MODEL EXECUTION

BUILD YOUR OWN COMPILER AND VIRTUAL MACHINE
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Reminder about what is an abstract syntax

statements
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Reminder about what is a concrete syntax

UNIVERSITE DE%

RENNES 1

Domain Model
(abstract syntax)

14 Fischertechnikroom

=

Configuration
Model

(mapping)

v

editor

Textual or
Graphical

-¥| Representation
i (concrete syntax)

compilation or
interpretation

textual or graphical

. * package entities(EPackage) 53 =0
L e . <2 Palette >
v it $ v v = 9
14 Actustors.room 50 = B/ Outline 23 g@B=0 v Y Cu 100% NEER) »
RS L L. g
@ custors Hi:&class content = -
ActorClass ProcessingStation { @' import protos.aut X i (= Classifier @
Interface { e Hide
Port [B¥: PProcessing @ import room basic.servicetiming.” el Elemer X » [ Class
) @im . Hide references
port AutomationProtocols.’ © Datatype
Structure (1 e ~§Dvivelﬂ Hide derived features =
external Port fct » G4 LinearUnit AN X . = Feature @
conjugated Port drive: PDriveLR 4 B4 ProcessingStation *./| Hide operations &
AP € 4 © Interface 10.1] mowgr = Literal
O etemnal Port feinPProcessing N .
4 © Stucture W [ Edt Part ] £t Polioy @ Operation
@ conjugated mIeTmu\ Port drive: PDrivelR [0.1] behavior ) & Relation >
Transition cx0: initial -> Idle { ) D SuperType
Transition trl: Idle -> Workingl {
triggers { el 5“*;"”“*““ E'Rafe'rence
: O Idle
<startProcessing: fct> -
) © Workingl R v & Package @
© Working2 2 homlens
> Package
Transition tr2: Working2 -> Idle { © ChangeDirection # it}
triggers { > B Pusher

)

<timeoutTick: timeout>

Model Execution (ESIR)
Benoit Combemale,

Nov. 2022

©

U

IRISA



Reminder about what 1s a semantics

> Any “meaning” given to the domain model
— compiler, interpreter, analysis tool, refactoring tool, etc.

> Thanks to model transformations
program = data + algorithms ©

> |In practices?
* [t requiresto “traverse” the domain model, and... do something!

* Various languages, and underlying paradigms:

* Declarative (rule-based): mostly for pattern matching (e.g., analysis,
refactoring)

* Imperative (visitor-based):
* interpreter pattern: mostly for model interpretation (e.g., execution, simulation)
« template: mostly for text generation (e.g., code/test/doc generators)
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Reminder of the previous lectures / labs

Build your own (Domain-Specific) Language

1. Build your abstract syntax as a domain model with Ecore

(possibly additional constraints with OCL, aka. context
conditions)

2. Build your concrete syntax (textual with Xtext, graphical
with Sirius)

3. Build your generators
> Documentation generator
» Code generator (/compiler)
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Objectives of the coming lecture/labs

4. Build your interpreter (/ VM)

5. Build your animator

Get your own modeling workbench with

model edition, compilation, execution,
simulation, (graphical) animation and debugging
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Definition of the Behavioral Semantics of DSL

int x;

void decr () { System
if (x>0 ) X : Int
x = x1; decr()

> Axiomatic
context System::decr() post :
self x=if (self .x@pre>0)
then self.x@pre - 1

else self.x@pre
endif

» Denotational/translational

X

©—> decr

> Operational

operation decr () is do
if x>0 thenx=x-1 end
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Definition of the Behavioral Semantics of DSL

MyDSML Domain
Data
PY andogenous Metamodel Structure
ansformatio
v Rules

Definition of the model interpretation Definition of the model compilation
thanks to an action language thanks to a transformation language
(i.e., operational semantics) (i.e., denotational semantics)
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Implement your own compiler / interpreter

» Visitor-based?

> Interpreter/visitor patterns, static introduction (aka. open class)

Concrete
Element

accept(v : Visitor)

-
B
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Implement your own interpreter with Xtend/K3

@Aspect(className=State)
class StateAspect {
@Step
def public void step(String inputString) {
// Get the valid transitions
val validTransitions = _self.outgoing.filter[t | inputString.compareTo(t.trigger) == 0]

if(validTransitions.empty) { .
//just copy the token to the output buffer E Fsm
_self.fsm.outputBuffer.enqueue(inputString)

3 name : EString

by

if(validTransitions.size > 1) {

throw new Exception("Non Determinism")
} [0..1] fsm [0..1] fsm

// Fire transition first transition (could be random%VT.size)
if(validTransitions.size > 0){

validTransitions.get(0).fire [0..1] initialState
[0.*] ownedStates [0.*] ownedTransitiops
return
} E State E Transition
return i i
3 name : EString 1 name : EString
} [0..1] src [0.X*] outgoing W trigger;: BSOS
1 action : EString
} [0..1] tgt [0.*] incoming

@Aspect(className=Transition)

class TransitionAspect { @Aspect(className=FSM)
@Step
def public void fire() { class FSMAspect {
println("Firing " + _self.name + " and entering " + _self.tgt.name)
val fsm = _self.src.fsm .
fsm.currentState = _self.tgt pUbllc State CurrentState
fsm.outputBuffer.enqueue(_self.action)
fsm.consummedString = fsm.consummedString + fsm.underProcessTrigger
b
}
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Part 4: define an
Interpreter for your
language

YOURSELF



The GEMOC Studii oo

http://aemoc.org/studio

Language - Modeling
Workbench http://eclipse.org/gemoc Workbench
Design and Integrate your Edit simulate and animate your
executable DSMLs heterogeneous models
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http://gemoc.org/studio-download
http://gemoc.org/studio-download

G & eclipse

Arduino Designer ¢3%%

x s - Debug Configurations
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< Global context : Project

& *Hardware 2 l & *Sketch [
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- newSketch

2 -8 —

Arduino Boarg
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ti level (Arduino Board.0 :DigitalPin)
i level (Arduino Board.1 :DigitalPin)
i1 level (Arduino Board.2 :DigitalPin)
i1 value (newSketch.i :IntegerVariable)

o © o ©

ttps://github.com/gemoc/arduinomodeling
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UML Activity Diagram #3%=

Debug - platform:/resource/org.modelexecution.operationalsemantics.ad.samplemodels/model/test2.aird/test2 Activity Diagram — Gemoc Studio

File Edit Diagram Navigate Search Project Run Window Help
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I= heldTokens (ActivityFinalNode_finalNode2 :Activ 0
= heldTokens (ForkNode_forkNodel :ForkNode) 0
+ 1= heldTokens (InitialNode_initialNode2 :InitialNode
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#
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4 Opaque Action action2
|
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Name I= action2
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Running = true

M Gemoc Engines Status 2 B X %
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All execution states (11) <

\

¥ Timeline for dynamic information

trace (test2 :Activity) = =
-
heldTokens (test2.initialNode2 :InitialNode) (=1 I (=

G I O
heldTokens (test2.forkNodel :ForkNode) (=)
e )
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https://github.com/gemoc/activitydiagram
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G & eclipse
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& eclipse
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