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Motivation

Suppose | ask you to provide a software that converts
any E-R diagram into a UML class diagram,
how would you achieve that?
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Motivation

* Assumptions in E-R:
— Entities & relations can contain attributes

— Attributes can be of type:
NUM, CHAR, TIMESTAMP, BIT

— An entity may have one or more primary attributes
— Relations relate 1-* or *-* entities

— IS-A relationship between entities can be used

» Assumptions in UML CD:
— Classes, associations, attributes, and inheritance can be used
— Attributes may be of any type

— OCL constraints may be defined
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The “programming” solution

« Write a program that takes as input a .ER file
and outputs a .UML file

« What are the issues?

— What if the ER file is a diagram? in XML format? Probably end up limiting
input from a specific tool only

— Similarly in UML, should | output a diagram (in Dia or Visio)? In XMI? In
code (Java, C#)?

— How do | organize my program?

= Requires knowledge from both domains
= Need a loader (from input file)

» Need some kind of visitor to traverse the model, probably graph-like data
structure

= Need to encode a “transformer”
» Need to develop a UML printer

« Not an easy task after all...
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The “modeling” way

1. Describe a meta-model of ER
— Define concepts and concrete visual syntax

— Generate an editor
2. Describe a meta-model of UML

3. Define a transformation T: MM . — MM .

— This is done in the form of rules with pre/post-conditions

= describes “what to transform” instead of “how to transform”

« Code is automatically generated from the transformation model
to a transformation instance that produces the result

« Some model transformation languages give you a bi-directional
solution for free!
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Pros & Cons

Programming solution

+ Programming techniques are well-proven, it is a reliable
solution

+ Defined at the level of the code
+ Evolution, extension and maintenance more tedious
+ More likely to make errors

+ Incoherent abstraction mismatch between

- The in/output artifacts: they represent designs models

« The transformation between them: which is pure code
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Pros & Cons
Modeling solution

+ In/output & transformation models are all defined at the same
level of abstraction, in the same domain:

« No need to add an extra “programmer” resource to the project

+ Much faster solution thanks to rule-based approach &
automatic code synthesis

+ Alteration of the transformation process are automatically
reflected in the final software product

+ You get a modeling environment for ER & UML for free!

« No need to read from external non-standard tool anymore

+ Younger technology, few people understand it & master it,
many challenges still need to be solved ‘
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Pros & Cons
In practice

« Typically encounter the same problems in modeling as in
programing solutions

« The difference is that you can find the problems more easily, fix
them very quickly and re-deploy the solution automatically

- Developer not required to be in programmers: who defines the
requirements can develop the solution

- The bottom line is that you save time, reduce the cost, fulfill the
entire scope, and deliver a high-quality product
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So what are we doing here?

* It seems that Model-based Design is the “Holy Grail” of
software engineering

 Well, the devil is in the details...

« We will explore
— what model transformations are

— and how to design some

10
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Definition

A model transformation is the
automatic manipulation of input models

that confornrg ion

L. Lucio, M. Amrani, J. Dingel, L. Lambers, R. Salay, G. Selim, E. Syriani and M. Wimmer. Model transformation intents and their p
urnal on Software and Systems Modeling: 10.1007/s10270-014-0429-x. Springer (2014).

12
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Where should MT be specified and
executed?

1
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1 Source Code
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Terminology
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Model transformation approaches

« Model-to-text
— Visitor-based: traverse the model in an object-oriented framework
— Template-based: target syntax with meta-code to access source model

« Model-to-Model

— Direct manipulation: access to the APl of M3 and modify the models
directly

— Operational: similar to direct manipulation but at the model-level (OCL)
— Rule-based

= Graph transformation: implements directly the theory of graph transformation,
where models are represented as typed, attributed, labelled, graphs in category
theory. It is a declarative way of describing operations on models.

= Relational: declarative describing mathematical relations. It defines constraints
relating source and target elements that need to be solved. They are naturally
multi-directional, but in-place transformation is harder to achieve

15
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Model transformation intent classification

Refinement

eRefinement
eSynthesis
eSerialization

Language Translation

eTranslation
eMigration

Editing

eModel Editing

eOptimization

eModel Refactoring

*Normalization
eCanonicalization

Abstraction

e Abstraction
eReverse Engineering
eRestrictive Query

e Approximation

Constraint Satisfaction

eModel Finding
eModel Generation

Model Visualization

e Animation
eRendering
eParsing

Semantic Definition

eTranslational Semantics
eSimulation

Analysis

Model Composition

eModel Merging
eModel Matching
eModel Synchronization

L. Lucio, M. Amrani, J. Dingel, L. Lambers, R. Salay, G. Selim, E. Syriani and M. Wimmer. Model transformation intents and their properties.
Journal on Software and Systems Modeling: 10.1007/s10270-014-0429-x. Springer (2014).
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Refinement category

Groups intents that produce a more precise model by
reducing design choices and ambiguities with respect to a
target platform.

e Refinement

 Synthesis

— Serialization

18
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Refinement

« Transform from a higher level specification (e.g., PIM) to a
lower level description (e.g., PSM)

 Adds precision to models
* M., refines M, if M, can answer all questions that M, can

- Typically M, contains at least the same information as M,

Wikcone_& Treniame,
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PhoneApps DSM of a conference registration mobile application Representation of the model in AndroidAppScreens

PhoneApps DSL To Statecharts

J. Denil et al. Automatic Deployment Space Exploration Using Refinement Transformations. MPM workshop, 2011. 19
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Synthesis

- Refinement where the output is an executable artifact
expressed in a well-defined language format (typically
textual)

« Model-to-code generation: transformation that produces
source code in a target programming language

« Refinement often precedes synthesis

if e == 0: # eve e
if table[l] and self.isInState(l) and self.testCondition(3):
e if (scheduler ==self or scheduler ==None) and table[l]:

self.runActionCode (4) t ti (
self.runExitActionsForStates (-1)
self.clearEnteredStates|()
self.changeState (1, 0)
self.runEnterActionsForStatess$elf.StatesEntered, 1)
self.applyMask(DigitalWatchStatechart.OrthogonalTable[1l], table)
handled = 1

if table[0] and self.isInState(0) andself.testCondition (4):

if (scheduler ==self or scheduler ==None) and table[0]:
self.runActionCode (5) s2)
self.runExitActionsForStates (-1)
self.clearEnteredStates ()
self.changeState (0, 0)
self.runEnterActionsForStatesgelf.StatesEntered, 1)

Statecharts to Python Compiler self.applyMask (DigitalWatchStatechart.OrthogonalTable

[0], table)

Statecharts model

handled = 1
Generated Python code

R. Mannadiar and H. Vangheluwe. Modular synthesis of mobile device applications from domain-specific models. MPM workshop, 2011. 20
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Serialization

 Special case of synthesis

e« Goal is to store the model on some medium

Ecore model to XMl

<?xml version="1.0" encoding="UTF-8"?2>
<xsd:schema xmlns:xmizhttp://www.omg.org/XMI
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema" xmlns=“ml">
<xsd:import namespace="http://www.omg.org/XMI"
schemalLocation="XMI.xsd" />
@Media <xsd:complexType name="Media'>
<xsd:choice maxOccurs="unbounded" minOccurs="0">
<xsd:element ref="xmi:Extension"/>
</xsd:choice>
<xsd:attribute ref="xmi:id"/>
<xsd:attributeGroup ref="xmi:ObjectAttribs"/>
<xsd:attribute name="title" type="xsd:string"/>

o title : String

Gco </xsd:complexType>
o artist : String <xsd:element name="Media" type=“ml:Media"/>
o num_tracs : Integer <xsd:complexType name="CD">

<xsd:attribute name="title" type="xsd:string"/>
<xsd:attribute name="artist" type="xsd:string"/>
<xsd:attribute name="num tracs" type="xsd:int"/>
</xsd:complexType>
<xsd:element name="CD" type=“ml:CD"/>
</xsd:schema>

21
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Model-to-Text transformation

« Generate text automatically from models

— Executable text
= source code language
= serialization
— Documentation
- HTML
= Javadoc
— Readable artifact
= Latex
= Mass mailing letter
— Any textual artifact...

- We will focus on source code generation, but the techniques are
similar for the others as well

22
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Preliminary assumptions

« Meta-model/abstract syntax already exists

« Transformations involving the meta-model always exist

— No side effects!

« The framework has a context where models are read, and
the resulting code can be executed

— Code generator must generate code that adheres to the context as
well

23
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Template-based code generation

Templates
 Static parts

— Text that will appear “as is” in the output

— White space and formatting is preserved

« Dynamic parts
— Executed content

— Meta-code to access information from source model to select part
of the model

24
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Templates

orders items
System > PurchaseOrder > ltem
title: String + shipTo: String + productName: String
< + billTo: String + quantity: Integer
+ price: Float
* /N items

-

<|<html>
<body>
l <h3>[%= title %]</h3>
<ul>
[%
for (order in PurchaseOrder.allInstances) {
%]
<li>Order billed to [%=order.billTo%] and sent to .
[$=order.shipTo%]</1i> |>

1>

olo

oo = —

</ul>
</body>
<l</html> 25

«
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Template + Filtering

[Specification

26
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Code generation with XSLT

Model

<class name="Person" package="com.mycompany"> <xsl:template match="/class">

<attribute name="name" type="String"/>
<attribute name="age" type="int"/>
</class>

Generated code

Template
package <xsl:value—-of select="@package"/>;
public class <xsl:value-of select="@name"/> {
<xsl:apply—templates select="attribute"/>
}

</xme=l:template>
<xzl:template match="attribute">
private <x=sl:value-of select="@type"/>

<xzl:value—of select="@name"/>;

public <xsl:value-of select="@type"/>

) get <xsl:value—of select="@name"/>() {
package com.mycompany .
L return <xsl:value—of select="@name"/>;

pukblic class Person {

private String name; }

private int age;

public String get name() {return name;} public woid set <x=zl:value—of =zslect="@Gname"/> |

public set name (String name) {this.name = name;} <xsl:value—of select="@type"/>

public String get_age() {return age;} <xsl:value—of select="@name"/>) |

public set_age(String age) {this.age = age;} this.<x=sl:value-of select="@name"/> =
} <xsl:value—-of select="@name"/>;

1

</xsl:template>

27
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[ Meta-Model
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Code generation with Xpand

Template CDEFINERoot FOR data::DatalViodel»
«EXPAND Entity FOREACH entity»

<?uml ver=zion="1.0" encoding="UTF-8"%> «ENDDEFINE»
<data:DataModel

Model

wmi:version="2.0"
xmlns:xmi="http: J v omgy . org/]ﬂvII " « DEFINE Ent'ty FOR data: :Entlty»
:-i:Inln_=" :data="http: /v openarchitectureware. org/oaw4 .demo.emf.datzs « F".E name + ".java" »
<entity name="Person"> .
<attribute name="name" type="String"/> pUbllC CIaSS «name» {
<reference name="autos" toMany="true" target="//@entity.l1"/> « FOREACH attrlbute AS a»
</entity> .
<entity name="Vehicle"> // bad praCtlce
<attribute name="plate" type="String"/> pub|IC «a.type» «a.namen»;
remeer «ENDFOREACH»
ata:DataMode
«FOREACH reference AS r»
«IF rtoMany == false»
private «r.target» «r.namey;

Generated code

1hlic class Person |

il
et

&)

// bad practice «ELSE»
public _String lastName ; private «r.target»[] «r.namen»;
private Vehicle[] autos; «ENDIF»
' «ENDFOREACH»
public class Vehicle { b
// bad practice «ENDFILE»
public String plate; «ENDDEFINE» =
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Abstraction category

Inverse of refinement category.
Groups intents where some information of a model is
aggregated or discarded to simplify the model and
emphasize specific information.

 Abstraction
* Restrictive Query

* Reverse Engineering

* Approximation

30


Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce


TP 2014

Theory and Practice

Model Transformations

Abstraction

* Inverse of refinement
« Hides some information while revealing other

o If M, refines M, then M, is an abstraction of M,

DFA to NFA

’ ///"_'_:_. _— ::_\\ _
(( {q1.92} )
N A4

Deterministic state automata (DFA) Non-deterministic state automata (NFA)
31
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Abstraction (Continued)

A view of a model that is not a sub-model, but an
aggregation of some of its information is also a abstraction

Example:

“Find all actors who played together in at least 3 movies and
assign the average rating to each clique” outputs a view of a
model representing a subset of IMDB represented as a
graph composed of strongly connected components with
the ratings aggregating individual ratings.

T. Horn et al. The TTC 2014 Movie Database Case. Transformation Tool Contest 2014. 32
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Restrictive Query

« A query requests some information about a model and returns
that information in the form of a proper sub-model or a view

« Aview is a projection of (a sub-set of) of the properties of M

 Restrictive query is a special case of abstraction where the result
IS a sub-model of the input model

— Any subsequent aggregation or restructuring of the resulting sub-model
is an abstraction

« Example: “Get all the leaves of a tree”

« Tool support: EMF INC-Query

33
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Reverse Engineering

* Inverse of synthesis

« Example:

UML class diagrams can be generated from Java code with
Fujaba

@ TCore - EA o|@] R
Fle Edt View Project Dagam Element Toos Addlns Settings Window Help
B & QO [ B <defaur> - R LVEEE RRBE W L
Toobox ¥ ® X |ogical Diagiam: "CD_T-Core" created: 6/7/201010:35:45AM modified 6/7/2010 10:35:45 AM 100% 100011000 x | Project Browser v X
More tooks.. k7 | B-@8- 2%HE %S
5 Class Elements
Primitive e & [ T-Core i
B Package 73 CD_T-Core
2 cass ¢ Sy  Boolean
-0 Interface + cance @ & Cancel E
g 1 Checkpoint
S Enumeration E T F— checkpon
3 Table pos
. - ® CompositionPrimitive
@ signal paceeting) | B tplp iti
- - 3 ontrolPrimitive
< Association Synchronize Package Contents =) . @ B Exception
5 Class Relationshi o & <Enumn '
L Generate of reverse engineer al classes in this Enum» BxceptionType
S AARA package that have a source fl speciiied. & Graph
58 Inflnt
S € NP . [Fkzselee qu &[5 herator -
| Matcher | Rewriter ‘ | Forward engineer (model > source) lector - =
A Ha & Project Browser | §gR:
< + findAll | exception ‘ | © Reverse engineer (source -> model) =
LY T | Becct) Properties vax
| 7] Include chid pack -
Resolver ; nclude child packages 3] 1 o
5 Package Settings z
Name TCore
A N ta A [ox ][ cancel | [ Heo | Scope Public
¥ — | Type Package
SN— Pl Stereotype

restorel) > Alas -
Complexty

Version
[ fressse | Praos
language  Python
14 Flename
[ e | _— — e
+matchSets R ~ ||® Advanced
J i ,
q CD_T-Core | b |EFproperties | & Pa
1 = Defautt Style - ap i RQQQA BEF :
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Approximation

« M. approximates M, if M. is equivalent to M, up to a
certain margin of error

» M, preserves more properties of M, as the error decreases

« Margin of error typically based on a distance measure
between models

Fast Fourrier
Transform
approximates a
Fourrier
Transform

35
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Convert a class diagram to XMl in order to store the model in the

cloud.
Input: Class diagram
Output: XML document

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics

36
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Convert a class diagram to XMl in order to store the model in the

cloud.
Input: Class diagram
Output: XML document

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics

37
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Extract the class hierarchy from a class diagram, with single

inheritance, in the form of a directed tree.

Input: Class diagram
Output: Tree

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics

38
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Extract the class hierarchy from a class diagram, with single

inheritance, in the form of a directed tree.

Input: Class diagram
Output: Tree

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics
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Augment a class diagram by adding navigability, role names,
attribute types, method return and parameter types.

Input: Class diagram
Output: Class diagram

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics

40



Model Transformations

QUESTION

Université t”‘l

de Montréal

Augment a class diagram by adding navigability, role names,
attribute types, method return and parameter types.

Input: Class diagram
Output: Class diagram

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics
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Extract the classes with no super-class from a class diagram.

Input: Class diagram
Output: Class diagram

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics
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Extract the classes with no super-class from a class diagram.

Input: Class diagram
Output: Class diagram

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics
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QUESTION

Generate JavaDocs from a class diagram.
Input: Class diagram
Output: HTML document

Université t”‘l

de Montréal

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics
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QUESTION

Generate JavaDocs from a class diagram.
Input: Class diagram
Output: HTML document

Université t”‘l

de Montréal

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics
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Semantic Definition category

Groups intents whose purpose is to define the semantics of
a modeling language.

 Translational Semantics

Simulation i e
BETTER OFF THAN 1T
WAS 4 YEARS AGOY

DePENDS UFON
WHAT THE MEANING OF
THE WORD ‘157 15...
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Translational Semantics

* Gives the meaning of a model in a source language in
terms of the concepts of another target language

 Typically used to capture the semantics of new DSLs

Language
/\ ~~~~~ .
Syntax Semantics Pragmatics
M\\ /\
Concrete Syntax 4 Abstract\/ Semantic \Semantic
Syntax Mapping Syntax Mapping Domain

Model
Meta-Model Transformation
0 A 4

47
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Translational Semantics

« Example: Causal Block Diagram'’s semantics expressed as
Ordinary Differential Equations

UML activity diagrams to Petri nets

H. Ergin and E. Syriani. Operational semantics of UML activity diagram: An application in project management. MoDRE workshop, 2012. 48
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Simulation

 Defines the operational semantics of a modeling language
that updates the state of the system modeled

« The source and target meta-models are identical

« The target model is an “updated” version of the source
model: no new model is created

 Simulation updates the abstract syntax, which may trigger
modifications in the concrete syntax

Petri net simulator

T. Kiihne et al. Explicit Transformation Modeling. MODELS workshops, 2010. 49
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Graph transformation for simulation

Model Transformations

« Models are considered as directed, typed, attributed
graphs

» Transformations on such graphs are considered as graph
rewritings

 Features:

— Declarative paradigm

— Rules defined as pre- and post-conditions

* Tools: MoTif, Henshin, GReAT

50
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Metamodel of Pacman

logout

DM eefBEnnRGE20 ~

Pacman
+ name: string
*
bottom left
* V[
*  GridNode Ghost
GoG ¥+ type: ENUM(Blinky, Pinky, InKy, Clyde, CobraCommande¢
o
S8
?right * j'\oo e
Food
+ points: int
Score
+ score: int

send screenshare invitation
send modelshare invitation
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Graph transformation rule

ooooo

BRI+l Ve L N2 i

. # # n !
@ ..| D 1 Sy
—pPoalicrablek o ,,v’

X ‘@
€
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Transformation
rule

ol mm Vi
G H

If there exists an occurrence of L in G then replace it with R
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Model Transformations

Operational semantics

eat

| 2 4 : N

s
- . . - Score: ; Score: 1
-@3. .é. .®2. L 2.
- LHS RHS 7 . 4 . . .

3MTp ost_s

g}:stRight ~ etValuo(PreNodes core+1) /
2 1\ 2 1 LHS RHS
.“3- N\ -“3.
\. Bl BN N .j
LHS _ RHS

pacmanRight

z 2 1\ 2 1)

W HFE BN E B
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el e ||
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Negative application conditions

Non-applicable rule

pacmanRight

1 2 1\ 2 PR
-.:.-.--(%.

l“l e nmmE

AC \\ \ LHS \

L | \
\

\ \
N\

\
BN

L \
H N m .
O ‘A
m m

\
3 \

C=
H
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Negative application conditions

Applicable rule

pacmanRight

1 2 1\ 2 1\
-“4. .é- NN -(%.

(et 2 pE ]
NAC v T RAS

1\ \

.é-o-g.
H Bl B BN
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Scheduling of the rules

R R PR .- Py avs

w

C A [3localhost:8124/atompm

I
DM EEFEAAREv2 0 T

s @@ R ===
?

¥

:PacmanDie

X
v

1

:PacmanEat
\V A=
:IsThereFoodLef

:PacGhostMove
. 7 X——é

send eenshare invitation
send modelshare invitaton ¥
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Simulation of a model

pacmanDie

pacmankat

isThereFoodLeft

O L N O U B W N e

ghostMoveleft
ghostMoveRight
ghostMoveUp
ghostMoveDown
pacmanMoveleft
pacmanMoveRight
pacmanMoveUp

pacmanMoveDown

Your score 2
O O O O (2

o M A= &=
INEEND
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Language Translation Category

Groups intents that define a translation between two
modeling languages.

 Translation

» Migration

@
i =]
selam” ' napot =5 N aloha
An-nyong < €9 T Q) 3 Pzien.
c@o 05 5295 mZdrasti _
Q B2 VG R@Og > E'E QT
T & OSa-wat-dees (D -9 g= 0 &
Ha”OC“’ Hwambomm 508 VO
5 §60 a Tagx
o oxP c o~ Merhaba
§ XinSAksunai g ‘©5ANO | sholem
@  parev 3 ©98hao Hej
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Translation

« Maps concepts of a model in a source language to
concepts of another target language, while translating the
semantics of the former in terms of the latter

- Similar to translational semantics, but the source language
already has a semantics

«persistent» USER
Department «persistent» <
N reference persis i
«persistenty name : String Commodity Group PK |usrid -
User hame : String
. sname
Iname : String 1 0. T i integer kind
login : String worksFor COMGRP
addr : String name
«persistents «persistent» addr PK |cgid
Telephone 1.4 ComGrpRet 1.2 telp t {
loffice : String | 1 manager 0.1 telo FK2 name
private : String «persistent» dpt
Product Grou P A
{disjoint} Employee reference | = L company | EK1 FK2
hortN Str . name : String <
ghortName : String 0 Ld - Integer trusted |« Document FKA
PK |docn
1 persistents docno FK3 PRODGRP
has 1 [ epersistenty responsibleFor ProdGrpRef KEYW FK1 _
° ok T P FK1 gsf PK,FK1 | cq
eyw name PK
1 company : String| o 1. PK |sean FK2 o valid XREF EK2 L
> >
R 0 1.8 oo ] disioint} porsistants K1 | doct FK3 > author PK id FK2 manager
[ >
RecentHistory gansais | «persistent» 1 referencedby 0. P XRef Product FK2 dgz? FK4 o rd fidential FK4 PK,FK4 doc grpname
D ! confidential |
ime : 5 - Stri > «
: e T Swing o e pame - Sting FK3 [doc3 |__FK5 | |fomat FK1 no 7'}
18 1.+ |number: integer FK4 |doc4 = contents F FK1,FK2 Pg
“ff;f,,’,ff,’:,'" describedBy validUni : Date . FK5 |docs archive  [@ KS FK1,FK2,FK3 |cg FK1
author : String . ' '
[word : String, confidential : Boolean - 0.* reference FK2 | master FKS pdoc ]
I_V—V_* wpersistent» | [ «persistent» PRODUCT
d N DocRef ProdRef
/ N PK no
y N - FK1 PK,FK1 | pg
- 0.* master 1 PK,FK1 |ca
«persistenty o «persistents |
Online D Offline Document| name

e Class diagram to RDBMS

J. Bézivin et al. Model Transformation in Practice Workshop Announcement. MODELS, 2005 61
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Migration

« Transforms models written in one language into models
written in another language or a modified version of it,
while keeping the models at the same level of abstraction

e Evolution to new version

H EJBArchive2 & EJBArchive3
| 1 'fif-‘?'"!'\l't"'l'

¥
& DeploymentDescriptor , «| beans

i Interfaces
0.* |interfaces ) —Y_
Y & Bean implements H Interfaces
E Interfaces remotelnterface = name : EString * © name : EString
= name » _ 0.1 |
0.* entries
H Sessi -
= Entry Arratation |
| annotation & Annoiaton ‘
B Entity H Session [—— \
) I

entry 1 ;

B SessionEntry | B EntityEntry H stateful B stateless
| = isStateful : EString |

Enterprise Java Beans 2.0 Enterprise Java Beans 3.0

Example: http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=4634773&tag=1 62
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Model-to-model transformation for
translation

 Declarative paradigm

 Rules defined as non-destructing pre- and post-conditions
— Source pattern to be matched in the source model

— Target pattern to be created/updated in the target model for each
match during rule application

 Typically models are represented in Ecore
 Input model is read-only

« Output model is write-only

« Tools: ATL, ETL, QVT-R
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Tree to list example

I |
— @—~[7; 6,9,5,11,8,10,4 }
I

0.* © TreeElement <<enumeration>>
o : : © AbstractElement

; “|s« name : EString LeafSize = :

children - small o+ Name : EString
ZF‘ = medium
= big
[ |
0”:0:
® Node ® Leaf ( RootElement S (& commonElement
o1 Size : LeafSize elements
Tree meta-model List meta-model
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Transformation in ATL:
Root and leaves mapping

module Tree2list;
create elmList : MMElementList from aTree : MMTree;

rule TreeNodeRoot2RootElement {
from -- should be unique
rt : MMTree!Node (rt.isTreeNodeRoot())
to
1stRt : MMElementList!RootElement (
name <- rt.name,
elements <- rt.getlLeavesInOrder()

}

rule Leaf2CommonElement {
from
s : MMTree!lLeaf
to
t : MMElementList!CommonElement(
name <- S.name

)
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Helper functions

helper context MMTree!Node def : isTreeNodeRoot() : Boolean =
self.refImmediateComposite().oclIsUndefined();

helper context MMTree!Node def : getAllChildren () : OrderedSet(MMTree!TreeElement) =
self.children->iterate( child ; elements : OrderedSet(MMTree!TreeElement) =
OrderedSet{} |
if child.oclIsTypeOf(MMTree!Node) then

elements.union(child.getAllChildren()) -- NODE : recursive call
else
elements.append(child) -- LEAF
endif
)
helper context MMTree!Node def : getlLeavesInOrder() : OrderedSet (MMTree!leaf) =

let leaveslList : OrderedSet (MMTree!leaf) =
self.getAllChildren ()->select(currChild | currChild.oclIsTypeOf(MMTree!lLeaf))
in
leavesList->select(leaf | leaf.size = #big)
->union(leavesList->select(leaf | leaf.size = #medium))
->union(leavesList->select(leaf | leaf.size = #small))

66
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Execution semantics

1. Apply entry-point called rules, invoke other rules if
specified

2. Evaluate standard rules guards

3. Create the target elements for every match with
traceability links

4. ATL resolve algorithm evaluates all bindings: initializations
5. Apply lazy rules, execute action blocks

6. Apply end-point called rules

67
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Execution of a declarative rule in ATL

Model Transformations

Find all possible matches in the source model
Create elements specified in the target pattern on a target model
Initialize attributes and links of the newly created elements

N e

Create traceability links from the elements in the source model|
matched by the source pattern to the created elements in the target
model

There are 3 types of declarative rules:
5. Standard rules: applied once for each match

6. Lazy rules: applied as many times for each match as referred to by
other rules

7. Unique lazy: same as lazy rules but re-use the target elements they
created when applied multiple times
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Constraint Satisfaction Category

Groups intents that output models given a set of constraints.

 Model Generation
* Model Finding

69
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Model Generation

« Automatically produce possible correct instances of a
metamodel

* Very useful for testing model transformations by
generating input test models to verify the correctness of a
transformation

:Class
name ="C
is_persistent = True
attrg
T Attribute Classifier Association
name ="A name : String name : String
is_primary = False
typel (srr &‘sl
: PrimitiveDataType N
name = "int Class
type | PrimitiveDataType arent
Is_persistent : bool
:Class
: Class : Association : Class alErs dest [rame -2
name ="C1 [ name = "assoc |_dest | name ="c2 is_persistent = False
is_persistent = True is_persistent = False
attrs|
attrs| Attribute
- : Attribute
s Attribute is_primary : bool N po——
e name : String is_primary =False is_primary =Faise
primary = Fals 5
type] o typel
i
Class diagram meta-model Fimiaaais
name = "int name = "int
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 Searches for models that satisfy given constraints

— Several models are generated according to a set of rules and
evaluated to check whether they satisfy some constraints

— If not, a backtracking mechanism reverses some of the applied

rules to find another model

 Typically used in design-space exploration to help decide

which solution to choose

10

Err 1 Or

Control

20
Window

Body 20 |

Error

.

Cmd5

Dia 10

15
Diag

Mgmt

10

B Container; name=Example System; comment="Default comment’; load=0; deploy=(]
B Component; name=Control: comment="Default comment"; load=10; deploy=[Window]

B Component; name=Error, comment=

Default comment’; load=5; deploy=(Diag)

B Component; name=Mgmt; comment="Default comment’; load=10; deploy=(Diag)
B Channel; name=Err; comment="Default comment’; load=10; srcCmp=[Control]; dstCmp=Error); alloc=(Body)
B Channel; name~=Sts; comment="Default comment’; load=5; srcCmp = [Error]; dstCmp=[Mgmt); alloc=)

B Channel; name=Cmd; comment="Default comment
[ Unit; name=Window; comment="Default comment'|
H Unit: name=Diag: comment="Default comment": lof
[ Link; name=8cdy; comment="Default comment’; Ig
B Link; name=Diag; comment="Default comment"; lo,

", load=5; srcCmp=[Mgmt]; dstCmp=[Error]; alloc=(]

B Conuiner; name=Example System; comment="Default comment’; load=0; deploy=(]
B Component; name=Control: comment="Default comment"; load=10; deploy=[Window]
B Component; name=Error; comment="Default comment’; load=5; deploy=(Diag)
E Component; name=Mgmt; conment="Default comment’; load=10; deploy=[Diag]
B Channel; name=Err; comment="Default comment’; load=10; srcCmp=[Control]; dstCmp=([Error]; alloc=[Body]
B Channel; name=Sts; conment="Default comment"; load=5; srcCmp = [Error]; dstCmp=[Mgmt]; alloc=[]
H Channel: name=Cmd: comment="Default comment"; load=5: srcCmp=[Mgmt]: dstCmp=[Error): alloc=([Diag]
B Unit; name=Window; comment="Default comment’; load=20
B Unit: name=Diag: comment="Default comment" load=15
B Link; name=Body; comment="Default comment’, load=20; units=[,window,Diag]
B Link; name=Diag; comment="Defauit comment". load=10; units=[,Diag,Window]

Example: http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=5457773
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Analysis (Category)

« Model transformation that implements analysis algorithm
of varying complexities
— Dead code detection
— Rule inapplicability detection

— Model checking of temporal formulae over models

Reachability
analysis of
Petri nets

L. Lucio and H. Vangheluwe. Model transformation to verify model transformation. VOLT workshop, 2013. 72
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Editing Category

Groups intents that manipulate a model directly.

Edit | Search View Encoding Language
Undo Ctrl+Z r
Redo Ctl+y |

« Model Editing | e ==l

Copy Ctrl+C
Paste Ctrl+V

* Optimization

Select All Ctrl+A

Copy to Clipboard

« Model Refactoring

Convert Case to

Line Operations

« Normalization

Auto-Completion

vy v v v v v v v v

— Canonicalization Blank Operations

Paste Special

Column Mode...
Column Editor... Alt+C
Character Panel

Clipboard History

Set Read-Only

Clear Read-Only Flag
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Model Editing

 Simple operations on a model (CRUD operations):
— Add an element to the model;
— Remove an element from the model;
— Update an element’s properties;
— Access an element or its properties;

— Navigate through the elements.
« Atomic or bulk operations

« Considered a model transformation when the system is
completely and explicitly modeled

 Tool support: any model editor that models CRUD
operations (AToOMPM)
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Optimization

« Special kind of model edition

« Aims at improving certain operational qualities models
— e.g., Scaleability, efficiency

« Example: Automatic application of design patterns on

N-ary to binary association
+owner @8 /\ +holding
Person Company
! Y 1 rowner +holding
Person  p———————————q  Purchase - = C pany I
1 - 1
- name
Lot
quantity
- name
cost
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Model Refactoring

« Special kind of model edition

 Restructure the model to improve certain internal quality
characteristics without changing its observable behavior

— Understandability, modifiability, reusability, modularity,
adaptability

T Nare: [UAVImogeTransmis: [State Aspect] Dehario | Dase: i
State$s StateSF M
6 uAvImageTransmission - //Stateflow/ i =10l x| I
T Name'iUA\/lmageTlansmst IStaQe Aspect‘lBehav-or :J Base: [N/A Init
— — B :mt:ah‘zah on Tradking
.Il ¢ . State StataGF
nit
Initialization Tra-:]king
L
L State@? State ¢ State P Adjusting=rameSize Transmission =
(- — -
8 AdjustingFrameSize - //Stataflow/UAVIRISS STA SR =lo|x|
Norﬁmal Clmp«tgoic CroplSOpc T Nare [adiustnFlameSize [Stae Agpect] Behaviol x| Bae: JNia
State P
StafeF State State P
i n—' [ 7
Transmission i Init y
Nominal Crop |90pc Crop |80pc
C tates int ite stat s
ompose states INto compaosite states e
End

Example: http://link.springer.com/chapter/10.1007%2F3-540-28554-7_9 76
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Normalization

« Special kind of model edition to decrease syntactic
complexity of models: simplification

« Translate complex language constructs into more primitive
language constructs

Flatten OR- and AND-states into states and transitions

Example: http://link.springer.com/article/10.1007%2Fs10270-006-0027-7 77
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Canonicalization

« Special kind of normalization where models are
normalized in a unique form

« Useful to compare equality of models

CH, — CH, — OH

T
I
I—O—xI
|
I—O0—xI
I
O
[l
T

Planar semi-developed formula to planar developed formula of ethanol

Example: http://www.jot.fm/issues/issue_2007_10/paper10.pdf
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Model Visualization category

Groups intents that deal with the relation between the
abstract and concrete syntax of a modeling a language.

* Animation
* Rendering

* Parsing

79
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Animation

« Visualization of changes in the abstract syntax

— e.g., from simulation

* Projects the behavior of a model on a specific animation
view

« Operates on the concrete syntax of a model

ﬁ FSA Animation
e e

ﬂ o[s1—L—>ls2—= m
ofst——{s2——57 o s1—L—>fs}—2

OmaOmaOmaO

OmaOmaOmal)
e
e
o s1 >[s2 o st—L >l —°

UmaOmaOmal

C. Ermel and H. Erigh. Behavior-Preserving Simulation-to-Animation Model and Rule Transformations, GT-VC workshop, 2007. 80

UmaOmaOmaO
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Rendering

 Assigns one or more concrete representations (textual,
graphical) to each abstract syntax element or group of
elements

« Meta-model of concrete syntax must be explicitly defined

 Tool support: ATOMPM

DV EBFENARRES0 T.. Ll

Concrete syntax assignment in AToMPM

E. Guerra and J. de Lara. Event-driven grammars: relating abstract and concrete levels of visual languages, SoSym: 6(3), 2007. 81
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Parsing

* Inverse of rendering

« Maps concrete syntax of language back to its abstract
syntax

« Requires meta-model of CS and meta-meta-model of
|a nguage PROCEDURE insert() create_package: create_package

DECLARE "CREATE' ( 'OR' 'REPLACE' )? Lpackage body
stat VARCHAR2 (5) ; (package_spec | package_body) L - i
BEGIN . package_obj_body
stat = 'INSERT' ; package_body: Fproc_decl
END; "PACKAGE' Name ('IS' | 'AS') |~ Name
.. package_obj_body* ... L ‘insert’
PROCEDURE delete() ...
. : [—declaration
END; package_obj_body: L var_decl
proc_decl L.
PROCEDURE update() .I - statement
oo : L
END ; proc_decl: N
"PROCEDURE' Nam e -proc_decl
declaration* (' __"ame
statement*
L L ‘delete’
"TEND' (name)? ;' e
: Lproc_decl
declaration: - Name
| var_decl L ‘update’
° ° Hame:
PL/SQL code in CS to its AST Carrz A
(ta'..'z" | 'A'..'Z'
|'0""9'|' VIV$VIV#V)*
PL/SQL Code PL/SQL grammar definition PL/SQL CST

Example: http://link.springer.com/chapter/10.1007%2F978-3-642-02674-4_7 82
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Map a custom DSML for stop watches into a Statecharts model

in order to define its behavior.

Input: Watch DSM
Output: Statechart

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics
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QUESTION

Define the actions performed by a traffic light to transition from
one state to another.

Input: Traffic light model
Output: Traffic light model

Model Matching

Model Merging

Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement
Rendering
Restrictive Query
Reverse Engineering
Simulation
Synthesis

Translation

Translational Semantics
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Visualize a Statecharts in SCXML into a graphical state machine

model.
Input: XML
Output: State machine DSM

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics
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Move dots representing vehicles through the map of a city.

Input: City traffic DSM
Output: City traffic DSM

Abstraction
Analysis
Animation
Approximation
Canonicalization
Migration

Model Editing
Model Finding
Model Generation
Model Matching
Model Merging
Model Refactoring
Model Synchronization
Normalization
Optimization
Parsing

Refinement

Rendering

Restrictive Query
Reverse Engineering
Simulation
Synthesis
Translation

Translational Semantics
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Model Composition Category

Groups intents that integrate models produced in isolation
into a compound model, where each isolated model
represents a concern that may overlap with any of the other
models.

« Model Merging
* Model Matching

« Model Synchronization M

87
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Model Merging

* Instance of model composition

« Create a new model such that every element from the
union of the input models is present exactly once in the
merged mode

Class * School
1. +school = o Staff Person
& o 2 sy choo!
grade: Strirg s name: Strirg -staffld:Integer 1> -givenName:Strirg
+school 1,.* ~surname: Strirg

+class +students

Person Student Teacher Class
+class "
-address:String -registrationNumber: String -grade: Integer
+teacher 1..x

<< merged >> e
Person << right >>

Merge two models

-givenName:String staffld:integer

of the same meta-model

<< left»» — +staff \1.7
Student
right >
-registrationNumber: String (';eagche:
+studek hool
school
+teacher
merged
| 1 lass 1 schaol School
-name: String
erged » lasses
Class

-grade: String

Example: http://link.springer.com/chapter/10.1007%2F11787044_12 88
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Model Matching

 Creates correspondence links between corresponding
entities

— Model weaving

School

Class 1.* +school

= o Staff Person
-grade: Strirg +classes -name: String -staffld:Integer 1> -givenName:Strirg
+school 1. -surname: String
+class +students
Person Student Teach Cla
+class g
-address:String -registrationNumber: String : -gradetnteger
+teacher 1..*
K
Class * School
1 +school 9 Staff Person
-grade: Strirg -name: Strire ‘ School +staff
2 +classes : -staffld:Integer > -givenName:Strirg
+school 1.* -surname: String
+class +students
Person Student . Te. " Class
i : : : +oless | rade: Integer
-address:String -registrationNumber: Strirg i)
+teacher 1.x
— 1

Example: http://link.springer.com/article/10.1007%2Fs10270-008-0094-z 89



http://link.springer.com/article/10.1007/s10270-008-0094-z
Tiago
Realce


TP 2014

Model Transformations Université

Theory and Practice de Montréal

Model Synchronization

- Integrates models that evolved in isolation and subject to
global consistency constraints

« Change propagation to the integrated models

— Multiple views of a common repository

______ Repository

L Q "
o
RO L T
TOGGLE ALY
OEfAL
AT
0
3

E. Guerra and J. de Lara. Model View Management with Triple Graph Transformation Systems, ICGT, 2006. 90
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Vocabulary

- Relationship between source & target meta-models

— Endogenous: Source meta-model = Target meta-model

— Exogenous: Source meta-model # Target meta-model

 Relationship between source & target models

— In-place: Transformation executed within the same model

— Out-place: Transformation produces a different model

| Endogenous | Brogenous | Either

Simulation, Editing, Animation, X %
Model Finding, Analysis

Synthesis, Serialization,
Reverse eng, Translation,
Migration, Rendering, Parsing,
Matching, Synchronization,
Model generation

Optimization, Refactoring,
.. X X
Normalization

Restrictive query,
Approximation

Refinement, Abstraction,
Merging

Out-place

91


Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce

Tiago
Realce


TP 2014

Theory and Practice

Model Transformations

Vocabulary

* Horizontal: source and target models reside at the same
abstraction level

 Vertical: source and target models reside at different
abstraction levels

I S R

imulati Editing. Ani )
m S atl?\;‘éd:;t;?féinglmatlon' Migration, Matching Merging

Synthesis, Serialization,
Reverse eng, Translation,
Rendering, Parsing,
Synchronization, Model
generation

Restrictive query,
Approximation, Analysis,
Optimization, Refactoring,
Normalization

Refinement,
Abstraction

Vertical

92
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Feature-Based Survey of Model
Transformation Approaches

Model Transformation

o— o o 0 0 [ O ;0 [0
Specification | | Transform- Rule Rule Source-Target | | Incremen-| | Direction-| | Tracing»
ation Rules» Application Organization» | | Relationship»| | tality» ality »

Control
Location Scheduling»

Determinaton»

Transformation Rules

1.4 __—

Domain» | | Syntactic Multidirection- Application Intermediate | | Parameterization» | Reflection | Aspects
Separation ality Conditions Structures

K. Czarnecki and S. Helsen. Feature-Based Survey of Model Transformation Approaches. IBM Systems Journal, special issue on Model-Driven
Software Development: 45(3), pp. 621-645, 2006. 94
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Rule patterns

* Model fragments

 Using abstract or concrete syntax MoTif rule
/ UMLClass [ umiciass \

. . methods
* Syntactlc separatlon \ :
superclass superclass
\
UMLMethod ‘UMLGeneralisation UMLMethod UMLGeneralisation
- —
target
subclass subclass
3 2 2 1
methods UMLClass ‘UMLClass

N J

ATL rule

module Person?2Contact;

create OUT: MMb from IN: MMa ({ FUJABA CompaCt notation
rule Start { ¥ methods create superclass :UMLClass

form o MMa ! Person ( A sugerclass

: — ’
) p : folCthfl BOSS method := (UMLMethod ) target stub :UMLGeneralization
to c: MMb!Contact ( ¥ sybclass
name <- p. first name + P. L *methods «destroy: container :UMLClass

last name)
}

95
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Rule constraints

_ Imperative Declarative

A
Executable et (P tie S0k OCL query
models

QVT-Relations rule

top relation PackageToSchema {
domain uml p:Package{name=pn}
domain rdbms s:Schema{name=pn}

Kermeta operation

operation transform(source:PackageHierarchy): DataBase 1is
do

result := DataBase.new
trace.initStep (“uml2db”)
source.hierarchy.each{ pkg |

var scm: Schema init Schema.new

scm.name := .clone (pkg.name)
result.schema.add (scm)

trace.addlink (“uml2db”, “packageZschema", pkg, scm)
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Rule application strategy

Rule Application Strategy

Deterministic Non- Determlnlstlc Interactive
Conﬁomt
Rule Input model

A BH—>{B
A A—>B
A

-

or on this A B
A BF—>{B A BF—>{B
>{ B

-

A B A
A B

97
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QUESTION

What are the possible outputs of the following rule applied
to the following input model?

Input model

98
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Unidirectional

Model Transformations

Multi-directional rules

performForwardTransformation( a : Attribute)

Directionality

Multidirectional

TGG rule

c:Class t:Table
/ ct.ClassToTable Y\
S/ >
attrs cols
a:Aftribute col:Column
/ acAn:ibu:eToColumN
name =n \ / name =n
<<create>>
<<create>> <<create>>

TGG operational rules

Université
de Montréal

c:Class tTable
ct:ClaszToTable
& N
- ”
Y attrs Y cols
a col:Column
- ac:AtmbuteToColumn
3.
< r g
name = a.name
<<create>>
<<create>>
performLinkCreation( a : Attribute, col : Column)
c:Class t.Table
ct-Clas=ToTable
& N
< rg
Y attrs cols
a col
- ac:AtmbuteToColumn
< —
<
name == a.name
<<create>>
performConsistencyCheck( ac : AttributeToColumn)
c:Class t.Table
/cl:C'.z::Toszle
< —
Y
‘( attrs Y cols
a - Attribute col : Column
P ac
rd

name == a.name

99
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Rule scheduling strategies
Implicit

Scheduling

W

Implicit Explhicit

- ».

Unordered Grammar Internal External

. N

Ordered Event-driven

Rule Input model|

(o8 e 5P
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Rule scheduling strategies
Explicit

Scheduling
Imphicit Explicit
Unordered Grammar Internal External
top relation ClassToTable { /‘\
domain uml c:Class { ’
package = p:Package{}, Ordered Event-driven ¥
isPersistent = true, -PacmanDie
name = cn ;
) (___/
domain rdbms t:Table {
schema = s:Schema{},
name = cn, :PacmanEat
cols = cl:Column ({ v e M
name = cn + <\\V
‘tid’,
type = ‘NUMBER'}, :IsThereFoodLefQ
pkey = cl
}
when { g
PackageToSchema (p,
s);
} :PacGhostMove
where { L
AttributeToColumn (c, 101

+) .



TP 2014
Theory and Practice

Plethora of model transformation languages

r‘ . . A Tool for Multi-formalism and Meta-Modeling
Even our logos are moclelecl!
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