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Abstract. Web-based spatial analysis applications designers now have to face new challenges inherent to the increasing volumes of data that these applications manipulate and to the great variability of users (in terms of personal needs, cultural background and access conditions) in a Web context. Large datasets overload the capabilities of both the server and the user’s access device and disorientate users who are not familiar with them. This paper presents an approach for designing an adaptable spatial analysis application based on the use of ontologies and metadata for increasing the comprehensibility of the data by the users. The lightweight structure of the ontologies is also used for data description purposes, for an efficient management i) the user’s preferences, ii) the access rights and iii) the queries. A mechanism for adapting the application to the capabilities of the access devices based on the representation of the complexity of the functionalities is provided.

1   Introduction

Recent cooperation initiatives between European statistical organisms (EUROSTAT, INSEE, etc.) have brought some interesting opportunities in the development of Web-based spatial analysis applications. On the one hand, large quantities of detailed socioeconomic data are made available for research. On the other hand, new analysis methods ([4]) allow studying and understanding socioeconomic evolutions in an enlarging Europe and in a globalizing world. 
The recent explosion in Web technologies allows diffusing the results of such applications, diffusing them to scientists from all over world or even to the general public. 
However, these recent developments bring some new constraints for web-based spatial analysis designers. The large volumes of data manipulated by these applications can quickly overload the computing capabilities of web servers as well as the capacities of the users’ access devices. Users who access socio-economical data through the Web have different needs (profiles) and employ various devices (workstations, laptops, PDA’s). In this ubiquitous and universal context, designing adaptable spatial analysis applications becomes necessary.

In this paper, we present the approach adopted for designing an adaptable web –based spatial analysis application called Hypercarte
. Our goal is to allow the users to define customized workspaces, containing only necessary information and functionalities corresponding to the users’ needs and interests. We employ spatial and thematic ontologies, enriched with metadata, in order to help the user navigate the information available in the database and customize the dataset corresponding to his needs. We define a very compact data formalism based on the structure of the ontologies for managing the user informational preferences, access rights and queries. We use a description of complexity of the data and of the functionalities for adapting the size of the dataset to the capabilities of the user’s access device.
The paper is organized as follows: section 2 gives an overview of the application and of the encountered difficulties, section 3 presents our ontology-based solution and section 4 concludes and sketches the future developments for the application.
2   Overview of Hypercarte
2.1   The application architecture
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Hypercarte is a multiscalar spatial analysis application ([4]), seeking solutions to the statistical and cartographic problems induced by the spatial heterogeneity of territorial administrative divisions. The development of the application involved not only statisticians, mathematicians and computer scientists, but also specialists from theoretical 
Figure 1. The architecture of Hypercarte.

geography and spatial analysis.  The applications implements objective methods for the cartographic representation of the spatial distribution of social indexes (population density, percentage of young people, population increase, GDP/inhabitant, etc) at different scales of neighbourhood ([5]). 
From an architectural point of view, Hypercarte is an object-oriented vector cartographic application based a client server paradigm (figure 1), which is to be distributed to European, national and regional statistical and planning organisms. The application is designed so that these organisms may be able to deploy it easily and independently and to integrate their own datasets. Once deployed, the application can be accessed via the Web by various users from all over the world.
The server is the central element of the architecture, it is in charge of managing the users and the connection between the other components. The users’ requests, starting with the connection, pass through the Web server and are transmitted to the data server. The data server ensures the storage and the restitution of data in response to the user queries. The computing server is used to carry out complex calculations. It is generally deployed on a computer cluster. The client is in charge of the interaction with the user and shows maps corresponding to the various types of analysis available. The four-tier architecture can be deployed on different sites (machines), but it can also function with certain components on the same machine. The most common deployment solution is the one with all the servers on the same machine, a typical client-server architecture. This solution may also be the most used, because it requires less deployment and maintenance resources (not all organisms can afford using computer clusters) and it requires less technical expertise. 
2.2   Adaptation: undergoing problems
The available mass of data is very large: currently, the EUROSTAT database contains vector and thematic data for about 110 000 territorial units, which amount to more than 600 MB of data, with more data to come. The size of the objects themselves is big, around 5 KB for each object, with around 200 indicators for each territorial unit. This makes transferring data via the Web difficult and high-resolution calculi very costly.

There is no prior knowledge of the varying material conditions in which the application will be deployed (server computing resources, available bandwidth, etc.). It is very likely, however, that most deployment solutions will be based on a single machine for executing the server tasks. This can lead to the risk of overloading the server with intensive calculi when serving multiple clients. There is also the risk of network congestion on the server side when dealing with numerous clients. Also, since some of the analysis methods are very computing-intensive, some tasks may be too slow to execute on mono-processor client machines.
The users of the application may be very numerous and may vary in terms of access rights, areas and analysis methods of interest, and access conditions (access device computing power, network bandwidth, etc.). Some difficulties arise from the risk of cognitive overload and disorientation ([2]) of the users confronted with a very large database that contains various types of information among which only a few match their interests. Other difficulties are induced by the variability of the employed access devices (desktops, laptops or PDA’s), which leads to big differences between the computing capabilities of the devices. Last, but not least, the applications may be accessed by numerous users, so the user management (dealing with access rights, user preferences, etc.) may demand important resources.
Given these difficulties, the objective of the adaptation in Hypercarte is two-fold: 

- from a system viewpoint, in order to unload the application server, the functionalities are to be transferred on the clients as much ass possible while keeping the whole application functional;

- from a user viewpoint, in order to avoid the cognitive overloading of the users, the application must be customizable according to their own needs in order to allow them to operate with a familiar information space, corresponding to their needs.

In order to achieve these objectives, we use ontologies and data description formalisms based on the structure of the ontologies, integrated in an autonomous and adaptable application. 
3   The adaptation approach

3.1   Overview of our solution

The main idea behind our adaptation approach is that by reducing the complexity of the informational space (the working dataset and the associated functionalities) two objectives can be reached: first, facilitating the work of the user by eliminating unneeded information and second, making the application functional on less powerful client machines (desktop computers, laptops and even PDA’s). However, it is essential that the adaptation mechanisms used for the management of user needs do not require much storage space or complex computations, otherwise the benefits of the adaptation from the system point of view would be lost.
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Figure 2. The overall model of the application.
The model of the application combines a representation of the users, of the data and of the functionalities (figure 2). The whole model contains more elements, but from the adaptation viewpoint, the relevant characteristics of the user model are the access rights, the informational preferences (represented by the studies association) and the access device. The data are composed of territorial units (named geographic features in the OGC terminology [7]) with associated spatial and thematic properties. The two attributes present in the class diagram are a description of the performance of the CPU in terms of maximum allowed complexity of the functionalities for an access device (Performance) and the complexity multiplier for the functionalities.
3.2 The spatial ontology and the data description language

A data description language is necessary for representing information within the system for formalizing queries, describing user information preferences, user access rights and metadata about data availability. The language also provides reasoning capabilities on a symbolic level, allowing the system to compute symbolical operations on datasets without having to actually access the data. The main purpose of the language is to make possible the user management (choosing adapted datasets, verifying access rights constraints, viewing information availability, etc.) by transferring only data description expressions between the server and the client, which are very lightweight and allow simplified calculi. The actual data are to be transferred only after the user has defined his working dataset, his access rights have been verified and the complexity of the dataset and of the functionalities can be supported by his access device.
A complete data description is composed of S, a set of named features (what geographers call the study area) and T, a set of thematic properties associated to these named features. We need a shorter way to describe S than enumerating its elements. So S is described as a spatial footprint F and a resolution level R. This results in expressions like “the communes of France”, the description is shorter and there is no need of knowing beforehand which these communes are. 
	D = (S, T) ,

S = F ( R
	(1)


The solution for achieving a lightweight data description format is based on the use of spatial ontologies with a hierarchical structure. Parsimonious spatial models have been used for representing spatial data and for spatial reasoning in a lightweight form for spatially aware information retrieval applications ([8], [10]). They have also been used for querying with incomplete knowledge of data ([9]). Our approach uses a lightweight spatial ontology (qualitative spatial model), similar to that of Vögele et al. ([11]), as a basis for a compact form for representing and operating with spatial data.
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Figure 3. Example of polygonal tessellation, with the corresponding 4-level decomposition tree.

The main idea is to use polygonal standard reference tessellations organized in decomposition trees (figure 3) for describing spatial footprints. Such tessellations are elaborated by global statistical organisms and provide a standardized partition of space. An example of tessellation is the NUTS
 system (Nomenclature of Territorial Units for Statistics), elaborated by the EUROSTAT
, which defines a coherent decomposition hierarchy for the territorial units in the European countries. 
In a spatial decomposition tree, named features are represented as nodes, with the edges of the tree representing spatial inclusion relations (here represented by (). Complex spatial footprints (or CSF’s) are represented as non-redundant sets of nodes ([11]). The advantage of this form is that it allows executing spatial operations without the need for geometric calculi. We defined topological operators (disjoint, overlaps, contains, equals) on CSF’s and spatial operators like union, intersection, difference of spatial footprints. As an example, we give below the definition of the topological predicate disjoint and the (spatial) union operator. 
	disjoint(S1, S2) ( (ni( S1, ((nj ( S2 : ni(nj ( nj(ni .

union(S1, S2) = {n( S1(S2 ( ((ni( S1(S2 : ni>n} .
	(1)


A first observation to make is that the union operator for CSF’s is not equivalent to the ( operator on sets. A second observation is that all operators rely only on simple set operations and on elementary tests of spatial inclusion on nodes. This means that the complexity of the operations depends directly on the cardinality of the non-redundant node sets, so a compact form of representing CSF’s results in both lower needs for storage space and lower complexity of spatial operations. We defined a short form for representing CSF’s, obtained by two mechanisms:
1. Aggregation – spatial footprints should be aggregated as much as possible, whenever a CSF contains all the children of a node, they are replaced by it. For instance, in figure 3 the CSF’s {AA, AB} and {AAA, AAB, AB} are equivalent. The compact form equivalent to both of them is obviously {A}.
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Figure 4. Comparison of three CSF forms for describing the same spatial footprint (in grey).
2. Representing CSF’s as a spatial difference between compact CSF’s results in expressions with even smaller cardinalities. In the example shown in figure 4, S is a CSF corresponding to the grey area, the short form is a pair of compact CSF’s, signifying the spatial difference between the two. Representing S as difference ({A}, {AAAA}) allows obtaining a expression with a smaller cardinality.
In order to describe a set of named features, a description of the resolution level (scale) must be attached to that of the spatial footprint. We use the depth in the decomposition to measure resolution as in [8], [9]. In order to designate the set of named features composed of {ABAA, ABAB, ABBA, ABBB, AABA, AABB, AAAB} the description ({A}, {AAAA})( (3) is provided. More generally, a range of depths can be used to designate resolution. For example, the expression ({“France”}, {“Sud-Est”}) ( (2, 4) designates all the territorial sub-units of the unit ‘France’, from level 2, down to the district unit level (level 4), excepting those contained in the region unit called ‘Sud-Est’. This provides a much shorter description than enumerating the names of the 107 territorial units (5 big region units plus 20 region territorial units plus 82 district territorial units). 
The last part of the data description contains the thematic properties. Similar to the spatial dimension, we use an ontology of hierarchically organized thematic properties (themes and indicators) connected by “broader term” and composition relations (see figure 2). An example of dataset description for the same study area mentioned above is (({“France”}, {“Sud-Est”}) ( (2, 4), {“Population”, “Unemployment rate”}), including the theme population and the unemployment rate indicator.
3.3   Adaptation to the capabilities of the access device

The adaptation to the capabilities of the access device of the users takes into account two types of constraints: the adequacy between the size of the dataset and the available system memory and the adequacy between the complexity of the functionalities and the computing capabilities of the access device. Once the user has defined his preferred dataset, the application verifies that the two types of adequacy constraints are verified. 
Prior experimentations define approximate limits for access devices based on a performance indicator defined for each class (Pocket PC, Power PC, x86,  etc.) weighted  by quotients corresponding to  their RAM size and CPU speed. The memory size of the dataset is estimated by taking into account the span of the spatial footprint, the resolution range and the amount of thematic data.  If the memory size of the dataset overheads the possibilities of the access device, the user is proposed a series of alternatives for decreasing its size. This can be done by reducing span, resolution or number of thematic properties, the least drastic possibility being that of reducing the span of the spatial footprint for the higher resolutions.
The complexity of the functionalities is evaluated as a product of the number of named features involved in the analysis with the complexity multiplier of the analysis function. 
3 Conclusions and future developments

In this paper, we have presented an approach for designing an adaptable spatial analysis application called Hypercarte. Our solution is based on the use of spatial and thematic ontologies. First, ontologies are used for helping the users create a customized workspace fitting with their interests, thus avoiding cognitive overload and disorientation.  Second, the lightweight hierarchical structure of the ontologies allow us to create a compact data description formalism offering some spatial reasoning capabilities, employed for an efficient management of the users’ queries, preferences and access rights. 

Future developments of the application are centered on the adaptation of the cartographic model and interface to the users’ preferences and to the display sizes of their access devices. Users tend to use in different manners the functionalities available in the visualization interface of Hypercarte, while the display resolutions of their access devices vary greatly, ranging from 0.3 to 3 megapixels. This is why the design of an adaptable, flexible interface is our next objective.
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