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DL Ontology

Datalog for DL reasoning”

Can we use Datalog to solve hard problems? @
* ExpTime-complete combined complexity Facts

e Fast and scalable reasoners available ’
‘ Rule

v Carral et al. (KR 2018): Horn-ALCHOIQ ﬂ
= cxponentially many rules

v Ahmetaj et al. (ICDT 2018): guarded existential rules
= predicates with linearly large arities
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s there an etficient way
to solve hard problems
with rule engines,
nonetheless?
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Our contribution

By moving from Datalog to existential rules we can
* solve hard (ExpTime-complete) real-world problems
* using existing rule engines
* with a fixed set of rules

» Available reasoners use the chase algorithm
» Chase algorithm may not terminate
» Sufficient conditions for chase termination
» characterise rule sets of PTime data complexity (like Datalog)
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HoOw can we get the
required expressivity”?



Datalog(S)
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Datalog(S): Definition

Logic with two sorts: objects and sets of objects
* Each predicate position has a sort
* Object and set variables are distinct
« Setterms: % {object | Set,; U Set,
» Built-in predicates (only in body):  object € Set Set; C Set,

All set variables must occur in a regular body atom (not built-in)

Theorem: Datalog(S) has ExpTime-complete combined and data complexity.
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Datalog(S) to existential rules

Theorem: Any Datalog(S) rule set can be
* polynomially translated
* into a conseguence-preserving set of existential rules
* with a terminating Datalog-first standard chase.

v Datalog-first is implemented by some rule engines
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DL Reasoning using Datalog(S)

Reasoning
calculus

Datalog(S

rules

)

DL Ontology

(e o= ]—»
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Classification for Horn-SHIQ
Kazakov,|JCAI 2009

Proof. By app/lying s-tn.lctural transfonngtion to 0, we ol?tain n MOACA 12 MCT
an ontology O’ containing only concept inclusions of the form
A1 C Az, A C st(C,), and st(C_) C A, where C; occurs MCA;, [|A;CCeO
positively in O and C_ occurs negatively in O. Since O is a Ri1 MCCO
Horn SHZ Q ontology, C. can only be of the form T, L, A, o
-C,CMND,3R.C,YR.C, 2nS.C, or <15.C, and C_ only A2 MCJRN NCL
oftheform T, 1, A,CND,CUD,3R.C,or >21R.C. MLC L
Concept inclusions of the form A C st(C, ) that are not of o~
form (nl), are transformed to form (n1) as follows: R3 ME3JR,.N MC VR? A Ry Co Ry
¢ ACst(~C)=-Ac = AMAcC L; ME3R.(NT14)
e A C st(>nS.C) = >2nS.Ac = A C JS.B,, MCdRi.N NLCVR:.A RiCoR;
BiCAc,1<i<n B,NB;C 1L 1<i<j<n, R4 M CA
where B; are fresh atomic concepts. -
Concept inclusions of the form st(C_) C A that are not of ME3R,.Ny, MiEB RiCosS
form (n1) are transformed to form (n1) as follows: MCdRy;.N, N CB RyLCp S
e st(CUD)=AcUUApC A = AcC A ApC A; as M C <1S58.B
e st(JR.C)=dJRAcC A = AcC VR .A; M C 3R;y.(N1 1 Na)
[ ] St(>1x90)2>1SAC E A = AC ; VS_A A[ E EIR]_.ll\‘r]_ ]\(1 E EIRQ.(J\’TZ [—] A) Rl EC) S«—
Olt is;asy to shovy using Prtopqsiti011 1, that (’i)’ 1]: ! ig MCB N, AC B RyCo S
= a for every axiom « containing no new symbols. N, C <15.B
4.2 Elimination of Transitivity Ré MCA MCIR, V,

After normalization, we apply a well-known technique, which
allows the elimination of transitivity axioms. Transitivity ax-
iome of form (n3) in T emma 2 can interact onlv with axioms

Table 3: Saturation Rules for Horn SHZ Q Ontologies
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Conseqguence-driven classification

HEdR.K HLCA

:ACVR.Be O

H C 3R.(KNB)
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Conseqguence-driven classification

HEdR.K HLCA

:ACVR.Be O

H C 3R.(KNB)

Exists(H, r, K) A SubClass(H, a) A axcy(a, r, b)

— Exists(H, r, KU {b})
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Evaluation
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What can we use Datalog(S) for?

“?P?ej‘ « Consequence-based classification and class retrieval for Horn-ALC:
\ + Kazakov (IJCAI 2011)

)

\

Wi

\

//f;@ « Fact entailment for guarded existential rules:
N\ « Ahmetaj et al. (ICDT 2018)

N gy e
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What can we use Datalog(S) for?

\@ « Consequence-based classification and class retrieval for Horn-ALC:
\$

« Kazakov ([JCAI 2011)
N « Fact entailment for guarded existential rules:
‘6

\w"/ . Ahmetaj et al. (ICDT 2018)

\ e

« Combined-approach materialisation for Horn-ALCHOIQ:
« Carral et al. (KR 2018)
* Reasoning tasks for non-Horn DLs

« Simancik et al. (IJCAI 2011): ALCH
« ?



Summary

We provide a practical new way of solving
* ExpTime-complete problems
* using current existential rule engines

Next steps:
* Logical reasoning: solve new ExpTime-complete problems
* Rule engine development: optimise and benchmark
* Characterising chase termination: discover syntactic criteria
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Chasing Sets: How to Use Existential Rules for Expressing Reasoning

Open position available immediately
JOIN us IN Ph.D. students & postdocs
100% English & International

DRESDEN“' .KR / [z?ta]?ases / Al

CONTACT

Markus Krotzsch markus.kroetzsch@tu-dresden.de
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