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Prerequisites

To be able to understand this lecture, a reader should be
familiar with the following concepts, languages, and
standards:

Model Driven Engineering (MDE)

The role of model transformations in MDE
UML

OCL

MOF

Basic programming concepts
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Introduction: ATL

® ATL is a language and a Virtual Machine dedicated to
model transformation

® ATL is a component of Eclipse Model-to-Model
(M2M) project within the Eclipse Modeling Project
(EMP)
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Introduction: Model Transformation

Metametamodel
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Operational context of ATL

MMa is the
source

metamodel

Ma is the source model

ECORE

MMa ATL

I
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MMB is the
target

metamodel

A

Ma

MMa2 MMb.atl
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History

® 1990 : first works on model transformation

® 1998 : initial publication for a Ph.D. thesis at the
University of Nantes

® 1998 - 2004 : Implementation
® CARROLL/MOTOR project (CEA, Thales, INRTA)
® Collaborative projects : ModelWare, ModelPlex, OpenEmbeDD

® 2004 : Eclipse GMT integration

® 2006 : Industrial solution inside of the Eclipse M2M
project
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Resources

® Active community
® Newsgroup: news://news.eclipse.org/eclipse.modeling.m2m
® Wiki: http://wiki.eclipse.org/ATL
® Bugzilla
® Use cases: http://www.eclipse.org/m2m/atl/usecases/

® Transformations zoo (i.e., a library):
http://www.eclipse.org/m2m/atl/at| Transformations/

® Other links :
® Project page: http://www.eclipse.org/m2m/atl/
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ATL transformation zoo

ATL Transformations

There are currently 102 model transformations scenarios in this zoo.

ATL Transformations list

-+ Ant to Maven: Documentation, Source files

.
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ATL Use Cases

ATL Use Cases

This section provides a set of ATL model transformation use cases cowvering different domains of application. These use cases are concrete examples of how maodel to
madel transformation (M2M) can be applied. Some of these use cases will be simple ones, some athers will be more elaborated and will reuse basic use cases or parts
of other ones.

DOther Eclipse projects have use case section as well for example AMW ar MoDisco [(GMT components).

A general description is given for each of these use cases, as well as some maore precise documentations. For many of them, prototypes have already been
implemented and are directly downloadable fram this website.

The general status of each of the provided use cases is indicated by one of the following ican:

ﬁ?ﬁﬁ? Specification Only 'i/}["ﬁ:kif Partially Implemented ﬂ-fj:?'i::? ﬂ-ﬁ? Reaching Completion

This wark presents a case study of implementing two telephony languages: SPL and
CPL. They are partially based on similar vocabularies, However they are very different and
DSLs coordination for Telephony have been designed to be used by different people. The use case shows how M2 ﬁﬁ?'ﬂ;ﬁfﬁi\?
transformations may be used to map programs conforming to SPL ar CPL at different
ahstraction levels.

This wark presents a use case of model transformation using ATL rules to validate MDD's
models. This use case considers a simplified process description language, SimplePDL.
It then presents a property-driven approach in which SimplePDL process models are
Models Validation through Petri  translated into Petri nets. SimplePDL behavioral  properties  are  expressed on
nets corresponding Petri nets in LTL (Linear Temporal Logic). The Tina toolkit and, in ﬁ:?‘!ﬁf"i?
particular, its model-checker, are used to validate process models by checking the
expressed properties. This use case has been done by Benoit Combemale {IRIT). This
is a collaboration between IRIT and LAAS labs in Toulouse, France.

This wark presents an implementation of sharing rules between two rule languages from

different domains: OCL (Object Constraint Language) together with UML and SWWRL

(Semantic YWeb Rule Language) together with OWWL For this integration we used the

RZML (REWERSE 11 Rule Markup Language) metamodel as pivotal metamodel. The
Sharing Rules Between OCLIUML R2ML is a general YWeb rule markup language and it can represent differsnt rule types: i? i\f .ﬁ?
and SWELIOWL integrity, reaction, derivation and production. This work has been done by Milan W

Milanovic in collaboration between the GOOD OLD Al Laboratory at University of

Belgrade, School of Interactive Arts and Technology at Simoen Fraser University

Surrey in Canada and Chair of Internet Technology at Brandenburg University of

Technology at Cotthus in Germany.
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ATL as a MT Language

® An ATL program (module) is composed of rules

® Define how SOURCE elements are mapped to TARGET
elements

® Navigate source elements
® Create and initialize target elements

® Developed over Eclipse (Modeling Framework)

® Provides with an ATL IDE (syntax highlighting, code completion
and the like)

® Recommended programming style: declarative
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ATL Module Structure

® ATL Module

® Header - attributes relative to the transformation
module modules nams; module BookZPublication;
|create cu:puﬁ:mcdeis [from|refines] inpu;_mcdeis;|[:::::>|create OUT : Publication frem IN : Book;

® [Import] 2> import some exiting libraries

Iuses ex:ensicniess_iibrery_fiis_neme:I Iuses S:rings;l
® Helpers ~ JAVA methods
Ihelper context Integer daf : max(x : Integer) : Integer = ...;I
_ Ihelper context Integer def : double{) : Integer = self * 2:| )

rule RAuthor |
® Rules £rom _ _
a : MMAuthor!Author

t
® How target models are ° . MfPerson!zerson |

gener'a'red fr‘om The source one name <- a.name,

e

surname <- a.surname
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ATL in a nutshell

® Source models and target models are distinct:

® Source models are read-only (they can only be navigated, not
modified),

® Target models are write-only (they cannot be navigated)

® Referring a target element implies referring the corresponding
source element

® The language is a[declar'a‘rive}imper'a‘rive hybrid:

® Declarative part:
® Matched rules with automatic traceability support,

® Side-effect free navigation (and query) language: OCL 2.0
® Imperative part:

® Called rules,

® Action blocks.
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ATL overview - Matched rules

An (almost) 1:1 )

® Core of an ATL transformation X correspondence
etween source and
® No explicit call, but matching

target elements
® A declarative rule specifies
® a source pattern to be matched in the/source models,

® a target pattern to be created in tfe target models for each
match during rule application.

v

® the way generated target modgl elements must be initialized
from each matched source efements

® A source model element —p———

from
ShOUId no.r be maTChed . a : MMRuthor!Ruthor
by more than one ATL e < v mames

matched rule
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ATL overview - Imperative rules

® An imperative rule is basically a procedure:
® Tt is called by its name,
® T+ may take arguments,

® Tt can contain:
® A declarative target pattern,
® An action block (i.e. a sequence of statements),

® Both. No
Input Pattern

n {(na: String, 8 na: String) |

: MMPerson!Persaon |

name <- na

p.surname <- s _na ]
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ATL overview (continued)

® Applying a declarative rule means:
® Creating the specified target elements,
® Tnitializing the properties of the newly created elements.

® There are three types of declarative rules:

® Standard rules that are applied once for each match,
® A given set of elements may only be matched by one standard rule,
® | azy rules that are applied as many ftimes for each match as it

is referred to from other rules (possibly never for some
matches),

® Unique lazy rules that are applied at most once for each match
and only if it is referred to from other rules.
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ATL overview - Lazy rules

® Called explicitly
® Creates a new output-element on every call

lazy rule StringZComment {
from 8 : String
to £t : UMLZ2!'Comment (
body <- s)
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ATL overview - Unique Lazy rules

® Returns the same output for the same input

© ATLAS & KYBELE 2010

® Tnteresting, if there is already an existing rule for
an element, that has to be generated in some cases.

unique lazy rule Class2TypedTable {
from

c : UML!Class(c.isSpecialParent())
to

tt : ORDB4ORA!TypedTable

(Name <- c.name.debug('is in Class2TypedTable')
+ 's<<persistent>>")
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Declarative rules: source pattern

® The source pattern is composed of:

® A labeled set of types coming from the source
metamodels,

® A guard (Boolean expression) used to filter matches.
® A match corresponds to a set of elements

coming from the source models that:

® Are of the types specified in the source pattern
(one element for each type),

® Satisfy the guard.
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Declarative rules: target pattern

® The target pattern is composed of:

® A labeled set of types coming from the target
metamodels,

® For each element of this set, a set of bindings.
® A binding specifies the initialization of a property of
a target element 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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Execution order of declarative rules

® Declarative ATL frees the developer from specifying
execution order:

® The order in which rules are matched and applied is not
specified.
® Remark: the match of a lazy or unique lazy rules must be referred
to before the rule is applied.

® The order in which bindings are applied is not specified.

® The execution of declarative rules can however be
kept deterministic:
® The execution of a rule cannot change source models
=> It cannot change a match,

® Target elements are not navigable
> The execution of a binding cannot change the value of another.
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ATL Execution

® The execution of an ATL module is organized into
three successive phases:

® A module initialization phase
® Module attributes initialization
® Entry point rule
® A matching phase of the source model elements
® Testing of matching condition of the declared matched rules
® Tf matching, target model elements allocated

® Traceability links
— Rule R - Source Pattern P - Target Pattern T

® A target model elements initialization phase

® Tnitialization of the target model elements that have been
generated during the previous step
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Target Model Elements Initialization

® There are four main cases:
® Assigning a primitive type value
® Assigning to a reference a target model element generated by
the current rule

® Assigning to a reference the default target model element of
another rule

® Assigning to a reference a non-default target model element
of another rule
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Target Model Elements Initialization

® There are four main cases:

H ClassA

H Class1

ll:l size l

I
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lirik ToClassE

MM_A | 91

lirktoClass2

MM_B

0.1

® Assigning a primitive type value

H ClassB

H Class2

rule Casel {
from
input : MM A'Classid
to
output : MM B!Classl |
Size «<- input.size ¥ 2

!
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Target Model Elements Initialization (References)

® There are four main cases:

© ATLAS & KYBELE 2010

® Assigning to a reference a target model element generated by

H ClassA

- gize

]

the current rule

® The reference feature is here simply initialized with the local

target pattern element that corresponds to the target model
element

link ToClas:B

MM_A

H ClassB

0.1

H Class1
O gize

]

e
=N\

lirktocClass2

MM_B]

H Class2
0.1

rule Casel |
from
input
to

output 1
linkToClassZ <- output 2

Ve

output 2

]

: HH_A!ClassA

MM E!Clas=1l |

MM E!Classa |

=~ [ e
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Target Model Elements Initialization (References)

® There are four main cases:

® Assigning to a reference the default tfarget model element of
another rule
® The reference is here initialized with the source model element

that is matched by rule Case2_R2 when generating the target
model element MM_BIClass?2

rule CasezZ R1 {
from
input : MM AlClassh
. to
Q_Elassn link ToClassE H ClassB output 1 : MM BiClassl |
= SR linkToClassz <— i.linkToClassE
MY_A 0.1 | MM_A
h
MM_AZ2MM_B
rule CaseZ RZ |
H Class1 | linktoclassz | H Class2 from MM B
o size input : MM AlCls=sE -
0.1 to
MM_B ’ output_ 1 : MM E!Classz |
]
h
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Target Model Elements Initialization (References)

® resolveTemp(var, target_pattern_name) operation:

® To point to any of the target model elements that will be
generated from a given source model element

® yar: ATL variable that contains the source model element from
which the searched target model element is produced

® farget_pattern_name. a string value that encodes the name of the
target pattern element that maps the provided source model
element into the searched target model element

® Note that we do not specify which the matched rule is

® A source model element should not be matched by more than one
matched rule

® The concerned matched rule can be univoquely derived from the
specified source model element
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© ATLAS & KYBELE 2010

Target Model Elements Initialization (References)

® There are four main cases:

® Assigning to a reference a non-default target model element

of another rule

® The reference is here initialized by invoking the operation
resolveTemp() with the source model element ("i.linkToClassB")
and the name of the target pattern ("output_n") as arguments.

rule Case3 Rl {

from

input : MM Al!ClassA H ClassA link ToClassE | ClassB
to = size

output : MM B!Classl ( 0.1

name <- input.name, MM_A
1inklTo2 <- input.linkA2B,
1ink1To3 <- thisModule.resolveTemp (input.linkA2B, 'c3"'")

)
}
rule Case3 R2 { ) ;

_ H Class1 0..1 link1Toz H Class2

from -

input : MM A!ClassB k2 Tol 0.1
to ') - h

c2 : MM B!Class2 (name <- 'C2 ' + input.name), u.1

c3 : MM B!Class3 (name <- 'C3 ' + input.name) link1To2 link3Tol ( 7 Class3
} MM_B |
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Use Case 1

Families to Persons
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Families to Persons: Overview

® Tnitially we have a text describing a list of families.

® \We want to transform this list into another one
describing a list of persons.

Transforming this ... .. into this.
e —
Family: Simpsons Mr. Homer Simpson
Father: Homer Mrs. Marge Simpson
Mother: Marge @ Mr. Bart Simpson
Son: Bart Mrs. Lisa Simpson
Daughter: Lisa .. other Persons
.. other Families
A y 4

Let's suppose these are not text, but models.
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Input of the transformation is a model

<?xml version="1.0" encoding="IS0O-8859-1"7?>

Famlly: S|mpson <Xmi:XMI.xmi:version="2.0"
F(ﬂ'her': HOmer' xmlnsifm1='thp':'//www.omg.org/XMI
xmlns="Families">
Mother: N\ar‘ge <Family lastName="Skywalker">
. <father firstName="Anakin"/>
gon Ear“r_ L <mother firstName="Padme"/>
0“9 Ter: Lisa <sons firstName="Luke"/>
Daugh‘l'er‘Z Maggle <daughters firstName="Leia"/>
Family: Skywalker </Fanily>
Y' y R <Family lastName="Simpsons">
FC(Ther': Anakln <father firstName="Homer"/>
MOTher': Padme <mother firstName="Marge"/>
. <sons firstName="Bart"/>
Son‘ LUke <daughters firstName="Lisa"/>
DGUghTer: Leia <daughters firstName="Maggie"/>
</Family>
</xmi:XMI>
A $A——_—_,.,.
This is the text. This is the corresponding model.
It is expressed in XMI,
. a standard way to represent models.
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Output of the transformation should be a model

MI" Anakln SkYWC(lkel" <?xml version="1.0" encoding="IS0-8859-1"7?>
Mr‘s' Pakdmeks kynl(al ker‘ ;iT;sXZIﬁliT;tz;rj;Sﬁv;" irhg'.’org/XMI "
xmlns="Persons">
Mr'. -U .e S ywa er <Man fullName="Anakin Skywalker"/>
Mf‘S. Le|a Skywalker <Woman fullName="Padme Skywalker"/>
. <Man fullName="Luke Skywalker"/>
Mr“ Homer‘ Slmpson <Woman fullName="Leia gkywalker"/>
Mr's Mar‘ge S|mpSon <Man fullName="Homer Simpsons"/>
: . <Woman fullName="Marge Simpsons"/>
Mr'. BC(I“T SlmpSOl’\ <Man fullName="Bart Simpsons"/>
: : <Woman fullName="Lisa Simpsons"/>
Mrs Llsa Slmpson <Woman fullName="Maggie SIiDmpsons"/>
Mrs. Maggie Simpson </xmi s XMT>
A A
This is the text. This is the corresponding model

(The corresponding XMI file is named
"sample-Persons.ecore").
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Each model conforms to a metamodel

Source metamodel Target metamodel

conformsTo conformsTo

<?xml version="1.0" encoding="IS0O-8859-1"7?>
<xmi:XMI xmi:version="2.0"
xmlns:xmi="http://www.omg.org/XMI"
xmlns="Families">

<Family lastName="Skywalker">

<?xml version="1.0" encoding="IS0-8859-1"7>
<xmi:XMI xmi:version="2.0"
xmlns:xmi="http://www.omg.org/XMI"

<father firstName="Anakin"/>
<mother firstName="Padme"/>
<sons firstName="Luke"/>
<daughters firstName="Leia"/>

</Family>

<Family lastName="Simpsons">
<father firstName="Homer"/>
<mother firstName="Marge"/>
<sons firstName="Bart"/>
<daughters firstName="Lisa"/>
<daughters firstName="Maggie"/>

</Family>

</xmi:XMI>

Source model

xmlns="Persons">
<Man fullName="Anakin Skywalker"/>
<Woman fullName="Padme Skywalker"/>
<Man fullName="Luke Skywalker"/>
<Woman fullName="Leia Skywalker"/>
<Man fullName="Homer Simpsons"/>
<Woman fullName="Marge Simpsons"/>
<Man fullName="Bart Simpsons"/>
<Woman fullName="Lisa Simpsons"/>
<Woman fullName="Maggie Simpsons"/>

</xmi:XMI>

Target model
'sample-Persons.xmi"

'sample-Families.xmi"

\
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The general picture
conformsTo ‘

Metametamodel (Ecore)

conformsTo conformsTo
Source metamodel Target metamodel
conformsTo conformsTo

A -y
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What we need to provide

® Tnh order to achieve the transformation, we need to
provide:
1. A source metamodel in KM3 ("Families").
2. A source model (in XMI) conforming to "Families".

3. A target metamodel in KM3 ("Persons").
4. A transformation model in ATL ("Families2Persons").

® When the ATL transformation is executed, we
obtain:
® A target model (in XMI) conforming to "Persons".

Iy
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Families to Persons: project creation

® First we create an ATL project by using the ATL
Project Wizard.

x|

ATL Project Creator

& name is required Far your ATL Project

".ﬁ.TL PROJECT

Project name FamiliesZPersuns|

(7) Firiish I Canicel

I
‘\7.'\ \
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© ATLAS & KYBELE 2010

Definition of the source metamodel "Families"

What is "Families":

A collection of families.
Each family has a lastName and
is composed of members:
A father
A mother
Several sons
Several daughters

Each family member has a first
name.

I
‘\7.'\\ | \

A
(\)kybele Practice of Model Transformation and Model Weaving in the Eclipse Modeling Project with ATL and AMW
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Family: Simpson
Father: Homer
Mother: Marge
Son: Bart
Daughter: Lisa
Daughter: Maggie

Family: Skywalker
Father: Anakin
Mother: Padme
Son: Luke
Daughter: Leia

-39 - ||n!=
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"Families" metamodel (visual presentation)

Member

firstName : String

7

I | | |
Father Mother Son Daughter

father mother sons daughters

Family

— P ——
familyMother familySon

®{ lastName : String (@
familyFather

familyDaughter

(\) Practice of Model Transformation and Model Weaving in the Eclipse Modeling Project with ATL and AMW - 40 - | | n .=‘= NANTES ATLANT



W! NRTA © ATLAS & KYBELE 2010

Demo

Writing a metamodel with KM3

I
\l': %
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"Persons" metamodel (visual presentation)

Person

fullName

A\

Man Woman
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W! NRTA © ATLAS & KYBELE 2010

Demo

Writing a metamodel with KM3

I
\l': %
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The big picture

M3

A

Ecore.ecore

sample-
Families.xmi

Families2Persons.atl

Eclipse Modeling Framework (EMF)

Cc2

sample-

F
RN
TUN

Ay

Persons.xmi

(\)kybele Practice of Model Transformation and Model Weaving in the Eclipse Modeling Project with ATL and AMW
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Our goal in this use case is to write
the ATL transformation, stored in
the "Families2Persons" file.

Prior to the execution of this
transformation the resulting file
"sample-Persons.xmi" does not
exist. It is created by the
transformation.

Before defining the transformation
itself, we need to define the source
and target metamodels
("Families.km3" and "Person.km3")
and compile them to Ecore.

We take for granted that the
definition of the ATL language is
available (supposedly in the
"ATL.ecore" file).

Similarly we take for granted that
the environment provides the
recursive definition of the
metametamodel (supposedly in the
"Ecore.ecore" file).

- 44 - | | N e
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Families to Persons Architecture

M3

A

Ecore.ecore

sample-
Families.xmi

Families2Persons.atl

Cc2

Eclipse Modeling Framework (EMF)

F 3
TUD

N -

sample-
Persons.xmi

/;'\) f A%
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© ATLAS & KYBELE 2010

Families and Persons
metamodels have been created
previously.

They have been written in the
KM3 metamodel specification
DSL (Domain Specific
Language).

They have been compiled to
Ecore
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Families to Persons Architecture

Eclipse Modeling Framework (EMF) 1. The following fil? is the
sample that we will use as
source model in this use case:

A

M3 Ecore.ecore

<?xml version="1.0" encoding="I50-8859-1"7?>
<xmi:XMI xmi:version="2.0"
xmlns:xmi="http://www.omg.org/XMI"
xmlns="Families">
<Family lastName="Skywalker">
<father firstName="Anakin"/>
<mother firstName="Padme"/>
<sons firstName="Luke"/>
<daughters firstName="Leia"/>
</Family>
<Family lastName="Simpsons">
<father firstName="Homer"/>
<mother firstName="Marge"/>
<sons firstName="Bart"/>
<daughters firstName="Lisa"/>
<daughters firstName="Maggie"/>
sample- </Family>
Persons.xmi </xmi:XMI>

M2

Families2Persons.atl

sample-
Families.xmi

F 3
A
R
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Families to Persons Architecture

Eclipse Modeling Framework (EMF) 1.  Now, let us start the creation
of the ATL transformation
< Families2Persons.at/.
M3 Ecore.ecore c2

2. We suppose the ATL
environment is already
installed.

Families2Persons.atl

sample- >l sample-

Families.xmi \/ Persons.xmi

AN
A \\\\ _‘:1"\
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¥
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Families to Persons: ATL transformation creation

® Next we create the ATL transformation. To do this,
we use the ATL File Wizard. This will generate
automatically the header section.

- x|
ATL File Wizard
HEAD
Container I'l,FamiIies2P ssssss Browse. .. |
ATL Module Mame I Families2Persons
ile =] module j :
IN: ATL File Typ Jmodui
Name of the m Name of the
source model in The Model | M Metamodel | Families ADD source me"'amOdel
. - | B e I in the
1- a S o a-‘-lo g Familias .

ransformation transformation

Maodel |OUT Metamodel |Persons
5 | " Persons:
OUT: ouT Persons
Name of the b ) &, ‘rar‘Ngrrn fn(e)ratrp\‘:del
target model in the {“H' i | | . in the
= LIE
transformation transformation
iijy\,\ Einish Cancel

A0 .
2N { S e e
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Families to Persons: header section

® The header section names the transformation module
and names the variables corresponding to the source
and target models ("IN" and "OUT") together with
their metamodels ("Persons" and "Families") acting as
types. The header section of "Families2Persons" is:

module Families2Persons;

create OUT : Persons from IN : Families;

e
Sy

ARWEL) —

Yy .
N Jr b Tl o
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Families to Persons: helper "isFemale()"

Member
firstName : String
® A helper is an auxiliary function X
] ] ] ]
that computes a result needed Father | [Mother | [ Son | [Daughter

inarule.
. father mother sons daughters
® The following helper
(11 "
isFemale()" computes the familFather familySon
gender of the current member: femiyMother fanilyDaghter

helper context Families!Member def: isFemale() : Boolean =
if self.oclIsTypeOf (Families!Mother) or
self.oclIsTypeOf (Families!Daughter) then
true
else
false

endif;

I
‘\7.'\\ | \\

N Jr* -.‘?‘ ' e e
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Families to Persons: helper "getName"

Member

firstName : String

® The family name is not directly 5
contained in class "Member”. The
following helper returns the family

| | |
Father Mother Son Daughter'

name by navigating the relation father mother dasghters
between "Family” and "Member": |
famllyFaThﬂ familySon

lastName : String

familyMother

familyDaughter

helper context Families!Member def: getName() : String =
if self.oclIsTypeOf (Families!Father) then
'Mr. ' + self.firstName + ' ' + self.familyFather.lastName
else
if self.oclIsTypeOf (Families!Mother) then
'Mrs. ' + self.firstName + ' ' + self.familyMother.lastName
else
if self.oclIsTypeOf (Families!Son) then
'"Master ' + self.firstName + ' ' + self.familySon.lastName
else

'Miss ' + self.firstName + ' ' + self.familyDaughter.lastName
endif
endif
endif;

.

‘\7.\ | \\
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Families to Persons: writing the rules

® After the helpers we now write the rules:
® Member to Male

rule Member?2Male {
from
m : Families!Member (not m.isFemale())

to
P : Persons!Male (
fullName <- m.getName ()

)

® Member to Female

rule Member2Female {
from
m : Families!Member (m.isFemale())
to

p : Persons!Male (
fullName <- m.getName ()

)

Fy

A \\% N

7
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What do we want to do ?

Member

e

Father fif Mother [}

= | =

-

father

mother sons

N
“‘"‘§

familkFather P famil ol
<@ | lastName : String

familyMother | —

fgmilyDaughter

"‘ Daughter

1.
2.
daughters
— + 3.

\
Pécson

.

JAY

1 Female )

e

AW
(\)kybele Practice of Model Transformation and Model Weaving in the Eclipse Modeling Project with ATL and AMW
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For each instance of the
class "Member" in the IN
model, create an instance
in the OUT model.

If the original "Member"
instance is a "father" or
one of the "sons" of a
given "Family", then we
create an instance of the
"Male" class in the QUT
model.

If the original "Member"
instance is a "mother" or
one of the "daughters" of
a given "Family", then we
create an instance of the
"Female" class in the OUT
model.

In both cases, the
"fullname" of the created
instance is the
concatenation of the
Member "firstName" and
of the Family "lastName",
separated by a blank.

- B3 -
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Families to Persons Architecture

Eclipse Modeling Framework (EMF)

M3 Ecore.ecore c2

1. Once the ATL transformation
"Families2Persons" is created,

we can execute it to build the
OUT model.

Families2Persons.atl

sample-
Families.ecore

sample-
Persons.ecore

<?xml wversion="1.0" encoding="IsSO—-8859-1"7>

<xmi : XMI xmi:version="2.0"
xmlns:xmi="http://www.omg.org/XMI"
xmlns="Persons">

<Male fullName="Dylan Sailor"/>
<Male fullName="Peter Sailor"/>
<Male fullName="Brandon March"/>
<Male fullName="Jim March"/>

<Male fullName="David Sailor"/>
<Female fullName="Jackie Sailor"/>
<Female fullName="Brenda March"/>
<Female fullName="Cindy March" />
<Female fullName="Kelly Sailor"/>

</xmi : XMI>

F
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ATL Launch Configuration - 1

module Families’Z?Persons;

Create, manage, and run configurations ;;
% [T —+i
= v
HEX BF [arme: |Familii52PersnnsCDmplete |
|t';-'|:|e filker bext
& AL corfiueation - @ Advanced | B Common

r Fam ~
r ikerl_total_UMLZS0LZ003
r New_ronfiguration Mame: |FamiliesZPersonsCDmplete v|
r OMBD Case Study RET ATL File: |,l'Familie52PersonsCu:um|:|Iete,l'.ﬁTLFiIe,l'FamiIiesZF‘alsons.atl w |
€ crosoM_vl
& crosom_vz Mekamadels
€ PersonszPersonshizw Families: < I P |
@ sideeffect_v1
r SideEffect w2 [J1s metametamadel Model handler: [Warkspace... ] [File system. .. ] [EMF Reqistry... ]
r Simple. 500-M {HsnnS)FamiIie52F‘ersu:unsCnmplete,l'Metamu:udeIs,l’Persul\s.eu:u:ure |
r Q20032 0RDE4ORA
r kotal_UMLZS0L2003 [11s metametamadel Maodel handler: ['u'u'u:urkspace... ] [File system. .. ] [EMF Regiskry. .. ]
& umizan
r UML2MadelooR. Source Models
r LUMLZORDE v —————— 10 |- 2milies i |
r LML25QL2003 conforms ko Families Warkspace. .. ] [File syskem. .. ]
& UmLzsoLzo03. Alex
€ UMLZSGL200340RDENOAMYY Taraet Models
r LMLZAML | IFanilieszPersonsComplete/Models/sample-Persons, xmi |
r UMLZSML_JIBDZ005
r UML4ORDE4ORA_DSDMZ008_w2 conforms ko Persons Warkspace. .. ] [File syskem. .. ]
r Isease2Activity v
& UseCasezactivity M
ATl TramcFarmatinm (0l MY b

Filker matched 40 of 40 ikems

3] Fun ] [ Close ]

1]
‘\ﬁ\ ) N

N 1
\ 3

—— -
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Demo

Writing and launching your
very first ATL transformation

AW % e
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Contents

® Tntroduction
® Definitions

® Operational context
® Description of ATL
® Example: Hello World > Families to Persons

® Rule Inheritance

® Example: Class to Relational
® Example: Ports
® Conclusion
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Rule Inheritance

® Definition:
® A matched rule R2 inherits from another matched rule R1:
® R1is the parent rule
® R2 is the child rule, or subrule
® A parent rule may be abstract (i.e. cannot be applied directly)
® Syntax:

abstract rule R1 {

}
rule R2 extends R1 {

}

® When to use:

® When several rules share a common part
=> code reuse
® To specify polymorphic rules

= the parent rule specifies source and target element names and types of all its
children

e
TR}
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Rule Inheritance

® Usage rules:

® A child rule matches a subset of what its parent rule matches:
® The source pattern must have the same number of elements,

® Each child source element must correspond to a unique parent source
element,

® Each child element type must conform to type of corresponding parent
element (i.e. be the same or a subtype),

® Guards are anided.

rule Member2Male extends Member2Person {
from
m : Families!Member (not m.isFemale())
rule Member2Person { to
from p : Persons!Male
m : Families!Member }
to
p : Persons!Person (fullName <- m.getName()) rule Member2Female extends Member2Person {
from
} m : Families!Member
to
p : Persons!Female
}

e

AW : e
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Rule Inheritance

® Usage rules:

® A child rule specializes target elements of its parent rule:
® Target elements can be added in child rule,

® Child target elements with corresponding parent elements (i.e. with the
same variable name) can:
® Have a different type (but must be a subtype of parent type),
® Have more bindings,
® Redefine bindings.

rule Member2Male extends Member2Person {
from
m : Families!Member (not m.isFemale())
rule Member2Person { to
from p : Persons!Male
m : Families!Member }
to
p : Persons!Person (fullName <- m.getName()) rule Member2Female extends Member2Person {
from
} m : Families!Member
to
p : Persons!Female
}

e
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Rule Inheritance

® Usage rules:

® Only one child rule can match

® There may be at most one defaul/t subrule (including parent rule if not
asbtract): a rule without guard, which is matched by default.

rule Member2Male extends Member2Person {
from

m : Families!Member (not m.isFemale())

rule Member2Person { to
from p : Persons!Male
m : Families!Member }
to
p : Persons!Person (fullName <- m.getName()) rule Member2Female extends Member2Person {
from
} m : Families!Member
to

p : Persons!Female

}

e
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Rule Inheritance

® Tnformal semantics:
® Matching:
1. Root rules (i.e. without parent) are matched,
2 .For each potential match, every subrule with a gquard is tested,
3.The one that matches, if any, is selected,
4 1f none matches, the defau/t*rule, if any, is selected,
B.If selected rule is not a leaf (i.e. if it has subrules) then goto 2
6.Tar'ge’r elements are created by using the most specific types.
® Applying
® Most specific bindings are used 1o initialize target elements
(redefined bindings are not executed)

*default rule: subrule without guard or parent rule if not abstract

F
U
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Demo

Using ATL Rule Inheritance

F
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What we have learnt

® Writing metamodels with KM3 and compiling them to
Ecore

® Writing a first ATL transformation
® Using rule inheritance
® | aunching an ATL transformation

Iy
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Contents

® Tntroduction
® Definitions
® Operational context
® Description of ATL
® Example: Hello World > Families to Persons

® Example: Class to Relational
® QOverview
Source metamodel
Target metamodel
Rule Class2Table
Rule SingleValuedAttribute2Column
Rule MultiValuedAttribute2Column

® Example: Ports

® Conclusion
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Use Case 2

Class to Relational

I
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Class to Relational: Overview

® The source metamodel Class is a simplification of
class diagrams.

® The target metamodel Relationalis a simplification
of the relational model.

=» ATL declaration of the transformation:

module Class2Relational:
create OUT : Relational from IN : Class:

e
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“Class” metamodel

NamedElt

+name:String

JAN

Classifier
+ type
DataType Class + attr Attribute
gt +multivalued:Boolean
owner *
{ordered}
7 A e
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The Class Metamodel in KM3*

package Class {
abstract class NamedElt {
attribute name : String;
}
abstract class Classifier extends NamedElt {}
class DataType extends Classifier {}

class Class extends Classifier {

NamedEIlt

+name: String

© ATLAS & KYBELE 2010

Classifier

+ type

DataType

Class

rattr Attribute

[@—————| +multivalued : Boolean

owner *
{ ordered}

reference attr[*] ordered container : Attribute oppositeOf owner;

}

class Attribute extends NamedElt {
attribute multiValued : Boolean;
reference type : Classifier;

reference owner : Class oppositeOf attr;

}

*For more information on KM3 see http://www.eclipse.org/gmt/am3/zoos/atlanticZoo/

I
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“"Relational” metamodel

Named

+name:String

JAN

Table +col Column * +type Type

> >

+owner  *
{ordered}

+keyOf | 0..1 rkey | *
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The Relational Metamodel in KM3

Named

+name: String

package Relational {

abstract class Named { Table o
attribute name : String:; >

+ owner *

} { ordered}
+ keyOf | 0.1 + key | *

Column 4 type Type

class Table extends Named {
reference col[*] ordered container : Column oppositeOf owner;
reference key[*] : Column oppositeOf keyOf:

}

class Column extends Named {
reference owner : Table oppositeOf col;
reference keyOf[0-1] : Table oppositeOf key:
reference type : Type:

}

class Type extends Named {}

I
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Demo

"Class" and "Relational”
metamodel in KM3

I
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The big picture

Eclipse Modeling Framework (EMF)

<_
M3 Ecore.ecore C2

F
A

\ \N —
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Rules specifications

® (Class2Table: a Table is created for each Class
® The name of the Table is the name of the Class

® The columns of the table correspond to the single-valued attributes
of the class

® Each Table owns a key containing a unique identifier

® SingleValuedAttribute2Column: a Column is created for each
single-valued Attribute

® MultiValuedAttribute2Column: a Table is created for each
multi-valued Attribute, which contains two columns:

® The identifier of the table created from the class owner of the
Attribute

® The value.

I
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Rules specifications - multivalued atts

Class Metamodel Relational Metamodel

A

I Conforms To

Conforms To K \

Table Person
( \ firstName

firstName: string [0-1] )
eMailAddresses: String[*] >-

Table Person_emailAddresses
\ J Personlid emailAddress

sample-Class.xmi

sample-Relational . xmi
I

A~
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Example: Class to Relational, rule Class2Table

® A Table is created for each Class:

rule Class2Table {
from -- source pattern
¢ : Class!Class
to -- farget pattern
t : Relational!Table

I
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Example: Class to Relational, rule Class2Table

® The name of the Table is the name of the Class:

rule Class2Table {
from
¢ : Class!Class
to
t : Relationall Table (
name <- c.name -- a simple binding

}

ARWEL) —
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Example: Class to Relational, rule Class2Table

® The columns of the table correspond to the single-valued
attributes of the class:

rule Class2Table {
from |
. IC] We are referring to the set of columns
¢ : Class!Class that map the set of attibutes of this class
to

t : Relationall Table (
name <- c.name

col <- c.attr=3select(e | not e.multiValued)
-- a binding using complex navigation

)
}

® Remark: attributes are automatically resolved into columns by
automatic traceability support.

I
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Example: Class to Relational, rule Class2Table

® Each Table owns a key containing a unique identifier:

rule Class2Table {
from
¢ : Class!Class
to
t : Relational! Table (
hame <- c.name,
col <- c.attr->select(e |
not e.multiValued
)->union(Sequence {key}),
key <- Set {key}
),
key : Relational!Column (name <- 'Id")
-- another target pattern element for the key

I
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Example: Class to Relational, rule SingleValuedAttribute2Column

® A Column is created for each single-valued
Attribute:

rule SingleValuedAttribute2Column {
from -- the guard is used for selection
a : ClasslAttribute (not a.multiValued)
to
¢ : Relational!Column (
name <- a.name

e

A\ % e
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Example: Class to Relational, rule MultiValuedAttribute2Column

® A Table is created for each multi-valued Attribute, which contains two columns:
® The identifier of the table created from the class owner of the Attribute
® The value.

rule MultiValuedAttribute2Column {
from
a : Class!Attribute (a.multiValued)
to
t : Relationall Table (
nhame <- a.ownher.name + _' + a.name,
col <- Sequence {id, value}

)I

id : Relational!Column (
name <- 'Id’

),

value : RelationallColumn (
name <- a.name

)

n
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Demo

"Class2Relational”
ATL transformation

e
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What we have learnt

® Using automatic traceability support in ATL
® Writing simple OCL for navigating models
® Writing helpers

e
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In/Out ports: Overview

® This use case deals with situations where the source element
meta type could not be simply matched with the target meta

type.
® The only way to resolve the target meta type is to browse
source model.
® We will discover how:
® 1o use matched rules and lazy (matched) rules,
® to avoid some imperative constructs
® to make a first code optimization.

=>» ATL declaration of the transformation:

module TypeA2TypeB;
create OUT : TypeB from IN: TypeA;

F
U
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In/Out ports: Metamodels

E Blocka

inpUtPorts

E Porta

= name

© ATLAS & KYBELE 2010

® The metamodel A describes a block/port structure
where a block can have several input and/or output

ports.

® The port type direction is distinguished via its
container relation’'s name: inputPorts or outputPorts.

® Both input and output ports are represented via the

PortA concept.

SRS
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In/Out ports: Metamodels

H PortB
[ = name =

inpLUtPorts
H InPortB ’ E DutPortB

outputPorts

)

H BlockB

® The metamodel B describes the same basic
concepts but differentiates input and output ports
via two new concepts: InPortB and OutPoritB.

SRS -
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In/Out ports - Transformation Overview

® These transformation principles are pretty
straightforward as both metamodels strictly
represent the same block/port concept.

® For a BlockA, we create a BlockB and:

® for each input port of aBlock.inputPorts, we create an
InPortB.

® for each output port of aBlock.outputPorts, we create an
OutPortB.

Iy
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In/Out ports - First Implementation

© ATLAS & KYBELE 2010

® A first idea to transform A to B could be to use
the distinct clause as shown in the following piece

of code

module TypeliTypeR:
create inE : TypeE from ink : Typed:

rule EBElkLZEBE1EE
from

blkh : Typelk!EBElockld
to
blkE : TypeB!BlockE |
inputPorts <- inPts,
outputPorts <— outPLs
:I ,
inPts :

name <-— pthi.nasme) ,
outPts :

name <— pth.nstne)

E

distinct TypeE!InPortE foreach(ptld in blkL.inputPorts) |

di=sztinct TypeE!OutPortE foreach(ptli in blki.outputPorts) |

® Each element is "manually" transformed by
iterating on each source port element)

F
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In/Out ports: 2nd - Explicit called lazy rules

® Tn ATL, developers should avoid bad habits of imperative programming i.e.

explicit creation of elements.
® They should focus on the What and not the How.

® What kind of rule(s) do we have to write?

® The common way to replace distinct-foreach instruction is to use lazy rules instead.

® So the previous code could be updated as follow:

module Typelz2Typek:

create inE : TypeE from indk : Typed:

rule BElkiZB1kE {

from

blkh : Typeld'EBElockd
to

hlkE : TyvpeB'ElockE |

'

inputPorts <- hlki.inputPorts->collect(e | thisModule.PortlZInFortE(e)ll,
outputPorts «<- blki.outputPortz->ecollect (e | thisModule.PortiZOutPortE (el

lazy rule FortizZInFortE |
from
3 : Typeld!'Porth
to
£ : TypeB!'InPortE |
name <- 5. name

]
I h

N
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lazy rule PFortizOutPortE |
from
3 : Typeld'Porth
to
t : TypeB'!'OutPortE |
nate <- 8. name

!
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In/Out ports: 3rd - Matched Lazy Rules

® Lazy rules should be used when it is not possible to directly match an

element from the source model.

® Tnour case, an input port is created from an input port and an output is

created from an output port.

® Tt clearly appears that a simple solution is possible by using only automatic

traceability links

® We can avoid to explicitly call matched rules dealing with Port as done in the previous

code with lazy rules).

frule PortiZInPortB |
from

to
£ : TypeB'InFortE |
name <- 3.name
]
B

2 : Typeld'Porth (Typed'!'Blockli.alllnstances()-—-»gelecti(e | e.inputPortz->includez(3) ) ->notEmpty ()]

rule FPortliZoutPortB {
from

to
t : TypeB'OutPortB |
name <- 3. name

]

'

s : Typekh'Porth [(Typeld!Blockhk.allInstances()->select(s

e

‘\7.\ | \\
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rule BlkAZB1kKE |
from
blkh : Typeld'!'Elockld
to
blkE : TypeB!EBElockE |
inputPorts <- blkh.inputPorts,
outputPorts <- blkld.outputPorts
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In/Out ports: 4th - Matched Lazy Rules Optimized

® PortA20utPortB has a guard filtering only output ports and
PortA2InPortB has a guard filtering only input ports from the input model.

® When this transformation will be applied on big models, evaluation of the
guard could be time-consuming.

® Some optimizations in each guard could be done by using
refImmediateComposite() operation.

® refImmediateComposite() is a reflective operation that returns the immediate

composite (e.g. the immediate container).
Tile DOLCLZINDOLLE 1

from

3 : Typeld'Porth (s.reflmmediateComposite() ..inputPorts->includesi(s))

to rule B1kALZE1KE {

£ : TypeB!'InPFortE |

frule PortiZoutPortE |

from
=
to
t

P !

A }
—/ —

: Typeld!Porti (s.reflmmediateComposite () .outputPorts->includes(s))

: TypeB!OutPortE |

name <- 3. hname

from
namwe <- Z.name blkdk : Typeld!Elockli
] to
' blkE : TvpeB!BlockE |

h

inputPorts «<- blkh.inputPorts,
outputPorts <- bhlki.outputForts

Oy
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What we have learnt

® Using matched rules.

® Using lazy (matched) rules.

® Avoiding some imperative constructs.
® Making a first code optimization.

e
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Contents
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® Operational context
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Conclusion

® ATL has a simple declarative syntax:
> Simple problems are generally solved simply.

® ATL supports advanced features:

® Complex OCL navigation, lazy rules, refining mode, rule
inheritance, etc.

= Many complex problems can be handled declaratively.

® ATL has an imperative part:
> Any problem can be handled.
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Summary

® We have presented here a "hello world" level basic
ATL transformation as well as a more elaborated ones.

® This is not a recommendation on how to program in
ATL, just an initial example.

® Several questions have not been answered

® | ike how to transform a text into an XMI-encoded model.
® Or how to transform the XMI-encoded result into text.

® For any further questions, see the documentation

mentioned in the resource page (FAQ, Manual,
Examples, etc.).

Iy
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ATL Resource page

® ATL Home page
® http://www.eclipse.org/m2m/atl/

® ATL Documentation page
® hitp://www.eclipse.org/m2m/atl/doc/

® ATL Newsgroup

® news://news.eclipse.org/eclipse.modeling.m2m

® ATL Wiki
® hitp://wiki.eclipse.org/index.php/ATL

e
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End of part 1: Model Transformation with ATL

® Thanks
® Questions?

® Comments?
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