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Web Engineering

Software Engineering for the Web domain

Concept introduced by San Murugesan in 1998

Definition

Web engineering is the application of a systematic and quantifiable approach to cost-
effective requirements analysis, design, implementation, testing, operation, and
maintenance of high-quality Web software.

Web engineering is also the scientific discipline concerned with the study of these
approaches.

Gerti Kappel, Birgit Proll, Siegfried Reich, Werner Retschitzegger
Web Engineering (2006)
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UML-based Web Engineering (UWE) ]@[

Main characteristic is the use of UML for all models
Use of other OMG standards, such as MDA, MOF, OCL, XMI, ...

Focuses on systematisation and automatic generation

UWE comprises
a modelling language for the graphical representation of models of Web applications
a metamodel for UWE modelling elements
a development process

tools supporting (semi-)automatic generation

UWE web site

examples
_ > uwe.pst.ifi.Imu.de
tutorial

tools for downloading
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Web Engineering Group of LMU ]@[

Current staff
Martin Wirsing (head of department)
Alexander Knapp (currently at University of Augsburg)
Nora Koch (leader)
Gefei Zhang and Christian Kroil3 (PhD students)
Marianne Busch (student)
Projects
UWE (no funding)
MAEWA | and Il
EU projects of FP6 and FP7
Cooperations ,
Universities of Alicante, Extremadura, Malaga, Sevilla (ES), Milano (IT),
Viena & Linz (AT), LaPlata (RA)
Industry: S.Co LifeScience, Siemens, ...
Other activities
ICWE conferences since 2003
MDWE workshops since 2005
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Qutline of the Talk

Engineering Web Software

UWE Approach
Modelling Language
Metamodel
Development Process
Tool Support

Outlook
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Web Software
UWE Approach
uLE1E0 Modelling Language

We b S Oftware FEEE Metamodel

Development Process

Tool Support

Web Information System (WIS)

software system based on client/server technology provides information through a user

interface (Web browser). Pages belong to a particular domain name or subdomain on
the World Wide Web

Web Application (WA)

software system that provides Web specific resources such as content and services
through a Web browser

Rich Internet Application (RIA)

web application, which use data that can be processed both by the server and the
client. Furthermore, the data exchange takes place in an asynchronous way so that the

client stays responsive while continuously recalculating or updating parts of the user
interface.

On the client, RIAs provide a similar look-and-feel as desktop applications and the word
"rich" means particularly the difference to the earlier generation of web applications..

Web service (WS)!

software system designed to support interoperable machine to machine interaction
over a network. Web services are frequently just application programming interfaces
(API) that can be accessed over a network, such as the Internet, and executed on a

remote system hosting the requested services
< 1
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Categories of Web Software

Web Software
UWE Approach
UML-BASED 1
ENG\NEEFG/AEE mg?a.er:,l]lggell-anguage
Development Process
Tool Support

rich interaction

semantic web

ubiquitous

collaborative

A
>
=
X
Q
o
=
(@]
o
transactional
interactive
document
based

based on Gerti Kappel, Birgit Proll, Siegfried
Reich, Werner Retschitzegger: Web Engineering,

(2006)

time
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Web Software
UWE Approach
UM 8ASED Modelling Language

Web Specifics in Engineering Development Process

Tool Support

Hypermedia paradigm
nodes & links
text & multimedia

Omnipresent due to the nature of the Web
global and permanent availability
comfortable and unified access
distributed information / services

Dynamic development
incremental number of Web pages
continuous improvement of existing Web applications (content, links, layout)
offer of new services
adaptation required by new Web technologies

Management aspects
multidisciplinary development team
inhomogeneous and immature technical infrastructure
short product lifecycles short development cycles

Specific engineering methods
for the Web domain
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Web Engineering Methods

HDM / HDM-lite
Hera
NDT

OO-H
OOHDM
OOWS

RMM

Come >

WAE / WAE?2
WebML
WebSA
WSDM

Hypertext Design Model

Navigational Development Technique
Object-Oriented Hypermedia Method
Object-Oriented Hypermedia Design Method
Object-Oriented Web Solution

Relationship Management Methodology

UML-based Web Engineering

Web Application Extension

Web Modeling Language

Web Software Architecture

Web Site Design Method
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Web Software

UWE Approach
Modelling Language
Metamodel
Development Process
Tool Support

1t method for WE
semantic web
requirements

improved navigation
15t OO-method
compilation of models

1t ER-based method
generation of RIAs
UML-based/standards

Implementation-oriented
15t generation tool
architecture models
user-centered design



UWE focuses on Modelling

UML-BASED
WEB
ENGINEERING

package Presentation[ [E.] Presentation Diagram u

package Content[ [ 2 Content Diagram U
package Navigation[ [ 2] Navigation Diagram U
Adressbook
<<navigationClass>> [ ] <<processLink>>
Adressbook
* {isHome}
Contact N
<<navigationLink>>
-email : String
-name : String <<index>> =— <<processClass>> 3™
I ContactList ContactCreation
<<navigationLink>>
<<pavigationClass>>

-y =

<<presentationPage>> ks
Adressbook

<<presentationClass>>

: Contact [*]

<<text>>
:Name

2 <<text>> 2

: EMail

<<button>> -
: CreateContact

UML-based Web Engineering (UWE) approach
based on UML models

separation of concerns (content, navigation,
presentation, process, ...)
UML extension (profile) for web specific notation

model-driven development
model2model transformations
model2code transformations
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Contact )
<<processLink>>
(activity ContactCreation [ [*F| ContactCreation U

? CreateContactButtonPressed

<<userAction>>
ContactDatalnput

hame .| newContact : Contact
email

SaveContact

new Contact J
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Web Software
UWE Approach
Modelling Language

W hy U M L ? E”UGTNL:E};WS‘EE Metamodel

Development Process

Tool Suggort

UML is a graphical language for specifying, constructing and documenting
software artifacts

UML is a de facto industry standard and an OMG standard
UML includes

notation

diagram types

Object Constraints Language (OCL)

metamodel

well-formedness rules
Many CASE tools supporting UML modelling

UML does not provide a development process

How expressive is UML for the development of Web applications?
UML does not include specific Web model elements
UML defines extension mechanisms UML profiles
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Web Software
UWE Approach

UML-BASED

e Modelling Language

UML Extensions Metamodel

Development Process
Tool Support

Light weight extension
called a UML profile
based on extension mechanisms provided by UML
defines stereotypes for new metaclasses
domain specific: EJB «bean», «session», «entity», ...
defined in the UML: «metaclass», «trace», «file», ...
tagged values for metaattributes
OCL constraints for invariants, pre- and postconditions

CASE tool support by UML tools

Heavy weight extension
different notation
other diagram types not defined in the UML
need of proprietary CASE tool
long learning process
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Web Software

UWE Approach
. . ] LMLBReED Modelling Language
ENOREERING Metamodel
Dimensions of Web Modelling oot Process
Tool Support
concerns
presentation
hypertext < adaptivity
O contert -
/ o o O phases
re

ign Impleméntation

struc;/ﬁx
behaviour

aspects

analysis

Modelling process

information-driven (“content first") < UWE
presentation-driven (“layout first")

functionality-driven (“business processes first”)

Source: Kappel et al. Web Engineering,
d-punkt (2003)
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Web Software
UWE Approach
UL BacED Modelling Language

ENGINEERING

Requirements Analysis and Design Models Development Process

Tool Support

Analysis models of a Web application / RIAs

functional requirements are specified by
uses cases
workflows

data (content) requirements are specified by
domain models

Design models of a Web application / RIAs

information aspects Core |
content model [
hypertext structureand | '~ ~|Requirements|< - - - - - .
navigation functionality A
navigation model :
layout schema |
presentation model
functionality
process model
adaptivity model | oo

]

Content |<-- Navigation (<-

A A

]
Adaptivity

1
|

Presentation < —

I

Process (< ----- !
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Web Software

UWE Approach
Modelling Language
Example: Simple Music Portal Devaloomant Process
Tool Support
Inspired by www.mp3.com

contains information about albums, songs and artists

this information is available for free

offers albums for downloading

registered users can download them

for downloading they need to have enough credit on their prepaid account

accounts are rechargeable

Portal )

Albums by Gervre: Rock Top & Ao
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Web Software

UWE Approach
i Modelling Language
- - - ENGINEERING M t d |
Modelling Requirements with UWE Devaloomant Process
Tool Support
Graphical visualization by UML
. e —— At
use case diagram T reaster ‘e\‘\%\o
to model required functionality ; (\de‘
distinguishes between o
navigation and process use ¢ mearch SDD
L\—\.\_\_\_\_\_\—
cases
Web specific model elements L R, serch peraimer
(not yet implemented in MagicDraw) r.-: SEarER RS “~1_ _ o o
R R —_ —% N = .'-____-- m ¥ --\.\_H‘.
«navigation» use cases for .'- Sripeipterls
view album
browsing tasks =
browse use cases e s 7 apersoralizeds
view use cases 7*—/ . buyalbum
L «extends f\”““wé"ﬁ’e‘rﬁ;/
search use cases | -
_'f\_/ _— — ey e
«webProcess» use cases formIIi B o v . recharge 0 " gownloadalbum )
other tasks ““\
«personalized» use cases that e N <ortens I_,«"'h snaigations
require adaptation e Dee Al A o ki
‘“n___‘___‘__
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Web Software

UWE Approach
Yo Modelling Language
- ENGINEERING MetamOde|
Content MOdeIIIng Development Process
Tool Support
Representation of domain information
persistent data
Album EEnre
Modelling technique i “genres [tname : String
i -recorded : Date
UML class diagram s * |-genres
; -dezcription : String Track Son
plain UML downiadURL : String [HP4T — * Sy St?
.- -numker i 1 7| -title - =tring
no addlj[IOI’la| | 0.1 1.% |dength: Integer
semantics reqwred
-albums | *
Performer
-performers _description © String -perfarmers
1.* 1.*
i-|-\ -COmposers
-1 "t
ENBin Artist
= -lazthame © String
formed Defg0.] | Oous  members e S
- > i . «|-born ; Date
-dizhanded : Date [0..1] _died : Date [0..1]
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Web Software

UWE Approach
i Modelling Language
FINGINEERING Metamodel
User MOdeI Development Process
Tool Support
Represented as UML class diagram
“normal” UML classes
Visit object for each session
«visitClass»
Representation of session and user specific information
allows for customization
evizitClassy User
Session

wEnUmeration:
GenderType

female
tiale
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-currentUser

-uzeriame . String

fullMame

0.1

— T T T

wevalugted Propertyo
gxpression = "firstiame + ' +

lasthame"

-pazsword - String

-firstMame : String

-lastiame : String

-gender ;. GenderType

-credits : Integer
_LzevaluatedPropertys-fullMame ;. String o
-ehdail . String

-owvnedalbums |

Album
[content)
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Web Software

UWE Approach
] . . e Modelling Language
Navigation Modelling Devaloomant Process
Tool Support
Goals
to represent nodes and links of the hypertext structure
to design navigation paths
Navigation model
: iyation |
represented by a UML class diagram e L]
uses specific modelling elements for Web concepts reontentClass = "content:Album"}
shavigationLink:
Basic elements to model the core hypertext -genres |*
gnavigationClazs: |:|
structure Genre
«navigationClass» specifies a hypertext node visited R Tt enre’]

by a user/system through browsing (related to a
content class)

«navigationLink» specifies a hyperlink used to access
the target navigation object from the source
navigation object
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Web Software & MDD

UWE Approach
. - . . . EN“GTNL:E:WS‘EE Modelling Language
Access Primitives in the Navigation Structure Development Process
Tool Support

Systematic enhancement of the navigation structure model by

«index» for all navigation links which have multiplicity > 1 at the directed association end
«menux for all navigation classes with more than 1 outgoing association
Design decision to include

«guidedTour» instead of index
«query» for selection of instances of a navigation class

Shortcuts for more complex constructs (if represented in UML without extension)

=<index== — S2UBEY == m ==MmenL=:=
Albumindex SearchAlbum MainMenu
IitemType = "content::Album"} title - String
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Web Software
UWE Approach
UM 8ASED Modelling Language

ENGINEERING

Navigation Model Elements: Menu Development Process

Tool Support

Menus are used to structure the outgoing links from a node
usually associated to a navigation class by composition

consists of a set of links to heterogeneous elements, such as indexes, guided
tours, queries, instances of navigation classes or other menus

UML stereotype: «menu»

Semantics of menu

T
T =
wmenuy : {xor}
MainMenu I o —
| = ——
| e
- xof
MainMenultem * I wofs
name="menultem" —T1T—= —p
{frozen} !
{xor}|
|
—1—= ?
I :
{xor}|
! .
P
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Web Software

feontentClass = "content::Album"}

UWE Approach
i Modelling Language
L L ENGINEERING M t d |
Use Of NaVIQatlon Elements Deevzﬂgmeent Process
Tool Support
Tagged values
{isHome} to indicate that the node is the
initial node of the application (node without
ingoing links)
{isLandmark} to indicate that a node is
EMENL §|
_reachablelfrom everywhere (all other nodes FopsMeny -
include a link to the landmark node) tisLandm ar ‘
snavigationLinks:
- -Topsalbums
Ianavigatinni:lass:a |:| ginOExs =
Welcome Albumindex
fisHomel {item Type = "content::Album"}
znavigationLink: snavigationlinks
-&lbum
EMeEnLuE E snavigationClazss |:| i
MainMenu Album ‘
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Web Software

UWE Approach
. . i Modelling Language
Navigation Model Metamodel
t Development Process
(excerpt) Tool Support
==navigationClazs==
Welcome
fisHome}
==navigationClass== |:|
User
==Mmenu=:=
MainMenu {cuntentCIas§="USErM-:n:IEI::LISEl".
gquard = "seszsion.currentlser 1= null"}
ovvnedAlbums
=S2GLIEryY s ==GUEly =S =2GLIery == m
SearchSong SearchPerformer SearchAlbum
-zerAlbums
=2index== — |albhums ==navigationClass== |:|
==index== = ==index== = Albumindex i D e Genre
Songindex PerformerAlbumindex fitem Type = "content:Album"} feontentClass = "content: Fenra"}
albums

item.mainPerformer

item.mainPerformer

Ferfor ey

==navigationClazs=>=
Performer

[l

TezontentClass = "content:Pedormer'}

e msindbum

item.zelected _genres

-GEnres

-Performer
“Alkum -&lbum
==navigationClass== |:|
Album i
_Alkum |(feententClass = "content:Album™

—ovynied Adbum



Web Software

UWE Approach
. . EN“GTNL:E‘;WTEE Modelling Language
Modelling Processes in UWE Development Process
Tool Support

Process model

represent the dynamic aspects of a Web application

specifies functionality, such as transactions and complex workflows of activities
Process modelling consists of

definition of process classes (for non-navigation use cases)

integration of these process classes in the navigation model
description of the behaviour through a process flow

snavigationClasss: |:| e
User gprocessLlinks H e Enarge 2
SIIEML gnavigationLink:  [contentClass = "userhdodel:Usear”, _ :
MainMenu E dataExpression = "ognl: session.currentlUzer”, sprocessLinks -amDu.ntU. Irteger
quard = "seszion.currentser 1= noll"} Ut
sprocessLinks
sprocessLlinks sprocessClass: 7
Register

-Lzerfame ;. String
-password - String
-pazswordRepetition ;. String
-firstfame ;. String
-lastMame : String

-gender | GenderType
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Web Software

UWE Approach
UMLBASED Modelling Language
ENGINEERING Metamodel
PI’OCeSS ElementS Development Process
Tool Support

Process class represents the process through which the user will be guided in
the Web application

for complex process that require more than a single class, an additional process model
is built

UML stereotype: «processClass»

Process link is used to model the association between a «navigation class» and
a «process class»
indicates entry points and exit points of processes within the navigation structure

UML stereotype: «processLink» ==processClasss»
Qe Es s lnssx= AskForRecharge
BuyAlbum —— :
-albumTitle : String
-price : flost
-uzerCredits | Integer
==proceszClasse»=
ConfirmBuyAlbum ==processClasse=»=
-albumTitle © String Recharge
-price ;. flost
terma0flseRead : Boolean -amourt : Integer
-uzerCredits | Integer -Lizer : Lser
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==navigationZlazz== |:|

Welcome
lisHome}
==navigationClazz== |:|
. Lo User ==processlink== | ooprocessClassss
zeprocessClasess =zprocesslink== ==navigationLink=:= . __ ,
F T ==MmEenUEE TcontentClass = "userdodel:: Usar, Recharge
Logout MainMenu guard = "session.currentUser I= null" <=processLinks»
==processlink== Userdlbums
==processClagss= . ifk== ==processlink=> | coprocessClazs==
F processLink P
Login Register
==processlink==
==processilasse=
SelectSearchMethod fguard = "result == 'song™}
==processlinkse=
==processlink== fquard = "uneContantType == "tantent:Graup™,
Tguard = "result =="album"} z=index=x= — | selectionExpression = "LNWECoptent. members"}
SEQUErY == E GroupMemberindex
SearchAlbum
abvnied 2 lbums o S
==navigationLink== -hembaer SearchSong
albums l ==navigationClazs== |:|
==navigationClass=»= |:| ==index== = —Perfarmer Performer
Genre Albumindex " —— {zontentClass = "content::Pedformer'} .
JeontentClass = "content:Genre"} fitem Type = "content:Album" ETLMaInFer Tarmer) -Perfarmer ==indexs== =
Songindex
-Genre -&lbhumsByisenre | iterm. mainPerforme
-Perfarmer
tem.zelected_genres
-Album alums
==Menu=: “”av'i?z':'”mass” |:| =&k eindexss I
um =
AlbumMenu PerformerAlbumindex
- TcontentClass = "content:Album"}
==processlink==
fquard = "seszioncurrentUser = null"} -#llum
==processiClasss»= zzindex== — ==Uery ==
BuyAlbum ==processlinks= self per fl:lrmlér.ﬂ-.slt:u.JmF‘E!rfl:nrmE!rs Performerindex SearchPerformer
Tgquard = "resplt == 'peformer"}
item.mainAlbum




Web Software
UWE Approach

UML-BASED

e Modelling Language

Modelling the Process Flow

Development Process
Tool Support

The behavior of a Web process is defined by the process flow model
represented by UML activity diagram
result of the refinement of the activity diagram drawn for requirements specification
«processClass» stereotype
optional use of nested activity diagrams

Process flow consists of
flow of execution represented by activity nodes connected by activity edges

control nodes that provide flow-of-control constructs, such as decisions and
synchronization

object nodes that represent data flowing along object flow edges or pins associated to
the actions

iIn UML2 the semantic of activities is based on control and data token flows, similar to
Petri nets

using stereotypes «userAction» and «systemAction»
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Web Software
UWE Approach
UML-BASED

I e Modelling Language
Process Model: Login odeling

Development Process

Tool Support

[elze] _\L

- LzsrNams 1 suserAction: |

| Login E
paszword Lt

= -
il

[registerCutcome == "CAMCEL']

: Register
[REGISTER] |

<>

| |
(or)  [CANCEL] BB | ]

| |
% result outcame
L)

CARNCEL | newlser : User i

password | asystem.:'-‘-.atinnx

.| Validatelogin
Lzerhame !_!

[ i i
. _| J Ir registerOutcome : String

[el=e]

[login®alid == trug]

Ik | loginWalid : Boolean |
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Web Software
UWE Approach
UL BacED Modelling Language

Modelling Presentation

Development Process

Tool Support

Representation of layout for the underlying navigation and process models
IS an abstract presentation

concrete presentation requires specification of additional physical properties of the
layout

colour, position, ...
# of columns in table, type of menu, ...

Presentation classes represent Web pages or part of pages
composition of user interface elements
hierarchical composition of presentation elements

UML class diagram for the structure of the presentation
using UML container notation

UML state charts

used for modelling behaviour of presentation classes (classical UML)

Alternatives
sketches
implementation of a prototype
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Web Software

UWE Approach
. MLBACED Modelling Language
Presentation Model Elements Devalopmen Process
Tool Support
Structural presentation elements
«presentationGroup»: container of e

user interface elements representing a
logic unit of presentation associated to
a navigation class or process class

«presentationPage»: presentation
class at highest level

«presentationAlternatives»: container
for presentation classes which are not
shown simultaneously

User interface elements
«anchor»
«button»
«text»
«image»
«textinput»
«selection»
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fnawigationMode = "process:Lagin®}

= Lan =
: LoginHeader

et sy

zpresentationGroup:
: LoginDataPanel
ztexts % stextinputs
: UserHameLabel : userlame
stexts % stextinput: &E]
: PasswordLabel : password
zpresentationroups
: ButtonPanel
ghutton: - | shutton:s . shuttons g
: REGISTER : CANCEL : 0K
30




Web Software

UWE Approach
. . i Modelling Language
Modelling Rich User Interfaces Devaloomant Process
Tool Support
“Rich Internet Applications (RIAS) is rERadorioips
. . ogin
abOUt glVIﬂg users baCk Wha.t they fnavigationMode = "process;:Lagin"}
lost when desktop applications were
migrated to the Web” Qigylsclass="headery 3
rich look & feel, e.g. drag&drop spresentationGraups
faCilitieS : LoginDataPanel
better responsiveness avoiding e.g. KWESE“E_‘“D”GFD“F*
Lo
page reloading ety £ fautoCompletion, ‘>
. : UserNameLabel liveWalidation} L
improved performance and o
ey g gxtinputs
aCCGSS|b|I|ty stets et : userlame =
: PasswordLabel
We follow a pattern-based approach dtextinputs 5]
. : password
for modelling RIA features
auto completion
. presentationGroups
live report : ButtonPanel
live validation , :
. . shuttons - shuttons: o | shuttons o
live warning : REGISTER ‘ : CANCEL : OK ‘
periodic refresh
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Web Software
UWE Approach

i Modelling Language
Auto completion Development Process
Tool Support
Problem
How can the user get immediate suggestion for values in an input field?
Motivation

provide assistance filling in forms
1. people make mistakes when they type
2. typing is a tedious work
3. typing speed remains a bottleneck

Solution

suggest words or phrases that are likely to complete what the user is typing

as soon as the user moves to another input element or user inputs a
character

the user can always overwrite the suggestion

£ ™
Patterns AutoCompletion
modelled by state machines

/ ~
| source.onblur - | W

WaitForinput — Update
Ifntry / getData (sou FCEU
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Web Software
UWE Approach
Modelling Language

Embedding RIA Patterns in existing Web method@g@ eamoce

Development Process
Tool Sueeort

RIA patterns are independent of any Web engineering approach

Our approach consists of

definition of extension points in the methodology for including references to RIA
functionalities

use of already defined state machines

definition of transformation rules that automatically integrate the behavior defines in

the state machines into the models or code of the Web application (model-driven
approach only)

RIA developer will use
catalog of models of RIA widgets

specific model elements for indicating in the Web application models which pattern
should be applied in which case
event language for the representation of triggering user and system actions

No need for developers to model the behavior of the RIA widgets every time!
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Web Software
UWE Approach
Pattern-based approach for RIAs development .= Modeling Language
Development Process
Tool Support

Our approach consist of

modeling the RIA widgets with state machines

building a RIA patterns catalog

selecting needed constructs of the event language

defining modeling language extension to embed RIA specific features
Patterns are design solutions that could be reused in the development of
applications

manually, i.e. copy/paste or import function in CASE tool

in automated development process, such as by model transformations in model-
driven engineering

Advantages

minimalist and concise extension of the modeling language
use of tags at model level

reducing implementation efforts
making applications less error-prone

m Seville — 2010 — Nora Koch O 34



Modelling Concrete Presentation

“Abstract” presentation element in PIM describes
functionality

e.g.. «selection»

Question: how will it be realized in the generated
application?

<<textinput>>  gp]
HTML: list, combo box, radio buttons, etc. e
DHTML, flash applet o —
1] ” . . - :recorded
Concrete” presentation requires additional Ponock B
Information & < <<selection>>
Classical - B :genres
«concreteElementType» added /
dependency to related abstract presentation element / / <<seloction>>
) / :mainPerformer
) PopRock

) Jazz
<<selection>> <<concreteHementType>> ) Classical
:genres — |~ 7| LJSFSelectManyCheckbox
Pop/Rock
[ Jazz
| Classical
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Web Software
UWE Approach
UML-BASED 1
ENG\NEEFK\V!\EE mg?aerlrl]lggell_anguage
Development Process
Tool Support

<<presentationGroup>>
EditAlbum

{navigationNode = "process::EditAlbum"
styleClass = "editorPanel" }

<<presentationGroup>>
: DatalnputPanel

<<presentationGroup>>
: DescriptionPanel

<<textinput>>
: description
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Web Software

UWE Approach
i Modelling Language
- - ENGINEERING d |
Presentation Mapping Model Dot Process
Tool Support
Main Idea
<<concreteBementType>>| =«
JSFElement - .
. . -cni emen
include model of component library T
Allows integration of comp. libraries like <<concreteBementType>>
Apache MyFaces Tomahawk, etc. SSFComponent
-styleCIasg : String
Allows integration of custom components el : Strng
-action : String
-converter : String
-validator : String
spresentationGroup:s T
SearchAlbum sconcreteBlementType:s <<concreteBHementType>>
fnawigationMode = "navigation: Searchilbum'} {farchﬂu: : JSFPanelGrid ComponentGroupSelection
— = = A rolumhs =3t -layout : String
sextinputs GE || shuttors o | WSMECHSS:"SEEFEHED}:"
: title : Search - T

<<concreteBementType>>
JSFSelectManyCheckbox
{tagName = "selectManyCheckbox" }

<<concreteBementType>>
JSFSelectOneRadio
{tagName = "selectOneRadio" }
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Web Software
UWE Approach
UMLBASED Mode”ing Language

Adaptive Web Applications Vetamodel

Development Process

Tool Support

Adaptation/Customization for

user properties: knowledge, tasks, preferences, interests
context properties: location (place and time) & platform (HW, SW, network)
Update of a user model / context model

observation of the user behaviour or environment by the system
Techniques for adaptation
content adaptation

inserting and removing text/multimedia features
content variants

navigation adaptation
link ordering
link annotation
link hiding
link generation
presentation adaptation

modality adaptation (audio or text)
language selection

layout variants (resizing of fonts, images, changing colours)
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Modelling Adaptivity

UWE uses a technique called Aspect-
Oriented Modelling (AOM)

Identification of
«pointcut» (including conditions)
«advice»
Weaving the result into the web
application based on
current state of the user model
information provided by link traversal

Example: links only visible for
registered users to

BuyAlbum
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Web Software
UWE Approach
UML-BASED 1
ENG\NEEFK\V!\EE mg?aerlrl]lggell_anguage
Development Process
Tool Support

=< pointcut>>

==index==
Albumindex
Iitem Type = "content;Album"}

=k

=2 Henu== ==navigationClass== |:|
AlbumMenu Album

feontentClass = "content::Album"}

==zprocessClasss== | \.
BuyAlbum : e
Ly {zession.currertUser=null’}
=<advice>>
==index=x= e
Albumindex
flitem Type = "content::Album"}
~& kL
==henl== ==navigationClass== |:|
AlbumMenu Album

TeontentClass = "content::Album"}

==procegslink==

==processClass==
BuyAlbum




Web Software

UWE Approach
i Modelling Language
FNGINEERING Metamodel
UWE Metam0d9| Development Process
Tool Support
UWE Metamodel is defined as a conservative
extension of UML 2.0
«metamodel» M3
model elements of the UML metamodel are not MO

modified N\
all new elements are related by inheritance to at |
least one model element of the UML

use of OCL to specify additional semantics of the

«metarlnodel»
new eleme.:nts | | UML
so-called light-weighed extension of UML T

| «instantiate»

M2

«metamodel»

uw
7N

| «instantiate»

UWE Application p1
Model
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Web Software
UWE Approach
UM 8ASED Modelling Language
ENGINEERING Metamodel

UWE Metamodel Characteristics Devolopment Process

UWE metamodel

Tool Support

reflects separation of concerns in the structure of Core
shows cross-cutting aspect of adaptation

UWE metamodel is profileable
mapping to a UML profile is
possible

UWE metamodel is MOF

compatible

uses XML metadata
interchange format (XMl)
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package Metamodel [ Metamndel_Struu:ture ]J

Presentation

HUses 7 EUSes
- Ty,

| |
FLsE zUsEs [sLizeEs I
| | |
I Navigation suses Process T
| |
| ! N . - | I
L
| suses | UsEs |
| - |
4;' e A;kl
e i e

Content L HUTE UserModel




Web Software
UWE Approach
. . EN“GTNLEZWS‘EE Modelling Language
UWE Metamodel: Navigation Package ]@[ Vetarnodel

Development Process

Tool Support
NavigationNodea -ZOLFCE —outLinks Link
+izsLandmark ;. Boolean 1 +  |-izAutomatic | Boolean
+izHome ; Boolean 1 * -guard : String [0..1]
-guard : String [0.1] taroet -inLinks -zelectionExpression : String [0..1]
-dataExpresszion © String [0..1] g
Externallode Menu -MEnUs HavigationClass HavigationLink

-locationExpression : String [1]

‘zubsets ownedAtribute
-navigationProperty [*

HavigationProperty
AccessPrimitive |, -accezssedattributes  |-zelectionExpreszsion : String [D..1]-
*

Query GuidedTour Index IndexRowProperty
-expreszion ; =tring [0..1] -zortExpression ; String [0..1]

LIV | 41



UWE Metamodel: Presentation Package

UML-BASED
WEB
ENGINEERING

Web Software

UWE Approach
Modelling Language
Metamodel
Development Process

Tool Support

_elemart PrasoptationEiemtant
*
{ordered} -
¥Efement
PresentationAlternatives -id : String [0..1
-wizikil 1on © =trin 3
- lingCondition : String [0..1] -element
disablingCondition ; String [0..1]
_aternstives 0.1 <-315-'IeCIaSSExpressi0n - Etring [00.1]
{subsets alternative } -ztvleClass ; String [0..1]
_atternative WeSearchCondtion : String [0..1
~group § 0.1 * 0.1 pdefault
-drag&drop | Boolean = false N
(-cullapse : Boolean = falze
ValneFlemant

SN

e

————

HiveReport ; Boolean = falze

KQFEEEION © SENG [ >

fll
— |
heratedPresentationGroup Form Page OutputElemaont
AargetPage 7 r—%
-temyariame . String [0..1] 3 4 interactiveElement -petiodicRefresh . Boolean = fals
0.1 -gallery : String
‘? -chataProperty [0..1 =
I I I [ | |
Button Anchor IrputEjamont Text Image MediaObject
/!mmhange : Boolean = Tore
-live'alicdation : Boolean = false
-autoCompletion : Boolean = falze
Fily
Selection Textinput Filelnput CustomComponent
AnLink Link -link -multiple : Boolean = falze
0.1 (Metamodel Mavigation) *
* -tutizelectionElemer
NavigationNode targethloce
0.1 (Metamodel Mavigation) [




Mapping Profile to Metamodel

UML-BASED
WEB
ENGINEERING

Web Software & MDD
UWE Approach
Modelling Language
Metamodel
Development Process

Tool Support
Definition of stereotypes for ProcessModel asteractypes
_ processModel
each metamodel element [Motel]
zsterectypes )
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ProcessClass

processClass

[Class]

-proceszProperty © processProperty [#]
-processActivity ;. Activity [0..1]

ProcessLink

ProcessProperty

UserAction

SystemAction

wsterectypes
processLink
[A==socistion)

-processClass | processClass [1..7)

[Property]

wsterectypes
processProperty

-processClass | proces

-rangeExpression . String [0..1]

-indicatedProgress | Boolean = false

sllass 1]

zaterectypes
userAction
[Action]

%

-processClass - String [1]

waterectypes

— — | systemAction

[Callction]

02
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Web Software & MDD

UWE Approach
. . - . UMLVBAVSVEE) M d || |_
UWE Profile: Extension Mechanisms Vetamodel
Development Process
Process Tool Support

UML stereotypes for Web specific concepts (specification of the process)

Extends relationships
UML metaclasses
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package LWYE Profile[ pru:u:ess ]J

zmetaclazass zimetaclazsss zmetaclazs:
Class As=ociation Property
zatereotypes zatereotyvpes zaterectypes
navigationNode iink navigationProperty
zztereotype: T zaterectypes zotereotypes
processClass processLink processProperty

-processPropetty | processProperty [%]
-processaActivity | Activity [0..1]

-proceszszClass | processClass [1.7%]

smetaclazs:
Action

I

zaterectypes
userAction

>

-processClass @ String [1]

smetaclazz:
CalfAction

|

ssterectypes %
systemAction

-rangeExpression : String [0..1]
-processllaszs | processClass [1]
-indicatedProgress | Boolean = falze




Web Software
UWE Approach
. ] ENUGTNL:E’;WS‘EE Modelling Language
Dialects of UWE Modelling Language Development Process
Tool Support

UWE or UWE/Open

serves modellers interested in having maximum freedom

used as graphical language for communication between people
focus lies on readable diagrams

focus on overview of structure and behaviour

no restriction on how UML elements and UWE elements may be used and combined in
models

MDUWE or UWE/Strict

serves modellers interested in code generation

code generation requires models

which semantics is specified more precisely
contains more detalls
follow strict rules

allows for the application of transformation rules

> model-driven development approach
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Web Software
UWE Approach

. Mo Modelling Language
Model-Driven Development Metamodel
velopment Process
Tool Support
MDD approaches based on
models, metamodels and model transformations
MDD approaches require languages for
specification of models
UML, BPMN, ...
description of metamodels
UML, MOF, OCL, ...
definition of model transformations
Java MDD
Graph transformations
=
ATL, QVT, ... S
. . 5 2
Model-Driven Architecture (MDA) = g 3]
computational independent model (CIM) % § %
[72) —
platform independent model (PIM) “ §
o
platform specific model (PSM) ?
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Model Transformations

Web Software
UWE Approach
i Modelling Language
ENGINEERING MetamOde|
Development Process
Tool Support

Goal is automatic translation between source and target models

Translation performed by a transformation
engine that executes transformation rules

Set of rules
seen as a model

based on a transformation
metamodel

Metamodels are based on a
metametamodel

MDA model transformations
CIM2PIM
PIM2PIM
PIM2PSM

m Seville — 2010 — Nora Koch O

Metametamodel
aJ A R
s | "*~
# | n
/ ; - b,
P winstartiatesy Y .
«instantiates» 7 — “_ «instantiates»
i Transformation
/ Metamodel e
&
’ M N
/s | b
R | «instantiates» M
/ ! My
Source P Transformation | susesx Target
Metamodel Rule Metamodel
N ¥ AN
| ¢instantiates» | wusesy | winstantia
| | |

Source - Transformation i Target
Model o Engine = Model

Model transformation pattern (J. Bézivin, 2004)
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Web Software
UWE Approach
UMLBASED MOde“Ing Language

Model-Driven Development in the Web Domain Metamodel

Development Process

Tool Suggort

Several methods propose building models

Hera, MIDAS, NDT, OOHDM, OO-H, OOWS, UWE, WebML, ...

separation of concerns
content
navigation
presentation
business processes
adaptation, ...

similar Web specific modeling elements
different notations (UML-based and own notations)

Some methods define metamodels for modelling languages
Some approaches address model transformations
Goal of almost all

Platform specific models in a late development stage
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Web Software
UWE Approach
Modelling Language

Model-Driven Process of UWE Metamodel

Development Process
Tool Sueeort

MDD types of models in UWE
requirements model (CIM)

functional models (PIM)
content model
navigation model

integration models (PIM)

models for JSF applications (PSM)

for modelling: CASE tool (plugins for ArgoUML, MagicDraw)
for generation: Eclipse and set of ATL-based transformations

Note: ArgoUML does not support UML2
ArgoUWE not updated
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Web Software

UWE Approach
. i Modelling Language
Support for Construction of Models Meamodel
Tool Support
. V. rs :StyleGuide
:Content ~ L :Navigation ~ 'i: Navigation
Model S = Model Refinement
Content2Navigation g
= :Pre;zgt:iltlnn StyleAdjustment
NavigationZPresentation Fy

We can use any UML CASE tools to design Web applications with UWE

importing the UWE profile
defining the stereotypes and tagged values

Case tool MagicUWE

extension of MagicDraw
provides UWE Profile

supports (semi-)automatic execution of transformations
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Web Software

UWE Approach
e Modelling Language
- - - ENGINEERING d |
Transformation Content to Navigation Deriooment Process
Tool Support
Content2Navigation Album
. . -title : String
generates navigation classes from -price : flost
-recarded .Date
content classes O
-dezcription © String
. . . - loadUREL © Stri
adds a navigation links based on i e
associations of the content model ~genres| »
. Genre
Implementation

-name ;. String

MagicUWE plugin in Java

Generation tool: ATL D

==navigationClazz== |:|
Album

TeontentClass = "content: . Album"}

-genres |,

==navigationClazz== |:|
Genre

TeontentClass = "content:: Zenre"}
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Web Software
UWE Approach
UML-BASED

. . . e Modelling Language
Refinement of Navigation Model Metamode

Development Process

Tool Support

Improvement based on patterns

index for associations with multiplicity greater than one at the directed
association end

menu for navigation classes with multiple outgoing associations
Implementation

Java in MagicUWE

ATL in generation tool

==navigationClass== |:|
Album
«navigationClazs== |:| fcontentClass = "content::Album'}
ol AlbumPert
-&lbumPerfarmers
TcontentClass = "content::Album"}
zelf performers
==index== =
Performerindex
==navigationClass== |:|
Performer Performer
feontentClass = "content:Peforme) ==navigationClass== |:|
Performer

IzontentClass = "content:Pedormer'}
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Web Software

UWE Approach
. Mo Modelling Language
Model Transformation Languages Vetamodel
evelopment Process
Tool Support
Languages used in different versions of UWE
Characteristics Type Complexity Marks Execution Techniques
Transformation
Reg2Content CIM to PIM simple WebRE profile automatic QVT
Reg2Architecture CIM to PIM simple - manual -
Content2Navigation PIM to PIM simple navigation semi- Java, ATL
relevance automatic
NavigationRefinement PIM to PIM simple UWE profile & automatic Java
patterns
Reg2Navigation CIM to PIM merge WebRE profile automatic QVT
Navigation2Presentation PIM to PIM simple UWE profile automatic Java, ATL
Functional2BigPicture PIM to PIM merge patterns automatic graph trans-
formations
Functional&Architecture2 PIM to PIM merge UWE & WebSA | automatic QVT-P
Integration profile
Integration2J2EE PIM to PSM merge patterns automatic QVT-P, ATL
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Web Software
UWE Approach

UML-BASED

Wes Modelling Language

TOOI SUppOI’t for UWE i Metamodel

Development Process
Tool Support

Goals

support communication between stakeholders (customer, developer, designer,...)
support model-driven development process

Requirements

support of UWE notation for design of Web applications and RIAs
separation of concerns (navigation, process, presentation,...)
(semi)-automatic code generation

support model validation, i.e. checking models consistency

Magic UWE 4SE
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Web Software

UWE Approach
- - UMLVBAVSVEE) delli
MagicUWE Plugin supports Viodeling Language
Development Process
Tool Support
UWE profile
UWE stereotyped elements in toolbar MagcUWE -Navigaton
. navigationClass 53
stereotype icons L vt B 5] navigationias
. b e i guidedTour
UWE diagrams and package structure e index
. . . . Dp.rncessclass . 2l query
creation of new content, navigation, presentation, — . = menu
process models [8] presentationClass .
presentationClass Property -
Transformation between UWE diagrams
content to navigation
navigation to presentation
navigation to process structure and process flow
Set tagged values using the context menu Spedification Insert query
. . Symbol(s) Properties... & Insertindex
IsHome, isLandmark

Insert guidedTour

i MagicUWE navigation features »
| g L = | Insert menu

Insert of access primitives
e.g. add stereotypes «index», «query», ... to classes

Hints for the design of UWE models

use of UWE element in an incorrect diagram (e.g.

m presentation class in a navigation diagram)
\
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Web Software

UWE Approach
. = Modelling Language
MagicUWE: User Interface Development Process
Tool Support

m Mew Diagram J ied] oo |k 1 |
Lg; Transformation » ||} Content2Navigation
. @[F Create default packages :,’ﬁ Mavigation2Presentation

presentationClass.

- Farm

| mage
button
| presentationGraup

- presentationPage

- anchar
i=  snchoredCallection

| text

' textInput
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Web Software
UWE Approach
UML-BASED

Current and future versions of MagicUWE Veamodel "

Metamodel
Development Process

Tool Support

Current version

implemented as a MagicDraw plugin
uses the open API from MagicDraw

Qualities (any CASE tool should have)
easy installation (installer is provided)
easily configurable
hint messages can be changes or even disabled

standard identifications for UWE packages can be changed
adaptable

display of class or property in toolbar
extensible

modular implementation
well documented code

build script to create and launch new versions

Future versions

support of new UWE features (e.g. RIAs, patterns)
support of preparation of models for automatic generation (transparent for the designer)
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UWE4JSF Development Environment

Goal: fully automatic generation of Web
applications/RIAs from UWE models

caquen> 3]

Searchalbum
- i = _Performe ravigatonCess>>
el Parformor
TS BY ool o o scortat: AT ) HommARFSIOMS! 1o orterdiings = "content: Performer’
Pertormer

Eemselectsd_genres

Albur
e I «..;w::m_us;»
AlbumMenu — | i

tcontericiass
<sprocessLinic>

[<epracesscuss> o

<<processLink-

‘contert: Alburn

a el performers <cindex>> =
“Aturearmere| Performerindex

The choice 1o downioad an album ls not madeled 28 3
fiode. Instead the presertation group Album contains a
<<tBxt>-component tat s rendered as an external Ink

navigation

(‘astivity BuyAlbum( atum - Aloum. resuit - A bum ) [ 5 Euyaibum ||

> user - User |

¥ rosu
[ session surrentUser
#aloum Thie'  aloum tile,
*pricy prics,
‘userCredits’; user.credits)
resut [user.crecs > albumprice]

[ —
Canfirm BuyAbum

ItschapeOuecame == Cic]

<suserActnP>

album ¢ Album |

oK1

resun; Album
canca.

" BuyAloum
(User:)

target

user User | =

Process

o

]

rechargeOutcom e - String
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UML-BASED
WEB
ENGINEERING

Web Software

UWE Approach
Modelling Language
Metamodel
Development Process
Tool Support
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Web Software
UWE Approach
Modelling Language

UWE4JSF Characteristics e o Process
Tool Support
Implemented as a set of plug-ins for the Eclipse platform UML +
Uses technologies from Eclipse Modeling Project: UWE Profile
EMF, ATL, JET
Produces JSF 1.2 applications ‘ M2M
Supports flexible integration of JSF component libraries

UWE PIM

Easy integration of legacy code
High flexibility in model detail level ‘ MM

Uses abstract and concrete presentation model to JSE PSM
generate the user interface

Uses Object Graph Navigation Language (OGNL) to M2T
define queries, data selection, process behavior, etc

Allows integration of comp. libraries like Apache MyFaces JSF
Tomahawk, etc. and integration of custom components Application
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Web Software
UWE Approach
Modelling Language

UWE4JSF Development Process Metamodel

Development Process

Tool Support
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Evolution of UWE

Web Software

Tool Support
Outlook

Current Status

Modelling Metamodel Development Tool support
Language Process
UML profile for Conservative Using different UML CASE tools,

content, navigation,

extension of UML

type of model

plugin for MagicDraw

process, metamodel (light- transformations (MagicUWE 1.3.1)
presentation weight) and (Java, ATL) Eclipse plugins
(UWE Profil 1.8) profileable (UWE4JSF)
Extension for RIAs, | Extending with model | Use of patterns Extending
Ongoing Work services, revised elements fqr RIAs MagicUWE plugin
requirements and services for RIAs
modelling
Extension for Revisiting adaptation | Consistency and Plugins for other
Future Work adaptive RIAs model elements evolution of CASE tools (e.g.
Models open source),

editor for
development
environment
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More on ... UWE

UWE website
uwe.pst.ifi.Imu.de
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Web Software

Tool Support
Outlook
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Thank you for your attention!

Questions?

Nora Koch

www.pst.ifi.Imu.de/people/staff/lkoch
nora.koch (at) pst.ifi.imu.de
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UWE
http://uwe.pst.ifi.Imu.de

uwe (at) pst.ifi.iImu.de
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