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A DSL is a focussed, processable
language for describlng a
specific concern when bullding
a system in a specific domain.
The abstractions and notations
used are natural/suitable for
the stakeholders who specify
that particular concern.
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Domain Size

Designed by

Language Size

Turing-
completeness

User Community
In-language
abstraction
Lifespan

Evolution

Incompatible
Changes

large and complex

guru or committee

large

almost always

large, anonymous and
widespread

sophisticated
years to decades
slow, often

standardized

almost impossible

smaller and well-defined

a few engineers and
domain experts

small

often not

small, accessible and
local

limited
months to years (driven
by context)

fast-paced

feasible
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with many first
class concepts!



Small Language
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00

with a few, orthogonal
and poweful concepts



Modular Language
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with manX optional,
composable modules






Language
5, Workbench

(Martin Fowler)



Language
+., Workbench

(Martin Fowler)

Freely

define
languages and

Integrate
them



~ Language
| " Workbench

‘i} | "‘ (Martin Fowler)
_. “\‘ use o
| persistent
abstract’

representation



Language
+., Workbench

(Martin Fowler)

language ::=
schema
+editors
+generators



| Language
7 Workbench

(Martin Fowler)

projection1(

editing



Language
+., Workbench

(Martin Fowler)

persist
incomplete
or

contradictory

information



Language
>, Workbench

Z (Martin Fowler)

powderful |
editing
testing 3
refactoring
debugging
groupware

& language definition

implies

IDE definition




~ Language
| fiv., Workbench

(Martin Fowler)

support for .

»classical“ - .

programming
,,classical“arld

modeling







Model or Code?

Trackpoint* makeTP(uintlt alt, intlbe speed) {
static int8 trackpointCounter = 0;
trackpointCounter++;
Trackpoint+ tp = ((Trackpoint*) malloc(sizeof Trackpoint));
tp->1d = trackpointCounter;
tp-=timestamp = trackpointCounter;
tp-=alt = alt
tp->speed = speed
return tp;




Model or Code?
‘—{ beforeFlight [ crashed }

reset
next [alt > 0] l | next [alt == 0 && speed == 0]

?
o

next [alt == 0 && speed > 0]

airborne

\ 4

[ landing } { landed }
k next [alt == 0 && speed == 0] /




Model or Code?

statemachine HierarchicalFlightAnalyzer initial = beforeFlight {
in next()
in reset()
out crashNotification() -= raiseAlarm
state beforeFlight {
on next [tp-=alt = 0 m] -> airborne
}
composite state airborne initial = flying {
on reset [ ] -> beforeFlight
on next [tp-=alt == 0 m && tp->speed == O mps] -> crashed
state flying {
on next [tp-=alt == 0 m && tp->speed > 0 mps] -= landing
on next [tp->speed > 200 mps] -> airborne
on next [tp-=speed = 100 mps] -> airborne
t
state landing {
on next [tp->speed == 0 mps] -=> landed
on next [ ] -= landing
t
state landed {
t
}

state crashed {

t




Model or Code?

statemachine HierarchicalFlightAnalyzer initial = beforeFlight {
in next(Trackpoint=* tp)
in reset()
out crashNotification() -= raiseAlarm
readable var 1ntlé points = 0@
state beforeFlight {
on next [tp-=alt = 0 m] ->» airborne
exit { points += TAKEOFF; }
}
composite state airborne initial = flying {
on reset [ ] -> beforeFlight { points = 0; }
on next [tp-=alt == 0 m && tp->speed == 0 mps] -= crashed
state flying {
on next [tp-=alt == 0 m && tp->speed > 0 mps] -> landing
on next [tp->speed > 200 mps] -> airborne { points += VERY HIGH SPEED; }
on next [tp-=speed = 100 mps] -= airborne { points += HIGH SPEED; }

+

state landing {
on next [tp->speed == 0 mps]| -> landed
on next [ | - landing { points--; }

}

state landed {
entry { points += LANDING; }
}

}
state crashed {

entry { send crashNotification(); }
}
i




Model or Code?

Does it really matter?
What is the difference?

Who cares?









Example Tools

Parser-based LI(k)




Example Tools

Projectional

_ ‘4

2 MPS

BRAINS




Example Tools
Parser-based GLR
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Concrete and Abstract

var x: int;
calc y: int = 1 + 2 * sqrt(x)

~~> X:Var y: Calc
ltYPe m} expr
IntType IntType Plus
left /\right
IntConst Multi
left /\ right
IntConst Sqrt
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Concrete Syntax

|

Abstract
Syntax Tree

Parsing



Parsing vs. Projection
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Concrete Syntax Concrete Syntax
i ; T
Abstract Abstract

Syntax Tree Syntax Tree

Parsing Projection






BNF, EBNF Grammars

S::=P1 = = & Pﬁ

Exp ::= NUM
| EIP W Exp
| EIP n*n Exp




Grammar Classes

LL Timitations
LL(k) wrt. all

LI Context Free
LR Grammars




Grammar Class Iimitations

Exp ::= ID
| STRING
| Exp 1 \ n ID

. "Tim".length
Left Recursion!

Not supported by LL Parsers



Grammar Class Iimitations

Exp ::= ID
| STRING
| Exp 1 \ n ID

. "Tim".length
Left Recursion!

Not supported by LL Parsers - Left Factoring

Exp ::= ID
| STRING
| Exp ("." ID)+

Exp ::= ID
| STRING
| FieldPart ("." ID)+

FieldPart ::= ID
| STRING




Grammar Class Iimitations

Exp ::= FieldPart ("." ID)=*

FieldPart ::= ID
| STRING

Alternative: > TI(1)

GLR or Earley parsers
- parses all CFGs
- O(n), O(n®) worst case




Ambiguities & Grammar Classes

Exp ::= NUM
| Exp "+" Exp
| Exp "x" Exp
EXp
/ N
Exp Exp Exp Exp
AN AN
Exp Exp Exp Exp
| | |
1 3 1 2 + 3



Ambiguities & Grammar Classes

Exp ::= NUM
| Exp II+II Exp
| Exp II*II Exp
Expr ::= Expr "+" Mult -> ];I{
| Mult
Mult ::= Mult "+" NUM
| NUM
Expr ::= Mult ("+" Mult)=* -> ];I;
Mult ::= NUM ("*" NUM)*

Problem: Precedence encoded
in grammar structure!




Parsing Spoofax

Ambiguities & GLR Parsers

Exp ::= NUM
| Exp II+II Exp
| Exp II*II Exp
Exp ::= NUM
| Exp "+" Exp {left}
| Exp "x" Exp {left}
Exp ::= Exp "x" Exp {left}
=
Exp ::= Exp "+" Exp {left}

Better: Declarative, Extensible







Projection
Very Flexible Syntax

exported component Judge extends {
provides FlightJudger judger
intl6 points = 9;
void judger reset() € op judger.reset {
points = 9;

}
void judger addTrackpoint(Trackpoint* tp) 4= op judger.addTrackpoint {
points += 0 tp->alt <= 2000 tp->alt >= 2000
tp->speed < 150 5 10
tp->speed >= 150 5 20
}

int16 judger getResult() €= op judger.getResult {
return points;

}
}



Projection
Very Flexible Syntax

void vectorDemo() {

1
vector<intl6, 3> aVector =I } * §12;
3

vector<intl1l6, 3> resultOfCrossProduct = aVector x aVector;

matrix<int16, 2x3> aMatrix =|1+2 2 *7 42|
3 51 24

r
matrix<intl6, 3x2> transposedMatrix = aMatrix ;

}



Projection
Very Flexible Syntax

[#define TAKEOFF = 1@@;]-:» implements PointsForTakeoff
[#de-Fine HIGH SPEED = 19;]-> implements FasterThan100
[#define VERY HIGH SPEED = 20; |53 inplenents Fasterthanzoe
[#define LANDING = 100; |*5 implements Fulistop

Challenges: Editor Usabililty,
Infrastructure Integration



Projection
Editor Usability

Traditionally a challenge.
Mostly solved in MPS.



Projection
Editor Usability

Traditionally a challenge.
Mostly solved in MPS.

Aliases
Side Transformations
Smart References
Smaxrt Delimiters
Delete Actions
Wrappers
Create Ref Target



Projection
Infrastructure Integration

¥ | Difference for AClassWithSM

k"W

9f13d5c82afbd1f99414002ce8be3131d4deeebb

state machine Lights {
event buttonPressed
initial state red {
turnOnRedLight () ;
turnoffGreenLight () ;

buttonPressed [lightTime() > 1000] -> gre
}
state green {

turnoffRedLight () ;

turnOnGreenLight () ;

buttonPressed [lightTime() > 1000] => red

1
private long lightStartTime =

public AClassWithSM() {

lightstartTime = System.currentTimeMillis();

en

»

lightStartTime = System.currentTimeMillis();

System. currentTimeMi.

Your version

state machine Lights {
event buttonPressed
initial state red {
turnOnRedLight () ;
turnoffGreenLight () ;
turnOnRedLight () ;

lightstartTime = System.currentTimeMillis();

buttonPressed [lightTime() > 1000]
}
state green {

turnoffRedLight() ;

lightstartTime = System.currentTimeMillis();

buttonPressed [lightTime() > 1000]

}
state AThirdState {

-> green

=> red

|










Typical Approach

Today's Approach (Xtext or MPS)

Scope = Function that returns the
possible target elements for a
referenece



Typical Approach

Today's Approach (Xtext or MPS)

Scope = Function that returns the
possible target elements for a
referenece

Implemented as procedural code.






Using DSLs for defining DSLs

Use dedicated DSLs to define
aspects of DSLs



Using DSLs for defining DSLs

Use dedicated DSLs to define
aspects of DSLs

0ld idea for grammar/syntax.



Using DSLs for defining DSLs

Use dedicated DSLs to define
aspects of DSLs

0ld idea for grammar/syntax.
Now increasingly used for other

aspects such as scoping (we'll see
type system, debugging later)



Spoofax NBL Spoofax

Defining Namespaces

entity Customer {
name : String // Customer.name

}

entity Product {
name : String // Product.name

}

Define Namespaces:

Module(m, _): defines Module m
Entity(e, _): defines Entity e

Function(f, _): defines Function f

Qualified Names

Module(m, _): defines Module m scopes Entity
Entity(e, _): defines Entity e scopes Property, Function
Function(f, _): defines Function f scopes Variable




Spoofax NBL Spoofax

Defining Namespaces

Name Qualification implies Uniqueness

Block(_): scopes Variable

Limitations on Visibility

Declare(v, _): defines Variable v in subsequent scope

For(v, t, init, cond, update, body): defines Variable v in cond, update,
body




Spoofax NBL Spoofax

Defining References

entity Customer {
name : String

}

entity Order {
customer : Customer
function getCustomerName(): String {
return customer.name;

}
}




Spoofax NBL Spoofax

Defining References

PropAccess(exp, p): refers to Property p in Entity e

customer.name

Not clear which Entity!



Spoofax NBL Spoofax

Defining References

PropAccess(exp, p):
refers to Property p in Entity e
where exp has type EntityType(e)

customer.name
Integration with type system required.









Type Systems?

var int x = 2 * someFunction(sqrt(2));

T

Assign fixed types



Type Systems?

var int x = 2 * someFunction(sqrt(2));

N

Assign fixed types



Type Systems?

var int x = 2 * someFunction(sqrt(2));

| =

Assign fixed types

Derive Types

Calculate Common Types



Type Systems?

var int x = 2 * someFunction(sqrt(2));

Check Type Consistency






Declarative Type Sys.
Unification/Solver (MPS)

Example Code:

var i: int // 1
var i: int = 42 /] 2
var i: int = 33.33 // 3
var 1 = 42 // 4

Type System Implementation:

typeof( LocalVarDecl.type ) :>=: typeof( LocalVarDecl.init )
typeof( LocalVarDecl ) :==: typeof( LocalVarDecl.type )




Declarative Type Sys.
Unification/Solver (MPS)

Example Scenario 1

// var i: int
typeof( int ) :>=: typeof( int ) // ignore
typeof( T ) :==: typeof( int ) // T := int




Declarative Type Sys.
Unification/Solver (MPS)

Example Scenario 2

// var 1i: int = 42
typeof( int ) :>=: typeof( int ) // true
typeof( T ) :==: typeof( int ) // T := int




Declarative Type Sys.
Unification/Solver (MPS)

Example Scenario 3

// var i: int = 33.33
typeof( int ) :>=: typeof( double ) // error!
typeof( T ) :==: typeof( int ) // T := int




Declarative Type Sys.
Unification/Solver (MPS)

Example Scenario 4

// var 1 = 42
typeof( U ) :>=: typeof( int ) // U := int
typeof( T ) :==: typeof( U ) // T := int




Declarative Type Sys.
~Automatic" Type Inference

Example Code:

var i: int[]
var i: int[] = {1, 2, 3}
var 1 = {1, 2, 3}




Declarative Type Sys.
~Automatic" Type Inference

Type System Implementation:

typevar T
foreach ( e: init.elements )
typeof(e) i<=: T

typeof( LocalVarDecl.type ) :>=: new ArrayType(T)
typeof( LocalVarDecl ) :==: typeof( LocalVarDecl.type )

That is all!







Declarative Type Sys. Spoofax
Pattern Matching

type-of: Int(value) -> NumType()




Declarative Type Sys. Spoofax
Pattern Matching

type-of: Int(value) -> NumType()

type-of:
Add (expl, exp2) -> NumType()
where
<type-of> expl => NumType();
<type-of> exp2 => NumType()




Declarative Type Sys. Spoofax
Pattern Matching

type-of: Int(value) -> NumType()

type-of:
Add (expl, exp2) -> NumType()
where
<type-of> expl => NumType();
<type-of> exp2 => NumType()

type-of:
Add(expl, exp2) -> StringType()
where
<type-of> expl => StringType();
<type-of> exp2 => StringType()




Declarative Type Sys. Spoofax
Pattern Matching

type-of: Int(value) -> NumType()

type-of:
Add(expl, exp2) -> NumType()
where
<type-of> expl => NumType();
<type-of> exp2 => NumType()

type-of:
Add(expl, exp2) -> StringType()
where
<type-of> expl => StringType();
<type-of> exp2 => StringType()

Property(p, t): defines Property p of type t
Param(p, t): defines Variable p of type t
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Text Template Engine
Xtext's Xtend (M2T, M2M)

Not ,just" a template language
like StringTemplate or Xpand.

Actually a very nice and full-
blown GPL with special support
for text templating and model
navigation, query and
construction.

Xtext



Text Template Engine
Xtext's Xtend (M2T, M2M)

Java Like
Many improvemnts over Java
Modularization via DI

Template Expressions
Smart Whitespace Handling
Functional Abstractions
Dispatch on Arguments
Extension Methods
Builders



Text Template En
Xtext's Xtend

1»| *CoolingLanguageGenerator.xtend &
class CoolinglanguageGenerator implements IGenerator {

@Inject extension StatementExtensions se
@Inject extension ExpressionExtensions ee
@Inject extension DataTypeHelper dh

override void doGenerate(Resource resource, IFileSystemAccess fsa) {
for( p: (resource.contents.first as CoolingResource).coolingPrograms){
fsa.generateFile(p.name+"/"+p.name+".c", p.compile)

}
}

def compile(CoolingProgram p){

/*

Name : «p.name».c

Version 2

Copyright : Copyright (c) 2011 itemis AG (http://www.itemis.eu). All rights reserved.
s

#include "framework.h"

void init (void){
new_state = «p.startState.name»;
«IF p.initBlock!=null»

«FOR variable: p.variables.filter(v | v.init != null)»
«variable.name» = «variable.init.compileExpr»;
«ENDFOR»

«FOR s: p.initBlock.statements»
«s.compileStatement»
«ENDFOR»
«ENDIF»






Model Inferrence Xtext

Xtext, Xbase and Java

Instead of generating Java source,
M2M to Java AST (for structurally
relevant parts)



Model Inferrence Xtext

Xtext, Xbase and Java

Instead of generating Java source,
M2M to Java AST (for structurally
relevant parts)

You get code gen implicitly.



Model Inferrence Xtext

Xtext, Xbase and Java

Instead of generating Java source,
M2M to Java AST (for structurally
relevant parts)

You get code gen implicitly,
but also:

scoplng

type system

debugger



Model Inferrence Xtext

Xtext, Xbase and Java

class EntityWithExprDsllvmModelInferrer extends AbstractModelInferrer {

@Inject extension IQualifiedNameProvider
@Inject extension JvmTypesBuilder

def dispatch void infer(Entity entity,
TIAcceptor<JvmDeclaredType> acceptor,
boolean isPrelinkingPhase) {




Model Inferrence Xtext

Xtext, Xbase and Java

acceptor.accept(
entity.toClass( entity.fullyQualifiedName ) [
documentation = entity.documentation ...
]
)




Model Inferrence Xtext

Xtext, Xbase and Java

for ( attr : entity.attributes ) {
members += attr.toField(attr.name, attr.type)
members += attr.toGetter(attr.name, attr.type)
members += attr.toSetter(attr.name, attr.type)




Model Inferrence Xtext

Xtext, Xbase and Java

public JvmOperation toSetter(EObject sourceElement, final String name,

JvmTypeReference typeRef) {
JvmOperation result = TypesFactory.eINSTANCE.createlJvmOperation();
result.setVisibility(JvmVisibility.PUBLIC);
result.setSimpleName("set" +

nullSaveName(Strings.toFirstUpper(name)));
result.getParameters().add(toParameter(sourceElement, nullSaveName(name),

cloneWithProxies(typeRef)));
1f (name !'= null) {

setBody(result, new Functions.Functionl<ImportManager, CharSequence=>()

{

public CharSequence apply(ImportManager p) {

return "this." + name + " = " + name + ";";
Hs
})s

}

return associate(sourceElement, result):




Model Inferrence Xtext

Xtext, Xbase and Java

public CharSequence apply(ImportManager p) {
rEturn IIthlS ] n + name + 1] = n + nEmE + m g mg

s

Java text for the
body/implementation.
(no IDE support here)







Multi-Stage Trafo
MPS' Transformations

module Statemachine imports nothing {

statemachine Counter {
in events
start()
step(int[0..10] size)
out events
started()
resetted()
incremented(int[0..10] newVal)
local variables
int[0..10] currentVal = 0
int[0..10] LIMIT = 10
states ( initial = start )
state start {
on start [ ] -» countState { send started(); }
}
state countState {
on step [currentVal + size > LIMIT] -> start { send resetted(); }
on step [currentVal + size <= LIMIT] -> countState {
currentVal = currentVal + size;
send incremented(currentVal);
}

on start [ ] -> start { send resetted(); }

}

Counter cl;
Counter c2;

void aFunction() {
trigger(cl, start);
}
}




Multi-Stage Trafo
MPS' Transformations

Stage 2 > Stage 1 > Stage 0 >

! core + statemachines core : text
module A module A’
structs data{...}
: C source
enum S_events_enum : code

state machine S

enum S_states enum

void S_execute(...){...}




Transformations

with concrete Syntax & ID.

L]

template weave StatemachineTypesStuffIntoModule
input Statemachine

content node:

module dummy imports {

<TF exported struct §/ statemachineData  { TF>
->§ statemachineStates _ currentState;
$LOOPS $COPY _SRC$ int8 t § smLocalvar ;

HE

<TF exported enum $/statemachineInEvents| { $LOOP$ $ anEvent ; | } | TF>
<TF exported enum $ statemachineStates | { $L00P§ $ aState ;

;. TF>

Macros contain template code
M2M with M2T ,feel"

E support for target language




Transformations
with concrete Syntax & ID.

B4

template weave StatemachineTypesStuffIntoModule

input Statemachine

content node:

module dummy imports {
<TF exported enum $/statemachineInEvents| { $LOOP$ $ anEvent ; | } | TF>
<TF  exported enum § statemachineStates | { $LOOP$ § aState!; | }  TF>

<TF exported struct $/ statemachineData  { TF>
->§ statemachineStates _ currentState;
$LOOPS $COPY _SRC$ int8 t § smLocalvar ;
¥s
}
comment :
mapping label : <no label>
mapped nodes : (node, genContext, operationContext)->sequence<node<>> {

node.states;




Transformations

-
=]

with concrete Syntax & I

template generateSwitchCase
input Statemachine
content node:
module dummy imports {
enum events { anEvent; }
enum states { aState; }
struct statemachineData {
states __ currentState;
s
void statemachineFunction(statemachineData* instance, events event) {
<TF switch ( instance->__currentState ) { TF>
$LOOP$ case ->$ aState : {
switch ( event ) {
$LOOP$ case ->$ ankEvent : {
$L00OP$ if ( $COPY_SRC$ true ) {
$COPY_SRCL$ ! int8_t exitActions;
$COPY_SRCL$ int8_t transActions;
instance->__currentState = ->§ aState;
$COPY_SRCL$ int8_t entryActions;
return;
}
}
}
}
}
}
}




Transformations
with concrete Syntax & ID.

L]

|

concept

inheritors false

EventArgReF}

condition <always>

-->

content node:
module dummy imports {
void dummy2(void*[ ] arguments) {
<TF  (*(($COPY _SRC$ int8 t *) (arguments[$.1.]))) TF>; }




Transformations MPS

Builders are supported as well

node<ImplementationModule> immo = build ImplementationModule
name = #(aNamePassedInFromAUserDialog)
contents += tc:TestCase
name = "testCasel”
type = VoidType
contents += #(MainFunctionHelper.createMainFunction())
body = StatementlList statements += ReturnStatement
expression = ExecuteTestExpression
tests += TestCaseRef
testcase -> tc

Language Extension:

No builder functions necessary
E support
But is specific for Models
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Live IDEs

Embedding Interpreters

simple product SimpleHomeInsurance

Add Test Case

attributes
squareMeters : intlé
numberOfRooms : intlé
calculate
intle, © squareMeters < 158 |squareMeters >= 150
numberOfRooms < 3 |10 20
numberOfRooms == 30 49
numberOfRooms > 3 |40 559
tests
squareMeters numberOfRooms evaluate
100 2 10 |18.0
150 3 49 |40.0
200 5 Bl

real-time feedback in the IDE!
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Syntax Highlighting
Declarative Approach

editor for concept GlobalVariableDeclaration
node cell layout:
[/
# preventNameManglingFlag #
[- # externFlag # # exportedFlag # var % type % { name } ; -]
/]

editor component exportedFlag
applicable concept:
IModuleContent
component cell layout:
| 2"~ exported
Style: ]
<no base style> {

text-foreground-color : darkGreen
font-style : bold
}




Syntax Highlighting
Declarative Approach

Style:
<no base style> {
text-foreground-color :
(node, editorContext)->Color {
boolean hasIncoming = node.ancestor<concept = Statemachine
descendants<concept = Transition>.any({~it =>
it.targetState == node; });
if (hasIncoming) {
return Color.black;
} else {
return Color.gray;

}




Syntax Highlighting Spoofax

Declarative Approach

module DSLbook-Colorer

imports DSLbook-Colorer.generated

colorer

Type.NumType: darkgreen




Find References

Custom Finders

finder findProviders for concept Interface
description: Providers

find (node, scope)->void {
nlist<> refs = execute NodelUsages ( node , <same scope> );
foreach r in refs.select(it|it.isInstanceOf(ProvidedPort)) {
add result r.parent ;

}
}

getCategory(node)->string {
"Providers";

}




Find References
Custom Finders

Finders View Options

|| Node & Descendants Usages -> | Skip results tab with one usages
Node Usages -> New tab

v | Providers ->

V| Requirers ->

Scope

Model |<default:
Module | <default:
Project

@) Global

EE W

P

X [& & D [o]

(s

[29)

') 2 usages found
—L1 Providers (1 usage)
—+4) CompModule (1
9 Driver
—L1 Users (1 usage)
—+4» CompModule
9 TrafficLights

4




Formatting
Declarative Box Language

[

Module
Module.2:iter-star
Import

Entity
Entity.2:iter-star
Property

Function

Function.2:iter-star-sep --

Function.4:iter-star
Param
EntType
NumType
BoolType
StringType
Declare
Assign
Return
Call
PropAccess
Plus

Mul

Var

Int

KW["module"] _1 _2,

_1,

KW["import"] _1,

KW["entity"] _1 KW["{"] _2 KW["}"],

_1,

1 Kw[":"] _2,

KW["function"] _1 KW["("] _2 KW[")"]
KW[":"] _3 KW["{"] _4 KW["}"],

1 KW[","1,

_1,

1 Kw[":"] _2,

_1,

KW["int"],

KW["boolean"],

KW["string"],

KW["var"] _1 KW["="] _2 KW[";"],

_1 KW["="] _2 KW[";"],

KW["return"] _1 KW[";"],

“1 KWI™."] 2 KW["("] _3 KW[")"],

_1 Kw["."] _2,
_1 KW["+"] _2,
~1 KW["="] _2,
-1,

1

Spoofax




Visualization Xtext

Jan Koehnlein's GraphView

diagram EClassHierarchy type EClass {
node EClassNode for this {
label Name for this

=> call EClassNode for this
}

edge SuperType for each this.getESuperTypes(]

}

}

for EClassHierarchy

arrow.setScale(10,10)
arrow.backgroundColor
arrow.lineWidth = 2

this.targetDecoration

stylesheet EClassHierarchy

style EClassNode.SuperType {
var arrow = new PolygonDecoration()

color(#ffffff)

arrow
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MPS

Language Extension
C extensibility in mbeddr

struct Position {
uintle x;
uintlé y;

}s

int8 add(int8 x, int8 y) {
return x + y;

}

void normalizePosition(Position* p) {
if (p->x > 100) {

p->X = 16@;
}
if (p-»>y > 1e8) {
p->y = l1lee;
}
}

Plain C




Language Extension
C extensibility in mbeddr

struct Position {
uintle x;
uintlé y;

}s

int8 add(int8 x, int8 y) {
return x + y;

}

void normalizePosition(Position* p) {
if (p->x > 100) {

p->X = 1080;

}

if (p->y > 1) {
p->y = 108;

}

}

exported struct Trackpoint {
int8 id;
int8/s/ timestamp;
int8/m/ x;
int8/m/ y;
uintle/m/ alt;
intl6e/mps/ speed;
}s

Plain C

C + Units

MPS




Language Extension
C extensibility in mbeddr

requirements modules: FlightJudgementRules

module StateMachines imports DataStructures, stdlib_stub, stdio stub {

#define TAKEOFF = 100;
#define HIGH_SPEED = 10;
#define VERY_HIGH_SPEED = 20;
#define LANDING = 100;

statemachine HierarchicalFlightAnalyzer initial = beforeFlight {

in next(Trackpoint* tp)

in reset()

out crashNotification()

readable var intl6 points =9

state beforeFlight {
on next [tp-»alt > @ m] = airborne
exit { points += TAKEOFF; }

}

composite state airborne initial = landed {
on reset [ ] = beforeFlight { points = @; }
on next [tp-»alt == @ m && tp->speed == @
state landed {

entry { points += LANDING; }

] = crashed

}
}

state crashed {
entry { send crashNotification(); }
}
}

C + State Machines



Language Extension MPS
C extensibility in mbeddr

C + State Machines

.. and Units!

- combination of
independent ex-
[tp-salt > & n] tensions!

[tp-»alt == @ m && tp-»speed == © ]



Language Extension Xtext

~bmbedding'" Xbase into DSL

entity Person {
lastname : String
firstname : String
String fullName(String from) {
return "Hello " + firstname + " " + lastname + " from " + from

}
}

Entities using Java types and Xtend code
in the body of operations.



Language Extension Xtext

~bmbedding'" Xbase into DSL

grammar org.xtext.example.lmrc.entityexpr.EntityWithExprDsl
with org.eclipse.xtext.xbase.Xbase

generate entityWithExprDsl
"http://www.xtext.org/example/lmrc/entityexpr/EntityWithExprDsl”

Module:
"module” name=ID "{"
entities+=Entityx*

II}II;
Attribute:
name=ID ":" type=JvmTypeReference;
Operation:
type=JvmTypeReference name=ID "(" (parameters+=FulllJvmFormalParameter

(",’ parameters+=FulllJvmFormalParameter)=)? ")"
body=XBlockExpression;




Language Extension Xtext

~bmbedding'" Xbase into DSL

class EntityWithExprDslJvmModelInferrer extends AbstractModelInferrer {

@Inject extension IQualifiedNameProvider
@Inject extension JvmTypesBuilder

def dispatch void infer(Entity entity,

TAcceptor<JvmDeclaredType> acceptor,
boolean isPrelinkingPhase) {

}

See before .. results in generator, scoping,
typing, etc. with little additional work.



Language Extension Xtext

Extending Xbase with Dates

Grammar

XDatelLiteral:
‘date’” ":'" year=INT '"-' month=INT "-' day=INT;

XLiteral returns xbase::XExpression:
AClosure |
*BooleanLiteral |
AIntlLiteral |
ANullLiteral |
*StringlLiteral |
ATypelLiteral |
XDatelLiteral;

Repeat complete Xliteral rule,
adding the XDateliteral




Language Extension Xtext

Extending Xbase with Dates

Type system

@Singleton
public class DomainModelTypeProvider extends XbaseTypeProvider {

@verride
protected JvmTypeReference type(XExpression expression,
JvmTypeReference rawExpectation, boolean rawType) {
if (expression instanceof XDatelLiteral) {
return _type((XDateLiteral) expression, rawExpectation, rawType);

}

return super.type(expression, rawkExpectation, rawType);

}

protected JvmTypeReference _type(XDatelLiteral literal,
JvmTypeReference rawExpectation, boolean rawType) {
return getTypeReferences().getTypeForName(Date.class, literal);

}

}




Language Extension Xtext

Extending Xbase with Dates

Interpreter

public class DateExtensions {
public static long operator_minus(Date a, Date b) {
long resInMilliSeconds = a.getTime() - b.getTime();
return millisecondsToDays( resInMilliSeconds );

Compiler

public class DomainModelCompiler extends XbaseCompiler {
protected void _toJavaExpression(XDateLiteral expr, IAppendable b) {
b.append("new java.text.SimpleDateFormat(\"yyyy-MM-dd\").parse(\"" +
expr.getYear() + "-" + expr.getMonth() + "-" +
expr.getDay() + "\")");







Embedding
Useful for Meta Data

requirements modules: FlightJudgementRules
module StateMachines imports DataStructures, stdlib_stub, stdio_stub {

[#define TAKEOFF = 100; |SIsmaimmsmase
[#define HIGH SPEED = 10; |Sumieerersrmumss
[#define VERY HIGH_SPEED = 20; |Simsmeresmss
[#define LANDING = 100; |SuSisrermess

statemachine FlightAnalyzer initial = beforeFlight {
in next(Trackpoint* tp) <no binding>
in reset() <no binding>
out crashNotification() B raiseAlarm

puadad ON

readable var int16 points = @
state beforeFlight {
entry { points = @; }
on next [tp-»>alt > @ m] @ airborne

‘SutyrLue uo

SOTOUS

[exit { points += TAKEOFF; } | err—

}

state airborne {
on next [tp-»>alt == @ m && tp->speed == @ mps] B crashed
on next [tp->alt == @ m && tp->speed > © mps] B landing

[on next [tp->speed > 20@ mps] B airborne { points += VERY_HIGH_SPEED; } l:jlm!mBFﬁmﬂmmm
[on next [tp->speed > 10@ mps] B airborne { points += HIGH_SPEED; } l>qu’mumeﬂmmm
on reset [ ] B beforeFlight

}
state landing {

on next [tp->speed == © mps] B landed
[on next [ ] B landing { points--3 } l:imkxmuﬂmwmmngmu
on reset [ ] B beforeFlight

}
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Parser/Syntax Testing [Spoofax
Declarative Approach

abstract syntax

test multiply and add [[1 + 2 * 3]] parse to Add(_, Mul(_, _))
test add and multiply [[1 * 2 + 3]] parse to Add(Mul(_, _), _)
test add and add [[1 + 2 + 3]] parse to Add(Add(_, -), -)

concrete syntax

test multiply and add [[1 + 2 * 3]] parse to [[1 + (2 % 3)]]
test add and multiply [[1 = 2 + 3]] parse to [[(1 * 2) + 3]]
test add and add [[1 + 2 + 3]] parse to [[(1 + 2) + 3]]




MPS

Constraints/Type Sys.
Declarative Approach

Test case testSubtyping
nodes

( [ <check types module TestSubtyping imports £ 1)
<dnode double d = 10;>

double d2 = <dref d>;

double d3 = <node d has type double>;
int8 i = <noded has error>;

}

test methods

test testReference {
assert dref.var == dnode;

}

Test annotations on the test
subject - very concise.



Testing Editors Xtext

Using Moritz Eysholdt's Xpect

// XPECT_TEST org.example.MylUnitContentAssistTest END_TEST

// XPECT contentAssist at |Hel --> Hello
Hello Peter!

// XPECT contentAssist at |! --> !
Hello Heiko!

Test expectations in comments.

Can test various language aspects
such as scopes, code completion, type
system; also extensible.






ing

20
5
o
O
'




Debugging DSL Programs  Xtext
Xbase Automatic Debugging

Make your DSL extend Xbase
Use a JVMModelInferrer - Java
you then get Debugging for free



Debugging DSL Programs MPS

Extensible Debuggers

int8 s = 0;

int8[] a = {1, 2, 3};

foreach (a sized 3) {
S += it;

}




Debugging DSL Programs MPS

Extensible Debuggers

int8 s = 0;
int8[] a = {1, 2, 3};
foreach (a sized 3) {

S += it;

}
Language Extension ‘

int8 s = 0;

int8[] a = {1, 2, 3};

for (int __c =0; __c = 3; __c++) {
int8 it = al[__c];
s += __1it;

}

Generated C Code



Debugging DSL Programs MPS

Extensible Debuggers

Stepping

void contributeStepOverStrategies(list<IDebugStrategy= res) {
ancestor

statement list: this.body
}

void contributeStepIntoStrategies(list<IDebugStrategy= res) {
subtree: this.array
subtree: this.len

}




Debugging DSL Programs MPS

Extensible Debuggers

watches

void contributeWatchables(list<UnmappedVariable= unmapped,
list<IWatchable> mapped) {

hide "__c"

map "__it" to "it"
type: this.array.type : ArrayType.baseType
category: WatchableCategories.LOCAL_VARIABLES
context: this
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