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CHAPTER TWO

Vickrey-Clarke-Groves Mechanisms

I'his chapter describes the important contributions of Vickrey, Clarke,
iund Groves (VCG) to the theory of mechanism design. Vickrey (1961)
unalyzed a situation in which bidders compete to buy or sell a collection
of mooam. Later, Clarke (1971) and Groves (1973) studied the public choice
problem, in which agents decide whether to undertake a public project -
0. construction of a bridge or highway — whose cost must be borne by
he agents. This latter analysis formally includes any choice from a finite
et In particular, it includes the Vickrey analysis for the case of discrete
ussets. Welimitattention in this chapter to the case of finite choice sets, to
bypass technical issues associated with infinite choice sets, particularly
1Issues associated with the existence of a best choice.

The VCG analysis has become an important standard. It is the work by
which nearly all other mechanism design work is judged and in terms of
which its contribution is assessed. As we will see in later chapters, there
are deep and surprising connections between the VCG theory and many
other parts of auction theory.

2.1 Formulation
We begin the theoretical development in this section by introducing
notation and defining direct mechanisms and VCG mechanisms.

Thus, let N = {0, ..., n} denote the set of participants, with partici-
pant 0 being the mechanism operator. Let X denote the set of possible
decisions with typical element x. For chapters 2-5, we assume that the
set of participants is exogenously given and omit any analysis of the
incentives to participate. An outcome is a pair (x, p) describing a deci-
sion x and a vector of positive or negative payments p = (p°, p', ..., p")
by the participants. For example, in a first-price sealed-bid auction, the
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46 Vickrey-Clarke-Groves Mechanisms

decision x is a vector where x' = 1 if agent i gets the object and 0 other-
wise. The associated vector of payments is p, where p' = b' = —p" if i
bids b’ and wins, and in that case, p/ = 0 for the other bidders.

For most of our analysis, we also assume that each participanti values
outcomes according to #/ ((x, p).f) = vi(x, t') — p', thatis, i's payoff cor-
responding to outcome (x, p) is i's value of the decision x, which depends
only on i’s own type ¢/, minus the payment that i must make. This quasi-
linear specification of the utility function plays an indispensable role in
the formal analysis of this chapter. The assumption of quasi-linearity
implies that bidders are able to make any cash transfers described by the
mechanism, that there exists a cash transfer that exactly compensates
any individual for any possible change in outcomes, and thatredistribut-
ing wealth among the participants would not change this compensatory
transfer. These assumptions represent better modeling approximations
for some situations than for others. For example, if the bidders are firms
with ample liquidity, the assumptions might be a very good approxi-
mation of reality, but if they are consumers with significant credit con-
straints that apply to the transactions, then the assumptions might be
an unacceptably bad fit.

Recall that “performance” means the function that maps environ-
ments into outcomes. Given our assumptions about the two-part de-
scription of outcomes, the performance of any mechanism can be also
described in two parts. The decision performance maps types into deci-
sions x, whereas the transfer performance maps types into payments or
transfers. When the decision x allocates goods, we sometimes also call x
the allocation performance.

The VCG analysis sometimes attempts to achieve efficient perfor-
mance subject to the constraint that transfers add up to zero. Given the
assumptions described above, a decision x is efficient if it maximizes the
total value ¥_;_yv'(x, t'). For example, in an auction of a single good,
the final allocation is efficient if it awards the good to the bidder who
values it the most. In the models studied here, by construction, net pay-
ments always add up to zero, because the seller (or mechanism designer)
receives any sums that the buyers (or bidders) pay.

In some publicly run auctions, the design objective is efficiency as
defined above, although revenues (the total transfer to the mechanism
designer) may also be an important goal. In private-sector auctions, rev-

enues are always an important goal and often the only one.
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Sometimes, the designer wants to run an auction in which p° = 0, that
15, in which there is never any net transfer to the auction designer. These
balanced-budget mechanisms are useful, for example, in regulatory con-
lexts where the regulator is notauthorized to contribute or collect money
Irom the regulated parties. They also arise in the theory of the firm, where
the mechanism operator is similarly restricted. As we will see later, there
is often a tension in mechanism design between achieving efficient out-
comes and ensuring a balanced budget.

The VCG mechanisms are incentive-compatible direct mechanisms.
This meansthat (1) S= ® and that (2) the strategy profile (o' (/) = t');cnis
in equilibrium. In words, the first condition means that each participant
I8 required to report a possible type to the mechanism operator. We will
sometimes speak of direct mechanisms as being pairs (x, p), leaving
the strategy set implicit. The second condition, incentive compatibility,
means that reporting one’s type truthtully is an equilibrium according
o whatever solution concept we have chosen. For VCG mechanisms, we
locus on dominant-strategy implementation, so the relevant solution
concept is that each participant plays a dominant strategy.

One appeal of incentive-compatible direct mechanisms is that they
Spare participants the need for elaborate strategic calculations: truthful
Jleporting serves each participant’s individual interest. Choosing domi-
nant strategies as the solution concept, an incentive-compatible direct
Inechanism is one for which truthful reporting leads to as high a payoff
s any other strategy for all possible types of opponents and all possi-
Dle actions that these opponents may take. For example, as discussed in
chapter 1, it is always optimal for a bidder in a second-price sealed-bid
nuction for a single good to bid his valuation. Moreover, this truthful
bidding strategy is the only strategy that is always optimal, so it is a dom-
nant strategy. Thus, the second-price auction is a dominant-strategy
centive-compatible direct mechanism.

. The operator ofa VCG mechanism uses the reported types to compute
lhe maximum total value V(X, N,f) and a corresponding total-value-
maximizing decision (X, N,f) as follows:

V(X, N.f) =max ) v/(x, t)). (2.1)
xeX ~
jeN
X(X, N,f) € argmax ¥ v/ (x, t/). (2.2)
xeX N
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One might think that such a direct approach would be doomed to
failure, because each participant seems to have an incentive to misrep-
resent his preferences to influence the decision in his favor. However,
the participants’ incentives depend not only on the decision but also
on the cash transfer, which is the clever and surprising part of the VCG
mechanism.

The VCG mechanism eliminates incentives for misreporting by im-
posing on each participant the cost of any distortion he causes. The VCG
payment for participant i is set so that i’s report cannot affect the total
payoff to the set of other parties, N — i. Notice that 0 € N — i, that s, the
set includes the mechanism designer whose payoff is the mechanism’s
net receipts.

With this principle in mind, let us derive a formula for the VCG pay-
ments. To capture the effect of i's report on the outcome, we introduce a
hypothetical null report, which corresponds to bidder i reporting that
he is indifferent among the possible decisions and cares only about
transfers. When i makes the null report, the VCG mechanism optimally
chooses the decision £(X, N — i, t). The resulting total value of the de-
cision for the set of participants N — i would be V(X, N — i, 7%, and the
mechanism designer might also collect a payment K (¢~) from partici-
pant i. Thus, if i makes a null report, the total payoff to the participants
inset N— iis

Wi e Al W O

The VCG mechanism is constructed so that this same amount is the
total payoff to those participants regardless of i’s report. Thus, suppose
that when the reported type profile is f, i's payment is Q.Ch N,T) +
Hi(Y), so that p'(X, N.f) is i’s additional payment over what i would
pay if he made the null report. The decision £(X, N, f) generally de-
pends on i's report, and the total payoff to members of N — i is then
Y jen i VI EX, N, #) + PL(X, N,E) + F (7). We equate this total value

1

with the corresponding total value when i makes the null report:

POXND+HEH+ Y v/ @K N, )
jeN—i

WY AVIX N = . 2.3)
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Using (2.1), we solve for the extra payment as follows:

PX, NG = VX, N—i ) = Y ol R(X, N,T), 1)
jeN—i
= > V@R N-i,tH, 1)
jeN—i
2 MU WR(X, N 1), ). (2.4)
jeN—i

According to (2.4), if participant i’s report leads to a change in the
‘lecision £, then i’s extra payment ' (X, N,f) is specified to compensate
the members of N — i for the total losses they suffer on that account.
We now introduce some definitions:

Definition

. A Vickrey-Clarke-Groves (VCG) mechanism (@, (%, p-+ h)) is a direct
mechanism in which £ satisfies (2.2), p satisfies (2.4) (for all N, X, T,
and i € N), and payments are determined by p'(X, N,7) + K (7).

2. A participant is pivotal if £(X, N,f) # (X, N —1i, t79).

). The pivot mechanism is the VCG mechanism in which # = 0 for all
{e N.

In words, a participant is pivotal if consideration of his report
anges the decision, compared to excluding the participant or at-
tributing the null report to him. According to (2.4), if participant i is
ot pivotal, then (X, N,f) = 0. In the pivot mechanism, the only par-
licipants who make or receive non-zero payments are ones who are
pivotal.

~ Vickrey first introduced the pivot mechanism in a model where the
tlecision x allocated a fixed quantity of a single divisible good. In the
liction context, a bidder is not pivotal if he acquires a zero quantity. So
the pivot mechanism in the Vickrey model is an auction in which losing
bidders neither make nor receive payments.

2.2 Always Optimal and Weakly Dominant Strategies

In this section, we verify that the VCG rules do indeed ensure that it is
nlways optimal for the participants to report truthfully, regardless of the
reports made by others. We also demonstrate that reporting truthfully
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is often a dominant strategy, that is, it is the only strategy that is always
optimal.

There are circumstances in which reporting truthfully, although al-
ways optimal for the VCG mechanism, is not a dominant strategy. For
example, suppose that two parties are considering sharing the rental of
a boat, which costs $200. One party values the rental either at $300 or
at $0, and his reported value is restricted to lie in the set {$0, $300}.
The other party’s value is some amount between $0 and $150, and his
report is restricted to lie in the interval [$0, $150]. In this example, the
pivot mechanism prescribes that the boat is rented if and only if the first
party’s value is $300, and in that case the first party pays $200. The sec-
ond party always pays $0, and his report does not affect the outcome.
Consequently, any report by the second party is always optimal, and any
report of $200 or more by the first party is always optimal when his value
is at least $200.

The preceding example is constructed so participants can sometimes
predict that certain reports will be irrelevant. In less contrived examples,
one expects that truthful reporting will be a dominant strategy.

We formalize these claims using the following definitions. Truthful
reporting is an always optimal strategy if condition (i) below holds, and
it is a dominant strategy" if, in addition, condition (ii) holds:

(i) forall £, ¢ € argmax{v'(R(X, N, 7, £, ) — p/(X. N. T, t79)).
=
(ii) if ¥ # ¢, then for some 17/, ¥ ¢ mwm:_wmﬁc:ﬁ% N ahb b )
P N

To rule out contrived examples like the boat rental example, we will
use the following condition:

Allreportsarepotentiallypivotal: Foralli e Nand ', 7' € ©', there
exists =/ € @~ such that ¥_ .y v/ (R(X, N, ', 79, #/) < V(X, N. ).

This condition asserts that for any false report 7' by bidder i, there
is some type profile 1~/ of the other participants such that the false

1 A strategy for a player in a normal form game is dominant if (1) it is a best reply to ev-
ery opposing strategy profile and (2) there is no other strategy with the same property.
The definition in the text specializes this definition to the direct revelation games we are

studying.

2 Always Optimal and Weakly Dominant Strategles ..

pport leads the mechanism to choose a suboptimal outcome. Whe
this condition holds, no participant can be sure that a false report
imless.

heorem 2.1, In any VCG mechanism, truthful reporting is an alwa)
ptimal strategy. If all reports are potentially pivotal, then truthful re
Ing is a dominant strategy.

pof. To show that truthful reporting is always optimal, fix the prc
I/ of actual types. When bidder i reports type 7, the decision cha
n s .Qk.. N, I', t7%). So, given the formula for i’s payment, his pay

B (F7) = vl I, B 1) ) = P NG, =0 < Bt Usin
J, the gain that i enjoys from the deviation is therefore

N'('|6) — o'

N Bt )= XN B ) ~ B e

= (@O ND, B - PIX, N - i

&) W VERE N N, N IR, N, o)
= Mwmzi.@ch N B Dot = ViX N, B) =0,

14 proves that truthful reporting is always optimal.

Iy the assumption thatall reports are potentially pivotal, forall £ # 7
pre exists ¢ such that

S e )
4 Mw.mz VX NP 0 - YiX N < 0.

lce, by definition, truthful reporting is a dominant strategy. @

he formal proof implements the following simple intuitive argu
nt. The VCG paymentsare defined so that i's report cannot affect th
[l payoff of the other participants. If i reports truthfully, the mech
Ism maximizes the total actual payoff. If i reports falsely in any wa
I changes the decision, then the change in total payoff must be neg
lve and must be equal to the change in i’s own payoff. So reporting
Uthfully is optimal. Moreover, if every false report is sometimes pivotal
\en it is sometimes suboptimal, so it is dominated by reporting truth
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The most widely known example of a pivot mechanism is the second

price auction. In the private-values auction model, a bidder’s value fo
any decision depends only on the goods the bidder acquires, and nol
on the goods acquired by the other bidders: v'(x, 1) = vi(x', '), where
¥ = 1ifthe bidder acquires the good and x’ = 0 otherwise. The value ol
not acquiring the good is normalized to zero: v (0, ') = 0. Let us simply
write v’ for v'(1, #).

Since losing bidders are not pivotal (because their presence does nol
affect the allocation), they pay zero in the pivot mechanism. According,
to (2.4), the price a winning bidder pays in this mechanism is equal (0
the difference between two numbers. The first number is the maximun
total value to the other participants, including the seller, when i does no
participate in the auction, which is max;; v/. The second number is the
total value to the other bidders when i wins, which is zero. Thus, when
bidder i wins, he pays max;; v/, which is equal to the second highes!
bid. For this reason, the pivot mechanism for the one good case is called
the second-price auction.

Vickrey originally introduced the second-price auction as a model of
ascending auctions, such as those now commonly used at internet auc-
tion sites. To develop the connection, we take special notice of the facl
that auction sites like eBay and Amazon Auction encourage bidders to
use a proxy bidder facility. The bidder tells the proxy a maximum price
that it is willing to pay — its maximum bid. The proxy keeps this infor-
mation secret and bids on the bidder’s behalf in the ascending auction.
Whenever it doesnothave the highbid, itraises the bid by one increment,
provided that does not exceed the specified maximum bid. If every bid-
der were to use a proxy, then the result would be that the bidder who has
specified the highest maximum price acquires the item and pays a price
(approximately) equal to the second highest such price. If we replace the
phrase “maximum price” with “bid price,” then this is precisely the same
rule that describes the outcome of a Vickrey auction for a single good. In
the language of game theory, the English auction with proxy bidders and
the second-price auction are strategically equivalent: there is a one-to-
one mapping between the strategy sets such that corresponding strategy
profiles lead to identical outcomes.?

2 This theoretical account fairly describes Amazon Auction, but the rules are slightly different
at eBay. eBay uses a fixed ending time after which no more bids are accepted. The ordering

Halancing the Budget = 2= J

We will henceforth use the term Vickrey auction to refer to the pivot
pehanism in auction environments. By inspection of (2.4), the price
el by any participant i # 0 is equal to the loss imposed on other par-
hants by adjusting the decision to account for i's values. This price is
Viys non-negative. In contrast, prices paid in the more general VCG
hanism can be negative if i’ is sometimes negative. The possibil-
ul negative payments to some participants raises a question about
wiher the sum of the payments to participants i # 0 is positive, neg-
Vi, Or Zero.

Balancing the Budget

bublic goods applications, the designer may want to ensure that the
il payments to and from the participants excluding the mechanism
rutor add up to zero. This is called balancing the budget. If the mech-
in designer is a public authority, this means that the authority runs
ilyer a surplus nor a deficit on this project. In such cases, the mecha-
1 designer typically has no independent value for the decision, so we
_,.Jc_m:w the model with N = {1, ..., i}, excluding the designer from
wet of participants.

fInition. A direct mechanism (x, p) satisfies budget balance if for all
(¢ & and allf € ©, the sum of all transfers is zero:

i ZAl I
oy PG N,E) =0,
Summing the required payments reveals that the possibility of bud-
 halance implies a restriction on the maximum value function, as

0 — M pi(X, N,f) = M (P(X, N,D) + Bl (£))
ieN ieN
= (V(X,N-i, 0 S

ieN

i1l timing of bid submissions can be relevant inan eBayauction. Indeed, “sniping” (waiting
until the last few seconds to bid) is a common and viable strategy at eBay, butis almost
fotally absent at Amazon Auction, where an auction cannot end until there have been no
new bids for ten minutes. See Ockenfels and Roth (2002).
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=373 iR, N, )
ieN jeN—i
=) V(X N=i,t7) +H ™)
ieN
- Y (V(X, N.f) — o' (R(X, N.7))
ieN
=m-D(> fluh-VIX,ND|, (2.5)
ieN
where

VIR N U Ry
n—1 ;

fleh = (2.6)
So a necessary condition for budget balance is that there exist functions
f# such that for allf,

VI, BTy =30 e Y 2.7)
ieN
Holmstrom (1977) has observed that the same condition is actually nec-
essary and sufficient for the existence of a budget-balancing VCG mech-
anism.

Theorem 2.2. There exists a VCG mechanism that satisfies budget bal-
ance if and only if there exist functions f* such that (2.7) holds for all
.

Proof. Thenecessityof(2.7) wasestablished above. For sufficiency, given
the functions f%, take k(") = (n— 1) fi(t™") — V(X, N—i, 1) and ob-
serve that this implies (2.6) and hence (2.5). [ |

To establish that the form (2.7) is restrictive, we use a simple two-
player auction example with N = {1, 2}, a formulation that excludes the
mechanism designer from the setof participants. Thereisasingle good to
be allocated, whose values to participants 1 and 2 arev! € {1, 3}and v? €
{2, 4}, respectively. There exists no way to represent max(v', v?) as a sum
fH?) + f2(v"), so there can be no VCG mechanism in this setting that
satisfies budgetbalance. To verify that directly, we tabulate the payments:
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(13°2) (3, 4) (1, 4) (3, 2)

h'(2) h'(4) h'(4) 2+h'(2)

14 h%(1) 3+ h%(3) 14+ h2(1) h2(3)
14+h12)+h2(1) 3+ 04 +H23B) 1+h'G+0201) 2+4h'2)+H(3)

Notice that, for any choice of 1! and #?, the sum of the total payments
In the first two columns minus the corresponding sum in the last two
[ columns is 1. Consequently, there is no choice of k! and K2 such that all
the column totals are zero: no balanced-budget VCG mechanism exists.
Theorem 2.2 still allows that there are some environments in which
¢ VCG mechanism does always balance the budget. An important class
0l these are the ones in which the mechanism designer is treated as a par-
Icipant who has just one possible type. In that case, the maximum value
lepends only on 70 and so satisfies (2.7); indeed, V(X, N,f) = f°(t™°)
or all f. A VCG mechanism that works in this case specifies the pivot
nechanism payments for all participants except participant 0 and bal-
nces the budget by having participant 0 receive the net proceeds of the
nechanism. In situations where the mechanism designer is a regulator,
| committee, or another entity with decision authority, the designer is
lequently not allowed to receive or make payments from or to those over
vhom it has authority. Such restrictions might be imposed, for example,
0 prevent corruption in the system. In such cases, the budget-balance
rondition arises naturally and imposes restrictions on what can be im-

2.4 Uniqueness

an another mechanism besides the VCG mechanism implement effi-
tlent decisions with dominant strategies? The answer depends on ad-
ditional assumptions about the environment. For example, if there is a
buyer whose value lies in the set {0, 10} and a seller whose cost of sup-
plying a good is 5, then the following direct mechanism implements an
ifficient outcome in dominant strategies. In the mechanism, each party
mustreport a value fromits set of possible types. The seller has no choice
but to report a cost of 5. If the buyer reports a value of 10, trade occurs
ut a price of 8; otherwise, there is no trade and no transfers occur. By
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inspection, it is a dominant strategy for both sides to report truthfully,
and the outcome is always efficient. A VCG mechanism that makes no
transfers when there is no trade is a pivot mechanism, and the pivot
mechanism in this case sets a price of 5. It follows that the suggested
mechanism is not a VCG mechanism.

The preceding example relied on the discrete nature of the type space.
According to the next theorem, when the type space is smoothly con
nected, only the VCG mechanisms can implement efficient outcomes in
dominant strategies.

Theorem 2.3. Suppose that for each i, ® = [0, 1] (or simply that &' is
smoothlypath connected®) and that for each decision outcome x, v’ (x, 1)
is differentiable in its second argument. Then any efficient, incentive

compatible direct mechanism is a VCG mechanism. o

The version of theorem 2.3 stated here was first proved by Holmstrom
(1979), generalizing earlier work by Green and Laffont (1977), who had
employed more restrictive assumptions about the type space. We post-
pone the proof to the next chapter, which contains several other closely
related analyses.

2.5 Disadvantages of the Vickrey Auction
Despite its attractive features, the Vickrey auction has important disad-
vantages that make it unsuitable for most applications. In this section,
we illustrate these disadvantages. We give a more detailed analysis of
certain of the disadvantages in chapter 8, where the Vickrey design is
pitted against certain leading alternatives.

The disadvantages of the Vickrey auction are divided into three
kinds: practical disadvantages, monotonicity problems, and merger-
investment disadvantages.

2.5.1 Practical Disadvantages

In this subsection, we discuss certain practical difficulties of implement-
ing a Vickrey auction on account of factors that are omitted from the
formal model.

b Aset © is smoothly path connected if for every two points 0. ¢ € @ there is a differentiable
function f:[0,1] — © such that f(0) = ¢ and f(1) =#'.
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One such problem is that a Vickrey auction can severely tax bidders’
al abilities. For example, consider a Vickrey auction to sell
ity spectrum licenses. In principle, each bidder must submit bids on
1y combination of licenses he might win, but there are more than one
illlon such combinations. If the bidders must incur even a small cost
letermine a value for each distinct combination of licenses, then the
ul of running the Vickrey auction makes it impracticable. For some
_v:_.::c:m. this cost is not too onerous. For example, if the licenses
sulficiently similar, then a bidder might simply specify a value for
th different number of licenses, or might adjust that for differences in
licenses. At least for the general case, allowing bids on all packages
poses costs that are too high for a realistic design.
A second practical problemis that real bidders often face serious bud-
limitations, which the Vickrey design does not take into account. In
presence of such constraints, a bidder in a Vickrey auction may have
Jlways optimal strategy. For example, consider an auction with two
ntical goods and a bidder with values of 20 for one unit of a good
1 40 for the package, but with a total budget of 10. This bidder has
(lways optimal strategy in the Vickrey auction. If there are credit re-
etions or large penalties for default, then bids exceeding the bidder’s
tlet can be ignored. If bidder 1's sole competitor bids 10 for one unit
tl 19 for two, his best reply is to bid 10 for one unit (and 10 for two
Its as well). However, if the competitor bids 9 for one unit only, then
best reply is to bid 0 for one unit and 10 for two units.
A third practical problem is that the Vickrey design may force the
nning bidder to reveal too much information. A bidder might fear that
vilue information could be leaked, disadvantaging it in subsequent
yotiations with the auctioneer or other buyers or suppliers (Rothkopf,
lberg, and Kahn (1990)).

5.2 Monotonicity Problems

lifferent set of disadvantages of the Vickrey auction arises from the
'l that payments are determined by a non-monotonic function of the
lders’ values. We illustrate the problems that raises with a series of ex-
nples, borrowed from Ausubel and Milgrom (2002). A formal analysis
il identifies the set of auction environments in which these disadvan-
jes are relevant is presented in chapter 8, as part of a comparison of
¢ advantages of several multi-object auction designs.
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Here, we provide a series of examples illustrating the monotonicity
problems that the Vickrey auction can suffer. In the Vickrey auction,
(1) adding bidders can reduce equilibrium revenues, (2) revenues can he
zero even when competition is ample, (3) even losing bidders can have
profitable joint deviations in which they increase their bids in concert
to win items while creating lower prices for themselves, and (4) bidders
can profitably use shill bidders, intentionally increasing competition in
order to generate lower prices.

Consider a Vickrey auction of two identical spectrum licenses. Bidders
1 and 2 are new entrants, which each need two licenses to establish a
business of economic scale. Bidder 1 is willing to pay up to $1 billion for
the pair of licenses, and bidder 2 is willing to pay up to $900 million. If
these are the only bidders in the auction, then the auction is effectively
a second-price auction for the pair of licenses. Bidder 1 will acquire the
two licenses for a price of $900 million.

Now, suppose instead that there are two additional bidders. Bidders
3 and 4 are both incumbent wireless operators. Each seeks just a single
additional license to expand the capacity of its network. Suppose each
incumbent is willing to pay up to $1 billion for a single license. If the
Vickrey auction is used and all bidders play their dominant strategies,
then the two incumbents will acquire the licenses. Because the licenses
are given to those who value them the most, this outcome is efficient
and results in a total value of $2 billion.

One might expect that increasing the number of bidders and their
maximum total value for the pair of licenses would increase the seller’s
revenue, but that is not the case: the total price paid by the winning
bidders is zero. To see why, let us compute the price paid by bidder 3.
According to (2.4), this price is the opportunity cost to the other bidders
of the license that bidder 3 wins. More specifically, it is the maximum
value of the two licenses to the other three bidders, which is $1 billion,
minus the maximum value of a single license to those bidders, which is
also $1 billion. The difference of zero is bidder 3’s price and bidder 4's
price is determined in the same way.

Notice that the declining revenue problem vanishes if the first two
bidders regard the licenses as substitutes. For example, suppose that
instead of bidding only $1 billion for two licenses, bidder 1 is also willing
to pay $500 million for one license, and similarly bidder 2 is willing to pay
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$450 million for one license. Then bidders 3 and 4 must each pay $500
million for a license, and the seller’s revenue climbs from $900 million
o $1 billion.

The next two variations exploit the feature of the Vickrey auction that,
when goods are not substitutes, prices may decrease as the bids increase
or the set of bidders expands.

First, we modify the preceding example. As before, bidders 1 and 2
pach want only a pair of licenses and are willing to pay $1 billion or
$900 million for the pair, respectively. In the modified example, however,
sach of the incumbents, bidders 3 and 4, has a value of $400 million
for a single license. If the incumbents play their dominant strategies,
they win no licenses and earn payoffs of zero. If, however, they act in
roncert, both raising their bids to $1 billion for a single license, then the
prices are determined just as above, and the situation is the one we have
ready examined: bidders 3 and 4 win the two licenses for a total price
ol zero. Thus, the Vickrey auction provides opportunities and incentives
[or collusion among the low-value, losing bidders.

Next, we consider another variation. In this one, there are only three

hidders, with the first two described just as above. In this variation, the

third bidder is also a new entrant and also has value only for the pair of
lcenses, butits value is lower than that of the first two bidders. Itis willing

[0 pay just $800 million for the pair of licenses, compared to $900 million

nd $1 billion for the other two bidders. Still, the third bidder can win the

icenses profitably by entering the auction with two identities, as bidders

and 4, and having 3 and 4 each bid $1 billion for a single license. The
wsult, just as before, is that bidders 3 and 4 win, each acquiring a single
lcense for a price of zero. Thus, by combining the tactics of shill bidding
nd loser collusion, a bidder in the Vickrey auction whose values are too
ow to be assigned any licenses at the efficient allocation can profitably
win both licenses and force the seller to accept a zero price.

Standard auctions do not suffer the monotonicity problems plaguing
lhe Vickrey auction. For example, if the seller simply takes sealed bids
und awards licenses to the highest bidders at prices equal to the winning
bids, then none of the monotonicity problems occur: Adding bids and
bidders cannot reduce prices; introducing shill bids cannot reduce any-
hne's price, and losers cannot become winners except by paying higher

prices.
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These monotonicity problems are significant practical defects. In sec
tion 2.5.3 below, we reexamine these examples to see whether they are
in some sense exceptional, that is, whether they are unlikely to arise in
practice. We find that, to the contrary, monotonicity problems can only
be ruled out in cases where goods are likely to be substitutes, which is a
small subset of the possible cases.*

2.5.3 The Merger-Investment Disadvantage
The Vickrey auction also suffers another important disadvantage, dis
tinctfrom those described above. This one arises even when the auction
eer’s objective is efficiency rather than revenue, and when shill bidding
and collusion are impossible. The problem is that the Vickrey design can
distort the bidders’ investment and merger incentives ex ante (before the
auction),” leading to inefficiency.®

To illustrate, we return to the first example of the previous section, in
which bidders 1 and 2 value only the pair of licenses and have values of
$1 billion and $900 million, respectively. Suppose that, before the auc-
tion, bidders 3 and 4 could merge and, by coordinating, increase the
total value of the licenses by 25% from $2 billion to $2.5 billion. Even
though such a merger would increase the maximum total value, the par-
ties would not profit by merging. Recall that the unmerged firms paid
a total of zero and enjoyed net profits of $2 billion. The merged firm,
however, would pay $1 billion in a Vickrey auction, leaving it a net profit
of just $1.5 billion.

Inthis example, the Vickrey auction discourages a merger by reducing
the joint profits of the merging parties. Thus, even by the standard of
efficiency, the Vickrey mechanism can have significant disadvantages.

In an unpublished result, Daniel Lehmann has shown that with more than two items, the
restriction that items must be substitutes fails generically. That is, treating the valuation
functions as a vector, for any valuation vwhere goods are substitutes, almost every valuation
in any neighborhood of v fails to satisfy the substitutes condition.

Several authors have developed analyses based on the observation that there are no such
distortions for single item auctions. With the set of bidders fixed, because any bidder's
profit is equal to his contribution to social surplus, the bidder has correct incentives for
any investments that affect only his own values. The same applies to bidders' decisions
about how much information to acquire about their own values (Bergemann and Valimaki
(2002)). ;
Economists typically emphasize market power issues when analyzing mergers, and those
issues are excluded entirely from this analysis. As discussed earlier, the term “efficiency” as
used in mechanism design theory is narrower than the economic idea of Pareto optimality,
because here it takes into account only the interests of the mechanism participants.
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In analyzing merger incentives, as in studying collusion and shill bid-
g, whether the assets being auctioned are substitutes proves impor-
il In the Vickrey auction, if the bidders regard the goods as substitutes,
Wi winners generally can reduce their prices by merging. Thus, Vickrey
it tions tend to favor mergers when goods are substitutes. For example,
ppose that there are four bidders for three items. Each of the first three
dders has a value of 2 for a single item and the fourth bidder has a
lie of 1. The Vickrey outcome is that the three high-value bidders ac-
ilie single items for a price of 1. If the first two bidders merge, the
lbcation of goods is the same: the merged bidder gets two units and
Idder 3 gets one unit. Bidder 3's price is unchanged - it pays a price of
01 its unit — but the merged bidder pays a total of 1 for its fwo units, so
nverage price is m. per unit. This price reduction is typical for the case
W goods are substitutes.

Il the government is to auction assets to an industry in which it
ihes to promote competition or encourage entry, e.g. electrical power
\eration, it may properly viewwith suspicion rules that promote merg-
und favor larger bidders.

As our examples have shown, however, Vickrey auctions do not al-
V8 promote mergers. In our telecommunications auction example,
lound that merged firms may pay relatively high prices and may even
it profitable to use shills to divide demand between two smaller bid-
4. If shills are impossible, then the Vickrey auction may discourage
blfitable and welfare-enhancing mergers. Taken together, the various
mples establish that Vickrey auctions can be too favorable to mergers
oo discouraging.

6 Conclusion

I Vickrey-Clarke-Groves theory provides important insights into what
gchanism design can achieve. In the class of environments with quasi-
\ear preferences, the VCG mechanisms provide every participant with
llominant strategy, which is to reveal his type truthfully. When bidders
b report honestly, the decision selected is the total-value-maximizing
1. Moreover, the VCG mechanisms are the only mechanisms that ex-
bit these two properties without restrictions on the possible set of
ues.

Offsetting these advantages of the VCG mechanisms are certain prob-
s, Using the VCG mechanism to decide how much of a public good
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to produce may prevent balancing the budget. Budget balance presents
no obstacle to using the VCG mechanism to conduct an auction, how-
ever, for the auctioneer is quite happy to pocket any surplus that the
mechanism generates.

Besides the budget balance problem, the Vickrey auction suffers a
variety of other drawbacks. Some of these are practical, associated with
the complexity of the auction, its inability to accommodate budget con-
straints, and the information it demands from the bidders. Another set
of drawbacks are the monotonicity problems, which include the possibil-
ity that increased competition can lead to reduced seller revenues, that
revenues can be very low or zero even when competition is substantial,
that losing bidders may have profitable ways to collude, and that a single
bidder can sometimes benefit by pretending to be several independent
bidders. The third set of drawbacks concern distortions in merger and
related investment decisions.

We return to the monotonicity problems in chapter 8, where we will
find that they are potentially present in a wide range of environments.
They are reliably absent only if all bidders regard all the goods being
sold as substitutes. In chapter 8, we will identify an alternative mecha-
nism that matches the advantages of the Vickrey design when goods are
substitutes but avoids some of the disadvantages. .

In the chapters between, the VCG mechanism plays a very different
role—as abenchmark for assessing the performance of alternative mech-
anisms.
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