Strategy-proof implementation and second-best
efficient mechanisms: beyond Groves mechanisms.
Research project proposal for academic year 17-18
Timos Athanasiou
eathanasiou@nes.ru
http://www.nes.ru/en/people/catalog/a/efthymios-athanasiou
April 26, 2017

1

The problem in broad strokes

The Friday morning flight from Rome to Paris has been overbooked. Three individuals
lay claim to the last two available seats. Two of them will be later boarding an overseas
flight operated by a different airline. The other needs to attend to a pressing business
engagement later in the day. They have all made their case to the representative of the
airline and they are awaiting her decision. To whom should the last seats be assigned?
The individuals living in an old building in Paris have decided to install an elevator.
Each individual agrees this is a necessary improvement and once the elevator will be installed everyone will be able to use it. However they all attach a different value to this
public project and they have all reported their willingness to contribute to the estate manager. How much each of them should be asked?
The head of the department of economics of some university needs to allocate some
courses to the new members of the department. They are all asked to rank they available
courses as a function of their teaching interests. Who should teach what course?
These examples capture the core features of the problems associated with this research
project. A benevolent planner wishes to:
• assign m indivisible private goods to n claimants. Each individual attaches a different
value to any of the available goods.
• provide a public good whose cost should be covered by the community. Each individual attaches a different value to the public good.
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• assign a task to certain members of a community. Performing a task entails a different
cost for any of the members of the community.
Our travelers to Paris have incentives to misreport their valuation of the good. The
representative of the airline may legitimately wonder whether, for instance, all the individuals are telling the truth about the predicament they will be in if they miss their flight.
Similarly the people who need to contribute to the installation of the elevator may lie about
the value they attach to the project because they will be eventually asked to contribute less
but they would still be able to use the elevator. This also applies to the department members who may strategically provide a false ranking to the head of the department in order
to avoid a certain course.
In any of these cases, a mechanism that solves the problem needs to overcome this
difficulty. A strategy-proof mechanism induces, for each individual, if asked, a dominant
strategy to tell the truth.
Strategy-proofness constitutes a particularly robust form of implementation. Indeed,
one can reasonably expect that a rational agent who has a dominant strategy will actually
play it regardless of what the other agents are claiming. Unlike the equilibrium strategies
in Nash related equilibrium concepts, for each agent, telling the truth is the optimal strategy without any presumption on how the other claimants are acting. Moreover, strategyproof implementation is prior-free. It does not require knowledge of the distribution of
individual valuations. Essentially, strategy-proof implementation is robust even if some
of the participants have wrong beliefs about the distribution of other people’s evaluations.
In a similar fashion, the designer does not need have any belief about the participants’
evaluations for the mechanism to work.
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The problem in the literature

The three assignment problems mentioned above have received considerable attention in
the literature. In general, most of the existing work on strategy-proof implementation focuses on assignment-optimal mechanisms. Roughly speaking, assuming transferable utility, assignment-optimality means that the assignment should maximize the sum of individual valuations (for example, for the first problem I have mentioned before, assignmentoptimality simply means that the seats never remain unallocated and always go to the
agents with highest evaluation).
The solution that has received most attention is represented by the family of VickreyClarke-Groves (VCG) mechanisms (see Vickrey [?]; Clarke [?] ; Groves [?]). Such family of
mechanisms is characterized by strategy-proofness and assignment optimality (see Holmstrom [?]). In general, VCG mechanisms fail to balance the budget (see Green and Laffont
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[?]). As a consequence, complying with strategy-proofness and assignment optimality entails a welfare loss. The waste takes the form of a budget deficit.
Intuitively, relaxing the constraint of assignment optimality helps to reduce the amount
of money wasted (for example, leaving the seats on flight from Rome to Paris unallocated
and performing no transfers is a strategy-proof and feasible mechanism that wastes no
money). Of course, dropping assignment optimality may also entails a welfare loss.
In the presence of informational constraints, a loss of welfare can manifest in two different ways: either in the form of a deficit, as it happens with the VCG mechanisms, or
directly in the form of a suboptimal assignment. A key question is wether looking beyond VCG mechanisms, one might find mechanisms that do not commit to assignment
optimality but are welfare superior to them.
Very few papers have tried to tackle this question so far. For example de Clippel et al.,
[?], in a model where m identical goods have to be assigned to n agents, show that the welfare superior mechanism among those satisfying strategy-proofness and other desirable
properties involves destroying the good. The conclusion is that abandoning assignment
optimality may determine a welfare improvement. In a simpler framework (one indivisible good to be assigned to n agents), Moulin [?] considers the set of mechanism satisfying feasibility, strategy-proof and other desirable properties. He studies the problem of
minimizing the worst relative surplus loss within this set of mechanisms. He allows for
non-VCG mechanisms but the solution he describes is a VCG mechanism.
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The key question

A common feature of the papers just mentioned is that they base their conclusions on a
specific metric that captures the welfare loss. Mechanisms are compared with each other
on the basis of the sum of utilities the allocations they prescribe produce.
Consider an alternative approach. A mechanism Pareto dominates another mechanism
when all individuals agree that the outcome under the first is better than the outcome
under the second. A mechanism is second-best efficient if it is anonymous, feasible and
strategy-proof and there does not exist another anonymous, feasible and strategy-proof
mechanism that Pareto dominates it. So, the main question this project intend to pursue,
for different economic domains, is:
What is the set of second-best efficient mechanisms?
There are two immediate advantages that this approach brings about. First, if a mechanism is Pareto dominated then it is certainly not a good solution. Second, knowing the
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shape of the Pareto frontier provides a truly solid foundation to the exercise of choosing a
f air allocation.
Quite surprisingly, when it comes to strategy-proof implementation, very little is known
about the shape of the Pareto frontier. Certain prominent examples of VCG mechanisms,
like the Vickrey Mechanism, have been widely studied and used in real life applications
(i.e., auctions) in spite of the fact that it was not clear wether there exists another mechanism, not necessarily belonging to the family of VCG mechanisms, that Pareto dominates
it. The few papers that try to perform a welfare comparison of strategy-proof mechanisms
still focus only on VCG mechanisms. For example Ohseto [?] and Guo and Conitzer [?]
identify Pareto undominated Groves mechanisms. Their approach involves assignment
optimal mechanisms. The former paper describes the Pareto frontier of the class of envyfree Groves mechanisms. The latter one offers, in a fairly general setting, a set of necessary
and sufficient conditions for Pareto-optimality within the class of Groves mechanisms.
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Examples of particular projects

1 - Private Goods
A number m private goods need to be allocated among n agents, with m < n. In Athanasiou, Dey and Valletta [?] we study Groves mechanisms in a context of private goods that
accounts for the effect of an externality. In economies comprising two agents, we single out
the only feasible and anonymous Groves mechanism that is not Pareto dominated by another strategy-proof, feasible and anonymous mechanism. However, the two contributions
on which I intend to build more directly are and Sprumont [?].
Sprumont [?], in a framework with one indivisible good and n agents proposes a parametrized
family of mechanisms, the maxmed family of mechanisms, including the canonical Vickrey
mechanism. The members of such family are the only ones satisfying strategy-proofness,
anonymity, no-envy1 and voluntary participation that are not Pareto dominated by another
strategy-proof, anonymous and envy-free mechanism.
Athanasiou [?] identifies three conditions that are necessary and, together with voluntary participation, sufficient for a mechanism to be second-best efficient. For domains
comprising two individuals the paper provides an explicit characterization of the family
of second-best efficient mechanisms. Interestingly, this family coincides, for n = 2, with
the maxmed family. The problem with Athanasiou’s characterization is that it relies on
three abstract conditions which cannot be easily related with a particular class of mechanisms. On the other hand, the maxmed mechanisms are not second-best efficient (i.e.,
1 No-envy is a fairness requirement largely studied in the literature: at an envy-free allocation no agents
prefers the bundle assigned to some other agent to the bundle she has been assigned.
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they are generally not Pareto-optimal within the larger class of feasible, strategy-proof
and anonymous mechanisms). For example, Cavallo [?], Bailey [?] and Porter, Shoham and
Tennenholtz [?] offer examples of mechanisms that Pareto dominate the Vickrey mechanism when n ≥ 3.
One objective that may be pursued is the characterization of the class of second-best
mechanisms when only one object has to be allocated. In doing so one may build on
the methodology used both by Athanasiou [?] and Sprumont [?]. Both papers rely on a
result that can be found in Nisan [?]. He shows that all strategy-proof mechanisms for this
problem have a precise structure.
A more ambitious objective, is to try to obtain the same characterization for the more
general model comprising m identical goods and n individuals, the so called rationing
problem (Moulin [?]).

2 - Public Goods
The simplest pure public good provision model one can think of takes the following form.
There is a set of n agents. There is single indivisible public good project about which a yes
or no implementation decision has to be made. If the public good is built everyone can
use it and agents have a different valuation of the project. Pecuniary transfers are possible.
In such a simple framework, one of the most studied solutions is the Pivotal Mechanism
proposed by Clarke [?]. This mechanism is a particular Groves mechanism, so it is strategyproof and assignment optimal (the project is realized only if the sum of the willingness to
pay of the N agents is greater than its cost). Moreover it is feasible, the sum of the transfers covers for the cost of the project, actually the sum of transfers is typically greater than
the cost so the mechanism generates a waste. In an early contribution Moulin [?] studies
the welfare properties of the Pivotal Mechanism within the class of Groves mechanisms.
It turns out that, if there are only two agents, then the Pivotal Mechanism Pareto dominates any other Groves Mechanism. This conclusion however does not carry over to three
agents and more. In a more recent contribution, Guo and Conitzer [?] show that, within
the class of pay-only Groves mechanisms (the class of Groves mechanisms that only allows
for negative tranfers), the pivotal mechanism is the only Pareto-undominated mechanism.
However, more in general, even if one just considers the class of Groves mechanisms it
is not clear at all what is the shape of the Pareto frontier. Needless to say this issue becomes even more obscure if one considers the whole class of strategy-proof, feasible and
anonymous mechanisms.
Some papers have shown that this problem becomes more manageable if one considers
public good provision models where it is possible to exclude agents from using the public
goods. A prominent example is the Serial Cost Sharing mechanism (Moulin and Shenker
5

[?]). A series of papers (Moulin [?]; Olszewski [?] and Maniquet and Sprumont [?] among
others) discuss the properties of such a mechanism. As far as this project is concerned it is
interesting to note that these papers insist on the fact that exclusion is not detrimental and,
under certain circumstances, necessary for identifying the class of second-best efficient
mechanisms.
A fundamental objective in this context is to characterizing the class of second-best
mechanisms when a single pure public good project has to be implemented.
A further, certainly more challenging, extension is to study the Pareto frontier in a
more realistic pure public good model where the project has a variable (discrete) size. In
this case it is particularly interesting to understand how the trade-off between feasibility
and assignment optimality affects the choice of the size of the project.

3 - Tasks
A finite set of indivisible tasks is to be allocated among a n agents. All tasks must be allocated. An agent can be assigned either no task, a single task, or more than one task.
Each task is assigned to only one agent. Performing one or more tasks entails a cost for
each agent. Each agent has a cost function which measures her capacity to perform such
tasks. Pecuniary transfers are allowed and are meant to compensate agents for the tasks
she needs to perform. Preferences are quasi-linear and, at a given allocation, the final
utility of each agent is equal to the cost associated with the task she has been assigned (a
negative number) plus the transfer she receives (or pays). This simple model can describe
many real life situations. One can simply think of the job-task assignment problem mentioned earlier or, even more interestingly, the problem of choosing the locations of noxious
facilities (prisons, hazardous materials facilities such as chemical process facilities, waste
disposal sites, nuclear facilities, etc.), also called the "not-in-my-backyard" (NIMBY) problem. Although all the members of the society have the same rights and responsibilities
over the public bads, only the hosting localities will experience the costs. Hence, localities
have an incentive to misrepresent their preferences to manipulate the allocation rule in
their favor.
Most of existing literature concerning this model has focused on the implementation of
the assignment optimal allocation. Assignment optimality here means that the tasks must
be assigned in such a way that the sum of the cost faced by agents is minimized. Some papers then focus either on implementing the efficient outcome in Nash equilibrium (like, for
example, Lurent-Lucchetti and Leroux [?]) while others focus on assignment optimal and
budget balanced mechanisms (like, for example, Sakay [?]). The former approach requires
all agents to know the cost function of the other agents present in the economy, which may
be too strong of an informational requirement for certain practical applications, while
6

the second approach might be too narrow since rules out strategy-proof implementation.
As far this kind of implementation is concerned, the existing papers never look beyond
assignment optimal mechanisms (like, for example, [?])moreover, in certain cases the emphasis is put mechanisms that are financed by the social planner i.e., they run a deficit
(like, for example, Porter, Shoham and Tennenholtz, [?]).
Again, the idea of identifying the shape of the Pareto frontier within the class of
strategy-proof, anonymous and feasible mechanism has been completely neglected. This
issue seems particularly sensible here since often the assignment optimal allocation cannot be implemented because of social or political reason (for example, a certain community
fiercely rejects to host a noxious facility even if that would be the most efficient thing to
do). In such cases, knowing the set of second-best mechanisms simply allows to choose
an alternative that is politically practicable and that determines a distribution of welfare
sufficiently close to the one that would been have obtained under the assignment optimal
allocation.
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