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= A Domain Specific Language (DSL) is a focused, processable
language for describing a specific concern when building a
system in a specific domain. The abstractions and

notations used are tailored to the stakeholders who specify
that particular concern.

= DSLs can be classified in many ways:
= Configuration vs. Customization
= Internal vs. External
= Graphical vs.textual

= We concentrate on external textual customization DSLs
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= Typically textual DSLs are build using one of the many parser
generators (ANTLR, JavaCC, Lex/yacc), or even by a hand-
writing a custom parser

= Parser: match text and try to create a parse tree

= Parser Generator: Generate a parser from a grammar
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. I 1+ 2*3
= Typically, transformed into an Addlexpr

Abstract Syntax Tree (AST) | |

Literal MulExpr

= No whitespace, reified nodes, I
often binary tree d) I

= The AST can be considered the model @

= The node types of the AST act as the
metamodel

I
Literal Literal

= Programs processing the “sentence” are typically written
against the AST —they usually don't care about the parse

tree
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& PROJECT

= Writing a parser is non-trivial

= Using a parser generator makes it easier, but still not for
everybody

= Also: out of the box, a parser generator only creates a
matcher and/or a simplistic AST. You still need to

= Transform the model into a form that is easily processable
= Create an editor with syntax highlighting and code completion

- A lot of work! Only few people are willing to do that
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& PROJECT

m Xtext makes this much more feasible.

= Based on an EBNF grammar it generates
= ANTLR3-based parser
= EMF-based metamodel
= Eclipse editor with
= syntax highlighting
= code completion

= customizable outline
= code folding

= real-time constraint checking

= Xtext is part of openArchitectureWare / Eclipse Modeling
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& PROJECT

T
| |
| : manual,
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: (Grammar) |
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i Antlr Parser : P
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_________________________ |
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Creating a new Xtext Project I:

Xtext Project Wizard s

-
. . Xtext projects wizard
H M a I n P rOJ e ct N a m e : This wizard creates a pair of projects For your Xeext DSL.
. Main project name: | my.dsl
= name of language project o
= .editor project contains editor PR e eterson :
nsURT: hittp: . example . orgfmy/ds]
Base package: | org.example.ds|
u Language Name: paCkage Create generator project: v
name of generated meta model = ot | oo |[ oo ] coce

= DSL File Extension: file extension used to associate editor
= nsURI: full namespace URI of the generated meta model
= Base Package: all code will be in or below this package

= Code Gen Project: See last section of this presentation
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Creating a new Xtext Project II:

Created Language Project s

(12 pacage 23 T Herarch] = tovget | = )
' — ] e~ = lLanguage Project

example e Lal 2 A
AR | ]
i —~ Contains a parser to be used in standalone programs
= erc
=-H org.example.dsl , .
-8 parser / = Putyour language's constraint checks here
(O cheds.k— || _ _ _ _ .
[E} Extensions.ext e This contains your metamodel’'s extension functions
: [Ed Linking.ext —_
- Y] generate.oaw e Define custom linking functionality here
L Ei generate.praperti?—\\
P (T] mrydl. ot x \ Run this to generate metamodel, editor, and everything else
& 1% segen \
24 : le.dsl . . . .
- Eg' s:fs:fe ; Contains a number of properties (e.g. those you put into the wizard)
i i o
B resource .
ul MetaModelRegistration. java SpE‘EIf}" your grammar rules here
: |§j Geni_hecks.chk
-~ [E] GerExtensions.ext e Generated ,base files” - don't change.
|£j GenLinking. ext J

: E.J mivdsl.ecore ——

& mydsl, xmi
_ [ debugMeWithAn@m\\
[+]-B8, JRE Svystem Library [jrel.5.0_06] \ Generated Xtext Rules file
[+ B8, Plug-in Dependencies
[+-[=- META-INF
_ Iﬂll.l build. properties
4@k plugin. sl |

—e Generated metamodel

© Bernd Kolb, Markus Voelter 2008



Creating a new

Created Editor

Xtext Project llI:

Project s

Fg Package EET“EE Hcrarl:h‘] T Mavigat | =)

-» Editor Project

example = P =R
=42 my. dsl,editor ;il
= gre
=8} org.example.dsl
#-H editor

[# w MydslEditorPlugin, java
|Ej Contentassist,ext —_—

s Customize Code Completion here

- [Ej EditorExtensions. ext
[Ed MNavigation.ext =———0w0po

: [El outline. ext
: - [Ej Style.ext \\*\
= src-gen \
| =4 org.example.dsl

B wizards

ﬂl GeneratedPartitionScanner, java

[J] mydslltilities. java

{ m GenContentAssist, ext

|£j GenEditarExtensions., ext .‘

¢ Customize outline labels and icons here

e Define go to definition and find references here

? Provide customized outline structure and viewpoints here

Customize keyword font style here

{ |£j GenMavigation. ext
! |£j GenOutling, ext J
_ |£j Genstyle, ext
[+, JRE Svstem Library [jrel.5.0_06]
[+, Plug-in Dependencies
= icons

e Generated ,base files” - don't change.

B 5= META-INF
: Iﬂ build. properties
Yk plugin, <l

i |

e Put customized icons (for the outline view) here
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Intro to Example I:

PrObIem ™ PROJECT
s DSL for importing data: common P001 Voelter,Markus,*14.02.1974
A001 Grabenstrasse 4, 73033, Goeppingen
prob|em in |arge enterprises V001 Futuristic Insurance, 123456767
T001 49,07161,12334454
(e.q. hospitals) T001 49,171,8601869

S001 01.02.2004,IN25
S002 03.02.2004,CH52

= Problem: read data like the one on S003 05.02.2004
S001 22.03.2005,NEO2

the right into Java Beans $002 25.03.2005 NEO4
S002 27.03.2005,NE05
: : S003 28.03.2004
Example is about patients, stays, P001 Somebody,Else,*23.05.1960
wards. insurance data A001 Ziegelaecker 11, 89520, Heidenheim
d V001 Some Other Insurance GmbH,124345
T001 49,07321,973344
= Record Structure: S001 23.02.1999,IN25
S003 02.03.1999
<Type> <Fd1>,<Fd 2>, ... <Fdn> P001 Person, Else,*23.05.1960

A001 Ziegelaecker 11, 89520, Heidenheim
V001 Some Other Insurance GmbH,124345

. TO01 49,07321,973344
= Different Record Types have S001 23.02.1999,IN25
. . S003 02.03.1999
different fields
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Intro to Example II:

Solution Approach

= Define data structures (a la Java Beans)
= Entities

= Attributes, References (:1, :n)

= Define parser

= Checks record order

= Instantiates data structures
= Maps fields to attributes

= Assembles references

» Backend: Generate Java code for
beans as well as parser

i) exzimp £2

import ext="exp"™ { ;I
data {

data Patient {
name: 3tring
firstName: 3tring
birtvhlate: String
insurancelame: 3tring
insurancelwnber: String
—» adr: idress
=> tel: Telephone[]
-> stays: Stay[]

}

data Adress {[]

data Telephone {[]

data Stay {[]

data Station {[]

4 o

_ import ext="exp" {
| ref "platform:/resource/exsmpleData/sre/exi.
rrrrr ds |
rrrrr d POO1 {

p: Patient

1 -> p.name
-*> p.firstlame
=> p.birthhate

rrrrr d 001 (]
rrrrr d voo1 {[]

rrrrr d TOO1 {[]
rrrrr d 3001 {[]

) -
| |L|_I
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Intro to Example llI:

Solution Tooling

Importing other files Customized Outline View
. Fro = T - N D — %!
Custom Editor B) *exzimp 52 (0] *example.mp 42 = 0[5= ouine &3 ==
import ext="exp" | | import ext="exp™ { am laz =
data { ref "platform:/rescurce/exampleba & .ﬂrccuru:b
E record POOY
O p: Patient
data Patisnt { records { = i
nameE : ST ing record POO1 { ) record ADOL
: D @ Adress
LirscName: Scring s b —
birchbace: Scring : L) SR
inauranceNams: STring | 1 => p.name
. o 2 -» p.firstlemeXxx e L
insuranceNumber: Scring e T Bat AESENOmE LN
=» adr: Adre=s 3 -» p.bircthhate A
=» tel: Telephone[]
=» stays: Stay(] record ADD1 {
} a: hdress=

= O a Adress
= O m Patient

Syntax —
" . . Ad {
ngh"gh“ng s:ree:.fsztrlnﬁ

zip: String
city: Scring

oL b
1

}
idata Telephone |

countryCode: Stri El
cﬂdﬂ cityCode: Strin ¥
. . - reco
Fﬂldlng ;I localNumber: 3Fring LI—I a

2 Problems xﬁ'\_maw:yﬁ:g.wum » ' Search| \ ¥ ¥~ 0
2 errors, 0 warmings, 0 infos (Fiker matched 2 of 3 kems) \ _
Description =~ [Resource [ Path [ Locati
& Couldn’t resobvgrfeference to Tirsthameior exampleimp | exampleDatafsre lire2 = 1

3 field rot defiped on bype Patient exampleimp  examplabatafsre lire - 1

‘

Custom Constraints Code Completion
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= Grammar is defined
in an EBNF-like format
in the Xtext editor.

= The editor provides
code completion and
constraint checking
for the grammars
themselves

= Grammar is a collection
of Rules. Rules start with
their name followed by
: and ending with ;

[T] imp.xtxt 53

1-hmpnrt5pec:

"import” "ext” "

!F}_":

Y- Dataltructure:

"data" name=ID "{"

= [attributes+=Arttribute | references+=Reference] *

10 Ty

11

12~ Reference:

13 " name=TID0 ":" cype=[DataStructure] [(ismualci?=F[]")2;
14

15#¥Actribute:[]
17
15+ Datalection:[]

Z23®RecordSection:[]

i)
i

Z5*RecordHandler:[]

35F Jump:[]
J8¥GraphBuild:[]
40

1% FieldMapping:[]
43

349% Instance:[]

=171

47

" £ileExt=STRIHG "{"
datafection=DataSection
record3ection=Record3ection

| of
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& PROJECT

= Type Rule
= For each rule Xtext creates a class in the metamodel
= Each rule property results in a property of the metaclass

String Rule
= String rules are parsed to a String.
= They are in effect custom lexer rules (recognizing string patterns)

= Enum Rule
= Limited set of alternatives; mapped to an Ecore enum

= Native Rule
= Alexerruleis directly interpreted by ANTLR; mapped to a String

© Bernd Kolb, Markus Voelter 2008



l'lk!,il|_|_| {“II; |\||‘_ |\\|‘_ 'h'; |f|; 'II.'_,- 'I"; 't-'}
f'yubogo'..'t', '#'..'[', ']'..'\WWFFFE'}

|1,|I1,l||_._| {IIII; |\||; |\\|; 'h'; Ifl.r |n|; 'I"; 't-'}
f'\uooo0'..'s', '{'..'[', ']'..'\WFFFE'}
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exer Type

Multiline comment

= Single line comment

£'\u0000 .. '\t', '\uOOOB'.. \f', '\uOOOE'..'\uFFFE'} }J—]—r>{ '1r'}—r{ \n' |

m
-
S

~+

D

wn

L.{ {I\tl-.lxnl; I\rl; 1 I} }J—.

= The content of those rules is not transformed
into the meta model
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= Reference
—[T o T 1]

= File Reference/lmport: Xtext derives the default Linking
information from here (more later)

— 'URT'|—=
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= Atype ruleis mapped to a metaclass in the metamodel

= |t may contain keywords (using string literal syntax)

= |t also contains properties which will result in properties of
the respective metaclass

= The property type is derived from the called rule

= There are different kinds = There are different
of properties property cardinalities
= (single assign) = ?7(0..12)
= +=(multiple assign/add) = *(0..n)
= ?=(boolean assign) = +(1..n)

= nothing (2..1)
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& PROJECT

property name

Y

A 4

Y

—»  Type Rule
—»  String Rule
—» Build-in Rule
Lyl Native Rule
—»{  Type Rule
—»  String Rule
—»  Build-in Rule
Ly»| Native Rule
> Keyword

db

nothing (1..1)

S 2(0.1)
N *(0..n)
| +(1..n)
Ls| nothing (1..1)

ih

A 4

nothing (1..1)
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e Rule

= ImportSpec:
= Keywords: import,
ext, =, {and}
= Expects one occurrence
of DataSection rule

assigned to the
dataSection property

s DataStructure:

E]mpxutﬁﬂh

1= ImportSpec:

25 Timport™ Mext™

JB datadiection=Dataiection
4 recordfection=Recordfection
5 "} ";

A
ToDataitructure:
8= "data" nsgne=ID

9= [attributes+=Attribute | references+=Reference] ®

l|:| F!}":

11

1z~ Reference:

13 "—>" name=ID ":" type=[Dataltructure] (ismulti?="[]")7?:

14
4|

= f3leExt=STRIHG "{"

"{ rr

| o

= Expects any number of Attribute or Reference occurences and
assigns them to the attributes and references property,

respectively
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= By default, execution of rules results in a tree of data

= You can reference other elements via a reference rule
= In textual languages a reference has to be by name
= During linking, Xtext “"dereferences” these by name-references
= Target's name property is used here (customization: see later)

] dataskxt 53 = 0|
[ | Example- l=DataStructure: =
' 26 "data” name=ID "{"
refe re n Ce tO a 3= [attributes+=Attribute | references+=Reference)] ¥
_(_l H} H;
DataStrUCture. ;'.- Reference:
ID . . th | 7 #_>" name=ID ":" type=[DataZtructure] (ismulti?="[]")72; o
IS IS The 1exer :
ST Attribute:
Used for the 10 name=ID ":" type=ID; i
] _*I_I

referencing token
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= Aresource reference can be used to import another model
file (typically of the same DSL)

= When customizing e.g. content assist, Xtext automatically
provides a global view on the contents of all imported files

[T] imp.skxt EZ

1

:lEl‘

importGrammar "platform:/resource/dataimport.d

3= Import3pec:

q =

Bi=

7=

9

10=

11
1z

"import™ "ext®™ =" fileExXt=STRIHG "{"
irefs += OtherFile) *
dataiection=Dataiection
record3ection=Record3ection

"} ":

OtherFile:
Fref™ f£ile=URIL;

<] |

ol

1

m

(2] example.imp £% =08
import t="exp"” { =
ref latform ource/exampleData/sro/ex2 . imp™

rrrrrrr i
rrrrr d POO1 {
p: Palicnu
i P . neme
2 p.lfirstName
P- @ birthDate fon
@ firstilame
recor 4 @ insuranc elame
A @ insurancchumber
1 - @ name
z -
3 -
p.a
¥
- reoord
1
1] I
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= Atyperule can be abstract

= An abstract type rule is basically a collection of OR-ed
alternatives: R1|R2 | R3

= Mapped to an abstract metaclass
= The or-ed alternatives become concrete subclasses

= Common properties of the alternatives are lifted into the
abstract superclass

= The same rule can be or-ed in several abstract rules in
which case the metaclass has several superclasses.
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ne Rules — Examples

. imp.xtxt &3 =8
L PrOperty IS the 7o DataStructure: i

data”™ name=ID "{"

abstract rUIe_ _;' [properties+=Fropertcy] * J

10 "}";
11
1E‘i3r|:|pert.1r:
13 Reference | Attribute;
= Can be a Reference »
15~ Reference:

Or an AttrlbUte ia =" name=ID ":" type=[Dataltructure] ([(ismwualci?="[]"] 2;

17
lg-Atcribuce:
19 name=ID ":" type=ID:; =
m The DataStriictiire 1| | 3
1IC LFrUlUJLI UL LU C

has a collection of T i
Propertiesl refe re n C I n g = B:, platform: fresourcefdataimport, dslfsrc-genfdataimportfdslfimp. ecore

=l # imp

h b I E ImportSpec

t e a St ra Ct rU e EI E DataStructure

---.;,'_:; propetties : Property
i H-9 name: EString

= |nthe meta model, name has 5 Propery
. [#+ = name : EString
been be lifted, type has not

E Reference - > Propetty
- H attribute - Property
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= String rules are lexer rules (i.e. used to define rules for
custom character sequences)

= Declared via the String keyword

String qualifiediame:
ID ("." ID)*;

= String rules can be composed from other lexer rules.

= Other String rules
= Built-in lexer rules (e.q. ID)
= Native rules (see Xtext Reference Manual)

© Bernd Kolb, Markus Voelter 2008
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= A Enum Ruleis used to define a limited set of defined
alternatives

= |tis mapped to an Enum in the metamodel

= |tis declared via the Enum keyword and contains Enum

Literals
= An Enum Literal has a token name and a string representation
Enum EBecordType:

Lodl="ga0001™ | ADOZ="a00z™ | POO1="pOoO0O1"™:

= |t can be used just like any other rule.
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A native rule contains a string which is passed to ANTLR
without further processing it.

It is typically used to define lexer rules that cannot be
expressed using Xtext syntax

= E.g. whitespace-aware lexer rules, such as define custom
comment syntax

imp. bt &3 ‘\1__

1= Importopec:

It is declared via the 25 (comuent=SL_COMMENT) 2
3= "import™ "ext®™ "=" fileExt=STRIHG "{"
' k d gi= dataSection=Data3ection
Natlve eywor L= recordiection=RecordSection

& LR

The example introduces a cative 5L CONNENT :
comment (# till end of line) EEELETESLSU
that is preserved into the model

© Bernd Kolb, Markus Voelter 2008
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= OCL-like expression language used throughout cAW
= (Can be used in constraint checks, model transformations and generators
= Add "methods” to meta types (Java calls are possible if necessary)
= path expressions, set operations, (some) higher order functions
= Polymorphism (multiple dispatch)
= Tool support
(syntax highlighting, code completion, debugger)

4 = y
[E] Extensions.ext £3
limport imp:

=

Jextension dataimporc::idsl::GenExtensions reexport:;
.q

SCollection[Instance] instancesInScope | RecordHandler this )@

B parentHandler () '= null ? instances.union( parentHandler () .instancesIn3cope(] )

: Instances;
7

dparentHandler { RecordHandler this ):
= eContainer !'= nmull ? [ RecordHandler.isInstance (eContainer) ? [ (RecordHandler)eContainer) @ null ] @
10 null:;

et i
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Uses the oAW Check language, based on Xtend

= Used to validate the static semantics of the models
Report Warnings and Errors

Based completely on the generated meta model,
no concrete syntax hassles

Tool support (syntax highlighting, code completion, ...

f@ Extensions.ext l@ *Checks.chk &3 ™

limport imp:

o
E

Jextension dataimport::dsl::Extensions;

g
Scontext Instance ERROR "type not defined™:
= allElements() .typelelect (DatadStructure) .contains (type) -

7

Zcontext FieldMapping ERROR "instance not defined or not in scope™:

kil

9 { (RecordHandler)eContainer) . instancesIn3cope () .containsiinstance) ;

10

llcontext FieldMapping ERROR "field not defined on type "t+instance.tLype.nsue:
1z instance.type.attributes.contains| £isld |:

13

ldcontext Instance ERROR "instanc names nust begiln with a lowecase letter™:
15 name . toFirstLower () == name;

16

o
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= The constraints defined
for the language are
evaluated in the editor
on the fly.

Constraints can also be

chaclcad ac nart af a2 warlk .
CIITNGCGOUCINGCG\UA UUD IJHI W Wi A VYV WVJI N

flow that processes the
models.

-~ _\.\"'\
2] example.imp £2 -

import ext="exp"™ {
& data { []
= records {

= record POO1

=0
L}
p: Patient
1 —-> p.name
=
2 —» p.Lfirstllame
3 =-> p.bhirthDhate

= record AOO1 o
a: Adress

(X} 1 =» a.stdreet
Z => a.=zilp
3 —> a.cicy
p.adr = a

[

o

iT . Y K 3
{2 Problems E2 \“‘m@ Javaduc‘ E;) Declaratiun| e Search}

2 errors, 0 warnings, 0 infos (Filker matched 2 of 3 items)

Description =

@ Couldn't resolve reference to ‘stdrest’
@ field not defined on type Adress
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Customizing the Outline I:

Labels and Icons

= Xtext supports the customization of

the Outline View structure and icons/labels

= Labels andicons are changed by overriding

label(...) and image(...) for your meta types.

[Ej EditorExtensions.ext £3 =0
limport imp: 1=
Jextension datsimport::dsl::Extensions reexport;
dextension dataimport::dsl::GenEditorExtensions reexport:

g

6label| Instance this ) : nsme+": "+type.name;

E

Slabel | RecordHandler this ): "record "+name:

Simage [ RecordHandler this ) : "recordHandler.giff™:

10

11lahel( DataStructure this ) : "data "+hname:

1Zimage [ DataStructure this ) : "data.gif";

13

i4label( Reference this j: "-> "+name+": "+iype.nsme;

15 -
i6labhel|{ Instance this ) : name+": "+type.nsme;

17image { Instance this )@ "instance.gif™;

13 =
] _'IJ

@ ity
G street
L@ zip
-3 data Patiert
@ daka Station
@ daka Stay
-3 data Telephone
=8 records
B record POOL
2 pi Patient
=% record A001
O ar Adress
- record 5001
---u record TOO1
e record YOD1

Actual image files (.gif)
go into editor project’s
icons directory

© Bernd Kolb, Markus Voelter 2008



CC

AW -w
& PROJECT

Intro to Textual DSLs
Getting Started with Xtext
Intro to Example

Defining the Grammar
E

Cim ditar Ciictamizatinn
(- | NATUVUVI ULV THTAUULIVIEI

1ni !n
A\

O

More Advanced Customization
Processing the Models

Summary

© Bernd Kolb, Markus Voelter 2008



Customizing the Outline II:

Structural Customization

= By default, the structure of the outline view corresponds to

the structure of the document.

= This default structure can be changed
= Additional structures (“viewpoints”) can be defined

= Default
Viewpoint

5= outline £3 IT% ¥ =0
E|EE data

G data Adress

G data Patient

@ data Station

@ data Stay

EI@ data Telephone

----- @ cityCode

----- @ countryCode

“o @ localMumber

A8 data ¥xv

=8 records
El- ¢ record POO1

----- 2 p: Patient

E|'v’ record A001
O a Adress
B record 5001
"-\—’ record TOOL
b pecord YOOL

= Types
Viewpoint
(shows data
types and
instances)

= Eq 2= autline 52
4 default
o Types

:

2,7 =0

ai Adress
=A% daka Patient
b O p: Patient
EG data Station
[0 <t Station
b O skation: Skation
#-{3 data stay
@ data Telephone
D daka iy
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Customizing the Outline II:

Structural Customization Il

-

E] Outline.ext £3 . |EJ EditorExtensions.ext | (T) mydsl.xtxt

limport imp:
Zimport tree;

3

dextension dataimport::dsl::EdicorEx

7oreate UlContentNode outlineTree Types (emf::E0bject model]
setlabel (model. label )] ->
getImage (model. image ()] ->

f=1
o

=]

tensions;
Sextension dataimport::idsl:::GcenOutline reexport;
f

_else naming convention
to define a outfine Tree
function for a given
viewpoint

s

Use create extensions
creating UlContentNodes

to construct the tree

1%9create UlContentNode createlNode(| Instance 1i):

20 setlabel(i.label()) -=
21 setlmage (i.image ()] -=
& a setContext (i) ;

&l

]

10 setContext (model) —>

11 children.addill| model.ebkllContents.typeSelect (DatalSt ruckwEreTCTEOLE
1z

licreate UlContentNode createl3Container| DataStructure d=s, emf::ECQbject «
14 setlabel | ds.label() | -= 1

15 setImage | ds.image() | -> J

16 setContext (ds] -=>

17 children.addill (| model. 4l eSelect [Instance) .gelect(i] i
18

| Jse these functions to
parameterize the created
UlContentNodes

—*Connects to the original
file for selection highlight

eReturn list of

z4List[3tring] wviewpointsi()
25 {"Types"}:

<

viewpoint IDs

© Bernd Kolb, Markus Voelter 2008



= Content Assist / Code Completion is customized via
overwriting certain extension functions:

List[Proposal] complete<MyType>_<propName>
(emf::Eobject ctx, String prefix)

= A Proposal et 1 -
consists of a ;
dextension dataimpuru::dsl::ExtensiDns;

Zimport codeassist:
| ] . . .
Ia bel a n |C0n Sextension dataimport::dsl::GenContentlizssist reexport;
I textension dataimport::dsl::EdicorExtensions:
7extension org::openarchitectureware::util::acdlib::io;
and the text to
SList[Proposal] completeRecordHandler (emf::EQbject grammarElement, ewmf::Edbject cto
n 10 { newProposal({ "new record...”, "record <unnamed: { ., muall )
Insert 11
l2List[Proposal] cowmpleteFieldMapping fieldiewmf::ECOhject ctx, String prefix)
13 [ (FisldMapping) otx) instance.type.attributes.
14 collect (x| newProposal (. label() ,®.1d() X image () ) )
15
l6List[Proposal] completeFieldMapping instance (emf::EChject otX, String prefix)
17 [ [RecordHandler)ctx.eContainer) . instancesInScope () .
18 collect (x| newProposal (. label() ,®.1d () Xx.image () )]

19 =
< | >
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= By default, if you use references in your DSL, you

To Definition and Find References out of the box

(it works cross-resource, see next section)

can use Go

ke e, L e () examplemp £3 =[]
import ext="sxp® J o data Sr,m:io; { L!
I data '
records {

data Adress |
data Telephone {
dats Seay |
data SEtation |

H

records |
record POOL O

Go To Definition

p: Pariene
1 =% p.name
2 -» p.tirecHass
3 -» p.bicthbace

pecord A0D1
record VoDl |
recard TODL o
rrrrrr d 3001 §

(F3 / Ctrl-Click)

record POOL {

p: Patienc

1 => p.names

2 =» p.firstName
3 =» p.hicthbace

* record ADDL {
b record VOOL1 ([]
* record TOOL {[]

record 3001 (

sray: Scay L

1 => stay.beginDate

station: Jtation

2 =»> stacion.stationNa
1 -» station.date
stay.=tations += =taci

n.omtmum b= mitew =
0| | »

Find References
{Ctrl-Shift-G)

(e Problems | @ Javadoc |1, Declaration | 47 Search 3 ™
Heferance - bumn ) )

O Spation - feccampleData)srcfexample. imp (ne: 79)

O Skation - fexcampleDataysrcfexample.imp (ine: 57)

Double Click
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To customize navigation, overwrite the following extension
in the Navigation.ext file.
(you do NOT have to do this for DSL references!)

Find the Definition of a "string” in a context:
emf::EObject findDeclaration(String s, emf::EObject ctx)

Find the References of a "string” in a context:
ListfUIContentNode] findReferences(String s, emf::EObject ctx)

Create the node for the list of results:
create UlContentNode createNode(RuleName tr)
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It is possible to customize the font o aaca =
style for keywords (and only keywords) | - o v

w
<| | »

You can customize bold, italic, underline,
strikethrough as well as foreground and background colors

Override the fontstyle() extension for a specific meta class:

[E] *style.ext 53 S =)
limport scanning: 1=
Zimport imp: .
3 There is some
dextension dataimport::dsl::GenStyle reexport: .
. performance impact
oFont3tyle fontstyle (3tring keyword, DataStructure ctx): When US|ng thls
7 ctx.name == MXX¥Y" 2
3 /4 bold, italie, strike, underline, featUl’e
=] createFonc3tcyle| true, true, false, false,
10 // Zforeground color, background color
11 createColor (0,200,0), createColor (100,0,0) 1 : _—
12 null:
13 -
o _>l_I
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= Thd.
= Explain how to code-complete and constraint check into other
EMF files (non-Xtext Stuff)
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& PROJECT

= The Linker is used to wire different models

= |n most cases the automatically created grammar-derived
Linker is sufficient

= However it is possible to customize the behavior further:
Override link(emf::EQbject this)

[Ej Genlinking.ext £2 =g
1 e
Zextension dataimport::dsl::Extensions:

3
dlinkiemf::ECbject this) :
5 let all = allLocalElements()
6 all. typeSelect (imp::Jump) .collect {e|e.link nextRecordi{}) -»>
7 all.typefelect (imp::GraphBuild) .collect (e|e.link ownerlnstance()) ->
8 all.typeSelect (imp::GraphBuild) .collect (2|e.link ownerRef()) -»
9 all.typeSelect (imp: :GraphBuild) .collect (e|e.link targetInstancel)) ->
i0 all.typelelect (imp: :FieldMapping) .collect(e|e.link instance()} ->
11 &ll.typeSelect (imp: :Fieldlapping) .collect(ele.link field()] -»>
12 ﬁll.typ (=] 'I_ i—.’.' P i LY = 11 il L l_' Je i FAWLY
13 all.typs ¥oid link nextRecord{imp::Jump this) :
14 null; [1E,t. ents = this.allElements I::I .tYpESElEC:t [imp: :RecordHandler) H
15
1 e this.setNextRecordients.select (e|e.id(] ==
4 | thig.parsed nextRecord).firsci])
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= |tis necessary in several cases to uniquely identify model
elements by one of their properties. Used by

= Linker

= findReference/findDeclaration

= Default property is name

= To customize this, you can
override the id() extension
in the Extensions.ext file.

[E} GenExtensions.ext 53

LI

123cring idiemf::EChject x) :
let p = x.nmetalype.getProperty ("nawe™)

13
14
15
1a

4]

I
|

p==null?
null :
p.gecix];

[»

s =
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Processing Xtext Files I:

Overview

= Since Xtext instantiates Ecore metamodels, the models can
be processed with any EMF tool — e.g. oAW.

= We will not explain those here.

= You can process them with oAW Workflows, use them like
any other EMF resource and parse them into your own Java
programs.

= You can check the Create Generator Project checkbox in the
projection creation wizard to get a sample generator as a
starting point.

© Bernd Kolb, Markus Voelter 2008



Processing Xtext Files II:

From within an oAW Workflow

= The only Xtext-specific aspect is
using the generated parser.

1] *generator.oam 83 = O]
ey This workflow cartridge is =
3 <property name='modelFile' /> generatet:l E;{utumatlcally . i
" y Xtext Specify the model file
5 <property name='targetDir' wvalue='src-gend ¥ > that should be processed
& |
7 <oomponent file='orgfexample/dsl/parser/Pars Specif}, the workflow slot
8 <modelFile walue='${modelFile} ' /> _ein which the created model
= <outputSlot walue='theModel' />

should be stored

10  </components

11

12 <component class='oaw.workflow.common. DirectoryCleaner' directories='${targetDir}'/>
13

14 <component class='oaw.xpand?s.Generator'>

15 <metaModel id='mm' class='org.eclipse.mZt.type.emf.EmfRegistryletalodel />

16 <expand value='org::example::d=sl::Main: :main FOR theModel' />

17 <genPath walue='${targetDic} '/ >

18 </component>
19
LDkEWDrklew>

4 o
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Processing Xtext Files IlI:

The EMF way

= Use EMF's native resource mechanism
= Xtext registers a ResourceFactory for the DSL's file extension
= Simply pass the uri of the file you want to read to getResource()
= Note that you cannot write the model back!

[J] *Reader.java £3 =4
1 package dataimport.dsl.parser; =
3®¥import java.io.IOException;[]

10

11 public class FEeader {

1z

13 protected Resourcel3et resSourceZet = new ResourceSetImpl()

15= public Resource read(String throws I0Exception {

16 Resource res = resourceSet.getResource {URI.creztelRI{f11eURI), true):
i7 if (!'res.isLoaded()) {

15 res. load(Collections. EMPTY MAPR)

15 ¥ e

a0 return res;
h
»
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Processing Xtext Files IlI:

From you own custom code

= Use the generated parser

= This is what the ResourceFactory does internally
with some default behavior for error handling

= Note how parse e =

1 package dataimport.dsl.parser: A|E|

errors and constraint | :

S®import java.io. FileInputStream;:[]

1 H 14
VIOIatIonS are 15 public class BReader:z {
16
handled 17 protected Resourcelet resourcelet = new ResourceSetImpl();
- L&

9s public ECkhject read(3tring f£ileURI) throws IOException |
ZtextParser p = new XtextParser (new FilelInput3tream(fileURI));
/¢4 The parseTree Hoot Node
MNode rootMode = p.getBRootNodei):
p.prelinkingi) ;
p.doLinkingi() ;
p.postLinkingi) ;
List<ErrorMsg> parseErrors = p.getParseErrors():;
if (p.getParseErrors|() .size()== 0]
Issues listOfViolatedConstraints = p.doCheck();

]

H
return NodeUtil. getModelEl ement (rootNode) ;

o T J s B = T R K Ry

()
ra

4 o
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Details about nodes:

NodeUtl s

= Typically you you are only working on the AST (ecore file)

= However, sometimes you need data from the parse tree

= Location of an element in the source file © o ol 1.7.2:4 (ASCIL Hhy).

------ @ 7 getContainingAssignment{Elemant)
------ @5 getContainingElement{Element)

- The teXt fOI’ a Ce I’ta | n element ------ @ ° getZontainingRule(Element)

""" @ ~ getModelElement{MNode)

= The parse tree node at a certain offset | ® ° getiode(Eoblect)

...... e’ getModei{Mode, EObject)
------ @ 5 gethodeBeForeOffsetiMode, int)

5
5
5

L I ® 7 getNodeUnderOffset{Node, int)

= Hereisanexample of howtogetthe |- o eyt o)
...... ® ° getRook(Nods)

------ e ° getText({String, Node)

location of an element in the source file: |~ o5 STt I

" T
[J] ModeUtiSample.java 53

public String getlLocInfo (EQObhject modelElement) |
MNode node = Nodelltil. getNode (mode lElewment) ; J
return "Line " + node.getline(] +
"OI" 4+ node.getdtart() +":" +node.getEnd()+"1"
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Designing good languages is not easy — and Xtext cannot
simplify that process.

However, building good tools for good languages is also
not easy, and often a reason for not trying to build a
language.

e :||nnnn_+hn alina —_miie
Z \ \_IIUII\_II&\_ Gl IN\. \JII1 3 1T1IUNL

much easier, thereby making language development a real
practical option.

B
Q.

tavt ma +ha arnN
C/ANL 111U I\ CIITCA \UB AW ) |

Go ahead, give it a try!
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= 0AW Xtext is currently in the process of transitioning into the
(relatively) new Textual Modeling Framework project.

= Together with INRIA's TCS, it serves as the basis for TMF.

m Seealso

= http://www.eclipse.org/proposals/tmf/
= http://wiki.eclipse.org/TMF

© Bernd Kolb, Markus Voelter 2008



& PROJECT

= |tis notyet possible to specify custom action code
= This sometimes results in "ugly” meta models
= Becomes apparent when building expression languages
= [Thisis a plan item for TMF]

= |tis notyet possible to start from a metamodel and
annotate the notation

= The current approach is suitable if you only use a textual syntax

= If you want to mix syntaxes or want to define a textual syntax
for an existing metamodel, the current approach is not useful

= [Thisis a plan item for TMF]
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= www.openarchitectureware.org

= Specifically the reference docs contain more info about Xtext

= www.eclipse.org/modeling/
= EMF and all the other related tooling
= Future home of Eclipse TMF

software

= Podcast: Software Engineering Radio
engineerir'ng
= www.se-radio.net radio
= Several Episodes on MDSD —
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= Thanks for your attention!

Questions?

KolbW@re ) VOlter

ingenieurbiiro fiir softwaretechnologie

Bernd Kolb Markus Voelter

b.kolb@kolbware.de voelter@acm.org
http://www.kolbware.de http://www.voelter.de
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