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DAML+OIL Design Objectives

❚ Well designed
❙ Intuitive to (human) users
❙ Adequate expressive power
❙ Support machine understanding/reasoning

❚ Well defined
❙ Clearly specified syntax (obviously)
❙ Formal semantics (equally important)

❚ Extend existing web standards
❙ DAML+OIL is built on top of RDF(S)



Why Build on RDF

❚ Provides basic ontological primitives
❙ Classes and relations (properties)
❙ Class (and property) hierarchy

❚ Can exploit existing RDF infrastructure
❚ Provides mechanism for using ontologies
❙ RDF triples assert facts about resources
❙ Use vocabulary from DAML+OIL ontologies
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Why RDF Is Not Enough

❚ Expressive inadequacy
❙ Only range/domain constraints (on properties)
❙ No properties of properties (unique, transitive,

inverse etc.)
❙ No equivalence, disjointness, coverings etc.
❙ No necessary and sufficient conditions (for class

membership)

❚ Poorly (un) defined semantics



How DAML+OIL Builds ON  RDFS (1)

❚ Extends expressive power
❙ Constraints (restrictions) on properties of

classes (existential/universal/cardinality)
❙ Boolean combinations of classes and

restrictions
❙ Equivalence, disjointness, coverings
❙ Necessary and sufficient conditions
❙ Constraints on properties



How DAML+OIL Builds ON  RDFS (2)

❚ Provides well defined semantics
❙ Meaning of DAML+OIL statements is formally

specified
❙ Both model theoretic and axiomatic specifations

provided
❙ Allows for machine understanding and automated

reasoning



DAML+OIL ↔ RDF

❚ DAML+OIL ontology is a set of RDF
statements

❚ DAML+OIL defines semantics for certain
statements

❚ Does NOT restrict what can be said
❙ Ontology can include arbitrary RDF

❚ But no semantics for non-DAML+OIL
statements



Well Designed(?)

❚ Intuitive to (human) users
❙ Supports common ontological idioms

❚ Adequate expressive power
❙ Extends RDF in several directions

❚ Support for machine understanding/reasoning
❙ Designed to be “implementable”
❙ No features for which it is difficult or impossible to

define clear semantics (e.g., defaults)
❙ Decidable and (empirically) tractable reasoning



Why Automated Reasoning?

❚ “Semantic web” requires machine understanding
(of resource descriptions)
❙ Reasoning is integral to understanding

❚ Supports design and use of ontologies
❙ Checking class consistency
❙ Checking/deriving subClassOf hierarchy
❙ Particularly useful when ontologies are large, multi-

authored and rapidly evolving
❙ Also useful when integrating/sharing ontologies

❚ Does not tell us how to deal with inconsistencies
❙ But we should be able to determine when they exist



DAML-Zusammenfassung (Klassenkonstruktoren)



DAML-Zusammenfassung (Axiome)



Extensionale Beschreibungen: One-of (1)



Extensionale Beschreibungen: One-of (2)



Extending DAML+OIL

❚ Work in progress on Datatypes
❙ Plan to support (some of) XML-Schema datatypes
❙ Datatypes will be disjoint from “abstract” classes and

only accessible via properties
❙ Maintains “implementability” of language

❚ Further extensions in new language layers
❙ E.g., DAML-RULES
❙ Layers will use DAML+OIL as it uses RDF



Semantic Web-Anwendungsszenario



Basis: Consistency Test SAT(C0)



ALC Tableau Rules



N Tableau Rules



Soundness and Completeness (1)



Soundness and Completeness (2)



Soundness and Completeness (3)



Make the Tableau Algorithm Run in PSpace



Extensibility (1)



Extensibility (2)



Algorithmic Optimisations

Useful techniques include

☞ Avoiding redundancy in search branches

• Davis-Putnam style semantic branching search

• Syntactic branching with no-good list

☞ Dependency directed backtracking

• Backjumping

• Dynamic backtracking

☞ Caching

• Cache partial models

• Cache satisfiability status (of labels)

☞ Heuristic ordering of propositional and modal expansion

• Min/maximise constrainedness (e.g., MOMS)

• Maximise backtracking (e.g., oldest first)

IJCAR 2001: Description Logics tutorial – p.10/16



Dependency Directed Backtracking

☞ Allows rapid recovery from bad branching choices

☞ Most commonly used technique is backjumping

• Tag concepts introduced at branch points (e.g., when
expanding disjunctions)

• Expansion rules combine and propagate tags

• On discovering a clash, identify most recently
introduced concepts involved

• Jump back to relevant branch points without
exploring alternative branches

• Effect is to prune away part of the search space

• Performance improvements with GALEN KB again too
large to measure

IJCAR 2001: Description Logics tutorial – p.11/16



Backjumping

E.g., if ∃R.¬A u ∀R.(A u B) u (C1 t D1) u . . . u (Cn t Dn) ⊆ L(x)

IJCAR 2001: Description Logics tutorial – p.12/16
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Backjumping

E.g., if ∃R.¬A u ∀R.(A u B) u (C1 t D1) u . . . u (Cn t Dn) ⊆ L(x)
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Backjumping
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Backjumping
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Backjumping
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Caching

☞ Cache the satisfiability status of a node label

• Identical node labels often recur during expansion

• Avoid re-solving problems by caching satisfiability status
➙ When L(x) initialised, look in cache
➙ Use result, or add status once it has been computed

• Can use sub/super set caching to deal with similar labels

• Care required when used with blocking or inverse roles

• Significant performance gains with some kinds of
problem

☞ Cache (partial) models of concepts

• Use to detect “obvious” non-subsumption

• C 6v D if C u ¬D is satisfiable

• C u ¬D satisfiable if models of C and ¬D can be merged

• If not, continue with standard subsumption test

• Can use same technique in sub-problems

IJCAR 2001: Description Logics tutorial – p.13/16



Zusammenfassung, Kernpunkte

❚ Semantic Web (Teil 1)
❚ Algorithmus für ALCN-Konsistenztest
❚ Kernideen für Implementierung:
❙ Dependency-directed Backtracking (Backjumping)
❙ Caching



Was kommt beim nächsten Mal?

❚ Zeitliche und räumliche Zusammenhänge
❚ Qualitative Beziehungen:
❙ Intervall-Relationen

Topologie

❚ Constraint-Solving-Techniken für qualitative
Zusammenhänge


