The Groves Mechanism

A positive result

@ Recall that in the quasilinear utility setting, a mechanism can
be defined as a choice rule and a payment rule.
@ The Groves mechanism is a mechanism that satisfies:

o dominant strategy (truthfulness)
o efficiency

@ In general it's not:

e budget balanced
o individual-rational

...though we'll see later that there's some hope for recovering
these properties.
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Definition (Groves mechanism)

The Groves mechanism is a direct quasilinear mechanism (., p),
where
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@ The choice rule should not come as a surprise (why not?)
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x(0) = arg maxz 0;(x)

T

pi(0) = hy(0—) — > 9;(x(9))
J#i

@ The choice rule should not come as a surprise (why not?)
because the mechanism is both truthful and efficient: these
properties entail the given choice rule.
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@ The choice rule should not come as a surprise (why not?)
because the mechanism is both truthful and efficient: these
properties entail the given choice rule.

@ So what’s going on with the payment rule?

o the agent ¢ must pay some amount h;(9_;) that doesn't
depend on his own declared valuation

o the agent i is paid )., 9;(x(0)), the sum of the others’
valuations for the chosen outcome
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Groves Truthfulness

Truth telling is a dominant strategy under the Groves mechanism.

Consider a situation where every agent j other than i follows some arbitrary
strategy ;. Consider agent i's problem of choosing the best strategy v;. As a
shorthand, we will write & = (0—;, ¥;). The best strategy for i is one that solves

max (vi(x(9)) — p(9))
Substituting in the payment function from the Groves mechanism, we have
max | vi(x(0)) = hi(0-i) + > by(x ()
’ i
Since h;(?—;) does not depend on 9, it is sufficient to solve
max | vi(2(9)) + > 05 (x(®))
’ i#i
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Groves Truthfulness

max | v;(x(9)) + > b(x(9))

‘ g
The only way the declaration ¥; influences this maximization is through the
choice of x. If possible, i would like to pick a declaration ©; that will lead the
mechanism to pick an x € X which solves

max vi(x) + > i) | - (1)
J#L

Under the Groves mechanism,

?) = arg max 0i(x) | = argmax | 0;(z 0 (x

a(0) gl(ZZ()> gma l()‘*‘%]()

The Groves mechanism will choose z in a way that solves the maximization
problem in Equation (1) when ¢ declares 0; = v;. Because this argument does
not depend in any way on the declarations of the other agents, truth-telling is a

dominant strategy for agent .
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Proof intuition

@ externalities are internalized

e agents may be able to change the outcome to another one
that they prefer, by changing their declaration

e however, their utility doesn't just depend on the outcome—it
also depends on their payment

e since they get paid the (reported) utility of all the other agents
under the chosen allocation, they now have an interest in
maximizing everyone's utility rather than just their own

@ in general, DS truthful mechanisms have the property that an
agent's payment doesn't depend on the amount of his
declaration, but only on the other agents' declarations

e the agent's declaration is used only to choose the outcome,
and to set other agents' payments
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Groves Uniqueness

Theorem (Green—Laffont)

An efficient social choice function C' : RX™ — X x R™ can be
implemented in dominant strategies for agents with unrestricted
quasilinear utilities only if p;(v) = h(v—_;) — >_;; v;j(x(v)).

@ it turns out that the same result also holds for the broader
class of Bayes—Nash incentive-compatible efficient
mechanisms.
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