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Motivation

 The World Wide Web is omnipresent!

e Why?
— global and permanent availability
— comfortable and uniform access
— anyone can produce and publish contents
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Example: Search Engine

(

[ Google - Mozilla

M File Edit Wew Go Bookmarks Tools  Window  Help

‘g& http: ffwmne . .google.dej

g'av@

Back Forivard Reload

e | £B_Search Eﬁ
Print

' ﬁHome |‘tEookmarks ‘mnzil\a.org tmozwllazine .‘mozdev.org

Google

Deutschland

Web Bilder Groups  “erzeichnis  Mews  Froogle  Mehr »
[Schalke 04 Enmeiterte Suche
[ Google-Suche ][ Auf gut Gliick! ] Sprachtanls
Suche: @ Das Web O Seiten auf Deutsch O Seiten aus Deutschland

Werbung - Unternehmensangebote - Alles Ober Google - Google. corm in English

22005 Goagle

<tk £ 2 E3 @@  Done
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Example: Information

) FC Gelsenkirchen Schalke 04 e. V.: FC Schalke 04 - Mozilla Firefox

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe
@ + C X M @ et/ o schalke0d def By - -!]'-' schalke4.de _;7""
@ Meistbesuchte Seiten ’ Erste Schritte |20 | Aktuelle Machrichten -
@ FC Gelsenkirchen Schalke 04 e. ¥.: FC... | -+ -
~
| Deutsch ¢ 1000-Freunds-Club Suche | Sitema
FCSchalke 04 ::=
i PyocKui i Kortakt Suchbegriff m
i Impres=um
AKTUELL SAISON MANNSCHAFTEN NACHWUCHS TICKETS FANS MUSEUM & TOUREN VEREIN MARKETING
CCAPRIM S04VIDEO
=l
: f . I o IHR MUSST DAS 5
Felix Magath: Die Auswahl wird immer groRer = SPIEL IN DIE
BREITE ZIEHEN,
Bundesliga Landerspiele Bundesliga Landerspiele i LEUTE
S04 INTERN
Jerilynn Shantrice ist Gerald Asamoahs ganzer Stolz MONTAGS BIS FREITAGS
Es wurde eine lange Macht fiir Schalkes Angreifer Gerald Asamoah. Denn am T"::KETS GEW'NNEN
frihen Montagmaorgen {12,100 um 4.40 Uhr brachte seine Frau Linda die
gemeinsame Tochter Jerilynn Shantrice per Kaiserschnitt zur YWelt.
» weiterlesen
EUNDESLIGA HACHWUCHS HACHWUCHS WEITERE THEMEN
> Zwei Knappen treten fiir
die Westfalenauswahl
an
> Danny Latza wieder im > Drei Knappen werden > Testspiel: Schalke 0411 @
Mannschaftstraining beim U21-Landerpokal schidgt
Zweiter Mittelrheinauswahl i
VOTING S04-Voting: Wer wird Spieler des Monats September?
B
o= YWelcher Knappe tritt in die FulRstapfen van Christoph Moritz und heimst den Titel
"Spieler des Monats September” ein? Verdient hatten es gleich mehrere, aber es
kann nur einen gehen. Deshalb sind alle User van schalke04.de aufgerufen,
ihren Sieger zu kiren.
»abstimmen v
http:f e, schalke04, def?tx_mmsteaser_piZ[slide]=2&rHash=476b4bb60a




xample: Course Announcement

Universitat Paderborn | News - Mozilla Firefox

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe

@ - c ol .it http: fwwin, cs,uni-paderborn, deFachgebiete/fg-engels/lehre fws0910fweb-engineering/news ikl f!f!'
|8 Meisthesuchte Seiten # Erste Schritte 50 Aktuelle Machrichten -

b Universitst Paderborn | News +

S 'L‘ UNIVERSITAT PADERBORN

Die Universitit der Informationsgesellschaft

Home = Fakultdten = Fakuftat fir Elektrotechnik, Informatik und Mathematik = Institut flr Informatik = FG-Engels = Lehre = WS0310 = YWeh- Enginesring =

Startseite L.079.05711: Web Engineering (WS 09/10)
Personen News Lecture Motes Euercises Examinations Literature
Lehre

Abschlussarbeiten

Forschung Welcome to Web Engineering
Projekte Web Engineering is a subdiscipline of Software Engineering. It deals with concepts, languages, methods and tools to develop WWeb-based software systerns.
Veriffentlichungen During the lecture, advanced concepts for developing those systems are studied. These comprise, e.qg., standards to describe service-oriented architectures
(SOA), Web services (WSDL), their retrieval (UDDI, their composition (BPEL) as well as ontology-based approaches to describe their semantics (RDF,
o o OWWL, WSMO, WEML). It will be shown how this is related to novel software development approaches as Model-Drive Architecture (MDS). The course will be
ontakt

rounded up by recent research results on describing and realizing Web service-based applications. Master. SWT&IS Modul 1111 2+I11.1.8+1.1.5 i-m DPO4: 3.
Studienabschnitt

& Login
News

SUCHEN:
2009-09-07 Please subscribe to the mailing list via https:flists.uni-paderbom. defmailmandistinfofwebeny .
2009-09-07 The exercises start on 4th of November and will be held every second week.

2005-09-07 The first lecture will start on wednesday, 14th of October 2009

Lectures und Exercises

W2 Lecture: Wednesday (in english) Prof. Dr. Gregor Engels 09:00 - 11:00 D2
. Exercises: Wednesday (in english) Jan Bals 11:00 - 13:00
Ui Wednesday (in english) Jan Bals 14:00 - 160 D1 303

Impressum | Webmaster | Letzte Anderungen am - 16.09 2009
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Example: www.bahn.de

Die Bahn - Startseite Reiseportal: Auskunft, Fahrkarten, OnlineTicket, Urlaubsideen - Mozilla

File Edit Wiew Go  Bookmarks

Back Reload

@« . @ .a 4

Tools  indow  Help

| http: v, bahn, de/-5: PEYORD: dBaMgMMMhnE 3ronNMMEM plvievfindex, shkml

Home ‘tBDDkrnarks lmnzilla.urg lmnzillazine lmnzdev.urg

(&) Abtahrt inglégahEnLTRnreise
al - BP.
Zeit 11 Ankuntt
© _ O il = Surf&Travel Special
Suchen Rigen®***, 3 UF
inkl. Bahnanreise
English | Frangaiz | ttaliano ab 219,- EUR p P.
Berutzer | | N - Griechische Inseln
. Europa-Spezial Deutschland erleben! Kurz- und Stidtereisen z B, Kreta®*, 1 Woche
Passwort [ | Granzenlos ginstig reisen - ab Erleben Sia Deutschland von Mit Surf&Travel die schinsten inkl. Flug
= Paszwort vergeszen Login 19,- EUR von zwilf deutschen seiner besten Seite: Stadte- und Kurzurlaubsziele ab 349,- EUR p.P.
Stadten umsteigefrei in urnfassende Informationen zu | zum ginstigen Kombipreis
—> Erstmalig anmelden europdische Metropolen. Nur den Reiseregionen, ginstige buchen. 1 UF + Bahnanreise I Flug-Urlaubsreisen
. ) solange der “arrat reicht. Tickets, Kurzreisen uv.m. ab 78,- EUR. y
- Geschiftsreisende mehr mehr mehr
= Vielfahrer&Pendler
- Familien&Kinder I AngebotsTipps I Reise Tipps Jetzt Last-Minute in die Sonne
= Teens&Twens < Angebots-AEC < StadiedKurzirips oder die besten Frohbucher-
> Gruppen Gruppenreisen im Herbst - BahnCard > Last-Minute preise S'Ch?m Veranstalter im
Preisvergleich.
> 55 plus Bis zu sechs Persanen reisen = SurtaRail - Hotels mehr
- Handicap ?b 1‘1; - tEUhR aLQ:alL?nd > Sparpreis 25 und 50 = Mistwagen L
innerdeutschen “erbindungen - f f
= Bahnfans ber Nacht in die Schﬁnstgn = Schines-Wochenende = Urlaub (eigene Anreize) I Mobilfunk Preisbrecher
Stadte und Regionen! -* International Guests -* Bahn & Bett HerbstHit!
et blau.de
I s ial Jetzt wachseln und sparen.
pecials = Sei schlau, telefonier blau.
Osterreich ab Urlaub mit Berlin mehr
29.- EUR Holiday Inn magisch
Erleben Sie Waite Reise illuminiert www.hahn.de
z.B. Wien, oder Festival of prasentiert:
Innsbruck oder Salzburg - und Kurzurlaub mit der Familie? Lights - Berlins Wahrzeichen
fiir weitere 29 - ELUR Wir hieten Hunderte von erstrahlen in hezauberndem =
bekommen Sie hr Mietauto Hotels in den besten Glanz. Beeindruckende
dazu. Reisezielen - fir jeden das Licht-Inszenierungen mit
mehr Richtige. Rahmenprograrmem. GORE-TEXR Franz Marc
mehr mehr Schuhe auf Retrozpektive
Reisen. in Minchen.

Ay

5

-» Startseite

| 1nr Bahn_ und Mobilitatsportal

nfach.und

uro | Interna

BahnShop 1435 | Mewsletter | Stemap | FAGMHIlte | Kontakt

Die Bahn

Montag, 17, Oktober 2005

I Last-Minute Tipps
- Bahn & Bett HerbstHit!
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Basic paradigms
 Hypertext + Internet

 Hypertext: textual documents together with the
ability to interconnect documents by links between
them as part of the document contents

« HTML: HyperText Markup Language
« HTTP: HyperText Transfer Protocol
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Conceptual Architecture

Client/Server Architecture



History of the Web

1969: ARPA (Advanced Research Projects Agency)

— First small network: Stanford Research Institute, UCLA, UC Santa
Barbara, Univ. of Utah

— TCP (Transmission Control Protocol)
— IP (Internet Protocol)

e 1972: Telnet protocol
e 1973: SMTP (Simple Mail Transfer Protocol)
o« 1973: FTP (File Transfer Protocol)
e 1989: T. Berners-Lee et al.:
Word Wide Web (WWW)
e 1994: W3C (World Wide Web Consortium)
e 1996: HTTP (HyperText Transfer Protocol)
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Protocol Stack

client server




World Wide Web Consortium (W3C)

e International consortium where member
organizations, a full-time staff, and the public

work together to develop Web standards
e http://www.w3.org

W3C's mission:

e to lead the World Wide Web to its full potential
by developing protocols and guidelines that
ensure long-term growth for the Web.
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Web Application

Definition:
A Web Application is a software system based on
technologies and standards of the World Wide Web
Consortium (W3C) that provides Web specific

resources such as content and services through a
user interface, the Web browser.

[Kappel et al. 2004]
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Outline

|. Web Applications

—)

|.1 History and Notions

1.2 Categories of Web Applications

1.3 Characteristics of Web Applications
1.4 Quality of Web Applications

1.5 Web Engineering
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Categories of Web Applications

complexity

historical development !




Categories of Web Applications (1)

(cf. Pressman, p. 472, Kappel, p.5)

« document-centered
— Informational
read-only content is provided with simple navigation and links
— Download
a user downloads information from the appropriate server (ftp-server)
— Customizable
the user customizes content to specific needs

— examples:
» static HTML-pages, ,home pages*
« web radio
» simple presentations of companies/products
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Categories of Web Applications (2)

e |nteractive

content of a website is dynamically generated as response to a user
request

form-based input is the primary mechanism for communication
between client and server

usage of HTML-forms and Common Gateway Interface (CGl)
techniques

 radio button, string input, choice lists

Browser

Web-Server
examples: \

» dynamic HTML pages
* public transport schedules
e search engines ool

program
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Categories of Web Applications (3)

e transactional
— complex interactions
— read and write actions
— atomicity / roll-back in case of problems

— usage of transaction management of database systems
« efficient and consistent data management
 structured data and queries

— examples:
» online banking
* e-shopping
e reservation systems
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Categories of Web Applications (4)

e workflow-based

— support business processes (,workflows") within resp.
between different enterprises or private users

— an application provides a complex service to the user, e.qg.
assists the user in determining the mortgage payment

— prerequisite: structured flow of activities

— examples:
* Business-to-Business (B2B) Integration Frameworks
e E-Government
« patient workflows in health care systems
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Categories of Web Applications

complexity

historical development !




Categories of Web Applications (5)

e collaborative

— Support cooperation in case of unstructured flow of
activities and high degree of communication

— ,groupware”

— examples:
» support of shared information- and workspaces
— Wiki, http://c2.com/cgi/wiki
— BSCW, http://public.bscw.de/
— Microsoft Windows SharePoint Services
— chat rooms

» e-Learning platforms
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Categories of Web Applications (6)

e portal-oriented

— the application channels the user to other Web content or
services outside the domain of the portal application

— ,Single point of access*

— examples:

e community portals
— dedicated user groups
— customer profiles

e enterprise portals
— Intranet, extranet
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Categories of Web Applications (7)

e soclal-web

— people provide their identity to a community of others with
the same interests

— serve the purpose of finding other people

— examples:
* weblogs
* networking platforms
— XING, facebook, studivz
« virtual shared workspace
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Categories of Web Applications (8)

e ubiquitous
— personalized services at every time at every location
— multi-platform delivery (PC, PDA, mobile phone)
— context-dependent information

— example:

« display of today‘s menu on end-user devices while entering a
restaurant
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Categories of Web Applications (9)

e semantic web

— Information available on the web
e adequate for human understanding and
« adequate for automatic manipulation

— .knowledge management*
 derivation of new knowledge
* re-use of knowledge
* based on ontology's

— Example:
e Web 2.0
» social software: wiki, Flickr, del.icio.us
» Google
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Categories of Web Applications

complexity

historical development !




Outline

|. Web Applications

—

|.1 History and Notions

1.2 Categories of Web Applications

1.3 Characteristics of Web Applications
1.4 Quality of Web Applications

1.5 Web Engineering
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Characteristics of Web Applications

based on:
International Standard ISO/IEC 9126:
Software Engineering - Product Quality

d




Characteristics of Web Applications

product
presentation
hypertext
content

e content
— “content is king” in web applications
— document-centered and multi-media
 text, tables, graphics, animation, audio, video

* main objective of web applications is to communicate content
 high usability demands

— high quality demands
« actuality, preciseness, correctness, reliability, size

» e-shopping: information about price, availability of products
 quality is critical factor for acceptance of web applications
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Characteristics of Web Applications

product
presentation
hypertext
content

 hypertext
— non-linearity

* main distinction to traditional software systems
— systematic reading (“browsing, query, guided tour”)

* navigation in information space depends on interest and previous
knowledge of user

» great challenge for web application authors

— risks
 disorientation: loss of sense of locality and direction
» cognitive overload for users
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Characteristics of Web Applications

e presentation

— aesthetics
* look and feel
» depending on current fashion

— self-explanatory
* intuitive use without reading any documentation
 uniform application logics

_ I © Gregor Engels - University of Paderborn
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Characteristics of Web Applications

based on:
International Standard ISO/IEC 9126:
Software Engineering - Product Quality

d




Characteristics of Web Applications

e soclal context

— spontaneity
* users come and go ..
* unknown number of users
 scalability important issue

— multiculturality
e anonymous type of user

 limited knowledge about previous knowledge, handicaps,
preferences of users

» desired adaptation of content and presentation
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Characteristics of Web Applications

technical context
_ -

e technical context

social
context

natural
context

— quality of service
* unknown network characteristics (e.g., bandwidth, reliability)

— multi platform delivery
o different types of devices (PC, PDA, BlackBerry, mobile phone)
o different versions of browsers
o different degree of functionality, performance, display size, ...
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Characteristics of Web Applications

e natural context
— place and time of access

— globality
 internationalization of web applications
— regional, cultural, linguistic differences have to be taken into account

« demands on security
— prevent access to private or confidential data

— availability
 instant delivery mechanism (also in case of partial realizations)
o permanent (24/7)
» time-dependent services
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Characteristics of Web Applications

‘ project
member

process

e project member
— multi disciplinary

e mixture of
— print publishing and software development

— marketing and computer science
— art and technology

» |T-experts, hypertext experts, Ul designer, domain experts, ...

ture

integration
developmen

http:f{svet nahovno.czf

— young average age of developers
» “technology freak”, “nerd”

— community development
* Open source
* open content
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Characteristics of Web Applications

project
member

e technical infrastructure
— Inhomogeneity
* two essential components

— Web server (under control of developer)
— Web browser (out of control of developer)

process

d

integration
evelopmen

— Immaturity

* “buggy” components due to time-to-market pressure
« continuous evolution of base technology
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Characteristics of Web Applications

project
member

ture

* pProcess
— flexibility
e changing requirements
e changing context
* requires agile, light-weight processes

integration

— parallelism
» of development of parts of web applications
» of development steps

_ © Gregor Engels - University of Paderborn



Characteristics of Web Applications

project

e Integration
— Internal integration
* add web access to legacy systems

process

=

— external integration
» of content and services of external web applications
(“web services”)

« similarity to integration of heterogeneous database systems, but
— high autonomy of sources w.r.t. to availability and change
— few detailed information about sources
— heterogeneity on different levels (data, schema, data model)
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Characteristics of Web Applications

based on:
International Standard ISO/IEC 9126:
Software Engineering - Product Quality

d




Characteristics of Web Applications

e continuous change

— permanent evolution “D
» changing requirements and contexts
» change of characteristics product, use, or development

e competitive pressure
— time-to-market
— necessity of web presence
— leads to shorter product life cycles
— leads to shorter development cycles

« fast pace
 “either you are fast or irrelevant”

_ I © Gregor Engels - University of Paderborn




Outline

|. Web Applications
|.1 History and Notions
1.2 Categories of Web Applications
1.3 Characteristics of Web Applications

- .4 Quality of Web Applications
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Support for Web Application Development

Categories : Technologies
Characteristics Architecture » Modelling

Quality Properties Architectural Styles « Implementation

Model-based Development
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Quality of Web Applications

Kinds of quality properties

Categories  external qualities are visible to the user
Characteristics

Quality Properties « internal qualities are visible to / concerning
the developer

-5 --08

Model-based Development
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Quality of Web Applications

e external qualities:

— correctness:

« a web application is functionally correct if it behaves according to
the specification of the application

— reliability:
» the probability that the software will operate as expected
¢ occurring software errors are not serious

— robustness:

» software behaves reasonably even in circumstances that were not
anticipated in the requirements specification
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Quality of Web Applications

e external qualities:

— actuality:
 actuality of content must be guaranteed

— user-friendliness:
e easy to use by human (novice / experts)

— efficiency:
« economical handling of resources (time, storage space)

— security:
» system is protected from unauthorized access
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Quality of Web Applications

 Internal qualities:

— portability:
« a web application is portable if it can run in different environments

— Interoperability:
 refers to the ability of the web application to coexist and cooperate
with other systems

— maintainability:
 ability to modify a web application after it has been deployed

— correct errors
— extend the web application
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Quality of Web Applications

e each solution is a compromise
e choose / design your own solution

obustness

,trade-off circle”

efficiency

security

_ © Gregor Engels - University of Paderborn
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1.4 Quality of Web Applications
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Navigation in Web Applications (1)

¥ TAGT 98 - Travel Information - Mozilla

| Eile Edit Wiew [eta) Bookmarks Tools Windon Help
ﬁ - & - % d A hktpj fecs . uni-paderborn. defcsfa | v d 7
i Back Forward Reload Sktop |<& pif P fest | =2 Prink

<tk Home |‘!Bookmarks ‘mozilla.org ‘mozillaZine ‘mozdev.org

utad

TAGT'98 - Theory and Application of Graph Transformations
Paderborn, Germany - November 16-20, 1998

TAGT '98
Program Ca!l fo_r Travel lnfo_rr'rlation
submissions Location
1
Organizer Registration TMR-Support

Getting to Paderborn

Car: Autobahn A44 Domund-Kassel, 233 Paderborn-Bielefeld

Train: The next railway station is Paderborn HBF. For details on the schedule log

Plane: The next airport is Paderborn/Lippstadt, about 10 km distance to Paderg
Bus: Line 11, every 30 minutes. For details on the schedule look here.

Orientation and Organization

Hotel and Social Event MMap
Iaps - Paderbormd/Region
Organizational and Local Information
{Postscript-“ersion)

Conference Location

Heinz Mizdod MuseumsForum (HMF)

[ || == ]

ik £l L EL) R
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Error! Link not found!

5 404 Mot Found - Mozilla

Tg-EiIe Edit Miew Go  Bookmarks Tools  Window  Help

L .2 .2

Back. Forward Reload

EE:

4@. htkp:j thahn. hafas.defenglish. bkl

W

Stop

ﬂHnme |‘!Ennkmarks ‘mnzilla.nrg lmnzillazine lmuzdev.nrg

Not Found

The requested TTEL /english html was not found on this server.

Apache Server at bakn hafas.de Fori 80

© Gregor Engels - University of Paderborn




File Edit Wi G0 EBookmarks  Tools window Help

% - & - a |<$ http: ffvwenwcs .uni-paderborn.dejfcsfa Vl d -
Stop Prink

Back Forward Reload

v ﬂHome |‘!Bookmarks ‘mozilla.org ‘mozillaZine ‘mozdev.org

TAGT'98 - Theory and Application of Graph Transformations
Paderborn, Germany - November 16-20, 1998

TAGT '@8
Program Ca!l fo_r Trawvel lnfo_rrnation
submissions Location
1
Organizer Registration TMR-Support

Getting to Paderborn

Car: Autobahn A44 Dortrmund-Kassel, 233 Paderborn-Bielefeld
Train: The next railway station is Paderborn HBF. Far details on the scheas
’-

Plane: The next airport is Paderbornd/Lippstadt, about 10 km distanc
Bus: Line 11, every 30 minutes. For details on the schedule logpk here.

Orientation and Organization

Hotel and Social Event Map
Maps - Paderborn/Region
Cirganizational and Local Information
(Postscript-*“ersion)

Conference Location

Heinz Mizdod MuseurmsForum (HMEFY

[ ] —i— T
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Error! Wrong Link!

=

[Bf E.ON Westfalen Weser - Mozilla

File Edit Wiew Go Bookmarks Tools  window  Help

ﬁ M @ - a |<& hktp: ) fwav, eon-westfalenweser . comweb/portal/start, html V| d -
i Back Farward Reload  Stop Print

fﬁHome |‘!Bookmarks lmu:uzilla.u:urg lmuziIIaZine lmnzdev.org

WWW.BOIN.COHTI Sitemap Kontakt Infoservice E.ON World Dienstag, 18.10,2005

< Online-Service

online an- und abmelden,
Zahlerstand mitteilen und
gigene Daten dndern: Mit
unserem Online-Service
immer ganz einfach,

e Westfalen 5 Wohnen - Renovieren -
‘on Energiesparen
WE'SEF wettbewerb Energiebewusste

Gebdudernodernisierung
2005/2006

Unternehmen Privatkunden Geschaftskunden Partner Presse Extra
< Storungsdienst

Wir sind rund um die Uhr far
Sie erreichbar,

Cratenschutz Irmpressum
& EON Westfalen Weser A5 2005
S £l 2 E3) o [ ) ==&
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Development of Web Applications:

Y aVa Pa\Vi ~l-
t0Gay S approacn

ad-hoc development

 based on knowledge, experiences and practices of
Individual developers

* reuse of existing applications by “copy&paste”
approach

 Insufficient documentation of design decisions
 |solated activity: no “design for change”
e missing methodical approach
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Reasons for Quality Deficiencies

e document-centered view

— development of web applications seen as editorial activity:
“ (textual) web pages, links and use of graphics”

e misconception that web applications are simple

— due to availability of tools like HTML-editors and form
generators

 no use of know-how of relevant disciplines
— no use of software engineering know-how

— no use of hypermedia or HCI (Human Computer
Interaction) know-how
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e comparable to software crisis at the end of the 60’ies
* lead to origin of “software engineering” discipline

* “web engineering” is needed!
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Difference to software systems?

 What are the differences of general software
systems and web applications?

e Can we use the same techniques to develop web
applications as we are using for developing
software systems in general?
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Difference to software systems?

 What are the differences of general software
systems and web applications? *

e Can we use the same technigues to develop
applications as we are using for developing

software systems in general?
adapted ones!
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Web Engineering

Definition by Pressman (p. 469):

Web Engineering (WE) applies sound scientific,

engineering, and management principles and
disciplined and systematic approaches to the
successful development, deployment, and
maintenance of high-quality Web-based systems
and applications.
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Course Structure

e Part |: Web Applications

— Introduction to web applications

» categories, characteristics, quality

* web engineering
— Architecture

» Architectural styles (MVC, client-server, ...)
— Model-based development

* modeling approaches

— Technologies
« JavaScript, PHP, Servlets, Java Server Pages, XML, AJAX, ...
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Course Structure

 Part ll: Service-oriented Architectures (SOA)
— SOA concepts
— A SOA development method: Quasar Enterprise

e Part lll: Web Services

— Standard techniques
« WSDL, BPEL, SOAP

— Research approaches
« visual contracts, model-driven monitoring
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