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The Company

• SELEX SI
– Prime Contracting and Systems Integration business

– A member of the Finmeccanica Group
• Global turnover of £10bn, 70,000 employees worldwide

• Merged with VEGA early in 2009

• Reputation for training and simulation systems
– Satellite simulations for the European Space Agency

– Synthetic environments for the UK MOD



22/06/2009

The Requirement

Training Aid
Custom Simulator
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The Requirement

• Nimrod
– Royal Air Force's primary Maritime Patrol

Aircraft since the 1970s 

– Latest version - MRA4 currently in
production, due to be delivered 2010

– MRA4 essentially a new aircraft with

replacement engines and electronics

• Requirement
– To provide computer-based training to RAF aircraft maintenance staff
– Develop a suitable aircraft simulation application

– Customer - BAe Systems

Training Aid
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Custom Simulation

• MRA4 Mission System Simulator
– Stand-alone executable application

– Installed on BAe training PCs

• Rationale
– ‘Find and locate’ aircraft components

– Carry out functional test procedures

• Project Lifecycle
– Strong customer involvement

– Phased develop of multiple sub-systems
• Customer supplied definitions

The Requirement
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The Approach

Model Driven - Software Factory
Production Line Process
Simulation - Executable Models
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Simulation

• Applications have structure and dynamic behaviour
Simulation = Structural Model (State) + Dynamic Behaviour

• How to define Dynamic Behaviour?
– Traditional - Program code which is not assessable and hard to change

• Low level

– New / Different – Action Semantics, Platform Independent Rules
• High level

• Simulation = Model with executable semantics
– Semantics defined by declarative rules
– if conditions then actions

• Behaviour is a side-effect of external stimulation
– User input event

The Approach
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Software Factory

• Combination of Process & supporting Technology
Assembling applications with: Models, Tools, Frameworks, Patterns

• Good for Vertical Markets – with Controlled Variance
– Things within the domain change within known bounds

• Focused at a specific domain
– e.g. Training Simulation Systems

• Analogous to manufacturing
– e.g. Car production – Honda, Toyota

GeneratorGeneratorRequirement
Choices

ApplicationVariance
Model

Customer

The Approach
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Production Line Infrastructure 

• Models
– Create specific Simulation/Training models
– Requires a Simulation Domain Meta-model definition

• Tools
– Custom editor tool to create Simulation models
– Integrate code generation capability

• Frameworks
– Runtime framework to support a deployable Rich Client Application 
– Behaviour model (state changes) requires Rule Engine integration

• Patterns
– To define the runtime Framework
– To generate the code to fill in framework Hot Spots

The Approach
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Software Factory Process

Define Product Production Line

Generate

Domain
Meta-Model

Domain Model
Editor

Application
Domain Model

Create Generate Refine/Enhance

Code, Rules,
Initial Conditions

Application

Stage 0 Stage 1 Stage 2 Stage 3

The Approach
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The Technology

Java & Eclipse
Free & Open Source
JBoss Rules (Drools)
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Eclipse

• Free and Open Source

• Written in Java
– But fast and responsive due to widget set 

integration with OS (SWT/JFace)

• Cross platform
– Windows, Linux, Solaris

• Extensible & Distributable
– Customised via Plugins (OSGi Bundles)

– Can produce Rich Client Applications

• Supports multiple languages
– Java, C++, TTCN-3

• Supports Model Driven Development
– Eclipse Modeling Framework (EMF)
– Graphical Modeling Framework (GMF)

The Technology
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Editor
Custom
Editor

Eclipse Modeling Framework (EMF)

• Set of Tools & Technologies
– Supports a 4 layer model (cf MOF)

• Creates OSGi bundles
– Standard Component specification

– ‘Up rated’ Eclipse plugins

• Generates code into the 
Framework

– EMF code framework

• Can customise generated code
– Changes retained
– Generated code merged

Model

Edit

Java Implementation of 
meta-model concepts

Adapters to give UI 
independent access to 
model

Platform specific editor
IDE, RCP

e.g. RCP Simulation UI

The Technology



22/06/2009 A Finmeccanica Company

Java Emitter Templates

Eclipse JET2 (Java Emitter Template) engine
• Facilitates generation of files from a model using templates

Files - output to any text format (C++, SQL, Java, XML etc)

Model - standard EMF model as input

Templates - text combined with JET tags. Tags extract information from the model.

Files

JET 
Templates

EMF 
Model

JET Generate+
XML

Java Text

Rule

Tag

Text

The Technology
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JBoss Rules (DROOLS)

JBoss DROOLS 5 rules engine
• System for applying logic to the data in a system 
• Separates reasoning from system code

– Allows behavior to be modified without redeployment

• Business rules are written as natural language expressions

• An expander file contains a list of real language terms and their 
associated rule mappings

Application Recognisable Rules  

Natural Language Expression

Expander File

+

The Technology
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Transactional
EditingDomain

E
ven

t H
an

d
ler

Rule Engine

Integrating Rules

• EMF sub-project Model Transaction
– Extends EMF to allow concurrent & transactional model updates

• EMF models are manipulated via an EditingDomain
– Use a TransactionalEditingDomain and listen for model changes

Pre-commit 
Notify Change

State
Change

Additional
State Changes

Fires All Rules

The Technology
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The Project Process

Production Line
Generative Model Driven
Behaviour Elaboration using Rules
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Production Line

Application
Domain Model

Create Generate Refine/Enhance

Code, Rules,
Initial Conditions

Application

Stage 1 Stage 2 Stage 3

Define Product

Product Definition

• Simulation Domain Meta-model
– State concepts

– User Interface concepts

• Customisation of the auto-generated editor
– Modify the User Interface

– Integrate Eclipse JET2 (Java Emitter Template) engine

• The custom editor provides the ability to
– Build a model that represents the mission simulator

– Store initial state and GUI information synonymously

Generate

Domain
Meta-Model

Domain Model
Editor

Stage 0

The Project Process
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The Simulation Meta-model

• 36 Concepts
– 5 Abstract

• State Concepts
– SwitchControl (property switch position)

• User Interface Concepts
– RectangleHotspot (properties x, y coords)

The Project Process
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Domain Model Editor

Demonstration

The Project Process
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Define Product Production Line

The Software Factory Process

Generate

Domain
Meta-Model

Application
Domain Model

Create Generate Refine/Enhance

Code, Rules,
Initial Conditions

Stage 0 Stage 1 Stage 2 Stage 3

Application
Domain Model

Editor

The Project Process
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A Tale of Two Editors

1. Domain Model Editor
• Design-Time Developer Tool

– A custom editor
– An Eclipse RCP application

• The Editor edits:
– A Simulation Model
– Based on Simulation Meta-model

• Integrates Code Generation
– Uses Java Emitter Templates
– Creates multiple artefacts

2. Application (Editor)
• The Runtime Framework is

– A custom editor
– An Eclipse RCP application 

• The Editor edits:
– A Training Session Model
– Based on Training Session

meta-model

• Model change commands
– Cause Rule Engine to execute

– Wrap all model changes in a 
single transaction

The Project Process
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Application (Editor)

Demonstration

The Project Process
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Production Line

Stage 1 Stage 2 Stage 3

Rules Files

Application
Generated
Java Code

Framework
Java Code

+

Eclipse RCP

JET 
Templates

+

Application
Domain Model

Create

Session Model

JET Generate

Rules Engine

Refine/Enhance

The Project Process
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Refine/Enhance Rules

• Auto-Generate example rule files using JET2
• A file is generated for each key aircraft component in the model

• Developer update generated rules by hand to produce desired logic

Auto-generated rule:

Developer enhanced rule:

The Project Process

����
����
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The Issues

There are always some!
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The Issues

• Concurrent Model editing for Developers
– One simulation model edited by a team of six developers

– SVN handles check out and versioning

• Organisation of Rules
– One rule file per aircraft component

– Rules that interface components more difficult to organise

– Consider future maintainability of rule files - require documentation

• Debugging
– Issues may exist in either the model or the rules
– Rule files hard to debug traditionally (no breakpoints, step through) 
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The Benefits

But there are some of these…
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The Benefits

• Produced a Tool and Framework not an Application
– Reuse of technology and approach for future projects
– There is no limit to the models that could be built; providing they utilise 

the Simulation Meta-model concepts e.g. hotspots, windows, switches

• Rules in ‘natural language’
– Increases customer engagement in the development process
– Simplifies reviews of system behaviour

• Speed and Agility
– Reduced development time
– Increased quality

• Code generators work consistently
• Mistakes easier to spot in high level rules rather than low level code
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Questions?

andy.sinclair@selex-si-uk.com

jennifer.whittlesea@selex-si-uk.com


