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Motivation: Modeling Execution Semantics

� Operational semantics are model transformations
▫ special purpose language to express execution semantics 

(“action scripts”)
▫ focus on continuous model updates instead of single 

source-to-target transformation
▫ modeling operational semantics enables simulation of 

models without generating/implementing code

� For EMF models, execution semantics are currently either 
expressed as M2M transformations or coded in Java
▫ no common runtime, debugger, monitors, traces, analysis tools, etc.
▫ no modeling of execution semantics
▫ no derivation of DSL simulators for GMF

� Ideas in mind
▫ high-level view concentrating on behavioral aspects of a platform, not 

memory layout, etc
▫ not targeting at a formal specification
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M3Actions Framework Overview

� Separation of concerns
▫ structure model
▫ runtime model
▫ behavior model
▫ but: all inline of one model

� Behavior modeling: Combination of existing technologies
▫ Meta Object Facility
▫ Object Constraint Language
▫ (UML) Activities with extensions for model manipulation

� Instantiation concept: Break the OO 3 layer restriction

�Framework: Editors, Interpreter, Debugger, Trace Recorder
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MAction Language

� Subset of UML Actions
▫ create, assign, query, iterate, invoke, atomic group

� Integration
▫ context-less: static behavior (contained in packages)
▫ context-aware: behavior contained in operations

� OCL self is bound to the class instance the operation is 
invoked on

� Boundaries
▫ discrete event simulation
▫ time is just a property of the metamodel
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M3Actions Framework - Architecture

EMFEMF

eclipseeclipse

OCLOCL GMFGMF

M3Actions FrameworkM3Actions Framework

Runtime
Verification
Runtime

Verification

Test
Adapter

Test
Adapter

Platform
Adapter

Platform
Adapter

RuntimeRuntime
DebuggerDebugger

Trace
Recorder

Trace
Recorder

Platform
Adapter

Platform
Adapter

…

EditorsEditors

QVTQVT



Hajo Eichler – Torwards MXF2009-06-23

Torwards MXFPage 9

Metamodel vs. Runtime Model
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Model Execution Framework
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Analysis: Relation of M1/M0

� Analogy for M1/M0 meta-layers is
▫ M1: “Program Definition”
▫ M0: “Program Execution”

� M2 defines structure of M1 models
and behaviour for M0
▫ M0 contains values/data-structures with 

aggregation/composition semantics defined in M2
▫ M1 is “read-only” during execution/simulation

� modifying M1 would mean self-modifying models
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M1 and M0 - Modeling using InstanceOf
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Related Work

� UML (xUML)
▫ one layer to less for simulation
▫ M3Actions ≠ UML AS
▫ semantic variation points of UML AS not manageable

� ASML
▫ no metamodel link-up
▫ no true reflection
▫ activity- vs. state-oriented modelling

� Xactium (xOCL)
▫ only low-level concepts (new, assign)
▫ rather „metamodel execution“, but no true M0 simulation

� KerMeta
� …
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Example: Timed Automata

Original problem statement: J.-R.Abrial: Steam-Boiler

control specification problem, Dagstuhl, August 1994
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Metamodel: Timed Automata (TA)
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Behavior of the example language

dispatchEvents() execute()
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Other examples

� UML Metamodel with behaviour…
▫ …is a UML interpreter (like xUML)
▫ precise definition of semantic variation points and profiles

� Java metamodel with behaviour
▫ JVM (at least a simulation of)

� ER Metamodel + SQL behaviour
▫ virtual database simulator

� QVT behaviour specification
▫ simulator is a transformation engine (maybe a very slow 

one…)
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Status and Outlook

� Model Execution Framework (MXF) Project
▫ editor for metamodels and operational semantics
▫ interpreter, debugger, common execution infrastructure
▫ execution trace API and implementation

� Status
▫ contributions of interested parties under discussion
▫ current homepage: www.metamodels.de

� Outlook
▫ generator to produce specific simulators
▫ ASML foundation of MActions

�Everybody is invited to contribute and share ideas, concepts, 
implementations
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Model vs. Product

Program/Product

Specifications/Models
(incl. operational semantics)
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MofClassi fier

M OF::M ofClass
{leaf}

+ isSingleton:  Boolean

MofNamespace

M ofBehav iour

MofModelElement

ActionNode

For sim pl ici ty, we reuse 
M ofNamespace containm ent 
for ownership of ActionNodes 
and ActionEdges

MofModelElement

ActionEdge

ControlNode

Action

InstantiateAction

InitialNode

FinalNode

ForkNode JoinNode DecisionNode

M ergeNode

OCLQueryActionCreateScopeActionAssignAction IterateAction

Obj ectNode

+toNode

1 {ordered}

Incom ingEdges +incom ingEdge

0..* {ordered}

+from Node

1 {ordered}

OutgoingEdges +outgoingEdge

0..* {ordered}

+model_structure

1

AssociatedBehaviour +behaviour

0..1
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