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1. RESEARCH PROJECT OBJECTIVES

When individual rational agents make choices, they follow their preferences over outcomes of these
choices. Their incentives are to make choices that lead to their most preferred outcomes. When such
choices are made in an environment consisting of many agents, collections of individual choices lead to
outcomes that affect all the agents. These outcomes may or may not be desirable, be it from the perspec-
tive of the welfare of all the agents or from the perspective of some external entity (as social planner) that
would like to ensure that, depending on the preferences of the agents, only outcomes from a particular
set are obtained. This requires creating incentives for the agents to make the right choices. When indi-
vidual preferences of the agents are not known to the social planner, she can follow a mechanism design
approach and create a mechanism consisting of sets of choices (messages) for each of the agents as well
as the outcome function that connects the individual choices to the outcomes. The goal is to create incen-
tives for the agents to make choices that will map their true preferences to the desired outcomes. Often
the agents are embedded in a social network and the shape of this network (its topology) affects how
choices of the agents result in different outcomes. This, in turn, affects agents incentives to make choices
that lead to more or less desirable outcomes. The right features of network topologies may result in better
outcomes. The main focus of the proposed project will be on some of the new frontiers of mechanism
design as well as on designing the topology of social networks in order to create incentives for the agents
to make choices that lead to more desirable outcomes.

Very recent papers by Kattwinkel (2020), Pereyra and Silva (2020), and Bloch et al. (2021) show,
in specific settings where monetary transfers are not available, that if the social planner has access to
information from unbiased outside source that is positively correlated with agents’ private information
then this can be used by the planner to his advantage. More precisely, in a principal-agent model, Kat-
twinkel (2020) shows that the principal can exploit the correlation in costs and values to design a direct
mechanism that induces truth-telling and allows the principal to decide on allocation of an indivisible
project, the cost of which he knows, to the agent that improves upon a constant mechanism that ignores
the information about the value of the project reported by the agent. Pereyra and Silva (2020), inspired
by the problem of assigning students to colleges, consider a setting where colleges receive an imperfect
signal correlated with the students’ abilities. They show that access to imperfect signals can improve
the allocation mechanism. In Bloch et al. (2021), we show how access to an informative signal from
less informed external referee can improve selection of a winner from a group of better informed agents
reporting on their own quality.

All these papers show that there exist settings of mechanism design without transfers, in which access
to an external, imperfect, signal can be used by the social planner to design better mechanisms. How
general are these results? What are the factors that affect the extent of this improvement? What are
the mechanisms that allow for the best use of the external information? Answers to these questions are
largely unknown. Motivated by them, we plan to study mechanism design without transfers and with
external source of information, aiming to generalize existing results and obtain a better understanding of
when and how this external information can be used best.

The research mentioned above is related to the older literature on allocation without transfers but with
costly verification Ben-Porath et al. (2014), Mylovanov and Zapechelnyuk (2017) and Li (2020), where
the social planner can verify types of agents ex post at some cost. Like in the case of access to an external
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signal ex ante, this allows for improving the quality of allocation. However, the results and methods are
different between those to strands of literature. A more comprehensive study of scenarios with access
to external information ex ante will help to understand their relation to scenarios with access to external
information ex post.

Another topic in mechanism design that gains interest recently are mechanisms in social networks.
In this setting agents are embedded in a social network and connections in the network allow them to
share some (or all) their private information with their neighbours. A simple example of such a private
information that is shared in social networks are the links in the networks. In Dziubiński et al. (2016) we
studied the problem of optimal protection (e.g. vaccination) allocation in a network which is unknown
to the social planner and where protection is scarce and is demanded by all the agents. Not allowing
for monetary transfers but allowing for waste, we proposed a dominant strategy incentive compatible
mechanism that allows for optimal protection allocation even though each agent knows his neighbours in
the network only and does not know the topology of the whole network. Baumann (2018) studies prize
allocation mechanisms without monetary transfers in a setting where agents are embedded in a social net-
work and know their own value as well as values of their neighbours. The social planner wants to allocate
a single prize to the most valuable agent. She proposes a mechanisms which, depending on the network
topologies, fully implement the planner’s objective. Most recently, Bloch and Olckers (2019) studied
a mechanism for extracting a ranking of agents based on a single individual characteristic. Agents are
embedded in a social network, which allows them to observe a local ranking, that is the ranking including
them and all their neighbours. Assuming that each agent cares only about its own rank in the global rank-
ing, Bloch and Olckers (2019) propose an ex post incentive compatible and ex post efficient mechanism
that allows the social planner to extract the global ranking in network topologies where every two agents
have a common neighbour. The also show that this feature of network topology is necessary for ex post
incentive compatibility and efficiency in their setting. In the following paper Bloch and Olckers (2020)
they provide an experimental evaluate of their mechanism. Lastly, in a related classic result, Saijo (1988)
shows that full Nash implementation is possible in a setting where agents are embedded in a directed
cycle where each agent observes her own and her successor’s preferences.

The papers described above exploit the fact that agents in a social network share some relevant in-
formation with their neighbours. They all show that, depending on the network topology, it is possible
to construct mechanisms that implement the desire objectives. However, in all the three cases there are
no externalities: the agents care about their own outcome only. We plan to investigate more settings of
implementation where agents are embedded in a social network. In particular, we would like to obtain a
better understanding the connection between network topologies and implementability of different social
choice functions or correspondences. We would also like to investigate the problem of mechanism design
in networks in settings where externalities are present.

Very little is known about automated design of mechanisms implementing given social choice rules.
Sjöström (1991) presented an algorithm for checking Nash implementability and designing implementing
mechanism for given social choice correspondences. Sang-Chul (1996) proposed an algorithm for strong
Nash implementation. This problem is closely related to the problem of obtaining small mechanisms im-
plementing given social choice correspondences or functions. In recent years, researchers in mechanism
design addressed the problem of simplicity of mechanisms (Li (2017), Pycia and Troyan (2021)) which
focuses on the simplicity of decision making of agents participating in the mechanism. A different aspect
of simplicity is related to mechanism size or the size of mechanism description. This problem is closely
related to automated design of mechanism. We plan to study the question of automated design of small
mechanism not only for the settings where finite mechanisms are possible but also for the settings where
it is known that infinite mechanisms are necessary (Palfrey and Srivastava (1991); Jackson (1992); Dutta
and Sen (1994)). In the infinite cases, it is possible that although a mechanism must be infinite it may
admit a finite representation (e.g. in the form of a regular expression). Is such a finite representation
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possible for the cases where it is known that infinite mechanisms are necessary? Is it possible to automat-
ically obtain such mechanisms with minimal or close to minimal such representation? These questions
we would like to address as well.

A different problem of creating incentives arises in scenarios where preferences of agents are known
but where agents, embedded in a social network, engage in local interactions that affect welfare of the
population globally. Such local, self-oriented interactions lead to global effects that affect the welfare of
all the agents in the network. This often lead to inefficiencies, as compared to the centralized variant,
where the choices are made by a social planner. The reasons for these inefficiencies may be many:
restricted interaction structure may lead to nodes failing to coordinate, payoffs of different nodes may
depend positively or negatively on the choices made by other nodes (network externalities), lastly, the
strategic choices of different nodes may depend positively or negatively on the choices of other nodes
(strategic complementarities). Can the right choice of this topology reduce this cost? How does it depend
on the type of local interactions?

In Cerdeiro et al. (2017) we addressed the problem of such inefficiencies in a setting where agents
decide on costly individual protection (e.g. taking a vaccine or taking security measures in a computer
network) that provides not only individual protection but also helps protecting others in the network. We
showed that the inefficiencies can be largely mitigated by choosing the right network topology.

We shall study the problem of interaction design. In particular, we would like to systematically exam-
ine how different types of dependencies between strategic choices of the players (strategic substitutes,
strategic complements) affect the effectiveness of the interaction design. The ultimate goal would be to
learn how effective can interaction design be depending on the properties of the local interactions that the
individuals engage into.

Our key objectives in the project are as follows:
(1) To study problems of mechanism design with external source of information in order to under-

stand to what extent and how can an external imperfect signal be used by the social planner to
design better mechanisms.

(2) To study problems of mechanism design in social networks in order to obtain a better understand-
ing the role of network topologies and network externalities in implementability of social choice
functions or correspondences under different concepts of implementation.

(3) To study automated mechanism design and small mechanism in order to propose algorithms that
construct mechanisms which are either small or have small representation.

(4) To study the problem of interaction design in order to understand how different types of network
effects affect the effectiveness of such a design.

2. SIGNIFICANCE OF THE PROJECT

Research on mechanism design and implementation is among the main fields of research in economics
for more than 60 years now, since the seminal work of Hurwicz (1959). The field of networks, although
much younger in economics, is well established and very active. We aim to contribute to the most recent
research efforts in both these fields by studying mechanism design with external sources of information
and mechanism design in networks. We also plan to study a largely unexplored area of automated mecha-
nism design. Lastly, in the fourth of our research objectives we plan to develop a novel idea of interaction
design which provides a new tool for creating incentives among connected agents.

Our approach is going to be multidisciplinary. We plan to combine methods of theoretical economics,
methods and tools from computer science, as well as rigorous methods of economic experiments. In par-
ticular, computational tools can help in designing mechanisms in complex setting such as the settings of
mechanism design with external sources of information or mechanism design in networks. For example,
we successfully used a computer program to help us obtaining the full characterization of optimal mech-
anisms in the problem of winner selection with external referees in Bloch et al. (2021). The problem
of automated mechanism design will also benefit from methods and concepts of theoretical computer
science.
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Experimental approach to test and evaluate mechanisms and other methods of creating incentives
among self-interested agents is still largely underdeveloped (with an exception of auctions, which are
widely used and studied, also experimentally). There are examples of the experimental approach in the
literature, like Sefton and Yavas (1996), Cabrales et al. (2003) and Chen (2005), but examples are still
scarce. An exception is the recent paper by Bloch and Olckers (2020) who employ experiments to test
their mechanism from Bloch and Olckers (2019). We plan to follow this approach and use experiments
to test the mechanism that we obtain through theoretical research. In particular, we plan to apply this
approach to testing small mechanisms obtained by the automated approach.

To summarize, we plan to contribute to the state of the art research in mechanism design and networks
and to develop and use methods and tools from computer science as well as to contribute to experimental
evaluation of mechanisms and interaction topologies. Because of important applications of mechanisms
and other methods for creating incentives (like winner selection, prize allocation, decentralized protec-
tion/vaccination), the significance of the objectives exceeds the mere theoretical interest.

3. WORK PLAN

We plan to start with objectives (1) and (2). In the case of objective (1), we plan to start by building
on our earlier work Bloch et al. (2021) and extend it to address the problem if winner selection in the
cases where qualities of the agents are multivalued, beyond binary high and low. We will also attempt
to study the extension where each agent observes own quality as well as the qualities of two or more
different agents and reports all of them. This extension connects objectives (1) and 2. In the later phase
of the project we hope to build our own results as well as on the results in the literature in order to attempt
general results concerning mechanism design with external information.

In the case of objective (2), we plan to start with a model, possibly extending our earlier work Dzi-
ubiński et al. (2016), that would address the problem of optimal prize allocation in networks where the
network topology is unknown or only partially known to the social planner. One such problem that we
plan to consider is the problem of rewards allocation in context of viral marketing, where the social plan-
ner aims to choose and rewards a subset of agents as seeds of new ideas or products. We also plan to
propose and study a model of prize allocation in networks where agents care not only about receiving the
prize themselves but also benefit from other agents (e.g. their neighbours) receiving the prize. In later
stages of the project we plan to propose and study similar such problems with hope of obtaining insights
that would lead to general results and characterizations.

When work on objectives (1) and (2) is sufficiently advanced, possibly at the end of the second year
of the project, we plan to start working on objectives (3) and (4). In the case of Objective (3), we plan
to start with studying automated design of mechanisms for Bayesian implementation as well as for Nash
implementation. This will allow us to build on existing work Dutta and Sen (1994) and Sjöström (1991).

In the case of objective (4), building on experience with our earlier paper Cerdeiro et al. (2017), we
plan for formulate the general problem of interaction design. We expect that this will lead to formulation
of theoretical results characterising the connection between different features of bilateral interactions
with features of outcomes that can be obtained by choosing the right interaction topology. Work on this
point will most likely require studying additional, practically motivated, concrete problems of interaction
design, different to the one studied in Cerdeiro et al. (2017). We plan work on such problems as well.

In parallel to theoretical work on objectives (1)–(4), research on experimental evaluation of mecha-
nisms and interaction topologies will be conducted. This research will be conducted by a member of the
team with experience in experimental economics. The research will start with designing experiments to
evaluate mechanisms in our earlier theoretical works Bloch et al. (2021) and Dziubiński et al. (2016).
With progress in work on theoretical part of the research objectives, we plan research on experimental
evaluation of the mechanisms obtained there.
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4. RESEARCH METHODOLOGY

The purpose of our project is deepening and extending knowledge and understanding of methods of
mechanism design and network design for creating incentives among rational agents. The main objectives
are designing mechanisms, network topologies, and algorithms for automated design of mechanisms as
well as developing methods of experimental evaluation of such mechanisms. Therefore the outcomes of
our research will be a combination of formal results and experiments.

For formal results, we shall use a variety of techniques from theoretical economics (mainly from
implementation theory, mechanism design and game theory), computer science (mainly algorithms and
theory of computation), and mathematics (linear algebra, optimization, and probability theory).

Given that it could be a hard taks, for an outside observer, to validate the effectiveness of mecha-
nisms on the basis of observations from, e.g., enterprises or any other real-life environments, to assess
the effectiveness of the mechanisms, we will conduct laboratory experiments. We expect that our lab-
oratory experiments will be individual choice tasks. We will follow a mixed-method approach. From
the statistical point of view, the experiments will supply us with grouped results. That is why we expect
that comparisons of distributions (e.g., Kolmogorow-Smirnov tests), relationships in medians (Wilcoxon
tests), correlations (Spearman, Kendall coefficients), linear regressions, discrete choice models or so-
cial network analysis will be sufficient to validate the effectiveness of the mechanisms. We suppose the
samples may violate assumptions for the parametric techniques, that is why we suggest usage of non-
parametric alternatives. However, it it hard to predict in advance the exact statistical models we will use;
we will refine them after examining the characteristics of data samples.

We plan to conduct our research in collaboration with research units abroad: University of Warwick,
Paris School of Economics, Indian Statistical Institute (Delhi Center), and New York University Abu
Dhabi.
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