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Aims and Outline  

¢Ƙƛǎ ŘŜƭƛǾŜǊŀōƭŜ ǿŀǎ ŘŜǎŎǊƛōŜŘ ŀǎ Ŧƻƭƭƻǿǎ ƛƴ ǘƘŜ !ƴƴŜȄ ά5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ²ƻǊƪέΦ 

EMIL-T: 

WP5, is aimed at checking and formulating the theoretical advances obtained, comparing them with the 
criteria put forward in WP1, with the simulation results (WP4) and the application examples examined 
(WP2). 

After having constructed a theory of norm innovation at the social and cognitive levels, described an 
empirical example of norm innovation (WP1), the development of norms in the open-source movement 
(WP2) and applied a computational version of the theory to the empirical example by building and 
executing a simulation (WP3-4), EMIL-T shall evaluate the success of the theory in understanding the 
development of norm innovation in the open source movement by comparing the results of the 
simulation with the empirical data documented in the open-source scenario (D5.1, project month 36). 
The comparison will lead to a revision and improvement of the theory. 

The output of WP5 will be a documented restatement of theory, in the form of scientific papers and a 
monograph consisting of contributions from members of the project (M5.1, project month 33; D5.2, 
project month 36). The results will be presented in the main conferences and workshops of the field, in 
tight collaboration with the diffusion group (M5.2, project month 36). 

EMIL-T MAIN DELIVERABLES DESCRIPTION: 

D5.1: EMIL-T: a final theoretical model including revised sociocognitive model of norm innovation 
(project month 36). 

D5.2: Monograph: the reformulated theory will be documented as part of a monograph describing the 
results of the project (i.e. the theoretical approach, the theory in detail, the empirical example, the fit of 
the theory to the example, and the application of the theory to other empirical phenomena) (project 
month 36). 

This document is a summary of D5.1, the final model resulting from the EMIL project ς an ambitious 
sociocognitive model of norm innovation. This is arises from a dynamic and complex view of norms, it is 
based on and has shed new light on the ontology developed in EMIL-M, was specified in EMIL-A, has been 
implemented in the architecture EMIL-S; has been used to develop a suite of simulations of normative 
phenomena and will be available as a theory, architecture and tool for future work by academics. This is the 
first theory of norms that comprehensively relates ontology, theory, implementation, architecture ς 
integrating both cognitive and social aspects of norms as they co-evolve as a result of interacting, emergent 
and immergent processes. 
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Chapter 1  Introduction  

Rosaria Conte and Bruce Edmonds 

1.1 Questions 
What are norms? What are the differences and commonalities among social, moral, and legal norms? How 
do norms emerge and change? Why and how do people abide with or violate them? Should we 
differentiate norms from the most frequent or normal conduct, on one hand, and from coerced behaviour 
on the other? And if we should, which mechanisms or factors should we call into play? These are the 
questions the EMIL project was focussed upon. These are all questions addressed within the EMIL project. 

Social scientists often view norms as regular behaviours, possibly enforced by social expectations and 
sanctions, seeing no reason for a specific, norm-related form of cognition. On the other hand, philosophers 
ƻŦ ƭŀǿ ŀƴŘ ƭƻƎƛŎƛŀƴǎ ŎƻƴŎŜǇǘǳŀƭƛǎŜ ƴƻǊƳǎ ŀǎ ŜȄǇǊŜǎǎƛƻƴǎ ƻŦ ǘƘŜ ŀǳǘƘƻǊƛǘȅΩǎ ǿƛƭƭΦ ¢ƘŜ ŦƻǊƳŜǊ ǎŜŜ ƴƻǊƳǎ ŀǎ 
regular behaviours, the latter as issued obligations. 

The present manuscript presents a summary of the main scientific contribution of the EMIL project: a 
ŘȅƴŀƳƛŎΣ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ŀƴŘ ŎƻƎƴƛǘƛǾŜ ǘƘŜƻǊȅ ƻŦ ƴƻǊƳǎΣ ƭŀōŜƭƭŜŘ ά9aL[-¢έΦ 9aL[-T is mainly aimed at 
accounting for the emergence and innovation of social norms, but it also provides tentative answers to 
some questions enlisted above, especially (a) what might be common to different kinds of norms; (b) how 
to differentiate norm-based behaviour (any type of norms) from coerced behaviour, on one hand, and 
regular behaviour, on the other; (c) what are the principal mechanisms allowing intelligent autonomous 
agents to comply with norms. EMIL-T is characterized by a two-way approach to social dynamics, in which 
bottom-up (in particular, emergent) and top-down (in particular, immergent) processes are seen as strictly 
intertwined and accounted for.  

EMIL-T adopted a simulation-based methodology as both a theory-building and a theory-testing approach. 
A number of simulations studies reported on in the manuscript were initially carried out for exploratory 
purposes, but many of them were later replicated for validation. In accordance with a cross-methodological 
approach, an empirical study was conducted - and is reported upon - within a natural domain (actual 
Wikipedia), which was later reproduced in a simulation study of collaborative writing. 

Hence, the manuscript includes: 

i. a review of different approaches to the simulation of norm emergence (cfr. Chapter 6) 
ii. an inventory of the main concepts upon which the project has been built (cfr. Chapter 2) 
iii. reviewed versions of the previous deliverables, EMIL-M, EMIL-A, and EMIL-S, i.e. 

1. a report of the model of the 2-way dynamics of social processes, applicable to norm innovation 
(cfr. Chapter 3) 

2. a description of the normative agent architecture (cfr. Chapter 9) 
3. a description of the simulation platform for carrying out artificial experiments on the dynamics 

of social norms (cfr. Chapter 11) 
4. a description of the MEME platform allowing to conduct extensive analyses of the simulations 

(cfr. Chapter 12) 
5. an introduction to the scenarios chosen for simulation studies (cfr. Chapter 13) 
6. a set of reports on the results of empirical and simulation studies carried out in different 

scenarios, in particular, 
1. Hume Model, showing conditions under which positive social action can emerge 

without full-fledged norms coming into existence 
2. Micro-finance, illustrating the conditions under which a collective positive behaviour, 
ƴŀƳŜƭȅ ŎƻƳǇŜƴǎŀǘƛƴƎ ŦƻǊ ƳŜƳōŜǊǎΩ ŦŀƛƭǳǊŜǎΣ ŜƳŜǊƎŜǎ ƛƴ ƎǊƻǳǇǎ ƻŦ ƭƻŀƴŜǊǎ (cfr. Chapter 
16). 

3. Multi-Scenario World, investigating the conditions under which normative agents are 
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needed for full-fledged norms to emerge (cfr. Chapter 17). 
4. Wikipedia, simulating the emergence of full-fledged norms of neutral style in natural 

and simulated collaborative filtering (cfr. Chapter 15). 
5. Traffic, showing the emergence of complementary norms from car-drivers and 

pedestrians interacting in a simulated environment (cfr. Chapter 14). 
7. A set of replications of the simulation studies on different platforms and in different languages 

(MatLab, NetLogo, EMIL-S). 

 
Figure 1. An Illustration showing the relationship of the parts of EMIL-T framework 

1.2 Assumptions and Claims  
The main thesis underlying this manuscript is that observable conformity is only the tip of the normative 
iceberg. The crucial dynamics takes place beneath the line of observation, in the minds of the agents. We 
deem the process by which norms get converted into mental representations (normative beliefs and goals) 
and operations (decision, reasoning, etc.) as immergent, in analogy with the complementary process of 
norm emergence, by which norms spreading through the behaviours of agents become observable. 

The process of immergence allows us to answer some of the initial questions. Norm immergence is a 
process common to both social and legal norms, which means that norm-based behaviour needs to be kept 
distinct from imitation on the one hand, and acquiescence under menace on the other. The key difference 
is that agents abiding with norms, or violating them, act on a set of mental representations. 

EMIL-T proposes an integrated view of norms, in which the complex, bidirectional dynamics between 
immergence and emergence is tested on a simulation platform against a number of social scenarios.  

To be noted, not all of the scenarios we have simulated actually necessitate norm immergence, in the sense 
defined above. Indeed, not all virtuous, or prosocial behaviour, is based upon full-fledged norms. Other 
mechanisms may lead agents to perform in a positive or virtuous way. For example, larger and wealthier 
markets are shown (cf. Chapter 4) to emerge from among non-familiar agents endowed with 
heterogeneous competencies. Analogously, collective dependence among group members favours 
collective responsibility (cf. Chapter 3). Hence, a question arises: which observed social phenomena require 
norm immergence? 

In other simulated environments, we found at least a partial answer to the last question. It is possible to 
show (cf. Chapter 8) that under given conditions, for example in a multi-scenario world, behaviours will not 
converge unless agents are endowed with the capacity to form autonomous normative beliefs while 
observing oǘƘŜǊǎΩ ōŜƘŀǾƛƻǳǊǎΦ LƳƛǘŀǘƛƻƴ ǇŜǊ ǎŜ ƛǎ ƴƻǘ ǎǳŦŦƛŎƛŜƴǘΦ aƻǊŜ ǇǊŜŎƛǎŜƭȅΣ ƻǳǊ ǎƛƳǳƭŀǘƛƻƴǎ ǎƘƻǿ ǘƘŀǘ 
under given social conditions, namely in multiscenario worlds, norms operate in society while operating in 
the mind, neither after nor before. In those circumstances, the two components of norm dynamics ς 

EMIL-M and 
other theoretical 

foundations 

EMIL-A, the 
computational 
architecture 

EMIL-S (the 
simulation 

system) 

Scenario A 

Scenario B 

Scenario C 

MEME tools and 
methodology 

Underpins Supports 

Specifies the 
Structure of 

Facilitates 
and 

Structures 
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emergence and immergence ς need to be strictly intertwined, such that one cannot occur without the 
other. In multiscenario worlds, agents do something more than simply imitate one another; they put 
pressure on ƻƴŜ ŀƴƻǘƘŜǊ ǘƻ ŀŎǘ ŀŎŎƻǊŘƛƴƎƭȅΦ !ǎ aŀǊȅ 5ƻǳƎƭŀǎ όмффсύ ŜŦŦƛŎŀŎƛƻǳǎƭȅ Ǉǳǘ ƛǘΣ ǘƘŜȅ άǎǉǳŜŜȊŜ ƻƴŜ 
ŀƴƻǘƘŜǊ ƛƴǘƻ ǘƘŜ ǎŀƳŜ ǇǊŀŎǘƛŎŜǎέΦ ¢Ƙƛǎ ƛǎ ǇƻǎǎƛōƭŜ ōŜŎŀǳǎŜ ǎƻŎƛŀƭ ŀƎŜƴǘǎ ŀǊŜ ŀǎ ŀǳǘƻƴƻƳƻǳǎ ŀǎ ǎƻŎƛŀƭƭȅ 
responsive. They are autonomous in that they act on their own beliefs and goals. However, they are also 
responsive to their environment, and to the inputs they receive from it, especially to social inputs.  

What type of norms can we account for by this means? Any, indeed. We chose different scenarios for our 
simulations - Wikipedia (Chapter 15), street Traffic (Chapter 14), Micro Finance (Chapter 16). Thanks to the 
simulation platform ς EMIL-S ς built on top of our normative agent architecture ς EMIL-A, results obtained 
in each of these studies closely resemble phenomena observed in natural societies. In the simulated 
environments, regularities emerge as solutions to different social problems, such as useful and reliable 
collaborative writing, spatial coordination among pedestrians and car drivers, maintenance of financial 
circuits under critical condƛǘƛƻƴǎΦ Lƴ ŜŀŎƘ ƻŦ ǘƘŜ ǎƛƳǳƭŀǘŜŘ ǎŎŜƴŀǊƛƻΣ ǎƻƭǳǘƛƻƴǎ ŎǊƛǘƛŎŀƭƭȅ ŘŜǇŜƴŘ ƻƴ ŀƎŜƴǘǎΩ 
learning and their capacity to form own beliefs, whether right or wrong, shared or not shared, and 
ŀŎŎƻƳǇƭƛǎƘ άƴƻǊƳ-ƛƴǾƻŎŀǘƛƻƴέΣ ǳǊƎƛƴƎ ƻǘƘŜǊǎ ǘƻ ŀŎŎƻƳǇƭƛǎƘ ǿƛǘƘ ǘƘŜ ƴƻǊƳǎΣ ƻn the grounds of these 
beliefs, thereby spreading around normative commands.  

The conceptual and theoretical foundations that our work is based upon and the methodological 
computational instruments that made it possible are presented in the specific contributions collected 
within this manuscript. The main contributions will be preceded by a discussion of the state of the art in the 
treatment of norms.  

As we shall see the conceptual framework has been transformed into a theoretical architecture and this 
into a simulation framework. The simulation framework will be described in detail and used for simulating 
the emergence of norms in the different scenarios.  
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Chapter 2  Theoretical Foundations: The Revised EMIL Ontology  

Giulia Andrighetto and Rosaria Conte 

2.1 Introducti on 
Since norm innovation results from a complex collection of nested theoretical definitions, it is necessary to 
provide a shared ontology, or in other words, to forge a working vocabulary of interrelated notions. By 
ontology, we mean a conventional and operational tool, a set of theoretical notions that are defined one in 
relation to the others. Its goal is to make conceptual links among normative notions explicit. 

The definitions included in this ontology have been informed by the projects outcomes. For example, the 
notions of emergence and immergence have been modified and refined on the basis of the computational 
models realized, which have allowed us to describe in more detail all the steps of these social dynamics. 

To have a first impression of the ontology, we will now have a brief overview of the main concepts. 

Below, the reader is offered some guidelines for understanding the rationale of this ontology. 

2.2 Rationale  
The purpose of the present ontology obviously derives from the objective of the EMIL project, which is 
aimed at delivering a simulation-based theory of norm-innovation/emergence. By norm-innovation/ 
emergence we mean a complex loop, in which the emergent effect determines new properties on the 
producing level, by means of which the effect is reproduced. A recursive interaction between both levels is 
established in a complex feedback loop. This includes two sub- processes: 

o Emergence, i.e. the process by means of which macro effects are generated by (inter)acting 
micro(social) entities, and implemented upon (for a detailed discussion see Conte et al. 2007). 

o Immergence, i.e. the gradual and complex process by which the macro-social effect, in our case a 
specific norm, impacts the minds of the agents, generating a number of intermediate loops. Before 
any global effect emerges, specific local events affect the generating systems, their beliefs and 
goals, in such a way that agents force one another into converging on one global macroscopic 
effect (Castelfranchi, 1998; Conte et al., 2007; Andrighetto et al., 2007a, b). 

The emergence of social norms is a major circuit made of local loops, in which: 

 partial or initial observable macroscopic effects of local behaviours occur 

 ǊŜǘǊƻŀŎǘ ƻƴ όŀ ǎǳōǎŜǘ ƻŦύ ǘƘŜ ƻōǎŜǊǾŜǊǎΩ ƳƛƴŘǎΣ ƳƻŘƛŦȅƛƴƎ ǘƘŜƳ όǇǊƻŘǳŎƛƴƎ ƴŜǿ internal states, 
emotions, normative beliefs, normative goals, etc.) 

 agents communicate internal states to one another, thus activating a process of normative 
influencing (see Conte and Dignum, 2001) 

 ǘƘŜǎŜ ƴƻǊƳŀǘƛǾŜ ōŜƭƛŜŦǎ ǎǇǊŜŀŘ ǘƘǊƻǳƎƘ ŀƎŜƴǘǎΩ ƳƛƴŘǎ 

 behaviours progressively conform to spreading states 

 initial macroscopic effects get reinforced/weakened depending on the type of mental states 
spreading. 

Hence, we need norm-related notions that are 

 Dynamic to be compatible with a simulation-based investigation. Attention will be paid to 
modifications rather than typologies of norms and their functions. 

 Innovation-oriented, this is a special case of dynamics. By innovation, we mean a process designed 
or wanted by institutional or social agencies (if only an opinion movement). A merely 
conventionalist view of norms, a spontaneous and emergent dynamics, are insufficient to account 
for this process: rather than waiting for new regularities to emerge, agencies aim to impose new 
obligations or rights, new permissions or forbiddances. In a word, new norms. 

 Hybrid, incorporated both in social and mental objects. In this perspective, the following views are 
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deemed to be inadequate: 
1. Epiphenomenal, according to which norms are but observable social patterns, interpreted 
άas ifέ they resulted from any normative force or process. On the contrary, we are 
interested into social patterns actually resulting from the action of norms in society, 

2. Behaviorist, characterizing norms as observable regularities resulting from agents' 
squeezing each other into common practices. Conversely, we start from the assumption 
that it is important to look at what happens in the mind of agents in order to understand 
how norms operate, 

3. Conventionalist, in which norms are seen as conventions. Although necessary, this is still 
an insufficient view of norms, especially when we want to deal with innovation. 

2.2.1 Command 
! ŎƻƳƳŀƴŘ ƛǎ ŀ ŎƻŜǊŎƛǾŜ ǊŜǉǳŜǎǘ ƻŦ ŀŎǘƛƻƴΣ ōŀǎŜŘ ǳǇƻƴ ǘƘŜ ŎƻƳƳŀƴŘŜǊΩǎ όǇǊŜǘŜƴŘŜŘύ ǇƻǿŜǊ ƻǾŜǊ ǘƘŜ 
recipient.  

2.2.2 Norm  
We consider a norm1 ς be it social, legal or moral ς as άŀ ǇǊŜǎŎǊƛōŜŘ ƎǳƛŘŜ ŦƻǊ ŎƻƴŘǳŎǘ ǿƘƛŎƘ ƛǎ ƎŜƴŜǊŀƭƭȅ 
complied with by the members of societyέ όUllmann-Margalit, 1977). A norm spreads trough a population 
thanks to the diffusion of a particular shared belief, i.e. the normative-belief. A normative belief, in turn, is 
a belief that a given behavior, in a given context, for a given set of agents, is either forbidden, obligatory, 
permitted, etc (Wright, 1963; Kelsen, 1979; Conte and Castelfranchi, 1999, 2006). Stated differently, a 
normative belief is a belief that there is a command based on a deontic2. Of course, a normative belief does 
not imply that a given norm has in fact been deliberately issued by some institutional authority. Social 
norms are often set up by virtue of unwanted effects. However, once emerged, a given social norm is 
ōŜƭƛŜǾŜŘ ǘƻ ōŜ ōŀǎŜŘ ǳǇƻƴ ǎƻƳŜ ƴƻǊƳŀǘƛǾŜ ŀǳǘƘƻǊƛǘȅΣ ƛŦ ƻƴƭȅ ŀƴ ŀƴƻƴȅƳƻǳǎ ŀƴŘ ƛƳǇŜǊǎƻƴŀƭ ƻƴŜ όά¸ƻǳ ŀǊŜ 
ǿŀƴǘŜŘΣ ŜȄǇŜŎǘŜŘ όƴƻǘύ ǘƻ Řƻ ǘƘƛǎΧέΥ άLǘ ƛǎ ƎŜƴŜǊŀƭƭȅ ŜȄǇŜŎǘŜŘ ǘƘŀǘΧέΤ ά¢Ƙƛǎ ƛǎ Ƙƻǿ ǘƘƛƴƎǎ ŀǊŜ ŘƻƴŜΧέΣ ŜǘŎΦύΦ 

It has to be pointed out that a norm is a prescription that is requested to be adopted because it is a norm 
and is fully applied ƻƴƭȅ ǿƘŜƴ ƛǘ ƛǎ ŎƻƳǇƭƛŜŘ ǿƛǘƘ ŦƻǊ ƛǘǎ ƻǿƴ ǎŀƪŜ όŀƭǘƘƻǳƎƘ ǘƘƛǎ άŦŜƭƛŎƛǘȅ ŎƻƴŘƛǘƛƻƴέ ǊŀǊŜƭȅ 
applies de facto). Even normative commands are often adopted under the effect of reinforcement. 
bƻƴŜǘƘŜƭŜǎǎΣ ǘƘƛǎ ǘȅǇŜ ƻŦ ŀŘƻǇǘƛƻƴ ƛǎ ƴƻǘ ǎŀǘƛǎŦŀŎǘƻǊȅΣ ǎƻ ǘƻ ǎǇŜŀƪΣ ŦǊƻƳ ǘƘŜ ƴƻǊƳΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ƛŦ ŀƴȅ 
such a perspective can ever be hypothesized. The happiness condition is that the norm is accepted, to say it 
ƛƴ IŀǊǘΩǎ ǘŜǊƳǎ (1968)Σ ƻǊ ƛƴǘŜǊƴŀƭƛȊŜŘΣ ǘƻ ǎǘŀǘŜ ƛǘ ƛƴ 5ǳǊƪƘŜƛƳΩǎ ǘŜǊƳǎ (1897/1951), because it is recognized 
as a norm. In other words, in order for the norm to be satisfied, it is not sufficient that the prescribed action 
is performed, but it is necessary to comply with the norm because of the normative goal, that is, the goal 
deriving from the recognition and subsequent adoption of the norm. 

Thus, for a norm-based behavior to take place, a normative belief has to be generated into the minds of the 
norm addressees, and the corresponding normative goal has to be formed and pursued. In this sense, norm 
emergence and stabilization implies its immergence (Castelfranchi, 1998a; Andrighetto et al., 2007a, b; 
Conte et al., нллтύ ƛƴǘƻ ǘƘŜ ŀƎŜƴǘǎΩ ƳƛƴŘǎΦ 

                                                             
1   A lively debate on the concept of norm has been developed in several branches of Philosophy, Logic, Cognitive Science, Theory 
of Agents, Social Theory and Game Theory. Here are few references. Social and Legal Philosophy, Raz, 1975; Kelsen, 1979; Logic of 
Action and Deontic Logic, Horty, 2001; Jones and Sergot, 1993; Wright, 1963; Cognitive Science and Theory of Agents, Conte and 
Castelfranchi, 1995, 2006; Castelfranchi and Conte, 1999; Social Theory and Game Theory, Bicchieri, 1990, 2006; Coleman, 1990; 
Young, 1998, 2006; Ullman-Margalit, 1977; Social Simulation, Axelrod, 1984; Macy and Skvoretz, 1998; Macy and Sato, 2002; Sen 
and Airiau, 2007. 
2   Although necessary for the spreading of the prescribed behaviour, the normative command is insufficient: additional factors 
consist of the mandatory force (obligatoriness and enforcement) of the command; the persuasiveness and credibility of the source; 
compatibility with existing norms (norm conflicts often lead to violating one or the other); etc. 
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Below follow some components of the mental processing of norms: 

 Normative belief3, the belief that a given behaviour in a given context for a given set of agents is 
forbidden, obligatory, permitted, etc. More preŎƛǎŜƭȅΣ ǘƘŜ ōŜƭƛŜŦ ǎƘƻǳƭŘ ōŜ ǘƘŀǘ άǘƘŜǊŜ ƛǎ ŀ ƴƻǊƳ 
ǇǊƻƘƛōƛǘƛƴƎΣ ǇǊŜǎŎǊƛōƛƴƎΣ ǇŜǊƳƛǘǘƛƴƎ ǘƘŀǘΦΦΦέ ό²ǊƛƎƘǘ, 1963; Kelsen, 1979; Conte and Castelfranchi, 
1999, 2006). Indeed, norms are aimed at and issued for generating the corresponding beliefs. In 
other words, norms must be acknowledged as such in order to properly work. 

 Normative belief of pertinence Believing that a norm exists and concerns us requires at least a 
second group of beliefs: the beliefs of pertinence. The norm says what ought to be done by whom: 
(i) the obligation/permission/prohibition and (ii) the set of agents on which the imperative is 
impinging. For example, if I am addressed by a given norm (say, άbe member of a professional 
orderέ), and the norm has to take effect on me, I must recognize this. The prescription is about a 
set or class of agents, and since I am an instance of that class, the norm applies to me. 

 Normative goal4, an internal goal relativized to a normative belief. From a cognitive point of view, 
goals are internal representations triggering-and-guiding action at once: they represent the state of 
the world that agents want to reach by means of action and that they monitor while executing the 
action (see Conte, 2009). A goal is relativized when it is held because and to the extent that a given 
world-state or event is hold to be true or is expected (Cohen and Levesque, 1990)5. 

 Norm adoption, the formation of a normative goal from a normative belief, thanks to some 
intervening rules (see Chapter EMIL-A: The Architecture, for a detailed description). For example, a 
normative goal of a given agent x about action a is a goal that agent x happens to have as long as 
she has a normative belief about a. More specifically, x has a normative goal only if she believes to 
be subject to a norm. 

 Normative equity principle, agents want their normative costs to be no higher than those of other 
agents subject to the same norm. 

 Normative reasoning, mental operation upon the internal representation of a given norm, which 
may lead to that norm being adopted, thereby forming a normative goal. 

2.2.3 Convention  
A convention (cf. Gilbert, 1981, 1989; Lewis, 1969; Sugden, 1986/2004; Young, 1993, 2006) is a behavioral 
regularity, i.e. a practice or procedure widely observed by members of a given social network, based on 

the agent's goal of conforming to that behavior in order to act like the others,  
the mutual expectation that the others will conform to that behavior as well. 

More specifically conventions are a class of problems (arbitrarily selected from a potential of alternative 
candidates) classified as (pure) coordination games (viz. convention of keeping to the right (or left) when 
driving, pointed out by David Lewis, 1969), based on interdependency and mutual expectations (see 
Andrighetto et al., Forthcoming b). 

The confine between conventions and norms is not clear-cut. Conventions may acquire a mandatory force 
over time (Andrighetto et al., Forthcoming b), sometimes conventions get to be prescribed, and this is one 
factor leading to norm emergence. A good example is etiquette, which is halfway between a social norm 
(with obligations and possibly sanctions) and a convention. Greeting is a polite behavior, and how to greet 

                                                             
3   In EMIL-A, normative beliefs, together with normative goals, are organized and arranged in the normative board according to 
their respective salience (see chapter The EMIL-A Architecture for a detailed description). By salience ǿŜ ǊŜŦŜǊ ǘƻ ǘƘŜ ƴƻǊƳΩǎ ŘŜƎǊŜŜ 
of activation, which is a function of the number of times a given norm enters ǘƘŜ ŀƎŜƴǘΩǎ ŘŜŎƛǎƛƻƴ-making. 
4   A normative goal differs, on one hand, from a simple constraint, which reduces the set of actions available to the system, and, 
on the other, from ordinary goals. With regard to behavioural constraints, a normative goal is less compelling: an agent endowed 
with normative goals is allowed to compare them with other goals of her and, to some extent, to choose which one will be 
executed. Only if an agent is endowed with normative goals she can be said to comply with, or violate, a norm. With regard to 
ordinary goals, a normative goal is obviously more compelling: when an agent decides to give it up, she knows she is both thwarting 
one of her goals and violating a norm. 
5   An example is the following: tomorrow, I want to go gather mushrooms (relativized goal) because and to the extent that I 
believe tomorrow it will rain (expected event). The precise instant I cease to believe that tomorrow it will rain, I will drop any hope 
to find mushrooms. 
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someone - whether by shaking hands or waving hallo - is ruled by conventions; on the other hand, when 
you receive greetings, it is mandatory to reply, probably due to the social norm of reciprocity. 

2.2.4 Power Over  
Given the capability of an agent to bring about a set of world states and given the goals agents have in 
these objects we can define power over of a group of agents I towards a group of agents J as the possibility 
for I to realize/thwart a set of world states G wanted by J, such that J is not able without I to achieve G. This 
definition regards objective power over. We could analogously say that if J has power over I w.r.t. G, I is 
objectively dependent on J for G. There exist epistemic variants of dependence. In fact we claim that J is 
dependent on I for G if J believes I has power over him w.r.t. G. 

2.2.5 Norm Frame  
The frame is a set of features that characterize the norm and that define its crucial aspects, which are 
further decomposable. This means that when we specify a norm we need to say something about each of 
these aspects. A research question is thus whether these features are sufficient and necessary (thus, 
unique) conditions to construct a norm. We outline five aspects of the norm frame (a-e): 

a) Deontic 
A Deontic is basically a way of partitioning situations between good/acceptable ones and bad/unacceptable 
ones6. 

What is important for general recognition issues is that the authority from which the obligation emanates 
need to be recognized and accepted by the agents in order for the obligation to be dealt with and fulfilled 
or violated. As for validity based deontics, we can further distinguish them into: 

 Obligations: it is obligatory to do so, 

 Prohibition: it is prohibited to do so, 

 Permissions: It is permitted to do so. 
These constructions are clearly interdefinable. If the definitions, and even the intertranslations, are clear 
(Prohibited, Permitted, Obligatory) the mechanisms need to be investigated further. For mechanisms we 
mean: what happens when something is obligatory? And άwhen is something obligatory?έ 

b) Source 
A source is the locus from which the norm emanates. We distinguish the source into: 

 Personal: άthe locus from which the norm emanatesέ means άthe nonempty set of agents that 
performed that action enabling the norm (and after which the norm existed)έ; 

 Impersonal: άthe locus from which the norm emanatesέ means άthe community that enabled the 
normέ. It is clear that considering the άcommunityέ equivalent to the άset of all agentsέ would 
make the two notions collapse. One of the aims of understanding impersonal source ought to be 
the understanding of this difference. 

c) Normative Role 
With normative role (Conte and Castelfranchi, 1995) we mean the partition of the agents involved in a 
norm. We distinguish: 

 Legislators, the personal source; 

 Addressees, those agents that are mentioned by the norma s asked to carry out or not carry out a 
given action; 

 Defenders, that is those agents that share and enforce the norm; 

 Observers, those that acquire beliefs about a norm, that is whether it is enforced, violated, 
emanated. 

                                                             
6   On the concept of deontic see: (Wright, 1963), for validity based deontics; (Meyer, 1988), for deontic logic as a variant of 
dynamic logic; (Alchourròn, 1993), for recognition based deontics. 
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d) Enforcement mechanisms 
These are the operations that attempt to modify agents' actions in order to make them compliant to a 
norm (cf. Axelrod, 1984; Conte and Castelfranchi, 2006; Conte and Paolucci, 2001; Ullmann-Margalit, 1977). 
Very schematically, we distinguish: 

 Sanctions: enforcement mechanisms that inhibit agents' actions; 

 Incentives: enforcement mechanisms that favour agents' actions. 

The way actions can be favored or inhibited follows precise paths in cognitive agents (Andrighetto et al., 
2009). In this sense enforcement mechanisms follow a path in agent minds, exploiting intra-agent 
processes. Moreover social artifacts can be used to sanction or to favor agents' actions. Reputation, for 
instance, can work as a normative sanction. But it can also be used as a normative incentive. 

e) Control 
Control is the way enforcement mechanisms are applied (Conte and Dignum, 2001; Conte and Paolucci, 
2004). It implies both monitoring - that checks violation - and influence - that actively pushes cognitive 
agents' towards compliance. Normative influence will be analyzed further on. 

They can be: 

 Centralized: only one agent (individual or supra-individual) is entitled to sanction; 

 Distributed: everybody is able to defend the norm. 
Therefore, it has to be said that centralized control makes use of institutional rules for regulation, while 
distributed control does not presuppose any delegation. 
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Chapter 3  Theoretical Foundations: Two Way Dynamics of Social 
Processes 

Rosaria Conte, Giulia Andrighetto, Marco Campennì 

Abstract  
When produced by autonomous social agents, emergent macro-social effects undergo a complex loop 
between bottom-up and top-down processes. Emergence of properties at aggregate level cannot be 
effectively accomplished unless properties feedback on the lower level through a complementary process 
of immergence. Immergence is a necessary correlate of emergence in at least a subset of macro-social 
phenomena, such as norms, typical of those societies of agents that are endowed with cognitive 
ingredients. 

In this chapter the notion of emergence in complex social systems is discussed as a necessary instrument 
for a theory of the macro-micro link. Next, we will show how a given macro-effect is implemented on the 
lower levels, and two specific mechanisms of implementation, 2nd order emergence and immergence, will 
be discussed. 

3.1 Introduction  
At the beginning of the last century, some social scientists and anthropologists (Alexander, 1920; Broad, 
1925) referred to the emergent macro-social effects as properties that cannot be deduced from properties 
at the lower social level. This assertion was heavily criticised (Hempel and Oppenheim, 1948) and argued to 
build on a logical confusion between propositions and properties. As the epistemologists observed, only 
propositions, and not properties, can be deduced. Consequently, the emergentist assertion must be 
referred to a given theory at a given stage of its development. By this means, the assertion gets weakened 
and transformed into a relativistic one, which states that propositions about macro-social properties 
cannot be deduced from propositions about micro-social ones under current theoretical boundaries. 

However, such a formulation dispenses away with the notion of emergence at once: in the new relativistic 
assertion, emergent properties are simply not (yet) deduced. Hence, what emerges, is what is (still) 
unexplained. Once explained (Epstein, 2006), a property is no more emergent. Consequently, the notion of 
emergence comes to lose scientific value. 

In the present work, we take a different perspective on the subject matter. We start from a crucial aspect 
of complex social systems, i.e. the difference between implementation and incorporation: a macro-social 
entity is always implemented on a micro-social one since it may act and take effect only through the 
actions of micro-social entities, i.e. individuals. When the producing units get modified in such a way that 
the emergent macro-social effect is more likely to occur again, we speak about incorporation. 

In the successive section, we will discuss the way back from macro to micro, i.e. downward causation, a 
process that is certainly not new to the scientific community (see Campbell, 1974). Indeed, the micro-
macro dynamics may be shown to consist of several, simple and complex, feedback loops (see Andersen et 
al., 2000). We will illustrate how a given macro-effect can retroact on the lower level, and will discuss one 
specific form of downward causation, i.e. evolutionary downward causation, defined as the emergent 
effect retroacting on the producing entities and determining new properties of these that contribute to 
select and replicate the emergent effect7. 

We will concentrate on one evolutionary form of downward causation, i.e. incorporation, in which the 
retroacting effect shows through the shape or the mechanisms ruling the behaviour of the generating 
systems. Evolution often determines the morphological incorporation of fitness-enhancing effects: this is 

                                                             
7   In this treatment, evolution is not meant as a metaphorical notion, imported from biology. CƻƭƭƻǿƛƴƎ 5ŜƴƴŜǘΩǎ ǾƛŜǿ όмффрύΣ ǿŜ 
argue that evolution is an abstract process concerning living organisms as well as cultural artefacts and social systems (see Conte et 
al., 2009). 
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apparently the case with the upright stance in the human species, or the size of the pelvis in the female of 
the same species. But sometimes emergent effects get incorporated into the behavioural mechanisms. 
Among primates, for example, grouping is incorporated into, shows through, specific behavioural 
dispositions of the corresponding species, such as grooming, or more complex social cognitive mechanisms, 
such as gossip (Dunbar, 1997). Gossipers incorporate a certain evaluation about the target, even if they do 
not actually share it, and contribǳǘŜ ǘƻ ƛǘǎ ǘǊŀƴǎƳƛǎǎƛƻƴΦ ¢ƘŜ ŜƳŜǊƎŜƴǘ ŜŦŦŜŎǘΣ ǘƘŜ ǘŀǊƎŜǘΩǎ ǊŜǇǳǘŀǘƛƻƴΣ ƛǎ 
incorporated, shows through, the process of transmission. Hence, whereas an emergent effect is always 
implemented upon (inter-)acting micro-social entities, it is not necessarily retroacting on, nor a fortiori 
incorporated into, them. In turn, incorporation, as we shall endeavour to show, includes different 
processes. Within incorporation we will discuss at some length one further distinction, that between 2nd 
order emergence and immergence. 

2nd order emergence (Dennet, 1995; Gilbert, 2002) is a case of knowledge acquisition, in which the 
macrosocial effect gives rise to a new belief of the producing units. Immergence instead is a gradual 
process in which the emergent effects determine new mental phenomena in the agents involved, not 
necessarily aware of the effect produced. Several examples, including the case of Potlatch will be discussed 
(see section 3.2.5). 

In these different types of downward causation, one can envisage a quintessential feature of social 
evolution and complexity. A typical example is norm-emergence. In our view, norm-emergence is 
characterized by the occurrence of two complementary processes, emergence and immergence: norms 
cannot emerge unless they simultaneoǳǎƭȅ ƛƳƳŜǊƎŜ ƛƴǘƻ ǘƘŜ ŀƎŜƴǘǎΩ ƳƛƴŘǎΦ Lƴ Chapter 9 (see also 
Andrighetto et al., 2007a), we present a normative agent architecture and illustrate its functioning when 
dealing with the immergence process. 

3.2 The Way Back: Downward Causation  
Can an emergent, macro-social property generate effects at the lower level? Yes, indeed. In Figure 2, there 
are two main ways in which downward causation occurs: 

 
Figure 2. Figure on the left represents the simple loop of downward causation; figure on the right 

represents the complex loop. 

Simple loop, which close the macro-micro circuit. The emergent effect retroacts on the lower level by 
determining a new property of the generating system. Below, we will present negotiation power as the 
result of a simple loop. 

Complex, or evolutionary, loop, in which the emergent effect determines new properties on the micro-level 
by means of which the effect is reproduced. A recursive interaction between both levels is established by a 
complex feedback loop. This may occur in two ways, which are not incompatible: 

2nd order emergence: i.e. the process by means of which, once produced, an emergent effect is recognised 
by the producing systems and by this means it is likelier to be reproduced (Dennett, 1995; Gilbert, 2002). In 
the Schelling model, Gilbert modelled the segregation-reinforcing effect of agents perceiving the clustering. 
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Emergent effects may retroact on their generating systems either closing the circuit, or opening up a new 
loop. 

Immergence, i.e. the gradual and complex process by which the macro-social effect get reinforced by a new 
way of operating of the agents producing it. This result is usually generated through a number of 
intermediate loops. Before any global effect emerges, specific local events affect the generating systems, 
their beliefs, goals, and operating rules, in such a way that agents are likelier to reproduce the macroscopic 
effect (Castelfranchi, 1998; Conte et al., 2007; Andrighetto et al., 2007a). Segregation of course may favour 
the formation of new local rules. If inequality and the consequent need to be perceived as occupying the 
higher positions, two complementary rules might gradually appear: move to the socially higher 
neighbourhoods, if any, and move away from the lower, if any. It has been shown that this combination of 
rules has a remarkable segregating effect, which reinforces the social hierarchy (see Conte and Pedone, 
2001). 

3.2.1 Simple Loop 
The emergent effect retroacts on the generating systems, determining new properties that might interfere 
ƴŜƎŀǘƛǾŜƭȅ ƻǊ ǇƻǎƛǘƛǾŜƭȅ ǿƛǘƘ ǘƘŜ ƳƛŎǊƻ ǎȅǎǘŜƳǎΩ ŦǳǊǘƘŜǊ ŀŎǘƛǾƛǘȅΦ ¢Ƙƛǎ ƛǎ ǘƘŜ ŎŀǎŜ ǿƛǘƘ ŀ ƴǳƳōŜǊ ƻŦ 
properties, such as rights, social status and social power, as well as the evaluations that agents form about 
one another. 

Let us see one example of simple downward causation: the power of negotiation. 

3.2.2 Dependence Networks  
5ŜǇŜƴŘŜƴŎŜ ƴŜǘǿƻǊƪǎ ŜƳŜǊƎŜ ŦǊƻƳ ǘƘŜ ƛƴǘŜǊǇƭŀȅ ōŜǘǿŜŜƴ ƻƴŜΩǎ ǳǘƛƭƛǘȅ ǘƻ ŀŎƘƛŜǾŜ ƻǘƘŜǊǎΩ Ǝƻŀƭǎ ŀƴŘ ƻƴŜΩǎ 
dependence from them (Castelfranchi et al., 1992). Agents involved derive a further property from such 
ƴŜǘǿƻǊƪǎΣ ƛΦŜΦ ƴŜƎƻǘƛŀǘƛƻƴ ǇƻǿŜǊΦ ¢Ƙƛǎ ƛǎ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ŀƎŜƴǘΩǎ ǳǘƛƭƛǘȅ ŀƴŘ ƘŜǊ ŘŜǇŜƴŘŜƴŎŜ 
(for the concept, see Conte and Castelfranchi, 1995), and emerges from the network into which the holder 
is plunged. If she moved to another dependence network, her negotiation power might increase or 
decrease, depending on the new interplay between her social utility and dependence in the new context. 

In a common environment, actions done by one agent take effects on the goals of other agents. These are 
limitedly self-sufficient in the sense that they not always possess all the resources required to achieve their 
goals. Under these conditions, social dependence networks (Sichman et al., 1994; Sichman and Conte, 2002) 
emerge as interconnections among agents endowed with a finite number of goals and resources for 
achieving them. Suppose for example that in the set of agents <a, b, c>, a is endowed with goal p and 
action a(q), while b and c are both endowed with goal q and action a(p). Their interconnections result in a 
dependence network, where agents b and c are socially dependent on a, while a depends on either b or c. 
In turn, this non-uniform distribution of exchange power determines a new effect at the lower level: agents 
derive an equal power of choice, or, as we called it, negotiation power. In particular, a gets a higher 
negotiation power than either b or c: a will be in the position to make a choice, i.e. to choose its partner of 
exchange, while b and c have no choice. Presumably, due to this heterogeneous distribution of power, 
exchange will provide unequal outcomes (payoffs) to the participants, where agent a will be better off than 
either b or c. 

This example clearly shows that an emergent effect (for example, a dependence network) may affect the 
lower level. This type of downward causation generates new properties (negotiation power) of the lower 
level systems, interfering positively or negatively with their successive achievements. 

A problem about downward causation is to what extent it contributes to further dynamics in the global 
system. Undoubtedly, properties like social power, including negotiation power, and reputation have a 
ŘŜŦƛƴƛǘŜ ōǳǘ ƛƴŘƛǊŜŎǘ ƛƳǇŀŎǘ ƻƴ ŀƎŜƴǘǎΩ ŦǳǊǘƘŜǊ ŀŎƘƛŜǾŜƳŜƴǘǎΥ ŀƎŜƴǘǎ Ƴŀȅ ǎǳŦŦŜǊ ŦǊƻƳ ƻǊ ŜƴƧƻȅ ǘƘŜƛǊ ŜŦŦŜŎǘǎ 
in force of the actions that others, who interact with them, undertake based on their representations of 
such properties. Sometimes, these new properties not only interfere with the degree of adaptation of the 
individual agents, but also set off new emergent effects at the higher social level. This is what we call a 
complex loop. 
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3.2.3 Complex Loop (Incorporation)  
Sometimes, this retroaction on lower levels may start up a new complex dynamics, by means of which the 
new properties reinforce or reproduce the emergent effect. The effect at the higher level more or less 
gradually gets implemented, selects a specific routine by which it is (repeatedly) executed by the individual 
agents. When does this happen, and how? This is what we turn to in the next two sub-sections. 

2nd Order Emergence 
Often, agents gradually become aware of the effects they contribute to generate. In this case, they form a 
mental representation of the emerged effect. This is what some authors call 2nd order emergence. 

{ƻƳŜǘƛƳŜǎΣ ŀƎŜƴǘǎΩ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴǎ ƻŦ ŜƳŜǊƎŜƴǘ ŜŦŦŜŎǘǎ ƳƻŘƛŦȅ ǘƘŜƛǊ ŀŎǘƛƻƴǎΣ ǘƘŜǊŜōȅ ǘŀƪƛƴƎ ŦǳǊǘƘŜǊ ŜŦŦŜŎǘ 
on the higher level. The social dynamics becomes recursive. How does this happen? As described in 
Dennett (1995), the process called 2nd order emergence is insufficient to account for this complex 
dynamics since beliefs do not automatically trigger action. Indeed, sometimes becoming aware of a given 
emergent effect may interfere and even counteract it. For example teachers are often warned against the 
Pygmalion effect (cf. Rosenthal and Jacobson, 1992) - by which their expectations about pupils act on the 
ƭŀǘǘŜǊΩǎ ŦǳǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎe as self-fulfilling prophecies ς in order to contrast and reduce 
its negative results. 

Segregation 
Lƴ Ƙƛǎ ǊŜǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ {ŎƘŜƭƭƛƴƎΩǎ ƳƻŘŜƭΣ DƛƭōŜǊǘ όнллнύ ǇǊƻǾƛŘŜǎ ŀƴ ŜȄŀƳǇƭŜ ƻŦ нƴŘ ƻǊŘŜǊ ŜƳŜǊƎŜƴŎŜ ǘƘŀǘ 
reinforces the emergent effect (in this case, the clustering). This happens because the new belief provides a 
ƎǳƛŘŜƭƛƴŜ ŦƻǊ ŀŎǘƛƻƴΣ ŦƻǊ ŜȄŀƳǇƭŜ άƳƻǾŜ ƻƴƭȅ ƛŦ ǘƘŜǊŜ ŀǊŜ ǎǇƻǘǎ ǿƘŜǊŜ ȅƻǳ ǿƛƭƭ ōŜ ƘŀǇǇƛŜǊέΦ ¢ƘŜ ƴŜǿ ōŜƭƛŜŦ 
reinforces the macro-social effect (a stronger effect of clustering) to the extent that it allows a more 
efficient satisfaction of the local rule (the rule of happiness). The link between the new belief and the 
consequent adjustment of the rule affects the dynamics of the whole system. The macro-social effect is 
reinforced by the mental pattern that includes the new belief and the rule execution. 

With this type of 2nd order emergence, clustering is implemented on the generating rule. By this means, 
Gilbert showed how and why 2nd order emergence may in turn affect the dynamics of the global system, 
and turn it into a complex bidirectional micro-macro loop. 

3.2.4 Immergence  
Here, the macro-ǎƻŎƛŀƭ ŜŦŦŜŎǘ ŀŦŦŜŎǘǎ ǘƘŜ ƎŜƴŜǊŀǘƛƴƎ ǎȅǎǘŜƳǎ ǘƘǊƻǳƎƘ ǘƘŜ ƭŀǘǘŜǊΩǎ ƳŜŎƘŀƴƛǎƳǎΣ ƛƴŎǊŜŀǎƛƴƎ 
the probability to be reproduced by them. As the swarming behaviour of lower species shows, collective 
effects evolve thanks to simple rules incorporating them into the local units with no need for a perception 
or understanding of the resulting effect. This is what we call immergence. 

To be noted, immergence is not an exclusive feature of simple organisms. Even among humans, 
behavioural regularity may be implemented on a number of different mechanisms, which include but are 
not reduced to a real majority rule. Indeed, the latter is not always applied, nor is always efficient (see 
below Stalemate). Consider the example of the gift economy. The Potlatch, a rite common to some North 
American native tribes living on the North-Western Pacific coast of US and Canada, like Haida, Tlingit, 
Tsimshian, Salish, Nuu-chah-nulth and Kwakiutl, is the most important example of gift economy. During the 
potlatch the hosting tribe shows its importance and wealth through the distribution of its goods, inducing 
guests to reciprocate when time will come for them to hold their own potlatch. 

Some tribes, for example, the Kwakiutl, used the potlatch as an arena for competition. Often, goods were 
destroyed right after the gift. Classic anthropologists - Franz Boas (1911) and Marcel Mauss (1922) ς argued 
that by this means goods that would have caused a deep aƭǘŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ ŜǉǳƛƭƛōǊƛǳƳΣ ǿŜǊŜ 
ǊŜƳƻǾŜŘΣ ǘƘǳǎ ƳŀƛƴǘŀƛƴƛƴƎ ǘƘŜ ǎȅǎǘŜƳΩǎ ǎǘŀōƛƭƛǘȅΦ 

For the purpose of our argument, we can take this interpretation for granted. Obviously, there was no need 
for rite participants to know what was the real heart of the matter, so to speak. They might have come to 
believe that bringing gifts was necessary to ingratiate the divinity and obtain her favour, for example a 
ŦŀƳƛƴŜΩǎ ŜƴŘΦ ²ƘŀǘŜǾŜǊ ǘƘŜ Ƴƻǎǘ ƭƛƪŜƭȅ ǊŜŀǎƻƴ ŦƻǊ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ ǘƘŜ ǊƛǘŜ ŀƴŘ ƛǘǎ ŦǳǊǘƘŜǊ ǊŜǇƭƛŎŀǘƛon, the 
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wrong interpretation allowed the macro-social effect (potlatch) to get incorporated into a new system of 
rules. Rather than 2nd order emergence, i.e. a shared perception of what was really going on, the collective 
effect (exchange of gifts) led to ǊǳƭŜǎΣ ŎƻƴǾŜƴǘƛƻƴǎ ŀƴŘ ƛƴǎǘƛǘǳǘƛƻƴǎ ōŀǎŜŘ ƻƴ ǿǊƻƴƎ ŀǎǎǳƳǇǘƛƻƴǎ όƎƻŘΩǎ 
ingratiation) but working efficiently (society stability). This is what we call immergence. While in 2nd order 
emergence, the global effect is replicated because agents perceive its positive impact, in immergence it is 
replicated by virtue of a complex mental process, in which agents form beliefs, goals and rules that ensure 
the implementation of the initial effect without perceiving nor aiming at it. 

Of these two different forms of incorporation, 2nd order emergence is certainly more rational, but requires 
causal reasoning and anticipatory skills. However, irrational thinking may obtain competitive results. A 
ƎƻƻŘ ŜȄŀƳǇƭŜ ƛǎ WƛƳ 5ƻǊŀƴΩǎ όмффуύ ǎǘǳŘȅ ƻŦ ŎƻƭƭŜŎǘƛǾŜ misbeliefs, showing the impact of shared false beliefs 
on the survival of an artificial population. This example clearly illustrates why we need to distinguish 
between the two: sometimes, if agents perceive the real emergent effect of their behaviour, they will cease 
to bring it about. In our example, we cannot say whether natives would have maintained the tradition of 
potlatch, had they perceived its real Ǌŀƛǎƻƴ ŘΩşǘǊŜ. 

Lƴ ǎƘƻǊǘΣ ƛƳƳŜǊƎŜƴŎŜ ƛǎ ŀ ƘȅōǊƛŘ ǇǊƻŎŜǎǎ ƭŜŀŘƛƴƎ ǘƻ όŀύ ƴŜǿ ōŜƭƛŜŦǎ ƛƴ ǘƘŜ ŀƎŜƴǘǎΩ ƳƛƴŘǎΣ ǿƘƛŎƘ Řƻ ƴƻǘ 
necessarily correspond to the emergent effect (in the Potlatch example, god wants food offer); (b) new 
goals (to ingratiate god); (b) new types of mental constructs (e.g., normative prescriptions); (d) new rules 
(e.g., norm adoption). 

Example of immergence abound in social life, resulting from more or less intelligent forms of inter-agent 
adaptation (for a review, cf. Conte and Paolucci, 2001). Let us see some phenomena that might be 
interpreted as produced by more or less complex immergent processes. 

Arena Effect 
Often in common environments, participants are forced to exhibit increasingly augmenting values on 
certain behavioural dimensions in order to maintain efficiency in achieving their goals. For example, in a 
noisy pub, each must raise own voice ƻƴ ƻǘƘŜǊǎΩ ǘƻ ōŜ ōŀǊŜƭȅ ŀǳŘƛōƭŜ ōȅ ƻƴŜΩǎ ƴŜƛƎƘōƻǳǊǎΦ hōǾƛƻǳǎƭȅΣ ƴƻ-
one wants the noise to grow. Nor must participants be aware of the global effect obtained: they will 
automatically and rapidly adjust to the external standard. 

A special case of the same phenomenon is the vulnerable position, in which agents are urged to behave as 
others do to avoid a risky position (for example, cars are forced to speed up on the highway). 

In such examples, while the immergent rule tells you to adjust your behaviour to external standard, the 
emergent effect is an asymptotic increase of behavioural dimensions (e.g., noise or speed), and a loss of 
efficiency. 

Stalemate 
Consider the famous witness effect found out by Latané and Darley (1970) in social emergencies. A great 
deal of experimental and observational evidence shows that the probability of intervention in these 
situations drops dramatically when bystanders exceed number three. Why? 

The authors put forward a rather elegant explanation, according to which a majority rule (i.e., check what 
the majority is doing under uncertain conditions) leads to a stalemate when a majority exists, i.e. when 
bystanders are at least three. Under such conditions, since each one checks what the majority is doing, 
nobody moves. Participants are frozen in the role of witnesses. 

The witness effect provides a clear example of emergence: although no one intends to bring it about, the 
effect is generated by the majority rule, precisely as much as segregation was generated by the rule of 
happiness. A fragment of the generative process is emergent. To see this, consider that agents may be 
trained to avoid the witness effect, which is a highly socially undesirable phenomenon, simply becoming 
aware of it. 

Moreover, the witness effect shows that an emergent effect may modify the mechanism that produced it 
at the lower level, without being recognised by the generating system. The stalemate leads to a reinforced 
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local rule: the more likely the stalemate (macro-effect), the stronger the local rule (majority rule): agents 
are lesser and lesser likely to break it. The witness effect retroacts on the producing systems, at least 
temporarily reinforcing the rule. In this meantime, agents have no idea what is going on. All we may say is 
that the witness effect is implemented on a rule at the agent level, i.e. the majority rule, which gets 
reinforced by the effect in question while at the same time reproducing it. 

Immergence of Norms 
The most striking example of immergence is social norms. Social norms are social prescriptions implicitly 
ǘǊŀƴǎƳƛǘǘŜŘ ŦǊƻƳ ƻƴŜ ŀƎŜƴǘ ǘƻ ŀƴƻǘƘŜǊΣ ǘƘǊƻǳƎƘ ŘŜƻƴǘƛŎǎ ƻŦ ǘƘŜ ǘȅǇŜ άƻƴŜ Ƴǳǎǘ Řƻ ΦΦΦέΣ άǇŜƻǇƭŜ ŀǊŜ ƻōƭƛƎŜŘ 
ǘƻ ΦΦΦ έΣ ŀƴŘ ǎƻƳŜǘƛƳŜǎ ŎƻƴǾŜȅŜŘ ǳƴŘŜǊ ŜǾŀƭǳŀǘƛƻƴǎ ƛƴ ǘƘŜ ŦƻǊƳ άƛǘ ƛǎ ƎƻƻŘκōŀŘ ǘƻ Řƻ ΦΦΦέΦ 

Norms emerge as a mechanism of social regulation or to solve problems of coordination. agents do not 
need to represent the effects of norms in order to comply with them. All they must do is accept the norm. 
How is this possible? 

In a view of norms as two-sided, external (social) and internal (mental) objects (Conte and Castelfranchi, 
1995, 1999, 2006), norms come into existence only when they emerge, not only through the minds of the 
agents involved, but also into their minds. In other words, they work as norms only when the agents 
recognize them, reason and take decisions upon them as norms. The emergence of norms implies their 
ƛƳƳŜǊƎŜƴŎŜ ƛƴǘƻ ǘƘŜ ŀƎŜƴǘǎΩ ƳƛƴŘǎΦ hƴƭȅ ǿƘŜƴ ǘƘŜ ƴƻǊƳŀǘƛǾŜΣ ƛΦŜΦ ǇǊŜǎŎǊƛǇǘƛǾŜΣ ŎƘŀǊŀŎǘŜǊ ƻŦ ŀ ŎƻƳƳŀƴŘ ƻǊ 
other action is recognized by the agent, a norm gives rise to a normative behaviour of that agent. Thus, for 
a norm-based behaviour to take place, a normative belief8 has to be generated into the minds of the norm 
addressees, and the corresponding normative goal has to be formed and pursued. Our claim is that a norm 
emerges as a norm only when the associated belief immerges into the minds of the agents involved; in 
other words, when agents recognize it as such. Obviously the effect of the norm, which is probably the 
reason why it evolved or was issued, does not need to be perceived. What is more, even when perceived, it 
is not such a perception that leads the agent to implement the norm. The 2nd order emergence of norms is 
ƻŦǘŜƴ ŀ ǎƛƳǇƭŜ ƭƻƻǇΥ ǘƘŜ ŀƎŜƴǘǎΩ ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ǘƘŜ ŜŦŦŜŎǘ ōǊƻǳƎƘǘ ŀōƻǳǘ ōȅ ǘƘŜ ƴƻǊƳ Ƴŀȅ ǎƛƳǇƭȅ close the 
micro-macro circuit, without contributing to replicate the effect. To see why, one should simply wonder 
why we need norms at all: if the simple perception of their effect were enough for agents to reproduce it, 
there would be no need for norms with their enforcement mechanisms, surveillance system, police, 
institutions, and social order. Norms are thus mechanisms for the immergence of social order. 

In previous works (Castelfranchi, 1998; Andrighetto et al., 2007a; Conte et al., 2007), we described the 
process of norm emergence as a gradual and complex dynamics by which the macro-social effect, in our 
case a specific norm, emerges in the society while immerging in the minds of the agents producing it, 
generating a number of intermediate loops. The generation/emergence of social norms is a major circuit 
made of local loops, in which: 

ǇŀǊǘƛŀƭ ƻǊ ƛƴƛǘƛŀƭ ƻōǎŜǊǾŀōƭŜ ƳŀŎǊƻǎŎƻǇƛŎ ŜŦŦŜŎǘǎ ƻŦ ƭƻŎŀƭ ōŜƘŀǾƛƻǳǊǎ ǊŜǘǊƻŀŎǘ ƻƴ όŀ ǎǳōǎŜǘ ƻŦύ ǘƘŜ ƻōǎŜǊǾŜǊǎΩ 
minds, modifying them (producing new internal states, emotions, normative beliefs, normative goals, etc.) 
agents communicate internal states to one another, thus activating a process of normative influencing (see 
Conte and Dignum, нллмύ ǘƘŜǎŜ ƴƻǊƳŀǘƛǾŜ ōŜƭƛŜŦǎ ǎǇǊŜŀŘ ǘƘǊƻǳƎƘ ŀƎŜƴǘǎΩ ƳƛƴŘǎ ōŜƘŀǾƛƻǳǊǎ ǇǊƻƎǊŜǎǎƛǾŜƭȅ 
conform to spreading states initial macroscopic effects get reinforced/weakened depending on the type of 
mental states spreading. 

Thus, before any global effect emerges, specific local events affect the generating systems, their beliefs and 
goals, in such a way that agents influence one another into converging on one global macroscopic effect. 
9ƳŜǊƎŜƴŎŜ ƻŦ ǎƻŎƛŀƭ ƴƻǊƳǎ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ŀƎŜƴǘǎΩ ōŜƘŀǾƛƻǳǊǎΣ ōǳǘ ǘƘŜ ŀƎŜƴǘǎΩ ōŜƘŀǾƛƻǳǊǎ ŀǊŜ ŘǳŜ ǘƻ ǘƘŜ 
mental mechanisms controlling and (re)producing them (immergence). Of course, our view of norms calls 
for a cognitive architecture of normative agents, which is not new to the field of agents and multiagent 
systems (think of the BOID architecture, for example). But previous BDI (Beliefs-Desires-Intentions) 

                                                             
8   Drawing upon Kelsen (1979), von Wright (1963) and a long tradition of deontic philosophy and logic-based theory of action, we 
define a normative belief as a belief that a given behaviour, in a given context, for a given set of agents, is either forbidden, 
obligatory, or permitted (Conte and Castelfranchi, 1999, 2006). 
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approaches to normative reasoning suffer from some drawbacks: norms are pre-established and built into 
the agents. Instead, we endeavour to have agents able to find out new norms and transmit them to one 
another. In Chapter 9 (see also Andrighetto et al., 2007a), an analysis of our normative architecture, EMIL-
A, is presented. 

3.3 Advantages of the Present Approach  
 The present model attempts to contributing to the study of the micro-macro link, and more 

specifically to a generative view of this process. The generative paradigm will play a decisive role in 
future developments of the social science, as indicated by some evidence: 

 recent official formulation of the generative paradigm for the social science (cf. Epstein, 2006) 

 fast development of generative methodologies for the study of social phenomena (agent based 
social simulation) 

 continuous growth of simulation toolkits and platforms (from swarm libraries to the *logo 
languages) 

 accessibility of such languages and toolkits to non-expert programmers, etc. 

However, generative social science is still formulated in a somewhat unsatisfactory way, namely as a 
bottom-up process (again see Epstein, 2006, and more generally see the vast majority of simulation and 
computational models of social and economic processes). 

Hence, the notion of emergence itself is usually intended as a one-way process. Indeed, this notion is being 
substituted by that of generation. 

The present analysis can contribute to 

 a theory of emergence as distinct from generation 

 a view of the micro-macro link as a recursive 

 loop, in which emergent effects at the macro-level retroact on the lower levels, modifying them, 

 thereby providing a more dynamic, generative view of the micro- level entities. 

3.4 Concluding Remarks  
Society is generated by its members, and is implemented on them: it works thanks to and through their 
ŀŎǘƛƻƴǎ ŀƴŘ ǘƘŜƛǊ ƳƛƴŘǎΦ .ǳǘ ǘƘƛǎ ŘƻŜǎ ƴƻǘ ƛƳǇƭƛŜǎ ǘƘŀǘ ǎƻŎƛŜǘȅΩǎ ƳŜƳōŜǊǎ ŀƛƳ ŀǘΣ ƴƻǊ ŀǊŜ ŀǿŀǊŜ ƻŦΣ ǘƘŜ ǿŀȅ 
society works. 

Moreover, they may be aware of emergent effects, but still this representation is not what makes society 
works. Sometimes awareness is a requirement for the implementation for society on its members 
sometimes, this is not the case. An interesting empirical question is when it is, and when instead new 
properties do not imply a representation of the effects they contribute to produce. 
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Chapter 4  Theoretical Foundations: Normative Behaviour and Economic 
Wealth  (The Development of Economic Wealth Based on Trust in Large 

Groups of People) 

Rainer Hegselmann and Oliver Will 

Abstract  
David Hume delivered an informal theory of how humans managed their way from a rather poor life in 
small groups to comparatively high wealth based on division of labour in large groups of people without 
personal ties. The dynamics are driven by two antagonistic forces: on the one hand specialisation entails 
incentives for division of labour but on the other hand the interaction structure of exchange regimes is that 
of a social dilemma. In this chapter an agent-based model is introduced that formalises important elements 
ƻŦ IǳƳŜΩǎ ǘƘŜƻǊȅ ŀƴŘ ǘƘŜǊŜōȅ ƛƴǘŜƎǊŀǘŜǎ ǘƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ ǘǊǳǎǘ ŀƴŘ ǘƘŀǘ ƻŦ ŘƛǾƛǎƛƻƴ ƻŦ ƭŀōƻǳǊΦ ¢ƘŜ Ƴŀƛƴ 
ŎƻƴŎŜǇǘǎ ǘƘŀǘ ŎŀǇǘǳǊŜ IǳƳŜΩǎ ƛŘŜŀǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ŀƴŘ ǎƻƳŜ ǊŜǎǳƭǘǎ ŀǊŜ ǎƘƻǿƴ that illustrate the 
importance of trustful behaviour and the trouble to establish it. 

4.1 Introduction and Motivation  
In this chapter, we present a model on a fundamental process in human societal life: the development from 
a rather poor life in small groups to a remarkable economic wealth based on division of labour in large 
groups of people. David Hume was the first who delivered a rich informal theory on this issue.9 His theory 

contains many elements that remained scientifically appealing until today.10 For that reason, we use it as a 
ǘƘŜƻǊŜǘƛŎŀƭ ōŀŎƪƎǊƻǳƴŘ ƻŦ ƻǳǊ ǿƻǊƪΦ hǳǊ ƳƻŘŜƭ Ŏŀƴ ǘƘǳǎ ōŜ ǳƴŘŜǊǎǘƻƻŘ ŀǎ ŀ ŦƻǊƳŀƭƛȊŀǘƛƻƴ ƻŦ IǳƳŜΩǎ ƛŘŜŀǎ 

and that is why we betimes refer to it as HUME1.0 in the remainder.
11

 

Though in principle everybody in a society could benefit from division of labour, there is a big hurdle to 
take: Division of labour requires exchange and exchange tends to be risky. Exchange is risky since one or 
both involved parties may deviate from agreements, default on payment or delivery, or defect in some 
other way. To overcome these problems, humans made two important inventions: virtue and government. 
Lƴ ƻǳǊ ŎƻƴǘŜȄǘΣ ǘƘŜ ŜǎǎŜƴǘƛŀƭ ǾƛǊǘǳŜ ƛǎ IǳƳŜΩǎ ƴƻǘƛƻƴ ƻŦ justice. It means keeping promises and fulfilling 
contracts. Government serves as an enforcement agency where the force of virtue turns out to be too 
ǿŜŀƪΦ !ǘ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀƎŜ ƻŦ ƻǳǊ ŦƻǊƳŀƭƛȊŀǘƛƻƴ ƻŦ IǳƳŜΩǎ ǘƘŜƻǊȅ ǿŜ ŎƻƴŎŜƴǘǊŀǘŜ ƻƴ ǘƘŜ ǊƻƭŜ ƻŦ ƧǳǎǘƛŎŜ ŀƴŘ 
leave the origin of government for future research. 

Though Hume wrote in a jargon of virtues, his ideas can easily be expressed in terms of norms, e.g.: If you 
agreed on delivering a product to a certain price and received the respective payment then you should 
deliver the promised product! In HUME1.0 we concentrate on norms like the one above. They determine 
whether or not the preparatory effort made by one of the involved parties should be rewarded by the 
ƻǘƘŜǊΦ IǳƳŜΩǎ ǘƘŜƻǊȅ ŘŜŀƭǎ ǿƛǘƘ ƴƻǊƳǎ ŀǘ ǘǿƻ ƭŜǾŜƭǎΦ !ǘ ǘƘŜ ōŜƘŀǾƛƻǳǊŀƭ ƭŜǾŜƭΣ ƘŜ ŘŜƭƛǾŜǊǎ ŀ ǘƘŜƻǊȅ ƻƴ Ƙƻǿ 
norm compliance could emerge. At the mental level his work is concerned with how humans develop a 
special internal relation to norms, i.e. how norms develop to work as motivating factors. 

HUME1.0 focusses on the behavioural level. We investigate whether, under what assumptions and to what 
extend certain behaviours prove successful. Success is measured in material payoffs in the more or less 
long run when agents face situations that can be described as a trust game. The evolved behaviour is a 
άǎƻŎƛŀƭ ƴƻǊƳέ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜƴǎŜΥ 

                                                             
9  See Of Morals ς that is part III of his A Treatise of Human Nature (1739f., Hume, 2007) ς and Enquiry concerning the Principles 
of Morals (1751f, Hume, 1998) 
10

  In the past two decades a lot of work was done on this theory. For detailed analysis, reconstruction, and elaboratiƻƴ ƻŦ IǳƳŜΩǎ 
theory see e.g. (Kliemt, 1985; Kliemt, 1986; Sugden, 2004; Binmore, 1994; Lahno, 1995; Hardin, 2007). 
11  ¢ƘŜ ǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ƻǳǊ ƳƻŘŜƭ ŀƴŘ IǳƳŜΩǎ ƳƻǊŀƭ ŀƴŘ ǇƻƭƛǘƛŎŀƭ ǇƘƛƭƻǎƻǇƘȅ ƛǎ ŘŜǎŎribed in much more detail in (Hegselmann 
and Will, in press). 
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i. It guides behaviour in a social dilemma situation such that overall welfare is improved. 
ii. It is followed only conditionally, i.e. only if enough others are following the same norm. 

The mental level of norms is left out in this version of our model. In particular, there are no components of 
mental processing of norms (e.g. normative beliefs, normative goals, rules of norm adoption). Anyhow, 
HUME1.0 is compatible with the approach to norms presented in later chapters of this report. It could be 
extended by cognitive modules presented there but, for reasons of complexity, it is not yet. At the 
moment, the model serves as a base case that lacks the mental level. The results we have so far indicate 
that the cognitive level might be a missing element in explaining the evolution of division of labour in large 
groups. 

In what follows, we present our model without going into technical detail. Subsequently, we show what 
levels of wealth would emerge given that all agents followed a certain norm (in our weak sense). 
Afterwards, we iƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ƭŜǾŜƭǎ ƻŦ ǿŜŀƭǘƘ ŜǾƻƭǾƛƴƎ ƛŦ ŎŜǊǘŀƛƴ ŀǎǎǳƳǇǘƛƻƴǎ ƻƴ ǘƘŜ ŀƎŜƴǘǎΩ ŀōƛƭƛǘƛŜǎ ǘƻ 
detect each others trustworthiness are given. 

4.2 Interaction Structure and Specialisation  
¢ƘŜ ŘȅƴŀƳƛŎǎ ǎǳƎƎŜǎǘŜŘ ōȅ IǳƳŜΩǎ ǘƘŜƻǊȅ ƛǎ ŀŦŦŜŎǘŜŘ ōȅ ǘǿƻ ŀƴǘŀƎƻƴƛǎǘƛŎ ŦƻǊces: on the one hand, agents 
have different levels of competence in solving certain problems and those competencies change via 
practice, innovation etc. Thus there is an incentive for specialisation and division of labour. On the other 
hand, the interaction structure of exchange regimes is that of a social dilemma. This will become more clear 
in the remainder of this section. 

The interaction structure that HUME1.0 focusses on is the trust game (TG), a simple 2-person game that 
Ǉƭŀȅǎ ŀ ŎŜƴǘǊŀƭ ǊƻƭŜ ƛƴ IǳƳŜΩǎ theory. In a TG, two players could gain from mutual co-operation but one of 
them, player1, has to choose to contribute in advance (trust) while the other, player2, chooses afterwards 
whether he contributes as well (reward) or not (exploit). Since for player2, exploiting is better than 
rewarding, and being exploited is worse than distrusting for player1, it can be seen by backward induction 
that for rational players the non-iterated, one-shot TG has only one solution: anticipating that player2 will 
go for exploitation, player1 decides not to trust. Result is an inefficient outcome. The interaction structure 
captured by the trust game is the very core of HUME1.0 but it is incorporated into an enriched setting. 

Key ingredients of this setting are: 

1. In each iteration half of the agents have one of K special problems. Those with a problem are 
referred to as P-agents the others are called S-agents. 

2. Agents have a competence vector with K entries that represent their competence in solving the 
respective problem. By working on a certain problem, agents become better in solving that 
problem. However, at the same time their other competencies deteriorate. Formally, this is 
realised by adding a certain ɲ to the component in question and afterwards re-normalising the 

whole competence vector in such a way that  holds again. 
3. The more competent an agent is in solving a problem k, the less are his costs of producing a 

solution and the higher is the quality and thus the value added. 
4. Agents can solve their problems on their own or look for more competent agents that can solve it 

in a cheaper and better way. 
5. Pairs of agents result from a matching process in which the competence and trustworthiness of 

agents plays an important role (see section 4.4). 
6. If a match is established, the P-agent has to do some prepayment. Only afterwards, the S-agent 

that was άhiredέ to solve the problem, starts working on the solutionτor not. Prepayment of the 
P-agent and the resulting temptation for the S-agent to keep the prepayment without delivering 

the solution, makes the setting strategically analogous to the trust game described above.12 Figure 
3 illustrates the interaction structure. The payoff structure is the same as in the simple trust game: 

                                                             
12  See (Hegselmann and Will, in press) for a motivation of the chosen and a discussion of other plausible exchange regimes for 
HUME1.0. 
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a P-agent likes the outcome from him trusting and the S-agent rewarding best, him distrusting 
second best and is worst off if he trusts and the S-agent exploits. For the S-agent, the highest 
outcome results from exploiting a trusting P-agent, followed by rewarding a trusting P-agent and 
earning nothing in case of a distrusting P -agent. While this structure never changes in the model 
the total payoffs depend on the S-agentΩǎ ŎƻƳǇŜǘŜƴŎŜ ƛƴ ǎƻƭǾƛƴƎ ǇǊƻōƭŜƳ k, parameters concerning 

costs and value function and the share of the value added13 that is earmarked for the S-agent, ,̡ 
which is an exogenous parameter. 

 
Figure 3. The trust game in HUME1.0. The matching algorithm ensures that the S-agent is sufficiently 
competent. At the first node the P-agent decides whether he trusts the S-agent or not. If the P-agents 

trusts, the S-agents decides whether or not he delivers a solution or not. Upper payoffs are those of the 
P-agent, lower payoffs refer to the S-agent. 

4.3 The Spatial Scenario  
HUME1.0 analyses the trust game in different spatial scenarios (Hegselmann and Will, in press) but here we 
focus on only one: the partition and market based scenario (PM-scenario). In the PM-scenario agents are 
randomly distributed among an exogenously given number of partitions. In each iteration, they decide on 
whether they enter a central market or stay in their local partition. If an agent enters the market, he 
searches for a partner among all those agents that chose to go for the market as well. Agents that stay in 
their partition search for a partner among all those agents in the same partition that also chose not to 
enter the market. Potentially agents that enter the market can choose among a larger set of partners. Thus 
they have a better chance of finding a good partner. 

                                                             
13  That άvalue addedέ is the difference between the value and production costs of a solution. 
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The decisive structural details are:
14

 

With an agent-relative, dynamic probability, , P-agents look for a partner to solve their 
problem at the market. They search for partners that are trustworthy and as competent as possible 

with regard to their. Correspondingly, with probability  P-agent i 
looks locally, i.e. within his partition, for a trustworthy and competent S-agent. Analogously, S-

agents have an propensity, , to go for the market. 

S-agents reward with a certain agent-relative and dynamic probability: With probability 

 agent i rewards in market-interaction. In local interaction their probability to 

reward is . 

4.4 Matching  Agents 
The matching procedure of HUME1.0 is not an explicit model of how agents search for partners. It is a 
random-based mechanism that is designed to make pairs that agentsτwith all the limitations concerning 
cognitive abilities, information, and time restrictionsτwould or could plausibly have brought about by their 
activities. The effects that the matching procedure should produce, can be translated into the following 
requirements (R1 to R5): 

in all pairs, P- and S-agent ŀǊŜ ƛƴ ŜŀŎƘ ƻǘƘŜǊΩǎ Ǉƻƻƭ ƻŦ ǇƻǎǎƛōƭŜ ǇŀǊǘƴŜǊǎΣ 

all P-agents that have a partner think that this partner is trustworthy, 

all pairs are economically reasonable in a sense that is described below, 

two agŜƴǘǎΩ ǇǊƻōŀōƛƭƛǘȅ ǘƻ ōŜ ƳŀǘŎƘŜŘ ƛǎ ǇƻǎƛǘƛǾŜƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ǇŀȅƻŦŦ ǘƘŜȅ ŜȄǇŜŎǘ ŦǊƻƳ ŀƴ 
interaction, and 

the matching does neither constitute privileges for P-agents nor for agents of S-type. 

The matching procedure is a two-stage mechanism that takes as input the set of all possible pairs of a P-
and a S-agent. In the first stage, the subset of plausible pairs is identified. A pair is plausible if it meets the 
demands of requirements 1 to 3. In stage two, the actual pairs of the current time step are drawn at 
random from the set of plausible pairs. To fulfil requirement 4, the probability of a pair to be drawn 
depends on the payoff expected by the involved P-and S-agent. 

4.4.1 Identifying the Set of Plausible Pairs (R.1 to R.3) 
Let  be the set of all P-agents and  that of all S-agents. Then  is the set of all possible pairs of a P 
-and a S-agent. In the PM-scenario there are spatial reasons why some of these pairs are implausible (R1). 
Only those pairs in which P-and S-agent are located in the same partition and at the same time search for a 
partner within the partition and those in which both agents search for a partner on the global market are 

plausible and the subset of those pairs is denoted by . 

The second step of our matching algorithm reduces the set of plausible pairs to those spatially plausible 
pairs in which the P-agent classified the S-agent as a trustworthy partner (R2). In this version of the model 
P-agents simply make guesses on their potential partners actual behaviour in the current time step, i.e. on 

whether or not a potential partner would reward.15  These guesses are wrong with probability  or 

 depending on whether the respective agent searches for a partner on the market or in the local 
partition. Since we assume classification mechanism to be more effective with people that have lower 

social distance must hold that .  denotes the subset of pairs 
in which the P-agent trusts the S-agent. 

                                                             
14  The PM-scenario has structural similarities with the Macy-Sato-model (Macy and Sato, 2002; Will and Hegselmann, 2008; Will, 
2009b) but in HUME1.0 the probability for rewarding on the market can be different from the probability for rewarding locally. An 
endogenous mechanism of mobility between partitions is planned to be implemented in future versions of the model. 
15  ! ŀƭǘŜǊƴŀǘƛǾŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƳŜŎƘŀƴƛǎƳ ǘƘŀǘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŀƎŜƴǘǎΩ probability to reward rather than their actual behaviour is 
described in (Will, 2009a). 
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Requirement 3 concerns economic reasonability. In HUME1.0 P-agents can solve their problems on their 
own. Thus only pairs in which the S-agentΩǎ ŎƻƳǇŜǘŜƴŎŜ ƛǎ ƘƛƎƘ ŜƴƻǳƎƘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ P-ŀƎŜƴǘΩǎ ǇŀȅƻŦŦ 
in case of reward exceeds his payoff in case of solving his problem on his own are plausible in terms of 
economic reasonability. The matching procedure finds the subset of pairs, 

, that contains all such pairs. 

We end up with a subset of pairs that are plausible with regard to spatial reasons, trustworthiness and 
competencies. Thus we have a set of pairs that fulfil requirements 1 to 3 and which is therefore a set of 

plausible pairs, , as it was defined in the beginning of this section. Now, that this set is 
determined we can step forward to the second stage of the matching mechanism. 

4.4.2 Finding the Pairs of the Current Time Step (R4 and R5) 
In the second stage of the matching process, we take the set of plausible pairs and randomly determine the 
actual pairs of the current time step. This process cannot be random in the sense that all pairs have the 
same chance of being drawn since requirement 4 demands this process to be assortative to a certain 
degree: the probability of a pair to be drawn for the current time step must be positively correlated with 
the payoff expected from the respective P- and S-agent. To fulfil requirement 5 the process must be 
assortative without implying type privileges, i.e. it should neither favour P- over S-agents nor the other way 
round. 

The determination of the pairs of the current time step starts with listing all P- and S-agents that occur in 
plausible pairs. Two lists result: a list of all P- and a list of all S-agents in plausible pairs. To avoid any risk of 
effects caused by the sequence in which the agents appear on the lists, random permutations of these lists 
are generated. Afterwards the drawing of pairs begins. This drawing procedure consists of a number of 
steps in which elements are deleted from the two lists. It is repeated until either the list of P- or the list of 
S-agents is empty. 

1. A random number between zero and one is drawn to determine whether a P- or a S-agentΩǎ 
perspective is taken. To keep the process neutral we take on a P-agents perspective if the random 

number is smaller than the ration of P -and S-agents, i.e. if  where r is a 
uniformly distributed random number between 0 and 1. 

2. We get a chosen agent by taking -depending on the perspective decided in step 1 -the first entry 
on the list of P- or S-agents. This chosen agent is the agent for whom a partner is drawn in this run. 

3. ¢ƘŜ ŎƘƻǎŜƴ ŀƎŜƴǘΩǎ ŜȄǇŜŎǘŜŘ ǇŀȅƻŦŦǎ ǿƛǘƘ all his partners in plausible pairs are calculated. For a 
P-agent this means that we calculate the reward payoffs since the set of plausible pairs does not 
contain a pair in which the P -agent expects the S-agent to exploit. In case of the chosen agent 
being a S-agent, the expected payoffs depend on whether or not the chosen agent intends to 
reward or to exploit. 

4. ! ǾŜŎǘƻǊ ƻŦ ǘƘŜ ŎƘƻǎŜƴ ŀƎŜƴǘΩǎ ŜȄǇŜŎǘŜŘ ǇŀȅƻŦŦǎ ƛǎ ŦƻǊƳŜŘ. 
5. The elements of the vector of expected payoffs are normalised to unity, i.e. each value of 
ŜȄǇŜŎǘŜŘ ǇŀȅƻŦŦ ƛǎ ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜ ŜȄǇŜŎǘŜŘ ǇŀȅƻŦŦǎ ŦǊƻƳ ŀƭƭ ǘƘŜ ŎƘƻǎŜƴ ŀƎŜƴǘΩǎ ǇŀǊǘƴŜǊǎ 
in plausible pairs. 

6. ¢ƘŜ ŎƘƻǎŜƴ ŀƎŜƴǘΩǎ actual partner is determined using a uniformly distributed random number 
between zero and one. This is done by consecutively summing up the values in the vector of 
ŜȄǇŜŎǘŜŘ ǇŀȅƻŦŦǎ ǳƴǘƛƭ ǘƘƛǎ ǎǳƳ ŜȄŎŜŜŘǎ ǘƘŜ ŘǊŀǿƴ ǊŀƴŘƻƳ ƴǳƳōŜǊΦ ¢Ƙŀǘ ŎƘƻǎŜƴ ŀƎŜƴǘΩǎ ǇƻǎǎƛōƭŜ 
partner to whom the expected payoff relates that was the last one added to the sum is the chosen 
ŀƎŜƴǘΩǎ ŀŎǘǳŀƭ partner in the current time step. 

7. The chosen agent and his actual partner are removed from the lists of P- and S-agents. This 
ensures that a paired agent cannot appear as a chosen agent afterwards. 

8. All plausible pairs that contain either the chosen agent, his partner or both are removed from the 
set of plausible pairs to ensure that agents that are already paired do not appear as a chosen 
ŀƎŜƴǘΩǎ ǇƻǎǎƛōƭŜ ǇŀǊǘƴŜǊ ŀŦǘŜǊǿŀǊŘǎΦ 


























































































































































































































































































































































































































