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Abstract. The rise and potential of the World Wide Web asay to ease life

have made the development of web applications étleeamost widely known

topics on software engineering, which is the reasby we find a large number
of tools and platforms to support web developmetawever, building a web
application is still a complex process that recuisebig effort to get several
tasks done. This article presents a generativeeinark aimed to simplify web
application development, based on the constru@iahtransformation of high
level models from a domain structure viewpointngsa UML profile plus a

Domain Specific Language built for that purpose.
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1 Introduction

Despite several tools and platforms that exist ritaya to support Web development,
building a Web application is still a complex presdhat requires a big effort to get
several tasks done. Over past years a form of eagimg called model-driven
engineering, by which all or at least central paftsoftware application are generated
from models, has arise leading to the constructibrsoftware tools that helps
building applications with a model-driven developrhapproach.

Model-driven software development (MDSD) is a s@ifitevdevelopment paradigm
with roots in software product line engineering,iethis the discipline of designing
and building families of applications for a specifiurpose or market segment [1].
MDSD unlike software product line engineering enmgibas on a highly agile
software development process. One of the highéstitgs in MDSD is to produce
working software that can be validated by end users stakeholders as early as
possible. MDSD also includes several topics suchd@®ain specific languages,
model to model transformations, template languagede generation among others
that contribute to the goal of making models thg whbuilding software and not just
documentation.



The work described here presents a generative frankeaimed to simplify Web
application development, based on the construciuh transformation of high level
models from a domain structure viewpoint, using BILUprofile plus a Domain
Specific Language built for that purpose. Such frauork consists of an adaptation of
a transformation strategy, a profile that permiteking a high level domain model, a
metamodel that describes the most relevant elemieiYeb applications, and the
definition and application of transformations tleliow generating the code of the
Web application.

This work is part of a project calldd odel TransformationEnvironment M TE)
that pretends to increase the quality and proditictiof software development,
focusing on the construction and transformatiomofiels, so some activities that are
done manually, can be automated. It also pretemdsget the developer to be more
focused on the business rather than technology keading to a faster software
development.

The remaining part of this paper is as follow: sBtt2 describes the selected
transformation strategy. Section 3 shows the Welplidation Profile WebApp
Profile) and describes how it is used to mark models.i@eet presents thgveb
Application M etaM odel WAMM), explaining its elements and its function in the
transformation process. Section 5 explains howansform a domain model marked
with the profile to a WAMM instance. Section 6 deises the process of converting a
WAMM instance to actual code of a Web applicatiSaction 7 shows an example of
the transformation process. Section 8 presents somausion and further work.

2 Selecting a Transfor mation Approach

There are two approaches of model transformatidviA: the elaborationist [2] and

the translationist[3]; in the former a developen ¢aiild the PIM, the PSM, and the

code; in the latter the developer can build the Piiich is translated directly into
code. The main difference of these approacheseidethel where a developer can
change the functionality of the system.

The selected strategy for the generation of webicgins is the elaborationist
approach where the roles of the PIM, the PSM aadttlie are the following:

e PIM: The Platform Independence Model is a UML domain ehodhich can be
marked with the stereotypes of a profile to indichbw the web application is
going to be.

* PSM: The Platform Specific Model corresponds to a UMass model with the
necessary elements to develop a web applicatiom \&ppropriated human
computer interaction directives.

* Code: This item refers to the source code of web appina. In this case the
target platforms are based on PHP or JEE.

This transformation approach includes two phagesfitst is a PIM to PSM (M2M)

transformation and the second is a PSM to Code (M&hsformation. In order to

complete this phases is important to use two at8faa UML profile and a

metamodel to provide elements that are essentiddeérhuman computer interactions

of web applications.



3 Web Application Profile (WebApp Profile)

A UML Profile is a mechanism to extend the semaatimodels built with UML in a
bounded area of knowledge or interest. In othedgioa UML Profile is like a special
type of metamodel, whose classes specialize UMlachetses.

WebApp Profile is a UML profile for web applicatisnhat offers a mechanism to
mark the UML domain model in order to provide a dobluman Computer
Interaction [4] to generated applications. The daihg sections show the main
concepts required to generate web applications fddfh structure models.

3.1 Form Stereotype (<<Form>>)

This stereotype applies to classes and is used teee is the need of manipulating

in a web form the information of a single recoréé@don the marked class.

Tagged Values:

« CRUD: [CRUD | CRU | CRD | RUD | CR | RU | RD | Rfides combinations for
data manipulation actions in the form (Create, Réjmtlate and Delete).

» Navigation order: string that specifies the navmatflow of the form in the
application.

» Specific properties: string listing the class pmigs shown for every record in the
reading form. Each field is derived from one praper

Effect:

« With this stereotype a web form is created withieldf for each property to
manipulate a single record. Table 1 shows the €iffiethe web form of every letter
in the CRUDtag.

» Navigation ordelis a sequence of dot-separated integers. An integk no dots
specifies a root in the navigation flow. Severatgers separated by dots specify a
lower node in the navigation flow, derived from tingper node identified by the
same_Navigation ordewithout the last integer. For example: the 4.3.-ainode
immediately lower than the 4.3 node.

Table 1. Description of the operations for the Form sterpettagged value CRUD

Created controls Control effects Considerations
C Insert Actiona “+” Insert to put in ‘1nsertion If the primary key is auto
icon or “new” button  Mode” cleaning the form increment, then those properties
Save Actiona Save to save the values in a cannot be inserted.
diskette icon new record.
R Search Actiona This icon is put next to the  If the letter U is present in the
binocular icon primary key field, to find a  CRUD tag, then when a record is
record that matches the valugetrieved, the form is set to
inserted in that field. “Updating Mode".
U Save Actiona To save the changes made If there are no pending changes,
diskette icon on a record. then this control is unavailable
D Delete Actiona “x” To delete the current record. A confirmation mesdag
icon shown before deleting the

record.




If the value of Specific propertiés not set, then all properties are displayed.

Constraints:

In Navigation orderthere must be a node in the navigation flow @poading to
the upper node in the navigation flow. For examgl&avigation orderis 1.2.1.1
there must be a stereotyped element marked withh ih2he_Navigation ordeag.
Elements listed at Specific propertiesist exist as properties of the class marked
with this stereotype.

-7 | Person Form
” B @@
aFomms =Id:

R : 39512 &

- id:int “Name: John Smiith
- name: char

- email: char | E-Mail: js@archetypus.net

Fig. 1. Simple form generated form with the app profile.

3.2 List Stereotype (<<List>>)

This stereotype applies to classes and is used teee is the need of manipulating
in a web form the information of multiple recordssked on the marked class.
Tagged Values:

CRUD: [CRUD| CRU | CRD | RUD | CR | RU | RD | R] defines corations for
data manipulation actions in the record list (Gze&ead, Update and Delete).
Navigation order: string that specifies the navgatflow of the list in the
application.

Specific properties: string listing the class pmigs shown in the record list in the
Reading Form.

Records by page: number of records shown in evageg jof the list.

Effect:

With this stereotype a Reading Form is createglaying a list of records, as well
as other two web forms for creating and updatingg@ord. Table 2 shows the
effect of every letter in the CRUfag.

Table 2. Description of the operations for the List steypettagged value CRUD

Forms Controlsinreading  Cardinality of Considerations
generated  form controls

C Creation Insert Action a “+” One for each  If the primary key is auto
Form icon or “new” button  form. increment, then those properties

are no shown.

R Reading A pager with One for each  These controls are used to
Form navigation controls  form. navigate through pages.

U Updating Update Actiona One for each
Form pencil icon record.

D No form Delete Actiona “x”  One for each A confirmation message is
generated icon record. shown before deleting the

record.




The Creation and Updating Forms have two conti®ére and Cancel; the first
one to save the changes, and the second one to tetihe Reading Form.

If the value of Specific propertiés not set, then all properties are displayed.
The records can be sorted by clicking on the coltwader in the Reading Form.
If Records by pagées 0 or not set, then records are neither pagediltered.

Constraints:

In Navigation orderthere must be a node in the navigation flow gpoading to
the upper node in the navigation flow.

Elements listed at Specific propertiesist exist as properties of the class marked
with this stereotype.

Records by pagmust be greater than or equal to 0.

If a class is marked with the stereotype Form, tihemannot be marked with the
stereotype List.

.-~ | Projects List

- = -
wListo —7 projects found-— o

Project
C i int 1 Webh Site Development Portal for the group 2
- name: char 2. MDSD Research Madel Driven Software Development [ 1
- description: char =
3 Mystigue MTE Model Transformation Envirenment 28 10
S~ 23

~
N . =
~ Opyngnt 9 SUUS ArCHelY s

Fig. 2. List form generated with the app profile.

3.3 Master Detail Stereotype (<<M-D>>)

This stereotype applies to associations and is tsetkate a web page with a master
detail form to manipulate information involved imettwo associated classes. When a
navigation action change the current record inrtfesster block, then the record or
records in the detail are changed too.

Tagged Values:

Navigation order: string that specifies the naviatlow of the master detail in
the application.

Master layout: [Form, List] define the presentatidrihe master block.

Master CRUD: [CRUD| CRU | CRD | RUD | CR | RU | RD | R] defines
combinations for data manipulation actions in theestar block.

Master specific properties: string listing the slgsoperties shown in the master
block form.

Master records by page: number of records showimeimaster block.

Master deleting behavior: [Cascade, Isolated] @efime action to carry on the
detail block when a record is deleted in the masieek. “Cascade” delete records
and “Isolated” avoid this action until all recortdthe detail are deleted.

Detail CRUD: [CRUD| CRU | CRD | RUD | CR | RU | RD | R] defines
combinations for data manipulation actions in teé&ad block.



Detail specific properties: string listing the cagroperties shown in the detail
block form.

Detail records by page: number of records shovthérdetail block.

Effect:

The master block corresponds to the class with iptigity O or 1 in the
association, and the detail block correspondsasesciith multiplicity 0..* or 1..*

in the association.

The effects of the Master CRUfags depend on the value of Master lay@\lt
effects of _Master CRUDag applies to the Master block in the same wat th
CRUD tag applies to “Form” and “List” stereotypes.

For the Detail block a “List” layout is assumed. Affects of Detail CRUDtag
applies to Detail in the same way that CRUD tadiapjo the “List” stereotype.

If the value of Master specific propertissnot set, then all master properties are
displayed.

If the value of Detail specific propertiés not set, then all detail properties are
displayed except the foreign key.

If Master layoutis “Form”, then the Master records by page tagemde has no
effect.

If Master records by page valige0 or not set, then master records are not paged
If Detail records by page valiig O or not set, then detail records are not paged

Constraints:

This stereotype is only accepted in associatiohsden classes with multiplicity O
or 1 and multiplicity 0..* or 1..*.

In Navigation orderthere must be a node in the navigation flow @poading to
the upper node in the navigation flow.

If Master CRUDhas not “D”, then Master deleting behavinust be not set.

The elements listed at Master specific propentasst exist as properties of the
class that represents the master block in theaakdtip.

The elements listed at Detail specific propertiegst exist as properties of the
class that represents the detail block in theioziahip.

Master records by pageust be greater than or equal to 0.

Detail records by pageust be greater than or equal to 0.

- - Project Detail

Project 1

- id:int

Web Site Development
- mame: char

- description: char Partal for the group
1 Activities
aht-Dn
o --8 activities found— 2
Activity 1 Project Planning i <
- id:int 2 Busimess Regurements & B
- name: char -
- deseription: char . 3 Design dis

Fig. 3. Master-detail form generated with the app profile.



3.4 Lookup Stereotype (<<L ookup>>)

This stereotype applies to associations and is tsgdt a field from a list of dynamic

values associated to another class.

Tagged Values:

» Lookup type: [Pop-up window, Select list] it defini the list of values is shown
in an input select or in a new window with a listrecords to select one record.

» Specific properties: comma-separated string listimg class properties shown in
the records list.

Effect:

e The field that will be selected corresponds to apprty from the class with
multiplicity O or 1 in the association. If Lookuype is “Pop-up window” a
magnifier icon is put next to this property to oenew window with the list.

» The list of values corresponds to records assati@ehe class with multiplicity
0..* or 1..* in the association.

« If the value of Specific propertiés not set, then all properties are displayed

Constraints:

» This stereotype is only accepted in associatiowéen classes with multiplicity O
or 1 and multiplicity 0..* or 1..*.

» Elements listed at Specific propertigmist exist as properties of the class with
multiplicity 0..* or 1..* in the association.

-- New Involvement

Irvolvemernt

. beginning: int “Responsible: 1"
- plannedEnd: Int -
- realEnd: int Baginning: || Planned End: =]

- soere: int

0.r E:-n':_i Cancel‘
«Lookips -
9 —4 people found—
(R 12345 John Doe #
- i int 23451 Mary Jones i
- rame: char % g 5
. email char 34512 John Smith g

Fig. 4. Pop-up window generated with the app profile.

3.5 Defined Selection Stereotype (<<D-S>>)

This stereotype applies to properties and is useget a field from a list of static

values, which has its source in a set of pre-ddfirsdues.

Tagged Values:

» Selection type: [Check box, Radio group, Seled} tigfines the presentation of
pre-defined values from which the field is selected

» Code and value collection: enumeration name wighligtt of values.

Effect:

» A static list of values is created to select thddfivalue depending on the Selection

type



» There are two types of enumerations: one with yadties, for example payment
type: credit and cash; and other with code andeydr example gender: f, female
and m, male.

Constraints:

 If Selection typds a check box, then the size of the code andevedliection must
be two.

» Code and value collectiomust exist like an enumeration in the same package
namespace of the class that owns the property mhavih this stereotype.

,7| Involvement Form
7’
’/' Responsible: 23457 Mary Jones
4
Beginning: | 2008-06-09 Planned End:|2008-07-13
Involwement . bt
P Real End: 2008-06-30 @ seeres =
- beginning: int { |
- plannedEnd: int
- realEnd: int ]
- score: int <<D-S@> 3
N 13
A Save| Cancel| 5
| = !
N

Fig. 5. Defined selection generated with the app profile.

3.6 Primary Key(<<PK>>)

This stereotype applies to properties or associgtind is used to avoid repeated

values in a field or in a field group, composingraque identification.

Tagged Values:

» Auto increment: Boolean that defines if the keguso increment or not.

» Key order: defines the field order in the indextad primary key.

Effect:

» A primary key constraint is created in the tabledzhon the class corresponding to
the property marked with this stereotype or withltiplicity 0..* or 1..* in the
association.

 If an association is marked with this stereotypentthe columns derived from the
association in the class at the end with 0..* ocrdompose the primary key.

 If Auto incrementis true, then a constraint or trigger is createduarantee it, and
this property is not displayed in a creation form.

» For a class several properties can be marked withstereotype, including the
property corresponding to the association, in thay a composite primary key is
generated.

Constraints:

« If this stereotype is applied to an associatioentit can only be applied to one
between classes with multiplicity O or 1, and nplitity 0..* or 1..*.

« An association can only be marked if the clas$hatend with multiplicity 0 or 1
has a Primary kegtereotype.

« Auto incrementcan only be set for a single primary key; for cosife ones it
must be false or not set.



3.7 WebApp Profile Representation

All the concepts and ideas described above areesepted in the profile diagram
shown in Fig. 6. This diagram shows the WebApp if@o$tereotypes and their
relations with the UML metaclasses; it gives thei®dor marking the classes of any
user domain model.

YWehfpp

Defined Selection
Selection Type ! Selection Type
Code and Walue Collection : Enurneration

Lookup
Lookup Type : Lookup Type
Specific Properties : String

Primary Key
Key Order @ nteger
Autoincrement : Boolean

«rmetaciass>
Property

Farm List: Master Detal
Mavigation Order : String Mavigation Order : String Mavigation Crder @ String
CRUD ; CRUD CRUD : CRLID Master Layout | Layout

Specific Properties : String Records by Page ! Integer

Specific Properties : String

Master CRUD ; CRUD
Master Spedfic Properties : String

Master Records by Page : Integer

Master Deleting Behavior | Deleting Behavior
Detail CRUD : CRUD

Detail Specific Properties : String

Detail Records by Page : Integer

<rietaclasss
Class

Fig. 6. WebApp profile representation

4 Web Application MetaM odel (WAMM)

In order to support the transformation from the Ullihmain model marked with the
profile elements and tags to the code, an interatedstep must occur. This
intermediate step involves merging all the elemeetsded to generate the code in a
single model. “A metamodel defines a consensuateagent on how elements of a
system should be selected to produce a given nifgjelA metamodel is a simple
ontology. “An ontology is an explicit specificatiaf a shared conceptualization”[6].
A metamodel abstracts concepts from an ontologytopose models.

WAMM means Web Application Metamodel, and descriakkshe global concepts
needed to generate a complete web application inb§ect oriented programming
language. WAMM acts as an information holder, bseait contains all the
information required to generate the applicatiomlecolt also describes how the
elements are related in the application. The usarointermediate metamodel is
suggested as a best practice by Eclipse and JBdcpf@]. WAMM can be seen as a
generic web application platform, which any weblaapion could be defined with. It
also can be seen as domain specific language oapglications.

The metamodel can be divided in two parts, a stragbart and an application part.
The Structure part contains the structure and ges®sr of the domain objects and
has the information required for generating thebase scripts, relational constraints,



models or value objects. The instances of thosmezlés are the domain concepts.
The Application part contains the relations betw#endomain objects and the web
Ul, this is how the information will be requesteddapresented to the user. The
instances of those elements are related to theemiaon. The metamodel can be
seenin Fig. 7

H 0 navigateTo
E webapp H - E AppElement 0. 11 master
appElements -
domainElements | 0. I:?J & AppBlodk
H DomainElement H H AppFeature ) 1.1 detail
H 0..1 |selection H MasterDetail
0.1 baseClass
; H simpleBlock
H Type H class bgseClass | [H Lookup H DefinedSeledion ) .
. v 0.1 llech fields | 0.
1. ; H collection ¢ 1 =
11 properties | HFeld | [ Ust| [ B Form
type H ClassElement RS H codeandvalue
e -
referenceddass K 2 CRUD | ¥ SelectionType
colurmns foreignkey # PrimitiveTypes = CRUD| | - CheckBox
H Property B Key 0.1 - CRU = RadioGroup
X 0.* | |2 DeletingType - CRD = Selectlist
0. 1 - Cascade 5 String = RUD
. = Isolated # Boolean - CR 2 | gokupTypes
H PrimaryKey E Foreignkey H # Int - RU ~ PapupWindow
! ~ RD - SelectList
referencedProperties 0..1 property - R
T
€— Structure 1 Application —»

Fig. 7. Diagram of the Web Application Metamodel. Herethi elements of the metamodel
are shown. The structure elements are at thefi#ieared line, and the applications elements at
the right.

5. Transform Marked Domain Model to WAMM | nstance

According to MDA OMG specification [8], one of theansformation approaches is
“marking”. When generating Web applications from UMomain models, it is
necessary to adapt this transformation approach.

Fig. 8 shows such adaptation.

Web

WAMM i Application
Instance Model Platform
(WAMM)
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|
— |
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. NebApp/WAMM
k Mapping : Mapping (Java)
— |
|

PSM Platform




Fig. 8. Adaptation of M2M transformation

A kind of transformation from Model to Model (M2M3$ the direct manipulation
approach [9]. To transform the marked domain maded WAMM instance, MTE
applies this approach using Java to manipulateribdel instance that can be loaded
from a XMl file [10].

The start point of this transformation is a UML Daim Model, a visual
representation of conceptual classes or real-waiyjdcts in a domain of interest [11].
This model is also called conceptual model, donadiject model or analysis object
model [12]. Although domain models are not moddlsaftware components, it is
important to stand out that the detail level in doenain model defines the detail level
of final web application.

6 Transform WAMM Instanceto Code

According to MDA OMG specification [8], another msformation approach is
“Metamodel Transformation”. In the second phasegeherating Web applications
from UML domain models, it is necessary the adamtabf this transformation
approach. Fig. 9 shows the main concepts in thptatian.

MDA Guide

(Metamodel Transformation) I Adaptation
Platform |
Independent 1 WAMM WAMM
PIM Meta-model
| Instance Model
|
|
Transformation | Transformation
Specification 1 Specification (JET)
|
|
PSM Platfo'r'm | CJOEdEe:DPI;]If)’ Platform
Specific | 4 Specification:
Meta-model 1 Php, JEE, DDL
|
f

Fig. 9. Adaptation of M2T Transformation

A kind of transformation from Model to Text (M2T3 the Template-Based approach
[9]. To transform a WAMM instance to code, MTE dpplthis approach using the
Eclipse project JET [7], writing the transformatiom WAMM to code in the JET
template language. One main template to controladhding of the WAMM instance
and subsequent templates to generate code fromV¢AdM instance entity.

The adaptation to MDA specification has the objectf converting the WAMM
Instance in a web application working in a web tsex

Transforming a WAMM Instance to code might be s@sna task to generate
source code similar to what a case tool does h8]difference lies in the generative
architecture of MTE, that is the elements and @& described in this paper that are
required to transform a domain model in a web apfithn.



The activity has as a precondition to define a danglatform, after that it is
necessary to create a software architecture [1@rding to the web application in
order to generate and select a web server to delal the preconditions, the next
task consists in defining the strategy or metalagguo convert the WAMM Instance
in source code of the selected target platformipfohg the guidelines proposed by
software architecture and deployment in the webrseseselected to expose the
application.

With the metalanguage selected, the “end point’sistg in metaprogramming
[14], specifically write in a template language tteale necessary to create the source
code of the target platform. The information neaegdo build the web application
according to the initial domain model is extractenn the WAMM Instance.

7 Applying the Transformation Process

MTE is built with EMF (Eclipse Modeling Frameworkl 5] using the power of a
platform like Eclipse, additionally is integratedttvUML2 Tools [16] to load and
manipulate UML models. A screenshot of the MTE barseen in Fig. 10.
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Fig. 10. Screenshot of the Model Transformation Environm{&ifE). In the right side of the
windows a marked UML domain model oPaoject Schedule example is opened.



To apply the transformation process it is necestagxecute certain activities in the
MTE tool. The first step is to build a UML domainodel that represents the basic
structure and relationships between identified mess entities. The model can be
created in MTE or imported from another tool usihg XMI 2.1 standard.

The second step is based on the WebApp profile amasists in marking the
domain model elements with the profile stereotypesording to the patterns of
human-computer interaction each stereotype repiesen

The third step is to execute a MTE action that issn performing a M2M
transformation to the marked domain model so a WAIMstance can be obtained.
This task is performed by an internal class thggléments the transformation logic.

The final step is to perform a M2T transformationorder to convert a WAMM
instance to source code. For this purpose two gta$ were defined to base the
generated Web application on: PHP with Zend FramkewWb/] and Java Enterprise
Edition [18].

Fig. 11 shows a screenshot of the Web applicatienemated from theProject
Schedule marked UML domain model. The platform selected dmploying this
example was PHP with Zend Framework.

£ Schedule - Windows Internet Explorer M=E
g * 2] hp:/facathost/Schecule/inder. phprpages=adrmin SpecifyProjecBpro=1 | LXK Pl
" - »
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~
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Project Tasks I
= Home Page
: = Manage Frojects
Project = Manage People
! I
wab Site Devalopment sl
Paortal for the group = Reguirements
= Desigh
Activities = Implamentation
—8 activities found—-
1 Project Planning Y g
2 Business Requirements ﬂ P i ]
3 Design & .20
4 Cading and Umt Test 225
5 integracion and Azsambly Tast .20
New | Back| I

Fig. 11. Screenshot of the generated Web application deglay a server with PHP and Zend
Framework.

8 Conclusionsand Further Work

Building software is a discipline that may invoha high level of complexity.
Approaches such as those presented in MDSD teratdelerate significantly the
development process. The industrial and acadenaptaxh of software development



paradigms based on the construction and transfamat models will be possible as
tools adequately support such MDSD approaches. M@weroposals such as those
experienced with a tool like MTE, allow demonstngtithat the promises of these
paradigms are now a reality: models can be trams&fdr programmed, and executed
for the automatic generation of applications.

This work has described the elements used in theegs of transforming a UML
domain model in a deployable Web application. Seielments include an extension
of UML by means of a Web application profile callebApp; a specification of a
domain specific language represented in a Metamealkdd WAMM,; the definition
of a M2M transformation in order to transform a dom model, to which the
WebApp profile was applied, into an instance of t#@MM Metamodel; and finally
the definition of a M2T transformation, so execlgatode can be generated from an
instance of WAMM.

Transformation capabilities of MTE tool are diffatdrom case tool source code
generation since MTE generates data definitiondagg scripts, the application code
is generated according to a target platform ararget architecture, it transforms the
domain model to artifact that are previous to cad® it generates the required files
to deploy or expose in a server the generated Wplication.

The source of the transformation process in MTEaislomain model, which
represents one of most relevant structure diagnafdd/L. In order to get a complete
web application, other UML diagrams like use casesequence are required. This
kind of UML diagrams are used to represent behaviarimportant future work is to
complement UML domain models with behavior diagraas sources of the
transformation process, in this way the generatell applications can have a fully
functionality.

One future plan is to formalize the model to modeinsformation process
according to the OMG QVT (Query — View — Transfotima) standard [19], using a
specific purpose language of this kind, like ATIO[2r the latest m2m component of
the Eclipse community called Operational QVT.
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