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1. Privacy

• VCG requires agents to fully reveal their private information
• This private information may have value to agents that extends

beyond the current interaction
• for example, the agents may know that they will compete with

each other again in the future

• It is often preferable to elicit only as much information from
agents as is required to determine the social welfare maximizing
choice and compute the VCG payments.
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2. Susceptibility to Collusion
.
Example
..

.

Agent U (build road) U (do not build road) Payment
1 200 0 150
2 100 0 50
3 0 250 0

• What happens if agents 1 and 2 both increase their declared
valuations by $50?

• The choice is unchanged, but both of their payments are
reduced.

• Thus, while no agent can gain by changing his declaration,
groups can.
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3. VCG is not Frugal

212 8 Protocols for Strategic Agents: Mechanism Design

First, note that because the Clarke tax does not depend on an agenti’s own declara-
tion v̂i, our previous arguments that Groves mechanisms are dominant strategy truthful
and efficient transfer immediately to the VCG mechanism. Now, we’ll try to provide
some intuition about the VCG payment rule. Assume that all agents follow their dom-
inant strategies and declare their valuations truthfully. The second sum in the VCG
payment rule pays each agenti the sum of every other agentj 6= i’s utility for the
mechanism’s choice. The first sum charges each agenti the sum of every other agent’s
utility for the choice thatwould have been madehadi not participated in the mecha-
nism. Thus, each agent is made to pay hissocial cost—the aggregate impact that his
participation has on other agents’ utilities.

What can we say about the amounts of different agents’ payments to the mechanism?
If some agenti does not change the mechanism’s choice by his participation—that is,
if x (v) = x (v−i)—then the two sums in the VCG payment function will cancel out.
The social cost ofi’s participation is zero, and so he has to pay nothing. In order for
an agenti to be made to pay a nonzero amount, he must bepivotal in the sense that
the mechanism’s choicex (v) is different from its choice withouti, x (v−i). This is
why VCG is sometimes called the pivot mechanism—only pivotal agents are made to
pay. Of course, it’s possible that some agents willimproveother agents’ utility by
participating; such agents will be made to pay a negative amount, or in other words
will be paid by the mechanism.

Let’s see an example of how the VCG mechanism works. Recall that Section 8.1.2
discussed the problem of selfish routing in a transportation network. We’ll now recon-
sider that example, and determine what route and what payments the VCG mechanism
would select. For convenience, we reproduce Figure 8.1 as Figure 8.4, and label the
nodes so that we have names to refer to the agents (the edges).
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Figure 8.4 Transportation network with selfish agents.

c©Shoham and Leyton-Brown, 2006• VCG can end up paying arbitrarily more than an agent is willing
to accept (or equivalently charging arbitrarily less than an agent
is willing to pay)

• Consider the effect of AC ’s cost on the payment to AB.

• If the cost of this edge increased to 8, our payment to AB would
increase to pAB = (−12)− (−2) = −10.

• If the cost were any x ≥ 2, we would select the path ABEF and
would have to make a payment to AB of
pAB = (−4− x)− (−2) = −(x+ 2).

• The gap between agents’ true costs and the payments that they
could receive under VCG is unbounded.
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3. VCG is not Frugal
Are VCG’s payments at least close to the cost of the second
shortest disjoint path?286 10 Protocols for Strategic Agents: Mechanism Design
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Figure 10.5: A transportation network example for which VCG’s payments are not
even close to the cost of the second disjoint path.

4. Dropping bidders can increase revenue

Now we will considerrevenue monotonicity: the property that a mechanism’s revenuerevenue
monotonicity always weakly increases as agents are added to the mechanism. Although it may seem

intuitive that having more agents should never mean less revenue, in fact VCG does
not satisfy this property. To see why, let us return to the road-building example.

Agent U(build road) U(do not build road) Payment

1 0 90 0
2 100 0 90

Table 10.3: Valuations for agents in the road-building referendum example.

Agent U(build road) U(do not build road) Payment

1 0 90 0
2 100 0 0
3 100 0 0

Table 10.4: Adding agent 3 causes VCG to select the same choice but to collect zero
revenue.

Consider the new valuations given in Table 10.3. Observe that the social-welfare-
maximizing choice is to build the road. Agent 2 is pivotal and so would be made to
pay 90, his social cost. Now see what happens when we add a third agent, as shown
in Table 10.4. Again, VCG would decide that the road should be built. However,
since in this second case the choice does not change wheneither winning agent is
dropped, neither of them is made to pay anything, and so the mechanism collects zero
revenue. Observe that the road-building referendum problem satisfies the “no single-
agent effect” property; thus revenue monotonicity can fail even when the mechanism
is guaranteed to be weakly budget balanced.

The fact that VCG is not revenue monotonic can also be understood as a strategic
opportunity for agent 2, in the setting where agent 3 does not exist. Specifically, agent

c© Shoham and Leyton-Brown, 2008

• The top path has a total cost of c.
• VCG picks it, pays each of the k agents c(1 + ε)− (k − 1) c

k
.

• Hence VCG’s total payment is c(1 + kε).
• For fixed ε, VCG’s payment is Θ(k) times (i.e., only a constant

away from k times) the cost of the second shortest disjoint path.

Game Theory Course: Jackson, Leyton-Brown & Shoham Limitations of VCG.
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4. Revenue Monotonicity Violated
Revenue monotonicity: revenue always weakly increases as agents
are added.
.
Example
..

.

Agent U (build road) U (do not build road) Payment
1 0 90 0
2 100 0 90

• Adding agent 3 causes VCG to make the same choice but to
collect zero revenue!

• Agent 2 could pretend to be two agents and eliminate his
payment.

Game Theory Course: Jackson, Leyton-Brown & Shoham Limitations of VCG.
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5. Cannot Return All Revenue to Agents
• We may want to use VCG to induce agents to report their

valuations honestly, but may not want to make a profit by
collecting money from the agents.

• Thus, we might want to find some way of returning the
mechanism’s profits back the agents.

• However, the possibility of receiving a rebate after the
mechanism has been run changes the agents’ incentives.

• In fact, even if profits are given to a charity that the agents care
about, or spent in a way that benefits the local economy and
hence benefits the agents, the VCG mechanism is undermined.

• It is possible to return at least some of the revenues to the
agents, but it must be done very carefully, and in general not all
the money can be returned.

Game Theory Course: Jackson, Leyton-Brown & Shoham Limitations of VCG.


