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Abstract

This paper preserns ashWeb, a Computer-Aided
Web Engineering (CAWE) tool for the model-driven
developmert of web applications that focus on data
managemen. Presen-day web applications, like on-
line auction systemsor enterprise web portals require
comprehensie data accessdata processingand data
manipulation capabilities. However, existing web ap-
plication developmert approachestreat data manage-
ment operations as second-clas<itizens. They inte-
grate data operations into existing models or derive
them asa by-product of businessprocessesWe argue
that data managemen is animportant part of the ap-
plication logic hence we capture operations with an
additional Operation Model. We shaow that the ex-
plicit modeling of operations provides many bene ts
that distinguish our solution from other approaces.
We presert the ashWeb dewelopmen process uti-
lizing a graphical notation for the models in use, a
CAWE tool that supports the creation of the graph-
ical models and a code generator that createsready-
to-run web applications.

Keywords: Model-driven web engineering, Graphical
web application modeling, CAWE tool, Web applica-
tion generation, Object-orientation

1 Intro duction

The dewvelopmert of data-intensive web applications
has beentopic to many researd activities in the eld

of web application engineeringover the last decade.

Traditionally , the primary focus of data-intensive web
applications is on the presenation of large amounts
of static data in a hyperlinked manner. In addition
to that, preseri-day web applications oer a wide
range of interactive features allowing usersto mod-
ify content that is stored by the web application and
to create personalizedviews or navigation patterns.
E-commerceweb sites are omnipresent examplesfor
this category of web applications. An online auc-
tion systemlike eBay allows usersto create accourts
and auction items, place bids or provide feedbak on
completed transactions thereby creating new content
and assaiations betweenexisting content objects. All
usersof the systemare able to accesscontent objects
through searding, diverseindexes and listings that
are properly Itered and ordered according to dif-
ferent criteria. As preseri-day web applications rely
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heavily on di erent kinds of data managemenm opera-
tions, we needan approach that facilitates the devel-
opmert of web applications providing strong support
for reusablebusinesslogic componernts.

In this paper, we presert ashWeb, a CAWE tool
for the model-driven developmert of web applications
that support data managemem operations. We show
that our solution utilizing the Operation Model and
the novel graphical connections between models al-
lows the rapid developmert of such web applications.
Figure 1 depicts an overview of the ashW eb devel-
opmert process.
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Figure 1: ashW eb Developmert Process

After the requiremerts analysis phase,the devel-
oper uses four models to de ne the web applica-
tion. The Content Model captures content objects
and their relationships. The Operation Model de nes
data managemei operations that provide sophisti-
cated accessto the web application's cortent. The
Composition/Na vigation Model describesthe compo-
sition of the user interface and the navigation struc-
ture of the web application. Finally, the Presertation
Model de nes the positioning and the visual appear-
ance of user interface componerts. As the next step,
the modelsare usedto generatethe implementation of
the web application. The ashweb CAWE tool sup-
ports the creation of the graphical models, the code
generation step as well as the deployment of source
code into an appropriate run time ernvironment for
the web application.

In Section2, we compareour approach to existing
web application developmert methods. Upfront, we
point out the following di erentiating characteristics:

An Operation Model graphically de nes opera-
tions that provide versatile accesgo the web ap-
plication's content. Operations are de ned only
onceand can be directly usedby elemerns of the
Composition/Na vigation Model.

Modelsare connectedin a graphical manner pro-
viding an enhancedoverview of the application
logic indicating which userinterface componerts



acceswhich operations and which operations ac-
cesswhich content data.

All models provide ne granular modeling ele-
ments and extension facilities that support the
developmert of web applications with arbitrary
functionalit y.

The rest of the paper is organized as follows: In
Section 3 we describe the model-driven web appli-
cation dewelopmen approach that is supported by
the ashWeb CAWE tool. We briey introduce the
ashWeb models and explain how they are used in
conjunction. We also presen the idea of graphical
connectionsbetweenmodels. In Section4 we describe
the ashWeb CAWE tool that supports the graphical
speci cation of web applications basedon the intro-
duced models. We also briey describe a code gen-
eration strategy producing ready-to-run web appli-
cations. Finally, we conclude the paper and discuss
open researt issuesin Section 5.

2 Related Work

Over the last decade,numerousreseart approaches
have been proposedin the eld of model-driven web
engineering. Someexamplesare Hera (Houben, G. J.

et al. 2003), O0O-H (Gomez, J. et al. 2000), OOHDM

(Schwabe, D. et al. 1996), UWE (Koch, N. and Kraus,
A. 2002),W2000 (Baresi, L. et al. 2001) and WebML
(Ceri, S. et al. 2000,2002). Most of theseapproadces
were designedto support the developmert of online
information systemsthat presert large amounts of
data in a hyperlinked manner. Some of these ap-
proachesare alsosupported by CAWE toolsthat help
to creategraphical modelsand in somecasegyenerate
a web application partially . VisualWADE (Gomez,J.

2004) supports OO-H, ArgoUWE (Knapp, A. et al.

2003) builds UML models for UWE and WebRatio
(Acerbis, R. et al. 2004) supports the developmert of
WebML web applications.

However, over the last few yearsweb applications
have ewlved into more complex systems that also
provide data managemen functionality and support
businessprocesses.Hence, we need web engineering
solutions with enhanceddata managemen function-
ality. This is only partially supported by existing ap-
proaches. Moreover, some approadesjump right to
support businessprocessesvithout o ering a solid ba-
sis for data managemen. We comparethe ashWeb
developmert processto UWE, to WebML and to OO-
H becausetheseapproacheshave the mostin common
with our solution.

The UWE approach uses UML throughout the
whole dewelopmen process. A Conceptual Model
captures real world entities and their relationships.
Navigation nodesof the Navigation Structure Model
are derived from classesof the Conceptual Model.
Navigation patterns are derived from assaiations be-
tween Conceptual Model classesand extended with
indexes. Thus, navigation nodes (web pages)corre-
spond to entities of the ConceptualModel resulting in
a coarse-grainedcontent preseration. In contrast to
that, the Composition/Na vigation Model of ashWeb
is independert from the Content Model. Thus, in
our casea user interface page can represen seeral
ertities of the Content Model by accessingarbitrary
operations of the Operation Model.

As aresponseto arising data managemen require-
ments, WebML (Bongio, A. et al. 2000) provides
model elemeris that support simple data manipu-
lation. Similar to WebML, we support the idea of
modeling operations with appropriate modeling prim-
itives. Howewver, we pursue a di erent approac re-
garding where operations are de ned and how they

are connectedto user interface componerts. WebML
allows the dewveloper to use basic data managemetn
operations, like to add, to modify or to delete content
objects. It also provides model elemeris to create or
to delete assaiations betweencontent objects. How-
ever, operations are directly de ned in the Hypertext
Model of WebML, which makes this model compli-
cated. To solve this problem, we strictly separate
modeling elemerts that concernpagecomposition and
data accessinto di erent models. Our solution also
provides composite operations that are de ned only
onceand can be easily called by elemeris of the Com-
position/Na vigation Model.

The OO-H (Gomez, J. et al. 2000) approad is
basedon OO-Method (Pastor, O. et al. 1997)and uses
an Object Model that is similar to our Content Model.
It allowsthe de nition of objects through classeghat
hold attributes and services. The Dynamic Model is
additionally usedto de ne object states and object
interactions. The Navigation AccessDiagram de nes
the userinterface of the web application using Naviga-
tion Links that extend classefthe Object Model. In
cortrast to that our Composition/Na vigation Model
doesnot include classesof the Content Model or the
Operation Model. It assaiates user interface ele-
ments to operations of the separateOperation Model
utilizing graphical connections. Thus, in our casea
better separation of concernsis achieved.

3 The ashW eb Mo deling Approac h

The ashWeb CAWE tool supports the model-driven
dewvelopmert of web applications that provide ad-
vanced data managemet functionality. It utilizes
graphical models throughout the ertire developmen
process.Di erent aspects of the web application are
captured with di erent models assuringa clear sepa-
ration of concerns.In a previous publication (Jakob,
M. et al. 2006) we introduced the initial idea of an
Operation Model that accomplishesthe separation of
data managemen functionality from other modeling
concerns. Additionally , we showed (Jakob, M. et al.
2006) that the generation of a large web application
with a comprehensive Operation Layer for data ac-
cessis possible. Howewer, that rst approacd utilizes
apreliminary prototypeversionof our modelsthat are
encaded in XML. The graphical models presened in
this paper are not just a dierent represeration of
those text-based models, but provide besidesthe ob-
vious advantages many advanced concepts.

The ashWeb dewvelopmen approach is based on
three graphical models, the Content Model, the Oper-
ation Model and the Composition/Na vigation Model.
The Presertation Model is a textual model that de-
nes position and visual appearanceof userinterface
componerts. The following sections provide a brief
description of eadh model and of model interactions.

3.1 Content Mo del

The Content Model of ashW eb de nes the content
structure of the web application usinga UML compli-
ant notation. Basically, it capturesreal world ertities
and their relationships with a UML class diagram.
The Content Model supports classesand assiations,
aggregation and composition as well as specializa-
tion/generalization. Classattributes are described by
their names, data type and their multiplicit y. As-
sociations are speci ed by their name, role names
and multiplicities for the participating classesand op-
tionally by an assaiation class. The bottom half of
Figure 3 depicts a very simplistic Content Model ex-
ample which is an excerpt from the speci cation of
an online auction system.



3.2 Operation Mo del

The Operation Model de nes data managemen op-
erations that provide full read and write accessto
the web applications content storage. This model
senes as an intermediary between the Composi-
tion/Na vigation Model and the Content Model. Ele-
ments of the Composition/Na vigation Model may be
assaiated with arbitrary operations of the Operation
Model that retrieve, modify or delete web applica-
tion content. An important feature of the Operation
Model is the reuse of operational constructs. Ba-
sic and composite operations are de ned only once
and can be usedby an arbitrary number of Composi-
tion/Na vigation Model elemerts.

The syntax of the Operation Model is simple.
Each Content Model classhasits counterpart in the
Operation Model. However, the de nition of a sepa-
rate Operation Model is still advisablefor the follow-
ing reasons. First, the dewveloper may de ne further
Operation Model classeghat can be usedas contain-
ers for composite and custom operations. These op-
erations may a ect sewral Content Model objects so
putting them into a single Content Model classis not
justiable. Note that depending on the customiza-
tion level a web application may have a fair amount
of custom and composite operations. Secondly using
di erent modelsfor content and operations providesa
better separation of concerns. An example classthat
de nes operations for a content object is depicted on
the left hand side of Figure 2.

createUser(FirstNames: StringSet, LastName:String): User
getAllUsers(): UserSet
getUser(ld: Integer): User
selectUsers(<args>): UserSet getone
edit(FirstNames:StringSet, LastName:String): User
delete()
getFirstNames(): StringSet
setFirstNames(FirstNames: StringSet)
Sellitems +
Biditems =
Bidltems +

Figure 2: Basic Operation Examples

This is a UML-near notation and de nes class-
level operations (underlined), instance-lewel opera-
tions that accessone object of the class (not un-
derlined) and instance-lewel operations that access
related objects through assaiations (dashed under-
lined). The operation signature is composed of the
operation name, the parameter list and the data type
of the operations return value. Asscciations between
classesare visualized in the Content Model and are
not repeatedin the Operation Model. In most cases,
a ashWebdeweloperis not interestedin the exact op-
eration signatures. Therefore, the Operation Model
also employs a simplied graphical notation that ab-
stracts from details. The right hand side of Figure 2
shows an example of this notation. Each operation is
represerted with an alias and an icon.

3.3 Operation Types

The Operation Model supports three types of oper-
ations: basic operations, composite operations and
custom operations.

Basic operations provide simple accesgo web ap-
plication cortent. They allow to retrieve, to create,
to modify or to delete content objects. Addition-
ally, they also provide similar accessto assaiations.
Figure 2 lists the most important basic operations for
the User classdisplaying both the UML-near and the
simpli ed graphical notation.

Composite operations combine two or more oper-
ations as one transaction. These operations play an
important role in the Operation Model becausethe
application logic of a web application often requires
operations to be executedas one transaction. A sim-
ple example is the creation of an auction item and
the subsequeh assaiation of this item with a user
in one transaction. Sudch a composite operation com-
bines two basic operations, one that createsan auc-
tion item and another that assaiates this item to a
user. An arbitrary number of basic operations can
be exibly composedinto composite operations by so
called operation connectors. These connectorsde ne
all necessarymappings betweenresults and parame-
ters of participating operations.

Finally, the custom operation type is an extension
facility of the Operation Model for non-standard ap-
plication code. It allows the de nition of custom ap-
plication code in the programming languagethat im-
plemerts the Operation Layer of the web application,
e.g. Python, Java, etc. This extension mechanism is
necessaryfor web applications that require more than
standard data managemei functionality.

3.4 Connecting Operations to Content

Graphical connectionsbetweenmodelsare a key char-
acteristic of the ashW eb developmert process.They
expressan important part of the web applications ap-
plication logic and provide enhancedoverviewthereof.
Whereaswe usea UML-near notation for the Content
Model and the Operation Model, connectionsbetween
models clearly exceedthe possibilities that are pro-
vided in UML. Capturing the same sematriics, e.g.,
by using UML stereotypes, would result in a much
more complicated graphical represenation. Thus, we
advocate using a domain speci ¢ notation to achieve
a simple yet powerful way to dewvelop web applica-
tions. Figure 3 shows an example of basic operations
and their data accessfor the User and Auctionltem
classes.

Operation Model

User Auctionltem
.
- e
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Description v

Bidders =

i

‘ i i
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Bidder Biditem

Content Model
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t=-» LastName : String

Figure 3: Operations accessingContent



Connections betweenthe Content Model and the
Operation Model (dashed arrows) directly visualize
for eadh operation the manner of data access. Data
accessarrows can be unidirectional or bidirectional
indicating whether an operation receives data from
the content storage, writes data to the content stor-
ageor both. For examplethe class-leel create+ op-
eration createsa new object and is connectedto the
corresponding Content Model class. The bidirectional
arrow betweenthis operation and the Content Model
classindicates that the operation modi es the web
applications content and receivesdata from the con-
tent storage,i.e., the newly created classobject.

3.5 Comp osition/Na vigation Mo del

The Composition/Na vigation Model of ashW eb de-
nes the web applications userinterface. Its modeling
elemerts allow piece-by-piece web page construction
and the connection of di erent elemens by naviga-
tion edges. Basically, there are four types of model
elemens. First, structure elemers allow to create
pagesand to divide pagesinto dierent areas. Sec-
ondly, cortent elemens simply presert the web appli-
cations content in di erent typesof object views and
object listings. Thirdly , data-entry elemerts allow the
de nition of user interface componerts that require
the userto provide information that is stored or pro-
cessedby the web application. Finally, navigation el-
emeris connectdi erent elemers of the userinterface
with navigation edgesthereby creating the navigation
structure of the web application. Note that thesecat-
egoriesonly de ne the main purposeof modeling ele-
ments. Many elemens combine one or more of these
aspectsin someway. The top half of Figure 4 depicts
a very simplistic Composition/Na vigation Model ex-
ample.

3.6 Connecting
tions

the User Interface to Op era-

Graphical connections between the Composi-
tion/Na vigation Model and the Operation Model

play a certral role in the ashWeb dewlopment

process. All connections of this type are explicitly

de ned by the web application deweloper. Connec-
tions between the two models (dashed arrows in

Figure 4) indicate which user interface componerts

accesswhich operations. Connectionsmay be de ned

using unidirectional or bidirectional operation access
arrows. They indicate whether an operation only

receives parameters, only returns a value or both.

Connections betweenthe models are labeled in both

directions. Labels shon which parametersare passed
on to an operation and which variables are entered

into the namespaceof a Composition/Na vigation

Model elemen. A special name result identi es the

result value of an operation. Figure 4 depicts an

example showing a simple Composition/Na vigation

Model and an Operation Model.

The Composition/Na vigation Model displays two
web pages. The User Page includes an Object View
elemen that displays a User object and an Entry
Form elemen that de nes a seard form. The Ob-
ject View elemern receives a User object from the
operation get of the User class. The Userld variable
from the namespaceof the User Page is renamedto
Id and passedon to this operation. The operation
returns a User object in the User variable. The Ob-
ject View elemen usesthe value of this variable and
displays the User object. The User Page also pro-
vides a seard form with two elds. The Name eld
has the type Input and requires the userto provide
sometext. The Category eld of the type Selection
receivesthe list of categoriesfrom the getal operation

Composition & Navigation Model

Search Results Page B

Userld tems
o | ’—’

Search

User Page

Items : AuctionltemSet

O = ltem
-_

Name
Category

Items 4 result

Id « Userld

| '

1

i |

B uer | category [EN  Auctontem_|
3 :

i Categories 4 result |

“»| (getUser o 2 (Cgetcategorys= ] | '-»| [ search ?)

Operation Model

Figure 4: User Interface accessingOperations

of the Category class. The seard form also provides
a seart button that calls the seard operation in the
Auctionltem class. Note that the seard operation
in this exampleis a custom operation. The operation
call (if the useractivatesthe seard button) sendsthe
parameters Name and Category to the seard opera-
tion and receivesa list of found Auctionltem objects.
Finally, seard results are passedon to the Search Re-
sult Page in the Items variable. This page includes
an Object Index showing all results.

3.7 Presentation Mo del

The Presertation Model of ashWeb is not a graph-
ical model. It consists of a set of style de nitions
that can be assignedto elemeris of the Composi-
tion/Na vigation Model in a exible way. Style def-
initions are structured into categorieslik e size, color,
position, etc. Each elemen can be assignedan arbi-
trary number of style de nitions resulting in the nal
rendering of the elemen.

4 The ashW eb CAWE Tool

The introduced ashWeb modeling approach pur-
suesthe rapid developmen of web applications. To
achieve that, a CAWE tool is required that facilitates
the fast creation of ashW eb models, the generation
of application code and the deployment of code into
the desiredtarget platform. In the following sections
we presert the ashWeb CAWE tool that ful lls these
requiremerts. The demonstration will include the de-
scription of the user interface, a step-by-step expla-
nation of the model creation processas well as the
description of the code generator and the generated
web application.

4.1 User Interface

The user interface of the ashweb CAWE tool con-
sists of a menu, a tool bar, a y-out palette, a status
bar and a canvas. Figure 5 depicts the mertioned
componerts.

The menu provides common actions like create,
open or save a project. Frequertly usedactions, e.g.
redo and undo, are additionally available in the tool
bar. In cortrast to the menu and the tool bar, actions
provided by entries of the y-out palette are specic
to model creation. The ertries are categorized cor-
responding to the three graphical models: the Con-
tent Model, the Operation Model and the Composi-
tion/Na vigation Model. Actions that concern creat-
ing elemerns of a certain model reside in the corre-
sponding category. The last category concernsthe
creation of connectionsbetweenmodels.



Figure 5: Content and Operation Modeling

The status bar displays various messageghat in-
form the web application deweloper about the state
of the models, e.g., error messages.An example is
a messageindicating that the type referencedby a
model element cannot be resolved.

Last but not least, the canvas holds the graphical
models. It is unlimited in space,but only a certain
part is visible. The visible part can be zoomed and
movedin all directions. This functionality is essetial
for large models, so the web application developer is
able to obtain a better overview. Note that there
exists only one carvas for all models and it is not
separatedinto parts respective to the models. Hence,
the web application developer is free to place model
elemerts arbitrarily .

The number of connections beetween models in-
creasesquickly. The ashWeb CAWE tool provides
seweral features to handle this circumstance. First,
most model elemens can be collapsed, so that their
subelemerts and most of their connections become
hidden. Figure 5 shawsthe collapsedAuctionltem op-
eration classand other classesthat are decollapsed.
Secondly all incoming and outgoing connections of
a selected model elemen are highlighted. Obsere
the highlighted connection betweenthe getLastName
operation and the LastName attribute in Figure 5.
Finally, there exists the possibility to hide all con-
nections of a certain type temporarily, e.g., to hide
all connectionsbetweenthe Content Model and the
Operation Model.

To enhance the comfort of model editing, the
ashWeb CAWE tool provides support for undoing
changes. This feature is combined with the possibil-
ity to redo undone changes.

4.2 Mo deling

In this section we demonstrate by example the func-
tionality of the ashwWeb CAWE tool. Figure 5 de-
picts the small Content Model and Operation Model
examplefrom Section 3.4, wherethe semartics of this
exampleis explained in more detalil.

The creation of a model elemert is a simple task.
The following steps describe how the User content
classis createdwith the ashWeb CAWE tool. First,
the web application deweloper selectsthe Class ele-
ment of the Content category from the palette. Sec-
ondly, he clicks on the carvasat a desireablelocation.
Finally, he lls in the name of the class,e.g., Userin
the dialog that is preseried to him. After that, the
classis created. Note that the counterpart in the Op-
eration Model is automatically generated. Moreover,
the ashWeb CAWE tool automatically createsbasic

operations, like createUser, and connectsthem to the
Content Model.

Attributes for a content class can be added us-
ing the context menu of the corresponding model ele-
ment. The required information, the name, the type
and the mulitplicit y of the attribute is queried by a
dialog. The creation of a cortent classattribute re-
sults in the generation of according accessoperations
and the adaptation of operationsthat depend on class
attributes. Thus, due to the creation of the attribute
FirstNames the operations setFirstNames and get-
FirstNames are generated and the basic operations
createUser, seletUser, deleteUser and edit are ex-
pandedby the parameter rstNames. If the length of
the parameter list exceedsa de ned threshold, only
an abbreviated form is displayed. The full operation
signature is obvious and is shovn in a tooltip that
pops up if moving the mouse pointer over the op-
eration. As described in Section 3.2 there exists a
simpli ed graphical notation for operation signatures
that can be usedas an alternativ e.

Creating connections between model elemerts is
alsoa simpletask. Subsequetly, we describe how the
Bid assaiation between the User and Auctionltem
Content Model classesis created. First, the dewvel-
oper selectsthe Asscciation palette entry. Secondly
he selectsthe User classas sourceand then the Auc-
tionltem class as target of the assaiation. Finally,
he provides the name, the role namesand the multi-
plicities for the dialog that is opened. Having entered
the necessaryinformation, the assaiation is created.
Basic accessoperations in the corresponding Opera-
tion Model classesand appropriate connectionsto the
Content Model are generatedautomatically.

Figure 6 depicts a small Operation Model and
Composition/Na vigation Model example from Sec-
tion 3.6. It showsthe two pagesUser Pageand Search
Results Page that model pagesof the user interface.

Figure 6: Composition and Navigation Modeling

The body of a pageelemen consistsof two parts,
one that de nes variables and another that contains
subelemerts. The section cortaining subelemerts is
surrounded by a frame and bearsthe contents label.
For example, the User Page pagein Figure 6 de nes
the variable Userld and cortains two subelemerts.
An Obiject View elemert that displays a User object
and Custom Form named Search Items.

Model elemenis of the Composition/Na vigation
Model that require an input from a variable or from
an operation call, possessan input slot. Input slots
are visualized as small rectanglesattached to the cor-
responding elemen, e.g., the Object View elemen
on the User Page page. The slots of an elemen are
numbered consecutiwely to identify input parameters



uniquely. The web application developer may connect
an input slot to a variable of a surrounding Composi-

tion/Na vigation Model elemen or to an operation of

the Operation Model. This can be achieved either by

using the context menu of the input slot or by select-
ing the Operation Call elemer from the palette. Note

that the input slot of the Object View elemen dis-

playing a User object is connectedto the getUser op-

eration, which receivesits input, i.e., the userid from

the Userld variable of the User Page Mappings be-

tweennamespacesre displayed as labels on the cor-

responding edge. The label Userld! id denotesthat

the Userld variable from the namespaceof the User

Page pageis mapped to the id parameter of the ge-
tUser operation. Additionally , the result! Userlabel

indicates that the result of the corresponding opera-

tion is mapped to the User variable in the namespace
of the connectedObject View elemert.

A successfulgeneration of the web application de-
mands holding all models in a consistert state. To
support this task, the ashwWeb CAWE tool provides
three useful features. First, all dialogs immediately
validate entered data, e.g., the dialog querying the
name of a class validates that the entered name is
unique. In caseof a violation the dialog shows an ap-
propiate error messageand preverts the web applica-
tion dewveloper from proceeding. Secondly the CAWE
tool provides information through pop-upsif the de-
veloper tries to selecta model elemen as part of an
action, indicating whether the selectionis appropri-
ate. Finally, an elemernt having an inconsistert state
is accordingly annotated and the status bar shows an
appropriate error message.

4.3 Code Generation and Deplo yment

The ashWeb CAWE tool providesa exible strategy
for integrating code generator componerts that sup-
port dierent target platforms, e.g., JavaEE, Zope
or Ruby on Rails. It basesupon the Rich Client

Platform (RCP), which constitutes a small subset of
the Eclipse Platform. The RCP focuseson the de-
velopmert of applications with the utilization of the
plugin-based architecture of Eclipse, but is indepen-
dent from the EclipseIDE. A keybenet of this archi-

tecture is the easeof extensibility, which avails build-

ing the code generation and deployment part of the
tool. Code generator componerts are Eclipse plug-
ins that register themselesto the ashweb CAWE

tool. Generator plugins provide two modes of op-
eration: on-demand and on-the-y. The on-demand
mode requires the web application dewveloper to trig-

ger the code generation processexplicitly. The on-
the-y mode adjusts the generated code ead time

the web application deweloper changesthe models.
Note that generator plugins can be con gured to de-
ploy generatedcode to the designatedtarget platform

automatically. Using the on-the-y mode and the de-
ployment feature of the ashwWeb CAWE tool enables
the dewveloper to propagate model changesinstantly

to the implementation of the web application thereby
minimizing the edit-generate-test cycle. Currently,
the ashW eb CAWE tool providesonefully functional

code generator plugin for the Zope 3.3 application

sener. The demonstration includes the description
of code generation features and the presenation of
the generatedweb application.

5 Conclusions and Future W ork

This paper intro duces ashW eb, a CAWE tool for the
model-driven developmert of web applications with
focus on data managemen functionality. The over-
all strategy of the CAWE tool is to provide a wide

range of standard modeling elemers that support
most of the web application developers needs. Addi-
tional functionality can be inserted into the modeling
processusing custom elemeris, e.g., custom opera-
tions. The preseried CAWE tool has been used to
createseeral small applications that serve asproof of
conceptfor the suitabilit y of our approach. However,
we plan to thoroughly evaluate ashWeb in dierent
application areascreating medium and large projects.
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