
Foreword

The monograph you are about to read is a study on social phenomena. The study of
social phenomena has been approached by many disciplines, each one following a dif-
ferent methodology, analyzing the phenomena from a different perspective and, sadly,
usually ignoring the other disciplines that are also studying the same phenomena. In
this monograph however, you will find a bunch of disciplines working together to ana-
lyze two very relevant topics: the formation of conventions and the behavior of humans
in front of punishment. Using artificial intelligence as a hinge, Dr. Villatoro has been
able to seat in the same table (can be this a consequence of his passion for cooking?)
several disciplines to work together pursuing a common objective. So, if I had to use
a single word to define the work presented in this monograph, I have no doubt that I
would use the word “interdisciplinary”. The monograph you have in your hands is a
very nice example of what can be accomplished when ideas and tools coming from
different disciplines (namely artificial intelligence, experimental economics, game the-
ory and cognitive science) are combined. This is especially clear in the second part
of the monograph. Experimental Economics (using new technological tools provided
by artificial intelligence) provides the “know how” to analyze the behavior of humans
regarding two social phenomena: distributed punishment and the distinction between
sanction and punishment. Cognitive Science provides a model that is able to explain
the observed behavior in the Experimental Economics experiments. Finally artificial
intelligence, and specifically agent based simulation, provides the tools to implement
the cognitive model and put it into the mind of artificial entities that can participate in a
recreation of the experiments performed previously in the lab with humans. The results
of the simulation, that match those obtained in the lab with humans, serve to support
the cognitive model. An interesting aspect of the interdisciplinary work presented here
is that each discipline obtains an individual benefit of the join work, apart from con-
tributing to the common objective. Is not the case that a discipline has to renounce
to advance because it has to collaborate with other disciplines to achieve a common
goal. Experimental economics can give an explanation to an observed behavior thanks
to the cognitive model and the tools provided by artificial intelligence, cognitive sci-
ence can validate a model about social phenomena thanks to experimental economics
and agent based simulation, and finally artificial intelligence obtains a model that can
be implemented and used in artificial entities so they behave like humans in these spe-
cific aspects. The work presented in the first part about the formation of conventions,
subconventions and the mechanisms to dissolve them, is just the icing on the cake. This
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kind of join work among disciplines is not as common as it should be. I’m sure you
will find it very interesting and illustrative of what can be achieved by joining efforts
among disciplines.

Bellaterra, November 2012

Jordi Sabater-Mir
IIIA - CSIC
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Abstract

Social norms are one of the mechanisms for decentralized societies to achieve coordi-
nation amongst individuals. Such norms are conflict resolution strategies that develop
from the population interactions instead of a centralized entity dictating agent protocol.
One of the most important characteristics of social norms is that they are imposed by
the members of the society, and they are responsible for the fulfillment and defense
of these norms. By allowing agents to manage (impose, abide by and defend) social
norms, societies achieve a higher degree of freedom by lacking the necessity of author-
ities supervising all the interactions amongst agents.

In this thesis we approach social norms as a malleable concept, understanding norms
as dynamic and dependent on environmental situations and agents’ goals. By integrat-
ing agents with the necessary mechanisms to handle this concept of norm, we have
obtained an agent architecture able to self-police its behavior according to the social
and environmental circumstances in which is located.

First of all, we have grounded the difference between conventions and essential
norms from a game-theoretical perspective. This difference is essential as they favor
coordination in games with different characteristics.

With respect to conventions, we have analyzed the search space of the emergence
of conventions when approached with social learning. The exploration took us to dis-
cover the existence of Self-Reinforcing Structures that delay the emergence of global
conventions. In order to dissolve and accelerate the emergence of conventions, we have
designed socially inspired mechanisms (rewiring and observation) available to agents
to use them by accessing local information. The usage of these social instruments rep-
resent a robust solution to the problem of convention emergence, specially in complex
networks (like the scale-free).

On the other hand, for essential norms, we have focused on the “Emergence of
Cooperation” problem, as it contains the characteristics of any essential norm scenario.
In these type of games, there is a conflict between the self-interest of the individual and
the group’s interest, fixing the social norm a cooperative strategy. In this thesis we study
different decentralized mechanisms by which cooperation emerges and it is maintained.

An initial set of experiments on Distributed Punishment lead us to discover that
certain types of punishment have a stronger effect on the decision making than a pure
benefit-costs calculation. Based on this result, we hypothesize that punishment (utility
detriment) has a lower effect on the cooperation rates of the population with respect to
sanction (utility detriment and normative elicitation). This hypothesis has been inte-
grated into the developed agent architecture (EMIL-I-A). We validate the hypothesis by
performing experiments with human subjects, and observing that behaves accordingly
to human subjects in similar scenarios (that represent the emergence of cooperation).
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xvi

We have exploited this architecture proving its efficiency in different in-silico scenar-
ios, varying a number of important parameters which are unfeasible to reproduce in
laboratory experiments with human subjects (because of economic and time resources).

Finally, we have implemented an Internalization module, which allows agents to
reduce their computation costs by linking compliance with their own goals. Inter-
nalization is the process by which an agent abides by the norms without taking into
consideration the punishments/sanctions associated to defection. We have shown with
agent based simulation how the Internalization has been implemented into the EMIL-
I-A architecture, obtaining an efficient performance of our agents without sacrificing
adaptation skills.
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Chapter 1

Introduction

1.1 Motivation
Social norms have been claimed to be one of the research topics in multi-agent systems
to be investigated [Luck et al., 2005]. Social norms are part of our everyday life, and
they have been of interest in several areas of research [Elster, 1989]. Social norms
help people self-organizing in many situations, specially in open-environments where
having an authority representative is not feasible. On the contrary to institutional rules,
the responsibility to enforce social norms is not the task of a central authority but a
task of each member of the society. From the book of Bicchieri [Bicchieri, 2006], the
following definition of social norms is extracted:

“The social norms I am talking about are not the formal, prescriptive or
proscriptive rules designed, imposed, and enforced by an exogeneous au-
thority through the administration of selective incentives. I rather discuss
informal norms that emerge through the decentralized interaction of agents
within a collective and are not imposed or designed by an authority”.

Although this definition does not pretend to be a formal definition, it gives us the no-
tion that social norms are used in human societies as a mechanism to improve the be-
havior of the individuals in those societies without relying on a centralized and om-
nipresent authority. In recent years, the use of these kinds of norms has been con-
sidered also as a mechanism to regulate virtual societies and specifically societies
formed by artificial agents ([Saam and Harrer, 1999, Shoham and Tennenholtz, 1992,
Grizard et al., 2006]), and in some cases, mixed populations (agents and humans).

The study of social norms within multi-agent systems has been framed inside
the Computational Social Science community, which is “in charge of collecting
and analyzing data at scale that may reveal patterns of individual and group be-
haviours” [Lazer et al., 2009]. The combination of both techniques (computer sci-
ence and social science) makes special sense when we deal with multi-agent sys-
tems, as agents are social entities. The exploitation of the knowledge provided by the
social sciences is becoming more useful with the integration of humans and agents
(E.g. [Brito et al., 2009]).

1
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2 Chapter 1. Introduction

Latterly, and due to the interest of the multi-agent community on social norms,
the NorMAS movement has been founded [Nor, 2008]. This movement gathers an
interdisciplinary community (mainly formed by computer scientists, social scientists,
psychologists, and economists) around the topic of the norms in multi-agent systems.
From one of the workshops organized by this community, the following definition of
normative multi-agent system was agreed by consensus:

“A normative multi-agent system is a multi-agent system organized by
means of mechanisms to represent, communicate, distribute, detect, create,
modify, and enforce norms, and mechanisms to deliberate about norms and
detect norm violation and fulfillment” [Boella et al., 2008].

The online emergence of social norms (how they are created at first time) in a decen-
tralized way is one of the problems in the community that needs to be solved and some
authors are trying to approach. As we are focusing on decentralized open virtual soci-
eties, different norms might emerge on different areas of the social topology. However,
social norms are by definition ([Coleman, 1998]) more socially efficient when the whole
population abides by them. We are interested in studying the spreading and acceptance
of social norms, what Axelrod [Axelrod, 1986] calls norm support. Our understanding
of norm support deals with the problem of which norm is established as the dominant
when more than one norm exists for the same situation, or in those situations where
the agents’ self-interest is against the interest of the society, and therefore violating the
norms is the strategy that provides the highest payoff.
There are basically two well-known approaches to study this emergence: the game-
theoretical and the cognitive. The former studies the process by which agents calculate
the cost-benefit ratio of the possible actions taking into consideration the existence of a
norm [Villatoro et al., 2010] and the strategic behavior of the other agents involved in
the interactions. On the other hand, the latter studies the emergence from the point of
view of the beliefs, desire and intentions of the agents and their relation to normative
beliefs [Andrighetto et al., 2010b].

After reviewing the literature on both research approaches, we agree with
Young [Young, 2008] that there are three mechanisms by which norms emerge, that
generalize all the factors previously treated in the literature:

• Pure Coordination: These are “social” phenomena, because they are held in place
by shared expectations about the appropriate solution to a given coordination
problem, but there is no need for social enforcement.

• Threat of social disapproval or punishment for norm violations.

• Internalization of norms of proper conduct.

The first mechanisms have been widely studied under the topic of conven-
tion emergence [Shoham and Tennenholtz, 1997a, Kittock, 1993, Delgado et al., 2003,
Mukherjee et al., 2007, Sen and Airiau, 2007, Walker and Wooldridge, 1995] (e.g. the
typical example of these kind of mechanisms are which side of the road should cars
drive: both agents are benefited from following the coordination norm, otherwise, their
utility is drastically reduced).
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1.2. Contribution 3

However, we have observed a general practice in that area of research which con-
sists in establishing the system as converged when 90% of the population shares the
same convention. Because of the definition of convention (a norm that establishes a
focal point amongst the possibles to promote coordination when shared by all partici-
pants), we cannot consider 90% as an acceptable convergence rate and we perform an
exhaustive study on that area. We focus on aspects like the strategy update rule used by
agents or the topology that fixes their interactions to study full convergence (100%) in
the system. We will observe how certain strategy update rules and topologies promote
the existence of subconventions, that delay the emergence of a global convention. We
propose socially-inspired methods to dissolve subconventions and allow the society to
reach the desired full-convergence.

On the other hand, the second and third points are tightly related amongst
them. Sanctions serving as a mechanism for norm emergence has been widely
studied by social scientist [Coleman, 1998], psychologists [Bandura, 1976] and
economists [Fehr and Gachter, 2002]. In this thesis we will study how different punish-
ment technologies can reinforce the process of norm emergence, allowing the system
to self-policy. We initially envisioned to donate agents with the necessary mechanisms
to achieve Multilateral Costly Punishment [Posner and Rasmusen, 1999]. In order to
be realistic with the parameter setting for the Multilateral Costly Punishment, we per-
formed experimental economics experiments that proved us the existence of a stronger
force behind the punishment: the normative message affecting a normative decision
making. With the light thrown in those experiments, we decided to develop a cognitive
agent architecture that not only performs a benefit-cost calculation with respect to the
existence of norms, but it also considers the fact of the norm’s existence as determi-
nant in the decision making. In this part we will also prove the determinant difference
between punishment and sanction, which is an important element for our developed
architecture, and a state-of-the-art discovery in the behavioural economics literature.
As we said previously, the third point affirmed by Young for norms to emerge (Inter-
nalization) is in a direct relationship with our research on punishment technologies. In
our work [Andrighetto et al., 2007, Conte, 2009, Andrighetto et al., 2010b], we intend
Internalization as the process where an agent becomes compliant with norms not be-
cause the fear of potential punishment (and utility detriment) but just because the mere
existence of norms and the willing to abide by them. We will observe how this process
ensures a more robust society against norm-violations, without sacrificing adaptation
skills.

1.2 Contribution
This thesis contributes to the field of self-organized and normative multi-agent systems
in three lines:

First - Exhaustive Exploration of the Dimensions in the Convention Emergence
Problem

We present an experimental framework to analyze the dynamics in the process of
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4 Chapter 1. Introduction

convention emergence, observing the effects of the different parameters configuring
the model. Specially, we focus on the problem of the emergence and dissolution of
subconventions. We have detected how these subconventions emerge mainly for two
reasons: the strategy update rule promoting concordance with previous history (and
culture maintenance) and topological conditions promoting endogamy. The conducted
research took us to discover the existence of Self-Reinforcing Structures, mainly in
Scale-Free Networks, producing subconventions to remain metastable. We propose
socially-inspired mechanisms that dissolve these Self-Reinforcing Structures, allowing
the society to achieve full convergence.

Second - Experimental Platform for Regulated Hybrid Experiments

In order to obtain experimental results about certain punishment technologies, a
platform allowing to test the behavior of humans under certain conditions (achieved by
the partners interactions) was necessary. Another requirement for the platform was a
restricted behavioural set of available actions to agents and a pre-established interac-
tion protocol. Because of the previous reasons, the paradigm of Electronic Institutions
seemed the most adequate.

We have developed a friendly user web-interface for human subjects to interact
with other subjects inside an Electronic Institution. With the usage of this platform we
allow humans to interact from remote locations through a simple web interface. On the
other hand, the electronic institution paradigm allows us, as experiment designers, to
implement agents that perform in an specific way, locating human subjects in specific
interesting experimental conditions.

This platform has been essential to perform behavioral economics experiments,
introducing agents into them, and allowing subjects to participate remotely, advancing
the state-of-the-art platforms (like Z-tree [Fischbacher, 2006]).

Third - EMIL-I-A Architecture for Self-Regulating Societies

We have developed a BDI agent architecture which distinguishes at a cognitive level
the difference between punishment and sanction. Experimental results with human
subjects confirmed the difference between punishment (utility detriment) and sanction
(utility detriment plus norm elicitation) in the decision making of human subjects. This
difference is incorporated precisely in our agent architecture (EMIL-I-A), producing
effects on the decision making of the agents at several levels. Moreover, we test the
performance of our EMIL-I-As in the same experimental conditions than with humans.
These experiments show that EMIL-I-As produce the same dynamics than those showed
by humans, obtaining an state-of-the-art agent architecture with punishment capabilities
able to interact (accordingly) with humans.

Finally, we implement an Internalization mechanism that allows norm compliance
to happen without the external enforcement of punishment, proving the adaptive capa-
bilities of EMIL-I-A while saving in cognitive load.
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1.3 Overview and Structure of the Thesis

This thesis is structured in nine chapters:
Chapter 2: We present a game-theoretical difference between conventions and essen-
tial norms. This difference is basic to structure the rest of the thesis. Then we make
an analysis of the state of the art in the MAS literature in both fields. With respect to
conventions, we review the different works performed on the emergence of conventions
and how they treated different aspects of such process. On the other hand, we review
the different works and mechanisms analyzed for the emergence of cooperation. We
focus on those that are applicable for self-organizing societies, paying special attention
at MAS with punishment technologies incorporated.
Chapter 3: In this chapter we present the general framework for the convention emer-
gence problem. This framework allows us to study the different dimensions affecting
the convention emergence, focusing in the achievement of full convergence. A detailed
analysis of the search space of parameters allows us to discover that full convergence
was not previously achieved because of certain strategy update rules and certain topo-
logical configurations promoting subconventions.
Chapter 4: In order to dissolve the identified subconventions, we propose socially-
inspired techniques that also accelerate the process of convention emergence. With the
usage of these instruments we discover the existence of Self-Reinforcing Structures,
and propose a combined social instrument for dissolving the subconventions created in
those areas of the topology.
Chapter 5: In this chapter we propose distributed punishment as a punishment tech-
nology that can produce norm emergence in situations represented by common good
games. Experimental results with human subjects give us the intuition that other types
of punishment may exist and affect differently to the decision making of the agents.
Chapter 6: We present the EMIL-I-A architecture, conceived to interpret the difference
between punishment and sanction at a cognitive level. This architecture is constructed
assuming the existence of normative beliefs and goals, which are orchestrated with the
norm salience, representing the degree of activation in the social environment of the
different recognized norms.
Chapter 7: In this chapter we prove the correctness of the EMIL-I-A architecture by
simulating the same experiments where human subjects participated, obtaining similar
results. Moreover, we exploit our agent architecture in different experimental condi-
tions, understanding the dynamics of our agents when interacting in different environ-
mental situations. Finally we introduce a Dynamic Adaptation Heuristic of the cost of
punishment in order to achieve a more efficient sanction, profiting from its cognitive
load, and maintaining high cooperation rates.
Chapter 8: This chapter discusses a cognitive mechanism that allows agents to internal-
ize norms, and therefore, comply with them without external enforcement. By means
of simulation in a P2P inspired scenario, we will observe how internalization allows
agents to efficiently respond to their peer needs, adapting to environmental conditions
and dynamically changing the normative scheme.
Chapter 9: We conclude our research of normative self-organized systems and sketch
future lines of research to exploit the work presented in this thesis.
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