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Abstract

As modern systems are becoming more complex so does the need for an
approach to increase productivity, reduce rework, and make system integration
and maintainability easier. Model Driven Development (MDD) is introduced as a
mean to move the focus of developers from pure coding to analysis and to make
system modeling independent of the platform that will be used for system
deployment. Using the notion of transformations, MDD can allow a system model
to be transformed to the desired programming language on the desired specific
platform. This can lead to better portability and interoperability. Domain
Specific Languages (DSLs) are fundamental to the concept of MDD. DSLs are
modeling languages that target a specific domain and they are typically captured
by domain experts.

The aim of this tutorial is to provide an overview about the notion of MDD,
review its benefits as well as the challenges that face its adoption. In addition,
the tutorial highlights some guidelines to create a domain specific language in
practice. Using tools from Eclipse, the tutorial provides a starting point to learn
the basics of metamodeling, modeling, and model transformation.

Keywords: Model Driven Development (MDD), Model Driven Architecture
(MDA), Domain Specific Languages (DSL), Eclipse Modeling Framework (EMF)
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1. Introduction

Modern systems are becoming more complex making it increasingly challenging
to map requirements to the final product. Managing system complexity and
focusing on business needs can be achieved using abstraction and separation of
concerns. Modeling is a key approach to do so.

Model-driven Development (MDD) is an approach that represents the software
development life-cycle as a modeling and model transformation activities.
Models help developers to cope with large and complex systems by allowing
them to deal with high level concepts at the right level of abstraction. As a result,
the focus of development is moved from writing code for a specific platform to
developing an effective solution to satisfy the business needs.

Models are used to automate much of the actual coding of applications by
generating parts of the Platform Specific Model (PSM) from the Platform
Independent Model (PIM) and the actual code from the PSM (to be elaborated
later in this tutorial). This way, models are used to drive the code (and not the
other way around), keeping the consistency between the model and what the
system actually does. MDD gives architects the ability to define and
communicate a solution while creating artifacts that become part of the overall
solution.

MDD realizes the “Separation of Concerns” principle by separating the business
know-how that represents the “WHAT” form of system specifications from the
technological know-how that represents the”"HOW”. By this, MDD achieves three
main objectives; portability, interoperability, and reuse which will eventually
lead to an increase in productivity.

Domain Specific Languages (DSLs) are very important concept in MDD. DSLs are
modeling languages that target a specific domain. It is the responsibility of
domain experts to capture domain knowledge into a DSL. Application developers
can then use the developed DSL to develop and configure the required system
[14].

The very first step to create a DSL is to capture the domain knowledge into a
metamodel [16]. Metamodels define the abstract syntax of the DSL [15]. The
metamodel should capture the domain definition and scope, domain
terminology, and domain concepts and their relationships. A full DSL might be
defined using more than one metamodel each describing a certain level of
abstraction or a different viewpoint for the given domain. As a result, writing
transformations is one of the main activities while defining DSLs. Model
transformation is the automatic generation of a target model from a source
model, according to a transformation definition. Transformation definition is a
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set of transformation rules that together describe how a model in the source
language (metamodel) can be transformed into a model in the target language
(metamodel) [2]. What we need to develop are these transformation rules that
take one or more metamodel as an input and generate either text
(documentation, code, or configuration scripts) or target models that comply
with another output metamodel.

The objective of this tutorial is to provide a starting point to learn the basics of
MDD and DSLs. The tutorial covers MDA as a promoted standard for MDD,
benefits and drawbacks of MDD, what is a domain specific language and how to
define it. To define the language we need to know how to develop metamodels,
how to create language editors as well as how to write transformation engines
and code/text generators.

The above concepts will be demonstrated using Eclipse-based tools; namely
Eclipse Modeling Framework (EMF) for defining metamodels and providing
tree-based language editors and MOF Script for writing M2M and M2T
transformations.

The tutorial is organized as follows; section 2 introduces MDA as a promoted
standard for MDD. Section 3 discusses the benefits and challenges facing MDD
adoption. The definition, advantages, disadvantages, and guidelines to build
DSLs are covered in sections 4 and 5. Section 6 and 7 provide hands on
experience on tools support for modeling and model transformation using
Eclipse tools.
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2. Model Driven Architecture (MDA)

Model Driven Architecture (MDA), is a standard promoted by the Open
Management Group (OMG). It is an approach to describe IT system specification
separating functionality specs from technology platform specs [1]. MDA defines
the architecture of models providing guidelines for structuring the specifications
that should be represented by these models. One of the main benefits of MDA
approach and standards is that it allows the same model to be realized on
multiple platforms. This is achieved by defining types of models that represent
the system at different levels of abstraction; Business Models and System
Models. Transformation between models is a key feature of MDA.

2.1. Types of Models

MDA defines two levels of modeling; Business level modeling represented by
Computational Independent Models (CIM) and system level modeling
represented by Platform Independent Models (PIM) and Platform Specific
Models (PSM).

Computation
Independent

Platform independent models
Platform
Independent

Platform specific models

Figure 1 - Types of Models

Computational Independent Model describes the requirements for a system
and the business context in which the system will be used. The model typically
describes what a system will be used for, not how it is implemented. CIMs are
often expressed in business or domain-specific language and make only limited
reference to the use of IT systems when they are part of the business context.
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Platform Independent Model resolves functional requirements through purely
problem-space terms. The model describes how the system will be constructed,
without reference to the technologies or platform used to implement the model.
Platform Specific Model is a solution model that resolves both functional and
non-functional requirements. The model requires information on specific
platform related concepts and technologies.

Model Transformation is the automatic generation of a target model from a
source model, according to a transformation definition which is a set of
transformation rules that together describe how a model in the source language
can be transformed into a model in the target language. A transformation rule is
a description of how one or more constructs in the source language can be
transformed into one or more constructs in the target language [2].

2.2. MDA Three-Level Architecture

MDA divides the modeling into three layers that are used to finally describe the
real world.

/ M2

, UML UML Profile Met‘::g‘del

4 Meta-mod SPEM 3
eta-model ( ) (MMx)

M1
UML UML SPEM
Model Model Model
Mo

Real World

Figure 2 - MDA Three-Layer Architecture

e (M1) Model: A model is the abstract representation of a part of the
function, structure and/or behavior of a system. It is expressed in a well-
defined language (syntax and semantics) which is suitable for automated
interpretation. Each of the models is defined in the language of its unique
metamodel. Example, a UML model should be defined using the
constructs defined within the UML specification. In this case UML
specification represents the metamodel or the language that will be used
to define the model that will represent some or all of the system
functionality.
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e (M2) Metamodel: Is also a model and must be written in a well-defined
language (metametamodel). It defines structure, semantics and
constraints for a family of models.

e (M3) Metametamodel: One unique meta-meta-model, the Meta-Object
Facility (MOF). It is some kind of "top level ontology”. MOF provides the
standard modeling and interchange constructs that are used in MDA. UML
and CWM, are defined in terms of MOF constructs [1]. MOF represents a
common foundation for model/metamodel interoperability.

Tools are available to extend current modeling languages such as UML using
profiles as well as to build custom languages for specific domains. Both are built
on top of MOF or a partial implementation of MOF. Building custom languages
with custom metamodels will be discussed later in this tutorial.

l Defined by

, e Meta-
== metamodel

‘ Defined by

o , == Metamodel
is written in

SEES cevie  —

=% Model

Figure 3 - Relationship between MDA Layers

3. MDD Benefits

Throughout this section, we will discuss the benefits of MDD as well as some

challenges that face MDD adoption.

3.1. Flexible Implementation

MDD basic concept is separation of concerns. This allows stakeholders to be
focused on a specific domain thanks to abstraction and viewpoints. The
horizontal transformation from one PSM to the other or one PIM to the other as
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well as the vertical transformation between PIM’s and PSM’s or to code makes
the implementation very flexible and platform independent. However, to make
the best use of these transformations, there is a strong dependence on the
quality of models and the quality of transformations. Otherwise getting one
model from the other will be buggy and will require lots of rework. It is also
important to maintain the modeling approach throughout the project lifetime
instead of tweaking the code.

3.2. Increased Productivity

The automation of model and code derivation for different platforms saves both
time and effort and reduces the amount of rework required as well as the
reduction of loss of information when moving from logical to technical
implementation. However, to do this the robust infrastructure should be
developed and the team should be trained to move their concern from coding to
analysis.

3.3. Effective Development, Integration, and Maintenance

Since models are derived from each other, therefore the whole system
information can be found in one place starting from requirements and ending
with code and even test. This improves requirement traceability as well as early
testing and simulation. Having all system components as models makes it easier
to integrate models rather than code and separates the focus on data integration
and functionality integration.

Having all this done, it is easier to maintain the system as the documentation,
design, and implementation all reside in one place.

4. MDD using Domain Specific Languages (DSLs)

Adopting MDD can be done using current modeling languages such as UML.
Extending UML using profiles is a common technique to add specific concepts
not already there. However, not all domains can be modeled this way. For
example, if a software product line is about creating financial or healthcare
applications, it would be easier to use domain concepts to define the solution
and automatically generate the rest of the artifacts including documentation and
code. Here comes the role of creating your own language. Define the language,
define the targets to transform to, define the transformations, and provide the
defined framework to developers to create applications in a much faster and
error free manner. In this section, we will introduce domain specific modeling as
an approach for adopting MDD.
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4.1. What is a Domain Specific Language?

Domain Specific Language (DSL), is a programming language that is meant to
express solutions to problems in a specific domain. This is one definition.
However, others see DSL as a complete framework that can define a language or
more plus tools and methodologies to generate other artifacts from the main
model(s).

We use DSLs in our daily life, for example traffic and road signs, furniture
assembly plans, a chess game, and electronic circuits design are all specific
languages to target a specific domain.

We need DSL to provide clear comprehension for a specific domain and to easily
and effectively communicate with all stakeholders. Domain Specific Modeling, or
DSM, provides more expressiveness through visually expressing domain
elements.

For IT systems, there are widely used DSLs such as HTML, VHDL and Verilog for
hardware description, SQL for relational database queries, and spreadsheets for
macros and formulas.

4.2. Advantages of DSL

To define a DSL means to extract, capture, encapsulate, structure, and reuse
domain expertise and skills. This helps to focus on the specific area by setting a
specific scope. This also allows solutions to be expressed at the level of
abstraction of the problem domain as well as validating the solution at the
domain level.

4.3. Disadvantages of DSL

DSLs are defined by the domain experts and it is very hard for non-domain
experts to maintain or modify the language. Besides, there is an initial cost for
defining the language, developing the required tools, and for learning the new
language constructs and methodologies.

4.4. DSL, UML, and MDD

UML is an open standard modeling language that is transferable skill for
software developers. As a result, it is of great benefit to use UML profiles (which
are extensions to UML for specific domain or platform) as DSLs.

UML profiles are light weight and can be implemented using the readily available
UML tools making it easy to interpret, recognize, maintain, and transfer between
various tools.

If DSLs are based on UML profiles, this will create a large set of related languages
with common concepts that are easily understood. This also makes models to be
easily integrated. Adding to this the well known advantage of UML that it can
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express the system from high-level architecture down to the code which
provides the required level of abstraction for DSLs and MDD.

However, UML profiles can’t provide concepts that are not already found in UML.
For example, UML can’t model electrical circuit diagrams. As a result, in some
cases other alternatives must be found to model the system. MOF can be used to
define new languages. The rest of the tutorial will introduce how to build a
domain specific language by creating the metamodel for this language.

5. Guidelines to Build a DSL

This section illustrates the steps and some guidelines to build domain specific
language.

5.1. Develop and maintain the Metamodel

Metamodeling is the first step to create a DSL. Since DSL is all about a specific
domain, the domain knowledge should be captured and well maintained.
Metamodeling is the mean to do so. It is considered as the central asset [13] that
grows over time. Incremental development and consulting domain experts is the
mean to come up with a good metamodel. Talk Metamodel [13] is the best way to
evolve, check, and validate the metamodel is to use it to communicate and
exercise it with domain experts, developers, and all stakeholders.
Example:

e A component owns any number of ports.

e Each port implements exactly one interface.

e There are two kinds of ports: required ports and provided ports.

e Aprovided port provides the operations defined by its interface.

e Arequired port provides access to operations defined by its interface.

owns implements 1
| Port Interface <,
- |
Component !
Eprovides
| operations
i defined b
Required Provided | | Y

Port Port

provides access operations defined by

Figure 4 — Metamodeling a component with ports and interfaces [13]
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5.2. Describe the System Using Multiple Viewpoints

It is very beneficial to use multiple viewpoints for describing a system, especially
complex ones. Viewpoints can be defined based on context and abstraction level.
Each viewpoint can have its own metamodel and transformations. Even within
the same level of abstraction, the system can be divided into multiple sub-
domains each describing a part of the system, example, GUI, persistence, logic,
etc. in this case, we need to define a way to link the domains together creating
the full system.

Technical Subdomain 1 Technical Subdomain 2 Technical Subdomain 3
(e.g. Business logic) {e.g. Persistence) (e.g. GUI)
Metamodel DSL 1 Metamodel DSL 2 Metamodel DSL 3

1 - » 2 = - 3

7|-:'i_gur_é_5 - Linking Several Sub-Domains

5.3. Validate the Metamodel Keeping the Transformation Simple

“Before you do anything else with the model (transformation, generation) make
sure you check constraints - these must not be part of the transformation to avoid
duplication” [13]. By definition, a buggy model is the model that violates the
constraints defined by it is metamodel. One of the most important tips is to avoid
writing the constraints within the transformation itself in order to avoid having
a complicated transformation. Another reason is to create a robust framework
whose constraints hold. For example, if the model is to be transformed to both
C++ and java, writing the constraints within the two transformations will be an
overhead to check and maintain. However if the constraints are enforced within
the main metamodel, this will make the transformation robust, simple, and easy
to maintain. A key practice is to include in the transformation only constraints
related to the target environment, platform, or metamodel.A key problem is how
to keep the metamodel “clean” without platform-specific information and yet
make the transformation simple. This can be achieved by adding some
metaclasses to the model that contains the required properties. Glue logic then
can read the data in the metaclasses and invoke the appropriate transformation.

5.4. Create a Useful and Easy-to-Use Code
Most code generated from tools is neglected by developers. To make the best use
of MDE and the automation resulted for the transformation process, we need to
keep in mind few tips:
e First of all, make the complete design defining clearly what artifacts are to
be generated and what are not. The very final output of the process is not
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necessarily code. Code, documentation, configuration scripts, or even
user manual can be the target output.

e Separate clearly generated and non-generated code.

e Determine a clear approach that will be used to join or merge generated
and non-generated code. For example, generated code can be a library
called by non-generated code, or can be plugged in as factories. This can
be for example interfaces or design patterns such as factories.

e C(reate a readable, nice looking, and documented artifacts that help the
developer develop, maintain, and make use the generated artifacts.

e Make sure that in case of re-generation, the non-generated code is not
touched. This can be an option given to the developer during re-
generation process.

e Design a well structured code enforcing constrains to restrict the
developers’ freedom and force them write correct code.

The above decisions and considerations should be well studied before starting
the modeling and transformation process that will finally yield the DSL. The
effort required to develop such an automated framework should be compared to
the effort required to do the same tasks manually because the initial effort
required is one of the drawbacks of MDE that makes it difficult to employ and
use within organizations. “Find the right balance between the effort required for
automating manual tasks and the effort of repetitively performing manual tasks”
[13].

6. MDD Tools Support Using Eclipse

Eclipse is an open source community whose projects are focused on an open
development platform [14]. It is a foundation for building and integration of
tools in a systematic way through being extendible by a plug-in architecture.
Eclipse Modeling Project provides a unified set of modeling frameworks, tooling,
and standards implementations. [11].

6.1. Eclipse Modeling Framework (EMF)

Eclipse EMF can be used to model your domain model. EMF has a distinction
between the meta-model and the actual model. The meta-model describes the
structure of the model. A model is then the instance of this meta-model. EMF
provides a pluggable framework to store the model information; the default uses
XMI (XML Metadata Interchange) to persist the model definition [12].

EMF is the core modeling project in Eclipse Modeling Project (EMP) projects. It
consists of three main components [13]:
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1. EMF.CORE: the main element is the Ecore model. The Ecore model is a
part of MOF and is the main model to define the EMF model. Another
element is the runtime support which provides model persistence,
serialization, change notification, model validation, and a reflective APL

2. EMF.EDIT: supports displaying and editing instances of models in a basic
tree-editor by providing content and label provider classes, property
view and command classes that provide common services and operations.
It is used to build the editors and views for the model.

3. EMF.CODEGEN: provides Java code generation to build the basic tree-

editors.

Domain

Model

EMF Tools | EMF Codegen I

generates

Java Implementation Java Implementation
EMF Runtime of Model of Editor
| EMF Core | | EMF Edit |

Eclipse Platform

Figure 6 - Eclipse Modeling Framework Structure

6.2. Ecore Metamodel

The Domain model is expressed by instantiating the Ecore metamodel which is
the implementation of EMOF (Essential MOF).
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EObject
EModelElement

| |
‘ EFactory ‘ EMamedElement

?
| | | |

EPackage ECiassifier EEnurrLiteral ETypedElarment
| EClass ‘ EDataType ‘ EStructuralFeature ‘ EQperation | EFarameter

‘ EEnum ‘ ‘ EAttribute

‘ EReference

Figure 7 - Ecore Metamodel as a Part of MOF

e EClass models classes. They have attributes like name and references to
other elements and a super type property to support inheritance.

e EAttribute models attributes. They have a type property.

e EDataType is used to represent simple types like EString for modeling
strings

o EReference is used for modeling one end of an associations between
classes.

Ecore model, is saved as an XMI file. However it can be created using different
technologies other than writing XMI using text editor such as:

1. Ecore Editors: EMF provides Ecore editors in the both tree-based editor
and diagram editor forms.

2. UML: using a UML modeling tool, EMF supports importing a UML2 model
to generate an Ecore model.

3. XML Schema Definition (XSD): EMF supports importing and transforming
an XSD file to an Ecore model by mapping XSD elements to the
corresponding Ecore elements.

4. Java: using annotations, an Ecore model can be generated form Java
interfaces and classes that represent the model.
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XML umL

Ecore
(XM File)
Java Ecore
Editor

Figure 8 — Different technologies that can be used to build Ecore models

6.3. Process to Create a Metamodel Using EMF

This section illustrates the process to use EMF to capture the domain
knowledge into a metamodel (see Figure 9). A simple and generic
example for Purchase Order will be used to help go through the tool
capabilities. First of all, Install EMF using the Eclipse Update manager.
Select Modeling and install EMF - Eclipse Modeling Framework SDK and

Ecore Tools SDK.
Create
EMF
project
Step 1 Step 2 Step 3 Step 4
.| Create EMF N Create EMF | Adjust generation .| Create EMF editor
i model "| generator model i parameters ’ plug-ins code

Run EMF
editor
plug-ins

Figure 9 - Process to Create a Metamodel Using EMF

6.3.1. Create the Ecore Model

e Open Ecore perspective
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& Open Perspective

HCDO Explorer
C'-.I'S Repository Explaring
f‘:FDEI:uug

lGit Repository Exploring
?,JJava (default)

E.JJava Biranesing

'EgJJava Twpe Hierarchy
(0 Planning

=[=Plug-in Development
|._|>_‘|Resu:uurce

EDTeam Synchronizing

[ K, ] [ Cancel

e (reate a new empty EMF project
File — New — Project... — Eclipse Modeling Framework — Empty EMF Project

& Ecore - Eclipse
[N Edit Mavigate Search Project Run  ‘Window Help

[SE N 15 Ecore Tools Praject | @ Ecore | 8 ava
Open File... [ Project...
=04
2] Ecore Diagram

[ Example...

Chel4+h

& New |:,E]

Select a wizard

Create an empty Java plug-in project with EMF dependencies

Convert Line Delimiters To L3
Wizards:

Switch Warkspace 4 (= General

Restart = cys

=-(* Edlipse Modeling Frameswark,
ﬁ__? Ecore Model

o Bxport... &5 EMF Generatar Madel

fﬁ EMF Project

IS Empty EMF Project

Exit AR (= Mapping

[ Ecore Toals

[ Example EMF Model Creation Wizards

= Git

[ Java

[ Java Emitter Templates

[#-2 Plun-in Nesrelonment

>

g Import...

Properties Alt+Enter = Properties

£

|~

@
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Create a new ecore metamodel

New — Other... — Ecore Tools — Ecore Diagram

& Ecore - Eclipse

File Edit Navigste Search Froject Rum Window Help

7 (mif = ® Q- io -
[, Project Explarer =0
ER-S

Bl 5 purchase
[
2 IRE System Library [ire7]
= Plugin Dependencies
5% META-INF

BW
ok

%) Ecore Diagram

74 [ @ Eoore |81 33va
=08

Show In AlShH *| 1 Ecore Tacls Project
2 Copy i+ [ Flle
F2 Copy Qualified Name (4 Folder
% paste Chrl+ 4 Example...
¥ Delete Delete
= bl
CF Outline
- Build Path 3 I —
An outline is no —
ove... £ New [ EX)
Rename . = Select a wizard <>
g Impart.., Create a new Ecore madel
1 Export.., blems 52
&) Refresh Fs5 others Wizards:
Fix Copyrights Ens) ‘
Run és » @& Class ~
Debug As 3 & Interface
Team » 144 Java Project
Compare With > 4 Tava Project from Existing Ant Buidfile
=
Restore from Local Hiskary, . I Flugrin Project
¢ tend Class |
Properties Alb+Enter = General
: o = cvs
- = me] - EudiE = (= Edlipse Modslng Framework
& el
18 EMF Generstor Model
& EMF Project
T Empty EMF Project
[l (= Manrina b

< Back Next = Firish Cancel

Here we will not use the visual editor; but rather we will use the normal
ecore tree editor. Following is the class diagram of the system to be built.

e C(reate Classes
k2 =anumeration == H tem
2 purchaseStatus = Mame : ESfring
- Complete o Quantity : Elnt
= Pending o Price : Elnt

H address

g Customer

= [0 EString

= Mame : ESring

o County | EString

Q.1
billingaddress

N ]shippingﬁddress

H purchaseCrder
= [0 EString
o Status @ purchaseStatus
= Amount : EInt
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& Ecore - purchasefmodel/purcha:

File Edit Mavigate Search Project Sample Ecore Editor Run  Window Help
T-EHB I BN N = = o~ ﬁl‘Ecure‘ayJava
r[\jpmject Explarer =0 @ *purchase.ecore &0 =g
= C;c‘; |l = = platform:fresourcefpurchasefmodel/purchase. ecore
)
= 4= purchase i i Eannotation
(# src i
=0 JRE System Library [ire7] <',"‘ Undo Set Chri+Z s
B Plug-in Dependencies " EData Type
£ META-INF " EErum
= (= madel # EPackage
B:] purchase.ecore [iZ| Copy
walidate
Run As 4
Debug As 3
O . o v =H i i
o= Cutline & Fixx Copyrights
An outling is not availsble. Team 3
Compare With 3
Replace With r
Load Resource...
= O i =3 =0
] Propertie Refresh Tg Eilass Hie 22 ECIaiRe
Property Show Properties iew ‘if‘ T 4:(; el
HMame
M Prefix
Ms LRI T=1lorg.purchase
: :0 Selected Object: purchase

Add Class Attributes

Attributes can have a predefined type like EString, Elnt,

defined type like EEnum. We

etc or a user
need also to define the multiplicity using the

upper and lower bound properties.

& FEcore - purchase/model/purchas:

File Edit Mavigate Gearch Project Sample Ecors Editer Run  Window Help
iM-H®& $  QL- B LI ﬁl‘Ecnrel%JJava
r[jPro]ect Explorer = O || #)] *purchass.score £3 =g
Sy = || 5 |2 platform:jresource/purchass/modelfpurchase. ecare
T purchons B8 purchase
8 e =-E purchaseorder
=i IRE System Library [ire7] - m
i = Status : purchaseStatus
= Plug-in Dependencies
= METAINE = Amount ¢ EInt
5= model &3 Ttem @ Item
0 EEee =2 purchaseStatus
= Caomplete =0
= Pending=1
=-E tem
= Hame : Etring
= Quankity : EInt
= Price : EInt
=-E Address
EE outline v =g = Mame ! EString —
An outling is not available. = Properties EL Problems |ma ‘ '|:==:> =0 f: EClass Hie &3 = EClass Re =g
Property Walue ‘;lll ﬂ: G:D t:>¢"
Changeshls [getrue —
Default Value Literal =
Derived 4% False
EAttribute Type i EString [java.lang.String]
ETvpe B EString [jawa.lang.String]
i 4% False
Lower Bound 1o
Tarne =10
Ordered e krue
Transient [ False
Unique Iekrue
Unsettable (e False
Upper Bound =]
Wolatile I False
n Selected Object: 10 : EString
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e Add Class references

Like a normal UML class diagram, a class can have an attribute that refers
to another class. This is done using EReferences. Beside defining the
reference class and multiplicity, we need to define if it is is a containment
reference. Containment (By-value aggregation) associations are
particularly important because they identify the parent or owner of a
target instance, which implies the physical location of the object when
persisted. Here we define an attribute of Class Item as a containment
reference. This means that the purchase order aggregates, by value, 0 Or
more items.

& Ecore - purchase/model/purchase.ecore - Eclipse Q@El

Fle Edt Mavigate Search Project Sample EcoreEditor Run Window Help

iC3- B =Y LR £ | @ Ecore |8 ava
[ Project Explorer = O || ) purchase.ecore £2 . E] purchase.ecorediag putchase genmodel =08
=3 = || 2 [ platformjresource/purchase/modeljpurchase ecore ~
=12 purchass = : E"haseh o
P purchaseOrder

= 1D : EString
© Status : purchaseStatus
= Amount : EInt

B IRE System Library [jre7]
= Plug-in Dependencies
= META-INF
B (= model
#] purchase.ecore
%] purchase.ecorediag
purchase.genmodel
& build. properties
plugin.properties
plugin <l
1% purchase. edit
12 purchase. aditor

= shippingAddress : Address
=+ billingAddress : Address
= Customer : Customer
=-H tem
© Name : EString
= Quantity | EInt
© Price : EInt

=

v

12 purchass.ssts =] Properties 21 Problems ?ouE =8|z~ =0
iy Value ha consoles to display
Changeable i true | Ci-
Container i false
— — Containment “true
G Outline =] Default Valus Likeral 1=
An outline is not avaiable, Derived s False
EKeys
EOpposite
EType B Ttem
Lower Bound tig
Name 1= Tkem
Ordered “true
Resolve Proxies true
Transient 4 false
Unique R brue
Unsettsble % False
Upper Bound =
Volatile 4 false

Selected Ohject: Ttem : Item

e Initialize Ecore Diagram
This step will create a visual editor for the created model. The metamodel
can be defined either ways.
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E 4= purchase

EE

B JRE System Library [ire7]
B Plug-in Dependencies
2 META-INF

Mew
Show In

Open
Open with

Copy
B2 Copy Qualified Name
-
[ Paste
3 Delete
5% Outline:

An outling is not available.
Build Path

Mowe. ..
Rename...

fxg Impart...
7 Expart...

£ Refresh

Fix Copyrights
Initialize ecors_diagram

Run As
Dsbug As

File Edt Mavigste Search Project Sample Ecors Editor

milhe D Q- oS G
[} Project Explorer = O|[#] purchase.ccore 2
=R

= |5 platform:jresourcejpurchase/modelipurchase. ecore
=8 purchase

purchaseCrder
purchaseStatus
H ttem

H address

H customer

-

Ale+shift+Hw
F3

el C

Chrl+

Delate

diagram file

Run Window Help

Ecore |8 Java

=0

= 7 = 0| % edlassHi 2

| A% & @

=ECassR | O

1>

ber 11, 2012 2:11:2...

OCAPE W arkivworkl,.,
se.ecore
asefmodel/purchase.... —

i @] purchase.eq

Team

Compare With
Replace With
stend

bytes

£

3

SR IR "

=] f,p‘l purchase
2 src
=k IRE System Library [jre7]
=) Plug-in Dependencies
2 META-INF
(= model
] purchase.ecors
%] purchase. scorediag

5= outline

Fle Edt Diagram Wavigate Search Project Run Window Help

= A

[ Project Explorer = 0| #] purchase.ecore

BE| & Y| 4 d@raette

ks
(= Objects
8 EPackage
[ Eclass
5 EDataType
@ EEnum
fl= EAnnotation
4 EOperation
= EAttribute
— FEnugliteral
(&= Connections
= EReference

2, Inheritance

= Properties

# Undefined

Model

# purchase
= ndditional Resources

Annokation

iaenModel Doc
Rulers & Grid
Appearance

Advanced

= EANNOtation link

Extended Metadata

%) purchase ecorediag £

ﬁl P Ecors |335J Java

’m’ ;b( H- :-:0 ~ | 100%

=Bnumer ation > B Item

purchaseStatus = Mame : EString
= Cormplete = Quantity : Elnt
- Pending = Price : EInt

Tu Prablems

Mare:

Ms Prefix:

Ms URI:

o

H address
= Mame : EString
= Country ¢ EString

ot “]sh\ppingAddress
billingaddress

H purchaseCrder
= 1D : EString
= Status @ purchaseStatus
= Amount @ EInt

= 7 = 0| f& Eclass Hierarchy 52

[ purchase

[ purchass

[ Yorg.purchase
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Here is how the model is saved in XMI format

UTF-8" 2>
Kecore:EPackage xmi:versio "2.o0"
:xmi="http://www.omg.org/XMI" xmlns:xsi
ecore="http://www.eclipse.org/emf/2002/Ecore" name:
nsURT="http://purchase/purchase"” nsPrefix="purchass">
<eClassifiers xsi:type="ecore:EClass" name="purchaseOrder">
<eStructuralFeatures type="ecore:EAttribute" name="ID" eIype="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore#//EString"/>
<eStructuralFeatures type="ecore:EAttribute" name="Status" eType="#//purchaseStatus"/>
<eStructuralFeatures xsi:type="ecore:BAttribute" Amount” eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore#//EInt"/>
<e5tructuralFeatures xsi:type="ecore:EReference" name="Items" upperBound="-1
eType="#//Item" containment="true"/>
type="ecore:EReference” name="shippingAddress" eType="#//Address"

?xml verszion="1.0" encodi

http://www.w3.org/2001/X¥MLSchema-instance”
purchase"

xm

xml

<eStructuralFeatures x

containment="true"/>

<eStructuralFeatures xsi:type="ecore:EReference" name="billingAddress" eType="#//Address"
containment="true"/>

<eStructuralFeatures xsi:type="ecore:EReference" name="Customer" eIype="#//Customer"

containment="true"/>
</eClassifiers>

ecore:EClass" name="Item">

i:type="ecore:EAttribute" name="Name" eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore#/ /EString"/>
type="ecore:EAttribute” name="Quantity" eTvpe="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore#//EInt"/>
'ecore:EDataType http://www.eclipse.org/emf/2002/Ecores//EInt"/>

<eClassifiers xsi:type

<eStructuralFeatures

<eStructuralFeatures
<eStructuralFeatures
</eClassifiers>

type="ecore:EAttribute" name="Price" eTy

«eClassifiers xai:type="ecore:EClass" name="Address">
<eStructuralFeatures i:type="ecore:EAttribute" name="Name" eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore#//EString"/>
<eStructuralFeatures xsi:type="ecore:EAttribute" name="Country" eType="ecore:EDataType http://www.eclipse.org/enf/2002/Ecoret//EString"/>

</eClassifiers>
<eClassifiers xsi:type="ecore:EClass" name="Customer">
<eStructuralFeatures xsi:type="ecore:EAttribute" name="ID" eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecores#//EString"/>
</eClassifiers>
<eClassifiers xsi:type="ecore:EEnum" name="purchaseStatus">
<eLiterals name="Pending"/>
<eliterals name="Complete" val
</eClassifiers>
lkk/ecore:EPackage>

gy

6.3.2. Create genmodel from the Ecore model
This will create the Java implementation of the EMF model in the current project.

Run Window Help

Fle Edt Diagram Navigate Search Project

il B A= AT R R R
B i — L Eg;é-agv?::uv
[ Project Explorer = O #] purchase.ecore % purchase ecorediag 52
25| & 7| 4 raete
B 52 purchase ) <erumerations E item H Address [ H customer |
D@ e -t 2 purchaseStatus = Name : EString = Marme : EString = ID : EString
= 7 2 |

= JRE System Library [ire7] & Objects & Complets = Quantity : Elnt = Country : EString

y i - Pending = Price : EInt 0.1
=i Plug-in Dependencies # EPackage .1 "]shlpplngAddress Customer

- om
i NETA N B Eclass billingsddress
T

&) 9 Project...
Golnto
w ] Ecore Diagram H purchaseorder
» LSS0y |
show In Altshift-+w i Ecore Taoks rajact ST

= Copy Ctr+C [ File © Status : purchaseStats

FE Copy Qualified Name [ Folder = Amaunt : Elnt

[ Paste ey £ Example...

3 Delete Delete

Select a wizard s
EZ outline Build Path a
Hove Create an EMF generator madsl and, If nesded, the underlying Ecore model |
—_— Rename... F2 r m
==al
B Tp Wizards:
-, 1 Impart... oblems
£ o4 Bxport... [
&) Refresh F5 @ Class e
by value & Interfacs
Fix Copyrights 12 JavaProject
# purcha:  py e b | derived false s Java Project from Existing Ant Buildfile
AT pop i s » | editable true 4% Plug-in Project
Tesm N :as;er;md\ﬁed FSeIptemhar 11, 2012 115:1... ¢ stend Class L
in alse
C With 3 (= General
ompare Wi location  H:\RECOCAPEYWarkywiark). .. & s
Restore from Local Histary... — model
h h del (= Edlipse Modeling Framework
Properties Alt+Enter pat fpurchassfmodsl " Ecore Model
T8 EMF Project
0* (= ol - purchass T Empty EMF Project -
.5 Wannina ]

@ < Back Next > Finish Cancel
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Flle Edit Diagram Mavigate Search Projsct Run Window Help

|ici- & BN - AR e 5@ eees | &) e
i< & [ | Tahoma ] 2 3 L 2 ' 100%
[ER—— = O [8 st oo
. )
B & = % pajett] ECOrE Import v
e REEE g = 1D : Estring
-G8 s o — n —
tr
= IRE System Library [ire7] jects & 0.1
= Plug-in Dependencies # EPackad Model URs: [Brovese File System... | (Bronse workspace... |
[#5= META-TNF [ EClass
= £ model < EDataT, ] [Load
ata
] purchase ecare =
%) purchase.ecorediag ¢ EEnum & File Selection
{1 EAnnot:
# EOperd! B & purchase
= Eattribuf = .settings
~ FFugli g bin
META-TNF
(= Connectior B
= =+ ERefere
o= Outline
“#, Inherital
= e EAnnt
= progerties Fross References | =0
model - pu \i’lﬂ: Q:D Ca
I
bype Filker bext ||| Resource
@ purchase
= Additional Resources
@
@

path Ipurchasejmods!

im (= model - purchase

6.3.3. Generated Code and Plugins
Here we create the Model, Edit, Editor codes as well as the plug-ins which
provide wizards for creating new model instances and an editor which allows
entering model information.

File Edit MNavigate Search Project Generator Run ‘Window Help

- RS P Q- B P i GO ﬁl‘E(nrel&JJava

% Project Explarer = O | #] purchase.ecore % purchase.ecorediag [t2] purchase.genmadsl &3 =0
&|le 7|28
o =8 Purd Generate Model Code
G purchase
. H Generate Edit Code
- Gt te Editor Cod
= IRE System Library [ir=7] E enarate Ealor du °
= Plug-in Dependencies B GEnerate Test Cade
= META-INF =
5= model = Open Ecore
l:] purchase.ecore Open GenModel
%2 purchase.ecorediag
@ purchase.genmadel EEF »
< Undo ChrZ
> Redo Chrr
| of Cut
= Properties | 72 copy ~ O | %2 EClassHiera 52 - = EClass Rareﬂ =8
Property @ Paste Al ‘ gﬂl IE % r~§°
ER— R = Al _
CFETHLD S o Bundie 1 3% Delete L
An outline is not available. Compi H
CD'"P 'a; Reload. ..
oR¥rid Expart Madel. .. b
Copyrigh R
Languag Run As
Madsl 1 Debug As 4
Mon-MLS Fix Copyrights
Runtime Team L4
Runtime Compare With 3
Runtime: Replace With 3
Runtime
(=) Edit Refresh
Color Pre Show Properties Yiew
Creation
Creation| - Remove from Conbesd ChrHRAIHShIfE+-Down
Edit Directary T purcﬁase‘ealffsrc
Edit Plug-in Class urchase.provider PurchaseEditP & |
< il | 2
Ee Selected object: Purchase
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File Edit Mawigate Search Project Gemerator Run  Window Help
L= AL N le= R i I ﬁl‘&nrela’]eva
rrj Project Explorer =0 @ purchase ecore E purchase ecorediag purchase.genmodel £3 =0
BEg|e (o
=i purchase =8 Purchase
8 src H purchasecrder
=, IRE System Library [ir=7] El trem
=i Plug-in Dependencies El address
5 METATNE E Customer
(= madel £ purchaseStatus
E:] purchase ecore
E purchase ecorediag —
5 purchase, genmodel = Praperties {0 Problems =_’| 15 ‘}:0 7 = 0| e EClass Hiera 52 = Eclass Refer | — O
@b build. properties Ciy Value a |¥|'ﬂ: % téh
lugin. properties 3 —=
;uzln.:m\p &l
el _ (= Edit
“‘7‘J Durchase.ed!t Color Providers I False
&= purchase.editor Creation Commands & trug
1 purchase tests Creation Icons I brue
Edit Directory = Jpurchase. editfsrc
Edit Plug-in Class purchase provider. PurchaseEditP
Edit Plug-in 10 purchase, edit W
= ) - = Edit Plug-in Yariables =
&= Outline s = Farit Providers % false
An outling is not available. Optimized Has Children [k False:
Provider Root Extends Class =
Table Providers [ False:
[= Editor
Creation Sub-menus ¢ Falser
Editor Directory I= jpurchase editorsrc
Editor Plug-in Class purchase. presentation. Purchaset
Editor Plug-in [T purchase. editor
Editot Plug-in Yariables
Rich Ajax Platform [ False:
Rich Client Platform Lt False:
(= Model
Array ACcessors I False: o
< >
:0 Selected object: Purchase

6.3.4. Run as Eclipse

Here we will run the developed plugin in a new Eclipse instance.

= {;pJ purchase
% src
B IRE System Library [ir=7]
= Plug-in Dependendies
5 META-INF
= (= madel
#] purchase.ecore
E purchase, ecorediag
[ nurrhase. renmadel

[oid b Mew
I
B Showln BleHShiFE+W
ol
. 0 F3
_‘7J purcha Open with
u'pJ purcha pen
wad
li= purcha [=) Copy ChrHC
= Copy Qualified Name
[ Paste Chriy
¥ Delete Delete
2% outline
An outline is not
Build Path
Move..,
Rename... Fz
fag Tmport...
£ Expart...
& Refresh FS

Fix Copyrights

R
Debug As
Team
: g | Compare with
— Replace with

@ purchase ecare

Run  Window Help

File Edit MNavigate Search Project  Generator

Aml ® Q- io -

[[\ij]ect Explorer =0
ER-SK

S oS -

= B2 Purchase
(=~ # Purchase

H purchaseorder
H 1tem

H address

H customer

| purchaseStatus

meh\ams [ ~ =08 ‘;: EClass Hiera &7 = EClass Refer =g
chase B
perty Value
Info
derived False
editable trug
3 last modified September 11, 2012 2:27:4..,
linked False
lacation HARECOCAPE Warkiworkl,..
name plugin <l
path Ipurchasejplugin.xml
size 370 bytes

4 2 056 Framework
»

E purchase.ecorediag

Run Configurations. ..

T | @ Ecore | &) Java

purchase. genmodel 2% =a

All+Shife+, O

3
r
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6.3.5. Create a new purchase model
New — Other — Example EMF Model Creation Wizards — Purchase Model.

& Resource - Eclipse SDK
[N Edit Havigats Search Project Run Window Help

SALNNA [ Project... ﬁ‘rﬁpmwe‘

[ Folder =58
%

[%Fle

=

( Task

[Ef Untitled Text File

[ Example. .
& New
Conwert Line Delimiters To » Select a wizard —>
Creats  new Purchass model I
Switch Warkspace -
Wizards:
Restart |
fug Import...
“j." : i . & Class A
pot... =
e B & Interface
Properties AlHEnter & 1esks [ 2 @ Jav Project
— 4 Java Project from Existing Ant Buidile
1 awlzowlz.mzt [myown] cript2 Col 58 Plugin Project
2 myOwlzJavaTransformation.mzt [myOwl] = DY ¥tend Class |
3KERRY.owl [myOwliontologies] g = General
4 Location.onl [myOuwljantelagies] & ovs
it = Edlipse Modeling Framswork.
! (= Ecore Tools
(= Example EMF Mode| Creation Wizards
B
@7 UmL Madel
&% wan Madal )
@
e

e Start adding model items, attributes, and properties

r v
2 Java - myModelProject/myModel.purchase - Eclipse Platform [ESEE=l ™"
File Edit Navigste Search Project Run PurchaseEditor Window Help
0~ $  $-0-Q- HEG- MBS iH-F e erD- o (@)
[£ Package Explorer 52 = O || Location.owl L1 myModel.purchase 52 . 1z = O B TaskList 2 =8
B % | o 7| Resource et F-E%| el xB|d~
& myModelProject algp : r j hase Find Q] » oAl b Activate.
&) myModelpurchase 4 purchase (irler
New Child 4 fem =
e copez | Shipping Address Address ~
fee copey | Biling Address Address
+§  Customer =
cut =
e w 9
B Copy [3) platform:/resource/myModelProject
Paste
% Delete
Validate
Selection| Parent] Li Control...
[0 Problems [ @ Jav|  Runas D
Property Debug As B
Amount T s
D Compare With »
Status ding
Replace With v
Load Resource...
Refresh
Show Properties View
Remove from Context  Ctrl+Alt=Shift-Down
‘ i v
o* Selected Object: purchase Order
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7. Model Transformation

Since the systems are becoming more complex, Model to Text (M2T)
transformation is required to raise the level of abstraction and automate the
development process by automatically generating new artifacts from the same
model. This will help increase the software quality while reducing the
development time and will help developers to focus on the conceptual and
creative parts of the system.

7.1. MOFScript Eclipse Plugin

The MOFScript is an Eclipse plugin that aims supporting transformations
specifically M2T transformations. However it also supports M2M
transformation. It supports the generation of implementation code or
documentation from models [15]. It allows usage of any kind of metamodel and
its instances for text generation. It has an easy to use interface that allows the
generation of text from MOF-based models, e.g, UML models or any kind of
domain model as well as producing output files.

M3 " MOF

conforms to conforms to

Source MOFScript
M2 Metamodel based on | language
/]\conforms to conforms to
S del MOFScript
M1 UL transformation

executed by
input N
MOFScript | Target
tool engine output | text

Figure 10 - MOFScript in MDD Four Layers Architecture [16]

MOFScript is a language with flat structure; it consists of a set of rules and
methods where neither rules nor transformations can be nested ie. a
transformation can’t invoke another transformation.

MOFScript language provides function libraries for Strings (size, substring,
subStringBefore|After, toLower, toUpper, indexOf, trim, normalizeSpace,
endsWith, startsWith, replace, equals, equalsignoreCase, charAt, isLowerCase,
isUpperCase), collections (Hashmap: put, get, clear, size, keys, values, isEmpty,
forEach, List: add, size, clear, isEmpty, first, last, forEach), utilities (generatelD,
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time, date, getenv, setenv, indent, tab, space, position, count) , and UML2
Operations (m.hasStereoType (“stereotype”), m.getAppliedStereotypes (),
m.getAppliedStereotype (“named stereotype”), m.getValue (stereoType,
“property name”), hasValue (stereoType, “prop name”))

For more about MOFScript language visit
http://www.eclipse.org/gmt/mofscript/doc/MOFScript-User-Guide-0.9.pdf

7.2. Model to Text Transformation Using MOFScript

Taking the same purchasing example, assume we have to create an invoice for
the purchase order.

Create a new MOFScript file after running the plugin. A transformation is defined
using the keywork textmodule or texttransformation. We need to import the
metamodel to work with. We will find our metamodel addressed by the url we
specified.

Specify the input and output metamodels in the transformation and specify the
entry point rule. Entry point rules defines where the transformation starts
execution. In this example the context will be the purchseOrder. Therefore the
transformation will run for an input purchase order.

texttransformation purchase2java (in
mdl:"http://purchase/purchase") {

mdl.purchaseOrder::main () {

}
}

Now we will create a file and dump all the data for the purchase order in the file.

file (“Invoice ” + ID + “.invoice”)

This implies printing or escaping text. MOFScript provides many ways to do this.

println (“Invoice ID” + ID);OR

' Invoice ID ' ID OR

<% Invoice ID %> 1D

Here is the MOFScript code to create an Invoice from the input model.

texttransformation purchase2java (in mdl:"http://purchase/purchase") {

mdl.purchaseOrder::main () {
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}

}

var customer:String = self.Customer.ID;

var invoiceID: String = self.ID;

var billingAddress: String = self.billingAddress.Name + ', ' +
self.billingAddress.Country;

file ("Invoice " + self.ID + ".invoice");

// By this all text written afterwards will be dumped in this file
// No explicit rule for closing a file. To close a file, open a new
one
‘Invoice:: " + invoiceID +'\n';
"Customer::" + customer +'\n';
‘To::' + billingAddress +'\n’;

"Item ID.......... Quantity......... Price'
// Loop to add all items
self.Items->forEach(item:mdl.Item){

+'\n'

--'" 4+ item.Name +
item.Price +'\n';

}

+ item.Quantity +

The transformation output looks like this

8. Summary

Invoice:: Orderl
Customer::Orgl
To::Smart Village, Egypt

Item ID.......... Quantity......... Price
=-PC..iiis 5. 5000
--Printer.................. 1. 1000

Managing complexity and driving requirements that can be easily communicated
on all project levels are the main drivers for successful projects. Modeling can
achieve these goals by providing the way to express the system on different
levels depending on who is going to deal with the system. Separation of concerns

and abstraction make it easier to capture system information.

Using MDD moves the focus of the developers from pure coding to analysis. This
helps solving the problem independent of the technical details of the platform.
Thanks to transformations, models can be transformed from one level of

abstraction and platform technical knowledge level to the other, inserting new

information each step along the way.
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Domain specific modeling (DSM) is an approach for adopting MDD.
Metamodeling is a key practice to build a domain specific environment. A
domain specific environment incorporates domain specific language (DSL) and
tools. Capture the domain knowledge in a metamodel, define transformation
engine(s) and go for modeling.

Throughout this tutorial, we discussed the main concepts for MDD and
demonstrated how to develop a DSL using Eclipse as a common widely used
open source platform. Eclipse modeling project provides a very powerful set of
tools that can help in realizing the MDD concepts in practice. A simple example
was used to illustrate how EMP can be used to develop a domain specific
environment.

Although the initial cost of applying MDD is relatively high, but eventually
increase of productivity, system robustness, ease of integration and
maintainability can be realized.
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[14] MDSE with the Eclipse Modeling Framework I -
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04.pdf

[15] http://www.eclipse.org/gmt/mofscript/

[16] MOF Model to Text Transformation - MOFScript -
www.eclipse.org/gmt/omcw/.../MOFScriptLecture.SINTEF.ppt

10. Abbreviations

CIM Computational Independent Model
CWM Common Warehouse Model

DSL Domain Specific Language

DSM Domain Specific Modeling

EMF Eclipse Modeling Framework

EMP Eclipse Modeling Project

GMF Eclipse Graphical Modeling Framework
M2M Model to Model

M2T Model to Text

MDA Model Driven Architecture

MDD Model Driven Development

MOF Meta Object Facility

OoOMG Open Management Group

PIM Platform Independent Model

PSM Platform Specific Model

XSD XML Schema Definition
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