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Abstract. The objective of cartographic generalisation is to simplify geographic 
data in order to create legible maps when scale decreases. It often requires to 
reason at different levels of abstraction (e.g. a building, a city). To automate this 
process, Multi-Agent approaches have been used for several years. Map objects 
(e.g. buildings) are modelled as autonomous entities that try to solve constraints 
through appropriate transformations. Yet, those approaches are not able to deal 
with all situations that appear between cartographic objects in a map. Indeed, 
though a map intrinsically involves objects that belong to several description, 
scale or organisation levels, there is no explicit multi-level representation in 
agent-based cartographic models. Thus we assume that the use of a multi-level 
multi-agent model would improve the automated generalisation process. Espe-
cially, the PADAWAN model is a multi-agent model offering multi-level capa-
bilities which meet quite well the requirements for the multi-level organisation 
of cartographic objects. In this paper, we expose how we use this model on the 
one hand, to reify multi-level relations between cartographic agents, and on the 
other hand, to represent the constraints and the actions proposed to solve them, 
as interactions between the agents. 

Keywords: Cartography, Cartographic Generalisation, Multi-Level Modelling, 
Spatialised Problems, Interactions Modelling, Constraints Solving. 

1 Introduction 

Map creation is a process with several stages aiming at drawing a legible map from 
geographic information. Today, geographic information is stored in databases where 
different objects (e.g. building, roads) are implemented with geometric shapes (e.g. 
point, polyline, polygon) and other non-geometric attributes (e.g. road name, building 
type). One characteristic of a map is its scale. Depending on the scale, information 
will not be shown, because room to display the same portion of the real world is 
smaller at a smaller scale. Among differences we may state various modifications, for 
instance: symbols may be changed (e.g. a building may be symbolised with its origi-
nal shape, or a specific symbol depicting its function); the shape may be simplified 
(the detail of the line of a road may be more or less precise); some objects are not 



always displayed (i.e. small paths are not displayed on a road map, but they are dis-
played on a town map); some objects may be shown as a whole (i.e. close buildings in 
district centres are shown as a whole instead of being individually drawn). 
All these modifications are motivated by the need to fit for the visual perception lev-
els of the final user of the map. Yet, the information needs to remain semantically true 
(e.g. if the position of a building is allowed to change, it is not allowed to go to the 
other side of the road).  

 

Fig. 1. Initial data generalised at the  1:50 000 scale.  

This simplification process is called cartographic generalisation. Figure 1 shows an 
instance of generalisation. Its automation is a complex question. First, specific trans-
formation algorithms have been designed in order to simplify the shape of objects, 
modify them and satisfy readability constraints (e.g. buildings must be above a mini-
mum size, symbols have to be sufficiently spaced). But some algorithms involve sev-
eral objects, and some objects are involved in more than one algorithm. The applica-
tion of the appropriate algorithms to satisfy the constraints of objects of a map is a 
research question in geographic information science. Some solutions have been pro-
posed. Among the different approaches, some are based on multi-agent models [1], 
[2], [5], [8], [11]. In multi-agent approaches for generalisation, geographical objects 
are modelled as agents trying to satisfy their own constraints. Some of these models 
handle the organisation in levels of geographical objects, because it has been shown 
that generalisation sometimes requires to reason on groups of objects considered as a 
whole [20] (e.g. a building is a part of an urban block, i.e. a portion of space bounded 
by roads). However, this organisation is rigid and the unsolved issues involve more 
complex relations between geographic objects, especially when they belong to several 
organisation or description levels [13]. Thus, we assume that using a more flexible 
multi-levels formalism may help us to tackle the unsolved issues. The purpose of this 
paper is to explain the whole approach, and develop the first steps of our ongoing 
work, consisting in defining a generic model to express multi-level interactions in an 
agent oriented approach for generalisation, and adapting behaviours of agents from 
existing models to the new one. 

The paper is organised as follows. Related works on multi-agent systems for gen-
eralisation and on geographical multi-level organisation are presented in section 2. 
Two opposite solutions (multi-model vs. improved multi-level approaches) are dis-
cussed in section 3; then section 4 addresses the issue of adapting one of the multi-
level solutions to the existing multi-agent constraint-solving systems. Implementation 
and results are presented in section 5, before we give some perspectives on this work. 



2 Multi-Agent Approaches for Automated Generalisation 

In multi-agent generalisation models, the agents are either geographical entities (e.g. 
buildings, roads, towns) [5, 8, 11, 18], or the points that compose their geometry ([1, 
11]. The purpose of these agents is to solve constraints that express some legibility 
conditions about geographical objects, as well as characteristics preservation condi-
tions. Constraints affect either a single object (e.g. a minimum size constraint: a build-
ing must remain large enough to fit a perception threshold), or two objects (e.g. a 
proximity constraint: a road and a building must stay close to each other), or a group 
of objects (e.g. a density preservation constraint on an urban block involving all the 
buildings inside it). 

In order to solve these constraints, geographic objects modelled as agents apply al-
gorithms modifying their own geometry: the building grows bigger to satisfy its min-
imal size constraint; the building steps back from the road in order to satisfy the prox-
imity constraints; the urban block eliminates some of its buildings in order to maintain 
its density while its buildings grow. The way the application of algorithms works 
depends on the different models. Among them, we are especially interested in 
AGENT, CartACom and GAEL, which are complementary to each other, and which 
all extend the model by [1]. This section briefly describes these three models, and 
then explains why the way relations are described may require a new perspective to 
go further in automatic generalisation quality.  

2.1 AGENT, CartACom and GAEL Multi-Agent Models for Generalisation 

AGENT ([2], [18], also formalised by [7]) is a model describing a hierarchical struc-
ture between agents: micro agents describe basic geographical entities (e.g. buildings, 
roads) and meso agents describe more complex entities composed by other agents, 
micro or meso (e.g. an urban block is composed of buildings). Meso agents share a 
hierarchical relation with their components. As explain in [19], this hierarchical rela-
tion implies different roles for a meso: coordinator, when the meso acts as a scheduler 
and activate its components; as a legislator, when the meso modifies its component 
and as a controller when the meso controls the result of the generalisation of its com-
ponents. The behaviour of the agents follows a trial-and-error life cycle chaining con-
straints assessment, transformation, improvement evaluation, and commit or back-
track. It has an in-depth backtrack capability, resulting in an informed exploration of a 
states tree (described e.g. in [22]). AGENT proves effectiveness in urban zones, 
where the geographical entities are organised in hierarchies, and for the generalisation 
of roads, where a road may be subdivided into parts, which may generalise them-
selves, but need an agent to supervise the operations and maintain continuity between 
sections. 

CartACom [3], [5] is a model managing transversal relations between agents. All 
agents interact in a same level. Here, constraints are shared by two agents and are 
called relational constraints. To satisfy them, an agent may either modify its own 
geometry, or try to modify the agent sharing the relation, which, due to the autonomy 
of the agents, requires to dialogue with it: ask, wait for an answer, and adapt its be-



haviour to the response. The behaviour of the agents follows a life cycle similar to the 
one of AGENT but where only the last action can be backtracked. The scheduling of 
the agents is managed by a common scheduler, which uses some specific rules, like 
giving priority to an agent who just received a message. CartACom proves effective-
ness in rural zones, where the density of objects is low. 

The GAEL model [8] subdivides micro objects into primitives (points, segments, 
triangles) called submicro objects. Points of micro objects are modelled as agents 
trying to satisfy constraints to maintain the shape of related submicro objects. Micro 
objects are modelled as agents too, and share some constraints with other geographic 
agents like in CartACom. When a micro object is activated as a GAEL agent, it acti-
vates its point agents, and after acting, each point agent activates neighbouring points. 
GAEL proves effectiveness for the generalisation of background field objects (e.g. 
relief) consistently with foreground elements (e.g. rivers, roads, buildings). 

When focusing on the multi-level aspect of these three models, different organisa-
tions may be noticed. In CartACom, all objects belong to the same level. AGENT 
suggests a tree-like structure, where components are part of meso objects, and modifi-
cations on these parts modify the meso agent itself. GAEL introduces interactions 
between two levels: micro and submicro, but in very specific ways. The ways levels 
and relations are modelled in these three models are very specific, and these models 
fail to handle more complex situations. 

2.2 Unsolved issues and new kinds of relations 

Those approaches of automated generalisation cover a lot of situations, but some cas-
es are not well handled yet. We assume that agent oriented models may be used to 
handle these cases. But, as explained in the previous section, existing agent oriented 
models only enable to model specific kinds of interactions between geographical ob-
jects. The issues we want to solve involve different kind of multi-level relations. For 
instance, in figure 2, there are three recognisable levels: the micro objects level 
(buildings and roads), the urban blocks level, and between both, the aggregate level 
involving two adjacent buildings. The aggregate is, like the buildings, part of the ur-
ban blocks, and inside this urban block may need to interact as a whole with other 
buildings. But the adjacent buildings, although they are part of an aggregate, need to 
individually maintain their transversal relations with other buildings. Then, a solution 
to automatically generalise this situation requires: 

─ transversal relations between micro objects,  
─ hierarchical relations 

• between micro objects and the urban block,  
• between buildings and the aggregate, 
• between the aggregate and the urban block, 

─ diagonal relations between the aggregate and the buildings outside this aggregate. 



 

Fig. 2. Two adjacent buildings compose an aggregate. Aggregated buildings need to have nor-
mal interactions for buildings, but the aggregate also needs to interact as a whole.  

In [13], other situations are exhibited. In particular, different kinds of hierarchical 
relations need to be modelled. An inclusion relation (i.e. a bus station on a road) [10] 
is different from a composition relation (i.e. a building is a part of an urban block). 
All these situations require a more flexible and more generic way to express relations 
and interactions between objects in different levels. This is why we propose to ex-
plore the use of a multi-level model.  

3 A Multi-Level Models to Better Handle Relations 

In this section, we expose our approach, consisting in using an appropriate existing 
multi-level model. Our objective is to get a model making explicit both hierarchical 
and transversal relations. First, we will explain why a multi-model approach is not 
suitable, then we will introduce the model we chose to base on while explaining why 
it was chosen.  

3.1 Multi-model solutions 

The goal of our work is not the mere fusion of existing models into a single one, but 
the design of a new one with more flexibility, in order to manage new kinds of inter-
actions. These considerations are quite decisive in the choice of adaptations that have 
to be made to the existing models. Using a multi-model solution for generalisation 
was previously explored in [4] where three scenarios are introduced so as to improve 
multi-agent solution for generalisation. First, a multi-model method for generalisation 
was proposed, and developed in [24]. The purpose of this model is to identify areas, 
and apply the more appropriate process (a process may be an agent-oriented method 
or another kind of process, like a least square optimisation solution proposed by [9]). 
This solution provides good results, but is dependent on the processes capacity to 
handle all situations. 

Second, a multi-agent multi-model system where agents may behave alternately as 
AGENT agents and CartACom agents was proposed. This kind of approaches raises 
several issues such as detecting the appropriate model in each situation, or ensuring 
the consistency of internal data used by a model when another one is used. Some 
methods are suggested in the simulation literature, like in [26]. But, the way to detect 



the need to change model is specific to each situation. Adding mechanisms for detect-
ing model commutations seems very redundant with the existing constraints, which 
are already used as controller. We believe that generalisation requires an alternative 
solution. It may be to have all information in a same level, in order to choose in a 
single process which agent will be activated, and which algorithm will be apply. This 
implies to have a single model mimicking the behaviour of all three existing models.  

3.2 A multi-level multi-agent model: PADAWAN 

As exposed in [15], there has been a recent raise of the issue of multi-level modelling 
in multi-agent systems. Having analysed and compared existing multi-level multi-
agent models with regards to the needs in cartographic generalisation, including [6], 
[14], [21], [23], [25], our choice was to use the PADAWAN model [16], where the 
non-tree-like organisation of levels and the flexible definition of environment seem 
wide enough to model the complex relations between our geographical objects. 

PADAWAN is a multi-level multi-agent model for simulation, allowing agents to 
get relations in several environments. It relies upon an interaction-oriented approach 
(IODA) [12]. The expression of agents’ behaviour in the IODA formalism is based on 
interactions, that describe through a condition/action rule a behaviour that occurs 
between two entities. The entities involved in an interaction are a source, i.e. an agent, 
and a target, which may be one or several agents, or the source itself – for reflexive 
interactions. The behaviour of agents of a given environment is expressed using an 
interactions matrix. When an interaction between a family of sources and a family of 
targets is feasible, it is assigned to the intersection of the line of the source and the 
column of the target. This assignment links an interaction to a priority of execution 
and a maximum distance between the source and the target. 

The description of an interaction consists in three distinct aspects: a trigger, pre-
conditions and actions to do. The trigger expresses the motivation for the agent to do 
the interaction (e.g. in an ecosystem simulation “eat” may have “be hungry” as trig-
ger). Preconditions express external conditions to satisfy (“get some food”). Both 
criteria need to be satisfied in order for an interaction to become feasible. Trigger, 
preconditions and actions are described using abstract primitives, which are to be 
concretely implemented by agents. 

Compared with IODA, PADAWAN includes a multi-environment aspect. Agents 
may be situated inside one or more environments, and each environment may be en-
capsulated inside an agent, so that environments might be interlinked in a non-treelike 
way. Each environment gets its own interaction matrix, allowing the definition of 
behaviour rules specific to each environment. Added to the expression of relations 
between hosted agents, this matrix allows the expression of relations between a host 
and the hosted agent.  



4 Adapting AGENT and CartACom 

In order to build the new model, we have to express the behaviour of original general-
isation models within the PADAWAN paradigm, while gaining genericity. The adap-
tation of interactions from AGENT and CartACom models is the first step of our 
process seeking to solve remaining generalisation issues. 

4.1 Differences between simulation and problem solving 

While PADAWAN is designed for multi-agent simulation, map generalisation is a 
constraint-driven problem. In the first case, the objective is to simulate a phenomenon 
in order to make observations on a system. In a constraints solving problem, the ob-
jective is to obtain satisfying results with a minimum cost. Thus, the definition of the 
perception of the environment by an agent will not be motivated by the intention of 
realism (i.e. the range of the field of vision of an animal), but instead by care of effi-
ciency: an agent will perceive all necessary things in order to be generalised at best. 
In both situations, the perception will be limited, but by differently defined criteria. 
Similar differences occur when considering life cycle and time aspects. 

These differences are not, a priori, an issue to the adaptation of PADAWAN to the 
solving of cartographic generalisation problems. The perception of the environment in 
PADAWAN is implemented at the interaction matrix level. Regarding life cycle, the 
PADAWAN interactions selection process is used in a specific life cycle. This aspect 
is developed in the next sections. 

4.2 Inversion of the perspective 

In figure 3, the processing schemas of both AGENT and CartACom on one hand, and 
PADAWAN on the other hand, are displayed. The behaviour of agents in AGENT 
and CartACom is motivated by constraints. During its life cycle, an agent questions 
its constraint having priority to be solved, and this constraint returns a set of actions 
that the agent may try to execute. For instance, a building agent needs to satisfy its 
minimum size constraint. The agent then questions this constraint, and the constraint 
returns the following set of actions to try: {“Grow up”, “Change geometry to a bigger 
rectangle”, “Eliminate yourself”}). 

An action in a PADAWAN interaction can easily be taken from an 
AGENT/CartACom action. Rules defined in the constraints of AGENT/CartACom 
models are merged with PADAWAN preconditions. The notion of constraint satisfac-
tion naturally brings around the use of unsatisfaction as an interaction trigger. 
Regarding the choice, by the agent, of the next action (resp. interaction) to execute, 
the perspective between AGENT/CartACom and PADAWAN is reverted: in 
AGENT, the agent chooses the next constraint to satisfy, and then deduces the next 
action to try (the first one in the list of actions to try it returns); in PADAWAN, the 
agent chooses its interaction from the whole set of the feasible ones. In other words, 
the entry point is constraints in AGENT, but interactions in PADAWAN. The switch 
is non-trivial, because in AGENT an action may be proposed by several constraints, 



and an action proposed by a constraint may be discouraged by another one. The first 
step of the adaptation of the action from AGENT and CartACom is to establish a way 
to express the opinion that a constraint may have on the realisation of an action. 

 

Fig. 3. (a) exposes the mechanism of AGENT and CartACom, (b) exposes the mechanism of 
PADAWAN, (c) is our proposal to use specific aspects of generalisation models in the 

PADAWAN models. 

4.3 Behaviour of the agents 

In existing generalisation models, a constraint may take a stand for (or against) an 
action in four different ways. In order to formalise this report, we introduce the notion 
of advices of a constraint. The four possible advices that a constraint may express are: 

─ indifferent, the default one, when there is no prior generalisation knowledge about 
the influence of the execution of an action on the satisfaction of this constraint, 

─ favourable, only when the constraint is unsatisfied, and generalisation knowledge 
assumes a positive influence of the action execution on the constraint satisfaction, 

─ unfavourable, opposite of the previous one, when the execution of the action is a 
priori negative for the constraint, 

─ opposite, when the impact of the execution of the action will certainly be damag-
ing, and may cause irreparable mistakes. 

For instance, for a building, the unsatisfied “Squareness” constraint (expressing the 
willingness to replace almost right angles by strictly right angles) will be favourable 
to the “Simplify in Rectangle” action, but the “Preservation of the concavity” con-
straint (for objects with a concave shape) will be unfavourable to this action. Synthe-
sising advices of constraints, an interaction may be a priori:  



─ feasible, if at least one constraint is favourable, and the others are in the worst case 
indifferent;  

─ feasible, but risky, if at least one constraint is favourable, at least one is unfavoura-
ble, and none is opposite;  

─ unfeasible, when at least one is opposite, or when there is no favourable con-
straints. 

The precondition notion of PADAWAN is substituted by this advice model. This 
allows a first selection of feasible interactions, but it is not sufficient to choose the 
best interaction. In the AGENT and CartACom models, the constraint having priority 
is selected according to following factors, in order of decreasing importance: the im-
portance of the constraint (a constraint will not be relaxed before another one with a 
lower importance), the current unsatisfaction, and a weight factor given by the con-
straint for the action. At the moment, we use here a basic heuristic that needs to be 
enhanced. For the adaptation of PADAWAN, we use the notion of trigger to organise 
interactions. 

The constraint aspect of AGENT, CartACom and GAEL was translated into the 
PADAWAN paradigm using this expressed advice model. Interactions were defined 
and included in interaction matrices sets, specific to some concrete experiments de-
scribes in section 5. We defined new life cycles for the agent based on these matrices. 
These life cycles are based on the PADAWAN life cycle, but add adaptations specific 
to our generalisation problem. One of the adaptations is the fact that the life cycle of 
an agent in generalisation allows to revert a modification, if a modification is assessed 
as having a negative effect on constraints satisfaction. So, when the original 
PADAWAN life cycle for simulation chooses one action sequence, in our model for 
generalisation, the agent identifies a ranked list of possible actions, and tries and tests 
the first one. If one of them gives a perfect solution (all constraints are satisfied), the 
life cycle is over. If the impact is positive, but not perfect, the model proposes another 
list of realisable interactions, computed from the new result, and tries another one. If 
the impact is negative, the interaction is cancelled, and the next one in the list is tried.  
Two life cycles have been implemented with simple and extended backtracking re-
spectively, corresponding to the original CartACom and AGENT life-cycles. 

5 Implementation and results 

Our first experiment was to try to reproduce the existing models results with the 
PADAWAN paradigm. To do that, we used the matrices shown on figure 4a for 
AGENT and on figure 4b for CartACom. As we can see, no interaction between host 
agent and hosted agents may be seen in the CartACom matrix, and no action between 
two hosted elements may be seen in the AGENT matrix which translates the fact that 
interactions between agents are hierarchical in AGENT and transversal in CartACom. 
We used the life-cycles with simple and extended backtracking for CartACom and 
AGENT respectively. As a result, we managed to reproduce the results of the original 
models, in term of effectiveness (the quality of the results is the same), and in term of 
efficiency (the number of time-consuming operations is the same). 



 

 

Fig. 4. Different matrices for our experiments. (a) matrix for urban an urban block in AGENT, 
(b) matrix for the map environment in CartACom, (c) matrix for urban block in our combined 

experiment. 

For our second experiment, we tried to mix agent behaviours stemming from both 
AGENT and CartACom models, on a simple application case (to begin) that however 
is a remaining problem of generalisation. When generalising urban areas with build-
ings to a scale of 1:25k or smaller, we want to ensure that buildings almost parallel to 
a road change to strictly parallel. Indeed, the exact relative orientation of a building is, 
for this kind of scale, information surplus. Applying the rotation operation, based on a 
relational constraint of parallelism, is already done in rural areas using CartACom. 
We want here to introduce this transformation also when generalising an urban area 
with the AGENT paradigm. We use the matrix given in figure 4c, and the life cycle 
with simple backtracking. The main difficulty was to calibrate the parameters control-
ling the order in which the actions are tried. This calibration was done empirically, 
with progressive refinement. Despite this methodology not being satisfactory, we 
managed to get some satisfying results, as shown in figure 5. This proves that we may 
add new interactions in a simple way, and opens perspectives for solving more com-
plex problems using interactions that are not purely hierarchical or transversal. 

 

Fig. 5. (a) non-generalised data, (b) generalised data in 1:25k, using AGENT (only the central 
block was generalised), (c) generalised data using our PADAWAN modelling with buildings 

aligned to the road. 



6 Conclusion and perspectives 

In order to solve remaining generalisation issues, we showed that modelling interac-
tions of agents using a multi-level formalism is quite helpful. Therefore, we used a 
multi-level simulation model and proposed an adaptation for the specificities of a 
constraints driven problem. As a first step, we manage to reproduce the results of 
existing models, and to solve some relatively simple issues handling multi-level rela-
tions, like the orientation of building in urban area (Figure 5), or the generalisation of 
dead-ends and of their neighbourhood [13].  

In this paper, we presented the first steps of a work in progress with imperfect re-
sults demanding manual corrections. Our next step will be to propose a generic way to 
orchestrate possible interactions and to calibrate parameters used to order possible 
interactions. Another point is to propose a better heuristic for selecting interactions. 
Then, we will propose a solution to integrate the GAEL agents behaviour in our sys-
tem, focusing on topographic maps with trekking and tourism data upon.  
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