A Conceptual Model for Communities Cooperative Behaviour in a Spatial Environment

Abstract

In the current transition to an information based society in which individuals’ actions are increasingly influential, local cooperative forms of behaviours play an important role in both the structuring and functioning of society. Forms of cooperation have been extensively studied in economic and biological societies. Recently, the process of cooperation and its evolution in social societies is attracting greater attention, as a result also of the recent endeavours undertaken in biological, genetic and cognitive research.

The aim of this paper is to outline a conceptual model of cooperative behaviour for Local communities (i.e. municipalities, cities, spatially situated agents). The model development will serve two fundamental goals: a)formulating, in the light of a problem making approach, a set of research questions which could help targeting future interdisciplinary research efforts and b) providing the guidelines for developing a MAS, as a reasoning platform to investigate the underlying conceptual issues likely to be involved in communities’ cooperative behaviour. 

1. Introduction

Cities as self-organizing systems, exhibiting the wonders and elusiveness of complex systems, has a long established view in geography
. In the current transition to the individuals’ interacting actions are widely acknowledged as a major driving process in the evolution of cities and functioning of society.

The aim of this paper is to outline a conceptual model of a particular form of individuals’ interacting behaviour, i.e. cooperative behaviour, among Local Communities. Here, a Local Community represents a spatial entity, i.e. a municipality, city, spatially situated agent, whose major features depend on its belonging to (location within a) geographical, socio-economic and cultural environment.

Although no explicit reference to case studies will be made, the focus on local communities is intended to reflect more general concerns in local governance and regional policies which are particularly relevant in the current stage of development of the European Community.

The development of a MAS (Multi Agent System) model for Local Communities Cooperative Behaviour (LCCB) will serve two fundamental goals:

1. Formulating, in the light of a problem-making approach, a set of research questions which could help targeting future interdisciplinary research efforts on cooperative issues between communities; 

2. Providing the guidelines for developing a MAS model, as a reasoning platform to investigate the underlying conceptual issues likely to be involved in communities’ cooperative behaviour
. 

The paper is organized in two main parts. The first outlines the general conceptual profile of the agents populating the LCCB model. The second describes the main kind of interactions occurring among the agents. Some final remarks about the operational implementation of the model conclude the paper. 

2. Defining the agents in the Local Communities Cooperative Behaviour (LCCB) model

A major scope in this model development is to provide an insight into the dynamics of certain micro-macro relationships in socio-economic systems, which underlie those meso-level organizations such as cities, regions and communities. While holding the common view that these entities are self-organizing systems ’emerging’ from the interaction of individual agents, we are primarily interested in:

1. exploring, on a conceptual ground, the kind of interacting behaviour resulting in cooperative actions between local communities;

2. investigating how cooperative actions depend on (co-evolve with) the environment (i.e. the socio-economic, spatial and cultural context);

3. assessing how engagement in certain stable cooperative actions between communities affects (i.e. favours, constraints or fosters) more stable spatial aggregations, thus allowing the clustering of communities in larger areas.

In the following, we will hint at two major aspects which play an important role in defining the agents’ profile, namely the agents’ ontology and role in the overall dynamics of the system.  

2.1 Agents’ ontology

A crucial aspect in the development of a MAS model is the agents’ ontology, and namely the definition of both the representational attitude agents have towards the world and kind of behaviour they manifest. Depending on how we articulate these two major dimensions, quite different types of agents can be defined, as reflected in the various model applications we find in the literature (see for example, Conte, Hegselmann, and eds. 1997, Ballot and Weisbuch eds. 2000, Kohler and Gumerman, eds. 2000, Otter , van der Veen, de Vriend, 2001).

Table 2.1 shows four main types of agent that can be identified if we sharply distinguish a cognitive from a reactive representational ability of the world and a teleonomic from a reflex type of behaviour. 

Table 2.1 Types of agents according to their representational ability and behaviour (developed from Ferber, 1999, p.17).
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	Cognitive. Agents have an explicit representation of the world
	Reactive. The representation ability of agents is integrated into their sensory-motor capacity 


	Teleonomic behaviour: agents have intentions
	Intelligent agents. They are intelligent (rational) and have goals motivating their actions
	Drive-based agents. Their behaviour is pushed by internal needs (or by goals defined by a designer)

	Reflex behaviour: agents are driven by tendencies coming from the environment. They are not intelligent but the system as a whole can show intelligent behaviour
	Module-based agents. They can respond to questions and accomplish task, without being aware of that
	Tropistic agents. They respond to stimuli coming from the environment.


Individuals and social organizations are by definition complex agents, which to various extents encompass all the types, shown in Table 2.1.

Referring to societal organizations, for example, Maynard Smith and Szathmary (1995) contend that two majors dimensions, akin to those considered in Table 2.1, play a crucial role in envisaging the structuring of a society:

· how society is represented 

· what guides individual behaviour.

According to them, four basic types of society would be identified, see Table 2.2.

Table 2.2 Examples of society types defined according to their images and behavioural drives (developed from Maynard Smith and Szathmary, 1995)

	
	Planned: there is an image of the final structure
	Unplanned: no individual has an image of the final structure

	Reason determines individual behaviour
	Rousseau and the Social Contract
	Adam Smith and the free market

	Ritual determines individual behaviour
	Plato's Republic
	Durkheim’s organic society


Building a workable model, however, requires a few presumptions about the concetptual  framework  to be adopted
. In this respect , a  general  assumption we make  is to admit, at least for some types of agents:

·  that both agents’ cognitive abilities and kind of behaviour are derived from a fundamental characteristic underlying any living system;
· and that this characteristic is related to the agents’ own capability to derive measures from the external environment and make sense from them  (i.e. the so called operational closure in Pattee, 1986). 
Hence, the following general hypotheses can be posited:

1. first, agents regularly make an evaluation of themselves and their environment, (i.e. they evaluate the satisfaction they get in being in a certain situation), according to which they may change their course of action. This evaluative activity can be considered as an internal goal, related to agents’ intrinsic nature (akin to the more general feature of self-preservation characterizing all kinds of living agents). In particular, we assume that it can be carried out by means of a set of Performance Indicators (PI)
, whose contents  are defined taking into account the observer’s view, i.e. considering some general aspects making up an agent’s profile, goals, resources, tasks;

2. second, agents’ interactions are associated with some kind of communication signals. Although these are generally viewed as a result of the mediating role of the environment (which is often abstractly defined as an exogenous support) here, communication signals are assumed to be associated with agents’ interactions. This hypothesis  means that:

· they are associated with an agent’s own profile, and therefore capable of affecting is/her courses of action;

· they are socially encoded in the agents’ environment. 

2.2  Roles of the  agents

Three main types (species) of agents populate the world modelled by the  LCCB model. Their general profile is summarized in Table 2.3, according to the main components of an agent’s profile, i.e. goals, resources, and tasks.

1. Local COmmunity (LCO): this is the main type of agents involved in cooperative actions. Here, in particular, it represents  a city, thus having a fixed location and a spatial extension (area). Taken together all the LCOs form a regional system (no overlapping between areas is allowed). In each LCO’s area, a range of urban services is located. In order to provide sustainable
 levels of services to a population (which can belong to its own area or to nearby ones), a LCO can undertake cooperative actions with other LCOs and eventually cluster with them. This decision depends on both the evaluation of a number of efficiency and effectiveness criteria for service provision, and cooperative strategy likely to be undertaken by other LCOs. The acknowledgment of socio-cultural affinity criteria between LCOs may affect both the kind of cooperative strategies to be pursued and timing of the decision of clustering. As LCO is the only agent involved in cooperative actions, it is also the only to have a TASK component in its profile.

2. POPulation (POP): this type of agents consists of individuals, spatially distributed in  LCOs’s areas, who have to travel, regularly, in order to get the range of services they need, see Fig.2.1. Here, we do not distinguish the kind of service likely to be  required by the population. We simply suppose  that:

a. they consist of the kinds of services which are typically avialable in a city as a result of their function in the  service activity system (i.e. retailing , education, health, etc.);

b. and that local communities are somehow concerned in their provision.

Table 2.3 Types of agents and profiles

	 
	GOALS
	RESOURCES
	TASK

	Local COmmunity (LCO)
	To provide sustainable level of services to their population
	They can be exogenous or/and endogenously provided by the population and the environment profile
	Efficiency and effectiveness in the service provision

	POPulation (POP)
	To consume an adequate level of services
	Accessibility (as made available by the environment profile)
	

	Environment: Energy LAndscape (ELA) and Cultural LAndscape (CLA)
	Self-preservation
	Level and spatial distribution of services and population
	


[image: image3.wmf] 

Local community area

location of services

location of population

service flows 


Figure 2.1 Idealized map of the spatial world in the LCCB model 

As in most conventional urban models we suppose that, for an individual, service consumption depends on both the availability and proximity of services (i.e. individuals have to move in order to get services and therefore they may have to bear some transportation costs). In addition, individuals exhibit certain kinds of preferences in their service consumption. Preferences, in their turn, are related to the set of socio-cultural factors belonging to individuals’ cultural profile, as suggested in Figure 2.2.
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Figure  2.2  The matrices of preference and cultural values  for a POP agent

In time, the spatial pattern of service consumption will vary as a result of  changes in the distribution and provision of services available in the systems (i.e. provided by the LCOs).  Variations in the preferences of population will also affect that pattern, although these will take place on  a relatively longer time span.

In this respect, how the population preferences are updated may play a crucial role. At this stage of development of the model we can figure out that, over time:

·  the spatial pattern of population flows between residential zones and service location zones, establishes some kind of permanent contact situations among resident populations;

· from these contacts (i.e. changes in the MATP matrix),  a greater homogeneity in the population preferences may result,  which,  over time, may reduce the heterogeneity in  their cultural values (i.e. changes in the MATCV).

3. Energy LAndscape (ELA) and Cultural LAndscape (CLA): A salient feature in this model is the acknowledgement that environment does not simply act as a support for the agents’ interplay (i.e. the spatial dimension of the grid on which the LCOs are located and POP move). It is, therefore, a particular kind of system (agent) supposed to encompass two kinds of spaces:

a. The conventional socio-economic-functional space, herein called the Energy LAndscape, characterized by the distribution of services and population and the transportation network in the regional system
;

b. The socio-cultural space, herein called the Cultural Landscape, which encodes the configuration of socio-cultural factors (i.e. preferences and values) of the population of the system.

Fig.2.3 gives an overview of the overall structure of the LCBB model and of its  main  characteristics.
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Figure 2.3  Scheme of the overall structure of the LCBB model

3 Defining the relationships between  the agents in the LCCB model

3.1 The cooperation between LCOs

Cooperation has been extensively studied in economic and biological societies (Axelrod, 1997, Bowles and Gintis, 2002, Gintis, 2000). In geographical studies, in particular, biological kinds of cooperation, i.e.. the Volterra-Lotka prey-predator model, have been widely investigated for analysing alternative paths of evolution of a city as a result of the behaviour of its interacting-populations (see Dendrinos and Mullally, 1985).

Here we consider cooperation from a broadest perspective, as a particular form of interaction, which ‘occurs when two or more agents are brought together in to a dynamic relationship through a set of reciprocal actions’ (Ferber, 1999,  p.59).

To outline the types of interaction situations  which can yield cooperative actions, we can refer again to the components of an agent’s profile, i.e. goals, resources, and tasks, and identify the ideal typology shown in Fig.3.1. What the scheme clearly emphasizes is that a fundamental dimension for cooperation to be established is that agents’ goals be compatible. As far as the dynamics of urban systems is concerned, therefore, it should not be surprising that the goal dimension plays a so important role. 


Figure 3.1 Cooperation as a particular form of interaction situations

(developed from Ferber, 1999)

The increasing attention that, recently, has been paid to the procedural aspects underlying the functioning of cities
 largely depends on the relevance of the goal compatibility issues.

Cooperation issues, however, have been mainly addressed in an indirect way, in terms of conflict avoidance or conflict resolution (the upper part of the scheme in Fig.3.1), thus being restricted to certain agents or social groups in the city primarily involved in decision-making (the so called urban stakeholders). The possibility that cooperative situations could be built up (emerge!)  in a active way (see the lower part in Fig.3.1), as a result of an evolutionary and adaptive process (from the bottom!)  has been largely gone unnoticed.   

This acknowledgement raises a number of questions, worthwhile of a deeper investigation, concerning the very nature of the emergent phenomena we are confronted with:

· is cooperation to be considered embedded in the intentional posture of the agent, thus resulting in his/her commitment to some higher-level system goals, which drive any social activity?

· is cooperation to be viewed as the outcome of some secondary feedback effects resulting from agent’s interactions, which would affect the functioning of the system while being no intention driven? (Castelfranchi, 2001)?

· to which extent can cooperation be thought as being driven by some anticipatory concern about the future state of the system?

When looking at the main drives of cooperation, literature provides us with three major perspectives   of analysis (Maynard Smith and Szathmary, 1995):

· the first views individuals as social animals. Cooperation results from a basic desire of helping a relative in order to propagate one’s own genes (kin selected altruism). Individuals therefore would manifest an intrinsic attitude to socialize, through mechanisms such as altruism and reciprocity;  

· the second views individuals as self-interested. Cooperation, then, is primarily associated with mutual benefits to be gained by grouping. Synergetic effects are involved, which depend on both the type of strategy individuals are likely to undertake (i.e. that of the prisoner’s dilemma) and the stability of the adopted strategy;

· the last perspective views individuals as bounded actors in a society, which imposes norms and collective rules on them. Cooperation is made possible by means of a kind of social contract, which punishes who will defect.

In real world situations, none of the above views is likely to be predominant, but all may come into play although in different ways or at different times in the evolution of the system as the configuration of the cultural landscape is also changing.

In addition, the increasing pace of innovation and spreading of new information technologies in all sectors of cities as well as in society (Janelle and Hodge eds., 2000), make it possible to establish  new forms of interactions which can trigger, favour or amplify the possibility to realize cooperative actions.

Whatever the cooperative rules the LCO agent are likely to adopt, we should be able to provide some measurement of the outcome of their cooperative activity.  In this respect, we might some authors point out that in order to say that a number of agents are cooperating two conditions should be met (Ferber,1999, p.72):

· the addition of a new agent makes it possible to increase the performance of the group differentially;

· the action of the agent serves to avoid potential or actual conflicts.

As the establishment of cooperation between LCO agents is not the result of one-shot interactions but depends on the system environment (i.e. the ELA and CLA agents),  it is the outcome of a learning process, in which various cooperative strategy are progressively identified and adopted. The chart shown in Fig.3.2 provides some clues about how cooperative processes among LCOs  may be established.

Figure 3.2 A scheme of the cooperative process among LCOs 

3.2 The interactions between LCO and POP agents

The interactions between individuals (POP) ad local communities (LCO) are not direct but mediated by the environment, i.e. the energy and cultural landscapes (ELA, CLA) which reflect respectively, the overall pattern of consumption choices available to the population, and configuration of preferences and cultural values of the system.

For a POP agent, P, residing in a zone i, therefore, his level of service consumption, v, F(i,j,v) will depend on the configuration of he ELA, i.e. the amount of services available in those zones which are proximal to his residence zone, i. In addition, his preferences in the service consumption pattern will also be affected by the set of cultural values (which are encoded in the configuration of the CLA).

The interaction flows of population for services can be conventionally expressed as
:

     F(i,j) = v {[x P(i) *MATP(v,x)* S(v,j)*f[d(i,j)] / {j [S(v,j) * f [d(i,j)]]                (1)

where

i,j                     are the zones where LCO and POP agents are located, respectively

MPATP(v,x)    is the preference matrix of  a POP agent , see  Fig.2.2.

S(v,j)                is the level of service v in zone j

f[d(i,j)]           is a measure of proximity between zone i and zone j, defined, for example, as d(i,j)= exp[beta*t(i,j)], where beta is a parameter describing the effect of spatial discount of distance and t(i,j) are transportation costs between   zone i and zone j.

3.3 The role of  the environment : the ELA and CLA agents

As introduced above, the energy and cultural landscapes (ELA, CLA) have an intermediate role both in the cooperative process among LCOs and interactions between POP and LOC agents.

The energy landscape, ELA, in particular, can be viewed as a zone profile describing the distribution of service and population accessibility potentials (AS, PS) in each LCOs’ zone:

    ELA = Profile { AS(i), AP(i) }        (2)

with        

     AS(i) =v j S(v,j)* f [d(i,j)]          (3)

and

     AP(i) =  j P(j) * f [d(i,j)]                  (4).

From (2) we can also compute a total  value for ELA as an average sum of service and population accessibility potentials (AS, PS):

     ELA =  i ws(i) AS(i)  + i wp(i)AP(i)          (5)

where, ws and wp are weight factors.

Also the cultural landscape, CLA can be viewed as a zone profile describing the distribution of population average preferences for services, PREF(x,,i), and cultural values VALUES(y,i) in each zone:

    CLA =  Profile {PREF(x,i), VALUES(y,i)}        (6)

with

     PREF(x,i) = [v P(i,v,x) * MATP(v,x)]/   P(i)      (7)

and

     VALUES(y,i) = [p P(i,x,y) * MATCV(x,y)]/   P(i)      (8)

where

MATCV(x,y)    is the socio-cultural matrix of a POP agent, see Fig.2.2.

3.4 Scales of time dynamics in the agents’ interactions

A major hypothesis in the development of the LCCB model is that cooperative actions among local communities depend on the interplay between individual strategies and system developmental process unfolding on different spatio-temporal scales. Although a substantial definition of these scales would be meaningless in this modeling application, we can plausibly identify a few different time dynamics, if we compare the relative time spans of  agents’ interaction processes
:

· the first, relates to the spatial consumption patterns of services by  POP agents,  which result from processes which can be considered much faster than those of any other agents in this modelled system. We can therefore consider these processes as  characterized  by a fast   time dynamics;

· the second, relates to the encoding processes for the energy and landscape environments (ELA and CLA), whose unfolding occurs on a comparatively much longer time span than that for the POP agents. We will then refer to these processes as   slow time dynamics. A distinction between the time dynamics of ELA and CLA could also been made; 

· the third, pertains to the LCOs’ cooperative processes. Compared with the time dynamics of the other agents, these may be considered as being on an intermediate scale. The extension of their time span, however, may vary substantially depending on the effort that would be required  for cooperation to be successfully established. Both the initial conditions in the system configuration (i.e. characteristics of preferences and socio-cultural traits, spatial distribution of population) and  rules of cooperative behaviours which would be adopted can lead to quite different time outcome. 
3.5 The  driving forces in dynamics of the LCCB model

In designing  the driving forces for the overall system dynamics two implicit, and maybe arguable, assumptions are made.

· First, that population fast-dynamics relating to the service consumption pattern plays a triggering   role  in the activation of cooperation as :

· from a substantial point of view, population welfare is the target observable for  cooperation to be established among  LCOs;

· population flows provide a major mechanism by which population preferences  are updated.

· Second that the establishment of cooperation among LCOs is likely to produce  a novel kind of entity, whose collective nature entails the formation of a novel type of agent in the system.
4. Concluding remarks

If the value of a model can be associated with both the outcome and processes of  the cognitive mediating role it plays in structuring a problem, then the development of the LCCB model can be beneficial for assisting us in a few situations, such as:

·  configuring a range of sensible (i.e. meaningful, plausible and socially acceptable)  cooperative strategies likely to turn out most effective in a number of practical situations where  the  rules, norms, and reference  values which are involved may be different, i.e. the applications of EU (State) policies by means of participatory and bottom up processes among the member States (Regions);

· exploring the viability of possible alternative cooperative strategies also in relation to more encompassing  social issues such as economic development, sustainability and welfare;

· strengthening our ability to innovate our research strategy in order  to be able to anticipate novel kind of problems likely to arise in future courses of the developmental processes we are confronted with.

Ultimately, all the above aspects are just facets of our endeavour in harnessing the complexity of the problems at hand (Axelrod and Cohen, 2000).

Of course, the implementation of the model will require to address a number of both methodological and operational questions, which we briefly mention in the following.

1. A first question concerns the relationships between Performance Indicators (PIs), their evaluation by the Local Communities (i.e. the definition of credit assignment) and the choice of strategies by means of which interactions (such as those shown in Tab.2.3) may turn out to be cooperative. On a conceptual ground this entails to recognize that different credit assignments are likely to exist (or even not exist) for different interaction situations, as these may be valued differently by the various (LCO) agents. This, however, will result in an unmanageable increase of complexity ! A workable possibility, then, is to figure out an enquire approach  which allows us to disentangle those aspects of the problem we are most interested in. For example, we can suppose that:

· LCO agents have a given repertoire of cooperative strategies, a reference set of PIs (both exogenously specified by an external observer);

· cultural values (the ELA agent) play a role in the evaluation of PI and hence affect  the payoffs associated with the cooperative strategies;

· as a result, LCO agents may be confronted with a bundle of alternative strategies, whose choices will ultimately depend on the priority rules they know or are willing to follow.

2. A second question, deals with the evolution of both  service preferences and cultural values (see Fig. 2.3). So far, two implicit hypotheses have been made in the LCBB model :

·  first, as a result of their relative dynamics, the updating in services preferences is relatively faster that that of cultural values. Changes in these latter therefore can be considered as a kind of discounted time averaged changes of the former;

· second,  changes in services preferences depend on the network of contacts established by the flows of the POP agents in their consumption patterns. As discussed in Axelrod (1997, p. 115), for example, we can suppose that their updating is carried out by means of a modification (homologation) in the preference profile of the POP agents, whose traits will progressively adapt to those characterizing the zones where services are located
.
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� Although well known since the sixties (Jacobs, 1961), complexity has become a dominant theme of interest in the geographical literature of the last twenty years (for a review, see, Portugali, 1997,  Bertuglia, Bianchi and Mela eds., 1998, Bertuglia and Staricco, 2001). Over that period geographers and urban modellers have progressively become acquainted with the many facets of complexity, i.e. discontinuities, non-linear interactions, bifurcation, auto-organisation, path-dependency. Recognition of the complexity issues in urban systems impacted on the field  in several way (Occelli, 2001):


– First, on a substantial ground it helped to recognize certain system behaviours which looked counterintuitive or difficult to be clearly stated at a conceptual level (i.e. the emergence of qualitative new system features as a consequence of small changes in system parameters).


– Second, on a methodological ground it exposed  the question of the relationships between the ontological and epistemological dimensions underlying  the enquire of urban problems (i.e. the double faced  statement: complexity is an intrinsic feature of  phenomena and complexity depends on the knowledge of an observer).


– Third it contributed to shake the once compact urban modellers’ community. The preoccupation about the different emphasis to be given to the continuum between information and knowledge (and within the knowledge domain to the procedural and declarative type of knowledge), was reflected in a flourishing of different modelling approaches and styles (i.e. theoretical urban modelling, GIS, SDSS, NN, geo-computation).





� In this respect,  we argue that  ‘model activity’ can play a fundamental role in structuring the problem at hand. More particularly, elsewhere  we have sustained that  modelling activity can have a substantial role in  acting  as a cognitive mediator  among the many perspectives likely to be involved in this structuring (Occelli, 2002). 


� The  kind of  un-satisfaction we often have in applying some MAS models derives from our failing to explicitly recognize the limits inherent in the adopted ontology. In this model application, we would like agents be endowed with as much  abilities (i.e. representational capacity and teleological drive) as humans, living in urban systems have (or, at least, are supposed to have). This is of course very compelling as it requires to have an understanding of how: 1) humans process spatial information, 2) spatial information is collected, memorized and retrieved and 3) spatial decisions are undertaken (Golledge and Stimson, 1997, Mark et al., 1999).


� The development of Performance Indicators for spatial  system has a long established tradition in geography and planning, see Bertuglia, Clarke,  and Wilson eds., 1994, Innes, 1998.  


� The issues of sustainability are  encompassing and would be worth a greater attention. In this context, however, we can think of them as issues confronted  with ways of harnessing complexity. Some general references are in Clark, Perz-Treio and Allen (1995), Couclelis (2000), Occelli and Rabino (2000).  


� The term ‘energy’ is  used here as a kind of analogy with term ‘potential’ commonly used in quantitative geography as a measure of interaction fields.


� We refer here in particular  to a whole set of methodologies, originally developed in the late seventies,  known as ‘decision support tools’ (i.e. multi-criteria methods, multidimensional scaling, etc.), see Nijkamp, Rietveld, eds.,1983, Van Geenhuizen  and Nijlamp, 1997 .


� For the sake of simplicity, the notations do not distinguish between discrete and continuous representation.  Although, this can be confusing in the description of the kind of dynamics dealt with in this model, nonetheless, we believe that this simplification does not affect  our general overview of the  model. 





� The existence of relative time processes in the evolution of spatial systems is a theoretically  well acknowledged issue in the regional science literature. So far, however, its experimental analysis has been hampered by its intrinsic analytical intractability. We believe that a MAS model can provide a powerful  a maybe unique test-bed in this respect. 


� To implement  the updating procedure, different approaches can be used. One possibility is to apply  alignment  techniques, which  would make it possible to compare and evaluate the relative similarity of  the population profiles (see, Durbin et al.,1998).
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