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I.I Automatic transformation: what for ?
Major Issues for software delivery
• Align software developments with changing business issues
• Ensure comprehensive application specifications and user satisfaction
• Manage application development cycles and application life cycle
• Maintain agile applications and take advantage of IT improvements

Model engineering assets to solve these issues? 
• Focus on business needs and achieve architecture scalability
• Software engineers and architects are involved in business processes and user 

requirements 
• Model transformation into application ensure application code conforms to requirements
• No unnoticed change in code, models makes your software factory agile
• Application delivery is shorten and can support business changes
• Reduce maintenance cost, focus on investment and improvement

Next: AN APPROACH TO AUTOMATE UML2 TO J2EE CLASS TRANSFORMATIONS

©
 2

00
8 

N
E

TF
E

C
TI

V
E

 T
E

C
H

N
O

LO
G

Y



2008 JavaOneS M Conference |   java.sun.com/javaone  | 4

I.II MDD  Software Generation chain

Define

PIM Models

Generate

Working
Application 

process

Refine

Deliver

Agile delivery: based on expected business process
• Short itérations based on user requirements (PIM)
• Choose target technology (PSM)
• Generate ready to execute application
• Test and validate
• New requirements?

Transform

PSM Models

Test

Match
 expectations ?
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I.II MDD Transformation

MDD Engine

Repository

Output
Models

Model life cycle
 management

Transformation Plugins

Input
Models

Transformation
Handler
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I.II Models

Meta-
Models Ecore Meta-

Models

PIM
Models UML 2.1 PSM

Models

UML 2.1 models
Based on Ecore metamodels
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I.III Example of MDD Engine

Repository ‘Façade’ (model Access)
ATL Engine (QVT like transformation language)
Template Engine (Model to text)
Plugins Workload (Transformation plugins management)
Transformation Workflow management (configuration)

Repository ‘façade’

ATL Engine Transformation
Workflow engine Template Engine

Plugins workload
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I.III Transformation Workflow Engine

Presentation

Security policies

Service

Business rules

Persistance

Input PIM model

Transformer engineTransformer engine

Template engineTemplate engine

Generated application componentsGenerated application components
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BLU AGE PIM
Metamodel

BLU AGE PSM
Metamodel

PIM 1 PIM 2 PIM 3 PIM n

PSM 12 PSM 23 PSM nm

1 Pre-Process
2 Model Weaving
3 ATL Transformation
4 Post-Process

…

Service Templates
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I.III The "Meta-model forest"

Example of a "meta-model forest":

UML2.1
PIM

OOP JAVA

Meta-model
PSM

« tranform into »

Hibernate

Meta-model
PSM

« tranform into »

« inherits / 
reference »

Services

Meta-model
PSM

« tranform
 into »

« inherits / 
reference »

WebService

Meta-Model
PSM

« tranform into »
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I.III The meta-model
specification

The meta-model is
defined using EMF,
the Eclipse Modelling
Framework

EMF provides
tree-based editors
to define the
meta-model
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I.III Simplified UML 2.1
meta-model

Static Classes meta-model

Dynamic Behavior meta-model

Referenced meta-model specification
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I. III Transformation Plug-ins
The transformation plug-ins

• Contains transformation rules M2M
• Contains transformation templates M2T

Chaining the transformations
• Each plug-ins contains a interface specifying 

• an input model
• an output model

Plug-ins compositions
• Each elements of the plug-in is referenced inside 

« plugin.xml »
Plug-ins technology

• A plug-in may contain:
• Template utility classes,
• The meta model,
• The java implementation of the meta-model,
• A model loading facility.

<< plug-in sample>>

Depnedencies
are used to 
refence the 
generator engine 
and or another
meta-model.

Plug-in
dependencies

Used to reference
the componnents 
of the plug-in.

Plug-in
registry

Used by OSGi &
Eclipse

Plug-in
context

Template JET, 
compiled in 
JAVA classes

Compiled 
template

"OUT"

"IN"

Plug-ins

Meta model
(.ecore)

ATL Rules

Template JET
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Packaging

Web Services
Plug-ins

I.III Transformation Plug-ins
Chaining the transformations
• Each plug-ins contains a interface 

specifying 
• an input model
• an output model

UML Model

 
• Each plug-in is responsible for a 

set of technology
• Eventually all layers of the model 

are transformed

Application

code

JSF
Plug-ins

SPRING
Plug-ins

HIBERNATE
Plug-ins

SERVICE
Plug-ins
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I.III Integration platform based on
Eclipse plug-ins

Eclipse integration and tooling
• transformation highlighting
• Meta-model awareness: Auto completion,

type checker
• Refactoring support
• Debugger
• Meta-models evolve:

Transformations must be
updated

- Transformation configuration
- Mapping settings
- Template parameters
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II.I ATL Transformation principles

A model transformation is the automatic creation of target models from source 
models
ATL language is a declarative-imperative hybrid:
• There are declarative matched rules
• There are imperative called rules and action blocks

All declarative rules that match are applied

M3: Meta Meta-Model

M2: Meta-Model

M1: Terminal Model

Meta Meta-Model

Class / Class

ATL Transformation

Class / Rule

MMA2MMB.atl

Meta-Model A Meta-Model B

"Conforms To"

Source Model A Target Model B
"Conforms To""Conforms To"

Class / Class Class / Class

"Conforms To"
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II.I ATL declarative rules

Source pattern
• The source pattern is made of:

• A labeled set of types coming from the source metamodels
• A guard (Boolean expression) is used to filter matches

• The source pattern is used to select a set of elements coming from the source 
model:

• Which complies to the pattern (guard = true)
• Which is then transformed using ATL imperative rules

Target pattern
• The target pattern is made of:

• A set of types coming from the target metamodels
• For each element of this set, a group of bindings
• A binding specifies the initialization of a target element properties using an expression

• For each match, the target pattern is applied:
• Elements are created in the target models (one for each type of the target pattern)
• Target elements are initialized by executing the bindings:

• First evaluating their value
• Then assigning this value to the corresponding property
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Source model analysis and 
pattern lookup

Destination model

element generation
Target meta model

Target model

II.I ATL transformation overview
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Source model
1) Select statement: is there smiley in source model ?

True

2) collect statement: get all smiley references

Set of 
references

Source attribute: color, value = blue

Target attribute: gender, if src attr == blue then gender = male

Source attribute: color, value = orange

Target attribute: gender, if src attr == orange then gender = female
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Named  
+  name  : S tring  

Table  Column  
owner +  

col +  
* { ordered } 

keyOf  +  1..* key  +  * 

Type  * type +  

II.I ATL transformation example: Class to Relational

 

NamedElt 
+ name : S tring 

Classifier 

Attribute 
+ multivalued : Boolean 

type + 

DataType Class 
  

att + 
* { ordered } 

owner     
• The source Meta-Model Class is a simplification
of class diagrams.

• The target Meta-Model Relational is a simplification
of the relational model.

ATL declaration of this transformation:

module Class2Relational;
create Mout: Relational from Min: Class;
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II.I ATL transformation example: Class to Relational

rule Class2Table {
    from
        c: Class!Class
    to
        t: Relational!Table (
            name <- c.name,
            col <- c.attr->select (e | not
            e.multiValued
                )->union(Sequence {key}),
                    key <- Set {key}

    ),
    key: Relational!Column (
        name <- ‘Id’
    )

}
rule SingleValuedAttribute2Column {

from
a: Class!Attribute (not a.multiValued)

to
c: Relational!Column ( name <- a.name )

}

  A Table is created for each Class

The columns of the table correspond
to the non-multi-valued attributes
of the class.

Each Table owns a key containing
a unique identifier.

A Column is created for each
single-valued Attribute.
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Goals:
• End-to-end integration tools that allows to build models, verify them and generate 

various artifact from them

Challenges:
• Editors integration to design models based on

meta-models
• Verifying the models as you build them
• Transforming/modifying models, one or more

model-to-model transformation steps
• Generating application source code from

models using templates, the model is
transformed to executable code

Graphic Modeling Fwk

Model
 transformation 

(ATL, QVT…)

UML modeling tools
(RSA, Together,
 MagicDraw™…)

EMF
Repository

Model simulation,
Generation

and execution

II.II Eclipse integration platform

Eclipse Integration Platform

Eclipse Modeling Framework
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III.I Generation principles (1/2)

Application generation and deployment from UML 2.1 models
• Executable UML models
• Use of referenced meta-model for model transformation
• OCL to apply specific constraints for validating the transformation
• Use of referenced technical environment (PDM) for source code generation and 

deployment

Model update trigger code generation
• Advanced on-the-fly model level integration approach
• Synchronization and notification mechanisms
• Model modifications are propagated immediately
• Partial generation, only impacted elements are generated

UML debugger with stepping and introspection
• Select to apply transformation rules step-by-step
• Integration of breakpoint support in the UML models
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III.I Generation principles (2/2)

EMF support integration
• Models transformation
• Referenced meta-model for code generation
• Transformation of different kind of model: BPMN/BPEL, SySML, DSL…

MDA Query/View/Transformation (QVT) like implementation with ATL (ATLAS 
Transformation Language)

Partial model transformation
• Interactive setting where various models need to be synchronized in real time
• A transformation automatically produces a trace as a side effect
• Changes in the source model produce trace information used to determine which 

(partial) transformation must be reevaluated

Workbench Handler (projects and workspace views) available as Eclipse
plug-ins
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III.I Real Time application generation
<<

Sa
ve

 / 
C

om
m

it>
>

Instantiated
UML Model

Filter

Filtered Model

Li
st

en
er

 
In

te
rf

ac
e

<<produce>>

<<
Sy

nc
hr

on
iz

e>
>

RepositoryRepository Gen. Cartridge EngineGen. Cartridge Engine

ATL Transformations

<<Transform>>

Output Model

Code generation templates

<<Generate>>

<<Generate>>

JAR / WAR / EAR

OutputsOutputs

Application & database Servers

<<Produce>>

Builder / Packager

<<Compile>>

Delivery EngineDelivery Engine

Application

<<Produce>>
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<<Produce>>

UML Modeler

Model Debugger

Eclipse environment

Input UML Model

Gen. configuration

InputsInputs

Architect StudioArchitect Studio

XHTML Design

http://images.google.co.ma/imgres?imgurl=http://www.oracle.com/webapps/online-help/jdeveloper/10.1.3/topics/developing_jclient_applications/images/commit.gif&imgrefurl=http://www.oracle.com/webapps/online-help/jdeveloper/10.1.3?topic=jui_ausingforms_html&h=24&w=24&sz=1&hl=fr&start=83&um=1&tbnid=7xlOlXSm-z8vFM:&tbnh=24&tbnw=24&prev=/images?q=commit+action&start=72&imgsz=icon&as_st=y&ndsp=18&svnum=10&um=1&hl=fr&sa=N
http://images.google.co.ma/imgres?imgurl=http://www.betaresearch.nl/pic/UML-icon.gif&imgrefurl=http://www.betaresearch.nl/ned/software.shtml&h=24&w=24&sz=1&hl=fr&start=2&um=1&tbnid=JBY38MsLkYpIZM:&tbnh=24&tbnw=24&prev=/images?q=%22uml+icon%22&imgsz=icon&as_st=y&svnum=10&um=1&hl=fr&sa=G
http://images.google.co.ma/imgres?imgurl=http://www.betaresearch.nl/pic/UML-icon.gif&imgrefurl=http://www.betaresearch.nl/ned/software.shtml&h=24&w=24&sz=1&hl=fr&start=2&um=1&tbnid=JBY38MsLkYpIZM:&tbnh=24&tbnw=24&prev=/images?q=%22uml+icon%22&imgsz=icon&as_st=y&svnum=10&um=1&hl=fr&sa=G
http://images.google.co.ma/imgres?imgurl=http://www.commentcamarche.net/guide-achat/images/359887t.jpg&imgrefurl=http://www.commentcamarche.net/guide-achat/micro-application-ftp-serveur-214593870-fiche-technique&h=40&w=40&sz=1&hl=fr&start=4&tbnid=mNCiILMEZbntTM:&tbnh=40&tbnw=40&prev=/images?q=application+server&imgsz=icon&gbv=2&svnum=10&hl=fr
http://images.google.co.ma/imgres?imgurl=http://www.commentcamarche.net/guide-achat/images/359887t.jpg&imgrefurl=http://www.commentcamarche.net/guide-achat/micro-application-ftp-serveur-214593870-fiche-technique&h=40&w=40&sz=1&hl=fr&start=4&tbnid=mNCiILMEZbntTM:&tbnh=40&tbnw=40&prev=/images?q=application+server&imgsz=icon&gbv=2&svnum=10&hl=fr
http://images.google.co.ma/imgres?imgurl=http://www.pds-site.com/Installaware/features/images/gears_preferences.jpg&imgrefurl=http://www.pds-site.com/Installaware/features/f_overview_stadmin.htm&h=48&w=48&sz=2&hl=fr&start=1&um=1&tbnid=k9CJgP3mQgukvM:&tbnh=48&tbnw=48&prev=/images?q=Configurations&imgsz=icon&as_st=y&svnum=10&um=1&hl=fr&sa=G
http://images.google.co.ma/imgres?imgurl=http://www.betaresearch.nl/pic/UML-icon.gif&imgrefurl=http://www.betaresearch.nl/ned/software.shtml&h=24&w=24&sz=1&hl=fr&start=2&um=1&tbnid=JBY38MsLkYpIZM:&tbnh=24&tbnw=24&prev=/images?q=%22uml+icon%22&imgsz=icon&as_st=y&svnum=10&um=1&hl=fr&sa=G
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III.II Model debugging
Tree-based editors to define
the UML model

+getContentDocument()

Breakpoint in debug mode with
step-by-step execution

Introspection view in debug mode
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III.II Partial model transformation

<<Produce Model>>

Launch partial 
generation

GenerateGenerate

<<Listner>>

UML Model

WorkspaceWorkspace

EMF Comparer
Building filter

FiltersFilters

<<Set Filter>>

Model FacadeModel Facade
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IV.I USE CASE : UML to J2EE Application
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IV.I The CIM (Computed Independent Model):
getting business requirements
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The PIM is divided in 4 layers :

• Use Cases & Roles
      Use case diagram

• User interface & processes
      Activity diagram

• Entities & business model
      Class Diagram

• Application services
     Sequence diagram

IV.I The PIM: business process models
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The user interface is created from a static HTML

This mock up is enriched with XML tags to:
• Add dynamic elements in the user interface
• Place marker for transformation from XHTML into models
• Place marker to link User Interface elements to Models elements and instances 

while executing application code

IV.I The Mock-up
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Taggs are added into the mock-up in order to map with application data & 
behaviour
This process can be done with a smart editor enabling auto-completion 
Instances and related attributes and methodes are inherited from models

IV.I Tagging the XHTML to make it dynamique

<bluage:Link id="btnValider" tovalidate="true" type="dynamic">
<a class="Img" href="../home/home.html" shape="rect">Login</a>

</bluage:Link>
<bluage:Hidden id="localLanguage" scope="session" 

instancename="localLanguage"
tablefield="Language.languageCode"></bluage:Hidden>
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First stage of the generation is converts the UML model
Transformation chain uses ATL

• ATL is both declarative and imperative:
• Selection of elements to be transformed
• Transformation applies only to elements which conform to transformation rules of current process stage
• OCL constraints to further specify its transformations rules

Transformation chain uses XPath
• XPATH is used to transformed the XHTML Mockup into a model

IV.I UML to PSM

rule UMLClass2Entity {
    from c : UML2!Class   
in IN (c.oclIsTypeOf(UML2!Class) and c.hasStereotype('Entity') and not c.hasStereotype('ValueObject') and not
c.hasStereotype('EmbeddedValue'))
    
    to out : mmhibernate!HibernateEntity (        

 name <- c.name
 ,visibility <- c.visibility
 ,attribute <- c.ownedAttribute
 ,operation <- c.ownedOperation
 ,es_credential <- c.hasStereotype('ES_CREDENTIAL')
 ,es_profil <- c.hasStereotype('ES_PROFIL')
 ,es_account <- c.hasStereotype('ES_ACCOUNT')  
 ,generatorClass <- c.getGeneratorClass()
 ,inheritance <- c.getInheritanceStrategy()
 ,dynamicUpdate <- c.getTaggedValueBoolean('Entity','@entity.dynamicUpdate')
 ,dynamicInsert <- c.getTaggedValueBoolean('Entity','@entity.dynamicInsert')
 ,hibernateVersionProperty <- c.getTaggedValueString('Entity','@version')  
 ,entitySequenceName <- c.getTaggedValueString('Entity','@sequence.name')
 ,constraints <- c.ownedRule
 ,ownedComment <- c.ownedComment
 ,associations <- c.getAssociations()

)
}
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Is a template engine to transform model into text: M2T

Templates:
• Are composed of tag like JavaServer Pages™ (JSP™) specifications
• Generate ready to compile code
• Insert code into Eclipse for compilation and debugging

IV.II JET

JET
Engine

JAVA
Class

JAVA
ByteCode

JET
Template

Document Microsoft 
Word
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IV.II Data type mapping

Templating is the key to support different technology, but its not enough
Mapping are used for simple transformation : FROM <type> TO <type>
Example of mappings UML type to :
• JAVA™ types
• C# types
• SQL types

• Oracle 10g types
• MS-SQL 2000 types
• MS-SQL 2005 types
• UDB-DB2 8.x types
• And so on

• Wrapper types
• Transforming primitive type into object type
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IV.III Model debugging launch from Eclipse
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IV.III Tree view of models
to define breakpoints
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IV.III While executing the application,
you stop the execution to jump into model debugger
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+getContentDocument()

IV.III Browsing the related diagram

If need be, the user can 
navigate into model 
elements and step in 
for more details

Otherwise the user 
may trigger a "step 
return" to the 
application and resume 
execution
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Advanced feature: instance introspection
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For More Information

Blu Age and Netfective:
http://www.bluage.com
Booth 118

MDA, UML, MOF and XMI specification:
http://www.omg.org/mda

EMF:
http://www.eclipse.org/modeling/emf/

AMMA:
http://www.sciences.univ-nantes.fr/lina/atl/

ATL:
http://www.eclipse.org/m2m/atl/

JET:
http://www.eclipse.org/emft/projects/jet/
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http://www.omg.org/mda
http://www.omg.org/mda
http://www.eclipse.org/modeling/emf/
http://www.eclipse.org/modeling/emf/
http://www.eclipse.org/modeling/emf/
http://www.sciences.univ-nantes.fr/lina/atl/
http://www.sciences.univ-nantes.fr/lina/atl/
http://www.eclipse.org/m2m/atl/
http://www.eclipse.org/emft/projects/jet/
http://www.eclipse.org/emft/projects/jet/
http://www.eclipse.org/emft/projects/jet/
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