n Fachhochschule Nordwestschweiz
Hochschule fir Wirtschaft

Combining Ontologies with Rules

Knut Hinkelmann

n | w Hochschule fiir Wirtschaft _

Copyright Note

The slides in this lecture are based on the following sources

B Vassilis Papataxiarhis: Combining Ontologies with RUles
(Two Different Worlds?)

B Martin O‘Connor: Efficiently Querying Relational
Databases using OWL and SWRL
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What is an Ontology?

B Ontologies are used not only to represent a domain of
interest, but also DEFINE concepts, describe relations
among them and insert individuals.

B An ontology is not just = __ =

a taxonomy T a1

" Ontology= —_— = N\
Ov (categories of being) + —

Aoyog (treatise) /=

(i.e. the philosophy of being, Metaphysics, =

from (Papataxiarihis) -
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Rules

B Rules are mainly based on subsets of First Order Logic
(FOL) + possible extensions.
B Rule Formalisms (in Semantic Web):
+ Semantic Web Rule Language (SWRL)
+ Answer Set Programming (ASP) (Datalogv~)

Rules

\

Integrity
constraints

Derivations Reactions

from (Papataxiarihis)
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Rule-based Systems are common in many
domains

B Engineering: Diagnosis rules

B Commerce: Business rules

B Law: Legal reasoning

B Medicine: Eligibility, Compliance

B Internet: Access authentication

from (O‘Connor)
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Rule Markup (RuleML) Initiative

B Effort to standardize inference rules.

B RuleML is a markup language for publishing and sharing
rule bases on the World Wide Web.

B Focus is on rule interoperation between industry
standards.

B RuleML builds a hierarchy of rule sublanguages upon
XML, RDF, and OWL, e.g., SWRL

from (O‘Connor)
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The need for Ontologies and Rules

B Ontologies are based on Description Logics (and thus in
classical logic).

+ An ontology model is easy to understand.
+ Reasoning is based on classification.
+ For the sake of decidability, expressiveness of ontology
languages is restricted
B Rules are based on logic programming.

+ Expressiveness of rules has not the same limitations as
description logics

+ Efficient reasoning support already exists.

+ Rules are well-known in practice.
from (Papataxiarihis)
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Usual combination
High Expressiveness

Ontology
Layer

OWL-DL

URIIRI Unicode

Conceptualization
of the domain

from (Papataxiarihis)
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LP and Classical logic Overlap

€Y

®)
@ — |
FOL: (All except (6)), (2)+(3)+(4): DLs
(4): Description Logic Programs (DLP), (3): Classical Negation
(4)+(5): Horn Logic Programs, (4)+(5)+(6): LP
(6): Non-monotonic features (like NAF, etc.) (7): ~head and, vbody

from (Papataxiarihis)

v Prof. Dr. Knut Hinkelmann 9

n | w Hochschule fiir Wirtschaft _

Basic Difficulties

Classical Logic  vs. Logic Programming

B Monotonic vs. Non-monotonic Features
¢ Open-world vs. Closed-world assumption
+ Negation-as-failure vs. classical negation

B Non-ground entailment
B Equality
B Decidability

from (Papataxiarihis)
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Open-world vs. Closed-world assumption

B Logic Programming — CWA
+ IfKB |7/a thenKB=KB U -a

Bm Classical Logic — OWA
+ |t keeps the world open.

+ KB:

. Man E Person, Woman = Person

. Bob € Man, Mary € Woman

+ Query: “find all individuals that are not women”

from (Papataxiarihis)
1
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NAF vs. Classical negation

B Example:

KB,p: likesFootball(x) € liverpoolSupporter(x)
didNotCelebrateLVPEuroCup(x) €< not liverpoolSupporter(x)
likesFootball(gerrard).

KBg.: Y x liverpoolSupporter(x) D likesFootball(x)
\/x TiverpoolSupporter(x) O didNotCelebrateL VPEuroCup(x)
likesFootball(gerrard).

4§ KB, |= didNotCelebrateLVPEuroCup(gerrard)!

from (Papataxiarihis)
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Non-ground entailment

B The LP-semantics is defined in terms of minimal Herbrand
model, i.e. sets of ground facts.

B Example:

likesFootball(x) € liverpoolSupporter(x)
liverpoolSupporter(x) € liverpoolPlayer(x)
liverpoolPlayer(gerrard).

@ Both LP and classical logic yields the facts
liverpoolSupporter(gerrard), likesFootball(gerrard).

Only the classical logic would allow further non-
factual inferences, s.a.

liverpoolPlayer(x) D likesFootball(x)

from (Papataxiarihis)
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Equality

mLP: Unique Name Assumption (UNA)

B Classical logic: different names may represent
the same atom

B Example:

differentPlayers(x,y) € player(x), player(y), x#y
player(gerrard_of liverpool).
player(gerrard_of england).

B In LP, we could conclude:

differentPlayers(gerrard_of liverpool, gerrard_of england)

from (Papataxiarihis)
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Decidability

B The largest obstacle!
+ Tradeoff between expressiveness and decidability.

B Facing decidability issues from 2 different angles
¢ |In LP: Finiteness of the domain

¢ In classical logic (and thus in DL ): Combination of
constructs

B Problem:
Combination of “simple” DLs and Horn Logic are
undecidable. (Levy & Rousset, 1998)

from (Papataxiarihis)
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Rules + Ontologies

B Still a challenging task!

B A number of different approaches exists: SWRL, DLP
(Grosof), dI-programs (Eiter), DL-safe rules, Conceptual
Logic Programs (CLP), AL-Log, DL+log.

B 2 Main Strategies:

+ Strict Semantic Separation (Hybrid Approaches)

+ Tight Semantic Integration (Homogeneous
Approaches)

from (Papataxiarihis)
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Hybrid Approach

B [ntegration with strict semantic separation between the
two layers.

B Ontology is used as a conceptualization of the domain.

B Rules cannot define classes and properties of the
ontology, but some application-specific relations.

B Communication via a “safe interface”.

B Example: Answer Set Programming (ASP)

L. ROFS__ "
from (Papataxiarihis)
v Prof. Dr. Knut Hinkelmann 17
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Answer Set Programming (ASP)

B Main Idea: models are solutions

B Generic Formula:
a,VvV...va, < byAn ... Ab Anotb,.4 A...ANOt D,

where not: either NAF or strong negation

B Supports negation (NAF and strong) as well as disjunction

B Decidable

from (Papataxiarihis)
v Prof. Dr. Knut Hinkelmann 18
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Homogeneous Approach

B [nteraction with tight semantic integration.

B Both ontologies and rules are embedding in a common
logical language.

B No distinction between rule predicates and ontology
predicates.

B Rules may be used for defining classes and properties of
the ontology.

B Example: SWRL, DLP

|rom (Papataxiarihis)

v Prof. Dr. Knut Hinkelmann 19
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What is SWRL?

B SWRL is an acronym for Semantic Web Rule Language.

B SWRL is intended to be the rule language of the Semantic
Web.

B SWRL includes a high-level abstract syntax for Horn-like
rules.

B All rules are expressed in terms of OWL concepts
(classes, properties, individuals).

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 20
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SWRL

B Extend OWL axioms to include Horn-like clauses.
B Maximum compatibility with OWL

B Built on top of OWL (same semantics)

B Generic Formula:

ag N .. Nay = by AL ADb

B Limitations
+ Negation, Disjunction
+ Undecidable

from (Papataxiarihis)
v Prof. Dr. Knut Hinkelmann 21
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Example SWRL Rule: Has uncle

SWRL Rule: Has uncle

hasParent(?x, ?y) » hasBrother(?y, ?z) — hasUncle(?x, 7z)

SWRL Rule with Named Individuals: Has brother

Person(Fred) * hasSibling(Fred, ?s) * Man(?s)
— hasBrother(Fred, ?s)

SWRL Rule with Literals and Built-ins: is adult?

Person(?p) ™ hasAge(?p,?age) ™ swrib:greaterThan(?age,17)
— Adult(?p)

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 22
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SWRL Characteristics

B \W3C Submission in 2004:
http://www.w3.org/Submission/SWRL/

Based on OWL-DL

Has a formal semantics

Rules saved as part of ontology

Increasing tool support: Bossam, R2ML, Hoolet, Pellet,
KAONZ2, RacerPro, SWRLTab

B Can work with reasoners

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 23
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Ubung

B Sie sollen fiir ein Unternehmen ein semantisches Informationssystem
entwickeln, das auf einer Datenbank aufbaut. Konzepte werden in einer
Ontologie definiert. Das System enthalt Informationen tber Kunden und
Einkaufe.

B Reprasentieren Sie die folgenden Informationen als Ontologien mit Regeln
nach dem Hybridansatz.

B FEin Unternehmen hat Kunden, wobei Kunden juristische oder natiirliche
Personen sein kénnen. Kunden mit einer goldenen Kundenkarte sind
Goldkunden. Ein Kunde, der fiir mehr als 10‘000 Euro pro Jahr einkauft
bekommt die goldene Kundenkarte. Ein Goldkunde bekommt bei einem
Einkauf tiber 200 Euro 10 % Rabatt. Kunden, die als kreditwlirdig eingestuft
sind, dlirfen mit Kreditkarte zahlen. Goldkunden sind kreditwdirdig. Der
Gesamtbetrag einer Bestellung errechnet sich aus der Summe der
Einzelposten abziiglich des Rabatts.

B Was sind Inhalte der Ontologie, was Pradikate, die durch Regeln definiert
werden? Warum?

v Prof. Dr. Knut Hinkelmann 24
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Two Semantic Webs?

Trust
Proaf
Logic
fra rk
mewol ® g- /
Rules 2 B3
5
Ontology Iy
ADF Schema FOL/SCL
L RDF M&S \ NAF etc. OWL
T Al (0ataog) | FOF Schema. |5

XM Namespaces

L
URI Unicode

from (Papataxiarihis)
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Tools

B Ontology Editors
+ Protégé, Swoop, TopBraid Composer

B Rule Editors
+ Protégé (SWRL-Tab)

B Ontology Reasoners
* RacerPro, Bossam, Pellet, Fact++

B RuleEngines
+ Bossam, Jess, Jena Framework (only JRules)
+ ASP solvers: DLV, Smodels, nomore++

from (Papataxiarihis)
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SWRLTab
B A Protégé-OWL development environment for
working with SWRL rules
B Supports editing and execution of rules

B Extension mechanisms to work with third-party
rule engines

B Mechanisms for users to define built-in method
libraries
B Supports querying of ontologies

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 27
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SWRLTab

WikiomePage | RecentChanges | Fage Index Login {craate aceount)

“@|protégé

Your Visitad Pages
LT

The SWRLTab Is an extension to Protege-0WL that supports editing and execution of SWRL
rules. It provides a graphical editor to create and modify SWRL rules in an OWL knowledge |
base, It also provides extension mechanisms o support the execution of SWRL rules with

a variety of rule engines, At present, the Jess rule engine is supported. !w.,, Backiinks

The SWRLTab has four main software components: T
Search

+*SWRL Editor: The editor supports editing and saving of SWRL rules in an OWL |
knowledge base. See the SWRL Editor FAQ for more details, An introduction to the SWRL |
language can be found here.

+SWRL Factory: The factory provides high-level Java APls that support the creation and
madification of SWRL rules in an OWL knowledge base. This APL can be used
developers who wish to work with SWRL rules In thelr applications. See the SWRL
Factory FAQ for more details,

*SWRL Bridge: The bridge provides the infrastructure necessary to incorporate rule
engines into Protege-0WL to execute SWRL rules. See the SWRL Rule Engine Bridge
FALQ for more details. A bridge for the Jess rule engine is provided in the Protege-0WL
distribution. A user interface called the SWRUessTab is also provided to Interact with
this bridge. The hope is that bridges for other rule engines will be developed by the
Protege-0OWL community and than an array of inference mechanism will become
available for executing SWRL rules.

* SWRL Built-Iin Bridge: SWEL built-ins are predicates that accept ane of more
arguments. These predicates can be used in SWRL rules to support the definition of
arbitrary user-defined bullt-ins, which can then be used in rules, The SWRLTab has a
subcomponent called the built-in bridge that provides a mechanism to define Java
Implementations of SWRL bullt-ins. These implementations can then be dynamically
loaded by the bridge and Invoked from a rule engine,

_SWRLTab: http://protege.cim3.net/cgi-bin/wiki.pl?SWRLTab

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 28
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The SWRL Editor

B The SWRL Editor is an extension to Protége-
OWL that permits the interactive editing of SWRL

rules.

B The editor can be used to create SWRL rules,
edit existing SWRL rules, and read and write
SWRL rules.

M |t is accessible as a tab within Protégé-OWL.

from (O‘Connor)
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FamilySWRL Protégé 3.2 beta  (file:\D:\SWRL\kbs\FamilySWRL. pprj, OWL f RDF Files)

File Edit  Project OWL Code  Tools Window Help

Ol +BE g ¢ W I

f & Metadata (ortalogy) . ML Classes r I Properties r 4 Inclivic e |

SWRL Rules [Pruse? [*]
Name | e &
Rule [ hasSibling(?x1, 7x2) A Man(7x2) — hasBrot] [Has seinguie =]
Rule10 .hasParerﬂ(?x1,?x2) A Woman(?x2) - hash)
Rulz11 .hasSibhng(‘?x1,‘?x2) A Woman(?x2) - hasS|
Rule12 .hasParerﬂ(?x1 ,7x2) ~ hasSister(?x2, 7x3)
Rule2 .hasParem(?x1,?x2) A Man(?x2) - hasFaths w_? ,_g Q‘ B e
Rule3 [ hasChild(?x1, Px2) A Man(?x1) — hasSon(?{ | ] N = o] |
Ruled [= hasConsort(?x2, 7x3) A hasParent{?x1, 742 | | = armesomens  ras smang e, T lal
Rules .hasSlblmg("«‘M,?x?) A hasDaughter{?x2, 7%3] |
Rule [=# hasChild(7x1, 7x2) A WWoman{?x1) — hasDa
Rule? .hasChlId('?x1,?x2) A hasChild(?x3, 7x2) A d
Ruled .hassmlmg(?xh?ﬂ} A hasSon(7x2, 7x3) -
Ruleg (= hasParent(?x1, 7x2) A hasBrother(7x2, 7x3) | | =]

hasChild{7x1, 72} A
hasChil{7x3, 72} A
differentFrom{?a1, T3}
— hasSibling(7x1, )

Pmes FEp BEE
oA o= O ] =

| S K Concel |

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 31

OmpeEs————
SWRL Java API

B The SWRL API provides a mechanism to create
and manipulate SWRL rules in an OWL
knowledge base.

B This APl is used by the SWRL Editor. However, it
is accessible to all OWL Plugin developers.

B Third party software can use this API to work
directly with SWRL rules and integrate rules into
their applications

B Fully documented in SWRLTab Wiki.

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 32
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Executing SWRL Rules

B SWRL is a language specification
B Well-defined semantics

B Developers must implement engine
B Or map to existing rule engines

B Hence, a bridge...

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 33
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SWRL Rule Engine Bridge

GUI

!

OWL

KB

+ SWRL Rule P _
SWRL < Engine Bridge Rule Engine

Data <—===>

Knowledge <——>

from (O‘Connor)
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SWRL Rule Engine Bridge

B Given an OWL knowledge base it will extract SWRL rules
and relevant OWL knowledge.

B Also provides an API to assert inferred knowledge.

B Knowledge (and rules) are described in non Protégé-OWL
APIl-specific way.

B These can then be mapped to a rule-engine specific rule
and knowledge format.

B This mapping is developer’s responsibility.

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 35

QE—
SWRL Bridge is used to Integrate Jess Rule
Engine with Protégé-OWL

B Jess is a Java-based rule engine.

B Jess system consists of a rule base, fact base, and an
execution engine.

B Available free to academic users, for a small fee to non-
academic users

B Has been used in Protégé-based tools, e.g., JessTab.

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 36
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FamilySWRL Protégeé 3.2 beta (file:\D:\SWRL\kbs\FamilySWRL.pprj

File Edit Project OWL Code Tools ‘indow Help
Oe A BE ud ¢

| @ Metanata (ortology) | | OwiClasses | B Properties | 4 ndividuals | = Forms | = SVWRL Rules

<€protégé

SWRL Rules
Name I Expression

Rulet = hasSibling(7x1, 7x2) A Man(?x2) - hasBrother(?x1, 7x2)

Rule10 = hasParent(?x1, 7x2) A Woman{?x2) — hasMather(?x1, 7x2)

Rulet = hasSibling(?x1, 7x2) A Woman(?x2) — hasSister(?x1, 7x2)

Rule12 = hasParent(?x1, ?x2) A hasSister(?x2, 7x3) — hasAurt(?x1, 7x3)

Rule2 = hasParent(?x1, 7x2) A Man(?x2) — hasFather(?x1, 7x2)

Rule3 = hasChild{?x1, 7x2) a Man(?x1) — hasSon(?x1, ?x2)

Ruled = hasConsort(?x2, 7x3) A hasParert(?x1, ?x2) — hasParert(?x1, 7x3)

Rules = hasSibling(?x1, 7x2) A hasDaughter(?x2, 7x3) — hasbliece(?x1, 7x3)

Rulef = hasChild(?x1, 7x2) A Woman(?x1) — hasDaughter(?x1, x2)

Ruls? = hasChild(?x1, 7x2) A hasChil(?x3, 7x2) A differentFrom(?x1, ?x3) — hasSibling(?x1, ?x3)

Rules = hasSibling(?x1, 7x2) A hasSon(?x2, ?x3) — hasNephew(?x1, 7x3)

Rules = hasParent(?x1, ?x2) A hasBrother(?x2, 7x3) — hasUncle(?x1, 7x3)

= Jess Control | = Rules | —* Classes | —* Properties | = Individusls | — Restrictions | — Asserted Individuals |~ Asserted Properties
SWRLJessTah =

See hitp: Hprotege. cim3 net/cgi-binfwiki pI PSWRLJessTab for SWRLJessTab documentation

Press the "OWL+SWRL->Jess" button to transfer SWRL rules and relevant WL knowledge to Jess.
Press the "Run Jess” button ta run the Jess rule engine
Press the "Jess->C\VWL" button to transfer the inferred Jess knowledge to OWL knowledge.

IMPORTANT: With the exception of sameAs, differertFrom and alDifferents, the Jess rule engine is —
currently ignoring OWL restrictions. To ensure consistency, a reasoner should be
run on an WL knowledge base hefore SWRL rules and AL knowledge are

transferredto Jess. Also, it inferred knowlegge Lol Jess is inserted back into an OWL

‘ OWL+SWRL-=Jess | Run Jess | | Jess-=OWL

(

from (O‘Connor)
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FamilySWRL Protégé 3.2 beta (file:\D:\SWRI Ykbs\FamilySWRL.pprj, OWL f RDF Files)

Fie Edt Projct ©WL Code Tools Window Help
he A BB meh ¥

<€pmtégé
| @ Metadsta (ortolony) | | OWiLClasses | B Properties | @ ndividusls | = Forms | (= SWRL Rules
SWRL Rules L F e

Name I Expression
Rulet = hasSibling(7x1, 7x2) A Man(7x2) — hasBrather(7x1, 7x2)
Ruie10 = hasParert(?x1, 7x2) A Woman(?x2) — hashother(?x1, 7x2)
Ruie11 = hasSibling(?x1, 7x2) A Woman(?x2) — hasSister(?x1, 7x2)
Rule12 = hasParert(?x1, 7x2) A hasSister(?x2, 7x3) — hasAurt(?x1, 7x3)
Rule2 = hasParert(x1, 7x2) A Man(?x2) — hasFather(?x1, ?x2)
Rule3 = hasChild(?x1, 7x2) A Man(?x1) — hasSon(?x1, Px2)
Rule4 = hasConsor(?x2, 7x3) A hasParent(7x1,7x2) — hasParent(?x1, 7x3)
Rule5 = hasSibling(?x1, 7x2) A hasDaughter(7x2, 7x3) — hasNiece(?x1, 7x3)
Ruies = hasChile(7x1, 7x2) A Woman(?x1) — hasDaughter(?x1, 7x2)
Rule7 = hasChil(7x1, 7x2) A hasChild(?x3, 7x2) A differertFrom(?x1, 7x3) - hasSibling(?x1, 7x3)
Ruies = hasSibling(?x1, 7x2) 4 hasSon(?x2, Px3) — hasNephew(?x1, 7x3)
Rulea = hasParert(?x1, 7x2) A hasBrother(?x2, 7x3) — hasUncle(?x1, 7x3)

Jess Control | = Rules | — Classes Properties | — Individuals | — Restrictions | — Asserted Individuals | — Asserted Properties
Jess Rules

(defrule RUl Z & 7x2]) == (assert (hasBrother 7x1 7x2)) )

(defrule Rule2 (hasParent 7x1 7x2) (Man (name ?x2)) == (assert (hasFather 7x1 7%2)) )
(defrule Rule12 (hasParent 7x1 7x2) (hasSister 7x2 7x3) == (assert (hasAurt 7x1 7x3)) )

(clefrule Rule7 thasChild 7x1 7x2) (hasChid 7x3 7x2) (differentFrom 7x1 7x3) == (assert (nasSibing 7x1 7x3)) )
(defrule Ruled (hasSibling 7x1 7x2) (hasSon 7x2 7x3) == (assert (hasbephew ?x1 7x3)) )

(defrule RuleS (hasParent ?x1 7x2) (hasBrother 7x2 7x3) == (assert (hasUncle 7x1 ?x3)) )

(defrule Rule3 (hasChild 7x1 7x2) (Man (name ?x1)) == (assert (hasSon ?x1 7%2)) )

(defrule Rule10 (hasParert 7x1 ?x2) (Woman (name ?x2)) == (assert (hasMother ?x1 7x2)) )

(defrule Ruled (hasChild 7x1 ?x2) (Woman (name 7x1)) == (assert (hasDaughter 7x1 7x2)) )

(defrule Rule11 (hasSibling ?x1 ?x2) (Woman (name ?x2)) == (assert (hasSister 7x1 7x2}) )

(defrule RuleS (hasSibling ?x1 7x2) (hasDaughter 7x2 7x3) => (assert (hashiece ?x1 7x3)) )

(defrule Ruled (hasConsort 7x2 7x3) (hasParent 7x1 7x2) => (assert (hasParent 7x1 7x3)) )

from (O‘Connor)
v Prof. Dr. Knut Hinkelmann 38
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FamilySWRL Protégé 3.2 beta (file:\D:\SWRL\kbs\FamilySWRL . pprj, OWL / RDF Files)

File Edt Project OWL Code Tools Window Help

0e A EE md ¥

[ 4@ Metadsta (ortology) | | OWLClassss | MM Properties | 4 Individusls | = Forms | = SIWRL Rules

SWRL Rules
Name Expression
Rule1 hasSibling(?x1, 7x2) A Man(?x2) — hasBrother(?x1, 7x2)
Rule10 [ hasParent(?x1, 7%2) A Woman(?x2) — hasMother(?x1, 7x2)
Rule11 hasSibling(?x1, 7x2) A Woman(?x2) — hasSister(?x1, 7x2)
Rule12 [ nasParent(?x1,7%2) A hasSister(?x2, 7x3) — MasAUM(?x1, ?x3)
Rule2 hasParent(?x1, 7x2) A Man(?x2) — hasFather(?x1, 7x2)
Rule3 [ naschid(?x1, 7%2) A Man(?x1) — hasSon(?x1, 7x2)
Ruled hasConsort(7x2, 7x3) A hasParent(?x1, 7x2) — hasParent(?x1, ?x3)
Rules [/ hasSibling{?x1,7x2) ~ hasDaughter(?x2, 7x3) — hasMiece(?x1, 7x3)
Rules hasChild(?x1, 7x2) A Woman(?x1) — hasDaughter(?x1, 7x2)
Rule? [=hasChid(?x1, 7x2) a hasChild{?x3, 7x2) a differentFrom(?x1, 7x3) — hasSibling(?x1, 7x3)
Ruled [=/hasSibling{?x1,7x2) A hasSon(?x2, 7x3) — hasNephew(7x1, 7x3)
Ruled hasParent(7x1_2:a) . hasBrother(7x2, 7x3) ~ hastnele(?x1, 7x3)
Jess Control Classes Properties! Individuals | — Restrictions | — Asserted Individuals | — Asserted Properties |

[Imported Jess i ‘epresentations Panel pns
(dsftemplate Son extends han)

(deftemplate Nephew extends Relative)
(deftemplate owl: Thing (slot name))
(deftemplate Relative extends Person)
(deftemplate Sibling extends Person)
(deftemplate Aunt extends Relative)
(deftemplate Person extends owl Thing)
(deftemplate Wother extends Parent)
(deftemplate Nisce extends Relative)
Daugther extends Child)
(deftemplate Father extends Parent)
(deftemplate Parert extends Person)
(deftemplate Brother extends Sibling)

from (O‘Connor)
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FamilySWRL Protége 3.2 beta  (file:\D:\SWRL Y«bs\FamilySWRL.pp I RDF Files)
File Edit Project OWL Code Tools Window Help

e B R ey W a4 <€protégé

| @ Metadsta (ortology) | | OWLClasses | B Properties | @ Indiidusls | = Forms | = SWRL Rules

SWRL Rules asas

Name Expression
Rulel hasSibling(?x1, 7x2) A Man(?x2) — hasBrother(?x1, 7x2)

Rule10 (= hasParent(?x1, 7x2) A Woman(?x2) — hasMother(?x1, 2x2)

Rulel (= hasSibling(?x1, 7x2) A Woman(7x2) - hasSister(7x1, 7x2)

Rule12 hasParent(7x1, 7x2) A hasSister(?x2, 7x3) — hasAurt(?x1, ?x3)
Rule2 (= hasParent(?x1, 7x2) A Man(?x2) — hasFather(?x1, ?x2)

Rule3 hasChild(?x1, 7x2) A Man(?x1) — hasSon(7x1, ?x2)

Ruled (S hasConsort(?x2, 7x3) A hasParent(7x1, 7x2) — hasParert(7x1, 7x3)
Rules = hasSibling(?x1, 7x2) A hasDaughter(?x2, 2x3) — hasMisce(?x1, 7x3)
Rules = hasChild(?x1, 7x2) A Woman(?x1) — hasDaughter(?x1, 7x2)

Rule? (= hasChild(?x1, 7x2) A hasChild(?x3, 7x2) A differentFrom(?x1, 7x3) — hasSibling(?x1, 7x3)
Rules

Ruleg = hasParent(?x1, 7x2) A hasBrether(?x2, 7x3) — hasUncle(?x1, 7x3)

Jess Control Rules Classes Properties viduals Restrictions | .Anleﬂandnﬂdulls | "= Asserted Properties |

Jess Restriction Defintions (only sanMgs, differentFrom and alDifferents suppor |
(assert (differentFrom MO2 M01)) (assert (differentFrom MO1 MO2)) -

(asssert (differentFrom MO3 MO1)) (assert (differentFrom MO1 MO3))
(assert (cifferentFrom MO3 M02)) (assert (differentFrom M2 MO3))
(assert (clifferentFrom M4 MO1)) (assert (differentFrom M1 MO4))
(assert (differentFrom M4 M02)) (assert (differentFrom MO2 MO4))
(assert (cifferentFrom MO4 M03)) (assert (differentFrom MO3 MO4))
(assert (ifferentFrom MOS MO1)) (assert (differentFrom M1 MOS))
(assert (differentFrom MOS M02)) (assert (differentFrom MO2 MOS))
(assert (differentFrom MOS MO3)) (assert (cifferantFrom MO3 MOS))
(assert (ifferentFrom MOS M04)) (assert (differentFrom M4 MOS))
(assert (differentFrom MOS MO1)) (assert (differentFrom MO1 MOE))
(assert (differentFrom MOG MO2)) (assert (differentFrom MO2 MOG))
(assert (clifferentFrom MOB M03)) (assert (differentFrom MO3 MO6))

from (O‘Connor)
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FamilﬁWRL Protége 3.2 beta  (file:\D:\SWRL\kbs\FamilySWRL.pprj, OWL / RDF Files)
Fle Ecdt Project OAL Code Tools \Mndow Help

ODeH tBE wd #9

- >

| @ Wetadata (ontology) | | OviLClasses | B Properties | 4 Individusls | = Forms | = SWRL Rules

SWRL Rules

Name I Expression
Rule1 = nasSiking(?x1, 7x2) A Man(?x2) — hasBrother(?x1, 7x2)
Rule10 = hasParert(?x1, 7x2) A Woman(?x2) — hasMother(?x1, 7x2)
Rule11 = hasSiking(?x1, 7x2) A Woman(?x2) — hasSister(?xl, 7x2)
Rule12 = hasParert(?x1, 7x2) A hasSister(?x2, 7x3) — hasAunt{?x1,7x3)
Rule2 = hasParert(?x1, 7x2) A Man(?x2) — hasFather(?x1, ?x2)
Rule3 = hasChild(?x1, 7x2) A Man{?x1) — hasSon(?x1, 7x2)
Ruled = hasConsort(?x2, 7x3) A hasParent(?x1, 7x2) — hasParert(?x1, 7x3)
Rules = hasSibling(?x1, 7x2) A hasDaughter(?x2, 7x3) — hashisce(?x1, 7x3)
Rules = hasChild(?x1, 7x2) A Woman(?x1) —+ hasDaughter(?x1, Px2)
Rule? = hasChild(?x1, 7x2) A hasChild(?x3, 7x2) A differentFrom(?x1, ?x3) = hasSibling(?x1, 7x3)
Ruleg = hasSibing(7x1, 7x2) A hasSon(7x2, x3) — hashephew(7x1, 7x3)
Ruleg = hasParert(?x1, 7x2) A hasBrother(7x2, 7x3) — hasUncle(?x1, 7x3)

= Jess Cortrol | = Rules | = Classes | —* Properties | — Individusls | —* Restrictions | — Asserted Individual

| = Asserted Properties

SWRLJessTal
See Mtp:iprotege.cim3 neticgi-binfwiki pI7SWRLJess Tab for SWRLJessTab documentation

Press the "OVWL+SWRL-=>Jess" button to transfer SWRL rules and relevant OWL knowledge to Jess
Press the "Run Jess" button to run the Jess rule engine
Press the "Jess-=0VVL" button to transfer the inferred Jess knowledge to OVWL knowledge.

IMPORTANT: With the exception of sameAs, differentFrom and alDifferents, the Jess rule engine is
currently ignoring VL restrictions. To ensure consistency, a reasoner should be
run on an OWL knowledge base before SWRL rules and OWL knowledge are

transferredto Jess. Also, if inferred knowlecige from Jess is inserted bogli ol

OWL+SARL-> Jes:

————

from (O‘Connor)
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FamilySWRL Protégé 3.2 beta

File  Edit Project OWL Code Tools Window  Help

[Ey=2 BB md dW

| @ Metacata (ontology) | | OWiLClasses | B Properties | 4p hdividusls | = Forms | = SWRL Rules

SWRL Rules L} e ae
Name | Expression

Rule1 = hasSibling(?x1, 7x2) A Man(7x2) — hasBrother(?x1, 7x2)

Rule10 = hasParent(?x1, 7x2) A Woman(?x2) = hashcther(?x1, 7x2)

Rule11 = hasSibling(?x1, 7x2) A Woman(?x2) = hasSister(?x1, 7x2)

Rule12 = hasParent(7x1, 7x2) A hasSister(?x2, 7x3) — hasAum(?x1, 7x3)

Rule2 = hasParent(?x1, 7x2) A Man(7x2) — hasFather(?x1, 7x2)

Rule = hasChild(?x1, 7x2) A Man(?x1) — hasSon(?x1, 7x2)

Ruled. = hasConsort(7x2, 7x3) A hasParenmt(?x1, 7x2) — hasParent(7x1, 7x3)

RuleS = hasSibling(7x1, 7x2) A hasDaughter(?x2, 7x3) — hasNiece(?x1, 7x3)

RuIsE = hasChild(?x1, 7x2) A Woman(?x1) — hasDaughter(?x1, 7x2)

Rule7 = hasChild(?x1, 7x2) A hasChid(?x3, 7x2) A differentFrom(?x1, ?x3) — hasSibling(?x1, 7x3)

RuleB = hasSibling(?x1, 7x2) A hasSon(?x2, 7x3) — hasNephew(?x1, 7x3)

Ruled = hasParent(?x1, 7x2) A hasBrother(?x2, 7x3) — hasUncle(?x1, 7x3)

~

y <
=+ Jess Cortrol | =+ Rulss | —* Classss | = Propstiss | = Individuals | — Restrictions | — Asssrsdindividals | = Asserted Properties |

Jess Property Assertions

(assert (hasParent W10 FOS))
(assert (hashiother W10 FOS))
(assert (nasParent W04 FOT))
(assert (hashiother W04 FO7))
(assert (hasParent MO F10))
(asssert (hashiother W03 F10))
(assert (hasParent FOB FO3))

(assert (hashlcther FOE FO3))
(assert (hasParent MOG FO3))
(assert (hashlother MO FO3))
(assert (hasParent FO9 FOB))

(assert (hashiother FOS FOS))
(assent (hasParent FO2 FO1))

v Prof. Dr. Knut Hinkelmann
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Outstanding Issues

B SWRL Bridge does not know about all OWL
constraints:

+ Contradictions with rules possible!

+ Consistency must be assured by the user
incrementally running a reasoner.

+ Hard problem to solve in general.

B |ntegrated reasoner and rule engine would be
ideal.

B Possible solution with KAONZ2.

from (O‘Connor)
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N[ e T
SWRL Built-in Bridge
B SWRL provides mechanisms to add user-defined predicates,
e.g.,

+ hasDOB(?x, ?y) * temporal:before(?y, “1997)...
+ hasDOB(?x, ?y)  temporal:equals(?y, 2000’)...

B These built-ins could be implemented by each rule engine.

B Core SWRL built-ins defined by:
* http://www.w3.0rg/2003/11/swrlb

B Provides commonly needed built-ins, e.g., add, subtract,
string manipulation, etc.

B Normally aliased as ‘swrlb’.

from (O‘Connor)
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SWRL and Querying

B SWRL is a rule language, not a query language

B However, a rule antecedent can be viewed as a pattern
matching specification, i.e., a query

B With built-ins, language compliant query extensions are
possible.

B Return all adults in ontology:

Person(?p) » hasAge(?p, ?age) * swrlb:greaterThan(?age, 17)
> swrlq:select(?p) * swrlq:orderBy(?age)

from (O‘Connor)
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SWRLQueryTab

TestBuiltinsWithResults Protége 3.2 beta  (file:\C:\swr\kbs\TestBuiltinsWithResults. pprj, OWL f RDF Files)

File Edt Project OWL Code Tools Window  Help

DeE +EE ma &% ar <é{protégé
| @ Metadata (Ontology1164994058.owl) | OWLClasses | M Properties | # Incividuals | = Forms | = SWRL Rules |
SWRL Rules BREmeR
Mame [ Expression

Rule-1 Sia(?a) A hasintPrapertyl(?a, 711) ~ hasintProperty2(?a, 712) ~ swrib:add(?i3, 711, 7i2) — haslntPre.|
Rule-2 [=c(?c) A hasStringProperty1(?c, ?s1) ~ hasStringProperty2(?c, ?s2) a swrlp stringCancat(?s3, ?s1
Rule-3 .C(')c) ~ hasStringProperty1(?c, ?s1) A hasStringProperty2(?c, ?s2) A swrlbequal(?s1, ?s2) — hz
Rule-4 BC(c2) A swiibistringConcat(?s3, "ABC", "DEF") — hasStringProperty3(c2, ?s3)

Rule-5 SC(cd) A hasStringPropertyt(c4, 7s1) A hasStringProperty2(cd, 752) A swrib:stringEquallgnorecase. .
Rule-6 SIC(cd) A hasStringProperty1(cd, ?s1) ~ hasStringProperty2(cd, ?s2) ~ swrib:stringLength(?11, ?s1) ...
Rule-7 |2 C(?cce) A hasStringProperty(?cce, ?d) — query select(?cce, 2d)

= SWRLGQueryTab |

SWRLQueryContral =

Select a rule with query built-ins from the list above and press the Run button
If the rule generates a result, the result will appear in a new tab

from (O‘Connor)
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SWRLQueryTab: Displaying Results

TestBuiltinsWithResults Protégeé 3.2 beta  (file:\C:\swrlkbs\TestBuiltinsWithResults. pprj, OWL / RDF Files) FEX

File Edt Project OWL Code Tools Window Help

DeH +B0 md <% 4 <gpmégé
@ Metadata (Ontology 1154954095 awl) | OWLClasses | M Properties | @ Individuals | = Farms | = SwRL Rules |
SWRL Rules BREag®
MName | Expression
Rule-1 .A('?a) » hasintProperty1{?a, ?i1) ~ hasIntProperty2({?a, ?i2) ~ swrlb:add(?i3, ?i1, ?i12) — hasintPre.
Rule-2 B C(?c) ~ hasStringPropertyl(?c, ?s1) ~ hasStringProperty2(?c, ?52) A swrib stringConcat(?s3, 751 ..
Rule-3 2 C(?c) ~ hasStringProperty1{?c, 7s1) ~ hasStringProperty2(7c, 7s2) A swrib equal(?s1, ?s2) — he
Rule-4 B C(c2) A swribstringConcat(?s3, "ABC", "DEF") — hasStringProperty3(c2, 7s3)
Rule-5 Bc(c4) A hasStringPropertyl1(c4, ?s1) a hasStringProperty2(c4, ?52) A swrlb stringEquallgnoreCase
Rule-6 .C(cd) » hasStringProperty1{cd, ?s1) A hasStringProperty2(cd, ?s2) A swrib:stringLength(?I1, ?s1) ..
Rule-7 = C(?cce) A hasStringPropertyt(?cce, ?d) — quenyselect{?cce, ?d)
SWRLQuery Tab Fule-7 |
?cce | 2d
c2 |Billy
c3 Joe
ol Ricky
cd JOe
Run rule | ‘ Close ‘ | Save... |

from (O‘Connor)
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Querying: Semantic Issues

B Syntactic SWRL conformance is easy

B However, SWRL is based on OWL-DL so assumes open
world semantics

B Querying closes the world, e.g., how many adults in
ontology?

B Should not make inferences based on query results —
nonmonotonicity!

from (O‘Connor)
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Limitations (1/2)

B The rule inference support is not integrated with an OWL
classifier.

+ So, new assertions by rules may violate existing
restrictions in ontology. New inferred knowledge from
classification may in turn produce knowledge useful for

rules.

from (Papataxiarihis)
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Limitations (2/2)

B Existing solution:
+ Solve these possible conflicts manually.

B |deal solution:

+ Have a single module for both ontology classification and
rule inference.

B What if we want to combine non-monotonic features with
classical logic?
+ Partial Solutions:

* ASP

* Externally (through the use of appropriate rule engines)
from (Papataxiarihis)
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