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Agenda of this Talk <IS« >I

¢+ Model-driven Engineering

+ Ontology

+ A Use Case of Ontology Technology in MDE
+ Joint Metamodels

¢ Case 1:
Use Ontology Technology in a Design Pattern

+ Case 2:
Using MDE for Translating between Ontologies
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.Model-driven Architecture < «3 >I

MDA is an instance of Model-Driven Engineering

Transformations:
+ Adapt to the target platform
¢ Add additional modeling

UML |=——»| UML |[—»| JAVA
PIM PSM Code

| e o e Classical MDA _
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Agenda of this Talk <IS« >I
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Definition: What is an ontology? < Sﬂweb>1
(iln computer science)

Based on Gruber 93:

An Ontology Is a
formal specification — Executable, Discussable
of a shared — Group of persons
conceptualization — About concepts

of a domain of interest = Between application
and ,unique truth”
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Purpose: What is an ontology? <IsSd >I

To make domain assumptions explicit
+ Easier to change domain assumptions
+ Easier to understand and update legacy data

To separate domain knowledge from operational
knowledge

+ Re-use domain and operational knowledge
separately

A community reference for applications

To share a consistent understanding of what
information means
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_Usage: What is an ontology? <isgweb>1

Topic Maps
Thesaurl P &

Navigation

Taxonomies Information Retrieval

Query Expansion Sharing of Knowledge

Oueries Ontologies Semantic Networks

Consistency Checking

Back-End
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.Formality: What is an ontology?

<gs<4gwep>

Ad-hoc
DTDs UML, STEP F-Lo
Text fitanool) DB ( )Frames
Corpora Glossaries l Schema (OKBC)
| |
lightweight heavyweight
I I
Folks- Thesauri XML Description
onomies i Principled Schema | |
Dictionaries Informal - orma_
(EDI) Hierarchies axONGHES
b N \ = V / Y
Glossaries & : MetaData,
N : Thesaurl,
Data Dictionaries ) XML Schemas,
Taxonomies
Data Models
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[Example: What is an ontology? <IsSd >I

Foundational Model of Anatomy

+ Represents structures ranging from macromolecular
complexes to body parts

+ Contains
¢+ ~70,000 distinct concepts
+ ~ 110,000 terms
+ 140 relations
+ Metaclasses to define class-level properties
¢ Attributed relations

+ Different types of part-whole, location, and other spatial
relations

¢+ Synonyms
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Agenda of this Talk <IS« >I

+ Model-driven Engineering

+ Ontology

+ A Use Case of Ontology Technology in MDE
+ Joint Metamodels

¢ Case 1:
Use Ontology Technology in a Design Pattern

+ Case 2:
Using MDE for Translating between Ontologies

® ¢
ISWeb - Information Systems  Steffen Staab SWESE 2008@ISWC 200%3:5’C UNIVERSITAT
& Semantic Web staab@uni-koblenz.de 13 of 48 | KOBLENZ - LANDAU ®




MDA & Ontology Case: Model Checking

<is«zweb>1

Reasoning on UML class diagrams

OWL

I Translation

UML
PIM

UML
PSM

JAVA
Code

Classical

MDA
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_Model Checking <iIsd >1
Reasoning on UML class diagrams allows for checking:

¢ Consistency of the diagram:
Can the classes be populated?

¢ Classification to identify the possible omission of an
explicit generalization.

¢ Equivalence among classes to discover redundancy.

+ Refinement of properties to apply stricter multiplicities or
typing than the ones explicitly specified in the diagram.
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‘Model Checking: Example <l chwebj

if Researcher is
empty, User and

UserAccolint User

Student will be
INCONSISTENT redundant |
IT\ Researcher
Uses {complete: disjointf\l 5 Sl BI: elT
: Student
WebPortalAccount 1: Researcher —(>| Student
N

U

%
Q
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.Model Checking: Example

<p s«#web>1

UserAccolint

INCONSISTENT,

ﬁl

Uses

{complété, disjoint}

WebPortalAccount

0..1

1..n

Researcher —(>| Student

Advantage for SE:

Models with provably higher quality
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Agenda of this Talk <IS« >I
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Structure: Metamodels <iS°¢W€b>I

TWOUSE: Transforming and Weaving Ontologies and UML
for Software Engineering

smetamodel= «metamodel=
Euml:core:basic Eodm::owl

zmetamodel=

B ocl
«metamodel»
Cltwouse
® '
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TwoUse Models (excerpt)

OWLClass

Classifier
. W
DataType Class
M2
InstanceOf
M1
OwlAny
Product
/\

PuchaseOrder

getCharges|()

OclAny

ocllsKindOf()
ocllsTypeOf()

CustomerFromEUCountry

owlIsinstanceOf()

then

body:

context PurchaseOrder:

getCharges() : Real

it self.owllsInstanceOT(DutyFreeOrder)

0.00

else 0.60

endif}
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Running Example: E-Commerce Shop <IS« >
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Running Example: E-Commerce Shop

<p s«#web>1
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Hybrid Model: Example UML

+hasMember|
Cou ntry 1 +livesln

FreeTradeZone
)

+memberOfTradeZone

+hasCustomer +hasProduct
1.0J customer B 0.n] Purchase ~ 3| Product
i +hasOrder Order
. Name: Strin
Resident getCharges() L

UML

ISWeb - Information Systems
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Hybrid Model: Example OWL <IS<« >1

+hasCustomer
FreeTradeZone |, | 1 0.n| Purchase
t Customer +hasOrder| Order
+memberOfTradeZone +has A
+hasMember| Resident getCharges()
+livesin
Co uﬁntry 1 A
<<owlRestriction>>
DutyFreeOrder OWL
I
<<owl|Restriction>> | (ODM)
CountryFromEU DutyFreeOrder = OrderFromEUCustomer
<<owlValue>> {hasValue = eu} |
memberOfTradeZone : FreeTradeZone A
\ <<owl|Restriction>>
<<owlValue>> OrderFromEUCustomers
+{someValuesFrom = CountryFromEU}
Iivesln\

<<owl|Restriction>> OrdersFromEUCustomers hasCustomer SOME
CustomerFromEUCountry CustomerFromEUCountries




Hybrid Model: Example TwoUse <IS< >1
-T- <<ocldIExpression>>
WO US € {context PurchaseOrder::getCharges() : Real
body: if self.isOwlinstanceOf(DutyFreeOrder)
then 0% else 60% endif}
—
FreeTradeZone
Customer AUEESE C—> Product
A Order ——
getCharges() ame: String
Country UML A
[\

<<owlRestriction>>
DutyFreeOrder

<<owlRestriction>>
CountryFromEU

<<owlValue>> {hasValue = eu}

memberOfTradeZone ; FreeTradeZone

<<owIVaIue$>\

+{someValuesFrom = CountryFromEU}

Iivesln\

|
<<equivalentCIass>>: OWL
|

4

<<owlRestriction>>
OrderFromEUCustomer

<<owlValue>>

<<owl|Restriction>>
CustomerFromEUCountry

< I hasCustomer

+{someVaIuesFrom CustomerFromACountry }



(.)CL-DL in TWOUSE

Co-generation of OWL models from UML

Generation
& OCL-DL

OWL

Java calls to

|
reasoner
[T T T T T T e ~— T TTTTTTTTEEEEEEEET I _______ |
I I
| I |
I I
' UML |=—| UML |—»| JAVA :
I I
! PIM PSM Code |
I I
o e Classical MDA _,
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Transformation Process <isgweb>1

C
|
UML Metamodel Grammar Ontology
Metamode
R4
¢ TwoUse
© Metamodel
c .
>
p)
© ]
£
n
O
<
Q — ]
T & UML %
C T Profiled :
CC) (B‘ 4TwoUse
O PIM PSM PSM Source Code RDF XML
Syntax
@ Q)
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QCL-DL can do more!

OCL-DL
Queries

-T=* OWL

—p | JAVA

PIM PSM Code
| e e Classical MDA _,
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.OCL—DL Example

<is¢web>1

<<ocldIExpression>>

TwoUse
{context PurchaseOrder::getCharges() : Real
body: if self.isOwlInstanceOf(DutyFreeOrder)
then 0.00 else 0.60 endif}
+hasResident —
0.. :\p CERLEEES <<owlIClass>> +hasOrder, UML
+memberfTradeZone <<owlIClass>> livesIn Customer |4 <<owIClass>>
oGl euy : ! hasCustomer 0..n PurchaseOrder 1.n 1.n produ-ct
FreeTradeZone name : String 1 getCharges() name : String
$ +hasProduct
’—A;
<<owlClass>>
DutyFreeOrder

<<owlRestriction>>
CountriesFromEU

<<equivalentClass>>

<<owlValue>> {hasValue = eu} memberOfTradeZone : FreeTradeZone

OWL

<<owlValue>>
+{someValuesFrom = CountriesFromEU } livesIn

<<owlRestriction>>
OrdersFromEUCustomers

<<owlRestriction>>

CustomersFromEUCountries

<<owlValue>>

+{someValuesFrom= CustomersFromACountry } hasCugtomer

self.owllsInstance Of(DutyFreeOrder)

self.owlAllTypes()
self.owlAlllnstances()

Type (?self, DutyFreeOrder)
Type (?self, ?x)
Type (’?self,’?x), Type (’)y, ’)X)
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Summary of OCL-DL <IS« >I

¢ “Dialect” of OCL
+ Specification of
+ Queries
¢ Invariants
¢ Guards
¢+ OCL Library with new operations
+ owllslinstanceOf(typespec: OclType)
+ owlAllTypes() owlAllinstances()
* OWL Support
+ OWL-DL
*+ OWL2, DL Rules

® ¢
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.Agenda of this Talk
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Model-driven Engineering
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A Use Case of Ontology Technology in MDE

Joint Metamodels
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Use Ontology Technology in a Design Pattern
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Using MDE for Translating between Ontologies
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Use Case 2: Using MDE for Translating between Ontologies <IS<web> I

Translation of ontology datasets

Input PageRange ; > Output
Cg endPage : Integer Translation
[Eg startPage @ Integer R
Date Publication

Eg year: gYear g title : String

Eg day : gDay

Eg month gMnnth\
+ date
Part / MBOTL InBook
——Cg month : String

(S title @ String

+ pages

. \I_F'E,pages ' Integer

—
InBook Chapter _—
® '
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State of the Art: Neon Toolkit <1 Sﬂweb>1

Integration - NeOn TD-uIit = C:\downEds\NeOnToulkit‘l.workspace -~ — Bpr—— lﬂlﬂlg
File Edit Mavigate Search Project Run  Window Help
e Aidi @ ®irifie o Egwer)
2 Mapping 4 T AhAATTS
; Output _-
& Searc In p Ut o Search for p rearch
® Bock o @ Persen -
G Infarmal @ Product
@ Misc . H H G Project |
® MotionPicture Vlsual mapplng Of Ont0|og|es ® Publication ‘E
® Part @ Article 4
® Article |E| ® Book
® Chapter E 642\_‘_ . (® Booklet
@ nBock .| O—© YO I @ ndook ]
Attributes/Relations Attributes/Relations
@ InBook @ 0 ?@ @ InBook
@ book @ Properties frem Publication
@ Properties from Part
@ Properties from Reference

Plug-ins must be written separately

Instances % Q;,)(h + General Mapping Info |é Instances % Q;,)(h

The mapping 'InBook -» InBook' maps the concept 'Inl—

ontology "onto[1]rdf' to the concept 'TnBook’ within or

[1].rdf".

+ Filters

The TnBook' te 'InBock' mapping only applies if:
source property s value

- - Add
] m P
=4
. I i o T ——— i = a ‘ .
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.Problem < «3 >I

MDA Modeling
Tools
Layers I_nm > m PIM
InBook SPARQL F-Logic Inbook

SemantiC{ Chapter @ Transf.

Syntactic { | gMonth Jena  Ontobroker  String

Lexical { title (Java) (Java) upperCase(title) Code

A PIM focus on the operation of a system and
hides the details necessary for a particular platform (vpa Guide)

All three layers are platform independent

Problem:
Why to use two languages?
Instead of general purpose programming language, specific language?

® ¢
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.The MBOTL Solution < «3 >I

MDA Modeling
Layers Input — Output
InBook  Inbook Transformation
Semantic { f-logic
~ - Chapter mbotl: PIM E{>
Syntactic { gMonth  String java
Lexical { title  upperCase(title) or

sparqgl | | jena

Advantages:

Productivity: focus on business and not on platform details
Portability: Same PIM can be automatically transformed into multiple
PSMs for different platforms

Maintenance: higher level of abstraction than code

(MDA)

® ¢
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Addressing the Semantic Layer <isgweb>1

Usage of OCL-like expressions to formulate queries.

rule ChapterInBook2Inbook {
from
s : _endnote!Part (s.owllslnstanceOf(Chapter) or
s.owllsInstanceOf (Inbook))
10 to
t : _bibtex!Inbook (
title <— s.title.toUpper(),
pages <— s.pages.endPage — s.pages.startPage,

month <— s.date.month.notShortened (),

® '
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Addressing the syntax and lexical layers <isgweb>1

Application of predefined operations or helpers

1 helper context _endnote!gMonth
def: notShortened() : String =
Sequence{’ January’ ,’February’,’March’}—>at (
Sequence{’--01’,’--02’,’--03’}—>indexOf(self.toString ()))

rule ChapterInBook2Inbook {
from
s : _endnote!Part (s.owllslnstanceOf(Chapter) or
s.owllsInstanceOf (Inbook))
10 to

t : _bibtex!Inbook (
title <— s.title.toUpper/() .
pages <— s.pages.endPage — s.pages.startPage
month <— s.date.month.notShortened (),

)

Unified Representation
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Metamodel <iS°¢W6b>I

Reference Layer
(EU STReP MOST)

1 OWL I ocL

‘ = OWL-DL ‘  ATL
‘ = MBOTL |

MBOTL Extension

ISWeb - Information Systems  Steffen Staab SWESE 2008@ISWC 200 UNIVERSITAT
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Translation Process
C

ATL Model
Transformation

mbotl.ecore

Platform
Independent Model

ATL Model
Transformation

Jena
Framework

A

Platform
Specific Model I

Ontology
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Screenshot: Editing a MBOTL Translation  <is<gweb>t

T — = R
L@ test.sspal & TestQuery,sparg| & MEOTL.km3 & Sample.mbotl &2 = O

module OntolZontoB
create OUT : OntoB from IN : Ontod:;

e
helper context 1011gMonth - 08
def: not3hortened{) : String =
Segquence{ ' January' ,'February' ' March' }-=at{
Sequence{' ——01","'——02"', '—=03"}—rindexdffself. toString) ) ).
rule ChapterInBookd Inbook { wk2Ir
from
s ¢ 1011Part {(s.owllsInstancelf{Chapter) or
s.owlIsInstance0f{ Inkbook) )
to
t 30301 Inbook
title <- zs.title.tolpper{},
pages <—- =.pages.endPage - =.pages.startPage,
wmonth <- s.date.month.not3hortened()
}
H
® Q)
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& Helpers.ocl. xmi.ocl

-3

A eimpleSPAROL

=1

Qo

PREFIX ont: «<"http://www,.testontology. comd ™=

& TransFormationz.mbot

Screenshot: Generated SPARQL Model <IS« >I

& queries.spargl.xmi.s & simpleSPARGL . km3 & simplesPARDL ks & Transformal

PREFIX ontZ: <"http://wuw.tcestontologys . coms "=
PREFIX userdef: <"java:propertyfunction.">-

MITrCmmIram

(== Metamodel
i- simpleSPARCL, ann
El_j simpleSPARCL, ecore
& simplesPARGL km3
|- = plugin
|- [=+ Samples
Eﬁ queties,spardgl, xmi
& queries.spargl.xmi.sparql
& Transformationz.spargl
(== Syntax
12| simpleSPARGL_ANTLRS. g
@ simpleSPARGL ks
E] simpleSPARJL-parser . jar
=L Ti5F
#] simpleSPARGL.ecore
] & simpleSPARGL k3
&= plugin

== samples
W queties.spargl.xmi

I+

:+_.

ESubject
E3ubject
kEZubiject
E3ubject

kEZubiject
EZubject

?ChapterInbBooks InEookPredicate ontd: Inbook.
ontiZ:title ?ChapterInBookZInEook title.
ontz:month ?ChapterInBookzZ InBook not3hortensd.
onti:pages ?ChapterInBookzZ InFook endPage

PChapterInBook: InEookPredicate ont:FPart.
ont:date ?ChapterInBookaz InBook date.

k_date ont:month ?ChapterInBookz InBook month.
k hasSize userdef:notihortened ?ChapterInbBooka InBook month.

kEZubiject

ont: pages ?ChapterInBookz InBook pages.

k_pages ont:endPage ?ChapterInBookzZ InBook endPage
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public static void mwain( 3tring[] args )1 §

B

A Btring saving the SPARQL-cuery
SLring query3Itring = "":

Ff File wariables
String sourcelodel
String targetlModel

"file:./res/minimodel.owl™;
".lreaftesttarget.owl®™;

volrea/minimode lgquery. spargl™;
"o Sres/minimode lgquery . sparogl™:

String sparglFile
AiBtring sparcglFile

A4 Model variahles
OntModel wld = ModelFactory.createlntologyModel (OntModelSpec. OWL MEM) ;
ontModel wE = ModelFactory.createlntologyModel (OntModelSpec. OWL MEM) ;

S¢ Bead the source document
k.read(sourcelodel) ;

[+ |:| xercesImpl jar try
[+ (1 xml-apis.jar ¢
[=1[=% expressions
[=- = MBOTLHelpers
EG Helper,ocl
= jenalib

EufferedPeader in = new BufferedReader (new FileReader (sparglFile]):
String line = null:

while ((1ine = in.readline it 1= am111
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=-E3 propertyfunction
- [J] MotShortened. java
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[+ |1| UpperiCase.java
-8 utilities
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(7 antlr-2.7.5.jar

® arqg.jar

arg-extra.jar
commons-logging-1.1.1.jar
concurrent, jar
icud_3_4.jar

iri.jar

jena.jar

jenatest.jar

json.jar

junik,jar

log4i-1.2.12 jar
lucene-care-z,2.0.jar
skax-api-1.0.jar
wstx-as-3,0.0,jar
wercesImol.iar
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A% Tmplements Segquence! ' January', 'Febhruary', 'March'}
+*
- o O D
W

private List collectionlLiterall(3tring =) f ag ) : Str

Liszt /*(String) */ myList = new ArrayList( /*3tring¥/):
wylList.add( "Januarvy"™ ):

myList.add( "February™ ]:

mylList.add| "March™ ):

return myList:

adexO0f (3) +

F%% Tmplemwments Sequence!'01', el R

+

L

* @param =
Vi
private List collectionlLiteralZ (3tring =)

List /% (3tring) ¥/ wmyList = new ArraylList| /*3tring®/):
myList.add( 017" ;:
myList.add( "OzZ"™ );:
myList.add( "O3" );:
return myList:

List /#(3trinog) %/ mylList = new ArraylList( /¥3tring¥/):
myList.add( TO1™ ) ;:
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Summary of Case 2 <IsSd >I

MBOTL provides an unified language to model different
layers of ontology dataset translation problems.

At semantic level: OCL as query language.

At syntactic and lexical levels: OCL predefined operations
and user-defined helpers.

Improvements: productivity, portability, maintenance.

Implementation: Eclipse, ATL Transformation Language,
Jena.

Future Work: plug-in, SPARQL-like syntax, evaluation.

Download and test: Isweb.uni-koblenz.de/Research/MBOTL

® ¢
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Conclusion < 4 >I

Joint metamodels

+ allow for joint querying of UML & OWL
+ provide synchronized reasoning calls
+ extend the power of UML with UWL

+ extend the power of SPARQL (or other ontology services)
by programming language competencies

° )
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Expressiveness of OCL, UML and DLs <IS«

OCL

n-ary relations,
functional dependencies on n-ary relations,
and identification constraints on concepts

DLRIifd
(UML Class Diagrams)

reflexivity and irfaficxivity
7

s
[

SHOIN(D)
nominals  (OwL-DL)

transitive properties

SROIQ(D)
(OWL 2)
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OCL-DL Dialect < «J

OCL

n-ary relations,
functional dependencies on n-ary relations,
and identification constraints on concepts

DLRIifd
(UML Class Diagrams)

imited complex pole inclusion,
reflexivity and irfefiexivit:

o
A

SHOIN(D)
(OWL-DL)

transitive properties

nominals
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