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ABSTRACT

This thesis offers novel insights into the question of how to represent and
reason with contexts within the paradigm of Description Logic-based know-
ledge representation. We propose a generic logic-based framework, compa-
tible with Description Logics, for modeling, studying and addressing a range
of problems related to contextuality of knowledge, particularly in the Seman-
tic Web environment. Our approach is inspired by John McCarthy’s theory
of formalizing contexts in AI, in which contexts are treated as formal objects
over which one can quantify and express first-order properties. Our basic
conceptual contribution is a reinterpretation of this theory on the grounds of
two-dimensional possible world semantics, where one dimension represents a
usual object domain and the other a domain of contexts. The notion of context
is thus identified with that of Kripkean possible world. Further, the framework
accounts for two (possibly) interacting languages — the object and the context
language — for explicit modeling of their respective domains. We argue that
this general setup brings a unifying and highly explicatory perspective on a
number of diverse problems reflecting the studied phenomenon. In particular,
we provide the following contributions to support our claim:

• We define a novel family of two-dimensional, two-sorted DLs of con-
text, similar to product-like combinations of DLs with modal logics. We
present results regarding their expressiveness, relationships to other
known formalisms, and computational complexity of the basic decision
problems, ranging from EXPTIME- to 2EXPTIME-completeness.

• We apply the framework to the problem of ontology integration, and in-
troduce a novel task of metaknowledge-driven selection and querying of
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data. We demonstrate the ease of the tasks under the proposed approach
and report on a case study of aligning different versions of Wordnet on-
tologies.

• We apply the framework to the problem of formal verification of data
provenance records, and propose a novel provenance specification logic,
based on a combination of Propositional Dynamic Logic with ontology
query languages. Our proposal is validated against the test queries of
The First Provenance Challenge, and supported with an analysis of its
computational properties.

• We apply the framework to the problem of reasoning with temporal data,
and define a generic mechanism for constructing corresponding tempo-
ral query languages, based on combinations of linear temporal logics
with ontology query languages. We elaborate on the practicality of our
approach by enriching the query language and data annotations with ad-
ditional temporal terms, and by proposing special restrictions that render
temporal querying computationally cheap and relatively straightforward
to implement.


	Acknowledgments
	Introduction
	Motivation
	Contributions and content
	Sources of chapters

	Preliminaries
	Description Logics
	Reasoning problems
	Context framework
	State of the art and related work

	Description Logics of Context
	Introduction
	Overview
	Syntax and semantics
	Application scenarios
	Formal properties
	Relationships to other logics
	Complexity

	Conclusion

	Integration and Selection of Knowledge
	Introduction
	The ISM framework: overview
	Formalization
	Object-level knowledge integration
	Meta-level knowledge selection

	Implementation
	Case study: Wordnet alignment
	Use-case
	Alignment selection

	Related work
	Conclusion

	Verification of Data Provenance Records
	Introduction
	Related work
	Preliminaries
	Provenance specification logic
	Provenance metalanguage
	Evaluation
	Reasoning and complexity
	Conclusion

	Representing and Querying Temporal Data
	Introduction
	Overview and background
	Temporal data model
	Temporal query language
	Syntax and semantics
	Practical query answering

	Temporal metalanguage
	Related work and discussion
	Conclusion

	Summary
	Conclusions
	Outlook

	Proofs
	2ExpTime upper bound
	2ExpTime lower bound
	NExpTime lower bounds
	NExpTime/ExpTime upper bounds

	Bibliography
	Abstract
	Samenvatting

