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Abstract

IDEalize is the result of further development of Gymnast; from an Eclipse-
based framework that provides support for tooling of DSLs, mainly for grammar
specification and parsing, to become a framework for generating text editors with
several utility features. Further components have been implemented, each pro-
viding additional functionalities which together make up the extended framework.
This master thesis presents the framework in detail with main focus on the genera-
tor, a use case of the framework, and a comparison with other existing and under-
development prototypes of IDE generator.
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Chapter 1

Introduction

1.1 Background

Domain-specific languages(DSL), which are specifically designed to be used in their
own domains, are gaining more and more preference in software development pro-
cess. Because of their higher abstraction level, which can be traced back to the fact
that DSLs follow the domain abstractions and semantic[Iol04], a DSL not only gives
the same experience of working directly with the domain concepts to developers,
but it also allows the rules of domain being applied into the language as constraints.
Having these constrains enhances the well-formedness level of the language. Fur-
thermore, the close alignment of language and problem domain, which contributes
to more readable and understable specifications, thus easier to communicate with,
results in better productivity.

The implementation of DSL has been mostly influenced by a kind of approach,
which many developers tend to use in recent days, namely the model-driven ap-
proach. Having models to define concepts of a certain domain, since this is what
model-driven is all about, the implementation will take advantages of the possibility
to have conformation and validation checking on the model-based concepts. Ab-
stract syntax of DSL can be defined in terms of metamodel, while its concrete syn-
tax is represented through the association between the metamodel and its syntactic
elements[JB06]. Both graphical and textual notation can be used in DSL. However
the preference for using the latter may find its own justification[Spi0O3]], on which the
opt for considering the textual-based alternative for this project is based.

Despite the above-mentioned advantages of using DSLs, developers still have to
cope with certain issues that come with the DSL itself, such as defining methodolo-
gies to derive DSL from the domain knowledge[TMC99]. One of the most important
issues, which is the lack of appropriate supporting tools for DSL, has been partly
solved through the existence of Gymnast[Dai05]. This framework provide supports
for the definiton process of custom DSLs and the corresponding parsing infrastruc-
ture which applies to textual DSL. Moreover, Gymnast also provide an extension to
Eclipse JFace Text, a User-Interface(UI) toolkit that comprises helper class to im-
plement Ul features, as part of the framework to help developers having a base for
implementing full-featured text editor for DSLs on top of Gymnast. This extension
is explained in Chapter 1 of [GS07] in detail.

However implementing a language-specific editor by providing specific exten-
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sion to the framework for each DSL is nontrivial task. A solid know-how on the
APIs of the framework and of Eclipse JFace Text is an indispensable requirement
to be able to make progress. Given that some parts of the implementation are basi-
cally the same for every editor (e.g. base classes to be extended, interface methods to
be implemented), repetitive implementation tasks are rather inevitable, if developers
are to create editors for different languages. Still, certain adjustments are sometimes
necessary to those parts, because of specific behaviours that should be implemented
only in the editor for a specific DSL. These problems round up the other half of the
issue which is not completely solved by Gymnast yet.

A common proposal to avoid sophisticated but partly repetitive coding tasks is
to generate the codes automatically. A code generator would need an input (model),
from which it gathers the required information for the code generation. The use of
templates can be seen as an integral part of a generator. A generator should normally
use the information from the input to make up the templates, which are left "incom-
plete" intentionally, so that the generated codes are variably depending on the input,
thus universally applicable in the same context of usage.

Having the model-based specification of DSL as base for the generator, the model
concepts can be mapped to resulting codes[Tol04]. In the simplest case, each mod-
eling symbol produces certain fixed codes. But the generator is not restricted to
producing codes only based on the information from the model. Instead it also has
certain patterns of code generation which are preset in the templates. Combination
of both sources determines how the resulting codes should look like. The imple-
mented code generator for this project makes use of this characteristic exactly to
accomplish the generation of the language-specific text editor. Using the predefined
templates, information is extracted from the input, which is in this case the meta-
model of the language, and embedded into the code generation process to produce
the designated completely working codes.

1.2 Objectives

The project for this thesis is aiming at implementing a generator for Eclipse-based
language-specific text editors with utility features, which users may be acquainted
with from the default editor of Eclipse. Due to the fact that the generator should be
built upon Gymnast with the significance of determining additional required com-
ponents, the implementation steps should comprise configuring how the enhanced
framework should be designed, and eventually implementing those missing com-
ponents before merging them to a reliable framework.

Furthermore, a use case in generating text editor for State Chart Language will be
given to illustrate how to make use of the framework. Besides all the common utility
features, embedding the external OCL Compiler for model validation checking into
the generated text editor will be made part of the use case. This serves the purpose of
abiding the well-formedness of the language, the abstract syntax of which is defined
as a metamodel.

Finally, by making some comparisons with existing prototypes of code genera-
tion framework users get the possibility to have a clear overview on what kind of
tools are and will be on the market and how they differ from IDEalize.
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This project has been carried out as part of Google Summer of Code 200 under
the supervision of Eclipse Foundation.

1.3 Document Structure

Chapter 1 gives introductory explanation on the topic of the project, including back-
ground information and the main objectives.

The IDEalize framework will be explained in detail in Chapter 2, which in-
cludes the design and implementation of the framework, with some references to
other documents that cover certain parts of IDEalize.

Chapter 3 covers the complete use case of defining textual notation for State Chart
and generating its text editor. A step-by-step explanation comprises: defining the
grammar specification of the language, until getting the ready-to-use editor with all
its features.

Some overview comparison with other code generation framework will be given
in Chapter 4 which will be pointing out the main similarity and differences with
IDEalize.

Chapter 5 will round up the discussion with some points of conclusion and pos-
sible future work.

Ihttp://code.google.com/soc/2007/
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Chapter 2

IDEalize: Framework for
Generating Eclipse-based Text
Editors

This chapter describes the IDEalize framework, which is based on further develop-
ment of Gymnast by putting additional components that contribute to the enhanced
functionality, such as generating EMF-based resources and User Interface-related
classes which make up the building blocks for a text editor. Having "implemented"
the editor, the first step for a prospective development of a language-specific In-
tegrated Development Environment(IDE) has been made. In further parts of this
paper, the term "IDE" will be used mostly for referring to "text editor".

2.1 Introduction

IDEalize comprises components which are grouped in 5 different plug-ins. These
are shown in Figure Having a good understanding on how the underlying
framework Gymnast works, which is explained in chapter 1: Frameworks for text
editors: JFace Text and Gymnast Runtime of [GS07], gives a solid base to follow the
discussion on IDEalize. This chapter provides a deeper look into the infrastucture
of the IDE generation framework and how it works.

‘,;—‘ﬂ- org.eclipse.idealize, grammar2ecore
T:;—ﬂ' arg.eclipse idealize.idegenmodel
Tﬁd arg.eclipse, idealize, ui. edit

Tjj- arg.eclipse,idealize Ui, editor

T:;—ﬂ' org.eclipse,idealize. ui.wizard

I O [ o O o Y

Figure 2.1: Components of IDEalize

The plug-in org.eclipse.idealize.grammar2ecore (Figure[2.2), which is
referred beforeas org.eclipse.idealize.generators.ast.ecore,iscovered
in the chapter 2: Generation of Parsing Infrastructure from [GS07]. The following points
are the most important things to understand about the plug-in grammar2ecore, be-
fore further explanation is given in the rest of this chapter.

10
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R e R Yl B e R e Y

Figure 2.2: Plug-in org.eclipse.idealize.grammar2ecore
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There are 2 basic steps which are inevitable for the IDE Generation. Firstly, the
Grammar-to-Ecore transformation of Gymnast which provides base model for fur-
ther customization needed to generate the IDE. And secondly, the generation of a
POJO-based to EMF-based CST converter that will come in handy for the custom
DSL-designers later to be able to specify how the IDE should be generated. Both
steps are covered by the action GenerateAST from the context memﬂ of an .ast
file with the option in the grammar specification set to:

astGenerator="org.eclipse.idealize.grammar2ecore"

The generated .ecore represents the AST of the custom DSL completely. But
for generating a fully-featured IDE that supports the usage of this custom DSL, the
current . ecore does not contain enough information, e.g the information on what
keywords should have which coloring, which area within the editor showing certain
language constructs are foldable, i.e. can be hidden to get a better overview of whole
document, etc. are missing. And this is where the metamodel should be customized
by adding some additional models that represent all the information above, i.e. mod-
els of the IDE features. Having set up the model, the corresponding EMF codes can
now be generated; this comprises not only the codes of the model, but also of the
graphical editor, with which instances of the model can be modified to complete the
generated IDE with the desired features. Those instances are none other than the
EMEF-based CST of the custom DSL with the possibility for adding the features and
they are serialized into a file with an extension .idegenmodel. The modification
involves creating instances of the additional models that represent the IDE features
and combining them with the existing instances of the language metamodel. The
plug-ins idegenmodel, edit and editor are responsible for this activity.

All the components mentioned above make up the base, on which the genera-
tion process relies. For the process itself, a couple of code generators with some
additional helpers are needed. Just like how an IDE is usually set up, the generated
IDE should comprises core and user interface part, each of which is an own plug-in
project. In between, another "generation" process is required, namely the generation
of .idegenmodel file with an .ast file as its input (i.e. conversion from POJO-
based to EMF-based CST of custom DSL). The . idegenmodel file will in turn serve
as input for the IDE generator which results in the generation of the user interface
part.

Throughout the different phases of generation process, IDEalize accomodates
Eclipse M2T-JET technologyf| extensively, i.e. it makes use of JET code-templates
(and its code generator technology) for every single file to be generated. The tem-
plates are basically oriented on the implementation classes of JFace Text and Gym-
nast Runtime explained in [GS07]. Depending on how the current likely-customized
.idegenmodel of the custom DSL looks like, the templates use it as input model to
generate the corresponding classes and files. Such an approach resembles the EMF
code generation frameworkﬂ However, the requirement of such an input model ex-
ists only for the user interface part, since the core part has nothing to do with the
model directly.

Eclipse Context Menu: a group of options, which is accessible by right-clicking on a certain file
Zhttp:/ /www.eclipse.org/modeling /m2t/?project=jet#jet
3http: / /www.eclipse.org/modeling /emf/
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The core part, which is generated as result of using the IDEalize creation wiz-
ard, acts as an entry point to generation framework. By using the wizard the user is
led into the first step of using the framework, in the way that a skeleton for a gram-
mar file for the custom DSL is provided to be completed. This file is placed into a
newly created . core plugin project named after the custom DSL. After completing
the grammar, users should firstly progress just like they would when using Gymnast,
namely to generate the POJO-based CST and the primordial parsing infrastructure,
before they continue on executing further steps described above.

The IDE generation doesn’t only mean the generation of classes implementing
the editors and all its features, but it also involves the other parts of resource pro-
gramming, such as creation of projects, folders, and non-Java files. Setting up a well-
organized infrastructure of the generation process for different kind of resources
makes a good base for an efficient process, and all this is covered by the wizard
plug-in.

To summarize the steps required for providing infrastructure of IDE generator
(steps described here are provided by IDEalize and EMF Framework):

¢ Generate EMF-based metamodel of Gymnast and POJO-EMF CST Converter
e Add new models to the metamodel that represent additional features

e Generate EMF-based model and the corresponding model codes and codes im-
plementing the EMF editor

e Designer of custom DSL has to generate and customize . idegenmodel file as
the result of the conversion from the custom . ast file using the EMF editor
to provide an input and some additional information for IDE generator. The
intermediate step for creating the custom .ast is done by making use of the
provided creation wizard.

The next sections will give detail descriptions on the models and code generators
which are required for the IDE generation process as a whole.

2.2 Input Model for Generator

From the introduction it is known, that the transformation from Gymnast grammar
toits . ecore representation is necessary for IDE generation. Plug-in that is respon-
sible for the transformation, the recipe behind and everything around the process
are well documented in Chapter 2 of [GS07]. Using gymnast.ast as input, the
corresponding .ecore file and additionally the forementioned CST converter are
generated.

Figure shows gymnast.ecore. Although TopLevelClass is not part of
the grammar, it is also generated because the option ecoreGenerateTopLevel-
ClassForEMFEditor issetto t rue due to the requirement explained before, namely
as a "container" for adding children to the entry production. In Part 2 only some of
the references contained in the container class TopLevelClass are shown due to
lack of space. Except for TopLevelClass, gymnast . ecore contains the very same
information as in the grammar file gymnast . ast itself.
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Figure 2.3: Gymnast Metamodel
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221 Modifying Gymnast Metamodel

Due to the limitation of the Gymnast metamodel, it still can’t be used to provide
additional information for generating IDE. Therefore, a further modification is re-
quired by adding certain classes to the model that should serve as "placeholders" for
the additional information. The number of such classes depends on what kind of
information should be augmented into the model.

In Chapter 1 of [GS07] there are some code snippets showing how LDT-based text
editor and its different features are implemented. The additional classes that will be
integrated into the metamodel basically cover some of those implementation-related
information, i.e. some features implementation can only be realized by fetching the
information provided through the instantiation of those additional classes (which
can be done by DSL designer by modifying the . idegenmodel file generated from
the DSL grammar file). Thus, the resulting implementation is language-specific. In
the next subsections, the classes are introduced in its Emfatic form, i.e. as snippets
of gymnast . emf and grouped by the kind of features.

2.2.1.1 Partition

The concept of document partition is needed to implement certain features of the
user interface. IDEalize provides implementation of the single default partition of
type IDocument . DEFAULT_CONTENT_TYPE. But users will have the possibility to
add custom partitions to meet their requirement on defining different areas within
the document with specific behaviors. In order to be able to define partitions, fol-
lowing classes are introduced:

Listing 2.1: Partition-related Classes

class Partition {
val PartitionRule[+] rules;
}//No same partition rules

class PartitionRule {
attr String partitionName;
attr ScanningRule rule;
attr String startSequence;
attr String endSequence;

}

enum ScanningRule {

singleLine = 0;

multiLine = 1;

endOfLine = 2;

//(eventually self—created rule type, e.g. NonMatching—Rule)
}

Partitions are defined based on result of text scanning process. There are several
scanning rules, each of which may have its start and end sequence. Completing the
different rules makes up the partitions of a certain document recognized within the
editor.

2.2.1.2 Keyword Highlighting / Token Coloring Service

An enumeration type holds the possible colors, which are already defined in class
LDTColorProvider of Gymnast. The main class TokenColoringService is
used to define the different coloring groups.
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Listing 2.2: Token Coloring-related Classes

class TokenColoringService {
val TokenGroup[+] groups;
}

class TokenGroup {

attr String[1] name;

attr Color color;

ref SimpleExpr[+] listOfTokens;
}

Tokens/Keywords are grouped using different group name and each group has
a certain color, e.g. normal keywords, special keywords, etc. Constraint that has to
be applied for this class is that the list of tokens only contains instances of the pro-
duction rule simpleExp, whose value starts with quotes " (every keyword starts
with quotes, thus only tokens representing keywords can be given colors).

If no token coloring service is defined, the class extending LDTCodeScanner
won't be generated. The editor’s SourceViwerConfiguration that refers to the
code scanner through its method createCodeScanner () will return null instead
of instance of a code scanner. The Keyword class will simply contain the keywords,
without specifying certain groups to which the keywords belong.

2.2.1.3 Text Folding Service

Listing 2.3: Text Folding-related Classes

class TextFoldingService {
ref Rule[+] rules;

}

Similar to partitioning, IDEalize also provides default implementation of text
folding feature, which is assigned to every single language construct. However users
may only want to fold certain areas. This can be done by defining the foldable areas.
Requirement for this service is that the "foldable rules" are neither list nor token
rulesﬂ This user-defined text folding service is not additional to the default one, but
rather an alternative, since the default won't be generated anymore as soon as class
TextFoldingService is instantiated.

2.2.1.4 Range Highlighting Service

Listing 2.4: Range Highlighting-related Classes

class RangeHighlightingService {
ref Rule[+] rules;

}

4Rules are used in Gymnast for defining a grammar specification. More information on Gymnast rules
can be found in [Dai05]
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Similiar to defining Text Folding Feature, user needs to choose some rules, whose
range (i.e. lines over which the texts are located) should be highlighted on the editor
side, when the cursor is currently placed within those area.

To implement the other features, such as Content Assist, Auto Edit, Annotation
Hover, etc. no additional classes in the metamodel are needed.
The modified gymnast . ecore is shown in Figure[2.4]
+- 2 Color

=- 3 TokenColoringService

5 groups @ TokenGroup
= H TokenGroup

T name : EString

= color @ Color

5 listOfTokens ¢ SimpleExpr
=~ 3 TextFoldingService

5 rdles : Rule
=+ H RangeHighlightingService

S rules ¢ Rule
=~ 5 Partition

5 rules ¢ PartitionRule
=-H PartitionRule
O partitionMame : ESkring
= rule : ScanningRule
O startSequence ; EString
= end3equence : EString
ScanningRule

s

= singleline =0

= muliLine =1

= endOfLine =2

= nonMatching =3

Figure 2.4: Additional Classes in Gymnast Metamodel

2.2.2 .idegemodel Editor

Having modified gymnast.ecore, the next steps will be generating the model
codes and its corresponding Edit and Editor plug-ins from the gymnast . genmodel.
The generated EMF editor, usable on the second instance of Eclipse, is meant to be
used for editing .idegenmodel of custom DSL. This is done by setting Gymnast
Model Editor as default editor for any files with .idegenmodel extension. The
plug-ins which are responsible for this Editor are shown in Figure A further
explanation on working with the editor will be given in Section[2.4]of this chapter.
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Figure 2.5: Gymnast Model Editor plug-ins

2.3 The Generator

This section deals with the classes which are responsible for the generation process.
Those classes are parts of plug-in org.eclipse.idealize.wizardshownin Fig-
ure Besides the different generators, the plug-in also includes a wizard imple-
mentation as a starting point of using the framework, which will provide the pilot
project (i.e. core plug-in) for creating language-specific IDE. How the main com-
ponents are related, is shown in the class diagram depicted in Figure and the
following subsections will give explanation on those classes shown in the diagram.

=-3=% org.edipse.idealize.ui.wizard
=5 arc
+- 7} org.edipse.idealize.ui.wizard
+- org.edipse.idealize, Ui wizard. actions
+- 18 org.edipse.idealize. ui.wizard, corewizard
+- 0 org.edipse.idealize, Ui, wizard. generator
+- 1 org.edipse.idealize, ui,wizard, util
=l JRE Syskem Library [jdk1.5.0_09]
B Plug-in Dependencies
= icons
=+ META-IMNF
= templates
o8 build, properties
sl plagin,oml

TR R e R

Figure 2.6: Plug-in for IDE Generation Project

2.3.1 New Project Creation Wizard

For the creation of wizard, the extension point org.eclipse.ui.newWizards
should be extended (Figure 2.8). A category of wizard and the wizard name itself
have to be defined. Figure 2.9 shows the package that is responsible for implement-
ing the wizard.

By extending org.eclipse. jface.wizard.Wizard, aclasscalled NewCore-
PluginWizard is the main wizard class and it also implements INewWizard. For
the display of the wizard, an instance of NewCorePluginWizardPage is created,
which basically provides fields and options that will be later set as initial content
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Figure 2.8: Extension Point org.eclipse.ui.newWizards
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Figure 2.9: Core Wizard Classes
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of the generated .ast file. ASTContentFromWizard serves as placeholder for the
values input through the wizard page. As a result of the wizard, i.e. what is executed
inthe performFinish () method of NewCorePluginWizard when user activates
the FINISH button of the wizard, is the instantiation of the CorePluginGenerator
with the information kept by ASTContentFromWizard as arguments.

2.3.2 Resource Generator

Both packages . generatorand .util are the core of this plug-in. They are shown

in Figure

=44t org.eclipse.idealize, ui.wizard, generator
|i| CoreGenerakorFrom\Wizard. java

[J] IDEGeneratar java

[J] IDEGenModelGenerator.java

!U ResourceGeneratar . java
=5 org.edipse.idealize. L wizard . util

[J] config.java

] EMFLiteralCollector . java

| EMFSimpleExprCollactar java

| JETGateway.java

B
r
+ !U aenerationSetup.java
r
¥
r
r
¥
r
¥
+- 1) OneToManyMap.java

Figure 2.10: Code Generator for Core Plug-in, . idegenmodel and User Interface

The main technology behind the code generation framework used in IDEalize
is Eclipse JET Technology[Fou07]. Among the important classes of JET, JETEmit -
ter is the class, which the generator makes a direct use of. The idea is to use code
templates which will be processed by JETEmitter (and several other JET classes)
for each file or source code to be generated. Figure[2.11|shows a template translation
process (image reproduced from [Pop04]). Within the templates, different kinds of
JET tags should be used to dynamically generate codes in dependence on its input
model, i.e. Java Objects. To ease the access to this technology, there are two classes
that are introduced in [Pop04], which have been reused with slight modification to
fit in the framework. Those classes are Config and JETGateway, with the latter
calls the emitter class. Further explanation on JET technology, e.g. the translation
process and its most important classes, and on both above-mentioned classes can be
found in the article.

JetEmitter: JevaBuilder: JetEmitter:

JET {translater | templatel {ocompile> | templatel {gererate> | Zenerated
temolate | implementation P imple me ntation P Java source
. Java source Java class code
(hr plugi dicectory) (i SETEmiteers progfect! (i1 IE TEmitters propect! (fr cliert project!

Figure 2.11: JET Template Translation Process

Using the generator framework, different kinds of resources are to be generated:
besides the template-based non-Java and Java files, project and folders are also gen-
erated, where the generated files will reside. Due to the repetitive task of generating
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resources, a class called ResourceGenerator, shown in Figure provides dif-
ferent methods that deal with the generation process. A generator should extend this
class and thereby override the method generate (). Depending on what the gener-
ator does, it may use the provided generateFile () for generating non-Java files,
generatedJava for generating Java codes, createProject for generating a plug-
in project, and two helper methods, getFilePath () and createResources, that
can be used to find the exact location of an input file (might be used if a generated
file should be generated in the same location as its input) and to create a resource for
holding an EMF serialization result (needed for . idegenmodel) respectively.

0= Cutline &2 ] w e w - =0

# iorg.eclpse.idealize, Ui, wizard. generator |
a4 . .
+ = import declarations

= ‘?3' Resourcezener akor

& spurcecantainer @ IContainer

@ generate{IFile, IProgressMonitor, IResource)

i generateFilelConfig, IProgressManitar, String, String, String, IConkainer)
generatelavalConfig, IProgressManitar, Skring, String, String, String, IConkainer)
FindOrCreateContainer{IContainer, String, IProgressMonitor)
createProject{GenerationSetup, IPragressMonitar)
addBuildSpec(IProjectDescripkion)

addiMaturelds(IProjectDescription)

@ getFilePathiIFile, String)

& createResource(Skring)

b

<

H B <

Figure 2.12: ResourceGenerator-Class

2.3.2.1 Setting Up Information for Generator

GenerationSetup (class members are shown in Figure serves as centre for
feeding the generators with the required information. Two constructors are de-
fined; the first constructor which takes the name of DSL as argument, Genera-
tionSetup (String languageName) is used by the Project Creation Wizard and
needs no file input, while the second constructor takes files as its argument. The lat-
ter is used for generating . idegenmodel with . ast file as its input, as well as for
generating the Ul plug-in project with the . idegenmodel as information source.

As mentioned before, the code templates contain tags which will deliver con-
tent dynamically in dependence of the input. Those tags are basically referring to
methods defined in GenerationSetup. Most of those methods are getter methods
which returns some predefined names for packages and classes. By having them
available on hand, the templates can simply use the names to complete certain parts
of its codes, e.g. name of the generated class, imported classes with its qualified
name, name of the package, etc.

2.3.2.2 Core Plugin Generator

Generating a core plug-in of an IDE for a custom DSL makes the first step of IDE
generation. After getting the content from the wizard page, a CoreGenerator-
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Figure 2.13: GenerationSetup-Class
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FromWizardisinstantiated. Consecutively a project, folders and some files are gen-
erated, having their names being set up within the GenerationSetup instance.
The main result of the wizard besides the project itself is however a grammar file
<customDSLname>.ast, with pre-filled options whose values come from the wiz-
ard page (i.e. instance of ASTContentFromWizard. User may now complete the
grammar file of his/her custom DSL.

2.3.2.3 .idegenmodel Generator

For the generation of . idegenmodel the second constructor of GenerationSetup
is used by passing the check on kind of the input file, i.e. extension of the file must
be . ast. This constructor is called by the generator class IDEGenModelGenerator

(Listing [2.6).

Listing 2.5: GenerationSetup for Generating . idegenmodel

-

© N U B W N

public GenerationSetup (IFile file , IProgressMonitor monitor, IReporter
reporter) {

try |
// Input is .ast file
if (file.getFileExtension ().equalslgnoreCase("ast")) {
context = new GeneratorContext(file , monitor, reporter);

compUnit = parseAST(context);
context.initCompUnit (compUnit) ;

grammarlnfo = new GrammarInfo(context);
context.initGrammarInfo (grammarInfo) ;

languageName = grammarlnfo.getLanguageName () ;
languageExtension = grammarInfo.getOptionValue("extension");

Besides setting up some required information (e.g. language name, extension
name, etc) the grammar file is parsed to get its entry rule (in Listing[2.5]the entry rule
is CompUnit), which will be used by POJO-to-EMF-based-Converter as input for
the conversion. The conversion itself is executed within the generate () method of
IDEGenModelGenerator, as shown in following snippet:

Listing 2.6: IDEGenModelGenerator

[}

® N o U

10
11

public class IDEGenModelGenerator extends ResourceGenerator {

public void generate(IFile astFile, IProgressMonitor monitor, IReporter
reporter) {

setup = new GenerationSetup (astFile , monitor, reporter);
compUnit = setup.getCompUnit () ;

ExtendedGrammarInfo extGrammarlnfo = new ExtendedGrammarInfo(setup.
getGrammarlnfo () ) ;

GymnastAST2EMFConverter conv = new GymnastAST2EMFConverter () ;
Gymnast. Gymnast. CompUnit d = conv.convert(compUnit) ;

12
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String filePath = getFilePath(astFile, ".idegenmodel");
System.out. println ("Filepath : " + filePath);
Resource convertedRes = createResource(filePath);

O ® N G e W N

As result of the conversion, EMF-based CST classes of the grammar are gained
(accessible through its entry rule Gymnast .Gymnast .CompUnit) and they are se-
rialized into the file <customDSLname>. idegenmodel.

2.3.2.4 UI Generator

The generated . idegenmodel, used as input for the generator of Ul plug-in, plays
an important role in completing the generated code from the JET templates (Fig-
ure 2.14). In the constructor of GenerationSetup which is called by the class
IDEGenerator, the . idegenmodel will pass the second check on the kind of in-
put file. Then it will be parsed to get the root, i.e. entry point to the EMF-based
model. There are two possibilities of what kind the root belongs to: either it is the
TopLevelClass or the compilation unit CompUnit of the grammar, depending
on whether the option ecoreGenerateTopLevelClassForEMFEditor is set to
true or false. Afterwards, the entry rule of the grammar should be acquired, as
many implementation aspects will refer to the entry rule. This is done by fetching the
first rule from the list of grammar and checking the existence of an attribute called
entry. Listing[2.7)shows the snippet.

Listing 2.7: GenerationSetup for Generating Ul

public GenerationSetup (IFile file , IProgressMonitor monitor, IReporter
reporter) {

try {
// Input is .ast file
if (file.getFileExtension().equalslgnoreCase("ast")) {

}
else {//Input is .idegenmodel file

EObject root = parselDEGenModel( file);

if (root instanceof Gymnast.Gymnast. TopLevelClass) {
topLevelClass = (Gymnast.Gymnast. TopLevelClass)root;
emfCompUnit = topLevelClass.getCompUnits() .get(0);

}

else //CompUnit is root; no TopLevelClass
emfCompUnit = (Gymnast.Gymnast.CompUnit) root;

Rule entryRule = emfCompUnit.getGrammar () .get(0);

Attrs attr = getAttributeFromRuleDecl(entryRule);
if (attr != null && attr.getAttrList().get(0).equalsIgnoreCase("entry"
I
customDSLEntry = entryRule;
System.out. println ("Entry,_Rule_: "+customDSLEntry.getName() ) ;
}
else {
System.out. println ("Error:_No_entry _rule!");
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After setting up some information, the constructor will also prepare a map called
parentChildrenTable, whichisaBiMultiMap<Rule, String> (shown in List-
ing[2.8). This map will hold information on relationships between production rules,
i.e. a rule, whose definition contains further rules, thus a "parent-children" relation-
ship (for the children rule, only the names are kept in the map, therefore a "String"
value). EMFSimpleExprCollector, an extension of the generated EMF-based
Switcher, is responsible for collecting the children rules of a rule. Within the pro-
duction rule itself, the children are recognized as SimpleExpr, thus the collector
will keep all SimpleExpr instances in the map. This map helps in finding out the
"route" from the entry rule to a certain rule for the purpose of visiting the node rep-
resenting that certain rule. More explanation on this in the section explaining the
features.

Listing 2.8: BiMult iMap for Parent-Child Relationship between Rules

EList<Rule> rules = getRules();
for(Rule rule : rules){
EList<SimpleExpr> simpleExprs = new EMFSimpleExprCollector(rule).
getListOfSimpleExpr () ;
for (SimpleExpr simpleExpr : simpleExprs) {
parentChildrenTable.put(rule, simpleExpr.getValue());
}
)

In the generate () method of IDEGenerator, it progresses similarly to creat-
ing the core project: create the project, packages, and files. As the result, a new Ul
plug-in project is created with some implementation classes for the editor and its
usability features.

2.3.2.5 The JET Templates

In order to understand the generated codes better, this subsection explains some
of the templates in connection with the input model for the templates. Figure
shows that the templates are grouped based on the project, and furthermore on the
kind of components or features of the Ul they are implementing. In general, the
naming of the templates make the base for the naming of the generated classes,
e.g. from a template called Editor. javajet, a class with the name pattern <cus-
tomDSL>Editor. java can be generated.

In relationship with . idegenmodel, GenerationSetup plays the similar role
to GenModelImpl of Eclipse EMF in its relationship to a . genmodel fil It pro-
vides numerous getter methods that deliver the required information, mostly (qual-
ified) names of classes. However, as mentioned before, GenerationSetup also
provides the additional information contained in . idegenmodel to generate the Ul
features.

Partitioning By default, there will be only one document partition that covers the
entire document, which is of type IDocument . DEFAULT_CONTENT_TYPE. Having

5More information on EMF components can be found in [Fra07al
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Figure 2.14: Templates Folder

only a single partition means that any implemented feature, that depends on the
existence of document partition, will operate on the whole document too. To have
more flexibility on determining which feature should be available to which part of
the document, more specific partitions need to be defined.

The main class for the partitioning is the PartitionScanner. This is where
the different scanning rules for the purpose of document partitioning are defined
based on the information given by user through the PartitionRule instances of
.i1degenmodel. PartitionRule, as part of the class Partition, are useful for
defining the partitions of a document precisely. Every partition which is defined
here can then be referred from other classes for the purpose of activating features for
the certain document partitions.

For every feature, GenerationSetup provides methods that check their exis-
tence. In this case, PartitionServiceActivated () is used for checking the ex-
istence of the additional partitions. Templates of classes whose generation directly
related on partitioning are kept in the folder templates.ui.partition.

Token Coloring Service Token Coloring Service is created after instantiation of
the TokenColoringService class with its TokenGroup’s (see class definition in
Listing . Two templates for this feature are CodeScanner. javajet and Key-
words. javajet.

The method TokenColoringServiceActivated () is uded to check whether
this feature is activated. Having confirmed the existence, following information may
be obtained: list of keywords that should be placed into group(s), where each group
has its own name and preferred color. Base on these groups, hashtables will be gen-
erated in Keywords class, each of which represents one keyword group. Within the
CodeScanner, each keyword group will be then associated with the preferred color.

Text Folding Service The template CSTChangeListener. javajet deals with
the implementation of this feature. Text Folding Service is implemented in two dif-
ferent ways. By default, i.e. when the class TextFoldingService isn’t instanti-
ated, folding is created by utilizing the AST2EMFConverter to get the EMF-based
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CST which will be then traversed. Through each of the nodes, the corresponding
POJO-based CST nodes can be found through the AST2CST map of the converter,
and its positions can be determined, which are required to compute the folding
range.

For the second alternative, which automatically avoids the generation of the de-
fault implementation of folder feature, the following points are necessary. Recall the
class that models the text folding feature (shown in Listing[2.3). Just like for any other
features, firstly the existence of the feature in . idegenmodel is checked through the
method TextFoldingServiceActivated (). If it exist, it should contain the list
of collapsable rules defined by the user.

For each of collapsable rules, a path to the entry rule can be retrieved using the
method GenerationSetup.getPathToEntryRule (), which in turn traverses
the parentChildrenTable defined before. The implementation of the text fold-
ing feature uses visitor pattern, as can be seen in EmfaticCSTChangeListener.
The computed path is useful to determine the order of visiting the node hierarchy,
starting from the entry rule down to the node representing the collapsable rules.

It is important to notice how the visitor code should be generated, i.e. whether
visit () is required for getting the children node or it is enough to use the corre-
sponding getter method. In case that a node is representing a ListRule, its children
have to be visited. As the result, the code structure may show several level of visiting
pattern, with the main visit () method is applied on the collapsable rule.

Content Assist Content assist feature is enabled for every custom DSL by default.
The implementation is providing proposal for all defined keywords in the DSL,
which is activated through button "Ctrl + Space”. Templates related to this feature are
placed in package .contentassist. In addition, the class EditorMessage and
its corresponding properties file EditorMessage.properties that defines the
activation short-cut, and implementation of some methods, e.g. getContentAs-
sist () of SourceViewerConfigurationand createActions of Editor have
to be generated as well. For code snippet refer to Chapter 1.3.9 of [GS07].

Auto Edit (Smart Brace, Automatic Closing Quote) A default implementation of
auto edit strategy for the custom DSL includes smart brace and automatic closing
quote. User can edit or add auto edit strategy by editing the method customize-
DocumentCommand () of the generated AutoEditStrategy class. For codes on
this and more information refer to Chapter 1.4.4 of [GS07].

Default Annotation Hover By implementing the method SourceViewerCon-
figuration.getAnnotationHover (), the information on errors and warnings
are shown directly at the squiggles in addition to the display on error panel.

Mark Occurences A simple "Mark Occurences" feature is implemented in a way
that the document is scanned for the same words, and these are highlighted, i.e.
create an Annotation instance for the words, as soon as one of them is selected.
Making use of existing components, this feature uses the Gymnast-generated To-
kenNode class to fetch the corresponding CST node of the selected text. The position
of every selected word as result of the scanning process will be then asssociated with
its Annotation instance to provide the highlighting.

The implementation of this feature in Emfatic Editor utilizes the existence of a
OneToManyMap<EObject, ASTNode> , that keeps the relationship between the
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EMF-based and POJO-based CST nodes, i.e. a declaration part and its usage parts of
a certain rule. Hence a precise mark occurence can be achieved.

Range Highlighting, Current Line Highlighting and other General Features In
previous chapter, an additional class RangeHighlightingServiceis introduced,
which should be instantiated in order to provide the range highlighting service. This
contains the list of rules, by which the text area should be marked, i.e. the edge
of the editor on that certain range is highlighted. The resulting implementation of
the feature is placed in a SelectionListener class implementing the interface
ISelectionListener, whose method selectionChanged () is responsible for
giving a certain feedback in case of a selection is made on the editor. For this purpose,
the listener must have been installed to the editor (in its createPartControl ()-
method.

The method highlightRange () is generated into this listener when the feature
is activated and it will be called each time selection is made on the editor. Depend-
ing on which rules are selected to be highlighted for the instantiation of Range-
HighlightingService, this method will contain several instanceOf checking
to check whether the selected text is representing parts of the selected rules. If it is
the case, the method setHighlightRange () of the editor will be called to provide
the highlighting within the range of the rules.

Because of the possibility of different rule selections, in which some of the se-
lected rules may be contained in the other selected rules, it is important to notice
that the checking process may be overlapping, i.e. a certain smaller range is high-
lighted by the highlighter of a wider range. This could result in unwanted highlight-
ing effect. Therefore, the user should be responsible to provide the correct order of
selected rules, whose checking methods will be generated in the same order as well.
Logically, the order should be in descending order of the scope size, so that smaller
range will not be overlapped by the wider range.

Together with "Current Line Highlighting", "Show Line Numbers" and some other
features, Range Highlighting can also be set, i.e. choose whether to turn the feature
on or of, through the General Preference (Preference > General > Editors > Text Ed-
itors). User should not set any preference store (IPreferenceStore) to the editor,
e.g. using the editor plug-in’s own preference store through the method setPref-
erenceStore () during editor initialization time, to let the default preference store
be used instead, i.e. EditorsUI.getPreferenceStore ().

Matching Bracket "Matching Bracket" is not included in the General Preference.
Therefore, an additional preference page could be of use, where user can choose
whether to activate the feature or not, and to choose the color of the matching brack-
ets.

This feature is set by the SourceViewerDecorationSupport, which can be
configured through the method configureSourceViewerDecorationSupport
of AbstractDecoratedTextEditor. The support class will in turn activate the
feature by setting a certain character pair matcher and preference keys, i.e. literal, for
the feature itself and its color. A pair matcher, normally instance of DefaultChar-
acterPairMatcher, defines the characters for which its pair should be matched,
and the partition in which the characters may exist.

For defining the preference keys mentioned before, a PreferenceConstants
class containing those keys is created. Furthermore, a PreferencePage class is de-
fined, whose fields’ initial values e.g. a boolean field which activates the feature if it
is set to t rue and a modifiable color field are defined in a PreferenceInitial-
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izer class. Now that there are two Preference Pages which should be connected
to the editor, the preference store of the editor needs to be set explicitly. This can be
done by setting ChainedPreferenceStore as the editor’s preference store, which
contains both the default and the plug-in’s own preference store.

Outline View Gymnast provides base classes for defining an outline view for the
editoﬁ They are configured through the class OutlineConfiguration, that de-
termines which OutlineBuilder and ContentOutlinePage to be used. An out-
line builder makes use of Out 1ineNode to define how each node of the (Tree-based)
Outline View should look like, and what content it should display. A content out-
line page is the standard class for implementing an outline view by extending the
org.eclipse.ui.views.contentoutline.ContentOutlinePage.

The implementation of Outline View also utilizes the AST2EMFConverter, just
like the default implementation of Folding feature does. Because this requires in-
stances of EMF EObjects, the Out 1ineNode, which by default consumes instances
of class ASTNode, should be modifed to use EOb ject instead. Hence the need of
EMFOutlineNode.

The main idea of having an Outline View is to simplify the navigation over the
content of the editor. Thus a connection between the editor and the view is needed,
i.e. selection in the outline view has to be mirrored in the editor as well, and vice
versa. For this purpose, a map which keeps the relationship between the ASTN-
ode’s and the OutlineNode’s is created. An ASTNode may give the information
about position of text in the editor, while an OutlineNode is representing a node
in the Outline View. Recall that the converter required for building the outline also
has a map for the EMF-POJO pairs, so that finding the relevant ASTNode from the
EObject of OutlineNode will not be a problem, and vice versa.

Both viewers, i.e. the editor and the Outline View, need to react based on the
selection within the counterpart. The editor has to install a selection listener that im-
plements the methods of interface ISelectionChangeListener, which in turn
calls the method selectInOutline () to find the corresponding part in the Out-
line View. A ContentOutlinePage also implements the same interface by default,
which then forwards the selection event through the method updateHighlight to
find the corresponding position within the editor.

2.4 Usage of IDEalize

Having seen the core of the framework, this section provides explanation on how to
use the framework step-by-step.

241 Using The Wizard

To ease the usage of the framework, a New Project Creation Wizard has been im-
plemented. This wizard is accessible through File > New > Other ... . A selection
of wizards will be displayed, with Idealize IDE Generator being one of them, as

shown in Figure

Selecting Core Plug-In for Custom DSL will deliver the wizard form shown in
Figure The form provides fields, several of which, marked by "*", are compul-
sory fields. Values input by user into those fields will be set as the values of the

6See Gymnast documentation for more information
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Figure 2.15: Wizard for Generating Core Plug-in Project of Custom DSL
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options on the header of a grammar file. Two drop-down lists contain the prede-
fined usable parser generator and AST generator. More information on the available
options can be read in Chapter 2 of [GS07].

Core Plug-In Creation Wizard

This wizard creates a new Core Plugin Project For a custom DSL with a pre-filled grammar file based on aptions input by user.

Dptions For Custom DAL Core Plug-In Creation

Language Mame * StateMaching

Extension * umlt

Parser Generator antr W

Parser Package Mame * statemachine. core. parser

A5T Generator primotdial A
AST Package Mame * statemachine. core.ast

A5T Base Class Name * StateMachineASTNOde

Ecore Java Base Package

Generate Ecore Enumeration for Abstract Rules containing Literals []
Generate ,genmodel File O
Generate Model Code from .genmode! O
Generate Conkainer Class for EMF Editor [

[<]

* = compulsory fields

@ < Back Firish Cancel

Figure 2.16: Filling in The Form

In the figure, an example of how to fill-in the form for a custom DSL called
StateMachine is shown. The resulting .ast file, put in the grammar folder of
the newly created core project (here statemachine.core, shown in Figure[2.17),
will be automatically opened using Gymnast Editor. This is shown in Figure

=-1=% statemachine.core
= sre
=84 statemachine.core
m StateMachineCorePlugin. java
B, JRE System Library [125E-1.5]
B Plug-in Dependencies
== grammar
B StateMachine. ast
[= MET&-IMF
@ build, properties
plugin. properties

Figure 2.17: Resulting Core Plug-in

2.4.2 Generating and Modifying . idegenmodel

The next step will be generating the POJO-based CST classes. Notice that this genera-
tion requires the option astGenerator setto primordial. Using org.eclipse.
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[ stateMachine.ast 23

language StaceMachine;

options { extension="umlt":
parserGenerator="antlr";
parserPackageName="statemachine. core.parser";
astPackageName="statemachine.core.ast";
astBaseClassName="5tateMachineASTHode" ;
ecoreJavabBasePackage="";
astGenerator="primordial";
ecoreGenerateEnumsForLiceralilcs="false";
ecoreCreateGendodel="Ffalse":
ecoreGenlavaFromGenMode="false" :
ecoreGenerateToplevelClassForEMFEditor="true" ;

Figure 2.18: Resulting .ast

idealize.grammar2ecore will activate the generation of .ecore of the gram-
mar and the corresponding CST converter. More on this can be found in Chapter 2
of [GS07].

To progress with the IDE generation, an . idegenmodel must be generated. The
option to activate the . idegenmodel Generator is integrated as part of the context
menu for files having the extension .ast. Right-clicking on the grammar file will
provide the menu Generate .idegenmodel. A file with the same name as the gram-
mar file with extension .idegenmodel will be generated and put into the same
folder. For editing the file, the EMF generated Graphical Editor (provided by plug-in
org.eclipse.idealize.ui.editandorg.eclipse.idealize.ui.editor)
can be used. For regular use, the editor should be associated with the file with the
extension . idegenmodel, and following steps are required, with the numbers cor-
responding to the numbers shown in Figure 2.19;

1. Open the Preference Page, choose the option General > Editors > File Associ-
ations.

2. Click the "Add" button besides the "File types" window, and add the extension
*.idegenmodel.

3. Click the "Add" button besides the "Associated editors" (which is still empty
by default).

4. Scroll down to choose "Gymnast Model Editor".

By now, every file which has . idegenmodel extension will be opened using the
Gymnast Model Editor by default.

The .idegenmodel contains the very same information as the grammar file
but it gives user the possibility to add certain modifications by creating instances
of the feature-classes. These classes are accessible through New Child option of
TopLevelClass as shown in Figure2.20}
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Figure 2.19: How to Associate Gymnast Model Editor to File with . idegenmodel

Extension
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& Partition
*tﬁ Range Highlighting Service

Figure 2.20: Available Additional Features
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2.4.21 Partitioning

Document partitions are set by creating some partition rules under the Partition
class. For each rule, the attributes can be modified using the Properties View. The
field Rule contains some predefined kinds of Rule which are selectable from drop-
down list. The newly created partitions will act as additional partitions to the single
default partition.

=< Partition

Fartition Rule:

Partition Rule modelPart
Partition Rule execeventPart
Partition Rule statemachinePart
Partition Rule regionPart
Fartition Rule initialPart
Partition Rule pseudostatePart
Fartition Rule statePart
Partition Rule transitionPart
Partition Rule triggerPart
Partition Rule sourcePart
Partition Rule targetPart
Fartition Rule eventPart
Partition Rule finalstatePart
Partition Rule entryactPart
Partition Rule doactPart
Partition Rule exitactPart ~

Perbedobeebe Lot

4

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

[Z1 Problems | @ Javadoc | (&, Declaration | ) Eror Log | & Console | 5] Properties 2 B2 B ¥ =0

Property
End Sequence
Partition Name
Rule
Start Sequence

Figure 2.21: Partitioning

2.4.2.2 Token Coloring Service

Under Token Coloring Service, user may create different token groups, where each
group should have its own name, color and list of tokens. The available colors are
predefined, and selectable from a drop-down list. Adding tokens to the list is done
by selecting the required tokens from a window that appear after clicking the button
on the right side.

=4 Token Coloring Service
<4 Token Group normal

slection | Parent | List | Tree Table Tree with Columns < >
. Problems | @ Javadoc [ Dedlaration | €] Error Log | Bl Console | = Properties £3 Bl Rk 7O
Sroperty Yalue

Color 1= FUCHSIA

List OF Tokens 4 Simple Expr "choice” - pseudoStatekind, Simple Expr "despHistory” - pseudastatekind, Simple Expr "doad

Name '= normal

Figure 2.22: Token Coloring Service

2.4.2.3 Text Folding Service

For defining own Text folding Service, i.e. not using the default implemenation of
Text Folding, user only has to choose the rules which are collapsable on the text
editor. The rules are available on a window as soon as the right-side button on the
field Rules is activated. Activating this feature makes the code generator skip the
generation of the default folding implementation, and vice versa.
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4 Text Falding Service

election | Parent | List | Tree  Table  Tree with Columns < b

 Problems | @ Javadac | (&) Dedkaration @) Error Log | Bl Console | = Properties £ 15 Hik~=0O

B

Sroperty Yalue
Rules 4 Alt Ruls inRegionDecl, Seq Rule regionDecl, Seq Ruls stateMachineDecl, List Ruls executionEventDacls

Figure 2.23: Text Folding Service

2.4.2.4 Range Highlighting Service

Similar to Text Folding, activating this feature requires the user to select the rules
to be highlighted. As explained in the previous section, the selected rules should
have descending order in the size of scope, so that the most inner rule still can be
highlighted correctly.

R @R anige Highlighting Service
lection | Parent | List | Tree | Table | Tree with Columns

Problems | @ lavadoc |_—={\_:,> Declaration QI Error Log | =] Properties 52 \J;' Search E,Il Histary ‘:1‘ Parse Tree View | E Cansale

roperty Value
Rules 4 5Seq Rule stateDedl, Seq Rule regionDecl, Seq Rule transitionDecl

Figure 2.24: Range Highlighting Service

2.4.3 Generating User Interface plug-in

Without editing the generate . idegenmodel, user can already generate a standard
text editor for the language. It depends on the users themselves, whether the features
should be added, and which ones of them. Hence, the users have the full control on
how the IDE later should look like.

Continuing on the example provided above, a fully-featured IDE should now be
generated based on the modified . idegenmodel. Again, the IDE generator can be
activated from the context menu of files having certain extension, i.e. the extension
.idegenmodel. Depending on which features have been activated, correspond-
ing classes are generated into specific packages, whose names are indicating which
feature they are for. These classes are part of an own Ul plug-in (here, statema-
chine.ui).

The Core and UI plug-in are related automatically as they are generated. A small
modification needed to be done on the core is to add the generated packages in its
list of runtime librariesin plugin.xml,ie. .parserand .ast packages,and .util
packages that are generated later (not at the time of core plug-in generation) because
some of the classes are referred by classes of Ul plug-in. Besides, additional plug-ins
have to be imported afterwards depending on which parser generator is used before.

On the side of the Ul plug-in, user can add an image for the editor. This can
be put into the icons package. Afterwards, the icon entry in extension tab of
plugin.xml has to be modified accordingly. This entry shouldn’t be left empty,
otherwise the editor can’t be instantiated.



Chapter 3

Use Case: Text Editor for State
Chart Language

Having seen the functionality of IDEalize-generated IDE based on custom DSL
grammar specification, this chapter will show a use case of IDEalize by defining
language for describing UML2 State Chart in full detail. A worth-mentioned addi-
tion to the generated IDE is that OCL Compiler has been integrated into the frame-
work, so that the usablitiy of the IDE is enhanced by well-formedness constraint
checking feature at usage time, e.g. the correctness of applicable semantic.

3.1 State Chart Language

Figure 3.1] shows the metamodel of UML2 State Chart, out of which the grammar
specification for the State Chart Language is defined. The grammar itself covers
most of the classes introduced in this diagram.

3.1.1 The Grammar

The grammar specification of State Chart Language is written based on Gymnast
syntax, an EBNF-like syntax, using Gymnast Editor. Therefore, the file has the ex-
tension .ast. The snippet is shown in Listing The complete grammar can be

found in Appendix
Listing 3.1: State Chart Grammar

sequence stateChartDecl : " statechart ” name=ID LCURLY vertexDecls
(finalStateDecl)? RCURLY ;

abstract vertexDecl : pseudoStateDecl | stateDecl ;

sequence pseudoStateDecl : kind=pseudoStateKind name=ID
(LPAREN outgoing=transitionDecls RPAREN)? SEMI;

sequence stateDecl : “state ” name=ID LCURLY inStateDecl
(transitionDecls)? RCURLY ;

sequence compositeState : (entry=pseudoStateDecl)? regionDecls
(exit=pseudoStateDecl)?;

sequence regionDecl : “region” name=ID LCURLY vertexDecls RCURLY ;

37
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Figure 3.1: UML2 State Chart (State Machine)
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sequence transitionDecl : ” transition " kind=transitionKind
name=ID LCURLY inTransitionDecl SEMI RCURLY ;

N
N}

Having set grammar2ecore as astGenerator for the grammar, an Ecore rep-
resentation of the grammar file can be generated. This is shown in Figure

Using Emfatic, a further transformation can be done, namely from Ecore to its
Emfatic representation (i.e. .emf) that results in textual Ecore-based State Chart
Grammar shown in Listing [3.2] The complete result can be found in Appendix

Listing 3.2: Textual Ecore-based State Chart Grammar

package StateChart;

abstract interface StateChartEASTNode {
}

class CompUnit extends StateChartEASTNode {
val ModelDecl[1] modelDecl;
val StateChartDecl[*] stateChartDecls;

}

class ModelDecl extends StateChartEASTNode {
attr String name;

}

class StateChartDecl extends StateChartEASTNode {
attr String name;
val VertexDecl[*] vertexDecls;
val FinalStateDecl finalStateDecl ;

}

class PseudoStateDecl extends VertexDecl {
attr PseudoStateKind kind;
attr String name;
val TransitionDecl[*] outgoing;

}

class StateDecl extends VertexDecl {
attr String name;
val InStateDecl[1] inStateDecl;
val TransitionDecl[*] transitionDecls;

}

class CompositeState extends InStateDecl {
val PseudoStateDecl entry;
val RegionDecl[*] regionDecls;
val PseudoStateDecl exit;

}
class RegionDecl extends StateChartEASTNode {

attr String name;
val VertexDecl[*] vertexDecls;
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Figure 3.2: Graphical Ecore-based State Chart Grammar
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3.1.2 The Constraint

In order to support textual description of model with higher precision and confor-
mity, there are several OCL constraints which have been defined for the State Chart
Metamodel. These are shown in Listing 3.3}

Listing 3.3: List of OCL Constraints

context PseudoStateDecl
inv singleOutgoingForlnitial: self.kind = PseudoStateKind::initial implies
self .outgoing—>size () <=1

context RegionDecl

inv singlelnitialWithinRegion: self.vertexDecls—>select (v | v.oclIsKindOf(
PseudoStateDecl) )—>

select (vl v.oclAsType(PseudoStateDecl).kind = PseudoStateKind:: initial)—>size
0 <=1

context RegionDecl
inv uniqueNameOfStateWithinRegion: self.vertexDecls—>select(v | v.oclIsKindOf
(StateDecl) )—>isUnique (name)

context CompositeState
inv uniqueNameOfRegionWithinState: self.regionDecls—>isUnique (name)

context StateDecl

inv selfTargetForInternal: self.transitionDecls <> null and self.
transitionDecls —>exists (t | t.kind = TransitionKind::internal) implies

(self.transitionDecls —>select(t | t.kind = TransitionKind ::internal)—>forAll(
t | t.inTransitionDecl.referencedTarget = self.name))

context CompositeState
inv entryOfComposite: self.entry <> null implies self.entry.kind =
PseudoStateKind :: entryPoint

context CompositeState
inv exitOfComposite: self.exit <> null implies self.exit.kind =
PseudoStateKind :: exitPoint

e singleOutgoingForInitial : a pseudostate of the kind "initial" can only
have one instance of an outgoing transition, namely to an initial state.

e singleInitialWithinRegion : aregion can only have one pseudostate of
the kind "initial".

e uniqueNameOfStateWithinRegion: aregion may have several states, each
of which must be unique.

e uniqueNameOfRegionWithinState : a composite state consists of at least
one region. In case that several regions exist, each of them must be unique.

e selfTargetForInternal : a transition of the kind "internal" must have it-
self as its transition target.

e entryOfComposite : an entry pseudostate of a composite state has to be an
"entryPoint" pseudostate.

e exitOfComposite : an exit pseudostate of a composite state has to be an
"exitPoint" pseudostate.
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The OCL statements will be embedded into the corresponding model, which re-

sults in additional methods by the time the model codes are generated. Listings
and [3.5 show examples of those methods.

Listing 3.4: Constraint Checking Method for inv:singleOutgoingForInitial

public boolean singleOutgoingForInitial (DiagnosticChain diagnostics,

Map<Object, Object> context) {
String invName = "singleOutgoingForlnitial";
/%
self.kind.=(StateChart :: PseudoStateKind :: initial).implies(self.outgoing
—>size (). <=(1))
*/
Boolean equall = Boolean.valueOf(org.eclipse.ocl.util.ObjectUtil.equal(
this .getKind () , StateChart.PseudoStateKind.INITIAL));
Boolean implies2 = equall;
if (!(implies2)) {
implies2 = Boolean.TRUE;
} else {
implies2 = ((new Integer (org.eclipse.ocl.util.CollectionUtil
.asOrderedSet (this . getOutgoing()).size())) <= 1);
}
if (!(implies2)) f{
if (diagnostics != null) {

//calling the Validator and add the result of diagnose to Diagnostic
chain for reporting and marking purpose

}

return false;

}

return true;

Listing 3.5: Constraint Checking Method for inv:entryOfComposite

public boolean entryOfComposite(DiagnosticChain diagnostics,

Map<Object, Object> context) {
String invName = "entryOfComposite";
/%
self.en