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Semantic Web Stack 
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Ontologies: 

OWL 

Rules: 

RIF 



Ontologies and Rules 

 Ontologies describe terminological knowledge. 

 Rules model constraints and exceptions over the 

ontologies. 

 The two components provide complementary 

descriptions of the same problem domain, so it is 

necessary to integrate them in some ways (a unifying 

logic). 
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Logic Program Rules 

 The integration depends on what knowledge 

representation formalisms are used to represent rules. 

 Logic programming is a KR language paradigm widely 

used for representing and reasoning with rules.  

 Therefore, recently much attention has been directed 

to using logic programs to represent rules in the 

integration for the Semantic Web. 
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Logic Programs with DL Expressions 
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Major Existing Proposals 

1. Description logic programs (or dl-programs)  

      (Eiter et al., AIJ2008). 

2. DL+log  

     (Rosati, KR2006). 

3. Disjunctive dl-programs  

     (Lukasiewicz, TKDE2010). 
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dl-Programs (Eiter et al., AIJ2008) 

 Given an external DL knowledge base L, a dl-program 

extends a normal logic program  by  

 adding dl-atoms to rule bodies as an interface to access to L.  

 L and  share no predicate symbols in their vocabularies, 

so a mapping of predicate symbols between L and  is 

required. 

 DL atoms are not allowed to appear in rule heads. 
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DL+log (Rosati, KR2006) 
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Disjunctive dl-Programs  

(Lukasiewicz, TKDE2010) 

 A disjunctive dl-program extends a normal logic program 

 by  

 letting L and  share some predicate symbols in their 

vocabularies, and  

 allowing atomic DL expressions to appear anywhere in a rule. 
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Complementary Features 

 In syntax 

 dl-programs allow arbitrary DL expressions in rule bodies. 

 DL+log and disjunctive dl-programs allow atomic DL expressions 

in rule heads. 

 In semantics 

 dl-programs and DL+log: DL concepts and roles occurring in  

are all interpreted against L under the first-order semantics. 

 disjunctive dl-programs: DL concepts and roles occurring in  are 

all included in the Herbrand base of  and interpreted under the 

answer set semantics.  
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Complementary Features 

 It is desirable to have a new extension of logic 

programs with DL expressions, which combines the 

complementary features of dl-programs, DL+log and 

disjunctive dl-programs. 

 This motivates the work of our current paper. 
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Our Contributions 

 We propose a new extension, called a normal DL logic 

program, which combines the complementary features of 

dl-programs, DL+log and disjunctive dl-programs by 

 allowing arbitrary DL expressions to appear in rule bodies and 

atomic DL expressions in rule heads; 

 allowing to interpret DL concepts and roles occurring in  flexibly 

either in first-order semantics or answer set semantics; and 

 having a well-supported answer set semantics, so that its answer 

sets are free of circular justifications.  
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Logic Programs 
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Logic Programs 
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DL Knowledge Bases 
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DL Knowledge Bases 
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Syntax 
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DL Expressions 
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Normal DL Logic Programs 
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Normal DL Logic Programs 
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Semantics 
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Herbrand Models 
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Well-Supported Models 
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A Fixpoint Semantics 
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A Fixpoint Semantics 
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A Fixpoint Semantics 
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A Fixpoint Semantics 
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Properties of the Semantics 

 Answer sets are minimal and well-supported models 
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Decidability of the Semantics 
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Related Work 
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 Three closely related approaches to extending logic 

programs with DL expressions:  

 dl-programs (Eiter et al., AIJ2008),  

 DL+log (Rosati, KR2006) and its variant called guarded 

hybrid knowledge bases (Heymans et al., TPLP2008). 

  disjunctive dl-programs (Lukasiewicz, TKDE2010). 



Related Work 
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dl-programs DL+log 
Disjunctive 
dl-programs 

Normal DL 
logic programs 

Arbitrary or 
atomic DL 
expressions 

Rule body arbitrary atomic atomic arbitrary 

Rule head X atomic atomic atomic 

Need predicate mapping  yes no no no 

Interpretation of DL 
predicates occurring in rules 

first-order 
only* 

first-order 
only* 

Herbrand 
only** 

flexible*** 

Well-supported semantics 
free of circular justifications 

yes (Shen, 
IJCAI2011) 

no no yes 

* First-order interpretation against the external DL knowledge base. 

** Herbrand interpretation under the answer set semantics. 

*** When being included in , Herbrand only; otherwise, first-order only. 
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Summary  

 We presented normal DL logic programs, a new 

extension of logic programs with DL expressions, which 

combine the complementary features of dl-programs, 

DL+log and disjunctive dl-programs by 

 allowing arbitrary DL expressions to appear in rule bodies and 

atomic DL expressions in rule heads; 

 allowing to interpret DL concepts and roles occurring in rules 

either in first-order semantics or answer set semantics; and 

 having a well-supported answer set semantics, so that their 

answer sets are free of circular justifications. 
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Future Work  

 Study computational properties of the semantics for 

normal DL logic programs w.r.t. different DLs. 

 Extend the work to disjunctive DL logic programs, where 

rule heads are a disjunction of atoms or atomic DL 

expressions. 

 Methods for implementing the fixpoint semantics for 

normal DL logic programs present interesting future 

work. 
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