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Learning Objectives

• Understand the role of logic on the Semantic Web
• Learn a variety of approaches to use logic rules
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Contents

• Role of Logic Rules in the Semantic Web Stack
• Logic Rule Approaches in Use
• Interplay of Ontologies and Logical Rules
• Non-monotonic Rules
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Logic Rules in the Semantic Web 
Stack



Semantic Web Technology Stack
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”Layer Cake Model”

http://www.w3.org/2001/sw/


The Importance of Logic 
• High-level language for expressing knowledge 
• High expressive power
• Well-understood formal semantics
• Proof systems can automatically derive statements syntactically 

from a set of premises 
• Sound & complete proof systems exist

- Subsets of First Order Predicate Logic 
- Not  necessarily available for more expressive logics

• Logic can provide explanations for answers
- Trace the proof that leads to a logical consequence
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Logic Rules: Many Approaches in Use

SPARQL-based rules
Logic programming using RDF data
• Using Horn Logic

Rule Interchange Format (RIF)
Semantic Web Rule Language SWRL
Ontologies and rules
Non-monotonic logics
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SPARQL-based Rules



Idea

Use SPARQL CONSTRUCT for generating new triples
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https://spinrdf.org/
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https://spinrdf.org/


Example of a Rule Using CONSTRUCT
New triples visible for the next rule (not inserted into data, but 
added into a special “inferences” graph)
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SPIN – SPARQL Inferencing Notation
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Logic Programming Using RDF Data



Making Predicate Logic a Practical Tool 
in Programming
Logic programming = programming paradigm based on formal 
logic and theorem proving
 Prolog language used in Artificial Intelligence

Problem: predicate logic is not decidable and not efficient
• There is no effective method to answer whether an arbitrary formula 

is logically valid
Solution: restriction to a reasonable subset of predicate logic
• Balancing between expressiveness and computational complexity 

(remember OWL Full vs. OWL DL)
 Horn logic
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Horn Logic & Logic Programming
A rule (clause) has the form: A1, . . ., An → B
• A1, . . ., An (body) is a conjunction of atomic formulas
• B (head) is an atomic formula
There are 2 ways of reading a rule:
• Deductive rules: If A1,..., An are known to be true, then B is also true
• Reactive (procedural) rules: If the conditions A1,..., An are true, then carry out the 

action B
Examples of Rules
• male(X), parent(P,X), parent(P,Y), notSame(X,Y) → brother(X,Y)
• female(X), parent(P,X), parent(P,Y), notSame(X,Y) → sister(X,Y)
• brother(X,P), parent(P,Y) → uncle(X,Y)
• mother(X,P), parent(P,Y) → grandmother(X,Y)
• parent(X,Y) → ancestor(X,Y)
• ancestor(X,P), parent(P,Y) → ancestor(X,Y)
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Facts (rules without a body)
• → male(John)
• → male(Bill)
• → female(Mary)
• → female(Jane)
• → parent(John,Mary)
• → parent(John, Bill)

…
Queries / Goals (as rule bodies)
• parent(John, X), female(X) →
• grandmother(X,Y) →
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A query is proved (by Prolog) by deriving a conflict from it 
(proof by contradiction)
• Solutions: value substitutions for variables

Query Solution/Answer
- parent(John, X), female(X) ? ->     X=Mary;
- grandmother(X,Y) ? ->     X=Alice, Y=Jill; 

X=George, Y=Susan; 

RDF properties and graphs are based on binary predicates
-> RDF graph = logic program!

Reasoning can be added easily on top of RDF graphs
17
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https://www.swi-prolog.org/

https://www.swi-prolog.org/


Application example: recommendation 
of similar items in MuseumFinland
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Rule Interchange Format RIF



Rule Interchange Format RIF

Goals
• Rule exchange format between

different rule systems
• It defines:

- First, a shared Core for rule systems
- Then, application-specific extensions (dialects)

• This way systems can understand each
other’s operation logic

Based on earlier RuleML
W3C recommendation on 5.2.2013
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https://www.w3.org/TR/rif-overview/


RIF dialects
RIF Core
• Common core of all RIF dialects
• Essentially function-free Horn logic (Datalog)
• Syntactic extensions

- frames (syntactic sugar), IRIs, XML datatypes, built-ins (e.g., for numeric comparison)

RIF Basic Logic Dialect (BLD)
• Essentially Horn logic with equality, based on RIF Core
• Compatibility with RDF and OWL (RL)

RIF Production Rule Dialect (PRD)
• Reactive rules with procedural attachment
• Then part (head) of the rule contains actions
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RIF example
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https://www.w3.org/TR/rif-overview/
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RIF Summary

• RIF is an exchange language of rules between systems
• Not a single one-fits-all language

• There are too many approaches around
• Core +  extensions (dialects)
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Semantic Web Rule Language SWRL

• Goal: build a bridge between OWL and Horn logic
• SWRL = combination of function-free Horn logic and OWL DL

• Rule form: A1, . . ., An → B1,…,Bm
- Atom forms:  C(x), P(x,y), sameAs(x,y), differentFrom(x,y)

• C(x): OWL description
• P: OWL property
• x and y: individuals, variables, or data values

• Main difficulty: restrictions for Ai and Bj are needed for decidability
- A prominent solution: DL-safe rules

• Every variable must appear in a non-description logic atom in the rule body (P(x,y) in 
Ai)

• OWL RL = low-end solution, SWRL high-end solution in integrating 
rules and DLs
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SWRL Example

OWL cannot express the axiom “a person whose parents are 
married, is a child of married parents”
• SWRL rule expressed in OWL Functional-style syntax (can also be 

expressed in other OWL/RDF syntaxes and RuleML):

(Kuba, 2012)
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Ontologies vs. Logical Rules



Horn logic vs. description logics

• E.g., how to represent rules in description logics?
• E.g., how to represent cardinality constraints in Horn logic?

Horn logic Description logics
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Logics of the Semantic Web

(Antoniou, van Harmelen, 2007)

HLP = FOL & LP
DLP = DL & HLP
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Description Logic Programs

• Description Logic Programs (DLP) are the intersection of Horn logic 
and description logic

• DLP allows to combine advantages of both approaches, e.g.:
- A modeler may take a DL view, but
- The implementation may be based on rule technology

- -> OWL RL

32



Keys Challenge in Combining Logic Programming and OWL

Unique Names Assumption UNA
• Resources are different/same if they have different/same identifiers
• UNA is made in logic programming & databases but not in OWL
• UNA makes sense (only) if we know the unique identifiers
Closed World Assumption CWA
• If a fact cannot be deduced true it is assumed to be false

• -> non-monotonic logics!
• CWA made in logic programming & databases but not in logic
• CWA makes sense (only) if our knowledge is complete 
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An Interoperability Problem

Logic programming & databases usually assume
• UNA + CWA
Description logics & theorem proving do not assume
• UNA + CWA
Result: different conclusions are drawn from same premises
• Interoperability is lost
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Nonmonotonic Logic and Rules



Non-monotonic Reasoning

• Our available knowledge is often incomplete
• In spite of this, we need to make plausible conclusions
• With new knowledge later, conclusions may become false

• The amount of true facts is not increasing monotonically
• Problem: predicate logic is monotonic

• Facts can only be added not removed from the knowledge base!
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Closed World Assumption Leads to 
Non-monotonic Reasoning

- CWA leads to nonmonotonic behavior:
- What is not known is assumed to be false
- Addition of true facts may lead to removing assumptions

- Logic programming using Prolog is based on CWA and is 
using non-monotonic reasoning
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Example: Default Reasoning

• It makes sense to assume that birds can fly:
• Bird(X) => Flies(X)

• If we learn that Bird(Tweety):
• => Flies(Tweety)

• However, there are exceptions to this rule
• Benguin(X) => -Flies(X)

• If we later learn Benguin(Tweety):
• => -Flies(Tweety)

Contradiction: Does Tweety fly or not?
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Challenge and a Solution Approach 

Predicate logic systems, such as description logics (OWL) 
cannot deal with non-monotonic reasoning
A possible solution: select facts by prioritizing rules
• Based on higher authority

• – E.g. in law, federal law preempts state law
• – E.g., higher management has more authority than lower

• Based on rule recency or specificity
• – E.g. exceptions override more general rules

New kind of non-monotonic logic systems are needed for this
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Summary: Ontology and Rule Languages

The semantics of the Semantic Web is based on different subsets of the 
first order predicate logic
• Ontologies and OWL  are based formal description logics
• Rules are based on Horn logic

Challenges of interoperability and standardization work
• Variety of logic rule systems
• UNA and CWA assumptions

Practical application of rules is possible in many ways
• SPARQL based rules
• Simple rules in OWL
• Logic programming using RDF data
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