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Technologies 
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Title 2010 (one out of seven in Information 
& Computer Science) 
 
 
 http://www.semantic-web-book.org 
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Today: Reasoning with OWL 
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1. Rules and RIF 
2. Rules expressible in OWL 
3. Extending OWL with Rules: Nominal Schemas 
4. References 
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Rules 

• Horn Logic, often as Datalog (i.e. without function symbols) 
and with a modified but related semantics (Herbrand semantics). 
 

• Prominent alternative to OWL modeling: 
– Rule-based expert systems 
– Prolog / Logic Programming 
– F-Logic [Kifer, Lausen, Wu, 1995] 
– W3C Rule Interchange Format  RIF (standard since 2010) 

 
– Often argued to be “more intuitive” for non-logicians and 

domain experts. 
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Modeling with Rules 

 Orphan(harrypotter) 
hasParent(harrypotter,jamespotter) 
Orphan(x) Æ hasParent(x,y) → Dead(y) 
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Rules 

Usually, of the (syntactic) form 
 
   A1Æ … Æ An → B 
 
   body → head 
 
where Ai, B are atomic formulas. 
 
Note:  
• no disjunctive conclusions (head) 
• no existential quantifiers in conclusions (head) 
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DLs vs. Rules 

• Rules are usually considered to apply only to known constants. 
 

• No possibility to “create” new things “on the fly” using 9. 
 
 
 

• If rules are considered FOL formulas, 
then combining rules with ALC  
leads to undecidability. 
 
[Reduction of some type of domino problem.] 
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Rules in OWL 

Which rules can be encoded in OWL? 
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Rules in OWL 

Which rules can be encoded in OWL? 
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Rules in OWL 

Which rules can be encoded in OWL? 
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Rules in OWL 

A DL axiom ® can be translated into rules if, after translating ® into 
a first-order predicate logic expression ®’, and after normalizing 
this expression into a set of clauses M, each formula in M is a 
Horn clause (i.e., a rule). 

 
 
Issue: How complicated a translation is allowed? 
 
Naïve translation: DLP  

  plus some more (since OWL 2 extends OWL 1) 
 
e.g.,  
 
 
This essentially results in OWL 2 RL. 
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Rolification 

 
 
 
 

• Rolification of a concept A:  A ´ 9RA.Self 
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Rolification 

 
 
 
 
 
 
 
 
 
 

 
careful – regularity of RBox needs to be retained: 
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Rolification 
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Rules in OWL 2 

• Man(x) Æ hasBrother(x,y) Æ hasChild(y,z) ! Uncle(x) 
– Man u 9hasBrother.9hasChild.> v Uncle 

 
• NutAllergic(x) Æ NutProduct(y) ! dislikes(x,y) 

– NutAllergic ´ 9nutAllergic.Self  
NutProduct ´ 9nutProduct.Self 
nutAllergic ± U ± nutProduct v dislikes 

 
• dislikes(x,z) Æ Dish(y) Æ contains(y,z) ! dislikes(x,y) 

– Dish ´ 9dish.Self  
dislikes ± contains– ± dish v dislikes  
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So how can we pinpoint this? 

• Tree-shaped bodies 
• First argument of the conclusion is the root 
 
• C(x) Æ R(x,a) Æ S(x,y) Æ D(y) Æ T(y,a) ! E(x) 

– C u 9R.{a} u 9S.(D u 9T.{a}) v E 
 
 

duplicating 
nominals 

is 
ok E E 
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So how can we pinpoint this? 

• Tree-shaped bodies 
• First argument of the conclusion is the root 

 
• C(x) Æ R(x,a) Æ S(x,y) Æ D(y) Æ T(y,a) ! V(x,y) 

 
C u 9R.{a} v 9R1.Self 
D u 9T.{a} v 9R2.Self 
R1 o S o R2 v V 
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Rule bodies as graphs 

C u 9R.{a} v 9R1.Self 
Du 9T.{a}) v 9R2.Self 

R1 ± S ± R2 v P 
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Rule bodies as graphs 

 
 
 
 
 
 
 
 
 
with y,z constants: 
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Formally 

Given a rule with body B, we construct a directed graph as follows:  
1. Rename individuals (i.e., constants) such that each individual 

occurs only once – a body such as R(a,x) Æ S(x,a) becomes 
R(a1,x) Æ S(x,a2). Denote the resulting new body by B’. 

2. The vertices of the graph are then the variables and individuals 
occurring in B’, and there is a directed edge between t and u if 
and only if there is an atom R(t,u) in B’. 
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Formally 
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DL-safe variables 

• A generalisation of DL-safety. 
• DL-safe variables are special variables which bind only to named 

individuals (like in DL-safe rules). 
 
• C(x) Æ R(x,xs) Æ S(x,y) Æ D(y) Æ T(y,xs) ! E(x) 

 with xs a safe variable  
 
C(x) Æ R(x,a) Æ S(x,y) Æ D(y) Æ T(y,a) ! E(x) 
 can be translated into OWL 2. 
 
 

duplicating 
nominals 

is 
ok E E 
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DL-safe variables 

• A generalisation of DL-safety. 
• DL-safe variables are special variables which bind only to named 

individuals (like in DL-safe rules). 
 
• C(x) Æ R(x,xs) Æ S(x,y) Æ D(y) Æ T(y,xs) ! E(x) 

 with xs a safe variable  
 
C(x) Æ R(x,a) Æ S(x,y) Æ D(y) Æ T(y,a) ! E(x) 
 can be translated into OWL 2. 
 

• with, say, 100 individuals, we would obtain 100 new OWL axioms 
from the single rule above 
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DL-safety 

• DL-safe variables:  
 variables in rules which bind only to named individuals 
 

• Idea: 
– start with rule not expressible in OWL 2 
– select some variables and declare them DL-safe 

such that resulting rule can be translated  
into several OWL 2 rules 
 

 
• DL-safe rule: A rule with only DL-safe variables. 

 
It is known that “OWL 2 DL + DL-safe rules” is decidable. 
  It is a hybrid formalism. 
  E.g. OWL plus DL-safe SWRL. 
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Non-hybrid syntax: nominal schemas 

 
 
 
 
 
assume y,z bind only to named individuals 
we introduce a new construct, called 
  nominal schemas 
or   nominal variables 
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Nominal schema example 2 
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Adding nominal schemas to OWL 2 DL 

• Decidability is retained. 
• Complexity is the same. 

 
 

• A naïve implementation is straightforward:  
 
Replace every axiom with nominal schemas by a set of OWL 2 
axioms, obtained from grounding the nominal schemas. 
 
 
However, this may result in a lot of new OWL 2 axioms. 
The naïve approach will probably only work for ontologies with 
few nominal schemas. 
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What do we gain? 

• A powerful macro. 
 

• We can actually also express all DL-safe (binary) Datalog rules! 
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A tractable  fragment 

 
 
 
 
 
 
 
 
 
 

                                       is tractable (Polytime) 
   covers OWL 2 EL 
   covers OWL 2 RL (DL-safe) 
   covers most of OWL 2 QL 
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Polytime smart transformation 

 
 
 
 
 
becomes (ai, aj range over all named individuals) 
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OWL syntax for nominal schemas 

Functional Syntax: 
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OWL syntax for nominal schemas 

Translation to Turtle: 
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Naïve implemenation – experiments 

from the TONES 
repository: 
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Naïve implemenation – experiments 

Optimization through smart grounding (all ns occuring safely) 
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Naïve implemenation – experiments 

Note: with 2 different ns we cover all of OWL 2 RL (but functionality) 
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Remember the partonomies problem? 

In the partonomies lecture, we had several issues with modeling 
the part-of ontology following Winston. 

 
E.g., relations cannot be transitive, asymmetric, and irreflexive at 

the same time. 
 
We can now approximate this as follows:  
 Characterize the relation (e.g., R) as transitive and asymmetric. 
 Furthermore, specify  {x} u 9R.{x} v?. 

 
More generally, if you run into a rule which you cannot model in 

OWL, simply approximate using nominal schemas. 
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