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Chapter 1. Overview
1.1. What is Xtext?

Xtext is aframework for the development of domain-specific languages and other textual programming
languages. It istightly integrated with the Eclipse Modeling Framework (EMF) and leveragesthe Eclipse
Platform in order to provide alanguage-specific integrated development environment (IDE).

In contrast to common parser generators (likee.g. JavaCC or ANTLR), Xtext derives much morethan just
aparser and lexical analyzer (lexer) from an input grammar. The grammar language is used to describe
and generate:

e anincremental, ANTLR 3 based parser and lexer to read your models from text,
» Ecore models (optional),

 aserializer to write your models back to text,

 alinker, to establish cross links between model elements,

» an implementation of the EMF Resource interface with full support for loading and saving EMF
models, and

 anintegration of the language into your Eclipse IDE.

Some of the IDE features, that are either derived from the grammar or easily implementable, are
 syntax coloring,

» model navigation (F3, etc.),

* code completion,

* outline view, and

 codetemplates.

The generated artifacts are wired up through Google Guice, a dependency injection framework which
makes it easy to exchange certain functionality in a non-invasive manner.

Although Xtext aims at supporting fast iterative development of domain-specific languages, it can be
used to implement IDESs for general purpose programming languages as well.

1.2. What is a domain-specific language

A domain-specific language (DSL) is a small programming language, which focuses on a particular
domain. Such adomain can be more or less anything. Theideaisthat its concepts and notation is as close
as possible to what you have in mind when you think about a solution in that domain. Of course we are
talking about problems which can be solved or processed by computers somehow.

Theoppositeof aDSL isaso called GPL, aGeneral Purpose Language such as Javaor any other common
programming language. With a GPL you can solve every computer problem, but it might not always be
the best way to solve it.

Imagine you want to remove the core from an apple. Y ou could of course use a Swiss army knife to cut
it out, and thisisreasonable if you haveto do it just once or twice. But if you need to do that on aregular
basisit might be more efficient to use an apple corer.

There are a couple of well-known examples of DSLs. For instance SQL is actually a DSL which focuses
on querying relational databases. Other DSL sare regular expressions or even languages provided by tools
like MathLah. Also most XML languages are actually domain-specific languages. The whol e purpose of
XML istoallow for easy creation of new languages. Unfortunately with XML you are not able to change
the concrete syntax, which isthe major problem with it. The concrete syntax of XML isway too verbose.
Also ageneric syntax for everything is a compromise.

Xtext is a sophisticated framework that helps to implement your very own DSL with appropriate IDE
support. There is no such limitation as with XML, you are free to define your concrete syntax as you
like. It may be as concise and suggestive as possible being a best match for your particular domain. The
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Overview

hard task of reading your model, working with it and writing it back to your syntax is greatly simplified
by Xtext.

1.3. Getting Started

In this mini-tutorial you will implement your first language with Xtext and create an editor from that.
Download and install the latest version of Xtext, set up afresh workspace, take a deep bresth and follow
the instructions. As soon as you have finished this chapter you will have an editor that understands input
files of the following format. We will refer to this snippet as an example of our “target syntax” later on:

type String
type Bool

entity Session {
property Title: String
property IsTutorial : Bool

}

entity Conference {
property Nanme : String
property Attendees : Person[]
property Speakers : Speakers][]

}

entity Person {
property Nanme : String
}

entity Speaker extends Person {
property Sessions : Session[]

}

1.3.1. Create an Xtext project
Use the Xtext wizard to create a new project
File -> New -> Project... -> Xtext -> Xtext project
Choose a sensible project name, language name and file extension, e.g.

Main project name: org.xtext.example.start
Language name: org.xtext.example.Entities
DSL-File extension: entity

Uncheck “Generate Generator project”, you will not need it thistime. Click on Finish.
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1.3.2.

1.3.3.

= PN New Xtext Project

Xtext project wizard

This wizard creates a pair of projects for your Xtext DSL.

Main project name: org.xtext.example.start
Language name: org.xtext.example.Entities
DSL-File extension: entity

Create generator project: [ |

1:'_?‘\] | < Back | Next > r Cancel \1 E Finish 3
4

Project layout

In the Package Explorer you can see two new projects. In or g. xt ext . exanpl e. start you can
definethe grammar and configure the runtime aspects of your language. The editor, outline view and code
completion goesinto or g. xt ext . exanpl e. st art. ui . Both projects consist of generated classes
derived from your grammar and manual code such asthe grammar itself or further classesto differentiate
from the default behavior.

[% Package Explorer 52 ™. T2 Hierarchﬂ -5 ¥ =08
¥ 24 org.xtextexample.start
b Esre - manual code

generated code
MacOS X Default))

2 src-gen
P =i JRE System Library [JVM
P =i Plug-in Dependencie
B = META-INF

fﬂ. build.propertj

P = JRE System Library [JWM 1.5.0 (MacOS X Default)]
P =i Plug-in Dependencies
B = META-INF

fﬂ. build.properties

It is good to be clear and unambiguous whether the code is generated or is to be manipulated by the
developer. Thus, the generated code should be held separately from the manual code. We follow this
pattern by having afolder src/ and a folder src-gen/ in each project. Keep in mind not to make changes
in the src-gen/ folder. They will be overwritten by the generator.

Build your own grammar

Thewizard will automatically open the example grammar fileEnt i t i es. xt ext fromthefirst project
in the editor. A grammar has two purposes. First, it is used to describe the concrete syntax of your
language. Second, it contains information about how a parser shall create a model during parsing.

Ignore the generated sample grammar, delete everything after " Model : " totheend. Theentry rulefor
the parser will be called Model . AsaMbdel consistsof oneor moreEnt i t y entries, thisrule delegates
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to another rule named Ent i t y, which will be defined later on. As we can have one ore more entities
within amodel, the cardinality is“+”. Each rule is terminated with a semicolon. So our first rule reads as

Model
Entity+;

Please note: If you encounter strange errors while copying and pasting these snippets to your Eclipse
editor your documentation viewer most likely has inserted characters different from {space} into your
clipboard. Reenter these “ fillers” or type the text by hand to be sure everything works fine.

An Xtext grammar does not only describe rulesfor the parser but also the structure of the resulting abstract
syntax tree. Usually, each parser rule will create a new node in that tree. The type of that node can be
specified after the rule name using the keyword r et ur ns. If the type's name is the same as the rule
name, it can be omitted as in our case.

The parser will create anew element of type Mbdel whenit enterstherule Mbdel , and anew element of
typeEnti t y every timeit enterstherule Ent i t y. To connect these AST elements, we have to define
the name of areference. In our case, we call that reference entities. We specify it using the assignment
operator " +=", which denotes amulti valued feature.

As aresult, we modify thefirst rule to

Model
(el ements += Entity)+;

The next rule on our list isthe rule Ent i ty. Looking at our target syntax, each entity begins with
the keyword ent i t y followed by the entity’s name and an opening curly brace (we will handle the
ext ends clausein asecond step). Then, an entity definesanumber of properties and endswith aclosing
curly brace.
Entity returns Entity:
"entity' name=ID ' {"
(properties+=Property)*

y

Instead of creating a new AST node for the name, we rather want the name to be an attribute of the
Ent i ty class. Therefore we usetheterminal rule | D, which resultsin astring. The assignment operator
" =" denotes a single valued feature, and the asterisk a cardinality of 0..n. In our target syntax, some
entities refer to an existing entity as their super type after the keyword ext ends. Note that thisis a
cross-reference, asthe super type itself must be defined somewhere else. To define a cross-reference we
use square brackets. Optional parts have the cardinality “?’. The complete rule now reads:
Entity returns Entity:

"entity' name=ID ('extends' extends=[Entity])? '{'
(properti es+=Property)*

"}

We have not specified therule Pr oper t y, yet. In our target syntax, properties can refer to simple types
such as “String” or “Bool” as well as entities. To make this easy we will first introduce a common
supertype Ty pe each Pr oper t y canrefer to.

Change therule Mbdel and introduce anew rule Type and Si npl eType:

Model
(el enent s+=Type) *;

Type:
Si npl eType | Entity;

Si npl eType:
"type' name=| D

Models new consist of types where a Type can either be a Si npl eType or the Ent i t y you aready
know. Our rule Type will just delegate to either of them, using the " | " aternatives operator. The
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combination of simple data types and entites this way introduces a common super type Type both
EntityandSi npl eType derivefrom. Thisallowsyou to refer to both types of elementswith asingle
cross-reference.

A Property consist of a keyword, a name, a colon and a cross-reference to an arbitrary Type. The
multiplicity is either many or one. The presence of the postfix “[]” (technically akeyword) should trigger
a boolean flag in the AST model. Thisis the purpose of the assignment operator " ?=". Our last parser
ruleis:

Property:
"property' nane=ID ':

type=[ Type] (many?="[]")?;

In the end your grammar editor should look like this:

Entities xtext &3 =8

grammar org.xtext.example.Entities with org.eclipse.xtext.common.Terminals
generate entities "http://www.xtext.org/example/Entities”

Model :
(elements+=Typel*;

Import :
"import' importURI=STRING;

Type:
SimpleType | Entity;

SimpleType:
"type' name=ID;

Entity :
"entity' name=I0 ('extends' extends=[Entity])7? '{’
properties+=Property*

|]|’.

Property:
"property' name=ID ':' type=[Type] Cmuny?f'[]')?d

1.3.4. Generate language artifacts

Savethe grammar and make surethat no error markersappear. Then, locate thefile GenerateEntities.mwe
next to the grammar file in the package explorer view. From its context menu, choose

Run As -> MWE Workflow.

That will trigger the Xtext language generator. Y ou will seeitslogging messages in the Console view.

1.3.5. Test the generated editor
If code generation succeeded, right-click on the Xtext project and choose
Run As-> Eclipse Application.

Thiswill spawn anew Eclipse workbench with your projects as plug-insinstalled. In the new workbench,
create a new project (File -> New -> Project... -> General -> Project) and therein anew file with the file
extension you chose in the beginning. Thiswill open the generated entity editor.
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M O ava - ge

IF-H &% 0 |EH G & [#- 3
FIE Package &34 =08 FEE Outline &2 & 2 =08
&~ type String ¥ [= Model
type Bool I'= String
= Bool
¥ [= Session

B == gettingstarted

entity Session {
property Title: String
property IsTutorial : Bool I= Title

} I= |sTutorial

tity Conf 0 ¥ = Conference

entity Conference =
property Mome : String = Nayme
property Attendees : Person[]
property Speakers : 9 = Speakers

} = Session

= Speaker

IS Attendees

entity Person {

property Nome : Strin
} i}
}

String

entity Speaker extends
property Sessions : §
1

Writable
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Chapter 2. The Grammar Language

The grammar language is the corner stone of Xtext and isdefined initself. Actually itisaDSL to create
DSLs, so what would be more helpful than developing the Xtext language with Xtext?

The grammar language is a domain-specific language, carefully designed for the description of textual
languages based on LL (*)-Parsing that islike ANTLR3's parsing strategy. The main ideais to describe
the concrete syntax and how an EM F-based in-memory model is created during parsing.

2.1. First an example

Toget anideaof how it workswe'll start by implementing asimple exampleintroduced by Martin Fowler.
It's mainly about describing state machines used as the (un)lock mechanism of secret compartments.
People who have secret compartments control their access in a very old-school way, e.g. by opening the
door first and turning on the light afterwards. Then the secret compartment, for instance a panel, opens
up. One of those state machines could look like this:

events
door Cl osed D1CL
drawQpened D20P
I'i ght On L1ON
door Opened D1OP
panel C osed PNCL
end

reset Event s
door Opened
end

conmands
unl ockPanel PNUL
| ockPanel PNLK
| ockDoor D1LK
unl ockDoor D1UL
end

state idle
actions {unl ockDoor | ockPanel}
door Cl osed => active

end

state active
drawQpened => wai ti ngForLi ght
lightOn => wai ti ngFor Dr aw
end

state waitingForLight
I'i ght On => unl ockedPanel
end

state waitingFor Draw
dr awQpened => unl ockedPanel
end

state unl ockedPanel
actions {unl ockPanel | ockDoor}
panel Cl osed => idle

end

So, we have a bunch of declared events, commands and states. Within states there are references
to declared actions, which should be executed when entering such a state. Also there are transitions
consisting of areference to an event and a state. Please read Martin's description if it is not clear enough.
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The Grammar Language

In order to get a complete IDE for this little language from Xtext, you need to write the following
grammar:

grammar my. pack. Secr et Conpart nents
with org.eclipse. xtext.comon. Terninal s

generate secretconpartnent "http://ww. ecli pse.org/secretconpartnment"”

St at enachi ne :
‘events'
(event s+=Event) +
' end'
('reset Events'
(reset Event s+=[ Event]) +
"end')?
' comands'’
(conmands+=Conmand) +
' end'
(states+=State)+;

Event
nane=I D code=I D

Conmmand :
nane=I| D code=I D

State :
'state' name=ID
("actions' '{' (actions+=[Command])+ '}')?
(transitions+=Transition)*
"end';

Transition :
event =[ Event] '=>' state=[State];

2.2. The Syntax

In the following the different concepts of the grammar language are explained.

2.2.1. Language Declaration

Thefirst line

granmmar my. pack. Secret Conpartments with org. eclipse. xtext. conmon. Ter m nal s
declares the name of the grammar. Xtext leverages Java' s class path mechanism. This means that the
name can be any valid Java qualifier. The file name needs to correspond to the grammar name and have

the file extension ‘xtext’. This means that the name has to be Secr et Conpart nent s. xt ext and
must be placed in a package my. pack somewhere on your project’s class path.

Thefirst lineisaso used to declare any used language (for mechanism details see Grammar Mixins).

2.2.2. EPackage declarations

Xtext parsers instantiate Ecore models (aka meta model). An Ecore model basically consists of an
EPackage containing EClasses, EDatatypes and EEnums. Xtext can infer Ecore models from a grammar
(see Ecore model inference) but it is also possible to instanti ate existing Ecore models. Y ou can even mix
this and use multiple existing Ecore models and infer some others from one grammar.

2.2.2.1. EPackage generation

The easiest way to get started isto let Xtext infer the Ecore model from your grammar. Thisis what is
donein the secret compartment example. To do so just state:

generate secretconpartnment 'http://ww. eclipse.org/secretconpartnent’
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The Grammar Language

That statement means: generate an EPackage with the name secr et conpart nent and the nsURI
http://ww. ecl i pse. org/ secretconpartnent. Actually these are the properties that are
required to create an EPackage. The whole algorithm used to derive complete Ecore models from Xtext
grammars is described in the section Ecore model inference.

2.2.2.2. EPackage import

Using

Using

If you aready have an existing EPackage, you can import it using either a namespace URI or aresource
URI. An URI (Uniform Resource Identifier) provides a simple and extensible means for identifying an
abstract or physical resource. For details about the EMF implementation of this concept, please see its
documentation.

namespace URIs to import existing EPackages
Y ou can import an existing EPackage with the following statement:

import 'http://ww. eclipse.org/secretconpartnment'’

Note that if you use a namespace URI, the corresponding EPackage needs to be instaled into the
workbench. Otherwise the editor cannot find it. At runtime (i.e. when starting the generator) you need to
make sure that the corresponding EPackage is registered in the EPackage. Regi st ry. | NSTANCE.
If you use MWE to drive your code generator, you need to add the following lines to your workflow file:

<bean cl ass="org. eclipse.enf. me. utils. Standal oneSet up"
platfornmri="${runti meProject}/..">
<r egi st er Gener at edEPackage val ue="ny. pack. Secr et conpar t nent Package"/ >
</ bean>

Using namespace URIsistypically only interesting when common Ecore models are used, such as Ecore
itself or the UML meta model. If you' re devel oping the EPackage together with the DSL but don’t want
to have it derived from the grammar for some reason, we suggest to use a resource URI.

resource URIs to import existing EPackages

If the EPackageyou want to useissomewherein your workspaceyou shouldrefertoitby apl at f or m /
r esour ce/ -URI. Platform URIsare aspecial EMF concept, which alow for somekind of transparency
between workspace projects and installed bundles. Consult the EMF documentation (we recommend the
book) for details.

An import statement referring to an Ecore file by a platform:/resource/ URI looks like this:
import 'platform/resource/ project/src/ny/pack/ Secret Conpartnents. ecore'

If you want to mix generated and imported Ecore modelsyou’ Il have to configure the generator fragment
inyour MWE file responsible for generating the Ecore classes ( EcoreGeneratorFragment) with resource
URIsthat point to the genmodels for the referenced Ecore models. Example:

<fragnent class="org. eclipse. xtext.generator.ecore. EcoreGener at or Fragnent "

genModel s=
"platform/resource/ project/src/my/pack/ Secr et Conpart nents. gennodel "/ >

2.2.2.3. Ecore model aliases for packages

If you want to use multiple EPackages you need to specify aliasesin the following way:

generate secretconpartnment 'http://ww. eclipse. org/secretconpartnent'’
import 'http://wwmv eclipse. org/anot her Package' as anot her

When referring to a type somewhere in the grammar you need to qualify the reference using that alias
(example anot her : : Cool Type). We'll seelater where such type references occur.

Itis also supported to put multiple EPackage imports into one alias. Thisis no problem aslong as there
arenot any two EClassifiers with the same name. In such cases none of them can be referenced. It iseven
possible to ‘import’ multiple and ‘ generate’ one Ecore model and all of them are declared for the same
dias. If you do so, for areference to an EClassifier first the imported EPackages are scanned beforeit is
assumed that atype needs to by generated into the to-be-generated package.
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Example:

generate toBeCGenerated 'http://ww. eclipse. org/toBeGenerated
import '"http://wwm. eclipse. org/ packCont ai ni ngCl assA'
import '"http://wwm. eclipse. org/ packCont ai ni ngCl assB'

With the declaration above

1. a reference to type Cl assA would be linked to the EClass contained in http://
www. ecl i pse. or g/ packCont ai ni ngQ assA,

2. a reference to type Cl assB would be linked to the EClass contained in http://
www. ecl i pse. or g/ packCont ai ni ngd assB,

3. areference to type Not Yet Def i ned would be linked to a newly created EClass in http://
www. ecl i pse. or g/t oBeGener at ed.

Note, that using thisfeatureisnot recommended, because it might cause problems, which are hard to track
down. For instance, areferenceto cl assAwould aswell belinked to anewly created EClass, becausethe
corresponding typeinht t p: / / www. ecl i pse. or g/ packCont ai ni ngCl assAisspelled with a
capital letter.

2.2.3. Rules

The default parsing is based on a home-grown packrat parser. It is advised to substitute it by an ANTLR
parser through the Xtext service mechanism. ANTLR is a sophisticated parser generator framework
based on an LL(*) parsing agorithm, that works quite well for Xtext. Please download the plugin
de.itemis.xtext.antlr (from update siteht t p: / / downl oad. i t em s. com updat es/ ) and use the
ANTLR Parser instead of the packrat parser (cf. Xtext Workspace Setup).

Basically parsing can be separated in the following phases.

1. lexing
2. parsing
3. linking
4. validation

2.2.3.1. Terminal Rules

Inthefirst stage, i.e. lexing, asequence of characters (the text input) istransformed into a sequence of so
called tokens. In this context, atoken is sort of a strongly typed part of the input sequence. It consists of
one or more characters and was matched by aparticular terminal rule or keyword and therefore represents
an atomic symbol. Terminal rules are also referred to as token rules or lexer rules. There is an informal
naming convention that names of terminal rules are all upper-case.

In the secret compartments example there are no explicitly defined terminal rules, since it only uses
the ID rule which isinherited from the grammar or g. ecl i pse. xt ext. conmon. Ter ni nal s (cf.
Grammar Mixins). Therein the ID rule is defined as follows:

termnal ID:
('~)y?(ta Ltz AL Z ) (Cats Ltz | A L Z | 0L 9 )

It saysthat a Token ID starts with an optional ‘' character (caret), followed by aletter (‘'8 ..'Z | A’..'Z’)
or underscore (*_") followed by any number of letters, underscores and numbers (‘0'..'9").

The caret is used to escape an identifier for cases where there are conflicts with keywords. It is removed
by the ID rule' s VaueConverter.
Thisisthe formal definition of terminal rules:

Term nal Rul e :
‘terminal' nane=ID ('returns' type=TypeRef)? '
al ternati ves=Term nal Al ternatives ';'

Note, that the order of terminal rulesis crucial for your grammar, as they may hide each other. Thisis
especialy important for newly introduced rulesin connection with mixed rules from used grammars.
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If you for instance want to add aruleto allow fully qualified namesin addition to simple I Ds, you should
implement it as a data type rule, instead of adding another terminal rule.

Return types

A terminal rulereturnsavalue, whichisastring (typeecor e: : ESt ri ng) by default. However, if you
want to have a different type you can specify it. For instance, therule ' INT’ is defined as:

termnal INT returns ecore::Elnt
("0 .."9 )+

Thismeansthat theterminal rule ‘' INT’ returnsinstancesof ecor e: : El nt . Itis possible to define any
kind of datatype here, which just needs to be an instance of ecor e: : EDat aType. In order to tell the
parser how to convert the parsed string to a value of the declared data type, you need to provide your
own implementation of 1ValueConverterService (cf. value converters). The value converter is also the
point where you can remove things like quotes from string literals or the caret (‘") from identifiers. Its
implementation needs to be registered as a service (cf. Service Framework).

2.2.3.2. Extended Backus-Naur form expressions

Token rules are described using “ Extended Backus-Naur Form”-like (EBNF) expressions. The different
expressions are described in the following. The one thing all of these expressions have in common isthe
cardinality operator. There are four different possible cardinalities

1. exactly one (the default, no operator)
2. oneor none (operator “7?")

3. any (zero or more, operator “*”)

4. one or more (operator “+”

Keywords / Characters

Keywords ae a  kind of token rule literals. The ‘ID’ rule in
org. ecli pse. xt ext. conmon. Ter ni nal s for instance starts with a keyword:
terminal ID: '"AM? .... ;

The question mark sets the cardinality to “none or one” (i.e. optional) like explained above.
Note that a keyword can have any length and contain arbitrary characters.

Character Ranges
A character range can be declared using the *.." operator.

Example:
terminal INT returns ecore::Elnt: ('0".."'9")+;
Inthiscasean INT iscomprised of one or more (notethe‘+' operator) characters between (and including)
‘0’ and ‘9.
Wildcard
If you want to allow any character you can simple write the wildcard operator ‘.’ (dot): Example:
FOO: 'f' . 'o';

Therule above would allow expressions like ‘foo’, ‘f00’ or even ‘f\no’.

Until Token

With the until token it is possibleto state that everything should be consumed until a certain token occurs.
The multiline comment is implemented this way:

terminal ML_COMMENT : '/*' -> "*[';
Thisisthe rule for Java-style comments that begin with ‘/*’ and end with **/".

Negated Token

All the tokens explained above can be inverted using a preceding explanation mark:
terminal M__COMMENT : ‘'/*' (I'"*/[')+;
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Rule Calls

Rules can refer to other rules. Thisis done by writing the name of the rule to be called. We refer to this
asrule calls. Rule callsin terminal rules can only point to terminal rules.

Example:
terminal QUALIFIED NAME : ID ('.' ID)*;

Alternatives

Using aternatives one can state multiple different alternatives. For instance, the whitespace rule uses
alternativeslike this:

terminal W8 : (" "["\t']'"\r"|"\n")+;
That isa WS can be made of one or more whitespace characters (including * *,'\t’,'\r’ ,*\n’).

Groups
Finally, if you put tokens one after another, the whole sequence is referred to as a group. Example:
terminal ASCIlI : 'Ox' ('O .."7") (‘O .."9"|'"A.."F);

That isthe 2-digit hexadecimal code of ascii characters.

2.2.4. Parser Rules

The parser reads asequence of terminalsand walksthrough the parser rules. Hence aparser rule—contrary
to aterminal rule — does not produce a single terminal token but a tree of non-termina and terminal
tokens. They lead to aso called parsetree (in Xtext it isal so referred as node model). Furthermore, parser
rules are handled as kind of abuilding plan for the creation of the EObjects that form the semantic model
(the linked abstract syntax graph or AST). Due to thisfact, parser rules are even called production rules.
The different constructs like actions and assignments are used to derive types and initialize the semantic
objects accordingly.

2.2.4.1. Extended Backus-Naur Form expressions
Not all the expressions that are available in terminal rules can be used in parser rules. Character ranges,
wildcards, the until token and the negation are only available for terminal rules.
The elements that are available in parser rules aswell asin terminal rules are

1. groups,
2. alternatives,

3. keywords and
4, rulecalls.

In addition to these elements, there are some expressions used to direct how the AST is constructed,
which are listed and explained in the following.

Assignments
Assignments are used to assign the parsed information to a feature of the current object. The type of the
current object, its EClass, is specified by the return type of the parser rule. If it isnot explicitly stated it
isimplied that the type’s name equals the rule’s name. The type of the feature is infered from the right
hand side of the assignment.

Example:

State :
‘state' nane=ID
("actions' '{' (actions+=[Comrand])+ '}"')?
(transitions+=Transition)?*
" end'

1

The syntactic declaration for states in the state machine example starts with a keyword ‘ state’ followed
by an assignment:
name=| D
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The left hand side refers to afeature ' nane' of the current object (which has the EClass * State’ in this
case). The right hand side can be arule call, a keyword, a cross reference (explained later) or even an
alternative comprised by the former. The type of the feature needs to be compatible with the type of the
expression on the right. As ID returns an EString in this case, the feature ' namre' needs to be of type
EString as well.

Assignment Operators

There are three different assignment operators, each with different semantics.

1. Thesimple equal sign “=" is the straight forward assignment, and used for features which take only
one element.

2. The“+=" sign (the add operator) expects a multi valued feature and adds the value on the right hand
to that feature, which isalist feature.

3. The“?=" sign (boolean assignment operator) expects a feature of type EBoolean and setsit to true if
the right hand side was consumed independently from the concrete value of the right hand side.

The used assignment operator does not effect the cardinality of the expected symbols on the right hand
side.

Cross References

A unique feature of Xtext is the ability to declare crosslinks in the grammar. In traditional compiler
construction the crosslinks are not established during parsing but in alater linking phase. Thisisthe same
in Xtext, but we allow to specify crosslink information in the grammar. This information is used by the
linker. The syntax for crosslinksis:

CrossRef erence :
"[' type=TypeRef ('|' ~term nal =CrossReferenceabl eTernm nal )? ']’

For example, the transition is made up of two cross references, pointing to an event and a state:

Transition :
event =[ Event] '=>' state=[Stat €]

l

It isimportant to understand that the text between the square brackets does not refer to another rule, but
to atype! Thisis sometimes confusing, because one usually uses the same name for the rules and the
returned types. That is if we had named the type for events differently like in the following the cross
reference needs to be adapted as well:

Transition :
event = M\yEvent] '=>' state=[State]

)

Event returns MyEvent : ....;

Looking at the syntax definition of cross references, there is an optional part starting with avertical bar
(pipe) followed by ‘CrossReferenceableTerminal’. This is the part describing the concrete text, from
which the crosslink later should be established. If the terminal is omitted, it is expected to bean ID.

Y ou may even use alternatives as the referencable terminal. Thisway, either an ID or aSTRING may be
used asthe referencable terminal, asit is possible in many SQL dialects.

Tabl eRef: tabl e=[ Tabl e| (I D] STRING ] ;
Have alook at the linking section in order to understand how linking is done.

Simple Actions

By default the object to be returned by aparser ruleis created lazily on the first assignment. Then the type
of the EObject to be created is determined from the specified return type or the rule nameif no explicit
return type is specified. With Actions however, the creation of returned EObject can be made explicit.
Xtext supports two kinds of Actions:

1. simple actions, and

2. assigned actions.
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If at some point you want to enforce the creation of a specific type you can use aternatives or smple
actions. In the following example TypeB must be a subtype of TypeA. An expression A i dent should
create an instance of TypeA, whereasB i dent should instantiate TypeB.
Example with alternatives:
M/Rul e returns TypeA :

"A" nane=ID |

MO her Rul e

l

MG herRul e returns TypeB :
"B" nane = ID

Example with smple actions:
M/Rul e returns TypeA :
"A" nane=ID |
"B" {TypeB} name=ID

Generally speaking, the instance is created as soon as the parser hits the first assignment. However,
actions allow to explicitly instantiate any EObject. The notation { TypeB} will create an instance of
TypeB and assign it to the result of the parser rule. This allows parser rules without any assignment and
object creation without the need to introduce unnecessary rules.

Unassigned rule calls

We previously explained, that the EObject to bereturned iscreated |azily when thefirst assignment occurs
or when asimple action is evaluated. There is another way one can set the EObject to be returned, which
we call an “unassigned rule call”.

Unassigned rule calls (the name suggestsit) are rule callsto other parser rules, which are not used within
an assignment. If there is no feature the returned value shall be assigned to, the value is assigned to the
“to-be-returned” result of the calling rule.

With unassigned rule calls one can, for instance, create rules which just dispatch between several other
rules:
Abst ract Token :

TokenA |

TokenB |
TokenC

AsAbst r act Token could possibly return an instance of TokenA, TokenB or TokenCitstype must
by a super type of these types. It is now for instance as well possible to further change the state of the
AST element by assigning additional things.

Example:

Abst ract Token :
( TokenA |
TokenB |
TokenC ) (cardinality=("?"|"+[|"*"))?

This way the ‘cardinality’ is optional (last question mark) and can be represented by a question mark,
aplus, or an asterisk. It will be assigned to either an EObject of type TokenA, TokenB, or TokenC
which are al subtypes of Abst r act Token. Therule in this example will never create an instance of
Abst ract Token directly.

Assigned Actions

LL parsing has some significant advantages over LR algorithms. The most important ones for Xtext are,
that the generated code is much simpler to understand and debug and that it is easier to recover from
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errors. Especially ANTLR has a very nice generic error recovery mechanism. This allows to construct
an AST even if there are syntactic errors in the text. You wouldn’t get any of the nice IDE features as
soon asthereisonelittle error, if we hadn't error recovery.

However, LL aso has some drawbacks. The most important one is that it does not allow left recursive
grammars. For instance, the following is not allowed in LL based grammars, because “Expression '+'
Expression” isleft recursive:

Expression :
Expression '+ Expression |
"(' Expression ')’
I NT

Instead one has to rewrite such things by “left-factoring” it:
Expression :
Ter mi nal Expression ('+' Expression)?

Ter mi nal Expression :
"(' Expression ')' |
I NT

In practice this is aways the same pattern and therefore not that problematic. However, by simply
applying the Xtext AST construction features we' ve covered so far, agrammar ...
Expression :

{Operation} |eft=Term nal Expression (op="+' right=Expression)?

1

Ter mi nal Expressi on returns Expression:
'"(' Expression ')' |
{IntLiteral} val ue=I NT

... would result in unwanted elements in the AST. For instance the expression “ (42 ) ” would result in
atreelikethis:

Operation {
| eft =Cperation {
left=IntLiteral {
val ue=42
}
}
}

Typically one would only want to have oneinstance of | nt Li t er al instead.
One can solve this problem using a combination of unassigned rule calls and assigned actions:

Expression :
Ter mi nal Expressi on ({Qperation.|eft=current}
op='+" right=Expression)?

Ter mi nal Expressi on returns Expression:
'(' Expression ')' |
{IntLiteral} val ue=INT

Inthe exampleabove{ Qper at i on. | ef t =curr ent } isaso called treerewrite action, which creates
a new instance of the stated EClass (Operation in this case) and assigns the element currently to-be-
returned ( cur r ent variable) to afeature of the newly created object (in this case feature ‘left’ of the
Operation instance). In Java these semantics could be expressed as.
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Operation tenp = new Operation();
tenp. setLeft(current);
current = tenp;

2.2.5. Hidden terminal symbols

Because parser rules describe not a single token, but a sequence of patterns in the input, it is necessary
to define the interesting parts of the input. Xtext introduces the concept of hidden tokens to handle
semantically unimportant things like whitespaces, comments, etc. in the input sequence gracefully. It
is possible to define a set of terminal symbols, that are hidden from the parser rules and automatically
skipped when they are recognized. Nevertheless, they are transparently woven into the node model, but
not relevant for the semantic model.

Hidden terminals may (or may not) appear between any other terminals in any cardinality. They can be
described per rule or for the whole grammar. When reusing a single grammar its definition of hidden
tokensisreused aswell. The grammar or g. ecl i pse. xt ext . conmon. Ter m nal s comeswith a
reasonable default and hides all comments and whitespace from the parser rules.

If arule defines hidden symbols, you can think of akind of scope that is automatically introduced. Any
rule that is called from the declaring rule uses the same hidden terminals as the calling rule, unless it
defines other hidden tokens itself.
Person hi dden(W5, M__COMMENT, SL_COMMVENT):

nane=Ful | name age=INT ' ;'

1

Ful | nane:
(firstname=ID)? | astname=ID

The sample rule “Person” defines multiline comments (ML_COMMENT), single-line comments
(SL_COMMENT), and whitespace (WS) to be allowed between the‘ Fullname’ and the‘ age’ . Becausethe
rule ‘Fullname’ does not introduce another set of hidden terminals, it alows the same symbols to appear
between ‘firstname’ and ‘lasthame’ as the calling rule *Person’. Thus, the following input is perfectly
valid for the given grammar snippet:

John /* comment */ Smith // |ine coment
/* commrent */
42 /1 line conrent

A list of all default terminals like WS can be found in section Grammar Mixins.

2.2.6. Data type rules

Datatyperulesare parsing-phase rules, which create instances of EDataTypeinstead of EClass. Thinking
about it, one may discover that they are quite similar to terminal rules. However, the nice thing about
datatyperulesisthat they are actually parser rules and are therefore

1. context sensitive and
2. dlow for use of hidden tokens.
If you, for instance, want to define arule to consume Java-like qualified names (e.g. “foo.bar.Baz") you

could write:
Qual i fi edNane :
ID(".' ID*

This looks similar to the terminal rule we' ve defined above in order to explain rule calls. However, the
differenceisthat becauseit is a parser rule and therefore only valid in certain contexts, it won't conflict
with therule ID. If you had defined it as aterminal rule, it would possibly hide the ID rule.

In addition when this has been defined as a data type rule, it is alowed to use hidden tokens (e.g. “/*
comment **/”) between the IDs and dots (e.g. f oo/ * conment */. bar . Baz")
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Return types can be specified in the same way asin terminal rules:

Qual i fi edNanme returns ecore::EString :
ID('.' ID*

Notethat if arule does not call another parser rule and does neither contain any actions nor assignments,
it is considered to be a data type rule and the data type EString is implied if none has been explicitly
declared.

For conversion again value converters are responsible (cf. value converters).

2.2.7. Enum Rules

Enum rules return enumeration literals from strings. They can be seen as a shortcut for data type rules
with specific value converters. The main advantage of enum rules is their simplicity, type safety and
therefore nice validation. Furthermoreit is possible to infer enums and their respective literals during the
Ecore model transformation.

If you want to define a ChangeKind org.eclipse.emf.ecore.change/model/Change.ecore with ‘ADD’,
‘MOVE' and ‘REMOVE' you could write:

enum ChangeKi nd :
ADD | MOVE | REMOVE

It is even possible to use alternative literals for your enums or reference an enum value twice:

enum ChangeKi nd :
ADD = 'add' | ADD = '+' |
MOVE = 'nove' | MOVE = '->' |
REMOVE = 'renove' | REMOVE = '-'

1

Please note, that Ecore does not support unset values for enums. If you formulate a grammar like
El enent: "el ement" nane=lI D (val ue=SoneEnum ?;

with the input of

el ement Foo

the resulting value of the element Foo will hold the enum value with the internal representation of
‘0’ (zero). When generating the EPackage from your grammar thiswill be thefirst literal you define. As
aworkaround you could introduce a dedicated none-value or order the enums accordingly. Note that it
is not possible to define an enum literal with an empty textual representation.
enum Visibility:

package | private | protected | public

l

Y ou can overcome this by modifying the infered Ecore model through amodel to model transformation.

2.3. Ecore model inference

The Ecore model (or meta model) of atextual language describes the structure of its abstract syntax trees
(AST).

Xtext uses Ecore’ s EPackages to define Ecore models. Ecore models are declared to be either inferred
(generated) from the grammar or imported. By using the ‘generate’ directive, one tells Xtext to derive
an EPackage from the grammar.

2.3.1. Type and Package Generation
Xtext creates
» an EPackage

 for each generate-package declaration. After the directive ‘generate’ a list of parameters follows.
The ‘name’ of the EPackage will be set to the first parameter, its ‘nsURI’ to the second parameter.
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An optional alias as the third parameter allows to distinguish generated EPackages later. Only one
generated package declaration per aliasis alowed.

* an EClass

« for each return type of a parser rule. If a parser rule does not define a return type, an implicit one
with the same name as the ruleitself is assumed. Y ou can specify more than one rule that return the
same type but only one EClass will be generated.

« for each type defined in an action or a cross reference.
e an EEnum
« for each return type of an enumrule.
* an EDatatype
« for each return type of aterminal rule or adatatyperule.

All EClasses, EEnums and EDatatypes are added to the EPackage referred to by the aias provided in the
type reference they were created from.

2.3.2. Feature and Type Hierarchy Generation

While walking through the grammar, the algorithm keeps track of a set of the currently possible return
types to add features to.

» Entering a parser rule the set contains only the return type of the rule.

» Entering a group in an alternative the set is reset to the same state it was in when entering the first
group of this aternative.

» Leaving an alternative the set contains the union of all types at the end of each of its groups.
» After an optiona element, the set isreset to the same state it was before entering it.

» After a mandatory (non-optional) rule call or mandatory action the set contains only the return type
of the called rule or action.

» Anoptional rule call does not modify the set.

e Arulecall isoptionadl, if itscardinality is*? or ‘*’.
While iterating the parser rules Xtext creates

 an EAttribute in each current return type

« of type EBoolean for each feature assignment using the *?=" operator. No further EReferences or
EAttributes will be generated from this assignment.

« for each assignment with the ‘=" or ‘+=" operator calling aterminal rule. Itstype will be the return
type of the called rule.

» an EReference in each current return type

« for each assignment with the ‘=" or ‘+=" operator in a parser rule caling a parser rule. The
EReference’ s type will be the return type of the called parser rule.

« for each assigned action. Thereference’ stypewill be set to the return type of the current calling rule.

Each EAttribute or EReference takes its name from the assignment or action that caused it. Multiplicities
will be 0...1 for assignments with the ‘=" operator and 0...* for assignments with the *+=" operator.

Furthermore, each type that is added to the currently possible return types automatically extends the
current return type of the parser rule. You can specify additional common super types by means of
“artificial” parser rules, that are never called, e.g.

ConmonSuper Type:
SubTypeA | SubTypeB | SubTypeC;

2.3.3. Enum Literal Generation

For each aternative defined in an enum rule, the transformer creates an enum literal, when another literal
with the same name cannot be found. The ‘literal’ property of the generated enum litera is set to the
right hand side of the declaration. If it is omitted, you will get an enum literal with equal ‘name’ and
‘literal’ attributes.
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enum MyGener at edEnum
NAMVE = 'literal' | EQUAL_NAME AND LI TERAL;

2.3.4. Feature Normalization

In the next step the generator examines all generated EClasses and lifts up similar featuresto super types
if there is more than one subtype and the feature is defined in every subtypes. This does even work for
multiple super types.

2.3.5. Customized Post Processing

As a last step, the generator invokes the post processor for every generated Ecore model.
The post processor expects an Xtend file with name <MyDsl >Post Processor. ext (if
the name of the grammar file is MyDsl . xt ext) in the same folder as the grammar file.
Further, for a successful invocation, the Xtend file must declare an extension with signature
process(xtext:: Gener at edMet anndel ) . E.g.

process( xt ext:: Gener at edMet anodel this)
pr ocess( ePackage)

process(ecore: : EPackage this)
do sonet hi ng

The invoked extension can then augment the generated Ecore model in place. Some typical use cases
areto:

* set default values for attributes,
* add container references as opposites of existing containment references, or
* add operations with implementation using a body annotation.

Great care must be taken to not modify the Ecore model in a way preventing the Xtext parser from
working correctly (e.g. removing or renaming model elements).

2.3.6. Error Conditions

2.4.

The following conditions cause an error

» An EAttribute or EReference has two different types or different cardinality.

» Thereisan EAttribute and an EReference with the same name in the same EClass.
» Thereisacyclein thetype hierarchy.

» An new EAttribute, EReference or super typeis added to an imported type.

» AnEClassis added to an imported EPackage.

* Anundeclared dliasis used.

» Animported Ecore model cannot be loaded.

Importing existing Ecore models

2.5.

With the import directive in Xtext you can refer to existing Ecore models and reuse the types that are
declared in an EPackage. Xtext uses this technique itself to leverage Ecore data types.

import 'http://ww. eclipse.org/enf/2002/ Ecore' as ecore
Specify an explicit return type to reuse such imported types. Note that this even works for terminal rules.
terminal INT returns ecore::Elnt : ('0".."9" )+

Grammar Mixins

Xtext supports the reuse of existing grammars. Grammars that are created via the Xtext wizard use
org. ecli pse. xt ext. conmon. Ter ni nal s by default whichintroducesacommon set of terminal
rules and defines reasonable defaults for hidden terminals.
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grammar org. xt ext.exanpl e. My\Dsl w th org. eclipse. xtext.common. Term nal s
generate nmyDsl 'http://ww. xt ext. org/ exanpl e/ MyDsl '

sonme rul es

Mixing in another grammar makes the rules defined in that grammar referable. It is also possible to
overwrite rules from the used grammar.

Example:
grammar ny. Super Gr amar

Rul eA : "a" stuff=Rul eB;
RuleB : "{" nane=ID "}";

grammar my. SubG anmar wth ny. Super G anmar
Model : (rul eAs+=Rul eA)*;

/1 overrides my. Super G amar. Rul eB
RuleB : '[' nane=ID "']";

Note that declared terminal rules always get a higher priority then imported terminal rules.

2.6. Default tokens

Xtext ships with a default set of predefined, reasonable and often required terminal rules. This grammar
is defined as follows:

grammar org. eclipse. xt ext. conmmon. Ter m nal s
hi dden(Ws, M._COMMENT, SL_COMVENT)

import "http://ww:. eclipse.org/enf/2002/ Ecore" as ecore

termnal ID:

AR(ta Lt |TA L2 ) (Tats Lt AL Z 0L e )
terminal INT returns ecore::Elnt: ('0".."9" )+ ;
term nal STRING :
T G- Sl R B R R R NS B I N RN R IO LA
SN R R ) ) ey
terminal M__COMMENT : '/*' -> "*[' .
termnal SL_COMMENT : “//" I('"\n'["\r")* ("\r'? "\n")?;
terminal W : (" "['"\t"|"\r'["\n")+ ;

term nal ANY_OTHER . ;
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Chapter 3. Configuration

3.1. The Generator

Xtext provides lots of generic implementations for your language’s infrastructure but also uses code
generation to generate some of the components. Those generated components are for instance the parser,
the seriaizer, the Ecore model and a couple of convenient base classes for content assist etc.

The generator also contributes to shared project resources such as the plugin.xml, Manifest. MF and the
Guice modules.

Xtext's generator leverages the modeling workflow engine (MWE) from EMFT.

3.1.1. A short introduction to MWE

The nice thing about MWE is that it just instantiates Java classes and the configuration is done through
setter and adder methods. Given the following Javaclass :

package foo;

public class Person {
private String nang;

public void setName(String name) {
t hi s. nanme = nane;
}

private final List<Person> children = new ArraylLi st <Person>();

public void addChil d(Person child) {
this.children.add(child);
}

}

one can create afamily tree thisway:

<x cl ass="foo0. Person">
<nane val ue="G andpa"/>
<chil d cl ass="fo0o0. Person" nane="Fat her">
<chi |l d name="Son"/ >
</ chil d>
</ x>

These couple of lineswill, when interpreted by MWE, result in an object tree consisting of threeinstances
of f 0o. Person:

—_— —
<child= <child=

Grandpa Father Son

The root element can have an arbitrary name, with one exception: If the name is
wor kfl ow and no class attribute is provided, it is assumed that an instance of
org. eclipse.enf.mwe.internal.core. Wrkfl owshal be instantiated. This instance will
be the root of a workflow model used in generator workflow configurations. However, as you can see
in the example above one can instantiate arbitrary Java object models. Thisis conceptually very closeto
the dependency injection and the XML language in the Spring Framework.

As explained above the element name' x' isignored in this case. The attribute cl ass tells MWE which
class to use in order to create the object node. The created object is populated according to the XML
description: For each XML attribute MWE calls a corresponding setter or adder method passing in the
value (there are configurable value converters, but usually Boolean and String isall you need). The same
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procedure is applied for each child element. In the case of XML elements a single attribute val ue is
used and interpreted as if it was an attribute in the parent element. That is:

<f oo><nane val ue="bar"/></foo0>
means the same as
<f oo nane="bar"/>

Obviously the latter is far more readable and should be preferred. However, as soon as you want to add
multiple values to the same ‘adder’ method you will need to use the first syntax because you cannot
define the same attribute twice in XML.

If an element does not have an attributeval ue, theengine looksfor an attribute called cl ass. If it finds
one, the classis instantiated by means of the default constructor (there is no support for factories as of
now.). If not, the classisinferred by looking at the argument’ s type of the current setter method.

Dueto this shortcut it is valid to write:
<chi |l d nanme="Son"/>

The addChi | d method takesaf 00. Per son as an argument. Asthisis a concrete class which has a
default constructor it can be instantiated.

Tip Whenever you arein an *.mwe file and wonder what kind of configuration the underlying component
may accept: Just use IDT sopen typeaction (CTRL+ Shift+T) open the sour cefile of the classin question,
usethe quick outlineview (CTRL+O, use CTRL+ O twiceto seeinherited membersaswell) and type ‘ set’
or ‘add’ and you will see the available modifiers. Note that we plan to replace the XML syntax with an
Xtext-based implementation as soon as possible.

This is the basic idea of the MWE language. There are of course a couple of additional concepts and
featuresin thelanguage and we also have not yet talked about the runtime workflow model. Please consult
the MWE reference documentation (avail able through Eclipse help) for additional information.

3.1.2. General Architecture

Now that you know a bit about MWE, you are ready to learn about the concepts and architecture of
Xtext’ slanguage generator. Aninstance of Xtext’sgenerator isconfigured with general information about
source folders and projects and consists of any number of language configurations. For each language
configuration aURI pointing to its grammar file and the file extensions for the DSL must be provided. In
addition, alanguage is configured with alist of | GeneratorFragments. The whole generator is composed
of theses fragments. We have fragments for generating parsers, the seriaizer, the EMF code, the outline
view, etc.

Generator
runtime.project="my.project”
ui.project="my.project.ui”
sre.folder="src/™

Language Language
uri="my/path/Grammar.xtext” uri="my/OtherLang.xtext"
fileExtensions="myDsl" fileExtensions="myLang"

EcoreGeneratorFragment | ParserFragment
genmodels="cool.genmodel"
| SerializerFragment
{ ParserFragment ]
|  ContentAssistFragment
| SerializerFragment ]

[ ContentAssistFragment |

3.1.2.1. Generator Fragments

Each fragment gets the grammar of the language as an EMF model passed in. A fragment
is able to generate code in one of the configured locations and contribute to several shared
artifacts. The main interface 1GeneratorFragment is supported by a convenient abstract base class

AVA VAN,
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AbstractGeneratorFragment, which by default delegates to an Xpand template with the same qualified
name as the class and delegates some of the callsto X pand template definitions.

We suggest to have alook at the fragment we have written for label providers ( Label ProviderFragment).
Itispretty trivial and at the same time uses the most important call backs. In addition, the structureis not
cluttered with too much extra noise so that the whole package (as of Xtext 0.7.0) can serve as atemplate
to write your own fragment.

3.1.2.2. Configuration

Asalready explained weuse MWE from EMFT in order toinstantiate, configure and executethisstructure
of components. In the following we see an exemplary Xtext generator configuration written in MWE
configuration code:

<wor kf | ow>
<property fil e="org/xtext/exanpl e/ Generat eMyDsl| . properties"/>

<property name="runti meProject" val ue="../${projectNane}"/>

<bean cl ass="org. eclipse.enf. me. utils. Standal oneSet up"
platfornmUri="${runti neProject}/.."/>

<component cl ass="org. eclipse.enf.mwe.utils.DirectoryC eaner"
directory="${runti meProject}/src-gen"/>

<component cl ass="org. eclipse.enf.mwe.utils.DirectoryC eaner"
directory="${runti neProject}.ui/src-gen"/>

<component cl ass="org. ecl i pse. xt ext. gener at or. Gener at or">
<pat hRt Proj ect val ue="${runti neProject}"/>
<pat hUi Proj ect val ue="${runti meProject}.ui"/>
<proj ect NaneRt val ue="${proj ect Nane}"/ >
<proj ect NaneU val ue="${proj ect Nane}. ui "/ >

<l anguage uri="${grammar URI }" fil eExt ensi ons="${fil e. ext ensi ons}">
<I-- Java APl to access granmar el enents

(required by several other fragnents) -->

<fragnent class=

"org. eclipse. xtext.generator. gramrar Access. G anmar AccessFragnent "/ >

<I-- alot nore sinple fragnents -->
<l-- ... -->
<l-- a sanple fragnent with a property -->

<fragnent class=
"org. eclipse.xtext.generator.validation.JavaVal i dat or Fragnment" >

<conposedCheck val ue="org. eclipse. xtext.validation.|nportUriValidator"/>
</ fragnent >

<I-- nore sinple fragnents -->
<l-- ... -->
</ | anguage>
</ conmponent >
</ wor kf | ow>

Heretheroot element isaworkflow which accepts bean sand component s. The<pr oper t y/ > element
isafirst class concept of MWE's configuration language and essentially acts as a preprocessor, which
replaces all occurrences of ${ pr opert yNane} with the given value. Property declarations can be
definedin-line(<pr operty nane="f 00" val ue="bar"/ >) or by meansof aproperty fileimport
(<property file="foo.properties"/>)whichisperformed beforethe actual treeis created.
In this example we first import a properties file and after that declare a property r unt i mePr oj ect
which already uses a property imported from the previously imported file.

The method Wor kf | ow. set Bean() does hothing but provides a means to apply global side-effects,
which unfortunately is required by some projects. In this example we do a so called EMF stand alone
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setup. This classinitializes a bunch of things for anon-OSGi environment that are otherwise configured
by means of extension points, e.g. EMF sEPackage. Regi stry.

Following the <bean/> element there are three <conponent/> eements. The
Wor kf | ow. addConponent () method awaits instances of | Wor kf | owConponent, which
is the primary concept of MWE's workflow model. Xtext's generator is an instance of
| or kf I owConponent and can therefore be used within MWE workflows.

3.1.3. Standard generator fragments

In the following table the most important standard generator fragments are listed. Please refer to the
Javadocs for more detailed documentation.

Class Generated Artifacts

EcoreGeneratorFragment EMF code for generated models

XtextAntlrGeneratorFragment ANTLR grammar, parser, lexer and related
services.

GrammarA ccessFragment Access to the grammar

ResourceFactoryFragment EMF resource factory

ParseTreeConstructorFragment Model-to-text serialization

JavaScopingFragment Java-based scoping

JavaV alidatorFragment Java-based model validation

CheckFragment Xpand/Check-based model validation

FormatterFragment Code formatter

L abel ProviderFragment Label provider

OuitlineNodeA dapter Factory Fragment Outline view configuration

TransformerFragment Outline view configuration

JavaBasedContentA ssi stFragment Javarbased content assist

XtextAntlrUiGeneratorFragment Content assist helper based on ANTLR

SimpleProjectWizardFragment New project wizard

I mportant Dueto 1P-Problemswith the code generator shipped with ANTLR 3 we' re not allowed to ship
thisfragment at Eclipse. Thereforeyou’ [ haveto download it separately fromhttp://download.itemis.com
or use the update site at http://download.itemis.com/updates/.

3.2. Dependency Injection in Xtext with Google Guice

In Xtext, there are many Java classes which implement logic, behavior, or supply configuration. These
classesimplement Javainterfaces and aretypically only supposed to be accessed through these interfaces,
which makes their implementations interchangeable. Thisiswhere Xtext utilizes Google Guice:

 Guice managestheinstantiation of the classes: instead of constructing a classwith new, the @ nj ect
annotation instructs Guice to supply an object for a certain interface. Such an object is called Service.

» Guice dlows to configure which implementations are to be supplied for which interface. This
configuration consists of so-called modules.

3.2.1. Services

The most parts of Xtext areimplemented as services. A serviceis an object which implements a certain
interface and which isinstantiated and provided by Guice. Nearly every concept of the Xtext framework
can be understood as this sort of service: The XtextEditor, the XtextResource, the |Parser and even fine
grained concepts as the PrefixMatcher for the content assist are configured and provided by Guice.

Xtext ships with generic default implementations for most or the services or uses generator fragments
to automatically generate service implementations for a grammar. Thereby, Xtext strives to provide
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meaningful implementations out of the box and to allow customization wherever needed. Developers are
encouraged to subclass existing services and configure them for their languages in their modules.

When Guice instantiates an object, it also supplies this instance with al its dependent services. All a
service doesisto request “ some implementation for a certain interface” using the @ nj ect -annotation.
Based on the modules configuration Guice decides which class to instantiate or which object to reuse.

For example, Guice can automatically initialize member variables with the needed services.

public class MyLanguagelLi nker extends Linker {

@ nj ect
private | ScopeProvi der scopeProvi der;

@nj ect (optional =t rue)
private | Xtext2Ecor ePost Processor post Processor;

(...)

Furthermore, Guice can pass the needed services as method parameters or event into a constructor call.

public class MyLanguageG anmar Access i npl enents | G ammar Access {
private final G ammarProvi der gramar Provi der;
private Term nal sG anmar Access gaTer mi nal s;

@ nj ect

publ i c MyLanguageG anmar Access( Gr anmar Pr ovi der gr anmar Provi der,
Ter mi nal sG anmar Access gaTerm nal s) {
t hi s. granmar Provi der = gr anmmar Provi der;
this.gaTerm nal s = gaTerm nal s;

}

(...)
}

For further details, please refer to the Google Guice Documentation

3.2.2. Modules

The configuration of services for alanguage built with Xtext is done via modules:

e Modules bind arbitrary Javainterfaces to their implementation classes or directly to instances of their
implementation classes. Such abinding is sort of a configurable mapping.

» A moduleitself isaplain Java class.

» Modules can inherit from each other and override bindings that are declared in super-modules. This
concept is put on top of plain Guice modules by Xtext.

» InXtext, thereisageneric default modulefor all languages, there are automatically generated modules
and there are modules which are intended to be customized manually.

» Furthermore, Xtext distinguishes between modules for runtime-services and modules related to
services needed for the user interface. The Ul module extends the runtime module.

In total, thisleads to five modules for atypical Xtext Language. They are visualized in the image below.
Theimage is further explained in the following subsections.

Xtext 0.7 25


http://code.google.com/docreader/#p=google-guice&s=google-guice&t=UsersGuide

Configuration

MyLanguageUIModule

public Class<? extends TActionBarContributor> bindl ActionBarContributor() { return MyLangA ctBarContrclass; }

}

AbstractMyLanguage UIM odule

public Class<? extends IH yperlinkDetector> bindIHyperlinkDetector() { return DefaultH yperlinkDetector.class: }

i

MyLanguageRuntimeModule

public Class<? extends IScopeProvider> bindIS copeProviden() { return DefaultIndexBasedScopeProvider.class; }

l

AbstractMyLanguage RuntimeModule

public Class<? extends [ScopeProvider> bindIScopeProvider() { MyLanguageScopeP roviderclass: }
public Class<? extends [IGrammarAccess> bindl[GrammarAccess() { return MyLanguageGrammarAccess.class; }
public Class<? extends IFormatter> bind[Formatter() { remum MyLanguageFormatter.class; }

l

DefaultRuntimeModule

public Class<? extends ILinker> bindILinker() { return LazyLinker.class: }
public Class<? extends IFormatter> bindIFormatter() { return One WhitespaceFormatter.class: }

3.2.2.1. Modules intended for customization

When the generator runs the first time, it creates two modules named
<MyLanguage>Runt i neModul e and <MyLanguage>Ul Modul e. They are placed in the
language' s root-package in the sr ¢/ -folder of the language’s runtime-project and the language’s Ul-
project. Both are initially empty and will never be overwritten by the generator. They are intended for
customization. By default, they extend a generated module.

3.2.2.2. Generated Modules

The fully generated modules are called Abstract <MyLanguage>Runti neMbdul e and
Abst r act <MyLanguage>Ui Modul e respectively. They contain all components which have been
generated specifically for the language at hand. What goes into these modules depends on the fragments
you use in the generator.

Note: This modules are replaced on every subsequent execution of the generator. Don’t put any custom
code into them. Manually written code has go into the concrete subclasses.

3.2.2.3. Default Module

Finaly the fully generated modules extend the DefaultRuntimeModule, which contains all the default
configuration. The default configuration consists of all components for which we have generic default
implementations.

3.2.2.4. Changing Configuration

We use the primary modules (<MyLanguage>Runt i neMbdul e and <MyLanguage>Ui Modul e)
in order to change the configuration. These classes are initially empty and have been generated to allow
customization.

In order to provide asimple and convenient way, the default modul e extends the AbstractGenericModule.
It does not provide any bindings itself but comes up with a convenient and declarative way to specify
mappings. The default API provided by Guice is based on fluent API and a builder pattern. Thisis also
very readable but does not allow submodul es to change any of the bindings. The AbstractGenericModule
allows to declare and override bindings in all subclasses like this:

publ i c Cl ass<? extends |FooServi ce> bindl FooService() {
return MyFooServi cel npl . cl ass;
}

Such amethod will beinterpreted asabinding from| FooSer vi ce toMyFooSer vi cel npl . cl ass.
Note that you simply have to override a method from a super class (e.g. from the generated
or default module) in order to change the respective binding. For example, in the picture
above, the Def aul t Runti neModul e configures the IFormatter to be implemented by the
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OneWhitespaceFormatter. The Abst r act MyLanguageModul e overrides this binding by mapping
the |Formatter to MyLanguageFor mat t er . Thetypeto type binding will create a new instance of the
given target type for each dependency. If you want to make it a singleton and thereby ensure only one
instance to be created and reused for all dependencies you can add the following annotation:
@i ngl et onBi ndi ng
public C ass<? extends |FooServi ce> bindl FooService() {

return MyFooServi cel npl . cl ass;

}

In addition if the creation of the type causes any necessary side effects, so you want it to be instantiated
eagerly, you can set the eager property to true. Thisis shown in the following snippet:
@i ngl et onBi ndi ng( eager =t rue)
public C ass<? extends |FooService> bindl FooService() {
return MyFooServicel npl.cl ass;

}

One more way of specify abinding is currently supported: If you need to control the way, the instance
is created, you can declare a type to object mapping:
publ i c | FooServi ce bindl FooService() {

return new MyFooServicel npl ();

}

Note that, although thisis a convenient and simple way, you have of course also the full power of Guice,
i.e. you can override the Guice method voi d confi gur e(Bi nder) and use the afore mentioned
fluent API to do whatever you want.
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Chapter 4. Runtime Concepts

TMF Xtext itself and every language infrastructure developed with Xtext is configured and wired-up
using dependency injection. Xtext may be used in different environments which introduce different
constraints. Especially important is the difference between OSGi managed containers and plain vanilla
Javaprograms. To honor these differences Xtext usesthe concept of | Set up-implementationsin normal
mode and uses Eclipse’ s extension mechanism when it should be configured in an OSGi environment.

4.1. Runtime setup (ISetup)

For each language there is an implementation of | Set up generated. It implements a method called
doSet up() , which can be called to do the initiaization of the language infrastructure. This class is
intended to be used for runtime and unit testing, only.

Thesetup method returnsan | nj ect or , which can further be used to obtain aparser, etc. It also registers
the ResourceFactory and generated EPackages at the respective global registries provided by EMF. So
basically you can just run the setup and start using EMF API to load and store models of your language.

4.2. Setup within Eclipse-Equinox (OSGi)

Within Eclipse we have a generated Act i vat or, which creates a Guice injector using the modules.
In addition an | Execut abl eExt ensi onFact ory isgenerated for each language, which is used to
create Execut abl eExt ensi ons. Thismeansthat everything which is created viaextension pointsis
managed by Guice aswell, i.e. you can declare dependencies and get them injected upon creation.

The only thing you have to do in order to use this factory is to prefix the class with the factory
<MyLanguageNane>Execut abl eExt ensi onFact or y name followed by a colon.

<ext ensi on
poi nt ="org. ecl i pse. ui.editors">
<edi t or
cl ass="<MyLanguageNane>Execut abl eExt ensi onFact ory:
org.eclipse. xtext.ui.core. editor. XtextEditor"
contri butordC ass=
"org.eclipse.ui.editors.text. Text EditorActionContri butor"
defaul t ="true"
ext ensi ons="ecor edsl| "
i d="org. ecl i pse. xt ext . exanpl e. Ecor eDsl| "
nanme="EcoreDs| Editor">
</ editor>
</ ext ensi on>

4.3. Validation

Static analysis or validation is one of the most interesting aspects when developing a programming
language. The users of your languages will be grateful if they get informative feedback as they type. In
Xtext there are basically three different kinds of validation.

4.3.1. Syntactical Validation

The syntactical correctness of any textua input is validated automatically by the parser. The error
messages are generated by the underlying parser technology and cannot be customized using a genera
hook. Any syntax errors can be retrieved from the Resource using the common EMF AP

e org.eclipse.enf.ecore.resource. Resource. getErrors()
* org.eclipse.enf.ecore.resource. Resource. get War ni ngs()

4.3.2. Crosslink Validation

Any broken crosslinks can be checked generically. Ascrosslink resolutionisdonelazily (seelinking), any
broken links are resolved lazily aswell. If you want to validate whether all links are valid, you will have
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to navigate through the model so that al installed EMF proxies get resolved. Thisis done automatically
in the editor.

Any unresolvable crosslinks will be reported and can be obtained through:
» org.eclipse.enf.ecore.resource. Resource. get Errors()
* org.eclipse.enf.ecore.resource. Resource. get War ni ngs()

4.3.3. Custom Validation

In addition to the afore mentioned kinds of validation, which are more or less done automatically,
you can specify additional constraints specific for your Ecore model. We leverage existing EMF API
(mainly EVal i dat or ) and have put some convenience stuff on top. Basically all you need to do isto
make sure that an EVal i dat or is registered for your EPackage. The registry for EVal i dat or s
(Eval i dat or. Regi st ry. | NSTANCE) can only be filled programmatically. That means contrary
to the EPackage and Resour ce. Fact or y registries there is no Equinox extension point to populate
the validator registry.

For Xtext we provide a generator fragment for the convenient Java-based EVal i dat or API. Just add
the following fragment to your generator configuration and you are good to go:

<fragnent class=
"org. eclipse.xtext.generator.validation.JavaVal i dat or Fragment"/>

The generator will provide you with two Java classes. An abstract class generated to sr c- gen/ which
extendsthelibrary classAbst r act Decl ar at i veVal i dat or . Thisonejust registersthe EPackages
for which this validator introduces constraints. The other classis a subclass of that abstract classand is
generated to the sr ¢/ folder in order to be edited by you. That’s where you put the constraintsin.

The purpose of the Abst ract Decl arati veVal i dat or isto alow you to write constraints in
a declarative way — as the class name aready suggests. That is instead of writing exhaustive if-else
constructs or extending the generated EMF switch you just have to add the @heck annotation to
any method and it will be invoked automatically when validation takes place. Moreover you can
state for what type the respective constraint method is, just by declaring a typed parameter. This
also lets you avoid any type casts. In addition to the reflective invocation of validation methods the
Abst ract Decl arati veVal i dat or providesacouple of convenient assertions.

All'in al thisisvery similar to how JUnit works. Here is an example:

public class Donmi nnmodel JavaVal i dat or
ext ends Abstract Domai nnmodel JavaVal i dat or {

@check
public void checkTypeNaneStartsWthCapital (Type type) {
if (!Character.isUpperCase(type.getNanme().charAt(0)))
war ni ng(" Name should start with a capital",
Donei nnmodel Package. TYPE__NAME) ;

4.3.4. Validation with the Check language

In addition to the Java-based validation code you can use the language Check (from M2T/Xpand) to
implement constraint checks against your model. To do so, you have to configure the generator with the
CheckFragment. Please note, that you can combine both types of validation in your project.

<fragnent class=
"org. eclipse.xtext.generator.validation. CheckFragnent"/>

After regenerating your language artifacts you will find three new files “Y ourL anguageChecks.chk”,
“Y ourLanguageFastChecks.chk” and “Y ourL anguageExpensiveChecks.chk” in the sr ¢/ folder in the
sub-package val i dat i on. The checksin these files will be executed when saving afile, while typing
(FastChecks) or when triggering the validation explicitly (ExpensiveChecks). When using Check the
exampl e of the previous chapter could be written like this.
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context Type#name WARNI NG "Nanme should start with a capital":
nane. t oFi r st Upper () == nane;

Each check worksin aspecific context (here: Type) and can further denote a feature to which awarning
or error should be attached to (here: name). Each check could either be a WARNI NG or an ERROR with
agiven string to explain the situation. The essential part of each check isan invariant that must hold true
for the given context. If it fails the check will produce an issue with the provided explanation.

Please read more about the Check language as well as the underlying expression language in Xpand's
reference documentation which is shipped as Eclipse help.

4.4. Linking

Thelinking feature allows for specification of cross references within an Xtext grammar. The following
things are needed for the linking:

1. declaration of a crosslink in the grammar (at least in the Ecore model)
2. specification of linking semantics

4.4.1. Declaration of crosslinks

In the grammar a cross reference is specified using square brackets.

CrossRef erence :
'[' ReferencedEClass ('|' term nal =AbstractTerninal)? ']"

Example:

Ref erringType :
"ref' referencedObject=[Entity|(lD] STRING ]

The Ecore model inference would create an ECl ass ‘ReferringType with an ERef er ence
‘referencedObject’ of type ‘Entity’ (containment=false). Thereferenced object would beidentified either
by an ID or a STRING and the surrounding information in the current context (see scoping).

Example: While parsing agiven input string, say
ref Entity01

Xtext produces an instance of ‘ ReferringType' . After thisparsing step it entersthe linking phase and tries
to find an instance of “Entity’" using the parsed text ‘ Entity01’. The input

ref "EntityWthf+c"

would work analogously. Thisis not an ID (umlauts are not allowed), but a STRING (asiit is apparent
from the quotation marks).

4.4.2. Specification of linking semantics

Thel Li nker implementation that is used by default is the LazyLinker. It installs ECbj ect proxies
for @l crosslinks, which are then resolved on demand. The actual cross reference resolution is done
by LazyLi nki ngResour ce. get EQbj ect (Stri ng) and delegates to an implementation of the
I Li nki ngSer vi ce. Although the default linking behavior is appropriate in many cases there might
be scenarios where thisis not sufficient. For each grammar a custom linking service can be implemented
and configured. It fulfills the following interface:
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public interface ILinkingService {

/**

* Returns all {@ink EQbject}s referenced by the given link text in the
* given context. But does not set the references or nodifies the passed
* informati on somehow

*/
Li st <ECbj ect > get Li nkedObj ect s(

EObj ect context, EReference reference,

Abst ract Node node) throws |11 egal NodeExcepti on;

/**
* Returns the textual representation of a given object as it would be
* serialized in the given context.
* @eturn the text representation.
*/
String getLi nkText (EObj ect obj ect,
ERef erence reference, EObject context);

The method get Li nkedhj ect s isdirectly related to this topic whereas get Li nkText addresses
complementary functionality: it is used for serialization.

A simple implementation of the linking service (the DefaultLinkingService) is shipped with Xtext and
used for any grammar per default. It uses the default implementation of | ScopePr ovi der to compute
the linking candidates.

4.4.3. Default linking semantics

Thedefault implementation for all languages|ookswithin the current file for an EObject of the respective
type. In the example above this would be an “Entity” which by convention has a nane attribute set to
‘Entity01’.

Given the grammar :

Model
(stuff+=(Ref|Entity))*

Ref :
‘ref' referencedbject=[Entity|ID] ";'

Entity :
‘entity' name=ID"';'

In the following model:

ref Entity01;
entity EntityO01;

the ref would be linked to the declared entity ( entity Entity01;). Nearly any aspect is
configurable, especially the name of the identifying attribute may be overridden for a particular type.

4.4.3.1. Default Imports

There is a default implementation for inter-resource references, which as well uses convention. Each
string in amodel which is assigned to an EAttribute with the namei npor t URI , will be interpreted as
an URI and used to be loaded using the Resour ceSet of the current resource.

For example, given the following grammar :
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Model

(i mports+=I nport)*
(stuff+=(Ref| Entity))*

| npor t
"inmport' inmportURI=STRING ';"
Ref :
"ref' referencedject=[Entity|ID "';'

)

Entity :
"entity' name=ID"';'

It would be possible to write threefilesin that language where the first references the other two, like this:

//file nodel . dsl
i mport "nodel 1.dsl";
i mport "nodel 2.dsl";

ref Foo;
entity Bar;

//file nodel 1.dsl
entity Stuff;

//file nodel 2. dsl
entity Foo;

The linking candidates for the reference Foo will be Bar, St uf f and Foo in that order. They will be
computed by the ScopeProvider.

4.5. Scoping

An | ScopePr ovi der is responsible for providing an | Scope for a given context ECGbj ect and
ERef er ence (declared or inherited by the object’sECI ass). Thereturned | Scope should contain all
target candidates for the given object and cross reference.
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public interface | ScopeProvider {

~
*

E I R B

~

Returns a scope for the given context. The scope provides access to
the conpatible visible EObjects for a given reference.

@ar am context the element from which an el ement shall be referenced

@aramreference the reference to be used to filter the el ements.

@eturn {@ink |Scope} representing the inner nost {@ink |Scope} for
t he passed context and reference.

public | Scope get Scope( EQhj ect context, EReference reference);

/**

* Returns a scope for a given context. The scope contains any visible,
* type-conpatible el ement.

* @aram context the el enent from which an el enent shall be referenced
* @aramtype the (super)type of the el enents.

* @eturn {@ink |Scope} representing the inner nost {@ink | Scope} for

* t he passed context and type.
*/
public | Scope get Scope( EQhj ect context, EC ass type);

}

A single| Scope represents an element of alinked list of scopes. That means that a scope can be nested
within an outer scope. For instance Java has multiple kinds of scopes (object scope, type scope, etc.).

For Java one would create the scope hierarchy as commented in the following example:

/1 file contents scope
import static my.Constants. STATI C,

public class ScopeExanple { // class body scope
private Cbject field = STATIC;

private void nethod(String paranm) { // method body scope

String | ocal Var = "bar";
i nnerBl ock: { // block scope
String i nnerScopeVar = "foo";

oj ect field = innerScopeVar;
/'l the scope hierarchy at this point would | ook |ike this:
/1 bl ockScope{field,innerScopeVar}->
/1 nmet hodScope{l ocal Var, parant->
/1 classScope{field}-> ('"field is overlayed)
/1 fileScope{STATIC}->
/'l classpat hScope{'all qualified nanes of accessible static fields'} ->
/1 NULLSCOPE{}
I

}

field. add(l ocal Var);

}
}

In fact the class path scope should also reflect the order of class path entries. For instance:

cl asspat hScope{stuff from bin/}

-> cl asspat hScope{stuff fromfoo.jar/}

-> L.

-> cl asspat hScope{stuff from JRE System Li brary}
- > NULLSCOPE({ }

Please find the motivation behind this and some additional details in this blog post .

The default implementation would produce this hierarchy of scopes for the model from the last example
in the previous chapter:
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[/file nodel.dsl
import "nodel 1.dsl";
i mport "nodel 2.dsl";

ref Foo;
entity Bar;

//file nodel 1.dsl
entity Stuff;

[/ file nodel 2. dsl
entity Foo;

Scope (model .dsl) {
parent : Scope (nodel 1.dsl) {
parent : Scope (nodel 2.dsl) {}

}
}

When enumerating the scope’s content, the first, most specialized scope would return Bar , its parent
would provide St uf f and the outermost scope adds Foo. The linker will iterate the scope in that order
and abort when it finds a matching ScopedEl enment .

4.5.1. Declarative Scope Provider

As always there is an implementation that alows to specify scoping in a declarative way (extend
AbstractDeclarativeScopeProvider for this purpose). It looks up methods which have either of the
following two signatures:

| Scope scope_<Cont ext Ref er ence>( <Cont ext Type> ctx, EReference ref)
| Scope scope_<TypeToRet ur n>(<Cont ext Type> ctx, EC ass type)

The former is used when evaluating the scope for a specific cross reference and here
<Cont ext Ref er ence> corresponds to the name of this reference (prefixed with the name of the
reference’ s declaring type and separated by an underscore). The r ef parameter represents this cross
reference.

Thelatter method signatureisused when computing the scopefor agiven element typeand isapplicableto
all crossreferencesof that type. Here<TypeToRet ur n>isthename of that typewhich also corresponds
tothet ype parameter.

So if you for example have a state machine with a Transition object owned by its source Sate and you
want to compute all reachable states (i.e. potential target states), the corresponding method could be
declared asfollows (assuming the cross reference is declared by the Transition type and is called target):

| Scope scope_Transition_target(Transition this, EReference ref)

If such amethod does not exist, the implementation will try to find one for the context object’s container.
Thus in the example this would match a method with the same name but Sate as the type of the first
parameter. It will keep on walking the containment hierarchy until a matching method is found. This
container delegation allows to reuse the same scope definition for elements in different places of the
containment hierarchy. Also it may make the method easier to implement as the elements comprising the
scope are quite often owned or referenced by a container of the context object. In the example the State
objects could for instance be owned by a containing StateMachine object.

If no method specific to the crossreferencein question wasfound for any of the objectsin the containment
hierarchy, the implementation will start looking for methods matching the other signature (with the
EClass parameter). Again it will first attempt to match the context object. Thus in the example the
signature first matched would be:

| Scope scope_State(Transition this, EC ass type)

If no such method exists, theimplementation will again try to find amethod matching the context object’s
container objects. In the case of the state machine example you might want to declare the scope with
available states at the state machine level:

Xtext 0.7 34


http://dev.eclipse.org/viewcvs/index.cgi/org.eclipse.tmf/org.eclipse.xtext/plugins/org.eclipse.xtext/src/org/eclipse/xtext/scoping/impl/AbstractDeclarativeScopeProvider.java?root=Modeling_Project&view=co

Runtime Concepts

| Scope scope_Stat e( StateMachine this, EC ass type)

This scope can now be used for any cross references of type State for context objects owned by the state
machine.

4.6. Value Converter

Value converters are registered to convert the parsed text into a certain data type instance and vice versa.
The primary hook is called 1ValueConverterService and the concrete implementation can be registered
via the runtime “Guice modul €” #guicecustomize. To do so override the corresponding binding in your
runtime module like shown in this example:

@verride

public C ass<? extends | Val ueConverter Servi ce> bi ndl Val ueConverter Service() {
return MySpeci al Val ueConverter Servi ce. cl ass;

}
4.6.1. Annotation based value converters
The most simple way to register additiona value converters is to make use of
AbstractAnnotationBasedV alueConverterService, which allows to declaratively register an
| Val ueConvert er viaan annotated method.
The implementation for the default token grammar looks like
public class Default Term nal Converters
ext ends Abstract Annot ati onBasedVal ueConvert er Servi ce {
(..)
@/al ueConverter(rule = "1D")
public |ValueConverter<String> |ID() {
return new Abstract Nul | Saf eConverter<String>() {
@verride
protected String internal TovValue(String string, AbstractNode node) ({
return string.startsWth("”") ? string.substring(1) : string;
}
@verride
protected String internal ToString(String val ue) {
if (Gammar Uil . get Al |l Keywords(get G amar ()).contains(value)) {
return "~"+val ue;
}
return val ue;
}
IE
}
some ot her val ue converter
}

If you use the common terminals grammar or g. ecl i pse. xt ext. conmon. Ter mi nal s you

should subclassDef aul t Ter mi nal Convert er s and override or add additional value converters by
adding the respective methods.

Imagine, youwouldwant to add arule BIG_DECIMAL creating BigDecimals, it would look likethisone:
@/al ueConverter(rule = "Bl G DECI MAL")

publ i c | Val ueConverter <Bi gDeci mal > Bl G_DECI MAL() ({

return new Abstract ToStri ngConvert er <Bi gDeci mal >() {
@verride
prot ect ed Bi gDeci mal internal TovValue(String string, AbstractNode node) ({
return Bi gDeci mal . val ueO (string);
}
b

}
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4.7. Serialization

Serialization is the process of transforming an EMF model into its textual representation. Thereby,
serialization complements parsing and lexing.

In Xtext, the process of serialization is split into three steps:

1. Matching the model elements with the grammar rules and creating a stream of tokens. This is done
by the parse tree constructor.

2. Mixing existing hidden tokens (whitespace, comments, etc.) into the token stream. This is done by
the hidden token merger.

3. Adding needed whitespace or replacing all whitespace using a formatter.

Seridization is invoked when calling XtextResource . save(...). Furthermore, SerializerUtil
provides resource-independent support for serialization.

4.7.1. The Contract

The contract of serialization says that a model that is serialized to its textual representation and then
loaded (parsed) again should yield aloaded model that equals the original model. Please be aware that
thisdoes not imply, that loading atextual representation and serializing it back producesidentical textual
representations. For example, thisisthe case when a default value is used in atextual representation and
the assignment is optional. Another exampleis:

M/ Rul e:
(xval +=I D | yval +=I NT) *;

MyRul e inthisexamplereads| D- and | NT-elementswhich may occur in an arbitrary order in thetextual
representation. However, when seriaizing the model all | D-elements will be written first and then all
| NT-elements. If the order isimportant it can be preserved by storing all elementsin the samelist —which
may require wrapping the | D- and | NT-elements into objects.

4.7.2. Parse Tree Constructor

The parse tree constructor usually does not need to be customized since it is automatically derived from
the Xtext Grammar. However, it can be a good idea to look into it to understand its error messages and
its runtime performance.

For serialization to succeed, the parse tree constructor must be able to consume every element of the
to-be-serialized EMF model. To consume means, in this context, to write the element to the textual
representation of the model. This can turn out to be a not-so-easy to fulfill requirement, since agrammar
usually introduces implicit constraints to the EMF model. Example:

M/ Rul e:
(sval +=I D i val +=I NT) *;

This example introduces the constraint sval . si ze() == ival. size().Modeswhich violate
this constraint are sort of valid EMF models, but they can not be serialized. To check whether a model
complies with al constraints introduced by the grammar, the only way is currently to invoke the parse
tree constructor. If this changes at some day, there will be newsin bugzilla 239565.

For the parse tree constructor, this can lead to the scenarios, where
» amodel element can not be consumed. This can have the following reasons/solutions:
» Themodel element should not be stored in the model.
e The grammar needs an assignment which would consume the model element.
» Thetransient value service could be used toindicate that thismodel element should not be consumed.

» an assignment in the grammar has no corresponding model element. The parse tree constructor
considersamodel element not to be present if it isunset or equalsits default value. However, the parse
tree constructor may seriaize default values if thisis required by a grammar constraint to be able to
serialize another model element. The following solution may help to solve such a scenario:

* A model element should be added to the model.
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¢ The assignment in the grammar should be made optional.

To understand error messages and performanceissues of the parse tree constructor it isimportant to know
that it implements a backtracking algorithm. This basically meansthat the grammar is used to specify the
structure of atreeinwhich one path (from the root nodeto aleaf node) isavalid serialization of aspecific
model. The parse tree constructor’ stask is to find this path — with the condition, that all model elements
are consumed while walking this path. The parse tree constructor’ s strategy isto take the most promising
branch first (the one that would consume the most model elements). If the branch leads to a dead end
(for example, if amodel element needs to be consumed that is not present in the model), the parse tree
constructor goes back the path until adifferent branch can be taken. This behavior hastwo consequences:

* Incaseof an error, the parse tree constructor has found only dead ends but no leaf. It cannot tell which
dead end is actually erroneous. Therefore, the error message lists dead ends of the longest paths, a
fragment of their serialization and the reason why the path could not be continued at this point. The
developer hasto judge on his own which reason is the actual error.

* For reasons of performance, it iscritical that the parse tree constructor takes the most promising branch
first and detects wrong branches early. One way to achieve thisis to avoid having many rules which
return the same type and which are called from within the same alternative in the grammar.

4.7.3. Transient Values

Transient values are values or model elements which are not persisted (written to the textual
representation in the serialization phase). If amodel contains model elementswhich can not be serialized
with the current grammar, it is critical to mark them transient using the I TransientValueService, or
seriaization will fail. The default implementation marks all model elements transient, that are unset or
equal to their default value.

4.7.4. Unassigned Text

Unassigned text can be necessary due to data type rule calls or terminal rule calls which do not reside
within an assignment. Example:

Pl ur al Rul e:
‘contents:' count=INT Plural;

termnal Plural:
"item | 'itens';

Valid models for this example are contents 1 itemor contents 5 itens. However, it
is not stored in the semantic model whether the keyword i t emor i t ens has been parsed. This is
due to the fact that the rule call Pl ur al is unassigned. However, the parse tree constructor needs to
decide which value to write during serialization. This decision can be be made by implementing the
|UnassignedTextSerializer.

4.7.5. Cross Reference Serializer

The cross reference serializer specifies which values are to be written to the textual representation for
cross references. This behavior can be customized by implementing 1CrossReferenceSerializer. The
default implementation delegates to | LinkingService, which may be the better place for customization.

4.7.6. Hidden Token Merger

After the parse tree constructor has done its job to create a stream of tokens which are to be written
to the textua representation, the hidden token merger ( 1HiddenTokenMerger) mixes existing hidden
tokensinto thistoken stream. The default implementation usesthe hidden tokens (whitespace, line breaks,
comments) from the node model. The IHiddenTokenMerger is the factory for a token stream which is
fed by the parse tree constructor and which writes to another token stream.

4.7.7. Token Stream

The parse tree constructor, the hidden token merger and the formatter use an 1TokenStream for
their output, and the latter two for their input as well. This makes them chainable. Token streams
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can be converted to a St ri ng using the TokenStringBuffer and to an Qut put St r eamusing the
TokenOutputStream. Maybe there will be an implementation to reconstruct a node model as well at
some point in the future. While providing fast output due to the stream pattern, token streams allow easy
manipulation of the stream, such as mixing in whitespace or manipulating them.

public interface | TokenStream {
public void close() throws | OException;
public void witeH dden(
EQbj ect granmmar El enent, String val ue) throws | OExcepti on;
public void witeSemanti c(
EQbj ect granmmar El enent, String val ue) throws | OExcepti on;

4.8. Integration with EMF

Xtext reliesheavily on EMF internally, but it can also be used asthe seriali zation back-end of other EMF-
based tools.

4.8.1. XtextResource Implementation

Xtext provides an implementation of EMF sresource, the XtextResource. This does not only encapsulate
the parser that convertstext to an EMF model but also the serializer working the opposite direction. That
way, an Xtext model just looks like any other Ecore-based model from the outside, making it amenable
for the use by other EMF based tools. In fact, the Xpand templates in the generator plug-in created by
the Xtext wizard do not make any assumption on the fact that the model is described in Xtext, and they
would work fine with any model based on the same Ecore model of the language. So in the ideal case,
you can switch the serialization format of your models to your self-defined DSL by just replacing the
resource implementation used by your other modeling tools.

Code Generator GMF Editor Any EMF-based
Component
..______-_‘“ i d_______...--—
<<abstract>>
' -
Resource <}—— XMIResource XMI
T

XtextResource F--——-=—======== === > Toxt ’

Y
Y v {

Parser Linker Serializer
ValueConverter ScopeProvider Formatter

The generator fragment ResourceFactoryFragment registers a factory for the XtextResource to EMF's
resource factory registry, such that all tools using the default mechanism to resolve a resource
implementation will automatically get that resource implementation.

Using a self-defined textual syntax as the primary storage format has a number of advantages over the
default XM seridlization, e.g.

» You can use well-known and easy-to-use tools and techniques for manipulation, such as text editors,
regular expressions, or stream editors.

Xtext 0.7 38


http://dev.eclipse.org/viewcvs/index.cgi/org.eclipse.tmf/org.eclipse.xtext/plugins/org.eclipse.xtext/src/org/eclipse/xtext/parsetree/reconstr/impl/TokenStringBuffer.java?root=Modeling_Project&view=co
http://dev.eclipse.org/viewcvs/index.cgi/org.eclipse.tmf/org.eclipse.xtext/plugins/org.eclipse.xtext/src/org/eclipse/xtext/parsetree/reconstr/impl/TokenOutputStream.java?root=Modeling_Project&view=co
http://dev.eclipse.org/viewcvs/index.cgi/org.eclipse.tmf/org.eclipse.xtext/plugins/org.eclipse.xtext/src/org/eclipse/xtext/resource/XtextResource.java?root=Modeling_Project&view=co
http://dev.eclipse.org/viewcvs/index.cgi/org.eclipse.tmf/org.eclipse.xtext/plugins/org.eclipse.xtext.generator/src/org/eclipse/xtext/generator/resourceFactory/ResourceFactoryFragment.java?root=Modeling_Project&view=co
http://dev.eclipse.org/viewcvs/index.cgi/org.eclipse.tmf/org.eclipse.xtext/plugins/org.eclipse.xtext/src/org/eclipse/xtext/resource/XtextResource.java?root=Modeling_Project&view=co

Runtime Concepts

* You can use the same tools for version control as you use for source code. Merging and diffing is
performed in a syntax the devel oper is familiar with.

* Itisimpossible to break the model such that it cannot be reopened in the editor again.

» Models can be fixed using the same tools, even if they have become incompatible with a new version
of the Ecore model.

Xtext targets easy to use and naturally feeling languages. It focuses on the lexical aspects of alanguage
a bit more than on the semantic ones. As a consequence, a referenced Ecore model can contain more
concepts than are actually covered by the Xtext grammar. As a result, not everything that is possibly
expressed in the EMF model can be serialized back into a textual representation with regards to the
grammar. So if you want to use Xtext to serialize your models as described above, it is good to have a
couple of thingsin mind:

 Prefer optional rule calls (cardinality ? or *) to mandatory ones (cardinality + or default), such that
missing references will not obstruct serialization.

 You should never use an Xtext-Editor on the same model instance as a self-synchronizing other editor,
e.g. a canonica GMF editor. The Xtext parser replaces re-parsed subtrees of the AST rather than
modifying it, so elementswill become stale. Additional information, such asgraphical propertiesinthe
case of GMF, attached to these elementsarelikely to belost. Asthe Xtext editor continuously re-parses
the model on changes, thiswill happen rather often. It is safer to synchronize editors on file changes.

* Implement an | FragmentProvider to make the XtextResource return stable fragments for its contained
elements, e.g. based on composite names rather than order of appearance.

4.8.2. Fragment Provider (referencing Xtext models from other EMF
artifacts)

Although inter-Xtext linking is not done by URIs, you may want to be able to reference your EQbj ect
from non-Xtext models. In those cases URIsare used, which are made up of apart identifying theresource.
Each EQbj ect contained in aresource can be identified by a so called fragment.

A fragment is apart of an EMF URI and needs to be unique per resource.

The generic XMI resource shipped with EMF provides a generic path-like computation of fragments.
With an XMI or other binary-like serialization it is also common and possible to use UUIDs.

However with a textual concrete syntax we want to be able to compute fragments out of the given
information. We don’t want to force people to use UUIDs (i.e. synthetic identifiers) or relative generic
paths (very fragile), in order to refer to ECbj ect s.

Therefore one can contribute aso called | Fr agnment Pr ovi der per language.
public interface |FragmentProvi der extends |LanguageService {

/**

* Conputes the local ID of the given object.

* @ar am obj

* The EObject to conpute the fragnent for

* @eturn the fragnent, which can be an arbitrary string but nust be
* uni que within a resource. Return null to use default

* i mpl enent ati on

*/

String get Fragnment (EQbj ect obj);

/**

* Locates an EQbject in a resource by its fragnent.
* @eturn the EQbj ect
*/
EObj ect get EQbj ect (Resource resource, String fragnment);
}

Note that the currently available default fragment provider does nothing (i.e. falls back to the default
behavior of EMF).
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Chapter 5. IDE concepts

For the following part we will refer to a concrete example grammar in order to explain certain aspect of
the Ul more clearly. The used example grammar is as follows:

grammar org. eclipse.text.docunentation. Sanpl e
with org. eclipse.xtext.common. Term nal s

generate gen 'http://ww. eclipse. org/ xt ext/docunent ati on/ Sanpl e' as gen

Model
"model " intAttribute=INT (stringDescription=STRING? "{"
(rules += AbstractRul e)*
II}II

l

Abstract Rul e:
Rul eA | Rul eB

l

Rul eA :
"Rul eA" "(" name = 1D ")" ;

Rul eB return gen:: CustonType:
"Rul eB" "(" ruleA = [RuleA] ")"

5.1. Label Provider

A nice part of the Eclipse tooling that comes with Xtext is the outline view. It shows the structure of
your model as a tree and allows quick navigation to model elements. Thus it helps to get an overview
on the current state in the editor at a glance. To make the appearance of the outline more appealing it
is very easy possible to provide customization for the label and the image that is used for an element.
Actually this customization will be used at various places in your IDE, for example in the window that
displays completion proposal s when content assist wasinvoked. (Customizing the structure of the outline
is described in a separate chapter).

The LabelProvider is the service which is used to compute the image for model elements and —
as its name suggests — the label that represents an element. What you basically have to do is to
provide an implementation for two methods which read | mage get | nage( Obj ect) and St ri ng
get Text (Ohj ect) respectively. As this tends to be cumbersome due to i nst anceof and cast
orgies, Xtext ships with a reasonable and convenient default implementation.

5.1.1. DefaultLabelProvider

The default implementation of the Label Provi der interface utilizes the polymorphic dispatcher
idiom to implement an external visitor as the requirements of the LabelProvider are kind of a best
match for this pattern. It comes down to the fact that the only thing you need to do is to implement a
method that matches a specific signature. It either provides a image filename or the text to be used to
represent your model element. Have a look at following example to get a more detailed idea about the
Def aul t Label Provi der.
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public class Sanpl eLabel Provi der extends Defaul t Label Provi der {

String text(RuleA rule) {
return "Rule: " + rule.getNane();

}

String i mage(Rul eA rule) {
return "ruleA gif";

}

String i mage(Rul eB rule) {
return "ruleB.gif";

}

The declarative implementation of the label itself is pretty straightforward. Theimagein turn is expected
to be found in a file named i cons/ <result of i nage-method> in your plugin. This path
is actualy configurable by google guice. Have a look at the PluginlmageHelper to learn about the
customizing possibilities.

What isespecially niceabout the default implementation isthe actual reason for itsclassname: It provides
very reasonable defaults. To compute the label for a certain model element, it will at first have alook
for an EAttribute that is called nane and try to use this one. If it cannot find a feature like this, it will
try to use the first feature, that can be used best as a label. At worst it will return the class name of the
model element, which iskind of unlikely to happen.

More advanced usage patterns of the Def aul t Label Provi der include a dispatching to
an eror handler called String error_text(Object, Exception) and String
error _i mage( Obj ect, Exception) respectively.

5.2. Content Assist

The Xtext generator, amongst other things, generates the following two content assist (CA) related
artifacts:

e an abstract proposal provider class named ' Abstract [ Language] Proposal Provi der'
generated into the sr c- gen folder withinthe ui project

 aconcrete descendent in the sr c-folder of the ui project Pr oposal Pr ovi der

First we will investigate the generated Abst r act [ Language] Pr oposal Provi der with methods
that look like this:

5.2.1. ProposalProvider

public void conpl et e[ TypeNane] _[ Feat ur eNane] (
EQbj ect nodel ,
Assi gnment assi gnnent,
Cont ent Assi st Cont ext cont ext,
| Conpl eti onProposal Accept or acceptor) {
/1 clients may override

}

public void conpl ete_[ Rul eNane] (
EQbj ect nodel ,
Rul eCal | rul eCall,
Cont ent Assi st Cont ext cont ext,
| Conpl eti onProposal Accept or acceptor) {
/1 clients may override

The snippet above indicates that the generated Proposal Provider class contains a conpl et e* -method
for each assigned feature in the grammar and for each rule. The brackets are place-holders that should
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give a clue about the naming scheme used to create the various entry points for clients. The generated
proposal provider falls back to some default behavior for cross references. Furthermore it inherits the
logic that was introduced in reused grammars.

Clients who want to customize the behavior may override the methods from the
Abst ract Proposal Provi der or introduce new methods with specialized parameters. The
framework dispatches method calls according to the current context to the most concrete implementation,
that can be found.

It isimportant to know, that for a given offset in a model file, many possible grammar elements exist.
The framework dispatches to the method declarations for any valid element. That means, that a bunch
of "“complete.*’* methods may be called.

5.2.2. Sample Implementation

To provide a dummy proposal for the description of a model object, you may introduce a specialization
of the generated method and implement it as follows. This will give ‘Description for model #7' for a
model with the intAttribute '7'

public void conpl et evMbdel _StringDescription (
Model nodel ,
Assi gnment assi gnnent,
Cont ent Assi st Cont ext cont ext,
| Conpl eti onProposal Accept or acceptor) {
/1 call inplementation in superclass
super . conpl et eMbdel _Stri ngDescri ption(
nodel ,
assi gnnent,
cont ext,
acceptor);

/1 compute the plain proposal
String proposal = "Description for nodel #" + nodel.getlntAttribute();

/] convert it to a valid STRI NG termn nal
proposal = getVal ueConverter().toString(proposal, "STRING');

/1 create the conpletion proposal
/1 the result may be null as the createConpletionProposal (..) methods
/1 check for valid prefixes
/1 and terminal token conflicts
| Conpl eti onProposal conpl eti onProposal =
cr eat eConpl et i onProposal (proposal, content Assi st Cont ext) ;

/'l register the proposal, the acceptor handles null-val ues gracefully
accept or. accept (conpl eti onProposal ) ;

5.3. Template Proposals

Xtext-based editors automatically support code templates. That means that you get the corresponding
preference page where users can add and change template proposals. If you want to ship a couple of
default templates, you haveto put afile named t enpl at es. xm insidethet enpl at es directory of
the generated ui-plugin. This file contains templates in a format as described in the Eclipse online help .
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8,00 Preferences
type filter text ) Templates e -
b General Create, edit or remove templates:
» Ant Name Context Description Auto Insert New...
¥ Help E‘ actions Keyword 'actions' | action definition on —————
P Install/Update ™ command Command command definition on { S—r—
> Java ¥ empty Statemz Keyword 'events’ | template for an empty § on ——
¥ Plug-in Development E event Event event definition on - Removes—l
¥ Run/Debug E state State state definition on e
P Team E transition Transition event transition on
Xtend /Xpand Restore Removed
P Xtext
¥ Xtext Languages Revert to Default
P Domainmodel
P EcoreDsl
¥ FowlerDsl \ Import... )
Syntax Coloring
Templates Export... _4]
P ReferenceGrammar

Preview:

${eventCrossReference('Transition.event’)} => §[state:CrossReference('Transition.state')}

(Resmte Defau\tsj ( Apply \

@ ( cancel ) (o)
P4

By default Xtext registers ContextTypes for each Rule ( . [ Rul eNane] ) and for each keyword (
. kw_[ keywor d] ), aslong as the keywords are valid identifiers. If you don’t like these defaults you'll
have to subclass XtextTemplateContextTypeRegistry and configure it via Guice.

In addition to the standard template proposal extension mechanism, Xtext ships with
a predefined set of TemplateVariableResolvers to resolve specia variable types inside a
given template (i.e. TemplateContext). Besides the standard template variables available
in org.eclipse.jface.text.tenpl ates. d obal Tenpl at eVari abl es like $user},
${ date}, ${time}, ${ cursor}, etc., these TemplateV ariableResolver support the automatic resolving of
CrossReferences (type Cr ossRef er ences) and Enumerations (type Enum likeit is explained in the
following sections.

5.3.1. CrossReference TemplateVariableResolver

Xtext comes with a specific template variable resolver
org.eclipse.jface.text.tenpl ates. Tenpl at eVari abl eResol ver) caled
Cr ossRef er enceResol ver, which can be used to place cross references within atemplate.

The syntax is asfollows:
${ di spl ayText: CrossRef erence(' MyType. nyRef' )}
For example the following template:

<tenpl ate name="transition" description="event transition" id="transition"
cont ext ="or g. ecl i pse. xt ext. exanpl e. Fow er Dsl . Transi ti on" enabl ed="true">
${event: CrossReference(' Transition.event')} =>
${state: CrossReference(' Transition.state")
</tenpl ate>

yieldsthetext event => st at e and allows selecting any events and states using a drop down.
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*test.fowlerds| 3 =08

events
startEvent START1
stopEvent STOPZ2

end

commands
end

state start
startEvent =» start

=> start

| startEvent

end stopEvent
state stop

stopEvent =» stop
end

5.3.2. Enumeration TemplateVariableResolver

The EnumTemplateV ariableResolver resolves a template variable to EEnunLi t er al literals which
are assignment-compatible to the enumeration type declared as the first parameter of the the Enum
Tenpl at eVari abl e.
The syntax is as follows:

${di spl ayText: Enun(' Visibility")
For example the following template (taken from the domainmodel example):

<tenpl ate nane="Qperation" description="tenplate for an Operation"
i d="org. ecl i pse. xt ext . exanpl e. Domai nnodel . Oper ati on"
cont ext ="org. ecl i pse. xt ext. exanpl e. Domai nnodel . Oper ati on"
enabl ed="true">
${visibility: Enun(' Visibility')} op ${nanme}(${cursor}):
${type: CrossRef erence(' Operation.type')}
</ tenpl at e>

yieldsthe text publ i ¢ op nane(): type wherethedisplay text ‘public’ is replaced with a drop
down filled with the literal values as defined in the Visibility EENuner at i on. Also, ‘name’ and ‘type

are placeholders.
*test.dmodel 3 = 0O
package pl { L1

datatype dl
daotatype d2

entity el {
attr al : 41
(] pubTid op hame(D: type =
1 public
private
protected

5.4. Outline View

Xtext provides an outline view to help you navigate your models. By default, it provides a hierarchical
view on your model and allows you to sort tree elements aphabetically. Selecting an element in the
outline will highlight the corresponding element in the text editor. Users can choose to synchronize the
outline with the editor selection by clicking the Link with Editor button.
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=] sample.mydsl §3

datatype String
datatype Integer
datatype Date
datatype Long

class Person {
attr name: String
attr surName: String
attr birthDay: Date
attr salary: Integer
ref spouse: Person

}

class Boss {
attr bonus: Integer
ref employees: Person

O= o ‘i.blazv:ﬁ

¥ = Model
I=String
U= Integer
I= Date
= Long

= name

I= surName

U= birthDay

U= salary

= spouse

Boss

I= bonus

I=employees

4
il

Y ou can customize various aspects of the outline by providing implementation for its various interfaces.

The following sections show how to do this.

5.4.1. Influencing the outline structure

In its default implementation, the outline view shows the containment hierarchy of your model. This
should be sufficient in most cases. If you want to adjust the structure of the outline, i.e., by omitting
a certain kind of node or by introducing additional even virtual nodes, you customize the outline by

implementing | SemanticM odel Transformer.

The Xtext wizard creates an empty transformer class(MyDs| Tr ansf or rer ) for your convenience. To
transform the semantic model delivered by the Xtext parser, you need to provide transformation methods

for each of the EClasses that are of interest:
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public class MyDsl Transf orner extends
Abstract Decl ar ati veSemant i cModel Tr ansf or ner {

/**
* This method will be called by nam ng conventi on:
* - method name nust be creat eNode
* - first param subcl ass of EObject
* - second param ContentQutlineNode
*/

publ i c Content QutlineNode creat eNode(

Attribute semanticNode, ContentQutlineNode parent Node) {
Cont ent Qut | i neNode node = super.newQut|i neNode(senmanti cNode, parent Node);
node. set Label ("special " + node. getLabel ());
return node;

}

publ i c Content QutlineNode creat eNode(
Property semanticNode, ContentQutlineNode parent Node) {
Cont ent Qut | i neNode node = super.newQut|i neNode(senmanti cNode, parent Node);
node. set Label ("pi nped " + node. get Label ());
return node;

}

/**

* This method will be called by nam ng conventi on:

* - method nanme nust be get Children

* - first param subcl ass of EObject

*/

public List<EOhject> getChildren(Attribute attribute) {
return attribute.eContents();

}

public List<EOhject> getChildren(Property property) {
return NO_CHI LDREN;

}
}

To make sure Xtext picks up your new outline transformer, you have to register your implementation
with your Ul module:

public class MyDsl U Mbdul e extends Abstract MyDsl Ui Modul e {

@verride

public C ass<? extends | Semanti cMdel Transforner>
bi ndl Semant i cMbdel Transformer () {
return MyDsl Tr ansf or ner. cl ass;

}

5.4.2. Filtering

Often, you want to alow users to filter the contents of the outline to make it easier to concentrate
on the relevant aspects of the model. To add filtering capabilities to your outline, you need to add
AbstractFilterActions to the outline. Actions can be contributed by implementing and registering a
DeclarativeA ctionBarContributor.

To register a Decl arativeActionBarContributor, add the following lines to your
MyDsl Ui Mbdul e class:
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public class MyDsl U Mbdul e extends Abstract MyDsl Ui Modul e {

@verride
public C ass<? extends |ActionBarContributor> bindl Acti onBar Contri butor() {
return MyDsl Acti onBar Contri butor. cl ass;

}

The action bar contributor will ook like this:

public class MyDsl Acti onBar Contri but or extends
Decl arati veActi onBar Contri but or {
public Action addFilterParserRul esTool bar Acti on(
Xt ext Cont ent Qut | i nePage page) {
return new FilterFooAction(page);
}
}

Filter actions must extend Abst ract Fi | t er Act i on (this ensures that the action toggle state is
handled correctly):

public class FilterFooActi on extends AbstractFilterAction {

public FilterFooAction(XtextContentQutlinePage outlinePage) {
super ("Filter Foo", outlinePage);
set Tool Ti pText (" Show / hi de foo");
set Description("Show / hide foo");
set | mageDescri pt or (Acti vat or. get | mageDescriptor("i cons/foo.gif"));
set Di sabl edl nageDescri pt or (
Activator. getl mageDescri ptor("icons/foo.gif"));
}

@verride
protected String getToggleld() {
return "FilterFooAction.isChecked";

}

@verride
protected ViewerFilter createFilter() {
return new FooQutlineFilter();

}

Thefiltering itself will be performed by FooQut | i neFi l ter:

public class FooCQutlineFilter extends ViewerFilter {

@verride
publ i c bool ean sel ect (
Vi ewer viewer, Object parentEl ement, Object elenment) {
if ((parentEl ement !'= null)
&& (parent El ement instanceof ContentCQutlineNode)) {
Cont ent Qut | i neNode par ent Node = (Content QutlineNode) parentEl ement;
ECl ass cl azz = parent Node. get Cl azz();
if (clazz.equal s(M/Dsl Package. Literal s. ATTRI BUTE) ) {
return fal se;
}

}

return true;

}
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5.4.3. Context menus

Y ou might want to register context menu actions for specific elementsin the outline, e.g. to allow users
of your DSL to invoke a generator or to validate the selected element. As all elementsin the outline are
ContentOutlineNodes, you cannot easily register an Object contribution. (Besides, using the extension
pointor g. ecl i pse. ui . popupMenus isregarded somewhat old school —you should rather use the
new command and expression framework, as depicted below).

So to register context menus for specific node types of your Ecore model, you need to do the following:

* register a |ContentOutlineNodeAdapterFactory which will translate ContentOutlineNodes to their
underlying node type

* register amenu contribution to add acommand / handler pair to the context menu for the specific node
types you're interested in.

5.4.3.1. Registering an | Cont ent Qut | i neNodeAdapt er Fact ory

Create a subclass of DefaultContentOutlineNodeAdapterFactory - this class contains some base
infrastructure to manage adapters for your node types. In your subclass, you need to override
get Adapt er Li st () and return an array of classes. Thisisthelist of classes you want to add context
menus to:

public class MyDsl Cont ent Qut| i neNodeAdapt er Fact ory ext ends
Def aul t Cont ent Qut | i neNodeAdapt er Factory {
@uppr essWar ni ngs("unchecked")
private static final Class[] types = { Attribute.class };

@uppr essWar ni ngs("unchecked")
public Class[] getAdapterList() {
return types;
}
}

Register this class with your MyDs| Ui Mbdul e to make it available to your DSL editor:
public class MyDsl U Mbdul e ext ends Abstract MyDsl Ui Modul e {

public C ass<? extends | ContentQutlineNodeAdapt er Fact ory>
bi ndl Cont ent Qut | i neNodeAdapt er Fact ory() {
return org. exanpl e. myDSLCont ent Qut | i neNodeAdapt er Fact ory. cl ass;

}

5.4.3.2. Registering a menu contribution

After you haveregistered the | ContentOutlineNodeA dapterFactory, you can add command / handler pairs
to the context menu.

First, you need to define acommand —it will serve as a handle to glue together the handler and the menu
contribution:

<ext ensi on
poi nt ="org. ecl i pse. ui . commands" >
<command
i d="org. exanpl e. mydsl . ui . editor. outline. Sanpl eQut | i neCormmand"
nane="Sanpl e Comand"
description="Just a sanple command">
</ command>
</ ext ensi on>

Next, you need to define a handler which will eventually execute the code to operate on the selected
node. Please pay special attention to the attribute commandl| d - it must match thei d attribute of your
command.
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<ext ensi on
poi nt ="org. ecl i pse. ui . handl ers" >
<handl er
cl ass="or g. exanpl e. nydsl . ui . edi tor. outl i ne. Sanpl eQut | i neNodeHandl er"
conmmandl d="or g. exanpl e. nydsl . ui . edi t or. out | i ne. Sanpl eQut | i neCormand" >
</ handl er >
</ ext ensi on>

Finally, defineamenuCont ri but i on to add the command to the context menu:

<ext ensi on
poi nt ="org. ecl i pse. ui . menus" >
<menuContri buti on
| ocati onURI =" popup: org. ecl i pse. xt ext. ui . conmon. out | i ne?af t er =addi ti ons" >
<conmand
commandl d="or g. exanpl e. nydsl! . ui . edi tor. outl i ne. Sanpl eQut | i neCormand"
| abel =" Sanpl e action registered for Attributes">
<vi si bl eWhen checkEnabl ed="f al se" >
<iterate>
<adapt type="org.exanple.nmydsl.Attribute" />
</iterate>
</ vi si bl eWhen>
</ comand>
</ menuContri buti on>
</ ext ensi on>

Again, pay attention to the conmandl| d attribute. The connection between your node type(s) and the
menu contribution ismade by thepart <adapt type="or g. exanpl e. nydsl . Attri bute" />.

5.5. Hyperlinking

The Xtext editor provides hyperlinking support for any tokens corresponding to cross referencesin your
grammar definition. This means that you can either control-click on any of these tokens or hit F3 while
the cursor position is at the token in question and this will take you to the referenced model element.
As you'd expect this works for references to elements in the same resource as well as for references
to elements in other resources. In the latter case the referenced resource will first be opened using the
corresponding editor.

5.5.1. Location Provider

When navigating a hyperlink Xtext will also select the text region corresponding to the referenced
model element. Determining this text region is the responsibility of the ILocationlnFileProvider. The
default implementation ( DefaultlL ocationlnFileProvider) implements a best effort strategy which can be
summarized as.

1. If the model element’s type (i.e. EClass) declares a feature name then return the region of the
corresponding token(s). As afallback also check for afeatureid.

2. If the model element’s parse tree contains any top-level tokens corresponding to ID rule callsin the
grammar then return aregion spanning all those tokens.

3. As alast resort return the region corresponding to the first keyword token of the referenced model
element.

5.5.1.1. Customized Location Provider

As the default strategy is a best effort it may not always result in the selection you want. If that’s the
caseyou canoverridethel Locat i onl nFi | ePr ovi der bindinginthe Ul moduleasinthefollowing
example:
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public class MyDsl U Mbdul e extends Abstract MyDsl Ui Modul e {

@verride
public C ass<? extends |Locationl nFil eProvider>

bi ndl Locati onl nFi | eProvi der() {
return MyDsl Locati onl nFi | eProvi der. cl ass;

}

Often the default strategy only needs some guidance (e.g. selecting the text corresponding to another
feature than name). In that case you can simply subclass Def aul t Locat i onl nFi | eProvi der and
override the methods get | denti fi er Feat ur e and / or useKeywor d to guide the first and last
steps of the strategy as described above (see XtextL ocationlnFileProvider for an example).

5.6. Formatting (Pretty Printing)

A formatter can be implemented viathe | Formatter service. Technically speaking, aformatter isa Token
Stream which inserts/removes/modifies hidden tokens (whitespace, line-breaks, comments).

Theformatter isinvoked during the serialization phase and when the user triggers formatting in the editor
(for example, using the CTRL+SHIFT+F shortcut).

Xtext ships with two formatters:
» The OneWhitespaceFormatter simply writes one whitespace between all tokens.

» The AbstractDeclarativeFormatter allows advanced configuration using a FormattingConfig. Both are
explained in the next chapter.

5.6.1. Declarative Formatter

A declarative formatter can be implemented by sub-classing {org.eclipsextext/src/
org.eclipse.xtext.formatting.impl.AbstractDecl arativeFormatter} , as shown in the following example:

public class Exanpl eFormatter extends AbstractDecl arativeFormatter {

@verride
protected void configureFormatting(Formatti ngConfig c) {
Exanpl eLanguageG anmar Access f = get Grammar Access();

c. set Aut oLi newr ap(120);

/'l Line
c.setLinewap(2).after(f.getLineAccess().getSemn col onKeyword_1());
c. set NoSpace() . before(f.getLineAccess() . get Seni col onKeyword_1());

/| Testlndentation
c.setl ndentation(

f.get Test | ndent ati onAccess(). get Left Curl yBracket Keyword_1(),

f.get Test | ndent ati onAccess() . get Ri ght Curl yBr acket Keyword_3());

c.setLinewap().after(

f.get Test | ndent ati onAccess(). get Left Curl yBracket Keyword_1());
c.setLinewap().after(

f.get Test | ndent ati onAccess(). get Ri ght Curl yBr acket Keyword_3());

/] Param
c. set NoLi newr ap() . around(f. get ParamAccess() . get Col onKeyword_1());
c. set NoSpace() . around(f. get ParamAccess() . get Col onKeyword_1());

/'l comments
c. set NoLi new ap() . bef ore(f. get SL_COMVENTRul e());
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The formatter has to implement the method conf i gur eFormat ti ng(...) which is supposed to
declaratively set up a FormattingConfig.

The FormattingConfig consist general settings and a set of rules:

5.6.1.1. General FormattingConfig Settings

» set Aut oLi newr ap(i nt) defines the amount of characters after which a line-break should be
dynamically inserted between two tokens. Theruleset NoLi newr ap() can be used to suppressthis
behavior locally. The default is 80.

e setlndentationSpace(String) defines the string which is used for a single degree of
indentation. The default is two whitespace.

» set Wi t espaceRul e( Abstract Rul e) defines the grammar rule which is used to match
whitespace. Thisisneeded by the formatter to identify whitespace and to insert whitespace. The default
isthe rule named W5.

» setlndentation(start, end) increasesthelevel of indentation when the element st art is
matched and decreases the level when element end is matched. The matching of elements happensin
the same way as it does for formatting rules.

5.6.1.2. FormattingConfig Rules

5.7.

Per default, the Declarative Formatter inserts one whitespace between two tokens. Rules can be used to
specify adifferent behavior. They consist of two parts: When to apply the rule and what to do.

To understand when aruleis applied think of astream of tokens whereas each token is associated with the
corresponding grammar element. The rules are matched against these grammar elements. The following
matching criteria exist.

« after (el e): Theruleisexecuted after the grammar element el e has been matched. For example,
if your grammar uses the keyword “;” to end lines, this can instruct the formatter to insert aline-break
after the semicolon.

» before(el e): Therule is executed before the matched element. For example, if your grammar

contains lists which separate its values with keyword “,”, you can instruct the formatter to suppress
the whitespace before the comma.
» around(el e): Thisisthesameasbef or e( el e) combinedwithafter (el e).

» between(el el, ele2): Thismatchesif el e2 directly follows el el. There may be no other
elements in between.

* bounds(el el, el e2):Thisisthesameasbef ore( el el) combinedwithafter (el e2).

» range(el el, el e2): Theruleisenabled when el el is matched, and disabled when el e2 is
matched. Thereby, the ruleis active for the complete region which is surrounded by el el and el e2.

The parameter el e can be a grammar’'s Abstract El ement or a grammar's Abst ract Rul e.
However, only elements which represent atoken in the textual representation can be matched. This are:

* terminal rulesfor comments.

» keywords, assignments, call to terminal or data-type rules.

After having explained how rules can be activated, thisis what they can do:

» set Li new ap() : Insertsaline-break at this position.

e set Li newr ap(i nt) : Inserts the specified number of line-breaks at this position.

» set NoLi new ap() : Suppresses automatic line wrap, which may occur when the line's length
exceeds the defined limit.

» set NoSpace() : Suppresses the whitespace between tokens at this position. Be aware that between
some tokens a whitespace is required to maintain avalid concrete syntax.

Syntax Coloring

Besides the already mentioned advanced features like content assist and code formatting the powerful
editor for your DSL is capable to mark-up your model-code to improve the overall readability. It is

Xtext 0.7 51


http://dev.eclipse.org/viewcvs/index.cgi/org.eclipse.tmf/org.eclipse.xtext/plugins/org.eclipse.xtext/src/org/eclipse/xtext/formatting/impl/FormattingConfig.java?root=Modeling_Project&view=co
http://dev.eclipse.org/viewcvs/index.cgi/org.eclipse.tmf/org.eclipse.xtext/plugins/org.eclipse.xtext/src/org/eclipse/xtext/formatting/impl/FormattingConfig.java?root=Modeling_Project&view=co

IDE concepts

possible to use different colors and fonts according to the meaning of the different parts of your input
file. One may want to use some decent colors for large blocks of comment while identifiers, keywords
and strings should be colored differently to make it easier to distinguish between them. This kind of text
decorating mark-up does not influence the semantics of the various sections but helps to understand the
meaning and to find errorsin the source code.

antity Perscn |
'S line comment

property MHame : String

The highlighting is done in two stages. This allows for sophisticated algorithms that are executed
asynchronously to provide advanced coloring while simple pattern matching may be used to highlight
parts of the text instantaneously. The latter is called lexical highlighting while the first is based on the
meaning of your different model elements and therefore called semantic highlighting.

When you introduce new highlighting styles, the preference page for your DSL is automatically
configured and allows the customization of any registered highlighting setting. They are automatically
persisted and reloaded on startup.

8.N0 Preferences
[ MyDsl ) Syntax Coloring ' T
TXtext Languages
¥MyDsl Token Styles
Syntax Coloring Comment Color [' ] j
Templates Default ——
Invalid Symbol
Keyword Background (1)
Number
Punctuation Ve
String ] halic ] Bold

[ Underline [] Strike through

Font Courier New-regular-12 [ Change...

f Restore Defaults j ( Apply j

|@:| ( Cancel ] E—OK—,

b

5.7.1. Lexical Highlighting

The lexica highlighting can be customized by providing implementations of the interface
I LexicalHighlightingConfiguration and the abstract class AbstractTokenScanner. The latter fulfills the
interface | TokenScanner from the underlying JFace Framework, which may be implemented by
clientsdirectly.

The | Lexi cal Hi ghl i ghti ngConfi gurati on is used to register any default style without a
specific binding to a pattern in the model file. It is used to populate the preferences page and
to initialize the | Text Att ri but ePr ovi der, which in turn is the component that is used to
obtain the actual settings for a style's id. An implementation will usually be very similar to the
DefaultL exicalHighlightingConfiguration and read like this:
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public class Defaul tLexical H ghlightingConfiguration
i mpl enents | Lexi cal Hi ghlightingConfiguration {

public static final String KEYWORD_|ID
public static final String COMENT_ID

"keywor d";
"conment " ;

public void configure(lH ghlightingConfigurationAcceptor acceptor) {
accept or. accept Def aul t Hi ghl i ghti ng( KEYWORD_| D, " Keyword",
keywor dText Styl e());
accept or. accept Def aul t Hi ghl i ghti ng(COMVENT_I D, "Comment", //
...

}

public TextStyle keywordText Style() {
Text Style textStyle = new Text Style();
text Styl e. set Col or (new RGB(127, 0, 85));
text Styl e. set Styl e(SWI. BOLD) ;
return textStyl e;

}

11
}

Implementations of the | TokenScanner are responsible for splitting the content of a document into
various parts, the so called tokens, and return the highlighting information for each identified range.
It is critical that thisis done very efficiently because this component is used on each keystroke. Xtext
shipswith a default implementation that is based on the lexer that is generated by ANTLR whichisvery
lightweight and fast. This default implementation can be customized by clients easily. They simply have
to bind another implementation of the AbstractAntlrTokenToAttributeldMapper. To get an idea about it,
have alook at the DefaultAntlr TokenToAttributel dM apper.

5.7.2. Semantic Highlighting

The semantic highlighting stage is executed asynchronously in the background and can be used to
calculated highlighting states based on the meaning of the different model elements. Users of the editor
will notice a very short delay after they have edited the text until the styles are actually applied to the
document. This keeps the editor responsive while providing aid when reading and writing your model.

As for the lexica highlighting there exist two interfaces whose implementations work closely
together and allow the customization of the semantic highlighting. Namely these are the
| SemanticHighlightingConfiguration and | SemanticHighlightingCalculator. While the configuration for
the semantic highlighting works the same way asthe |l Lexi cal Hi ghl i ghti ngConfi gurati on,
thel Senmant i cH ghl i ghti ngCal cul at or is the primary hook to implement the logic that will
compute to-be-highlighted ranges based on the model elements.

The framework will pass the XtextResource and an IHighlightedPositionAcceptor to the calculator.
It is ensured, that the resource will not be altered externally until the caled method
provi deHi ghl i ghti ngsFor returns. The task is to navigate your semantic model and compute
various ranges based on the node information and associate styles with them. This may read similar to
the following snippet:
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public void provideHi ghlightingFor (Xt ext Resource resource,
I Hi ghl i ght edPosi ti onAcceptor acceptor) {
if (resource == null)
return;

It erabl e<Abstract Node> al | Nodes = NodeUtil . get Al |l Cont ent s(
resour ce. get Par seResul t (). get Root Node()) ;
for (AbstractNode abstract Node : all Nodes) {
i f (abstract Node. get G anmar El enent () i nstanceof CrossReference) {
accept or. addPosi ti on(node. get O f set (), node. getLength(),
Semant i cHi ghl i ghti ngConfi gurati on. CROSS_REF) ;

This example refers to an implementation of thel Semant i cHi ghl i ghti ngConf i gur ati on that
registers a style for a cross reference. It is pretty much the same implementation as for the previously
mentioned sample of an | Lexi cal Hi ghl i ghti ngConfi gur ati on.

public class SemanticHi ghlightingConfiguration
i mpl enents | Semanti cHi ghlightingConfiguration {

public final static String CROSS REF = "CrossReference";

public void configure(lH ghlightingConfigurationAcceptor acceptor) {
accept or. accept Def aul t Hi ghl i ghti ng( CROSS_REF,
"Cross References", crossReferenceTextStyle());
}

public TextStyle crossReferenceTextStyle() {
TextStyle textStyle = new TextStyl e();
textStyl e.setStyl e(SW. | TALI C);
return text Style;

}
}

The implementor of an | Semant i cHi ghl i ghti ngCal cul at or should be aware of performance
to ensure agood user experience. It isprobably not agood ideato traverse everything of your model when
you will only register a few highlighted ranges that can be found easier with some typed method calls.
It is strongly advised to use purposeful ways to navigate your model. The parts of Xtext's core that are
responsible for the semantic highlighting are pretty optimized in this regard as well. The framework will
only update the ranges that actually have been atered, for example. This optimizes the redraw process.
It will even move, shrink or enlarge previously announced regions based on a best guess before the next
semantic highlighting pass has been triggered after the user has changed the document.
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Chapter 6. From oAW to TMF

TMF Xtext isacompleterewrite of the Xtext framework previously rel eased with openArchitectureWare
4.3.1 (0AW). We refer to the version from o)AW as )AW Xtext whereas the current Xtext version that
is hosted at Eclipse.org will be called TMF Xtext to avoid confusion. )oAW Xtext has been around for
about 2 years before TMF Xtext was released in June 2009 and has been used by many peopleto develop
little languages and corresponding Eclipse-based | DE support.

TMF Xtext has been improved in many aspects compared to the former version. While it integrates far
better into EMF, it offers new fundamental features as well. The overhauled architecture leads to better
performance when working with large models and since the whole framework is wired via dependency
injection it is highly customizable. Last not least a test coverage of more than 2.000 unit tests provide
confidence in the overall quality of TMF Xtext. We have been using the framework in production
environments since one of the earlier milestones.

In this document we want to share the experience we made when migrating existing Xtext projects. The
document describes the differences between oAW Xtext and TMF Xtext and is intended to be used as a
guide to migrate from cAW Xtext to TMF Xtext. For people aready familiar with the concepts of )AW
Xtext it should also serve as a shortcut to learn TMF Xtext.

6.1. Why a rewrite?

Thefirst thing you might wonder about iswhy we decided to reimplement the framework from scratch as
opposed to use the existing code base and enhance it further on. We decided so because we had |earned
alot of lessons from cAW Xtext. Although we wanted to stick with many proven concepts we found
the implementation was lacking a solid foundation (the author of these lines is the origina author of
that non-solid code btw. :-)). The first version of 0AW Xtext was basically a proof of concept which
was so well received that it had been extended with al kinds of features (some were good, some were
bad). Unfortunately code quality, clean and orthogonal concepts and test coverage did not receive the
necessary focus.

In addition to this aspects of quality, 0AW Xtext suffers from some severe performance problems. The
extensive and naive use of Xtend (see next section) prevented many usersto use 0oAW Xtext for growing
real-world models.

6.2. Migration overview

Although a couple of things have changed we tried to keep good ideas and left many things unchanged.
At the same time we wanted to clean up poor concepts and solve the main problems we and you had with
0AW Xtext. From abird’ seye view if you want to migrate an existing 0AW Xtext project to TMF Xtext,
you mainly just need to rename the old grammar from * .xtxt to * .xtext and add two lines to the beginning
of that document (see below for details). Y ou might also have to change a few keywords, but all in all
thisis pretty easy and we' ve migrated a couple of )AW Xtext projects this way without problems. The
other aspect wherelots of code might have been written for isvalidation. In oAW Xtext we used Xpand's
Check language to define constraints on the Ecore model. Even though this has been one major reason
for the lack of scalability in Xtext we decided to keep the Check language as an option for compatibility
reasons. Therefore, you do not need to translate your existing checksto adifferent language. Even better,
you can overcome some performanceissues by leveraging the newly introduced hooksto control thetime
of validation (whileyou type, on save, or on triggering an explicit action). Anyway, if you want to provide
adlick user experience validation should run fast while you type. Therefore, we strongly encourage you
to implement validation using our declarative Java approach.

WEe' ve developed and reviewed a lot of 0AW Xtext projects and saw that most of the work was done
in the grammar and in the validation view point. Other aspects such as outline view, label provider or
content assist have been customized too, but they usually do not contain complicated Xtend code. In some
projects the exception was linking and content assist which in oAW Xtext usually forces one to write a
lot of duplicated code. While working on this we came up with a new concept called “scopes’ that not
only streamlines implementation in terms of redundancy. Scopes also increase the overall performance
of Xtext. But since the concept of scopes was not carved out in 0oAW Xtext one usually implemented
a cluttered and duplicated poor copy through linking and content assist. For obvious reasons, we didn’t
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manage to come up with agood compatibility layer. So thisiswhere most of the migration effort will go
into if implemented customized linking. But we think the notion of scopesis such avaluable addition that
itisworth therefactoring. Also, when looking at existing oAW Xtext projectswe found that most projects
either didn’t change the default linking that much or they came up with their own linking framework
anyway.

However, if we have completely misunderstood the situation and your oAW Xtext project cannot be
migrated in a reasonable amount of time, please tell us. We want to help you!

6.3. Where are the Xtend-based APIs?

One of the nicethingswith coAW Xtext wasthe use of Xtend to allow customizing different aspects of the
generated language infrastructure. Xtend isapart of the template language X pand, which is shipped with
0AW (and now isincluded in M2T Xpand). It provides a nicer expression syntax than Java. Especially
the existence of higher-order functions for collections is extremely handy when working with models.
In addition to the nice syntax, it provides dynamic polymorphic dispatch, which means that declaring
e.g. label computation for an Ecore model isvery convenient and type safe at the sametime. In Java one
usually has to write instanceof and cast orgies.

6.3.1. Xtend is hard to debug

While the af orementioned features allow the convenient specification of label and icon providers, outline
views, content assist and linking, Xtend isinterpreted and therefore hard to debug. Because of that Xpand
is shipped with aspecial debugger facility. Unfortunately, this debugger cannot be used in the context of
Xtext since it implies that the Xtend functions have to be called from aworkflow. Thisis not and cannot
be the case for Xtext Editors. Asaresult one has to debug his way through the interpreter, which is hard
and inconvenient (even for us, who have written that interpreter).

6.3.2. Xtend is slow

But the problematic debugging in the context of Xtext was not the main reason why there are no Xtend-
based APIs beside Check in TMF Xtext. The main reason is that Xtend is too slow to be evaluated
“inside” the editor again and again while you type. While Xtend’s performance is sufficient when run
in a code generator, it is just too slow to be executed on keystroke (or 500ms after the last keystroke,
which iswhen the reconciler reparses, links and validates the model). Xtend isrelatively slow, becauseit
supports polymorphic dispatch (the cool feature mentioned above), which meansthat for each invocation
it matches at runtime which functionisthe best match and it hasto do so on each call. Also Xtend supports
apluggabl e typesystem, where you can adapt to other existing type systems such as JavaBeans or Ecore.
Thisis very powerful and flexible but introduces another indirection layer. Last but not least the code is
interpreted and not compiled. The price we pay for all these nice features is reduced performance.

In addition to these scalability problems we have designed some core APIs (e.g. scopes) around the idea
of Iterables, which allowsfor lazy resolution of e ements. As Xtend does not know the concept of Iterators
you would have to work with lists all the time. Copying collections over and over again is far more
expensive than chaining Iterables through filters and transformers like we do with Google Collections
in TMF Xtext.

6.3.3. Convenient Java

To summarize the dilemma we had to find a way to alow for convenient, scalable and debuggable
APIs. Ultimately we wanted to provide neat DSLs for every view point, which provide all these things.
However, we had to prioritize our efforts with the available resources in mind. As a result we found
ways and means to tweak Java as good as possible to allow for relatively convenient, high performing
implementations.

Javaisfast and can easily be debugged but ranks behind Xtend regarding convenience. We address this
with different approaches to make Java development in the context of Xtext as comfortable as possible.

Most of the APIsin TMF Xtext use polymorphic dispatching, which mimics the behavior known from
Xtend. Another valuable feature of Xtend while working with oAW Xtext is static type checking while
working with the inferred Ecore model whereas in Java the work with dynamic Ecore classes was rather
cumbersome. Since TMF Xtext generates static Ecore classes per default you get static typing in Java
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aswell. Additionally, the use of Google Collections reduces the pain when navigating over your model
to extract information.

With these techniques an ILabel Provider that handles your own EClasses Pr operty andEnti ty can
be written like this:

public cl ass Domai nMbdel Label Provi der extends Def aul t Label Provi der {

String | abel (Entity e) {
return e.get Nanme();

}

String i mage(Property p) {
return p.isMiltiValue() ? "conplexProperty.gif": "sinpleProperty.gif";
}

String i mage(Entity e) {
return "entity.gif";

}
}

Asyou can see thisis very similar to the way one describes labels and icons in oAW Xtext, but has the
advantage that it is easier to test and to debug, faster and can be used everywhere an ILabel Provider is
expected in Eclipse.

6.3.4. Conclusion

Just to get it right, Xtend is a very powerful language and we still use it for its main purpose: code
generation and model transformation. The whole generator in TMF Xtext iswritten in Xpand and Xtend
and its performance is at least in our experience sufficient for that use case. Actually we were able to
increase the runtime performance of Xpand by about 60% for the Galileo release of M2T Xpand. But
till, live execution in the IDE and on typing is very critical and one has to think about every millisecond
inthisarea.

As an dternative to the Java APIs we also considered other VM languages. We like static typing and
think it isespecially important when processing typed models (which evolve heavily). That’ swhy Groovy
or JRuby were no aternatives. Using Scala would have been a very good match, but we didn’t want to
require knowledge of Scala so we didn’t use it and stuck to Java.

6.4. Differences

In this section differences between cAW Xtext and TMF Xtext are outlined and explained. We'll start
from the APIs such as the grammar language and the validation and finish with the different hooks for
customizing linking and several Ul aspects, such as outline view and content assist. We'll also try to map
some of the )AW Xtext concepts to their counterpartsin TMF Xtext.

6.4.1. Differences in the grammar language

When looking at a TMF Xtext grammar the first time it looks like one has to provide additional
information which was not necessary in c0AW Xtext. In 0AW Xtext * .xtxt files started with the first
production rule where in TMF Xtext one has to declare the name of the language followed by declaration
of one or more used/generated Ecore models:

TMF Xtext heading information

granmmar my. nanespace. Language with org. ecli pse. xtext.comon. Term nal s
generate nyDsl "http://ww. nanespace. nmy/ 2009/ MyDSL"

FirstRul e :

In )AAW Xtext this information was provided through the generator (actualy it is contained in the
* properties file) but we found that these things are very important for a complete description of a
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grammar. Therefore we made that information becoming a part of the grammar language in order to have
self-describing grammars and allow for sophisticated static analysis, etc..

Apart from the first two lines the grammar languages of both versions are more or less compatible. The
syntax for all the different EBNF concepts (alternatives, groups, cardinalities) issimilar. Also assignments
are syntactically and semantically identical in both versions. However in TMF Xtext some concepts have
been generalized and improved:

6.4.1.1. String rules become Datatype rules

The very handy String rules are still present in TMF Xtext but we generalized them so that you don’t
need to write the * String’ keyword in front of them and at the same time these rules can not only produce
EStrings but (as the name suggests) any kind of EDataType. Every parser rule that neither includes
assignmentsnor callsany other that does, returns an EDataType containing the consumed data. Per default
thisis an EString but you can now simply create a parser rule returning other EDataTypes as well (see
Datatype rules).

Fl oat returns ecore::EDouble : INT ('.' INT)?;

6.4.1.2. Enum rules

Enum rules have not changed significantly. The keyword has changed to be all lower case (‘ enum’ instead
of ‘Enum’). Also the right-hand side of the assignment is now optional. That isin 0OAW Xtext:

Enum MyEnum : foo='foo' | bar='bar';
becomes
enum MyEnum : foo='foo' | bar=' bar';

and because the name of the literal equals the literal value one can omit the right-hand side in this case
and write:

enum MyEnum : foo | bar;

6.4.1.3. Native rules

Another improvement is that we could replace the blackbox native rules with full-blown EBNF syntax.
That is native rules become terminal rules and are no longer written asastring literal containing ANTLR
syntax.

Example:

Native FOO : "'f' 'o" 'o'"
becomes

termnal FOO: '"f' '0' '0';

)

See the reference documentation for all the different expressions possible in terminal rules.

6.4.1.4. No URI terminal rule anymore

We decided to remove the URI terminal. The only reason for the existence was to mark the model
somehow so that the framework knows what information to use in order to load referenced models.
Instead we decided to solve this similar to how we imply other defaults: by convention.

So instead of using aspecial token which issyntactically a STRING token, the default import mechanism
now looks for EAttributes of type EString with the name ‘importURI’. That is if you've used the URI
token like this:

Import : 'inport' nyReference=URl;
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you'll have to rewrite it that way

Inmport : "inport' inportURI=STRI NG

Although this changes your Ecore model, one usually never used this reference explicitly asit was only
there to be used by the default import mechanism. So we assume and hope that changing the reference
isnot abig deal for you.

6.4.1.5. Return types

The syntax to explicitly declare the return type of a rule has changed. In )AAW Xtext (where this was
marked as ‘ experimental’) the syntax was:

MWRul e [ MyType] : foo=ID;
in TMF Xtext we have a keyword for this:

M/Rul e returns MyType : foo=ID;

Thisisahit more verbose, but at the same time more readable. And as you don’t have to write the return
type in most situations, it's good to have a more explicit, readable syntax.

6.4.2. Differences in Linking

Thelinking hasbeen completely redesigned. In oAW Xtext linking wasdonein avery naiveway: Tofind
an element one queries alist of all ‘visible’ EObjects, then filters out what is not needed and tries to find
amatch by comparing the text written for the crosslink with the value returned by thei d() extension.
Asaside-effect of | i nk_f eat ure() thereferenceis set.

The code about selecting and filtering al | El enent s() usualy has been duplicated in the
corresponding content assist function, so that linking and content assist are semantically in sync. If you're
good (we usually were not) you externalized that piece of code and reused the same extension in content
assist and linking.

To put it bluntly this approach could be summarized in two steps:

1. Give me the whole universe including every unregarded object in the uncharted backwaters of the
unfashionable end of the western spiral arm of the galaxy and squeeze it into an Arraylist

2. Fromthis, select the one | need
Thiswas not only very expensive but also lacks an important abstraction: the notion of scopes.

6.4.2.1. The idea of scopes

In TMF Xtext we' ve introduced scopes and scope providers that are responsible for creating scopes. A
scope is basically a set of name->value pairs. Scopes are implemented upon Iterables and are nested to
build ahierarchy. With scopeswe declare“visible” objectsin alazy and cost-saving way wherethelinker
only navigates as far as necessary to find matching objects. The content assist reuses this set of visible
objects to offer only reachable objects.

When the linking has to be customized scoping is where most of the semantics typically goesinto. By
implementing an |1 ScopeProvider for your language linking and content assist will automatically be kept
in sync since both use the scope provider.

The provided default implementation is semantically mostly identical to how the default linking worked
in OAW Xtext:

1. Elements which have an attribute ‘name’ will be made visible by their name

2. Referenced resources will be put on the (outer) scope by using the ‘importURI’ - naming convention
and will only be loaded if necessary

3. The available elements are filtered by the expected type (i.e. the type of the reference to be linked)

6.4.2.2. Migration

We expect the migration of linking to be very simple if you've not changed the default semantics that
much. We' ve already migrated a couple of projects and it wasn't too hard to do so. If you have changed
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linking (and al so content assist) alot, you' |l haveto translate the semanticsto the | ScopeProvider concept.
This might be a bit of work, but it is worth the effort as this will clean up your code base and better
separate concerns.

6.4.3. Differences in Ul customizing

In )AW Xtext several Ul services such as content assist, outline view or the label provider have been
customized using Xtend. In TMF Xtext there is no Xtend APl for these aspects. Extensive model
computations for the content assist is most probably not necessary anymore- it reuses scopes. And since
we provide adeclarative Java APl that mimicsthe polymorphic dispatch and relies on static Ecore classes
you will gain nearly the same expressiveness as before while increasing maintainability and performance.

Beside the API changein favor of Javawe have to mention that in TMF Xtext the outline view does not
support multiple view points so far. Thisis just because we didn’t manage to get thisincluded. We don’t
think that view points are a bad ideain general, but we decided that other things were more important.

6.5. New Features

This section provides an overview of new possibilitieswith TMF Xtext compared to )AW Xtext. Please
notethat thislist is neither complete nor doesit explain every aspect in detail to keep this document tight.

6.5.1. Dependency Injection with Google Guice

Beyond the mentioned architectural overhaul that carve out separate concerns in ameaningful way these
different classes of TMF Xtext are wired using Google Guice and can easily replaced by or combined
with your own implementation. We could have foreseen some common needs for adaption but with this
mechanism you can virtually change every aspect of Xtext without duplicating an unmanageable amount
of code.

6.5.2. Improvements on Grammar Level

The Xtext grammar language introduces some new features, too. Read the chapter grammar language to
understand the details about all the improvements that have been implemented.

Grammar mixins allow you to extend existing languages and change their concrete and abstract syntax.
However the abstract syntax (i.e. the Ecore model) can only be extended. Thisallowsyou to reuse existing
validations, code generators, interpreters or other code which has been written against those types.

In )AW Xtext common terminals like ID, INT, STRING, ML_COMMENT, SL_ COMMENT and WS
(whitespace) were hard coded into the grammar language and couldn’ t be removed and hardly overridden.
In TMF Xtext these terminals are imported through the newly introduced grammar mixin mechanism
from the shipped grammar or g. ecl i pse. xt ext . common. Ter m nal s per default. This means
that they are still there but reside in a libraries now. Y ou don't have to use them and you can come up
with your own set of reusable rules.

Reusing existing Ecoremodelsin 0AW Xtext didn’t work well and we communicated thisby flagging this
feature as ‘experimenta’. In TMF Xtext importing existing Ecore modelsis fully supported. Moreover,
it is possible to import a couple of different EPackages and generate some at the same time, so that the
generated Ecore models extend or refer to the existing Ecore models.

The grammar language gained one new concept that isof great value when writing left-factored grammars
(e.g. expressions). With actions one can do minor AST rewritings within arule to overcome degenerated
ASTs. You will find an in-depth explanation of actions in the dedicated chapter in the reference
documentation.

6.5.3. Fine-grained control for validation

In order to make more expensive validations possible without slowing down the editor, TMF Xtext
supports three different validation hooks.

1. FAST constraints are triggered by the reconciler (i.e. 500 ms after the last keystroke) and on save.
2. NORMAL constraints are executed on save only.
3. EXPENSIVE constraints are executed through an action which is available through the context menu.
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Please note that when using Xtext models for code generation the checks of all three categories will be
performed.

Beside thisit is now possible to add information about the feature which is validated.

context Entity#name ERROR "Nanme should start with a capital "+this.name+"." :
thi s. nane. t oFi rst Upper() == this. naneg;
If you add the name of afeature prepended by a hash (‘#) in Check, the editor will only mark the value
of the feature (name), not the whole object (Entity). Both concepts, control over validation time as well
as pointing to a specific feature, complement one ancther in Check and Java based validation.

6.6. Migration Support

In this document we tried to explain why we decided to change some aspects of Xtext’s architecture. We
consider most changes as minor but when it comes to scopes you will face a conceptual enhancement
that did not exist in oAW Xtext. We tried to explain why it is not easily possible to come up with an
adapter for scoping.

That said you might not have the time to do the migration and wished to have advice for migrating,
especialy from oAW linking to TMF linking. Y ou're welcome to ask any questions in the newsgroup
and we'll try to help you as much as possible in order to get your projects migrated. Also, if you don’t
want to do the migration yourself we (itemis AG) can do the work for you or help you with that.
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Chapter 7. The ANTLR IP issue (or
which parser to use?)

In order to be able to parse models written in your language, Xtext needs to provide a specia parser for
it. The parser is generated from the language grammar.

Currently it is recommended to use the ANTLR-based parser. ANTLR is a very sophisticated parser
generator framework based on a so called LL(*) algorithm. It is fast, simple and at the same time has
some very nice and sophisticated features. Especially its support for error recovery is much better than
what other parser generators provide.

ANTLR comesin two parts: the runtime and the generator. Both are shipped under the BSD license and
have a clean intellectual property history. However the generator is still implemented in an older version
of ANTLR (v 2.x), where it was not possible for the Eclipse Foundation to be sure where exactly every
line of code originated. Therefore ANTLR v 2.x didn’t get the required approval. Eclipse has a strict IP
policy, which makes sure that everything provided by Eclipse can be consumed under the terms of the
Eclipse Public License. The details are described in this document.

Unfortunately asthe generator of ANTLR V3 needs ANTLR V2itisaswell not yet |P approved. That is
why we are not allowed to ship Xtext with the ANTLR generator (the runtimeis I P approved), but have
to provide it separately via update-site at:

* http://download.itemis.com/updates/

IMPORTANT : Although if you use the non-IP approved ANTLR generator, you can still ship any
languages and the IDEs you'’ ve devel oped with Xtext without any worrying, becausethe ANTLR runtime
is|P approved

7.1. What if | do not want to use non IP-approved code

If you, against all recommendations, need to stick to afully 1P approved generator, you can use the parser
generator we've developed. But be warned, athough it’s fully functional and equally fast, it does not
have any error recovery. This makes the editing experience in the editor more or less unacceptable.
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