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Aims and Outline
tKAd RSEAOSNIOfS 61 a RSaAaONAROSR a F2ffz26a Ay (KS
EMILT:

WP5, is aimed at checking and formulating the theoretical advances obtained, comparing them with the
criteria put forward in WP1, with theimulation 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 thesopere movement
(WP2) and applied a computational version of the theory to the empirical example by building and
executing a simulation (WP8, EMILT shall evaluate the success of the theory in understanding the
development of norm innovation in the opepusce movement by comparing the results of the
simulation with the empirical data documented in the ofeurce 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 documentesstatement 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 dd thre fie
tight collaboration with the diffusion group (M5.2, project month 36).

EMILT MAIN DELIVERABLES DESCRIPTION:

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

D5.2:Monograph: thereformulated 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 pthmpirical phenomena) (project
month 36).

This document is a summary of D5.1, the final model resulting from the EMIL pgopttambitious
sociocognitive model of norm innovatioihis is arises from a dynamic and complex view of norms, it is
based onand has shed new light on the ontology developed in EMlIwas specified in EMWA, has been
implemented in the architecture EM; has been used to develop a suite of simulations of normative
phenomena and will be available as a theory, architecturetaatfor future work by academicghis is the

first theory of norms that comprehensively relates ontology, theory, implementation, architeature
integrating both cognitive and social aspects of norms as thegvobve as a result of interacting, emerg

and immergent processes.



D5.1: EMHT Emergence in the Loop

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 ortevithem? 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
guestions the EMIL project was faaed 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, noetated form of cognition. On thether hand, philosophers

2F fl6 FYyR f23A0AFya 02y OSLiidzt AasS y2N¥Ya & SELN
regular behaviours, the latter as issued obligations.

The present manuscript presents a summary of the main scientific catitib of the EMIL project: a
ReEYIlIYAOZ O2YLMzil GAZ2YylFf |yR O23¥k ®A-B& mbiySeank®at 2 Ty
accounting for the emergence and innovation of social norms, but it also provides tentative answers to
some questions enlistedbave, especially (a) what might be common to different kinds of norms; (b) how

to differentiate normbased behaviour (any type of norms) from coerced behaviour, on one hand, and
regular behaviour, on the other; (c) what are the principal mechanisms alipinitelligent autonomous

agents to comply with norms. EMILis characterized by a tweay approach to social dynamics, in which
bottom-up (in particular, emergent) and tegpown (in particular, immergent) processes are seen as strictly
intertwined and accanted for.

EMILT adopted a simulatichased methodology as both a thedoyilding and a theorgesting approach.

A number of simulations studies reported on in the manuscript were initially carried out for exploratory
purposes, but many of them were lateeplicated for validation. In accordance with a crossthodological
approach, an empirical study was conductednd 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. areview of different approaches to the simulation of norm emergenére Chaptero)
ii. aninventory of the main concepts upon which the project has been lafiiltGhapter2)
iii. reviewed versions of the previous deliverables, EM|IEMILA, and EMHS, i.e.
1. areport of the model of the #vay dynamics of social processes, applicable to norm innovation
(cfr. Chapter3)
2. adescription of the normative agent architecturdr( Chapter9)
3. a description of the simulation platform for carrying out artificial experiments on the dynamics
of social normsdfr. Chapterll)
4. a description of the MEME platform allowing to conduct extensive analyses of the simulations
(cfr. Chapterl2)
an introduction to the scenarios chosér simulation studiegcfr. Chapterl3)
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 socialoactan emerge
without full-fledged norms coming into existence
2. Micro-finance, illustrating the conditions under which a collective positive behaviour,
yIEYSte O2YLISyaldAy3a FT2NJ YSYO0SNKE@. Chdpterf dzNB a
16).
3. Multi-Scenario World, investigating the conditions under which normative agents are

o g
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Chapter lntroduction

needed for fulifledged norms to emergéefr. Chapterl?).

4. Wikipedia, simulating the emergence of fiiltdged norms oheutral style in natural

and simulated collaborative filteringfr. Chapter5).

5. Traffic, showing the emergence of complementary norms from-deaers and
pedestrians interacting in a simulated environmécit. Chapter4).

7. A set of replications of the simulation studies on different platforms and in different languages
(MatLab, NetLogo, EMRB).

EMILA, the

architecture

computational

»

A

Underpins

EMIL:M and

foundations

other theoretical

>

Specifies the

EMILS (the
simulation
system)

Facilitates
and

Structures

Scenario A

Structure of

N

\“;cmario B
Scenario C

Supports

J

MEME tools and
methodology

Figurel. An lllustration showing the riationship of the parts of EMHT 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, iniritie 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 nms 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-basad behaviour needs be kept

distinct from imitation on the one hand, and acquiescence under menace on the dtherkey difference
is that agents abiding with norms, or violating them, act on a set of mental representations.

EMILT proposes an integrated view of normig, 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, imsthe se
defined above. Indeed, not all virtuous, or prosocial behaviour, is based upeiefiged norms. Other

mechanisms may lead agents to perform in a positive or virtuous way. For example, larger and wealthier

markets are shown (cfChapter 4) to emerge from among nofamiliar agents endowed with

heterogeneous competencies. Analogously, collective dependence among group members favours

collective responsibility (cfChapter3). 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.Chapter8) that under given conditions, for example in a msltenario world, behaviours will not

converge unless agents are endowed with the capacity to form autonomous normative beliefs while
OSKIFIQGA2dZINED® LYAGLIGAZ2Y
under given social conditions, namely in multiscenario worlds, norms operate in society while operating in
the mind, neither after nor before. In thosdrcumdances, the two components of norm dynamiGs

observing @ K S NA Q
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D5.1: EMHT Emergence in the Loop

emergence and immergenag 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
pressureor2 yS | y2UGKSNJ G2 | OG0 | O0O2NRAy3Ifed !'a al NB 52dz3
FY203KSNJ Ayd2 GKS &1YS LINIYOGAOS&ae¢d ¢KAA A& LI2&AAAO
responsive. They are autonomous in that they act on togin 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
simuations- Wikipedia Chapterl5), street Traffic Chapterl4), Micro FinanceGhapterl6). Thanks to the
simulation platform¢ EMILS¢ built on top of our normative agent architectueEMIL-A, results obtained

in each of these studies closely resemble phenomena observed in natural socliatite 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 cofdi A 2y a® Ly SFOK 2F (GKS aAvydzZ I SR a0Syl
learning and their capacity to form own beliefs, whether right or wrong, shared or not shared, and
FOO2YLY A-AKOHYI2ZINN2Yy ¢ X dzNBAY 3 20 KS NI thé groundOd 2haseJt A a K
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 batitshs 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 andesptional 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 outcomesx&wmipke, 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 ahbgy, 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 EMHctprahich is
aimed at delivering a simulatidbased theory of norminnovation/emergence. By noramnovation/
emergence we mean a complex loop, in which the emergent effect determines new properties on the
producing level, by means of which the effectaproduced. A recursive interaction between both levels is
established in a complex feedback loop. This includes twomobesses:

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

o Immergence i.e. the gradual and complex process by which the maowial effect, in our case a
specific norm, impacts the minds of the agents, generating a number of intermediate loopee Befo
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 (Castelfranchil998 Conte et al.2007, Andrigheto et al, 2007a, b).

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

e partial or initial observable macroscopic effects of local behaviours occur

e NBGNRIFOG 2y ol &adzaSid 2F0 (GKS 20 amnidd sidie® YA YF
emotions, normative beliefs, normative goals, etc.)

agents communicate internal states to one another, thus activating a process of normative
influencing (see Conte and Dignu2®01)

e GKSAS y2NXNIGADPS 0StASTa ALINBIR GKNRdAK F3ISyGac
behaviours progressively conform to spreading states

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

Hence, we need norrelated notions that are

e Dynamicto be compatible with a simulatichased investigabn. 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 apinion 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 permissis orforbiddancesIn a word, new norms.

e Hybrid, incorporated both in social and mental objects. In this perspective, the following views are

9



Chapter 2Theoretical Foundations: The Revised EMIL Ontology

deemed to be inadequate:

1. Epiphenomenalaccording to which norms are but observable social patterns, intergrete
tas i€ they resulted from any normative force or process. On the contrary, we are
interested into social patternactuallyresulting from the action of norms in society,

2. Behaviorist characterizing norms as observable regularities resulting from agent
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 conventionghdugh necessary, this is still
an insufficient view of norms, especially when we want to deal with innovation.

221 Commandv o o A A 5 .
! O2YYIl YR Aa | O2SNDOAGS NBIljdzSad 2F OlA2ys ol aSF
recipient.

2.2.2 Norm

We consider a norfng be it social, legal or morgasd I LINS&AONA O SR 3JdzA RS F2NJ 07
complied with by the members of societyliinannMargalit, 1977). A norm spreads trough a population

thanks to the diffusion of a particular shared belief, i.e. the ndimeabelief. 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; Kelsen1979; Conte and Castelfrancli999 2006) Stated differenly, a

normative belief is a belief that there is a command based on a déo@ticourse, 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 afnwanted effects. However, once emerged, a given social norm is
0St ASOSR (2 0SS oF&SR dzAlRYy a2YS y2N¥FGAGS | dzi K2 NG
gl yiSRZ SELISOGSR o6y2030 (G2 R2 (GKAAXEY | NBGI RRYSXS¥ESH
It has to be pointed out that a norm is a prescription thateéguestedto be adopted because it is a norm

and isfully applied2 yf & 6KSy Al A& O2YLX ASR gAGK F2NI Ada 26\
applies de factg. Even normative commands are often adopted under the effect of reinforcement.
b2ySiKStf Saax (GKAA GelL)S 2F FTR2LIWGA2y Aa y20 ardrat
such a perspective can ever be hypothesized.Wdppiness conditiois that the norm is accepted, to say it

AY | NJj1968s G SN EY GSNY It AT SR ((P8974950), beBaude it is fegognEetzNJ K S
as a norm. In other words, in order for the norm to be satisfied, it is not sufficienthlegtrescribed 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 norrbased behavior to take place, a normativelibf 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, horm
emergence and stabilization implies its immergence (Castelfrat®8i8a; Andrighetto et al. 2007a, b
Conteetalh nnT0 AyG2 (GKS 3SyiaQ YAYR&AO®

1 Alively debate on the concept of norm has been developed in several branches of Philosophg;dgnitive Science, Theory

of Agents, Social Theory and Game Theory. Here are few references. Social and Legal Philosophy, Raz, 19939Kktsga of
Action and Deontic Logic, Hof8001; Joneand Sergot 1993; Wright 1963; Cognitive Science amteory of Agents, Contnd
Castelfranchil995, 2006; Castelfrancand Contg 1999; Social Theory and Game Theory, Bicgii@80, 2006; Colemani990;
Young 1998, 2006; UlimaMargalit, 1977; Social Simulation, Axelrd®84; Macyand Skvoretz1998; Macyand Satq 2002; Sen
and Airiau, 2007.

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 commaadieitsuasiveness and credibility of the source;
compatibility with existing norms (norm conflicts often lead to violating one or the other); etc.

10



D5.1: EMHT Emergence in the Loop

Below follow some components of the mental processing of norms:

e Normative belief, the belief that a given behaviour in a given context for a given set of agents is
forbidden, obligatory, permitted, etc. More pteA a Sf 8> GKS o0St AST akKz2dzZ R
LINEKAOGAUGAY IS LINB & ONR 0 AlYE3;3Kelde)H MW Canie fant Tastelkdnghid ¢ & £
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.

e Normative beliefof pertinenceBelieving 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 donetry wh
(i) the obligation/permission/prohibition and (ii) the set of agents on which the imperative is
impinging. For example, if | am addressed by a given norm dsaymember of a professional
order€), and the norm has to take effect on me, | mustagnize this. The prescription is about a
set or class of agents, and since | am an instance of that class, the norm applies to me.

e Normative goaf, an internal goal relativized to a normative beliEfom a cognitive point of view,
goals are internal repentations triggeringand-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 6ee Conte2009. A goal is relativized when it is held because and &edktent that a given
world-state or event is hold to be true or is expected (Cohen and Levesque>1990)

e Norm adoption the formation of a normative goal from a normative belief, thanks to some
intervening rules (se€hapterEMIL-A: The Architectws, for a detailed descriptionfor example, a
normative goal of a given agertabout actiona is a goal that agent happens to have as long as
she has a normative belief aboat More specificallyx has a normative goal only if she believes to
be subjet to a norm.

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

¢ Normative reasoningmental operation upon the internal representation of a given norm, which
may lead to thahorm being adopted, thereby forming a normative goal.

2.2.3 Convention
A convention (cf. Gilberl981, 1989; Lewjd969; Sugden, 1986/2004 oung 1993, 2006) is a behavioral
regularity, i.e. a practice or procedure widely observed by members of a goaal 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 (arbitrarilyctegldrom 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 Lewi4969, based on interdependency and mutual expectations (see
Andrighettoet al., Forthcomingb).

The confine between conventions and norms is not etedr Conventions may acquire a mandatory force
over time (Andrighetto et al, Forthcomingb), sometimes conventions get to be prescribed, and this is one
factor leading to normemergence. 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

¥ In EMIEA, normative beliefs, together with normative goals, are organized arahged in the normative board according to

their respective salience (see chapliére EMIA Architecturefor a detailed description). Bsaliences S NBFSNJ (2 G KS y 2N
of activation, which is a function of the number of times a given norm eiitesS I ISy imaking. RSOA & A 2y

A normative goal differs, on one hand, from a simple constraint, which reduces the set of actions available to the sgstem, an
on the other, from ordinary goals. With regard to behavioural constraints, a normative dess isompelling: 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, oy @iotzi®. With regard to
ordinary goals, a normative goal is obviously more compelling: when an agent decides to give it up, she knows she iarhinth thw
one of her goals and violating a norm.

An example is the following: tomorrow, | want to go gatimushrooms (relativized goal) because and to the extent that |
believe tomorrow it will rain (expected event). The precise instant | cease to believe that tomorrow it will rain, |pvdhgrbope
to find mushrooms.

11



Chapter 2Theoretical Foundations: The Revised EMIL Ontology

someone- whether by shaking hands or waving halls ruled by comentions; 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
theseobjects we can define power over of a group of agemtsvards a group of agentsas the possibility

for | to realize/thwart a set of world stateéSwanted byJ, such thatlis not able without to achieveG. This
definition regards objective power oveWe could analogously say thatlihas power ovet w.r.t. G, | is
objectively dependent odfor G. There exist epistemic variants of dependence. In fact we claimJtisat
dependent onl for Gif Jbelievesl 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 whethe&séhfeatures are sufficient and necessary (thus,
unique) conditions to construct a norm. We outline five aspects of the norm frareg (a

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

one?.

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 basecedntics, we can further distinguish them into:

e Obligations it is obligatory to do so,

e Prohibition: it is prohibited to do sp

e Permissionslt is permitted to do so.
These constructions are clearly interdefinable. If the definitions, and even the intelatéons, are clear
(Prohibited, Permitted, Obligatory) the mechanisms need to be investigated further. For mechanisms we
mean: what happens when something is obligatory? dmken is something obligatoyg

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

e Personal ¢the locus from which the norm emanatesneanséhe nonempty set of agents that
performed that action enabling theorm (and after which the norm exist§q

e Impersonal éhe locus fromwhich thenorm emanates meanséthe community that enabled the
normg. It is clear thatconsidering thedcommunity equivalent to thedset of allagentg would
make the two notions collapse. One of the aims of understanding impersooate ought to be
the understanding of this difference.

¢) Normative Role
With normative role (Conte and Castelfranch®95) we mean the partition of the agents involved in a

norm. We distinguish:

e Legislators the personal source;

e Addresseesthose agerd that are mentioned by thaorma sasked to carry out or not carry out a
given action;

e Defendersthat is those agents that share and enforce the norm;

e Observers those that acquire beliefs about a norm, that is whethers enforced, violated,
emarated.

®  On the concept of deontic se@Nright, 1963, for validity based deonticgMeyer, 1988, for deontic logic as a variant of

dynamic logic(Alchourron 1993, for recognition based deontics.
12



D5.1: EMHT Emergence in the Loop

d) Enforcement mechanisms

These are the operations that attempt to modify agents' actions in order to make them compliant to a
norm (cf. Axelrod1984; Conte and CastelfrancBD06; Conte and Paolu¢i001; UlmannMargalit 1977).

Very schematilly, we distinguish:

e 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 (Andrighetfo et al.
2009). In this sense enforcement mechanisms follow a path in agent minds, exploitingagetra
processes. Moreover social artifacts can be used to sanction or to favor agents' actions. Reputation, for
instance, can work as a normative sanction. Buait also be used as a normative incentive.

e) Control

Control is the way enforcement mechanisms are applied (Conte and Djgiagh; Conte and Paolugcci
2004). It implies both monitoring that checks violatiorr and influence- that actively pushes cognit
agents' towards compliance. Normative influence will be analyzed further on.

They can be:

e Centralized only one agent (individual or supiadividual) isentitled to sanction;

e Distributed everybody is able to defend the norm.
Therefore, it has to beaid that centralized control makes use of institutional rules for regulation, while
distributed control does not presuppose any delegation.

13
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Chapter 3 Theoretical Foundations: Two Way Dynamics of Social
Processes

Rosaria Conte, Giulia Andrighetto, Marco Campenni

Abstract

When produced by autonomous social agents, emergent maooial effects undergo a complex loop
between bottomup and topdown processes. Emergence of properties at aggregate level cannot be
effectively accomplished unless properties feedback lan lower level through a complementary process

of immergence.Immergence is a necessary correlate of emergence in at least a subset of-soat@b
phenomena, such as norms, typical of those societies of agents that are endowed with cognitive
ingredients.

In this chapter thenotion of emergence in complex social systems is discussed as a necessary instrument
for a theory of the macranicro link. Next, we will show how a given maeftect is implemented on the

lower levels, and two specific mechanisms opliementation, 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 maciocial effects as propertiesahcannot 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
propostions, and not properties, can be deduced. Consequently, the emergentist assertion must be
referred to agiventheory at agivenstage of its development. By this means, the assertion gets weakened
and transformed into a relativistic one, which states th@abpositions about macrgocial properties
cannot be deduced from propositions about miegocial 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) deducddence, what emerges, is what is (still)
unexplained. Once explained (Epstein, @)@ property is no more emergent. Consequently, the notion of
emergence comes to lose scientific value.

In the presentwork, we take a different perspective on the subject matter. We start from a crucial aspect
of complex social systems, i.e. the difference betw@aplementationand incorporation a macresocial
entity is always implemented on a miesocial one since itmay act and take effect only through the
actions of micresocial entities, i.e. individuals. When the producing units get modified in such a way that
the emergent macresocial effect is more likely to occur again, we speak about incorporation

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

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

" In this treatment, evolution is not meant as a metaphorical notion, imported from biolegyf f 2 6 Ay 3 5Syy S Qa @i

argue that evolution is an abstract process concerning living organisms as well as cultural artefacts and social systente @tee
al., 2009).
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apparently the case with the upright stem 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 ibefzv
dispositions of the corresponding species, such as grooming, or more complex social cognitive mechanisms,
such as gossip (Dunbar, T99Gossiperincorporatea certain evaluation about the target, even if they do

not actually share it, and contrizi S (G2 Ad& UGNIXYyaYAaairzyd ¢KS SYSNH
incorporated, shows through, the process of transmission. Hence, whereas an emergent effect is always
implemented upon (intefacting micresocial entities, it is not necessarily reacting 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 imergence.

2nd order emergence (Dennet, 1995; Gilbert, 20@s 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 detéenm new mental phenomena in the agents involved, not
necessarily aware of the effect produced. Several examples, including the dastadthwill be discussed
(seesection3.2.5).

In these different types of downward causation, one can envisage ategpsential feature of social
evolution and complexity. A typical example is neemergence. In our view, nor@mergence is
characterized by the occurrence of two complementary processes, emergence and immergence: norms
cannot emerge unless they simultardg® £ @ A YYSNABS Ay (2 Chadpter9o (se2Sgdi a Q Y
Andrighetto et al., 2004), we present a normative agent architecture and illustrate its functioning when
dealing with the immergece process.

3.2 The Way Back: Downward Causation
Can an emergent, macisncial property generate effects at the lower level? Yes, indeefigure2, there
are two main ways in which downward causation occurs:

MACRO MACRO

Figure2. Figure on the left represents the simple loop of downward causation; figure on the right
represents the complex loop.

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

Complex, or evolutionary, lopm which the emergent effect determines new properties on the miexe|
by means of which the effect is reprockd. 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 (Det@8§ Gilbert, 2002). In
the Schelling model, Gilbert modelled the segregatieimforcing effect of agents perceiving the clustering.
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Emergent effects may retroact ondhr generating systems either closing the circuit, or opening up a new
loop.

Immergence, i.e. the gradual and complex process by which the rsacral effect get reinforced by a new

way of operating of the agents producing it. This result is usually g&weerthrough 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 (Castdranchi, 1998; Conte et aR007; Andrighetto et al2007a). 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 grabiylaappear. move to the socially higher
neighbourhoods, if any, and move away from the lower, if dihlgas 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
ySaAFdA@Ste 2N LRaArAidArAgdgSte gAGK GKS YAONR aeadasSvya
properties, such as rights, soc#htus and social power, as well as the evaluations that agents form about

one another.

Let us see one example of simple downward causationptveer of negotiation

3.2.2 Dependence Networks

5SLISYRSYOS ySig2Nl & SYSNES FTNRY HEKAIFS SNLXK SRE © SF
dependence from them (Castelfranchi et al., 1992). Agents involved derive a further property from such
YyStig2Nl az AdSd ySI20AFGA2Yy LRSNDP ¢KAA Aa (GKS NBf
(for the conept, 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 uititydependence in the new context.

In a common environment, actions done by one agent take effects on the goals of other agents. These are
limitedly seltsufficient in the sense that they not always possess all the resources required to achieve their
goals Under these conditions, socidpendence networkSichman 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 tge&a, b, c>a is endowed with goap and
actiona(q), whileb and c are both endowed with goaj and actiona(p). Their interconnections result in a
dependence network, where ageribsand c are socially dependent oa, whilea depends on eitheb or c.

In turn, this nonuniform distribution ofexchange powedetermines a new effect at the lower level: agents
derive an equal power of choice, or, as we called it, negotiation power. In partieuigets a higher
negotiation power than eitheb or c: a will be in the position to make a choice, i.e. to choose its partner of
exchange, whiléd and ¢ have no choice. Presumably, due to this heterogeneous distribution of power,
exchange will provide unequal outcomes (payoffs) to the participants, where ageititbe better off than
eitherborc.

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 systemsniterfering 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 likeocial power including negotiation power, ahreputation have a
RSFTAYAGS o0dzi AYRANBOG AYLI OG 2y F3ASYyGaQ FdzZNOHKSNI |
in force of the actions that others, who interact with them, undertake based on their representations of
such properties. Somaeties, 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 retraztion 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 gpeétedly) executed by the individual
agents. When does this happen, and how? This is what we turn to in the next twsestibns.

2nd Order Emergence

Often, agents gradually beconaavare of the effects they contribute to generate. In this case tlierm a
mental representation of the emerged effect. This is what some author&mdlbrder emergence
{2YSGAYSaszs +3ASyGaQ NBLNBaSyaridiazya 2F SYSNEBSyG S¥
on the higher level. The social dynamicscai@es 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 actiodeed, sometimes becoming aware of aegi
emergent effect may interfere and even counteract it. For example teachers are often warned against the
Pygmalion effect (cf. Rosenthal and Jacobson, 1982)which their expectations about pupils act on the

f 1 G0G§SNRa 7Fdzi dzZNB RS @ &stsafuliMiggypiophécigRin drdeMdrcaniast-agiddeduce

its negative results.

Segregation

Ly KAa NBLIAOIGAZ2Y 2F GKS {OKStfAy3aQa Y2RSt X DAfO
reinforces the emergent effect (in this caseetblustering). This happens because the new belief provides a
3dA RSEAYS FT2NJ FOldAz2ys F2N) SEFYLXS avyz20S 2yteé AT
reinforces the macreocial effect (a stronger effect of clustering) to the extent thtadllows 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 acied effect is
reinforced by the mental pa¢trn 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 glstaah sy
and turn it into a complex bidirectional microacro loop.

3.2.4 Immergence

Here, the macréi 2 OA L £ SFFSOUG FFFFSOGa (GKS 3ISYSNIlGAy3d aeai:
the probability to be reproduced by them. As the swarming behaviour of i@pecies 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 exclusiwatdire 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.Pidikatch a rite common to some North
American native tribes living on the Notestern Pacific coast of US and Canada, Hi@a, Tlingit,
Tsimshian, Salish, Nwhahnulth and Kwakiutl isthe most important example of gift economy. During the
potlatchthe 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,dr example, the Kwakiutl, used the potlatch as an arena for competition. Often, goods were
destroyed right after the gift. Classic anthropologisisanz Boas (1911) and Marcel Mauss (1g2#gued

that by this means goods that would have caused a defepie&S NI G A2y 2F (GKS &aeadasSy
NBY2@PSRY (GKdza YFAYOGFAYyAYy3 GKS aeaidsSvyQa adlroAfAdeos

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 heaftthe 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
FILYAYySQa SYyR® 2KFGS@OSNI G6KS Yz2ald tA{1Ste NBl,thy T2
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wrong interpretation allowed the macksocial effect fjotlatch) 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 tdbzf Sa > O2y @Sy diAz2ya |yR AyadAaddziazya
ingratiation) but working efficiently (society stability). This is what weigatiergence While in 2° order
emergence, the global effect is replicated because agents perceive itvpasipact, 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 incporation, 2nd order emergence is certainly more rational, but requires
causal reasoning and anticipatory skills. However, irrational thinking may obtain competitive results. A
322R SEFYLX S A& WAY 5 2 Nishéleishdvingitheynpact af Sremedfalse Belie@2 f £ S
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 &out. In our example, we cannot say whether natives would have maintained the tradition of
potlatch, had they perceiveditsredll A 82y RQs (i NB

Ly akK2NIZ AYYSNHSYyOS A& | K@oNAR LINRPOS&aa fSIFRAyS3
necessaly correspond to the emergent effect (in tHeotlatch 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 $ocial life, resulting from more or less intelligent forms of irgtgent
adaptation (for a review, cf. Conte and Paolucci, 200kt 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 voizeyy 2 G KSNBRQ (2 6S oF NBfe& | dRAoOES o
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 samegitomenon is thevulnerable positionin 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 tonektstandard, 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 nuntiree. Why?

The authors put forward a rather elegant explanation, according to which a majorityirilecheck 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. Participantsafrozen 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. Aragment 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 emengeffect 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 (maegtiect), the stronger the local rule (majorituyle): 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 iplemented 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 soa@appoes implicitly

OGN YyaYAGGdSR TNRY 2yS +3Syid (2 Fy20KSNE (GKNRdJzZZK RS
02 odd ¢35 yR a2YSUAYSa O2y@S@SR dzyRSNJ S@I f dzt GA2Y
Norms emerge as a mechanism of sooggulation 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 twsided, external (social) and intern@hental) objects (Conte and Castelfranchi,
1995 1999 2006), norms come into existence only when they emerge, not thmbugh the minds of the

agents involved, but alsmto their minds. In other words, they work as norms only when the agents
recognizethem, reason and take decisions upon them as norms. The emergence of norms implies their
AYYSNESYyOS AyiG2 GKS F+13SyiaQ YAyRaod hyteée 6KSy (KS
other action is recognized by the agent, a norm gives riseriormative behaviour of that agenthus, for

a normbased behaviour to take place, a normative bélrefs to be generated into the minds of the norm
addressees, and the corresponding normative goal has to be formed and pufBuedlaim 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 neele perceived. What is more, even when perceived, it

is not such a perception that leads the agent to implement the norm. Ther@er emergence of norms is
2FGSY F aAYLXS f22L) GKS F3SyiaQ NBO23yAdokethg 2 F
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 thi their enforcement mechanisms, surveillance system, police,
institutions, and social ordeNorms are thus mechanisms for the immergence of social order.

In previous works (Castelfranchi, 1998; Andrighetto et2007a; Conte et al.2007), we describethe
process of nhorm emergence as a gradual and complex dynamics by which theswoeialoeffect, in our
case a specific norm, emerges in the societjle immerging in the minds of the agents producing it,
generating a number of intermediate loops. Thengration/emergence of social norms is a major circuit
made of local loops, in which:

LI NIOAFE 2NJAYAGALFET 20aSNBFrofS YIONRaO2LIAO STFSOiGa
minds, modifying them (producing new internal states, emos, normative beliefs, normative goals, etc.)

agents communicate internal states to one another, thus activating a process of hormative influencing (see
Conte and DignupH n nm0 GKS&aS y2NXYIFGAGBS o0SEtASTAa aALINBIFR (0 KNJ
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 sucla way that agents influence one another into converging on one global macroscopic effect.
9YSNHSYOS 2F a420ALf y2N¥& A& RdzS (2 GKS |3Sydaq
mental mechanisms controlling and (re)producing them (immerger®@€& 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 (Baigfesintentions)

Drawing upon Kelsen (1979), von Wright (1963) and a long traditidaasftic philosophy and logieased 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 eitlenforbid
obligatory, or permitted (Conte and Castelfrancd99 2006).
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approachesd normative reasoning suffer from some drawbacks: normspaesestablishedand built into

the agents. Instead, we endeavour to have agents able to find out new norms and transmit them to one
another. InChapter9 (see also Andrighetto et aR007a), an analysis of our normative architecture, EMIL

A, is presented.

3.3 Advantages of the Present Approach

e The present model attempts to contributing to the study of the mioracro link, and more
spedfically 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:

e recent official formulation of the generative paradigm for the social scienc&jstein 2006)

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

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

e accessibility of such langges and toolkits to neexpert programmers, etc.

However, generative social science is still formulated in a somewhat unsatisfactory way, namely as a
bottom-up process (again see Epstein, 208nd 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 anayeprocess. Indeed, this notion is being
substituted by that of generation.

The present analysis can contribute to

a theory of emergace as distinct from generation

e aview of the micramacro link as a recursive

loop, in which emergent effects at the maeevel retroact on the lower levels, modifying them,
thereby providing a more dynamic, generative view of the milaeel entities.

3.4 Concluding Remarks

Society is generated by its members, and is implemented on them: it works thanks to and through their
FOlA2ya IyR GKSANI YAYRad .dzi GKA&A R2S& y20 AYLXAS
society works.

Moreover, they may be aware of emergent effects, but still this representation is hot 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 questiamhisn 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 oé patpiut

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 thisapter an agenbased model is introduced that formalises important elements

2F | dzySQa GKS2NER YR GKSNBoe& AyidSaNlriGaSa GKS SYSNI
O2yOSLJia GKIFG OFLXdz2NBE 1 dzySQa ARSI & thHatNstraeSteO NR 6 S
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 grgs 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 isutheory

contains many elements that remained scientifically appealing until t&&ﬁyr that reason, we use it as a
GKS2NBGAOIE o0FO13aINRBdzyR 2F 2dzNJ 62N] @ hdz2NJ Y2RSt Oy
and that is why we betimes refer to it as HUMEn the remainder**

Though in principle everybody in a society could dférfrom 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 defeotria

other way. To overcome these problems, humans made two important inventions: virtue and government.
Ly 2dz2NJ O2y GdSElS GKS $4&4& fustidertinfeandiedpiigdpfomides and fudiliSgQ & v
contracts. Government serves as an enforesmmagency where the force of virtue turns out to be too
gSI1® G GKS OdzNNByd &GF3S 2F 2dzNJ F2NXI AT FdAz2zy 2
leave the origin of government for future research.

Though Hume wrote in a jargon of virtydss 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 HUMB we concentrate on norms like the one abovéey determine

whether or not the preparatory effort made by one of the involved parties should be rewarded by the
20KSNY | dzvySQa (GKS2NEB RSIfa gAGK y2N¥a i (62 tSOS
norm compliance could emerge. Atahmental 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.

HUMEL.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 tagsh game The evolved behaviour is a
Gaz20Alt y2NXé Ay (GKS F2ff2gAy3a asSyasy

®  See Of Morals; that is part |1l of his A Treiae of Human Nature (1739f., Hu007) ¢ and Enquiry concerning tHRrinciples

of Morals (1751f, Humel998
% In the past two decades a lot of work was done on this theory. For detailed analysis, rectmstraed elabora? y 2 F | dzYy $Qa
theory see e.g. (Kliemi985 Kliemt 1986 Sugden2004 Binmore 1994 Lahng 1995 Hardin 2007)
" ¢KS NBfLOAZ2Yy 0S0G6SSy 2dzNJ Y2RSE |y Ribetl idzvi&iOrdiore detalitHegsdimarn  LJ2 f A {0 A
andWill, in press).

23



Chapter 4Theoretical Foundations: Normative Behaviour and Economic Wealth (The Development of
Economic Wealth Based on Trust in Large Groups of People)

i.  Itguides béaviour in a social dilemma situation such that overall welfare is improved.
ii.  Itis 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, grereao components of

mental processing of norms (e.gormative beliefs normative goals rules of norm adoptior). Anyhow,
HUMEH.O is compatible with the approach to norms presented in later chapters of this report. It could be
extended by cognitive mode$ 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 evalwti@ivision 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, wey @Sa A3 S (GKS fS@Sta 2F 6SIfGK S@2t day3a A
detect each others trustworthiness are given.

4.2 Interaction Sructure and Specialisation

¢tKS ReylYAOa &adz33SaidSR o0& | dzY S Qacesidade ohe hardaagen® FS O
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 interactio 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 HUMED focusses on is th&ust game(TQ, a simple Zerson game that
LX I @a | OSy ( Ndedry. INEG 8vo playersicalad §ath drom mutual operation but one of
them, playef, has to choose to contribute in advandeuét) while the other, playe?, choosesfterwards
whether he contributes as wellrdward) or not exploi). Since for plagr2, exploiting is better than
rewarding, and being exploited is worse than distrusting for playiercan be seen by backward induction
that for rational players thenoniterated, one-shot TGhas only one solution: anticipating that plagesill

go for exploitation, playet decides not to trust. Result is an inefficient outcome. The interaction structure
captured by the trust game is the very core of HUMEbut it is incorporated into aenrichedsetting.

Key ingredients of this setting are:

1. In each iteation half of the agents have one &fspecial problems. Those with a problem are
referred to adP-agentsthe others are calle&agents

2. Agents have a competence vector wikhentries that represent their competence in solving the
respective problem. By evking on a certain problem, agents become better in solving that
problem. However, at the same time their other competencieteriorate Formally, this is
realised by adding a certaim to the component in question and afterwards-nermalising the

whole competence vector in such a way th}i\:l ci.k = 1 holds again.

3. The more competent an agent is in solving a problenthe less are his costs of producing a
solution and the higher is the qualityd 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 matchingprocess in which the competence and trustworthiness of
agents plag an important role (see sectigh4).

6. If a match is established, theagenthas to do somerepayment Only afterwards, theésagent
that wasohired€ to solve the problem, starts working dhe solutiort or not. Prepayment of the
P-agentand the resultingemptation for the Sagentto keep the prepayment without delivering
the solution, makes the setting strategically analogous to the trust game described Je?déi(zmre
3illustrates the interaction structure. The payoff structure is the same as in the simple trust game:

12 See (HegselmanmndWill, in pressyor a motivation of the chosen and a discussion of other plausib@ange regimesor

HUMER.0.
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D5.1: EMHT Emergence in the Loop

a P-agentlikes the outcome from him trusting and th®agent rewarding best, him distrusting

second best and is worst off if he trusts ance tBagent exploits. For theSagent the highest

outcome results from exploiting a trustirlgagent followed by rewarding a trusting-agentand

earning nothing in case of a distrustiRgagent. While this structure never changes in the model

the total payoffs depend on th&agenQa O2 Y LIS Sy OS R paradeeis@dngermingLINE o f
costs and value function and the share of the value additet is earmarked for th&agent |,

which is an exogenous parameter.

——————————————————————————————————————
] The P-agent faces problem . 1
: The S-agent's competence is sufficiently high to promise the P-agent a :
| reward payoff that is higher than the payoff of a do-it-yourself-solution: i
1 - . . . . i
1 (1-4) -VALUI:iADDl:DSA, > VALUE ADDEDp;. i
1 [
1 [

[guaranteed by the matching procedure]

1
1
: |
@'
distrust

o | ®

P trusts §: P prepays
The P-agent solves problem & on COSTSg; + /- VALUE_ADDEDg;
his own. N

trust

for S solving problem k

S: reward or
exploitation?

& T & T

The S-agent does the job,
delivers the solution, and keeps
the prepayment

The S-agent does not work on
the solution but keeps the
P-agent's prepayment

ol o | ©

VALUE_ADDED p, (COSTSg, +f-VALUE_ADDEDg; ) (1= ) VALUE_ADDEDg;

COSTS g, 3 - VALUE_ADDED ¢; B -VALUI \HUH\\.I

Figure3. The trust game in HUMED. The matching algorithm ensures that tHgagentis sufficiently
competent. At the first node theP-agent decides whether he trusts th8agentor not. If the P-agents
trusts, the Sagentsdecides whether or not he delivers a solution or not. Upper payoffs are those of the
P-agent, lower payoffs refer to the&sagent

4.3 The Spatial Scenario

HUMEL.0 analyses the trust game in different spatial scenaidsgselnannand Will, in pres¥but here we

focus on only one: th@artition and market based scenario (Rbtenario). In the PMcenario 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 #flose 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.

¥ Tha dvalue added s the difference between the value and production costs sélation.
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Chapter 4Theoretical Foundations: Normative Behaviour and Economic Wealth (The Development of
Economic Wealth Basexh Trust in Large Groups of People)

The decisive structural details até:

P—market

With an agentelative, dynamic probability »: , P-agentslook 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 probabilip " (t) =1 —p{ ™" (t) p.agenti

looks locally, i.e. within his partition, for a trustworthy and compet&udgent. Analogously$

agentshave an propensity?; """ to go for the market.

Sagents reward with a certain agentelative and dynamic probability: With probability

reward_market

P (t) agenti rewards in marketinteraction. Inlocal interaction their probability to
I‘eward icp'r_'ri'u'n.rd_F()r:ul (f)
S -]

4.4 Matching Agents

The matching procedure of HUMB is not an explicit model of how agents search for partners. It is a
randombased mechanism that is designed to make pairs #gents with all the limitations concerning
cognitive abilities, information, and time restrictionsvould or could plausibly have brought about by their
activities. The effects that the matching procedure should produce, can be translated into the fgllowin
requirements (R1 to R5):

inall pairsP-andSagentt NB Ay SIFOK 20KSNRA& L2t 2F LlRaaAiof

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,

twoaglSy i aQ LINRPoloAfAGE G2 0SS YIFIGOKSR Aa LRAAGADS

interaction, and
the matching does neither constitute privileges Bagents nor for agents @&type.

The matching procedure is a tvatage mechanism that takess input the set of all possible pairs oPa

and aSagent. In the first stage, the subset gifiusiblepairs is identified. A pair ausibleif it meets the
demands of requirements 1 to 3. In stage two, the actual pairs of the current time step awen dat
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 invohRdnd Sagent

4.4.1 Identifying the Set of Plausible Pairs (R.1to R.3)
Let P be the se of all P-agents ancS that of allSagents Then P x S is the set of all possible pairs oPa

-and aSagent In the PMscenario there are spatial reasons why some of these pairs are implausible (R1).

Only those pairs in which-and Sagentare located intie 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 denotec(P x S)spatiat &P xS

The second step of our matching algoritheduces the set of plausible pairs to those spatially plausible
pairs in which théP-agent classified th&agentas a trustworthy partner (R2). In this version of the model
P-agents simply make guesses on their potential partrearsial behaviourin the current time step, i.e. on
whether or not a potential partner would reward. These guesses are wrong with probabi_!’_-[zfvffgﬂfw or

~market

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

local < pmar ket

social distance must hold thiPurong = Purong . (P X 8)irusica © (P X S)spatial denotes the subset of pairs
in which theP-agent trusts theSagent

4 The PMscenario has structural similarities with the MaBgtemodel Macyand Sato, 2002; Will andlegselmann, 2008; Will

2009h but in HUME1.0 the probability for rewarding on the market can be different from the probability foraewgdocally. An
endogenous mechanism of mobility between partitions is planned to be implemented in future versions of the model.
By FEGSNYFGAGS Ot aaAiTaol A2 grobabflitdis lewald Zather dhinithigir aktéial beHavioSsR 2 y
described in\Will, 20093.
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D5.1: EMHT Emergence in the Loop

Requirement 3 concernsconomic reasonabilityin HUME.O P-agents can solve their pblems on their

own. Thus only pairs in which tieagenQad O2 YLISG Sy O0OS Aa KAIRF BYRPEAX LD2e
in case of reward exceeds his payoff in case of solving his problem on his own are plausible in terms of
economic  reasonability The natching procedure  finds the subset of pairs,

(P % 8)competent S (P % S)irusted, that contains all such pairs.

We end up with a subset gfairs that are plausible with regard to spatial reasons, trustworthiness and
competencies. Thus we have a set of pairs that fulfil requirements lawd3which is therefore a set of
plausiblepairs, (P X S)piausivie, 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 d@ing 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 respectii@ and Sagent To fulfil requirement 5 the process must be
assortative without implying type privileges, i.e. it should neither faywver Sagentsnor the other way

round.

The determination of the pairs of the current time step starts with listing?alind Sagentsthat ocair in
plausible pairs. Two lists result: a list ofRland a list of alS-agentsin 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. Afterwals 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 IBtafthe list of
Sagentsis empty.

1. A random number between zero and one is dmate determine whether aP- or a SagenQ a

perspective is takenTo keep the processeutral we take on aP-agents perspective if the random

. #list-of-p-agents .
f r< #list-of-s-agents Wherer IS a

number is smaller than the ration d? -and Sagents i.e. i
uniformly distributed random number th&een 0 and 1.

2. We get achosen agenby taking-depending on the perspective decided in stegtte first entry
on the list ofP- or Sagents Thischosen agenis the agent for whom a partner is drawn in this run.

3. ¢KS OK2aSy I 38yl QaallGisgardérsiis pausitile padrsfafealcaldtefiok a

P-agent this means that we calculate the reward payoffs since the set of plausible pairs does not

contain a pair in which th® -agent expects the&sagentto exploit. In case of the chosen agent

being aSagent the expected payoffs depend on whether or not the chosen agent intends to

reward or to exploit.

I @SO0G2N) 2F GKS OK2&aSy 3SyidiqQa SELISOGSR LI ez27FT¥

5. The elements of the vector of expected payoffs are normalised to unite. each valueof
SELISOGSR LI e&2FF Aa RAOGARSR o0& GKS adzy 2F (KS ¢
in plausible pairs.

6. ¢ KS OK 2 & Sefuallpadt$eyis determined using a uniformly distributed random number
between zero and oneThis is done by caecutively summing up the values in the vector of
SELISOGSR LI e2FFa dzyiAt GKA&a &adzy SEOSSRa GKS R
partner to whom the expected payoff relates that was the last one added to the sum is the chosen
I 3 Sy  Q@artnlernitrdzeutrent time step.

7. The chosen agent and his actual partner are removed from the listPofind Sagents This
ensures that a paired agent cannot appear as a chosen agent afterwards.

8. All plausible pairs that contain either the chosen agelhis partner or both are removed from the
set of plausible pairdo ensure that agents that are already paired do not appear as a chosen

38y iQa LRa&aAGES LI NIYSNI FFGSNBI NRA®
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