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Tutorial: Design of Real-time Embedded
Control Systems using VDM++ and Bond
graphs (part 1 of 2)

Professor Peter Gorm Larsen dr. ir. Marcel Verhoef
Engineering College of Aarhus (IHA) Chess Embedded Technology B.V.
(pgl@iha.dk) (Marcel.Verhoef@chess.nl)
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Programme for the day (part 1)

A Morning (before coffee break)
A Background to the tutorial
A Introduction to VDM-RT notation
A Overview of the Overture tools
A Example applications and installation of all tools

A Morning (after coffee break)
A Practical case study
A Round up (questions, discussions and conclusion(s))

‘(. DESTECS



Programme for the day (part 2)

A Afternoon (before tea break)
A Background to co-simulation
A Introduction to the Bond-graph notation
A Overview of the 20-sim tool
A Example applications

A Afternoon (after tea break)
A Practical case study
A Example application on industrial case study
A Round up (questions, discussions and conclusion(s))
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Introduction: Inspiration

A Inspiration
A Use collaborative multidisciplinary design of Embedded Systems
A Rapid construction and evaluation of system models
A Evaluated on industrial applications

A Need because of Embedded Systems
A More demanding functional & non-functional requirements
AReliability, Fault Tolerance

AIncreasingly distributed
AMore design possibilities, and faults
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DESTECS approach

A Methods and Open tools
A Model-based approach for collaborative design of Embedded
Control Systems
A Co-simulation
A Different tools, reflecting relevant aspects of design
A Rapid, consistent analysis & comparison of models

A Advances needed in

A Continuous time modeling o
. : L ____|Require-
A Discrete event modeling -1 Faults 7ol ments
g / >
A Fault modeling and fault tolerance P4 [scenariol N\
\
A Open tool frameworks v A v
|
Controller ‘\ > System
discrete-time | '\ continuous-time
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Model Based Design

Design Process:

A Gather requirements and make paper
specification

A Mathematical models linked to specifications

A Simulation:
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A automatic code generation and testing of the

models. Eliminate errors
A Detailed Design
A Verification and Validation Testing

Advantage:

A Testing and verification throughout the design
process

A Same teams during all stages
A Less design iterations
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Consortium

Partners
University of Twente
Newcastle University
Engineering College of Aarhus
C.H.e.S.S. Embedded Technology B.V.
Controllab Products B.V.
Neopost Technologies B.V.
Verhaert New Products and Services NV

Funding
A EUFP 7: G 2.7 million
A Partners: G 0.9 million
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Industry Follow Group

Members:
Oceé Dutch Space Vestas
Airbus ESA Grundfos
Nokia FKI Logistex Volvo
Siemens Darwind Bang & Olufsen
Martin Group ASML MBDA
Atlas Copco Assembleon Terma

A Annual meetings

A Monitor the DESTECS project

A Give feedback and advice

A Present industrial challenges

A New companies are welcome to join
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Embedded Systems Development

A Boderc project (2002-2006): Model
based design of high-tech systems

A Design gaps between disciplines
lead to errors in designs

A Many of these errors are detected
too late: during prototyping

A Example: Paper path setup

A Paper jams for high speed paper
handling
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Embedded Systems Development
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Model Based Design: BavBl TNt weenese | [BoT esmsu mrmsuse
A Controller in discrete 1 “ —
event domain

A System in continuous
time domain

Co-simulation:

A Coupling disciplines

A Analysis on virtual
prototype
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Embedded Systems Development

Cause of the problems

A Geometry changes were not
adequately communicated

A Errors in acceleration and
deceleration paths

Results

A These errors can be detected in
an early stage of the design
through co-simulation

A Dependability can be assessed
by fault injection

Marcel Verhoef, Peter Visser, Jozef Hooman, Jan Broenink. Co-simulation
of Real-time Embedded Control Systems, LNCS 4591, Integrated Formal
Methods IFM 2007, pp. 639-658, 2007

Zoe Andrews, John Fitzgerald, Marcel Verhoef. Resilience Modelling
Through Discrete Event and Continuous Time Co-Simulation, Dependable
Systems and Networks (July 2007).
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Vienna Development Method

AOrigins in IBM6s Vienna La

A Based on discrete mathematics:
A Simple, abstract data types
A Invariants to restrict membership
A Functional specification: implicit (pre/post) & explicit (functional or
imperative)
A Three major dialects:

A I1SO Standard base language VDM-SL
A VDM++ is an object-oriented extension
A VDM-RT extends VDM++ for real-time distributed systems

A Industry strength tools:

A Overture (opehntps/sourceferye.nd/projects/overture/
A VDMT o o | hstp:/Mvww.vdmtools.jp/en
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https://sourceforge.net/projects/overture/
http://www.vdmtools.jp/en

VDM-SL Module Outline
module | ame>

iImports ™

exports

> Interface

definitions

State ~

types
values

functions > Definitions
operations

end <module - name> _/
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