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Abstract

Domain Specific Modeling (DSMaims to increase productivity of software development by
raising the level of abstraction beyooaldeconcepts and using domain concef@g providing a
generativanodetdriventooling component and runtime support, the Eclipse Graphical Modeling
Framework (GMF) aims to simplify the creation of diagram editors for specific domains based on
a series of model creation and transformation st€dF leverages theEclipse Modeling
Framework (EMF) andhe Eclipse Graphical Editing Framework (GE#) allow the graphial

modeling of Domain Specific Languages (DSL).

A Domain Specific Language (DSL) is developed specifically for a specific task and specific
domain. In this researchhe State Machine Compiler (SM@presents the specific domain for
which a DSL in a fornof a diagram editor is developed using GMF. SMC ispen source Java

tool allowing generation of state pattern classes from textual descriptions of state machines.

The main objective of this research is to describe the use of GMF, highlight potefditd pnd
identify strengths and weaknesses of Ghsed ortertaincriteria To be able to feed the SMC
diagrams created with the editor into SMC, a Java Emitter Templates (JET) transformation is

used to transform SMC model instances into textual foaxaected by SMC.
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Chapter 1

Introduction

This chapter introduces the thesis topic. Section 1.1 gives an ovafibe/technologies used in
the thesis. Section 1.2 discusses the motivadiath contributionof the research work. Lastly,

Section 1.3 outlines the content of the document.

1.1 Overview

Throughout the history of software development, increasing productasity managing
complexityby improving abstraction and automatibasbeenthe focus among developershe

leap from assembly to compiler languages has tremendously facilitated software development and
increased its productivityln this sense, software melthg and ModelDriven Software
Development (MDSD) in particulaim tocontinue this trend angrovide approaches thatiow
increased levels of abstractibyg shiftingthe focus from being codeentric to modetentric In

addition, Domain Specific Modéhg (DSM) developmenallows models to be based on domain

concepts rather than implementation concgits

The Object Management Group (OM@as introduced a set of standards for use under one
approach known as ModBIriven Architecture (MDA), whichuses models throughout the
software development procef?]. In particular the OMG standards that MDicludes are
Unified Modeling Language (UML), Met®bject Facility (MOF), XML Metadata Interchange
(XMI), and Common Warehouse Metaodel (CWM) [3]. The man concept inMDA is the
separation of the system specification from its implementatiamich is accomplished by

introducingPlatform Independeniodels (PIMs) andPlatform Specific Models (PSMs).

First, he PIMsrepresent a higr level of abstractiomapturing the system specification and they

are expressed in a platform independent modeling language, such as UML. Moreover, the PIMs



conform to the MOF specification and they grby defaulf persistecas XMI documentsThen,

by applyinga sequence ohappingsand transformationghe PIMs are automatically transformed

to PSMs.The PSMs allow adding implementation details that are not included in the PIMs.
Finally, the PSMs are taken as input to genecatde implementing the PIMs andrgetinga
partiaular platform. Due to the separatiohconcernsautomatic model transformation and code
generation MDA promises to accelerate the software development process by reducing the

complexity andmprowving the quality and productivity[2, 4].

Using MDA standads requiresmodelingtechnologiesand toolsthat unify and implement the
stated OMG standard&or instance,hte EclipseModeling Project (EMP) provides support to

implement many oMDA standard$3].

Essentially, EMP [5] consists ofseveral cooperatingrojects provithg a set of modeling
frameworks tools andstandard implementation&or instanceabstract syntax developmeist
supportedy the Eclipse Modeling Framework (EMF), graphical concrete syntax develofment
supportedby the Graphical Modelop Framework (GMF) and Modetto-Model (M2M) and
Modetto-Text (M2T) transformationsechnologiesare also supported by the Eclipddodeling

Project (EMP).

First, the Eclipse Modeling FrameworENIF) is the coremodeling project within Eclipse
Modeling Project (EMP) projects [6]it providescode generation to build tools and tieesed
editors based on a metaodeling language called Ecore. MoreovEMF suppors refining,

guerying, validating and transforming models via its integrated subprojecteaisid

Second, the Graphical Modeling Framew@BMF) providesa generativemodetdriven tooling
component and runtime support develop diagrameditors for specific domainbased oma
sequence ofmodel creation and transformation stefy§. The GMF goal of is to simplify the
development of the Eclips&raphical Editing Framework (GEFB] diagram editors by

leveragingEMF models. More precisely\GMF utilizes the EMF Ecore modelto capturethe



abstract syntax of @omain Specific Language (DSL) arldverayes GEF capabilitiesto
generatively develop models depictitiie concrete syntax of ahdomain. Then, GMF allows
developing a mapping model to connect elements and features of the abstract syntax with the
corresponding elements of the concrete syntaxg®yerating a generator model based on the
mapping model, GMF allows the generating of code for a diagram editor. This editor can then be

used to create graphical models in the DSL.

Third, model transformationgncluding M2M and M2T play a major role inthe ModelDriven
Software DevelopmerMDSD) paradigmbecause thegllow data exchange between modeling
technologies and tools which enhances the scalability and interoperability of the automated
software development procesShe Eclipse Modeling Project (EMP) supports model
transformations by providingnplementations foM2M and M2T transformations languagés

10]. For instancethe M2T technologies includeJava Emitter Template (JEEpmponentvhich

is used for transforming models intode ortext

At this point, aDomain Specific Language (DSL)inlike a general purpose language such as
UML, is designed to based for a particular tagR]. Basically, a DSL describes typesddmain
model elements and their relationshiBy usingDomain Specific Mdeling (DSM)tools, such
as GMF, code is generated to create a customized modeling tool that allows modalmgaire

requirements graphically.

In this research, the Std#achine Compiler (SMC|1L1] is taken as problem domain and a case
study for GMF. SMC is anopen source Java applicatialowing generation of state pattern
classes from textual descriptions of state machines. Moreogeppbrts generatingourcecode

in fourteenprogramming languages



1.2 Motivation and Contribution

Modeling is a wk know practice in all engineering disciplines; software engineering is not an
exception, yet the importance of modeling in software engineering is essentially more critical,

especially with the increasing complexity, and tremendous dependency of sqitoeduets.

In software engineering, models can be usedombf for documentation, communication and

demonstration, but for specification, analysis, design, implementation and maintenance.

According to Software Productivity Research (SPR) [1], the aeegpagductivity in Java is only
20% better than in BASIC. However, the move from Assembly to BASIC shows 400%

productivity increases [1]. The 400% increase was a result of automation and abstraction.

In this sense, Domain Specific Modeling (DSM) developirams to increase productivity of
software development by raising the level of abstraction beyond code concepts and specifying the
solution directly using domain concepts [1]. Then, code is generated from these higher level
abstractions. As a result ofetspecificity and the code generation, programming details are

hidden, which is analogous to the leap from assembly to compiled languages.

DSM has been used and tested in several industrial applications resulting in improved
productivity by 5 to 10 time§l]. For example, Nokia Series 60/Python mobile application has
been examined as a case study on DSM. Various DSM examples and case studies have been

conducted including ones involving financial systems, web applications and embedded systems.

As a domain gecific development environment, GMF was introduced in 2006 [12]. Therefore, it
is relatively new, yet it is intensive framework built on top of powerful Eclipse tools and
frameworks such as EMF and GEF. GMF aims to simplify the creation ofli&&Riagran

editors in a modetiriven based approach with the emphasis of the separation of concerns. On the

other hand, several artifacts need to be developed to define and map the abstract and concrete



syntax of a specific domain in order to generate code impkemgea diagram editor of the

specific domain.

GMF is a powerful tool that allows the creation of a wide variety of graphical editors with many
different features. As a consequence, the use of GMF is by no means straightforward and
supporting documentatiois still quite preliminary. Moreover, the development of graphical

editors for non trivial languages is quite challenging.
The thesignakesthe following contributios:

1. A case studyf the use of GMF for the creation of a graphical editor for atrigial

language.

2. Alist of strengths and weaknesses of GMF observed during the caselstpdsticular,
the evaluationis based orcriteria related to the overall user friendliness of GMF
(usability, documentation), its design and effectiveness (supportildstraction and
automation, productivity, separation of concerns), and its support for certain key

activities such as model validation, integration, and maintenance

3. A graphical editor that can be used for the input of SMC state machines and a
transbrmation that can be used to transform the XMI representation of these state
machines into the textual format expectedIMC, which is a popular open source tool
for code generation from state machin®¥e intend to make the editor and the
transformation publically available to the SMC communitylo the best of our

knowledge, nmthergraphical editor for SMC state machines currently exists.

1.3 Outline of the Document

1 Chapter 2 gives background regarding the development of diagram editors using GMF

and M2T tansformation using JEMoreover, it discusses related technologies.



Chapter 3 introduces the necessalC concepts and features

Chapter 4 describes the requirememmftuencing the desigmnd development of the

SMC diagram editor.

Chapter 5 gives aetlailed explanationof the development of SMC EMmodels to

generatan EMF treebasededitorfor SMC model instances

Chapter @ouilds on Chapter 5 and illustrates the development of SMC -Gidéfels to

complete the creation of the SMC diagram editor.

Chapter 7discusseshe SMCdiagram editor validation and gives some examples.

Chapter 8 presents the SMC JET transformation.

Chapter9 discuses the thesis results.

Chapterl0 contains théhesisconclusion.

Appendix A lists the acronyms, Appendix B descsiltbe implementation platform
including the versions of the software used, Appendide@onstrateshe use of the
SMC EMF treebasededitor, Appendix D explains the use of the SMC graphical

modeling and transformation toahd AppendiXE gives SMC commandsnd grammar.



Chapter 2
Background

This chapter provides background on various related topics. Section 2.1 discusses the Eclipse
Modeling Framework (EMF). Section 2.2 introduces the Eclipse Graphical Editing Framework
(GEF). The Eclipse Graphical Modeling Framework (GMF) is discussed itio8e23 while

Section 2.4 presents the Java Emitter Templates (JET) transformation. Section 2.5 introduces

Domain Specific Modeling (DSMipols. Finally, Section 2.6 discusses related work.

2.1 Eclipse Modeling Framework (EMF)

The Eclipse Modeling FrameworkERF) is the core modeling project in Eclipse Modeling
Project (EMP) projects [6]. It provides code generation to build Eclipseiptugnd tools based

on a metanodeling language called Ecore. Essentially, EMF contains three main components:
EMF.Core EMF.Edit and EMF.Codegen[6]. First, EMF.Core consists of two elements: the
Ecore model, which is used to define EMF models, and runtime support which provides model
persistence, change notification and a reflective API. Se&Mé#. Edit supports the disply and

edit of model instances in a basic teslitor by providing content and label provider classes,
property view and command classes that provide common services and operations. Third,
EMF.Codegenprovides Java code generation to build the basiced@er. In essence, the
generated code is divided into three levMedel CodeEdit CodeandEditor Code[6]. Refining

and validating models is also supported in EMF via its integrated subprojects and tools.

Furthermore, EMF allows dynamically creatingael instances via its reflective API.

2.1.1 Eclipse Modeling Framework (EMF) and Object Management Group (OMG)
EMF supports some of the OMG standards, including UML, Meta Object Facility (MOF), XML

Metadata Interchange (XMI) and Object Constraint Language (Q13]) These standards are
part of the ModeDriven Architecture (MDA) approach introduced by the OMG [2]. This section

briefly introduces the stated OMG standards and highlights their relationship with EMF.



2.1.1.1 Unified Modeling Language (UML)
The Unified Modéng Language (UML) is the OMG standard for specifying and

designing software systems [14]. UML2, a component in the Eclipse Model Development
Tools (MDT) Project, is an EMBased implementation of the OMG UMIsgandardsit
provides diagramming and metaodeling capabilities [15]. In essence, the EMF Ecore

model is an implementation of a subset of UML class diagrams [13].

2.1.1.2 Meta Object Facility (MOF)

EMF was started as an implementation of the Meta Object FadiBF] specification

[16]. MOF is OMGO stanérd metamodel defining anetamodelingspecification[17].

It specifieshow modelsare created,integrated and transformed into different formats
The MOF model defines two main packagessential MOF (EMOF) and Complete
MOF (CMOF) The EMOF package caihs simple classes with attributes and
operations. In turn, the Ecore model of EMF is based on and aligned with the EMOF

specification13].

2.1.1.3 XML Metadata Interchange (XMI)
The XML Metadata | nt er c h-baseyetanfaxdMdrpat fors OMG

model stoage [18]. It is a serialization form of MOF models. EMF uses XMI as a

standard serialization for its Ecore models [13].

2.1.1.4 Object Constraint Language (OCL)

The Object Constraint Language (OCL) is a formal language standardized by OMG and
is part of UML spedication [19]. Typically, OCL is used for specifying constraints over
models. OCL is also used to specify qomnditions and postonditions on methods and
derivation rules of attributes. Applying OCL expressions on models allows creating more
precise mode that capture more aspects of the specification. OCL, a component in

Eclipse Model Development Tools (MDT) Project, provides integration and
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with EMF-based models allows spBeng class constraints, initializing features, defining

model audits and metrics rules, as well as, the implementation of derived features.

2.1.2 EMF Ecore Model

EMF provides a metanodel called Ecore model to represent models in memory. As it is stated in
the previous Section 2.1.1, the Ecore model is used for class modeling to describe model

structure Figure2-1 shows a simplified subset of the Ecore model [13].

eSuperTypes

* = — 2 -
0.. eAttributes E Eath |but§ eAttribute Type H EDataTyp?
El EClass e =l EString 1.1 | .= name :EString
= name : EString

eReferences -
— = EReference

1.1 = name : EString

= containment : EBoolean
eReferenceType = lowerBound : EInt

= upperBound : EInt

0.1

eOpposite

Figure2-1: A simplified subset of Ecore model
The simplified Ecore model includes folasses. First, thEClassclass is used to model classes

themselves. Multiple inheritances are supported througleSuperTypeseference. Second, the
EAttributeclass is used to model attributes. Third, Bi2ataTypeclass is used to represent the
types of attributes. Data types are not modeled, but they represent primitive or object types
defined in Java. Finally, thEReferenceclass is used to model associations between classes.
EReferencebvave a type representing tB€lassat the other end of the sxiation. Moreover,
bidirectional associations are supported throughet@ppositereference. Th&Referencelass

also has lower and upper bounds attributes to specify a reference multiplicity and a Boolean

attribute to specify if the association is ant@onment or not [13].



2.1.3 Creating Ecore Based Models

EMF supports several options to create models based on the Ecore model. Basically, models can
be created using the Ecore editor, Java, UML, XML Schema or XMI [13]. The following

numbered list provides ascription of each method.

1. Ecore Editor. EMF provides an Ecore tteesed editor and an Ecore class diagram editor
with a properties view by which Ecore models are created and edited. Alternatively,
Ecore editors are also provided by third parties suchlgscased's Ecore Editor,

Omondo's EclipseUML and Soyatec's eUML [13].

2. Java. EMF supports building Ecofeased models from annotated Java interfaces.
Essentially, Java interfaces, includitigeir methods need to be marked with @model
annotation in order to be identified as mod#géments Furthermore,the @model
annotation can be followed by properties to provide additional information and direct

codegeneratiorf13].

3. UML. This option requires using a UML modeling tool. EMF suppomgdrting a

Rational Rose model or a UML2 model to generate a correspoBdorgmodel [L3].

4. XML Schema Definition (XSD).XML Schema is a World Wide Web Consortium
(W3C) standard for defining XML documen{0]. EMF supports importing and
transforming an %D file to an Ecore model by mapping XSD elements to the

corresponding Ecore elemefts].

5. XMI. EMF uses XMI as a standard addfault serializationformat of its Ecorebased
models thus, using a text editor, XMI file can be created to represent Ecoredais.
Providing XMI as underlying standard to save Ecore models enables interoperability and

unifies previous methods: Java, UML and XML Schema, as showigume2-2 [13].
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Figure2-2: Ecore unifies Java, UML and XML

2.1.4 EMF Development Flow

Figure2-3 demonstrates the process of creating an EMF application from models.

Create EMF
project

5 Create Ecore o Create EMF e Adjust generation Generate EMF editor
model "1 generator model parameters plug-ins code
Run
EMF editor
plug-ins

Figure2-3: EMF development flow

As shown, an EMF Ecofeased model isreated, and then transformed to a model called EMF

generator model from which EMF generates code that is run as an Eclipse. plug

2.1.5 EMF Generator Model

EMF provides a creation wizard that allows transforming an Heased model to a model called

a geneator model. The purpose of the EMF generator model is to add information that is not
included in the Ecore model such as base package name, compliance level, model directory and
model plugin ID via its properties view in order to generate the EMF code.irfstance, base
package name, compliance level, model directory and modeliplliyy are set from via the

properties view of the EMF generator model .
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2.2 Graphical Editing Framework (GEF)

The Graphical Editing Framework (GEF) allotee creaton of graphicaleditors from existing
modet. Basically, GEF consists of two Eclipse plig components Draw2d
(org.eclipse.draw2dandGEF (org.eclipse.gef)21]. First, the Draw2d plug-in provides painting
and layouts to display graphicSecond,the GEF plug-in is bult on top of Draw2d and it
employs aModelViewController (MVC) architecture which enables editing the model from the
view. Themodelin GEF is any data that is persisted and dastification mechanism.n most
cases, thenodelis expressed using a gdt Java classe?2]. The viewrefers to any graphics
displayed on graphical or trdmsed viewers, including figures and tree items. ddnroller,

known astditPart, provides the link between tiveewand thecorrespondingnodelelement.

Despite the &sic and advanced editor functionalities provided by GEF, creating graphical editors
using GEF is a complex ta$g, 22]. That is, users need to provide persistence and notification
mechanisma in the model data. Moreover, users need to implement vaHdiiBarts which
contain a set oEditPolicy classes for each visualized model elem@&ihe EMF, as discussed
previously, providepersistence andhange notification for its models; therefore, EMF models
can be used in GEF to create graphical editors. Neslests, using EMF models with GEF is not

straightforwardecause GEF and EMF uadifferent command infrastructufa, 22].

2.3 Graphical Modeling Framework (GMF)

With the aim of simplifying the creation of GHFi ke di agram editors base
the Eclipse Graphical Modeling Framework (GMF) [7] project was introduced to provide a
generative bridge between EMF and GHEhigure 2-4 shows the dependencies between GMF

generated diagram editors, GMF runtime, EMF, GEF, and the Eclipse platform [23].
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Figure2-4: GMF dependencies

In essence, GMF provides a generative maidigen tooling component and runtime support to
create diagram editors based on a series of model creation and transformation steps. It uses an
EMF Ecore model to define the abstract syntaxao$pecific domain language and defines
graphical and tooling models to describe the concrete syntax of the language. Then, it allows
developing a mapping model to connect elements of the Ecore model to the corresponding
elements of the concrete models. Bgnerating a generator model based on the previous
mappings, GMF allows generating Java code and other configuration files representing a DSL

that is run as Eclipse pltig diagram editor.

2.3.1 GMF Main Components

GMF consists of two main components: toolamgd runtime.

2.3.1.1 GMF Runtime Component

GMF provides two runtime options: a full runtime and light runtime [3]. The full runtime
is the default providing a set of libraries, extension points and enhancements to the
underlying EMF and GEF runtimes while the lighuntime provides minimal

requirements to run a diagram editor. Moreover, the GMF runtime supports common
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editors operations such as palette, properties view, toolbars, geometrical shapes, saving a

diagram as an image with support for several image ferarad printing services.

2.3.1.2 GMF Tooling Component

The GMF tooling component provides a generative mddeken approach to create and
map models in order to generate diagram editors deigare 2-5 shows an overview of

the workflow used during GMBased development.

Adjust
Generation
Parameters

Create GMF
Project

Develop Domain Model
(EMF Ecore Model)

Develop Graphical

Definition Model

Develop EMF
Generator Model

-

Generate EMF 1

Plug-ins Code

[

Adjust

Develop Mapping
Model

Generation
Parameters

Develop GMF
Generator Model

Generate GMF
Diagram Editor |
Plug-in Code

Develop Tooling

Definition Model

Run Diagram
Editor Plug-ins

Figure2-5: GMF development flow

As shown inFigure 2-5, creating a diagram editor using GMF requires developing six

model s which are: domain model (EMFb6s Ecor e
definition model, tooling definition model, mping model and GMF generator mode.

232GMF Domain Model (EMF&6s Ecore Model)

The GMF Domain Model is essentially the EMF©®6s

2.1.3, the EMF Ecore model is created by using one of the following options: Ecore editing,

annotated Java interfaces, UML, XML Schema (XSD) or XMI document.
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2.3.3 EMF Generator Model

By loading the domain model (EMF Ecore model), the EMF generator model is created. The
EMF generator model serves as a-gtiep of generating EMF code. It provides acdesall
information needed to generate EMF code, and also it allows adding additional information that is
not included in the domain model such as base package name, compliance level, model directory

and model plugn ID via its properties view [13].

2.3.4 GMF Graphical Definition Model

To visually represent domain model elements, the GMF Graphical Definition Model is used to
define figures such as shapes and labels. Basically, the graphical definition model consists of a
Canvaselement which contains two main raponents [3]. The first component isFgure

Gallery which containsFigure Descriptorselements that define actual figures. A graphical
definition model can have one or moFégure Gallery elements. The second component
representCanvaselements wher&lodes ConnectionsDiagram Labelsand Compartmentsre
defined.Canvaselements act as references to the figures defined iRitjure Descriptorsand

they are used in the mapping model to assign figures to corresponding domain model elements.
Accordingly, Nodesreference figuresConnectionsreference links Diagram Labelsreference

labels andCompartmentseference nested figures. Having these layers, figures can be reused to

represent more than one element in the domain model [3].

2.3.5 GMF Tooling Definition Model

The GMF Tooling Definition Model is used to defindaletteconsisting ofCreation Toolghat

are used to select and create figures on the diagram surface. Mainly, the tooling definition model
has a root element calléitbol Registry{3]. The Tool Raistry element consists of thealette
element and some other elements, such d®abar and aMenu however, GMF currently
implements only thePalette element [3]. On thePalette level, Tool Groups Separatorsand

Creation Toolcan be added.
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2.3.6 GMF Mapping Model

The GMF mapping model allows loading and mapping the domain model elements to the
corresponding figures and creation tools that are defined in the graphical definition model and the
tooling definition model respectively. Typicallidodes ConnectionsandDiagram Labelsfrom
the graphical definition model are mapped to the domain model elements and a€seataxh

Toolsfrom the tooling definition model.

The mapping model has a root element naragpping which may contain the following
elements ashildren: Canvas Mapping, Top Node Reference, Link Mapping, Audit Container,
Metric Container andGeneric Style Selectohowever, the last elemeist not yet implemegtd

[3]. First, theCanvas Mappinglement represents the highest mapping level whiatiskthe root
element of the domain model to tBanvaselement from the graphical definition model and the
Palette element from the tooling definition model. Second, Tlop Node Referencedements
manage mappings dfiodes(figures) from the graphical deftion model and theiCreation
Toolsfrom the tooling definition model to the corresponding elements (classes) of the domain
model. Third, theink Mappingselements are responsible for mapp®gnnectionglinks) from

the graphical definition model arieir Creation Toolsfrom the tooling definition model to the
appropriate elements (references) of the domain model. Fourtduthie rulesare defined in

Audit Containersand they have several properties and options that enable defining constraints on
the domain model elements. FinalMetrics rulesspecify measures for diagram elements. The
Object Constraint Language (OCL) can be used in the mapping model to specify constraints and
to initialize features iMlode Mappingsandlink Mapping as well as talefine constraints in a

form of audit and metric rules.
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2.3.7 GMF Generator Model

The GMF generator model allows loading the mapping model and the EMF generator model in
order to generate the code for the diagram editor-jpludhus, it is analogous to the EMF

generator model in that it allows setting and adding code generation parameters [3].

2.4 Java Emitter Templates (JET)

Code generation and model transformation are important aspects in software modeling. The
Eclipse Modeling Project (EMP) supports model transformations by providing implementation

for Modetto-Model (M2M) and Modelto-Text (M2T) transformations technologigs.

When generating code or text from a model, M2T technologies are used. The Java Emitter
Templates (JET) is a component in the Eclipse M2T Project which is used by default to generate
code or text from EMF models [10]. JET has an enhanced versied S&llr'2 which is currently
used in the M2T project [24]Figure 2-6 shows a simplified workflow of an Eclipse JET

transformation project.

Create JET
Transformation
Project

Adjust Plug-in
and build
properties files

Write JET
Templates

Run Jet JET
Transformation as Transformation
Eclipse Plug-in plug-in
Load Input
Model
Final Output
Files

Eclipse Eclipse workbench

/ Run to test on a
/ sample input model

A
Initial Output
Files

Figure2-6: JET transformation development flow

As an input, JETexpectsmodels persisteds XML standarddocumentg25]. By providing a
collection of JET templates operating on the input mod@&T generates the fquut based on these
templatesin essencelET templates are a mixture of plain text, which JET outputs unmodified,
and commandsalledJET tags. JET tags are XMIke directives used to acceand extract data

fromthe input modelTypically, JET tags argrouped into four librarieR25], as follows
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1. ControlTagdibrary which isused to access the input madel

2. FormatTagdibrary which isused for text formatting.

3. JavaTagdibrary which isused specifically when generating Java code.

4. WorkspaceTaglbrary which isused for creating resourciesthe workspace
Moreover, JET implementdhe XPath language to address parts of the input mi@dgl XML
Path LanguageX(Path) is aWorld Wide Web Consortium//3C) recommendation language used
for navigating XML:like documentg26]. It usesthe path expressions structure, similar to
common expressions that are used in directoti@snavigate and select nodes of an XML
document. Furthermore, XPath provides predicates with its expressions to perform more filtering
ove the selected nodemda library of standard functions including functions for manipulating

string, numeric and Boolean valuygs, 27].

2.5 Domain Specific Modeling (DSM) Tools

A number ofmetamodeling toolsare available providingupport for the creatioof DSLs. These
tools aretypically based on two approachethe mapping approach anthe transformation
approach 28, 29]. Both approaches use matadeling conceptso define the abstract syntax
(domainmode) and the concrete syntax (graphinsede) of the languagevith a mechanism to
define the relationship between them. Exampleshefmappingbased approach tools include
GMF [7], MetaEdit+[30] and Microsoft DSL Tools(MS DSL) [31] while ékamples ofthe

transformatiorbased approach tools inclubET Aclipse[30], Tiger [32] andViatraDSM|[33].

First, mappingbased approaches uswpping models to assigan elementrom the graphics
modelto a corresponding domain model elemdrite mapping arethen validated using some
constraint languageas OQ@ in GMF and custom languages in MS DSL and MetaEf#8y.

Thus, the DSk functionality is based on these mappings.

Second, in the transformatidiased approach the relationships between abstract and concrete

models are defined dynamically by transformas using model transformation languages [29].
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For instance, the Tiger framework uses a graph transformation language called AGG and the
ViatraDSM framework uses a transformation language called Viatra2. The transformation

languages specify what modificais must be applied to one of the models and how other models

need to be updated accordingly. Therefore, the functionality of the DSLs is based and controlled
by these transformations. A combination of two approaches, mapping and transformations, would
improve the design and implementation of DSLs since the DSLs may contain complicated and
simple parts [28]. A more specific and detailed comparison between DSM tools can be found in

[34, 35].

2.6 Related Work

One of GMF principles is the separation of abstractasy from concrete syntax to the most

extent to allow reuse and interoperability, and then map specifications for the final generation.
However, D. Kolovos and et.al [36] proposed a different approach. The authors stated that GMF

is a powerful, flexible ad generative framework, yet it is complex to use and error prone mainly
because it requires developing and maintaining several models. Furthermore, GMF tooling
component provides wizards for the creation ¢
wizards produce good results only for simple nmatalels. In addition, when errors occur while
developing the models, GMF produces ambiguous error messages. As a result, current GMF
development process shows a hard experience particularly for new devdkamirgy to a

negative perception of the usability and effectiveness of graphical modeling in general. To
address these issues, D. Kilnglesowurcing approadb . e tT. hael [ <
approach embeds annotations and attributes to the Ecord tocaléow adding graphics and

generation information in one place. Then, automated M2M transformation is used to generate
other models required by EMF and GMF. According to the authors, this approach reduces the
complexity of GMF and EMF, and also impraveproductivity, quality, usability and

maintainability.
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Moreover, the Tiger project team [32, 37] stated that GMF does not support creating and editing
complex commands and operations; therefore, the team proposed an extension of GMF in a form
of graph transformation to define and generate complex editing codsmaypically, the graph
transformation extension adds an additional model calladisformation Rule Modeb GMF

models. In addition to adding or deleting a complete decision structure in one step, complex
editing commands offered by the extension can used for model optimizations such as
refactoring. The Tiger project has been added to the Eclipse modeling projects [38] under the

project name Henshin [39].

Furthermore, Epsilon [40], a component in Eclipse Generative Modeling Technologies (GMT)
Project[41], provides a set of metaodel languages for creating, querying and modifying EMF
models. Among the languages developed in Epsilon project is the Epsilon Wizard Language
(EWL), which provides interactive iplace model transformations in form of widarselected by

the user. D. Kolovos and et.al [42] propose a bridge between GMF editors and EWL allowing
users to execute wizardstace. The proposed approach adds a new submenu Neizendisto

the context menu of GMF editors allowing the specificat custom wizards. The advantage of

this extension is that it enables automating common model refactoring and repetitive tasks. The

authors also plan to implement interactive fault analysis in GMF editors.

Additionally, the Modeling Amalgamation Proje¢43] was recently added to the Eclipse
Modeling Project projects with the aim of providing improved integration, packaging and
usability of GMF. Moreover, the Generic Eclipse Modeling System (GEMS) [44] Project aims to
remove some of the GMF low level wolky providing an integrated graphical modeling
environment to facilitate the usability and interoperability of Eclipse modeling technologies. The
GEMS project is based on EMF, Draw2D and GEF with the goal of providing constraint solver
integration to allowrapid development of domain specific modeling tools. Moreover, GEMS

focuses on enabling complex analysis, queues, simulations and constraint batch processing by
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including a facility called Model Intelligence Guides (MIGs) to provide intelligent modeling
mechanisms. With MIGs, a user participates in an interactive process of specifying elements of a
model, adding and debugging constraints, as well as, automating model construction and
optimization. Constraints, in addition to Java and OCL, can be speosied Prolog. Thus,

GEMS appears to replace GMF [34].

In his MSC thesis, Tarek Abdunabi [45] developed an XMachine diagram editor using GMF from

an existing XMachine model. As the author stated, the developed XMachine diagram editor
allows creating XMachia diagram editors containing states and transitions, and then it generates

Java test cases from the model instances of the diagram using a JET transformation. Although the
aut hords thesis aim was only to develtheg XMact
author found that GMF provides rich features and support to produce fully functional XMachine
graphical modeling tool. Moreover, the author stated that GMF makes it easy to extend and add

new features to the developed XMachine graphical modeling ltmlever, the author found

using GMF is not straightforward and results in a long learning curve, especially, due to the lack

of documentation.

Tobias Jahnel [46] in his thesis MSC developed a GMF Compareirplugpich allows the
graphical comparison of mets. The GMF Compare plig is based on the EMF Compare
engine and integrates with GMF editors. Despite the lack of support and complexity mainly in
technical details and source code, the author found GMF is well documented; yet, it took a long

time to gé familiar with the structure of GMF.
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Chapter 3
State Machine Compiler (SMC): A Case Study

This chapter provides the necessary background on the State Machine Compiler (SMC)
requirements and features. SMC [11] is taken as a case study to represent a problenfiolomai
which a DSL in a form of a diagram editor is developed using GMF. Moreover, a JET
transformation plugn is developed to transform SMC model instances, created by the SMC

diagram editor, into SMC source code and a Java skeleton class.

SMC is a populaopen source Java applicatiwhich hasover 12,000 downloads since January
2008and itallows code generation from textual descriptions of state machines. Currently, SMC
supports generating code in fourteen programming languégeke3-1 shows the supported

programming languages [11].

C Lua Ruby
C++ ObjectiveC Scala
C# Perl Tcl
Groovy PHP VB.net
Java Python

Table3-1: SMC supported programming languages

3.1 Using SMC

As a commandine and Javdased tool, SMC takes the following command line arguments:
Javali jar smc.jari [target language}{options} smefile-name.sm

AppendixE illustrates the command line use and arguments as provided in [11]. In particular, the
last argumentsgmefile-name.s represents an SMC textual file which contains SMC source
code that a user writes to describe a state machine. SMC compiles thisgileetate code. In
essence, the generated code is saved in one file containing a main clas€aaledclass

which contains inner classes implementing the states of the state maétguee 3-1 shows

SMC work flow [11].
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SMC source code
(*.sm textual file) SMC
written by the user

Generated
Context class

Figure3-1: SMC work flow

In addition to the SMC source code, SMC users need to write a classAgiischtionclass to
interact with the generate@ontext class. Figure 3-2 depicts the interaction between the

generatedContextclass and the usépplicationclass [11].

SMC source code Genérated
( *.sm textual file) SMC
< Context class
written by the user

Calls/Uses
actions methods

Calls/Uses
transitions methods

User
Application class

Figure 3-2: SMC interaction between Context class and Application class

Typically, the Application class should instantiate the genera@mhtextclass and implement
transitions actions as methods. The tidmss action methods should have public or package
accessibility, as well as they should be declared as void methods; otherwise, SMC ignores any
return value. Moreover, the transitions action method names must match the names of the

transitions actions defed in the SMC source code.

3.2 SMC Source Code
SMC source code can be divided into three main sectienisatim settingandmapsection, as

shown inFigure3-3.
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% -
/*
* copyrights
*/ E ' verbatim section
// comments

)
{% -

Seimport library or class path B —
Y% package package name

Y%%access accessibility level setting section
Y%oclass Application class name

%% start map name :: start state name -

% map map name =
%o Yo
state name
Entry
{
action name(args);
action name(args);
¥
Exit
{
action namef(args); map section
action name(args);
¥
{
transition name(args)[guard] next state name
1
action name(args);
action name(args);

b

¥
Yo Yo -]

Figure3-3: SMC source code structure

3.2.1 Verbatim Section

Theverbatimsection is optional and it is enclosed betw#grand%?} delimiters [11]. It is used
to include copyrights notes which SMC copies literally into the generated code/ Bott#*...*/

comment formats are supported.

3.2.2 Setting Section

Thesettingsection sets the SMC file according to the targeted programming language for which
SMC will generate code. For instance, segtingsection shown ifrigure3-3 considers Java as a
target language. THclasskeyword specifies the name of tAgplicationclass that a user has
written to interact with the generatdiontextclass. The SMC compiler will assign to the
generatedContextclass the same name as the name oAp@icationclass specified b{boclass

keyword, but suffixed by the wor@ontext The%start keyword specifies the name of the map
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that will be considered the main map and a state name in this main map which is used as the start

state of the state machine [11].

3.2.3 Map Section

Themapsection is meant to group logically related states into one block [11]. The SMC file may
include several maps, but the main map specified irvisiart keyword is required. Each map
starts with th&omapkeywordfollowed by its name. Then, states are escégied betweefo%

and %% delimiters. Each state has a name and may Bawey or Exit sections listing actual
actions betweedand symbols. A state action has a name and may have a ceepaaated
argument list enclosed in parentheses and followed bynislon. Then, a state lists its outgoing
transitions betweefiangd keywords. A transition definition includes its name and may have a
commaseparated argument list in parentheses and a guard in brackets; then, it should include a
state name representitlge next state of the transition. A transition also may include actions
enclosed betweefand keywords. Each action has a hame and may have a coewaaated
argument list enclosed in parentheses and followed by a semicolon. Typically, the introduced
trarsition definition represents simpletransition type, but SMC defines other transitions types
which may have different definition, as will be presented in the following sections. Moreover,

SMC defines a special state call@efault state.

3.3 SMC Default State

A map may include onBPefaultstate [11]. ThéDefaultstate must be namdaefault Moreover,
transitioning to theDefault state is not allowed because the purpose ofDifault state is to
define transitions that should be taken when any other stite Bame map receives a transition
to handle, but it is not defined among its outgoing transitions. A state may rateinsitionthat

is undefined in that stafeom a special transition type callpdptransition.
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3.4 SMC Transition Types

SMC distinguishe between transitions according to their use; therefore, it defines a number of

transition types. Transition types asanple loopback Default pushandpop[11].

1 Thesimpletransition is a standard transition that transitions from a current state to a new

state in the same map.

1 The loopback transition is used when there is a need to remain in the same state. The
keyword nil is used as a name of the next state indicatinipopback transition.

Alternatively, the current state name can be used instead of the kayword

1 TheDefaulttransition must be namddefaultand it can be defined in any state to serve
as a backup for all transitions in that state when the state recetvassitionthat is
undefined in it When aDefault transition is defined in thBefault state, it serves as a
fallback for all undefined transitions in the state machine. Sifgefaulttransition can
be triggered if there is any undefined transitidnmay take no argument. Moreover,
since definingDefault states andDefault transitions is optional, it is the case that SMC

may encounter undefined transitions resulting in a transition undefined exception [11].

1 Thepushtransition is used to transitioretween states in different magissupportstwo

syntaxes.First, the initial syntax is as follows:
name(args)[guard] push (map name :: state name) { action name(args);}

Thepushtransition must have a name, may be followed by a coseparated argument
list and a guard. Then, the keywgodsh must be added with a map name and a state
name separated by a double colon and enclosed in parenthesis. Second, the new syntax is

as follows:

name(args)[guard] state name/push(map name :: state name) { action nge)g(a
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The new syntax causes to transition to a state in the current map prior to pushing to a

state in a different map [11].

1 The pop transition is used to return to a state that issued the correspopadéig
transition. Thus, it does not specify a nestst but instead it takes an optional argument
that includes a transition name which should be one of the outgoing transitions defined in

the returning state. Th@optransition syntax is as follows:
name (args)[guard] pop(a transition name, additionggs) { action name( );}

The additional arguments will be passed to the named transition which in turn should
define the corresponding arguments. [f@ argument representing a transition name is
not provided or that transition is not defined in the retstate, theDefault state or

Defaulttransition will be taken according to certain precedence [11].

3.4.1 Transition Actions

The actions of a transition are enclosed in a pair of curly bradékéts. }Basically, an action
definition consists of a name and an argument enclosed in parenthesis and ending with a
semicolon. The argument list must be either empty or consist of a list of ceppasated
literals. Method calls can be also used in the argutistn\When calling a method defined in the

generatedContextclass, the method name should be prefixed etitbkeyword [11].

3.4.2 Transition Guards

A transitionbés guard i s drc &fteda rahsitionnane aq@és r o f
argumentif they exist. SMC copies the guard condition literally into the generated code;
therefore, the condition must be valid target language source code. When the guard condition
calls a method defined in the genera@umhtextclass, the method must be prefixeith the ctxt

keyword [11].

27



3.4.3 Transition Precedence

A state may have multiple transitions with the same name and argument list as long as
they all have unique guards [11]. In this case, SMC checks the transitions in order of
presence except for the unguatdeersion which will always be taken if all the guarded

versions fail. In particular, transition definitions have the following precedence:
1. Guarded transition
2. Unguarded transition
3. TheDefaultstate's guarded transition
4. TheDefaultstate's unguarded transit
5. The current state's guardBéfaulttransition
6. The current state's unguardedfaulttransition
7. TheDefaultstate's guardefefaulttransition

8. The Default state's unguarded Default transition

3.5 SMC State Machine Example

Table 3-2 shows SMC source codexample describing a state machine for a subway turnstile

with normal and diagnostic mode

28



{%

// SMC source code example describing a state machine for a subway turnstile with normal and diagnostic mode.
%}

%oclass Turnstile

%ostart NormalMode::Locked

% map NormalMode
%0 %

// State Transition End State Action(s)
Locked {
Coin Unlocked {Unlock();}
Diagnostic(state: String, fix: Boolean) push(DiagnosticMode::Check) {SetLockedstatus(state, fix);}
>
Unlocked {
Pass Locked {Lock();}
Diagnostic(state: String, fix: Boolean) push(DiagnosticMode::Check) {SetUnlockedstatus(state, fix);}
b

%0 %
// End of NormalMode map

% map DiagnosticMode
%%

// State Transition End State Action(s)
Check {
Coin nil {3
Pass nil {3
Fix[fix = false] nil {CheckStatus(state, fix);}
Fix[fix = true] Fixed {3}
b
Fixed {
Return[state = Locked] pop(Coin) {3}
Return[state = Unlocked] pop(Pass) {3}
¥
Default {
Default Check {3}
b

%%
//End of DiagnosticMode map

Table3-2: SMC source code example
The SMC subway turnstilstate machinexampleshown inthe Table 3-2 consists otwo maps.
First, he NormalModemap isthe main mapas specified in the SMC keywoedstart, and it
defines the start statd.dcked and theUnlocked state with their transitionsSecond, the
DiagnosticModemap has three states with their transitidnsparticular, theDiagnosticMode
map includes th@efault state with aDefault transition. As described in the Section 3.3 and
Section 3.4, a map may contain dpefault state andefaulttransitions defined in any state to
serve as a backup mechanisithe subway turnstile state machsteown in thel'able3-2 can be

described as follows:

- Turnstile is initially in theLockedstate.
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- When aCoin transition is triggereeh theLockedstate (a user inserts a coin), the

Unlockaction is performedndthe turnstile transitions to thénlockedstate

- While in theUnlockedstateandif the user passes through the turnstile, Rhss
transition is taken anthe Lock action is callecandthe urnstile transitions back

to theLockedstate

- When one of the twoDiagnostic transitiors occur in thelocked state or
Unlocked state the push transition pushes to theCheck state in the
DiagnosticModemap and theSetLockedStatuer SetUnlockedStatuaction is

performed.

- When aCoin or Passtransition is triggered in th€heckstate, the turnstile

remains in th&€heckstate.

- While in theCheckstateandif a Fix transition is triggered anthefix attribute is
false, the turnstile remains in tidheck state, otherwise, the turnstile transitions

to theFixedstate.

- While in theFixed state one of the twReturntransitions is taken depending on
the result of their guasdthen, the turnstile transitions back to termalMode
by including a transitiomame in eactReturn transition argument. The first
Returntransition argument includgsoin which is a transition name defined in
the Lockedstate and the secoiRkturntransition argument includé¢asswhich

is a transition name defined in tbalockedstate.

A state may have multiple transitions with the same name and argument list as long as they all

have unique guard3ransitiors precedenceasintroducedn the previous section

Figure 3-4 shows the state diagram of tkabway turnstilestate machine shown ifable 32

without transitions actions
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Diagnostic(state: String, fix: Boolean)
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[ Fixed ‘
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Return[state=Locked] pop(Coin)
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Return[state=Unlocked] pop(Pass)

Figure3-4: SMC state machingiagram example

It can be seen that the tywop transitions specify no next state, but instead a transition name that
should be defined in the stdtetissued gushtransition. If apoptransition defines no transition

name in it argument, thBefault state or Default transitions precedence is taken if they are

defined, otherwise, SMC issaditransition undefined exception.
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Chapter 4
Diagram Editor Design Requirements

This chapter briefly discusses the design requirements of diagram editor. Sectimerdigéws
GMF diagram design considerations, and then Section 4.2 presents SMC diagram editor

requirements

4.1 GMF Diagram Design Decisions

Creating a diagram editor for a specific domain using GMF requires mapping the abstract syntax
of the domain to itgraphical concrete syntax by developing and connecting a chain of models.
Whereas the graphical concrete syntax is depicted by GMF models, the abstract syntax is defined
by EMF models. On the one hand, while models that represent the abstract syntaasserve
cornerstone of the diagram editor, the design of these models should consider the subsequent
development. On the other hand, many other important factors should be considered. First, solid
analysis and understanding of the requirements and speofficafi the problem domain
facilitates the design and creation of all models. Second, displaying information visually requires
the management of graphics and associated text, as well as layouts. In summary, the design of the

diagram editor is influenced by:
- The requirements of the problem domaird weather it has coherent specification or not.
- The capabilities of GMF, and
- Whether or not the input created with the editor are to be processed further via, e.g.,

M2M or M2T transformations.

4.2 SMC Diagram Editor Requirements

In Chapter 3, SMC requirements and features were discussed in detail. Therefore, the SMC
diagram editor to be developed must adhere to the SMC specification. The development of the

SMC diagram editor using GMF requires developing several maddl&clipse plugn projects.
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More precisely, the SMC diagram editor consists of EMF and GMF models with theimplug
projects, as well as, a JET transformation glugroject. Figure4-1 shows an overview of the

process of developing and using SMC diagram editor-jpisig

Develop SMC
—® GMF diagram

74> editor plug-ins

Developer

Deploy SMC Y Q
z " Use SMC
set > diagram toolkit | : '—> diagrameditor
plug-ins H

Develop SMC JET i User SMC source

P transformation : ¢
plug-in SMC code
SMC B i 5 Use SMC JET
diagram Insfance transformation
¥ model T

P application
class

\ 4

Eclipse : Eclipse

Figure4-1: SMC diagram editor development process

Looking back to the SMGource code and state diagram example for the subway state machine
shown in theTable 32 and Figure 3! inthe previous chapter, Section 3it5an be seen that the

GMF SMC diagram editomust contain a single main map with a start state amay havea

number ofstates, and also may containDafault state. Moreover, SMC diagram editor may
include one or morenaps whichmay have a number of state and a Default statle their
transitionsandattributes. Maps and states are representetbgs(figures) while transitions are
represented bgonnectios (lines). That isevery node represents a specific SMC entity, such as a
map or state. The type of the node determines its shape, properties and behavior at runtime which
is specified using OCLMoreovet connections represent SMC transition types. The type of the
transition determines its shape, properties and behavior at runtime which is specified using OCL.
All other features of SMC such as state actions, and transition arguments, guards and actions ar
associated with their nodes or connections as required. The SMC diagram editor validates user
input and gives error, warning or information messages in live or batch mode as appropriate.
Then, the user can transform the SMC model instance created hisi8#MiC diagram editor to

SMC source code and a Java skeleton class by running the SMC JET transformation plug
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Figure 42 shows a screen shot of the SNBMF diagrameditor to be developedeing used to

draw the subway state machine example given irpt@hd&, Section 3.5, Tab&2.
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=[ & Turnstie . . Pass([] 4 Wiin Map
i@} Turnstile, smc L J -
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= Transition Actions
isction Arg U= state, fix
ixction Name i=SetlockedStatus [ ot

Figure4-2: GMF SMC diagram editor example
As shown, the developed SMC diagram editor tasfiles, as shown on the Explorer view on
the right side of the figure. The firdile is (Turnstile.sm which represents the SMC model
instance of the subway turnstile state machine and the second filarisstjle.smc_diagram
which is open and represents the diagram editor. On the right side of the figure there is the SMC
Palette which is used to create SMC elements on the diagram surface. Moreover, transition
actions and their arguments are entered using a dialog box from the Properties view, as shown at
the bottom of the figure. The following chapters explain how the SMC GMgratia editor

shown in the figure is developed along with its JET transformation project.
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Chapter 5
Developing SMC EMF Models

The development of GMBased diagram editors consists mainly of two successive phases. The
first phase consists of developing EMF ratsdand plugns projects, and the second phase
requires the development of GMF models and the diagram editoiimpluwgject. This chapter
describes the development of SMC EMF models #ilatw creating and editing SMC model
instances inma EMFtreebasededitor whereas Chapter 6 builds on this chapter and illustrates the

creation of GMF models to complete the development of the SMC diagram editor.

5.1Creating SMC Domain Model (EMFOGs Ecore

A new GMF project isequired to bereated using thew GMFProject Wizard The wizard
also includes an option to open the GMF dashboard view. Instead of invoking EMF and GMF
new model creation wizards from thée > Newmenu, the GMF dashboard view provides a

guide line to create all models.

Looking back at the &ample provided previously ifable 32 and Figure 31 in Chapter 3,

Section 3.5it is clear that the SMC domain model should contain maps which contain states and
transitions. However, which other concepts are needed, what the relationship betwearattgm i
which constraints they are subject to is less clear. These questions are answered in this section by
creating a GMF domain model representing essentially, the abstract syntax of SMC state

machines.

As it is mentioned in Chapter Section2.1.2 the GMF domain model is essentially an EMF
Ecore model which can be created either directly using the Ecore editor, or by loading annotated

Java interfaces, a UML model, or an XML Schema.

In this project, the GMF domain model for SM&mc.ecoris created dectly using the Ecore
model editor. Each Ecore model has a single root package which has properties that must be set.

Figure5-1 shows the propertieof the root package of tlsenc.ecoranodel.
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Figure5-1: SMC Ecore model root package properties

Subpackages and classegth their attributesare added to the Ecore model using the Ecore tree
editor, shown inFigure5-1 or by generatinghe Ecore class diagraftom the Ecore tree editor

Figure5-2 shows the Ecore class diagram of $hec.ecorenodel.
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Figure5-2: smc.ecore model class diagram
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It took asubstantiabmount of time to construct tlenc.ecoranodel, shown in the FigureZ

As shown, he smc.ecoremodel structure is simple; however, it satisfies the SMC language
requirements anthcilitatesthe JET transformation, as will be explainedhe next chaptenhile
developing all SMC diagram editonodels.Two of the many different versions of teec.ecore

model are discussed below.

The first attempt to construct tlsenc.ecorenodel wasdonebased on the SMC generated code

as shown irFigure5-3.

H Named <enumeration>>] <enumeration>>]
= name : EString £ StateActionkind| £ TransitionType
text = comment : EString owner 0..1 = ENTRY = SIMPLE
sentey - BXIT -~ LOOPBACK
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= verbatimCode : EString [l AppClass | o
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abstractStates ti "
T atolfgs [l StateAction
.11 B AbstarciState | = Kind : StateActionl{ind
actono. | = tneﬂ:\odN_ame : ESring
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maps 01 ifTransitions 0.,
0.* - H DefaultMap ojtTransitions 0..*
. defaultaps
H Map [F
defaultMapInMap
ol fromState 1.1

El Transition
= type : Transition...
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0 0.1 [0
% staratState H TransirionAction
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de(:atilibtate e 1.1 © fransActionArgs : EString
n 2
[ DefaultState
= |

Figure5-3: SMC domain model first version
However, this version mas developing the SMC graphical editorore complicatedbecause
instead of having abstraction such as abstract map and abstract state directly providing
inheritance for dferent maps and statethe SMC generated code is centered maantunda

classcalledDefaultMapwhich subclassesdmthe AbstractStateas shown on thEigure5-3.

The second version was improvey adding abstractions as described abget it was found

difficult to use with the JET transformation. Therefore, she.ecoranodel shown irFigure5-2
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serves both the SMC diagram edigmd SMC JET transformation by capturing the SMC abstract

syntax and keeping the JET transformation simple to the most extent.

5.1.1 SMC Domain Model Structure

As shown inFigure 5-2, the smc.ecorenodel elements are maintained in BcModelclass.
Moreover, the model contains a singliainMap element and a number bfap elements. First,
the MainMap element is required and must contain a sir@jkrtStateelement and may have a
DefaultStateelement and a number 8tateelements. Second, tiap element is optional and
may contain aDefaultStateelement and a set ddtate elements. Furthermore, &tartState
DefaultStateand anyStateelements contain thebutgoingTransitionelements, as well antry
andexit StateActiorelements. Two enumerations types calleansitionTypeandActionTypeare
also defined in the model. The following list highlights some important features sinithecore

class diagram.

1 ThelD propertyof the attributenamein NamedElemerandSmcModetlass isset totrue
which causes the actual value of the attrimaeeto be unique and to be used in the
XMI serialization instad of its fragmenpath [13]. Settingthe ID property totrue will
help retrieving the value of the attributename during the SMC JET transformation
developmentUnlike actions and transitions, names of stabes not of DefaultStatend
maps must be unique; thereforkction and Transition clas®s do not inheit from
NamedElemensSimilarly, DefaultStatemust benamel Default, thus, it does not subclass
the NamedElemeniThe DefaultStatename will be constrained and initialized Refault

when developing the SMC mapping model.

1 TheStateActiorclass has thactionTypeattribute of typeActionTypeenumeration anil
attribute of typeElnt. When developing the SMC mapping model, ithattribute will be

used to validate thEntry and theExit action types.
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1 In theTransitionclass, theactionNameattribute is déned as a multiple value attribute
by setting itd_ower Boundoroperty to 0 andJpper Boundproperty to -1, and similarly
to theactionArg attribute. This is because a transition may have more than one action.
Moreover, thepopArg attribute represents apecific argument associated wigop
transitions. This attribute will be constrained and validated when developing the mapping
model, as well as for th@rePushedStatattribute which represents a state name
associated only witpushtransitions. Furthenore, the reason for specifying thetgoing
end reference as containment is to store and encapsutg@ngtransitions in the XMl
serialization as inner elements for each state element which eases transforming transitions

elements during the developnefthe SMC JET transformation.

5.2 Creating SMC EMF Generator Model

The next step is to transform teec.ecoranodel to a platform specific model (PSM). The PSM
of an Ecore model is represented by EMF generator model. A new EMF generator model is
created byinvoking EMF model creation wizard which allows importing the Ecore model

(smc.ecorejo create the EMF generator modaht.genmodel)

Modifying and setting the properties of the EMF generator mosiglc.genmodgl model
elements allows to control and it the code generation. For instance, some properties allow
specifying directories foModel Code,Edit Code Editor Codeand TestCode and also they
allow specifying names for pluig IDs. Furthermore, th€ompliance Leveproperty should be

set to 5.0 or higher. Copyrights can be provided inGbpyright Textproperty while theBase
Packageproperty of the root package found under the top level element of the EMF generator

model émc.genmodemodel must be set.

Moreover,to allow multiline text to be entered, thdulti-line property is changed frofalseto
true for the copyrightattribute of theSmcModeklass, and also for thmommentattribute in all

classes. Since thd attributes in thélransitionclass and th&taeActionclass are used only for

39



validation purposes when developing SMC mapping model, Tiypie Propertyproperty is set to

Noneindicating that théd feature is not displayed in the properties view.

Furthermore, because thgansition class includes everal attributes which are displayed as
properties in the properties view of transitions, it is convenient to group these properties in
categories, and thus, they can be recognized and edited easily. For instancea n si t i on

is entered as a vaufor the Property Categoryproperty for bothactionNameand actionArg
attributes to group them under the same category enfiti@asition ActionsFigure 5-4 shows

the setting of th&roperty Categoryroperty of theactionNamettribute in thelransitionclass.

\t2| smc.genmodel 23

= Q Transition
= name : EString
= transition&rg @ EString
= guard : EString

= Properties 532 & GIMF Dashboard

Property Yalue
= Ecore
+ Feature & actionMame : EString
= Edit
Children s False
Create Child L% False
akify L brue
| Property Category 1= Transition Actions
Property Description ' = Transition actions
Property Filter Flags =
Property Mulki-line L% False
Property Sork Choices g false
Property Type 1= Editable

Figure5-4 setting Property Category property of actionName attribute

Since,fromStateandtoStatereferences contained in tAeansitionclass andncomingreference
contained in theAbstractStateclass are not containment references, thaitify property by
default is set tdalse However, théNotify property is changed toue to notify the GMF runtime
and update these referencespiace without closing and reopening the diagram. Moreover, to
prevent modifyingincomingreferences from the property view, Bsoperty Typeproperty is
changed fronkditableto Readonly The reason for thichange is that in addition to the fact that

incomingreferences are set automatically, modifyingomingreferences from the property view
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will cause errors because of the OCL constraints that will be added when developing the SMC

mapping modeling.

5.3 Generating SMC EMF Code

In addition to testing the functionality of SMC model instances in a basic tree editor, generating
EMF code is required since the SNDTagram Codethat will be generated using GMF has some
dependence on EMF code. In essence, the EME todbe generated is classified in four
categories:Model Code Edit Code Editor Codeand Test Code However, generating EMF
Editor Codeand Test Codds not required since the SMQiagram Codethat will be generated
using GMF is used to create SMC diageaand model instances. The generated EMF code
contains Java code and other plagonfiguration filesFirst, the Java code, in addition to some
utility classes, provides implementation for all classes in the domain model, which allows
creating and editig model instances in a trbased editor, and it also persist the model instances
as XMl file by default. Second, the phig files identify the code as Eclipse phits by
providing information and settings to guide the building and packaging of thénslughey also
declare the projects dependencies on other Eclipseipdu@reating and using SMC EMF model

instances is described in the Appendix C.

5.4 Updating SMC EMF-generated plug-ins and properties files

Plug-in and properties files identify each project as an Eclipse-ipllapd declare its various
properties and dependencies. Thegin.propertiedfile in each project includedhe pluginName
andproviderNameproperty. The default value of tipeoviderNameproperty iswww.example.org
which is changed tavww.cs.queensu.coreover, theplugin.propertiesfile in the Edit Code
project includes the Ul_SmcModel_typeroperty with a defult value set tdodel This value
(Mode) is the desired SMC model object represeningcModetlass and it should be selected
in the SMC model creation wizard. The vaMedelis changed t&MC Modelwhich identifies

the model object clearlyrigure5-5 shows the impact of this change.
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Figure5-5 Setting SMC model object name

By default a new SMC model creation wizard is found under the ExaBERIE Model Creation
Wizards category. To create a separate category for the SMC model creation wizard some
properties need to be modified. First, thagin.propertiedile found in theEditor Codeproject
includes the property:Ul_Wizard_category = Example EMF Model Creation Wizanttéch is
changed to beUl_Wizard_category = SMC Creation Wizardghis will only change the name

of the category. To have a separate category, other propertiespdfigivexmlfile found in the

Editor Codeproject need to be changed as follows: ith@roperty in theExtensiongap of the
plugin.xml file has org.eclipse.emf.ecore.Wizard.category.lNalue which is changed to

ca.queensu.cs.afmg.smc.Wizard.categoryaishown ifFigure5-6.
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Figure5-6 Setting the id property of plugin.xml file in the Editor Codejpct
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Then, the value of thie property is assigned to tlsategoryproperty, as shown iRigure5-7.
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Figure5-7: Setting the category property of plugin.xml file in the Editor Code project
The results of previous changes are showFfigare5-8.
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Figure5-8: SMC model creation wizard
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Chapter 6
Developing SMC GMF Models

This chapter builds othe previous chapter to complete the development of SMC models and
diagram editor plugn project. Two EMF models, the Ecore mod&h¢.ecorgand the generator

model émc.genmodglhave been created and the EMF code has been generated. The generated
EMF code was divided into four pleigs projects representingyjodel Code Edit Code Editor
CodeandTest Codeln order to proceed in creating a diagram editor for SMC using GMF, four
GMF models are to be developed. The models are: graphical definition model, tooling definition
model, mapping model and GMF generator model. TBégram Codeis generated from the

last model.Figure6-1 shows the GMF development process annotated natbsproviding the

chapter and section number wh#retext explanation aabe found

sz ey ™
Adjust Run EMF H o

1 .. Dy
Generation Editor Appendix € ==
Parameters Plug-in H

B Develop Domain Model Develop EMF Generate EMF w
(EMF Ecore Model) Generator Model Plug-ins Code J
J

L | Add constraints
: and Audit Rules

Chapler S

: Sechon L--;

Develop Graphlcal

Defmmon Model Develop GMF Generator Model
. B e S— .

--------- . Chapter 61" | Chapter 5 chapter 61
| Chapter 5 1__:} 1 5‘3““’" "“ | Section 6.3" | Section L-}
Sechon 5.1 1 : and 6.4 i |65

,,,,,,,,,,,,,,,,,,,,,,,,,

Chapter 5
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ffffffff Adjust
| Chapter 51 Generation

i L
r Section y Parameters
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Project

Generate GMF
Diagram Editor
Plug-in Code

Chapler 6 ””””
{ Section L2 {Chapter 61"

H | Section L Run Diagram
6.2 1 !

Editor Plug-ins

Figure6-1: GMF development process with notices

The work presented in this chapter is rather technical and-§d€Eific. It, however, represents a
substantial amount of work, because curreatigilable resources do not explain the use of GMF
in a way that enables users to easily create graphical editors. More presisg\GMF involves

several steps during which several artifacts are created with many attributes that need to be set.
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The vaues of these attributes are crucial to the correct functioning of generation process and the
generated editoOur case study thus required extensive experimentation to determine the correct
values of many attributes via a laborious tdalderror processBecause the determination of the
correct attribute settings required this lengthy process, they are included in this chapter making
the text rather technical. However, to further increase the value of our work, the purpose of the
attributes and the effeof their values are explained as much as possible. To increase readability

many examples and screenshots are provided.

6.1 Developing SMC Graphical Definition Model

The graphical definition model defines figures and connections that are displayed on @ diagra
surface. Basically, themc.ecorenodel is loaded, using ti&imple Graphical Definition Model
Wizard,and aDiagram Elements selected from its classes. Thimgram Elementepresents the
Canvasof the graphical definition model which is mapped in the mapping model to the root
element of the Ecore model. In case of the smc.ecore modefntib®lodelclass is the root
element and is selected as the Diagkdlement The next page of the wizard is fgpecifying the
basic graphical definition of the domain model elements. It lists all domain model elements with
default selection for each element as a node, link, label or noffigugre 6-2 shows the basic

graphical definition specified for tremc.ecoranodel elements.
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Figure6-2: Specifying basic graphical definition for smc.ecore model

As shownin the Figure 62, some elements are selected as nodes, one element is specified as a
link and labels for each selected element are also specified. SpecifidigMap Map,
StartState State DefaultState StateActiorand Action classes are selected rades and for each

the attributenameis specified as a label except for tl¢ateActionclass which takes its
actionTypeenumeration as a label. Finally, theansition class is specified as a link and its
attributenameis selected as a label. Since transitions have other information that will need to
display in the same label of the attribute name and becaus®irtipde Graphical Definition

Model Wizarddoes not support specifying more than one attribute for the sdomile tieansition

labels information will be set according to each transition type when developing the mapping

model.Figure6-3 shows the created basimc.gmfgrapimodel definition.
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Figure6-3: smc.gmfgraph model with default settings

As shown, depending on the selections made during the creation sinthgmfgraphmodel,
GMF creates the model contaig default figures, nodes, connections and diagram labels with

default settings and properties.

6.1.1 Updating the SMC Graphical Definition Model

In order to have all required graphical information included and set correctly, some default
settings ofsmc.gmfgraphmodel elements are modified and some new elements are added. The

following numbered list illustrates each updated element
1. MainMap Figure Descriptor

Figure 6-4 shows the updatedlainMap Figure Descriptorwith its correspondingNode

andDiagram Labelelements.
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I < Mode MainMap {MainMapFigure)
< MNode Map (MapFigure)
< Mode StartState {StartStateFigure)
Node State {StateFigure)
< Mode DefaultState (DefaultStateFigure)
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<
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Property Value
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Figure6-4: MainMap figure descriptor

Basically, theMainMap Figure Descriptorcontains two children, &ectangleand a
Child AccessTheChild Accesss used to access tiRectangld_abel To distinguish the
MainMap figure from Mapsfigures, ablue Foregroundchild is added to th&ainMap
Rectangleand also th&®ectangld_abelis given aBasic Fontchild with BOLD Style and

10 Height properties. To keep tHeabel from being too closetothiRe ¢ t a tefydna 6 s
right edges, ainsetschild is added to thRectanglewith Left andRight properties set to

5. Moreover, aCompartmenelement will be added to thdainMap Rectangléo contain
StartState Stateand DefaultStatdigures. Adding Compartments will be discussed in the
next section and a screen shot showing a compartment example is grigaret-7. A
number of layout types such Bew Layout, Grid Layout, Border Layout, XY Layand
Stack Layoutre providedo add as children to figure¥he FlowLayoutis used here
because its cansidered a good choicgnceit arranges figures in rows or columns and
hasa number of properties that are used to control the laydhéreas, for instance, the

Grid Layouthas only two properties which aEfual Widthand Num Cloumsand XY
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Layout has noproperties.Therefore, aFlow Layoutchild is added to théainMap

RectangleFigure6-5 shows the properties of tiiéow Layoutchild.

L&) smc.gmfaraph &3
=4 Figure Gallery SMCGallery
=)~ <> Figure Descriptor MainMapFigure
=~ < Rectangle MainMapRectangleFigure

g Flov Layout true indicates vertical

< Foreground: blue orientation
4 Insets 0
(=4 Label MainMapNameLabel
< Basic Font
<> Child Access getFigureMainMaphameLabel

£ Properties &2

Property Yalue
Force Single Line "k true
Major alignment = CENTER
Major Spacing 13
Match Minor Size !k true
Minor Alignment "= CENTER
Minor Spacing L33
Yertical vk true

Figure6-5: Properties of the flow layout of the MainMap rectangle

2. Map Figure Descriptor

TheMap Figure Descriptorresembles thainMap Figure Descriptor except the added
Foregroundchild is set toblack and theRectangleLabel does not include a specific
Basic Fontchild. Similarly to theMainMap RectangletheMap Rectanglewill include a

Compartmenthich is used to hol&tateandDefaultStatdigures.

3. StartState Figure Descriptor

The defaultRectangleof the StartStateFigure Descriptoris deleted and a nelRounded
Rectanglechild is added with it€Corner Heightand Corner Widthproperties set to 25.

Moreover, a number of children are added toRbended Rectanglas presented in the

following Figure6-6.
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& smc.gmfgraph 23
(=)~ 4> Figure Descriptor StartStateFigure
(= < Rounded Rectangle StartStateFigure

<> Flow Layout true

< Foreground: darkGray

< Background: lightGray

4 Insets0

(=~ 4 Label StartStateNameFigure
<> Basic Font

< BRI — points to Null

=] properties 22 & GMF Dashboard

Property Yalue
Accessor U= getFigureNull
Figure

Figure6-6: StartState figure descriptor

As shown inFigure 6-6, when deleting the defauRectangleand adding thékounded
Rectangle, the Child Accesselement, which is used to get the value of Rextangle
label, references no label. Therefore, the newly crdaabel of the Rounded Rectangle
is selected as a value for th&gure property of theChild Access otherwise, an error
occurs when developing the mapping model sin€ghid Accesslement must not be

blank, but reference a label.
State Figure Descriptor

Because Thé&tartState-igure Descriptoris analogous to th8tateFigure Descriptor it

is copied and pasted, then &etepresenGtate Figure Descriptor
DefaultState Figure Descriptor

Similarly to StartStateand Statefigure descriptors, thBefaultStata=igure Descriptoris

updated and set to represent Brefault state.

The StartState State and DefaultState Rounded Rectangles will include two
compartments to hold tHentry figure and theexit figure. For instancerigure6-7 shows

a screen shot of an SMC diagram.
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Figure6-7: SMC compartments example

It can be seen that ainMap element is created on the surface of the SMC diagram
editor, and also a start state, state Bethultstate are created in the states compartment
inside theMainMap figure. Moreover, the state namBdinand theDefault state contain
compartments to holBEntry andExit figure and théentry andEXxit figures also contain a
compartment to hold the actual actions figure which is a rectangle without borders.

Compartments are collapsible, as is the case with the start state.
StateAction Figure Descriptor

When first creating thesmc.gmfgraphmodel and specifying the basic graphical
definition, theStateActiorclass was selected asadewith its actionTypeattribute as a
label. Therefore, the graphical definition creation wizard produced~anee Descriptor
for the StateActiorelement withcorrespondingNodeandDiagram Labelelements. Since
reuse of figures is allowed, tlégure Descriptorof StateActionis updated and used to

represent both action typdsntry andExit.

Accordingly, theStateActiorFigure Descriptomeeds to be referentéy twoNodesand

two Diagram Labels While a newNodeand aDiagram Labelare added to th€anvas
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element to represerixit actions, the existindNode and Diagram Labelare used to
representEntry actions. When discussing adding compartments in the seetion, the
StateActionfigure will include aCompartmentto hold action figures, a screen shot

example was shown previouslyHigure6-7.
7. Action Figure Descriptor

The Rectangleof the Action Figure Descriptoris used to hold action names and
argumentskFigure6-8 shows the updatefiction FigureDescriptorwith its corresponding

NodeandDiagram Labelelements.

4 smc.gmfaraph &3
=~ < Figure Descriptor ActionFigure
= 4 Rectangle ActionFigure
< Insets O
< Label ActionNameandargFigure
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< Mode DefaultState (DefaultStateFigure)
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< Diagram Label ExitActionType
[ ¥ Diagram Label ActionNameAndarg |

< Diagram Label TransitionName ~
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Dx 140
Dy 3 1S

Figure6-8: Action figure descriptor

Because actual actions are already contained iR&ntangleof the StateAction Figure
as shown inFigure 6-7, the Rectangleof the Action Figure Descriptorcontans the
Outline property which is set ttalsg therefore, th&kectanglewill be displayed without
borders. Moreover to keep a reasonable vertical space between action€Emsydar
Exit node, aDefault Size Facethild with the Dimensionchild is addedto the Node
element of theAction Figure Descriptar then theDx property is set to 40 anBy

property is set to 15.
8. Transition Figure Descriptor
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The TransitionFigure Descriptorby default contains Rolyline Connectionwvith a Label

child and aChild Acess Moreover, it has corresponding diagram elements represented

by a Connectionand aDiagram Labelwhich reference th&ransitionfigure for use in

the mapping model. ThBolyline Connectioris a solid line with no source and target

decoration. To have a transition line with open arrow as shown previousigure6-7,

a Polyline Decoraibn child is added to thdolyline Connection Then, the added

Polyline Decoratioris set to form an open arrow by addihgmplate Pointghildren, as

shown inFigure6-9.

& sme.gmfgraph 23

(=) <> Figure Descriptor TransitionFigure -~

T properties 532

Property
b
¥

<+ Child Access getFigureTransitionLabelFigure

< Polyline Connection TransitionFigure
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Rgi-1,1)
4 (0,0
+ (-1,-1)

v

@ GMF Dashboard | &5 | 2| e
Yalue
L1-1

11

Figure6-9: Adding Polyline decoration

Then, thePolyline Decorationis selected for th&@arget Decorationproperty of the

Polyline ConnectionThe last modification considerinfyansition Figure Descriptoris

done to its correspondingiagram Labe] specifically, theElement Icorproperty of the

Diagram Labelis set tofalse to keep the diagram surface simple and not cluttered

especially the transitions label contains more thamaitribute to display.

6.1.2 Adding Compartments to the SMC Graphical Definition Model

A Compartments used in the mapping model mappings to allow forming nested figures, as was

shown inFigure 6-7. First, aCompartmenelement should be added to the graphical definition

model. Then, &€ompartmenhas some properties including thigure property which is used to

reference a parent figure, as showirigure6-10.

53



3}; smc.gmfgraph 23 = m
= 4 platform:fresourcefca.queensu.cs.afmg.smcfmodel{smc.gmfaraph A
=l 4 Canvas SMC Canvas
+- <4 Figure Gallery SMC Gallery
< Node MainMap (MainMapFigure)
<> Mode Map (MapFigure)
Mode StartState (StartStateFigure)
Node State (StateFigure)
Mode DefaultState {DefaultStateFigure)
<4 Node Entryaction {StateActionFigure)
< Node ExitAction (StateActionFigure)
+ <4 Node Action (ActionFigure)
< Connection Transition

| <» Compartment GenericStateCompartment |
P YT P S Y BT Ty E, M

<

> &

— | =

— X @ GMF Dashboard R k= ¥ =8
Property Value ‘

‘ Accessor

Collapsible sk true

| Figure i
MName Figure Descriptor DefaultStateFigure -~
Needs Title Figure Descriptor StateActionFigure 3

Figure Descriptor ActionFigure
Figure Descriptor TransitionFigure

Figure6-10: Adding new compartment

As shown, a newCompartmentis added and nameenericStateCompartmenwith its
Collapsible property set tarue to allow hiding a map states when not needed. Figeire
property of theCompartmengllows selecting a parent figure. However, instead of specifying a
specific parent figure, theigure property is left unset. In this way, tli@mpartments reused in

the mapping model for several node mappings. SkeenMap and Map figures need a
Compartmento add different states, the add@dnericStateCompartmeist used in the mapping
model in both,MainMap and Map Node Mapping Similarly, a StartState a State and a
DefaultStatefigure need to include two compartments to allow addimiry and Exit figures.
Furthermore, eacBntry or Exit figure may include several actions; thu€@mpartments added

to theEntry and Exit figures to allow adding actual actions. As a result, four compartments are

added to th€anvasof thesmc.gmfgraptimodel.

6.2 Developing SMC Tooling Definition Model

The tooling definition model is used to design a diagram Palette witlkthdes creation tools and

other elements. For instanédgure6-11shows the developed SMC palette at runtime.
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Figure6-11. SMC palette at runtime

It can be seen that the palette contains tool groups which contain creation tools. For instance, the
Maps group contains thélain Map creation tool and aap creation tool. Tool groups are
separated by separatorand they are attollapsible
Similarly as with other GMF models, the tooling definition model is created by invoking its
wizard, Simple Tooling Definition ModelThe wizard allows loading the domain model
(smc.ecore)and selecting thédiagram Elementwhich in case of thesmc.ecoremodel is

SmcMadlel classThen, the last page of the wizard is for specifying the basic tooling definition, as

shown inFigure6-12.
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Figure6-12 Specifying basic tooling definition for smc.gmftool model
Figure 6-12 shows thatMainMap, Map, StartState State DefaultState StateActionand Action
class are selected as nodes @rahsitionclass is specified as a link. By finishing the wizard, the
smc.gmftoomodel is created in thmodel folder in the GMF project, as showrHigure6-13.
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<4 Default Image

B 8 588
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Figure6-13: Basic definition of smc.gmftool model
The wizard creates thiealette with a singleTool Groupelement containing creationdis for

each element selected as a node or link. Each creation tool includes default icons children.

6.2.1 Updating the SMC Tooling Definition Model

Tool groups, creation tools and separators are added féathtte.Each tool group is meant to

contain similarcreation tools and therefore, they can be recognized easily and collapsed together,
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as shown previously iRigure6-11. A Separatoris added between tool groups and creation tools
to have a horizontal line in the generated paldtigure 6-14 shows the updatesmc.gmftool

model.
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Figure6-14: Updating smc.gmftool model

As shown creation tools are grouped in four tool groulpsps Tool GroupStates ToolGroup

State Actions Tool GrougndTransition Tool GroupMoreover, instead of defining one creation
tool for the state actions type which the tooling definition model wizard produced, a new creation
tool is added to represeBkit elements. Similarly, £reation Toolis added for each transition
type. Eachlrool GroupincludesActive Collapsible Description StackandTitle properties. The
Active property specifies &reation Tool within a tool group to be the active tool. The
Collapsibleproperty is set tarue for eachTool Groupto have collapsible tool groups and the
default value (false) forStack property is kept allowing tool groups to respond properly.
Descriptionand Title property are entered according to each tool group. FintdilyPalette

element ha®efault DescriptionandTitle properties which are set, as showirigure6-14.
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6.3 Developing SMC Mapping Model

The mapping mdel allows binding the graphical and tooling definition models information to the
domain model elements. For instance, MainMap figure (rectangle) defined in the SMC
graphical definition modelsghc.gmfgraphis mapped to thiainMap class defined in &1 SMC
domain model§mc.ecoriand assigned thidain Map creation tool defined in the SMC tooling
model émc.gmftogl Furthermore, OCL constraints can be added in the mapping model to
constrain and validate domain model elements. The mapping model isdclsatnvoking the
Guide Mapping Model Creation WizardlThe wizard allows loading the domain model
(smc.ecorepnd selecting a class f@anvasmapping which is th&mcModeklass in this case.
Proceeding with the wizard, the next page is for loadingrtieegmftoolmodel and selecting its
Palette element for theCanvasmapping. Then, the next page is for loading $hec.gmfgraph
model and selecting itSanvaselement for th&Canvasmapping. The last page is for specifying

the domain model elements as nodes or links. On this last page, the wizard suggests a list of
nodes and links. However, the wizard defaults are modified by removing all nodes except
MainMap andMap in the nodes lisand also thd@ransitionlink in the links list. The reason for
removing other nodes is that the nodes list on the wizard repré@ssntéode Referencésat will

be created directly on the diagram surface. Accordingly, the SMC diagram contains ofbptwo
Node ReferencaepresentindMainMap andMap element. This meets the SMC requirements of
having maps that encapsulate states and transitions. When updasnictgmfmapnodel, states
nodes with their inner nodes and elements will be added as chilrrese twoTop Node

Referencedrigure6-15 shows the createzinc.gmfmajpnodel.
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Figure6-15: Basic definition of the smc.gmfmap model

6.3.1 Updating the SMC Mapping Model
Basically, Child Referenceswill be added toMainMap and Map Node Mappingto map

StartState DefaultState and State nodes. Moreover, to each stadode Mapping Child
Referencewvill be added to represefintry and Exit Node Mapping Furthermore tdentry and

Exit Node Mappinga Child Referencavill be added forAction Node Mapping Likewise, Link
Mappingswill be added to represent the five SMC transition types. Thereforesnhgmfmap

model will contain fiveLink Mappings Considering refining and validation the model, OCL
constraints will be added to tlidode Mappingsaind Link Mappingsto constrain and initialize

some features and other OCL constraints will be addeduitit Rules elements to perform
various validations, as it is described in Section 6.4. The following sections discuss updating each

element in themc.gmfmapnodel.
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6.3.2 Updating MainMap Top Node Reference

The MainMap Top Node Referenaeferences th&lainMap element that is directly created on
the diagram surface. Therefore, it containsMa@anMap Node MappingFigure 6-16 shows the

properties of thd&lainMap TopNode Reference

[ smc.gmfmap 2 =

[;: Resource Set

= platform:/resourcefca.queensu.cs, afmag.smcfmodelfsmc.gmfmap A
=4 Mapping

=11 Node Mapping <MainMap/MainMap>

Ab Feature Label Mapping False v
< >
Selection | Parent | List  Tree | Table | Tree with Columns
= Properties 22 @ GMF Dashboard |3 ¥ =0
Property Value

Child 1 Mode Mapping <MainMapMaintMap =

Children Feature
Containment Feature 5 SmcModel. mainMap:MainMap

Figure6-16. MainMap top node reference properties

As shown, theContainment Featurproperty specifies that new instancesvdinMap class are
to be maintained in thenainMap containmentreference contained in themcModelclass.
Moreover, theChildren Featureproperty is left unset indicating that tMainMap instances will
be directly retrieved from the sanmeainMap containment reference specified for saving the
instances. Finally, th€hild property specifies th&lainMap Node Mappings a child of the
MainMap Top Node ReferencRegarding thélainMap Node MappingFigure 6-17 shows its

properties.
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B smc.amfmap 52 Flm
[\‘_" Resource Set

= B platform: resource/ca.queensu.cs.afmag.sme/modelfsme. amfmap ~

v
< >
Selection | Parent | List | Tree | Table | Tree with Columns
= properties 82 @ GMF Dashboard | = | 3| ¥ =08
Property Value
(=) Domain meta information

Element ] MainMap - > AbstractMap I
= Misc

Related Diagrams
= Visual representation

Appearance Style

Context Menu
I Diagram Node < Node MainMap (MainMapFigure)l
[Tool < Creation Tool Main Map |

Figure6-17: MainMap node mapping properties

TheElementDiagram NodeandTool properties settings show that tkl@inMap Node Mapping
binds theMainMap class defined in themc.eore model to theMainMap Diagram Nodelefined
in the smc.gmfgraphmodel and thévlainMap Creation Tootblefined in thesmc.gmftooimodel.
Moreover, theMainMap Node Mappingas a child nameBeature Label Mappingvhich is used
to map theMainMap Diagram labkdefined in thesmc.gmfgraphmodel to the attributaameof
theMainMap class. Thus, the attribute can be displayed and edited. The propertie$-eathe

Label Mappingare shown irFigure6-18.

B smc.amfmap 22 |

U'_‘ Resource Set

= platform: fresourcefca.queensu.cs.afmg.smcfmodelfsme.gmfmap ~
(=~ 4 Mapping

(= ¥ Top Node Reference <mainMap:MainMap/MainMap =
=-IT nNode Mapping <MainMap/Maintap

(1Y Feature Label Mapping false

v
¢ >
Selection | Parent List Tree Table  Tree with Columns
= properties 52 @ GMF Dashboard B |30 i

Property Value
| Diagram Label <> Diagram Label MainMapName I
Edit Method 1= MESSAGE_FORMAT
Editor Pattern =
Edit Pattern =
I Features 7 NamedElement.name:EString
Read Only It False

View Method 1= MESSAGE_FORMAT
View Pattern =

Figure6-18: Properties of the Feature Label Mapping of the MainMap Node Mapping
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As shown inFigure 6-18, the Edit Methodand View Methodproperties are set to the default
MESSAGE_FORMAValue, which indicates that the JaviessageFormatlass will provide the
underlying implementation for parsing, edg and displaying the attributeame][3]. Since the
MainMap label has only the attributeameto display, Editor Pattern, Edit Patterrand View
Patternproperties are left blank, meaning there are no specific characters or patterns to include.
The MainMap Node Mappingn its current state considers only creating a rectangle with a label,
as specified in themc.gmfgraphmodel, to represent thdainMap class on the diagram surface.
However, theMainMap Node Mappinghould include states according to the SMC requirements.
Therefore,StartState Node Mappinétate Node Mappingnd DefaultState Node Mappingre

added to thdainMap Node Mapping

6.3.3 Adding State Node Mapping and DefaultState Node Mapping to the MainMap
Node Mapping

Since theState Node Mappingnd theDefaultState Node Mappirgre mostly analogues to the
StartState Node Mappinghe startState Child Referencis copied and pasted twice to the
MainMap Node MappingThen, properties and constraints are ckdrfgr each pastextartState

Child Referenc¢o represent th8tate Node Mappingnd theDefaultState Node Mapping.

Moreover, because the SMBefault State must be namddefault a Constraintchild and a
Feature Seq Initializerchild are added to thBefaultState Node Mappingo constraint and
initialize the attributenameof the DefaultStateclass using OCL constraints. At this point, the

first Top Node Referencepresenting thimainMap Node Mapping complete.

6.3.4 Updating Map Top Node Reference

TheMap Top Node ReferenaeferencedMap elements that are directly created on the diagram

surface. Therefore, it containdviap Node Mapping.

Similarly to theMainMap Top Node Referenciiscussed previously, the properties of kitap

Top Node Referenceith its Map Node Mappinghild are set to represent tMap class on the
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diagram, as required by SMC requirements. Furthermore, sinc®ldpeelement is used to
contain a number of states and an optioDafault state, theState Child Referencethe
DefaultState Cid Referenceand GenericStateCompartme@ompartment Mappinglefined in

theMainMap Node Mappingre copied and pasted to tap Node Mapping

6.3.5 Updating Transition Link Mapping

A Link Mappingis used to map &onnectiondefined in the graphical definition model and a
Creation Tooldefined in the tooling definition model to a containment reference defined in the
domain model. For themc.gmfmapnodel, five transitiorLink Mappingsare added to represent

the five SMC transion types.

Basically, when creating tremc.gmfmamodel, theTransitionclass was selected as a link;
therefore, the wizard produced dnek Mapping This generatetdink Mappingis used to

represent the SM&impletransition type, as shown Fgure6-19.

B smc.amfmap 2
'L';;‘ Resource Set

=4 platform:/resourcefca.queensu.cs.afmg.smc/model{smc.gmfmap
=~ 4 Mapping
[# ¥] Top Mode Reference <mainMap:MainMap/MainMap >
- ¥] Top Node Reference <map:Map/Map>
Ll Link Mapping <Transition{ Transition.fromState: AbstractState- =Transition.toState: AbstractStatel Transition =
Canvas Mapping
Selection | Parent | List | Tree | Table ' Tree with Columns

= properties 52 @ GMF Dashboard

Property Yalue
[= Domain meta information

Containment Feature = AbstractState.outgoing: Transition

Element ] Transition
[Source Feature T Transition.Fromatate: Abstractstate)
[ Target Feature & Transition.toState: AbstractState |
= Misc

Related Diagrams
(= Visual representation

Appearance Style

Context Menu

Diagram Link <> Connection Transition
Tool < Creation Tool simple

Figure6-19: Setting a link mapping for simple transition type
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As shown, theoutgoingcontainment reference is selected for @mntainment Featureroperty
which indicates that transition instances are maintained for each stateingh&gcontainment

reference.

Moreover, as specified in thelement Diagram Link and Tool properties, the.ink Mapping
maps theTransition class to thelransition Connectioriigure and to thesimple Creation Tool
defined in the graphical and tooling definition model respectively. FurthermoréothState
reference is selected for t&®urceFeatureproperty and théoStatereference is selected for the

Target Featureproperty.

To distinguish between transition types and specify Ltiik Mappingto be used only for the
simple transition type, aConstraint child is added and it8ody propertyis set to the OCL
constraint (transitionType = TransitionType::SIMPLE)Then, thetransitionType feature is
initialized by adding d&eature Seq Initializechild and to it aeature Value Spec chiid added
with its Featureproperty is set téransitionType attribute, then &onstraintchild is added to the
Feature Value Spewith its Bodyproperty set to th€TransitionType::SIMPLEDCL constraint.
A secondreature Value Spethild is added to the existirfepature Seq Initializeto initialize the
id attribute, defined in th@ransitionclass, to 0. Théd attribute is initialized to a unique value
for eachLink Mappingrepresenting a specific transition type. The value ofdfmtribute is used
when definingAudit Rulego validate transition types amideir features. The current settings of
the simple transition Link Mapping allows the simple transition to be used as laopback
transition. Moreover, it allows theimple transition to transition to th®efault state which
violates SMC specification. Tprevent thesimple transition from being used aslaopback
transition, aLink Constraintschild is added. Then, to tHank Constraintschild a Source End
Constraintchild is added and for itBodyproperty thegself <> oppositeEndOCL constraint is

entered. Theself <> oppositeEnd)constraint specifies that themple transition source state
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must not be its target statéigure 6-20 shows the addedink Constraintswith its Source End

Constraintchild.

B *smc.grfrmap E2
I Resource Set

= platForm:resourcefca.queensu, cs. afmg. smcmodelfsmc. gmfrap
= 4 Mapping
+- ¥ Top Mode Reference <mainMap: Maintap/Maintap =
+ B Top Mode Reference <map:MapfMap:=
=) % Link Mapping <Transition{Transition, FramsState: AbstractSkate-=Transition, koState: AbstrackState} Transition =
<= Constraint kransitionType = TransitionType:: SIMPLE
=~ <+ Feature Seq Initializer <Transition(tr ansitionType,id) =
=~ 4 Feature Yalue Spec<transitionType:= TransitionType: SIMPLE >
< Constraint TransitionType: :SIMPLE
=4 Feature Yalue Spec<idi= 0>
£ Constraint 0
=4 Link Constraints

Constraint self positeEnd

Selection | Parent | List | Tree | Table | Tree with Columns

= properties 52 @ cMF Dashboard | B Consale

Properky Yalue
| Bod! '= self <> oppositeEnd |
Language 1= acl

Figure6-20: Adding link constraints to the simple link mapping

To prevent thesimpletransition from transitioning to thBefault state, alarget End Constraint
child is added to thelink Constraints and for its Body property the (not(
self.ocllsTypeOf(DefaultState))CL constraint is entered. Finally, trsimple transition Link
Mappingneeds a label to display and edit itsormhation. Hence, &eature Label Mappinghild

is added to theink Mappingand its properties are set as showRigure6-21.
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+- ¥ Top Mode Reference <map:MapfMap >
=1« Link Mapping <Transition{Transition. fromstate: AbstractState- > Transition, toState: Abstractstate}/ Transition >
< Constraint transitionType = TransitionType::SIMPLE
= < Feature Seq Initislizer < Transition(transitionType, id) =
= 4 Feature Yalue Spec<transitionType:= TransitionType: :SIMPLE »
< Constraint TransitionType::SIMPLE
=4 Feature Yalue Spec<idi=0x=
<= Constraint 0

[ Feature Label Mapping False
=} <+ Link Constraints
< Constraint self <= oppositeEnd
< Constraint not{ self . ocllsTypeOf{DefaultState))
Selection | Parent | List | Tree | Table | Tree with Columns
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Propetty Value
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Edit Method 1= MESSAGE_FORMAT
Editor Pattern s

[Edit Pattern = {OH{Ibe |
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Figure6-21: Feature label mapping of simple link mapping

As shown, theFeaturesproperty specifies that simple transition name, argument and guard
attributes are displayed and edited following the pat{éi{1}) [{2}] specified in theView
Patternand Edit Patternproperties. This pattern conforms to the SMC simple transition syntax,
such that the transition name followed by arguments, if any, in parenthesis and a guard in square
brackets. The transition actionsdatheir arguments are displayed and edited using a dialog box

invoked from the properties view.

6.3.6 Adding Link Mappings for All SMC Transition Types

Four other Link Mappings are added to #mc.gmfmapnodel to map other SM transition types
which are:loopback Default push and pop. Therefore, the definedimple transition Link
Mappingis copied, and pasted four times to tapping element of thesmc.gmfmapnodel.

Then, for each pastddnk Mapping,children and properties are modified to represent a fapeci

transition type.

In essence, th€ool property of each pastddnk Mappingis assigned a specificreation Tool

defined in thesmc.gmftoolmodel representing a specific SMC transition type. Moreover, the
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Constraint child, Feature Seq Initializerchild, Link Constraintschild and Feature Label
Mappingchild are all set according to each transition type. For examplépdpback Creation
Tool is specified for theTool property. Furthermore, theink Mappingis constrained and
initialized to beloopbacktransition. TheLink Constraintschild of theloopbacktransition, unlike
theLink Constraintof simpletransition, contains onlyarget End Constrainthild with the OCL
constraint(self = oppositeEnd and not( self.oclisTypeOf(DefaultStat&jjjcepushtransitions,
pop transitions andDefault transitions have different syntax definition, theature Label
Mapping child in their Link Mappingis different and it is set accordingly. For instanégure

6-22 shows the properties of tieature Label Mappinghild of thepushLink Mapping

B s gmfmap 52
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=4 Feature Yalue Spec<transitionType:= TransitionType: :PUSH>
<+ Constraint TransitionType: :PUSH
=4 Feature value Spec<idi= 2>
<+ Constraint 2

EFeature Label Mapping False I
=< Link Constraints

4+ Constraint self <> oppositeEnd

< Constraint not self . oclIsTypeCF{DefaultState))
Selection | Parent | List | Tree | Table | Tree with Calumns

E Properties 52 & MR Dashboard | B console =] -"=:5> e ¥

Property Value
Diagram Label < Diagram Label TransitionLabel
Edit Method "= MESSAGE_FCRMAT
Editor Pattern b=

[Edit Pattern 1= 0H {1H[{2H{ZHAH

|Features T Transition.name:EString, Transition, bransitionArg:EString, Transition.guard:EString, Transition. prePushedState:EString, Transition.transitionType:TransitionTypel
Read Only v False
Wiew Method — £= MESSAGE_FORMAT

[vigw Pattern 0= {0M {12 44|

Figure6-22: Feature label mapping of push link mapping

Moreove, unlike other transition types, tiizefaulttransition must be namddefault therefore,
the Body property of the OCL constraint in itsihk Mappingis set to(name = 'Default' and
transitionType = TransitionType::DEFAULT Furthermore, an addition®deature Value Spec

child is added to initialize the constrained attribnéeneto Default
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6.4 Audit Rules

To validate and identify problems in a diagram, GMF allows defiAindit Rulesn the mapping
model. For instance, audit rules can be added to ertsfréhe names of all elements are set, and
also that the names of map elements are not identical. To add audit rules, Auadjtaontainer
child is added to thiappingelement of the mapping model to hold the acfuadit Rules An
Audit Rulehas sixproperties:Description Id, MessageName Severityand Use In Live Mode
The Description Id and Nameproperties identify theéAudit Rulewhile the Messageproperty
specifies the text that is displayed to the user when the model violatésudlite Rule The

Severityproperty has three selectiotsi-O, WARRNINGandERROR

TheUse In Live Moderoperty has two optionstue andfalse which determine using th&udit
Rulein live or batch validation mode. When using batch validation mode, the user is dequire
run the validation manually using thalidate option from theDiagram menu. Third, theAudit
rule has children that can be added by Hglitking on it and selecting form the popup menu.
Basically, theAudit Rulechildren are used to specify Taarge Elementand aConstraint For
example, th& arget Elementan be @Domain Elementepresenting a class in the domain model,
a Domain Attributeor a Diagram Elementepresenting a node in the diagram. Tanstraint

child represents the actual rule ang hao propertiesBodyandLanguage

To activate anyAudit Rulein a diagram, some properties of the GMF generator model must be set
and enabled. Creating the GMF generator model and setting its properties is introduced in Section
6.5. Moreover, the user can disable and enabléadit Ruleby navigating tdNindow >

Preference > Model Validatiowhere a list of definedudit Ruledss found.

6.4.1 Adding Audit Rules to the SMC Mapping Model

It is convenient to separate each relatedit Rulein groups by addindwudit Containershildren

to the mainAudit Container For thesmc.gmfmapmodel, the firstAudit Containeris added to
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hold Audit Ruledfor validating the SMC diagram name. Then,Aardit Ruleto validate that the

diagram name is set is added, as showfigare6-23.

B sme.amfmap 52
| Resource Set

=<4 Audit Container SMC audit container

(=< Audit Container SMC diagram name
Rl Audit Rule unset SMC diagram name

Selection | Parent | List | Tree | Table | Tree wiih Columns

£ Properties £2 @ GMF Dashboard
Property Value
Description '= unset SMC diagram name validation
Id '= unset SMC diagram name
Message '= The requiered feature ‘'name' of SMC diagram must be set.
MName '= unset SMC diagram name
Severity '=ERROR

Use In Live Mode '+ false

Figure6-23 Pr operties of the Aunset SMC diagl

Since theaesaddeedCh diAudtmRaleshouldatangetoth&mcModelclass, a
Domain Element Targetild is added with it&lementproperty set t&mcModetlass. To finish
thensdget SMC di agr a maCorstmiatchildAsuadided to iR with ¢he OCL

constraint(self.name.size() > On its Bodyproperty.

Consdering thatDefault, popandpushare reserved wordéudit Rulesare added to validate that
the SMC diagram name is not set to one of the these reserved words. In this case, the live
validation is used to alert the user immediately if there is any WalaFor example, the

(sel f. name O€Ll>condtidiat states kthat thé¢ attribnamemust not be set tbefault

Similarly, Audit Rulesare grouped iudit Containersand added to validate the names of other
elements in the SMC diagram. More pesty, theDefault transition name is validated to be

always set tdefault, and other transition types names are validated not to beBefzaolt

Moreover, becausepoptransition includes popArgattribute which should be set and include a
transitionnamedefined in the SMC diagram, twhudit Rulesare added. The firskudit Ruleis

for validating that thepopArg attribute is set; therefore, it includes the OCL constraint
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(self.transitionType = TransitionType::POP implies self.popArg.size(.)¥be €cond Audit
Ruleis for preventing setting th@opArgattribute for all other transition typethus, it defines the

OCL constrain{self.transitionType <> TransitionType::POP implies self.popArgsEmpty( ) )

Similarly, thepushtransition includes therePushedStatattribute when using its new syntax
definition, but it is not required when using the initial syntax. Thus, Awdit rulesare added.
The first Audit Ruleoperates in the batch validation mode and checks thgiréfushedState
attribute is set for thpushtransition and if it is not set, thudit Ruleissues a warning indicating

the use of the initial syntax of tipeishtransition, as shown iRigure6-24.

@) test.smc_diagram 53 -8
2 Palett >
4 checkMap i )
S @ Q-
% MainMap RRQAD
(= Maps
send(id){isDore] poped(id)[true Joop restat) + Done repeat([] 4 Main Map
4 Run 4 Map
e (= States
restart(id, name)[isValid] Default[result] 4 Start State
State
rerun(id)(] 4 Check < Defaulf o+
Default [unkrown] pushed(id)[isDone]/pueh — A Defrnlistave
&y (= State Actions
[ The Feature prePushedstate of push transition is not set. Initial Syntax of push transition does not require providing prePushedstate
% Exit
(= Transitions
4 simple
< loopback
& nish v
=] properties | & Console |[2 Problems 532 e
0 errors, 1 warning, 0 others
Description Resource Path Location Type

= & Warnings (1 item)

& The feature prePushedstate of push transition is not set. Initial Syn test.smc_diagram  SMCDiagramExample example::MainMap::Run::pushed  SMC Diagra...

Figure6-24: PrePushedState batch validation warning
The secondAudit Ruleis for preventing setting thprePushedStatattribute for all transition
typesexceptpushtransition This Audit Ruleoperates in the live validation mode, as shown in

Figure6-25.
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& Live Validation =3

i The requested action violates the inteqrity of the model.

Reason:
The feature prePushedState of non push transition must not be set,

Figure6-25: PrePushedState live validation error
Moreover, since transition types are displayed in the transition properties view, it is appropriate to
prevent changinghe transition typeafter issuing themFor this reason, each transition type was
assigned ainiqueid when definingLink Mappingsin the smc.gmfmapmodel. For instance, the
Audit Rule for preventing changingthe simple transition type is captured by the

(self.transitionType = TransitionType::SIMPLE implies self.id =08} L constraint.

Furthermoe, Audit Rulesare added to prevent modifying the proped$tatefrom the properties
view of transitions. The reasons for preventing changif®iatefrom the properties view are:
first, toStateis set automatically when issuing transitions. Secondreition to théDefaultstate

is not allowed by OCL constraints applied to the transition types and changirtgState
property from the properties view to tBeefault states causes an error to occur. Therefore, the
(not(self.toState.ocllsTypeOf(Defautie)) Audit Ruleis added to prevent setting theState
property to any existindpefault state in the SMC diagram. Moreover, to prevent modifying
toState property of aloopbacktransition, a newAudit Ruleis added with OCL constraint
(self.transitionTyp = TransitionType::LOOPBACK implies self.toState = self.fromState)
Conversely, to prevent settingStateequal tofromStatefor other transition types as to be
loopbacktransition, a newAudit Ruleis added with OCL constrair(self.transitionType <>

TransitionType::LOOPBACK implies self.toState <> self.fromState)

Furthermore, twdAudit rulesare added to ensure that a state action type is not modified after it

was added. Specifically, théself.actionType = ActionType::EXIT implies self.id = and
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(self.actionType = ActionType::ENTRY implies self.id =@L constraints prevent changing

Entry andExit type.

It should be noted that different transition types and states action types in SMC diagram are
mainly created using creation tools defined in the SMC palette. HérogitionTypeand

toState as well as,actionTypefeatures could be set tBRead onlywhen developingthe
smc.genmodehodel (EMF generator model); in that case, it would not be necessary to define
Audit Rulespreventing modification of these features from the properties view. Nevertheless, the
reason for not disabling these features in the gntas view is that when using the SMC model
instance editor generated using EMF, the only way to set element properties is from the properties
view. Moreover, GMF generator model does not include options to set the propeRessdtonly

as it is suppodd by EMF generator model properties view.

Finally, some defined OCL constraints could be grouped into one constraint using Boolean
operators; however, for the sake of simplicity and clarity, especially, considering the ability to

report precise error mexges to the user, most defined OCL constraints are kept simple.

6.5 Developing SMC GMF Generator Model

In order to allow generating the SMC diagram editor code,sthe.gmfmapmodel and the
smc.genmodehodel (EMF generator model) information need to be banuitransformed to a
model called GMF generator model. The GMF generator model is created by invoking the GMF
generator model creation wizard which allows loading the mapping model and EMF generator

model and creates the GMF generator model.

6.5.1 Updating SMC GMF Generator Model

The createdmc.gmfgemodel includes elements with properties. The properties allow providing
more information for code generation. For instance, Gbeyright property allows providing

copyright text. Importantly, the SMC mapping mbdmc.gmfmapilefinesAudit Rulesand to
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activate them, validation properties of tBen Diagram elememt thesmc.gmfgemodel need to
be enabled. Specifically, théalidation Enabledgroperty and th&alidation Decoratorgproperty
are set tdrue. The® two properties have corresponding priority properties whiclvalidation
Provider Priority and Validation Decorator Provider Priorityrespectively and they are set to
Medium Finally, theLive Validation Ul Feedbackroperty is set torue. Figure 6-26 shows the

setting of the discussed validation properties.
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Figure6-26: Enabling validatiorproperties in the smc.gmfgen model

Moreover, by default th€reation Wizard Category Iproperty ofGen Diagram elemeris set
to (org.eclipse.ui.Examplesyhich indicates that the SMC diagram creation wizard will be placed

under theExampledirectory.

To have the SMC diagram creation wizard placed in the same directory as the EMF SMC model

creation wizard which is set as discussed in Chapt8e&jon 5.4the propertyCreation Wizard

Category IDis changed o0 fica. queensu. cs. af nMoreavencthe®&nz ar d.

Plugin element has properties for naming and identifying the diagramiplUepr instance, the
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Nameproperty is set t&MC Diagram plugintheProvider property is set tevww.cs.queensu.ca

and thePrinting Enabledoroperty is set térue.

6.6 Generating SMC Diagram Code

The last step in the GMF process to create a graphical editor involves the generation of the
diagram code. The code is generated fromsthe.gmfgemodel. Then, a new pluig project is
generated and created in the worksp&dgure 6-27 shows the SMC Diagram pltig project

expanded in the Package Explorer view.
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72 ca.queensu.cs.afmg.sme.fests

Figure6-27. SMC diagram plugn code in the explorer view

The SMC diagram plugn code contains Java code that allows creating, editing and viewing the
SMC diagram elements. It also provides services for handling the SMC diagram megere
properties view and other common operations. The generated code also contains filag

which identify the SMC diagram code as an Eclipseitugnd declare its dependencies.

Figure 6-28 shows the SMC diagram editor being used to draw the subway state machine

example given in Chapter 3, Section 3.5.
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Figure6-28: SMC diagram editor in ussxample
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Moreover,AppendixD explainsin detailsthe execution ahuse of the SMC diagram editor
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Chapter 7
SMC Diagram Editor Validation

As mentioned in the previous chapter, Section 6.4, the SMC diagram editor defdieRulesn

the mapping modekMc.gmfrap) to validate and identify problems in a diagram. As appropriate,
some of the definedudit Rulesare set taoperate in the live validation mode and otketto
operaten the batch validation mode. The live audit rules are invoked automatically, wtbeea
batch ones are invoked manually by running Wadidate option found on thdiagram menu.

Then, any errors will be shown in the Problems View categorized according to their type.
Elements on the diagram canvas that have these errors will be deeathtedns indicating the
error type. Moreover, live validation has other options including showing live errors in a popup
dialog or a Console. These options are accessible by navigatidéndow > Preferences >
Model Validationwhere theConstraintscategory is also found listing all SMC diagraftudit
Rulesand providing information for each constraint, as well as, allowing disabling and enabling

any constraint.

7.1 Validation Examples

1. Figure 7-1 shows an example for testing sorA@dit Rulesoperating in the batch
validation mode.

1d] test.sme_diagram &3 =0

B 2| G paette

7 mainmap

+ Koo
2 [@ The requiered feature name of SMC diagram must be set
& e
start (1] & stad
+ Entry (j repeat(int i< 10] < Main Map
4 theck(; JEm——
Skat
Dot popedt L) e v
T Defadt o | o0 apen0ll & Start State
— retun()]| | do0ll -
| / % stoted (= State Actions |
4+ Bit + 8 4 Entry
hat] P
pushed )[/pueh (= Transitions P
4 loopback
1 Properties | (21 Prablems &% ¢ 7=
 errors, 1 warning, 0 others
Description Resource Path Location Type
D Errors (8 items)
D The D lel=1: <Map:state4' collides with that of '<SMCModel =1 <Ma te: <5MCModel...  SMC Diagram

of map must be set, te: <SMCModel...  SHIC Diagram

D Th of SMC diagram must be sst. te: <SMCModel>  SMIC Diagram s
@ The requiered Feature name of start state must be set, test.sme_diagram SMCDiagramExa..  <SMCModel...  SMC Diagram Pluin problems
@ The requiered Feature name of state action must be set, test.sme_diagram SMCDiagramExa..  <SMCModel...  SMC Diagram Pluin problems
@ The requiered Feature name of state must be set, test.sme_diagram SMCDiagramExa..  <SMCModel...  SMC Diagram Pluin problems
@ The requiered Feature name of transition must be set, test.sme_diagram SMCDiagramExa..  <SMCModel...  SMC Diagram Pluin problems
@ The required feature popArg of pop transition s not set test.sme_diagram SMCDiagramExa..  <SMCModel...  SMC Diagram Pluin problems
% Warnings (1 itsm)
¥ The faaturs prePushedstate of push transition is not sat. Initial Syntax of push transition ¢ test.sme_diagram SMCDiagramExa..  <SMCModel...  SMC Diagram Pluin problems

Figure7-1 SMC batch validation examples
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As shown, eight errors and omearning are detected. The first error reported in the
Problems view indicates that two states have the same name. Uniqueness of naming
applies also to all maps. The next six errors report unset names for various elements
including: a map name, SMC diagramame, start state name, action name, state name
and transition name. The last error reports an unset popArg attribute of a pop transition.
Finally, one warning is detected indicating an unset prePushedState attribute of a push
transition. Moreover, erroregcriptions shown in the Problems View can be also seen on
the canvas by placing the mouse over any error icon. Since the MainMap element and the
StartState element are required, they must be created on the diagram; otherwise, the

validation issues an emwhen manually validating the diagram.

2. The SMC diagram live validation mode prevents the user from providing unacceptable
dataor assigning wrong information according to specific element .ries instance,
when attempting to enté@efaultas a name fothe MainMap element,a dialog box, as
shownin Figure 7-2 pops upindicating the violation of the integrity of theodel and

preventing this naming operation.

9 i Walidation M=1E3

j) The requested action violates the integrity of the model,

Reasan:
The requiered Feature name of main map must not be set ko the reserved

word Default,

Figure7-2 SMC live validation prevents assigning Default as a name for the Main Map

Similarly, the Default state andDefault transition are validated to be ays namedefault.
Furthermore, the live validation prevents settingpghePushedStatendpopArgattributes for all
transition types except for thmushtransition and theop transition.Figure 7-3 shows the SMC

live validation preventing setting tip@pArgfor nonpoptransition type.
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Figure7-3 SMC live validation prevents setting popArg for napgdransition

For the transition types and state action types, the live validation rejects changing the types from
the Property View or editing them on the diagram canvas after they have been created. In other
words, once a transition or state action has been cretéghé cannot be changed. Therefore, if

required, they should be deleted. A screen shdtigare 7-4 shows the SMC live validation

preventing changig a transition type from the Property View.
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Figure7-4 SMC live validation prevents changing a transition type
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Likewise, thetoStatefeature included in the properties view of all transitions is valdlatehe

live mode. Three conditions are considered. First, it cannot be set Dethelt state. Second, it

cannot be set to formlaopbacktransition for all transition types except the loopback transition.

Third, it cannot be changed when a transitiype isloopback.As shown inFigure7-5, the SMC

live validation rejects changing the toStat®fault State.
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Figure7-5 SMC live validation prevents changing toState
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Chapter 8
Developing SMC JET Transformation

This chapter discusses the development of a JET transformaticighugject to transform an
SMC model instance created using the SMC diageditor to SMC source code and a Java
skeleton class. Sectid@l gives an overview of the SMC JET transformation pfugroject and
Section 8.2 discusses the creation of the SMC JET transformation-iplymgoject with its

templates and configuratioresnd it also provides some JET tags examples.

8.1 SMC JET Transformation Overview

When generating code from a model, MettelText (M2T) technologies are used. In this project,
the Java Emitter Templates (JET), a component in Eclipse M2T project [10], isousadsform
an existing SMC model instance created using the SMC diagram editor to SMC source code and a

Java skeleton clasBigure8-1 shows the JETransformation development process.

2 Run Jet JET
Writa JET Transformation as Transformation
Templates : p ¢
Eclipse Plug-in plug-in
Load Input
sample input model Model
Initial Output Final Output
Files Files

Eclipse Eclipse workbench

Create JET
Transformation
Project

Adjust Plug-in
and build
properties files

Run to test on a

Figure8-1: JET transformation development flow

As shown, a JET transformation project is created to add JET templates that create resources and
extract data from a®MC model instance. Moreover, the JET transformation project includes
plug-ins and properties files which are set to allow loading the SMC model instance. Then, the

JET transformation plu@ project is run as an Eclipse phrg

By loading an existing SM@odel instance as the input for the SMC JET transformationipjug
the model is inspected and a folder namattis created in the same project that contains the

SMC model instance. Furthermore, the SMC JET transformation project includes templates to
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peform error checking over the input model and outputs transformation process to the Eclipse
Console. The outputted information shows information about each element being transformed
and any errors or warnings. For instance, it outputs information ofreaghbeing processed such

as a map name and location or index in the XMl file. Similarly, information on each state being
transformed is outputted. If there are any errors or warnings, the JET transformation also reports

these issues and gives informat@nhow to fix them.

As a result of the transformation, two files are generated and saved in the snecfi@der. The

first file has the same name as the name of the root element of the SMC diagramsnwith
extension. This file contains SMC source cotlee second file also has the same name as the
name of the root element of the SMC diagram and has extefgi@nThis file contains a Java
skeleton class used to implement transitions actions. The generated SMC source code considers

Java as a target lanage.

Then, the generated SMC source code can be fed as input into the SMC compiler to generate Java
classes implementing the state machine created with the SMC diagram editor and the generated

Java skeleton class can be used to implement transitionssactio

8.2 Creating JET Transformation Project

JET2 [24], an enhancement of the original JET that EMF by default uses to generate code, is used
for the development of SMC transformations. Therefore, a hew JET Transformation project is

createdFigure8-2 shows a new JET transformation project created in the workspace.
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Figure8-2: SMC JET transformation praje

The SMC JET transformations project defines nine templates which can be classified into four
categories based on their task. The first category is a main template which is responsible for
creating resources and invoking other templates. The secondmaietemplates which validate

the SMC model instance and output information to the Eclipse Console. The third category is
templates which are responsible for transforming the SMC model instance to the SMC code. The
fourth category is a template that geates the Java skeleton class with the transitions actions

methods signatureFigure 8-3 shows the SMC JET transformations project with the nine

temphtes are added.
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lovd build properties
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+-%=5 ca.gueensu.cs.afmg.smc.tests

Figure8-3: SMC JET transformation templates
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The following numbered list gives a description of each template. The templatesearalitieir

order of execution.
1 The first category

1. main.smc.jets the starting template used to create resources and it invokes the following

templates
1 The second category

2. info.warn.error.main.smc.jgemplate validates thdainMap element of the SMC model
instance; yet, it also performs other validatmnthe structure of the model. Moreover, it
outputs to the Eclipse Console information about the transformation process and any

existing warnings or errors.

3. info.warn.error.map.smc.jetemplate; similarly to the previous template, this template
validates any existing Map elements in the SMC model instance and outputs

transformation process to the Eclipse Console.
1 The third category

4. include.smc.jetemplate is the last template invoked fmain.smc.jettemplate and it

service as a medium template to invoke @rocess all of the following templates.

5. verbatim.smc.jetemplate is responsible for transforming therbatim section of the

SMC model instance, if exists.

6. set.smc.jetemplate is used to set the SMC source code to target the Java programming
language. It should be noted that some other information, such as importing specific Java
classes or providing a package name may be added by the user after the transformation is
complete. Therefore, this template includes a user region that generates comments to alert

the user to include other SMC code if required. Furthermore, when targeting different
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programming languages than Java, the difference in SMC source code is maimly on t
section, hence, the transformed SMC source code can be used to target any supported

language by modifying this section.

7. mainMap.smc.jetemplate handles the task of transforming MenMap element of the

SMC model instance to the corresponding SMrse code.

8. map.smc.jetemplate is for transforming any existifdap elements in the SMC model

instance to the corresponding SMC source code.
1 The fourth category

9. appclass.smc.java.jetemplate generates a Java skeleton class. More precisely, it
transformsany transitions actions with their arguments to Java signature methods and
instantiates th&€ontextclass that is to interact with. The generated methods should be

implemented by the user.

Because the SMC JET transformation includes templates thatrmpesfoor checking and validate

the SMC model regardless of the constraints defined on the SMC diagram editor, the
transformation can be used to validate and generate SMC source code for any given SMC model
that is written as XML document based on the stmagtelements and attributes specified for the
SMC model. Moreover, outputting transformation information to the Eclipse Console not only
assists in understanding the transformation, but it also helps to trace any existing errors,
especially with large maads. Furthermore, dividing templates to be nine templates is appropriate
because each template performs a specific transformation which makes the SMC JET

transformation project more readable and easier for future maintenance.

8.3 Configuring SMC JET Transformation

By default JET transformation accepts an XML standard document as input; however, JET

transformation can be configured to allow loading EMF models and other resources using several
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mo del |l oaders [47]. Since the Sd&e€modebahels i nst

persisted by default as XMI file witlsmcextension, the SMC JET transformation is configured
to enable loading SMC model instances as XML document. Therefor@rtheclipse.jet.xml) id

is specified for themodelLoaderattribute and thesmcis provided for themodelExtension
attribute. ThemodelLoader(org.eclipse.jet.xml)s one of the JET defined model loader classes
that allow loading models into the memory as standard XML files andnttwés the specified
extensionfor SMC models when developing SMC models. In the JET transformations project,
the modelLoaderand modelExtensionattributes are located in thExtensionstab of the

plugin.xmlfile undertransformelement of theorg.eclipse.jet.transfornextension, as shwn in

Figure8-4.
<% ca.queensu,cs.afmg.sme.jet £ =0
% Extensions oHEa °
All Extensions la? — Extension Element Details
Diefine extensions for this plug-in in the following section, Set the properties of "transform”, Required fields are denoted by ",
type fileer text startTemplate*; templates/main.sme jet
= ©= or.eclpse.iet transfarm templatel oaderClass*: | ca.quesnsu,cs,afmg,sme.jet.compilad, _jet_tra
- [X]] I ) [m] | modelloader: org.eclipse.jek.xml |

overtides:

| modelExtension: e |

private: v

modelschema Browse...

Overview Dependencies Runtlme Extension Points | Build | MANIFEST MF | plugin,xml | build, properties

Figure8-4: Setting a model loader and a model extension

8.4 JET Tags examples
This section provides some JET tags examples taken from the SMC JET transformation

templates.

First, Table8-1 shows some JET tags used in iiin.smc.jetemplate.
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<c:setVariable select="/*" var="root"/>

<ciinclude template="templates/info.warn.error.main.smc.jet" />
<ciinclude template="templates/info.warn.error.map.smc.jet"/ >

<c:if test="$root[@name and @name!="]">
<c:if test="groot/mainMap[@name and @name!="]">
<c:if test="$root/mainMap/startState[ @name and @name!="]">

<ws:folder path="{$org.eclipse.jet.resource.project.name}/smc">
<ws:file template="templates/include.smc.jet" path="{camelCase($root/@name)}.sm"/>
<ws:file template="templates/appClass.smc.java.jet" path="{camelCase(Sroot/@name)}.java"/>
</ws:folder>

</cif>
</cif>
</cif>

Table8-1: main.smc.jet template tags example

The first tagfi s et V aris a ¢ohtad tag and creates a variable nanfed o asing the

at tr v midesetsiits value to the result of finé * Xd@ath expression provided with the
attributefi s e |. €hefi /0 XRath expression finds the root element of the input model, which in
this casds theSMC modelWhen using thé r o eariable with other tags, it is referenced by
the$ sign @root). The twofi i n c ltaggirvake and process the specified templates; then, they

include the result in the output of the current template.

Moreover, tle first i i tag (<c:if test="$root{@name and @name!="]">}ests if the name

attribute of the root element exist and set using XPath expression with a predicate. The workspace
tagh f ol deeadt es a & mtirdthe sanegmject thafi contains tBMC model
instances using the {dyoymgmiec| XPateh jexpreeiuldc e
} 0 braces refer to a dynamic XPath expression and the variable
iorg. ecl i pse. j et .israpedefiinedoariabie refejs ¢ocatprojawanma éam

which JET transformation are run. Thd i thgewdtes the output of tHaclude.smc.jetemplate

by creating . amokt easiwin Huwslinred Ca $ e ( $ir Xpath / @n a me

expression. That i$3,0 ott h egettheemiie ofedhe ptiriute same of A
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the root element and the XPath functidrc a me | @ppescasés its first letter. Similarly, the
secondi f il 2@ writes th@epOCGlapst stamplatet @ aedilefjvith the

f. | aexternsion. Thesewo f il es are crmedfaddeed in the created

SecondTable8-2s hows JET t agnsf ousweadr rinn. etrheemplaie. mai n. s mc . |

<c:iterate select="$%root/map" var="currentMapCheck">

<c:if test="$currentMapCheck[not(@name!="")]">

<c:log severity="error">

The required attribute 'name' of a 'map' element is not set.

Position: at index (<ciget select="count($currentMapCheck/preceding-sibling::*¥) + 1"/>).
Please provide a value for the attribute 'name'.<f:formatNow pattern=" MM/dd/yy, HH:mm" / >.
</ctlog>

</cif>

<c:if test="$currentMapCheck[ @name = smainMapCheck/@name]">

<c:log severity="error">

The value(<c:get select="$mainMapCheck/@name"/>) of the attribute 'name’of the 'mainMap' element is not unigue.
position: at index (<c:get select="count(SmainMapCheck/preceding-sibling::#)+1"/>).

It is equal to that of the 'map’ element at the index (<c:get select="count($currentMapCheck/preceding-sibling::*)+1"/>).
Please provide a unique value for the attribute 'name’ of the 'mainMap'element or 'map' element at the specified index.
<f:formatNow pattern=" MM/dd/yy, HH:imm"/>.

</cilog>

</ciif>

<c:iterate select="$currentMapCheck/following-sibling::node()" var="currentMapFollowingCheck">

<c:if test="$currentMapFollowingCheck[@name=$currentMapCheck/@name]" >

<c:log severity="error">

The value(<c:get select="scurrentMapCheck/@name"/>) of the attribute 'name’of a 'map' element is not unique.
position: at the index (<c:get select="count($currentMapCheck/preceding-sibling::*)+1"/>).

It is equal to that of the 'map’ element at the index (<c:get
select="count(ScurrentMapFollowingCheck/preceding-sibling:: ¥)+1" />).

Please provide a unique value for the attribute ‘name’ of the 'map’ element at the specified index.<f:formatNow pattern="
MM/dd/yy, HH:mm" />,

</ctlog>

</ciif>

</c:iterate>

Table8-2: info.warrn.error.main.smc.jet template tags example

As shown inTable8-2, JET tags with XPath expressions ased to iterate over maps elements
of the SMC model instance in order to access and ensure the uniqueness of the value of the
attribute name. Accordingly, it outputs transformation process information and reports any

identical map names.

Third, As a last gample,Table8-3s hows s ome J Hraitnaviasp . tesimate. jient Of
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<c:otherwise>
<c:if test="%$root/ * /*[@name=%$currentStartStateQutTransition/@toState] " var="pushedState" >
<ciif test="%$pushedState/../@name!l="">
<c:get select="camelCase($currentStartStateQutTransition/@name)" />
<c:if test="$currentStartStateQutTransition[ @transitionArg and @transitionArg!="1">
(<c:get select="$currentStartStateOutTransition/@transitionArg”/>)</c:if>
<c:if test="$currentStartStateQutTransition[ @guard and @guard!="]"=>
[<c:get select="$ScurrentStartStateOutTransition/@guard"/>]</c:if>
<c:if test="$currentStartStateOutTransition[ @prePushedState and @prePushedState!="]">
<c:get select="camelCase($currentStartStateQutTransition/ @prePushedState)"/ >/ </c:if>
<c:get select="scurrentStartStateOutTransition/@transitionType"/ >
(<c:get select="camelCase($pushedState/../@name)"/>::
<c:get select="camelCase($currentStartStateOQutTransition/@toState)"/>)
<%-- handling transition actions --%>

{
<c:iterate select="ScurrentStartStateOutTransition/actionName"var="currentStartStateOutTransitionActionName" >
<c:if test="$currentStartStateQutTransitionActionName!=""">

<c:get select="$currentStartStateOQutTransitionActionName" />

(<c:get select="ScurrentStartStateOQutTransition/
actionArg[ position()=count($currentStartStateOutTransitionActionName/preceding-sibling::*) + 1] " default=""/>);
</cif>
< /ciiterate>

}
</cif>
</ciif>
</c:otherwise>

Table8-3: mainMap.smc.jet template mgxample

JET tags shown in thEable8-3 transform gpushtransition issued by the start state. Appendix C

demonstrates the execution and the use of the SMC d&3fdrmation.

Figure 8-5 shows SMC JET transformation phiry being used to transform the SMC model

instance, created by SMC diagram editor, of the subiw@ngtilestate machine example given in

Chapter 3, Section.3, Table 32.
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femplates/main.smc.jet (71,1): <ws:file template="templates/appClass.smc.java.jet” path="{camelCase(§root/@name)}.javg">
Writing file: Turnstile/smc/Turnstile.java v
< >

Figure8-5: SMC JET transformation in use
As shown on the Explorer view on the right side of the figure, the SMC JET transformation
generates a folder namsthcand two files,Turnstile.sn andTurnstile.jave Moreover, SMC JET
transformation produces transformation process information, as shown at the bottom of the figure.
On the diagram surface, it can be seen that after performing SMC batch validation, two warnings
are reported indicatg the use of the initial syntax of the push transition. These warnings are also
reported on the Problem view.
The JET transformation also reports these two warnings on the transformation process

information, as showin Figure8-6.
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[ properties | & Consale 83 [2 Problems R % | b e
Turnstile.smc [JET Transformation] - Feb 27, 2011 4:59:19 PM
A RTRTAARARAATATATATARTATAARAAATATARARARAS =
Processing Transformation...
Transforming: Turnstile.sme SHC model instance to Turnstile.sm file (SMC source code)...
templates/info.warn.error.main.smc.jet:

Transforwming: 'mainMap' element named (NormalMode)at index (1)...
templates/info.warn.error.main.smc.jet:

Transforming: 'state' element named (Unlocked) at index (1)in the 'mainMap' element nawed (NormalMode) at index (1)...

ax of push transition. 02/27/11, 16:59

templates/info.warn.error.main.smc.jet:

Transforming: 'startState' element named (Locked)at index (2) in the 'mainMap' element named (NormalMode) at index((1)...

of push ior R

Figure8-6: SMC JET transformation output information example

Furthermore, the generat&turnstile.smfile contains the SMC source coder the subway
turnstile example. Due to the length of the filégures 87, 88 and 89 show the file divided

among these figures.

Package Bx &5 Fpugins| T O || ) Turnstiesm 52 =
E&le | [« A
DEXEI’HD'E // SHC source code example describing a state machine for a subway turnstile with normal and diagnostic wode.
7 Grid
W oS // Transformed from:Turnstile.swe SHC model instance.
i Turneil // Transformation output:
= sme // Turnstile.sw file (3MC source code), and
8 Turmstienjava // Turnstile.java skeleton application calss required by SMC when targeting Java.
E e Date: Sun, Feb 27, 2011
‘5}: Turnstile.sme Time: 4:59 PN, Eastern Standard Tiwe
] Turnstie.sme_diagram o
// uncomment and set as required, changes vill he preserved.
/7% import
/s package
//%access
sclass Turnstile
sstart Normalmode: :Locked
twap Normalmode
 Outline 5 » ¥~ 0 o
autline is not availatle. ’(‘Wk‘“‘
coin
Unlocked
1
Unlock() :
3
Diagnosticistate: String, fix: Boolean) push(Diagnosticmode::Check)
1
SetLockedStatus (state, fix):
3
¥
Unlocked
<
Pass &

Figure8-7: partoneof SMC generated source code for subway turnstilee machinexample

90



i PackageEx 52 - % plugdns| T O || B Turnstile.sm 52
B & = Unlocked
&1 Example ¢ .
ass
T Grid P otkeq
11 SMCDiagramExample {Dc =
242 Turnstile
Lock():
=E sme ,
[3) Turnstile.java

Diagnostic(state:
[

String, fix:
Turn: 9,
& Turstie sme

i) Turnstile.sme_diagram

Boolean) push(Diagnosticmode
SetUnlockedStatus (state, fix):
)
)
%% // end of main map: Normalmode
4map Diagnosticmode
5%
Check
¢
Coin
& outine 53 ]
outine s nct avalable. :
Fix[fix=true]
Fixed
¢
)
Fix[fix=false]
nil
¢

nil

CheckStatus (state, £ix):
i
Pass
nil
{
}

::Check)

Figure8-8: part two of SMC generated source code for subway turssdite machinexample

| PackageEx 23 . & Plugdns| — O || 5] Turnstils.sm £2
I R
1 Example }
& Grid Fix[fix=truel
1 SMCDisgramExample Fixed
152 Turnstile {
=& sme i
[ Turnstile. java Fix[fix=falze]
| Turnstile.sm nil
@ Turmstile,sme ¢
Al Turnstile sme_diagram CheckStatus [state, fix);:
1
Pass
nil
{
)
+
Fixed
{
= outine 52 =0 Return[state=Locked] pop{Coin}
outline is nat available. {
i
Return[state=Unlocked] popiPass)
{
+
il
Default
{
Defanlt

Check
{
H

i

%% // end of Map: Diagnosticmode

Figure8-9: part three of SM@enerated source code for subway turnstdgée machinexample

Moreover, the generatetiurnstile.javafile contains aJava skeleton class defining method

signatures of the transition actions, as shown in Figur@
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Turnstile.java 52 = [m!

i Package Explor £2 T Herarchy| = O || [5) Turnstile.sm

(B
BS|e° @+ This generated java class is a skeleton of transition action methods.[]
17 Example
LT Grid public class Turnstile {
1] SMCDiagramExample
952 Turnstile //Declaring the SMC generated TurnstileContext class instance.

|

private TurnstileContext _fsm;

e public Turnstile() {
_fsm = new TurnstileContext (this):
// For debugging, uncomment the following statement.
//_fsm.setDebugFlag (true) ;

M) Turnstile.smc_diagram

£ Outline 82 =8
LS

2 O Tunstie

o _fsm: TurnstileContext

© ° Turnstile()

o Lock))
SetUnlockedStatus()
Unlock()
SetLockedstatus()
CheckStatus()

}
@ * implementation of the transtion action 'Lock',[]
& public void Lock(){
// TO DO: implement this method as needed.
b
* implementation of the transtion action 'SetUnlockedStatus',[]
= public void SetUnlockedStatus(state, £ix)({
// TO DO: implement this method as needed. .
¥
@® + implementation of the transtion action 'Unlock',[]
& public void Unlock(){
/¢{ TO DO: implement this method as needed.
}
@ * implementation of the transtion action 'SetLockedStatus',[]
S public void SetLockedStatus(state, f£ix)({
/# TO DO: implement this method as needed.
¥
@® * implementation of the transtion action 'CheckStatus',[]
< public void CheckStatus(state, £ix){
// TO DO: implement this method as needed.
¥
}//end of Turnstile class.

CRORCR

Figure8-10: Java skeleton class for transitions adiohsubway turnstile state machine example
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Chapter 9
Discussion

The main objective of this work is to highlight some weaknesses and strengths of GMF based on
the use and experience obtainduilevdeveloping a domain specific modeling language in a form

of a diagram editor for SMQAs stated in the motivation and contribution of the thesis in Chapter

1, the GMF evaluation is based on certain criteria. These criteria are discussed in thisichapte
details. It is important to note that our discussion of the strengths and weaknesses is rather
informal and based solely on the observations of the author during the described case study. The
significance and general validity of the evaluationtherefore limited. A more thorough

evaluation of GMF is left for future work.

This chapter discusses the finding®ldscosseshe cor
the SMC modeling and transformation tool. Secad presents the weaknessdsGMF while
Section9.3 gives the strengths of GMISection 9.4 summarizes the evaluation of GMF and

Section9.5 criticizes the problem domain (SMinally, Section9.6 states the future work.

9.1 SMC modeling and transformation tool

Using GMF, a rich andully functional SMC diagram editor was created and using JET, SMC

source code and a Java skeleton class was generated based on the SMC modelTihstance.
combination of GMF and JET has led to the SMC modeling and transformation tool that is
practicallyvaluable.Figure9-1 abstracts the process of developing and using the SMC modeling

and transformation tool.

Develop SMC
—# GMF diagram

editor plug-ins
Deploy SMC Q
: 1 Use SMC
@—— set > diagram toolkit *P diagram editor
plug-ins
SMC source

Develop SMC JET User |
code

—» transformation A ~
plug-in SMC
SMC |9 instance Use SMC JET
diagram | transformation
model |
Java

P application
class

Developer

A 4

Eclipse Eclipse

Figure9-1: SMC modeling and transforming tool developing and using process
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Although the SMC modeling and transformation tatlbws the input of SMC state machines
graphically some improvements are needed as it will be discussed in the Future Work, Section
9.6. Moreover, some aspects of SMC are found hard to represent graphically. These aspects and

other SMClimitationsare presented in Sectiérb.

9.2 GMF Weaknesses

The following subsections address GMF weaknesses based on the research experience with

respect to the GMF 2.1.0 release.

9.2.1 Documentation

While theA Ecl i pse Model i ngSpRrcdjfdcat :L ak gBrangee[B]nT o ol ki
provides valuable and detailed information @MF development, at the beginning of this

research, GMF documentations provided limited help specifically on details and meaning of
several properties and features associated with GMF models, as well as, meaning of error
messages produced by GMF which omps time consuming and continuous generate and test
cycles. The lack of GMF documentations was pointed out by resesrate presented in the

Related Work in Chapter 2.

9.2.2 Usability

Using GMF means developing, generating, updating and maintaining sevetdalsnhis

process results in poor usability and large amounts of low level work. In particular, it involves
using several long model creation wizards that require significant time to complete initial
definitions, and then manually fixing, adding elementd features to obtain the final definitions.
Updating models is also done via these wizards. Alwbfch results in a painful usability
experience. For instance, when major changes are made on the domain model, all other models
need to be updated repeadlte Figure9-2 shows the typical cycle of required for model creation

and update activities.
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i Wizards

Settings

Load other
del

in some cases

Settings

Initial model
definition

Set, Fix, Add
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properties

l

Modifications

Updat
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definition

Figure9-2: Typical GMF model creation and updating process
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restoring the default values after a customization needs to be done individually.

Furthermore, the EMF gerator model provides good support to its elements properties via the
properties. For instance, properties can be set as editable, read only or not displayed. However,
the GMF generator model does not provide such support for element properties from the
properties view. This requires, for instance, the addition of some OCL constraints in the SMC

mapping model to prevent modifying transition types, action typesaStdteproperty from the

properties view.

Moreover, the GMF runtime appears to havedddiciency in handling layouts. For instance,
figures drawn on the diagram surface appear to respond inappropriately to the user input;

especially, to figures that are contained in compartments. In our case study, we experimented

with different layout typs, but the layout always seemed to be imperfect.

Although elements such as menus and toolbar, as showigime 9-3, are included among

available cHdren in the tooling editor model, they have not been implemented which is

confusing especially given the lack of documentation.
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22 smc.gmftool 22
L Resource Set

= ﬁ platform: fresourcefca.queensu.cs.afma.smec/modelfsme. gmftool

5D Paktte 5\ IS ] 7 Vieru Acton
#- 4 Tool G & Predefined Menu
& Palett 4 Context Menu
#- 4 Tool 4 Popup Menu
Fibdct & Main Menu
4 Tolq g Copy. § Toolbar
4 Palett +
#- 4 Tool G
Validate
Run As 4
Debug As »
Profile as 4
Validate
Team 4
Compare With 4
Replace With >

Selection | Parent | List | Tr
Load Resource...
] properties | @ GMF D

Refresh
org.eclipse.m2m.atl.adt.ec e

Show Properties View

Figure9-3: Tooling definition model editor

Additionally, the GMF graphicadefinition model provides ready to use common shapes such as
rectangles and lines. Yet, specific, complicated and decorated shapes need to be manually created
either by adding template points which is not very practical or by manually writing classes to
implement the shapes, and then reference them in the graphical definition. The graphical
definition model should be more extensible to allow adding complex figures. Moreover, three

dimensional figures are not supported.

Considering the mapping model, firgts creation wizard does not map all domain model
elements correctly as nodes or links, therefore, the basic mapping model definition dialog on the
wizard needs to be corrected and set manually. Moreover, the generated basic mapping model
definition requres major settings and modifications since the wizard does not map some features
such ad-eature Label Mappingwhich is the feature most likely to be used, for node mappings

and link mappings.

Second, link mappings in the mapping model are not as weflosted as the node mappings.
More precisely, while node mappings can h@hild Referencehildren, link mappings cannot.

Therefore, mappings are limited and restricted because nodes can be mapped only to classes and
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links to associations. As a result,linBk mapping cannot directly have other elements as its
children which imposes a significant limitation. For example, in the SMC model instance, it
would have been helpful to be able to have transition actions persisted as elements with attributes
under he outgoing element in the XMI serialization. However, since this was not possible,
transition actions were defined as multipkdued attributes in th&€ransitionclass and persisted

as text elements which complicated the SMC JET transformation taslsolteads to poor
usability of the SMC diagram editor because transition names and arguments are edited in
separate dialogs and have no relationship except that they are listed as text elements inside an
outgoingelement.Figure 9-4 shows an example of transition actions representation in an SMC

XMI model instance.

<gtate name="Done" incoming="//0map.0/Estate.l/foutgoing.0 //Bwap,0/fdefaultScate/foutgoing. 0"

<outgoing nawe="poped" transitiondrg="id" guard="true" popirg="restart" transitionType="pop" toState="Run" id="3":
<actionNamercloge</ act ioniame:
<actionNawesends/ act iontames
<actionkrorid, name</actionkrgs

<actiondrogrreset</act iondrgy
<Joutgoineg:-

<entryr

<action actionirg="id" name="send"/:>

</entryr
<exit actionType="Exit” id="1"»>
<action actionirg="end" name="done"/:
<fenicy
<fstate>

Figure9-4: Persisting transitionaction name and argument in XMl file

From Figure 9-4, it can be seen that there are two text elemamtiofiNamé representing
actions and two text elementactionAqg), which has some attributesd,( name, resét
representing action arguments. For instance, removing the first action Ghrse ill cause the
second action namerfd)to take the first action argumernd,(namé in the JET transformation.
Therefore,since actions and their arguments are not explicitly linked, deleting a transition action
also requires removing its arguments. Otherwise, the SMC JET transformation will assign

arguments to transition actions by order and produce the wrong result.
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9.2.3 Updating

First of all, the Ecore class diagram editor provided with GMF does not synchronize as expected
with the Ecore model editor; especially, when changes are first made in the Ecore model editor,
the Ecore class diagram editor appears to crash. This hagxmearienced during developing and

updating the SMC domain model which requires regenerating the Ecore class diagram from the

Ecore model instance and redo all elements arrangement manually and recover lost data.

Furthermore, for some changes, the mapping model does not update automatically when opening
and changing other models elements and properties within its editor, as it is stated and
recommended in the GMF documentations. For example, renaming attribute inathreedomain

model classes and then updating the mapping model, requires manually setfiegttiie Label

Mappingelements for each node or link mapping.

Moreover, some changes to the properties of the elements of the GMF generator model are not

preserved when regenerating the model.

For instance, th¥alidation Provider Priorityproperty always defaults to its default vafu¢ o w0
when regenerating and needs to be reset. Additionally, validation properties in the GMF generator
model are set tfalse by default, whereas they should be automatically sétuswhenever a

mapping model includes audit rules.

9.2.4 Validation

The mapping model allows restricting and initializing values of features of the domain model
elements in the form of constraints andupports validating domain model elements and features

in the form ofAudit Rulesexpressed as constraints. However, checking and debugging the OCL
constraints lacks good support and developers have to use external tools or run the diagram editor
to detectfaulty OCL constraints. For instance, if the developer inputs accidentally a not well
formed OCL constraint, it may be very difficult to determine the source of the problem,

especially; if the model contains many OCL constraints.
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9.2.5 Automation and Generation

The update of models and regeneration of code typically requires use of several GMF wizards to
load models and reflect changes. Java projects in Eclipse, for instance, su@portt o mat i ¢

b ui lamd & would be a very useful feature for GMF models toenelrer it is possible.

9.2.6 Abstraction and Separation

Abstraction is a well known practice used to ease and mange the complexity of any system. With
the MDA methodology of separating system specifications from its implementations, the GMF

separation of conces has led to several weaknesses in its usability as discussed in the previous
sections. Therefore, GMF should adapt and find the right balance level between abstraction and

separation.

9.2.7 Integration

Based on the previous GMF weaknesses, integration of @Glddels is, thereby, affected. For
instance, updating models is not well integrated and a large amount of manual work needs to be
performed. Moreover, improved integration is needed in the upper level that is between GMF and
other Eclipse modeling framewaland tools that GMF uses. Eclipse modeling unification and
integration was addressed widely by Eclipse community and researches, as it was discussed in the

Related Work, Section 2.6.

9.2.8 Maintainability

Having several modelm the GMF development proceksds to information to be spread out

and duplicate which requires more effort when adding and maintaining elements across these
models.Thereforethe likelihood of having errors and bugs in the development is Rilgis, it

appears that GMWFiolates the satf war e devel opment principle of

DRY programming48§].
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Moreover, the Ecore class diagram editor lacks the functionality of reordering attributes. Besides,
default names in all models such as names of, nodes, links, figures alathelgagram labels are
alike and need to be changed to be recognized clearly. The naming aspect is important to prevent

errors especially when updating and maintaining.

Last but not least, when developing complicated GMF diagram editors, it is likelyn#dratal
customization of generated code is necessary. However, this complicated maintenance because
understanding of generated code is required. In fact, customizing generated code is the main

obstacle facing the success of software modeling paradignmanaje

9.2.9 Productivity

Based on all previous weaknesses, GMF has reasonably good productivity only when the user has
extensive experience and familiarization with the development process, as well as, some technical
details. Even though, large amounts of lewdl and repetitive work are still necessary and cast

doubt over the GMF development process.

9.3 GMF Strengths

The goal of GMF is to simplify the creation of GEF editors. Despite the discussed GMF
weaknesses, GMF succeeds in hiding the complexity of GHretextent that developers need

not to know any GEF implementation details. Moreover, GMF generates readable, well
structured, customizable, and edeytrace code. Additionally, the GMF runtime provides good
support for common operations and serviceéaithermore, the mapping model provides a
convenient structure for adding and defining OCL constraints. Several Eclipse projects and tools,
as some discussed in the Related Work section 2.6, Chapter 2, have been built on top of GMF

indicating that GMF provids essential infrastructures to Eclipse graphical modeling.
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9.4 Summary of Strengths and Weaknesses

As presented previously in this chapter, several factors teden as evaluations criterian
GMF. The evaluation is based on the observation and expegeaineg while using GMF. Table

9.1summarizes the evaluatidindings

Very good Good Poor

Documentation X
Usability X
Model Updating X
Validation X

Model Automation X

Abstraction vs. Separation X

Integration X

Maintainability X

Productivity X

Code generation X

Generated code quality in terms of:

readability, traeability and customization

Runtime support in terms of:

providing common operations and servid

Table 9-1: Summary of Strengths and Weaknesses
As show in Table 9.1, most of the poor attributeh the area of the overall GMF design which

mainly results in a painfulsabilityuser experience.

9.5 The Case Study (SMC) Limitations

On the one hand, the $aMachine Compiler (SMC) provides automatic code generation in
several programming languages for implementing state machines described in a simple textual
file. On the other hand, SMC requires interaction with the generated code by implementing

transitiors actions in an application class for a specific programming language. As a result, the
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application class needs to be completely replaced when targeting a different programming

language in addition to some changes in the SMC source code.

Moreover, SMC allavs usingpushtransitions angbop transitions to transition between states in
the same map, and in turn, it allossnpletransitions to transition between states in different

maps. Therefore, these transition types do not really seem to be fundantbfficait.

Furthermore, th@optransition does not specify a next state, but it assumes returning to the state
that issued the push transition by accepting an argument representing a transition name which
thereby is transitioned to and processed. Allowiransitions to issue other transitions cause
errors to occur. Instead of allowinmpp transitions to issue other transition, and if there is any
actions that need to be checked and performed after executiqgpptteansition, it would be

better to explitly specify the next state and include these actions Hritsy actions.

Because the SM@op transition definition does not include a next state, it is hard and not
appropriate to express it graphically. That is, in this case, the pop transition the diagram

editor will have no target figure (next state). Thus, fibp transition graphically is modeled to

have a target state according to the transition name that it includes in its argument, but when
generating SMC source code, haptransitiontransformed without a target state as required by

SMC.

Even though the SMC documentation does not state that transitioninBeataalt state is not
allowed, the SMC compiler issues an error reporfing r ansi ti on to the Def
al | o.vCerdayuently, constraints in OCL were added to the SMC mapping model to prevent

issuing transitions to tHeefault state.

Furthermore, having one keyword used for different elements is considered to be a bad design
choice; however, SMC us&efaultas akeyword for theDefaultstate andefaulttransition. As

a result, readability of the SMC source code decreases. Moreover, SMC relies afahk
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transition andDefault state to provide a mechanism of handling faults in state machines.
Nevertheless, diming Default state andefaulttransition are optional, and therefore, SMC may

i ssue Atransition undefined exceptionso which

Last but not |l east , SMC cdotnp f | & peugkdth geheraet gen
Graphvizdiagramg49]. For instance, when attempting to generadetdile for the SMC subway
turnstile state machine example provided in Chapter 3, Section 3.5, F2hisilg the following
SMC ¢ o mma nldvailai sme.jarigfaph iglevel 2 CiTurnstile.smd and feeding the

generated urnstile.doftfile to theGraphviz the following diagram was obtained.

NormalMode DiagnosticMode

NomalMode:Locked DiagnosticMode: Default

Diagnostic(state: Stringfix: Boolean)/ > = JeDefaultS
Entry: push(DiagnostichMode:Check)/ DiagnosticMode:Defaultstate Entry:

SetLockedstatus(state, fix);

Exit:

Exit:
Q’.‘om }aw Default

NomalMode TTnlocked DiagnosticMode: Check Fix
@ﬂx = falze)/ ass
CheckStatus(state, fixy

Diagnostic(state: Strmgfix: Boolean)/
Entry: push(DiagnosticMode: Check)/ Entry:
SetUnlockedstatus(state, fix): Pt

Fix
[fix = tive]

DiagnosticMode: Fixed
Entry:
Exit:

eturn Retun
[state = Locked] state = Unlocked]

DiagnosticMode:pop(Coin) DiagnosticMode:pop(pags)

Fxit:

Figure9-5: Graphviz diagram produced from SMC generated Turnstile.dot file

It can be seen thaushtransitions are not handled correctly.

9.6 Future Work

As with any research projectfiurther improvementsand researcheare possible For instance,
several other evaluation criteria, such as performance, reliability, scalability and testability can be

investigated on GMF.
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Although several constraints in OCL were added, improvements are needed to improve the
integrity of the SMC diagraraditor. Moreoverthe appearance tie SMC diagram editor would

be moreprofessionalf the default icons othe SMC diagram editor, the SMC creation wizard,

and thepalette creationtools were replaced by othemore expressive icons. Likewisdines
representingtransition types could be improved by igig each type a different target or source

Polyline Decoration

Another possible improvement is that the SMC diagram editoriplpgojects can be migrated to
the Eclipse Modeling Amalgamation Project atniprovides better packaging and integration, as

well as, easing future updates and maintenance.

Moreover, as discussed in the Related W@hkapter 2Section 2.6, the GEMS project provides
superior enhancement to the development of graphical modeloig; tiherefore, the entire

development of SMC diagram editor could be shifted to the GEMS project.

Finally, building an Eclipse plutn for the SMC compiler and developing a textual editor for
SMC using Eclipse Textual Modeling Framework (TMF) projesf] [will provide alignment
with the SMC diagram editor and enable SMC users to compile the generated SMC source code

inside Eclipse which facilitates the use of SMC itself.
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Chapter 10
Conclusion

An SMC Eclipse modeling and transformation tool has been develogéch allows graphical

input of SMC state machines and automatic generation of SMC source code. The graphical
representation of SMC is based on GMF and the SMC source code generation is based on a JET
transformation. Although the tool still needs some enbament, as stated in the Future Work
Section9.5 in the previous chapter, it satisfies the SMC requirements well. On the other hand, it
allows us to explore the GMF development and identify some of its weaknesses and strengths,

which is the main objectivef this research.

10.1 Summary

In addition to demonstrating the creation of the SMC modeling and transformation Eclipse plug
in tool using GMF and JET, several technologies and topics have been covered, particularly, the
Eclipse Modeling Framework (EMF), th@&raphical Modeling Framework (GMF), the Java
Emitter Templates (JET) transformation and the State Machine Compiler (SMC) with all related

tools and languages such as OCL and XPath.

The results of the research were discussed in the previous chaptervéiptiee technical use of

the SMC modeling and transformation tool is given in the AppeDdix

Whereas the requirements of SMC were graphically met quite well, experience show that not all
aspects of a domain are appropriate to be represented graphitsthgd, a combination of
textual and graphical editors with further M2T or M2M transformations will enhance the use of
domain specific modeling tools. Moreover, The JET was found to be easy to learn and integrate

with GMF models.

While specificity of deelopment is an important DSM development principle, the main issue
with current Eclipse modeling practice is that it involves using several frameworks and tools with

little wunification and integration. deingparti c
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technologies that it relies on is insufficient. Recent added Eclipse modeling projects, such as the

Amalgamation project and the GEMS project are addressing these issues.

10.2 Thesis Conclusion

In conclusion, GMF is a powerful and intensive graphicaldeling framework. One of the
advantages of GMF is that it hides the complexity of the implementation of theb&deld
graphical editors which is the motivation behind the GMF project. Moreover, GMF generates

high quality code and provides good runtimepsupand services.

However, GMF development process is complex especially for new developers and has major
weaknesses mainly in the areas of usability, updating and maintainability which results in large

amounts of low level and repetitive work.

Some ofthese weaknesses have been addressed by researchers and approaches have been
introduced to improve GMF development process. Nevertheless, most of the proposed

approaches attempt to add more layers and models atop of GMF itself.

Therefore, the GMF developmieprocess and models structure should be reengineered given that
the development of all models should be centered and integrated in one editor that could be a
generic wrapper and mapping model from which the development is started, edited and updated

andat the same time preserving the separation of abstract and concrete syntax to the most extent.

10.3 Outlook

The MDA principle of developing PIMs, and then transforming to PSMs appears to be less
feasible especially when having several models as with GMF. Therefore, the separation of
concerns should have the right balance. In this context, several approachbsdraigroduced

to overcome this issue by adding concrete annotations into the domain model structure or adding

graph transformation models to the GMF development process, as well as, building other
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frameworks and tools on top of GMF which makes the eftamework more complex in many

respects.

To i mprove the GMF devel opment process, t he a
models by providing a generrapper and mapping model in which the development should be
started, edited, updated, syinonized and maintained, yet at the same time the separation of

abstract and concrete syntax should be kept to the most extent.

To explain, to hide some of its usability and low level work weaknesses, GMF provides a
dashboard from which all model creatiovizards can be only invoked, and then proceed
normally as they were invoked from thée >> New menu. Thus, this is an asgattern method

and it does not provide a proper solution.

Moreover, as mentioned in the Related Work Section 2.6, some apprdanresuggested
adding concrete annotations and properties to the domain model; yet, this pollutes the domain
model and breaks the entire chain of models and separation. Likewise, having another graph
transformation model added to the GMF models incredsesamplexity and may impact of

usability, low level and maintainability work negatively.

Therefore, the suggested generic mapping model should allow developing all models in one place

and keep map keys or entries for each model, and then automaticaiptseihe information

according to each model key, and also synchronizes and updates whenever changes made in any
model that affect any other model. This approach can be viewed as a reverse engineering of the
current GMF development process such that nmagspvia the suggested generic mapping model

are made simultaneously as the development of all models advances. Then, instead of having an
EMF generator model and a GMF generator model, only one generator model is produced to
generate both EMF and GMF coder om a devel operods vVview, al | m
main elements of this generic mapping model in one tree editor including the generator model

after generating it.
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While developing the SMC diagram editor using GMF, | was faced with the queStvat |

can do with the SMC di agr am \sdalizatiorrin generdl canh 'y |
be easily achieved using several available Ub#ised modeling tools. However, by acquiring
experience with GMF, | realized the importance of specificityciigally in the DSM
development. Yet, the questioi:wh a t I can do and what are the
di agr amstikat a tedain@egree same as before. Especially, considering that GMF is a
powerful, yet complex graphical modeling framewo@n the other hand, JET transformation

found to be flexible and easy to learn and integrate with GMF diagram editors to generate SMC

source code.

Model transformations specifically M2T is a valuable and practical direction on DSM
development. For instancdéiaving a model of a certain domain, modeling transformation
languages allow to generate code or any preferred text format, which is the center of the new
software development generation considering modeling versus programming orceitdiel

than codecentric. Moreover, correctness and validity of models can be ensured and specified
using modeling transformation languages before generating the final transformation, as the SMC

JET transformation does.
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IDE
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MDT

Appendix A
List Of Acronyms

Application Programming Interface
Common Warehouse Metaodel
Domain Specific Language

Domain Specific Modeling

Eclipse Modeling Framework

Eclipse Modeling Project

Epsilon Wizard Language

Graphical Editing Framework

Generic Eclipse Modeling System
Graphical Modeling Framework
Generative Modeling echnologies Project
Integrated Development Environment
Java Emitter Templates
Modektto-Model Transformation Project
Modekto-Text Transformation Project
ModelDriven Architectural
ModetDriven Software Development

Model Development Tools Project

114



MIGs

MOF

MS DSL

MVC

OCL

OMG

PIM

PSM

SMC

SPR

TMF

UML

W3C

XMI

XPath

XSD

Model Intelligence Guides
Meta Object Facility

Microsoft DSL Tools
ModelView-Controller

Object Constraint Language
Object Management Group
Platform Independent Model
Platform Specific Model

State Machine Compiler
Software Productivity Research
Textual Modeling Framework Project
Unified Modeling Language
World Wide Web Consortium
XML Meta-data Interchange
XML Path Language

XML Schema Definition
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Appendix B

Project Prerequisites

The thesis work is based on the Ganymede release of Eclipse which contains Eclipse Modeling
Tools Package. The Eclipse Modeling Tools Package is also available at
http://www.eclipse.org/downloads. This modeling package contains Eclipse Modeling Project
components, including EMF, GMF, MDT, XSD, OCL, UML, M2M, M2T, and EMFT. It also
includes a complete Eclipse SDK, developer tools and source code. In particulaflothimg

table shows the main project names and versions that SMC diagrarmlpgjects are built

with:
Project Name Version
Eclipse Platform 3.4.1
Eclipse Modeling Framework (EMF) 24.1
EMF Validation Framework 1.2.0
Graphical Editing FrameworkGEF) 34.1
Graphical Modeling Framework (GMF 2.1.0
Java Emitter Templates (JET?2) M2T JET 0.9.0

Downloading the Eclipse Modeling Tools Package stated above should include these main

projects and their integrated subprojects and tools.
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Appendix C
Running and creating SMC EMF Editor

If the EMF Ecore model is modified, tHeMF generator model needs to be updated to reflect the
changes. The generator model is updated by-dligking on it in the Package Explorer view and
selectingReload Generating or regenerating EMF code can be done for the entire model or a
subset of the model by riglticking on the intended element and selecting from the generation
options. Moreover, the generated Java code is annotate@githeratedags. Removig this

tag for a specific class or method, or addW@T after it prevents EMF from overwriting it;

therefore, preserving user maodification.

This appendix shows how to run and create an SMC EMF model and use it in the EMF tree based
editor. The appendixiso describes how to create SMC model instance dynamically and use it in

the EMF tree editor without running the SMC EMF code.

C.1 Creating SMC Instance Model
The SMC EMFplug-ins projectswere generated and updated in Chapter 5, Section 5.3. These

projectsare run as Eclipse applications by rigfitking on one of the and selectindgRun As >
Eclipse Application To create an SMC model instance, it is necessary, first, to create a new
geneal project. Then, an SMC instance model is created by-cigtting on the newly created
project and selectingNew > Other then, selecting SMC Model wizard found under SMC
Creation Wizards folder. Proceeding with the wizard, the SMC model file namémpsbvided

with .smcextension. By finishing the wizard, the SMC model instance is created and opened in a
treebased editor where elements are added and edited. Figlsh®@vs an example of an SMC

model instance in a trdmsed editor.
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[# pac 2 Zppw | T O| & My.sme 83 =08

=

B S8 2 ‘E;‘ Resource Set
=l =% SMC instance model = & platform: fresourcefSMC%20instance%20model/My.smc
& My.smc (=l <> Model Example
SRR [1ain Map test

< Default State Default
4 State First
(= 4 Start State Do
< Transition Begin
(=) 4 State Action Entry
<4 Action isvalid
=l <+ State Action Exit
< Action logout
=4 Map foo
<> Default State Default
=4 State Second
< Transition Stop

Selection | Parent | List | Tree | Table | Tree with Columns

] Properties 2 | |3 (|
Property Value

Comment =

MName

'=test

FigureC-1: SMC model instance example

Because theMulti-line property of copyright and commentattributes is set tdrue when
developingsmc.genmodemodel, editing these attributes from the properties view brings up a

multi-line box for entering text, as shown irgeie G2.

[% Packa 22 Fpwgi | T O @ My.sme 22

Fimi
=i | [ Resource Set.
= 2 SMC instance model =N m A
& My.smc =4 Model Example
= < Main Map test
4 Default State Default
4 state -]
Selection | Parent  List | Tree Table Tree with Columns
- x B RE~0
Property Value
Comment =

Name Etest

& Comment -- Main Map test

Enter a value:

This comment text for Mainmap.

FigureC-2 Editing comment attribute

Moreover, the attributes of thEansitionclass were grouped in categories when developing the

smc.genmodehodel; thus, the properties view of transitions is displayed as shown in Figlire C
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= Properties 52

4 Transition start

=
N
=
b

Property

-l Basic
Guard
Mame t
Transikion Arg

= infa
To State % State statel
Transition Type 1= simple

= Misc
Camment

= pop argument
Pop Arg

= push pre-pushed state
Pre Pushed State

= Transition Actions
Action Arg
Action MName

Core

Appearance

skark

FigureC-3: A transition properties view

Furthermore, theActionNameand ActionArg attributes of theTransition class are defined as
multiple value attributes; thus, when edited, a dialog for providing action names and a dialog for

providing action arguments. Figure4cshows a dialog for adding and editing action names.

B Action Name -- Transition Stop [;‘@@

Value Feature
| 1= Wait
'%Fir:lsh
Down

FigureC-4: A transition action names dimy

C.2 Creating Dynamic Instances of the SMC Model

Sincethe SMC diagram editor that is developed using GMF provides means for creating SMC
model instances, generating EMEditor Codeis not required.Because creating EMF SMC
model instances and testitigeir functionality in a basic trdgased editor, as presented in the
previous section, can be achieved dynamically without running the SMC EMF editor. This is

done by opening themc.ecoranodel and rightlicking on the root elemenEmcModeklass,
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then selectingCreate Dynamic Instancd he dynamically created SMC model instance is saved

as an XMl file in the existing GMF project, as shown Figusg.C

[% Packag 82 Fplugin | T O || & SmeModel.xmi £3

=] 3_37/ o ¥ | 2~ X platform:jresource/ca.queensu.cs,afmg.smc/modelfSmcModel . xmi
= =~ 4> Smc Model
=%z ca.queensu.cs.afmg.smc R 3
(= <4 Main Map

(B sre
G2\, JRE System Library [J25E-1
(-2 Plug-in Dependencies

< Default State
4 Start State

= (= METAINE a7 ':':D
1 MANIFEST.MF oiee
-G model =4 State

&) sme.ecore ‘}W o Sibli N z
-3 _ 4 State A New Sibling s Outgoing Transition
E, sme.ecorediag

= @ latform:, 4y )
] smc.qenmodel = platform:fresource/ca.q <7 Undo New Entry State Action  CtrH+Z v
i & smcMadel. xmi ¥ Exit State Action

lovs build.properties
Ei plugin.properties c»é’ Cut
hé plugin.xml = Copy
£ ';:J ca.queensu.cs.afmag.sme.edit o
e} ';7J ca.queensu.cs.afmag.smc.editor

* ‘,;% ca.queensu,cs.afmag.smc.tests 3¢ Delete
e = Validate
= Properties 52 . @ GMF e
Propert:
z b z A Run As »
ction Arg
»
Action Name Debug As
Comment Profile As »
From State Validate
Guard Team »
MName Compare With »

FigureC-5: SMC dynamic model instance example

It can be seen that an SMC EMF model editor is erk@tt the workspace without running the

SMC EMF code.
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Appendix D

Running and Using the SMC Modeling and Transformation tool

The SMC GMF diagram editor consists of five Eclipse plugrojects including four EMF plug
in projects and one GMF pltig project. The generation of SMC EMF plug projects was
discussed in Chapter 5, Section 5.3 #r@generation of SMC GMF diagrartug-in project was
described in Chapter 6, Secti@6. All five projects are run together as Eclipse ping

applications to allow creating SMC diagram editors.

However, SMCtoolkit includesa JET transformation plut project. Thecreationof the SMC

JET transformation plugn project was introduced in Chapter 8

Therefore, there are six SMC Eclipse piagorojects that make the SMC graphical modeling and

transformation tool.

This appendix demonstrates the execution asihg of the SMC graphical andmodeling

transformation toolFor simplicity seek the appendix is divided into two sections as follows.

The first section(SectionD.1) shows how to rumnd use th&MC diagram editowithout JET

transformation project.

The secondsection (®ction D.2) demonstrateshe entire run and use of all six SMC plung
projects that make the SMC graphical modeling and transformatidna®a final deployable

Eclipse plugins.

D.1 Running SMC Diagram Editor Projects

The SMC diagram editor pluig projects are run by righlicking on one of them and selecting
Run As > Eclipse Applicatiofrom the popup menu to launch tRein Configurationgdialog.
Then, the second instance of Eclipse opens. To create a new SMC diagramgeneral project

is created to hold the SMC diagram files. By riglitking on the created project and selecting
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New > Othera new SMC Diagram wizard is found und&C Creation Wizardsas shown in

Figure D1.

Select a wizard

Creates SMC diagram.

Wizards:

type filter text

(= JET Transformations ~l
[ (= Model ko Model Transformation

#-E2 Octopus

#-(= Plug-n Development

(= SoUAM
(= Tasks
# [ UML 2.1 Diagrams

Figure D1: SMC Creation Wizards
The SMC Creation Wizardincludes two optionsSMC Diagramand SMC Model The SMC
Diagramwizard creates the SMC diagram editor generated using GMFSMI& Modelwizard
creates the SMC model instanneEMF treebasededitor, as discussed in the previogppendix.
Proceeding with th&MC Diagramwizard, the first page is for entering a diagram file name
which must be terminated with themc_diagramextension. Then, the second page is for
providing the model with a nhame which must haracextension. By eding the wizard, the new

SMC diagram is created in the specified project.

It should be noted that by default the diagram file and model file are persisted in two separate
files such that the diagram file stores the graphical information of the diagratheantbdel file

stores non graphical information representing the domain model elements. The default persistence
behavior can be changed to store all information in one file by settirathe File For Diagram

And Modelproperty totrue. TheSame File FoDiagram And Modeproperty is found under the

Gen Editorelement of the GMF generator model. Moreover, the diagram file extension and the

model file extension can be changed using Ehagram File Extension and Domain File
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Extensionproperties found undehe Gen Editorelement, too. Figure 2 shows an example of

an SMC diagram.

& Resource - SMCDiagramExample/test.smc_diagram - Eclipse Platform g@|
Fie Edt Diagram MNavigate Search Project Octopus Run Window Help
ig-Eaigiew =R (el 7| {5 Resource
| Tahoma vls vB I A- Fr = Bi- 0B~ B o N - B 00% v <= Plug-in Devel...
[T Project Explorer 22 = O [d) test.smc_diagram &3 =0
=% - o Paletts b
= 1= SMCDiagramExample % mainmap 4+ map % ® e[~
) testsme
e W] test,sme_d < star (= Maps @
est.sme_diagram 4 state ) ) -
smple()[] pushTrans( 3 fpush < Main Map
< Exit + Map
+ stated (&> States @
4 Default laop( (] 4 Start State
trans()[] & Sate
< Entry Defaul: Stat:
" < Default + el
< actionl{arg) — (1= State Actions @
<4 action2(};
4 Entry
4 Exit
E outline 52 =g 4 Ao
E — - (= Transitions £
4 simple
[S] < loopback
< push
= e :
[ Properties &2 | ] ¥ =0

4 Transition pushTrans

=
o
=
-

Property
= Basic
Guard
Name
Transtion Arg
= info
To State 4 State state
Transtion Typs = push
# Misc

Core
Appearance

pushTrans

FigureD-2: SMC diagram editor example
As shown in Figure E2, the Project Explorer view on the left side shows the created model file
and the diagram file. The diagram file has been opened and shows two maps which have been
added using the Palette, shown on the right, which contains creapilsngrouped in groups as
specified in the tooling modésmc.gmftool) Both, the model file and diagram file are saved as
XMl files and can be open using a text editor. As specified in the mapping (sattegmfmap),
the MainMap element andvilap element a& created directly on the diagram surface whereas
states elements are created inside their compartments either athilap or Map element
except for theStartStateelement which can be only created once in ManMap element.
Similarly, Entry and Exit elements are created only inside their compartments in any state
element; in turnAction elements are added only inside their compartment inEatsy or Exit

element. A transition can be created between two states according to its type and link mapping
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specification specified in the mapping model. The properties view is used to provide or modify
text and appearance of the elements. From FiguPe iDcan be seen that the property view is
open displaying some properties of the selected transition graupegpecified in the EMF

generator modésmc.genmodel)

D.1.1 Using SMC Diagram Editor

The SMC diagraniPalettecontains creation tools that can be selected to create elements on the
canvas. Alternatively, placing the mouse over the canvas or a specifier¢lereated on it

allows a popup bar to appear containing available elements to select and create. Textual
information for each created element is entered in place on the canvas or from the properties
view. Likewise, common features such as zooming, gimgnaligning and selecting all elements

on the diagram are all supported by the GMF runtime. These services and others are available

from the main toolbar or from tH@iagrammenu.

Because th@rinting Enabledproperty of theGen Pluginelement in thesmc.gmfgemodel is set

to true, the SMC diagram is printable by rigtlicking on the canvas and selectiRide > Print

from the popup menu, which also includ8ave As Image Fileption. ThePrint and Print
Previewoptions are also available from thRée menu in the Eclipse main menu. Moreover, the
property view also includes options for displaying rulers and grids, as well as, for modifying the
appearance of any element including fonts and colors unless the element has been given a specific
appearanceni the graphical definition model. Additionally, the generated SMC diagram code
includes a package for handling the diagram preferences which provide more options to control
how the diagram is displayed. The SMC DiagrBreferencesare accessible by navigag to

Window > Preferences > SMC Diagram

D.1.2 SMC Validation

Chapter 7 discusses and gives examples on SMC validation. In &healjdate and identify

problems inthe SMC diagram SMC GMF diagram editor definedudit Rulesand, as
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appropriate, some of thudit Rulesare set to operate in the live validation mode and other set to
operate in the batch validation mode. The live audit rules are invoked automatically, whereas the
batch ones are invoked manually by running Wadidate option found on theDiagram menu.

Then, any errors will be shown in the Problems View categorized according to their type.
Elements on the diagram canvas that have these errors will be decorated with icons indicating the
error type. Moreover, live validatiohas other options including showing live errors in a popup
dialog or a Console. These options are accessible by navigatijndow > Preferences >

Model Validationwhere theConstraintscategory is also found listing all SMC diagrafmdit
Rulesand preiding information for each constraint, as well as, allowing disabling and enabling

any constraint.

D.2 Running SMC Diagram Editor projects with SMC JET Transformation
Project as a Graphical Modeling and Transformation Tool

This section shows how to rud 8MC Eclipse plugn projects, and also explains the final
deployment of the SMC modeling and transformation tool. As with SMC diagram editor projects,
JET transformations are also run as Eclipse-gisgAs shown in Figure I3 there are six plug

in projects for the SMC modeling and transformation tool.

[% package Explarer 2 = O3

= =
1

i H
=7 ica,gqueensy, cs, afmg, smc

%== ca.gueensy,cs,afmg,sme, diagram

‘,:‘;I- ca.gueensy,cs, afmg, sme, edit
‘,;—L‘I- ca.gueensy,cs, afmg, sme. editor
Ijj- ca.gueensy,cs. afmg.sme, jek

o
== ca.gueensy.cs,afmg,sme.kesks

R O [ Ry B

FigureD-3: SMC modeling and transformation tool projects
Right-clicking on any plugin project and selectinRun As > Eclipse Applicatiolaunches the
Run Configurationslialog. By default, all openedorkspace projects are included in Plag-ins

of the Run Configurationgdialog. Next, in the Eclipse workbench, an SMC diagram is created
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and used as demonstrated in the previous sections. The SMC JET transformationtplery is
invoked by rightclicking on the SMC model instance in the Project Explorer view and selecting
Run As > Run Configurationtn theRun Configurations dialgglET Transformation is selected

to create a new configuration, as presented in Figede D

& Run Configurations @

Create, manage, and run configurations ;—!
% [T -+,
= M o
SR ANEE Mame: | test.smc
type filker text =
T Main £ Common
ATL Compatibility
f ATL Transformation
4 Eclipse Application

Transformation Input

SMCDiagramExampleftest,sme

E HTTP Preview
G Java Applet
[T 1ava application ‘ )
(== JET Transformation Transfarmation
T kest.smc j(sH ca.gueensu.cs afmg. sme.jet
Ju Junit Name: SMC JET Transformations
j{? Jurnit Plug-in Test
[3 Operational QVT Interprater Transforming SMC model instance ko SMC source code and a skeleton of Java dlass required by SMC
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FigureD-4: Run configuréions of SMC JET transformation phig
As shown, the SMC model instan@test.smc)is automatically selected as thlieansformation
Inputand theTransformationIDi s s efd. faeénsu. ¢ whichistmglDthatwas j et 0
set for the SMC JET trar@fmation plugin project. By clickingRun button, the SMC model
instance will be inspected and transformed to the SMC source code and a Java skeleton class, as

shown in Figure Eb.
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FigureD-5: SMC JET transformation generated files
As presented in Figure-b, the SMC JET transformation phiig creates a folder namégimc)in
the same project containing the SMC model instdiest.smc)Moreover, two filesExample.sm
and Example.java)are generated in the creatsahcfolder. First,the Example.snfile contains

SMC source code and it can be opened in a text editor, as shown in Fi§ure D
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