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INTRODUCTION

A Data Warehouse (DW) is a centralized repository of data acquired from external data sources
and organized following a multidimensional model (Inmon, 1996) in order to be analyzed by On-Line
Analytical Processing (OLAP) applications. OLAP tools provide the ability to interactively explore
multidimensional data presenting detailed and aggregated data. The results of the analyses are the
basis of strategic business decisions.

Spatial information is very often embedded in data but despite its significance, multidimensional
models usually treat them as textual dimension. Integration of valuable spatial data in DWSs leads to
the definition of Spatial OLAP (SOLAP) (Rivest, 2005). SOLAP applications can address severa and
different domains: environmental studies, marketing, archaeology, epidemiology, €tc...

Introduction of spatial data in multidimensional model raises maor problems from
implementation and theoretical point of view. This paper makes an inventory of some open issuesin
SOLAP. Then we propose a web based GIS-OLAP integrated solution supporting geographical
dimensions and measures, and providing interactive and synchronized maps, pivot tables and
diagrams displays in order to effectively support decision makers.

OLAP AND DATAWREHOUSING

In multidimensional models, data is organized as an n-dimensional cube or hypercube. Figure 1
shows an example of athree-dimensional cube, which represents the sale of productsin citieswithin a
given time. Each dimension, i.e. cube’s axes, can present a hierarchical structure which organizes data
a different levels of details usually based on classification or generalization/specialization
relationships. Facts are described by numerical values, called measures and stored in the cube's cells.
(e.g. the number of items sold). Typical OLAP queries can involve multiple selections, nested group-
bys and aggregated values, e.g. “Display the number of TVs sold per cities in USA and per month, and
display the subtotals for each quarter”. The result isa multidimensional and multi-levels table.

Data warehousing architectures are usually three-tier architecture (figure 2). The first tier is a
warehouse server where data of interest is loaded after being extracted, cleaned, transformed and
homogenized from operational legacy databases.
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Figure 1: Sales Cube.
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Figure 2: Data Warehouse Architecture.

In order to optimize data accesses, group-bys are pre-calculated by the 2nd tier (OLAP server) in
the form of aggregates using one of the classical SQL aggregation operators applicable on the
measures. OLAP operators then can be performed on the hypercube: the Roll-Up operator permits to
climb the hierarchy meanwhile aggregating measures, Slice and Dice select a part of the cube and the
Drill-Down operator reverses the Roll-Up.

The third level isan OLAP client which offers a user interface with reporting, interactive analysis
and/or data mining tools. The most preferred data presentation paradigm is the Pivot Table, a 2D
spreadsheet with associated subtotals and total's that supports viewing complex data by nesting several
dimensions on the x- or y-axis and displaying data on multiple pages. As a prerequisite, OLAP
operators have to be mapped into user interactions with the pivot table and/or diagram displays.

SPATIAL OLAP OPEN ISSUES

SOLAP implies a rea rethinking of OLAP concepts. A SOLAP paradigm should define spatial
measure with adapted aggregation functions, spatial dimensions and hierarchies, spatid OLAP
algebra, suited GUI interface mixing tabular and cartographic features, etc...

Spatial Dimension

In multidimensional models, spatial data can be integrated into dimensions. An example of
SOLAP application isthe supervision of French departments air pollution (figure 3).
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Figure 3: Spatial OLAP Pollution Application, whit spatial geometric dimension.






























