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In theory, the mathematically elegant Vickrey-Clarke-Groves process offers perfect efficiency with dominant truth-revealing
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Introduction
In 1961, in the first published game-theoretic model of auc-
tions, William Vickrey analyzed an unusual auction form,
sealed bidding in which the highest bidder wins but the
price is set by the bid of the best losing bid. Vickrey argued
that bidders in such auctions should bid their true value.1

Thus, the bidder with the highest true value would always
win, making the auction allocation perfectly efficient. He
also proved a “revenue neutrality theorem” that showed that
(with independent private values) the expected revenue of
the seller was the same for this auction as for standard first-
price sealed bidding, English (i.e., progressive) auctions,
and Dutch (i.e., descending price) auctions.2 This work was
one of three topics mentioned in Vickrey’s Nobel Prize cita-
tion. Auctions in which the best losing bid sets the price
for the winner are now commonly called Vickrey auctions.
E. H. Clarke (1971) and T. Groves (1973) generalized

Vickrey’s results to a rather general competitive process.
Vickrey auctions are a special case of such Vickrey-
Clarke-Groves (VCG) processes. These VCG processes are
designed so that it is apparently in the interest of bidders
in auctions of multiple items with interdependent values
to truthfully bid the value of each combination. This is
achieved by having an optimization (in general it is an
integer programming problem) determine the best combi-
nations of bids to honor and setting prices by refunding
to each successful bidder the increase in the value of the
objective function that is due to her bids. This can be done
by resolving the optimization problem once for each win-
ning bidder with all of that bidder’s bids omitted. Winning
bidders pay the amount of their bids but are refunded the
difference between the optimal value of the objective func-
tion with all bids and its value with its own bids omitted.
This refund is sometimes called a “Vickrey payment” or
“Vickrey discount.” This process assures the bidder that her

bids determine whether she wins, but do not affect the price
she has to pay.3 There is no longer a revenue neutrality
theorem, but many theorists have been captivated by the
idea of dominant truth-revealing strategies and perfect effi-
ciency in combinatorial auctions.4 Combinatorial auctions
are becoming important in commerce, and it is tempting
to try to develop theory based upon maintaining the the-
oretical truth-revealing nature of the process while using
approximations to deal with some of the practical prob-
lems that arise in trying to implement VCG combinatorial
auctions. While incentives are important, they may be an
unwise choice when the truth-revealing ideal of VCG pro-
cess is, in practice, usually an unreachable mirage.
Vickrey auctions were rare in 1990 (see Rothkopf et al.

1990) and remain so, and as far as I know, no one has con-
ducted a general VCG process (i.e., not just a simple Vick-
rey auction or a market-clearing price auction of identical
items) in real commerce. I believe that there are important
practical reasons for this. It is the purpose of this paper to
spell out these reasons. Some of them go back almost three
decades (e.g., Groves and Ledyard 1977), and some were
first articulated quite recently. Here is a list of the reasons
discussed in this paper:
• the fact that the dominant strategy equilibrium is a

weak equilibrium and there may exist alternative weak
equilibria;
• the nonexistence of dominant strategy equilibria in

models that include reasonable bid preparation costs;
• the exponential growth of effort related to bid prepa-

ration and bid communication;
• the NP completeness of the winner determination

problem;
• problems related to capital limited bidders;
• problems associated with the disclosure of valuable

confidential information;
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• problems associated with various kinds of cheating
including:

false bids by the bid taker,
conspiracies by competing bidders,
conspiracies in two-sided markets between bidders of-

fering to sell and those offering to buy, and
the use of false-name bids by single bidders;

• the fact that strategies in sequences of strategy-proof
auctions may not be strategy-proof; and
• the fact that the process can be revenue deficient.
In the following sections, I will describe these problems

and some countermeasures that have been proposed. In a
final section, I will sum up the case for VCG processes
being impractical mirages, but also indicate that there is
some value that might arise from a better understanding of
them.

Weak Equilibria
The usual examples of Vickrey auctions involve a priori
symmetry. Bidders draw values at random from the same
commonly known distribution. However, consider the fol-
lowing situation: Bidder 1 draws a value from the uniform
distribution on �0�10�, while bidder 2 draws her value inde-
pendently from a uniform distribution on �5�10�. It is still
a weakly dominant equilibrium strategy for each bidder to
bid her value. However, bidder 1 has nothing to lose by bid-
ding 0 (or, equivalently, not bidding) whenever she draws a
value of less than 5. With either strategy, bidder 1 wins 25%
of the time and makes an expected profit of 5/12= 0�417,
and bidder 2 wins 75% of the time. However, bidder 2’s
expected winnings and the expected payment received by
the bid taker depend on which of the two alternative equi-
librium strategies bidder 1 follows. If bidder 1 bids her true
value, the expected payment to the bid taker is 55/12 =
4�583 and bidder 2’s expected profit is 35/12= 2�917.5 If
bidder 1 does not bid when her value is less than 5, the bid
taker’s expected revenue decreases by 5/4 to 10/3= 3�333,
and bidder 2’s expected profit increases by that amount
to 25/6 = 4�167. All of the extra expected profit of 1.25
comes from the bid taker.
The practical implication of this example is that one

cannot expect bidders in VCG processes to make bids that
are sure to lose. Because losing bids set the price the win-
ner pays, the bid taker should be very worried about the
revenue implications of this and be reluctant to use the
VCG process.6

Bid Preparation and Bid Communication
Costs
Note that the example above assumes that there is no cost
of submitting a bid. However, if we add an infinitesimal
cost, �, of submitting a bid, then not bidding when her
value is less than 5 must be part of any equilibrium strategy
for bidder 1. The problem is more general than this and
does not depend upon asymmetry. Larson and Sandholm
(2001) consider a general model of a single-item auction.

They assume that the bidders are deliberative agents, i.e.,
that bidders spend costly effort to determine their values
(and may spend such effort on estimating the values of
other bidders). In one of their models, the more costly the
effort that bidders expend, the better their estimates. They
show that in this model there are no reasonable dominant
strategy equilibria, including in Vickrey auctions. In other
words, in the real world in which a bidder must estimate
her values and in which the harder she works at it the better
she does, the Vickrey auction does not work.
The general VCG process for n items assumes that the

bidder will submit information sufficient to determine bids
on all 2n − 1 nonempty combinations of n items. This
exponential growth of the bid preparation effort with the
size of the process can present a serious problem for the
overall efficiency of the process where the overall efficiency
includes bid preparation costs.7 It also implies the possi-
bility that there is an exponential growth in the amount of
information that the bidders must communicate to the bid
taker.8

Winner Determination Effort
Often, the winner determination problem in VCG processes
will be NP-hard. For example, in a combinatorial auction,
each of the m bidders must provide information sufficient
to determine 2n − 1 bids; the bid taker must solve m+ 1
winner determination problems. One of these can involve as
many as m	2n−1
 nonzero bids, and the other m problems
can involve as many as 	m− 1
	2n − 1
 nonzero bids. In
general, each of these problems is NP complete. This will
not be a problem for auctions involving just a few items,
but if there are many items, it may well be. Because bids
on all possible combinations may be required, the winner
determination problem will not, in general, be able to take
advantage of the guarantee of computability in any of the
special cases described in Rothkopf et al. (1998) unless
appropriate bids are guaranteed to be zero. While approxi-
mate solution of the winner determination problem in diffi-
cult cases may work for some purposes, it will destroy the
incentive for truth-revealing strategies that is a key purpose
of the VCG process.

Budget Constraints
Capital markets are not perfect and frictionless. Suppose
that bidders have budget constraints, i.e., they cannot al-
ways arrange the financing to bid their true values. This
situation has been studied in Vickrey auctions by Che and
Gale (1996, 1998, 2000). More recently, Borgs et al. (2005)
showed that budget constraints destroy truthful bidding in
VCG processes.9

This problem is not restricted to situations in which the
bid taker knows that one or more of the bidders has a
budget constraint. It is also relevant when the bid taker is
not sure that none of the bidders has such a constraint. In
general, it will be hard for a bid taker to know if bidders
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are budget constrained. In particular, looking at bids in past
auctions will not reveal if a bidder was budget constrained.
For example, I was an advisor in an auction for a spectrum
license to a bidder who valued the asset at $85 million. He
was only able to finance a bid of $65 million. From his
bidding, which stopped when the price reached $65 mil-
lion, the seller would have had no way of knowing that his
value was higher.

Information Revelation
Generally, businessmen do not like to reveal their costs or
values. Some auction forms do not require them to do so.
A bid in a standard sealed-bid auction is not a statement of
true value, but an offer. Similarly, no one knows whether
the winner of an English auction would have been will-
ing to bid more than she did. Vickrey auctions, however,
if they work as they are supposed to, require bidders to
reveal their true costs or values. If it were in fact truly in
their interest to do so, it might be argued that businessmen
would learn to overcome their reluctance. However, is it
really in their interest to do so? Suppose that a government
agency is taking bids for a major construction project using
a Vickrey auction with publicly opened bids, that you sub-
mit the winning bid of $100 million (your true cost), and
that the next best bid is for $150 million. If this were an iso-
lated transaction, you would expect to have a profit of $50
million. Suppose, however, that in order to complete the
project you need to negotiate with others—perhaps local
licensing boards, banks, construction companies, and labor
unions. Your negotiating position will be weak because all
of them will know that you have $50 million you don’t
“need.” You would very much wish that you had bid more
than your true cost, because having done so would improve
your position in such negotiations. In particular, it would
be in your interest to bid more in order to keep a greater
proportion of your apparent profit.
This is a general phenomenon. Rothkopf et al. (1990)

showed that if third parties capture a fraction of the
revealed economic gain in a Vickrey auction, bidders will
have incentive to shade their bids so that all of that cap-
tured gain is, on average, added to their bids. (See also
Englebrecht-Wiggans and Kahn 1991.) Thus, the bid taker
can be expected to pay extra if he chooses to hold a Vickrey
auction.
There may also be political ramifications of the revela-

tion of a large gap between the best bid and the second-
best bid. In a government transaction, the government may
be hard-pressed to explain why the large extra payment is
warranted.10 It is proof of the sale’s lack of competitive-
ness. A progressive auction would not disclose this. One
way to look at a Vickrey auction is that it induces com-
petitors with market power to behave efficiently by paying
them the amount they could extract by using their market
power. However, if that payment is large and visible, it may
well lead to political pressure to control the market power
rather than to buy it off. In turn, this possibility may well
lead bidders to change their bids.

In a simple Vickrey auction, it may be possible to avoid
this information revelation problem by using cryptography
(Nurmi and Salomaa 1993; Franklin and Reiter 1996;
Kikuchi et al. 1999; Naor et al. 1999; Jakobsson and Juels
2000; Abe and Suzuki 2002; and Brandt 2002, 2003). How-
ever, as far as I know, this has yet to be done. In any case,
it may require either bonding of bidders or a cryptographic
protocol in which no bidder is required to do anything
after she discovers that she has lost the auction (Bradford
et al. 2004). Of course, the general VCG process is much
more complicated than a simple Vickrey auction. I am not
aware of any practical general cryptographic protocols for
it, although Yokoo and Suzuki (2004) have considered the
topic.

Four Kinds of Cheating
Auction theory is generally developed on the assumption
that the auction has rules and that these rules will be fol-
lowed. In practice, some auctions are more subject to cheat-
ing than others, and choice of auction form may depend
upon resistance to cheating and the reassurance that this
resistance gives to participants. Vickrey auctions are rela-
tively susceptible to two different kinds of cheating, and
multi-item VCG processes are susceptible to two more
kinds.11

First of all, as Robinson (1985) pointed out and on
which Graham and Marshall (1987) elaborated, Vickrey
auctions (and English auctions as well, but not standard
sealed bidding or Dutch auctions) are relatively suscepti-
ble to conspiracies by bidders. The problem is that in such
auctions collusive conspiracies by bidders are stable. Here
is an example to illustrate this. Suppose something is to
be auctioned off to two bidders, one of whom values it at
$100 and the other of whom values it at $90. In a well-
functioning auction, the item should sell for about $90.
Suppose, however, that the bidder with the higher value
agrees to pay the other bidder a substantial bribe if she
fails to top the first bidder’s initial bid of $10. In a pro-
gressive auction or a Vickrey auction, such a conspiracy is
stable. In the Vickrey auction, the bidder who is to win bids
$100. If the other bidder bids $90, the winner will win any-
way, know that the deal has been broken, and not make the
payoff. In a standard sealed-bid auction, the bidder who is
supposed to win at $10 has to submit a bid at that amount.
If the conspirator who was to lose instead submits a bid of
$11, she will win. Because the conspiracy is illegal, there
is no way for the intended winner to enforce the conspiracy
agreement or avoid losing the auction. Hence, such con-
spiracies are somewhat less likely.
A particular concern in Vickrey auctions is cheating by

the bid taker. If the bid taker makes up an artificial bid that
is for an amount between the two best bids, it will capture
some of the profit due to the winning bidder. For example,
if the high bid is $15 and the second highest bid is $10, an
artificial bid of $14 will raise the winning bidder’s payment
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by $4. Having a trusted third party handle the bids is not
a complete cure for this problem, because if the bid taker
can approximately anticipate the bids by the two highest
sincere bidders, it can procure an insincere bid by an ally
to cut the winning bidder’s profit.12 This kind of cheating
has been modeled in Rothkopf and Harstad (1995), and an
instance of cheating by a bid taker in a Vickrey auction is
documented in Lucking-Reiley (2000).13

Sakurai et al. (1999) pointed out a new vulnerability of
the VCG process—“false-name” bids. Consider an auction
in which there are two bidders and three items, a, b, and c,
for sale. Bidder 1 values �a� b� c� at $2 and bidder 2 values
�a� b� c� at $3. Neither values any smaller aggregation of
items. In the honestly conducted Vickrey auction, bidder 2
will win all three items and pay $2. However, suppose that
bidder 2 decides instead to submit bids under three different
names—2a, 2b, and 2c. Suppose that 2a bids $1 for {a};
2b bids $1 for {b}, and 2c bids $1 for {c}. Now, the three
bidders 2a, 2b, and 2c each win the item they bid on, but
none of them have to make any net payment. For example,
without bidder 2a, the revenue would be $2; with him, the
apparent value is $3, so while he pays $1 for �a�, he gets a
Vickrey payment, i.e., a refund, of his apparent contribution
to the surplus, of $1. A bid taker is potentially vulnerable
to such false-name bids unless he has complete control of
the identities and contractual arrangements between all of
the bidders.
Finally, Hobbs et al. (2000) examine the potential use

of the VCG process in electricity markets and pointed out
the possibility of conspiracies between suppliers and buyers
at the expense of a market maker operating the transmis-
sion grid.14 If an electricity supplier and an electricity user
both connect with the transmission grid at the same point,
they can increase both of their Vickrey payments from the
system operator by artificially increasing their quantities—
supply in one case and demand in the other. To detect such
cheating, the grid operator would need to monitor each bid-
der individually and not just the net flow at the point that
the two connect to the grid. With a commodity that can be
supplied over time (unlike electricity, where supply must
meet demand instantaneously), a private deal between the
conspirators to recycle the supply would serve the same end
and would not be detectable by measuring within-system
deliveries.

Sequences of Auctions
All auction forms can have difficulties with sequences of
auctions. In theory, a significant advantage of strategy-proof
auctions is that a bidder has a dominant strategy and does
not have to worry about the economics or strategies of
competitors. However, Juda (2005) and Juda and Parkes
(2006) have recently pointed out that this does not apply
to sequences of otherwise strategy-proof auctions. The fol-
lowing example is from Juda’s paper:

Concrete mixer Alice values acquiring one ton of sand be-
fore Wednesday at $1,000. Bob will hold a Vickrey auction

for one ton of sand on Monday and another such auction on
Tuesday.

As a practical mater, Alice does not have a dominant bid-
ding strategy in Monday’s auction because her value in that
auction depends on her assessment of the level of competi-
tion in Tuesday’s auction. Because economically important
auctions tend not to be isolated events, this will often be a
serious concern. In making practical auction design trade-
offs, the potential for being strategy-proof of VCGs will
be lost when the auctions are part of a larger sequence of
commercial transactions. Juda and Parkes (2006) suggest
the use of options to deal with this.

Revenue Deficiency
As mentioned above, when used for deciding on transac-
tions involving multiple buyers and multiple sellers, the
VCG process obtains efficiency by paying both sellers and
buyers with market power to behave efficiently. An impor-
tant problem is that the VCG process provides no source
for this revenue. Presumably, it must be raised from some
sort of tax or overhead. However, the efficiency effects of
that tax or overhead have not been taken into account in
the claim that the VCG process is efficient. It has been
shown that the VCG process is the least revenue deficient
of any process that produces perfect (theoretical) efficiency
(Krishna and Perry 1997). However, as far as I know it
has not been shown that a process with lower taxes or
overheads that was less than perfectly efficient in its allo-
cations would not be more efficient when the taxes or over-
heads are taken into account.15 Even leaving aside the other
problems discussed above, it seems reasonable to assume
that the overall optimum will involve a trade-off of effi-
ciency in allocation against the efficiency in keeping the
taxes/overheads down.
There is another sense in which the VCG process can

be revenue deficient. The payments can be too low for the
process to be stable. To see this, let’s return to a variant
of the example we used to discuss false-name bids. This
time, however, let’s assume that the false-name bidders are
the real bidders. Thus, bidder 1 values �a� b� c� at $2 and
bidder 2a values �a� at $1; bidder 2b values �b� at $1;
and bidder 2c values �c� at $1. The result, as we observed
above, is that bidders 2a, 2b, and 2c win and each pay
nothing. This payment is too low for the result to be stable.
It is not in the core of a game involving the bidders and
the bid taker. Bidder 1 can go to the bid taker and truth-
fully say, “Ignore those bidders. I will give you $1 for
�a� b� c�, and we will both be better off.” See Ausubel and
Milgrom (2006).

Which of These Reasons Are Most
Important?
I have been asked by reviewers to comment on which of
these reasons that VCG mechanisms are not practical are
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most important. In some ways, it is as difficult to answer
this question as it would be to say which of 13 bullets
that hit a shooting victim contributed most to his demise.
In some situations, it would be clear that there are several
shots that alone would have been fatal. However, the real
answer is “it depends.” Some concerns are critical in some
contexts and unimportant in others. For example, in gov-
ernment sales of extremely valuable assets, the political
repercussions of revealing the gap between large offers and
small revenue could be a dominant concern. In other con-
texts, perhaps an industrial procurement auction with lots
of competition and smaller amounts at stake, this could be
a minor issue. To quote Paul Klemperer (2002, p. 187),
“auction design is not ‘one size fits all.’ ”

Conclusions
VCG processes have great theoretical appeal. They are a
dominant strategy mechanism. This means that, in theory,
a bidder’s decision to use the strategy they call for does not
depend on what the bidder thinks her competitors’ strate-
gies are, and she need spend no effort in trying to find
them out or to keep her competitors from learning her strat-
egy. In theory, they promise perfect efficiency. In some
circumstances, they produce, in theory, expected revenue
equivalent to other common auction forms. They are also
mathematically elegant and allow proof of many interesting
theoretical results that would be hard to derive for other
auction forms. However, they are just not practical. They
do not work the way the (simple) theory says they should.
We have discussed a baker’s dozen of different reasons why
in practice they fail to live up to their promise: unfavorable
alternative weak equilibria, the nonexistence of dominant
strategy equilibria in the face of reasonably modeled bid
preparation costs, exponentially growing transaction costs
both for bidders and in winner determination, unreliabil-
ity in the face of possible budget constraints, revelation
of information better kept private, susceptibility to serious
revenue deficiencies, the failure of dominant strategies in
sequences of auctions, and susceptibility to four different
kinds of cheating. Note that all of these reasons assume
rational behavior. We leave to others the discussion of con-
cerns based on behavioral or bounded rationality factors.
This paper is a comment on the practicality of VCG

auctions. It is not a comment on the theoretical value of
knowledge about VCG processes. Because finding equilib-
rium strategies in combinatorial auctions is extraordinarily
difficult except in VCG processes, there may well be use-
ful insights to be had from such knowledge. For example,
Mishra and Parkes (2007) analyze an iterative version of the
VCG process. Ausubel’s analysis of his recent proposal for
a dynamic auction for heterogeneous goods (Ausubel 2006)
makes use of a comparison with the VCG process, as does
Jehiel et al. (2007); so does work on approximations to
the VCG process such as Cavallo (2006), Faltings (2004),
and Nisan and Ronen (2000). However, real combinatorial

auctions are complex. Ultimately, to be useful, research
on them needs to deal with the complexities. Research
that tries to maintain theoretical dominant strategies at the
expense of compromises on other important aspects of the
process seems to have limited direct practical value. I cer-
tainly do not wish to be absolutist about even this. There
will be situations in which a VCG process may be a use-
ful approximation of a complicated situation. For example,
Harstad and Rothkopf (2000) showed that the Vickrey auc-
tion can, on occasion, be a better approximation of certain
realistic progressive auctions than the standard “Japanese”
variant of the English auction analyzed by Milgrom and
Weber (1982). Furthermore, if no information about com-
petitive bids in an English auction except the current best
bid is revealed to bidders—this is often the case in indus-
trial procurement auctions—then the Vickrey auction will
often be an excellent model of the English auction. In addi-
tion, computerized bidding agents may be able to be pro-
grammed to avoid some of the 13 problems discussed here.
Nonetheless, there is great need for analysis focused on the
phenomenon at issue, not just on the mirage of perfection
that the VCG process generally proves to be.

Endnotes
1. The argument is simple. Consider the effect of devia-
tions from a policy of bidding one’s true value. If a bidder
bids more than her true value, doing so either has no effect
or causes her to win. If it causes her to win, she will regret
it because she will pay more than her value. Similarly, if
she bids less than her true value and this causes her to lose,
she will regret it. Nothing about this argument depends on
the strategies of other bidders. This makes bidding one’s
true value a dominant strategy, i.e., one that is best regard-
less of the strategies of other bidders.
2. Myerson (1981) generalized this proof.
3. This process will work even if the bid taker has restric-
tions on winning bids (e.g., no bidder may win more than
seven licenses) that can be included in the optimization
problems.
4. There are important exceptions. For example, Pekec and
Rothkopf (2003), Milgrom (2004), and Aususbel and Mil-
grom (2006) make many of the points made here.
5. There are two equally likely cases: Bidder 1 draws a
value on �0�5
 and bidder 1 draws a value on �5�10�. In
the first case, bidder 2 always wins and pays an average
of 5/2 if bidder 1 has bid, and 0 otherwise. The second
case is symmetric; each bidder wins one half of the time.
The average price is 5+ 5/3 and the average value of the
winner is 5+ 10/3.
6. English auctions without reserve prices also suffer from
this problem. Standard sealed bidding and Dutch auctions
do not. A bid taker who knows the situation precisely can
set a reserve price, five in this example, to protect himself,
but assuming that the bid taker has such knowledge is
problematical. Often, bidders know much more about their
business than the bid taker does.
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7. Just as use of an English single-item auction may reduce
bid preparation costs relative to a Vickrey auction by nar-
rowing the range of relevant values for an item that a bidder
needs to consider, the use of an iterative variant of the VCG
process can lower the costs of bid preparation. It also may
change the incentives of bidders by allowing communica-
tion among them through their bids.
8. Often, this burden may be reduced or alleviated by re-
cent work on preference elicitation (e.g., Lahaie and Parkes
2004 and Sandholm and Boutilier 2006) and on concise
bidding languages (e.g., Nisan 2006).
9. Budget constraints are an important particular case of a
general problem. The desirable properties of the VCG de-
pend on an assumption of quasi linearity. In other words, it
assumes that the net value to a bidder of a group of items
won with a bid of b is that value less b.
10. This was the case when New Zealand used Vickrey
auctions to sell spectrum. In one auction, a firm that bid
NZ$100,000 paid only NZ$6. In another, a firm that offered
NZ$7,000,000 paid only NZ$5,000. See McMillan (1994).
11. All auctions are subject to some kinds of cheating.
Here we discuss the extra vulnerabilities of Vickrey and
VCG auctions. Also note that many kinds of cheating are
explicitly illegal in some jurisdictions; however, we will not
attempt to be attorneys here.
12. Even with shaky information, this can sometimes be
a low-risk stratagem. If, through miscalculation, the insin-
cere bid turns out to be the best bid, it may be able to be
disqualified.
13. Bidders in standard sealed-bid auctions and Dutch auc-
tions do not face this potential problem. Bidders in English
auctions may face shills but have some chance of observing
them and reacting during the auction.
14. Use of VCG processes for making markets where both
sides bid is sometimes proposed. See, for example, Mackie-
Mason and Varian (1995) and McGuire (1997). In general,
as discussed below, there are extra issues associated with
such use with both sides of the market bidding. In particu-
lar, a source of funding for the Vickrey payments needs to
be found, and raising these funds may have strategy impli-
cations and will normally have efficiency implications.
15. Faltings (2004) and Cavallo (2006) have begun wres-
tling with this problem.
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