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A multi-agent model for supporting CBD regeneration plan development based on pedestrian distributions

Abstract

Decision making related to the regeneration of Central Business Districts (CBDs) requires planners to have an understanding of how changes to the environment affect the movement and activity patterns of people in order to realize sustainable development. In this paper a multi-agent concept is presented that captures the interaction between pedestrians and facilities, providing planners with a tool that, besides plan evaluation, supports the search of solution spaces of plans. As part of this, a generic agent-based pedestrian model that can cover the wide variety of activity patterns in central urban areas is outlined.
1 Introduction

In recent years, many Central Business Districts (CBDs) in Japan are experiencing a decrease in their attractiveness to investors, entrepreneurs, residents, visitors and users in general. In order to reverse this trend, sustainable CBD regeneration is required by means of planning interventions. This forms a complex task for planners as comprehensive solutions are needed to realize an upgrading – both quantitatively and qualitatively – of the overall supply of retail, service, leisure and transport facilities. Along with the large investments normally involved in such projects and their significant impacts on many users, this underlines the importance of well-informed decision making and the great value of tools to support planners in this task.
Generally, CBDs have high densities of retail, services, commercial buildings and public buildings, often in patterns that show functional zoning. Furthermore, they are faced with large concentrations and volumes of traffic, with pedestrian traffic forming the key transport mode for inner-area movements. As a result of the high densities of buildings and people, CBDs are vulnerable to economical, social and environmental problems and good management is needed (Thull and Mersch, 2005). Attention for the presence of people and their activities in the area plays a crucial role in this respect as these give vitality to the place. Without this there would be no viability or economics (Woolley, 2003). 
The actual task for planners involved in CBD regeneration can be defined as a search for a mixture of facilities that is functionally and spatially arranged in such a way that it can meet the demands of different types of users in terms of efficiently and effectively accommodating their wide variety of activity patterns in space and time. What is required here is insight into the causalities defining the interaction between the environment consisting of facilities and the decisions of pedestrians regarding their actions (activities and movements) within that environment. The interdependency between pedestrian flows and characteristics of the environment is evident. The relative location of different facilities influences the destination and route choice of pedestrians, while the volume and composition of flows determines the viability of the many CBD facilities that rely on impulse visits. Regarding the latter, Brown (1991) even argued that the circulation of pedestrians can determine the success or failure of a whole shopping center. 

Besides external forces causing the performance of CBDs to continually evolve (e.g., changes in consumer needs and preferences, retail trends and economy), new developments in the area (e.g., the increase of retail floor space or the introduction of entertainment) can have significant impacts. Dependent on their scale and nature, such developments may cause serious changes in the circulation of pedestrians (e.g., Borgers and Timmermans, 1986; Brown, 1993; Zacharias and Schinazi, 2003), and may also affect the total number of visitors to the area (Timmermans and Van der Waerden, 1992). Thus, risks and opportunities involved in CBD regeneration are substantial. To reduce such risks, decision support tools that are based on an understanding of the interaction between pedestrians and facilities may be valuable.   
Hitherto, several models of pedestrian behavior have been proposed in the literature. As they focus on different aspects or contexts, the level of decision support they could provide varies. However, in general, these models are at best tools to evaluate user-made designs in a trial-and-error manner. Albeit already valuable, they only give feedback on the impacts of a design, not on the actual design itself. How to improve a design based on the received output remains a task of the user. This paper works towards a multi-agent concept that also enables support to this part of the decision making process, i.e., the exploration of solution spaces for the purpose of generating design alternatives. In the next section, the various dimensions of pedestrian behavior are retrieved from the literature. Then, section 3 gives an introduction to the use of agent-based modeling and the emergence of this methodology in the field of pedestrian movement. Section 4 presents a generic agent-based model of pedestrian behavior that is able to cover the wide variety of visiting purposes and activity patterns among CBD visitors. Section 5 extends this model into an overall multi-agent concept. The paper is concluded with a brief discussion of future work. 
2 Dimensions of pedestrian behavior
Over the years, both aggregate and disaggregate approaches to pedestrian behavior modeling have been developed, each providing important insights into the various aspects that influence pedestrian behavior: aggregate models reveal relationships between characteristics of the environment and flows of pedestrians, while disaggregate models illustrate heterogeneity in pedestrian behavior. 
2.1 Pedestrian flows
Haklay et al., (2001, p.344) argued that “pedestrian activity can be considered to be an outcome of two distinct components: the configuration of the street network or urban space and the location of particular attractions (shops, offices, public buildings, and so on) on that network.” In related research, Batty (2005) described how these components could be implemented by means of layer representations of the ‘local geometry’, setting the constraints that limit pedestrians in the directions they can move, and the ‘attraction surface’ that reflects the relative attractiveness of places within the environment. There are many factors embedded in these components.
A considerable portion of the literature on pedestrian movement is focused on retail environments. Regarding the influence of an environment’s characteristics on pedestrian movements, the following four aspects are widely recognized as main determinants (e.g., Borgers and Timmermans, 1986; Heinritz and Sittenauer, 1992; Brown, 1993; Davidson, 1998):
· Street network
· Attraction points
· Transport facilities
· Spatial and functional linkages
Reasoning from the viewpoint of pedestrians’ comfort, two aspects related to the street network configuration (or ‘topology’) are considered important, namely distance and accessibility. In the former case, a distinction could be made into three categories. Important are the distances from and to transfer points (TP), i.e., consumers have to walk from the point of arrival (‘entrance’) to the first outlet they visit and from the last visited outlet to the point of departure (‘exit’). Given the popularity of multi-stop trips, also inter-outlet (IO) distances are relevant. Furthermore, given consumers’ time and physical constraints, the total walking distance will play a significant role too, causing nearly all consumers to only visit part of the area, even in moderate-sized town centers (e.g., Davies and Bennison, 1977; Brown, 1991). Intuitively, some maxima will exist – e.g., Brown (1993) mentioned practitioners often assume a 200 meters maximum for IO distance – but these values depend not only on consumers’ personal characteristics, but also on factors like the familiarity with routes and the attractiveness of streets that influence the perception of distance in terms of the effort associated with the action of walking (Witt et al., 2004). Moreover, in the case of TP distances, when choosing a transfer point a consumer will make trade-offs between TP distance and aspects such as transfer point accessibility from outside the area and the costs related to the use of it. 
The street network or public space is also closely related to accessibility. With a background in architecture and urban design, a branch of research has evolved that focuses on accessibility aspects of streets – continuity and connectivity – that are determined by the morphological structure (e.g., Hillier 2005). This research is formed around so-called Space Syntax theory that provide methods to calculate relative measures of accessibility (referred to as ‘integration values’) for every street in a network based on axial maps. These methods have proven to capture specific regularities in pedestrian distribution patterns. However, like Haklay et al. (2001) indicate, at the same time there are attractions of various types located on the network that affect pedestrian activity.   
In shopping center research (Eppli and Benjamin, 1994), large department stores are often referred to as ‘magnets’, given their capability to independently draw customers to the center. They offer goods that are on most people’s shopping lists and their presence will convince many customers that the area is the best place to carry out their multi-stop shopping trips (Brueckner, 1993). Within shopping environments, the spatial distribution of these ‘anchor tenants’ is of great influence on the flows of pedestrians, and thus on the location choice of stores that rely on impulse visits. The actual benefits experienced by non-anchor tenants – known as ‘retail demand externalities’ – are difficult to measure, albeit that the retail image of the anchor tenants is recognized as an important factor of influence. 
As most intra-area trips start and end at a car park, bus stop, railway or subway station, and so on, the precise location of these facilities has a major influence on the nuances of pedestrian movements (Brown, 1993). For instance, streets nearby transport facilities often have more pedestrian traffic, while the parts of an area that pedestrians visit are strongly conditioned by the point of entry and departure (Davies and Bennison, 1977). Together with attraction points, transport facilities form a spatial pattern that is widely regarded as the major driving factor of pedestrian flows and, thus, of the commercial viability of shopping streets (e.g., Kurose et al., 2001). According to Thomas and Bromley (2001), a lack of integration of attraction points, pedestrian flows and transport facilities easily results in ‘dead space’, unlettable units, and associated unattractive environmental problems. 
Timmermans and Van der Waerden (1992) stressed the importance of having models of pedestrian movement addressing the spatial and functional linkages implied by shopping-trip chains. In this context, a distinction must be made between comparative linkages and complementary linkages, relating to the general desires of consumers for comparison shopping and related-item purchasing (Davidson, 1988). The intensity of linkage is strongly influenced by the distance between the facilities concerned (Brown, 1993), which drives facilities to locate themselves in spatial clusters. This phenomenon is another factor that encourages the restricted focus of visitors on specific inner-area zones. 
2.2 Heterogeneity
The discussion above provides insight into what can be seen as the main driving forces of pedestrian flows stemming from land use pattern and street network characteristics. They form the basis for the development of macroscopic (‘flow-based’) models that can predict the spatial distribution of pedestrians in terms of traffic volumes per street. For site evaluation, however, not only the volume but also the composition of traffic flow is important (e.g., Ghosh and McLafferty, 1987). The scale of decisions made as part of CBD regeneration projects – e.g., opening a new complex with retail and entertainment, or introducing new transport facilities – is sure to cause changes in both the volume and composition of pedestrian flows, and thus to have impacts on the performance of existing facilities. For enabling assessment of these impacts, it is necessary to have a model that captures the microscopic (‘individual-based’) aspects of pedestrian movements, enabling it to provide insight into the composition of pedestrian flows through streets and along facilities. 
It is a sheer fact that individual pedestrians show heterogeneity in their behavior based on differences in personal and socio-economic characteristics, their familiarity with the environment (Chang, 2002) and the goals underlying their trips. From the mindset of an ‘attraction surface’, Batty (2005) indicated that a differentiation of pedestrians is required to do justice to such variations in behavior. However, even an individualized attraction surface would still form a bias with reality, as the state it assumes is static over space. As Hillier (2005) indicates, people see their environment not from a bird’s-eye view but from street level – they are inside the environment – and their perceptual experience will be different when seen from different points of view in that environment. This has two important implications. First, a pedestrian’s perception of attraction points will change as he or she moves along the streets, with the distance between pedestrian and facility being the basic element causing the change. Second, an individual’s attraction surface (seen from a specific location) is unlikely to cover the whole area. Rather, the attraction points taken into account are those that are directly observed – objects within the individual’s ‘visual field’ (e.g., Haklay et al., 2001; Bierlaire et al., 2003) – and those that are not within the range of vision but recalled from earlier experiences (‘memory field’). The extent to which the latter category applies will largely depend on the pedestrian’s familiarity with the environment: whereas first-time visitors will have to rely on direct observations, experienced visitors are likely to use their knowledge acquired during previous trips. 
Pedestrians do not only move along in space but also in time during their stay in the area. As mentioned before, walking distances are limited due to pedestrians’ time and physical constraints. As the pressure of time or the feeling of fatigue increases, the relative attractiveness of facilities will shift along, expressing an increased interest in transport facilities where the trip can be ended (e.g., Adkins-LeHew and Cushman, 1998; Borgers and Timmermans, 2004). 
As stated by Bierlaire et al. (2003), behavioral patterns differ between individuals who know their destinations and those who do not have a precise destination. This difference will not only relate to pedestrians’ familiarity with the area but also to the purpose of their visit. As the latter aspect determines the number and types of tasks a pedestrian would like to fulfill, it influences his or her perception of the relative attractiveness of facilities (Kitazawa et al., 2003). For instance, when the trip purpose is fully recreational (no obligatory tasks), the perception is not influenced by needs but purely based on personal preferences. In addition, given the role of CBDs as centers of business, administration, services, recreation, and so on, multi-purpose trips will be very common and, hence, pedestrians’ primary visiting purpose will vary. This gives reason to differentiate between categories such as shoppers, workers, tourists and residents, whose activity and behavioral patterns are likely to vary (e.g., Chang, 2002). 
3 Agent-based pedestrian modeling

Agent-based modeling (ABM) is a methodological simulation-based approach that originates from the field of distributed artificial intelligence (e.g., Ferber, 1999) and enables us to develop models that operate at the scale of individuals and objects in the built environment. Its key concept is the abstraction of an ‘agent’, a computational entity that can represent a member of a population inhabiting an environment with an identity, attributes and the capability to make decisions and act within the environment (Miller et al., 2004). This concept allows studying how individual (i.e., micro) behaviors generate aggregate (i.e., macro) regularities from the bottom up (e.g., Epstein, 1999; Torrens, 2003). The straightforward and flexible manner in which individuals, their behavior and their interactions can be modeled makes ABM into a powerful tool for “conceptualizing and implementing complex, dynamic, disaggregate models of human decision-making” (Miller et al., 2004, p. 12). It provides the techniques for developing decision support instruments to anticipate on trends in the environment through monitoring and early warning as well as to predict and value both short- and long-term consequences of implementing certain policy measures – i.e., modifications in environmental conditions – in attempts to either encourage or discourage those trends. This has convinced researchers and developers in many domains (e.g., Jennings et al., 1998), including the fields of land-use modeling (e.g., Parker et al., 2003) and traffic and transportation studies (e.g., Bazzan et al., 2005). Together with activity-based representations of the transport system, ABM is now widely considered as a key tool to integrate the behavioral dynamics of individuals, governments, developers, and investors within the framework of land-use transportation systems (Torrens, 2000).

In the last decade, agent-based models have also found application in the area of modeling and simulating pedestrian movement (Batty, 2001). So far, much attention has been given to modeling crowd dynamics (e.g., Bandini et al., 2005), in particular emergency evacuation (e.g., Kirchner and Schadschneider, 2002; Helbing et al., 2005), and micro-scale aspects such as collision avoidance (e.g., Antonini et al., 2006) and spacing behavior (e.g., Willis et al., 2004). Furthermore, several researchers have developed agent-based models of pedestrian behavior within the context of retail environments. For instance, the STREETS model (Haklay et al., 2001) suggested an operation in two phases. In the first phase, a sub-model that operates at the level of sub-regional urban districts populates the environment with a population of pedestrians (agents) with predetermined activity schedules (plans). In the second phase, an agent-based model simulates the movement of pedestrians under the influence of spatial configuration, predetermined activity schedules, the distribution of land uses, and the behavior of each other. The behavior of an agent is defined and controlled by an integrated set of modules that operate within a hierarchy of variables: three modules to take care of tactical movement (moving forward; maintaining direction; navigating to a destination) and two modules to deal with strategic movement and planning (searching areas and recognizing buildings; adjusting plans). Kitazawa and Batty (2004) described a model that, after the initial loading of agents with different attributes and predetermined activity schedules, simulates the behavior of pedestrian by distinguishing four disparate processes: information gathering (updating about possible destinations, street network and other pedestrians), destination choice (probabilistic matching of agents preferences and store characteristics), route choice (optimizing under recognition of differences among pedestrians in perception and attitude) and local movement (avoiding collision with objects and other pedestrians). 
Although it seems common practice to include detailed aspects (e.g., collision avoidance) into agent-based pedestrian models, it actually depends on the objective of a model whether or not this is really required (e.g., Nagel and Marchal, 2003; Borgers and Timmermans, 2004). High detail will be needed when having to know the position of every single agent at any time, such as for creating a realistic visualization. It is less relevant, however, when the objective is to predict the traffic volume and composition for streets and individual facilities, such as in the context of this research. In that case, the level of detail needed will not reach much further than to enable, for instance, modeling the effect of crowdedness on pedestrians’ route choice or walking speed.
4 An agent-based model of pedestrian behavior

Any agent-based model requires an initialization phase in which the synthetic population of agents is created, including the loading of agents’ properties such as personal characteristics (e.g., socio-demographic and socio-economic properties, familiarity with area, and physical constraints) and trip characteristics (e.g., main visiting purpose, activity schedule, and time constraints). In the models presented by Haklay et al. (2001) and Kitazawa and Batty (2004) it is assumed that all agents have a predefined list of places (destinations) they intend to visit. As pointed out in the discussion above, however, many pedestrians in CBDs will have more loosely defined objectives. Borgers and Timmermans (2004) presented a model that leaves open the actual aims of pedestrians, letting pedestrians choose every next link during walking. 
To keep our model flexible to the whole range of visiting purposes, we assume an agent starts its walk based on an activity schedule in which activities can be either linked to a specific destination of some level of detail (zones, streets and facilities
) or geographically unspecified (‘no destination’, e.g., shopping or strolling around). Based on whether or not having destination(s) listed in its schedule, an agent acts as follows (Figure 1):
[Figure 1 shows here]

· If a destination is specified, the agent sets it as a target and determines the optimal route. Which route is optimal to the agent will depend on aspects such as the agent’s visiting purpose, time availability, familiarity with the environment and observed crowdedness. For instance, Chang (2002) suggested that a ‘shallowest path’ principle may best reflect the route choice of pedestrians who are familiar with the area. 
· If the activity is not linked to a specific destination, the agent is assumed to choose the most attractive link from its current location. For instance, Borgers and Timmermans (2004) developed a simulation model based on such an assumption. Besides static properties of links (related to function, morphology and esthetics), an agent’s decision is likely to be influenced by dynamic aspects as well, such as the observed crowdedness at the time of choice.  
In either of these cases, the agent continues by moving over the selected link(s). While moving, there is a constant process of observing facilities along the route by means of the agent’s visual field. As illustrated by Dijkstra et al. (2005), the degree to which a facility is perceived by an agent can be related to the agent’s awareness and the signaling intensity of the facility, which largely depends on the match between properties of facility, agent and trip. The perception of facilities can distract the agent from its current movement along the street, i.e., the agent may decide to make a non-planned (or impulse) stop. In addition, at any moment the agent may also recall facilities from previous visits to the area that are located elsewhere in the area, implying that the number of possible destinations for non-planned stops will be larger when the agent is more familiar with the environment.
The decision of an agent whether or not to make a non-planned stop at a certain moment is assumed to consist of a two-step evaluation that is anticipatory in nature and involves uncertainty. First, the agent assesses whether it expects the most attractive facility among the available options to be worth a visit. Following Kitazawa and Batty (2004), this implies that the agent compares the facility’s attractiveness (expressed in terms of probability) to a personal threshold that depends on the type of trip being made: the more recreational the trip, the lower the threshold. If the match between agent and facility is considered sufficiently close, a second step follows, being an evaluation of possibilities to integrate a non-planned stop at the selected facility into the agent’s current activity schedule. This means that the agent will make a choice between alternative schedules in anticipation of individual time and distance constraints related to the progress of the trip (e.g., at some stage the agent may have to start accounting for the expected time required to reaching its departure point, when there is a need to catch public transport at a certain time). Maintaining the current activity schedule (without the non-planned stop) is one of the alternatives and associated with certain time and effort for execution. It depends on how these values relate to time pressure and physical fatigue, whether the agent has the opportunity for adding the non-planned stop to its schedule (extending total trip time and distance), or for having the non-planned stop replace a later planned stop at a similar facility type. 
If the outcome of evaluation is to make a non-planned stop, the agent will update its activity schedule (either adding or replacing activities) and change its target. When the non-planned stop concerns a facility identified through the agent’s vision field, the facility is nearby and the agent will visit it without any further distraction or diversion. If the facility is recalled from memory and located outside the agent’s vision field, it means that it is at a certain distance from the agent’s current location. Hence, the stop will become a ‘planned en route’ stop and it will be incorporated in the agent’s activity schedule (adding or replacing) while the agent continues its walk. 
When reaching a destination, the agent’s action depends on the level of detail (see above) of that destination. In the case of reaching a targeted zone, the agent will choose the most attractive link from its current location, setting the end node of that link as its next target. When the target was a street, the agent will enter the link, having the end node as a next target. In the case of a facility, the agent will use the facility for some period of time that depends on the properties of the facility, the activity to be performed, the agent, the available time and its trip. As long as the facility is not a transport facility from where the agent intends to leave, the walking process iterates by going back to the first stage at which the agent will check its schedule for the next planned destination.
5 Towards an intelligent planning support tool
The model described in the previous section provides a tool to predict the volume and composition of pedestrian flows in mixed-use environments such as CBDs, which is important information to judge the changes in performance of facilities due to proposed planning interventions. As such, this model can be a valuable tool for impact assessment analysis. Like Harris and Batty (2001) explained, however, planning principally requires attention not only for the evaluation but also for the design of plan alternatives, and these requirements devolve upon any planning support tool. In the way described above, our model would only meet the second requirement as a tool to evaluate user-made proposals for functional-geographical configurations. A considerable improvement would be an extension of the model that enables some form of optimization and exploration of design solution spaces under different policy measures. This would make it a much more useful tool for supporting both decision making and communication. 
5.1 Agent-based modeling and design support
Moulin et al. (2004) developed a system focused on park design that illustrates how ABM techniques can be used to support both design and evaluation of plans (in their case, spatial configurations of use areas and interconnecting paths). Besides providing a module with which completed designs can be assessed by running a multi-agent simulation of park users (pedestrians), the system includes a module for ‘path creation’ that helps users to design roads and trails in the park after the use areas have been located. This module releases a population of agents into the plan area and records the trajectories chosen by agents, after which it filters these trajectories according to their flow densities to select the most important ones. As such, this application indicates the larger role that ABM can play within the context of planning support. 
Turner (2003) suggested an agent-based approach to the generative design of building layouts, illustrated by an experiment that focused on the interior design of art galleries. In this experiment, two types of agents are distinguished to create an interaction process in which both visitors and artworks move around in response to each other. Visitors are represented by ‘person agents’ who explore the gallery environment while being attracted by artworks that match their taste. Every artwork is accompanied by an ‘artwork agent’ who, at regular times, can move its artwork (including the backside wall) in search for a better location (catching more visitors). As Turner indicated, this ‘ecological approach’ can easily be translated to urban environments, for instance, with facilities interacting with pedestrians alike the artworks described here. Another experiment – described in more detail by Turner et al. (2004) – showed how, disregarding ‘services’ like artworks, an environment can shape itself by means of moving around surfaces (walls) in response to the movement of ‘person agents’, while pursuing global objectives such as maximizing the dispersion of agents. In this case, a genetic algorithm was used to implement the environment’s evolution.   
5.2 Multi-agent model for supporting CBD regeneration
As a focus for our model, we consider a situation in which a part of the CBD is designated for redevelopment and the planner’s task is to create and evaluate a set of alternative spatial configurations of facilities. In addition, we assume that a design brief is available that states the types of facilities to be developed, including the number of building units required per type. Furthermore, as a minimum, the planner makes a sketch plan for the spatial arrangement of new buildings (i.e., without facilities), after which he or she can use the model to explore the solution space for the facility placement problem.
Adopting the ecological approach of Turner (2003), we distinguish two types of interacting agents that operate in the overall model:
· ‘Pedestrian agents’ who walk around in the area for a given purpose and (possibly) visit facilities, whether or not based on a predefined activity schedule (section 4).

· ‘Facility agents’ who try to optimize the location of the facility (either new or existing) that they represent, giving the particular requirements of that facility.
In addition, a ‘planner agent’ is included in the model to manage and monitor the interaction process between pedestrians and facilities. This implies that the agent guards the global objectives of a project that concern aggregate issues related to the whole area or complete streets, for example: ‘distribute pedestrians as evenly as possible over the environment’, ‘make the performance of facilities as equal as possible’, or ‘minimize the impacts of the new developments on existing facilities’. 
The process (Figure 2) starts with an initialization phase in which a random placement of facilities is loaded into the model, along with a synthetic population of pedestrian agents (section 4). Subsequently, the pedestrian agents are released from the various entrances, letting them conduct their activities in the environment, simulating for example the course of an average day. During the simulation, recording takes place of the volume and composition of flows for every street, and the number and types of visitors for every facility. Hence, when the simulation is finished, every facility agent will be able to assess the performance of its facility based on the number of attracted visitors, both in absolute terms and as a percentage of the total flow along the facility. This information is handed to the planner agent, who then ranks the facilities according to their performance. The facility agent being faced with the worst case is contacted and allowed to propose changing location (‘swap’) with another facility (of a different type) at a location where it expects its facility to perform better
, which is a choice based on a search for more crowded places, places where linkages with certain other facilities can be more strong, places where the rent is lower, and so on. After a swap is performed, the pedestrian simulation is executed once again and facility performances are updated. Based on the outcome, the planner agent will decide whether the swap is accepted or not, dependant on the global objective it tries to meet and the consequences for facilities being affected. If the performance decreased, the proposal is rejected, the swap will be undone and another facility agent is contacted to make a proposal if desired. The process continues until no swap can be performed that improves the situation. The final outcomes are an overview of the data per street and facility, and a list of plan performance indicators related to global aspects such as pedestrian activity patterns or facility performance. 
[Figure 2 shows here]

In this extended form, the model can easily operate in various user modes. Besides the case described above, in which the model starts from a user-defined building arrangement to run a facility placement procedure, it is obvious that users of the model can also make an initial facility placement and let the model search for possible improvements. Using the model only for evaluation will mean deactivating the facility agents and planner agent and performing a single run of the pedestrian simulation (i.e., the model described in section 4) to obtain a list of plan performance indicators, even though the number of swaps suggested by the extended model could in fact as well be taken as an indicator. 
6 Discussion
From a recognized need for tools to support planning decision making in CBD regeneration, this paper has presented a multi-agent concept that focuses on the interaction between the environment consisting of facilities and the decisions of pedestrians regarding their activities and movements within that environment. The concept is framed as the basis for a tool that intends to assist planners, not only in evaluating their design proposals, but also in exploring the solution spaces of these proposals. Suggested is an ecological approach, adopted from Turner (2003), which uses a combination of ‘pedestrian agents’ and ‘facility agents’. These two groups of agents operate in shifts in a process that is directed towards meeting a global objective, which is managed and monitored by a ‘planner agent’. The pedestrian simulation that is part of the tool is based on a generic agent-based model that has been proposed to cover the diversity of visiting purposes and activity patterns in CBDs. The inclusion of this component enables a search for facility placement solutions based on microscopic aspects of pedestrian movements, which are of great importance in environments like CBDs where many facilities economically rely on impulse stops made by pedestrians. Such insight would not be possible with conventional location-allocation models that are based on the concept of trade or service areas. 
Because what is presented in this paper is still in an early stage of development, obviously much work remains to be done. A process of further specification, implementation and testing will have to show us whether the envisioned concept is feasible and operates as anticipated. The use of an agent-based view, however, provides us with the flexibility to start with a rather simple implementation, and when some effect is found to be missing, to add more detail in an attempt to capture that effect (e.g., Nagel and Marchal, 2003). We hope to report on the experiences with the model in future publications. In the meantime, this paper is hoped to provoke a wider discussion about the challenges of developing more intelligent planning support tools that not remain limited to the evaluation of plan alternatives but also include mechanisms to support the creation of those plans, which would make them more valuable tools to serve both decision making and communication. 
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Figure � SEQ Figure \* ARABIC �2�. Overview of agent interaction process








Figure � SEQ Figure \* ARABIC �1�. Overview of agent behavior
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� This includes transport facilities from which agents can leave the area at the end of their visit. 


� Note that this change (‘swap’) is not a move to reflect a process of locational dynamics in the supply of facilities, but only to search the solution space of the configurational problem at hand.
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