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Context: Many data to be analyzed are relational: spatial data, temporal data, or data describing links between
individuals. Few methods are adapted to this type of data, which require specific approaches, including
aggregation techniques. Among these approaches, Relational Concept Analysis is based on Formal Concept
Analysis (FCA) [1], a mathematical classification method, widely applied on different types of data and in many
domains (for example [2,3]). Starting from a table (called context) describing some objects by a set of
attributes, it consists in building a concept lattice, i.e. some couples (extent; intent) of closed sets describing the
objects and the attributes that define them. Relational concept analysis (RCA) [4] considers two types of
contexts, namely object-attribute contexts and object-object contexts describing the relations between objects.
RCA extends object-attribute contexts with relational attributes of the form qrC, where q is a quantifier, r is a
relation and C is a concept from the codomain of r. The result of RCA is a family of lattices (one per object-
attribute context) interlinked by these relational attributes.

Thesis objectives: FCA/RCA offer tools which have proven to be useful in different projects, and produce
results easily understandable by experts trying to analyse data in their domain. Improvements are however
expected both to deal with larger volumes of data [5] and to simplify the process. This thesis will focus on
spatiotemporal databases in order to propose a full process for analysing such data. A particular focus will be
placed on the quantifiers used in RCA, in order to propose specific quantifiers for spatial and temporal data. For
that purpose, we will rely on existing quantifiers (existential, universal or counting [6]) and on qualitative models
of space and time [7].

Usually we define a relational schema for RCA by selecting tables (extracted from the database) and by
computing the relations between the objects, which is a preprocessing step for the RCA process. For this
thesis, we will define a more flexible relational schema, based on instantiable constraints, in order to enable the
modification of the dataset considered without having to restart the process from the preprocessing step.

Let us consider the example of a geographical database, in which we want to study the relations between crop
plots having certain spatial relationships (connected, near, etc.). Currently we extract the tables object-attribute
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(plot, crop) and the computed object-object contexts (for example crops are near if their distance is lower than
500 m). We can then create relational attributes exists-near.C by using the existential quantifier. We would like
to be able to use a specific quantifier exists-near that can be applied on a more general object-object context
including the numeric distances between plots. This quantifier has to be instantiable according to different
schemas, in which the threshold distance could vary. Using relational algebras also allows to consider
quantifiers at different levels of generality, e.g. it-exists-part-of can be specified as it-exists-part-of-tangential.

This type of quantifier could also be instantiable differently if we consider the objects of a concept or the
concept as a whole, enabling it to render the specific relations between groups (as aggregation criteria do in
hierarchical classification).

Finally, the work should lead to the implementation of a RCA process that can be applied directly on a
database, enabling it to handle more data in a more user-friendly environment for an analyst. Another expected
result is the theoretical contribution on spatial and temporal quantifiers and on the notion of instantiable
relational schema.

Expected contributions :

» Theoretical advances on quantifiers and the relational schema
» Development of a tool implementing a full analysis framework
» Experiments and validation on real data (geographical and temporal databases)

Applicant profile:
» Master 2 in Computer Science or equivalent
« Skills in logic, knowledge representation and programming
 Curiosity, ability to understand different domains and to interact with the experts of these domains

As required by the Doctoral School of the University of Strasbourg, the candidate must have obtained all his/her
Master&apos;s (and Bachelor&apos;s) semesters or equivalent with a grade above 12/20. He/she must also be
ranked among the top 20% of graduates of his/her Master promotion.
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