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mn Motivation

» Ontologies + Rules B = (%, P)
» Ontology X
Father = Man 1M 3hasChild . Human
» Rule P
rich(X) «+ famous(X), not scientist(X)
» Proposals:

» Description Logic Programs [Grosof et al., 2003]
DL-safe rules [Motik et al., 2005]

r-hybrid KBs [Rosati, 2005]

MKNF KBs [Motik and Rosati, 2007]

Description Logic Rules [Krétzsch et al., 2008]
ELP [Krotzsch et al., 2008]

DL+Iog [Rosati, 2006]

SWARL [Horrocks et al., 2004]

dl-programs [Eiter et al., 2008]
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mn Motivation (2)

» dl-programs are a loosely-coupled approach — treat DL KB as a
black box
» Search for scalable approaches:
» answer set semantics vs. well-founded semantics
» co-NP-complete vs. PTIME-complete
» tractable Description Logics (OWL 2 Profiles)

» OWL 2 EL, OWL 2 QL, OWL 2 RL
» PTIME-complete for data complexity
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mn Motivation (3)

» However

» despite a well-founded semantics and tractable DLs, dl-programs
still

» need a dedicated algorithm using native DL reasoners to perform
external queries, causing

» overhead.
> eg. dlvhex = dlv + racerpro + ...

» How to avoid this overhead?

FACULTY OF INFORMATICS

4/24



mn Motivation (4)

» identify a class of DLs, Datalog-rewritable DLs
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mn Motivation (4)

» identify a class of DLs, Datalog-rewritable DLs

» reduce reasoning with dl-programs over Datalog-rewritable DLs to
Datalog™

» use of mature LP technology for efficient reasoning with dI-programs
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Preliminaries: DL-Programs
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mn DL-Programs

DL-Program: KB = (%, P).

Atoms in P:

> student(X)
» normal atom
» DL[; Person|(X)
» query Person from DL part
» DL|[Student ¥ student; Person|(X)

» extend DL predicate Student with LP predicate student
» then query Person
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mn Example of DL-program

Let B = (X,P)where ¥ ={ CC D } and
P={pla)«; sla)«; s(b)«;
q < DL[C ¥ s; D|(a),not DL|C ¥ p; D|(b) }.

KB =" ¢?
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Reducing DL-Programs to Datalog™
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mn Datalog-rewriteable DLs

Definition
A DL DL is Datalog-rewritable if there exists a transformation ®p, from
DL KBs to Datalog programs such that, for any DL KB 33,
(i) X = Q(o) iff &p(X) = Qo) for any concept or role name Q from
¥, and individuals o from X;
(i) ®pc is modular,i.e., for ¥ = (T,.A) where T is a TBox and .A an
ABox, (EDC(E) = (I)Dg(T) UWA;

We refer to a polynomial Datalog-rewritable DL DL, if &p (%) for a DL
KB ¥ is computable in polynomial time.
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mn Reducing DL-Programs to Datalog™

» KB = (%, P) adl-program and let a be a ground atom from B
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mn Reducing DL-Programs to Datalog™

» KB = (%, P) adl-program and let a be a ground atom from B
» for Datalog-rewritable DLs, reasoning w.r.t. dl-programs over such
DLs becomes reducible to Datalog™:

» we can reduce a dl-program KB = (X, P) to a Datalog™ program
U (KB) such that KB =" aiff W(KB) =" a
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mn Example of Reduction of DL-program

Let B = (X,P)where ¥ ={ CC D } and
P={pla)«; s(a)«; s(b)«;
q < DL[C ¥ s; D|(a),not DL[C & p; D](b) }.
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mn Example (2)

» collect the inputs: Ap = {)\1 CWs, A= CUp}
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wn Example (2)
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wn Example (2)
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wn Example (2)

» collect the inputs: Ap = {)\1 CWs, A= CUp}

» each different input from a dl-atom causes a different DL knowledge
base to be queried (i.e., the original DL + the input from the
program)

» Make different disjoint copies of . to cope for those different inputs:
Yy, and Xy,

» X\, ={Cx EDy }
» Xy, ={C\,ED), }

» Use the Datalog-rewritability: ®p.(Xy,) U Ppr(Xy,).

> 2/\1 : DAI(X)<—C>\1(X)
» Xy, 0 Dy(X)+ C\(X)
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mn Example (3)

» Make sure the input from the dl-atoms is transferred:

A =CWs: Cy,(X) « s(X)
M=CWp: C)\Z(X) %p(X)
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mn Example (3)

» Make sure the input from the dl-atoms is transferred:

AN =CHs: C\X) « s(X)

M=CWp: C)\Z(X) %p(x>

» Rewrite the original dlI-rules to remove the dl-atoms:

q < DL[\y; D](a),not DL[\; D](b) : g < Dy, (a),not Dy, (D)
pla) < : pla)
s(a) «+ : s(a) «
s(b) « : s(b) «
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mn Example (4)

Y={CCD}and
P={pla)«; s(a)«; s(b)<+;
q < DL[C WY s; D](a),not DL|C W p; D](b) }.
becomes

D)\J(X) A C)\/(X)
Dy, (X) « Cy,(X)

Cy,(X) + s(X)
Cr,(X) < p(X)

q D)\J(a)vnOID/\z(b)

TTTT
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mn Results Reduction

Theorem
Let KB be a dl-program over a Datalog-rewritable DL and a from Byj.

Then, KB =" a iff U (KB) =" a.
Corollary

For any dl-program KB over a DL DL and ground atom a from Bz,
deciding KB =" a is

» data complete for PTIME, if DL is Datalog-rewritable

» combined complete for EXPTIME, if DL is polynomial
Datalog-rewritable
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Implementation & Evaluation
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B I pRew

dl-program rules -- »# -- Extended OWL 2 ontology

reject

Datalog reasoner R profile --

Translate D;talog
to Datalog S
soner R
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B I pRew

» Written in Java (~ 14k lines)
» Datalog Reasoner: DLV
» Ontology Parser: owl-api
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B I pRew

v

Written in Java (~ 14k lines)

v

Datalog Reasoner: DLV

v

Ontology Parser: owl-api

v

DL Reasoner: Conjuctive query for Datalog-rewritable ontologies

DL-program Reaseaoner: Compute Well-founded models for
dl-programs over Datalog-rewritable ontologies

v
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B I pRew

» Written in Java (~ 14k lines)
» Datalog Reasoner: DLV
» Ontology Parser: owl-api

» DL Reasoner: Conjuctive query for Datalog-rewritable ontologies

» DL-program Reaseaoner: Compute Well-founded models for
dl-programs over Datalog-rewritable ontologies

> http://www.kr.tuwien.ac.at/research/systems/drew/
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mn Evaluation

» Test on LUBM benchmark
» Compare with divhex+dlplugin

Query DReW (ms) dlvhex+dlplugin (ms) DL Inputs factor

0 2,812 4,307 1 1.53
1 2,631 3,043 1 1.16
2 2,601 3,877 1 1.49
3 2,588 4,043 1 1.56
4 2,754 3,508 1 1.27
5 2,995 5,097 1 1.7
6 4,693 19,593 6 4.17
7 3,204 8,382 2 2.62
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mn Summary

» Conclusion

» Datalog-rewritable DLs
» Reducing DL-Program to Datalog™, avoid the overhead
» DReW Reasoner
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