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Semantic Web journal = Kno.€.SIS
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Semantic Web = KNo.€.sIs

Pursues the vision of making information on the web available for
intelligent processing.

Uses many methods from different fields in Al / CS.

Knowledge representation and reasoning (using so-called ontology
languages) is a key component of the approach.

I ——  —
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Semantic Web Technology Stack = KNo.€.SIS

‘ User Interface & applications
‘ Trust

Proof
Unifying Logic
description ontology: Rules: logic
logics Query: L OWL RIF programming
SN Crypto / datalog
RDF-S
Data interchange: RDF
XML

URI Unicode
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NES — KNO.E.SIS

A(x) AN R(z,y) AN S(y,z) N B(z) = C(x)
Elephant(z) A Mouse(y) — biggerThan(x, y)

worksAt(x, y) A University(y) A supervises(z, z)APhDStudent(z)
— professorOf(x, 2)

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

— hasConflictingAssignedPaper(v, )

p—
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Rules to DL conversion = KNo.€.sIs

A(x) NR(x,y) AN S(y,z) AN B(z) = C(x)

AMN3IR3S.BCC

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

Elephant = JRgeppant-Self
Mouse = 4Ry 1ouse-Delf
JFi)EEepha,m; o U o Rymouse E biggerThan.
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Rules to DL conversion = KNo.€.sIs

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

— professorOf(x, z)

RElworksAt.Universit}f © SLlpCI‘ViSCS © JWPhDStuuil-:ant C pI‘DfCSSDl‘Of‘

But we can’t express the following in SROIQ:

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

— hasConflictingAssignedPaper(v, )
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So how can we pinpoint this? = knoe.sis

« 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}jn3is.(bndrt.{a}h) CE

duplicating
nominals
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So how can we pinpoint this? = knoe.sis

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

o C(X)AR(Xx,a) AS(Xx,y) AD(y) A T(y,a) = V(X,y)

CndR.J{a} C dR1.Self
D ndT.{a} C dR2.Self
RIoSoR2LCYV
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Rule bodies as graphs = Kno.e.sis

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

] = T = 1/ = (19

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

g
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Rule bodies as graphs = 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, )

<
=
¢

with y,z constants: u

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

© R3hasAuthor. {y}1datVenue.{z}
C hasConflicting AssignedPaper
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Formally — KNO.E.SIS

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) A S(x,a) becomes
R(al,x) A 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’.

Clx) ANR(z,a) ANS(x,y) AD(y) NT(y,a) = P(z,y)

] = xT Y = (92

v
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—
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Formally — KNO.E.SIS

Definition 1. We call a rule with head H tree-shaped (respectively, acyclic), iof
the following conditions hold.

— FEach of the maxrimally connected components of the corresponding graph is
in fact a tree (respectively, an acyclic graph)—or in other words, if it is a
forest, i.e., a set of trees (respectively, a set of acyclic graphs).

— If H consists of an atom A(t) or R(t,u), thent is a root in the tree (respec-
tively, in the acyclic graph).

R(x,z) N S(y,z) — T'(z,y) is acyclic but not tree-shaped

Theorem 1. The following hold.

— FEvery tree-shaped rule can be expressed in SROEL.
— Fvery acyclic rule can be expressed in SROLEL.

£ '
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The regularity issue = Kno.€.SIS

hasChild(x,y) A female(y) — hasDaughter(x,y)

hasDaughter(x,y) = hasChild(x,y)
Each of these is representable in SROIQ, but together they are not.

We need to weaken regularity requirements!

T
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Rule representation wish list = kno.e.sis

e class conjunctions

» role chains (without regularity constraint)
o existential quantifier

* inverseroles

* universal role

e nominals

o Self construct

Seems this is SROIEL.
How much can we push decidability?

Some form of negation would be really nice for modeling class
disjointness.

I E——
p— X ‘
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Extending ERI = Kkno.e.sis

» ERI: existential, role chains, inverse roles

The following two can be shown by reduction of the domino
problem.

 ERI(—)is undecidable
 ERI(L,L1)is undecidable

However, the following works:

« SROIEL(L)is decidable, even after dropping the regularity
condition.

[David Carral Martinez, Cong Wang, H, in preparation]

H e
—
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SRO'EL(H,J_) — KNO.E.SIS

l.e., adding unrestricted role conjunction.

SROIEL(,1) is decidable, and

e covers ELP [Krotzsch, Rudolph, H 2008]

e covers the tractable OWL profiles
OWL EL (SROEL)
OWL QL (DL Liteg)
OWL RL (naive rules fragment)

« We also have the “logical” fragment of RDF Schema covered
(critical are range declarations, which we have via role inverses)

H e
—
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Why role conjunction? = Kkno.e.sis

hasFather(x, y) A hasBrother(y, z) A hasTeacher(z, z) — TaughtByUncle(x)

IS not expressible in SROIEL without role conjunction, but can be
expressed with role conjunction as

hasFather o hasBrother C hasUncle
hasUncle " hasTeacher T hasTeacherAndUncle
JhasTeacherAndUncle. T C TaughtByUncle

g
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Coverage of SROIEL(M,1) = Kno.€.SIS

Essentially, all binary rules with

 body such that graph does not contain four (variable) nodes
which are connected by paths such that the pattern forms a 4-
clique.

[David Carral Martinez, H, ESWC2012]

T
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Nominal Schemas = KNo.€.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
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DL-safe variables ‘= Kkno.e.sis

A generalisation of DL-safety of rules.

« DL-safe variables are special variables which bind only to named
individuals (like in DL-safe rules).

* C(x) AR(X,x5) A S(x,y) A D(y) A T(y.xs) = E(x)
with x, a safe variable

C(X) A R(x,a) A S(x,y) A D(y) A T(y,a) = E(X)
can be translated into OWL 2 (SROIQ).

duplicating
nominals
IS
ok
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DL-safe variables = KNo.€.sIs

e with, say, 100 individuals, we would obtain 100 new OWL axioms
from the single rule above

T
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DL-S afety — KNO.E.SIS

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

 l|dea:
— start with rule not expressible in DL

— select some variables and declare them DL-safe
such that resulting rule can be translated
into several DL axioms

 DL-saferule: 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.

H e
—
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Nominal schema example 2 = Kno.e.sis

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 SROIQ = Kno.e.sis

 Decidability is retained.
« Complexity is the same.
[Krotzsch, Maier, Krisnadhi, H, WWW2011]

A naive implementation is straightforward:

Replace every axiom with nominal schemas by a set of SROIQ
(OWL 2 DL) axioms, obtained from grounding the nominal
schemas.

However, this may result in a lot of new axioms.
This naive approach will probably only work for ontologies with
few nominal schemas.
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What do we gain? = Kno.€.SIS

A powerful macro.

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

Rz, y) NA(y) NS(z,y) NT(z,z) = P(z,x)

3U.({z} N 3R.{y})
[ EIU({y} MA)
N30.({z} n3S5{y})
N 3U.({z} N 3T{z})
C 3U.({z} n3PA{z})

(this works similarly for arbitrary arity)

p—

ol | '
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A tractable fragment = Kno.€.SIS

Definition 2. An occurrence of nominal schema {x} in a concept C' is safe
if C' contains a sub-concept of the form {v} M3AR.D for some nominal schema
or nominal {v} such that {z} is the only nominal schema that occurs (possibly
more than once) in D. In this case, {v} M 3R.D is a safe environment for this
occurrence of {x}. sometimes written as S(v,x).

Definition 3. Let n > 0 be an integer. A SROELV(M, x) knowledge base KB
is a SROELY, (M, x) knowledge base if in_each of its axioms C' T D, there are
at most n nominal schemas appearing more than once in non-safe form.| and all
remaining nominal schemas appear only in C'.

SROELY, (M, x) is tractable (Polytime)
covers OWL 2 EL
covers OWL 2 RL (DL-safe)
covers most of OWL 2 QL

S—
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Tractable rules approximation = Kno.€.SIS

We saw earlier that SROIEL(M) is the DL for capturing rules.

However, it is not polytime.

But we can do a polytime approximation by removing role inverses:
RCS

becomes

{x}vnC3R{y} C {y} m 3S{x}.

l.e. we’re approximating in SROELV, (7).

— )
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Polytime smart transformation = Kno.E€.SIS

JhasReviewAssignment. (({z} M JhasAuthor.{y}) M ({x} N JatVenue.{z}))
M JhasSubmittedPaper.(JhasAuthor.{y} N JatVenue.{z})
C JhasConflictingAssignedPaper.{x}

becomes (a;, a range over all named individuals)

(3U.0,) M (JU.0O;) N JhasReviewAssignment.({a; } M{a;})
1 JhasSubmittedPaper.(3hasAuthor.O, M JatVenue.O, )

C JhasConflictingAssignedPaper.{a; }

3U.({a;} M JhasAuthor.{a;}) E 3U.({a;} M O,)
3U.({a;} M JatVenue.{a;}) C 3U.({a;} NO;)
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Nominal Schema Algorithms = Kno.e.sis

For avoiding full grounding, we require delayed grounding, i.e.,
grounding by need at runtime of algorithm.

We have successfully developed:

 SROIQV tableau algorithm

e SROELV ordered resolution algorithm (polytime)
But results need to be published and implemented.

[work in cooperation with Adila Alfa Krisnadhi and Cong Wang]

H e
—
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SRO'ELV(H,J_) — KNO.E.SIS

In SROIELV(M,L) (i.e., with nominal schemas), we have:

 Every rule with m>3 different variables can be expressed using
at most m-2 nominal schemas.

 Every rule with m different free variables can be expressed by
fully grounding m-3 variables.

[David Carral Martinez, H, ESWC2012]

TR |
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Local Closed World = KNo.€.sIs

[Knorr, Maier, H 2012]
e Introducing the MKNF DL SROIQV(B*, < )\ K £

— decidable (some restrictions on modal operators apply)
— covers key proposals for local closed world rule+DL:

SROIQ (OWL 2 DL) and all tractable profiles

RIF-Core (n-ary Datalog) as DL-safe rules

DL-safe SWRL

ALCK

Closed Reiter and DL defaults [Baader Hollunder 1995]
Hybrid MKNF

Answer Set Programing

AL-log, CARIN, DL+log(?), disjunctive dl-programs

WRIGHT STATE
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Thanks! — KNO.E.SIS

Collaborators on the covered topics

Jose Alferes UNL Lisboa

David Carral Martinez Kno.e.sis

Matthias Knorr UNL Lisboa

Adila Alfa Krisnadhi Kno.e.sis

Markus Krotzsch University of Oxford
Frederick Maier Aston Business School
Sebastian Rudolph KIT

Cong Wang Kno.e.sis
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