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Object Oriented Representations

• Key Representation Constructs
– class, individual, slot and facet
– subclass-of, instance-of
– domain, range, cardinality, numeric-minimum, etc

• Key Reasoning Operations
– Inheritance
– Default values



Structured Descriptions

• Key Representation Constructs
– Class, individual, role
– Concept forming constructors (AND, ALL, EXISTS, FILLS…)
– Role forming constructors (RESTR,  …)

• Key Reasoning Operations
– Subsumption  
– Classification  
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Key Questions in KR&R

• Why restrict the representation language?
• Why not represent anything that needs to be 

represented using whatever representation language is 
needed?

• Why not use English as a representation language?



Properties of Reasoning Procedures

• A reasoning procedure is sound if and only if any 
sentence that can be derived from a KB using that 
procedure is logically implied by that procedure

• A reasoning procedure is complete if and only if any 
sentence logically implied by a KB can be derived using 
that procedure

• A reasoning procedure is intractable if its execution time 
scales exponentially with the size of the KB















Approach to KR&R System Development

• Given a problem identify a combination of representation 
and reasoning methods that can solve the problem

• Design a way of combining them into one mechanism
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Phases of Description Logic Research

• Phase 0 (1965-1980): Pre-DL phase
– Semantic networks, frames, structured inheritance networks

• Phase 1 (1980-1990): Structural subsumption algorithms
– Implementation of systems

• KL-ONE, K-Rep, Krypton, Back, LOOM

• Phase 2 (1990-1995) Tableau based algorithms
– Focus on propositionally closed DLs
– Thorough analysis of complexity of reasoning

• Phase 3 (1995-2000) Very expressive DLs
– Improving Tableau-based methods or conversion to modal logic

• Phase 4 (2000-onwards)
– Industrial strength system for very expressive DLs with applications to 

semantic web, bio-medical informatics

From Description Logics by Baader, Horrocks and Sattler, in KR&R Handbook



Modern Description Logics

• Well-specified formal semantics
– Fragments of First Order Logic (often contained in C2)
– Closely related to propositional modal logic 

• Computational properties are well understood
• Reasoning services

– Practical decision procedures for key problems: satisfiability, 
subsumption, query answering

– Several implemented reasoning systems are available

Adapted from Ian Horrocks



Modern Notation

• A man that is married to a doctor, and all of whose 
children are either doctors or professors.
– B&L notation

[AND Man
[EXISTS :married Doctor]
[ALL :hasChild [OR Doctor Professor]]

- Current Notation
Human u  Female u (married.Doctor) u (hasChild.(Doctor t Professor))).



The Description Logic ALC

• Attributive Concept Language with Complements
NC – set of concept names
NR – set of role names
NO – set of individual objects

• The set ofALC concepts is the smallest set such that:
– The following are concepts: 

• (top is a concept)
•  (bottom is a concept)
• Every A  NC (all atomic concepts are concepts)

– If C and D are concepts and R  NR then the following are concepts
• C u D (the intersection of two concepts is a concept)
• C t D (the union of two concepts is a concept) 
• C (the complement of a concept is a concept)
• R.C (the universal restriction of a concept by a role is a concept)
• R.C (the existential restriction of a concept by a role is a concept)





The Description Logic ALC

• Terminological Axioms (TBox)
– A general concept inclusion axiom has the form C v D where C 

and D are concepts
– Write C ≡ D iff both C v D and D v C

– A TBox is a finite set of GCIs
• Assertional Axioms (ABox)

– A concept assertion is a statement of the form a:C where a  NO 

C is a concept 
– A role assertion is a statement of the form (a,b):R where a, b 

NO  and R is a role
– An ABox is a finite set of assertional axioms

• Knowledge Base
– A KB is an ordered pair (T , A) for a TBox T and ABox A



Naming Conventions

S : basic DL (ALC) plus transitive roles (e.g., ancestor  R+)
N : number restrictions (e.g., >2hasChild, 63hasChild)
Q : Qualified number restrictions (e.g., >2hasChild.Doctor)
D : concrete domains (e.g., real, integer, string)
O : Nominals, ie, indvidual names (e.g.,Scientists u (hasMet.{Turing}) 
I : inverse roles (e.g., isChildOf ≡ hasChild–)
H : role hierarchy (e.g., hasDaughter v hasChild)

SHOIN(D) : A ALC description logic with role hierarchies, 
nominals, inverse roles, and number restrictions

Also the logic of the language OWL-DL



Extensive Work on Computational Complexity
http://dl.kr.org



Reasoning Tasks
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Slide adapted from Ian Horrocks



Reasoning Techniques

• Direct
– Specially designed reasoning algorithms
– Operate on the DL (more or less) directly

• Indirect
– Translate into some equivalent problem in another formalism
– Solve resulting problem using appropriate technology

Slide adapted from Ian Horrocks



Direct Reasoning Techniques

• Two basic classes of algorithm
– Model construction

• Prove entailment does not hold by constructing model of KB in 
which axiom/fact is false

– tableau algorithms
» tableau expansion rules used to derive new ABox facts

– Proof derivation
• Prove entailment holds by deriving axiom/fact from KB

– structural, completion, rule-based algorithms
» deduction rules used to derive new TBox axioms

Slide adapted from Ian Horrocks



Tableau Algorithms

• Currently the most widely used technique
– Basis for reasoners such as FaCT++, HermiT, Pellet, Racer, …
– Standard technique is to negate premise axiom/fact

• Most effective for schema reasoning
– Large datasets may necessitate construction of large models
– Query answering may require each possible answer to behecked
– Optimizations can limit but not eliminate these problems

Slide adapted from Ian Horrocks



Tableau Algorithms

Slide adapted from Ian Horrocks



Expansion Rules for ALC

Slide adapted from Ian Horrocks



Expansion Example
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Highly Optimized Implementations

• Blocking (to avoid infinite loops)
• Lazy unfolding
• Simplification and rewriting
• Search optimization
• Caching
• Detecting tractable fragments
• Heuristics
• etc

Slide adapted from Ian Horrocks



Current Research
Representing Physical Structures

Slide adapted from Ian Horrocks



Current Research

• DLs poor at representing non-tree structures

Slide adapted from Ian Horrocks



Related Conferences



Summary

• Review
• Expressiveness & Tractability Tradeoff

– Properties of reasoning procedures
– An example description language
– What makes reasoning hard?
– Working around reasoning difficulties

• Modern Description Logics
– New notation and naming schemes
– Thorough complexity analysis
– Tableau reasoners
– Research on description graphs



Reading

• Required
– Chapter 16 of the B&L Textbook
– Wikipedia page on Description Logics

• http://en.wikipedia.org/wiki/Description_logic


