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Datacubes: Providing Computer‐Assisted Geovisualization Support
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This paper addresses issues of geovisualization regarding the process of interactive multi‐
granularity spatial and temporal knowledge discovery for decision‐making. In such an
interactive context, analysts expect to easily and instantly get knowledge out of spatial data
the same way they can do it nowadays in the field of Business Intelligence for non‐spatial
data (e.g. using OLAP: On‐Line Analytical Processing). Such knowledge must pop out from
pertinent combinations of maps, tables and charts and immediately attract the analyst's
attention. The power of envisioning data is necessary in the first phase of knowledge
construction to stimulate the abduction and induction processes (Gahegan et al., 2001,
Andrienko and Andrienko, 2000, Dykes et al, 2005), i.e. when only vague a priori knowledge
exists and the analyst anticipates the construction of potential hypothesis. Such need
requires specific technologies and visualization strategies that allow the analyst to go as fast
as his train of thought requires. In other words, the analyst must focus on "seeing
something", i.e. on "what" he's looking for (e.g. trends, comparisons, contextualisation)
rather than focusing on "how to obtain it". The analyst should not (1) need to master a
query language or to be an expert in cartographic visualization, (2) wait more than Newell's
cognitive band of 10 seconds (Newell, 1990) before getting a complete response, whatever
the level of aggregation involved or the complexity of cross‐tabulations, (3) need to "read"
the details of maps, tables or charts and extract himself the global picture, (4) need to
synchronize the behaviour of maps, tables and charts during an interactive exploration, (5)
struggle with incompatible visual variables amongst maps, tables and statistical charts, (6)
and so on.
The technology required to support this level of spatial and temporal multi‐granularity
interactivity exists today. For example, it is possible to combine GIS or map visualisation
technology with existing business intelligence (BI) technologies called OLAP (N.B. such
technologies are also called analytical technologies in the BI literature). The result of such a
combination has been coined SOLAP (Spatial OLAP) in the literature (Bedard et al, 2007).
Several authors have defined the SOLAP underlying concepts (e.g. Malinowski and Zimanyi,
2008; Proulx et al, 2008; Bedard and Han, 2008; Scotch et al, 2007; Rivest et al, 2005) and it
is nowadays being offered commercially by several solution providers such as Oracle, SAS

and JMap (see http://www.spatialbi.com for more examples). Its main strength for the
analysts is the high level of interactivity offered to explore the data resulting from various
aggregation methods for different levels of abstraction and different themes (e.g. region:
city‐>county‐>state‐>country; period: day‐>month‐>year; product: coat‐>winter clothes‐
>clothing‐>all) and to cross‐tabulate such themes at whatever level of data granularity (e.g.
Canada‐2006‐coat = 124,000 sales; Montreal‐2006‐clothing = 2,423,000 sales).
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Figure 1 : Example of an actual SOLAP interface showing the spatial distribution of the
volume of wood harvested with a map (A), the temporal evolution with a line graph (B), and
a table of cross‐tabulated data (C).
Other interesting technologies have also been developed to explore spatial and spatio‐
temporal data visually. Among them, we find CommonGIS (Andrienko and Andrienko, 2003;
Slocum et al, 2005) and GeoVista (http://www.geovista.psu.edu). The main difference
between such technologies and SOLAP is that SOLAP emerged from the Business Intelligence
paradigm and consequently relies on the use of an analysis‐oriented database structure
(called spatial datacube) and their operators (e.g. drill‐down, roll‐up, drill‐across, swap,
slice).
In spite of such theoretical and technological advances, the proper use of geovisualization
concepts to better support the interactive nature of analysis offered by SOLAP technology
has not been explored insofar. Consequently, in spite of having the tools supporting
interactive geographic knowledge discovery, there remains the need to introduce the
concepts underlying the proper display of information that would accelerate the discovery of
certain spatial and temporal trends, clusters, thresholds, correlations, hierarchical

relationships, and so on. Hence, this research aims to integrate geovisualization concepts
with SOLAP concepts (Spatial On‐Line Analytical Processing).
The first step toward such integration is to better understand the involved processes:
knowledge discovery, thematic mapping, and statistical charting. How do humans perceive
relationships, clusters, differences? What are the key variables involved in the spatial,
temporal and multi‐granularity visualizations? How do cartographers and statisticians
communicate to the readers the intended information? etc. Whether we are in an
interactive analytical context or not, the proper use of visual variables is a key element as
demonstrated in an abundant literature (Bertin, 1973; Béguin and Pumain, 2003,
MacEachren, 1994). In other words, graphic semiology or rules are important to produce
maps, tables and statistical charts that are expressive and convey the desired message.
Moreover, knowledge discovery is well supported with interactive multiples views linked to
each other. Multiple ways to look at data brings different perspectives, each representation
highlighting different aspects of data. No “ideal” visualization would fit all the analyses, but
combination of different usages allows envisioning different aspects of data. Hence, seeing
data with multiple views helps constructing a general idea of trends and patterns that exist
within them. (MacEachren, 1995; Rousseau et Fortin, 1992; Ware, 2000). Geovisualization
based on (carto)graphic and knowledge discovery processes help highlighting facts as much
as they help avoiding misinterpretations of data. This creates new challenges that have been
addressed by the geovisualization community and which also need to be addressed by the
SOLAP community to better support the geospatial visual analyses for discipline experts.
In this paper, we propose a solution based on the selection of key dimensions involved in
building expressive SOLAP‐based maps, tables and charts. In other words, we propose a
solution to better support the interactive multi‐granularity geographic knowledge discovery
process typical of SOLAP applications. Such combinations of dimensions happen to be fit
naturally with the nature of datacube structures as used in BI analytical technologies. They
result in the possibility to suggest a list of potential parameters that guide the selection of
more efficient (carto)graphic representations of data.
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Figure 2: Role of the semiology cube in the user’s process of exploration of data
These dimensions and the parameters determined by the combination of dimensions are
predefined by specific rules and the results are stored in the datacube. Among the
dimensions making the semiology datacube, we identified the type of data (nominal, ordinal,
numeric), the type of query (or tasks according to Andrienko and Andrienko, 2005),
phenomenon type (abrupt/smooth, discrete/ continuous), number of classes, etc. Among
the parameters, we suggest templates for different types of statistical chart or map (e.g.
Bertin's histogram or multiple link graph; cartogram or choropleth map) and visual variables
(size or value, hue or form, etc.). The datacube provides a rich knowledge base for
suggesting appropriate geovisualization solutions directly from the data being analysed and
user’s manipulations. When coupled with SOLAP technology, the semiology datacube
enables SOLAP to offer correct, expressive and tailored geovisualization possibilities (an
improvement over today's solution which allows all technologically supported
geovisualizations, whether they make sense or not, thus requiring users or database
administrators good knowledge of semiology and time‐consuming configuration of
representations). As a result, the analyst doesn’t have to wonder how to visually present the
data he wants to interpret, thus better keeping his train of thought. He simply has to choose
the data he wants to see and choose one or several correct representations that the
semiology datacube offers him. Furthermore, selecting amongst the proposed different
combinations (or proposed templates) of visual variables may prove useful to help discover
trends, clusters, evolutions, etc. as one combination may be more expressive than another
for the observed data. This solution also removes the need to restrict the representations of
data to solely those selected by the database administrator.

The proposed solution offers multiple advantages. First of all, it is amenable to a computer
system as a stand‐alone application as much as a part of a SOLAP implementation. Second,
the parameter definition stored in the semiology datacube may respect the OGC standards
for interoperability concerns. Third, since the visual parameters proposed by the datacube
become readable by other technologies, the integration of the supported geovisualization
concepts can be exported to other geospatial technology than SOLAP, for example to GISs
and map viewers. Fourth, because multiples views proposed by the data cube could be
readily built and accessed, the analyst can easily take a look at data in way that would never
have come to his mind or that would have required too much time to build. The visual
analysis would then bring different perspectives and different thoughts, enhancing further
the exploration of data. Fifth, maximum flexibility is given to the user who may choose
between the proposed geovisualization parameters during the exploration steps. Finally,
flexibility is also given to designers or cartographers in a specific context to add new design
into the cube. Once the new designs with its parameters are stored in the datacube, there is
no need to redesign it for different data.
As far as we know, this research covers for the first time the integration of geovisualization
concepts into SOLAP technology. Furthermore, it appears that the datacube structure
underlying SOLAP technology offers an innovative way to take into consideration different
dimensions of semiology rules and to use OLAP operators to extract the most appropriate
geovisualization parameters for the selected dimensions. Usability of this solution still need
to be tested with users but practical examples will complete this paper as well as a critical
analysis of the preliminary results obtained.
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