaim while these do show that
rules natter, they nainly show the dangers in electronic auctions or auctions using novel
rules. However, even fahar, low-tech auctions can perforbadly on account of
problematic rules. In 1998, the Cook County, lllinois, tax collector conducted a
traditional oral outcry auction to sell the right to collect certain 1996 property taxes that
were two years overdue. In that “1996 tax sale” auction, a bid specifipeniadty rate
that the winning bidder could add to the taxes due, ap@usation for its collection
services. The auction was conducted in an ordinastimg roomwith the auctioneer
sitting in the font. The auctioneer would read a property bemand the bidding
instantly began with the bidders shouting penaltpams. The raximum opening bid
was 18% and successively lower bids are shouted until a winning low bidder is
determned.

The trouble occurred when several biddersutaneously opened with bids of the
maximum anount. Under the Cook County rules for that year, in the event of such a tie,
the auctioneer was to assign the properties to winning bidders essentially at.random
bidder tied with, say, five others at 18% then faces glsighoice. It can bid less than
18%, having about a one in six chance to win the auction ath lower rate than 18%.
Or, it can sit quietly, having a one in six chance to win at a rate of 18%. Most bidders
chose to sit quietly, and about 80% of the properties sold atakienom rate of 18%.

How can we be sure it was the faulty rules, rather than collusiong(nore than a
dozen) bidders, that accounted for this outedm few days after the auction began, the
county auctioneer announced a change in the rules. In the future, a tie bid at 18% would
result in withdrawal of the property frothe auction. After the change, penalty rates
quickly collapsed to a lower level, leading sobidders to seek a court order restraining
the auctioneer frommhanging its rules during the auction. The order was issued and the
winning bids immediately returned to 18%.

Understanding auction theory is helpful foona than just avoiding obviously bad
designs. WI-designed auctions that link the allocation of related resources can perform
very much better than traditional auction sales. In the New Zealand case described
earlier, even if the novel second-price auction rules had been replacedorgth m
traditional pay-as-bid rules, the fact that the TV licenses were good substi&ates that
any similtaneous sealed-bid auction is prone to lead tosallocation. Comutational
experiments suggest that 25-50% of the valuigim have been lost sply because the
allocation was so poorly coordinated. In B&ncircunstances, the siattaneous
ascending auction design that is the current world-standard for spextations can
theoretically lead to an efficient or nearly efficient outeom
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The similtaneous ascending auction hasitantoo, which can be particularly
important when the itesfor sale are ones that different bidders prefer to package in
different ways, or when there are qadivated constraints on the collection of acceptable
offers. In such cases, a package auction design can both attract a wider set of bidders and
vastly increase the likelihood that the right packagesrgenfromthe auction. The design
of these auctions is subject t@amy pitfalls, to which we return in section Il of this book.

There are rany more exanples of painful lessons about thepiantance of the detailed
auction rules. In the US electricityarkets, ill-considered auction rulegguently
contributed to high prices as power suppliers ghthe systemOnly after repeated
failures have the designs evolved to gtining nore reasonable, but stitiffrom
optimal. The nost careful statistical evidence of thepiontance of design caes not from
auction narketsper sebut fromthe closely related “atching” markets, such as the ones
by which nost US nedical doctors are atched to hospital residency progranRoth
(1991) provides evidence that a certain technical characteristic obtbleimg rules—
whether the outcoalies in the “core”™—is a prigry deternrmant of whether certain
organized rarkets succeed in attracting participants over a long period of years.

Successful auction programeed to be well designed in everyportant respect, of
which auction rules are one. Applying an auction theory perspective can be valuable in
many ways. It can enable an auctioneer to avastakes like those thatamed the 1993
spectrumauction in New Zealand and the 1996 tax auction in Cook County, the flaws of
which are obvious in tersnof auction theory. It can help the auctioneer to pursue
multiple objectives, like promting minority participation, encouraging alternative
suppliers, and enhancing cpeatition anong bidders with diverse advantages. Finally,
rules can be designed to accoadate comlicated preferences and constraints for the
bidders and the auctioneereWill see sone exanples of that later in this book.

Plan for this Book

This book integrates two projects, which are presented in the next two sections. The
first section gives an integrated review of traditional auction theory and is based on
courses that | have given over a period of years at Stanford, Jerudaleard, and
MIT. Traditional auction theory is based largely on the theoryeasfhranisndesign and
the chapter organization follows certain principles of that theory. Much of the analysis is
focused on auctions in which each buyer wants only a single object—a condition called
“singleton demanti

The second section of the book differs frtra first in its questions andethods. The
guestions rainly concern the design of auctions for envir@mts in which there are
multiple heterogeneous goods. These enviremis are fundaemtally more conplex
than ones with singleton dend. One reason is that the nogn of possible allocations is
exponentially larger, which leads to serious issues about the practical feasibility of
auction algorithraand bidder strategies. A second is that the case of singlet@ndiem
eliminates nuch of the tension between protimg efficient allocations and ensuring
conpetitive revenuesor the seller. In the general casesettion Il, that tension can be
severe. A third difference concerns the probtdmalue discoveryWith singleton
demand, bidders have only one allocation to evaluate, but in the general case the
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exponentially larger nuber of allocations can force a bidder toitirts valuation
activities, which can lim both efficiency and price cgpetition.

Because the Vickrey echanisnplays a significant role in both parts of the theory, the
next chapter deals with thaeeichanism

Auction theory has grown into a huge area of research, and this book reports on only
those parts of the theory research that | belgronise to be helpful to auction designers.
With that in mnd, | have ontted the elegant foral treatnents of how auctions perform
when there are veryany bidders, because these are not directly helpful for choosing
among alternative ®chanism.?’ Also onitted are the currentha$hionable rachanism
design nodels in which bidders draw extrety subtle inferences frothe bids rade by
others, because these appear édarlack the robustness needed for a practical design.
Finally, | have orited newer work about subjects like collusion in auctions, revenue-
maximizing auctions when goodsagnbe resold, and inforation processing during
auctions. Wile these are interesting for sempplications, knowledge in these areas is
evolving too rapidly to be integrated with other parts of the theory.

2 This research begs with Wilson (1978), includes Migrom (1979), and espaally the beadiful resuts
by Pesendorfer and Smkels (1997, 2000) and Swkels (2001).



