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Introduction

Relevant topics/targets for Semantics-Enabled Software Engineering

AIFB ©

Requirements Engineering
» ontologies as more expressive domain models

Model Driven Architectures
* reasoning for consistency checking, transformation, etc.

Component- and Service-Oriented Architectures
e reasoning for discovery, composition, invocation, etc.

Autonomous Computing

=—“ * reasoning for self-management of software systems
o)
FZI

Wl y
—fontoprise

22 November 2005 3



Introduction

Semantics-Enabled Software Engineering - been there, done that?

AIFB ©

Goal-Driven Requirements Engineering
* since the early 1990s
* domain models are designed as part of a software architecture
* meta-models are not ontology/logic-based [Pohl 1999]
Faceted Software Classification
» describes software components by keywords
» keywords are organized in facets
e goal: facilitate reuse

[Pietro-Diaz 1991]

Knowledge-based Software Engineering
» long established field of research
* main conference SEKE in its 17th year

e relevant topics:
* Al Approaches to Software Engineering
— * Automated Reasoning/Software Design
5!' « Knowledge Representation, Retrieval, Visualization [SEKE 2005]

FZI
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Introduction

m Platform-independent Architectures - MDA
< — domain models can be reused by
transformation rules
e Domain Models

b

92

>

2 Components & Frameworks

©

2

4 Objects

Functions

ET;': 1970s 1980s 1990s  2000s

—ontoprise [Mellor et al., 2004]
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Current Approaches (2)

Ontologies in Autonomic Computing Systems

AIFB ©

e Goal: improved self-management capabilities covering
» self-healing, self-protecting, self-optimizing, and self-configuring

e Ontologies as core components
« for automated analysis of enterprise-wide event data
* based on user-defined rules
 to trigger corrective actions for healing the system
» to deal with policy based goals on a higher abstraction level
» to provide new levels of functionality
o explanation
* ranking
e gap analysis

&)
FZI

e

sontoprise [Stojanovic et al. 2004]
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Current Approaches (2)

An Example: Ontologies in IBM‘'s Autonomic Computing Systems
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eAutomation

Richer structure A Ontology

eAutomation ﬁ

Resource Model

eAutomation Resource

Resaurce

Name (unique key)
Compound_State

Current_Operational_State } Generic Resource States
Desirad_Operational_State
Number_of Instances
:

Number of Retries
Restart_Interval
RequestOnline()

[ operationalstate || compoungstate |

RequestOffine() Resource Composition
RequestModify() Ru eS
ResetFromBroken()
[Include/Exclude Locatioh
" If the resource “A” should start after the
Hosting Locations Operational Dependencies resource “B” and the resource “B” iS Online,
Then resource “A” should be online

22 November 2005 8



Current Approaches (3)

Semantic Management of Middleware (KAON Server)
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Application servers are very complex software products

so far they are managed with admin tools and XML configuration files
» disadvantage: conceptual model of configuration files only implicit
* hence, they are difficult to retrieve, survey, check for validity and maintain.

Contribution:

* ontology-based approach to support development and administration of application
server.

* Ontological descriptions may be queried, may foresight required actions, or may be
checked to avoid inconsistent system configurations.

Administration Applications
web xmi :
M;i;‘:‘m t Application
ajb-jar.xmi
b Security :
Management Application,
htaccess - ol
— \' Inference Core Sendces of Oniology-based App. Server
= Annotations in Engine
0"" Component .
S0Urce coda \ql = /”, Loader Maming
FZI B i
-
b"“ e Transaction
6 ' Manager Security Oberle et al. 2004
-aontoprise oper ] 1 Ontology ge [ ]
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Current Approaches (3)

Semantic Management of Middleware (KAON Server)

AIFB ©

* Usage of foundational ontology allows -
DOLCE|
. . . o hﬂ ------- :l—_ - : reused
» disambiguation of terms £ {mmennerend Descriptions. | ontology
g & Situations | (" modules
. . . [ ]
improved design Foerer—

Information Objects

. . . . T — ;
[ ] |
high axiomatization Core e
. ---| Software Ontology |
2 : > contributior
Core Ontology of |........_..______|Core Ontology |
Software Components of Services '
v
Specificity

 Example: Software Component

(D30) SoftwareComponent(x) =,

CSO:Class(x) A dy(conforms(.z, y) A FrameworkSpecification(y))
(D29) conforms(z, y) =4 CSO:Class(x) A FrameworkSpecification(y) A
Ji, ¢(CSO:Interface(:) A DOLCE:member(c,i) A
DOLCE:Collection(c¢) A DnS:unifies(y, c¢) —

C-ﬁ' CSO:implements(zz. 7))
(D28) FrameworkSpecification(x) =
FZI OoP:Plan(x) A Jy(DOLCE:Collection(y) A DnS:unifies(x, y) A
fg’gntopris o vz(DOLCE:member(y. z) — CSO:Interface(z))) [Oberle et al. 2004]
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New Developments (1)

SAP Enterprise Services Architectures (ESA)

Business Solutions

L —  Manager’s View Layer
F——— A  Documentation
=

e Business Scenarios

AIFB ©

e Future Business Landscape
e Ecosystem of

individual service

Business Process

\ Platform
fications  Business View Layer

* mySAP Business Suite
» Composite Applications

providers & requesters

 Advantages
e Rigorous decoupling for

improved maintainance
and documentation

* Rigorous decoupling allows ComPUting Intrastructurg
flexible business by enab..

SAP NetWeaver

» Technical Layer

» Acts as Application Server
 Allows Manual Integration

exchange of business modules

 Challenges
5" * Up to now, no formal description of processes, therefore still manual
= integration
FZI . . o _
e . « Also, there is no way to ensure that configuration is consistent
-aontoprise
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New Developments (1)

O
E SAP Enterprise Services Architectures (ESA)
< e Vision
Business Collaboration Ontology
« Business Process Flexibili_ty m Q
(e.g., to simplify out-sourcing) Processing
« SAP's ESA Process Matching &
/ : Mediation \
weo = \
 Technical Requirements cavaiy Caiib.ﬁé .. e o
« Defining placeholders g o 'e purchase
for process steps '"

« Matching of business contexts " moice

» Describing data compatibility

« Alignment with surrounding process steps

« Advantages:

» Automatic discovery of suitable services by capturing business semantics
Eﬁ' « Automatic integration of new services by capturing behavioural semantics
FZI e Self-adjusting business using goals as placeholders for appropriate
e . services
wontoprise
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D New Developments (2)
E Semantic Web Services
<
o Effort of the Al/Semantic Web community
e Goal: full automation of all Web Service
management tasks
» discovery
e composition
e invocation
e orchestration
* First applications being realized
@: « Examples: OWL-S, WSMO, Meteor-S, etc.

<% . [Martin et al. 2004, Fensel et al. 2002, Patil et al. 2004]
wontoprise
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New Developments (3)

Component-based Application Development

AIFB ©

e Goal: Enable SMEs to develop software in a more
collaborative, component-based way

« How can semantic technologies help to accomplish
this?

 Example use cases
* Which component fulfills similar functionality?
e License of component X?
 Who can help me to modify this component?

3]
FZI

Wl y
—fontoprise

Currently approached in a national project

http://www.col labawue.de/ (in German)
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D New Developments (3)
E Component-based Application Development
<
* Vision: ,Semantic components in an intelligent
Infrastructure”
* Integration of software engineering and knowledge
management aspects
 make metadata machine readable
* Integrate available knowledge about software artifacts
Semantic description
o (e.g. commercial aspects)
Query , g/ . Register nponent
\L . Ontology-based
- Y ~ Answer repository with
6»]' L ° component Integrate
FZI - w ) Development
fg%ntoprise data (e.g. CVS)
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New Developments (3)

I Dave Developer I

/

=2anent-based Application Development

Commercial

Provider

Specification

Person I I
on

|
| NET

| J2eE

I Banking
Functionality

I PrivateBanking I

hasAdress

hasName

hasContactPerson

id
systemRequirements

description

ComponentTechnology

| Asset Management |

|CommerciaIBanking|

Who can help
me to build a

Banking application?

,Dave
== Developer”
5
FZI
Wood :

—fontoprise

Ontology-based
repository with
component

tec

functjonality

A

I provider I

technology

I functionality I

Component
Specification

hasSpecification

Business
Component

A

Integrate

Development
data (e.g. CVS)

22 November 2005
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New Developments (4)

Ontology Definition Metamodel

AIFB ©

 MOF allows to define modeling languages and forms the core
of OMG standards

e Definition of a ,record”:

MOF - Meta meta model
MetaClass, MetaAttr, ...

Meta model:
MetaClass(“Record”), MetaClass(“Field”), ...

Model:
Record(“Car”), Record(“Person®), ...

— Information:
5 Person: Pete, Car: Car with license plate ABC-1234
FZI

e
ontoprise
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New Developments (4)

Ontology Definition Metamodel

Ontologies are defined with a UML-based notation (UML
Ontology Profile) for a MOF-based data model (Ontology
Definition Metamodel)

Meta Object Facility (MOF)

-aontoprise

A A
<
UML Ontology Partial Ontology Definition
Profile (UOP) Mappings Metamodel (ODM)
>
A A
Language
My Ontology l Mapping
Car Serialization —»pwI:Class(Car)
[Brockmans et al., 2004]

22 November 2005
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Conclusion
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* Increasing complexity of systems make more intelligent
efforts a must

» Older efforts already paved the way

« Added value of Semantic Web technologies:
« Standardization
Integration
 Web compliance
* Reasoning

e Tradeoff:
Modelling efforts have to be justified by savings in other tasks

2-.'  To which extent do we need gray-box modelling?
o)
FZI

Wl y
—fontoprise
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Conclusion
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« W3C Software Engineering Task Force
http://www.w3.0rg/2001/sw/BestPractices/SE/

« W3C Notes:

» Ontology Driven Architectures and Potential Uses of the
Semantic Web in Software Engineering

* A Semantic Web Primer for Object-Oriented Software
Developers

e This Workshop!

3]
FZI

Wl .
—fontoprise
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Thank You!

For further information and relevant publications see

http://www.alifb.uni-karlsruhe.de/WBS
http://www.fzi.de/ipe
http://www.ontoprise.de

&)
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