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OPEN QUESTIONS

• Most compiling process usually goes from high level language to native code, the mapping is then hard 
to define

• Can Scala with theses compositions operators be used as a target language, or as a backend for native 
code generation ?

• Is it possible ?

• Is the mapping easier to define for a high level DSL ?

• What about performance results ?
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• Kermeta is a domain specific language for specifying the operational semantics of metamodels.

• Why Kermeta ?

• Needs ? Kermeta performance issues 

• High level language with fonctional and object oriented features

• => Good candidate to answer if Scala can be used as an intermediate language

• Hard point : EMF and OSGi integration

• Talk about ...

• Mapping between two high level languages features

• Validation the use of Scala as target language to deal with Java integration and composition 
operators

• Talk not about ...

• New compilation techniques
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SANDBOX
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OUTLINE

• Kermeta in a nutshell

• Kermeta compiler : motivations and concepts

• Mapping from Kermeta features to Scala

• Current state

• Current works
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KERMETA
In a nutshell ...
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KERMETA IN A NUTSHELL

• DSL designed as an extension of Essential Meta Object Facility 
(EMOF from OMG)

• Behaviors specifications 

• Work with any compliant EMOF model

• Based on Eclipse Modeling Framework

• Kermeta workbench fully integrated in Eclipse
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definition
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KERMETA IN A NUTSHELL
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Metadata

Actions

                     Constraints 

Transformations

Kermeta

a kernel to meta
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KERMETA IN A NUTSHELL
• Statically Typed

• Generics, Function types (for OCL-like iterators)

• Object-Oriented

• Multiple inheritance / dynamic binding / reflection

• Model-Oriented

• Associations / Compositions

• Models are first class citizens, notion of model type

• Aspect-Oriented (Open class paradigm)

• Simple syntax for static introduction

• Arbitrary complex aspect weaving as a framework
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KERMETA IN A NUTSHELL
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•  // MyKermetaProgram.kmt 
•  // An E-MOF metamodel is an OO program that does nothing 

require "StateMachine.ecore" // to import it in Kermeta 
•  // Kermeta lets you weave in aspects 

// Contracts (OCL WFR) 
require “StaticSemantics.ocl” 
// Method bodies (Dynamic semantics) 
require “DynamicSemantics.kmt” 
// Transformations 

Context FSM  
inv: ownedState->forAll(s1,s2| 
s1.name=s2.name implies s1=s2) 

 aspect class FSM { 
    operation reset() : Void { 

 currentState := initialState 
}} 

class Minimizer { 
    operation minimize (source: FSM):FSM {…} 
} 

the well know fsm example



KERMETA
In a nutshell ...
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KERMETA COMPILER
Motivations & Concepts
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KERMETA COMPILER

• EMF integration is an hard point

• legacy GenModel code can not be fully generated

• code is often modified by hand

• Recent uses of Kermeta like Model@Runtime  need performance (Morin 
and al ICSE’09)

• Composition operators defined at the model level must be translated in 
implementation

• example : Ecore + Kermeta open class => Java Class + ?
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motivations
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• Many features are really close to Scala’s constructions

• object oriented, class

• exception

• generics, 

• closure

• Some paradigms mismatch but can be built from others

• Kermeta open class features can be mapped using Scala trait, mixin, implicit conversion

• Eiffel multiple inheritance can be mapped using Scala trait , mixin and super cast 
notation ( super[FooTrait] )

• Design by contracts can be compiled in a modular way using fonctional features of 
Scala and Trait
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KERMETA COMPILER
why scala ?
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• Kermeta is modeling itself in a meta-model

• Each Kermeta program can be manipulated as 
a model

• Kermeta compiler itself is built using open class

• A visitor following the interpreter design 
pattern is injected in each meta class

• Kermeta to Scala can be done in one pass

• Merged models are aspectized at load 
time (lazy loading)
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KERMETA COMPILER
concepts

Expression

Assignment

KmAspectExp

KmAspectAssign

Bloc KmAspectBloc
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• Use EMF GenModel Java generation process as a base

• For each meta-class, an interface and an implementation class are generated

• EMF provides a load/save using XMI files

• Abstract Factory Pattern => Override concrete factory to add aspect with mixin

EMF Model Java Generated

Interface A

Interface B

Class AImpl

Class BImpl

EFactory
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KERMETA COMPILER
EMF concepts



COMPILER CONCEPTS
Mapping to Scala Features
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MAPPING TO SCALA

• It is an Object language

class MyMainClass {
    operation main_method() : 
String is do 

        result := "Scala run"
    end

}

class MyMainClass {
    def main_method() : Unit = {
var result : String = "Scala run" 
return result
    }
}
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Common features

• Result as an operation variable always usable at any time
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MAPPING TO SCALA

• Exceptions

operation raiseException() is do
  raise 
kermeta::exceptions::Exception.new
end

operation handleException() is
  do    // some code which raise an 
exception
     self.raiseException
  rescue (e : 
kermeta::exceptions::Exception)
     // do something  if an 
Exception has been raised
  end

def raiseException = {
     throw new Exception
}

def handleException = {
    try {
       this.raiseException
    } catch {
        case e : Exception => ... 
    }
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Common features
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MAPPING TO SCALA

• Genericity...

class Queue<G> {
     reference elements : oset G[*]
     operation enqueue(e : G) : 
Void is do 

         elements.add(e)
     end
     operation dequeue() : G is do
         result := elements.first
         elements.removeAt(0)
     end
}

class Queue[G] {
    var elements : Set[G] 
    def enqueue(e : G) : Unit = { 
        elements.add(e)
    }
    def dequeue() : G = {
        var result : G = 
null.asInstanceOf[G]

        result = elements.first
        elements.removeAt(0)
        result
    }
}
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• Kermeta genericity does not offer type indempotence

Common features
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MAPPING TO SCALA

• Loop & Conditions

from
  var i : 
kermeta::standard::Integer init 0
until
  i == 10
loop
  /* Some process */
  i := i + 1 
end
var boolCond : Boolean init true
// conditional block
if boolCond then
  //some process
else
end

//loop
for (i <- 0 until 10 ){
//some process
}

var boolCond : Boolean = true
if (boolCond) {
//some process
} else {
//some other process
}
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Common features
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• Closure

Listing 3. Closure usage in Kermeta

1 var res : Integer
2 10. times { i | stdio.writeln(i.toString + "

:�Hello") } // Say 10 times Hello

The mapping on Scala is direct. For example, the times

Listing 4. Generated Closure definition example in Scala

1 c l a s s RichInteger(value: Int) e x t e n d s

RichNumeric[Int] {
2 d e f times(body : Int => Unit):Unit ={ f o r

(i <- 0 until value){body(i)} }
3 }
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MAPPING TO SCALA
Common features

Listing 2. Closure definition example in Kermeta

1 o p e r a t i o n times(body : <Integer ->Object >) :
Void i s do

2 from var i : Integer i n i t 0
3 u n t i l i == self
4 l o o p

5 body(i)
6 i := i + 1
7 end

8 end

Listing 4. Closure usage in Scala

1 var res : Int
2 10. times( i => println(i +
3 ":�Hello") ) // Say 10 times Hello
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MAPPING TO SCALA

• Collections

4 kinds of collections 
with opposite management

Scala can use seamless 
Scala and Java collection 
by implicit conversion

EMF collection can be used by adding 
new implicit conversion to rich 
object

Opposite management must be added
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 mismatch features

ordered not ordered

unique

not unique

OrderedSet Set

Sequence Bag
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MAPPING TO SCALA

• Design by contract does not totally mismatch

• It can be built using fonctional programming or integration with other framework (like Contract4J)

• Kermeta contracts are inherited from Eiffel, in case of contract inheritance we want be able to 
make contravariance

• To perform optimisation in many cases we choose to flatten contract inheritance

class Restaurant{
var restaurant_capacity : Integer init 100
var restaurant_busy : Integer init 0
inv restaurantNeverFull is do

restauratn_busy < restaurant_capacity
end
operation book():Void is

pre atLeastOneEmpty is /* */
post notEmpty is restaurant_busy > 0
do /* */ end
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 mismatch features

case class Constraint(body : ()=>Boolean)
class Restaurant{
   var restaurant_capacity : Int = 100
   var restaurant_busy : Int = 0
def getInvariant : List(Constaint) = /* */
require(restauratn_busy < restaurant_capacity)

def book():Unit = {
       require(/*some contract*/)
       /* method body */
    }
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MAPPING TO SCALA

• Multiple inheritance mismatch !

• Kermeta use Eiffel multiple inheritance

• In case of method collision, developper has to choose which super method he want to refine

• Scala use trait mixin multiple inheritance

• Super method can be called by the use of a cast on super keyword, we can call both super 
implementations

class CapitalText inherits LeftHand, 
RightHand {
! method addOp(textToAdd : String)
             from LeftHand is 
! ! do
! ! ! super(textToAdd)
! ! end
}

trait CapitalText extends LeftHand 
with RightHand { 

    def addOp(textToAdd : String) : 
Unit = { 

        super[LeftHand].addOp
(textToAdd)

    }
    
}

24

 mismatch features
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MAPPING TO SCALA

• Multiple inheritance : common diamond problem

c l a s s D i n h e r i t s C,B{
method getName ():String from B i s do

result := super () + "D"
end
method getForName ():String from C i s do

result := super () + "D"
end

}

Listing 10. Diamond Inheritance Solution in Scala

t r a i t DAspect e x t e n d s CAspect w i t h BAspect
w i t h ImplicitConversion {
o v e r r i d e d e f getForName () = s u p e r [

CAspect ]. getForName ()+"D"
o v e r r i d e d e f getName () = s u p e r [BAspect

]. getName ()+"D"
}
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 mismatch features
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MAPPING TO SCALA

EMF Generated

Interface EObject

Kermeta

KMT Aspect A

KMT Aspect B

KMT Class C

Class EObjectImpl

Interface A

Interface B

Trait C

Class AImpl

Class BImpl

Trait AAspect

Trait BAspect

Trait CAspect

Trait KMObject

• Open Class Mechanism
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 mismatch features

•Legacy inherits from EMF
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EMF Generated

Interface EObject

Kermeta

KMT Aspect A

KMT Aspect B

KMT Class C

Class EObjectImpl

Interface A

Interface B

Trait C

Class AImpl

Class BImpl

Trait AAspect

Trait BAspect

Trait CAspect

Trait KMObject

• Use of GenModel generated 
classes as base classes

• In case of pure Kermeta classes 

• generate base trait

• mixin with EObjectImpl    

• Generate behaviors in Aspect traits

• Generate contracts in Contract 
traits
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MAPPING TO SCALA
 mismatch features
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• Open-Class Aspect implementation

Listing 7. Case study compilation example
1 r e q u i r e kermeta

2 r e q u i r e platform :/ resource/A.ecore

3 c l a s s B

4 {

5 o p e r a t i o n newOp () : Void i s do
6 stdio.println("test")

7 end
8 }

9 aspect c l a s s A {

10 o p e r a t i o n newOp () : Void i s do
11 stdio.println(self.name+"test")

12 end
13 }

EMF generates natively from A.ecore, Java equivalent :

2 t r a i t BAspect e x t e n d s kermeta.framework.

ObjectAspect w i t h ImplicitConversion{

3 d e f newOp() = { println("test") }

4 }

5 t r a i t AAspect e x t e n d s kermeta.framework.

ObjectAspect w i t h ImplicitConversion{

6 d e f newOp() = { println( t h i s .name+"test")
}

7 }

8 o b j e c t RichFactory e x t e n d s FactoryImpl w i t h
ImplicitConversion{

9 o v e r r i d e d e f createA : A = {new AImpl

w i t h A w i t h AAspect}

10 d e f createB : B = {new EObjectImpl w i t h B

w i t h BAspect}

11 }

12 t r a i t ImplicitConversion {

13 i m p l i c i t d e f rich(v : A) = v.asInstanceOf

[AAspect]

14 i m p l i c i t d e f rich(v : AAspect) = v.

asInstanceOf[A]

15 i m p l i c i t d e f rich(v : B) = v.asInstanceOf

[BAspect]

16 i m p l i c i t d e f rich(v : BAspect) = v.

asInstanceOf[B]

17 }
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MAPPING TO SCALA
 mismatch features

EMF integration

Added behavior
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• Open-Class Aspect

2 t r a i t BAspect e x t e n d s kermeta.framework.

ObjectAspect w i t h ImplicitConversion{

3 d e f newOp() = { println("test") }

4 }

5 t r a i t AAspect e x t e n d s kermeta.framework.

ObjectAspect w i t h ImplicitConversion{

6 d e f newOp() = { println( t h i s .name+"test")
}

7 }

8 o b j e c t RichFactory e x t e n d s FactoryImpl w i t h
ImplicitConversion{

9 o v e r r i d e d e f createA : A = {new AImpl

w i t h A w i t h AAspect}

10 d e f createB : B = {new EObjectImpl w i t h B

w i t h BAspect}

11 }

12 t r a i t ImplicitConversion {

13 i m p l i c i t d e f rich(v : A) = v.asInstanceOf

[AAspect]

14 i m p l i c i t d e f rich(v : AAspect) = v.

asInstanceOf[A]

15 i m p l i c i t d e f rich(v : B) = v.asInstanceOf

[BAspect]

16 i m p l i c i t d e f rich(v : BAspect) = v.

asInstanceOf[B]

17 }

• We don’t want to use inheritance 
(diamond problem for each aspect)

• We can’t use only trait for EMF 
integration
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MAPPING TO SCALA
 mismatch features

AAspectA

B BAspect
inheritance



CURRENT STATE
with results
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CURRENT STATE

• A prototype written in Scala

• Compile most Kermeta features

• Continuous Integration with Hudson

• Maven Tool

• Use Sun Reactor parralel execution

• Another prototype written in Kermeta, for fun !

• Bootstrap, the compiler compiles itself

• Eclipse integration
31

Compiler sources in Kermeta

Compiler runtime
Compiler

Bootsrap process

from prototype to bootstrap
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CURRENT STATE

32

Interpreted Compiled Km2Scala Scala2ByteCode Metrics (NbC/NbI)

HelloWorld

AntWorlds

Uml Pruner

Uml

Fuml

0,008 s 0,015 s 0,738 s 24 s 88/166

167 s 1,2 s 0,8 s 27 s 95/190

198 s 1,5 s 0,879 s 33,5 s 92/184

2,2 s 0,678 s 1,2 s 1104 s 351/702

- - 2,3 s 702 s 375/750

core 2 Duo 3 Ghz cpu

performances results
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• Cost of Scala compile time

• Need more modularity in compilation

• Use default aspect for most big meta models (Uml, Ecore, 
Kermeta)

• In some cases, intertype definition can not be easily managed 
by Scala mixin
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CURRENT STATE
limitations



CURRENT WORKS
go further ... 
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CURRENT WORKS

• A type system for model (Steel and al, SOSYM’07)

• Be able to match close concepts accross different meta model

• Use case : generic refactoring (Moha and al, MODELS’09)
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model typing concepts

Metamodel MM Metamodel MM

0..1aCTwo

0..1 aC2

match ?

match ?

match ?
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• Proxy/Wrapper for sub-type to super-type (MT)

• Proxy(C1,COne)

• Proxy(C2,CTwo)

• Adaptation

• Add aCTwo in C1

• Implicit conversions

• Scope of adaptation ?

• Target solution

• implicit conversion in limited scope

• Rich wrapper

Listing 20. Model Type Subtype definition
1 package mtbinding

2 i m p o r t mt._

3 i m p o r t mm._

4 i m p o r t mtbinding.ImplicitConversion._

5 i m p o r t scala.collection.JavaConversions._

6 o b j e c t ImplicitConversion {

7 i m p l i c i t d e f richC1(x : C1) = new RichC1(

x)

8 i m p l i c i t d e f richC2(x : C2) = new RichC2(

x)

9 }

10 c l a s s RichC1( var self : C1) e x t e n d s COne

w i t h scala.Proxy {

11 d e f aCTwo : java.util.List[CTwo] = {

12 var res : java.util.List[CTwo] = new
java.util.ArrayList[CTwo ]()

13 self.aC2.foreach(att => res.add(att))

14 res

15 }

16 }

17 c l a s s RichC2( var self : CTwo) e x t e n d s CTwo

w i t h scala.Proxy

36

CURRENT WORKS
model typing implementation
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CONCLUSION

• Using a target language like Scala for building DSL brings many 
advantages

•  For language with many common features mapping is

• easy to develop and maintain

• good performance of final bytecode

• Scala tool chain is mature

• Scala compiler is a bit slow
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some answers to the open questions



THANK YOU

questions ?
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