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Semantic Web journal o

KNOo.e.SIS

EiCs: Pascal Hitzler
Krzysztof Janowicz

« New journal with significant initial uptake. | Semanilc Web

Interaoperabllliy

« We very much welcome contributions at Usability
the “rim” of traditional Semantic Web e aniny
research —e.g., work which is strongly
inspired by a different field. ) e

B! g

« Non-standard (open & transparent)
review process.

e http://www.semantic-web-journal.net/
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The Kno.e.sis Center and My Lab

« Ohio Center of Excellence in Knowledge-enabled Computing
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o 15 faculty (8 in Computer Science) across 4 Departments, with
ca. 50 PhD students

« Knowledge Engineering Lab (since January 2010)
Led by myself

Currently 8 PhD students
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The Semantic Web Stack

‘ User Interface & applications
‘ Trust

Proof i
‘ Unifying Logic | ‘
ontology:.
Query: OWL

SPARQL Crypto

RDF-S

Data interchange: RDF

XML

URI Unicode
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Web Ontology Language (OWL)

« W3C Recommendation since 2004
e OWL 2since 2009

 based on description logics
« essentially, a decidable fragment of first-order predicate logic

B— n )
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Description Logics (DLS) ——

KNOo.e.SIS
classes/concepts unary predicates
AB,C A(x), B(X), C(x)
roles/properties binary predicates
R, S R(X,y), S(x,y)
individuals constants
a,b,c a,b,c

T
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Some DL constructors

class conjunction
cnbD C(x) A D(x)

existential restriction
AR.C 3y (R(x,y) A C(y))

class inclusion/subsumption

CCD C(x) = D(x)
C=D C(x) +» D(x)
role chains
Ro..oR,CER R, (X,X) A ... AR(X,,Xp41) = R(X,X}41)

T
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Some DL constructors

ThaiDish C dcontains.Nut
Nutallergic M deats.Nut C Unhappy
eats o contains C eats

Inverse roles
R=S R(X,y) + S(Y,X)

This logic is already undecidable! (see e.g. [ISWC 2007])

Name of the logic: ELRI

— n )
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Decidability —

KNO.e.sIs

Decidability is a central characteristics of description logics.
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Retaining Decidability ——

KNo.e.sis

1. Disallow 4.
Essentially leads to OWL RL.
Fragment of Datalog.
Tractable (i.e., polynomial complexity).

2. Disallow inverse roles:
Essentially leads to OWL EL.
Akin “in spirit” to existential rules/Datalog+-.
Tractable.

3. Restrict recursion in role chains (a.k.a. regularity restriction):
With further constructors, leads to OWL DL, a.k.a. SROIQ.
Decidable, but not tractable.

H e
—
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Further essential DL constructors

—

KNo.e.sis

The following can be used in OWL EL (logic remains tractable).

Self
C C JdR.Self C(X) » R(X,x)
Can be used e.g. for typecasting.

nominals
{a} CC C(a) ais a constant
C C{a} C(x) » x=a
{a} = {b} — a=b

AMdRAb} C C becomes A(xz) A R(z,b) — C(x)

T
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Further essential DL constructors —

KNOo.e.SIS
The following are used in expressive (intractable) DLs

class negation
-C —IC(X)

class disjunction
cub C(x) vV D(x)

universal restriction
VR.C vy (R(x,y) = C(y))

There are some more of course.

[T T [ 1
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Rules in OWL

Which rules can be encoded in OWL?

A C B becomes A(x) — B(x)
R C S becomes R(x,y) — S(x.y)
AMNdR.3S.B C C becomes A(z) AN R(x,y) ANS(y,z) N B(z) — C(x)
{a} = {b} becomes — a =b.

AN BC 1 becomes A(x) A B(x) — f

RoSCT becomes R(z,y) AS(y,z) =T (x,2)

WRIGHT STATE August 2013 — ICLP2013, Istanbul, Turkey — Pascal Hitzler 17



Rules in OWL

Which rules can be encoded in OWL?

A C -BUC becomes A(x) A B(z) — C(x)

ACVR.B becomes A(x) AN R(x.y) — B(y)

AC BAC becomes A(x) — B(z) and A(z) — C(x)
AU B — C becomes A(z) — C(z) and B(x) — C(x)
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Rolification

Elephant(z) A Mouse(y) — biggerThan(x, y)

* Rolification of a concept A: A = dR,.Self

Elephant = dRgjephant-Self
Mouse = Ry 1ouse-Delf

JFi)EEel;mha,m: o U o Rymouse E biggerThan.
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Rolification

A(x) NR(x,y) — S(z,y) becomes Rpo RC S
A(y) ANR(x,y) — S(x,y) becomes Ro Ry C S
A(x) N B(y) AN R(x,y) — S(x,y) becomes Ry o RoRg C .S

Woman(z) A marriedTo(x. y) A Man(y) — hasHusband(z, v)

RFwoman © marriedTo o Ryan © hasHusband

careful —regularity of RBox needs to be retained:

hasHusband C marriedTo
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Rolification

worksAt(z, y) A University(y) A supervises(z, z)APhDStudent(2)

— professorOf(x, z)

RElworksAt.Universit}f © BLlpCI‘ViSCS © JP‘PhDStmdent- C pI‘DfCSSDl‘Of‘
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Tree-shaped rules

Ri(x.y) N Ci(y) A Ra(y,w) ARs(y.z) A Ca(z) A Ry(x, x) — C3(x)

R (Ci TR, T M 3R3.Co) M 3Ry.Self C (3

—
LT
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Acyclic Rules

Ri(y.x) A Ci(y) AN Ra(w.y) AN Rs(y.z) A Co(z) A Ra(x.x) — C3(x)

E|R1_.(C1 ] HRQ_iT M3R3.Co) M dRy.Self C (3

—
LT
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So how can we pinpoint this? o

KPO.E.SI1S

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

o C(X)AR(X,a) A S(x,y) AD(y) A T(y,a) = E(X)
— Cn3arR{a}jn3as.(bndrt.{a}h) CE

duplicating
nominals
1S
ok
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Rule bodies as graphs

C(x) AN R(x,a) NS(x,y) AND(y) AT (y,a) — P(x,y)

1] = T = 1/ = (19

C ndrR.{a} C dR1.Self
D dT.{a}) C dR2.Self
RloSoR2CP

3
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So how can we pinpoint this? o

HKEIO.E.SI1S

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

o C(X)AR(x,a) A S(x,y) AD(y) A T(y,a) = V(X,y)

CndR.{a} C dR1.Self
D ndT.{a} C dR2.Self
RIoSoR2LCYV
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Rule bodies as graphs

hasReviewAssignment (v, x) A hasAuthor(z, y) A atVenue(z, 2)
A hasSubmittedPaper(v, u) A hasAuthor(u, y) A atVenue(u, z)

— hasConflictingAssignedPaper(v, )

&

with y,z constants: u

REIha,SS ubmittedPaper.(3hasAuthor.{y}3JatVenue.{z}) © hasR CVlCWASSlgHHlCHt

© R3hasAuthor. {y}1datVenue.{z}
C hasConflicting AssignedPaper

”\”_;_w}_}f August 2013 — ICLP2013, Istanbul, Turkey — Pascal Hitzler 29



Non-hybrid syntax: nominal schemas _ —

KNO.e.sIs

hasReviewAssignment (v, x) A hasAuthor(z, y) A atVenue(z, 2)
A hasSubmittedPaper(v, u) A hasAuthor(u, y) A atVenue(u, z)

— hasConflictingAssignedPaper(v, )

assume y,z bind only to named individuals | \
we introduce a new construct, called p Y 5
nominal schemas
or nominal variables ¥ /
(s

REIha,sS ubmittedPaper.(3hasAuthor.{y}3JatVenue.{z}) © hasR E‘.VIE‘WASSlgHHlCHt

© R3hasAuthor. {y}1datVenue.{z}
C hasConflicting AssignedPaper

WRIGHT STATE August 2013 — ICLP2013, Istanbul, Turkey — Pascal Hitzler 30



Nominal schema example 2

hasChild(z, y) A hasChild(z, z) A classmate(y, z) — C(x)

JhasChild.{z} M JhasChild.dclassmate.{z} C C
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Adding nominal schemas to OWL 2 DL &

KNo.e.sis

 Decidability is retained.
« Complexity is the same.

A naive 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 naive approach will probably only work for ontologies with
few nominal schemas.

H e
—
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What do we gain?

A powerful macro.
« A conceptual bridge to rule formalism:

We can actually also express all DL-safe Datalog rules!

Rz, y)y NA(y) NS(z,y) ANT(x,2) — P(z, )

3U.({z} 3R {y})
N 3U.({y} 1 A)
N30.({z} n3S5{y})
N 3U.({z} N 3T{z})
C JU.({z} ndP{x})

3
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Nalve implementation — experiments

—

KNO.E.SIS
No axioms added | 1 different ns 2 different ns 3 different ns
Fam (5) | 0.017 0.00” 0.01” | 0.00” | 0.017 0.00” 0.04” 0.027
Swe (22) | 3. J8” 0.08” 3.737 | 0.077 | 3.857 0.107 10.86” 1.117
Bui (42) 2.7 0.167 2.57 | 0.15" | 2.75” 0.26” 17 14 6.68”
Wor (80) | 0.117 0.04” 0.12”7 | 0.05” 1.17 0.557 | OOM * | OOM*
Tra (183) | 0.05” 0.03” 0.05” | 0.027 | 5.66" 1.767 OOM OOM
FTr (368) | 0.03” 428”7 0.05 | 5.327 | 35.53" | 42.73” OOM OOM
Eco (482) | 0.04” 0.24” 0.077 | 0.02” | 56.59” | 13.67" OOM OOM
OOM = Out of Memory
Ontology | Classes | Data P. | Object P. | Individuals
Fam 4 1 11 5
Swe 189 6 25 22
from the TONES Bui 686 0 24 12
repository: Wor 842 0 31 30
Tra 445 4 89 183
Fr 22 6 52 368
Eco 339 8 45 482
WI{@%TQ%E August 2013 — ICLP2013, Istanbul, Turkey — Pascal Hitzler 35



Delayed grounding

 Adding nominal schemas to existing tableaux algorithms:

grounding : if C' € L(s),{z} is a nominal schema in C
C'lz/a;] € L(s) for some i,1 <i </
then L(s) := L(s) U{C|[z/a;|}

plus some restrictions on existing tableaux rules, essentially to
ensure that (1) no variable binding is broken and (2) nominal
schemas are not propagated through the tableau.

I E——
p— )
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Further Tableaux Optimizations ——

KNO.e.sIs

e variant of absorption [Steigmiller, Glimm, Liebig, IJCAI-13]
» essentially, a sort of smart rewriting as pre-processing

Example 1 Our running example 3r.({z} M Ja.{y} I
Jv.{z}) N 3s.(Ja.{y} N Jv.{z}) C Je.{z} can be almost

completely absorbed into the following axioms:

OLC |zT, T. CYv~ .15 I:Tl I_ITQ} C Ty
O C Ly.Ty I3 C Vs~ .Tj (Tg [ Tm) C T;
OC|zT, Is CVr—.T§ (TyNTg) C Tr.

I, CV¥a~ 1Ty  T; Cgr(3efx}),

where 1., T,, T., T1....,T7 are fresh atomic concepts.

Only 3e{x} cannot be absorbed and has to be grounded
on demand.

3
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Further Tableaux Optimizations

[Steigmiller, Glimm, Liebig, IJCAI-13]

Table 2: DL-safe Rules for UOBM-Benchmarks

Name DL-safe Rule Matches
R1 isFirendOf(1x, 7y), like(?x,?z), like(?y, 7z) — hasLinkl (?z, 7y) 4,037
R2 isFirendOf(1x, 7y), takesCourse(?x, 7 z), takesCourse(?y, 7z) — hasLink2(7x, 7y 82
R3 takesCourse(?x, 7z ), takesCourse(?y, ?z), hasSameHomeTownWith(?z, 7y) — hasLmkj Tz, 7Y) 940
R4 hasDacfam:’Degreeme{‘?:1_ ?7z), hasMasterDegreeFrom(?x, Tw), hasﬂocmmfﬂegree!’mm( Yy, 7z), 369
hasMasterDegreeFrom(?y, Tw), worksFor(?x, ?v), worksFor(?y, Tv), — hasLink4(?z, 7y)
R5 isAdvisedBy(?x,?z), isAdvisedBy(?y, 1z), like(?x, Tw), like(?y, Tw), like(?z, 7w) — hasLink5(?x, 7y) 286
Table 3: Comparison of the increases in reasoning time of the consistency tests for UOBM; \D extended by rules in seconds
Rule upfront grounding direct propagation representative propagation HermiT Pellet
without BC with BC  without BC with BC 1.3.7 2.3.0
R1 (10.99) mem 9.12 7.10 5.06 3.38 31.46 6.33
R2 (10.92) 4.05 3.33 2.33 2.13 2.11 4.79 7.4
R3 (13.33) i 1.98 0.62 2.20 0.76 1.67 142.25
R4 (16.44) 0.30 1.08 0.09 1.06 0.07 1.42 122.85
RS (time) - 1.87 0.50 1.80 0.43 28.41 mem
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Algorithm for ELROVnN

Based on [Krdtzsch, JELIA10]

Ontology Individuals{no ns 1 ns 2 ns 3 ns|4 ns|b ns
100 263 | 263 (321) 267 (972) | 273 | 275 | 259
Rex (full ground.) 1000 480 | 518 (1753) | 537 (OOM) | 538 | 545 | 552
10000 2904 |2901 (133179) (3120 (OOM)|3165|3192|3296
100 22 191 (222) 201 (1163) | 198 | 202 | 207
Spatial (full ground.) [1000 134 | 417 (1392) | 415 (OOM) | 421 | 431 | 432
10000 1322 | 1792 (96437) [1817 (OOM)|1915|1888|1997
100 62 332 (383) 284 (1629) | 311 | 288 | 280
Xenopus (full ground.) (1000 193 | 538 (4751) | 440 (OOM) | 430 | 456 | 475
10000 1771|2119 (319013) (1843 (OOM)|1886|2038|2102
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Approximating OWL through ELROVn —

KNO.e. SIS

— We rewrite mincardinality restrictions into maxcardinality restrictions or
approximate using an existential.

— We rewrite universal quantification into existential quantification.

— We approximate maxcardinality restrictions using functionality.

— We approximate inverse roles and functionality using nominal schemas.

— We approximate negation using class disjointness.

— We approximate disjunction using conjunction.

* inverses: [l dR{y} C {y} N3S{zr}
« functionality C [ < 1R.D .
CNdR.({z1}nD)N3R.({z2} N D) CIU.({z1} N {z2})

R
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Approximation results (using IRIS)

Ontology Hermi'l'|Fact++|Pellet |{Ours |Ours Recall
BAMS 3 2 10 | 107 100%
DOLCE 1 1 4 53 100%
GALEN 4 2 17 |7840 00.8%
GO 36 75 59 |N/A N/A
GardinerCorpus| 14 6 17 | 89 02.3%
OBO 34 61 139 |N/A N/A

e
WRIGHT STATE
UNIVERSITY

August 2013 — ICLP2013, Istanbul, Turkey — Pascal Hitzler
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Adding non-monotonicity ——

KNo.e.sis

 [Knorr, Hitzler, Maier ECAI2012]

 Extension of an autoepistemic description logic approach by
nominal schemas.

 Results in alanguage which incorporates most of the major
approaches to non-monotonic extensions of DLs.

e E.g.covers
— hybrid MKNF [Motik & Rosati], which in turn covers
— non-disjunctive ASP
— DL Programs / dlvhex (Eiter et al.)

 Also covers OWL / SROIQ(D) of course.

H e
—
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Conclusions —

KNo.e.sis

« Paradigms are converging.

« More work needed e.g. re.
— algorithmizations
— relating OWL EL and existential rules research

— making non-monotonic reasoning fit for semantic web
applications

I E——
p— )
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KNOo.e.SIS
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