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Resumen

Un agente es un sistema computacional situado en un ambiente, y que es capaz de actuar de

forma autónoma para alcanzar los objetivos para los cuales fue diseñado.

Frecuentemente, varios agentes actúan para alcanzar sus metas en el mismo sistema multi

agentes. Es entonces cuando puede surgir la necesidad de tener normas para regular las

interacciones de tales agentes. Sin embargo, en algunos otros casos, tales normas surgen sólo

como una manera de controlar el comportamiento de los agentes, y no como una necesidad. En

ambos casos, el sistema se convierte en un sistema normativo multi-agentes.

Las normas pueden ser definidas como preceptos acerca de cómo deben comportarse y cómo no

deben comportarse, idealmente, los agentes de un sistema o de un grupo social.

Los agentes sujetos a normas pueden ser agentes normativos o agentes no-normativos.

Los agentes normativos obedecen todas las normas de las que están conscientes, o, al menos,

hacen todo lo posible por obedecerlas. El comportamiento de tales agentes es llamado

comportamiento normativo.

Los agentes no-normativos pueden obedecer, o no, cada una de las normas de las que están

conscientes. El comportamiento de tales agentes es llamado comportamiento no-normativo.

En esta tesis se tienen dos objetivos, el primero es presentar un compendio con los términos,

conceptos, ideas y trabajos realizados en el campo de los sistemas normativos multi-agentes; el

segundo, y principal contribución, es la propuesta de un algoritmo de propósito "general"1 que

produce comportamiento no-normativo.

Tal algoritmo consiste en cuatro enunciados que pueden ser particularizados para los agentes

no-normativos de varias aplicaciones. La parte central de este algoritmo está basada en un

enfoque de utilidad.

El algoritmo propuesto fue probado implementándolo en los agentes no-normativos de un caso

de estudio. Este caso está basado en los eventos que ocurren en una ruta de autobuses del

sistema de transporte público de Jalisco, México. En tal ruta, un conjunto de conductores de

autobuses recogen y dejan pasajeros a lo largo de un circuito. Los conductores de autobuses

están sujetos a varias normas; pero no siempre las cumplen.
Este caso de estudio fue traducido a un sistema normativo multi-agentes con agentes no-

normativos (que representan a los conductores de autobuses). Tal sistema fue implementado en

NetLogo2.

Varios experimentos fueron llevados a cabo en este sistema, variando los valores de algunos de

los parámetros importantes, y también introduciendo una población de agentes normativos (que

representan a conductores de autobuses que cumplen con las normas que les imponen en el

trabajo y en la ley de tránsito de Jalisco).

Los resultados obtenidos fueron analizados, y se obtuvieron importantes conclusiones acerca del

algoritmo propuesto y del comportamiento producido por éste en los agentes del caso de

estudio.

1
Se pretende que el algoritmo sea útil en varías aplicaciones; sin embargo, no se pretende que éste sea

aplicable a todos los sistemas.
2

NetLogo es un ambiente programable de modelado para simular fenómenos naturales y sociales, los

cuales se desarrollan a través del tiempo.



Summary

Agents are computer systems situated in some environment, and which are capable of

autonomous action in order to meet their design objectives.

Frequently, several agents act in the same multi-agent system to reach their goals. Thus, a

necessity of having norms that regúlate the interactions of those agents may emerge. However,

in some other cases, such norms emerge only as a way to control the agents' behaviour, and not

as a necessity. In both cases, the system becomes a normative multi-agent system.

Norms can be defined as precepts about how the agents ideally should and should not behave in

a system or in a social group.

Agents that are subjects of norms can be normative agents or non-normative agents.
Normative agents obey all the norms ofwhich they are aware, or, at least, do all the possible to

obey them. The behaviour of such agents is called normative behaviour.

Non-normative agents may obey, or not, each one ofthe norms ofwhich they are aware.

The behaviour of such agents is called non-normative behaviour.

There are two objectives, in this thesis work, the first one is to present a survey of the terms,

concepts, ideas and works that have been done in the field of normative multi-agent systems;
the second one, and the main contribution, is the proposal of a "general" purpose3 algorithm to

produce non-normative behaviour.

Such algorithm consists in four statements that can be particularized for the non-normative

agents of several applications. The core ofthis algorithm is based in a utility approach.

The proposed algorithm was probed by implementing it in the non-normative agents of a

specific case of study. Such case is based in the events that occur in a public transportation bus

route in Jalisco, México. There, a set of bus drivers pick up and download passengers through a

circuit. Such bus drivers are subjects to several norms; but they do not always accomplish them.

This case was translated to a normative multi-agent system with non-normative agents

(representing to the bus drivers). Such system was implemented in NetLogo4.

Several experiments were carried on with this system, changing the valúes of some important

parameters, and also introducing a population of normative agents (representing to bus drivers

that accomplish with the norms imposed in their work and in the Jalisco's traffic law).

The obtained results were analyzed, and some important conclusions about the proposed

algorithm and about the produced behaviour in the case of study' s agents, were obtained.

3
It is pretended that the algorithm is useful to many applications; however, it is not pretended to be

applicable to all the possible systems.

NetLogo is a prograrnmable modeling environment for simulating natural and social phenomena, which

develop over time.
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Chapter 1

Introduction

Agents are computer systems situated in some environment, and which are capable of au

tonomous actions in order to meet their design objectives [80] .

Several agents can be acting in the same system. This is called a multi-agent system.

Those agents act to reach their [common or individual] goals.

Inside a multi-agent system, some groups or societies of agents may exist.

In a multi-agent system (even in each group of such system) there may be a set of norms.

Norms are precepts of how member agents should and should not behave in the system or in

the group.

Some of themain functions of norms are: i) to constraint and control the agents' behaviour

in the system or group; ii) to indicate procedures that must be followed by agents; iii) to

allow the establishment of conventions, agreements and commitments between agents; iv)
to permit the coordination between agents; v) as a means to avoid conflicts between agents

(possibly originated in the differences of their interests) .

The multi-agent systems which have norms to regúlate their agents' behaviour are called

normative multi-agent systems. The agents that belong to a normative multi-agent system
can be one of two kinds: normative or non-normative.

Normative agents are subjected to a set of norms and they obey all the norms of which

they are aware, or do as much as possible to obey them. The behaviour performed by such

agents is called normative behaviour.

Non-normative agents are subjected to a set of norms. They may or may not obey each

one of the norms from which they are aware. The behaviour performed by such agents is

called non-normative behaviour.

One of the objectives of this thesis is to provide a survey of the terms, concepts, ideas and

research works in the field of normative multi-agent systems. However, the main objective is

1



2 CHAPTER 1. INTRODUCTION

to propose an algorithm to produce non-normative behaviour. Such algorithm is intended to

be a "general purpose" algorithm for non-normative agents of several normative multi-agent

systems. However, it is not aimed to all possible non-normative agent applications.

This research is motivated by the following:

1. In the reviewed sources, it was not found an algorithm like the proposed one. Other

methodologies and algorithms are attached to specific architectures, representations
of norms and reasoning methods. This limits their applicability. The proposed algo

rithm is intended to be general enough to be applied to several non-normative agent

applications.

2. To prove the hypothesis which states that agents that viólate norms can achieve their

goals with a better performance.

In order to prove this hypothesis, the proposed algorithm was customized and imple
mented for a non-normative agent study case. Several experiments are carried out. The

results are analyzed and interpreted to derive important conclusions.

Organization of this document

In chapter 2 it is presented the state of the art. There, the definitions of the main terms of

this thesis are provided. Then, it is presented a survey about normative multi-agent systems,

norms, non-normative agents, and other related themes. And there are exposed some research

works and information related to the proposed algorithm of this thesis.

In chapter 3 the proposal of the algorithm for non-normative behaviour is presented.

First, there are provided the aimed characteristics of the algorithm and its basis. Then, the

algorithm is specified, including the assumptions for its application. Finally, the justification
of the used approach and some of the drawbacks of the proposal will be exposed.

In chapter 4 the study case in which the algorithm was applied is exposed. First, a

description of such case is provided. Then, it is explained the program of the case of study's
system. Next, the architectures of the normative and non-normative agents of the system are

presented. After this, it is explained the application of the proposed algorithm to the non-

normative agents of the system. Finally, a spacial and temporal analysis of the algorithm's
instantiation is provided.

In chapter 5 the experimentation phase is presented. The performed experiments are
described and the valúes of some important parameters are provided. The most relevant

processed results1 are shown (through tables and graphics), including some measurement

1
The processed results are obtained in base of the results of appendixes C to H.
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valúes related to the agents' behaviour. Finally, an analysis and an interpretation of such

information is given.

In chapter 6 the conclusions of this thesis are presented and a set of themes for future

work are exposed.

In appendix A some of the main abstract agent architectures are presented and explained.

In appendix B an explanation of NetLogo (the environment used to program the case of

study's system) and of the reasons for using it is provided.

In appendixes C to G the raw results of experiments 1 to 16 and some derived results are

shown through several tables.

In appendix H the valúes for the agents' performance measurements in experiments 1 to

16 are shown through several tables. Additionally, an explanation ofwhat such measurements

represent and how they are calculated is provided.



Chapter 2

State of the art

In the first part of this chapter some important definitions are given. These definitions will

be useful to the understanding of this thesis. For each definition, it is presented the one used

here followed by other definitions and related information from other research works.

On the subsequent subsections a survey of related work is presented to show what have

been done in the área of normative multi-agent systems and what can be done in the future.

2.1 Definitions

2.1.1 Agent

Definition 2.1 (Agent). An agent is a computer system that is situated in some environment,
and that is capable of autonomous actions in this environment in order to meet its design

objectives. [...] An agent can figure out for itself what it needs to do in order to satisfy its

design objectives, rather than having to be told explicitly what to do at any given moment

[80].

If it is a social agent, it is not an entity that exists and performs alone in a system, but

it is part of a multi-agent system, where it has to interact with other agents [5].

An agent is basically composed by two elements ([60]):

1. A program, which is the implementation of the agent's function. This function assigns,
to a perception [or to a set of perceptions], an action [or a set of actions].

2. An architecture, which may include all the mental, physical, and software elements

that conform the agent, and how they are organized (the architecture may include, for

5



6 CHAPTER 2. STATE OF THE ART

example, sensors and actuators, which are elements of interaction between the agent

and its environment, and which may be physical or be implemented in software).

An agent architecture is essentially a map of the internáis of an agent, its data struc

tures, the operations that may be performed on these data structures, and the control

flow between these data structures [80].

An architecture may be specified as abstract as be desired, depending on the required

grade of generality1

The agent's program executes inside the agent's architecture.

In other works

An agent is anything capable of perceiving its environment, helped by sensors, and of acting

in that media using actuators2 [60] .

A rational agent is an agent that must do the action that it is supposed to maximize its

performance measure, based on the evidences given by the perceptions sequence and on the

stored knowledge that the agent has, for each possible perception sequence [60]. Where:

• A performance measure includes the criteria to determine if a behaviour of an agent

has been, or will be, successful.

• A perceptions sequence is the history of all the perceptions about the agent's environ

ment that the agent has had.

Two kinds of rationality for agents are mentioned in [17]:

1. Distributive rationality: which leads, in the long run, to the best possible outcome, or

the least possible harm, for each one of the agents [of a group].

2. Collective rationality: which leads, in the long run, to the best possible outcome for

a collective entity [(e.g. a group of agents)], even though it does not imply the best

outcomes for all its subcomponents [(e.g. each agent of the group)].

An agent can be defined as an entity whose set of goals is not empty, and an autonomous

agent, as an entity whose set of motivations (representing its preferences) is not empty [81].

Agents are also defined as autonomous problem-solving computational entities able to act
in flexible and dynamic environments [82].

In [80], two different kinds of agency are proposed: weak agency and strong agency.

1
To know more about some of the main abstract and general architectures, see Appendix A.

2
element which reacts to a stimuli by performing an action
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• Weak agency is when an intelligent agent is capable of flexible autonomous actions

(reactive behaviour to the facts presented to the agent, which takes the initiative)

and social ability (interaction with other agents, and operation without the direct

intervention of humans or others).

• Strong agency uses anthropomorphic notions based on mentalistic properties such as

beliefs, desires intentions, rationality and emotions.

Finally, there are presented the concepts of agent dependence and power relations, in the

field of agents. The following information was obtained from [83].

An agent is dependent on other agent if the second agent has something that the first

agent needs for achieving its goals.

There exist many kinds of agent dependence. Some of them are:

1. Action dependence:

An agent is action dependent, or dependent to perform an action, on another agent, if

it is unable to perform the action, while the other agent can, and if this action is useful

for the dependent agent for achieving one of its goals.

2. Plan dependence:

An agent is plan dependent on another agent, if the plan of the first agent includes

actions that are not in its capabilities, so that it relies on the capabilities of the second

agent.

3. Goal dependence:

An agent is goal dependent on another agent, if the first agent recognizes that the body

of a plan contains a step that is a goal for which it can not currently genérate any useful

plans, and the second agent is sufficiently capable of generating appropriate plans, to

adopt this goal. Or it can happen also that the second agent currently has the same

goal, and the intention can be completed in this way, through the second agent.

Those dependence relations between agents can also genérate power relations between

agents. One agent has power over another if the second depends in any way of the first.

The dependence relations may become a problem in multi-agent systems, when there is

only one agent with the required capability causing such dependences.
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2.1.2 Autonomy

Definition 2.2 (Autonomy). Autonomy, for an agent, is the fact that it can act (or try to

act) as it wants (as it has decided to act), but being limited by the actions it can do in the

environment in which it is.

In other works

Autonomy is an agent's ability to decide by itself which goals it should adopt, how these

goals should be pursued, and which actions should be performed, and at which time [44].

In [81], the autonomy for an agent is classified into several types, and, in a general way,
it is used the following definition: "An agent X is autonomous from Y for p in the context

C, if, in C its behaviour regarding p is not imposed by Y"

Where:

• Y is another entity (an agent, including itself; the user; a norm; a motivation; the

environment; etc.), called the autonomy influencer.

• p is the autonomy object.

• C is the context, the situation or circumstance under which the agent X is autonomous.

2.1.3 Environment

Definition 2.3 (Environment). An environment is where the agent acts and tries to achieve

its goals. There, the agent may also interact with other agents. Thus, an environment may
include: agents; agent societies; norms; elements (no agents) with which the agents can

interact (e.g. buildings, blocks, cars, etc.)3 ; a set of assumptions under which it will work

properly; etc.

An agent perceives its environment through sensors, and acts in its environment through
actuators [60]. Those elements may be physical elements or software elements.

The following classification for environments is based in the one provided in [60]
4

;

• Totally observable vs. Partially observable:

If the agent's sensors have access to all the information of the environment at each

time, the environment is totally observable.

3
elements which are not behaving as agents by the moment in that environment.

4
an environment may belong to one or more of these classes at the same time.



2.1. DEFINITIONS 9

If the sensors are limited (in number, capability, precisión, etc.), or if the environment

does not provide some information, this environment is partially observable.

• Deterministic vs. Stochastic:

If the next state of the environment is totally determined by the actual state and by

the action performed by the agent, then the environment is deterministic.

Otherwise, it is stochastic.

When the environment is partially observable, it may seem like stochastic for the agent.

The same happens when it is difficult to keep track of all the observed aspects that

occur into the environment. Thus, sometimes it is better to think about deterministic

or stochastic environments from the agent's point of view [60].

Ifthe environment is deterministic, except for the other agents' actions, the environment

is strategic.

• Episodic vs. Sequential:

In an episodic environment, the agent's experience happens in atomic episodes. Each

episode consist in the perceptions of the agent and in the posterior performance of an

only action. There, the next episode does not depend of the actions done in previous

episodes, and the agent's choice depends only on the actual episode.

In a sequential environment, an agent's choice may affect future decisions, and agent's
actions may have consequences in the agent's future.

• Static vs. Dynamic:

If the environment can change when the agent is deliberating, it is a dynamic environ

ment for the agent.

Otherwise, it is a static environment for the agent.

If the environment does not change over the time, but the agent's performance does

(e.g. in a chess game with time measurement) ,
the environment is semi dynamic.

• Discrete vs. Continuous:

These terms can be applied to four elements: the state of the environment, how the

time passes, the perceptions of the agent, and the actions of the agent.

The term discrete refers to a finite number of states (points in time, perceptions, or

actions), and the change of one of those states to another occurs drastically.

The term continuous refers to a range of valúes which could be taken as infinite, and

which changes from one of them to another occur gradually.

To classify an environment (or some aspect of it) as a discrete one, or as a continuous

one, also depends of the point of view from which the classification is done. For example,
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if the environment consist of a set of images of a video camera, presented to the agent,

the number of images is finite (this suggests a discrete environment), but when they

are put together, it may seem as if they were continuous (this suggests a continuous

environment).

• Individual agent vs. Multi-agent:

An agent is into an individual agent environment if it is the only agent into this envi

ronment.

An agent is into a multi-agent environment if it is into this environment with one or

more agents.

However, it is not always easy to determine if the agent is or not in a multi-agent

environment. The key is to determine if the other elements with which the agent

interacts can be considered as agents or not.

In [60] it is suggested that, if the behaviour of an element (e) of the environment

is better described by the maximization of a performance measurement which valué

depends of the behaviour of the agent (a), then, this element (e) is actually an agent.

The performance measurement of e may be maximized when the performance measure

ment of a is also maximized, which will produce a cooperative multi-agent environment;

or it can happen that the performance measurement of e is minimized when the perfor
mance measurement of a is maximized, which will produce a competitive multi-agent
environment. And it might occur also a combination of both situations.

We will use this classification in this thesis work.

In [60], the specification ofan environment is made individually for each agent (or for each

class of agents), and includes three more elements of the agent: performance measurements,

actuators and sensors.

It is important to say that, as [60] suggests, the classification of an environment depends
on the focus, or the point of view, taken to make that classification.

For example, an environment in which two agents play chess is sequential, because the

decisions made by each player will affect the rest ofthe game. However, in a chess tournament,
each game is independent of each other, and then, the environment can be considered as

episodic.

2.1.4 Action

Definition 2.4 (Action). An action is something that an agent can do in the system in

which it is. An action may affect the agent's environment or to other agents in the system.
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The elements through which an agent acts in its environment are called actuators [60]. An

actuator may be a physical element or a software element.

Normally, an agent will have a repertoire of actions available to it. This set of possible
actions represents the agent's effectoric capability (its ability to modify its environment) [80].

Notice that each action has [a set of] preconditions associated with it, which define the

situations in which the action can be applied [80]. And each action has also a set of post

conditions, which define the effects of the action. One, or both, of those sets may be empty.

2.1.5 Behaviour

Definition 2.5 (Behaviour). A behaviour is an action (even the action of doing nothing),
or a set of actions, that the agent has performed, is performing, or will perform. A set

of actions (or a single action) can be called a behaviour if they have (it has) a significant

meaning together.

This term will be used only to agent's external actions, unless the contrary be specified.

2.1.6 Decisión Option

Definition 2.6 (Decisión Option). In a decisión process, a decisión option is one of the

alternatives that an agent can select.

For example, in a process for decide which action to perform next, a decisión option of

the set of possible actions of the agent may be one of these actions.

2.1.7 Goal or Objective

Definition 2.7 (Goal or Objective). Goals are desirable states to be achieved and [which]
direct the agent's behaviour [83].

2.1.8 Plan

Definition 2.8 (Plan). A plan is a sequence of [basic] actions, or [sub] goals, that the agent
must perform, or achieve.
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In other works

For [83], plans may have several elements that constitute them.

Those elements are:

• Initiation conditions: These are the conditions for the plan to initiate its execution.

• Continuity conditions: These are the conditions for the plan to maintain itself in exe

cution.

• Fail conditions: These are the conditions to consider that the plan has failed. Here can

be also specified the actions to perform if a fail in the plan occurs.

• Succeed conditions: These are the conditions to consider that the plan has been exe

cuted successfully. Here can be also specified the actions to perform after the plan has

succeed.

• Context: It refers to the environmental conditions which indicates that the plan can

be applied by the agent.

• Triggering event: It is an event which causes the plan to fire. It will indicate the

initiation of the plan, but only if the environmental context corresponds to the context

specified for the plan. At this point, the plan is active (relevant and possible), but the
initiation conditions, and then, the continuity conditions, must hold, to be executed.

Thus, if this plan specification is used, all those elements may be specified for each

generated plan.

Plans may be guided by strategies. The following information refers to this theme. It

was obtained from [40].

Agents usually work out plans for many further actions (over intervals of time), not only
for the next action. Those plans are, generally, only for a fragment of the future. This región
in the future for which the agent plans is called a field of concern, or simply a field, and it

frequently has gaps in it.

In making plans, agents may use a strategy. A strategy is a partial function mapping
each moment in the domain of the strategy (a moment for which the function is defined) into
some action available for the agent at that moment. With a strategy, an agent constraints

the future to lie within some definite set of futures.

Nevertheless, with a field of concern with gaps in it, a strategy may only provide the

necessary information in order to guide the agent through the field, instead of be defined at
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every moment in the field. However, a strategy must at least be defined at every moment in

the field that the agent might actually reach by executing that strategy.

Finally, about the definition of an ideal strategy for an agent: an agent carrying out an

ideal strategy in a field should never be left guessing.

2.1.9 Desire

Definition 2.9 (Desire). A desire is some goal that an agent wants to achieve. Motivations,

desires or preferences affect the outcome of the reasoning intended to satisfy an agent's goals

[81].

2.1.10 Intention

Definition 2.10 (Intention). An intention is a sequence of plan instances [which direct the

agent's behaviour]. It is a sequence of actions (or a single action) that the agent is going to

perform [83].

2.1.11 Belief

Definition 2.11 (Belief). A belief is a representation of information [that an agent has]
about the world [and possibly, about other agents] [83] .

2.1.12 Multi-agent System

Definition 2.12 (Multi-agent System). Multi-agent systems consist of a set of agents, which

can be implemented in a variety of ways [6]. In a multi-agent system, member agents can

interact with each other, and reach common and individual goals (cooperating between them

-ideally- or not).

An open distributed [multi-agent] system allows agents with different characteristics (e.g.

policies, abilities, roles) to enter the system and to interact with one another. In these kind

of systems, agents can join and leave at any given time [57] .

In other works

In [3], open multi-agent systems (called there open agent societies) are defined as open

systems characterized by the lack of a common goal among the peers and the possibility for
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architectural heterogeneity, with reasoning capability and processes that are unknown to the

designer and the society as a whole.

Typically, autonomous agents in a multi-agent system must share and compete for re

sources [8].

In multi-agent systems, an agent's mental state is, by definition, private. This means that

other agents have no access to the agent's mental state, except through high-level communi

cation [8].

According to [80], member agents of a multi-agent system require the ability to cooper

ate, coordinate, and negotiate with each other, in order to successfully interact. [...] They

typically interact with each other by exchanging messages through some computer network

infrastructure.

Another required ability may be the adaptability of the agents to the system. According
to [70] ,

this ability may be useful to opérate effectively in open and changing environments,

in which control mechanisms cannot be pre-specified in advance, and which involve múltiple

interacting components.

2.1.13 Society

Definition 2.13 (Society). A society is a group or a set of agents in a multi-agent system,
which may have its own norms (applicable to the agents that belong to it), and in which other

societies can also exist. Those societies of agents inside a society are also named sub-societies

or [social] sub-groups. Societies also receive the ñame of [social] groups.

Norms applicable to a society are also applicable in each one of its sub-societies, but not

vice versa.

A society may be empty (without member agents) at some point in the time, and one

agent may belong to more than one society and/or sub society at the same time ([81]). Agents
can also change of society or of sub-society.

A multi-agent system may have more than one society.

In other works

About inheritance of oughts (norms) from the groups to the individual agents, two opposite

opinions exist. The first one indicates that this inheritance must exist, because oughts have
a reason to be, maybe not for the agent's individual benefit, but for the benefit of some

other agent, or for the group benefit. The second one indicates that this inheritance must

no exist, because belonging to a group does not implies that agents must do things for the
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group benefit, or for other agents' benefit ([40]).

Agents belonging to the same society, or to the same sub-society, sometimes have a global

work to do. About this group actuation of agents, some important ideas are presented next:

• For an agent, one of the advantages of being in a society is the achievement of goals
whose success depends on the abilities of other agents [81].

• Individual sacrifice for the general good:

Sometimes, when agents act as a group to achieve general goals, agents have to sacrifice

the achievement of their own personal goals. However, this can bring agents some other

social benefits (e.g. confidence in the group, strength and power as a group, general

wellness, etc.)

• Higher individual gain:

Sometimes, when agents act as a group to achieve a group goal, the individual gain for

the agents is higher than the gain that they would obtained by working for the same

goal individually. In this way, the agents form a synergy. Additionally, some other

social and group benefits may be received by the agents, as a group.

• Normative group evaluation:

It has been suggested that, as it is done for individual agents' actions, group actions of

agents may be subjected to normative evaluations [40] .

2.1.14 Norm

Definition 2.14 (Norm). Norms are precepts about how the agents ideally should and

should not behave.

This is a fundamental concept for this thesis work, and this is why a detailed explanation

for it is given.

Characteristics of norms for this thesis work

• Norms, for an agent, can origínate in the society in which the agent is, or they can

origínate in the agent itself.

• Norms can be hard-wired (i.e. fixed by a programmer) or they can be modified during
time (by the agent itself or by the society, for example). Norms that can be modified

during time are dynamic norms.
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• Norms can be applied to external actions or to internal actions of the agent (as an

example of the last idea: moral valúes and norms of the character of the agent can

influence the way in which the agent will decide to do something, or the way in which

the agent is going to feel about something, or the beliefs that the agent is going to

keep) .

• Norms can also be applied to norms themselves or to protocols, as in the case of

legislation norms, which are related to dynamic normative multi-agent systems.
As a matter of fact, norms can be applied to anything that agents could modify or

affect at some point in the time.

• Norms may be contradictory, or opposite, between them (i.e. a norm A prescribes that

variable a must be true, and the norm __-, in the same set of norms than A, prescribes
that variable a must be false. And both norms are applicable in the same context).

• Norms are not applicable to groups to which they do not belong (i.e. norms specified
for a group of agents are only valid for those agents which belong to that group of

agents, unless the contrary is specified).

• Norms can be directed only to some sets of agents in the social group to which the

norms belong ([81]).

• Norms can be known, or unknown, by the agents that belong to one or more sets of

agents which they are applicable to ([81]).

• Norms can be learned (through some process, or because they are programmed into

the agents) by the agents that belong to one or more sets of agents to which they are

applicable.

• Norms adopted by an agent might belong to several systems or societies of agents,
because agents indeed can be part of more than one society at the same time ([81]).

• Norms can be temporal ([81]).

• Some norms consider the possibility that agents can viólate them (some other norms
do not consider this possibility, which means no punishments ñor rewards due to the

violation of those norms).

• Norms cannot be studied independently of the system for which they were created [81].
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Specification of norms used in this thesis work

Nonos have:

• A set of normative goals or goal states of the environment (what the norm dictates).

• A set of addressee agents (to which the norm Ls directed to, and which are responsible

for accomplishing, or violating the norm).

• A context (in which the norm is applicable).

Norms may have:

• A set of states in which each norm is considered as accomplished.

• A set of rewards for their accomplishment.

• A set of states in which each norm is considered as violated.

• A set of punishments for their violation.

• A set of beneficiaiy agents (which are going to obtain a benefit if the norm is accom

plished).

• A set of defender agents (which will give the punishments, and the rewards, to the

addressee agents, if the norm is violated, or accomplished, respectively).

Important concepts

Next, some important concepts used in this thesis work will be given:

• About the accomplishment and the violation of a norm:

—

Accomplishment of a norm: A norm is accomplished, or fulfilled, by an agent, if

all its normative goals are reached by the agent, and it is an addressee agent of

the norm.

— Violation of a norm: A norm is violated, or unfulfilled, by an agent. if none of

its normative goals are reached by the agent, and it is an addressee agent of the

norm.

A norm might be violated by an agent because one of the following main reasons

([64]):
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* Because the agent's actions leaded it to the norm's violation. Those actions

may be imposed (e.g. by means of constraints) or decided by the agent. In

the last case, the agent's decisión is usually based in the purpose of reaching

the agent's own goals.

* Because the agent does not know the norm.

* Because some circumstances out of the agent's control (e.g. the machine in

which the agent is running is down) leaded it to that violation.

* In order to deal with exceptional or unanticipated circumstances. Also in this

case, agents may make the decisión of violating a norm.

* In order to deal with opposite norms. In this case, the agent will decide to ac

complish one of the norms, and to viólate the other norm (the opposite norm),

using some established preferences, or its own beliefs, desires, intentions and

plans.

However, in this thesis work, only will be studied the violation of norms due to

the first reason.

— A norm is not accomplished, ñor violated by an agent, if one or more of its nor

mative goals (but not all) are reached by the agent, and it is an addressee agent

of the norm.

However, in this thesis work, if an applicable norm is not accomplished by an agent,
it will be considered as violated by this agent, unless the contrary be specified.

• About benefits and repercussions:

-

Benefit: A benefit is something that is good for an agent. The goodness of a

benefit is determined according to the agent's personality (beliefs, moral valúes,
desires, etc.), goals and purposes in the system. Thus, sometimes, only the agent
itself can determine the level of goodness of a benefit. A benefit is given to an

agent usually by means of a performed action, or by the accomplishment or the

violation of a norm, for example, and it is given by the agent itself, by other

agent(s), by the system, etc.

Examples of benefits include: use of system's resources, help provided by other

agents (to do some tasks), trust of other agents (which could genérate faster and

better negotiations, for example), monetary profits, etc. The opposite of a benefit
is a repercussion.

-

Repercussion: A repercussion, or bad consequence, is something that is bad for

the agent. The badness of a repercussion is determined according to the agent's

personality (beliefs, moral valúes, desires, etc.), goals and purposes in the system.

Thus, sometimes, only the agent itself can determine the level of badness of a

repercussion. A repercussion is given to an agent usually by means of performed
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action, or by the accomplishment or the violation of a norm, for example, and it

is given by the agent itself, by other agent (s), by the system, etc.

Examples of repercussions include: prohibition on the use of system's resources

(or only punishment time, before the permission to use them again), rejection of

other agents to offering help, untrust of other agents (which could genérate slower

negotiations, or no negotiations at all) ,
waste of money, etc.

- Notice that, given the individual character of benefits and repercussions, it is

possible, for example, that a benefit for an agent be a repercussion for another

agent. And it is also possible that, if an agent changes (its personality, or its goals
and purposes), then, a previous benefit may be now a repercussion for the agent,

or vice versa.

• About the rewards and the punishments:

— Reward: A reward is a benefit that the agent obtains because the accomplishment

of a norm. That benefit can be provided by many sources (the society, a defender

agent, the agent itself, etc.)
— Punishment: A punishment is a repercussion that the agent obtains because the

violation of a norm. That repercussion can be provided by many sources (the

society, a defender agent, the agent itself, etc.)
— Notice that, due to the nature of rewards (benefits) and punishments (repercus

sions), they have also an individual character, depending on the agent. Thus, for

example, a reward for an agent may be a punishment for another agent. And, a

reward for an agent now, may be a punishment for the same agent in the future,
if it changes (its personality, or its goals and purposes).

• About consequences of norms and consequences of actions:

— The accomplishment and the violation of a norm usually have consequences (re
wards and/or punishments) . And, usually, so have consequences (benefits and/or

repercussions) the actions that an agent perform in the system. However, it is

important to distinguish between them, in order to apply them correctly, and to

the concerning agents.

Of course, in order to apply them correctly, it is also important to sepárate the

consequences of two or more actions, and the consequences of accomplishments
and violations of norms, between them.

The following is an example of separation of consequences between a norm and an

action:

Let us assume that the agent A is hungry, and that it can do two actions: wait or

steal a candy. There is an only norm that establishes that agents must not steal,
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and if an agent steals, the punishment is to go to the jail. If agent A chooses the

action steal a candy, then, the consequence (benefit) for its action will be that

agent A is not hungry, but the consequence (punishment) for violating the only

norm will be that agent A goes to jail.

After these concepts (as they are understood and used in this thesis work), we can say

that, due to the individual nature of consequences of accomplishing and violating a norm

for an agent, it may not be convenient to ñame them as rewards and punishments, respec

tively, because, as it was mentioned before, a reward can be actually a repercussion, and

a punishment could be actually a benefit, for an agent, which contradicts their respective

definitions.

Then, it is proposed that they could exist under the terms consequences for accomplish

ing the norm and consequences for violating the norm, instead of rewards and punishments,

respectively. And, if it is considered pertinent, those consequences may be separated indi

vidually, inside each agent, into benefits and repercussions, according to what the agent is,

believes, wants and has to do. Those terms will be used in this thesis work.

However, it has to be mentioned the fact that, for societies with the same kind of agents

(with the same nature, goals, desires, moral, etc.), and in which the terms rewards and

punishments have the correct meaning to agents (for all the norms of the system), the original
terms (rewards and punishments) can be maintained in norms, because these have the same

meaning to all the agents in the system.

Concepts and ideas of other works

Most definitions of norm state that norms are standards of behaviour, expectations of be

haviour, or specifications of what ought, should or should not be done, thought or felt by a

set of agents in the society, a group, an organization, or a multi-agent system, within a given

context (Encyclopedia Britannica, [11], [46], [83], [32], [24], [82] and [61]).

Thus, norms influence, guide, determine, constraint and control the behaviour of agents

in the society, groups and organizations ([14], [83], [81] and [38]), especially in those cases

when agents' behaviour might affect other agents ([82]).

Structurally, norms may prescribe what is permitted, what actions must be performed,
and what is forbidden (restrictions and prohibitions) in a society. These prescriptions can

also be done through goals, that must either be satisfied or avoided by agents. Then, norms

specify responsibilities and benefits for the agents and, consequently, they can make their

plans for actions based on the expected behaviour of others [82].

Importantly, norms allow for the possibility that actual behaviour may at times deviate

from the ideal, i.e. that violations of obligations, or violations of agents' rights may occur [46] .
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Actually, in [49] ,
the concept of norm itself includes the possibility of fulfilling the prescription

as well as that of violating it. However, not all norms allow this possibility; some norms are

made with the believe that a violation will not occur. Of course, this consideration will

depend of the nature of the system in which the norm exists; but most of the time, there is

the possibility of violation for a norm (due to a bad functioning of the system, to the decisión

of an agent, or to other factors).

Properties of norms

Norms can be characterized by their:

1. Prescriptiveness: a norm tells an agent how to behave.

2. Sociality: [a norm exists] in situations where more than one agent is involved.

3. Social pressure: it is always expected that norms conflict with the personal interests of

agents. Because of this, socially acceptable mechanisms to forcé agents to comply with

norms are needed.

This characterization was found in [82] and [61].

For [82], all kinds of norms (obligations, prohibitions, social laws, social commitments,

etc.) share these three properties. All norms represent responsibilities for addressee agents,

and créate expectations for other agents. They are also the means to support beneficiaries,

when they have to claim some compensation in the situations where norms are not fulfilled as

expected. And, whatever the kind of norm being considered, its fulfillment may be rewarded,

and its unfulfillment may be penalized.

On the other hand, norms can be differentiated by:

1. The way in which they are created (built-in, by agreements, by a legal system, etc.).

2. Their persistence, which indicates the period of time for which the norm is valid. For

example: until an agent dies; as long as an agent stays in a society; etc.

3. The elements that are obligatorily included in the norm (for example, normative goals,
addressee agents, rewards, punishments, etc.)

Nevertheless these differences, all types of norms can be reasoned about in similar ways [82] .
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Specification of norms

A formal specification of norms is provided in [83]. It is used also in [81] and [82]. The

specification of norms used in this thesis work was based on this one.

According to this specification:

A norm can have all the following components. Some of them are obligatory, and some

others are not.

• The normative goal or goals (obligatory), which is the goal, or goals, that the relevant

group of agents (addressee agents) must seek to achieve.

• The context (obligatory), which refers to the set of beliefs that must be true for the

norm to be active and to be applied. However, the context may not be applicable if

the agents are in any of the exception states(where agents are not obliged to comply
with the norm).

• The addressee agents (obligatory), which are agents in the world which should obey
the norm.

• The beneficiary agents (optional), which are those agents which might specifically gain
from the addressee agents adopting the normative goal.

• The defender agents (optional) are agents which may monitor the accomplishment or
violation of the norm, and can adopt the goal of initiating certain punishments if the
norm is not accomplished.

• The rewards (optional) for the accomplishment of the norm (the achievement of the

normative goal, or goals), applied to the addressee agents.

• The punishments (optional) for the violation of the norm (the unachievement of the
normative goal, or goals), applied to the addressee agents.

In [72], it is proposed another specification of norms, which is simpler than the one

presented before, and more focused on the implementation. According to [72], the aspects
to specify, for each norm, are:

• Norm conditions: corresponding to the normative goal(s) to achieve or to avoid and
those contexts in which this norm is applicable and valid.

• Violation condition: a description of the state(s) in which the norm is violated

• Detection mechanisms: a specification of the mechanisms that are going to detect a
violation.
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• Sanction: which action(s) have to be performed -as sanctions- after a violation is

detected.

• Repairs: which action(s) have to be performed by the system -as repairs- after a viola

tion had occurred.

Classification of norms

The following classification of norms is proposed in [83], [81] and [82]. This classification

is based on the characteristics of the normative goals of the norms, and on how the norms

emerged:

• Obligations: are norms which compel a group of agents to do something for another

group of agents. Generally, obligations are adopted once agents become members of a

society, and persist as long as they stay in the society. Obligations have the purpose of

ensure the coordination of individuáis in a society ([82]).

Social Commitments: are norms created through agreements or negotiations between

two or more agents. Generally, once the normative goal is achieved, a reward is claimed.

Social commitments are temporal, and may disappear once the committed duty be-

comes satisfied.

Prohibitions: are states to be avoided for a group of agents ([83] and [82]). They
are norms adopted once an agent becomes a member of a society. They are norms

whose normative goals must be avoided by addressee agents ([81]). Prohibitions, as

obligations, have also the purpose of ensure the coordination of individuáis in a society

([82]).

Social codes: suggest the inclusión of extra actions in plans ([83]). Social codes are

norms motivated by feelings such as love, pity, friendship or social conformity ([81]).
Social codes are norms which are accepted as general principies by the members of a

society or a particular agent group. Social codes are complied with as ends in them

selves. They are motivated to be fulfilled because of the empathy or sympathy that

addressee agents have toward other agents or because addressee agents want to express

their social conformity ([82]).

To this classification, in [82], is added another class of norms:

• Interlocking norms: They are chained norms. They are given by pairs, the primary

norm and the secondary norm, which is triggered (to be fulfilled or unfulfilled) when

the primary norm is fulfilled or unfulfilled.

•
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Additionally, in [81] and [82] are presented two more classes of norms, which are grouped
into one class, the secondary norms ([81]) or as special cases of interlocking norms ([82]).
Addressee agents of this kind of norms are frequently the defender agents of a norm.

Secondary norms:

• Enforcement norms: A norm enforces another norm through punishments, if the first

norm is activated when the normative goal of the second becomes unfulfilled, and the

punishments associated with the unfulfilled norm are part of the normative goals of the

enforcement norm.

• Encourage norms: A norm encourages the comphance with another norm through

rewards, if the first norm is activated when the second becomes fulfilled, and the rewards

associated with the fulfilled norm are part of the normative goals of the encourage norm.

In [82] these norms are called reward norms.

According to [81], complete control [of agents in a normative multi-agent system] cannot
be exerted if, for each norm in the system, there is no other norm that prescribes how some

agents have to react when the original norm becomes unfulfilled. If a system requires it,
the presented model and formalization for enforcing and encouraging norms, can be used

recursively as necessary [81]. This means that there could be applied enforcing norms to

enforcing norms, if it is wanted.

Finally, another class of norms is proposed in [81] and [82]. This class is only for dynamic

[normative] multi-agent systems, where it is the possibility of creating new norms, modifying

existing ones, or even abolishing those which become obsolete. All these actions must be

restricted to be carried out by a particular set of agents in a particular situation in order to

avoid that anyone can impose its norms.

• Legislation norms: these norms must specify that actions to issue and abolish norms

are only permitted to a particular set of agents represented by its addressees (legislator
agents) .

The abilities to punish, reward, and legislate must be restricted for use only by competent

authorities, because conflicts of interests might emerge in a society if such responsibilities are

given either to no one or to anyone [82] .

Thus, we have a classification of norms with a total of eight main classes.

Relation between actions and norms

Actions might be classified according to the obtained results (related to the achievement of

the performer agent's goals), after the agent performs the action ([81]).



2.1. DEFINITIONS 25

The classification is the following:

1. Permitted actions: the produced results benefit the achievement of the agent's goals.

2. Forbidden actions: the produced results lead to a situation which contradicts the agent's

goals.

Relations of agents, due to norms

Interesting and changing relations among agents [and, among agents and norms], due to

norms, can be identified [81].

Those relations may emerge in any normative system (dynamic or not), and they are only

applicable to the agent as long as it remains in the society. It does not matter if the agent

was, or is going to be in another society Jf-Io relationships, due to norms, can be created

when agents do not belong to the same system [81].

Four sets of those relations are proposed in [81] :

1. Legal authority relation: it is created due to the authority (to punish agents, to reward

agents, to issue norms, to abolish norms, etc.) of certain agents in the system. This

relation is between the authority agents, and the agents over which they have authority.

2. Can dismiss relation, can require relation and has a responsibility relation: they are

created once a norm becomes activated5

A can dismiss relation emerges when an addressee agent is excused of accomplishing

a norm, because of being in one of the exception states of that norm. This relation is

between the addressee agent and the norm.

A can require relation emerges between a defender agent and an addressee agent of a

norm. Thus, the defender agent can require that the addressee agent accomplishes the

norm.

A has a responsibility relation emerges between the addressee agent and a norm which

is applied to it. The addressee agent has the responsibility to accomplish it.

3. Have the responsibility ofrewarding relation and have the right to be rewarded relation:

they are created when an agent had accomplished with a norm, through the offered

rewards. These relations are between the [addressee] agent and the defender agent (or
the set of defender agents).

5
A norm becomes activated when the environment satisfies the applicability conditions, established in

the context of the norm.
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4. Deceive6 relation and the have to punish relation: they are created when an agent had

violated a norm.

A deceive relation emerges between the beneficiary agent (or the set of beneficiary

agents) and the addressee agent.

A have to punish relation emerges between the defender agent (or the set of defender

agents) and the addressee agent, when there are punishments for violating the norm.

Those relations may be used in the process of reasoning about norms to decide which

action do next ([81]).

According to [83] ,
other relations between agents, due to norms, can emerge: as an exam

ple, an agent may have power (and dependence) of other agents because ofthe responsibilities

arising from norms.

Functions of norms

Norms are introduced into a society as a means to achieve social order. Some of them are

intended to avoid conflicts between agents, which could emerge by the different interests

of agents working together ([6] and [82]), other allow the establishment of commitments,

and there also exist norms intended to unify the behaviour of agents as a way of social

identification. However, neither all conflicts ñor all commitments can be anticipated and

controlled by norms ([81]).

Norms can also help agents to obtain their goals in a better way [6] .

The design of agent societies can benefit itself from abstractions analogues to those em

ployed by our robust and relatively successful societies and organizations [24]. This is why,
functions of norms in human societies may be also functions of norms in agent societies.

Next, some examples provided in [24] will be given:

Norms may establish conventions between agents (e.g. used language, meanings and be

haviour), and, by following conventions, uncertainties about other agents' behaviour decrease,
conflicts ofmeaning are reduced, and expectations about the outcome of an interaction might
exist.

Norms can be backed by a variety of social institutions that enforce law and order, monitor

and respond to emergencies, prevent and recover from unanticipated disasters, etc. Thus,
societies allow their members to utilize relatively simple and efficient rules of behaviour

offloading the prevention and recovery of many problems to social institutions.

Other functions of norms will be exposed in the further section Theoretical study of norms.

6
An agent is deceived by another agent if a norm was unfulfilled by the second agent, and the benefits

could have been enjoyed by the first agent.
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Finally, it is important to highlight the fact that functions of norms in society are relative.

They depend on time and space, like so many other social facts, which means that a norm

can have one effect under some conditions, and the opposite under different conditions ([61]).

Application of norms

About the application of norms, they can be accomplished or violated for the agents to which

are directed. But, in [73], a different angle is used. There, norms are applied by the creation

of commitments between the participant agents. Thus, what can be fulfilled or violated are

the commitments, and not the norms.

Implementation of norms

Norms may be implemented as simple constraints, or they may act as sources of goals for

the agent, together with bodily needs, emotions, wishes, desires and others (as in [14]). By

generating goals, norms provide also a target for reasoning (reasoning with direction) by

specifying which normative goal, should be taken into account (selection criteria).

Checking of accomplishment and violation of norms

Due to the fact that there are many types of norms, it is different the way in which the

accomplishment or violation of the norms can be checked. For some norms, this checking is

difficult; for example, for norms that just provide a criteria of choice (e.g. be altruistic) [14].
For some other norms, like those that specify and prescribe (permit or forbid) a given action,
this checking is not so difficult [14] .

About the accomplishment of norms by an entire society, if a large percentage of agents
in that society accomplished the norm, it may be considered as fulfilled ([82]).

Importance of norms

Norms are crucial in the functioning of normative cognitive agents [14] . They have been seen

as a natural way of improving coordination and cooperation in multi-agent systems, because

they can restrict and make more predictable the behaviour of agents [83] .

In general, all kinds of activities that require the coordinated participation of more than

one agent are possible thanks to the introduction of norms and, therefore, their use is a

necessity for multi-agent systems to work effectively [82].
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Theoretical study of norms

Most of the information of this section was obtained from [61]. In other case, it will be

specified.

Theoretical study of norms seems to origínate in game theory, and not in sociology itself.

However, game theory is not able to grasp the complementarity of people in society. In

game theory, society is seen as a bunch of self-sufficient beings. But some of the goals and

interests ofthe agents cannot be achieved in isolation. Instead, they cali for the skills of other

agents. Because ofthis shortcoming, game theory cannot account for collective rationality. It

cannot give a full explanation of norms which do not always produce distributive advantages,

but often only collective ones.

A theoretical study of norms may be done from two main viewpoints: the computational

one and the sociological one. In the following sections, information about both will be

presented, mostly according to [61].

Computational study of norms

Like game theory, the computational study of norms is a formal approach to theory building
in the field of norms.

Conceptualization of norms, from computational study of norms

From this viewpoint, and based on game theory, norms can be conceptualized as:

1. Norms as solutions to problems of coordination: norms as conventions that do not

presuppose explicit agreements among agents. They emerge from individual interests

of the agents ([62] and [52]), but do not presuppose explicit agreements among them.

These norms emerge gradually from interactional practices.

2. Norms as solutions to conflicts of utility: in case that agent's choices tend to produce
a state of affairs that is both individually and socially undesirable, or in case of other

social dilemmas, norms are applied to find a solution.

3. Norms and problems of inequality: norms may be used to avoid, or to genérate, situa

tions in which one party is favored or privileged at the expense of another.

For this purpose, norms may have the following characteristics:

(a) Partial tutoriality: norms prescribe actions that help to the interests of a subset of

agents at expense of the rest, in a normative multi-agent system. The prescribed
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actions aim to restore equity (protecting the interests of the unprivileged cate

gories), or to support inequity (protecting the interests of the privileged parties).

(b) Distributive tutoriality: norms prescribe actions which support the interests of

each one of the members of the system.

(c) Collective tutoriality: norms prescribe actions which support the interests of the

entire system, as a collectivity, independently of the interests of its members.

The last two characteristics are closely related to the two kinds of rationality mentioned

in Agent's definition (Definition 2.1)

Agents' behaviours, from computational study of norms

From this study, two main behaviours, corresponding to norms, can be performed by agents

([17], [13], [19] and [18]). Those behaviours can be performed by normative agents or by non-

normative agents, except when norms are established as simple constraints, which are always

applied (e.g. norm-abiding behaviour, with norms as built-in constraints). In that case,

the generated behaviour will be purely normative, and will be performed only by normative

agents.

1. Norm-abiding behaviour: in this kind of behaviour, the agent does not reason about

the internal structure of norms ñor has a mental representation of them.

In norm abiding behaviour, norms may be represented as: built-in constraints (restric
tions to agent's behaviour); built-in ends (goals for the agent); or built-in obligations

(normative goals, or orientations to the agent about what must do; but without being

explicitly separated into ordinary reachable goals).

In table 2.1, a comparison of these norm representations is presented. This comparison

is based in some of their properties.

2. Norm-governed behaviour: this kind of behaviour implies a mental representation of

norms, and it is a result form the cognitive processing of norms.

As agents' behaviours progress over the different norm-abiding behaviours (in the pre

sented order), arriving finally to norm governed behaviour, they become less stupid, futile

and self-destructive, and the spreading of errors and deviations produced by puré imitation

will be avoided.
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Property Norms as built-in

constraints

Norms as built-in

ends

Norms as built-in

obligations
Norms are seen as

constraints on the

agents' action

repertoires; no

truly normative

choice.

Cognitive agents are

allowed to choose

among competing goals

(instead of simply

applying procedures
and routines), but

they treat norms like

any other of their

goals.

Explicit and specific
mental object. It

differs from a

constraint since it

does not automatically

reduce the set of

actions available to

the agents; and, from a

end, since it is

not immediately
transformed into an

ordinary goal.

Reliability High reliability:
the constraints

will always be

executed.

Low reliability:

goals may be abandoned

when they clash with

competing, more urgent
needs.

Average reliability:

agents may give up
normative goals, but

this will cost them

more than abandoning

ordinary goals.

Learning No learning:

new constraints

are implemented
when the system

is off-line.

Average learning:
build-in ends should

be added when the system
is off-line.

Normative goals are

autonomously produced
on the grounds of

normative beliefs, and,
in principie, beliefs

may be acquired when

the system is on-line.

Novelty No novelty:
constraints

reduce available

actions; only

proscriptions,
that is,

prohibitions

('Don't ...'),
can be

represented, but

not prescriptions

('Do...').

Build-in ends may

correspond to

prescriptions and not

only to prohibitions;

but, since learning is

not granted, there

ought to be a one-to-one

correspondence between

social norms and

internal goals, which

brings a high

computational

complexity.

Normative beliefs may

be formulated as

prescriptions, and not

as mere prohibitions.
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Property Norms as built-in

constraints

Norms as built-in

ends

Norms as built-in

obligations

Repair No repair:

agents are not

endowed with the

capacity for

modifying
unsuccessful

constraints.

Goal-oriented systems

ought to be able to

try out several

solutions and choose

those that achieve

their goals to the

highest degree, before

giving up their goals.

As with any other

kind of goal, plans
for normative goals
are subject to change
and repair.

Social control No need. No social control:

agents may have

preferences

corresponding to norms

or not; they may cling
to these, or abandon

them as a function of

the circumstances.

Since normative goals
are a special type of

goals, and normative

actions have specific

costs, agents can be

shown to be interested

in some monitoring of

norms.

Table 2.1: Altemative representations of norms inside the agents' architectures for norm-

abiding systems [61].

Functions of norms, from computational study of norms

From computational viewpoint, there are three main functions of norms (closely related to

the conceptualizations of norms from this viewpoint).

The functions are:

1. To permit or improve co-ordination among agents ([65] and [66]).

2. To control aggression between them ([13], [19] and [77]).

3. To solve or support problems of inequality ([71]).

Sociological study of norms

Sociological study of norms treats about: the appropriate definition of norms; how norms

affect social behaviour; how norms emerge, become established, internalized and changed [by
members of a society]; etc. [61].
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Conceptualization of norms, from sociological study of norms

From this viewpoint, and according to [55], norms can be conceptualized as:

1. Statistical norms:

In this conceptualization, a behavioural pattern becomes a norm if the majority of

actors [in the society, or in a group] behave due to this pattern. Thus, norms are

objectively observable and measurable. JFrom this perspective, any regular behaviour

becomes a norm. Here, the observability is based on the external actions, and not in

the internal intentions and thoughts of the members of the society.

2. Norms related to the theories of action of Durkheim, Weber and Parson:

According to Durkheim, norms are social facts which can be identified through the

existence of certain sanctions [27]. Sanctions are objective, accessible to observation

and even to measurement. They are preferable to the norms themselves. However,
Durkheim does not deny the reality of a subjective perspective on norms ([28]).

Weber made explicit the difference between objectively observed behaviour and sub-

jectively intended action. Thus, it is constitutive of normative action that the actor

perceives behavioural rules as obliging or representative [78], and not that the actor

follow norms only based on practice (customs or tradition), similar interests, or notions
of legitímate order.

Finally, for Parson ([56]), norms represent institutionalized role expectations. The

objective character of norms is guaranteed by the integration of role expectations into

the cultural system, its subjective character, by internalization.

3. Norms according to ethnomethodologists:

Ethnomethodologists deny the overall relevance of the sociological conceptualization of

norms. They claim that there is not such a thing as a general norm, which is indepen
dent of concrete context conditions. There are only situation specific expectations of

concrete interaction partners, which are actively negotiated by both sides ([30]).

On the other hand, they claim that there are several basic rules with a pseudo-normative
character [(e.g. norms used in agent societies)]. They are perceived as ''normal" courses

of action [by the members of the society] (i.e. in concrete interactions, actors resort to
the statistical conceptualization of norms). But those pseudo-norms are not equivalent
to, what they cali, "sociological norms" For ethnomethodologists, sociological norms
are more deeply rooted in sociality, and they are not amenable to reflection. Deviation

from these rules is judged in clinical, not in moral, categories ([30]).

4. Norms according to developmental psychologists:
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For developmental psychologists, norms are adopted by the members of a society at

different (progressive) stages. Each stage is directly related to the level of understanding
of the norms, by the society member. In humans, those stages usually correspond to the

age of the person, and in agents, those stages might correspond to the agent's reasoning

capacity about norms.

Next, a reconstruction of the development of the moral consciousness of man is pre

sented ([50] and [51]), through three main stages. At any time, a subject is actively

structuring and reflecting his/her social environment:

• Preconventional morality: a child conforms to norms in order to avoid punishment.

• Conventional morality: a subject conforms to norms because he/she has internal-

ized the norms of his family, peer group, or society.

• Postconventional morality: a subject conforms to norms because of insight into

abstract principies that allow for the foundation and justification of norms. At this

stage the subject is able to distinguish between statistical norms, ''sociological"

norms, and ethical norms. This corresponds to the ethical conceptualization of

norms.

Thus, in a normative multi-agent system, there could be agents which follow norms

based on the punishments of not following them; agents which follow norms be-

cause they are "important" in the social group in which the agents are; and agents

which follow norms because they have internalized them, and they can reason

about them.

Functions of norms, from sociological study of norms

Two opposite positions have emerged in the sociological study of functions of norms:

1. Norms can be solutions to social problems (Marx, Durkheim and Parson):

According to Marx ([53]), norms are dependent on the economic foundations of soci

ety. Henee, the functions of norms follow the interests of the ruling [economic] class.

According to Durkheim ([28]), society cannot exist if its parts are not in solidarity,

and being moral consist in being solidary. Finally, according to Parson, solidarity is

produced primarily at the level of valúes, which are shared by more or less everyone

in society. In human societies, children are socialized by their parents, and the basic

valúes and norms of society are internalized by them, as part of their personalities.

In this way, individuáis want and do what society demands of them.

2. Norms can genérate social problems:
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According to Dahrendorf ([21]), wherever behaviour is regulated by and measured in

terms of established norms, and wherever these norms are backed by sanctions, a rank

order of social status is bound to emerge.

Comparison between the computational and the sociological studies of norms

About internalization of norms

In both viewpoints, distinct levéis of internalization of norms are distinguished.

In computational viewpoint, those levéis are related to the freedom that agents may have

in applying and following norms: always followed (norms as built-in constraints); as another

goal (norms as built-in ends); as a possible course of action (norms as built-in obligations);
only if the individual is convinced to apply them (norm governed behaviour). The first three

options correspond to norm-abiding behaviour.

In sociological viewpoint, internalization levéis are related to the reasons of following
norms: to avoid punishments (preconventional morality); because norms belong to social

groups to which the agent belongs or wants to belong (conventional morality); because the

individual has understood them and internalized them, and he/she believes in following the

norm (postconventional morality). And, as it was mentioned before, agents' behaviour may
be also related to those stages (following norms to avoid punishments; or to belong or stay

in their social group; or because reflection, internalization and a real desire to follow them,

respectively).

Also, from two viewpoints, we can see similarities between the norm-governed behaviour

and the stage of postconventional morality Both refer to internalization and to reflection

about the norm, and to a truly desire to follow it (or to viólate it, on the contrary).

About individual's behaviour

From the two viewpoints, the behaviour of an individual (agent or human) may be perceived
in a distinct way from what it intended to do, or from its plans. The reason is that the

perceived behaviour is usually only the individual's external behaviour.

From computational viewpoint, objectively observed behaviour and subjectively intended
action may be different ([78]). For example, an individual may follow a norm because it is

expecting to obtain a better position, and then viólate a norm that brings it better benefits.

But, the individual's behaviour may be perceived as: a norm following, because the norm

is important to the individual. Thus, an individual's behaviour may also give an incorrect

perception about its internalization of norms.
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From sociological viewpoint, sometimes one can not distinguish between the moralities

that guide an individual's behaviour. For example, an individual may follow a norm to avoid

a punishment, and its action may be perceived as following a norm because it wants to belong

to a group.

About functions of norms

From both viewpoints, norms may function as solutions or, on the contrary, as generators of

problems in society. This will depend on the individuáis (humans or agents) which belong
to the society. If their interests are protected and supported by norms, these may function

as solutions; but, if norms are against the individuáis' interests, norms may function as

generators of social problems. Of course, there is also the possibility that some individuáis

are willing to make some sacrifice for the common good, or for the good of another group,

and in that case, interests of individuáis which make the sacrifice may not being supported,

but, no problem emerges.

However, due to the fact that in a society exist many kinds of social groups, it is very

possible that norms function as solutions to some groups, and as problem generators, to

others.

Deviant behaviour, powerful groups and norms

This subsection was also obtained from [61].

A theory for deviant behaviour is proposed by Haferkamp ([33], [34], [35], [36] and [37]).
He is interested in the social processes that lead within already existing social institutions to

social behaviour which is labeled as deviant.

For Haferkamp ([35]), norms are internalized by the majority of members of a social

situation, and they specify the correct (re)actions to defined situations, and the certitude

that deviance will be sanctioned.

According to Haferkamp, the most powerful individuáis rule and decide about the def

inition and the institutionalization of norms, including the definition of deviant behaviour

(and its sanctions) . Then, the more resourceful groups transfer some of their resources to the

poorer groups, in exchange for the institutionalization of norms (which, now, represent the

interests of the resourceful). Thus, the resourceful are able and allowed to sanction deviant

behaviour. This stabilizes the norm, which increases the power of the resourceful groups.

However, there may emerge some groups (out-groups), which do not want to internalize

the norms that powerful groups (in-groups) intent to impose. Thus, in the same social

situation, members of different groups expect different behaviours from their members; but
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only the deviation from the in-group's norms is qualified as deviant behaviour and sanctioned.

There could be also the case that some groups compete with each other, and try to expand
their norms to further groups.

Another approach to deviant behaviour is the one presented by Sutherland in [16], [67]
and [68]. He explains that deviant behaviour is learned by interactions with individuáis who

show this behaviour. It is the observation of the techniques and the motives what might lead

individuáis to learn deviant behaviour from others.

2.1.15 Dynamic Norms

Definition 2.15 (Dynamic Norms) . A norm is a dynamic norm if it may be created, modified

or eliminated at some point in the time.

A dynamic norm may suffer modifications in its structure or in any of the valúes of its

structural elements (normative goals, addressee agents, punishments, rewards, etc.)

Dynamic norms are usually manipulated by legislator agents, a set of agents which are

supposed to be objective about norms, to avoid the emergence of conflicts of interests between

agents ([82]).

Dynamic norms exist in dynamic normative multi-agent systems ([81] and [82]).

In other works

To better understand the dynamism of norms, an example of the dynamics that a norm may

experiment in a system is presented next. This example was taken from [81]:

1. A legislator [agent] issues a norm.

2. The norm is spread by either indirect or direct communication [between agents].

3. The adoption of norms takes place. Through this process, an agent expresses its will-

ingness to follow the norm as a way of being part of the society.

4. Once a norm is adopted, it remains inactive, or in latency, until the applicability con

ditions [or context] are satisfied.

5. The applicability conditions are satisfied, and the norm is activated.

6. Agents in exception states are not obliged to comply with norms (norms can be dis-

missed). However, in most of the cases, two different situations might occur after a
norm becomes activated, a norm is either fulfilled or unfulfilled by addressee agents.
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7. After a norm is complied with, a reward could be offered. By contrast, if the norm is

violated there are two possibilities: either a sanction is applied or it is not.

8. Finally, as time progresses, some norms become either abolished or modified.

Due to this dynamics, in a particular instant of time all the norms are in some stage and,

generally, there is not synchronization among the stages of norms. Identifying these stages

of norms is important because any change in them makes some other agents to react [81].

2.1.16 Opposite Norms

Definition 2.16 (Opposite Norms). Two norms, A and B, are opposite norms if they are

applicable to the same agent, or to the same set of agents, and applicable in the same context,
and if they are such that one of the normative goals of norm A consist in the opposite of one

normative goal of norm B. This can happen with one or more normative goals of norms A

and B.

Opposite norms in a normative multi-agent system make this system inconsistent, or to

be in a normative contradiction [1] .

To solve the problem of which of the opposite norms to apply, there can be used some

judges7 They can apply their own considerations and/or use some preference criteria, or

some hierarchical order of the system. A hierarchical order of the system establishes which

norm-contents have preference over other. In this way, a system could be understood as an

ordered set of norm-contents, and an order establishment should be an important operation

related to norms (together with promulgation and derogation of norms, in the case of dynamic

norms). If it is not an established order, a judge can establish one, when deciding in solving
conflicts ([1]).

However, there is not a priori way of determining which ordering will be the most suitable.

It might be determined by experimentation with the system ([2]).

2.1.17 Normative Agent

Definition 2.17 (Normative Agent). A normative agent is an agent which is subjected to a

set of norms8
,
and that obeys all the norms of which it is aware (implicitly -e.g. norms as

built-in constraints- or explicitly), or, at least, does all the possible to obey them.

7
A judge might be an external or an internal entity of the system, which has the authority to make

decisions about the applicability of the existent norms in the system.
8
This set may be the empty set. At least, at some point in the time.
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This means that it is possible for a normative agent to viólate a norm, if it does not know

the norm, or because circumstances out of the agent's control, or to deal with unanticipated

circumstances or with opposite norms, as it was explained in the norm definition (Definition

2.14), in the concept of norm violation. But that violation must not occur because agent's

decisions ñor because agent's built-in constraints.

The norm following, for a normative agent, may occur in an automatic way (e.g. because

built-in constraints), or because the agent decided to do that.

It is important to say that, when there exist opposite norms for the same agent, there must

also exist (implicitly or explicitly) a set of priorities to determine the order of importance

of the accomplishment of norms. In this way, the normative agent will know which norm to

accomplish.

The behaviour performed by a normative agent is called normative behaviour.

In other works

A normative agent is an autonomous agent which behaviour is shaped by the obligations
it must comply with, the prohibitions that limit the kind of goals that it can pursue, the

social commitments that have been created during its social life, and the social codes, which

may not carry punishments, but whose fulfillment is a means of being identified as part of a

community, and may represent social satisfaction for the agent ([81] and [82]).

A normative agent has to be able to recognize the existing norms and to adopt them as

norms, and it has the capability of reasoning about them ([11]). A normative agent must

also be able to check whether a given behaviour (either its own or that of other agents) is or

is not conform the norms ([14]).

2.1.18 Non-normative Agent

Definition 2.18 (Non-normative Agent). A non-normative agent is an agent which is sub

jected to a set of norms9 , and which may obey, or not, each one of the norms of which it is

aware (explicitly or implicitly).

The norm following, or violation, for a non-normative agent, may occur by means of the

agent's decisions, or because built-in constraints (i.e. constraints that make the agent to

viólate norms). However, in this thesis work, only the non-normative agents that decide

their behaviour will be studied.

At this point, two main ideas must be mentioned:

This set may be the empty set. At least, at some point in the time.
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1. A non-normative agent may act as a normative agent (deciding to following norms), at

some point in the time. And, in this case, the following conditions are applicable (as

they were for normative agents):

(a) It is possible for the agent to viólate a norm, if it does not know the norm,

or because circumstances out of the agent's control, or to deal with unexpected

circumstances. But those kinds of violation are not taken into account as non-

normative behaviour.

(b) When there exist opposite norms for the same agent, there must also exist (im-

plicitly or explicitly) a set of priorities to determine the order of importance of

the accomplishment of norms. In this way, the agent will know which norm to

accomplish.

2. When a non-normative agent is acting as a normative one, it is not possible to distin

guish between them by only observing their external behaviours. For this end, a deeper

observation (to their decisión processes) must be done.

The behaviour performed by a non-normative agent is called non-normative behaviour.

In other works

Non-normative agents are autonomous agents that choose whether to comply with their

norms or not, based on their own current goals and motivations ([11] and [81]).

In some other works ([14]), non-normative agents should be agents with some representa
tion of their mental attitudes like beliefs, goals and intentions. They must also have explicit

knowledge about the norms to which they are subjected, and, at some point in the time,

those agents might collectively issue norms, reason, communicate and negotiate about them.

2.1.19 Normative [Multi-agent] System

Definition 2.19 (Normative [Multi-agent] System). A normative multi-agent system is a

system where agents can interact, and where their interactions can be regarded as norm-

governed ([46]).

It is important to emphasize the fact that member agents of a normative multi-agent

system do not always comply with the established norms (check definition of norm, concept

of norm violation). Some normative multi-agent systems take this into account, and have

enforcement mechanisms for the member agents (punishments, rewards), which are sometimes

left to be applied to the defender agents, and which can be applied always or only sometimes
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(because a defender agent were not aware of the actions, of accomplishment or violation, of

an agent; because a policy of the system; because exception states, etc.).

Additionally, some normative multi-agent systems have mechanisms to recover themselves

from a violation of a norm (having, or not, enforcement mechanisms).

Normative multi-agent systems may have different kinds of norms, and member agents

can be able, or not, to reason about them.

Normative open multi-agent systems are normative multi-agent systems which are com

posed by heterogeneous agents, which may come from different multi-agent systems.

Finally, there are also normative multi-agent systems which are dynamic (proposed in [48]
and [81]). There, norms can be modified (including their enforcement mechanisms) by the

member agents (usually, only a specific subset of them, called legislator agents) , including the

possibilities of creating norms and of abolishing norms. There can also be done modifications

in the procedures used to make modifications themselves.

Dynamic normative multi-agent systems allow for agent modifications of the system speci
fication in a well-defined manner, adjusting the specification to the actual society and operat

ing conditions. Modifications are necessary to be allowed, in normative multi-agent systems,
because neither all conflicts ñor all commitments can be anticipated ñor controlled by norms.

Additionally, an static specification of the society (which involves hard-wired parameters in

the protocols) can lead to either very low performance, or to a breakdown of the protocols,
and possibly, of the system ([48] and [81]).

In other works

According to [81], a normative multi-agent system consist of:

• A set of member agents, whose comphance with norms is neither always enforced ñor

always expected.

• A set of common norms (ranging from obligations and social commitments, to social

codes) directed at controlling the behaviour of all members.

This control can be observed in three different aspects:

- Member agents must recognize themselves as part of the society.

-

Complete control cannot be exerted if sanctions or incentives are not applied,
when norms are either violated or complied with.

-

Changes in current normativity must be allowed as a way to solve unpredictable
conflicts between agents and norms, or both.
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Those aspects justify the rest of the elements of a normative multi-agent system, ac

cording to [81].

• A set of legal norms to enforce compliance with regulations through punishments

• A set of legal norms directed to reward agents who fulfill norms.

• A set of norms to entitie some agents to change the regulations.

According to [6], there may exist two kinds of normative multi-agent systems, according
to the possibility of norms' violation:

1. Normative multi-agent systems where norms are impossible to viólate.

2. Normative multi-agent systems where the possibility of norms' violation is considered.

However, the first possibility is not very realistic, because most of the applications for

multi-agent systems in reality are for heterogeneous agents, which have different goals, and

which are going to achieve those goals maybe violating some of the norms of those systems.

As it is stated in [47], an agent always can fail [(possibly violating some norms)], either

through accident or for selfish reasons [(i.e. to accomplish its own goals)]. And, as it is

stated in [49], the possibility of violation and of accomplishment of a norm is included in the

norm concept itself.

2.2 Related work

In this section are presented some of the works that have been done about norms, norma

tive multi-agent systems, non-normative agents, non-normative behaviour, and other themes

related to the work done in this thesis.

2.2.1 Norms

Models and specifications for norms

In [82], a general model of norms, which allows to design a complete system of norms, is

proposed. In this work, agents reason about norm instances, which are used as mental

attitudes, from which new goals for the agent may be inferred.

One of the main reasons of the development of this work is that previous works in norms'

specifications have resulted in norms that appear to be different from each other, which
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leads to different processes for reasoning about them, and this complicates the modeling of

normative and non-normative behaviour of agents.

A second reason is that other models of norms (used in agent societies, institutions and

organizations) do not offer the means for the agents to understand why norms should be

complied with.

A third reason is that agents which may decide about the accomplishment and violation

of norms, require a model of norms that allows such decisión.

The proposed model emphasizes those aspects that autonomous agents might consider

before making decisions regarding norms, as the consequences of complying (or not) with the

norm, and who benefits from this actions. In this way, the model sets up also the basis to

model the normative behaviour of autonomous agents [82].

Other norms' specification is proposed in [73]. In this specification, norms are related

to roles, instead of to agents. And, when a norm is applied to an individual agent, a social

commitment between the participant agents is done. This commitment can be accomplished,
or violated, by the participant agents.

This specification is coherent with an existing specification of an Agent Communication

Language (ACL). In this way, agents that can reason about commitments, can, as a conse

quence, reason about the effects of communicative acts too.

Logics for norms

Deontic logic

An important theory that could be used to incorpórate norms into the agent theory is that

of Deontic Logic [14] .

Deontic logic is a modal logic, where concepts as possibility and necessity of some state

ment to be true can be represented through sentences.

The following information, corresponding to this subsection, was obtained from [40], un
less the contrary be specified:

Deontic operators of necessity and possibility were introduced (by Georg Henrik von

Wright, 1951) as syntactic expressions applicable to kinds of actions, instead of to states of

affairs. Thus, the idea that certain actions are obligatory or permissible, respectively, can
be expressed. However, other researchers (Alan Anderson, 1956; Stig Kanger, 1957; Arthur

Prior, 1955) claimed that it was better to conform to the more usual style of modal syntax

by allowing deontic operators to apply to arbitrary sentences. This perspective has shaped
most subsequent work in the field.
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Thus, the notion of what an agent ought to do and the notion of what ought to be the

case, in spite of being different subjects, are both studied in deontic logic.

It is frequently thought that the study ofwhat agents ought to do can be subsumed under

the study of what ought to be, for the simple reason that, among the various things that

ought or ought not to be, are the things that agents do, the actions they perform or refrain

from. However, it has been argued (Peter Geach, 1982; and von Wright, himself) that the

emphasis in deontic logic on the notion of what ought to be, leads to severe distortions when

the resulting theories are applied to the task of analyzing what agents ought to do.

Von Wright maintained that a deontic logic adequate for such a task must be built upon

the foundation of a more general theory of action, which could be integrated to deontic logic.
He supplied such a foundation in 1963, and integrated it with deontic logic in 1968.

Some variations of deontic logic can be applied to different normative multi-agent sys

tems. One of them is used in [75]. There, deontic logic contains operators to represent that

something (e.g. an action or a fact) can be: possible, impossible, permitted, forbidden, nec

essary or obligatory. Thus, norms implicating those characteristics can be represented, and

logical reasoning about them may take place.

Uses of deontic logic include the specification of legal, but mostly illegal, behaviours,

and their consequences. The importance of this characteristic is that, many times, it is not

possible to specify illegal behaviours. They are usually "specified" as the behaviours ruled

out by specification ([54]).

Concepts and ideas about deontic logic, norms and actions

Next, some important concepts and ideas about deontic logic, norms and actions are explained

([1], [2], [15] and [75]):

• In deontic logic, ought implies can.

This indicates that normative goals specified by each norm have to be possible to

perform by the agents to which the norm is directed. This may result inconvenient, for

example, if agents can not do something at the beginning, but they will be capable to

do it later, at some point in the time. On the other hand, in this way we are assuring
that agents can actually accomplish with their norms, and that the application of norm

consequences (positive and negative) is fairer.

• Issued norms and their logical consequences, in deontic logic.

When a norm is issued, all its logical consequences are automatically issued norms

too. For example, if the norm "(p and q) is obligatory" is issued, then, the norm "p is

obligatory'' is automatically issued, and it is called a it is derived obligation.
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Moreover, when an agent adds some norm to a normative system, there must
be taken

into account not only the logical consequences of the new norm in isolation, but the

consequences of the new norm in combination with the already existing norms: e.g. the

result of adding norm B to norm A will not be Consequences (A) + Consequences(S),
but Consequences(yl-I-B). In most cases, this set will be considerably larger than the

first.

On the other hand, when a norm, n, is derogated, it is not only necessary to eliminate

n of the set of norms, but also might be necessary to eliminate all the norms from which

n is a consequence ([1])-

• In deontic logic, conflicts between obligations can not exist.

In this way, opposite norms can not be properly specified (their specification may

result in an error) . This is good, because it eliminates the necessity of the existence

of priorities, and it can make that agents' decisions be taken in an easiest way; but,

on the other hand, opposite norms may actually exist in many real systems, and an

specification of them must be provided.

This is why, in some works that use deontic logic, some external elements are used,

and some modifications to deontic logic are made, to intégrate opposite norms to their

systems.

In the next point, some clarifications about opposite norms will be stated.

• Opposite norms and ambivalence, in deontic logic.

It is certainly possible, and extremely frequent, to have the situation in which two people

assert two contradictory propositions (they can not be both true, or false, at the same

time). Moreover, it is possible that those assertions be made by the same person. These

situations lead to the existence of opposite norms. And, if we want to intégrate those

norms on the same system, conflicts must be resolved first. However, the solutions imply

the use of a modified deontic logic and/or the use of some complementary elements (e.g.

priority criteria, judges).

To know more about the methods used to solve conflicts related to opposite norms,

check the opposite norms' definition (Def. 2.16). Remember that those methods are

not part of deontic logic, but they can be used with it, or with an adaptation of it, and

they can also be used with other reasoning methods and norms' specifications.

A different conflict arises when, in the same system, p is commanded, or promulgated,
and p is rejected (but -xp is not commanded). There, both norms are incompatible.
This problem is called ambivalence.

To resolve this problem, some criteria can be used, for example, a criteria of rules of

preference. Those criteria stipulate which norm prevails over the other, and does it
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stating which promulgation act10 ,
or rejection act11

, (performed by certain authority)

prevails over another.

A criteria of rules of preference might be:

- Auctoritas superior: Stipulates that the act performed by an authority of higher

hierarchical level prevails over the act performed by an authority of lower level.

- Auctoritas posterior: Stipulates that a temporally later act prevails over the for

mer act, whether it be promulgation or rejection. This rule only applies to acts

performed by authorities of equal hierarchy.

- Auctoritas specialis: Stipulates that an act of promulgating (rejecting) a less-

general norm prevails over the act of rejecting (promulgating) a more general
norm.

However, these rules do not resolve all possible conflicts between acts of promulgation
and rejection. For that, further criteria of preference must be introduced.

Notice that these criteria are not logical rules, but only elements that are not part of

deontic logic. Thus, they can be also used to solve ambivalence problems in systems

where other reasoning and norm representation mechanisms are applied.

Judges may be also employed to solve ambivalence problems.

• Is permission to do something simply the absence of prohibition to do it?

No. In deontic logic, an action that is not permitted ñor forbidden (called also an action

with negative or weak permission) can, at some point in time, change that status, and

be permitted, or forbidden. This only means that the action has not been labeled yet.

On the other hand, an action that has been labeled as permitted (called also an action

with positive or strong permission), can not change to be forbidden later ([1] and [75]).

However, there are some expressivists in deontic logic who deny the existence of norms of

permission, accepting only prescriptive (commanding, or mandatory) norms. And there

are other expressivists who accept both kinds of norms (permissive and prescriptive) ([1]).

• The notion of omission.

Omission is a non-action; but, at the same time, it is a mode of action or of conduct, it

is something for which an agent can be responsible for. Thus, these two concepts must

be differentiated.

An omission will occur when an agent has reasons to do something, or it is expected

that the agent do something, and the agent does not do it. However, for von Wright

1
A promulgation act occurs when an agent (usually an authority) promulgates something.
A rejection act occurs when an agent (usually an authority) rejects something.
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([40]), an omission (which he calis refraining) occurs when an agent can (has
the ability

to) do something and does not do it.

When an agent does not do things which are not in its horizon of intentionality

then, the agent only did not do those things, but it did not omit doing them.

Omissions, as other kinds of actions, also can have consequences applicable to the

agents.

Languages for norms

There exist some languages for the representation of norms and of social aspects in the

context of agents. Two of them are: C+ and C+++.

C+ is a formalism for specifying and reasoning about the effects of actions and the

persistence of facts over time.

The extended versión of C+ is C+++. In this versión, a way for specifying the per

mitted (acceptable, legal) states of a transition system and its permitted (acceptable, legal)

transitions is provided [64].

Normative actions and reasons to following norms or not

Agents may have different reasons to accomplish a norm and, because of this, it can not be

claimed that all actions that comply with norms can be called normative actions in a more

strict sense ([69]).

A normative action is an action where norms are followed for their own sake, and the

different reasons to following norms represent different levéis of agent's internalization of

norms [6].

According to [6], sociologically, agents base their decisions of action in different action

models. Some of them are:

• The teleological action model:

According to this model, the agent tries to maximize its utility with its actions, to

finally obtain a goal. In this model, the rationality of the behaviour of the agent can

be evaluated with respect to the efficiency of this behaviour.

• The strategical model:

12
The horizon of intentionality, for an agent, is a set of actions that the agent is expected to do next.

Those actions may include, for example, promises made by the agent and agent's duties.
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•

•

According to this model, to make a decisión, the agent takes into account information

about other agents (e.g. desires and actions). In this way, the agent can act strategically
with respect to those other agents, but still guided by their own beliefs, intentions and

goals.

The normatively regulated action model:

According to this model, the agent is subjected to a set of norms (of the society to which

the agent belongs to), and it decides to act following, or not, these norms. There, the

objective reality for the agent (the only reality present in the previous two models) is

extended by a social reality of obliging norms, and the rationality of the behaviour of

the agent is related to those two realities. Thus, in this model, the agent has also a

social rationality.

The dramaturgical action model:

In this model, the inner world of the agent is also considered. Thus, the agent acts

with respect to a subjective world and to an objective world.

There, the agent presents itself (its beliefs, desires, intentions, feelings and needs) to

an audience (e.g. to the society, or to some other agents), and it may not necessarily
be truthful at doing so (taking advantage of the fact that an agent's inner self is only

known by the agent itself). This can be used by the agent to try to manipúlate other

agents, and to get what it wants.

• The communicative action model:

This model unifies the functions of language specified only by the three previous action

models. In the strategical model, language is used by an agent to reach its own goals,

possibly via influencing other agents. In the normative action model, the agent uses

language to actualize its already existing normative agreements. In the dramaturgical
action model, the agent uses language to express itself.

In this communicative action model, language is used to bring about mutual under

standing on all three previous levéis. Here, the agents use language to claim the truth of

their utterances, the normative correctness of their speech acts in view of the context,

and the sincerity of their intentions being formulated.

Then, agents may act using one, or several, of those action models, and, as it can be seen,
a norm may be followed, or violated, by an agent, by different reasons (e.g. because strategy,
because it maximizes its utility, because it is important in the agent's social reality, because

it wants to manipúlate other agents, etc.)

On the other hand, agents may have different reasons to viólate norms. Those reasons

were exposed in the norm definition (Def. 2. 14) ,
in the norm violation definition.
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2.2.2 Non-normative agents

Architectures for non-normative agents

In this subsection, some ofthe proposed architectures for non-normative agents are presented.

Architecture proposed in [14]

In the following paragraphs, the architecture proposed in [14] will be presented:

This architecture is a modification of the architecture proposed in [10].

The main modifications to the base architecture consist of:

• A module which acquires and stores information about the agent's world.

• A module which acquires and stores information about other agents.

• A module which acquires and stores information about the agent's society (which in

cludes norms).

Other important characteristics of this architecture:

• Reasoning:

Agents can reason at a meta-level and at a meta-meta-level. At meta-level, agents

represent the incoming and the outgoing information (obtained by communication or

by observation). With both reasonings, agents can also determine which norms to

adopt, and in which ways their behaviours will be influenced by norms.

Reasoning about norms is done by a model of norm-processing.

• Norm representation:

Agents must have some mental representation of norms. These representations will in

teract with agent's beliefs, goals and plans to finally determine the agent's behaviour.

Thus, norms are mental concepts into the agent, instead of simple constraints out

side the mental processing of the agent. This makes possible for the agent to have

communication about norms.

• Plans and goals generation, and norm functions:

Agents' plans are generated based on agents' goals. Agents' goals may be generated

through agents' needs, emotions, desires, intentions, and norms. In this way, norms

may act as sources of goals, and as providing a target of reasoning. Norms can also
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act providing selection criteria, about which goal to achieve, between agents' goals.

However, norms not always act as sources of goals, because not all norms are specific

enough, and do not provide specific behaviours, goals ñor actions for the agent.

Agents constructed with this architecture should be able to collectively issue norms, to

reason, to negotiate and to communicate about them. An also, agents are supposed to make

an intelligent violation and following of norms.

Architecture proposed in [83]

The main characteristics of this architecture are:

• It is an abstract BDI architecture13

• It is inspired in the work done on dMARS ([25]) and AgentSpeak(L) ([26]).

• There, the Z specification language is used to construct a formal model of the BDI

agents, of inter-agent dependence and of norms.

• This architecture includes a specification for non-normative behaviour of the agents,

which have to choose their next actions to perform based on a limited analysis of their

environment, and on their relations with other agents.

• In this architecture, agents are defined by their plan libraries. And, for each plan,

conditions of initiation, continuity, fail, succeed, context and triggering are specified.

Then, plans are instantiated as intentions for their execution. There must be generated

only those plans that are relevant (triggered by an actual event) and applicable (those
which contexts are a subset of the current beliefs). However, there may be múltiple

plans in the plan library that may be both relevant and applicable, and the model says

nothing about how to choose between them. In those cases, the dependencies between

agents14 (and a model of the goals, beliefs and intentions of the other agents) could

be helpful to determine the real suitability of plans, and therefore, to decide between

them.

Architecture proposed in [72]

This architecture is based on a BDI architecture, with some modifications.

Next, the general functionality of this architecture will be presented:

13
In a BDI architecture the agent has beliefs, desires and intentions. Based in such elements, the agent

can determine which actions are convenient for him to perform at some point.
14
About dependences between agents, check agent definition (Def. 2.1)
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1. The agent perceives its environment.

2. Beliefs, desires and intentions for the agent are generated. This is done considering

agent's obligations (which impose new actions) and restrictions (legally unwanted ac

tions).

3. A plan is generated, and its execution starts. It will be done action by action.

4. Between each finished action, a perception of the environment is done, and beliefs,

desires and intentions of the agent are revised (considering also obligations and restric

tions).

5. The plan is revised, and, if it is not sound, a new plan is generated.

In the original BDI architecture, steps 3 and 4 do not exist; there, a generated plan is

executed without the revisión of the environment ñor of the beliefs, desires and intentions of

the agent, and norms are not considered.

About the representation of norms, in the proposed architecture, norms can be predicates

(statements about the environment or system which is true at some time) or they can be

actions (what agents can do in the system) . There, norms are expressed in deontic logic, and

they are used to specify agents' acceptable behaviour.

Non-normative behaviour

In this subsection will be presented some of the done work about non-normative behaviour.

There will be exposed some concepts, ideas and proposals.

Most of the work done about non-normative, and normative, agents is of experimental

nature, and for the purpose of social simulation. In this kind of works, norms are built

into agents, and agents can not change their behaviour over time (based on experience, for

example) ([14] and [24]).

In [14] it is suggested that norms guide agents' behaviour in two ways:

1. Outside the decisión maker: In this way, norms do not genérate goals or meta-criteria

to be taken into account during the decisión making, either they simply modify the de

cisión parameters, or they post hoc filter decisions and actions. They are only complex,
or simple, constraints.

For [14], agents can not reason about those norms, ñor actually delibérate if following
them or not.
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2. Inside the decisión maker: In this way, norms genérate goals and meta-criteria to be

considered during the decisión making.

A similar explanation is presented in [17] and [20] ,
where norms are seen as either:

1. External entities: expectations, behaviours and prescriptions.

2. Internal entities: mental entities, which may produce normative beliefs and normative

goals.

In [23], a proposal of non-normative behaviour is done. It basically consist in ranking

goals. In this way, an agent can make its acting decisions, which may include to accomplish,

or to viólate, one or more norms. Specifically, if a goal resulting for a norm is ranked on top,

then, the norm will be accomplished. Otherwise, it might be violated. In this work, norms

are translated into obligations for the agent using deontic logic.

Another proposal for non-normative behaviour is presented in [81]. In this proposal, the

decisión making process for the agent is based on the relations between agents, resulting

from the issue of, the comphance with, and the violation of norms. This decisión process

is complemented with information about the agent's society and about other agents (their

obligations and prohibitions).

Non-normative agents of [5] act in a peculiar way. To decide their actions, they take

into account the behaviour of the defender agents of the system that are checking on them

(modeling that behaviour), and they also use information about themselves and about other

agents. Even defender agents act in this way (because they are checked by other defender

agents, or by the system itself) .

This modeling of behaviour is done based on the observations the agent can do and on

the information and beliefs that the agent has of other agents and of the system. However, to

do this modeling, and because all agents model the behaviour of their superior (i.e. defender

agents which check the agent's behaviour), an agent has to model also the modeling that

its superior make of its superior, and so on, if there are more than three levéis of agents,

including the system ([5]).

Utility-based agents

Utility based agents, or utility driven agents, are agents that base their decisions on utilities.

A utility is usually a valué, or a set of valúes (maybe on a utility vector), which is

calculated by the agent for each decisión option, and assigned to these options. Then, the

agent can make a decisión based on those valúes. The valúes can be also assigned through a

utility function, or through the combination of several utility functions.
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Sometimes, utility based agents use utility functions combined with probability functions

to make their decisions. This is the case of these works: [4], [44], [76], [39], [7], [58] and [9].

Utility based agents are used in several works. Non-normative agents, as agents that

make decisions about following norms or not, may be designed also as utility-based agents.

Utility based decisions are used in decisión theory and in game theory.

Decisión theory has emerged as the dominant descriptive and nominative theory of ratio

nal decisión making [74] . The fundamental principie of decisión theory is the maximization

ofthe agent's utility function [59].

On the other hand, game theory is also concerned with the rational behaviour between

two or more interacting agents [63]. There, each agent has a utility (or payoff) function that

attempts to maximize, based on the information that it has about the strategy of the other

agent (s). This payoff function represents the preferences of the agent [39].

However, there exist some problems with game theory, with regards to the social aspects
of decisión making. One of them is the inability to deal adequately with some social notions

such as cooperation [12]. In fact, without the introduction of some binding forcé ensuring

cooperation, the theory can produce sub-optimal results.

Furthermore, although both, game theory and decisión theory, provide simple and at

tractive formalisms of individual action choice, they have been criticized because they reveal

nothing about the motivations of the agents making the decisions [12].

Both disciplines can produce socially acceptable behaviour, if some social information is

incorporated into the agents' utility functions; but these theories provide no answers, as to

how this can be done, or why this should be done [39] .

Works that use utility based agents

Next, some works that use utility based agents will be presented.

In [11], a module for agents' decisión making is proposed. This module works based on

the costs of the available actions (decisión options) for the agent, at each point in time. Those
costs may be seen as negative utilities for the agents, and agents' decisions are, then, utility
driven decisions.

About which action to select (i.e. which utility, and which related decisión option will

be better for the agent to choose), it is not determined. This is left to be assigned by the

agents' creator.

It is claimed in [11] that, if an agent always decides to accomplish the most important
motivation it has, sometimes this could produce bad results for it.
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Thus, if we apply this claim to utility-based decisions, it might possible that, if an agent

chooses the decisión option with the best utility, the results will not be as good as if the

agent had chosen a decisión option with a lower utility valué.

In [4], agents base their decisions in two main utilities. One of them is the group utility,

which represents the benefits for the whole group. These benefits are represented through
a group utility function, shared amongst all the agents of the group. The other one is the

individual utility, which represents the benefits for the deciding agent, as an individual. These

benefits may exist for the agent in its group and in its personal interests and preferences.
The individual benefits are represented through an individual utility function, one for each

agent. Both functions are also composed functions (or multi-attribute utility functions).
Each one is the weighted sum of the benefits (group and individual, respectively), of resource

consumption (which will depend on the decisión option) and of what other agents will do

after the agent's behaviour. Those attributes will be called sub-utilities.

The combination of both utility functions will determine if the agent's decisión, and

action, will be toward group interests, or toward its own goals.

In this work, agents' sub-utilities (e.g. resource consumption, benefits, behavioural con

sequences) may not be weighted in a uniform way for all agents. Thus, a hierarchy may be

used in the group of agents to assign a different weight to certain sub-utility, depending on

which agent will use it.

Thus, a formula for the total utility, for a decisión option d, for an agent i, could be

represented as15 :

TUd¿ = wgu¿ (GUd¿) + wiu¡i (IUd,i)

Where:

• TUd,i is the total utility function for the decisión option d, for the agent i.

• GU_t,i is the group utility function for the decisión option d, performed by the agent i.

This function is shared among all agents of the group, and, of course, it is applicable
to each particular agent x. Thus, the general shared function will be: GUd,x-

• IUd,i is the individual utility function for the decisión option d, for the agent i.

•
wgu.i is the assigned weight (by the agent i) to the group utility.

•
WíUií is the assigned weight (by the agent i) to its own individual utility.

15
This representation was not taken from [4]. It was made by us, as a free interpretation, based on [4]'s

formulas descriptions.
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And we could also have:

GUd¿ = wgbtgu (GBdti) + wrc¡gu (RCd>i) + woa¡gu (OAd,.)

Where:

• GBd,i are the group benefits for the decisión option d, performed by the agent i.

• RCd,i is the resource consumption for the decisión option ci, performed by the agent i.

• OAd¿ are other agents' actions, due to the execution of the decisión option d, performed

by the agent i.

•
Wgb,gu is the group assigned, and shared, weight to the group benefits.

•
vJTC,gu is the group assigned, and shared, weight to the resource consumption. This

valué might be negative, because resources are consumed, and not generated.

•
woa,gu is the group assigned, and shared, weight to the other agents' actions (due to

the agent's i behaviour).

lUd,i = wgb,iu,i (GBd,i) + wtc>íUíí (RCd,i) + woa¡iU¡i (OAdt_)

Where:

• GBd¿ are the group benefits for the decisión option d, performed by the agent i.

• RCd,i is the resource consumption for the decisión option d, performed by the agent i.

• OAd,i are other agents' actions, due to the execution of the decisión option d, performed
by the agent i.

•
wgb,iu,i is the individually assigned (by agent i) weight to the group benefits.

•
Wtc,íu,í is the individually assigned (by the agent i) weight to the resource consumption.
This valué might be negative, because resources are consumed, and not generated.

•
woa,iu,i is the individually assigned (by the agent i) weight to the other agents' actions
(due to the agent's i behaviour).
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In [44], a joint utility, or joint benefit (for the society and for the agent, as an individual)
is also used for an agent to make its decisions. This hybrid measurement of benefit allows to

improve the performance of the agents and of the overall community of agents as well.

In this work, interacting agents belong to a special class of agents: socially responsible

agents.

Socially responsible agents have the following main characteristics:

• They retain their local autonomy, but still draw from the larger community.

• They are capable of benefit from interactions with other agents, but they are, never

theless, willing to provide some resources for the benefit of the overall system.

• They achieve their individual goals, and also the system's social goals.

Because those characteristics, socially responsible agents are proposed for attaining a so

cial balance. This balance is needed to ensure that the agents and the system work effectively

[44].

Additionally, socially responsible agents are assumed to have the following characteristics:

• Acquaintance: The notion of an agent that the society contains other members, and

the notion of the society of the agents it contains.

• Influence: The notion that members can affect one another, and that society can

influence its members too.

• Rights and duties: Responsible behaviour requires the member agents to be aware that

they receive certain rights for being in the society (of the other agents, and of the

society), but also that the cost of receiving these rights is that they have certain duties

to perform too (for other agents, and for the society). In different scenarios, and even

between different members in the same scenario, rights and duties may vary.

Next, an explanation about how socially responsible agents work will be provided:

Socially responsible agents work based on the Principie of Social Rationality.

Principie of social rationality: If a member of a responsible society [(i.e. a socially

responsible agent)] can perform an action whose joint benefit is greater than its joint loss,

then it may select that action.

To apply this principie, some measurements are used:

• Social benefit: it is the benefit for the society.
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• Social loss: it is the loss for the society.

• Member benefit: it is the benefit for the agent.

• Member loss: it is the loss for the agent.

Where,

• benefit corresponds to something that an entity gains.

• loss corresponds to the cost of doing the action. It is something that an entity looses.

In [44], the nature of those benefits and losses or the way they may be quantified are not

specified, because those elements are highly specific.

With the mentioned measurements, socially responsible agents obtain a utility for each

decisión option they have. These utilities are obtained through the following equation:

Overall benefit = (Social benefit Social loss) + (Member benefit - Member loss)

Where,

Joint benefit = (Social benefit) + (Member benefit)

Joint loss = (Social loss) + (Member loss)

Some experiments were done in [44] , using socially responsible agents against other kinds

of agents (which will be presented next). The intention of these experiments was to compare
the performance of those agents.

Participating agents:

1. Individually rational agents: These agents only perform goals which bring them a

positive net benefit.

2. Benevolent agents: These agents accept all goals which they are capable to perform.

3. Selfless agents: These agents only perform goals if they have a positive net benefit to

the society.

4. Socially responsible agents: only perform actions which accomplish with the Principie
of Social Rationality.

The obtained results were:

• In all cases, the socially responsible agents obtained the highest joint benefit.
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• Socially responsible agents can be out performed by individual rational and selfless

agents, with respect to maximizing individually and societal benefit, respectively.

• Benevolent agents shown to be the most stable.

• Individually rational agents performed poorly.

These results lead to some interesting conclusions:

• Socially responsible agents achieve an equilibrium between the individual and its so

ciety. Thus, they produce both, good system-wide performance and good individual

performance.

• Individual self-interest and utility maximization are not the best criteria for software

agents, when there is an important and strong notion of society.

About this important conclusión, the following ideas are presented:

A number of researchers have recognized the shortcomings of individual utility max

imization, when agents are placed in a social context. Gauthier, in [31], argües that

individual utility maximization destroys any real possibility of society.

Thus, in multi-agent systems, having agents in which the idea of other agents plays no

role, does not always lead to good system-wide performance.

In [76] are used utility-based agents which may belong to different organizations. Those

agents model their organizational relationships with other agents, and reason about the utility

of interacting and coordinating with particular agents over particular actions. Thus, relations

with other agents and organizations affect agents' decisions.

Agents' decisions are influenced by motivational factors. Those factors indicate the moti

vation of an agent to perform some action (or to choose a particular decisión option). Thus,

to make a decisión, an agent must relate all those motivational factors, of each decisión

option.

The environment of those agents includes tasks to perform (which include deadlines) and

requests to attend (which include service items), which arrive dynamically. An agent can not

simply perform all the tasks, ñor attend all requests. It must select a subset of those tasks,

and requests, and determine an appropriate sequence to perform, and attend, them. There,

an agent may contract another agent for doing some of its tasks (of course, with a cost) ,
and

an agent may also be contracted for doing other agents' tasks.

In order to compare the different decisión options, the agent quantifies the different mo

tivational reasons corresponding to each decisión option, and the related costs and benefits.

Thus, an agent can compare the costs/benefits, and the motivational factors, of doing tasks



58 CHAPTER 2. STATE OF THE ART

for other agents, of doing local work (its own tasks), and of contracting other agents to do

its tasks.

It is important to clarify that an only decisión option may represent different motivational

factors for an agent, i.e. that an only decisión option may motívate an agent in different ways

(e.g. self-interest motivations, cooperative motivations). And it is also true that the same

decisión option for two different agents may motívate them in different ways (representing
different motivational factors for each one).

To make a comparison of the motivational factors of each decisión option, they must be

quantified. Thus, agents decide through the assignation of a multi-attribute utility to each

decisión option.

To quantify the different motivational factors, there are proposed the motivational quan

tities or MQs, which have the following characteristics:

• No all agents have the same set of MQs.

• For each MQí belonging to an agent, this agent has a preference function that describes

its preference for a particular quantity of the MQí.

• Different agents may have different preferences for the same MQí.

• A given task may produce different groups of MQs.

Then, the overall utility for each decisión option, assigned by the deciding agent, will

depend on the associated MQs.

In this way, agents can reason about the utility of particular actions based on their local

view of organizational objectives expressed via MQs and utility functions.

Through the proposed reasoning model, an agent in a society can reason about doing
work in exchange for money as well as progress toward organizational objectives, or the

accumulation of goodwill, favors and other non-currency exchanges. In this model, agent
communication may also play a role. Negotiation between agents can be used to select which

MQs, from a set of candidates, will be used for a given exchange, or produced by a given
task execution. Negotiation can also be used to determine the "price" or quantity (in MQs)
that a particular transaction will produce.

Finally, it is important to notice that the model requires detailed information about tasks,

organizational goals, MQs, and the utility functions of each individual agent. Some of this

information could be learned though, but, in the general case, this fails on the designer(s) of
the multi-agent system.

In [39], a decisión framework for utility based agents is proposed. This framework is

oriented to agents that make social responsible decisions, where both, individual and social
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perspectives, which sometimes conflict in agents' decisión processes (due to the bounded

resources, for example), are taken into account.

Those agents work with social welfare functions (which combine social and individual

aspects), and they act applying the theory of social welfare.

According to that theory, a set of individuáis may make a collective decisión about a social

situation (e.g. a collaborative group action) by taking into account the preferences (over the

decisión options) that all agents have, and the utility functions of all agents (maybe weighted

by some valué). Those preferences are represented in a function W, which can be maximized,

as a utility function for social concerns. On the other hand, an agent may make its individual

choices by taking into account the social benefits of its group (represented in the social utility,

W) and also its individual benefits. Thus, the agent may assign a weight to each utility valué

(given more importance to one of them, or the same for both of them) ,
and obtain a combined

utility for each decisión option. In this way, individual agents can make their decisions.

However, social preferences (which are composed of all agents' preferences) and the utility
functions of other agents are represented in a particular agent as what this agent believes

that they are, because it is infeasible that an agent knows them exactly as they are. A

similar thing occurs when an agent wants to determine the consequences of its actions on

other agents. Thus, agents use mere approximations to these data.

About the utility functions, they depend on the necessary resources to perform the specific

decisión option.

It is intended in this work that agents do not act in a purely self-interested way, and also

that agents do not act as the opposite: subordinating their autonomy to the needs of the

overall system. It is pretended to reach a balance between individual and social concerns.

Additionally, here, agents should be able to modify how they make their decisions, based

on their current contexts, i.e. agents should be able to dynamically vary their balance between

individual and social considerations, depending on the amount of resources available in the

system (e.g. agents may modify the weightings given to the utilities used to make their

decisions).

Critics, advantages and disadvantages of using utility-based approaches for de

veloping agents

According to [14], the utility-based approaches all suffer from some drawbacks:

• The weight ascribed to the social utility for each agent is fixed (it cannot change

depending on the agent's experiences).

• It is not shown how to assign the specific valúes of the weights to the components of
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the agents' utility functions.

• It is very difficult to describe the effect of a violation of an obligation in this framework

(the violation has an immediate impact on the utility that other agents ascribe).

Another criticism for the approach of the utility-based agents is done by Jennings and

Wooldridge: they claim that the existing models based on the notion of utility "[...] are not

computational models and ignore the practicalities of computing an appropriate action to

perform" [4].

Other disadvantages of utility-based approaches for agents development:

•

•

•

•

•

It could be difficult to determine correctly a utility function that assigns utility valúes,

for the different decisión options that an agent has, specially when the agent's program
is very complex.

To work properly, utility functions require to be based in detailed information about the

agent's goals and interests, and maybe also about the social, and other agents', goals

and interests (e.g. when cooperation between agents exists). Some of this information

could be learned though, or obtained by communication with other agents; but, in the

general case, this fails on the designer(s) of the multi-agent system ([76]).

When learning in agents exists, the new information would have to be integrated into

the utility functions. Thus, a mechanism for doing this automatically must be proposed
and implemented, or changes must be made off-line.

When no information about other agents or about the society can be obtained, an agent

represents this information as what it believes that this information is, which is a mere

approximation ([39]).

It could be difficult to determine the way in which the weights of the elements of a utility
function may variate, according to the agent's circumstances and to the decisions that

it has to make, at some point in time. This might be specially difficult when multi-

attribute functions are used. This variation might be necessary, for example, if agent's

goals, tasks, capabilities, rights, obligations or norms change, or if new elements emerge.

It might be necessary to make the previously mentioned changes manually (by the

agents' developer), with the system off-line.

When several utility functions exist for an agent, or when some utility function is

composed by several sub-functions, it might be difficult for an agent to determine

which one must be maximized, or to which one ascribe the biggest weight, given certain

circumstances.
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• When an agent uses a utility function, it might be enough to maximize it, and to select

the decisión option that maximized it. However, in base of what was exposed in [11], if

an agent always decides to choose the option that produces the best utility, the obtained

results might not be the best. Thus, it would be necessary to genérate an algorithm to

decide which decisión option to select, in base of the utility assigned to each decisión

option.

• There is not a specific procedure to determine which decisión option to select, after

assigning the corresponding utilities [11].

• In case of normative agents and of non-normative agents, when only a utility-based

approach is used to decide between the different decisión options that the agents have,

norms can not act as goal generators for the agent, ñor is provided a framework for

communication or reasoning about norms.

On the other hand, utility-based approaches have the following advantages for

agents' development:

• An agent can represent numerically: the benefits and the costs for each decisión option

(in function of resource consumption, for example), its own preferences, information

about itself, information about other agents, and information about the society. Thus,

a comparison between those elements may be done to make decisions.

• There might be incorporated many important attributes in the same utility function

(generating multi-attribute functions), to make a decisión. Thus, all the elements

concerning a decisión may be taken into account.

• In a multi-agent system, it is possible to represent with utility functions the costs and

the benefits [of selecting each decisión option] for individual agents and for the whole

society. Thus, each agent in a society might have a composed utility function, in which

are integrated individual and social costs and benefits for agents' decisión options. In

this way, agents can make their decisions by taking also into account to the rest of the

society.

• To know which decisión option to select, after the utility assignation, an agent may

only select the option which gives the máximum utility; or the agent can just maximize

the utility function.

• When composed utility functions (representing individuáis and society, for example)
are used, different sub-functions of the utility function can be maximized. In this way,

agents can give more importance to one element (e.g. individual, social, etc.) over the

rest, according to the decisión they have to make, or to the situation in which they are.
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• In a multi-agent system, it is possible to have different classes of agents, which assign

utilities to decisión options depending on the class to which they belong. In this way,
it can be represented, for example, the level of control that the society has over the

different classes of agents, by giving to some agents the possibility of assigning more

weight to decisión options that pursue personal interests, and obliging others to assign
more weight to decisión options which aim to reach social, or other groups', interests.

As for this phenomenon, there can be also represented other kinds social phenomena

using utility functions.

• It is not required to program ñor to represent utility functions in a specific language.

• It is not required a specific architecture to implement and use utility functions. Util

ity can be incorporated in many agent architectures, of course, making the required

adaptations.

• It is not required a complex reasoning capability to deal with utilities (i.e. for obtaining

them, and for making comparisons between them).

• It is not required the use of logics for representing knowledge ñor for reasoning about it.

However, if it is desired, utility can be used together with logics or with other reasoning
methods.

• Utility functions, and utilities, can be used with more, or less, information about the

agents and about their respective worlds. However, if there is a poor information about

such elements, the obtained results might be also poor.

• When a utility-based approach is used for non-normative agents' development, it is not

necessary a mental representation of norms to reason about them. However, utility can

be used together with elements such as a mental representation of norms, of beliefs, of

emotions, of intentions, of plans, etc.

Checking and enforcement of behaviour for non-normative agents in a normative

multi-agent system

In a normative multi-agent system is very convenient to have methods to check agents'
behaviour and to enforce them to accomplish the applicable norms. Even if the system

has only normative agents, such as methods must exist. The reason is that, under certain

circumstances, it is possible that a normative agent violates a norm (e.g. if there exist

opposite norms; to deal with unanticipated circumstances; if the agent does not know the

norm, etc.).
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Generally, enforcement methods consist in the application of punishments and rewards

to the agents. If those methods do not exist, participant agents may do whatever they want

to do, and the system would not have the possibility of controlling this situation.

This is why those methods are, in most cases, considered as a part of a normative multi

agent system. However, they are not part of all normative multi-agent systems. In some

systems, it is assumed that agents will not viólate any norm (which is not necessarily true).

Checking and enforcement of behaviour must be performed by some entity in the multi

agent system, usually a pólice agent (or a set of pólice agents) or a defender agent (or a set

of defender agents). Pólice agents and defender agents perform the same functions.

In [5], the responsibility of checking the behaviour of the agents in the system is delegated

to a set of defender agents. They have also the responsibility of applying the enforcement

mechanisms. And, because defender agents may also viólate norms (as any other agent in the

system), their behaviour is checked, and the pertinent enforcement mechanisms are applied,

by other defender agents. And, for defender agents in the "highest level", the own system

must check their behaviour and apply the corresponding punishments and rewards.

This proposal might be useful in virtual communities where each participant is both,

a resource consumer and a resource provider, where it is not feasible a central control or

authority in charge of all the resources.

In [72], checking and enforcement mechanisms are applied by a set of pólice agents. In

this way, those mechanisms are distributed (instead of centralized). In this work, it is also

proposed that the agent platform assist pólice agents, providing fast and efficient aids to

apply those mechanisms, as additional services.

T_rust among agents in an open distributed multi-agent system

In open distributed multi-agent systems, agents may act taking advantage of other agents,

and then leaving the system. Due to this, it is necessary the existence of norms in those

systems [57].

However, agents may follow, or not, those norms. And, sometimes, there are not mecha

nisms to enforce norms, and agents can not be sure of the actions that other agents are going

to do. Thus, sometimes agents have to trust in other agents, when they are interacting with

them.

In [57] this issue is treated, and the following information was obtained from this source.

Trust is defined as: A belief an agent has that the other party (e.g. another agent) will do

what it says it will (being honest and reliable), or that the other party will be reciprocative,

given an opportunity to desert to get higher payoffs.
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Two main levéis of trust may exist in an agent:

1. The individual-level trust: at this level, an agent tries to determine its trust in other

agents based on the information that it has about them.

This level can be classified into:

(a) Learning and evolution based trust: at this sub-level, agents know other agents

through learning and through the evolution of the system and of the agents them

selves. Here, agents are provided with strategies to cope with lying and non-

reciprocative agents.

(b) Reputation based trust: at this sub-level, agents gather information in richer forms

from their environment, and from their counterparts (e.g. the reputation that an

agent has on the system).

(c) Socio-cognitive based trust: at this sub-level, agents reason about other agents'

motivations. Obtaining, in this way, a higher level view of trust.

2. The System-level trust: at this level exist protocols that all agents have to follow to

interact (i.e. rules of encounters). In this way, the system is checking that all the

participant agents of an interaction accomplish with some prerequisites, and agents

can trust in other agents by virtue of the different constraints imposed by the system.

Examples of those protocols are: auctions, voting, contract-nets, market mechanisms,

etc. To assure a system-level trust, the system must devise truth-eliciting interaction

protocols, and develop reputation mechanisms and security mechanisms.

An agent can have trust at some of those levéis and sub-levels, at all of them, or at none

of them.

2.2.3 Normative multi-agent systems

Proposed principies for open normative multi-agent systems and for non-normative

agents

In some works, a specific architecture for non-normative agents is not proposed. Instead, it

is proposed a set of principies to build these agents.

On the other hand, there exist other works that do not propose an specific normative

multi-agent system to work; but a set of principies to build those systems.

In [22] are proposed several principies to build both, non-normative heterogeneous agents
and normative open multi-agent systems. Most of the following information was provided by

[22].
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It is introduced the concept of Contractual Agent Societies (CAS) as a base for building
such open normative multi-agent systems. In these systems or societies (CAS), heterogeneous
agents configure themselves automatically through a set of dynamically negotiated social

contracts.

Those contracts define:

• The (shared) context for agents interactions, including ontologies, joint beliefs, joint

goals, normative behaviours, etc.

• Classes of associated exceptions (deviations from ideal behaviour), together with the

applicable prevention and resolution mechanisms (punishments, rewards, etc.)

• A system of social control, which is responsible for detecting, avoiding and/or resolving
exceptions.

In a CAS, sub-societies can be formed, with contracts that inherit the conditions of the

contract of the CAS.

To make a CAS, the following characteristics of the agents and of the system are required:

• The ability to describe the information about rules of interaction, regulations, facilities

and legal guaranties for agents.

• The ability for agents to understand this information (possibly negotiating some of its

terms), and to adapt their behaviour accordingly.

• The ability of multi-agent systems to act as "legal authorities" capable of enforcing
the contracts formed by their members and punishing potential violators.

Thus, Contractual Agent Societies reduce the challenge of interoperability and control of

heterogeneous multi-agent systems to that of achieving the following technical objectives:

• Development of expressive languages for representing the various elements of social

contracts.

• Developing of agents capable to understand those languages.

• Development of agents which are capable of negotiating social contracts and adapting
their behaviour to the terms of those contracts.
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In CASs, social contracts act as norms, because they must be accomplished by the partici

pant agents, and there could be rewards for accomplishment ofthe contract, and punishments
for its violation.

The development of the social contracts of a CAS can be as simple as assigning a set of

social (organizational) valúes, which are jointly held statements of what is considered impor
tant in the relationship to which the contract refers. This can be formulated by assigning

utility valúes to the various contract objectives, or simply by specifying a partial ordering,

indicating preferences.

Dellarocas ([22]) pretends to work in agents which could also negotiate (and change) not

only the conditions of the contracts, but also the core of the protocols of interrelation between

agents. This is the equivalent of working with agents of dynamic open normative multi-agent

systems.

Dynamic normative open multi-agent systems

A defining characteristic of open multi-agent systems is the unpredictable behaviour of their

participants, caused by their operational and architectural heterogeneity. This has led to

the development of computational frameworks that facilitate the declaration of agent spec

ifications. Those frameworks offer modeling, simulation and validation, but typically have

not supported dynamic modification of the specification at runtime. This omission can be a

limitation in certain scenarios [48].

This is why dynamic normative open multi-agent systems are proposed (in works as: [48],
[81] and [82]). Thus, those systems may act as a solution for a changing social and physical
environment ([82]).

The following information about this kind of systems was taken from [48], where they are
called "dynamic normative open computational societies"

Societies where the environmental and social characteristics are particularly volatile and/or
unexpected might require very complex normative specifications, in order to cater for all pos
sible outcomes. However, providing a means for a well-defined dynamic modification of the

specification at run-time, shifts a larger proportion of the decision-making process to the

agents themselves.

In response to this, there are proposed some specifications to build dynamic normative

open multi-agent systems. These specifications are expected to be applied on some existing
normative multi-agent system.

The proposal:

• Normative Specifications for open multi-agent systems (or open computational soci-
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eties): They must be based on: social constraints, their expression in terms of in

stitutional power, permission and obligation and an enforcement policy. There, the

normative positions are associated with agents and social states through social roles.

• Runtime Norm Modification: This modification can be made through two main ele

ments, explained below.

1. Parameters: they are variables that specify some procedural characteristic of a

norm creation rule. [Numeric] parameters (time, timeout, important and variable

valúes of the protocol, etc.) are real-valued variables that control aspects of a

protocol's procedural characteristics. At runtime, the system is able to modify

parameters to enhance or maintain system performance in unexpected social or

environmental conditions.

Numeric parameters affect the application-specific characteristics of a protocol,

but do not, typically, affect the structure of the protocol itself.

2. Replaceable components: those are sets of rules that represent the semantics of

part, or whole, of a protocol and that can be replaced at runtime by the society's

agents. Replaceable components allow coarse-grained modifications to the proce

dural characteristics. Protocols may consist on replaceable components offering

different formulations for the protocol. The dynamic specification, then, specifies

the replaceable component and all possible formulations. Additionally, some parts

of the specification may be enabled or disabled in this way.

Runtime norm modification may also require some norms to regúlate it. For exam

ple, application/state specific norms, which refer to cases where all agents might be

permitted to perform some modification to the specification, in case of exceptional cir

cumstances, as a last resort to avoid system failure. There is no role attribution or

requirement for the existence of these norms.

Other regulating norms (e.g. role-dependent norms) only allow for some agents (which
have some specific role) to make such as modifications.

However, the introduction of dynamic specifications (as the proposed there) presents the

requirement for the system of evaluating how specifications perform.
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2.2.4 Applications for non-normative agents and for open distributed

multi-agent systems

Non-normative agents in health

Open normative multi-agent systems, and their agents, might be applicable into the health

field. An example of this is the applicability in the field of organ and tissue donation. The

following information refers to this, and was taken from [72].

In this work, it is proposed that non-normative agents and that normative open multi

agent systems be used as a base to develop a system capable to help in organ and tissue

donation and allocation.

Organ and tissue donation and allocation are transnational problems, because of the exis

tence of several multi-national organizations. And, because of this, different regulations, data

bases and data formats are used. Additionally, functions as communication, coordination,

regulations, trust and data exchange between the different participants in an organization

must be implemented. For this, an open multi-agent system can be used. However, there are

also necessary some norms that regúlate interactions between participants, and which apply
the different restrictions of donations (e.g. the conditions of conservation, the assignation,
and the compatibility checking). For this, a normative open multi-agent system can be used.

Thus, each member of an organization may be represented by one or more non-normative

agents to interact with other members. And organizations may also interact between them

in this way.

Some of the main characteristics of norms in this system would be:

• Norms must be capable of permit, oblige or prohibit something.

• Norms may be conditional (about the system, or about the state of an action).

• Norms may have temporal aspects (e.g. absolute and relative deadlines).

• Norms might be relative to roles.

• Norms must have a context of applicability (e.g. trans-national, national or regional).

In this work is also proposed to have interconnected ontologies between the different

participants.

Other important element of this proposal is that the system must be capable of detecting

illegal behaviours (when agents viólate one or more norms, and the system enters in an unsafe

state), of sanctioning violating agents, and of recovering itself from the occurred violation(s).
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Electronic institutions

An electronic institution, or e-Institution, is an electronic (computational) equivalent of a

social (physical) institution. This issue is treated in works as [24] and [72].

A physical institution has mechanisms (e.g. judicial actions) to oblige all the members

to accomplish with several commitments and norms (e.g. taxes payment, traffic norms, the

law), but, at the same time, members can have a set of benefits belonging to that institution.

Those benefits are usually related to group tasks, which made individually could be very

difficult (e.g. own protection; water, gas, food, clothes supply; etc.). This brings trust of the

members in the institution.

In the same way, electronic institutions give agents trust through certification of an agent

and by the guarantees that it provides to back collaboration. Electronic institutions reduce

uncertainty of other agent's behaviour, they reduce misunderstandings in interactions, allow

agents to foresee the outcome of an interaction, and simplify the decision-making reducing

the possible actions that the agent can do. In electronic institutions also exist norms and

some mechanisms to enforce them ([24] and [72]).

In this way, electronic institutions can be represented as open normative multi-agent

systems.

Another application of electronic institutions ([24]) is to use them as an independent

information bank to store all the information related to the interactions between the agents

and the society. Information like message types, rules of encounters, etc. can be stored

there, and it can be used for other agents to determine, for example, the reputation of their

associates.

A framework for electronic institutions is proposed in [72]: the OMNI framework, which

has three dimensions, the normative dimensión (all the referent to norms), the organizational
dimensión (social interactions, organizational model) and the ontological dimensión (the

ontology). Each dimensión has three levéis (abstract, concrete and implementation level),
and each one of them has different levéis of abstraction and of repercussion in the agent's

actions.

Agents for social simulation

The following information was obtained from [84].

Agent-directed social simulation has emerged as a powerful tool for social scientists. This

consist in societies of agents simulating social human phenomena. Thus, consequences of

certain social human phenomena might be known by simulating the same phenomena with

agent societies.
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And, as social human societies are governed by institutions, organizations and rules,

social agent organizations are governed by artificial institutions, organizations and norms

that emulate their real world counterparts.

The current state of the art in social simulation is based on the use of simple models of

social entities and objects that are able to perform very basic interactions. However, while

such simulations may genérate interesting macrc-level phenomena, the underlying micro and

macrc-level processes may be far from realistic. This realism may be important to obtain

results that are relevant to social system theories and to policy-making.

There are efforts in to better understand mental and cognitive processes, as well as emo

tional, motivational and normative orientations that shape the evolution and change of human

behaviour, culture and society, at múltiple levéis and scales. In the same way, motivations,

intentions, objectives, cognitive expectancies, attributions of other agents' behaviour, valúes,

norm orientations, and cultural backgrounds influence the behaviour of agents (leading them

to cooperation or to competition), and may be also studied to better understand it, and to

make better simulations of humans and of their societies.

Realistic simulation modeling of such psychological orientations within the deliberation

architecture16 of computational agents is still at its infancy. However, the social cognitive
science research that explores connections between processes involving cognition, emotions

motives/goals and norms in agents is substantial and significant.

Simulations might be done in several different ways, and the obtained results might also

be studied from different angles. In this work, the following two important ways of making
simulations are mentioned:

1. Classical mechanics: in this way, it is studied one aspect of reality at a time.

2. Quantum mechanics: in this way, different aspects of entities can be studied simulta

neously and a "quantum entity" can experience more than one possible reality at a

time.

To study more than one aspect of the reality, and the occurring interactions, at the same

time, one needs modeling methodologies such as multi-models. To explore unfolding of

the events during a computational experiment, one may use multi-simulation, where

several branches of simulation (altemative realities and scenarios, viable and consistent

with the emergent conditions at run-time, and relevant for the simulation purposes)
studies may be executed simultaneously.

Simulations are also done to model uncertain, evolving and multi-staged social phenom-

16
A deliberation architecture is any architecture at which a deliberation process occurs between the per

ceptions of an agent and its actions. Such deliberation process is about which objectives to achieve and how

those objectives will be reached by the agent ([29]).
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ena. And, to do this, it is needed to explore and to extend the existing powerful abstractions

that are at the frontiers of computational modeling, which are:

1. Agent-based modeling paradigm: for specifying autonomy and intelligence of agents.

2. Exploratory modeling: it is defined as sampling over an ensemble of models that are

plausible, given a priori knowledge, or which are otherwise of interest.

While these abstractions enable high-level and powerful problem solving capabilities, they

need to be significantly improved to realize solutions for complex conflicts that include uncer

tainty, as well as the cases where the nature of the conflict changes as the simulation unfolds

and information about the actual conflict is acquired during simulation, rather than before.

2.2.5 Resimulations of previous works

As it was stated in norm definition (Def. 2.14), norms may function in different ways,

depending on time, space, social facts and other conditions (this is called functional change

of norms).

Thus, some works base their study cases on resimulations of previous study cases, but

with different conditions, to know the variation in the obtained results, and to obtain new

conclusions. This is the case of [61], from which the following information was obtained.

In this work, it is proved the existence of the phenomenon of functional change of norms,

by means of an example.

Here, it was resimulated the system proposed in [13] and [19].

The original system consists in a normative multi-agent system, which is composed by a

grid, where agents and food items exist. There, agents can move, and find and eat food items

(all these actions with a resource cost for each agent). Food items are randomly distributed

in the grid, and they may be owned, and also stolen, by agents. Agents know which food

items are owned by each agent.

The only existent norm is the finder-keeper norm, which prescribes: "attack an eater

[stole its food item], unless the food item being eaten is marked as owned by that agent"

This is a built-in norm in agents.

In the original system exist respectful agents, which respect the norm only when other

respectful agents are implied (i.e. a respectful agent is allowed to attack a cheater agent

that owns its food item), and cheater agents, which viólate the only norm. Either through

experience or through Communications, agents learn whether another agent is a respectful

agent or a cheater one.

In this work, agents have the following additional characteristics:
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• They have a strength valué, which is initialized when they are created, and which

changes over the time, according to the actions that the agent has performed (strength is

consumed), and to the nutritional valué ofthe consumed items (strength is augmented).

• Agents can reproduce: two agents can genérate two new agents.

• Agents can die: after two agents have generated two new agents, the original agents
die.

Agents, in this system, can do three built-in routines:

1. Blind aggression: attack an eater to get its food, unless free food is available at a lower

cost.

2. Strategic aggression: attack an eater whenever you perceive it as no stronger than you,
unless free food is available at a lower cost.

3. Normative aggression: attack an eater unless the food item being eaten is marked as

owned by that agent, i.e. the finder-keeper norm.

The resimulation was done in three stages:

1. At stage 1, it was done a simulation with the original initial conditions (with minor

differences in the implementation, to solve some technical conflicts). The obtained

results were very similar to those obtained with the original system.

2. At stage 2, the following phenomena were added to the experiment: equal, and unequal,

strength inheritance, from parents to children, when these are born; unequal renewal of

resources (nutritional valué of food items depending on owner agents' strength); agents'
limited capacity for items consumption, which leads to a situation in which a food item

with a big nutritional valué must be consumed by an agent in many time steps, instead

of in one step.

3. At stage 3, a mechanism to decide if following norms or not is added to all agents. There

are also added some mechanisms for norm defense. Besides, now the society is composed

by two groups of agents, the in-group and the out group. Agents in the in-group are

more resourceful and powerful than agents in the out-group, and they establish the

norms, defense them and give some of their own resources for their proposed norms be

institutionalized by the members of the out-group. Additionally, there is introduced a

new mechanism for resources renewal: it will now depend on the power of the owner

agents. Thus, at this stage, only non-normative agents are used (instead of using

respectful agents and cheater agents), and social phenomena, as the power, is added to

the model.
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The obtained results indicate that, in a homogeneous normative multi-agent system with

private property and equal heritage of strength, the finder-keeper precept has an equalizing

function; and that, in normative multi-agent systems with private property and unequal

heritage of strength, and in those with a highly unequal renewal of resources, this precept

increases inequality between agents.

Thus, the results suggest that the function of the finder-keeper norm with respect to social

equality between agents depends very much on the initial conditions and on the redistribution

of strength in agents.

2.2.6 Other works

There exist some works about the development of model-checking techniques for the verifica

tion of rational-agent systems. This is the case of [8], from where the following information

was obtained.

Model checking is a method to check a property of a implemented program (expressed

through a logical formula, <p) against a program description. For this, it is needed to have

another logical formula, T, that exactly specifies the program. Thus, T must characterize

the different possible executions of the program. To check that the property holds, it must

be proved that xp can be inferred from T, which means to establish that the set of models

that satisfy T is a subset of the set of models that satisfy ip (i.e. every model that satisfies T

must also satisfy xp; or that, in every execution of the program, cp is satisfied). When there

exists an infinite number of possible program executions, checking is difficult; but, when this

number is finite, the checking can be done automatically, and the procedure is properly called

model checking.

Model checking has been successful where the programs being checked are reactive sys

tems, and where the properties are given using temporal logics.

Although model checking has been successful in several áreas, it has two main problems:

1. For any non-trivial program and property, the space required to check the property can

be very large.

2. Basic model checking is restricted to finite-state programs (in particular, to programs

with a finite number of possible executions).

However, researches have recently made significant advances in solving those problems. For

example, using symbolic approaches to represent the model-checking problem in a more

compact way has helped to alleviate the space problem. Also, techniques that let the model-

checking procedure be applied to finite abstractions of infinite systems allow the verification

of programs with infinite state spaces.
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Some applications of model checking are related to agent-oriented programming tech

niques. Those techniques seem appropriate for developing systems that opérate in complex,

dynamic and unpredictable environments. And, a lot of applications of that kind, require

verifiable computational systems.

In [8] , the development of one of such techniques, is done in a logic-based agent-oriented

programming language. With this application, developers can directly apply their model-

checking techniques to systems implemented in an agent-oriented programming language,

automatically verifying agent systems without the usual gap between design and implemen
tation.

This specific application was done for agents developed in the rational-agent programming

language AgentSpeak, where one can program agents in (formal and precise) notions of beliefs,
desires and intentions.



Chapter 3

Proposal of an algorithm for

non-normative behaviour

The behaviour of an agent define its performance in a system. Thus, it is very important to

have well designed algorithms defining such behaviour. Specifically, it is very important to

propose a well designed algorithm for non-normative behaviour.

Sometimes, such algorithms are specially designed for each agent and each problem. This

might produce better results; but a lot of time might be spent in designing them and they

usually can not be applied in different problems.

The aim of this thesis was to créate a generic algorithm applicable to non-normative

agents of different normative multi-agent systems.

On the other hand, some algorithms are designed for agents with a specific architecture.

In this way, such algorithms are somehow attached to the particular architecture. This is a

problem when the algorithm must be adapted to agents with a different architecture. To avoid

this, it is aimed that the proposed algorithm is not attached to any particular architecture.

Our proposal consist of an algorithm that based in some attributes (like the agent's envi

ronment, the agent's internal states and goals, and the norms to which the agent is subjected)
will produce a behaviour of the agent. This behaviour may include the accomplishment of

some norms and the violation of some other norms1

In the following sections, the aimed characteristics and the basis of the proposed algorithm
will be presented. Then, the algorithm and the assumptions under which it is supposed to

work will be explained. Finally, some advantages (a justification) and some drawbacks of the

algorithm will be exposed.

1
Notice that two or more norms can be accomplished at the same time, and that two or more norms can

be violated at the same time. And also, there is the possibility of violating some norms and accomplishing
some others at the same time. Finally, in some behaviours no norm is accomplished and no norm is violated.

75
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The analysis of the proposed algorithm will be presented in the next chapter, where an

application of this algorithm is done.

3.1 Aimed characteristics for the proposed algorithm

1. General purpose: One of the main ideas taken into account when this algorithm was

designed was to provide a general purpose algorithm applicable to several kinds of

non-normative agents (possibly, with different architectures, reasoning methods, acting

methods, interaction methods, capabilities, etc.), which could exist in different envi

ronments and belong to different societies.

However, it was not aimed to present an algorithm applicable to all kinds of non-

normative agents. In some cases such an algorithm would not be a practical solution.

In others, it would not be useful as a solution at all.

2. Intuitive: The algorithm was aimed to produce behaviours based in what norms mean

for the agents and in how their accomplishment and violation would be useful for them

(for the achievement of their goals).

3. Non complex concepts: The mathematical concepts used for the algorithm's mecha

nisms, and the concept of the mechanisms themselves, were simple. This was done

to have a better understanding of those mechanisms, which it is expected to bring a

better adaptability of the general purpose algorithm to each agent. However, as a con

sequence of this adaptability, it is possible that mechanisms and
mathematical concepts

might be modified (to be adapted), making them more complex. But this will depend

of the specific agents' developer, and of the way in which he will adapt the proposed

algorithm.

3.2 Basis of the proposed algorithm

1. Utility based approach: A utility based approach is used in order to the non-normative

agent make its decisions of which actions to perform. Specifically,
there are used utilities

assigned to the accomplishment and to the violation of norms by the agent.

2. Freedom for using the assigned utilities: The developer of the specific agents can use

the calculated utilities as he considers it necessary. However, several suggestions are

made within the algorithm.

3. Performance evaluation: It is suggested that agents might
need an evaluation of their

own performance in the system (how well or bad they have reached their own goals
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or parts of them) to know if the utilities that agents have assigned are correct, or if

these need a change, and to know if the decisión process has been applied at the correct

points in time. In this way, if the performance is not considered good enough, changes
in the decisión process or in the utility functions can be made.

4. Randomness: It is suggested that the algorithm has the property of randomness. Ran

domness applied to decisión processes, specifically when two or more decisión options

have the same utility valué (or a very similar valué) for the agent. In this situation,

the agent can not actually know which option will be the best, and selecting randomly

gives to all the promising decisión options a chance to be chosen, and to the agent, the

possibility of obtaining the benefits of the chosen option.

5. Changeability: It is proposed to have variations in the way that the steps of the algo
rithm are applied, during the system's, and the agents', execution.

Two situations that exemplify the application of this point are the following:

(a) When the agent has assigned utilities to the different decisión options it has, if

the assigned utilities to a set of decisión options are very similar, the agent may

decide in a random way between them; but, if they are not, the agent may decide

by choosing the option with the highest utility

(b) When the agent is in a non-dynamic environment, it could be probably necessary

to make only a few evaluations of its own performance, and to make little changes,

or no changes at all, in agent's utility functions; but, if the agent changes of

environment, to a dynamic one, maybe the number of necessary evaluations will

increase, and the number of changes in agent's utility functions will be bigger too.

The first item complies with the aimed characteristics 2 and 3, because the assignation

of utilities is intuitive and does not use complex concepts.

The second item complies with the aimed characteristic number 1, because the freedom

of use for the calculated utilities is what makes to the proposed algorithm a general purpose

algorithm (usable for a set of applications or systems) .

3.3 Proposed algorithm

The proposed algorithm is specified through four statements. The application of these state

ments is not necessarily sequential, and some of them may not be used in some systems

(it will depend of the system's and the agents' developer decisions). However, statements 1

and 3 are mandatory in the application of this algorithm. These are the main aspects of

the proposal. Statements 2 and 4 are only useful suggestions for a better application of the

algorithm for some non-normative agents.
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Algorithm for non-normative behaviour:

• Statement (a): The non-normative agent must assign a utility to the accomplishment
of each norm [to which it is subjected, and which the agent knows] and a utility to the

violation of each norm. For each norm, those utilities will represent the consequences

(benefits and repercussions), for the agent, of accomplishing and of violating the norm.

It is suggested that the utilities be assigned based on how useful is to do something (i.e.

accomplish a specific norm, viólate a specific norm) for the achievement of the agent's

goals (personal goals, system goals or other goals).

Such utilities are expected to be used in the agent's decisión making process, when the

agent must decide what it will do next. Thus, for each decisión option that the agent

has at a particular moment, and according to the norms that are accomplished and to

the norms that are violated in each decisión option, the agent can calcúlate the utility
of performing each decisión option2 This utility can be combined with other factors

to make the final decisión.

It is important to differentiate between consequences of norms and consequences of
actions3 and it is highly recommended that this statement be applied in combination

with an assignation of utilities for the consequences (benefits and repercussions) of the

actions that the agent can perform in the system. Thus, the agent would have a more

complete information about its decisión options, in terms of utilities.

Other suggestions about the application of this statement are:

— To select specific ranges of valúes for the assigned utilities. This is suggested in

order to have a better control over them and to make them comparable with each

other.

- It might be useful to express the utilities as vectors of valúes (instead of single

valúes), when there are many (and maybe, very different) goals that the agent
must to achieve. In this way, for a utility vector (corresponding to a particular

agent's decisión option, at some point in time), each sub utility (member of the

vector) would represent how well, or bad, the specific goal would be achieved by

selecting the particular decisión option.

When utility functions are used, the suggestion is to use instead multi-attribute

utility functions. There, each particular goal of the agent might be represented

by one or more attributes.

2
Notice that this utility only represents the consequences, for the agent, of the accomplishment or the

violation of each applicable norm; but other aspects might also influence the agent's decisions.
3
Chapter 2, Definition of Norm, About consequences of norms and consequences of actions.
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• Statement (b): The agent can evalúate its own performance. The obtained results can

be used to consider the possibility of making changes in the assigned utilities or in the

agent's utility functions (of statement (a)), and/or changes into the determination of

how these utilities will be used to select which decisión option to perform (in statement

(c))-

• Statement (c): To make the selection of which decisión option to perform, the agent

must make an analysis of all the possible decisión options (of their assigned utilities).
In base of the obtained results, the agent will select one of those options; the more

convenient option for the agent at that moment.

It is possible that the more convenient option will not be the one with the highest

utility for the agent, but one which valué is acceptable enough for the agent. However,

it will depend of the system and of the agents in which the algorithm is applied, and

of other used methods, as heuristics, probability, random, etc.

• Statement (d): The moments in which the agent does (or repeats) the statements of this

algorithm, and the mechanisms for doing them, can varíate as it be wanted. However,
these variations must be done carefully, and only to obtain a better adaptation of the

algorithm to specific agents in a specific system.

3.4 Assumptions for the proposed algorithm

There are some main assumptions for the application of the proposed algorithm. These will

be exposed next:

• The agent is supposed to have a very complete information about:

— Its goals and interests.

- Interests and goals of other agents (only if the agent will make its decisions con

sidering to other agents).

- Interests and goals of the whole society, or of the social group to which the agent

belongs to (only if the agent will make its decisions considering to the whole

society, or to its social group).
- The norms to which it is subjected, and the consequences of accomplishing and

of violating such norms (benefits and repercussions).

- The actions it can perform in the system, and the consequences of doing them

(benefits and repercussions).
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• If the agent does not have a complete information about the elements that play an

important role in its decisions, the algorithm may have a bad performance, and the

obtained results might be uncertain.

• The proposed algorithm is focused on accomplishment and violation of norms, and their

respective consequences, for the agent to make its decisions. However, it is important to

highlight the fact that, usually, an agent can not viólate ñor accomplish a norm if it does

not first perform an action. Thus, it is expected that actions and their consequences

for the agent also be taken into account in agent's decisión processes. And, as it was

indicated before, a utility-based approach can also be used for representing actions'

consequences for the agent.

3.5 Justification for the use of a utility-based approach

in the proposed algorithm

A utility-based approach was selected as one of the main elements of the proposed algorithm.
This selection was done for the following main reasons:

• A numerical representation of elements of importance for the agent's decisions can be

obtained and used.

• It is not required to use an specific programming language.

• This approach can be used for agents with many base architectures, instead of being
married with an specific one.

• It is not required for the agent to have an explicit representation of the internal or the

external elements (e.g. norms, goals, beliefs, desires, intentions, plans, etc.) of itself,
of other agents, ñor of its society.

• This approach can be used together with different knowledge and norm representations.

• Reasoning about utilities tends to be more simple than reasoning with other methods,
as logics.

• This approach can be used together with different additional reasoning methods, if it

is wanted.

In Chapter 2 were presented some works in which were developed non-normative agents,
and which worked with norms and agents; however, these works did not propose a general

purpose algorithm, they used instead a particular architecture for developing their agents.
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In some other works, complex reasoning methods are used to reason about norms. One

of those methods is deontic logic, which might be complex to understand, to use, and to

represent knowledge with it.

Thus, those approaches are not completely useful for constructing the algorithm that we

wanted to propose: they do not accomplish with the desired characteristics for this algorithm.

However, another approach was investigated, the utility-based approach. It is used in some

works for agents' development (agents which are not necessarily related with norms), and it

was found to be very promising for what we wanted to achieve. Thus, we decided to use it

as a base of our proposed algorithm for non-normative behaviour.

3.6 Drawbacks of the proposed algorithm

The algorithm for non-normative behaviour that we propose in this thesis work has also some

drawbacks. Most of them are related to the disadvantages of utility-based approaches4

The most important are presented in the following list:

• It might be difficult to determine the correct utility functions to use for a particular

non-normative agent. The proposed algorithm does not provide a specific guide to

construct them. Specifically, this algorithm does not provide a detailed guide to assign

utilities for the consequences of the accomplishment and of the violation of norms, ñor

for the consequences of agents' actions.

• Detailed information about the agent itself, about other agents and about the whole

society might be required, in order to determine correctly the utility functions for a

non-normative agent. And this usually fails on the agent's designer ([76]).

• Ifthe agent does not have the complete information, it might use mere approximations,

or only the information that it has, to make its decisions. And this might produce non

desirable results.

• The algorithm does not provide information about which utility function to maximize,

at each specific moment.

• The proposed algorithm does not provide a specific sub-algorithm, ñor specific infor

mation, to make a selection at some point in time, after the agent has assigned a utility

for each one of the decisión options it has.

4
exposed in Chapter 2, Non-normative agents, Critics, advantages and disadvantages of using utility-based

approaches for developing agents
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• In case of changes to agents' utility functions, or in the methods of using them to select

the next decisión option to perform, the algorithm does not indicate how this changes
must be done.

• If it is not used a utility function, but only a table of utilities, this table might occupy
a lot of memory, and the algorithm's execution might be slower.

• When an agent has acquired new knowledge, or when the multi-agent system in which

it exists is a dynamic one, and new elements emerge, it might be necessary to intégrate
this information into the agent's utility functions. And this is usually done with the

system off-line, and by the agent's developer.

• The proposed algorithm does not indicate how, ñor when, to evalúate the agent's

performance.

• It is not indicated how variations can be done in the application of the algorithm's

steps.



Chapter 4

Case of study

In this chapter, it is presented the case of study in which the proposed algorithm was applied.

First, a general description of this case of study is exposed. Then, the specific problem,
derived from this case of study, is presented. After this, the case of study's simplification
used in this thesis work is shown, including specific data and assumptions about the system.

In the next section, the norms of the system are specified, and the existent opposite norms

are presented.

Then, a description of the program of the normative multi-agent system (which corre

sponds to the system of the case of study) is done. This section includes the description of

the system's: environment, agents (normative agents and non-normative agents), norms, and

execution; and how those elements were programed.

Next, the agent's architectures, for normative agents and for non-normative agents, are

presented.

After this, the application of the proposed algorithm to the non-normative agents of the

case of study is explained.

Finally, a spacial and temporal analysis of this algorithm's instantiation is provided.

4.1 Case of study's description

In the State of Jalisco (México), buses constitute a huge part of the public transportation

system. Those buses are organized in sets. Each set of buses travel through a bxis route. A

bus route consists in a trip for some streets and avenues of Jalisco. Thus, all routes together
cover most of Jalisco's territory.

A bus route is a circuit (starting and ending at the same physical point, which it is called:

83
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the terminal). However, some times, buses have more than one checkpoint (more than one

terminal) in their route.

In a terminal, the bus drivers can rest, switch shifts (bus drivers do usually several trips
in the morning and part of the afternoon, and then they give the bus to a partner, who

makes the trips the rest of the day) ,
and be evaluated by their bosses (or somebody in their

representation). Bus drivers are evaluated in how well or bad they achieved the established

trip time (if they made the trip in the established time, or not), and they may be evaluated

also about: the number of passengers they picked up, and the obtained gain (each passenger
pays its ticket on the bus, directly to the bus driver) ; the number of complaints that they
received (from passengers, or from people that were somehow unconform about the bus

drivers actuation); and their violations to traffic norms.

It is possible that other evaluation items exist for bus drivers, and it is also possible
that some of the mentioned items are not evaluated at each terminal (they even might be

evaluated at a different day, or periodically). Additionally, bus drivers can be monitored at

extra checkpoints in their trips. Usually, those additional inspections have to do with the

possibility that the bus driver pick up passengers and do not give them a ticket, in this way,
the bus driver can keep the gain and no one can notice it (because there was not a sold

ticket) . However, only the initially mentioned evaluation items will be taken into account in

this case of study, for problem's simplification.

Each bus driver has a route plan to follow in each trip. This plan indicates the route

that the driver must follow (the places for which it has to pass by), a departure time (from
a terminal), an arrival time (to the next terminal), and the bus stops in which it must stop,
in case of passengers for pick up or for leave.

Thus, bus drivers must attach to their respective plans. This means that they must not

pass by other places (not indicated in the route plan), they must departure and arrive on

time, and they must stop only in the indicated bus stops, and only if it is necessary.

Bus drivers of the same route leave their terminal at time intervals (not all bus drivers
leave it at the same time). In this way, bus drivers can pick up more passengers individually,
and passengers can arrive at different times and catch the next bus.

Of course, implicitly, bus drivers are also subjected to the traffic law of the State of

Jalisco. This law includes many aspects, but here we are only taking into account two of

them: the bus driver must respect semaphores, and it must also respect speed limits.

About passengers, they wait for the bus, ideally, at a bus stop, where the bus must stop
and pick them up. In the same way, a passenger on the bus can only ask for be left at a bus

stop, or at the bus' terminal (when the bus driver had ended its trip). However, it is also

possible that passengers ask for being picked up and/or for being left at many other places

(which are not established as bus stops).
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Passengers and bus drivers are also members of a society, of a family, of some social

groups, and they are also Mexican citizens. Thus, they are subjected to many other explicit
and implicit norms; however, only some of those norms (which will be specified further) will
be taken into account in this case of study, for problem's simplification.

About bus drivers' monetary gains, they obtain a profit for the sold passages (a percentage
of these), and they might also give a percentage to the person that rents them the bus (usually,
the bus drivers do not own the buses that they drive). Additionally, there is the possibility
that bus drivers have to give some other part of the gains to other people, and for buses'

maintenance.

Problem's description

In this whole context, the specific problem arises when bus drivers start to viólate some of

the norms to which they are subjected (e.g. traffic norms, group norms, job norms, etc.),
to accomplish what it is important to them (i.e. their own goals; some other norms and

agreements; etc.) at each particular time.

This problem emerges because of many reasons. One of these reasons is the time. If a

bus driver gets late, or early, in the accomplishment of its route plan, it might viólate some

norms. For example, the bus driver might not pick up a group of passengers waiting in a bus

stop, because he is late. In this particular case, it can be noticed that it is more important
for the bus driver to arrive on time to its terminal, than to accomplish with the job norm of

picking up passengers, or than avoiding people complaints. A bus driver can get late because

he picked up many people before, he left many people before, he spent a lot of time waiting
for the green light to appear in the semaphores, etc.

Another reason for norm violation is the quantity of passengers that bus drivers have

picked up. When a bus driver has not enough passengers on its bus, it wants to get more (to
use the free space, to make more money, etc.). Then, the bus driver asks to other bus driver

to let him to pick up the passengers of the next bus stop (thus, the second bus driver must

not pick up those passengers, which is a violation of a job norm). Bus drivers cooperate with

each other to obtain peers' acceptation and peers' future support.

Another possibility of norm violation due to the quantity of passengers is that the bus

driver who wants to get more passengers drives very fast, to "steal" the passengers, of the

most bus stops he can, from its peers. However, this would result in the bus driver getting

early, and in many possible violations to traffic norms.

Finally, a bus driver may want to pick up more passengers than the allowed by his boss,

pretending to get a full bus, until no one else can be there. This might give the bus driver

more monetary gains; but he is violating a job norm, and many passengers' complaints can

emerge from the situation.
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This problem is a situation that actually seems to work well for the bus drivers of Jalisco

(to accomplish their goals). Thus, we decided to study it, in this thesis work.

Our aim is to construct a normative multi-agent system of non-normative agents based

on this case of study, and to simúlate the agents' decisión making processes.

Then, we pretend to simúlate this system variating some of its parameters, through
several experiments, to know the resultant variations in agents' behaviour, achievements and

performance.

In such experiments, a population of normative agents (normative bus drivers) might
be introduced to interact with the non-normative agents, to compare the produced results

(about agents' performance, for example) between agents that belong to different groups (i.e.
the group of the normative agents, and the group of the non-normative agents).

The generated results will be studied, and some conclusions will be obtained.

4.2 Case of study's simplification and specification

For the purposes of this thesis work, a simplification of the case of study will be used.

The main reasons for doing this simplification are the following:

• The case of study contains a lot of details and processes, which are not useful for the

experiments done in this thesis work.

• To simplify the program of the system that represents the case of study.

• To reduce the time of execution of the program that represents such system.

• Only some variables that affect directly to the problem will be the focus of our study,
because trying to study all the implied variables is not feasible, and also to try to reduce

the number of situations in which can not be known which particular variable produced
which specific result (or a specific part of a result).

Next, the simplification of the case of study used in this thesis work will be presented.

Only one of the Jalisco's bus routes will be studied. The studied route will be the 632

route. This route is constituted by 44.30 Kilometers, and 26 buses make their trips over it1

1
Actually, there are 27 buses for this route; but the number 26 can be split in two sets of exactly 13

buses, which gives us the possibility of representing two groups of the same size, a group of normative agents
and a group of non-normative agents, in the normative multi-agent system that will represent this case of

study. In this way, more exact results can be obtained.
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There exists only one terminal in this route (it is a circuit), and buses leave this terminal

at intervals of 5 minutes. A bus is supposed to make a complete trip in 107 minutes.

Buses start their trips at 5:25 a.m. and end the last trip at 9:21 p.m. However, here, only
will be studied the bus drivers' behaviour over one single trip (at a no specific time of the

day). Thus, no switch of shifts will take place.

Buses can stop at any place, but here they will only be able to stop in a place where:

there is a bus stop (and there are passengers to leave and/or to pick up); there is a semaphore

(and its light is red); there are passengers to pick up (in this simplification, this can happen

only where a semaphore, a bus stop, or both of them exist).

Bus stops are distributed around the city (they are usually located at the blocks' corners),
and semaphores too. However, there is a distribution pattern (which is true in most of the

cases): each 300 meters exists a bus stop; each 300 meters exists a semaphore; usually,
bus stops and semaphores are together, but there are some exceptions (there are bus stops
isolated, and semaphores isolated). Thus, for our study, we will suppose that, for every 3

kilometers, there are 9 bus stops, one of them in isolation and the other 8 with a semaphore,
and 1 isolated semaphore. The separations between those elements, for each kilometer (1

km) will be: 300 meters, 300 meters, and 400 meters. And there are not places were no

semaphore and no bus stop exist.

About passengers, their behaviour will not be part of our study, thus, they arrive to some

place (where a semaphore, a bus stop or both of them exist) to be picked up by some bus

(it will be assumed that all passengers wait for a bus of the studied bus route). Then, they
ask for the bus driver for leave them at some other point of the route (where a semaphore,
a bus stop or both of them exist; or in the terminal, at the end of the bus driver 's trip). In

the real Ufe, passengers can arrive to any place, expecting to be picked up by a bus, even if

there does not exist any semaphore ñor any bus stop. And, in the same way, passengers can

ask for be left at any place. However, this was simplified as it was indicated before. About

passengers complaints, these are done directly to the bus drivers' boss, and he can take these

into account for the bus drivers' evaluations.

The quantity of passengers arriving to the places to be picked up, and asking for be left

there, varies according to the time of the day, to the time of the year, and to the place (e.g. if

it is a place were many people work around, many people will be at the bus stop, and many

people will want to get off the bus there). However, to determine the number of passengers

wanting to get on/off the bus at each specific place, we only use the location of the place as

information.

Each passenger takes some time to get on the bus and some time to get off the bus. In this

work, these valúes are of 5 seconds each one. Each passenger pays his/her ticket once he/she
has gotten on the bus. Here, the paid quantity will be no relevant, and no differentiation in

fees will be used (in real life, students and oíd people pay only a half of the fee).
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About bus drivers' gains. Sold tickets will be accounted in units of gains for the bus

driver (each ticket counts as one unit of gain). Additionally, it will be supposed that each

bus driver keeps the gains that he obtained, without having to give to anyone else a part of

those profits, and without having to pay the bus maintenance (including gasoline).

About buses, they have an average capacity of 33 seated passengers (33 sits)2 and an

average capacity of 10 more passengers standing up. We assumed that the number of sits

(33) is the máximum limit of passengers that a bus driver can pick up, according to what

the bus drivers' boss establishes (thinking in the passengers' comfort).

We also assumed that: the lowest speed that buses could reach is of 10 kilometers per

hour; the highest speed that buses could reach is of 120 kilometers per hour; and, when a

bus starts driving, it does it at a speed of 40 kilometers per hour.

Information about the number of passengers, the distance between bus stops, the distance

between semaphores, the time for getting on the bus, the time for getting off the bus, the

number of passengers that want to get on/off at each place, was obtained by observation.

Information about the buses capacity was obtained from [42], There, it was chosen a

common model of bus, with an average number of sits, used in some of the Jalisco's bus

routes, including the 632 route: The Boxer 50 model.

Information about the 632 route was obtained from [43] ,
which is the official site of bus

routes of Jalisco.

Bus drivers belong to different groups (e.g. they are Mexican citizens, they are employees,

they have friends, they are members of a family, etc.), and they are subjected to the norms

of such groups. However, in this thesis work, bus drivers are only supposed to belong to

three main groups: they are employees; they are part of a group of bus drivers (which will

include all the bus drivers of the same bus route); and they are Mexican citizens, and, more

specifically, Jalisco's citizens. Only a few norms related to each group will be studied. Those

will be mentioned next, and will be fully specified later.

1. Job norms: These are the norms imposed by the bus driver 's position at work, for all

bus drivers. We will assume that those norms are explicitly represented (in the bus

drivers' contracts).

• Norm 0: If there is at least one passenger in the next bus stop, pick him up.

• Norm 1: If there are one or more passengers out of a bus stop and asking the bus

driver to pick them up, do not do it.

2
We based this specification on the information provided in [42], which is the official page ofMercedes-Benz

buses. Those buses are widely used in this bus route.
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• Norm 2: If there are one or more passengers on the bus asking to the bus driver

to let them get off there, the bus driver has to stop the bus in the next bus stop

and let them get off the bus.

• Norm 3: If there are already 33 passengers on the bus, do not pick up any more

passengers.

• Norm 4- Make a complete trip in exactly 107 minutes3

There are no norms related to a minimum quota of passengers to cover during each

trip. And there are not norms related to the inspections performed out of the buses

terminal (here, those inspections will not be performed).

2. Peers norms: There are the norms imposed by job partners (peers), for all bus drivers.

Usually, those norms are more implicit than explicit.

• Norm 5: If some bus driver (A) needs to get more passengers, he can ask for help

to one of his peers (B): A asks that B leave the passengers of the next bus stop

for which he pass by (B does not pick them up) . In this work, it is assumed that

B must be a bus driver who is already driving at some point in front of A4

• Norm 6: If some bus driver (A) has already left the passengers of a bus stop (he
did not pick them up), he can ask for help to one of his peers (B): A asks that B

picks up those passengers. Of course, B must be driving at some point behind A5

3. Traffic norms: As citizens of Jalisco, all drivers are subjected to specific traffic norms.

Thus, all bus drivers are also subjected to these norms. Those norms are explicitly

represented in the Jalisco's traffic law.

• Norm 7: Obey the traffic signáis: semaphores (stop when a semaphore is in red)

and speed limits (maintain the bus driving between the speed limits of the streets).

In this case of study's simplification, semaphores have only two states: green and red

(and their [equal] durations might be of 40, 60 or 90 seconds). And, about speed limits,
these are assumed to be: 30 kilometers per hour (minimum) and 60 kilometers per hour

(máximum) for all streets in the state.

3
However, here we are supposing that bus drivers' boss gives them certain tolerance time. This tolerance

time is of 3 minutes (for being early or for being late).
4
We are assuming that bus drivers can communicate with each other through cell phones.

5
We are assuming that bus drivers can communicate with each other through cell phones.
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These are the only norms that will be studied in this thesis work. Each one of these

norms can be accomplished or violated by bus drivers. Consequences of those norms will be

specified later in this chapter.

Thus, some other situations of norm violation, as those of passengers "robbery" from

other bus drivers, will not be taken into account here.

Finally, about bus drivers behaviour, it is guided by bus drivers' personal interests. Here,
we will study only the influence of four of them, which are the following:

• AspO: Obtain many passengers.

• Aspl: End the trip on time.

• Asp2: Avoid passengers complaints.

• AspS: Obtain and keep other bus drivers' acceptance.

These were the mainly observed interests in bus drivers.

However, bus drivers are also interested in not violating norms (usually, only if it does not

inferiere with their main interests), because violating norms might give them bad reputation,

or because this does not seem ethical, or because other personal reasons. Thus, this will also

guide bus drivers' behaviour, in a lower degree.

Each bus driver may assign a different importance degree to each one of those aspects.

Thus, this will result in some behaviour variations between bus drivers. However, in this

case of study's simplification, all agents have the same important aspects, and all they assign
them the same valúes of importance (i.e. when a valué of importance for some aspect is

changed in one bus driver, this valué is also changed in the other bus drivers).

4.3 Norms' specification

The elements for norms' specification used in this thesis work were presented in chapter 2

(Norm definition, Def. 2.14)- Now, they will be used for specifying each norm ofthe system.

All the norms of this system will have consequences for their accomplishment and conse

quences for their violation, for the agent. Such consequences might vary through the different

experiments, and will be represented with numerical valúes. Thus, all consequences related

to norms, and all the consequences related to actions, will be specified in Chapter 5.

About defender agents, in this case of study, these agents were not considered necessary.

The tasks that are usually assigned to defender agents (monitor the accomplishment and the
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violation of norms; apply the consequences for violations and for accomplishments of norms)
are done by the system and by the system's developer, in this case.

4.3.1 Job norms

Norms related to the bus driver's position at work. These norms are explicitly represented

(e.g. in bus drivers' contracts).

Norm 0:

If there is at least one passenger in the next bus stop, pick it up.

1. Normative goals: to pick up any passenger which is on a bus stop, whenever the bus

has free places (until the limit imposed by the agent's boss -33 passengers-).

2. Addressee agents: normative bus driver agents, non-normative bus driver agents.

3. Context: the passenger(s) is (are) on a bus stop, and the bus has at least one free place

(until the limit imposed by the boss).

4. The norm mil be considered as accomplished in the following case: the bus driver

agent stopped at the bus stop and picked the passengers up. The number of passengers

picked up must be: at least the number of passengers that could be assigned to the bus'

free places (until the limit imposed by the agents' boss is reached); or all the passengers
in the bus stop.

5. Consequences for its accomplishment: these will be specified in Chapter 5.

6. The norm will be considered as violated in the following cases: the bus driver agent
does not stop at that bus stop; the bus driver agent stops, but does not pick up any

passenger; the bus driver agent stops and picks up only a few passengers, leaving some

other passengers. In the last case, the bus driver agent picks passengers up without

reaching the limit imposed by the boss (in spite of being enough passengers to do

this), or it does not pick all the passengers of the bus stop up (if there are not enough
passengers to do the last action).

7. Consequences for its violation: these will be specified in Chapter 5.
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Norm 1:

If there are one or more passengers out of a bus stop and asking the bus driver to pick them

up, do not do it.

1. Normative goals: do not pick up any passenger which is not on a bus stop.

2. Addressee agents: normative bus driver agents, non-normative bus driver agents.

3. Context: the passenger(s) is (are) not on a bus stop, they are asking to be picked up

by the bus, and there are free places on the bus (until the physical limit).

4. The norm will be considered as accomplished in the following cases: the bus driver

agent does not stop at the node where these passengers are; the bus driver agent stops

at the node where these passengers are, but does not pick up any of them.

5. Consequences for its accomplishment: these will be specified in Chapter 5.

6. The norm will be considered as violated in the following case: the bus driver agent

stops at the node where the passengers are and picks at least one of them up.

7. Consequences for its violation: these will be specified in Chapter 5.

Norm 2:

If there are one or more passengers on the bus asking to the bus driver to let them get off

the bus, the bus driver has to stop in the next bus stop and let them get off there.

1. Normative goals: leave, at the next bus stop, any passenger which asks to be left.

2. Addressee agents: normative bus driver agents, non-normative bus driver agents.

3. Context: at least one passenger on the bus asked to be left.

4. The norm will be considered as accomplished in the following case: the bus driver

agent stops at the immediately next bus stop and let all those passengers get off the

bus.

5. Consequences for its accomplishment: these will be specified in Chapter 5.

6. The norm will be considered as violated in the following cases: the bus driver agent
does not stop at the next bus stop; the bus driver agent stops at the next bus stop, but

it does not allow, to some or to all of, those passengers to get off the bus.

7. Consequences for its violation: these will be specified in Chapter 5.
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Norm 3:

If there are already 33 passengers6 on the bus [,or more], do not pick up any more passengers.

1. Normative goals: do not exceed the limit of 33 passengers on the bus.

2. Addressee agents: normative bus driver agents, non-normative bus driver agents.

3. Context: the limit of 33 passengers on the bus has been reached, or even exceeded;

there are some passengers asking the bus driver agent to be picked up; and there are

free places on the bus (until the physical limit).

4. The norm will be considered as accomplished in the following cases: the bus driver

agent does not stop at the node in which are those passengers; the bus driver agent

stops at the node in which are those passengers, but does not pick any of them up;

if the bus driver agent is already stopped at the node, it does not pick up any more

passengers.

The first two cases are applicable when the agent is driving.

5. Consequences for its accomplishment: these will be specified in Chapter 5.

6. The norm will be considered as violated in the following cases: if the bus driver agent

is driving, it stops at the node where are the passengers and picks at least one of them

up; if the bus driver agent is stopped, it picks at least one more passenger up.

7. Consequences for its violation: these will be specified in Chapter 5.

Norm 4:

Make a complete trip in exactly 107 minutes.

1. Normative goals: the time in which the trip is completed must be in the following range

of valúes: [107mm
— tolerance, 107mm + tolerance}. Where, tolerance — Smin.

2. Addressee agents: normative bus driver agents, non-normative bus driver agents.

3. Context: the bus driver agent has arrived to its terminal, at the instant when it ends

its trip.

4. The norm tvill be considered as accomplished in the following case: the time that the

agent has spent in its trip is in the range [104mm, llOmin].

6
This number of passengers is the limit imposed by the boss.
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5. Consequences for its accomplishment: these will be specified in Chapter 5.

6. The norm will be considered as violated in the following case: the time that the agent

has spent in its trip is out of the range [104mm, llOm.n].

7. Consequences for its violation: these will be specified in Chapter 5.

4.3.2 Peers norms

Norms imposed by bus drivers' job partners (peers). These norms are implicitly represented.

Norm 5:

If some bus driver agent (A) needs to get more passengers, it can ask for help to one of its

peers (B): A asks that B leave the passengers of the next bus stop for which it passes by (B
does not pick them up) . In this work, it is assumed that B must be a bus driver agent which

is already driving at some point in front of A.

1. Normative goals: help an agent that needs more passengers, by leaving the next bus

stop's passengers.

2. Addressee agents: normative bus driver agents, non-normative bus driver agents.

3. Context: a peer has asked for this kind of help, the ["helping"] bus driver agent has
arrived to the next bus stop, it has passengers asking to be picked up, and there are

free places on the bus (until the physical limit).

4. The norm will be considered as accomplished in the following cases: the "helping"

agent does not stop at the bus stop; the "helping" agent stops at the bus stop, but it

does not pick up any passengers.

5. Consequences for its accomplishment: these will be specified in Chapter 5.

6. The norm will be considered as violated in the following case: the "helping" agent

stops at the bus stop and picks at least one passenger up.

7. Consequences for its violation: these will be specified in Chapter 5.
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Norm 6:

If some bus driver agent (A) has already left the passengers of a bus stop (it did not pick

them up), it can ask for help to one of its peers (B): A asks that B picks up those passengers.

Of course, B must be driving at some point behind A.

1. Normative goals: help an agent that has left some passengers, by picking them up.

2. Addressee agents: normative bus driver agents, non-normative bus driver agents.

3. Context: a peer has asked for this kind of help, the ["helping"] bus driver agent has

arrived to the next bus stop, it has passengers asking to be picked up, and there are

free places on the bus (until the limit imposed by the boss).

4. The norm will be considered as accomplished in the following case: the bus driver

agent stops at the bus stop and picks some passengers up (at least until the limit

imposed by the boss is reached, if there are enough passengers on the bus stop to do

this; or all the passengers of the bus stop, if there are not enough passengers to do the

last action).

5. Consequences for its accomplishment: these will be specified in Chapter 5.

6. The norm will be considered as violated in the following cases: the bus driver agent

does not stop at the bus stop; the bus driver agent stops at the bus stop, but it does

not pick any passengers up; the bus driver stops at the bus stop, but it picks up only

a few passengers: before reaching the limit imposed by the boss (even when there are

free places in the bus, until the boss' limit, and in case of being enough passengers on

the bus stop to do this); or not all the passengers on the bus stop (in case that these

passengers are not enough to reach the boss' limit).

7. Consequences for its violation: these will be specified in Chapter 5.

4.3.3 Traffic norms

Norms of the Jalisco's traffic law. These norms are explicitly represented in the law.

Norm 7:

Obey the traffic signáis: semaphores (stop when a semaphore is in red) and speed limits

(maintain the bus driving between the speed limits established for the streets).
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1. Normative goals: stop when a semaphore in the node is in red; remain driving in the

speed interval [minNodeSpeed,maxNodeSpeed\, where minNodeSpeed is the mini

mum speed allowed in the node at which the agent is; maxNodeSpeed is the máximum

speed allowed in the node at which the agent is.

2. Addressee agents: normative bus driver agents, non-normative bus driver agents.

3. Context: the bus driver agent is driving, between the speed limits or out of them;

and/or the bus driver is at a node in which a semaphore has the red light on.

4. The norm will be considered as accomplished in the follovnng case: if the bus driver

agent accomplishes with the semaphores part and also with the speed part of this norm.

Cases in which those parts will be considered as accomplished:

• Semaphores part: if a semaphore has the red light on, and the bus diver agent

stops at the node.

• Speed part: if the bus driver agent is driving out of the speed limits, and it changes
its speed to be into the allowed speed range (if it is possible for the agent to do);
or, if the bus driver agent keeps driving at a speed which is into the allowed speed

range.

5. Consequences for its accomplishment: these will be specified in Chapter 5.

6. The norm will be considered as violated in the following case: if the bus driver agent
violates the semaphores part or the speed part of this norm.

Cases in which those parts will be considered as violated:

• Semaphores part: if a semaphore has the red light on, and the bus diver agent
does not stop at the node.

• Speed part: if the bus driver performs an action that makes it to drive out of the

speed limits (the agent might have been previously driving out of the speed limits,
or between those limits).

7. Consequences for its violation: these will be specified in Chapter 5.

4.3.4 Opposite norms

The norms of the case of study of this thesis work represent the interests of different parts of

the society. Job norms represent the interests of an employer and his enterprise (the 632 bus

route). Peers norms represent the interests of that enterprise's workers, who try to obtain

a backup in their cc-workers, when they can not accomplish with some of the established
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job norms. Traffic norms represent the interests of the whole society, by trying to prevent

traffic accidents, promoting a better interaction between drivers, and trying that all drivers

can fluently drive through the Jalisco's streets.

Due to the different interests that these norms represent, there exist opposite norms. How

ever, we must highlight the fact that, even in a set of norms that are apparently representing

the same interests, there may exist opposite norms.

Next, the opposite norms of our case of study will be presented:

• Norm 0 is opposite to Norm 5. This occurs when: the limit imposed by the boss has

not been reached yet; there are passengers on the next bus stop asking to be picked

up by the bus driver agent; and a help petition, for leaving those passengers, has been

done to the agent. In this case, if the agent decides to accomplish with norm 0 (picking
the passengers up), norm 5 would be violated. And, if the agent decides to accomplish

with norm 5 (leaving the passengers), norm 0 would be violated.

• Norm 4- This norm is a special case. It is not explicitly opposite to any norm; however,

to accomplish what norm 4 establishes, it might be necessary to viólate the other norms

of the system. Thus, norm 4 is implicitly and potentially opposite to the following

norms:

- Norm 0. This happens when the bus driver agent is already late7 ,
and the context

of norm 0 occurs. If the agent picks the passengers up to accomplish with norm

0, some time will be spent (increasing the agent's lateness), and the agent will

possibly viólate norm 48

On the other hand, if the agent tries to accomplish with norm 4, and decides to

left the passengers to try to reduce its lateness, it would viólate norm 0.

- Norm 1. This opposition happens when the bus driver agent is early, and the

context of norm 1 occurs. If the agent accomplishes with norm 1 (not picking the

passengers up) ,
it can not use this time to try to reduce its earliness. Thus, it will

possibly viólate norm 4.

On the other hand, if the agent tries to accomplish with norm 4, and decides to

pick those passengers up, to try to reduce its earliness, it will viólate norm 1.

7
A bus driver agent determines if it is "early" ,

"late"
,
or "on time'' assuming that it will keep driving at

the same speed without stopping, until it arrives to the terminal. Thus, knowing the left distance to arrive,

and the speed, the agent can know if it will arrive early, late or on time to the terminal. And, in consequence,

the agent can determine if it will viólate norm 4 or not. Of course, these are only mere assumptions.
8
We can not say that the agent will viólate norm 4 for sure, because the agent is doing mere calculus

about the time in which it expects to arrive to the terminal; but things can change over the agent's execution

(the agent might, for example, increase its speed at some point and arrive on time to the terminal).
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- Norm 2. This happens when the bus driver agent is late, and the context of norm

2 occurs. If the agent accomplishes with norm 2 (stopping to let the passengers

get off the bus), the agent's calculated lateness will be bigger, and the agent will

possibly viólate norm 4.

On the other hand, if the agent tries to accomplish with norm 4, and decides to

keep driving (at the same speed or at other speed, do not letting the passengers

to get off the bus), to try to reduce its lateness, it will viólate norm 2.

- Norm 3. This happens when the bus driver agent is early, and the context of norm

3 occurs. If the agent accomplishes with norm 3 (not picking more passengers up),
it can not use this time to try to reduce its earliness. Thus, it will possibly viólate

norm 4.

On the other hand, if the agent tries to accomplish with norm 4, and decides to

pick at least one more passenger up, to try to reduce its earliness, it will viólate

norm 3.

- Norm 5. This happens when the "helping" agent is early and the context of norm

5 occurs. If the agent accomplishes with norm 5 (not picking the passengers up),
it can not use this time to try to reduce its earliness. Thus, it will possibly viólate

norm 4.

On the other hand, if the agent tries to accomplish with norm 4, and decides to

pick the passengers up, to try to reduce its earliness, it will viólate norm 5.

- Norm 6. This happens when the "helping" agent is late, and the context of norm

6 occurs. If the agent accomplishes with norm 6 (picking the passengers up), the

agent's calculated lateness will be bigger, and the agent will possibly viólate norm

4.

On the other hand, if the agent tries to accomplish with norm 4, and decides to

keep driving (at the same speed or at other speed, leaving the passengers), to try
to reduce its lateness, it will viólate norm 6.

- Norm 7. This can happen when the agent is late or early.

When the agent is late and a semaphore is in red, the agent can decide to keep

driving (at the same speed or at other speed), to try to accomplish with norm 4.

However, this would viólate norm 7. And, if the agent decides to accomplish with

norm 7 and it stops (spending some time waiting to the semaphore to change its

light), norm 4 might be violated.

When the agent is late, it might try to reduce its lateness by increasing its speed,
to try to accomplish with norm 4. However, if the new speed is bigger than the

máximum allowed speed of the node, the agent will viólate norm 7. On the other

hand, if the agent does not increase its speed, to accomplish with norm 7, the

agent's lateness might remain and the agent would possibly viólate norm 4.
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When the agent is early, it might try to reduce its earliness by decreasing its speed,

to try to accomplish with norm 4. However, if the new speed is lower than the

minimum allowed speed of the node, the agent will viólate norm 7. On the other

hand, if the agent does not decrease its speed, to accomplish with norm 7, it would

possibly viólate norm 4, because the agent's earliness might remain.

In this case of study, the solution to treat with opposite norms is mainly based in the

fact that bus driver agents decide in base of which action to perform next, instead of which

norms to accomplish/violate next. Of course, each action to perform may include the accom

plishment of some norms and the violation of some other norms.

Thus, reasoning in this way, an agent can use the extra information about the actions

that it might perform to make its decisions.

However, the solution of the problem of opposite norms is different for each kind of agent

(normative bus driver agents and non-normative bus driver agents). Next, each solution is

explained:

• Non-normative agents base all their decisions, including those where opposite norms

are implied, in a utility-based approach. Thus, a utility is assigned for each action that

an agent can perform in the system at each point in time, and one of those actions is

selected in base of such utilities.

The assignations of utilities are done through a utility function, which represents the

consequences for the agent of performing each action (including the consequences for the

violation and for the accomplishment of the system's norms), and the agent's individual

objectives (and their respective importance valué for the agent).

• Normative agents use preference orders to revise the possible actions to do and to

select the one that will be performed. Those orders combine information about the

importance of the norms for the agent (a specific importance for each norm, or for each

group of norms), and information about the agent's individual interests.

Thus, a normative bus driver agent use preference criterion to decide, when opposite

norms are implied.

4.4 System's description

As it was mentioned before, this case of study can be represented through a normative multi

agent system, in which bus drivers are represented by non-normative agents, or non-normative

bus driver agents.
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The computational program of this system was done in NetLogo, versión 3.1-4, 20079

The system consists of three main aspects: the environment, the agents (normative agents
and non-normative agents) and the norms.

The environment

The environment is composed by nodes. There are two kinds of nodes in this system, which

are intercalated: distance nodes, which represent a fixed distance (of 0.3 kilometers or 0.4

kilometers), and non-distance nodes, in which semaphores, bus stops, passengers and the ter

minal can be located. Bus driver agents move through those nodes. On distance nodes, agents
drive without stopping, and on non-distance nodes, agents can stop (to pick up passengers,

to leave passengers, to wait for a semaphore light change, or to arrive to the terminal).

Semaphores and passengers are entities that act in an autonomous way. Semaphores

change their state from red to green, and from green to red, infinitely. Passengers can be

picked up and left, but only at non-distance nodes (and they can be also left at the terminal

node). Once a passenger has got off a bus, it "disappears" On the other hand, passengers at

bus stops can not move by themselves from there; they can only move if they are be picked

up by a bus. The number of passengers in a node is reestablished once it arrives to 0, and

after some specified arrival time has passed.

Non-distance nodes can be classified into three classes, according to the number of pas

sengers wanting to get on/off the buses:

1. Dense nodes: these nodes have many passengers expecting to get on/off the buses.

2. Regular nodes: these nodes have a regular number of passengers expecting to get on/off
the buses.

3. Light nodes: these nodes have only a few passengers wanting to get on/off the buses.

There must be initially established some valúes for each node. Next, these will be men

tioned:

For non-distance nodes:

• Duration of the red light of each semaphore (in seconds).

• Duration of the green light of each semaphore (in seconds).

• Initial number of passengers.

9
For more information about NetLogo, see Appendix B.
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• Minimum number of passengers waiting to be picked up.

• Máximum number of passengers waiting to be picked up.

• Time of arrival for the next group of passengers, which will wait for buses to pick them

up (in seconds).

• Minimum number of passengers that can get off a bus in the node (only if it has a bus

stop).

• Máximum number of passengers that can get off a bus in the node (only if it has a bus

stop).

• Minimum allowed speed (in km/h).

• Máximum allowed speed (in km/h).

Those valúes are only applicable if the elements (semaphores, passengers, bus stops) exist

in each specific node, and these valúes might be different from one node to another.

When a new group of passengers arrives to a node to wait for a bus, the number of

passengers of this group is determined in base of the provided máximum and minimum

valúes. Thus, it is obtained a random number between those limits (including them).

When a bus driver agent arrives to a non-distance node with a bus stop, the number of

passengers that will ask to the bus driver for let them get off the bus will be determined in

a similar way. For this, three valúes are used: the limits (máximum and minimum), and the

actual number of passengers on the bus (the number of passengers getting off the bus can

not be bigger than the number of passengers on the bus). Thus, it is also obtained a random

number between the limits (including them), and, if it is too big, it is reduced to the number

of passengers which are already on the bus.

For distance nodes:

• Minimum allowed speed (in km/h).

• Máximum allowed speed (in km/h).

• Distance that the node represents (in kilometers).

Those valúes might be different from one node to another.

All the previously mentioned valúes are static, and must be introduced directly into the

program.
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This environment, with all its elements, is represented through a graphical interface. Two

images of this interface (it is too large to be shown complete, because there are many nodes

represented) are shown in figures 4.1 and 4.2.

In the graphical interface, bus driver agents are represented by buses (pink, for norma

tive bus driver agents, and orange, for non-normative bus driver agents). The terminal is

represented by both, an orange star, when it represents the starting point, and a yellow flag,

when it represents the ending point of the bus driver agents' trip (the star can be seen in

figure 4.1, and the flag can be seen in figure 4.2). Semaphores are represented by circles (red,
when the red light is on, and green, when the green light is on). Bus stops are represented

by purple triangles. Passengers are represented by a business person image (next to this

image it is indicated the actual number of passengers waiting in the node). Finally, nodes

are represented through blue rectangles. Distance nodes have a label indicating the distance

that they represent (in kilometers), and non-distance nodes do not have labels.

Figure 4.1: System's interface (part of the top).

About the class to which this environment belongs to10
,
it will be classified as:

• Totally observable, because agents can perceive all the aspects of this environment.

• Deterministic and strategic, because an agent's action will produce always the same

results (which are known by the agent); but this determinism is only applicable to the

own agent's actions. The agent does not know which will be the other agents' actions.

Thus, it will not know the future conditions of the system due to such actions.

see Chapter 2, Environment definition.
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Figure 4.2: System's interface (part of the bottom).

• Sequential, because an agent's choices may affect its future decisions, and its actions

have consequences for itself (in the short term or in the long term). For example, if the

agent decides to stop to pick up a passenger, this will produce a spend of time, which

certainly will affect its arrival time to the terminal; or, if the agent decides to viólate a

norm, this might be taken into account in its evaluation.

• Static, because once an agent has made a perception about the environment, and until

the agent acts, the environment remains static (and agent's performance also remains

the same).

• Semi continuous. In this environment, the time can be considered as continuous (com

posed by ticks), and some states ofthe environment can also be considered as continuous

(e.g. in a semaphore, the lights change periodically, based on the time; logically, pas

sengers get on/off the buses by taking some time to do it; and each bus moves through

the nodes, logically, by making a little distance at each tick, according to its speed);

however, there are other aspects, as the instantaneous speed changes on the buses (for

example, from 0 to 40 km/h, to start driving), or some visual changes in the graphical
interface (of passengers getting on/off a bus at an instant, or of buses disappearing

from one node and appearing on another one in a second). Thus, the environment will

be considered as semi continuous.

• Multi-agent, cooperative and competitive. In this environment may exist several bus

driver agents interacting with each other. Thus, it is a multi-agent environment. It is

also a cooperative multi-agent environment, because bus driver agents need the action

of their partners to achieve their goals (e.g. if a bus driver agent has to pick up all



104 CHAPTER 4. CASE OF STUDY

the passengers on the environment, the time of its trip would be very high, and the

bus probably would not have enough space for all the passengers; but if several agents
do this job, all of them can make their trips on time, and without having to leave

passengers due to a lack of space in their respective buses).

However, on the other hand, this environment is also competitive multi-agent environ

ment, because there agents try to get enough passengers to get a decent profit, and if

one bus driver agent picks up the passengers of a bus stop, there might not be enough

passengers on that bus stop when other bus passes (buses can not wait for new passen

gers to arrive, ñor they can come back later to the bus stop). Thus bus driver agents try
to get their passengers most of times without taking into account to other bus driver

agents.

System's execution

At the beginning, the environment is generated. Then, bus driver agents are created. This

is done together with the initialization of some variables, and the opening of a file in which

some important valúes and results will be printed. Those procedures are executed as part of

the system's setup, with the interface setup button11

In the system, each unit of time is a tick, which we use as an equivalent of a second.

At each unit of time, all the system's executable elements act once. Then, the time is

incremented in one unit. The execution of the system will be explained next.

In the execution of the system (initiated after pressing the interface's go button12 ), each

element (semaphores, passengers and agents) acts. Actuations of agents, with respect to

actuations of semaphores and passengers, must be done sequentially, instead of concurrently.
The following order for this was established:

1. Semaphores.

2. Passengers.

3. Agents.

The reason for doing this is that semaphores and passengers, by acting, can modify the

actual conditions of the environment. Thus, if agents act before, or at the same time than

them, they will make their decisions based on erroneous information. Notice that semaphores'
and passengers' actuations do not inferiere with each other, thus, they do not have to act in

a specific order.

See Appendix B.

See Appendix B.



4.4. SYSTEM'S DESCRIPTION 105

When semaphores act, they revise if it is time to a change of light (to the green light, or

to the red light). If it is time, the light is changed. If not, the time counter is incremented

in one unit.

About passengers' acting, in each place were passengers exist (the number of them is

non-negative), when the number of them is 0 (all passengers on the node have been picked

up), the time of arrival of a new group starts its count. Thus, each execution of the system,

this time is incremented in one unit. When the time is up, a new group of passengers to

arrive to the place is generated (by selecting a random number between the established limits,

including them) and positioned at the node.

About the acting of normative and non-normative bus driver agents:

For each agent (normative or non-normative), if it has not initiated its trip, a valué is

assigned to the agent's variable that indicates how much time the agent must wait after its

initiation (remember that bus driver agents leave the terminal by time intervals between

them). Thus, in each execution of the system, the waiting time counter is decremented in

one unit. When this valué is 0, the agent is positioned at the first node of the environment,

and some variables of the agent are initialized.

For executing agents, it is made a list with one bus driver agent from each node of the

environment (of course, only the nodes with agents on them will provide an agent to this

list). Then, bus driver agents of this list can act. After their actuation, another list is formed

(with one bus driver agent per node), and the agents of this list can act. All the process is

done until all agents in the system have acted, and at the same tick.

This is done to avoid the possibility of two or more agents planning their future actions

in base of the same set of passengers, which will probably change when one of the agents

acts. For example, if two bus driver agents plan to pick up to the same passenger in the

same node, when one of them picks the passenger up, the plan of the other agent is no longer

valid; but agents in this system can not re-plan their actions.

To act, each bus driver agent plans its next action to do. After this, the agent performs

the planned action into the system. Normative bus driver agents cali to one procedure for

planning, and non-normative bus driver agents cali to another one. In those procedures is

the core of the agents' reasoning process. The process called to perform the planned action

is the same for both kinds of agents. Some important results are printed into the results file,

while the agents' acting process is executed.

Once an agent has ended its trip, some final results are printed in the results file, and the

agent ends its execution on the system (it dies).

About agents' evaluation, this will be performed externally by the system's developer,

through the study of the results file. This evaluation includes the application of the conse

quences for accomplishing and for violating the system's norms, equally, for normative agents
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and for non-normative agents.

To end the execution of the system, the go button must be pressed again.

Once the system's execution has finished, the results file must be closed, by pressing the

cióse file button of the interface13

The agents

About bus driver agents, they can be normative or non-normative. Non-normative bus driver

agents are the focus of our study; however, both of them will be explained next.

Both kinds of agents can do four main actions on the system:

1. Stop.

This action can be of three types:

(a) Stop, without picking passengers up (because there are not passengers to pick up,

or because the bus driver decided to not pick them up) .

(b) Stop, picking passengers up until reach the limit imposed by the agents' boss.

(c) Stop, picking passengers up until reach the physical limit of the bus.

The last action can only be performed by non-normative bus driver agents (because

performing this action constitutes a violation to norm 3).

It is important to notice that there is not an action to pick up any number of passengers

(only the number of passengers enough to reach one of these two limits, the physical

or the imposed by the boss) .

2. Drive, at the same speed.

3. Increase bus speed, in 10 km/h, if it is possible.

4. Decrease bus speed, in 10 km/h, if it is possible.

Non-normative agents

As it was mentioned before, non-normative bus driver agents have four main important

aspects, and a valué of importance has been given to each one of them. Next, the initially

given valúes will be presented:

13
See Appendix B.
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• AspO: Obtain many passengers. Valué: 0.9

• Aspl: End the trip on time. Valué: 0.8

• Asp2: Avoid passengers' complaints. Valué: 0.4

• Asp3: Obtain and keep other bus drivers' acceptance. Valué: 0.6

Where the range of possible valúes is [0, 1.0].

These valúes are represented in an array of important aspects, and were assigned according

to the observations done to the real bus drivers.

Non-normative agents have two important matrices, called decisión matrices. There is

the decisión matrix doing, and there is the decisión matrix not doing. These matrices are of

size: 12 rows (representing the 8 norms and the 4 possible actions to perform) x 4 columns

(representing the 4 important aspects for the agent) .

The contents of these matrices are numerical floating point valúes. Those valúes are

directly assigned, and modified, into the program, with the system off-line.

For the decisión matrix doing, those valúes represent:

• For the first 8 rows (norms área): the consequences, for the agent, of accomplishing

each one of the eight norms, for reach each important aspect (each column).

• For the last 4 rows (actions área): the consequences, for the agent, of performing each

one of the four possible actions, for reach each important aspect.

For the decisión matrix not doing, those valúes represent:

• For the first 8 rows (norms área): the consequences, for the agent, of violating each

one of the eight norms, for reach each important aspect (each column).

• For the last 4 rows (actions área): the consequences, for the agent, of not performing
each one of the four possible actions, for reach each important aspect.

The valúes of those matrices, for all non-normative agents, are shown in Chapter 5.

Usually, valúes that indicate good consequences for the agent are positive and/or very

high, and valúes that indicate bad consequences for the agent are negative and/or or very
low.
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As it was stated before, non-normative agents' actions into the system (after they have

left their terminal) are done after a process of planning, which is the core of the agents'

reasoning process. This planing process will be explained next.

First, the actual conditions of the environment are determined (a perception is done),

together with the determination of the actual conditions of the agent itself. Remember that

in this system, agents can perceive the whole environment, because the environment is totally

observable.

The agent's perception contains information about the node in which the agent is. If

this node is a non-distance node, the relevant information is about the elements on the

node (semaphore, bus stop, passengers, terminal) and their states (which light is on, in the

semaphore; if there are passengers, and how many of them) ,
and about the allowed speeds

(minimum and máximum) in the node14 In this kind of nodes, if there is a bus stop, the

bus driver also determines if there are passengers on the bus that want to get off there, and

how many are they.

About passengers wanting to get on the bus, there is determined the number of passengers

that the bus can have:

• Until it is reached the limit imposed by the boss.

• Until it is reached the bus' physical limit.

Thus, it is also determined the number of possible excessive passengers that the bus can

have (between the limit imposed by the boss and the bus' physical limit).

At this kind of nodes, the agent determines also the distance to end its trip, and its

actual speed. Then, the agent determines its state about its schedule: if it is late, early or on

time. For this, a tolerance of 150 seconds is used (in this way, a bus driver is on time during

a period of time, and not only at a specific point in time). This tolerance valué produces

tighter bounds than the tolerance valué that the boss gives to the agents (180 seconds). In

this way, inconsistency problems are avoided.

Next, an explanation about how the agent can determine its state about its schedule is

presented:

A bus driver agent assumes that it will keep driving at its actual speed, without stopping,

until it arrives to the terminal. Thus, having the distance from the agent's actual position to

the terminal, the agent can determine the time in which it will do that distance; and knowing

the time at which it must arrive (according to the bus driver agent's contract), the agent can

then determine if it is early, late or on time with respect to that mandatory time.

14
Even if the node is a non-distance node, a bus driver can decide to keep driving, or to increase, or to

decrease its speed. Thus, speed limits are needed for determining if norm 7 was accomplished, or violated,

at the node.
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This calculus, as it can be seen, is a mere approximation to the agent's reality. However,

it is important that the agent can have an indicator about how is its performance (with

respect to its trip time).

The process is the same for normative bus driver agents.

If the node is a distance node, the relevant information is about the speed limits of the

node, the distance that the bus driver agent has done and the distance to end its trip. In

these nodes, it is also determined ifthe agent is late, early or on time, with the same tolerance

time (150 seconds).

If the agent is stopped at the actual moment (being at a non-distance node), the only

action it can do is drive (it initiates driving, at the default speed). However, if the agent is

not stopped, there are reviewed the actions that it can actually do in the system. There is

the possibility that the agent can do only some of the four possible actions, because of the

system's restrictions.

The specific restrictions related to non-normative bus driver agents' actions are:

• If there is a semaphore and its light is red, the bus driver agent can stop.

• If there is a bus stop, and there are some passengers that want to get on the bus, and

there are free places (until the physical limit) on it, the bus driver agent can stop.

• If there is a bus stop, and there are some passengers that want to get off the bus, the

bus driver agent can stop.

• If there are passengers wanting to get on the bus (covering the case in which it does

not exist a bus stop in the node), the bus driver agent can stop.

• Otherwise, the agent can not stop.

• There is always the possibility for the agent to keep driving at the same speed.

• The bus driver agent can only increment its speed if its actualSpeed+ 10(km/h) is not

higher than the máximum physically possible speed of the bus.

• The bus driver agent can only decrement its speed if its actualSpeed—10(km/h) is not

lower than the minimum physically possible speed of the bus.

If there is an only action to perform, the agent stops planning and passes to its acting

process. However, if there are two or more possible actions to perform, the agent continúes

with its planning process.

Continuing with this process, according to the actual situation of the agent (the node in

which it is, its actual conditions, and the actual valúes of the agent variables), and according
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to the possible actions that it can perform in the system, the valúes for the decisión matrices

(decisión matrix doing and decisión matrix not doing) are assigned.

Thus, for each possible action that the agent (a) can perform in the system, this action

is virtually selected, and a new valúes assignation is done for both matrices.

In non-distance nodes are used some parameters for doing this assignation. Those pa

rameters are related to the quantity of passengers on the node, and to the time that the bus

driver agent would invest in the node, if there are passengers getting on/off the bus. The

used parameters are:

• manyPas : this variable indicates how many passengers will be considered as a big

group, by an agent. This variable is used to make comparisons about the number of

passengers on a specific node (until the limit imposed by the boss). The valué of this

variable in the system is: 8 passengers.

• manyP'Down : this variable indicates how many passengers that want to get off the bus

will be considered as a big group. In this system, this variable's valué is: 6 passengers.

After each assignation of valúes, the violations and the accomplishments of the norms

(supposing that the virtually selected action is performed) are calculated (i.e. it is determined
which norms are violated and which norms are accomplished with the virtually selected

action). Then, the utility for the agent a of performing the virtually selected action (r) is

calculated, according to equation 4.1.
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UaCr is the utility, for the agent a, obtained by performing the action r (for 0<r <4).

nAsp is the number of important aspects for the agent a. In this specific system, this

number is 4.

• nNor is the number of norms to which the agent a is subjected. In this case, the

number of norms is 8.
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• nAct is the number of actions that the agent a can perform in the system. In this case,

this number is 4.

• imAspj is the importance assigned to the important aspect j of the agent a.

• MDi¿ is the position (i,j) of the matrix doing of agent a.

• MNDi¿ is the position (i, j) of the matrix not doing of agent o.

The calculus is done aspect by aspect (using matrices' columns, which represent an agent's

important aspects). For each aspect (each column), for each norm and for each action (the
rows of the column), an only valué is taken for a summation. This valué can belong to matrix

decisión doing or to matrix decisión not doing. This valué is selected in the following way:

for norms, if a norm was accomplished, the valué is taken from decisión matrix doing, and

if the norm was violated, the valué is taken from decisión matrix not doing. For actions, if

the action is the virtually selected action, the valué is taken from decisión matrix doing, and

if the action was not virtually selected but was possible, the valué is taken from decisión

matrix not doing). There is also the possibility that the selected valué is zero. This occurs

when a norm was not accomplished ñor violated, and when an action was not possible (and,

consequently, it was not virtually selected).

After this summation, the total is multiplied by the importance of the specific important

aspect (the specific column). This is done for all agent's important aspects (all columns of

the matrices). Then, all those results are summed. The final result is the utility valué for

performing a particular action (i.e. the virtually selected action), given the agent's actual

circumstances. Thus, the agent obtains the effects (objective and subjective) of performing

the possible actions.

This utility indicates how the agent a internalizes and reasons about the consequences of

its actions into the system. Such perceptions are affected by which are the important aspects

for the agent, and by which is the importance that the agent assigns to each one of them.

This calculus is done for all the possible actions that the agent can perform in the system,

under the actual circumstances. Then, the non-normative bus driver agent selects the option

that gives it the highest utility valué. In case that two or more actions have the highest utility

valué, the actions will be selected in the following order:

1. Stop.

(a) Stop picking passengers up until the limit imposed by the boss.

(b) Stop picking passengers up until the physical limit.

(c) Stop without picking passengers up.
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2. Drive.

3. Increase speed.

4. Decrease speed.

After this planning process, it is executed the agent's acting process. Through this pro

cess, the agent performs the action that it planned to do.

Is in the acting process where the help petitions to other agents are done. If the agent is

really early (more than 1200 seconds, or 20 minutes), it asks to one of its peers15 for leaving

the next bus stop's passengers (in case there are some passengers). One agent has a limit of

this kind of petitions per node (3 times at most), to avoid a situation in which the agent is

early for a very long time, and at each execution it asks for help. This situation is common

when the agent is at a distance node. Additionally, to avoid an excessive number of those

petitions, a really early agent will ask for help only 2 of 10 times.

On the other hand, if an agent did not pick up some passengers of a bus stop (because
it decided to not do it, even when there was enough space on the bus, until the boss' limit;

and if there was not a petition for the agent to leave those passengers), the agent asks to one

of its peers16 for picking up those passengers.

There is not a limit for an agent to make those petitions. This kind of petitions are done

only by non-normative agents, because they are the only ones that decide to left passengers

even when they have enough space in their buses.

After a helping agent passed by the next bus stop (independently of the action that this

agent did on the node), any help petition is canceled.

Help petitions are only sent to agents that do not have other help requests at the moment.

Normative agents

Normative agents do not use explicitly important aspects ñor decisión matrices to make their

decisions. Their actions are centered in accomplish the norms of the system (but only those

related to the agents' job and to Jalisco's traffic law).

These agents do not reason about the actions they can perform in the system. They only

follow the established order for performing their actions.

15
The helping agent will be a randomly selected agent (normative or non-normative) that is at a distance

node after the location of the requester agent, in case there is one.

16
The helping agent will be a randomly selected agent (normative or non-normative) that is at a distance

node before the location of the requester agent, in case there is one.
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However, as the non-normative agents, these agents do a planning process, to know which

will be the next action to perform. Next, the planning process for normative agents is

explained.

First, the actual conditions about the agent and about the node in which the agent is, are

determined (through an agent's perception). If the node is a non-distance node, the relevant
information is about the existence of a terminal, a semaphore (and its state), a bus stop

and/or passengers in the node. If there is a bus stop on the node, it is determined if there are
some passengers that want to get off the bus. Speed limits of the node are also determined.

About passengers wanting to get on the bus, there is determined the number of passengers
that the bus can have, until it is reached the limit imposed by the boss. Remember that

normative agents do not pick any more passengers up when this limit has been reached.

At this kind of nodes, the agent determines also the distance to end its trip, and its

actual speed. Then, the agent determines its state about its schedule: if it is late, early or on

time. For this, as with non-normative bus driver agents, a tolerance of 150 seconds is used

to determine a period of time in which the agent is on time.

The process to determine the agent's state about its schedule is the same than the one

used for non-normative bus driver agents.

If the node is a distance node, the relevant information is about the speed limits of the

node, the distance that the bus driver agent has done and the distance to end its trip. In

these nodes, it is also determined if the agent is late, early or on time, with the same tolerance

time (150 seconds).

If the agent is stopped at the actual moment (being at a non-distance node), the only
action it can do is drive (it initiates driving, at the default speed). However, if the agent is

not stopped, there are reviewed the actions that it can actually do in the system. As in the

case of non-normative agents, there is the possibility that the agent can do only some of the

four possible actions, because of the system's restrictions.

The specific restrictions related to normative bus driver agents' actions are:

• If there is a semaphore and its light is red, the bus driver agent can stop.

• If there is a bus stop, and there are some passengers that want to get on the bus, and

there are free places (until the limit imposed by the boss) on it, the bus driver agent

can stop17

• If there is a bus stop, and there are some passengers that want to get off the bus, the

17
If a normative bus driver agent stops in a node with bus stop and with passengers wanting to get on

the bus, and if there are free places on the bus (until the limit imposed by the boss), the agent will always

pick up the passengers.
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bus driver agent can stop.

• Otherwise, the agent can not stop.

There is always the possibility for the agent to keep driving at the same speed.•

•

•

The bus driver agent can only increment its speed if its actualSpeed+ 10(km/h) is not

higher than the máximum physically possible speed of the bus.

The bus driver agent can only decrement its speed if its actualSpeed
—

10(km/h) is not

lower than the minimum physically possible speed of the bus.

Notice that the restriction of not allowing more passengers on the bus than the permitted

by the boss (norm 3) is applied since the beginning. This happens also with the norm 1: it

is not possible that the agent stops to pick up passengers out of a bus stop.

If there is an only action to perform, the agent stops planning and passes to its acting

process. However, if there are two or more possible actions to perform, the agent continúes

with its planning process.

In this process, the agent can select its next action to do by following the next criteria:

1. If stop is possible, do stop. This includes respecting semaphores in red, picking up pas

sengers (on a bus stop, and until the limit imposed by the boss), and leaving passengers

(on a bus stop).

2. If increase speed is possible, but makes the agent to viólate the speed limits of the node,

eliminate the possibility for doing this action. If, on the other hand, the actual speed

of the bus is lower than the minimum allowed speed of the node, or if the agent is late,

do increase speed.

Thus, this criteria makes the agent to respect an aspect of norm 7 (speed limits), and

gives importance to be on time at the end of the trip (norm 4). Notice that if the action

increase speed does not help neither damage to the agent, the action remains possible.

3. If decrease speed is possible, but makes the agent to viólate the speed limits of the

node, eliminate the possibility for doing this action. If, on the other hand, the actual

speed of the bus is higher than the máximum allowed speed of the node, or if the agent

is early, do decrease speed.

Thus, this criteria makes the agent to respect an aspect of norm 7 (speed limits), and

gives importance to be on time at the end of the trip (norm 4). Notice that if the action

decrease speed does not help neither damage to the agent, the action remains possible.



4.4. SYSTEM'S DESCRIPTION 115

4. After the previous elimination process (indicated by the previous preference restric

tions), if there are still two or more possible actions for the agent to perform, select

one of them following this order:

(a) Drive.

(b) Increase speed.

(c) Decrease speed.

This order gives priority to drive over the other two possible actions, to avoid that the

agent be changing of speeds without a particular reason (this could happen if the agent
chooses randomly between those actions).

Notice that the agent gives no importance to peers norms (norm 5 and norm 6) . The agent

basically ignores them. Thus, the agent can accomplish them by accident (by performing an

action for other reasons), and it can viólate them also without deciding to do it. The main

reason for doing this is that normative bus driver agents, as they were programed, give a

total importance to explicitly specified and formal norms (job norms and traffic norms), and

no importance to implicit -informal- norms (peers norms).

After the planning process, the agents execute the acting process, in which the previously

selected action is performed.

About helping petitions, normative agents do not send them; although they can receive

them. And, as it happens with non-normative agents, after a helping agent passed by the

next bus stop (independently of the action that this agent did on the node), any help petition

is canceled.

The norms

About the norms of the system, there are 8 norms divided in three sets of norms. Each set

contains norms that represent the interests of a specific social group.

The first set contains the job norms, which represent some of the interests of the 632 bus

route, as an enterprise. There are 5 norms in this set. The second set contains the peers

norms, which represent some of the interests of the workers of this bus route. There are 2

norms in this set. Finally, the third set contains the traffic norms, which represent some of

the interests of the whole society of Jalisco (declared in the law), about traffic.

Those norms were specified previously, in the section 4.3 of this chapter.

About how those norms are represented and used in the system, there is not a specific

representation of the norms in the system. Non-normative bus driver agents know those
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norms only through the consequences that their violation and their accomplishment have

for them (i.e. through the valúes of the decisión matrices, in the norms áreas), and those

valúes are built-in the code. Normative bus driver agents, on the other hand, know the norms

through mere built-in restrictions and built-in preference orders.

4.5 Agents' architectures

In this section, will be presented the architectures for the non-normative agents ([real, non-

normative] bus drivers) and for the normative agents (normative bus drivers).

Architecture for non-normative bus driver agents (real bus drivers)

Non-normative bus driver agents make perceptions about their environment, and determine

how is their world now. However, this perception in isolation is not enough. These agents

need also to store an internal state of their environment and of themselves. This state is

mainly based on how the world was before, and how is it at the present time. An agent's

[internal] state, information about how the world evolves, and information about the agent's

actions effects might be also needed to determine how is the world now.

A situation in which an agent's internal state is needed occurs when another bus driver

agent has asked the agent for its help. Help petitions are done some time before the agent

can actually attend them. Thus, the [helping] agent must store this petition for later.

Non-normative bus driver agents do their plans based on a utility-based approach, which

is combined with agent's norms and objectives: thus, an agent revises the consequences of

doing each one of the possible actions it can do, at each point in time (what would happen if
it performs each possible action, A?), and determines if it will be happy, and how happy it

will be, with such consequences (would it be happy at each state?).

To determine the consequences of its possible actions, the agent needs: to know how is

the world now, to know which are the effects of the agent's actions on the environment, to

have information about how the world evolves, and to have information about the existent

norms in the system (and their consequences for the agent)18

To determine the grade of satisfaction for performing certain action, each agent has a

utility function, which assigns certain utility valué to each option, according to what would

happen if that action is performed. This function is also influenced by the objectives that the

agent has on the system. Those objectives are represented by the agent's important aspects

18
Decisión matrices of non-normative bus driver agents are formed with information about the existent

norms, and about which are the effects of the agent's actions.
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(what it is important for the agent to achieve), and by their respective importance valúes

(how important is each aspect for the agent), which are assigned by the agent.

Then, the agent decides which action to perform in the system, according to the previously
obtained utility valúes, and according to a defined selection criteria (e.g. to choose the option
with the highest assigned utility, or the first revised option, in case of two or more options

with the highest utility). Finally, the agent performs the selected action in the system.

Thus, an hybrid architecture, in which could exist all the previous elements, must be

constructed for non-normative bus driver agents. Such architecture is formed with elements

of the following architectures (see Appendix A):

• Architecture for model-based agents.

• Architecture for objective-based agents.

• Architecture for utility-based agents.

• Architecture for norm-based agents.

Figure 4.3 shows a diagram of this architecture.

AGENT

Important aspects
and assigned

impártame valúes

I Selection criteria

Sensors

Which action should I

perform?

Actuators •

Figure 4.3: Architecture for non-normative bus driver agents.
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Architecture for normative bus driver agents (normative bus drivers)

Normative bus driver agents make perceptions about their environment, and determine how

is their world now. However, as for the non-normative bus driver agents, these agents need

to store an internal state of their environment and of themselves. Such state is based on past

and present states of the world.

To determine how is the world now, information about how the world evolves, about which

are the effects of the agent's actions and about the agent's internal state might be needed.

Then, a normative bus driver agent determines which are the actions that it can actually

perform in the system. These actions are not only the possible actions that accomplish with

the system restrictions, but actions that also accomplish with some of the existent norms.

Thus, for determining that set of actions, it might be used information about: the actual

state of the world, how the world evolves, the agent's actions effects, and the existent norms.

After this, but in the same selection process, it is used a preference order (for actions

review). This preference order specifies the order in which the left possible actions must be

reviewed. Through this revisión, some of them might be eliminated (for violating some of

the system's norms) and one of them might be chosen.

Then, the bus driver agent has either the selected action to do, or a set of possible actions

to do. If there is a set of possible actions, a preference order (for action selection) is used.

It determines the order in which the left actions must be selected. At the end, one action is

chosen to be performed.

The preference orders used in the last processes show the agent's objectives in the system.

In this case, those objectives are: to respect the norms of the system (job and traffic norms);
to pick up many passengers; to avoid passenger's complaints; and to be on time at the end

of the trip19

Finally, the selected action is performed by the normative bus driver agent.

The architecture for normative bus driver agents is an hybrid architecture, with elements

of the following architectures (see Appendix A):

• Architecture for model-based agents.

• Architecture for objective-based agents.

• Architecture for norm-based agents.

In figure 4.4, a diagram of this architecture is shown.

19
Notice that some of a bus driver agent's objectives coincide with what some of the system's norms

díctate.
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Figure 4.4: Architecture for normative bus driver agents.

4.6 Application of the algorithm

The proposed algorithm was applied to the non-normative bus driver agents of our case of

study.

Next, an explanation of how were applied the statements of the proposed algorithm is

presented. Notice that statements (a) and (c) are proposed as mandatory, and statements

(b) and (d) are proposed as optional20

In this instantiation of the proposed algorithm were only instantiated statements (a) and

(c). The other two statements were not considered useful to apply for this case of study,

because they would aggregate more dimensions to the experimentation. However, for future

experiments, those statements can be incorporated to this case of study.

4.6.1 Instantiation of the algorithm's statements

• Statement (a): "The non-normative agent must assign a utility to the accomplishment

of each norm [to which it is subjected, and which the agent knows] and a utility to the

violation of each norm. For each norm, those utilities will represent the consequences

(benefits and repercussions), for the agent, of accomplishing and of violating the norm.'

see Chapter 3.
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[...] "Such utilities are expected to be used in the agent's decisión making process, when

the agent must decide what it will do next.'

In the system ofthis case of study are assigned numerical valúes for the accomplishment,
and for the violation, of each one of the system's norms. Those valúes represent the

consequences for an agent of accomplishing, and of violating, respectively, these norms.

Such valúes are composed of four sub-valúes (they are vectors of four components), and
each one of them represents the consequences of the violation, or the accomplishment,
of certain norm, for a specific important aspect of the agent. There are four important

aspects for each non-normative agent, which represent the four different objectives that

those agents have in the system.

The assigned valúes are in the decisión matrices (in the norms área) of the non-

normative bus driver agents. Thus, decisión matrix doing contains the valúes (conse

quences) for accomplishing the system's norms, and decisión matrix not doing contains

the valúes (consequences) for violating the system's norms. Those valúes are introduced

with the system off-line, and this is done by the system's developer. For each one of the

different experiments presented in Chapter 5, the decisión matrices valúes were varied

(in the system off-line).

As it is suggested in the proposed algorithm21 ,
there are also used valúes to represent

the consequences (for the non-normative agents) of performing and of not performing
certain actions in the system. Those valúes are integrated to the decisión matrices (in
the actions área). Thus, actions' consequences will be also represented with vectors of

valúes of dimensión four, indicating the repercussion of performing, or not performing,
each action for each important aspect of the agent. The consequences for performing
the actions are in decisión matrix doing, and the consequences of not performing the

actions are in decisión matrix not doing.

The valúes of the decisión matrices, for the norms área, are in the range [0, 1.0], where

a valué of 0 indicates that the consequences (for accomplishing, and for violating,
the system's norms) do not exist (i.e. there is not a contribution for achieving the

specific agent's important aspect), and a valué of 1.0 indicates that there is the biggest
contribution for achieving the specific agent's important aspect.

The valúes ofthe decisión matrices, for the actions área, are in the range [0, 1.0], where a

valué of 0 indicates that the consequences (for performing, and for not performing, each

possible action) do not exist for the specific important aspect of the agent (i.e. there is

no contribution to achieve the specific important aspect), and a valué of 1.0 indicates

that the consequences are the best possible for achieving the specific important aspect of

the agent (there is the biggest contribution for achieving the specific important aspect).

see Chapter 3.
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Those valúes are used in the non-normative agents' planning process, where each agent

plans its next action to do. There, an agent assigns a utility for each decisión option,

through a utility function (equation 4.1), which combines the valúes of the agent's
decisión matrices and the agent's important aspects (and their respective importance
valúes for the agent). Then, considering the utility of each decisión option, the agent
selects one of them to be performed.

• Statement (b): "The agent can evalúate its own performance. The obtained results can

be used to consider the possibility of making changes in the assigned utilities or in the

agent's utility functions (of statement (a)), and/or changes into the determination of

how these utilities will be used to select which decisión option to perform (in statement

(c))*"

This statement was not applied to the non-normative agents of the studied system,

because it would aggregate more dimensions to the experimentation, and, specifically,

because of the big quantity of valúes that conform the agents' decisión matrices. It

could be a matter of a complete study to determine which utilities would have to be

changed in order to modify the agents' performance.

Thus, non-normative agents do not evalúate their own performance through their re

spective trips. An evaluation of each agent's performance is done at the end of its

actuation in the system, and it is done manually, by checking the results' file.

However, this statement could be applied to this system in the future, and new exper

iments can be carried out.

• Statement (c): "To make the selection of which decisión option to perform, the agent

must make an analysis of all the possible decisión options (using their assigned utilities).
In base of the obtained results, the agent will select one of those options; the more

convenient option for the agent at that moment."

After calculating a utility for each decisión option that the agent has at each specific

moment (using equation 4.1), the agent must choose one of those options to perform.

The selection criteria for the non-normative bus driver agents of this system is very

simple. They select the specific decisión option (the specific next action to perform)
with the highest assigned utility In case that two or more decisión options have the

highest valué, it is used a preference order to choose between them.

Variations of this selection criteria can be used for future experiments.

• Statement (d): "The moments in which the agent does (or repeats) the statements

of this algorithm, and the mechanisms for doing them, can varíate as it be wanted.

However, this variations must be done carefully, and only to obtain a better adaptation

of the algorithm to specific agents in a specific system."
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This statement was not applied in the studied system, because this would constitute

another variable for the experimentation. However, this can be used for future experi
ments.

4.7 Analysis of the algorithm

In this section, an analysis of the application of the proposed algorithm will be presented.
This analysis consist in two sub-analysis:

1. A spacial analysis, where it will be determined how much space will be needed to

execute [the instantiation of] the proposed algorithm.

2. A temporal analysis, where it will be determined how much time will be needed to

execute [the instantiation of] the proposed algorithm.

Both analysis are done for one complete execution of the proposed algorithm.

Notice that the complete execution of the algorithm includes information about the ac

tions that an agent can perform in the system, and their respective consequences for the

agent. Thus, this information will be also taken into account for the analysis.

4.7.1 Spacial analysis

We decided to make this analysis by taking some of the non-normative agents' and system's
constants (specifically, the number of norms, the number of important aspects, the number

of possible actions) as variables, because, in this way, the reader can know the effects that

varying the size of those parameters can have in the required space to execute this algorithm.

It will be obtained an upper bound function for the needed space to execute the algorithm

(using the O notation).

For each decisión option that a non-normative bus driver agent has (when it is planning
the next action to perform), the agent assigns to it a utility valué. For doing this, the agent
would need (per decisión option) enough space to store two decisión matrices (of length

[numNorms + numActions] x [numAspects])22

22
It is assumed, for this analysis, that new valúes assignations, for both decisión matrices, are required for

each decisión option. In this way, the desired upper bound function can be obtained. However, it is possible
that the same two matrices be used to calcúlate the utilities of each decisión option that the agent has at

that moment.
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However, and because decisión options are analyzed sequentially, the agent can use the

same space for all decisión options that it has at that moment.

Additionally, the agent needs enough space to store a vector of importance valúes, of

length numAspects, for the agent's important aspects, and one utility valué for each decisión

option (a vector of utilities, of length numActions).

Thus, assuming that the agent can perform all the possible actions at that particular

moment, the needed space to execute the algorithm will be:

Space = 2 [(numNorms + numActions) numAspects] + numAspects + numActions (4.2)

Where,

• numNorms is the number of existent norms in the system.

• numActions is the number of actions that a non-normative agent can perform in the

system.

• numAspects is the number of important aspects that a non-normative agent has in the

system.

If we take the variable with the highest valué, from numNorms, numActions and

numAspects, and cali it r, we have the following inequalities:

Space < {2 [(r + r)r] + r + r} = (4r2 + 2r) < (4r2 + 4r2) (4.3)

Space < 8r2 (4.4)

And, because all variables are non-negative, both functions are always non-negative.

Thus,

\Space\ <8\r2\ (4.5)

Then, according to an extensión of definition 3.5.2, from [45]
23

we can conclude the

following:

Space = 0(r2) (4.6)

23
This definition makes reference only to functions of one variable; but it is used here for functions of one

or more variables.
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The required space to execute [once] the application of the algorithm is in the order of,
at most, r2

Where, r is the variable with the highest valué, from numNorms, numActions and

numAspects.

4.7.2 Temporal analysis

This analysis will be done for two cases:

1. The best case, in which the valué assignation for each position of each matrix is done

directly.

2. The worst case, in which the valué assignation for each position of each matrix is done

through several comparisons (we will assume that the máximum number of comparisons
will be necessary to make each assignation).

In both cases, it will be obtained an upper bound function (using the 0 notation).

As for the spacial analysis, it is assumed that, to calcúlate the utility of each decisión

option that the agent has at a specific moment, there are necessary new valúes assignations
for both decisión matrices.

We decided to make the temporal analysis by taking some of the system's constants as

variables. Thus, the effects (in the algorithm's execution time) of varying some of those

parameters can be known.

Temporal analysis for the best case

As it was mentioned before, for doing this analysis, it will be assumed that the valué assigna-
tion for each position of each decisión matrix is done directly, without making any comparison
ñor any extra operation.

Thus, assuming that there are possible to be performed the máximum number of actions

(numActions), and taking as the barometer instructions the assignations, the additions and

the multiplications, the spent time for the best case would be:

For the application of statement (a):

timeBestA = 2 [(numNorms + numActions) (numAspects)] (numActions) (4.7)

Where,
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• numNorms is the number of existent norms in the system.

• numActions is the number of actions that a non-normative agent can perform in the

system.

• numAspects is the number of important aspects that a non-normative agent has in the

system.

Notice that there is done a new assignation of valúes for each possible action that the

agent can perform in the system at that moment.

And, for the application of statement (c), in which a utility valué is obtained for each

decisión option, using the utility function (eq. 4.1):

timeBestC = [(numNorms + numActions + 2) numAspects] numActions + numActions

(4.8)

Notice that a utility valué is obtained for each decisión option that the agent has at that

moment, and each utility valué is stored in the vector of utilities.

Thus, the total spent time for the best case would be:

timeBestCase = timeBestA + timeBestC (4.9)

Next, we will obtain an upper bound function for timeBestCase:

Let s the variable with the highest valué, from: numNorms, numActions and numAspects.

Thus, substituting s in equation 4.9, we have the following inequalities:

timeBestCase < {2 [(s + s) s]s + [(s + s + 2) s]s + s} = {6s3 + 2s2 + s} (4.10)

timeBestCase < {6s3 + 2s2 + s} < {6s3 + 2s3 + s3} = 9s3 (4.11)

timeBestCase < 9s3 (4.12)

And, because all variables are non-negative, both functions are always non-negative.

Thus,

\timeBestCase\ < 9 \s3\ (4.13)

Then, according to an extensión of definition 3.5.2, from [45]24 we can conclude the

following for the spent time in the best case:

timeBestCase = 0(s3) (4.14)

24
This definition makes reference only to functions of one variable; but it is used here for functions of one

or more variables.
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Temporal analysis for the worst case

For doing this analysis, it will be assumed that the máximum number of possible comparisons,

and one assignation25 are necessary for assigning each valué of each position of each decisión

matrix.

It will be also assumed that all the actions that the agent can perform in the system

(numActions) are possible at that specific point in time. Barometer instructions will be:

the comparisons, the assignations, the additions and the multíplications.

A superior limit for the máximum number of used comparisons is given by equation 4.15

numComp = (numOpí) (numOp-i + numOps + 1) (4*15)

Where,

• Each numOpi is the number of different existent options referent to the state of the

agent about one of the following issues:

- Its schedule (i.e. being late, early, or on time).
- Its actual driving speed (e.g. if it is into the permitted speed range, or into a

prohibited speed range).

- The kind of stop action that the agent can select (i.e. stopping picking passengers

up until the boss' limit; stopping picking passengers up until the physical limit;

stopping without picking any passengers up).
- The number of passengers that want to get on at the actual node (e.g. if there is

a low number, a médium number, or a high number of passengers).

- The number of passengers that want to get off at the actual node (e.g. if there is

a low number, a médium number, or a high number of passengers).

— The states of an existent semaphore at the node (i.e. if it is in red, or in green).
- The existence of a bus stop at the node (i.e. if it exists a bus stop at the node, or

if it does not) .

— Other relevant issues.

Let w be the variable with the highest valué, from numOpi, numOp2 and numOp3. Then,

substituting w in equation 4.15, we have the following inequality:

numComp <w(w + w + l) = 2w2 + w (4.16)

25
There are not taken into account the possibly necessary assignations to make the comparisons.
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The spent time for the worst case would be:

For the application of statement (a):

timeWorstA = 2 [(numNorms + numActions) numAspects] (numComp + 1) numActions

(4.17)

Where,

• numNorms is the number of existent norms in the system.

• numActions is the number of actions that a non-normative agent can perform in the

system.

• numAspects is the number of important aspects that a non-normative agent has in the

system.

Notice that there is done a new assignation of valúes for each possible action that the

agent can perform in the system at that moment.

And, for the application of statement (c), in which a utility valué is obtained for each

decisión option, using the utility function (eq. 4.1):

timeWorstC — [(numNorms + numActions + 2) numAspects] numActions + numActions

(4.18)

Notice that a utility valué is obtained for each decisión option that the agent has at that

moment, and each utility valué is stored in the vector of utilities.

Thus, the total spent time for the worst case would be:

UmeWorstCase = timeWorstA + timeWorstC (4*19)

Next, we will obtain an upper bound function for timeWorstCase:

Let s be the variable with the highest valué, from: numNorms, numActions and numAspects.

Thus, substituting s and equation 4.16 in equation 4.19, we have the following inequalities:

UmeWorstCase < {2 [(s + s) s] (2w2 + w + l) s + [(s + s + 2) s] s + s} (4.20)

UmeWorstCase < {8s3w2 + 4s3w + 6s3 + 2s2 + s} (4.21)

And, let z be the variable with the highest valué, from s and w. Then, substituting z:

{8s3w2 + 4s3w + 6s3 + 2s2 + s} < {8z5 + 4z4 + Qz3 + 2z2 + z} (4.22)
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And, from equations 4.21 and 4.22 we have:

UmeWorstCase < {8z5 + 4z4 + 6z3 + 2z2 + z} < {8z5 + 4z5 + 6z5 + 2z5 + z5} (4.23)

UmeWorstCase < 21z5 (4.24)

And, because all variables are non-negative, both functions are always non-negative.

Thus,

\UmeWorstCase\ < 21 |._5| (4.25)

Then, according to an extensión of definition 3.5.2, from [45]26 we can conclude the

following for the spent time in the worst case:

UmeWorstCase = 0(z5) (4.26)

Finally, we can conclude that the required time to execute [once] the application of the

algorithm is in the order of, at most, s3, for the best case, and of, at most, zh for the worst

case.

Where,

• s is the variable with the highest valué, from numNorms, numActions and numAspects.

• z is the variable with the highest valué, from s and w .

• w is the variable with the highest valué, from numOpi, numOpi and numOpz.

• Each numOpi is the number of different existent options referent to the state of the

agent about one of the following issues:

- Its schedule (i.e. being late, early, or on time).
- Its actual driving speed (e.g. if it is into the permitted speed range, or into a

prohibited speed range).
- The kind of stop action that the agent can select (i.e. stopping picking passengers

up until the boss' limit; stopping picking passengers up until the physical limit;

stopping without picking any passengers up).
— The number of passengers that want to get on at the actual node (e.g. if there is

a low number, a médium number, or a high number of passengers).

26
This definition makes reference only to functions of one variable; but it is used here for functions of one

or more variables.
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- The number of passengers that want to get off at the actual node (e.g. if there is

a low number, a médium number, or a high number of passengers).
- The states of an existent semaphore at the node (i.e. if it is in red, or in green).
— The existence of a bus stop at the node (i.e. if it exists a bus stop at the node, or
if it does not).

- Other relevant issues.



Chapter 5

Experimentation

The experimentation phase of this thesis work is presented in this chapter.

This phase was done using the system of the case of study described in Chapter 4, and its

purpose is to study the behaviour of the system's agents (the normative ones and, specially,

the non-normative ones), individually and jointly. Particularly, it is aimed to:

1. Obtain results about the behaviour of the system's non-normative agents, related to

the existent norms and to their consequences for the agents.

2. Compare the performance of the system's agents: the normative ones and the non-

normative ones.

3. Obtain some conclusions about the agents' non-normative behaviour, which is based in

the algorithm proposed in this thesis work1

In the first section of this chapter, the experiments are described, including the assigned
valúes for some important used parameters. In this section are also specified the consequences

for accomplishing and for violating the system's norms (the missing valúes from the section

of Norms' specification, in Chapter 4).

In the second section, the most relevant results of each experiment are presented, including
also some important metrics, and their valúes, used to measure several aspects of the agents'

performance2

Finally, in the third section, an analysis of those results and an interpretation of them is

provided.

1
Such conclusions will be presented in Chapter 6.

2
The complete obtained data are shown in Appendixes C to H.

131
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5 . 1 Experiments

In this section, a description of the done experiments is provided, including the valúes of some

important parameters used in such experiments, and the consequences for accomplishing and

for violating the system's norms.

5.1.1 Experiments description

In this subsection, a description of the done experiments is provided.

There were done 16 experiments, variating the valúes of some of the used parameters.

Such experiments are described next:

• Experiment 1 : in this experiment, a population of purely normative agents acts

through the system, with the initial conditions3 Thus, there are 26 normative bus

driver agents and 0 non-normative bus driver agents.

• Experiment 2: in this experiment, a population ofboth, normative and non-normative

agents acts through the system, with the initial conditions. There are 13 normative

bus driver agents and 13 non-normative bus driver agents.

• Experiment 3: in this experiment, a population of purely non-normative agents acts

through the system, with the initial conditions. Thus, there are 26 non-normative bus

driver agents and 0 normative bus driver agents.

• Experiment 4 '• in this experiment, the importance valué of the non-normative agents'

important aspect 0 (obtain many passengers) will be reduced in a 50 percent, from 0.9

to 0.45. Thus, the vector of importance valúes related to the agents' important aspects

will be: [0.45 0.8 0.4 0.6]

About the population of bus driver agents, it will be composed by both kinds of agents,

having 13 normative bus driver agents and 13 non-normative bus driver agents.

• Experiment 5: in this experiment, the importance valué of the non-normative agents'

important aspect 0 (obtain many passengers) will be reduced in a 50 percent, from 0.9

to 0.45. Thus, the vector of importance valúes related to the agents' important aspects

will be: [0.45 0.8 0.4 0.6]

About the population of bus driver agents, it will be composed by 26 non-normative

bus driver agents and 0 normative bus driver agents.

3
The initial conditions for the experiments are established in the parameters subsection. Any change to

these conditions will be explicitly specified in the description of the particular experiment.
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• Experiment 6: in this experiment, the importance valué of the non-normative agents'

important aspect 1 (end the trip on time) will be reduced in a 50 percent, from 0.8 to

0.4- Thus, the vector of importance valúes related to the agents' important aspects will

be: [0.9 0.4 0.4 0.6]

The population of bus driver agents will be composed by both kinds of agents, having
13 normative bus driver agents and 13 non-normative bus driver agents.

• Experiment 7: in this experiment, the importance valué of the non-normative agents'

important aspect 1 (end the trip on time) will be reduced in a 50 percent, from 0.8 to

0.4- Thus, the vector of importance valúes related to the agents' important aspects will

be: [0.9 0.4 0.4 0.6]

The population of bus driver agents will be composed by 26 non-normative bus driver

agents and 0 normative bus driver agents.

• Experiment 8: in this experiment, the importance valué of the non-normative agents'

important aspect 2 (avoid passengers complaints) will be augmented in a 50 percent,
from 0.4 to 0.6. Thus, the vector of importance valúes related to the agents' important

aspects will be: [0.9 0.8 0.6 0.6]

The population of bus driver agents will be composed by both kinds of agents, having
13 normative bus driver agents and 13 non-normative bus driver agents.

• Experiment 9: in this experiment, the importance valué of the non-normative agents'

important aspect 2 (avoid passengers complaints) will be augmented in a 50 percent,

from 0.4 to 0.6. Thus, the vector of importance valúes related to the agents' important

aspects will be: [0.9 0.8 0.6 0.6]

The population of bus driver agents will be composed by 26 non-normative bus driver

agents and 0 normative bus driver agents.

• Experiment 10: in this experiment, the importance valué of the non-normative

agents' important aspect 3 (obtain and keep other bus drivers
'

acceptance) will be aug
mented in a 50 percent, from 0.6 to 0.9. Thus, the vector of importance valúes related

to the agents' important aspects will be: [0.9 0.8 0.4 0.9]

The population of bus driver agents will be composed by both kinds of agents, having
13 normative bus driver agents and 13 non-normative bus driver agents.

• Experiment 11: in this experiment, the importance valué of the non-normative

agents' important aspect 3 (obtain and keep other bus drivers
'

acceptance) will be aug
mented in a 50 percent, from 0.6 to 0.9. Thus, the vector of importance valúes related

to the agents' important aspects will be: [0.9 0.8 0.4 0.9]

The population of bus driver agents will be composed by 26 non-normative bus driver

agents and 0 normative bus driver agents.
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• Experiment 12: in this experiment, the importance valué of the non-normative

agents' important aspect 3 (obtain and keep other bus drivers' acceptance) will be re

duced in a 50 percent, from 0.6 to 0.3. Thus, the vector of importance valúes related

to the agents' important aspects will be: [0.9 0.8 0.4 0.3]

The population of bus driver agents will be composed by both kinds of agents, having

13 normative bus driver agents and 13 non-normative bus driver agents.

• Experiment 13: in this experiment, the importance valué of the non-normative

agents' important aspect 3 (obtain and keep other bus drivers' acceptance) will be re

duced in a 50 percent, from 0.6 to 0.3. Thus, the vector of importance valúes related

to the agents' important aspects will be: [0.9 0.8 0.4 0.3]

The population of bus driver agents will be composed by 26 non-normative bus driver

agents and 0 normative bus driver agents.

• Experiment 14 : in this experiment, it is simulated a situation in which there are only

consequences for accomplishing the system's norms, and there are not consequences for

violating them. The used decisión matrices are shown in tables 5.3 and 5.4.

For this experiment, a population of both, normative and non-normative agents acts

through the system. Thus, there are 13 normative bus driver agents and 13 non-

normative bus driver agents.

• Experiment 15: in this experiment, it is simulated a situation in which there are

only consequences for violating the system's norms, and there are not consequences for

accomplishing them. Thus, the used decisión matrices are shown in tables 5.5 and 5.6.

For this experiment, a population of both, normative and non-normative agents acts

through the system. Thus, there are 13 normative bus driver agents and 13 non-

normative bus driver agents.

• Experiment 16: in this experiment, it is simulated a situation in which there are

not consequences for accomplishing the system's norms, ñor consequences for violating

them. The used decisión matrices are shown in tables 5.7 and 5.8.

For this experiment, a population of both, normative and non-normative agents acts

through the system. Thus, there are 13 normative bus driver agents and 13 non-

normative bus driver agents.

5.1.2 Parameters

In this subsection, the valúes of some important parameters used in the initial conditions of

the experiments are presented, and the consequences for accomplishing and for violating the
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system's norms are specified4

Consequences for accomplishing and for violating the system's norms

Those consequences are given as vectors of floating point valúes. These valúes will be applied
to each agent (normative or non-normative) at its evaluation process (after the system's

execution), according to the norms that each agent had accomplished and to the norms that

each agent had violated.

Notice that those consequences are also taken into account by non-normative agents,

in their decisión making processes. Thus, each valué of each vector was stored into the

corresponding agent's decisión matrix. The valúes of the decisión matrices for non-normative

bus driver agents will be shown further.

Job norms

Norm 0:

If there is at least one passenger in the next bus stop, pick it up.

• Consequences for its accomplishment:

- For experiments 1-14: [0.15 0.2 0.25 0]

— For experiments 15 and 16: [0 0 0 0]

• Consequences for its violation:

- For experiments 1-13, and 15: [-0.15 -0.07 -0.3 0]

- For experiments 14 and 16: [0 0 0 0]

Norm 1:

If there are one or more passengers out of a bus stop and asking the bus driver to pick them

up, do not do it.

• Consequences for its accomplishment:

- For experiments 1-14: [0.1 0.1 0.1 0]

4
These consequences are the missing valúes from the section of Norms

'

specification, in Chapter 4.
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— For experiments 15 and 16: [0 0 0 0]

• Consequences for its violation:

- For experiments 1-13, and 15: [-0.1 -0.05 -0.1 0]

- For experiments 14 and 16: [0 0 0 0]

Norm 2:

If there are one or more passengers on the bus asking to the bus driver to let them get off

the bus, the bus driver has to stop in the next bus stop and let them get off there.

• Consequences for its accomplishment:

- For experiments 1-14: [0.15 0.2 0.25 0]

— For experiments 15 and 16: [0 0 0 0]

• Consequences for its violation:

- For experiments 1-13, and 15: [-0.15 -0.07 -0.3 0]

- For experiments 14 and 16: [0 0 0 0]

Norm 3:

If there are already 33 passengers on the bus [,or more] ,
do not pick up any more passengers.

• Consequences for its accomplishment:

- For experiments 1-14: [0.05 0.05 0.05 0]

- For experiments 15 and 16: [0 0 0 0]

• Consequences for its violation:

- For experiments 1-13, and 15: [-0.05 -0.05 -0.15 0]

- For experiments 14 and 16: [0 0 0 0]
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Norm 4:

Make a complete trip in exactly 107 minutes.

• Consequences for its accomplishment:

- For experiments 1-14: [0.5 0 0.5 0]
- For experiments 15 and 16: [0 0 0 0]

• Consequences for its violation:

- For experiments 1-13, and 15: [-0.6 0 -0.2 0]
- For experiments 14 and 16: [0 0 0 0]

Peers norms

Norm 5:

If some bus driver agent (A) needs to get more passengers, it can ask for help to one of its

peers (__?): A asks that B leave the passengers of the next bus stop for which it passes by (B
does not pick them up). In this work, it is assumed that B must be a bus driver agent which
is already driving at some point in front of A.

• Consequences for its accomplishment:

- For experiments 1-14: [0 0 0 0.8]
- For experiments 15 and 16: [0 0 0 0]

• Consequences for its violation:

- For experiments 1-13, and 15: [0 0 0 -0.8]
- For experiments 14 and 16: [0 0 0 0]

Norm 6:

If some bus driver agent (A) has already left the passengers of a bus stop (it did not pick
them up), it can ask for help to one of its peers (B): A asks that B picks up those passengers.
Of course, B must be driving at some point behind A.

• Consequences for its accomplishment:
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- For experiments 1-14: [0 0 0 0.8]

- For experiments 15 and 16: [0 0 0 0]

• Consequences for its violation:

- For experiments 1-13, and 15: [0 0 0 -0.8]

- For experiments 14 and 16: [0 0 0 0]

Traffic norms

Norm 7:

Obey the traffic signáis: semaphores (stop when a semaphore is in red) and speed limits

(maintain the bus driving between the speed limits established for the streets).

• Consequences for its accomplishment:

- For experiments 1-14: [0 0.2 0.2 0]
- For experiments 15 and 16: [0 0 0 0]

• Consequences for its violation:

- For experiments 1-13, and 15: [0 -0.25 -0.25 0]
- For experiments 14 and 16: [0 0 0 0]

Parameters used for both, normative and non-normative agents

• totalDistance: 44.30 km. This is the distance that a bus driver agent must travel to

end its trip.

• UmeTrip: 107 min. This is the established time in which a bus driver agent must do

a complete trip.

• tolerance: 3 min. This is the tolerance given to a bus driver agent to accomplish the

established UmeTrip. This tolerance can be applied either when the agent is late or

when the agent is early.

• UmeBetweenDepartures: 5 min. This is the time between the bus drivers' departures

(from their terminal).

• numberNorms: 8 norms. This is the number of existent norms in the system.
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• numberActions: 4 actions. This is the number of the possible actions that an agent (a
normative or a non-normative agent) can perform in the system.

• minPasUpNode: 0 passengers. This is the minimum number of passengers, at any

node of the environment, that might want to be picked up by a bus.

• maxPasUpNode: 10 passengers. This is the máximum number of passengers, at any

node of the environment, that might want to be picked up by a bus.

• minPasDownNode: 0 passengers. This is the minimum number of passengers that

might want to get off the bus, at any node of the environment.

• maxPasDownNode: 8 passengers. This is the máximum number of passengers that

might want to get off the bus, at any node of the environment.

• timePasUp: 5 seconds. This is the time that a passenger delays in getting on a bus.

• UmePasDown: 5 seconds. This is the time that a passenger delays in getting off a

bus.

• pasMaxBus: 33 passengers. This number is the máximum number of passengers that

a bus can have, according to what the agents' boss dictates.

• maxPhysSpeed: 120 km/h. This is the máximum physical speed at which a bus can

be driven.

• minPhysSpeed: 10 km/h. This is the minimum physical speed at which a bus can be

driven.

• defaultSpeed: 40 km/h. This is the speed at which a bus driver agent starts driving

(from being previously stopped).

• numPas: This parameter indicates the number of passengers that can be picked up by
the agent at a node (until reach the limit imposed by the agent's boss). This valué will

depend of the agent's circumstances.

• numPasEx: This parameter indicates the number of passengers that can be picked

up by the bus driver agent at a node, and that exceeds from the number of passengers

allowed by the agent's boss. This valué does not exceed from the bus' physical limit,
and it depends of the agent's circumstances.

• numPasDown: This parameter indicates the number of passengers that want to get

off the bus at some point in time.
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• delay: This parameter indicates if the bus driver agent is late (-1), on time (0) or

early (1) about its schedule. The valué of this parameter will depend of the agent's

circumstances.

Parameters used only for non-normative agents

• numberAspects: 4 aspects. This is the number of a non-normative agents' important

aspects.

• importanceAspects: [0.9 0.8 0.4 0.6]. This vector indicates the importance valúes of

each important aspect.

• toleranceEarly: 20 min. When a non-normative agent is early for more time than this

valué, the agent can ask to another agent to leave its next bus stop's passengers.

• pasMaxPhysBus: 43 passengers. This is the máximum number of passengers that a

bus can physically have.

• manyPas: 8 passengers. This valué indicates the number of passengers to get on the

bus that will be considered as many by the system's non-normative agents.

• manyPDown: 6 passengers. This valué indicates the number of passengers to get off

the bus that will be considered as many by the system's non-normative agents.

Decisión matrices

The decisión matrices used for experiments 1 to 13 are presented in tables 5.1 and 5.2.

The decisión matrices used for experiments 14, 15 and 16 are presented in tables 5.3 and

5.4; 5.5 and 5.6; and, 5.7 and 5.8; respectively.

The function Biggest(vl,v2), which is present in tables 5.1, 5.3, 5.5 and 5.7, is defined as:

^^í»1-"2) ={;_:!_ :_>:?(«)
Where:

If the agent stops and picks passengers up until, at most, the limit imposed by its boss:

{0.4,
if 0 < numPas < manfas

0.7, if manfas < numPas < manyPas
1

,
if numPas > manyPas
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If the agent stops and picks passengers up until, at most, the bus' physical limit:

{0.4,
if 0 < (numPas + numPasEx) < manvPa<1

0.7, if rsssfsi < (numpas + numPasEx) < manyPas
1, if (numPas + numPasEx) > manyPas

If the agent stops and does not pick any passenger up:

vl = 0

If there were passengers wanting to get off the bus:

{0.2,
if 0 < numPasDown < manvP2Do<™

0.3, if S°g2£gg»g < numPasDown < manyPDown
0.5, if numPasDown > manyPDown

If there were no passengers wanting to get off the bus:

*.2 = 0

5.2 Results

The obtained raw results of experiments 1 to 3 are presented in the tables of Appendix C.

The obtained raw results of experiments 4 to 9 are shown in the tables of Appendix D.

The obtained raw results of experiments 10 to 13 are shown in the tables of Appendix E.

The obtained raw results of experiments 14 to 16 are presented in the tables of Appendix F.

The tables corresponding to the agents' obtained consequences for accomplishing and for

violating the system's norms, at each experiment, are presented in Appendix G.

Different measurements of the agents' performance through the different experiments are

provided in the tables of Appendix H.

Based on all those data, the following information per experiment was obtained:

• Pct passengers: this is the percentage of total picked up passengers, per group of agents
(i.e. the normative group, or the non-normative group), with respect to the total of

passengers that existed in the system.
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Aspect 0 Aspect 1 Aspect 2 Aspect 3

Norm 0 0.15 0.2 0.25 0

Norm 1 0.1 0.1 0.1 0

Norm 2 0.15 0.2 0.25 0

Norm 3 0.05 0.05 0.05 0

Norm 4 0.5 0 0.5 0

Norm 5 0 0 0 0.8

Norm 6 0 0 0 0.8

Norm 7 0 0.2 0.2 0

Action 0 Biggest(vl,v2) If delay=-1: 0

If delay= 0: 0.3

If delay= 1: 1

0 0

Action 1 0 If delay=-l: 0.5

If delay=0: 1

If delay=l: 0.4

0 0

Action 2 0 If delay=-l: 1

If delay=0: 0.4

If delay— 1: 0

0 0

Action 3 0 If delay=-l: 0.2

If delay=0: 0.4

If delay=l: 0.7

0 0

Table 5.1: Decisión matrix doing used for experiments 1 to 13.

Aspect 0 Aspect 1 Aspect 2 Aspect 3

Norm 0 -0.15 -0.07 -0.3 0

Norm 1 -0.1 -0.05 -0.1 0

Norm 2 -0.15 -0.07 -0.3 0

Norm 3 -0.05 -0.05 -0.15 0

Norm 4 -0.6 0 -0.2 0

Norm 5 0 0 0 -0.8

Norm 6 0 0 0 -0.8

Norm 7 0 -0.25 -0.25 0

Action 0 0 0 0 0

Action 1 0 0 0 0

Action 2 0 0 0 0

Action 3 0 0 0 0

Table 5.2: Decisión matrix not doing used for experiments 1 to 13.
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Aspect 0 Aspect 1 Aspect 2 Aspect 3

Norm 0 0.3 0.35 0.35 0

Norm 1 0.4 0.3 0.3 0

Norm 2 0.2 0.4 0.4 0

Norm 3 0.45 0.2 0.35 0

Norm 4 0.5 0 0.5 0

Norm 5 0 0 0 1

Norm 6 0 0 0 1

Norm 7 0 0.4 0.6 0

Action 0 Biggest(vl,v2) If delay=-l: 0

If delay= 0: 0.3

If delay= 1: 1

0 0

Action 1 0 If delay=-l: 0.5

If delay=0: 1

If delay=l: 0.4

0 0

Action 2 0 If delay=-l: 1

If delay=0: 0.4

If delay=l: 0

0 0

Action 3 0 If delay=-l: 0.2

If delay=0: 0.4

If delay=l: 0.7

0 0

Table 5.3: Decisión matrix doing used for experiment 14.

Aspect 0 Aspect 1 Aspect 2 Aspect 3

Norm 0 0 0 0 0

Norm 1 0 0 0 0

Norm 2 0 0 0 0

Norm 3 0 0 0 0

Norm 4 0 0 0 0

Norm 5 0 0 0 0

Norm 6 0 0 0 0

Norm 7 0 0 0 0

Action 0 0 0 0 0

Action 1 0 0 0 0

Action 2 0 0 0 0

Action 3 0 0 0 0

Table 5.4: Decisión matrix not doing used for experiment 14.
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Aspect 0 Aspect 1 Aspect 2 Aspect 3

Norm 0 0 0 0 0

Norm 1 0 0 0 0

Norm 2 0 0 0 0

Norm 3 0 0 0 0

Norm 4 0 0 0 0

Norm 5 0 0 0 0

Norm 6 0 0 0 0

Norm 7 0 0 0 0

Action 0 Biggest(vl,v2) If delay— -1: 0

If delay= 0: 0.3

If delay— 1: 1

0 0

Action 1 0 If delay=-l: 0.5

If delay=0: 1

If delay=l: 0.4

0 0

Action 2 0 If delay=-1: 1

If delay=0: 0.4

If delay=l: 0

0 0

Action 3 0 If delay=-l: 0.2

If delay=0: 0.4

If delay=l: 0.7

0 0

Table 5.5: Decisión matrix doing used for experiment 15.

Aspect 0 Aspect 1 Aspect 2 Aspect 3

Norm 0 -0.2 -0.3 -0.3 0

Norm 1 -0.3 -0.25 -0.25 0

Norm 2 -0.1 -0.35 -0.35 0

Norm 3 -0.35 -0.15 -0.3 0

Norm 4 -0.6 0 -0.2 0

Norm 5 0 0 0 -0.8

Norm 6 0 0 0 -0.8

Norm 7 0 -0.35 -0.45 0

Action 0 0 0 0 0

Action 1 0 0 0 0

Action 2 0 0 0 0

Action 3 0 0 0 0

Table 5.6: Decisión matrix not doing used for experiment 15.
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Aspect 0 Aspect 1 Aspect 2 Aspect 3

Norm 0 0 0 0 0

Norm 1 0 0 0 0

Norm 2 0 0 0 0

Norm 3 0 0 0 0

Norm 4 0 0 0 0

Norm 5 0 0 0 0

Norm 6 0 0 0 0

Norm 7 0 0 0 0

Action 0 Biggest(vl,v2) If delay=-1: 0

If delay= 0: 0.3

If delay= 1: 1

0 0

Action 1 0 If delay=-1: 0.5

If delay—0: 1

If delay=l: 0.4

0 0

Action 2 0 If delay=-l: 1

If delay=0: 0.4

If delay=l: 0

0 0

Action 3 0 If delay=-l: 0.2

If delay=0: 0.4

If delay=l: 0.7

0 0

Table 5.7: Decisión matrix doing used for experiment 16.

Aspect 0 Aspect 1 Aspect 2 Aspect 3

Norm 0 0 0 0 0

Norm 1 0 0 0 0

Norm 2 0 0 0 0

Norm 3 0 0 0 0

Norm 4 0 0 0 0

Norm 5 0 0 0 0

Norm 6 0 0 0 0

Norm 7 0 0 0 0

Action 0 0 0 0 0

Action 1 0 0 0 0

Action 2 0 0 0 0

Action 3 0 0 0 0

Table 5.8: Decisión matrix not doing used for experiment 16.
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• Avg pct acc n¿: this is the average percentage of total accomplishments to the norm rij,

per group of agents5

• Avg pct tot acc: this is the average percentage of total accompüshments of all norms,

per group of agents.

• Avg pct vio ni: this is the average percentage of total violations to the norm n¿, per

group of agents.

• Avg pct tot vio: this is the average percentage of total violations of all norms, per group
of agents.

• Avg perf: this is the average valué of the performance measurement i, per group of

agents.

This information was considered the most relevant for the purposes of this thesis work,
and it is presented in tables 5.9, 5.10, 5.11 and 5.12.

In such tables, the following data are also provided:

• Exp: this indicates the number of experiment to which the data belong to.

• Group type: this indicates the kind of group of agents to which the data belong to:

normative (norm), or non-normative (N-norm).

• In tables 5.10 and 5.11, the valué DA might appear. This valué indicates that "it does

not apply'': that there were no accomplishments ñor violations of the particular norm

by the particular group of agents, in the specific experiment, because the norm was not

applicable.

Figures 5.1, 5.2, 5.3, 5.4, 5.5, 5.6 and 5.7 present the information of table 5.12 in graphics.
Each graphic corresponds to one of the agents' performance measurements.

At each graphic, there are shown the average performance valúes (of the corresponding

performance measurement) obtained by each group of agents at each experiment. Those

valúes are in the range [—1,1].

Additionally, there are presented, in several graphics (figures 5.8, 5.9, 5.10, 5.11, 5.12,

5.13, 5.14 and 5.15), the average percentage valúes of violations (per norm) done by each

5
The average percentages, which are related to accomplishments and violations of norms, were obtained

by getting the individual percentage per agent (with respect to the total of opportunities that it had to

accomplish or viólate the respective norm), and then, by obtaining an average of those individual percentages.
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Exp Group

type

Pct passengers

1 norm 98.967

2 norm 50.235

4 norm 51.139

6 norm 51.012

8 norm 51.568

10 norm 49.658

12 norm 49.759

14 norm 46.219

15 norm 47.137

16 norm 66.019

2 N-norm 48.492

3 N-norm 98.384

4 N-norm 46.391

5 N-norm 97.725

6 N-norm 48.416

7 N-norm 99.462

8 N-norm 47.852

9 N-norm 99.190

10 N-norm 49.103

11 N-norm 98.787

12 N-norm 48.502

13 N-norm 98.455

14 N-norm 51.663

15 N-norm 50.925

16 N-norm 31.795

Table 5.9: Percentages of picked up passengers, per group of agents, in experiments 1 to 16.
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Exp Group

type

Avg

pct

acc

nO

Avg

pct

acc

ni

Avg

pct

acc

n2

Avg

pct

acc

n3

Avg

pct

acc

n4

Avg

pct

acc

n5

Avg

pct

acc

n6

Avg

pct

acc

n7

Avg

pct

tot

acc

1 norm 100 100 100 100 0 DA DA 100 99.976

2 norm 100 100 100 100 0 DA DA 100 99.976

4 norm 100 100 100 100 0 0 100 100 99.972

6 norm 100 100 100 100 0 0 DA 100 99.971

8 norm 100 100 100 100 0 0 DA 100 99.968

10 norm 100 100 100 100 0 0 DA 100 99.973

12 norm 100 100 100 100 0 0 DA 100 99.972

14 norm 100 100 100 100 0 0 DA 100 99.974

15 norm 100 100 100 100 0 DA DA 100 99.976

16 norm 100 100 100 100 0 0 100 100 99.964

2 N-norm 95.592 98.225 99.569 67 0 56.615 DA 98.950 98.635

3 N-norm 96.464 99.330 99.747 66.727 0 59.377 DA 99.024 98.713

4 N-norm 90.086 99.408 93.644 100 0 100 100 99.135 98.824

5 N-norm 91.437 99.704 93.179 94.943 0 100 100 99.065 98.759

6 N-norm 94.311 45.462 100 76.462 0 77.537 DA 99.935 99.499

7 N-norm 95.943 54.715 100 65.862 0 77.170 DA 99.948 99.472

8 N-norm 99.252 99.408 99.910 91.131 0 22.176 DA 99.196 99.059

9 N-norm 99.195 99.704 99.829 92.199 0 19.560 DA 99.201 99.062

10 N-norm 95.557 98.767 99.755 63.154 0 98.611 DA 99.086 98.861

11 N-norm 94.584 99.059 99.917 73.897 0 99.231 DA 99.130 98.882

12 N-norm 100 98.225 99.682 70.384 0 0 DA 99.319 98.970

13 N-norm 100 99.704 99.716 69.209 0 0 DA 99.064 98.765

14 N-norm 97.683 61.440 91.879 50.042 0 7.137 100 86.162 85.939

15 N-norm 99.123 40.926 91.760 39.857 0 9.774 DA 85.523 85.112

16 N-norm 46.260 67.607 31.216 77.495 100 87.363 DA 80.413 79.162

Table 5.10: Average percentages of accomplishment of norms, per group of agents, in exper

iments 1 to 16.
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Exp Group

type

Avg

pct

vio

nO

Avg

pct

vio

ni

Avg

pct

vio

n2

Avg

pct

vio

n3

Avg

pct
vio

n4

Avg

pct

vio

ii5

Avg

pct
vio

n6

Avg

pct

vio

n7

Avg

pct

tot

vio

1 norm 0 0 0 0 100 DA DA 0 0.024

2 norm 0 0 0 0 100 DA DA 0 0.024

4 norm 0 0 0 0 100 100 0 0 0.028

6 norm 0 0 0 0 100 100 DA 0 0.029

8 norm 0 0 0 0 100 100 DA 0 0.032

10 norm 0 0 0 0 100 100 DA 0 0.027

12 norm 0 0 0 0 100 100 DA 0 0.028

14 norm 0 0 0 0 100 100 DA 0 0.026

15 norm 0 0 0 0 100 DA DA 0 0.024

16 norm 0 0 0 0 100 100 0 0 0.036

2 N-norm 4.408 1.775 0.431 32.968 100 43.385 DA 1.050 1.365

3 N-norm 3.536 0.670 0.253 33.273 100 40.623 DA 0.976 1.287

4 N-norm 9.914 0.592 6.356 0 100 0 0 0.865 1.176

5 N-norm 8.563 0.296 6.821 5.057 100 0 0 0.935 1.241

6 N-norm 5.689 54.538 0 23.538 100 22.463 DA 0.065 0.501

7 N-norm 4.057 45.285 0 34.138 100 22.830 DA 0.052 0.528

8 N-norm 0.748 0.592 0.090 8.869 100 77.824 DA 0.804 0.941

9 N-norm 0.805 0.296 0.171 7.801 100 80.440 DA 0.799 0.938

10 N-norm 4.443 1.233 0.245 36.846 100 1.389 DA 0.914 1.139

11 N-norm 5.416 0.941 0.083 26.103 100 0.769 DA 0.870 1.118

12 N-norm 0 1.775 0.318 29.616 100 100 DA 0.681 1.030

13 N-norm 0 0.296 0.284 30.791 100 100 DA 0.936 1.235

14 N-norm 2.317 38.560 8.121 49.958 100 92.863 0 13.838 14.061

15 N-norm 0.877 59.074 8.240 60.143 100 90.226 DA 14.477 14.888

16 N-norm 53.740 32.393 68.784 22.505 0 12.637 DA 19.587 20.838

Table 5.11: Average percentages of violation of norms, per group of agents, in experiments 1

to 16.
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Exp Group

type

Avg

perf 1

Avg

perf 2
Avg

perf 3
Avg

perf 4
Avg

perf 5
Avg

perf 6
Avg

perf 7

1 norm 0.958 0.038 0.997 0 0.658 0.498 0.498

2 norm 0.953 0.077 0.998 0 0.670 0.515 0.507

4 norm 0.976 0 0.999 0.008 0.652 0.488 0.496

6 norm 0.975 0 0.999 -0.023 0.652 0.487 0.488

8 norm 0.996 0 0.999 -0.031 0.658 0.498 0.491

10 norm 0.976 0 1 -0.015 0.652 0.488 0.490

12 norm 0.971 0 0.999 -0.015 0.650 0.486 0.489

14 norm 0.931 0 0.996 0 0.636 0.465 0.482

15 norm 0.927 0 0 0 0.306 0.463 0.232

16 norm 0.995 0 0 0 0.328 0.497 0.249

2 N-norm 0.949 0.077 0.976 0.085 0.662 0.513 0.522

3 N-norm 0.972 0.077 0.977 0.104 0.669 0.524 0.532

4 N-norm 0.941 0.154 0.992 0.585 0.690 0.547 0.668

5 N-norm 0.951 0.269 0.989 0.492 0.732 0.610 0.675

6 N-norm 0.941 0 0.995 0.331 0.639 0.471 0.567

7 N-norm 0.967 0 0.990 0.196 0.646 0.484 0.538

8 N-norm 0.969 0 0.982 -0.185 0.644 0.485 0.442

9 N-norm 0.963 0 0.986 -0.250 0.643 0.481 0.425

10 N-norm 0.969 0 0.978 0.338 0.642 0.484 0.571

11 N-norm 0.962 0.077 0.983 0.423 0.668 0.519 0.611

12 N-norm 0.947 0.077 0.985 -0.331 0.664 0.512 0.420

13 N-norm 0.978 0 0.981 -0.427 0.646 0.489 0.383

14 N-norm 0.979 0.077 0.820 0.069 0.620 0.528 0.486

15 N-norm 0.973 0 -0.168 -0.423 0.266 0.486 0.095

16 N-norm 0.636 1 0 0 0.550 0.818 0.409

Table 5.12: Average valúes of the different performance measurements, per group of agents,

in experiments 1 to 16.
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group of agents, in experiments 1 to 16. This constitutes most of the information shown in

table 5.1 16 .

Remember that a group of normative agents was introduced only at experiments 1, 2, 4,

6, 8, 10, 12, 14, 15 and 16; and, a group of non-normative agents was introduced only at

experiments 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Experiments

Figure 5.1: Average valúes of performance measurement 1 (agents' personal performance),

per group of agents, in experiments 1 to 16.

5.3 Analysis and interpretation

Next, the information presented in the previous graphics and tables will be analyzed, for

each group of agents, and an interpretation for this information will be provided.

For doing this, the next categorization of valúes might be used:

For valúes in the range [-1,1]:

• If the valué is in the range [0, 0.05), or in the range (-0.05, 0]: the valué is categorized

as very low, or as very low negative, respectively.

• If the valué is in the range [0.05, 0.2), or in the range (-0.2, -0.05]: the valué is catego

rized as low, or as low negative, respectively.

6
Notice that the information presented in table 5.10 is the complement of the information of table 5.11.

Thus, only one of them was considered necessary to be presented in graphics. We selected the information

related to the agents' violations to norms (of table 5.11).
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Figure 5.4: Average valúes of performance measurement 4 (agents' social performance), per

group of agents, in experiments 1 to 16.
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Figure 5.5: Average valúes of performance measurement 5 (agents' complete job perfor

mance), per group of agents, in experiments 1 to 16.
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Figure 5.6: Average valúes oí performance measurement 6 (agents' partial job performance),
per group of agents, in experiments 1 to 16.
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Figure 5.10: Average percentage valúes of violations to norm 2, per group of agents, in

experiments 1 to 16.
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experiments 1 to 16.
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Figure 5.12: Average percentage valúes of violations to norm 4, per group of agents, in

experiments 1 to 16.
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Figure 5.13: Average percentage valúes of violations to norm 5, per group of agents, in

experiments 1 to 16. In this graphic, a negative valué indicates that the norm was not

applicable, and that consequently, no accomplishments ñor violations to this norm took place.
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Figure 5.14: Average percentage valúes of violations to norm 6, per group of agents, in

experiments 1 to 16. In this graphic, a negative valué indicates that the norm was not

applicable, and that consequently, no accomplishments ñor violations to this norm took place.
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Figure 5.15: Average percentage valúes of violations to norm 7, per group of agents, in

experiments 1 to 16.
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• If the valué is in the range [0.2, 0.4), or in the range (-0.4, -0.2]: the valué is categorized
as moderately low, or as moderately low negative, respectively.

• If the valué is in the range [0.4, 0.6), or in the range (-0.6, -0.4]: the valué is categorized
as médium, or as médium negative, respectively.

• Ifthe valué is in the range [0.6, 0.8), or in the range (-0.8, -0.6]: the valué is categorized
as moderately high, or as moderately high negative, respectively.

• If the valué is in the range [0.8, 0.95), or in the range (-0.95, -0.8]: the valué is catego
rized as high, or as high negative, respectively.

• Ifthe valué is in the range [0.95, 1.0], or in the range [-1.0, -0.95]: the valué is categorized
as very high, or as very high negative, respectively.

For valúes in the range [-100,100]:

• If the valué is in the range [0, 5), or in the range (-5, 0]: the valué is categorized as

very low, or as very low negative, respectively.

• If the valué is in the range [5, 20), or in the range (-20, -5]: the valué is categorized as

low, or as low negative, respectively.

• If the valué is in the range [20, 40), or in the range (-40, -20]: the valué is categorized
as moderately low, or as moderately low negative, respectively.

• If the valué is in the range [40, 60), or in the range (-60, -40]: the valué is categorized

as médium, or as médium negative, respectively.

• If the valué is in the range [60, 80), or in the range (-80, -60]: the valué is categorized
as moderately high, or as moderately high negative, respectively.

• If the valué is in the range [80, 95), or in the range (-95, -80]: the valué is categorized
as high, or as high negative, respectively.

• If the valué is in the range [95, 100], or in the range [-100, -95]: the valué is categorized
as very high, or as very high negative, respectively.

It is important to highlight the fact that, sometimes, if it is wanted to categorize a group

of valúes using the previous classification, the group is classified into the category to which

most of its valúes belong to. However, this criteria is used only with groups of valúes whose

members belong to ranges of valúes that differ, at most, for one category (up or down).
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5.3.1 Analysis and interpretation for normative agents

About the normative agents' different performance measurements

• Under normal conditions (i.e. the existence of consequences for the done accomplish
ments and for the done violations), normative agents have:

— A very high average performance 1 (average personal performance). Remember

that this performance measurement is related to the number of picked up pas

sengers during each agent's trip. It is important to highlight the fact that most

of the valúes of this particular average performance measurement belong to the

very high category of valúes; but not all of them (a few valúes belong to the high

category).
— A very low average performance 2. Remember that this performance measurement

is related to the time in which each agent ends its respective trip.

- A very high average performance 3. Remember that this performance measure

ment is related to the received complaints and to the avoided complaints, about

each agent's actuation in the system.

- A very near to zero (positively and negatively) average performance 4 (average
social performance). Remember that this performance measurement is related to

the acceptance, or rejection (represented with a negative valué), that the non-

normative partners of each agent feel for it.

- A moderately high average performance 5 (average complete job performance).
Remember that this performance measurement is related to the three main aspects
of each agent's job: the number of picked up passengers; the agent's arrival time;

and the agent's avoided complaints. It is calculated using the average performance

1, the average performance 2 and the average performance 3.

— A médium average performance 6 (average partial job performance). Remember

that this performance measurement is related to two main aspects of each agent's

job: the number of picked up passengers and the agent's arrival time. It is calcu

lated using the average performance 1 and the average performance 2.

- A médium average general performance. Remember that this performance mea

surement is a joint measurement of each agent's performance measurements 1 to

4.

• Eliminating the consequences for accomplishing the system's norms, for violating the

system's norms, or for both, normative agents have:

- A very high average personal performance.
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- A very low average performance 2.

- A very high average performance 3, in experiment 14; the highest possible valué

(zero), in experiment 15; and the only possible valué (zero), in experiment 16.

- A very low average social performance, in experiment 14; the highest possible
valué (zero), in experiment 15; and the only possible valué (zero), in experiment
16.

- A moderately high average complete job performance, in experiment 14, and a

moderately low average complete job performance, in experiments 15 and 16.

— A médium average partial job performance.

- A médium average general performance, in experiment 14, and, a moderately low

valué, in experiments 15 and 16.

About the normative agents' violations to the system's norms

• Normative agents do not viólate norms 0, 1, 2, 3, 6 and 7, whenever they were appli
cable. However, they do viólate, in all cases, norms 4 and 5.

Interpretation

For experiments 1 to 13

Under normal conditions (of existing consequences for accomplishing and for violating the

system's norms), normative agents, which try to accomplish all the job norms and the traffic

norms, achieve very high average performances related to the number of picked up passen

gers, and to the avoidance of the passengers' complaints. However, in spite of being a very

important aspect of the agents' job, the time at which normative agents arrive to their termi

nal does not comply with the time specifications of the job (the average performance related
to this aspect is very low).

This fact shows that, under the established conditions in this case of study, the agents

that try to always accomplish with all job and traffic norms, are not able to do this, because

of the existent implicit contradictions in what it is mandated in those norms. Particularly,
in this case of study, the requested arrival time for the agents (specified in job norm 4) is not

enough for them, to do all the mandated tasks (specified in the job and traffic norms, whose

accomplishment implies an expenditure of time).

About the violations to the system's norms, normative agents, as it was expected, do not

commit violations to most of the job norms (except for the norm 4, which is directly related
to ending the trip on time), ñor to the traffic norms.
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On the other hand, and as it was expected, due to the fact that normative agents are not

interested in getting the appreciation of the non-normative bus driver agents, the average

performance related to this aspect was very near to zero (positively and negatively). However,

the average valué of this measurement could be worse for normative agents (it could had been

very negative, for example). Thus, normative agents do not get much acceptation of their

non-normative partners, but they neither do get much rejection of those agents. In relation

to this, we have that [peers] norm 5 is always violated for normative agents, because it is

opposite to [job] norm 0; however, [peers] norm 6 is always accomplished (whenever it is

applicable), because it is automatically accomplished when [job] norm 0 is accomplished.

About the global performance measurements, which are based in some, or all, of the

previously mentioned ones:

Global measurements are expected to indicate the global performance of the agents in

the system, in the job área and in general. Thus, we have that:

• If, for the agents' evaluation at work, are taken into account the number of passengers

picked up by the agents, the agents' arrival time to the terminal, and the number of

complaints received by each agent7 then, normative agents have a moderately high

average performance at work.

• If, for the agents' evaluation at work, are taken into account only the number of pas

sengers picked up by the agents, and the agents' arrival time to the terminal8 then,

normative agents have a médium average performance at work.

• In general, normative agents have a médium average performance.

We must highlight the fact that the average valúes of global performance measurements

are negatively affected for the low valúes of the average performance 2 (which is related to

the agents' arrival time to their terminal), producing not as high valúes.

For experiments 14 to 16

Next, an interpretation of what happened with normative agents in experiments 14, 15 and

16 is provided. Remember that, in experiment 14, no consequences for violating the system's

norms exist. In experiment 15, no consequences for accomplishing the system's norms exist.

And, in experiment 16, no consequences for accomplishing ñor for violating the system's

norms exist.

7 In this way, the evaluation represents the obtained results for both, the enterprise (632 bus route) and

the clients (passengers).
8
In this way, the evaluation represents the obtained results for the enterprise (632 bus route), but not for

the clients (passengers).
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Due to the fact that normative agents' behaviour is not guided for the consequences for

accomplishing ñor for violating the system's norms, this behaviour remains the same in all

the experiments (including the experiments 14, 15 and 16). Such behaviour includes the

average percentages of violations (and accomplishments) of the system's norms, which also

remain the same through all the experiments.

However, the performance measurements are affected directly for such consequences.

Additionally, we have that performance measurements 3 and 4 depend exclusively oí

those consequences, and that the consequences for accomplishing the system's norms are

the only ones that affect in a positive way to all the performance measurements (i.e. those

consequences increment the valúes of such measurements).

Then, we have that:

In experiment 14, the valúes of the average performance measurements for normative

agents are in the same categories than in the previous experiments, respectively. Thus, we

can conclude that the lack of consequences for violating the system's norms, keeping the

consequences for accomplishing them, does not affect significantly to normative agents.

In experiment 15, as it was expected, the average performance measurements 3 and 4 are

0. And, actually, those are very good valúes, because 0 is the highest possible valué, for those

performance measurements, in this experiment. Then, as a logical consequence, a decrease

in the valúes of the average global performance measurements 5 and 7, which are in function

of performance measurements 3 and 4, occurs. However, no other changes happen.

In experiment 16, as it was also expected, the valúes of the average performance measure

ments 3 and 4 are 0. Such valúes can not be qualified as good or as bad, because those are the

only possible valúes for such measurements, under this experiment's conditions. Addition

ally, as a logical consequence, it is also a decrease in the valúes of the average performance
measurements 5 and 7. However, no other changes happen.

Thus, ñor the lack of consequences for accomplishing the system's norms, ñor the lack

of any consequence for accomplishing or for violating such norms, affect the valúes of the

normative agents' performance measurements that are not related exclusively with those

consequences.

Next, an explanation about how affects the presence of non-normative agents to normative

agents is provided.

We have that normative agents' behaviour does not depend of the consequences of the

done accomplishments, ñor of the done violations, to the system's norms. And it neither

depends of other agents' behaviour (including the one of non-normative agents).

Then, normative agents' behaviour remains stable through all the experiments (includ
ing the average percentages of violations and accomplishments to the system's norms), and
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the valúes of the normative agents' average performance measurements do not suffer any

additional change related to the presence of non-normative agents.

Thus, the fact of acting alone, or with a group of non-normative agents, does not affect

the behaviour, ñor the performance, of normative agents.

5.3.2 Analysis and interpretation for non-normative agents

About the non-normative agents' different performance measurements

•

•

Under normal conditions (i.e. the existence of consequences for the done accomplish

ments and for the done violations), non-normative agents have:

- A very high average personal performance. It is important to highlight the fact

that most of the valúes of this particular average performance measurement belong
to the very high category of valúes; but not all of them (a few valúes belong to

the high category).

- A very low average performance 2, in experiments 6 to 10, and 13. A low valué,
in experiments 2 to 4, 11 and 12; and, a moderately low valué, in experiment 5.

- A very high average performance 3.

— A low average social performance, in experiments 2, 3 and 7. A moderately low

valué, in experiments 6 and 10, and, a médium valué, in experiments 4, 5 and 11.

On the other hand, non-normative agents get a low negative valué, in experiment

8, a moderately low negative valué, in experiments 9 and 12, and, a médium

negative valué, in experiment 13.

— A moderately high average complete job performance.

- A médium average partial job performance. It is important to highlight the fact

that most of the valúes of this particular average performance measurement belong
to the médium category of valúes; but not all of them (one of those valúes belongs
to the category of moderately high).

— A moderately low average general performance, in experiment 13. A médium

valué, in experiments 2, 3, 6, 7, 8, 9, 10 and 12; and, a moderately high valué, in

experiments 4, 5 and 11.

Eliminating the consequences for accomplishing the system's norms, for violating the

system's norms, or for both, non-normative agents have:

- A very high average personal performance, in experiments 14 and 15, and, a mod

erately high valué, in experiment 16.
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- A very low and low average performance 2, in experiments 14 and 15; and, a very

high valué, in experiment 16.

- A high average performance 3, in experiment 14. A low negative valué, in experi

ment 15, and a zero valué, in experiment 16. Notice that, in experiments 15 and

16, the best average performance 3 that can be obtained is zero.

- A low average social performance, in experiment 14, a médium negative valué, in

experiment 15, and a zero valué, in experiment 16. Notice that, in experiments

15 and 16, the best average social performance that can be obtained is zero.

— A moderately high average complete job performance, in experiment 14. A mod

erately low valué, in experiment 15, and, a médium valué, in experiment 16.

- A médium average partial job performance, in experiments 14 and 15, and, a high

valué, in experiment 16.

— A médium average general performance, in experiments 14 and 16, and, a low

valué, in experiment 15.

About the non-normative agents' violations to the system's norms

• Non-normative agents do, in average, a low percentage of violations to norm 0, in

experiments 1 to 15. In experiment 16, this average percentage is médium.

• Non-normative agents do, in average, a very low percentage of violations to norm 1, in

experiments 2 to 5, and 8 to 13. In experiments 6, 7 and 15, this valué is médium. In

experiments 14 and 16, this valué is moderately low.

• Non-normative agents do, in average, a low and a very low percentage of violations to

norm 2, in experiments 2 to 15. In experiment 16, this valué is moderately high.

• Non-normative agents do, in average, a low and very low percentage of violations to

norm 3, in experiments 4, 5, 8 and 9. In experiments 2, 3, 6, 7, 10 to 13, and 16, this

is a moderately low valué. In experiments 14 and 15, this is a médium valué.

• Non-normative agents, in experiments 1 to 15, always viólate norm 4. In experiment

16, however, they do not viólate this norm.

• Non-normative agents do, in average, a low and very low percentage of violations to

norm 5, in experiments 4, 5, 10, 11 and 16. In experiments 6 and 7, this valué is

moderately low. In experiments 2 and 3, this valué is médium. In experiments 8 and

9, this valué is moderately high and high. In experiments 12, 13, 14 and 15, this valué

is high and very high.
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• In the experiments where norm 6 is applicable (i.e. 4, 5 and 14), non-normative agents

always accomplish with this norm.

• In experiments 2 to 13, non-normative agents do, in average, a very low percentage of

violations to norm 7. In experiments 14 to 16, this valué is low.

Interpretation

For experiments 2 to 13

Non-normative agents' behaviour is guided by the consequences for their actions, including

the consequences for the done accomplishments and for the done violations to the system's

norms. Thus, a non-normative agent decides to perform the action that gives it the highest

utility.

Through experiments 2 to 13, several variations in some of the parameters used to cal

cúlate the utility of each decisión option are done. Additionally, those experiments can be

grouped in pairs of experiments with the same parameter valúes; but with a variation in the

kind of the acting agents (one of the experiments has a population of non-normative agents;

the other, has, additionally, a population of normative agents).

Next, an interpretation of the obtained results, based on each experiment's particular

conditions, is presented. But first, the results that remained without significant variations,

during all those experiments, will be mentioned and explained.

Some average performance measurements remain the same through experiments 2 to 13,

for non-normative agents. This is the case of the average measurements 1 and 3 (related
to the number of picked up passengers, and to the avoidance of the passengers' complaints,

respectively), which remain very high.

This shows that, under the established conditions, and, in spite of the done parameter

variations, it always results more profitable for non-normative agents to perform actions that

help them to achieve the goals of picking many passengers up and of avoiding the passengers'

complaints.

The average performance 2, remains low and very low through experiments 2 to 13 (except
for experiment 5, in which this valué is moderately low). This indicates that non-normative

agents rarely arrive on time to their terminal. However, this phenomenon will be studied

later, when the average percentage of violations to norm 4 be analyzed.

In this way, we have that the valúes of the average performance measurements 5 and 6,

which are exclusively related to average performance measurements 1, 2 and 3, also remain

in the same categories of valúes, respectively. Thus, the average complete job performance

remains moderately high, and the average partial job performance remains médium.
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This shows that, under the established conditions, and, in spite of the parameter varia

tions, non-normative agents' performance at work will be always rated as moderately high,
if there are taken into account the interests of the enterprise (the 632 bus route) and the

interests of the clients (the passengers), and, as médium, if there are taken into account only
the enterprise's interests.

About the average percentages of norms' violations, some of them also remain the same

through experiments 2 to 13. This is the case of: norm 0 (which remains low); norm 4 (which
is of 100%); norm 6 (which is of 0%); and norm 7 (which remains very low).

This means that, in general, to do actions that accomplish with norms 0 and 6 (which are
related to picking passengers up), and 7, results more productive, for non-normative agents,
than doing actions that viólate such norms.

However, and in spite of be important for non-normative agents to arrive on time to their

terminal, norm 4 is always violated by them.

This might have an explanation if we remember what happens with normative agents.
These agents try to accomplish with all job norms and traffic norms; however, they can not

do it, because of the implicit contradictions in what such norms dictate. The problem occurs

between norm 4 and the rest of the job and traffic norms whose accomplishment implies an

expenditure of time, because the specified time to end the trip on time is not enough for the

agents to achieve all the goals that such norms dictate.

In this way, and because non-normative agents are also very interested in picking many

passengers up (even more interested than in arriving on time), the time is not enough for

them, and violations to norm 4 occur.

This interest of picking many passengers up is reflected in the following elements: in the

very high importance assigned to the important aspect 0; in the very high obtained average

performance 1; in the very low and low average percentage of violations to norms 0, 2 and 6;

and, at some experiments, in the not as low valúes of the average percentages of violations

to norms 1 and 3 (which prohibit to pick passengers up, under certain conditions).

Next, the results that comparatively variated through the experiments 2 to 13 will be

mentioned and interpreted. Such results will be presented by pairs of experiments (exper
iments with the same conditions, but with different population of agents). The groups of

experiments will be: 2 and 3; 4 and 5; 6 and 7; 8 and 9; 10 and 11; and, 12 and 13.

The results and interpretations will be valid for both experiments of the corresponding

pair, unless it be specified otherwise.

Notice that average performance 2 is indirectly related to the average percentage of viola

tions to norms 1, 2 and 3 (through the assigned consequences for the aspect 1, the one related

to the agents' trip time); the average performance 4 is directly related to the average per

centage of violations to norm 5; and, the average general performance (average performance
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7) is directly related to average performance 2 and average performance 4.

• Experiments 2 and 3:

In such experiments, the importance valúes of the agents' important aspects are as in

the beginning. No variations in them exist.

About the average performance measurements, the average performance 2 is low; the

average performance 4 is low; and the average general performance is médium.

Thus, after applying the consequences for the done accomplishments and for the done

violations to the system's norms, non-normative agents have still a poor performance
related to their arrival time to the terminal; they obtain only a little appreciation of

their partners; and, in general, their performance is médium.

About the average percentage of violations to the system's norms, the average percent

age of violations to norm 1 is very low; the average percentage of violations to norm 2

is very low; the average percentage of violations to norm 3 is moderately low; and, the

average percentage of violations to norm 5 is médium.

Thus, we have that non-normative agents almost always let the passengers to get off

the bus, when they ask it; almost never, they pick a passenger up out of a bus stop;

sometimes, they pick more passengers up than the allowed by their boss; and, the half

of times, they do not support their partners, by leaving the next bus stop's passengers.

About how the presence of normative agents affects non-normative agents, as we can see,

no differences in the average performance measurements, ñor in the average percentages
of violations to the system's norms occur.

Thus, we can conclude that, for this pair of experiments, the presence of the group of

normative agents does not affect significantly to non-normative agents in any way.

The results obtained in the next pairs of experiments, will be compared with the results

of this pair of experiments.

• Experiments 4 o,nd 5:

In such experiments, the importance valué of aspect 0 is decremented in a 50%.

Thus, we have that the average performance 2 remains low, in experiment 4, and,

increases from low to moderately low, in experiment 5; the average performance 4

increases, from low to médium; and, the average general performance increases, from

médium to moderately high.

This means that, when non-normative agents give less importance to the goal of pick

many passengers up, an increase in the average performance measurements 2 -when

non-normative agents act alone-, 4 and 7 occurs. Those performance measurements
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are the ones related to arriving on time, obtaining and keeping other bus drivers'

acceptance, and the agents' general performance, respectively.

The changes of these valúes are produced because of the changes in the average per

centages of violations to some of the system's norms, which are interpreted next.

About the average percentage of violations to the system's norms, the average percent

age of violations to norm 1 remains very low; the average percentage of violations to

norm 2 increases, from very low to low; the average percentage of violations to norm 3

decreases, from moderately low to very low, in experiment 4, and, from moderately low

to low, in experiment 5; and, the average percentage of violations to norm 5 decreases,
from médium to very low.

This means that, when non-normative agents give less importance to the goal of pick

many passengers up, they do, in average, equal or less violations to norms 1, 3 and 5,

which indicates that non-normative agents try to respect more the job norms related

to not picking passengers up under certain conditions, and also the peers norm related

to not pick passengers up.

These phenomena might occur because the new most important aspect now is the one

related to arriving on time to the terminal. And, when an agent stops for pick some

passengers up, it spends time on it, which is not favorable for accomplishing the goal
of ending the trip on time, when the agent is late.

Additionally, now, the second most important aspect for non-normative agents is the

one related to obtain and keep the other bus drivers' acceptance. This also explains

part of the decrease of the average percentage of violations to norm 5.

On the other hand, a smooth increase in the average percentage of violations to norm 2

occurs, which indicates that, under the new conditions, it is bigger the number of times

that non-normative agents do not let the passengers to get off the bus, when they ask

to.

One explanation of this phenomenon is that the action of downloading passengers

implies an expenditure of time, which, if the agent is late, does not contribute to achieve

the goal of arriving on time to the terminal, and, because the new most important aspect

is the one related to the achievement of this goal, non-normative agents obtain a better

utility in violating norm 2 than in accomplishing it.

Another explanation is that, when non-normative agents decide to not stop in a bus

stop, if there are passengers to get off there, norm 2 is being violated.

Finally, norm 5 is accomplished more, which may imply more violations to norm 2.

However, still, norm 2 is accomplished most of the times by non-normative agents, in

average.
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About how the presence of normative agents affects non-normative agents, variations

occur in the average performance 2, where a better average performance is obtained

for non-normative agents acting alone; and, in the average percentage of violations to

norm 3, where a bigger decrement of this valué occurs for non-normative agents that

act with normative agents.

This means that, when non-normative agents assign less importance to the goal of

pick many passengers up, they get a better average arrival time performance (i.e. avg

performance 2), when they act alone; and, that, when they act with normative agents,
less frequently they pick passengers up, after the limit imposed by their boss has been

reached.

A possible explanation for the last phenomenon is that, when non-normative agents act

with normative agents, the opportunities of pick passengers up are distributed between

the two groups of agents, including those opportunities in which there are "extra"

passengers to pick up. Thus, non-normative agents have less opportunities to viólate

norm 3. On the other hand, if non-normative agents act alone, all those opportunities

are for them, and more violations to norm 3 may occur (as it happens).

However, the phenomenon results of the combination of the previously mentioned facts

with the decrease of the importance of having more passengers (including the "extra"

passengers).

• Experiments 6 and 7:

In such experiments, the importance valué of aspect 1 is decremented in a 50%.

Thus, we have that the average performance 2 decreases, from low to very low; the

average performance 4 increases, from low to moderately low, in experiment 6, and, it

remains low, in experiment 7; and, the average general performance remains médium.

This means that, when non-normative agents give less importance to the goal of ending

their trips on time, and when they are acting with normative agents, their performance

related to the arrival time is worse (as it was expected), and they obtain more accep

tance of their non-normative partners. However, this acceptance is still not as high.

Some of the changes on these valúes are produced for the changes in the average per

centages of violations to some of the system's norms, which are interpreted next.

About the average percentage of violations to the system's norms, the average percent

age of violations to norm 1 increases, from very low to médium; the average percentage

of violations to norm 2 remains very low; the average percentage of violations to norm 3

remains moderately low; and, the average percentage of violations to norm 5 decreases,

from médium to moderately low.

This means that, when non-normative agents give less importance to the goal of ending

their trips on time, they tend to pick more passengers out of the bus stops, because the
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most important aspect for non-normative agents is to pick many passengers up, and,
because now it is fine for them to spend time on it (arrive on time is not so important) .

Additionally, they tend to be more supportive with their partners, when they are asked

for leaving the next bus stop's passengers.

This phenomenon may occur because, now, the second most important aspect is the

one related to obtaining and keeping other bus drivers' acceptance.

About how the presence of normative agents affects non-normative agents, in this pair
of experiments the only affected valué is the average performance 4, which increases

only in experiment 6.

This means that, in this case, being with a group of normative agents makes the non-

normative agents more supportive with their non-normative partners.

An explanation of this might be the combination of three main facts: the first is the

fact that normative agents do not ask for help, thus, there are less opportunities in

which non-normative agents can viólate norm 5; the second is the fact that the help

petitions are done also to normative agents, thus, there are even less opportunities for

non-normative agents to viólate norm 5; and, the third fact is that aspect 3 is the new

second most important aspect for non-normative agents.

• Experiments 8 and 9:

In such experiments, the importance valué of aspect 2 is incremented in a 50%.

Thus, we have that the average performance 2 decreases, form low to very low; the

average performance 4 decreases, from low to low negative, in experiment 8, and, from

low to moderately low negative, in experiment 9; and, the average general performance
remains médium.

This means that, when the non-normative agents give more importance to avoid the

passengers' complaints, their performance related to their arrival time decreases, and

they obtain rejection for their non-normative partners.

Some of the changes on these valúes are produced for the changes in the average per

centages of violations to some of the system's norms, which are interpreted next.

About the average percentage of violations to the system's norms, the average percent

age of violations to norm 1 remains very low; the average percentage of violations to

norm 2 remains very low; the average percentage of violations to norm 3 decreases,
from moderately low to low; and, the average percentage of violations to norm 5 in

creases, from médium to moderately high, in experiment 8, and, from médium to high,
in experiment 9.

This means that, giving more importance to avoiding the passengers' complaints, makes
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non-normative agents to avoid, more frequently, picking more passengers than the per
mitted by their boss.

This can be explained because violating norm 3 makes that passengers' complaints

emerge, and now, it is more important for non-normative agents to avoid passengers'

complaints.

Additionally, we have that it is very important for non-normative agents to not spend
time on picking passengers up, when they are late. Thus, although it is very important
for non-normative agents to pick more passengers up, now, when these agents are late,
it might produce more utility to not pick "extra" passengers up than to do it, because

of the high importance valúes of aspects 1 and 2.

On the other hand, the fact of not picking passengers up, when they are on a bus

stop, also makes the passengers' complaints to emerge. Thus, and because of the new

importance of the aspect related to avoid those complaints, norm 5 is violated more

frequently, and this brings the rejection, for non-normative agents, from their non-

normative partners.

About how the presence of normative agents affects non-normative agents, we have

that non-normative agents obtain less rejection of their non-normative partners when

they are acting with normative agents than when they are acting alone, and that non-

normative agents do more violations, in average, to norm 5 when they are alone, than

when they are not.

An explanation of those phenomena is that, with two populations of agents, non-

normative agents tend to receive less help petitions related to norm 5, because help

petitions are asked to both, normative agents and non-normative agents, and because

normative agents do not send help petitions.

On the other hand, with only one population of non-normative agents, more help

petitions are generated, and also, more help petitions are received by non-normative

agents. Thus, if more help petitions are received, more violations of norm 5 by non-

normative agents might occur, and more rejection of the partners is obtained.

Additionally, it is the fact of the increase of the importance of avoiding passengers'

complaints, for non-normative agents. Thus, because accomplishing with norm 5 gen

erates passengers' complaints, non-normative agents do, in average, more violations to

this norm.

• Experiments 10 and 11:

In such experiments, the importance valué of aspect 3 is incremented in a 50%.

Thus, we have that the average performance 2 decreases, form low to very low, in

experiment 10, and remains low, in experiment 11; the average performance 4 increases,

from low to moderately low, in experiment 10, and, from low to médium, in experiment
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11; and, the average general performance remains médium, in experiment 10, and,

increases, from médium to moderately high, in experiment 11.

This means that, when the non-normative agents give more importance to obtain and

keep other bus drivers' acceptance, they tend to have a worse performance related to

their arrival time, when they act with normative agents; they receive more acceptation

of their non-normative partners; and, they have a better performance in general, when

they act alone.

Some of the changes on these valúes are produced because of the changes in the average

percentages of violations to some of the system's norms, which are interpreted next.

About the average percentage of violations to the system's norms, the average per

centage of violations to norm 1 remains very low; the average percentage of violations

to norm 2 remains very low; the average percentage of violations to norm 3 remains

moderately low; and, the average percentage of violations to norm 5 decreases, from

médium to very low.

This means that, giving more importance to obtain and keep other bus drivers' accep

tance, makes non-normative agents to be more supportive with their partners, by doing

more accomplishments, in average, to norm 5, as it was expected.

This brings more acceptance of their partners, but, at the same time, some negative

consequences related to the important aspect 1 and to the average performance 2.

However, such negative consequences produce only a smooth negative change in that

average performance measurement.

About how the presence of normative agents affects non-normative agents, we have

that non-normative agents have a worse performance related to their trip time, when

they interact with normative agents.

On the other hand, they obtain more acceptance of the other non-normative bus driver

agents, when they act alone; and, they obtain a better general actuation, when they

are alone, than when they act with a group of normative agents.

The explanation of these phenomena is very similar to the provided for previous pairs

of experiments.

In this case, when non-normative agents act alone, more help petitions related to norm

5 may emerge, and all those petitions are received by non-normative agents. In this

way, non-normative agents have more opportunities of accomplishing norm 5 when they

are alone, which generates more appreciation for such agents. And, as a result, a better

average general performance is produced for non-normative agents that act alone.

• Experiments 12 and 13:

In such experiments, the importance valué of aspect 3 is decremented in a 50%.
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Thus, we have that the average performance 2 remains low, in experiment 12, and

decreases, from low to very low, in experiment 13; the average performance 4 decreases,

from low to moderately low negative, in experiment 12, and, from low to médium

negative, in experiment 13; and, the average general performance remains médium, in

experiment 12, and, decreases, from médium to moderately low, in experiment 13.

This means that, when the non-normative agents give less importance to obtain and

keep other bus drivers' acceptance, they tend to have a worse performance related to

their arrival time, when they act alone; they receive the rejection of their non-normative

partners; and, they have a worse performance in general, when they act alone.

Some of the changes on these valúes are produced because of the changes in the average

percentages of violations to some of the system's norms, which are interpreted next.

About the average percentage of violations to the system's norms, the average per

centage of violations to norm 1 remains very low; the average percentage of violations

to norm 2 remains very low; the average percentage of violations to norm 3 remains

moderately low; and, the average percentage of violations to norm 5 increases, from

médium to very high.

This means that, giving less importance to obtain and keep other bus drivers' accep

tance, makes non-normative agents to not be supportive at all with their partners

(which is less support than the expected), in reference to the help petitions related to

norm 5, and this, as a consequence, brings rejection to non-normative agents.

The explanation of such phenomenon is that, under the new circumstances, the most

important aspects for non-normative agents are the ones related to pick many passen

gers up and to end the trip on time. Before, the important aspect 3 was in third place

of importance, with a médium valué; but now, it is the less important aspect, with a

moderately low valué.

Thus, non-normative agents obtain higher utilities when they perform actions that

satisfy the goals related to the important aspects 0 and 1, than when they perform

actions that satisfy the goals related to the important aspects 2 and 3.

About how the presence of normative agents affects non-normative agents, we can see

that non-normative agents have a worse performance related to the trip time when they

act alone; they obtain more rejection of their partners when they act alone; and, they

obtain a worse general actuation when they act alone.

An explanation of such phenomena is also similar to the provided for some of the

previous pairs of experiments.

Here, when non-normative agents act alone, they tend to receive more help petitions

related to norm 5, because all those petitions are received by non-normative agents

(i.e. there are no normative agents to receive them), and because it tends to exist more
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help petitions in a population of only non-normative agents (normative agents do not

genérate those petitions).

Additionally, it is the fact of the decrease of the importance of obtaining and keeping
other agents' acceptance, for non-normative agents.

In this way, non-normative agents have more opportunities of violating norm 5 when

they are alone and they do it, generating more rejection from their partners to them.

And, as a result, a worse average general performance is also produced, for such agents.

Now, we can conclude which are the experiments that produce the best results, and which

are the ones that produce the worst results, for non-normative agents.

The experiments that produce the highest valúes of the average performance measure

ments, and the lowest valúes of the average percentages of violations to the system's norms,
are considered the experiments with the best results.

And, the experiments that produce the lowest valúes of the average performance mea

surements, and the highest valúes of the average percentages of violations to the system's

norms, are considered the experiments with the worst results.

Thus, experiments 4 and 5 are which produce the best results for non-normative agents.
And we can conclude that, under the case of study's conditions, the best parameter variation

is to reduce in a 50% the importance of the aspect 0 (the one related to pick many passengers

up).

On the other hand, experiments 12 and 13 are which produce the worst results for non-

normative agents. Thus, we also can conclude that, under the case of study's conditions,
the worst parameter variation is to reduce in a 50% the importance of the aspect 3 (the one
related to obtain and keep other bus drivers' acceptance).

For experiments 14 to 16

Next, an interpretation of the obtained results of experiments 14, 15 and 16, based on each

experiment's particular conditions, is presented.

Remember that, in those experiments, two groups of agents particípate, one of normative

agents and one of non-normative agents. In such experiments, the initial conditions (about
parameter valúes) are used; however, variations in the existent consequences for accomplish
ing and for violating the system's norms are applied.

And, due to the fact that non-normative agents base their behaviour in those conse

quences, it is expected that some variations in such behaviour, and in the valúes of the used

measurements (of agents' performance and of agents' violations to norms), occur.
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• Experiment 14-'

In this experiment, the consequences for accomplishing the system's norms exist; but

the consequences for violating such norms, do not.

There, the average personal performance remains very high; the average performance 2

remains low; the average performance 4 remains low; the average complete job perfor

mance remains moderately high; the average partial job performance remains médium;

and, the average general performance remains médium.

Those facts indicate that the existence of only positive consequences, in combination

with the importance valúes of the agents' important aspects, are enough to encourage

non-normative agents to maintain the valúes of most of the performance measurements

at the same ranges or categories.

However, such conditions motivate non-normative agents to have a worse average per

formance 3 (from very high to high), the one related to the avoidance ofthe passengers'
complaints.

This phenomena might have an explanation in an increase of the average percentages
of violations to some of the system's norms. Thus, if less accomplishments to norms

are done, the agent obtains less positive consequences, and, the average performance

3, which depends exclusively of such positive consequences, decreases.

In the case of the average performance 4, which also depends exclusively of those

positive consequences, this phenomenon does not occur. The reason is that, the positive

consequences (related to this performance measurement) are as high as the negative
ones (but opposite). Thus, it results the same if several accomplishments and several

violations to the related norms (i.e. the norms whose accomplishment and violation

influence in the valué of this measurement) occur, than if only a few accomplishments
to such norms occur (as it happens).

About the average percentage of violations to the system's norms, such valúes remain

the same for norms 0 (low), 4 (very high) and 6 (very low); however, the average

percentages of violations of the rest of the norms increase. Thus, the valué for norm 1

increases, from very low to moderately low; for norm 2, from very low to low; for norm

3, from moderately low to médium; for norm 5, from médium to high; and, for norm

7, from very low to low.

Thus, in this experiment, non-normative agents tend to do more actions related to pick

many passengers up (which is the most important aspect for the agents), by doing the

same percentage of accomplishments, in average, to norms 0 and 6, and by increasing
their average percentages of violations to norms 1, 3 and 5.

Notice that, in this experiment, an increment in such average percentages is an expected

phenomena (because of the lack of bad consequences for the done violations).
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On the other hand, the increment of the average percentage of violations to norms 2 and

7 might have an explanation in the fact that, in some cases, accomplishing them does

not contribute to achieve the most important goals of the agents (pick many passengers
up, and arrive on time).

• Experiment 15:

In this experiment, the consequences for violating the system's norms exist; but the

consequences for accomplishing such norms, do not.

There, the average personal performance remains very high, and the average partial

job performance remains médium. The average performance 2 decreases, from low to

very low; the average performance 3 decreases, from very high to low negative; the

average performance 4 decreases, from low to médium negative; the average complete

job performance decreases, from moderately high to moderately low; and, the average

general performance decreases, from médium to low.

Those facts indicate that non-normative agents keep selecting actions related to obtain

many passengers, and to (try to) arrive on time to their terminal (which are the two

most important aspects for the agents). Thus, the related performances (i.e. average

performances 1, 2 and 6) maintain, in average, their valúes, or their decrease is not

very noticeable.

A reason of this phenomena is that the only positive valúes of decisión matrices, after

eliminating the consequences for accomplishing the system's norms, are those related

to do each possible action.

Such valúes are in the actions área of the decisión matrix doing. And, such consequences
for doing the possible actions are only applicable for aspects 0 and 1 (and their valúes

depend of each decisión option), which are the aspects related to the performance
measurements 1 and 2, respectively.

This fact, in addition to the application of the corresponding bad consequences (for
the done violations to the system's norms), for each agent's decisión option, generates
those phenomena.

On the other hand, the valúes of the rest of the average performance measurements

decrease remarkably, specially those that only depend on the consequences of the done

accomplishments and violations. This is the case of the average performance measure

ments 3 and 4, whose best possible valué in this experiment is 0. Thus, for those

measurements, only negative contributions can be obtained, each time that a related

norm is violated (as it happens).

About average performance measurements 5 and 7, their valúes depend directly of some

of the valúes of the other average performance measurements, particularly the average
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performance measurements 3 and 4. Thus, their decrease is a logical consequence of

the previously mentioned facts.

About the average percentage of violations to the system's norms, such valúes remain

the same for norms 0 (low), 4 (very high) and 6 (very low); however, the average

percentages of violations of the rest of the norms increase. Thus, the valué for norm

1 increases, from very low to médium; for norm 2, from very low to low; for norm 3,
from moderately low to médium; for norm 5, from médium to high; and, for norm 7,
from very low to low.

Thus, the average percentage of violations to norms related to obtain many passengers

(i.e. norms 0 and 6) remains, and, there is a remarkable increase in the average percent
age of violations to the norms which mándate to not pick passengers up under certain

conditions (i.e. norms 1, 3 and 5), thus, again, non-normative agents' actions are those
that help them to achieve the goals of obtain many passengers, and, secondarily, of try
to end their trips on time.

An explanation of those phenomena was previously provided.

Finally, the increment of the average percentage of violations to norms 2 and 7 might
have an explanation in the fact that, in some cases, accomplishing them does not

contribute to achieve the most important goals of the non-normative agents (pick many

passengers up, and arrive on time).

• Experiment 16:

In this experiment, no consequences for accomplishing ñor for violating the system's
norms exist.

There, the agents' average personal performance decreases, from very high to mod

erately high; the average performance 2 increases, from a low valué to the highest

possible valué (1); the average performance 3 decreases, from very high to very low (0);
the average performance 4 decreases, from low to very low (0); the average complete

job performance decreases, from moderately high to médium; the average partial job

performance increases, from médium to high; and, the average general performance
remains médium.

In this experiment, the only valúes that contribute to the valúes of the average perfor
mance measurements, are those of the actions área oí the decisión matrix doing, which

represent the consequences for doing each action. Such valúes are positive.

And, as it was mentioned before, those positive consequences are exclusively applicable
to the agents' important aspects 0 and 1, which are related to the average performance
measurements 1 and 2, respectively

This fact, in combination with the respective importances of such important aspects

genérate the obtained results.
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Then, as it was expected, an increment, a valué maintenance, or a smooth decrement

(in the worst case) occur for the average performance measurements 1 and 2. Thus,

remarkably, now all non-normative agents arrive on time to their terminal; but, on the

other hand, their average personal performances are not as good. Such facts reflect,

again, that the arrival time might not be enough to accomplish all the mandated tasks,

specially the task of pick all the [possible] passengers up.

In consequence, the average partial job performance also increases.

The valúes of the average performance measurements 3 and 4, which depend exclu

sively of the consequences of the done accomplishments and the done violations, are,
as a direct consequence of the elimination of such consequences, 0. Then, the rest of

the average performance measurements are only reflecting the ups and downs of the

average performance measurements 1, 2, 3 and 4. However, their variations are not

considerables.

About the average percentage of violations to the system's norms, such valúes remain

the same for norms 3 (moderately low) and 6 (very low); however, the average percent
ages of violations of the rest of the norms variate. Thus, the valué for norm 0 increases,
from low to médium; the valué for norm 1 increases, from very low to moderately low;
the valué for norm 2 increases, from very low to moderately high; the valué for norm 4

decreases, from very high to very low; the valué for norm 5 decreases, from médium to

low; and, the valué for norm 7 increases, from very low to low.

Then, now, non-normative agents do not do as much violations to the norms that

mándate to not pick passengers up, under certain circumstances (i.e. norms 1 and 3);
and, on the other hand, they do more violations to the norm that mándate to pick

passengers up (i.e. norm 0).

The explanation of such phenomena might be that, now, non-normative agents try to

do all the possible to arrive on time, which means to not pick several passengers up, to

not stop to download passengers, and to obey less the traffic norms.

As a consequence, non-normative agents arrive on time to their terminal, and norm 4 is

always accomplished for them. And, on the other hand, non-normative agents provide
more support to their partners, by leaving the passengers of several bus stops (i.e. more

accomplishments to norm 5 are done).

Considering only experiments 14, 15 and 16, experiment 14 is the one that produces the

best results, and, on the other hand, experiment 15 is the one that produces the worst results,
for non-normative agents.

Thus, under the case of study's conditions, the best strategy of elimination of consequences
is to only remove the ones related to the violation of the system's norms; and, the worst

strategy, is to only remove the ones related to the accomplishment of the system's norms.
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5.3.3 Comparisons between normative agents and non-normative

agents

If we compare the behaviour of the normative agents with the behaviour of the non-normative

agents, using the same established ranges (or categories) of valúes, we have the following facts.

In experiments 1 to 13

• The average personal performance of both groups of agents is very high.

• The average performance 2 is equal or better for non-normative agents.

• The average performance 3 is very high, for both groups of agents.

• When it is positive (in most of the experiments), the average social performance of non-

normative agents is better than the average social performance of normative agents (in
some cases, in a very superior way). On the other hand, when this valué is negative
for non-normative agents, it is worse than the average social performance of normative

agents (in some cases, considerably).

• The average complete job performance is moderately high, for both groups of agents.

• The average partial job performance is médium, for both groups of agents.

• The average general performance is, in most of the cases, equal or better for non-

normative agents.

In experiments 14 to 16

• The average personal performance is equal or better for normative agents.

• The average performance 2 is equal or better for non-normative agents.

• The average performance 3 is equal or better for normative agents.

• The average social performance is, in general, better for normative agents.

• The average complete job performance is equal or better for non-normative agents.

• The average partial job performance is equal or better for non-normative agents.

• The average general performance is, in general, better for non-normative agents.
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Additionally, if we see the graphics, we can conclude the following facts, for

experiments 1 to 13, and also for experiments 1 to 16

• The highest valué of average personal performance is obtained by normative agents.

• The highest valué of average performance 2 is obtained by non-normative agents.

• The highest valué of average performance 3 is obtained by normative agents.

• The highest valué of average social performance is obtained by non-normative agents.

• The highest valué of average complete job performance is obtained by non-normative

agents.

• The highest valué of average partial job performance is obtained by non-normative

agents.

• The highest valué of average general performance is obtained by non-normative agents.

• The lowest valué of average personal performance is obtained by non-normative agents.

• The lowest valué of average performance 2 is obtained by both, normative agents and

non-normative agents.

• The lowest valué of average performance 3 is obtained by non-normative agents.

• The lowest valué of average social performance is obtained by non-normative agents.

• The lowest valué of average complete job performance is obtained by non-normative

agents.

• The lowest valué of average partial job performance is obtained by non-normative

agents, for experiments 1 to 13, and, by normative agents, for experiments 1 to 16.

• The lowest valué of average general performance is obtained by non-normative agents.

About the average percentages of violations to the system's norms, and taking
into account all the done experiments

• Non-normative agents do less violations to norm 4 than normative agents9

• Non-normative agents do less violations to norm 5 than normative agents.

9
See the results of the experiment 16.
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• Non-normative agents always accomplish with norm 6, whenever it is applicable, and

the same happens with normative agents.

The rest of the norms are always accomplished by normative agents, and, most of the

times, violated by non-normative agents (with different average percentages of violations,

depending of each experiment and of each norm).



Chapter 6

Conclusions and future work

In a multi-agent system, many agents can exist and interact to achieve their individual and/or
common goals. Such agents may come from different systems, have different capabilities, be

implemented in distinct ways, and have diverse desires, intentions and goals to achieve in the

system.

Thus, the necessity of some norms that regúlate the agents' behaviour arises. From norms

that indicate how agents must do their actions over the system to avoid errors, to norms that

suggest certain behaviours for the relations between agents. In this way, normative multi

agent systems emerge.

Norms are specified through several elements, from which are highlighted the following:
the normative goals that must be achieved; the set of agents to which the norm is directed

(addressee agents); the context in which the norm is applicable; the consequences for accom

plishing the norm (optional); and, the consequences for violating the norm (optional).

Additionally, norms can be originated in the own system, in the agents themselves, or in

the agent societies (or agent groups). They can be oriented to regúlate any part, internal or

external, of the agents' behaviour. And, they may also have several characteristics, related

to their dynamism, the time for which they are valid, the items to which they are applicable,
the agents to which they are directed, the possibility of being violated, etc.

Agents to which norms are applicable can belong to one of the following classes: normative

agents (which perform normative behaviour) or non-normative agents (which perform non-

normative behaviour).

Normative agents1 obey all the norms of which they are aware or do as much as possible
to obey them. Thus, a normative agent may viólate a norm only if it does not know the norm;

because some circumstances beyond the agent's control; in order to deal with exceptional or

unanticipated circumstances; or, in order to deal with opposite norms.

1
According to the particular definition and characteristics established in this thesis work.

183



184 CHAPTER 6. CONCLUSIONS AND FUTURE WORK

In all these cases, the agent does not have another option than viólate the norm(s). Such

norm(s) is(are) selected using a set of priorities that establishes an order of importance for

the accomplishment of the existent norms.

In this way, such violation of norms is not considered as non-normative behaviour.

On the other hand, non-normative agents2 may obey, or not, the norms of which they
are aware. A non-normative agent violates norms because it chooses to do it, or, in some

cases (which are not part of the study of this thesis work), because of built-in constraints.

Non-normative behaviour was the central theme of this thesis work. Here, the main

proposal was an algorithm to produce non-normative behaviour in non-normative agents.

There are other works about non-normative behaviour in agents; however, they are at

tached to particular architectures of agents, or to particular representations of norms in the

agents.

On the contrary, in this work, the proposed algorithm was aimed to be more general (it is

not attached to a specific agent architecture; ñor to a specific representation of norms; ñor to

a specific programming language), more intuitive and more simple. And, as a consequence,

applicable to the non-normative agents of several systems.

Such algorithm consists in four general statements that can be particularized for the

non-normative agents of a specific system.

The core of the proposed algorithm is based in a utility approach. For each agent, a utility
must be previously assigned for the accomplishment and for the violation of each norm to

which the agent is subjected. Such utilities are used to calcúlate a utility for each decisión

option that the agent has (according to the accomplished norms, and to the violated norms,

that each decisión option implies). Additionally, other relevant elements and utilities can be

used to do this calculus. Finally, the agent selects one decisión option to perform, based in

the utility of each one of them.

This algorithm does not say how to assign the utilities to the consequences of accomplish

ing and of violating the system's norms. Ñor does it say how to calcúlate the utility of each

decisión option. And, it does not provide a criteria to select between the different decisión

options that the agent has, based on their respective utilities. The reason is that all those

elements depend of the particular system in which the algorithm is applied.

In order to make this algorithm to work properly, it is required detailed information

about: the agent itself (its goals and interests); other agents (possibly); the agent's society

(possibly); the agent's environment; the actions that the agent can perform in the system,

and their consequences (probably); and, specially, the norms to which the agent is subjected,
and the consequences for accomplishing and for violating them.

2
According to the particular definition and characteristics established in this thesis work.
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If the agent does not have a complete information about the elements that play an im

portant role in its decisions, the algorithm may have a bad performance, and the obtained

results might be uncertain.

To illustrate how the proposed algorithm might be implemented in a system, and to

study the produced non-normative behaviour, such algorithm was implemented in the non-

normative agents of a case of study

The case of study presented in this thesis work is about a public transportation bus route

in Jalisco, México. In such bus route exists a set of bus drivers that travel over a circuit

(which starts and ends in a terminal), picking up and downloading passengers. In such circuit

may exist several elements, as: semaphores, bus stops, and passengers3

Bus drivers are employees, job partners and citizens of the State of Jalisco. Then, they
are subjected to the different norms of the social groups to which they belong. In the case

of study's simplification used in this thesis work, only some of those norms are taken into

account. Thus, bus drivers are subjected to a set of job norms, a set of peers norms and a

set of traffic norms (derived from the traffic law of Jalisco). And, as it might be expected,
bus drivers not always accomplish with the norms to which they are subjected.

Bus drivers have their own personal goals. In the case of study's simplification used

here, those goals are: to obtain many passengers; to end a complete trip on time; to avoid

passengers' complaints; and, to obtain and keep other bus drivers' acceptance. Bus drivers

have, however, different grade of interest in achieving each one of those goals.

This case of study (a simplification of it) was translated into a normative multi-agent sys
tem with non-normative agents (representing the bus drivers). Such system was implemented
in NetLogo4

In the non-normative agents of this system, the proposed algorithm was particularized
and implemented assigning vectors of utility valúes5 (instead of single utility valúes) for

the accomplishment and for the violation of each existent norm. Each vector represents the

obtained utility divided into individual utilities, each one related to the achievement of each

goal that the agent has. In this case, there exist four main goals. Thus, the utility vectors

are of length four. Additionally, there are used the same utility vectors to represent the

consequences of performing each possible action in the system.

With such vectors, and taking also into account the grade of interest in reaching each goal,
a utility for each decisión option that the agent has at a particular moment is calculated.

3
In this thesis work, a simplification of the original case of study was used. Thus, only the most relevant

information, for our study, was taken into account.

4
NetLogo is a prograrnmable modeling environment for simulating natural and social phenomena, which

develop over time.

5 The valúes of such vectors were built-in valúes, assigned with the system off-line. Such valúes were

assigned according to the observations done to the real bus drivers' behaviour.
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Then, the agent chooses the option with the highest utility valué. And, if two or more options

have such valué, it is used a selection criteria over them.

The space and the time required to execute the implemented algorithm once are both

polynomial (at most), over the highest valué from the following: the number of existent

norms; the number of possible actions; the number of goals (called also important aspects) oí

each agent; or, the highest number of different options for the agent's state about a particular

issue6

Those valúes were considered as variables (in spite of being constants), to know the effects

that varíate their valúes (e.g. to have more, or less, norms; to have more, or less, possible

actions to perform; to have more, or less, goals; to have more, or less, options for an agent's

state) would have in the algorithm's complexity.

About the experimentation phase, to study the results of the implemented algorithm for

non-normative behaviour, several experiments were carried out in the system. For doing this,

there was introduced, in some experiments, a population of normative agents.

Such agents represent the [ideal] bus drivers that always accomplish with the job and

the traffic norms (or, at least, try to do it). However, their behaviour is mainly guided by

the goal of picking passengers up, and of downloading passengers, in the correct places, and

respecting the imposed limits (norms 0 to 3), more than by the goal of arriving on time to

the terminal (norm 4).

Thus, in some experiments, normative agents interacted with non-normative agents, giv

ing us the possibility of study such interactions and of study and compare both behaviours,

the normative one and the non-normative one.

Additionally, the valúes of some important parameters were variated through the done

experiments. In this way, its effect in the agents' behaviour was studied.

Thus, in experiments 4 to 13, the importance valúes assigned to the important aspects,

or goals, that non-normative agents had were modified; in experiment 14, the consequences

for violating the system's norms were eliminated (they were set to 0); in experiment 15, the

consequences for accomplishing the system's norms were eliminated; and, in experiment 16,

no consequences for accomplishing ñor for violating the system's norms existed.

The obtained results were processed, and some performance measurements were used to

measure and evalúate the agents' behaviour, according to their achievements in the system.

Thus, there were used seven performance measurements. Four of them are basic, and the

other three, called global measurements, are based in them.

The measurements 1 to 4 evalúate, for each agent, respectively: the number of picked up

passengers; the time at which the agents ended their trips; the received, and the avoided,

See Chapter 4, Analysis of the algorithm.
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passengers' complaints; and, the acceptance, or rejection, of the job partners.

The performance measurements 5 to 7 evalúate, for each agent, respectively: the "com

plete" performance at work, which takes into account the number of picked up passengers,

the arrival time, and the received, and the avoided, passengers' complaints; the "partial"

performance at work, which only takes into account the number of picked up passengers

and the arrival time; and, the general performance, which takes into account the number of

picked up passengers, the arrival time, the received, or avoided, passengers' complaints, and,
the acceptance, or rejection, of the job partners.

Additionally, there were obtained the average percentages of violations to the system's

norms, done by the normative agents and by the non-normative agents of each experiment.

The average valúes of the performance measurements, together with the average percent

ages of violations to the system's norms, were analyzed, per group of agents, through the

different experiments, and some interesting results were obtained7

Conclusions

About norms, they may have different functions in a system. Some of them are essential for

the correct operation of the system, and some other are only to control agents' behaviour in

certain ways. Thus, norms of the second type are expected to be safer to viólate, in order to

avoid errors in the system.

About the necessary information, non-normative agents, in several applications8 must

have enough information, about themselves (their goals and interests); about the existent

norms and the consequences for their accomplishment and for their violation; about the

consequences for their actions; and, possibly, about their environment, about other agents
and about their society; in order to act for their own sake. Otherwise, agents' actions might

produce results against themselves.

Essentially, both kinds of agents, normative and non-normative, need enough information

about what they want to achieve in the system (i.e. about their personal, and global, goals),
because the condition of an agent of being normative, or non-normative, is usually not enough
to guide its decisions about which actions to perform.

However, it is also true that normative agents might be guided (at least, in part) in their
decisions by the normative goals of the existent norms. Thus, their decisión processes tend

to be less complicated than the ones of non-normative agents9

7
See Chapter 5, Analysis and interpretation.

8
We can not assure that such information is necessary, or even useful, for the non-normative agents of

all the possible applications.
9
It might not be the case, however, if the norms are not specific in what they mándate.
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About the proposed algorithm for non-normative behaviour, it is of "general" purpose,

intuitive and it does not involve complex concepts.

However, to produce the expected results, it requires that the agent has a lot of informa

tion about itself (i.e. its goals and interests, and the actions that it can perform), about its

society (i.e. the existent norms, and the consequences for violating them, and for accomplish

ing them), and possibly, about its environment (i.e. the consequences ofthe agent's actions)
and about other agents (i.e. their goals and interests).

It also requires a mechanism of translation of consequences (of the done accomplishments
and violations to the system's norms) to utilities for the specific agent, and also the establish

ment of utility functions that help the agent to determine the utility of each decisión option

that it has at a particular moment.

About the application of the proposed algorithm to our case of study, the assignation of

valúes to the consequences for accomplishing and for violating the system's norms, and to

the consequences for the agents' possible actions, was the longest phase.

It required the determination of which valúes were necessary, the design of data structures

to store such valúes, and valúes specification and calibration (in which we spent most of the

time).

As a result, we obtained a quite real behaviour for our non-normative agents.

About the done experiments and the obtained results:

• Non-normative agents had, in general, equal or better average global performances (i.e.

average complete job performance, average partial job performance, average general

performance) than normative agents.

• Non-normative agents had, in general, equal or better average performances than nor

mative agents, for most of the performance measurements. This fact is more noticeable

in experiments 1 to 1310 (when this happened with 6 of 7 measurements), than in

experiments 14 to 1611 (when this happened with 4 of 7 measurements).

• In general, and as it was expected, normative agents do less violations to the system's
norms than non-normative agents.

In fact, normative agents only viólate norms 4 and 5, while non-normative agents

viólate all the norms (with different average percentages of violations, through the

experiments) .

10
In those experiments, consequences for the done accomplishments and for the done violations to the

system's norms existed.
11
In those experiments, some consequences (for the done accomplishments, for the done violations, or for

both of them) did not exist.
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However, non-normative agents do less violations to those particular norms (i.e. norms
4 and 5).

• Non-normative agents obtain, for most of the performance measurements, the highest

average valúes; but, on the other hand, the lowest average valúes.

With this result, we can conclude that the non-normative agents of our case of study
can achieve in a better way their goals12

Thus, our hypothesis about if non-normative agents can achieve in a better way their

goals, established in Chapter 1, is true, for the non-normative agents of our case of

study.

This conclusión produces the following two.

• The normative behaviour of the normative agents of our case of study is recommended

in case that an average, but more stable, achievement of goals be required.

• The non-normative behaviour oí the non-normative agents of our case of study is recom

mended when an extraordinary, but possibly unstable (sometimes producing the lowest

results), achievement of goals be required.

Future work

Several works and ideas can be developed as a continuation of this thesis work.

Some of them are:

• An implementation of the proposed algorithm in other cases of study, including cases

with more norms and more possible actions for the agents to choose, and cases in which

statements (b) and (c) can be applied.

With such work, more information about the functioning and the applicability of the

proposed algorithm can be obtained, and a refinement of such algorithm might be done.

• The development of methodologies to find utility functions and/or to assign utility
valúes for the consequences of the done accomplishments and the done violations to

the norms of a system.

• Dynamic norms and non-normative behaviour, in dynamic normative multi-agent sys
tems.

12
We can conclude this, if we assume that a higher valué of a performance measurement indicates a better

achievement of the goals with which that measurement is related.
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In such work, the proposal is to investigate about how the behaviour of several non-

normative agents can lead to the modification of an existent set of norms (e.g. creating
new norms, modifying the existing ones, or even abolishing some of them).

Such modifications might be done, for example, in order to allow the agents to reach

their goals in a better way, to give the agents a better guide of action through certain

norms, to have only useful norms in the system, to adapt the system's norms to new

circumstances and necessities, etc.



Appendix A

Main abstract architectures for agents

The information of this appendix was mostly taken from [60] . However, the architecture for

agents which are subjected to norms is proposed in this thesis work.

In this appendix will be presented some of the main abstract architectures used to build

agents. These are:

• Architecture for simple reactive agents.

• Architecture for reactive model-based agents.

• Architecture for objective-based agents.

• Architecture for utility-based agents.

• Architecture for learning agents.

• Architecture for agents which are subjected to norms.

Two important elements to be defined, and which are present in all the agent architectures,
are:

• Sensors: elements with which an agent perceives its environment (or what the agent

can perceive of it) .

• Actuators: elements which react to a stimuli by performing an action. These elements

are used by an agent to act in its environment.

Before presenting the information, it is important to highlight the fact that all those ar

chitectures are only proposing concepts and elements, but these elements can be implemented
in different ways, as the developer wants to do it. It is also important to clarify that the

presented architectures are only abstract suggested models; but they may be modified by the

agents' developers as they consider it necessary.
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A.1 Architecture for simple reactive agents

Simple reactive agents select their next action to do only based in their actual perceptions
of their environment. Thus, a simple reactive agent acts by rules of condition-action, usually

taking the first rule which condition matches with the actual perception.

A diagram for architecture is presented in figure A.1.

AGENT
Sensors -*-

Howis thf

world now?

1 »

Condi-on-ai-tio-i

n___

WMt-li ac-oi. should I

perlbrm?

1 '

Actuators

Figure A.1: Architecture for simple reactive agents.

One of the advantages of this architecture is that it is not necessary for the agent to store

historical information about its environment, but only the actual relevant information.

A.2 Architecture for model-based reactive agents

Model-based reactive agents store an internal state of their environment. This state is based

on what the agent has perceived before, and what the agent perceives at the actual moment,
about its environment. This is useful when agents have a partial perception of their envi

ronment at each moment (thus, this state is expected to give to the agent useful information

that, at the actual moment, it can not observe).

To actualize this internal state, an agent needs two types of knowledge:

• The agent will need some information about how the world evolves, independently of

the agent's presence on it.
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• The agent will also need information about how its actions affect to the environment.

This information about how the world works is called a model of the world [or, a model

of the environment]. Additionally, it might be needed infonnation obtained from the actual

perception of the agent's environment, to actualize the agent's internal state.

Using this model and the condition-action rules, a model-based reactive agent can select

the next action to perform.

In figure A.2 is shown a diagram of this architecture.

AGENT

Figure A.2: Architecture for model-based reactive agents.

A.3 Architecture for objective-based agents

Because knowledge about the world, and about the agents' actions and their effects, is not

always enough for the agent tomake a decisión about which action to perform, the agent needs

too some infonnation about the goals or objectives that it has to pursue in the system. Thus,
the agent can select those actions which will lead it to a desirable situation (to accomplish
its goals). And, to do this, the agent also needs a mechanism to "simúlate" and know what

would happen (in relation to the agent's objectives) if it performs an action x or y.

In some oceasions . when the reaching of some agent's objective is the immediate result of

an individual action, the selection of the action based on objectives is done in a direct way.
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However, in some other occasions, it might be more complicated. This situation happens

when the agent has to considérate complex sequences of actions to find a way to accomplish

its objectives.

An objective-based agent is more flexible than a reactive agent. Objective-based agents

can be easily adapted to a different situations by giving them more knowledge about their

world, about their goals and about their actions' effects. Thus, agents can actually reason

about this knowledge, and act accordingly. However, to adapt a simple reactive agent for

acting in a new situation, there have to be written [a lot of] new condition-action rules.

A diagram for this architecture is given in figure A.3.

AGENT

Figure A.3: Architecture for objective-based model-based agents.

A.4 Architecture for utility-based agents

Goals, by their own, are not really enough to genérate a great quality behaviour, in most of

the environments. For example, there could exist many action sequences that lead the agent

to reach its goals; however, some of them are maybe quicker, faster, safer or cheaper than

the others.

Goals are only giving to the agent information about if some action will be useful, or not,

for achieving its goals; but they do not provide any information about the grade of "happi

ness" that the agent will get in certain state of the environment. This grade of happiness,
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which is particularly given to each agent, is called utility.

Thus, each environmental state, which is reachable by the agent at some point in time,

may have an assigned utility. In this way, those states might be compared, and the agent
could make its decisión based on these utilities.

A utility function projects a state (or a sequence of them) to a real number, which

represents a happiness level, at this state, for the particular agent. A utility function gives
the agent the possibility of making a decisión when there exist conflicts between the agent's

objectives (when only some of them can be reached). It is also useful when there are several

objectives which are not reachable with certainty, and which are equally desirable to achieve.

In this case, the utility provides a mechanism to know the probability of success in function

of the objectives' importance.

A diagram for this architecture is presented in figure A.4.

AGENT
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* I perform actíoii_l.

[ otaa» L Would Ibe happy at

that state?

Which -u-tion should I

perferm?

Actuators

Figure A.4: Architecture for utility-based agents.

A.5 Architecture for learning agents

This architecture is presented in a very abstract way, containing only the main concepts of

general learning agents.

A learning agent can be divided into four conceptual components, as it is shown in figure
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A.5.

The learning element is responsible of making improvements in the agents' elements. It

receives feedbacks of the critics about the agent's actuation, and determines how must be

modified the acting element to give better results in the future. Given an agent's design,
there can be constructed all the necessary learning mechanisms to improve each one of the

parts that constitute the agent.

Through the learning element, an agent can learn, and make the respective knowledge

modifications, about how the world evolves, which are the effects of its actions, etc.

Critics are an indicator of how well the agent is doing its tasks, referent to a fixed, and

external, actuation level. Critics are necessary, because perceptions, by themselves, do not

give an indication of the success, or the failure, of an agent. The actuation level must be

external, because the agent must not be capable of modifying it when it wants to.

The acting element is responsible for the selection of external actions. This element is

what had been considered as the complete agent, which received stimuli and selected the

actions to perform.

The problem generator is responsible of suggesting actions that will lead the agent to new

and informative experiences. If the actuation element follows its own way, the agent might

keep performing the "best" actions (according to the actual agent's knowledge); but, if the

agent explores and perform some actions that are not totally optimal in the short term, it

might discover better actions for the long term. The work done of the problem generator is,

precisely, to suggest such exploratory actions.

Learning, in agents field, can be defined as the process of modification of each agent's

component, to behave more in concordance with the information that it is being received,

which permits to improve the level of actuation of the agent.

Two advantages of learning are that it permits the agent to opérate on initially unknown

environments, and that it permits to the agent to be more competent than using only an

initial knowledge.

Finally, about the applications of learning agents, one of the goals in artificial intelligence
is to construct learning machines [and programs] ,

which could be then given some knowledge
to learn and apply.

A.6 Architecture for agents which are subjected to norms

This general architecture is proposed for agents which are subjected to some norms in their

systems. This architecture is applicable for both, normative and non-normative agents.
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Figure A.5: Architecture for learning agents.

The element of importance in this architecture is the set of norms to which the agent

is subjected. Thus, other elements are optional. However, this architecture was presented

using several elements of the previous architectures, to have a better conceptualization of

how it may work, and of how different elements and norms may interact between them. The

optional elements are represented with doted lines.

Figure A.6 shows this abstract architecture.

Next, a general explanation about how it might work is given.

First, the agent perceives its environment, and generates a conception about its world at

that moment. Additional knowledge, as how the world evolves, which are the effects of the

agent's actions, and a stored internal state of this environment, can be used to genérate a

more complete infonnation about the agents actual world.

The agent may then simúlate what would happen if it performs some action(s), using the

information that it has about its environment and about the existent norms. After these

simulations, the agent may evalúate if it would be happy at the reached state(s), and which

is the obtained grade of happiness. To do this, the agent may use a utility function, its

objectives, and the norms to which it is subjected (e.g. it is possible that the agent gives a

utility for the accomplishment of certain norm(s)). Then, the agent can decide which action

to perform next, using a selection criteria. In this last process, agents' norms and objectives

might also play an important role. Finally, the agent performs the selected action.
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Figure A.6: Architecture for agents which are subjected to norms.

A.7 Which architecture to use?

After the presentation of the main abstract architectures for agents, it is natural to ask which

is the better architecture to apply, given a specific problem.

The answer would be that probably a combination of all, or some, of them. Thus, having

an hybrid architecture. These architectures are characterized by the fact that the limits

between the different decisión components are not fixed. The used architectures (to make

the hybrid one) will be the ones that have elements that help better to the agent to solve the

specific problem, given certain restrictions (as in real time applications, for example).
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NetLogo

In this appendix, an explanation of NetLogo ([79]) and of the reasons to use it for this thesis

work are presented. The information about NetLogo was obtained from the NetLogo's user

manual1

B.l What is NetLogo?

NetLogo is a prograrnmable modeling environment for simulating natural and social phenom

ena, which develop over time. It was authored by UriWilensky in 1999, and it is in continuous

development, at the Center for Connected Learning and Computer-Based Modeling.

In models programmed in this environment, several agents (even hundreds or thousands

of agents) can act independently from each other, and in a concurrent way (if it is desired).
This makes it possible to explore the connection between the micro-level behaviour of the

individuáis and the macrc-level patterns that emerge from the interactions of those individ

uáis. There is also the possibility of modifying the different conditions and parameters of the

model, to produce different agents' and system's behaviour.

NetLogo contains several programed models about different phenomena (in a models li

brary), which can be run or modified, to explore the different behaviours ofthe agents. Those

models address many content áreas in the natural and social sciences, including biology and

medicine, physics and chemistry, mathematics and computer science, and economics and

social psychology.

NetLogo is simple enough that students and teachers can easily run simulations or even

build their own. And, it is advanced enough to serve as a powerful tool for researchers in

many fields.

1
Obtained from [41], the home page of NetLogo.
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NetLogo has also a tool called HubNet. With this tool, and through the use of networked

computers or some handheld devices, each student of a classroom can control an agent in a

simulation.

NetLogo is written in Java, so it can run on all major platforms (Mac, Windows, Linux).
It is run as a standalone application. Additionally, individual models can be run as Java

applets inside a web browser.

B.2 NetLogo features

• System:

-

Cross-platform: runs on Mac, Windows, Linux, etc.

• Language:

-

Fully prograrnmable.

-

Simple language structure.

-

Language is Logo dialect extended to support agents and concurrency.

- Mobile agents (turtles) move over a grid of stationary agents (patches) .

- Links between turtles, to make networks, can be created.

— Unlimited number of agents and variables.

—

Large vocabulary of built-in language primitives.

-

Integer and double precisión floating point math.

- Runs are exactly reproducible cross-platform.

• Environment:

- View of the models in 2D or in 3D.

— Scalable and rotating vector shapes (i.e. shapes can have different sizes, and they

can be facing to a specific point).
— Turtle and patch labels.

- Interface builder with buttons, sliders, switches, choosers, monitors, text boxes,

etc.

- Control strips, including a speed slider.

— Powerful and flexible plotting system.

- HubNet: participatory simulations using networked devices.
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-

Agent monitors for inspecting and controlling agents.

-

Export and import functions (export data, save and restore the state of a model).
— BehaviorSpace tool, used to collect data from múltiple runs of a model. Such runs

are done by automatically varying the parameters of the model that can be set in

the graphical interface (through sliders, switches and choosers).
-

System Dynamics Modeler. This tool was designed to make models in which the

behaviour of populations of agents, as a whole, is programed (instead of program-

ing single agents' behaviours). There are done diagrams about how populations
affect to each other, as groups, having certain available resources.

• Web:

- Models can be saved as applets to be embedded in web pages (note: some features

are not available from applets, such as some extensions and the 3D view).

B.3 Models in NetLogo

B.3.1 Main elements of a model in NetLogo

The main elements of a model in NetLogo are:

• The tabs: each model of NetLogo includes three tabs, which present the different

sections of a model. The interface tab brings to the screen the section in which the

model's user interface can be constructed. The procedures tab brings to the screen

the section in which the model's program can be written. Finally, the information
tab shows the section in which the information about the model can be written (this
model's information may include the following sections: what is it?, how to use it,

things to notice, things to try, extensions to the model, NetLogo special used features,

related models, credits and references).

• The buttons: a system's function can be assigned to each button. Thus, the person that

manipulates the model can control its execution by pressing those buttons. Usually,

models have two main buttons, which are also used for performing two main actions

(however, it is not mandatory that those buttons exist, ñor that they are used for the

suggested functions):

- The Setup button. Through this button, the initialization of the system is done

(which usually includes variables' initialization, agents' creation, environment's

creation and, possibly, a file's opening).
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- The Go button. Through this button, the system's execution can be: started,

stopped, and re-started again.

Buttons of a model can be once buttons or forever buttons. Once buttons do certain

actions in the system once. Forever buttons do certain actions in the system infinitely,

until the button is pressed again. Usually, the setup button is a once button, and the

go button is a forever button.

There may exist other buttons in NetLogo models; however, those were considered by

us as the main buttons of a NetLogo model.

• Sliders, switches and choosers: Those elements permit the user to modify some param

eters of the model (assigning determined valúes to some of the system's variables, or

changing those valúes), without directly programming such modifications.

- Switches indicate that some variable can be turned on (be 1) or turned off (be 0).

- With sliders, a numeric valué (from a continuous range of valúes) can be assigned
to a variable. The limits of the range and the increments between the valúes of

the range must be specified previously.

- With choosers, the valué of a variable can be selected from a defined set of options.

This valué is not necessarily numerical.

• Plots and monitors: these elements are used to display important data about the runs

of the models to the user.

- With plots, the behaviour of variables and agents can be putted into a graphic.

This graphic, and its changes, can be seen by the user over the system's execution.

- Monitors are other way to display information of a model. Each monitor shows the

valué of a variable, or a valué obtained through a repórter, at each time, through

the execution of the system. A repórter returns a valué, for example, the number

of agents of certain type that are in the view.

• The view: it is the two dimensional grid, or world, where the system's agents can be

drawn, and where their interactions can be seen. The view is composed by patches,
which are individual squares, of a specific color, in the grid. Through those patches,

the systems' turtles can interact. This grid has coordinates: at the center of the world

is located the (0,0) patch.

The view can also be changed. Some of those changes can be done while the model is

under execution; but some other changes can only be done before the system's execu

tion. Some of the possible changes and specifications for the view are:

- The size of the view (this can only be done with the stopped model).
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- The speed to which the system runs (this can be done with the running model or

with the stopped model).
- The system's image, when it is running, can be frozen at some point in time; but

the model still runs in the background, and plots and monitors still update. This

might be done because most models run much faster when the view is frozen.

- The turtles can be represented as simple color squares or with their original shape

(all agents can be initially defined with a shape, to differentiate them). When

turtles are represented as simple squares, the model runs faster (it is less work

for NetLogo to represent turtles as solid squares than to represent them with

particular elaborated shapes).
- The model can be seen at 3D image.

- The size of the patches can be defined.

- The font size, for turtles' and patches' labels can be defined.

- It can also be indicated if the view wraps horizontally, vertically, or both (as a

torus). Thus, a turtle that moves off the edge of the view can appear on the other

side.

• The command center: this is a section of each NetLogo model's interface, where com

mands can be given directly (by the user) to the model's agents (turtles, patches and

the observer). Those commands are executed by the model's agents immediately (even
with the running model), without having to write them into the model's program.

However, the command center does not make permanently changes to the model (those

changes will disappear when the setup button is pressed again). It is used more like a

tool for model's manipulation, to answer "what if...?" questions.

• The agents: there are three kinds of agents in NetLogo: turtles, patches and the

observer.

- The turtles: turtles are the mobile agents of NetLogo models. Turtles move and

interact through models' patches.

When turtles are created, a specific shape, color and size is assigned to them.

Additionally, a direction can be given to them (i.e. they can be heading to a

particular (x, y) point).

There might be created different kinds of mobile agents (turtles) in a NetLogo
model. Thus, there might be different breeds oí turtles. For each breed of turtles,
a specific shape, color and size is assigned.

To make reference to a specific turtle, each turtle has a who number, which is

unique for each turtle and can not be changed.
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The user can see and change turtles' variables (except for the who variable, which

can be seen, but not changed) through the turtles' monitors, which can be seen

by the user if it clicks on the desired turtle. This can be done while the system is

under execution, or when it is stopped.

- The patches: those agents créate the ground in which the turtles can move around

on and interact with each other. Patches are the static agents of NetLogo models.

The user can see and change patches' variables (except for the patches' coordinates,
which can be seen, but not changed) through the patches' monitors, which can

be seen by the user if it clicks on the desired patch. This can be done while the

system in under execution, or when it is stopped.

To make reference to a specific patch, each patch has unique coordinates (x,y),
which can not be changed.

- The observer: it is a being that oversees everything that is going on in the world.

Through the observer, a command to the patches, or to the turtles, can be given.

The observer does whatever the turtles and the patches can not do for themselves

(e.g. ask to the set of all turtles, or to the set of all patches, to do something).

All those agents can run NetLogo commands and procedures. A procedure combines

a series of NetLogo commands into a single new command, defined by the model's

developer.

Patches and turtles can have labels, which are putted next to them, and in which

important information about them is displayed. However, labels must be programmed

to be actualized (their actualization does not occur automatically).

In a NetLogo model may exist a set of global variables, which can be accessed and

modified by all agents. On the other hand, each agent has its own set of individual

variables. Those variables are defined by each class, and sub class (i.e. breeds of

turtles), of agents (instead of for each individual agent), and they can be initialized for

all the agents of a particular class; however, each agent has its own variables and can

assign them the valúes that it wants.

Figure B.l is an image of a NetLogo model, where are shown several of the main elements

that a model can have.

On the top of the figure, it can be seen the NetLogo model's ñame and the NetLogo menú.

Then, there can be seen three tabs, corresponding to the interface área, the information área,

and the procedures área. Then, at a lower position, are the NetLogo's controls for add

elements to the model.

At the center, on the left side, there can be seen the following elements:
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• A once button.

• A forever button.

• A slider for the Vari variable (which has a valué of 32).

• A chooser for the Vor2 variable (where one of four valúes for this variable can be

selected).

• A switch for the Var3 variable.

• A monitor for the Var4 variable.

• A plot, where the behaviour of variables x and y can be plotted.

Then, it is the view (the black box at the screen center). On the top of the view are

the arrows to control the view's size. Next to those arrows, it is the model's speed control.

Then, there are the buttons for turn on/off the model's shapes (to show them as they are,

or as squares), to freeze the view, to edit the view, and to see the view at 3D.

Inside the view, can be seen several agents (little arrows) with different colors, and in

different positions and orientations. There are also three colored patches (the other patches
are black, thus they can not be clearly distinguished in the view).

On the right side, there are two information boxes, one corresponding to a turtle ( Turtle

7) and one corresponding to a patch (Patch 2 0). There, information of these agents is

shown.

Finally, at the bottom of the image, it can be seen the Command Center, where commands

can be given to the model's agents directly, to be done immediately by them.

B.3.2 Main elements of the case of study's NetLogo model

The main elements used in the NetLogo model of the case of study of this thesis work are

shown in figure B.2.

In this figure can be seen three buttons: the setup button, the go button, and the cióse

file button. Only the go button is a forever button. There is also a text, explaining how to

stop the model correctly, according to what is in the program.

Inside the view there can be seen the patches, which are blue and represent the distance

and the non-distance nodes of the system. The patches representing the distance nodes have

a label indicating the represented distance.

There are also other elements, which are the other agents of the system:
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Figure B.l: A NetLogo model.

• An orange star, which is the buses' terminal.

• A bus, which is a bus driver agent (the buses can be pink or orange, which are the

normative and the non-normative bus driver agents, respectively).

• A circle, which is a semaphore (circles can be red or green, representing two states of

a real semaphore).

• A purple triangle, which is a bus stop.

• A person, which represents all the passengers on a node.

• A blue smiling face, which represents an entity that can see the agents' behaviour and

apply bad and good consequences to the agents. In this case, these tasks are done by

the system itself.

The rest of the elements correspond to a general NetLogo model. Such elements were

explained before.

B.3.3 Programming a model in NetLogo

To program a new NetLogo model, the following steps are suggested:
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Figure B.2: Model of the case of study.

1. It must be created the model's graphical interface, where can be created some of the

previously explained elements. As it was mentioned before, there are usually two

buttons, the setup button (a once button), for the model's settings, and the go button

(a forever button), to execute the model's procedures.

2. The necessary adjustments to the view must be done.

3. The procedures related to each button must be programmed.

4. Finally, some information about the model might be introduced into the model's infor

mation section.

B.3.4 Running a model in NetLogo

To run a model in NetLogo there are usually done the following steps:

1. The manual settings, which can be modified by the user in the model's graphical inter

face, must be adjusted.

2. The setup button, or the button which initializes the system, is pressed once.
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3. The go button, or the button which starts the main procedure of the system, is pressed.
If this button is a forever button, it must be pressed only once to start with the model's

execution; however, if this button is a once button, it must be pressed the number of

required times (i.e. the number of required executions of the system). When the model

is running, there can, usually, be seen the turtles moving trough the system, interacting
between them and, possibly, also with the model's patches.

4. To stop the model's execution, if the go button is a forever button, it must be pressed
once more; but, if the go button is a once button, the model already had stopped its

execution (this occurs after each time that this button is pressed).

B.4 Why NetLogo was used in this thesis work?

NetLogo was selected as the platform to implement the model corresponding to the case of

study of this thesis.

The main reasons for using NetLogo are the following:

• It has been designed and used for simulating social phenomena.

• It was designed specially for making models with independent agents, which can act

concurrently.

• It has a simple language structure.

• It has a large vocabulary of built-in language primitives.

• A variety of agents can be created.

• Agents' behaviours are easily implementable.

• Interactions between agents are easily prograrnmable.

• A graphical interface for each model can be constructed easily. In this interface, the

interactions between the model's agents can be seen, and some of the model's settings
can be manipulated.

• Agents' settings can be inspected or changed, at any given time, through the model's

graphical interface.

• A model's execution speed can be changed at any given time, through the model's

graphical interface.
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• The user can accelerate a model's execution even more, if it chooses to not to see all

the produced changes on the graphical interface (freezing this image), or if it chooses
to see the images of all the model's agents as simple colored squares.

• A model's data can be exported to a file.

• NetLogo can be used in all major platforms (Mac, Windows, Linux), because it is

written in Java.

• NetLogo is a free tool.

B.5 Versión of NetLogo used in this thesis work

The model of the system that represents the case of study used in this thesis work was

programmed in NetLogo, [free] versión 3.1.4-, February 2007.

The versión of Java under which this versión of NetLogo was executed is Java VM: 1.5.0-

05 (Sun Microsystems Inc.; 1.5.0-05-b05).
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Results tables of experiments 1 to 3

In this appendix, the obtained results from the experiments 1 to 3, described in Chapter 5,
are presented.

For each experiment, three tables with the obtained data are provided.

The elements of such tables are listed and explained next:

• ID: this is the identifier number of each participant agent.

• Type: this indicates the kind to which the agent belongs to: normative (norm), or
non-normative (N-norm).

• Num pas: this is the number of passengers that were picked up by each agent during
its trip.

• Total pas norm: this is the total number of passengers picked up by the normative

agents in the system.

• Total pas N-norm: this is the total number of passengers picked up by the non-

normative agents in the system.

• Total pas picked up: this is the total number of passengers picked up by the agents (of
both types) in the system.

• Total pas system: this is the total number of passengers that arrived to the system,

expecting to be picked up by some bus of the 632 bus route.

• Acc n.: this indicates the number of times that the norm n, was accomplished by the

agent.
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• Tot acc: this indicates the total number of accomplishments that the agent committed

during its trip.

• Vio n_: this indicates the number of times that the norm n. was violated by the agent.

• Tot vio: this indicates the total number of violations that the agent committed during

its trip.

Next, the tables of results of experiments 1-3 are presented.



ID Type Num pas

372 norm 245

373 norm 276

374 norm 283

375 norm 320

376 norm 325

377 norm 325

378 norm 321

379 norm 194

380 norm 308

381 norm 228

382 norm 247

383 norm 144

384 norm 262

385 norm 298

386 norm 301

387 norm 257

388 norm 311

389 norm 253

390 norm 317

391 norm 209

392 norm 276

393 norm 307

394 norm 294

395 norm 314

396 norm 333

397 norm 332

Total pas norm 7280

Total pas picked up 7280

Total pas system 7356

Table C.l: Passengers individually picked up, in experiment 1.



214 APPENDIX C. RESULTS TABLES OF EXPERIMENTS 1 TO 3

ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 norm 74 13 83 9 0 0 0 4064 4243

373 norm 73 13 89 14 0 0 0 3834 4023

374 norm 75 13 92 16 0 0 0 3917 4113

375 norm 103 13 97 37 0 0 0 3925 4175

376 norm 101 13 98 44 0 0 0 3977 4233

377 norm 119 13 95 0 0 0 0 3913 4140

378 norm 99 13 95 37 0 0 0 3996 4240

379 norm 50 13 67 0 0 0 0 4094 4224

380 norm 87 13 91 26 0 0 0 3945 4162

381 norm 60 13 79 1 0 0 0 3832 3985

382 norm 74 13 90 0 0 0 0 3927 4104

383 norm 47 13 60 5 0 0 0 4249 4374

384 norm 68 13 89 0 0 0 0 4144 4314

385 norm 85 13 101 2 0 0 0 3941 4142

386 norm 77 13 91 5
'

0 0 0 3817 4003

387 norm 65 13 83 4 0 0 0 4020 4185

388 norm 98 13 90 60 0 0 0 3992 4253

389 norm 71 13 87 0 0 0 0 4015 4186

390 norm 84 13 96 0 0 0 0 3853 4046

391 norm 56 13 69 0 0 0 0 3997 4135

392 norm 73 13 94 18 0 0 0 3958 4156

393 norm 99 13 93 39 0 0 0 3977 4221

394 norm 81 13 93 18 0 0 0 3891 4096

395 norm 97 13 97 41 0 0 0 3880 4128

396 norm 100 13 101 23 0 0 0 3945 4182

397 norm 101 13 100 17 0 0 0 3878 4109

Table C.2: Individual accomplishment of norms, in experiment 1.



ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 norm 0 0 0 0 0 0 0

373 norm 0 0 0 0 0 0 0

374 norm 0 0 0 0 0 0 0

375 norm 0 0 0 0 0 0 0

376 norm 0 0 0 0 0 0 0

377 norm 0 0 0 0 0 0 0

378 norm 0 0 0 0 0 0 0

379 norm 0 0 0 0 0 0 0

380 norm 0 0 0 0 0 0 0

381 norm 0 0 0 0 0 0 0

382 norm 0 0 0 0 0 0 0

383 norm 0 0 0 0 0 0 0

384 norm 0 0 0 0 0 0 0

385 norm 0 0 0 0 0 0 0

386 norm 0 0 0 0 0 0 0

387 norm 0 0 0 0 0 0 0

388 norm 0 0 0 0 0 0 0

389 norm 0 0 0 0 0 0 0

390 norm 0 0 0 0 0 0 0

391 norm 0 0 0 0 0 0 0

392 norm 0 0 0 0 0 0 0

393 norm 0 0 0 0 0 0 0

394 norm 0 0 0 0 0 0 0

395 norm 0 0 0 0 0 0 0

396 norm 0 0 0 0 0 0 0

397 norm 0 0 0 0 0 0 0

Table C.3: Individual violation of norms, in experiment 1.
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ID Type Num pas

372 N-norm 301

373 N-norm 208

374 N-norm 171

375 N-norm 234

376 N-norm 263

377 N-norm 304

378 N-norm 290

379 N-norm 327

380 N-norm 302

381 N-norm 299

382 N-norm 301

383 N-norm 292

384 N-norm 326

385 norm 270

386 norm 266

387 norm 340

388 norm 220

389 norm 327

390 norm 341

391 norm 294

392 norm 233

393 norm 320

394 norm 293

395 norm 169

396 norm 345

397 norm 330

Total pas norm 3748

Total pas N-norm 3618

Total pas picked up 7366

Total pas system 7461

Table C.4: Passengers individually picked up, in experiment 2.



ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 75 12 93 21 0 2 0 3836 4039

373 N-norm 58 12 78 0 0 3 0 4012 4163

374 N-norm 49 12 74 0 0 3 0 4251 4389

375 N-norm 52 13 79 0 0 2 0 3970 4116

376 N-norm 68 13 86 8 0 3 0 3835 4013

377 N-norm 68 12 96 35 0 3 0 3738 3952

378 N-norm 62 12 89 24 0 3 0 4150 4340

379 N-norm 76 13 92 46 0 2 0 3845 4074

380 N-norm 112 13 98 0 0 7 0 3970 4200

381 N-norm 74 11 102 32 0 1 0 3820 4040

382 N-norm 80 12 95 2 0 4 0 3850 4043

383 N-norm 61 12 92 29 0 5 0 3817 4016

384 N-norm 74 12 100 52 0 4 0 3828 4070

385 norm 70 13 87 7 0 0 0 3908 4085

386 norm 75 13 92 0 0 0 0 3931 4111

387 norm 108 13 101 27 0 0 0 3873 4122

388 norm 53 13 76 5 0 0 0 4123 4270

389 norm 89 13 97 16 0 0 0 3913 4128

390 norm 105 13 99 28 0 0 0 3959 4204

391 norm 81 13 100 1 0 0 0 3798 3993

392 norm 70 13 82 2 0 0 0 4053 4220

393 norm 101 13 89 59 0 0 0 3966 4228

394 norm 86 12 91 28 0 0 0 4017 4234

395 norm 49 13 66 0 0 0 0 4155 4283

396 norm 110 13 101 41 0 0 0 3997 4262

397 norm 103 13 99 37 0 0 0 3961 4213

Table C.5: Individual accomplishment of norms, in experiment 2.
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ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 2 0 1 12 2 0 44 62

373 N-norm 3 0 1 0 5 0 25 35

374 N-norm 3 1 0 0 1 0 49 55

375 N-norm 2 0 0 0 1 0 35 39

376 N-norm 3 0 1 4 2 0 62 73

377 N-norm 3 0 0 14 2 0 59 79

378 N-norm 3 1 0 7 3 0 25 40

379 N-norm 2 0 2 18 3 0 53 79

380 N-norm 7 0 0 0 2 0 0 10

381 N-norm 1 0 0 16 2 0 37 57

382 N-norm 4 1 0 3 3 0 41 53

383 N-norm 5 0 0 10 2 0 60 78

384 N-norm 4 0 0 21 3 0 47 76

385 norm 0 0 0 0 0 0 0 1

386 norm 0 0 0 0 0 0 0 1

387 norm 0 0 0 0 0 0 0 1

388 norm 0 0 0 0 0 0 0 1

389 norm 0 0 0 0 0 0 0 1

390 norm 0 0 0 0 0 0 0 1

391 norm 0 0 0 0 0 0 0 1

392 norm 0 0 0 0 0 0 0 1

393 norm 0 0 0 0 0 0 0 1

394 norm 0 0 0 0 0 0 0 1

395 norm 0 0 0 0 0 0 0 1

396 norm 0 0 0 0 0 0 0 1

397 norm 0 0 0 0 0 0 0 1

Table C.6: Individual violation of norms, in experiment 2.



ID Type Num pas

372 N-norm 321

373 N-norm 339

374 N-norm 334

375 N-norm 324

376 N-norm 320

377 N-norm 301

378 N-norm 305

379 N-norm 322

380 N-norm 276

381 N-norm 221

382 N-norm 282

383 N-norm 290

384 N-norm 272

385 N-norm 297

386 N-norm 244

387 N-norm 211

388 N-norm 268

389 N-norm 350

390 N-norm 288

391 N-norm 334

392 N-norm 271

393 N-norm 265

394 N-norm 229

395 N-norm 335

396 N-norm 280

397 N-norm 329

Total pas N-norm 7608

Total pas picked up 7608

Total pas system 7733

Table C.7: Passengers individually picked up, in experiment 3.
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ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 68 11 89 30 0 5 0 3886 4089

373 N-norm 82 13 98 35 0 9 0 3891 4128

374 N-norm 96 13 102 19 0 7 0 3909 4146

375 N-norm 117 13 102 0 0 2 0 3931 4165

376 N-norm 76 13 99 0 0 2 0 3831 4021

377 N-norm 64 10 91 36 0 2 0 3740 3943

378 N-norm 62 12 93 57 0 2 0 3875 4101

379 N-norm 79 13 96 31 0 2 0 3846 4067

380 N-norm 72 13 94 19 0 3 0 3836 4037

381 N-norm 58 13 77 0 0 1 0 4012 4161

382 N-norm 62 13 86 3 0 2 0 3754 3920

383 N-norm 85 13 98 16 0 1 0 3729 3942

384 N-norm 80 13 94 1 0 3 0 3903 4094

385 N-norm 79 12 99 48 0 3 0 3926 4167

386 N-norm 64 13 87 1 0 1 0 3931 4097

387 N-norm 47 13 73 0 0 1 0 4165 4299

388 N-norm 69 13 87 2 0 2 0 3712 3885

389 N-norm 71 10 97 32 0 7 0 3820 4037

390 N-norm 72 13 94 25 0 4 0 4002 4210

391 N-norm 87 12 99 38 0 0 0 3980 4216

392 N-norm 62 12 93 14 0 2 0 3705 3888

393 N-norm 61 12 90 18 0 1 0 3957 4139

394 N-norm 69 13 84 0 0 4 0 4036 4206

395 N-norm 82 11 99 43 0 4 0 3800 4039

396 N-norm 79 13 90 21 0 0 0 3826 4029

397 N-norm 71 9 101 48 0 2 0 3850 4081

Table C.8: Individual accomplishment of norms, in experiment 3.



ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 5 1 0 14 2 0 34 57

373 N-norm 9 0 0 14 2 0 22 48

374 N-norm 7 0 0 12 0 0 22 42

375 N-norm 2 0 0 0 1 0 16 20

376 N-norm 2 0 0 0 1 0 23 27

377 N-norm 2 1 0 20 2 0 53 79

378 N-norm 2 0 0 27 4 0 37 71

379 N-norm 2 0 0 15 2 0 33 53

380 N-norm 3 0 0 8 3 0 38 53

381 N-norm 1 0 0 0 1 0 44 47

382 N-norm 2 0 0 1 1 0 58 63

383 N-norm 1 0 0 3 1 0 62 68

384 N-norm 3 0 0 0 0 0 24 28

385 N-norm 3 0 1 15 2 0 1 23

386 N-norm 1 0 1 1 3 0 29 36

387 N-norm 1 0 1 1 1 0 52 57

388 N-norm 2 0 1 2 2 0 96 104

389 N-norm 7 0 0 21 2 0 37 68

390 N-norm 4 0 0 13 5 0 46 69

391 N-norm 0 0 0 16 1 0 1 19

392 N-norm 2 0 0 9 0 0 38 50

393 N-norm 1 0 0 5 0 0 39 46

394 N-norm 4 0 0 0 1 0 52 58

395 N-norm 4 0 0 13 1 0 52 71

396 N-norm 0 0 0 5 4 0 81 91

397 N-norm 2 0 2 22 3 0 1 31

Table C.9: Individual violation of norms, in experiment 3.
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Results tables of experiments 4 to 9

In this appendix, the obtained results from the experiments 4 to 9, described in Chapter 5,
are presented.

For each experiment, three tables with the obtained data are provided.

The elements of such tables are listed and explained next:

• ID: this is the identifier number of each participant agent.

• Type: this indicates the kind to which the agent belongs to: normative (norm), or
non-normative (N-norm).

• Num pas: this is the number of passengers that were picked up by each agent during
its trip.

• Total pas norm: this is the total number of passengers picked up by the normative

agents in the system.

• Total pas N-norm: this is the total number of passengers picked up by the non-

normative agents in the system.

• Total pas picked up: this is the total number of passengers picked up by the agents (of
both types) in the system.

• Total pas system: this is the total number of passengers that arrived to the system,

expecting to be picked up by some bus of the 632 bus route.

• Acc n¿ this indicates the number of times that the norm n¿ was accomplished by the

agent.
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• Tot acc: this indicates the total number of accomplishments that the agent committed

during its trip.

• Vio n{: this indicates the number of times that the norm n¿ was violated by the agent.

• Tot vio: this indicates the total number of violations that the agent committed during

its trip.

Next, the tables of results of experiments 4-9 are presented.



ID Type Num pas

372 N-norm 209

373 N-norm 270

374 N-norm 236

375 N-norm 289

376 N-norm 162

377 N-norm 361

378 N-norm 258

379 N-norm 248

380 N-norm 272

381 N-norm 239

382 N-norm 260

383 N-norm 327

384 N-norm 269

385 norm 295

386 norm 284

387 norm 308

388 norm 277

389 norm 280

390 norm 308

391 norm 334

392 norm 179

393 norm 313

394 norm 300

395 norm 313

396 norm 292

397 norm 265

Total pas norm 3748

Total pas N-norm 3400

Total pas picked up 7148

Total pas system 7329

Table D.l: Passengers individually picked up, in experiment 4-
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ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 70 13 82 0 0 4 4 3959 4132

373 N-norm 70 13 84 7 0 6 0 3951 4131

374 N-norm 66 13 81 10 0 2 0 4029 4201

375 N-norm 79 12 99 28 0 9 0 3933 4160

376 N-norm 54 12 70 0 0 3 1 4292 4432

377 N-norm 106 12 101 24 0 4 0 3872 4119

378 N-norm 76 13 85 0 0 5 0 3935 4114

379 N-norm 70 13 78 0 0 8 2 4083 4254

380 N-norm 77 13 95 17 0 4 0 3898 4104

381 N-norm 72 13 79 0 0 3 0 4060 4227

382 N-norm 78 13 96 3 0 5 0 3957 4152

383 N-norm 97 12 102 48 0 7 0 3898 4164

384 N-norm 68 13 88 5 0 9 0 3894 4077

385 norm 80 13 92 3 0 0 0 3877 4065

386 norm 87 13 97 40 0 0 0 3953 4190

387 norm 99 13 99 31 0 0 0 3922 4164

388 norm 76 13 96 16 0 0 0 4057 4258

389 norm 71 13 91 0 0 0 0 4032 4207

390 norm 95 13 100 30 0 0 0 3971 4209

391 norm 113 13 106 49 0 0 0 3885 4166

392 norm 42 13 62 0 0 0 3 4184 4304

393 norm 102 13 98 19 0 0 0 3923 4155

394 norm 90 13 96 20 0 0 0 3963 4182

395 norm 109 13 97 60 0 0 0 3900 4179

396 norm 84 13 94 0 0 0 0 3878 4069

397 norm 78 13 86 16 0 0 0 3913 | 4106 |

Table D.2: Individual accomplishment of norms, in experiment 4-



ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 5 0 11 0 0 0 47 64

373 N-norm 8 0 11 0 0 0 58 78

374 N-norm 5 0 11 0 0 0 22 39

375 N-norm 11 0 1 0 0 0 15 28

376 N-norm 12 1 7 0 0 0 18 39

377 N-norm 8 0 0 0 0 0 39 48

378 N-norm 10 0 3 0 0 0 40 54

379 N-norm 11 0 12 0 0 0 27 51

380 N-norm 5 0 1 0 0 0 86 93

381 N-norm 5 0 7 0 0 0 30 43

382 N-norm 5 0 1 0 0 0 12 19

383 N-norm 8 0 3 0 0 0 30 42

384 N-norm 13 0 7 0 0 0 26 47

385 norm 0 0 0 0 1 0 0 2

386 norm 0 0 0 0 0 0 0

387 norm 0 0 0 0 0 0 0

388 norm 0 0 0 0 0 0 0

389 norm 0 0 0 0 0 0 0

390 norm 0 0 0 0 1 0 0

391 norm 0 0 0 0 0 0 0

392 norm 0 0 0 0 0 0 0

393 norm 0 0 0 0 0 0 0

394 norm 0 0 0 0 0 0 0

395 norm 0 0 0 0 0 0 0

396 norm 0 0 0 0 0 0 0

397 norm 0 0 0 0 0 0 0

Table D.3: Individual violation of norms, in experiment 4-
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ID Type Num pas

372 N-norm 262

373 N-norm 262

374 N-norm 244

375 N-norm 245

376 N-norm 192

377 N-norm 284

378 N-norm 329

379 N-norm 297

380 N-norm 328

381 N-norm 234

382 N-norm 192

383 N-norm 304

384 N-norm 301

385 N-norm 262

386 N-norm 217

387 N-norm 211

388 N-norm 279

389 N-norm 298

390 N-norm 195

391 N-norm 305

392 N-norm 220

393 N-norm 217

394 N-norm 316

395 N-norm 289

396 N-norm 255

397 N-norm 207

Total pas N-norm 6745

Total pas picked up 6745

Total pas system 6902

Table D.4: Passengers individually picked up, in experiment 5.



ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 66 13 88 0 0 5 0 3903 4075

373 N-norm 68 12 85 42 0 4 0 4090 4301

374 N-norm 70 13 76 1 0 5 1 4010 4176

375 N-norm 66 13 89 10 0 7 1 4066 4252

376 N-norm 70 13 77 0 0 6 0 3861 4027

377 N-norm 78 13 88 1 0 6 1 4086 4273

378 N-norm 91 11 101 37 0 8 0 3943 4191

379 N-norm 78 12 96 12 0 4 1 3905 4108

380 N-norm 83 12 95 31 0 3 3 3867 4094

381 N-norm 72 13 84 0 0 4 0 3879 4052

382 N-norm 57 12 69 0 0 3 0 4149 4290

383 N-norm 92 13 96 42 0 9 0 3999 4251

384 N-norm 80 13 90 3 0 6 1 3832 4025

385 N-norm 59 13 81 0 0 2 1 3929 4085

386 N-norm 56 13 83 0 0 8 0 4107 4267

387 N-norm 53 13 73 0 0 3 0 4065 4207

388 N-norm 74 13 89 0 0 5 0 3774 3955

389 N-norm 76 9 94 65 0 1 0 3990 4235

390 N-norm 54 13 74 0 0 2 0 4170 4313

391 N-norm 82 12 95 41 0 2 0 3860 4092

392 N-norm 58 13 79 0 0 5 1 4092 4248

393 N-norm 59 13 79 6 0 3 2 3996 4158

394 N-norm 91 12 93 41 0 4 0 3914 4155

395 N-norm 80 13 83 1 0 3 1 3852 4033

396 N-norm 71 13 79 33 0 2 3 4174 4375

397 N-norm 53 13 76 0 0 2 0 4134 4278

Table D.5: Individual accomplishment of norms, in experiment 5.



APPENDIX D. RESULTS TABLES OF EXPERIMENTS 4 TO 9

ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

116

Vio

n7

Tot

vio

372 N-norm 7 0 5 0 0 0 30 43

373 N-norm 4 0 7 4 0 0 39 55

374 N-norm 9 0 5 0 0 0 30 45

375 N-norm 9 0 7 1 0 0 3 21

376 N-norm 7 0 3 0 0 0 68 79

377 N-norm 10 0 5 0 0 0 21 37

378 N-norm 11 0 0 2 0 0 37 51

379 N-norm 5 0 0 1 0 0 26 33

380 N-norm 8 0 2 3 0 0 25 39

381 N-norm 7 0 10 0 0 0 31 49

382 N-norm 5 1 10 0 0 0 16 33

383 N-norm 11 0 0 0 0 0 15 27

384 N-norm 8 0 4 0 0 0 67 80

385 N-norm 4 0 8 0 0 0 62 75

386 N-norm 10 0 9 0 0 0 42 62

387 N-norm 3 0 18 0 0 0 73 95

388 N-norm 8 0 3 0 0 0 69 81

389 N-norm 5 0 1 9 0 0 15 31

390 N-norm 3 0 12 0 0 0 75 91

391 N-norm 3 0 1 2 0 0 55 62

392 N-norm 6 0 8 0 0 0 31 46

393 N-norm 2 0 15 1 0 0 38 57

394 N-norm 5 0 7 1 0 0 2 16

395 N-norm 9 0 4 0 0 0 35 49

396 N-norm 8 0 9 1 0 0 18 37

397 N-norm 7 0 6 0 0 0 54 68

Table D.6: Individual violation of norms, in experiment 5.



ID Type Num pas

372 N-norm 171

373 N-norm 292

374 N-norm 318

375 N-norm 335

376 N-norm 350

377 N-norm 330

378 N-norm 297

379 N-norm 316

380 N-norm 283

381 N-norm 324

382 N-norm 258

383 N-norm 252

384 N-norm 204

385 norm 316

386 norm 322

387 norm 334

388 norm 226

389 norm 335

390 norm 266

391 norm 271

392 norm 229

393 norm 351

394 norm 297

395 norm 344

396 norm 308

397 norm 331

Total pas norm 3930

Total pas N-norm 3730

Total pas picked up 7660

Total pas system 7704

Table D.7: Passengers individually picked up, in



APPENDIX D. RESULTS TABLES OF EXPERIMENTS 4 TO 9

ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 41 3 69 0 0 5 0 4150 4268

373 N-norm 67 6 98 16 0 1 0 3859 4047

374 N-norm 110 6 99 0 0 9 0 3964 4188

375 N-norm 80 7 100 37 0 3 0 3918 4145

376 N-norm 87 6 98 32 0 6 0 3852 4081

377 N-norm 91 8 101 25 0 3 0 3925 4153

378 N-norm 80 8 100 1 0 4 0 3931 4124

379 N-norm 67 6 100 41 0 1 0 3908 4123

380 N-norm 71 5 89 0 0 4 0 4064 4233

381 N-norm 75 4 90 9 0 4 0 3858 4040

382 N-norm 61 6 93 2 0 7 0 4035 4204

383 N-norm 62 2 87 0 0 4 0 3850 4005

384 N-norm 59 2 74 0 0 5 0 4067 4207

385 norm 85 13 91 44 0 0 0 4040 4273

386 norm 76 12 100 12 0 0 0 4010 4210

387 norm 105 13 96 31 0 0 0 3908 4153

388 norm 72 10 80 0 0 0 0 3949 4111

389 norm 106 13 98 55 0 0 0 3901 4173

390 norm 78 10 94 8 0 0 0 3862 4052

391 norm 68 7 93 0 0 0 0 4062 4230

392 norm 64 12 82 2 0 0 0 4058 4218

393 norm 110 13 99 43 0 0 0 3928 4193

394 norm 73 10 92 7 0 0 0 4120 4302

395 norm 108 13 104 43 0 0 0 3953 4221

396 norm 93 13 92 55 0 0 0 3965 4218

397 norm 84 11 92 1 0 0 0 3929 4117

Table D.8: Individual accomplishment of norms, in experiment 6.



ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 5 10 0 0 0 0 8 24

373 N-norm 1 6 0 6 2 0 4 20

374 N-norm 9 7 0 0 0 0 18

375 N-norm 3 6 0 18 0 1 30

376 N-norm 6 7 0 16 0 0 30

377 N-norm 3 3 0 9 0 1 18

378 N-norm 4 4 0 0 0 0 10

379 N-norm 1 4 0 20 0 2 29

380 N-norm 4 6 0 0 0 3 15

381 N-norm 4 9 0 5 0 2 22

382 N-norm 7 7 0 0 0 5 21

383 N-norm 4 6 0 0 3 0 3 17

384 N-norm 5 6 0 0 0 0 5 17

385 norm 0 0 0 0 0 0 0 1

386 norm 0 0 0 0 0 0 0 1

387 norm 0 0 0 0 0 0 0 1

388 norm 0 0 0 0 1 0 0 2

389 norm 0 0 0 0 0 0 0 1

390 norm 0 0 0 0 1 0 0 2

391 norm 0 0 0 0 0 0 0 1

392 norm 0 0 0 0 0 0 0 1

393 norm 0 0 0 0 0 0 0 1

394 norm 0 0 0 0 1 0 0 2

395 norm 0 0 0 0 0 0 0 1

396 norm 0 0 0 0 0 0 0 1

397 norm 0 0 0 0 0 0 0 1

Table D.9: Individual violation of norms, in experiment 6.
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ID Type Num pas

372 N-norm 286

373 N-norm 240

374 N-norm 322

375 N-norm 293

376 N-norm 329

377 N-norm 316

378 N-norm 215

379 N-norm 228

380 N-norm 331

381 N-norm 303

382 N-norm 328

383 N-norm 340

384 N-norm 323

385 N-norm 309

386 N-norm 355

387 N-norm 309

388 N-norm 306

389 N-norm 338

390 N-norm 310

391 N-norm 284

392 N-norm 339

393 N-norm 287

394 N-norm 275

395 N-norm 331

396 N-norm 237

397 N-norm 226

Total pas N-norm 7760

Total pas picked up 7760

Total pas system 7802

Table D.10: Passengers individually picked up, in experiment 7.



ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 66 7 94 26 0 2 0 3913 4108

373 N-norm 56 6 83 0 0 6 0 4040 4191

374 N-norm 74 8 99 43 0 4 0 3882 4110

375 N-norm 63 9 95 51 0 3 0 3779 4000

376 N-norm 77 7 105 19 0 3 0 3916 4127

377 N-norm 76 6 99 28 0 3 0 3948 4160

378 N-norm 49 4 88 0 0 1 0 4112 4254

379 N-norm 61 6 80 0 0 4 0 4068 4219

380 N-norm 74 5 99 50 0 1 0 3859 4088

381 N-norm 66 6 91 0 0 6 0 3864 4033

382 N-norm 65 6 96 52 0 3 0 3865 4087

383 N-norm 91 6 104 34 0 2 0 3806 4043

384 N-norm 66 7 100 30 0 4 0 3941 4148

385 N-norm 64 8 102 56 0 5 0 3840 4075

386 N-norm 93 8 104 37 0 3 0 3871 4116

387 N-norm 76 5 103 2 0 4 0 3828 4018

388 N-norm 73 6 101 0 0 3 0 3815 3998

389 N-norm 91 5 100 20 0 2 0 3880 4098

390 N-norm 105 8 98 8 0 6 0 3936 4161

391 N-norm 65 5 98 22 0 2 0 3918 4110

392 N-norm 77 4 99 2 0 3 0 3872 4057

393 N-norm 72 7 99 24 0 1 0 3802 4005

394 N-norm 73 2 96 16 0 2 0 3855 4044

395 N-norm 66 6 100 48 0 1 0 3914 4135

396 N-norm 62 3 76 0 0 2 0 3865 4008

397 N-norm 59 6 81 0 0 2 0 4069 4217

Table D.ll: Individual accomplishment of norms, in experiment 7.
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ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 2 3 0 13 0 4 24

373 N-norm 6 4 0 0 0 2 14

374 N-norm 4 5 0 16 0 0 27

375 N-norm 3 4 0 22 0 1 33

376 N-norm 3 5 0 12 0 1 23

377 N-norm 3 4 0 11 0 2 22

378 N-norm 1 5 0 0 0 3 10

379 N-norm 4 5 0 0 0 6 17

380 N-norm 1 5 0 22 0 1 31

381 N-norm 6 5 0 1 3 0 3 19

382 N-norm 3 6 0 24 1 0 1 36

383 N-norm 2 6 0 12 3 0 0 24

384 N-norm 4 4 0 19 2 0 2 32

385 N-norm 5 5 0 19 0 0 0 30

386 N-norm 3 5 0 13 3 0 0 25

387 N-norm 4 5 0 2 0 0 2 14

388 N-norm 3 4 0 0 0 0 4 12

389 N-norm 2 5 0 8 1 0 0 17

390 N-norm 6 5 0 4 1 0 0 17

391 N-norm 2 7 0 13 0 0 1 24

392 N-norm 3 8 0 0 0 0 2 14

393 N-norm 1 4 0 10 0 0 4 20

394 N-norm 2 7 0 8 2 0 5 25

395 N-norm 1 3 0 26 2 0 1 34

396 N-norm 2 5 0 0 0 0 6 14

397 N-norm 2 3 0 0 0 0 2 8

Table D.12: Individual violation of norms, in experiment 7.



ID Type Num pas

372 N-norm 316

373 N-norm 292

374 N-norm 333

375 N-norm 202

376 N-norm 357

377 N-norm 295

378 N-norm 312

379 N-norm 317

380 N-norm 316

381 N-norm 269

382 N-norm 305

383 N-norm 288

384 N-norm 274

385 norm 303

386 norm 332

387 norm 337

388 norm 318

389 norm 337

390 norm 293

391 norm 331

392 norm 343

393 norm 270

394 norm 362

395 norm 291

396 norm 331

397 norm 329

Total pas norm 4177

Total pas N-norm 3876

Total pas picked up 8053

Total pas system 8100

Table D.13: Passengers individually picked up, in experiment 8.
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ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 116 13 97 0 0 3 0 4038 4267

373 N-norm 84 13 93 4 0 0 0 3850 4044

374 N-norm 101 12 99 33 0 0 0 3872 4117

375 N-norm 48 12 76 0 0 0 0 4072 4208

376 N-norm 98 11 106 50 0 0 0 3851 4116

377 N-norm 78 13 94 27 0 1 0 3732 3945

378 N-norm 85 13 97 32 0 2 0 3874 4103

379 N-norm 85 13 99 29 0 0 0 3797 4023

380 N-norm 86 11 100 33 0 2 0 3830 4062

381 N-norm 72 13 79 0 0 1 0 3990 4155

382 N-norm 87 10 92 48 0 0 0 3806 4043

383 N-norm 62 8 84 46 0 0 0 3844 4044

384 N-norm 60 13 82 3 0 0 0 4007 4165

385 norm 89 13 99 6 0 0 0 4017 4224

386 norm 81 13 101 0 0 0 0 3848 4043

387 norm 96 13 99 8 0 0 0 3867 4083

388 norm 93 13 105 29 0 0 0 3966 4206

389 norm 94 13 105 10 0 0 0 3939 4161

390 norm 93 13 100 43 0 0 0 3949 4198

391 norm 99 13 95 11 0 0 0 3938 4156

392 norm 104 13 95 42 0 0 0 3887 4141

393 norm 67 13 89 0 0 0 0 4022 4191

394 norm 107 13 103 21 0 0 0 3886 4130

395 norm 83 13 91 4 0 0 0 3891 4082

396 norm 109 13 99 11 0 0 0 3930 4162

397 norm 101 13 102 6 0 0 0 3898 4120

Table D.14: Individual accomplishment of norms, in experiment 8.



ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 3 0 0 0 8 0 0 12

373 N-norm 0 0 0 0 0 0 52 53

374 N-norm 0 0 0 3 3 0 25 32

375 N-norm 0 1 0 0 1 0 13 16

376 N-norm 0 0 0 8 2 0 41 52

377 N-norm 1 0 0 5 5 0 67 79

378 N-norm 2 0 0 5 0 0 39 47

379 N-norm 0 0 0 0 5 0 44 50

380 N-norm 2 0 0 3 2 0 37 45

381 N-norm 1 0 0 0 1 0 11 14

382 N-norm 0 0 0 7 3 0 22 33

383 N-norm 0 0 1 9 0 0 33 44

384 N-norm 0 0 0 0 3 0 22 26

385 norm 0 0 0 0 0 0 0

386 norm 0 0 0 0 0 0 0

387 norm 0 0 0 0 2 0 0

388 norm 0 0 0 0 0 0 0

389 norm 0 0 0 0 0 0 0

390 norm 0 0 0 0 0 0 0

391 norm 0 0 0 0 0 0 0

392 norm 0 0 0 0 0 0 0

393 norm 0 0 0 0 0 0 0

394 norm 0 0 0 0 0 0 0

395 norm 0 0 0 0 2 0 0

396 norm 0 0 0 0 0 0 0

397 norm 0 0 0 0 0 0 0

Table D.15: Individual violation of norms, in experiment 8.
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ID Type Num pas

372 N-norm 271

373 N-norm 317

374 N-norm 344

375 N-norm 321

376 N-norm 324

377 N-norm 305

378 N-norm 333

379 N-norm 186

380 N-norm 301

381 N-norm 290

382 N-norm 331

383 N-norm 244

384 N-norm 353

385 N-norm 321

386 N-norm 248

387 N-norm 289

388 N-norm 233

389 N-norm 326

390 N-norm 326

391 N-norm 269

392 N-norm 252

393 N-norm 243

394 N-norm 214

395 N-norm 285

396 N-norm 343

397 N-norm 321

Total pas N-norm 7590

Total pas picked up 7590

Total pas system 7652

Table D.16: Passengers individually picked up, in experiment 9.



ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 81 12 93 38 0 1 0 3889 4114

373 N-norm 91 12 98 52 0 1 0 3884 4138

374 N-norm 82 13 101 35 0 1 0 3927 4159

375 N-norm 118 13 98 0 0 1 0 3920 4150

376 N-norm 106 13 95 25 0 1 0 3920 4160

377 N-norm 81 13 101 6 0 1 0 3872 4074

378 N-norm 106 13 100 30 0 0 0 3798 4047

379 N-norm 61 13 72 0 0 0 0 4146 4292

380 N-norm 69 13 86 27 0 0 0 3736 3931

381 N-norm 92 13 100 29 0 1 0 3907 4142

382 N-norm 94 10 95 37 0 2 0 3892 4130

383 N-norm 65 13 83 0 0 1 0 3767 3929

384 N-norm 90 12 101 35 0 2 0 3828 4068

385 N-norm 87 12 97 36 0 1 0 3786 4019

386 N-norm 67 13 84 0 0 1 0 4021 4186

387 N-norm 85 12 91 40 0 0 0 3925 4153

388 N-norm 51 13 76 0 0 0 0 3997 4137

389 N-norm 100 8 95 57 0 0 0 3871 4131

390 N-norm 90 13 97 33 0 1 0 3881 4115

391 N-norm 76 13 90 5 0 0 0 3913 4097

392 N-norm 63 13 81 0 0 0 0 3807 3964

393 N-norm 76 13 83 8 0 1 0 4111 4292

394 N-norm 65 13 79 0 0 1 0 4021 4179

395 N-norm 80 12 93 4 0 0 0 3909 4098

396 N-norm 94 13 102 26 0 1 0 3798 4034

397 N-norm 93 11 96 44 0 0 0 3892 4136

Table D.17: Individual accomplishment of norms, in experiment 9.
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ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 1 0 0 3 2 0 11 18

373 N-norm 1 0 0 6 5 0 41 54

374 N-norm 1 0 0 5 1 0 13 21

375 N-norm 1 0 0 0 4 0 0 6

376 N-norm 1 0 0 3 2 0 0 7

377 N-norm 1 0 0 0 1 0 14 17

378 N-norm 0 0 0 0 3 0 37 41

379 N-norm 0 0 0 0 2 0 13 16

380 N-norm 0 0 0 7 4 0 82 94

381 N-norm 1 0 0 0 2 0 14 18

382 N-norm 2 0 0 4 6 0 35 48

383 N-norm 1 0 1 0 6 0 52 61

384 N-norm 2 0 1 10 3 0 47 64

385 N-norm 1 0 0 0 3 0 44 49

386 N-norm 1 0 0 0 2 0 0 4

387 N-norm 0 0 0 7 4 0 22 34

388 N-norm 0 0 0 0 1 0 55 57

389 N-norm 0 0 0 3 4 0 37 45

390 N-norm 1 0 0 4 4 0 11 21

391 N-norm 0 0 0 0 2 0 27 30

392 N-norm 0 0 1 0 3 0 78 83

393 N-norm 1 0 0 0 1 0 30 33

394 N-norm 1 0 0 0 1 0 25 28

395 N-norm 0 1 1 0 2 0 36 41

396 N-norm 1 0 0 3 6 0 51 62

397 N-norm 0 0 0 7 9 0 37 54

Table D.18: Individual violation of norms, in experiment 9.



Appendix E

Results tables of experiments 10 to 13

In this appendix, the obtained results from the experiments 10 to 13, described in Chapter
5, are presented.

For each experiment, three tables with the obtained data are provided.
The elements of such tables are listed and explained next:

• ID: this is the identifier number of each participant agent.

• Type: this indicates the kind to which the agent belongs to: normative (norm) or

non-normative (N-norm).

• Num pos: this is the number of passengers that were picked up by each agent during
its trip.

6

• Total pas norm: this is the total number of passengers picked up by the normative
agents in the system.

• Total pas N-norm: this is the total number of passengers picked up by the non-

normative agents in the system.

• Total pas picked up: this is the total number of passengers picked up by the agents (of
both types) in the system.

• Total pas system: this is the total number of passengers that arrived to the system,
expecting to be picked up by some bus of the 632 bus route.

• Acc nf. this indicates the number of times that the norm n¿ was accomplished by the
agent.

243
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• Tot acc: this indicates the total number of accomplishments that the agent committed

during its trip.

• Vio n.: this indicates the number of times that the norm n¿ was violated by the agent.

• Tot vio: this indicates the total number of violations that the agent committed during
its trip.

Next, the tables of results of experiments 10-13 are presented.



ID Type Num pas

372 N-norm 304

373 N-norm 207

374 N-norm 229

375 N-norm 330

376 N-norm 288

377 N-norm 272

378 N-norm 273

379 N-norm 294

380 N-norm 331

381 N-norm 334

382 N-norm 348

383 N-norm 308

384 N-norm 285

385 norm 305

386 norm 286

387 norm 324

388 norm 340

389 norm 308

390 norm 324

391 norm 300

392 norm 303

393 norm 227

394 norm 284

395 norm 266

396 norm 234

397 norm 345

Total pas norm 3846

Total pas N-norm 3803

Total pas picked up 7649

Total pas system 7745

Table E.l: Passengers individually picked up, in experiment 10.
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ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 74 12 96 18 0 5 0 3847 4052

373 N-norm 50 12 75 0 0 2 0 4047 4186

374 N-norm 63 13 82 0 0 1 0 4020 4179

375 N-norm 70 13 89 45 0 8 0 3866 4091

376 N-norm 66 13 94 0 0 1 0 3774 3948

377 N-norm 68 13 90 0 0 8 0 3775 3954

378 N-norm 67 13 90 18 0 0 0 3999 4187

379 N-norm 54 11 96 41 0 2 0 3806 4010

380 N-norm 85 13 96 25 0 3 0 3909 4131

381 N-norm 81 13 88 20 0 4 0 3842 4048

382 N-norm 93 12 100 31 0 3 0 3907 4146

383 N-norm 116 13 93 0 0 3 0 3945 4170

384 N-norm 73 13 97 0 0 5 0 3816 4004

385 norm 91 13 100 31 0 0 0 3913 4148

386 norm 88 13 100 36 0 0 0 4006 4243

387 norm 107 13 96 31 0 0 0 3973 4220

388 norm 100 13 97 38 0 0 0 4013 4261

389 norm 97 13 93 44 0 0 0 3942 4189

390 norm 104 13 105 42 0 0 0 3936 4200

391 norm 89 13 98 13 0 0 0 3890 4103

392 norm 90 13 95 47 0 0 0 3952 4197

393 norm 69 13 82 3 0 0 0 4095 4262

394 norm 94 13 99 15 0 0 0 3930 4151

395 norm 65 13 92 7 0 0 0 4016 4193

396 norm 69 13 87 0 0 0 0 4045 4214

397 norm 108 13 98 35 0 0 0 3902 4156

Table E.2: Individual accomplishment of norms, in experiment 10.



ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 5 0 1 4 0 0 31 42

373 N-norm 2 1 0 0 0 0 19 23

374 N-norm 1 0 0 0 0 0 17 19

375 N-norm 8 0 0 20 0 0 44 73

376 N-norm 1 0 1 1 0 0 44 48

377 N-norm 8 0 1 0 0 0 68 78

378 N-norm 0 0 0 6 0 0 14 21

379 N-norm 2 1 0 19 0 0 76 99

380 N-norm 3 0 0 10 0 0 24 38

381 N-norm 4 0 0 9 0 0 76 90

382 N-norm 3 0 0 13 0 0 16 33

383 N-norm 3 0 0 0 0 0 1 5

384 N-norm 5 0 0 0 1 0 33 40

385 norm 0 0 0 0 0 0 0

386 norm 0 0 0 0 0 0 0

387 norm 0 0 0 0 0 0 0

388 norm 0 0 0 0 0 0 0

389 norm 0 0 0 0 0 0 0

390 norm 0 0 0 0 0 0 0

391 norm 0 0 0 0 0 0 0

392 norm 0 0 0 0 0 0 0

393 norm 0 0 0 0 0 0 0

394 norm 0 0 0 0 0 0 0

395 norm 0 0 0 0 0 0 0

396 norm 0 0 0 0 2 0 0 3

397 norm 0 0 0 0 0 0 0 1

Table E.3: Individual violation of norms, in experiment 10.



APPENDIX E. RESULTS TABLES OF EXPERIMENTS 10 TO 13

ID Type Num pas

372 N-norm 339

373 N-norm 334

374 N-norm 261

375 N-norm 340

376 N-norm 327

377 N-norm 309

378 N-norm 311

379 N-norm 246

380 N-norm 250

381 N-norm 318

382 N-norm 310

383 N-norm 235

384 N-norm 310

385 N-norm 332

386 N-norm 307

387 N-norm 310

388 N-norm 284

389 N-norm 263

390 N-norm 330

391 N-norm 218

392 N-norm 153

393 N-norm 285

394 N-norm 287

395 N-norm 300

396 N-norm 342

397 N-norm 275

Total pas N-norm 7576

Total pas picked up 7576

Total pas system 7669

Table E.4: Passengers individually picked up, in experiment 11.



ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 103 13 99 4 0 6 0 3850 4075

373 N-norm 81 13 95 34 0 7 0 4005 4235

374 N-norm 50 10 90 16 0 5 0 3677 3848

375 N-norm 96 12 96 31 0 7 0 3873 4115

376 N-norm 76 13 97 17 0 6 0 3809 4018

377 N-norm 73 12 96 48 0 7 0 3907 4143

378 N-norm 76 12 89 40 0 8 0 3932 4157

379 N-norm 63 13 86 0 0 6 0 3970 4138

380 N-norm 60 13 85 1 0 1 0 4099 4259

381 N-norm 67 12 92 26 0 3 0 3893 4093

382 N-norm 81 12 97 35 0 6 0 3965 4196

383 N-norm 61 12 87 7 0 3 0 3982 4152

384 N-norm 116 13 105 0 0 3 0 3943 4180

385 N-norm 64 13 91 61 0 3 0 3746 3978

386 N-norm 80 13 100 18 0 1 0 3875 4087

387 N-norm 72 12 97 18 0 3 0 3899 4101

388 N-norm 70 13 93 0 0 4 0 3863 4043

389 N-norm 67 13 90 0 0 4 0 3950 4124

390 N-norm 84 13 97 10 0 3 0 3802 4009

391 N-norm 60 13 69 0 0 3 0 4385 4530

392 N-norm 38 13 59 0 0 1 0 4238 4349

393 N-norm 75 12 95 7 0 7 0 3941 4137

394 N-norm 74 11 92 3 0 1 0 3809 3990

395 N-norm 79 13 94 8 0 6 0 3826 4026

396 N-norm 77 13 93 35 0 5 0 3908 4131

397 N-norm 75 12 91 15 0 2 0 3852 4047

Table E.5: Individual accomplishment of norms, in experiment 11.



APPENDIX E. RESULTS TABLES OF EXPERIMENTS 10 TO 13

ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 6 0 0 0 0 0 35 42

373 N-norm 7 0 0 15 0 0 31 54

374 N-norm 5 1 0 9 0 0 94 110

375 N-norm 7 0 0 11 0 0 52 71

376 N-norm 6 0 1 8 0 0 50 66

377 N-norm 7 0 0 14 0 0 34 56

378 N-norm 8 0 0 16 0 0 53 78

379 N-norm 6 0 1 0 0 0 30 38

380 N-norm 1 0 0 0 0 0 2 4

381 N-norm 3 0 0 12 0 0 24 40

382 N-norm 6 0 0 12 0 0 26 45

383 N-norm 3 1 0 4 0 0 24 33

384 N-norm 3 0 0 0 0 0 0 4

385 N-norm 3 0 0 28 0 0 61 93

386 N-norm 1 0 0 7 0 0 23 32

387 N-norm 3 0 0 9 0 0 11 24

388 N-norm 4 0 0 0 0 0 28 33

389 N-norm 4 0 0 0 1 0 60 66

390 N-norm 3 0 0 4 0 0 27 35

391 N-norm 3 0 0 0 0 0 5 9

392 N-norm 1 0 0 0 0 0 41 43

393 N-norm 7 1 0 2 0 0 27 38

394 N-norm 1 0 0 2 0 0 48 52

395 N-norm 6 0 0 3 0 0 51 61

396 N-norm 5 0 0 15 0 0 22 43

397 N-norm 2 0 0 2 0 0 28 33

Table E.6: Individual violation of norms, in experiment 11.



ID Type Num pas

372 N-norm 160

373 N-norm 321

374 N-norm 327

375 N-norm 361

376 N-norm 245

377 N-norm 252

378 N-norm 330

379 N-norm 346

380 N-norm 311

381 N-norm 295

382 N-norm 257

383 N-norm 301

384 N-norm 315

385 norm 355

386 norm 250

387 norm 283

388 norm 336

389 norm 337

390 norm 343

391 norm 307

392 norm 332

393 norm 322

394 norm 303

395 norm 264

396 norm 212

397 norm 276

Total pas norm 3920

Total pas N-norm 3821

Total pas picked up 7741

Total pas system 7878

Table E.7: Passengers individually picked up, in experiment 12.



APPENDIX E. RESULTS TABLES OF EXPERIMENTS 10 TO 13

ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 54 12 67 0 0 0 0 4149 4282

373 N-norm 60 12 98 48 0 0 0 3874 4092

374 N-norm 67 11 94 46 0 0 0 3795 4013

375 N-norm 80 12 97 54 0 0 0 3817 4060

376 N-norm 66 12 85 0 0 0 0 4026 4189

377 N-norm 66 12 82 6 0 0 0 4032 4198

378 N-norm 80 12 101 44 0 0 0 3930 4167

379 N-norm 89 13 101 21 0 0 0 3774 3998

380 N-norm 69 12 102 29 0 0 0 3890 4102

381 N-norm 65 11 93 27 0 0 0 3885 4081

382 N-norm 65 12 91 0 0 0 0 3793 3961

383 N-norm 80 13 100 5 0 0 0 3900 4098

384 N-norm 91 13 91 9 0 0 0 3922 4126

385 norm 108 13 100 37 0 0 0 3888 4146

386 norm 67 13 87 0 0 0 0 4092 4259

387 norm 73 13 93 0 0 0 0 3902 4081

388 norm 102 13 102 15 0 0 0 3946 4178

389 norm 100 13 96 28 0 0 0 3874 4111

390 norm 90 13 99 0 0 0 0 3805 4007

391 norm 72 13 93 0 0 0 0 3922 4100

392 norm 100 13 99 47 0 0 0 3883 4142

393 norm 97 13 99 26 0 0 0 3886 4121

394 norm 75 13 98 6 0 0 0 4031 4223

395 norm 67 13 86 17 0 0 0 3947 4130

396 norm 73 12 77 0 0 0 0 3957 4119

397 norm 80 13 87 11 0 0 0 3951 4142

Table E.8: Individual accomplishment of norms, in experiment 12.



ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 0 1 0 0 2 0 33 37

373 N-norm 0 0 1 27 6 0 23 58

374 N-norm 0 0 0 25 0 0 62 88

375 N-norm 0 0 0 25 3 0 12 41

376 N-norm 0 0 0 0 2 0 38 41

377 N-norm 0 1 0 0 6 0 29 37

378 N-norm 0 0 0 15 3 0 23 42

379 N-norm 0 0 0 12 1 0 38 52

380 N-norm 0 0 1 17 4 0 1 24

381 N-norm 0 0 1 14 3 0 4 23

382 N-norm 0 1 1 0 2 0 47 52

383 N-norm 0 0 0 1 5 0 26 33

384 N-norm 0 0 0 7 6 0 12 26

385 norm 0 0 0 0 0 0 0

386 norm 0 0 0 0 0 0 0

387 norm 0 0 0 0 1 0 0

388 norm 0 0 0 0 0 0 0

389 norm 0 0 0 0 0 0 0

390 norm 0 0 0 0 0 0 0

391 norm 0 0 0 0 0 0 0

392 norm 0 0 0 0 0 0 0

393 norm 0 0 0 0 0 0 0

394 norm 0 0 0 0 0 0 0

395 norm 0 0 0 0 0 0 0

396 norm 0 0 0 0 1 0 0 2

397 norm 0 0 0 0 0 0 0 1

Table E.9: Individual violation of norms, in experiment 12.



APPENDIX E. RESULTS TABLES OF EXPERIMENTS 10 TO 13

ID Type Num pas

372 N-norm 344

373 N-norm 254

374 N-norm 291

375 N-norm 326

376 N-norm 268

377 N-norm 296

378 N-norm 348

379 N-norm 294

380 N-norm 251

381 N-norm 317

382 N-norm 336

383 N-norm 283

384 N-norm 275

385 N-norm 228

386 N-norm 314

387 N-norm 291

388 N-norm 258

389 N-norm 294

390 N-norm 298

391 N-norm 305

392 N-norm 219

393 N-norm 287

394 N-norm 322

395 N-norm 329

396 N-norm 322

397 N-norm 298

Total pas N-norm 7648

Total pas picked up 7648

Total pas system 7768

Table E.10: Passengers individually picked up, in experiment 13.



ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 61 12 92 61 0 0 0 3819 4045

373 N-norm 62 13 86 0 0 0 0 4108 4269

374 N-norm 68 13 100 6 0 0 0 3790 3977

375 N-norm 118 13 98 4 0 0 0 3932 4165

376 N-norm 67 13 92 14 0 0 0 3957 4143

377 N-norm 83 12 99 10 0 0 0 3864 4068

378 N-norm 81 10 101 48 0 0 0 3818 4058

379 N-norm 91 12 92 26 0 0 0 3922 4143

380 N-norm 62 13 88 0 0 0 0 3941 4104

381 N-norm 76 13 93 50 0 0 0 3859 4091

382 N-norm 91 13 97 12 0 0 0 3850 4063

383 N-norm 63 13 84 14 0 0 0 3978 4152

384 N-norm 64 10 92 9 0 0 0 3813 3988

385 N-norm 71 13 83 0 0 0 0 4069 4236

386 N-norm 76 12 99 43 0 0 0 3857 4087

387 N-norm 67 13 92 39 0 0 0 3849 4060

388 N-norm 77 13 86 0 0 0 0 3983 4159

389 N-norm 79 12 97 10 0 0 0 3813 4011

390 N-norm 76 13 96 14 0 0 0 3887 4086

391 N-norm 74 13 95 14 0 0 0 4089 4285

392 N-norm 53 12 82 10 0 0 0 3799 3956

393 N-norm 55 13 102 33 0 0 0 3847 4050

394 N-norm 84 12 100 15 0 0 0 4075 4286

395 N-norm 92 12 99 42 0 0 0 3911 4156

396 N-norm 77 12 96 54 0 0 0 3889 4128

397 N-norm 82 13 88 0 0 0 0 3745 3928

Table E.ll: Individual accomplishment of norms, in experiment 13.



APPENDIX E. RESULTS TABLES OF EXPERIMENTS 10 TO 13

ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 0 0 0 29 4 0 61 95

373 N-norm 0 0 0 0 1 0 16 18

374 N-norm 0 0 1 2 2 0 57 63

375 N-norm 0 0 0 1 7 0 0 9

376 N-norm 0 0 1 8 3 0 23 36

377 N-norm 0 0 0 5 4 0 22 32

378 N-norm 0 0 0 16 3 0 33 53

379 N-norm 0 0 0 7 8 0 14 30

380 N-norm 0 0 1 0 1 0 83 86

381 N-norm 0 0 0 21 5 0 39 66

382 N-norm 0 0 0 2 5 0 67 75

383 N-norm 0 0 0 6 5 0 26 38

384 N-norm 0 0 0 5 5 0 55 66

385 N-norm 0 0 0 0 2 0 25 28

386 N-norm 0 0 1 16 5 0 40 63

387 N-norm 0 0 0 14 4 0 35 54

388 N-norm 0 0 0 0 5 0 25 31

389 N-norm 0 0 1 6 2 0 53 63

390 N-norm 0 0 0 10 5 0 59 75

391 N-norm 0 0 0 9 6 0 28 44

392 N-norm 0 0 1 8 6 0 56 72

393 N-norm 0 0 1 21 5 0 39 67

394 N-norm 0 1 0 8 2 0 16 28

395 N-norm 0 0 0 14 4 0 26 45

396 N-norm 0 0 0 22 8 0 16 47

397 N-norm 0 0 0 0 4 0 40 45

Table E.12: Individual violation of norms, in experiment 13.



Appendix F

Results tables of experiments 14 to 16

In this appendix, the obtained results from the experiments 14 to 16, described in Chapter

5, are presented.

For each experiment, three tables with the obtained data are provided.

The elements of such tables are listed and explained next:

• ID: this is the identifier number of each participant agent.

• Type: this indicates the class to which the agent belongs to: normative (norm), or

non-normative (N-norm).

• Num pas: this is the number of passengers that were picked up by each agent during

its trip.

• Total pas norm: this is the total number of passengers picked up by the normative

agents in the system.

• Total pas N-norm: this is the total number of passengers picked up by the non-

normative agents in the system.

• Total pas picked up: this is the total number of passengers picked up by the agents (of
both types) in the system.

• Total pas system: this is the total number of passengers that arrived to the system,

expecting to be picked up by some bus of the 632 bus route.

• Acc n¿: this indicates the number of times that the norm n. was accomplished by the

agent.
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258 APPENDIX F. RESULTS TABLES OF EXPERIMENTS 14 TO 16

• Tot acc: this indicates the total number of accomplishments that the agent committed

during its trip.

• Vio nf. this indicates the number of times that the norm rij was violated by the agent.

• Tot vio: this indicates the total number of violations that the agent committed during

its trip.

Next, the tables of results of experiments 14-16 are presented.



ID Type Num pas

372 N-norm 317

373 N-norm 292

374 N-norm 322

375 N-norm 338

376 N-norm 237

377 N-norm 301

378 N-norm 266

379 N-norm 219

380 N-norm 332

381 N-norm 340

382 N-norm 275

383 N-norm 348

384 N-norm 266

385 norm 299

386 norm 260

387 norm 174

388 norm 205

389 norm 318

390 norm 230

391 norm 287

392 norm 259

393 norm 289

394 norm 349

395 norm 316

396 norm 254

397 norm 207

Total pas norm 3447

Total pas N-norm 3853

Total pas picked up 7300

Total pas system 7458

Table F.l: Passengers individually picked up, in experiment 14-
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ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 47 5 96 22 0 0 0 3149 3319

373 N-norm 53 6 75 29 0 0 0 3349 3512

374 N-norm 51 6 93 27 0 1 0 3102 3280

375 N-norm 63 5 90 34 0 1 0 3070 3263

376 N-norm 41 7 80 18 0 0 0 3415 3561

377 N-norm 79 7 101 2 0 1 2 2975 3167

378 N-norm 95 8 92 0 0 1 1 3035 3232

379 N-norm 52 7 75 9 0 0 0 3478 3621

380 N-norm 86 6 96 10 0 0 0 2980 3178

381 N-norm 54 6 94 25 0 0 1 3058 3238

382 N-norm 54 9 93 11 0 0 0 3247 3414

383 N-norm 80 7 102 20 0 1 0 2940 3150

384 N-norm 69 8 82 2 0 0 0 3523 3684

385 norm 89 11 99 19 0 0 0 3933 4151

386 norm 77 13 84 0 0 0 0 3823 3997

387 norm 43 9 73 0 0 0 0 4063 4188

388 norm 59 13 81 5 0 0 0 3848 4006

389 norm 108 13 94 32 0 0 0 3869 4116

390 norm 61 13 81 1 0 0 0 4081 4237

391 norm 86 13 95 19 0 0 0 3925 4138

392 norm 62 11 87 2 0 0 0 3937 4099

393 norm 96 13 97 57 0 0 0 4127 4390

394 norm 106 13 103 28 0 0 0 3906 4156

395 norm 94 13 95 17 0 0 0 3958 4177

396 norm 84 13 87 0 0 0 0 3886 4070

397 norm 50 13 81 1 0 0 0 4015 4160

Table F.2: Individual accomplishment of norms, in experiment 14-



ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 2 3 8 35 2 0 518 569

373 N-norm 0 4 12 33 7 0 485 542

374 N-norm 1 5 11 37 3 0 531 589

375 N-norm 4 4 5 35 4 0 527 580

376 N-norm 2 1 16 21 6 0 426 473

377 N-norm 1 5 3 0 4 0 571 585

378 N-norm 1 5 0 0 8 0 544 559

379 N-norm 2 4 8 4 5 0 372 396

380 N-norm 0 7 7 14 7 0 565 601

381 N-norm 1 5 7 42 4 0 531 591

382 N-norm 1 4 10 13 1 0 485 515

383 N-norm 2 4 3 26 5 0 620 661

384 N-norm 1 5 12 3 2 0 420 444

385 norm 0 0 0 0 0 0 0

386 norm 0 0 0 0 0 0 0

387 norm 0 0 0 0 0 0 0

388 norm 0 0 0 0 0 0 0

389 norm 0 0 0 0 0 0 0

390 norm 0 0 0 0 0 0 0

391 norm 0 0 0 0 0 0 0

392 norm 0 0 0 0 1 0 0

393 norm 0 0 0 0 0 0 0

394 norm 0 0 0 0 0 0 0

395 norm 0 0 0 0 0 0 0

396 norm 0 0 0 0 0 0 0

397 norm 0 0 0 0 0 0 0

Table F.3: Individual violation of norms, in experiment 14-
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ID Type Num pas

372 N-norm 309

373 N-norm 319

374 N-norm 327

375 N-norm 323

376 N-norm 286

377 N-norm 289

378 N-norm 267

379 N-norm 298

380 N-norm 282

381 N-norm 328

382 N-norm 319

383 N-norm 325

384 N-norm 321

385 norm 221

386 norm 293

387 norm 254

388 norm 278

389 norm 242

390 norm 292

391 norm 280

392 norm 311

393 norm 298

394 norm 327

395 norm 274

396 norm 314

397 norm 312

Total pas norm 3696

Total pas N-norm 3993

Total pas picked up 7689

Total pas system 7841

Table F.4: Passengers individually picked up, in experiment 15.



ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 63 3 86 30 0 0 0 3182 3364

373 N-norm 65 5 98 20 0 1 0 3044 3233

374 N-norm 81 4 100 5 0 0 0 2883 3073

375 N-norm 65 6 89 20 0 0 0 3302 3482

376 N-norm 59 3 91 7 0 1 0 3078 3239

377 N-norm 38 3 90 20 0 0 0 3415 3566

378 N-norm 39 4 81 15 0 0 0 3472 3611

379 N-norm 49 4 87 38 0 0 0 3040 3218

380 N-norm 65 5 87 5 0 1 0 3173 3336

381 N-norm 34 6 86 35 0 0 0 3016 3177

382 N-norm 51 3 91 18 0 1 0 3038 3202

383 N-norm 64 5 91 3 0 2 0 2882 3047

384 N-norm 56 5 88 28 0 1 0 2956 3134

385 norm 53 7 78 0 0 0 0 4047 4185

386 norm 91 13 94 57 0 0 0 4047 4302

387 norm 75 9 79 3 0 0 0 3848 4014

388 norm 75 13 98 14 0 0 0 4012 4212

389 norm 61 10 81 0 0 0 0 3820 3972

390 norm 90 13 97 3 0 0 0 3937 4140

391 norm 82 13 89 0 0 0 0 3819 4003

392 norm 96 13 95 42 0 0 0 3941 4187

393 norm 107 13 100 0 0 0 0 3955 4175

394 norm 102 13 96 66 0 0 0 3973 4250

395 norm 67 13 86 9 0 0 0 3960 4135

396 norm 92 8 91 10 0 0 0 3943 4144

397 norm 97 11 94 22 0 0 0 3941 4165

Table F.5: Individual accomplishment of norms, in experiment 15.
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ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 0 6 7 26 2 0 465 507

373 N-norm 1 6 6 27 3 0 562 606

374 N-norm 0 5 0 6 5 0 629 646

375 N-norm 0 6 9 25 3 0 462 506

376 N-norm 1 8 7 15 8 0 536 576

377 N-norm 0 5 12 43 2 0 399 462

378 N-norm 0 3 16 26 4 0 368 418

379 N-norm 0 8 13 33 9 0 533 597

380 N-norm 1 7 5 5 6 0 546 571

381 N-norm 0 7 11 56 1 0 559 635

382 N-norm 1 8 8 29 4 0 530 581

383 N-norm 2 8 8 16 3 0 604 642

384 N-norm 1 5 3 50 5 0 622 687

385 norm 0 0 0 0 0 0 0

386 norm 0 0 0 0 0 0 0

387 norm 0 0 0 0 0 0 0

388 norm 0 0 0 0 0 0 0

389 norm 0 0 0 0 0 0 0

390 norm 0 0 0 0 0 0 0

391 norm 0 0 0 0 0 0 0

392 norm 0 0 0 0 0 0 0

393 norm 0 0 0 0 0 0 0

394 norm 0 0 0 0 0 0 0

395 norm 0 0 0 0 0 0 0

396 norm 0 0 0 0 0 0 0

397 norm 0 0 0 0 0 0 0

Table F.6: Individual violation of norms, in experiment 15.



ID Type Num pas

372 N-norm 174

373 N-norm 123

374 N-norm 118

375 N-norm 172

376 N-norm 136

377 N-norm 164

378 N-norm 128

379 N-norm 162

380 N-norm 185

381 N-norm 162

382 N-norm 137

383 N-norm 181

384 N-norm 121

385 norm 320

386 norm 327

387 norm 269

388 norm 333

389 norm 357

390 norm 350

391 norm 288

392 norm 322

393 norm 340

394 norm 316

395 norm 304

396 norm 222

397 norm 328

Total pas norm 4076

Total pas N-norm 1963

Total pas picked up 6039

Total pas system 6174

Table F.7: Passengers individually picked up, in experiment 16.
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ID Type Acc

nO

Acc

ni

Acc

n2

Acc

n3

Acc

n4

Acc

n5

Acc

n6

Acc

n7

Tot

acc

372 N-norm 29 6 42 21 3 0 3821 3923

373 N-norm 19 4 23 51 2 0 4537 4637

374 N-norm 13 2 20 58 1 0 4459 4554

375 N-norm 26 6 36 14 6 0 3665 3754

376 N-norm 12 4 24 59 3 0 4398 4501

377 N-norm 19 5 33 29 4 0 4280 4371

378 N-norm 19 7 22 50 5 0 4373 4477

379 N-norm 26 10 36 20 1 0 4086 4180

380 N-norm 17 5 40 28 0 0 3760 3851

381 N-norm 20 8 31 35 6 0 4112 4213

382 N-norm 18 4 33 32 3 0 4083 4174

383 N-norm 21 4 33 38 2 0 3911 4010

384 N-norm 22 10 24 21 2 0 4156 4236

385 norm 94 13 97 10 0 0 0 3804 4018

386 norm 100 13 97 1 0 0 2 4011 4224

387 norm 55 13 96 0 0 0 0 3957 4121

388 norm 93 13 97 12 0 0 2 3804 4021

389 norm 106 12 103 30 0 0 0 3826 4077

390 norm 107 13 96 33 0 0 1 3865 4115

391 norm 75 13 94 6 0 0 0 4090 4278

392 norm 108 13 97 23 0 0 0 3939 4180

393 norm 94 13 108 15 0 0 1 3820 4051

394 norm 112 13 92 3 0 0 1 3865 4086

395 norm 79 12 94 6 0 0 0 3866 4057

396 norm 52 13 77 0 0 0 0 3990 4132

397 norm 119 13 96 0 0 0 0 3937 4165

Table F.8: Individual accomplishment of norms, in experiment 16.



ID Type Vio

nO

Vio

ni

Vio

n2

Vio

n3

Vio

n4

Vio

n5

Vio

n6

Vio

n7

Tot

vio

372 N-norm 24 3 57 5 0 0 0 924 1013

373 N-norm 21 2 81 6 0 1 0 956 1067

374 N-norm 11 2 73 13 0 0 0 995 1094

375 N-norm 35 3 61 5 0 1 0 1108 1213

376 N-norm 10 2 74 14 0 0 0 899 999

377 N-norm 40 3 70 14 0 0 0 893 1020

378 N-norm 17 2 74 7 0 1 0 981 1082

379 N-norm 39 3 66 3 0 0 0 1129 1240

380 N-norm 16 2 57 19 0 1 0 1005 1100

381 N-norm 20 2 63 13 0 0 0 1039 1137

382 N-norm 32 4 69 14 0 0 0 1056 1175

383 N-norm 16 2 63 20 0 0 0 915 1016

384 N-norm 55 3 65 2 0 0 0 1126 1251

385 norm 0 0 0 0 0 0 0 1

386 norm 0 0 0 0 0 0 0 1

387 norm 0 0 0 0 0 0 0 1

388 norm 0 0 0 0 2 0 0 3

389 norm 0 0 0 0 0 0 0 1

390 norm 0 0 0 0 0 0 0 1

391 norm 0 0 0 0 0 0 0 1

392 norm 0 0 0 0 2 0 0 3

393 norm 0 0 0 0 0 0 0 1

394 norm 0 0 0 0 0 0 0 1

395 norm 0 0 0 0 2 0 0 3

396 norm 0 0 0 0 0 0 0 1

397 norm 0 0 0 0 0 0 0 1

Table F.9: Individual violation of norms, in experiment 16.



Appendix G

Tables of consequences

In this appendix, the total applicable consequences for each agent (resultant of the agent's

accomplishments and violations to the system's norms), at the end of each experiment, are

presented. There are specified the total consequences related to each important aspect of

each agent.

For each experiment, a table with the following data is presented:

• ID: this is the identifier number of each participant agent.

• Type: this indicates the class to which the agent belongs to: normative (norm), or

non-normative (N-norm).

• Cons aspO: this indicates the total consequences for the agent (obtained by the accom

plishment and by the violation of the system's norms) that are related to its important

aspect 0.

• Cons aspl : this indicates the total consequences for the agent (obtained by the accom

plishment and by the violation of the system's norms) that are related to its important

aspect 1.

• Cons asp2: this indicates the total consequences for the agent (obtained by the accom

plishment and by the violation of the system's norms) that are related to its important

aspect 2.

• Cons asp3: this indicates the total consequences for the agent (obtained by the accom

plishment and by the violation of the system's norms) that are related to its important

aspect 3.

Next, the tables of data are shown.
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ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 norm 24.7 845.95 853.6 0

373 norm 25.7 801.2 809.1 0

374 norm 26.55 818.9 827.05 0

375 norm 32.55 828.15 837.95 0

376 norm 32.75 838.7 848.45 0

377 norm 32.8 826.7 837.2 0

378 norm 31.65 841.15 850.65 0

379 norm 18.25 843.5 849.15 0

380 norm 28.7 827.2 835.9 0

381 norm 21.6 795.55 802.3 0

382 norm 25.3 819.5 827.5 0

383 norm 17 872.75 877.9 0

384 norm 24.25 861.5 869.15 0

385 norm 28.7 826.8 835.9 0

386 norm 26.15 798.55 806.75 0

387 norm 23.1 835.1 842.3 0

388 norm 31.9 840.3 849.5 0

389 norm 24.4 835.9 843.6 0

390 norm 27.7 807.9 816.7 0

391 norm 19.45 825.7 831.75 0

392 norm 26.65 827.2 835.35 0

393 norm 31.45 837.05 846.45 0

394 norm 27.7 815.2 823.7 0

395 norm 31.85 818.15 827.65 0

396 norm 32 831.65 841.5 0

397 norm 31.7 817.95 827.8 0

Table G.l: Total applicable consequences per important aspect and per agent, at the end of

experiment 1.



ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 25.8 791.24 797.55 0

373 N-norm 20.4 824.27 829.95 -1.6

374 N-norm 18.5 863.49 868.7 1.6

375 N-norm 20.05 812.61 818.5 0.8

376 N-norm 23.4 783.52 789.7 0.8

377 N-norm 25.8 767.69 773.6 0.8

378 N-norm 23.55 855.74 861.65 0

379 N-norm 26.7 791.77 797.25 -0.8

380 N-norm 31.15 836.81 845.5 4

381 N-norm 27.55 791.78 798.55 -0.8

382 N-norm 26.1 795.57 802.85 0.8

383 N-norm 23.75 780.8 786.1 2.4

384 N-norm 27.65 791.12 796.6 0.8

385 norm 24.6 814.65 822.3 0

386 norm 25.75 820.9 829.05 0

387 norm 33.4 819.05 829.3 0

388 norm 20.3 851.95 858.2 0

389 norm 29.4 821.9 831 0

390 norm 32.7 835.3 845.3 0

391 norm 27.9 797.15 806 0

392 norm 23.6 842.4 849.8 0

393 norm 32.15 835.45 844.75 0

394 norm 28.55 841.4 850.05 0

395 norm 17.95 855.3 860.85 0

396 norm 34.4 844.95 855.3 0

397 norm 32.85 835.75 845.65 0

Table G.2: Total applicable consequences per important aspect and per agent, at the end of

experiment 2.
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ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 24 801.6 806.65 2.4

373 N-norm 27.4 810.42 815.75 5.6

374 N-norm 29.7 817.06 823.95 5.6

375 N-norm 33.25 827.16 837.45 0.8

376 N-norm 26.65 796.61 804.7 0.8

377 N-norm 24.05 767.36 772.4 0

378 N-norm 25.05 799.31 803.7 -1.6

379 N-norm 27.45 797.91 804.5 0

380 N-norm 25.7 792.54 799.15 0

381 N-norm 20.8 819.63 825.95 0

382 N-norm 22.7 767.16 773.8 0.8

383 N-norm 28.65 768.78 777.2 0

384 N-norm 26.4 810.54 818.35 2.4

385 N-norm 28.35 823.12 829.4 0.8

386 N-norm 23.05 810.31 817.1 -1.6

387 N-norm 18.35 845.11 850.35 0

388 N-norm 23.65 750.69 757.4 0

389 N-norm 25.1 789.41 793.9 4

390 N-norm 25.6 823.72 829.6 -0.8

391 N-norm 29.6 835.25 842.75 -0.8

392 N-norm 23.8 763.81 770 1.6

393 N-norm 23.75 813.63 820.25 0.8

394 N-norm 23.05 825.82 832.35 2.4

395 N-norm 28.55 785.52 792.15 2.4

396 N-norm 26.85 780.85 788.6 -3.2

397 N-norm 26.8 806.07 811.35 -0.8

Table G.3: Total applicable consequences per important aspect and per agent, at the end of

experiment 3.



ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 21.1 810.63 814.35 6.4

373 N-norm 21.3 806.82 809.95 4.8

374 N-norm 20.85 830.38 833.85 1.6

375 N-norm 26.9 820.21 826.15 7.2

376 N-norm 16.25 878.52 880.1 3.2

377 N-norm 31.65 807.89 816.2 3.2

378 N-norm 22.9 809.59 814.45 4

379 N-norm 19.45 839.14 841.05 8

380 N-norm 26.45 794.23 801.25 3.2

381 N-norm 21.55 835.16 839.75 2.4

382 N-norm 26.05 824.23 831.35 4

383 N-norm 31.2 814.73 821.95 5.6

384 N-norm 21.35 803.65 806.65 7.2

385 norm 26.65 811.25 819.65 -0.8

386 norm 30.3 830.7 839.7 0

387 norm 31.95 826.85 836.55 0

388 norm 27.3 847.9 856.3 0

389 norm 25 840.1 848 0

390 norm 31.45 836 845.55 -0.8

391 norm 36 824.55 835.3 0

392 norm 16.3 858.9 863.9 2.4

393 norm 31.65 826.85 836.65 0

394 norm 29.6 832.1 841.2 0

395 norm 34.6 825.5 835.6 0

396 norm 27.4 812.5 821.2 0

397 norm 26.1 817.5 825.5 0

Table G.4: Total applicable consequences per important aspect and per agent, at the end of

experiment 4-
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ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 22 804.36 809.1 4

373 N-norm 23.8 841.18 845.7 3.2

374 N-norm 20.55 824.07 827.95 4.8

375 N-norm 22 844.08 847.85 6.4

376 N-norm 21.25 785.2 790.05 4.8

377 N-norm 23.4 845.45 850.1 5.6

378 N-norm 29.4 819.83 826.5 6.4

379 N-norm 26.5 810.7 817.95 4

380 N-norm 27.2 804.65 810.75 4.8

381 N-norm 21.55 799.36 803.05 3.2

382 N-norm 17.15 851.1 853.7 2.4

383 N-norm 29.35 836.28 842.95 7.2

384 N-norm 24.55 784.26 789.8 5.6

385 N-norm 19.9 798.76 802.8 2.4

386 N-norm 18.7 838.67 841.05 6.4

387 N-norm 16.45 819.78 821.05 2.4

388 N-norm 23.5 770.68 776.1 4

389 N-norm 27.7 831.53 837.55 0.8

390 N-norm 17.65 841.1 843.85 1.6

391 N-norm 28.5 796.52 804.05 1.6

392 N-norm 19.15 838.37 841.8 4.8

393 N-norm 19.1 817.66 820.35 4

394 N-norm 28.4 821.46 827.6 3.2

395 N-norm 23.25 794.69 799.65 3.2

396 N-norm 22.25 862.01 865.3 4

397 N-norm 18.1 839.49 842.75 1.6

Table G.5: Total applicable consequences per important aspect and per agent, at the end of

experiment 5.



ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3
372 N-norm 14.45 849.45 853.1 4

373 N-norm 24.5 804.53 811.45 -0.8

374 N-norm 29.3 834.22 842.05 6.4

375 N-norm 27 820.49 826.5 1.6

376 N-norm 26.95 808.03 813.75 4.8

377 N-norm 29.05 824.39 832.05 1.6

378 N-norm 26.25 822.57 830.25 2.4

379 N-norm 25.55 815.88 821.6 0

380 N-norm 22.7 843.97 850.55 2.4

381 N-norm 23.25 803.97 810.15 2.4

382 N-norm 21.45 836.41 841.95 4.8

383 N-norm 20.75 798.67 804.7 0.8

384 N-norm 18.2 838.3 843.3 4

385 norm 29.3 846.7 855.3 0

386 norm 27.6 839 847.6 0

387 norm 32.4 824.65 834.5 0

388 norm 23.2 821.2 828.6 -0.8

389 norm 34.05 825.05 835.05 0

390 norm 26.6 808.2 816.6 -0.8

391 norm 24.25 845.3 853.15 0

392 norm 22.6 842.1 849.2 0

393 norm 34.2 830.85 841.1 0

394 norm 25.5 858.35 866.4 -0.8

395 norm 34.65 836.45 846.85 0

396 norm 31.2 834.05 843.1 0

397 norm 26.95 822.15 830.75 0

Table G.6: Total applicable consequences per important aspect and per agent, at the end of

experiment 6.
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ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 24.15 814.66 820.55 0.8

373 N-norm 19.55 835.28 840.45 4

374 N-norm 26.4 812.62 818.3 2.4

375 N-norm 24.6 789.09 793.7 0.8

376 N-norm 26.8 819.94 826.7 1.6

377 N-norm 26.25 825.14 831.7 1.6

378 N-norm 19.7 849.13 855.3 0.8

379 N-norm 20.05 840.37 846.05 2.4

380 N-norm 26.6 807.73 813.5 0

381 N-norm 22.1 803.33 809.25 2.4

382 N-norm 24.5 806.44 810.9 1.6

383 N-norm 29.45 801.46 809.05 -0.8

384 N-norm 24.55 821.67 826.75 1.6

385 N-norm 25.7 803.25 808.05 4

386 N-norm 30 815.14 822.55 0

387 N-norm 25.65 800.87 808.25 3.2

388 N-norm 25.25 796.99 804.6 2.4

389 N-norm 28.35 814.91 822.75 0.8

390 N-norm 29.45 828.13 836.05 4

391 N-norm 23.8 816.41 822.25 1.6

392 N-norm 25.05 808.99 816.5 2.4

393 N-norm 25.9 794.73 801.65 0.8

394 N-norm 24.35 803.66 810.3 0

395 N-norm 25.55 817.23 822.35 -0.8

396 N-norm 19.6 799.01 805 1.6

397 N-norm 20.4 841.61 847.8 1.6

Table G.7: Total applicable consequences per important aspect and per agent, at the end of

experiment 7.



ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 32.2 851.29 861.05 -4

373 N-norm 27.45 793.9 802.55 0

374 N-norm 32.1 810.85 820.35 -2.4

375 N-norm 19.1 837.1 843.05 -0.8

376 N-norm 33.2 803.95 813.15 -1.6

377 N-norm 27.45 766.38 774.05 -3.2

378 N-norm 29.05 803.96 811.9 1.6

379 N-norm 29.75 787.95 796.95 -4

380 N-norm 29.6 796.41 804.75 0

381 N-norm 23.2 826.68 833.8 0

382 N-norm 29.3 794.55 802.6 -2.4

383 N-norm 23.8 792.33 798.3 0

384 N-norm 22.15 825.75 832.65 -2.4

385 norm 29.2 842.6 851.8 0

386 norm 28 807.3 816.2 0

387 norm 30.35 814.1 823.65 -1.6

388 norm 31.85 835.55 845.25 0

389 norm 31.05 829.4 839.15 0

390 norm 31.8 831.85 841.3 0

391 norm 30.35 828.25 837.75 0

392 norm 32.65 820.6 830.35 0

393 norm 24.1 836.9 844.5 0

394 norm 33.25 821.55 831.85 0

395 norm 27 814.5 823 -1.6

396 norm 32.45 829.45 839.65 0

397 norm 31.45 821.8 831.75 0

Table G.8: Total applicable consequences per important aspect and per agent, at the end of

experiment 8.
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ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 28.3 812.73 820.7 -0.8

373 N-norm 31.1 807.78 816.2 -3.2

374 N-norm 29.5 821.48 829.7 0

375 N-norm 32.95 828.43 838.8 -2.4

376 N-norm 31.8 826.53 835.85 -0.8

377 N-norm 28.15 808.83 817.5 0

378 N-norm 33.1 794.35 804.45 -2.4

379 N-norm 20.65 853.85 860.3 -1.6

380 N-norm 24.95 760 766.85 -3.2

381 N-norm 30.8 818.98 828.15 -0.8

382 N-norm 30.1 809.96 818.35 -3.2

383 N-norm 22.6 771.16 777.9 -4

384 N-norm 30.05 794.29 801.95 -0.8

385 N-norm 29.85 785.93 794.7 -1.6

386 N-norm 23.2 835.63 842.75 -0.8

387 N-norm 28.65 817.55 825.45 -3.2

388 N-norm 19.75 812.35 818.5 -0.8

389 N-norm 32.15 807.45 816.7 -3.2

390 N-norm 30.05 813.53 822.05 -2.4

391 N-norm 25.85 810.6 818.7 -1.6

392 N-norm 22.15 771.93 778.7 -2.4

393 N-norm 24.8 848.13 855.65 0

394 N-norm 22.15 827.98 834.75 0

395 N-norm 26.5 808.68 816.85 -1.6

396 N-norm 31.1 788.43 797.5 -4

397 N-norm 30.7 809.9 818.45 -7.2

Table G.9: Total applicable consequences per important aspect and per agent, at the end of

experiment 9.



ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 25.9 797.13 803.65 4

373 N-norm 18.95 830.66 836.2 1.6

374 N-norm 22.3 829.98 836.8 0.8

375 N-norm 24.6 795.99 799.9 6.4

376 N-norm 24.35 776.91 784.15 0.8

377 N-norm 23.05 770.27 775.9 6.4

378 N-norm 24.85 829.6 836.65 0

379 N-norm 23.7 774.21 779.1 1.6

380 N-norm 28.15 813.84 821 2.4

381 N-norm 26 784.77 791.2 3.2

382 N-norm 30 817.89 825.35 2.4

383 N-norm 31.6 831.64 841.2 2.4

384 N-norm 25.45 789.9 797.05 3.2

385 norm 30.9 823.65 833 0

386 norm 30.7 841.9 851.1 0

387 norm 32.7 838.05 848 0

388 norm 32.15 845.2 854.85 0

389 norm 31.4 829.9 839.2 0

390 norm 34.15 832.4 842.65 0

391 norm 29.4 817.35 826.5 0

392 norm 30.8 831.05 840.1 0

393 norm 23.5 850.65 858 0

394 norm 30.4 826.65 836.1 0

395 norm 24.6 836.25 843.9 0

396 norm 24.1 841.5 849.1 -1.6

397 norm 33.35 824.65 834.75 0

Table G.10: Total applicable consequences per important aspect and per agent, at the end

of experiment 10.
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ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 30.3 802.73 811.25 4.8

373 N-norm 27 830.21 835.7 5.6

374 N-norm 20.9 740.85 745.55 4

375 N-norm 29.35 801.71 808.4 5.6

376 N-norm 26.05 785.16 791.2 4.8

377 N-norm 26.6 809.11 814.35 5.6

378 N-norm 25.35 807.99 812.6 6.4

379 N-norm 22 817.11 822.75 4.8

380 N-norm 22.35 849.58 856.4 0.8

381 N-norm 24.7 806.09 811.95 2.4

382 N-norm 27.55 824.03 830.15 4.8

383 N-norm 22.4 821.09 827.15 2.4

384 N-norm 33.4 833.89 844.05 2.4

385 N-norm 25.15 767.69 771.75 2.4

386 N-norm 28.1 807.03 814.9 0.8

387 N-norm 25.95 812.29 818.95 2.4

388 N-norm 24.55 799.22 806.25 3.2

389 N-norm 23.65 807.42 814.15 2.4

390 N-norm 27.7 791.24 799 2.4

391 N-norm 19.6 902.64 908.2 2.4

392 N-norm 15.1 857.98 862.4 0.8

393 N-norm 25.2 816.36 822.8 5.6

394 N-norm 25.3 784.08 791.75 0.8

395 N-norm 26 788.18 794.95 4.8

396 N-norm 26.45 812.05 817.7 4

397 N-norm 25.85 798.31 805.75 1.6

Table G.ll: Total applicable consequences per important aspect and per agent, at the end

of experiment 11.



ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3
372 N-norm 18.65 846.9 852.7 -1.6

373 N-norm 25.2 802.83 807.6 -4.8

374 N-norm 25.7 777.85 783.2 0

375 N-norm 28.6 798.45 804.6 -2.4

376 N-norm 23.25 827.1 834.45 -1.6

377 N-norm 23 830.2 837.35 -4.8

378 N-norm 29.2 819.1 826.45 -2.4

379 N-norm 29.65 785.05 793.15 -0.8

380 N-norm 26.7 813.68 820.1 -3.2

381 N-norm 24.7 809.28 815.35 -2.4

382 N-norm 23.75 779.13 786.45 -1.6

383 N-norm 27.9 811 819.7 -4

384 N-norm 28.1 819.2 827.4 -4.8

385 norm 33.75 822.35 832.55 0

386 norm 23.8 850.5 858 0

387 norm 25.6 814.9 823 -0.8

388 norm 32.05 832.05 842.05 0

389 norm 31.5 816.7 826.3 0

390 norm 29.05 800.1 809.35 0

391 norm 25.45 818.7 826.75 0

392 norm 32.9 820.05 829.8 0

393 norm 31.4 819 828.6 0

394 norm 26.95 842.4 850.85 0

395 norm 24.5 822.15 829.6 0

396 norm 23.1 822.6 829.9 -0.8

397 norm 26.3 825.45 833.6 0

Table G.12: Total applicable consequences per important aspect and per agent, at the end

of experiment 12.
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ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm 25.15 781.95 786.5 -3.2

373 N-norm 22.9 848.5 855.7 -0.8

374 N-norm 25.95 778.78 786.55 -1.6

375 N-norm 33.25 831.05 841.55 -5.6

376 N-norm 24.7 818.98 825.7 -2.4

377 N-norm 28.15 805.15 813.55 -3.2

378 N-norm 29.3 794.35 801.65 -2.4

379 N-norm 29 819.65 827.9 -6.4

380 N-norm 23.05 798.68 805.75 -0.8

381 N-norm 27.5 798.6 804.75 -4

382 N-norm 29.4 792.65 801.65 -4

383 N-norm 23.15 820.2 826.75 -4

384 N-norm 24 781.25 788.35 -4

385 N-norm 23.8 839.65 847.15 -1.6

386 N-norm 28.05 798.88 805.6 -4

387 N-norm 25.8 795.4 801.75 -3.2

388 N-norm 25.15 824.25 832.2 -4

389 N-norm 27.05 785.88 793.65 -1.6

390 N-norm 26.7 798.55 805.95 -4

391 N-norm 26.3 846.15 853.5 -4.8

392 N-norm 20.8 774.03 779.55 -4.8

393 N-norm 24.7 792.88 798.2 -4

394 N-norm 28.45 849.3 857.45 -1.6

395 N-norm 30.65 816.5 824.45 -3.2

396 N-norm 28.15 811.2 817.45 -6.4

397 N-norm 26.2 774.3 782.6 -3.2

Table G.13: Total applicable consequences per important aspect and per agent, at the end

of experiment 13.



ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3
372 N-norm 23.05 660 667.15 0

373 N-norm 21.25 697.45 703.85 0

374 N-norm 23.55 651.15 658.35 0.8

375 N-norm 25.15 646.8 654.45 0.8

376 N-norm 19.75 708.8 714.85 0

377 N-norm 27.8 631.8 640.8 2.4

378 N-norm 28.85 645.2 654.55 1.6

379 N-norm 20.2 722.15 728.5 0

380 N-norm 28.4 633.5 642.6 0

381 N-norm 24.05 643.05 650.45 0.8

382 N-norm 23.5 680.25 687.6 0

383 N-norm 29 626.1 635.2 0.8

384 N-norm 23.55 735.7 743.25 0

385 norm 30.25 826.25 835.65 0

386 norm 25.45 798.1 806.15 0

387 norm 18.3 836.7 842.5 0

388 norm 22.55 799.15 806.15 0

389 norm 33.2 817.1 827.2 0

390 norm 22.65 845.95 853.05 0

391 norm 29.4 823.45 832.5 0

392 norm 23.55 818.4 825.85 0

393 norm 33.1 868.15 877.8 0

394 norm 34.05 825.7 836.15 0

395 norm 30.5 831.55 841 0

396 norm 26.95 812.7 821.25 0

397 norm 21 830.55 837.1 0

Table G.14: Total applicable consequences per important aspect and per agent, at the end

of experiment 14-
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ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3

372 N-norm -3.55 -118.34 -123.05 -1.6

373 N-norm -3.6 -142.64 -147.45 -2.4

374 N-norm -1.4 -157.8 -158.85 -4

375 N-norm -3.8 -117.68 -122.75 -2.4

376 N-norm -3.35 -135.71 -139.65 -6.4

377 N-norm -5.05 -102.99 -110.5 -1.6

378 N-norm -4.6 -94.57 -101.2 -3.2

379 N-norm -5 -136.21 -143.1 -7.2

380 N-norm -2.45 -137.52 -139.95 -4.8

381 N-norm -5.75 -143.67 -152.35 -0.8

382 N-norm -4.2 -134.98 -140.55 -3.2

383 N-norm -3.7 -152.9 -157.4 -2.4

384 N-norm -4.2 -158.53 -164.9 -4

385 norm -0.6 0 -0.2 0

386 norm -0.6 0 -0.2 0

387 norm -0.6 0 -0.2 0

388 norm -0.6 0 -0.2 0

389 norm -0.6 0 -0.2 0

390 norm -0.6 0 -0.2 0

391 norm -0.6 0 -0.2 0

392 norm -0.6 0 -0.2 0

393 norm -0.6 0 -0.2 0

394 norm -0.6 0 -0.2 0

395 norm -0.6 0 -0.2 0

396 norm -0.6 0 -0.2 0

397 norm -0.6 0 -0.2 0

Table G.15: Total applicable consequences per important aspect and per agent, at the end

of experiment 15.



ID Type Cons

aspO

Cons

aspl

Cons

asp2

Cons

asp3
372 N-norm 0 0 0 0

373 N-norm 0 0 0 0

374 N-norm 0 0 0 0

375 N-norm 0 0 0 0

376 N-norm 0 0 0 0

377 N-norm 0 0 0 0

378 N-norm 0 0 0 0

379 N-norm 0 0 0 0

380 N-norm 0 0 0 0

381 N-norm 0 0 0 0

382 N-norm 0 0 0 0

383 N-norm 0 0 0 0

384 N-norm 0 0 0 0

385 norm 0 0 0 0

386 norm 0 0 0 0

387 norm 0 0 0 0

388 norm 0 0 0 0

389 norm 0 0 0 0

390 norm 0 0 0 0

391 norm 0 0 0 0

392 norm 0 0 0 0

393 norm 0 0 0 0

394 norm 0 0 0 0

395 norm 0 0 0 0

396 norm 0 0 0 0

397 norm 0 0 0 0

Table G.16: Total applicable consequences per important aspect and per agent, at the end

of experiment 16.



Appendix H

Tables of performance

In this appendix, different measurements of agents' performance are presented.

For each experiment, a table with the following data is provided:

• ID: this is the identifier number of each participant agent.

• Type: this indicates the class to which the agent belongs to: normative (norm), or

non-normative (N-norm).

• Perfl : this is a measurement of the performance of the agent related to the number

of passengers that it picked up during its trip over the system. This measurement is

also called the agent's personal performance, because it is purely related to the agent's

personal gains (obtained through the passengers that it picked up).

• Perf2: this is a measurement of the performance of the agent related to the time in

which it did its trip.

• Perf3: this is a measurement of the performance of the agent related to the received

complaints and to the avoided complaints about its actuation in the system.

• Perf4 : this is a measurement of the performance of the agent related to the acceptance,
or rejection (represented with a negative valué), that its non-normative partners feel

for it. This measurement is also called the agent's social performance, because it is

purely related to the agent's social relationships with other members of its group.

• Perf5: this is a measurement of the agent's job performance that takes into account

three main aspects of its job: the number of picked up passengers; the agent's arrival

time; and the agent's avoided complaints. This measurement is also called the agent's

complete job performance.

287
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• Perf6: this is another measurement of the agent's job performance that only takes into

account two aspects of its job: the number of picked up passengers and the agent's
arrival time. This measurement is also called the agent's partial job performance.

• Per/7: this is a joint measurement of the agent's performance measurements 1 to 4.

This is also called the agent's general performance.

In the following subsections, the used methods to calcúlate each performance measurement

are specified.

The valúes of the performance measurements 1 to 7 are expected to be in the range

[— 1, 1]; however, due to the use of several average valúes, some of the obtained results were

lightly bigger than 1. Such results were set to 1.

Calculation of Performance 1

Perfl was calculated using the following equation:

For each experiment expj and each agent a¿:

numPaSa. + consAspOai
Perflai = (H.l)

avgPaSe_.Pj

Where,

• numPasai is the number of passengers picked up by the agent a» over its trip.

• consAspOa. is the total of consequences related to the aspect 0 (which represents the

agent's interests of pick many passengers up), obtained by the agent a¿.

• avgPasexpj is an average of the passengers that could be picked up by each agent of the

experiment expy This average is calculated dividing the total existent passengers in

the system by the number of existent bus driver agents (26), for the experiment expy

Calculation of Performance 2

Perf2 was calculated in the following way, for each agent a¿ of each experiment:

• If the agent a¿ arrived on time to its terminal, the valué of Perf2 is 1.
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• If the agent <_i was early or late, the total consequences related to the important aspect

Aspl (which represents the agent's interests of arriving on time to its terminal) are

used to increment, or decrement, the agent's arrival time (by adding, or subtracting,

those consequences to the arrival time, using them as favorable seconds -ticks- of time

for the agent), trying to reach an acceptable time for the agent to be on time.

If the agent's arrival time (after using the favorable seconds) makes the agent to be on

time, the valué of Perf2 is 1. Otherwise, this valué is 0.

Remember that:

• An agent ag arrived on time if:

(UmeTrip
—

tolEarly) < arrivalTimeag < (UmeTrip + tolLaté)

• An agent ag arrived early if: arrivalTimeag < (UmeTrip
—

tolEarly)

• An agent ag arrived late if: arrivalTimeag > (UmeTrip + tolLaté)

Where,

• arrivalTimeag: is the time that the agent ag spent in completing its trip.

• UmeTrip: is the time established by the agents' boss to end their respective trips. In

all the experiments, this time was: 6420 seconds (or 107 minutes).

• tolEarly: is the tolerance time given to the agents to arrive before the established time.

In all the experiments, this time was: 180 seconds (or 3 minutes).

• tolLaté: is the tolerance time given to the agents to arrive after the established time.

In all the experiments, this time was: 180 seconds (or 3 minutes).

Calculation of Performance 3

PerfS was calculated using the following equation:

For each agent a¡ of each experiment:

consAsp2ai
PcrfZai =

- - ——

avgConsAsp2ex

Where,

(H.2)
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• consAsp2ai is the total of consequences related to the aspect 2 (which represents the

agent's interests of avoid the passengers' complaints), obtained by the agent a¿.

• avgConsAsp2expi_13 is the average valué of the total of consequences related to the

aspect 2 obtained through experiments 1 to 13 by all the participant agents. This

valué was calculated dividing the sum of the total number of consequences related to

the aspect 2 by the number of agents that obtained those consequences in experiments
1 to 13 (i.e. (26*13)=338 agents)1

Calculation of Performance 4

Perf4 was calculated using the following equation:

For each agent o¿ of each experiment:

consAsp3ai
^r/4ai ~

maxConsAsp3e_

Where,

• consAsp3ai is the total of consequences related to the aspect 3 (which represents the

agent's interests of gain the acceptance of its partners), obtained by the agent a¿.

• maxConsAsp3expi_1_ is the máximum obtained valué of the total consequences related

to the important aspect 3, in all the experiments (1 to 16), by all the participant agents.

Calculation of Performance 5

Perf5 was calculated using the following equation:

For each agent a. of each experiment:

Per/50i - 0.33Per/lo¿ + 0.34Per/2a< + 0.33Per/3Oi

Calculation of Performance 6

Perf6 was calculated using the following equation:

1
There is not used an average valué that takes into account all the experiments (i.e. 1 to 16) because,

in experiments 14 to 16, the agents did not have the possibility of obtaining all the consequences (including
those related to the important aspect 2) for the done accomplishments and the done violations to the system's
norms.

(H.3)

(H.4)



For each agent Oj of each experiment:

Perf6a, = 0.5Per/lOj + 0.5Per/2a< (H.5)

Calculation of Performance 7

Perf7 was calculated using the following equation:

For each agent a. of each experiment:

Perf7a. = 0.25Per/lOi + 0.25Per/2Oi + 0.25Per/3o< + 0.25Per/4Oj (H.6)

Data tables

Next, the data tables are presented.
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ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 norm 0.953 0 1 0 0.645 0.477 0.488

373 norm 0 0.982 0 0.654 0.500 0.496

374 norm 0 0 0.660 0.500 0.500

375 norm 0 0 0.660 0.500 0.500

376 norm 0 0 0.660 0.500 0.500

377 norm 0 0 0.660 0.500 0.500

378 norm 0 0 0.660 0.500 0.500

379 norm 0.750 0 0 0.578 0.375 0.438

380 norm 1 0 0 0.660 0.500 0.500

381 norm 0.882 0 0.974 0 0.613 0.441 0.464

382 norm 0.962 0 0 0.648 0.481 0.491

383 norm 0.569 1 0 0.858 0.785 0.642

384 norm 1 0 0 0.660 0.500 0.500

385 norm 1 0 0 0.660 0.500 0.500

386 norm 1 0 0.979 0 0.653 0.500 0.495

387 norm 0.990 0 0 0.657 0.495 0.498

388 norm 1 0 0 0.660 0.500 0.500

389 norm 0.980 0 0 0.654 0.490 0.495

390 norm 1 0 0.991 0 0.657 0.500 0.498

391 norm 0.807 0 0 0.596 0.404 0.452

392 norm 1 0 0 0.660 0.500 0.500

393 norm 1 0 0 0.660 0.500 0.500

394 norm 1 0 0 0.660 0.500 0.500

395 norm 1 0 0 0.660 0.500 0.500

396 norm 1 0 0 0.660 0.500 0.500

397 norm 1 0 0 0.660 0.500 0.500

Table H.l: Different performance measurements, for agents of experiment 1.



ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 1 0 0.968 0 0.650 0.500 0.492

373 N-norm 0.796 0 1 -0.2 0.593 0.398 0.399

374 N-norm 0.660 1 1 0.2 0.888 0.830 0.715

375 N-norm 0.885 0 0.994 0.1 0.620 0.443 0.495

376 N-norm 0.998 0 0.959 0.1 0.646 0.499 0.514

377 N-norm 0 0.939 0.1 0.640 0.500 0.510

378 N-norm 0 1 0 0.660 0.500 0.500

379 N-norm 0 0.968 -0.1 0.649 0.500 0.467

380 N-norm 0 1 0.5 0.660 0.500 0.625

381 N-norm 0 0.969 -0.1 0.650 0.500 0.467

382 N-norm 0 0.975 0.1 0.652 0.500 0.519

383 N-norm 0 0.954 0.3 0.645 0.500 0.564

384 N-norm 0 0.967 0.1 0.649 0.500 0.517

385 norm 0 0.998 0 0.659 0.500 0.500

386 norm 0 0 0.660 0.500 0.500

387 norm 0 0 0.660 0.500 0.500

388 norm 0.837 0 0 0.606 0.419 0.459

389 norm 0 0 0.660 0.500 0.500

390 norm 0 0 0.660 0.500 0.500

391 norm 0 0.978 0 0.653 0.500 0.495

392 norm 0.894 0 0 0.625 0.447 0.474

393 norm 0 0 0.660 0.500 0.500

394 norm 0 0 0.660 0.500 0.500

395 norm 0.651 1 0 0.885 0.826 0.663

396 norm 0 0 0.660 0.500 0.500

397 norm 0 0 0.660 0.500 0.500

Table H.2: Different performance measurements, for agents of experiment 2.
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ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 0 0.979 0.3 0.653 0.500 0.570

373 N-norm 0 0.990 0.7 0.657 0.500 0.673

374 N-norm 0 1 0.7 0.660 0.500 0.675

375 N-norm 0 1 0.1 0.660 0.500 0.525

376 N-norm 0 0.977 0.1 0.652 0.500 0.519

377 N-norm 0 0.938 0 0.639 0.500 0.484

378 N-norm 0 0.976 -0.2 0.652 0.500 0.444

379 N-norm 0 0.977 0 0.652 0.500 0.494

380 N-norm 0 0.970 0 0.650 0.500 0.493

381 N-norm 0.813 1 1 0 0.938 0.906 0.703

382 N-norm 0 0.939 0.1 0.640 0.500 0.510

383 N-norm 0 0.944 0 0.641 0.500 0.486

384 N-norm 0 0.993 0.3 0.658 0.500 0.573

385 N-norm 0 1 0.1 0.660 0.500 0.525

386 N-norm 0.898 0 0.992 -0.2 0.624 0.449 0.422

387 N-norm 0.771 0 1 0 0.584 0.386 0.443

388 N-norm 0.981 0 0.919 0 0.627 0.490 0.475

389 N-norm 1 0 0.964 0.5 0.648 0.500 0.616

390 N-norm 1 0 1 -0.1 0.660 0.500 0.475

391 N-norm 1 0 1 -0.1 0.660 0.500 0.475

392 N-norm 0.991 0 0.935 0.2 0.636 0.496 0.531

393 N-norm 0.971 0 0.996 0.1 0.649 0.485 0.517

394 N-norm 0.847 1 1 0.3 0.950 0.924 0.787

395 N-norm 1 0 0.962 0.3 0.647 0.500 0.565

396 N-norm 1 0 0.957 -0.4 0.646 0.500 0.389

397 N-norm 1 0 0.985 -0.1 0.655 0.500 0.471

Table H.3: Different performance measurements, for agents of experiment 3.



ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 0.816 1 0.989 0.8 0.936 0.908 0.901

373 N-norm 1 0 0.983 0.6 0.654 0.500 0.646

374 N-norm 0.911 0 1 0.2 0.631 0.456 0.528

375 N-norm 1 0 1 0.9 0.660 0.500 0.725

376 N-norm 0.632 1 1 0.4 0.879 0.816 0.758

377 N-norm 1 0 0.991 0.4 0.657 0.500 0.598

378 N-norm 0.997 0 0.989 0.5 0.655 0.498 0.621

379 N-norm 0.949 0 1 1 0.643 0.474 0.737

380 N-norm 1 0 0.973 0.4 0.651 0.500 0.593

381 N-norm 0.924 0 1 0.3 0.635 0.462 0.556

382 N-norm 1 0 1 0.5 0.660 0.500 0.625

383 N-norm 1 0 0.998 0.7 0.659 0.500 0.674

384 N-norm 1 0 0.979 0.9 0.653 0.500 0.720

385 norm 1 0 0.995 -0.1 0.658 0.500 0.474

386 norm 1 0 0 0.660 0.500 0.500

387 norm 1 0 0 0.660 0.500 0.500

388 norm 1 0 0 0.660 0.500 0.500

389 norm 1 0 0 0.660 0.500 0.500

390 norm 1 0 -0.1 0.660 0.500 0.475

391 norm 1 0 0 0.660 0.500 0.500

392 norm 0.693 0 0.3 0.559 0.346 0.498

393 norm 1 0 0 0.660 0.500 0.500

394 norm 1 0 0 0.660 0.500 0.500

395 norm 1 0 0 0.660 0.500 0.500

396 norm 1 0 0.997 0 0.659 0.500 0.499

397 norm 1 0 1 0 0.660 0.500 0.500

Table H.4: Different performance measurements, for agents of experiment 4-
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ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 1 0 0.982 0.5 0.654 0.500 0.621

373 N-norm 1 1 1 0.4 1.000 1.000 0.850

374 N-norm 0.997 0 1 0.6 0.659 0.498 0.649

375 N-norm 1 0 1 0.8 0.660 0.500 0.700

376 N-norm 0.803 0 0.959 0.6 0.582 0.402 0.591

377 N-norm 1 0 1 0.7 0.660 0.500 0.675

378 N-norm 1 0 1 0.8 0.660 0.500 0.700

379 N-norm 1 0 0.993 0.5 0.658 0.500 0.623

380 N-norm 1 0 0.984 0.6 0.655 0.500 0.646

381 N-norm 0.963 0 0.975 0.4 0.639 0.481 0.584

382 N-norm 0.788 1 1 0.3 0.930 0.894 0.772

383 N-norm 1 1 1 0.9 1.000 1.000 0.975

384 N-norm 1 0 0.959 0.7 0.646 0.500 0.665

385 N-norm 1 0 0.975 0.3 0.652 0.500 0.569

386 N-norm 0.888 0 1 0.8 0.623 0.444 0.672

387 N-norm 0.857 1 0.997 0.3 0.952 0.928 0.788

388 N-norm 1 0 0.942 0.5 0.641 0.500 0.611

389 N-norm 1 0 1 0.1 0.660 0.500 0.525

390 N-norm 0.801 1 1 0.2 0.934 0.901 0.750

391 N-norm 1 0 0.976 0.2 0.652 0.500 0.544

392 N-norm 0.901 0 1 0.6 0.627 0.450 0.625

393 N-norm 0.889 0 0.996 0.5 0.622 0.445 0.596

394 N-norm 1 0 1 0.4 0.660 0.500 0.600

395 N-norm 1 0 0.971 0.4 0.650 0.500 0.593

396 N-norm 1 1 1 0.5 1.000 1.000 0.875

397 N-norm 0.848 1 1 0.2 0.950 0.924 0.762

Table H.5: Different performance measurements, for agents of experiment 5.



ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 0.626 0 1 0.5 0.537 0.313 0.531

373 N-norm 0 0.985 -0.1 0.655 0.500 0.471

374 N-norm 0 0.8 0.660 0.500 0.700

375 N-norm 0 0.2 0.660 0.500 0.550

376 N-norm 0 0.988 0.6 0.656 0.500 0.647

377 N-norm 0 0.2 0.660 0.500 0.550

378 N-norm 0 0.3 0.660 0.500 0.575

379 N-norm 0 0.997 0 0.659 0.500 0.499

380 N-norm 0 0.3 0.660 0.500 0.575

381 N-norm 0 0.984 0.3 0.655 0.500 0.571

382 N-norm 0.943 0 0.6 0.641 0.472 0.636

383 N-norm 0.920 0 0.977 0.1 0.626 0.460 0.499

384 N-norm 0.750 0 0.5 0.577 0.375 0.562

385 norm 1 0 0 0.660 0.500 0.500

386 norm 1 0 0 0.660 0.500 0.500

387 norm 1 0 0 0.660 0.500 0.500

388 norm 0.841 0 -0.1 0.608 0.421 0.435

389 norm 1 0 0 0.660 0.500 0.500

390 norm 0.987 0 0.991 -0.1 0.653 0.494 0.470

391 norm 0.996 0 0 0.659 0.498 0.499

392 norm 0.849 0 0 0.610 0.425 0.462

393 norm 0 0 0.660 0.500 0.500

394 norm 0 -0.1 0.660 0.500 0.475

395 norm 0 0 0.660 0.500 0.500

396 norm 0 0 0.660 0.500 0.500

397 norm 0 0 0.660 0.500 0.500

Table H.6: Different performance measurements, for agents of experiment 6.
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ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 1 0 0.996 0.1 0.659 0.500 0.524

373 N-norm 0.865 0 1 0.5 0.615 0.432 0.591

374 N-norm 0 0.993 0.3 0.658 0.500 0.573

375 N-norm 0 0.964 0.1 0.648 0.500 0.516

376 N-norm 0 1 0.2 0.660 0.500 0.550

377 N-norm 0 1 0.2 0.660 0.500 0.550

378 N-norm 0.782 0 1 0.1 0.588 0.391 0.471

379 N-norm 0.827 0 1 0.3 0.603 0.413 0.532

380 N-norm 0 0.988 0 0.656 0.500 0.497

381 N-norm 0 0.982 0.3 0.654 0.500 0.571

382 N-norm 0 0.984 0.2 0.655 0.500 0.546

383 N-norm 0 0.982 -0.1 0.654 0.500 0.471

384 N-norm 0 1 0.2 0.660 0.500 0.550

385 N-norm 0 0.981 0.5 0.654 0.500 0.620

386 N-norm 0 0.999 0 0.660 0.500 0.500

387 N-norm 0 0.981 0.4 0.654 0.500 0.595

388 N-norm 0 0.977 0.3 0.652 0.500 0.569

389 N-norm 0 0.999 0.1 0.660 0.500 0.525

390 N-norm 0 1 0.5 0.660 0.500 0.625

391 N-norm 0 0.998 0.2 0.659 0.500 0.550

392 N-norm 0 0.991 0.3 0.657 0.500 0.573

393 N-norm 0 0.973 0.1 0.651 0.500 0.518

394 N-norm 0.998 0 0.984 0 0.654 0.499 0.495

395 N-norm 1 0 0.998 -0.1 0.659 0.500 0.475

396 N-norm 0.855 0 0.977 0.2 0.605 0.428 0.508

397 N-norm 0.821 0 1 0.2 0.601 0.411 0.505

Table H.7: Different performance measurements, for agents of experiment 7.



ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 0 1 -0.5 0.660 0.500 0.375

373 N-norm 0 0.974 0 0.652 0.500 0.494

374 N-norm 0 0.996 -0.3 0.659 0.500 0.424

375 N-norm 0.710 0 1 -0.1 0.564 0.355 0.402

376 N-norm 0 0.987 -0.2 0.656 0.500 0.447

377 N-norm 0 0.940 -0.4 0.640 0.500 0.385

378 N-norm 0 0.986 0.2 0.655 0.500 0.546

379 N-norm 0 0.967 -0.5 0.649 0.500 0.367

380 N-norm 0 0.977 0 0.652 0.500 0.494

381 N-norm 0.938 0 1 0 0.640 0.469 0.484

382 N-norm 0 0.974 -0.3 0.652 0.500 0.419

383 N-norm 0 0.969 0 0.650 0.500 0.492

384 N-norm 0.951 0 -0.3 0.644 0.475 0.413

385 norm 0 0 0.660 0.500 0.500

386 norm 0 0.991 0 0.657 0.500 0.498

387 norm 0 -0.2 0.660 0.500 0.450

388 norm 0 0 0.660 0.500 0.500

389 norm 0 0 0.660 0.500 0.500

390 norm 0 0 0.660 0.500 0.500

391 norm 0 0 0.660 0.500 0.500

392 norm 0 0 0.660 0.500 0.500

393 norm 0.944 0 0 0.642 0.472 0.486

394 norm 0 0 0.660 0.500 0.500

395 norm 0 0.999 -0.2 0.660 0.500 0.450

396 norm 0 0 0.660 0.500 0.500

397 norm 0 0 0.660 0.500 0.500

Table H.8: Different performance measurements, for agents of experiment 8.
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ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 0 0.996 -0.1 0.659 0.500 0.474

373 N-norm 0 0.991 -0.4 0.657 0.500 0.398

374 N-norm 0 1 0 0.660 0.500 0.500

375 N-norm 0 1 -0.3 0.660 0.500 0.425

376 N-norm 0 1 -0.1 0.660 0.500 0.475

377 N-norm 0 0.992 0 0.658 0.500 0.498

378 N-norm 0 0.977 -0.3 0.652 0.500 0.419

379 N-norm 0.702 0 1 -0.2 0.562 0.351 0.376

380 N-norm 0 0.931 -0.4 0.637 0.500 0.383

381 N-norm 0 1 -0.1 0.660 0.500 0.475

382 N-norm 0 0.993 -0.4 0.658 0.500 0.398

383 N-norm 0.906 0 0.944 -0.5 0.611 0.453 0.338

384 N-norm 0 0.974 -0.1 0.651 0.500 0.468

385 N-norm 0 L0.965 -0.2 0.648 0.500 0.441

386 N-norm 0.921 0 1 -0.1 0.634 0.461 0.455

387 N-norm 0 1 -0.4 0.660 0.500 0.400

388 N-norm 0.859 0 0.994 -0.1 0.611 0.429 0.438

389 N-norm 0 0.991 -0.4 0.657 0.500 0.398

390 N-norm 0 0.998 -0.3 0.659 0.500 0.424

391 N-norm 0 0.994 -0.2 0.658 0.500 0.448

392 N-norm 0.932 0 0.945 -0.3 0.619 0.466 0.394

393 N-norm 0.910 0 1 0 0.630 0.455 0.477

394 N-norm 0.802 0 1 0 0.595 0.401 0.451

395 N-norm 1 0 0.992 -0.2 0.657 0.500 0.448

396 N-norm 1 0 0.968 -0.5 0.649 0.500 0.367

397 N-norm 1 0 0.994 -0.9 0.658 0.500 0.273

Table H.9: Different performance measurements, for agents of experiment 9.



ID TVpe Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 1 0 0.976 0.5 0.652 0.500 0.619

373 N-norm 0.759 0 1 0.2 0.580 0.379 0.490

374 N-norm 0.844 0 1 0.1 0.608 0.422 0.486

375 N-norm 0 0.971 0.8 0.650 0.500 0.693

376 N-norm 0 0.952 0.1 0.644 0.500 0.513

377 N-norm 0.990 0 0.942 0.8 0.638 0.495 0.683

378 N-norm 0 1 0 0.660 0.500 0.500

379 N-norm 0 0.946 0.2 0.642 0.500 0.536

380 N-norm 0 0.997 0.3 0.659 0.500 0.574

381 N-norm 0 0.961 0.4 0.647 0.500 0.590

382 N-norm 0 0.3 0.660 0.500 0.575

383 N-norm 0 0.3 0.660 0.500 0.575

384 N-norm 0 0.968 0.4 0.649 0.500 0.592

385 norm 0 0 0.660 0.500 0.500

386 norm 0 0 0.660 0.500 0.500

387 norm 0 0 0.660 0.500 0.500

388 norm 0 0 0.660 0.500 0.500

389 norm 0 0 0.660 0.500 0.500

390 norm 0 0 0.660 0.500 0.500

391 norm 0 0 0.660 0.500 0.500

392 norm 0 0 0.660 0.500 0.500

393 norm 0.841 0 0 0.608 0.420 0.460

394 norm 0 0 0.660 0.500 0.500

395 norm 0.976 0 0 0.652 0.488 0.494

396 norm 0.866 0 -0.2 0.616 0.433 0.417

397 norm 0 0 0.660 0.500 0.500

Table H.10: Different performance measurements, for agents of experiment 10.



APPENDIX fí. TABLES OF PERFORMANCE

ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 1 0 0.985 0.6 0.655 0.500 0.646

373 N-norm 1 0 1 0.7 0.660 0.500 0.675

374 N-norm 0.956 0 0.905 0.5 0.614 0.478 0.590

375 N-norm 1 0 0.981 0.7 0.654 0.500 0.670

376 N-norm 1 0 0.961 0.6 0.647 0.500 0.640

377 N-norm 1 0 0.989 0.7 0.656 0.500 0.672

378 N-norm 1 0 0.986 0.8 0.656 0.500 0.697

379 N-norm 0.909 0 0.999 0.6 0.629 0.454 0.627

380 N-norm 0.923 0 1 0.1 0.635 0.462 0.506

381 N-norm 1 0 0.986 0.3 0.655 0.500 0.571

382 N-norm 1 0 1 0.6 0.660 0.500 0.650

383 N-norm 0.873 0 1 0.3 0.618 0.436 0.543

384 N-norm 1 0 1 0.3 0.660 0.500 0.575

385 N-norm 1 0 0.937 0.3 0.639 0.500 0.559

386 N-norm 1 0 0.989 0.1 0.656 0.500 0.522

387 N-norm 1 0 0.994 0.3 0.658 0.500 0.574

388 N-norm 1 0 0.979 0.4 0.653 0.500 0.595

389 N-norm 0.972 0 0.988 0.3 0.647 0.486 0.565

390 N-norm 1 0 0.970 0.3 0.650 0.500 0.567

391 N-norm 0.806 1 1 0.3 0.936 0.903 0.776

392 N-norm 0.570 1 1 0.1 0.858 0.785 0.667

393 N-norm 1 0 0.999 0.7 0.660 0.500 0.675

394 N-norm 1 0 0.961 0.1 0.647 0.500 0.515

395 N-norm 1 0 0.965 0.6 0.648 0.500 0.641

396 N-norm 1 0 0.993 0.5 0.658 0.500 0.623

397 N-norm 1 0 0.978 0.2 0.653 0.500 0.545

Table H.ll: Different performance measurements, for agents of experiment 11.



ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 0.590 1 1 -0.2 0.865 0.795 0.597

373 N-norm 0 0.980 -0.6 0.654 0.500 0.345

374 N-norm 0 0.951 0 0.644 0.500 0.488

375 N-norm 0 0.977 -0.3 0.652 0.500 0.419

376 N-norm 0.885 0 1 -0.2 0.622 0.443 0.421

377 N-norm 0.908 0 1 -0.6 0.630 0.454 0.327

378 N-norm 0 1 -0.3 0.660 0.500 0.425

379 N-norm 0 0.963 -0.1 0.648 0.500 0.466

380 N-norm 0 0.996 -0.4 0.659 0.500 0.399

381 N-norm 0 0.990 -0.3 0.657 0.500 0.422

382 N-norm 0.927 0 0.955 -0.2 0.621 0.463 0.420

383 N-norm 0 0.995 -0.5 0.658 0.500 0.374

384 N-norm 0 -0.6 0.660 0.500 0.350

385 norm 0 0 0.660 0.500 0.500

386 norm 0.904 0 0 0.628 0.452 0.476

387 norm 0 0.999 -0.1 0.660 0.500 0.475

388 norm 0 0 0.660 0.500 0.500

389 norm 0 0 0.660 0.500 0.500

390 norm 0 0.983 0 0.654 0.500 0.496

391 norm 0 0 0.660 0.500 0.500

392 norm 0 0 0.660 0.500 0.500

393 norm 0 0 0.660 0.500 0.500

394 norm 0 0 0.660 0.500 0.500

395 norm 0.952 0 0 0.644 0.476 0.488

396 norm 0.776 0 -0.1 0.586 0.388 0.419

397 norm 0.998 0 0 0.659 0.499 0.499

Table H.12: Different performance measurements, for agents of experiment 12.



APPENDIX fí. TABLES OF PERFORMANCE

ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 1 0 0.955 -0.4 0.645 0.500 0.389

373 N-norm 0.927 0 1 -0.1 0.636 0.463 0.457

374 N-norm 0 0.955 -0.2 0.645 0.500 0.439

375 N-norm 0 1 -0.7 0.660 0.500 0.325

376 N-norm 0.980 0 1 -0.3 0.653 0.490 0.420

377 N-norm 0 0.988 -0.4 0.656 0.500 0.397

378 N-norm 0 0.973 -0.3 0.651 0.500 0.418

379 N-norm 0 1 -0.8 0.660 0.500 0.300

380 N-norm 0.917 0 0.978 -0.1 0.625 0.459 0.449

381 N-norm 0 0.977 -0.5 0.652 0.500 0.369

382 N-norm 0 0.973 -0.5 0.651 0.500 0.368

383 N-norm 0 1 -0.5 0.660 0.500 0.375

384 N-norm 0 0.957 -0.5 0.646 0.500 0.364

385 N-norm 0.843 0 1 -0.2 0.608 0.421 0.411

386 N-norm 0 0.978 -0.5 0.653 0.500 0.369

387 N-norm 0 0.973 -0.4 0.651 0.500 0.393

388 N-norm 0.948 0 1 -0.5 0.643 0.474 0.362

389 N-norm 0 0.963 -0.2 0.648 0.500 0.441

390 N-norm 0 0.978 -0.5 0.653 0.500 0.370

391 N-norm 0 1 -0.6 0.660 0.500 0.350

392 N-norm 0.803 0 0.946 -0.6 0.577 0.401 0.287

393 N-norm 0 0.969 -0.5 0.650 0.500 0.367

394 N-norm 0 1 -0.2 0.660 0.500 0.450

395 N-norm 0 1 -0.4 0.660 0.500 0.400

396 N-norm 0 0.992 -0.8 0.657 0.500 0.298

397 N-norm 0 0.950 -0.4 0.644 0.500 0.388

Table H.13: Different performance measurements, for agents of experiment 13.



ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 0 0.810 0 0.597 0.500 0.452

373 N-norm 0 0.854 0 0.612 0.500 0.464

374 N-norm 0 0.799 0.1 0.594 0.500 0.475

375 N-norm 0 0.795 0.1 0.592 0.500 0.474

376 N-norm 0.895 0 0.868 0 0.582 0.448 0.441

377 N-norm 0 0.778 0.3 0.587 0.500 0.519

378 N-norm 0 0.795 0.2 0.592 0.500 0.499

379 N-norm 0.834 1 0.884 0 0.907 0.917 0.680

380 N-norm 0 0.780 0 0.587 0.500 0.445

381 N-norm 0 0.790 0.1 0.591 0.500 0.472

382 N-norm 0 0.835 0 0.605 0.500 0.459

383 N-norm 0 0.771 0.1 0.584 0.500 0.468

384 N-norm 0 0.902 0 0.628 0.500 0.476

385 norm 0 1 0 0.660 0.500 0.500

386 norm 0.995 0 0.979 0 0.651 0.498 0.493

387 norm 0.670 0 1 0 0.551 0.335 0.418

388 norm 0.793 0 0.979 0 0.585 0.397 0.443

389 norm 1 0 1 0 0.660 0.500 0.500

390 norm 0.881 0 1 0 0.621 0.440 0.470

391 norm 1 0 1 0 0.660 0.500 0.500

392 norm 0.985 0 1 0 0.655 0.493 0.496

393 norm 1 0 1 0 0.660 0.500 0.500

394 norm 1 0 1 0 0.660 0.500 0.500

395 norm 1 0 1 0 0.660 0.500 0.500

396 norm 0.979 0 0.997 0 0.652 0.490 0.494

397 norm 0.795 0 1 0 0.592 0.397 0.449

Table H.M: Different performance measurements, for agents of experiment 14-



APPENDIX fí. TABLES OF PERFORMANCE

ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 1 0 -0.149 -0.2 0.281 0.500 0.163

373 N-norm 1 0 -0.179 -0.3 0.271 0.500 0.130

374 N-norm 1 0 -0.193 -0.5 0.266 0.500 0.077

375 N-norm 1 0 -0.149 -0.3 0.281 0.500 0.138

376 N-norm 0.937 0 -0.170 -0.8 0.253 0.469 -0.008

377 N-norm 0.942 0 -0.134 -0.2 0.266 0.471 0.152

378 N-norm 0.870 0 -0.123 -0.4 0.247 0.435 0.087

379 N-norm 0.972 0 -0.174 -0.9 0.263 0.486 -0.026

380 N-norm 0.927 0 -0.170 -0.6 0.250 0.463 0.039

381 N-norm 1 0 -0.185 -0.1 0.269 0.500 0.179

382 N-norm 1 0 -0.171 -0.4 0.274 0.500 0.107

383 N-norm 1 0 -0.191 -0.3 0.267 0.500 0.127

384 N-norm 1 0 -0.200 -0.5 0.264 0.500 0.075

385 norm 0.731 0 0 0 0.241 0.365 0.183

386 norm 0.970 0 0 0 0.320 0.485 0.242

387 norm 0.840 0 0 0 0.277 0.420 0.210

388 norm 0.920 0 0 0 0.303 0.460 0.230

389 norm 0.800 0 0 0 0.264 0.400 0.200

390 norm 0.966 0 0 0 0.319 0.483 0.242

391 norm 0.926 0 0 0 0.306 0.463 0.232

392 norm 1 0 0 0 0.330 0.500 0.250

393 norm 0.986 0 0 0 0.325 0.493 0.246

394 norm 1 0 0 0 0.330 0.500 0.250

395 norm 0.907 0 0 0 0.299 0.453 0.227

396 norm 1 0 0 0 0.330 0.500 0.250

397 norm 1 0 0 0 0.330 0.500 0.250

Table H.15: Different performance measurements, for agents of experiment 15.



ID Type Perf 1 Perf 2 Perf 3 Perf 4 Perf 5 Perf 6 Perf 7

372 N-norm 0.733 0 0 0.582 0.866 0.433

373 N-norm 0.518 0 0 0.511 0.759 0.379

374 N-norm 0.497 0 0 0.504 0.748 0.374

375 N-norm 0.724 0 0 0.579 0.862 0.431

376 N-norm 0.573 0 0 0.529 0.786 0.393

377 N-norm 0.691 0 0 0.568 0.845 0.423

378 N-norm 0.539 0 0 0.518 0.770 0.385

379 N-norm 0.682 0 0 0.565 0.841 0.421

380 N-norm 0.779 0 0 0.597 0.890 0.445

381 N-norm 0.682 0 0 0.565 0.841 0.421

382 N-norm 0.577 0 0 0.530 0.788 0.394

383 N-norm 0.762 0 0 0.592 0.881 0.441

384 N-norm 0.510 0 0 0.508 0.755 0.377

385 norm 0 0 0 0.330 0.500 0.250

386 norm 0 0 0 0.330 0.500 0.250

387 norm 0 0 0 0.330 0.500 0.250

388 norm 0 0 0 0.330 0.500 0.250

389 norm 0 0 0 0.330 0.500 0.250

390 norm 0 0 0 0.330 0.500 0.250

391 norm 0 0 0 0.330 0.500 0.250

392 norm 0 0 0 0.330 0.500 0.250

393 norm 0 0 0 0.330 0.500 0.250

394 norm 0 0 0 0.330 0.500 0.250

395 norm 0 0 0 0.330 0.500 0.250

396 norm 0.935 0 0 0 0.309 0.467 0.234

397 norm 1 0 0 0 0.330 0.500 0.250

Table H.16: Different performance measurements, for agents of experiment 16.
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