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Introduction

- More and more numerous

» Usually subject to real-time

Embedded computer )
constraints

systems
- Often safety-critical

A special class
(controllers)

Control-dominated - discrete-event

systems * mostly control

* highly reactive
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Introduction (Cont'd)

Controllers must react to all stimuli in a

predictable and timely way.

» Demand for precise and powerful models

£ Sequential and concurrent evolutions A

Hierarchical description

. Exception handling

/
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Introduction (Cont'd)

Controllers must react to all stimuli ina
predictable and timely way.

* Demand for precise and powerful models

- Mathematical foundation

s N
Formal analysis of the model

Guaranteed properties
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Introduction (Cont'd)

Controllers must react to all stimuli ina
predictable and timely way.

* Demand for precise and powerful models
* Mathematical foundation

+ Efficient and safe implementation techniques

g High quality h
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Introduction (Cont'd)

Controllers must react to all stimuli in a
predictable and timely way.

* Demand for precise and powerful models
* Mathematical foundation
- Efficient and safe implementation techniques

* Reusability

[ Desigh Once, Use Many }
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Educational Objectives

» Theoretical background

Teaching fundamentals (Boolean Algebra,
Finite State Machines, Petri Nets, ...)

» Skills
In Design, Programming, Testing.

* Intellectual Curiosity

Innovative concepts: modern design,
synchrony, objects, model-checking, ...
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Contents of the Course

» Classical Design

- Logical design (combinatorial and sequential circuits)
- Complex synchronous systems (sequencer+ F.Us)
- Programmable systems (PLC, DSP, uControllers, pProcessors)

* From Circuits to Programs

- Increasing complexity
- Co-design
- Systems (including RTOS)

Unfortunately, average E.E students lack knowledge
and skills in Software Engineering |
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Rationale for Teaching SL

Synchronous languages:

» Simple languages
- Restricted instruction sets
- Static structures

» Tailored to control: special purpose languages
» Execution: sequence of stimuli/reaction

- Mathematical semantics

FSM, set of Boolean equations, recurrence
equations

Formal verification
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Software Environment

Implementation

Esterel
SyncCharts
Lustre

Code generators

Software
Development
Xes platform
Xeve
lesar Reachability
Properties iﬁ:ﬁ:g
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Example: a Simple Regulation
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Example: an Esterel program

/&odule Regul: A

input HL1,LL1, HL2, LL2, Stop; Declarative part
\?utput Vlon, Vl1off, V2Z2on, V20ff; )

//éfort ‘\\\\
Loop Reactive part

[

emit Vlon; await immediate HL1l; emit Vl1off

emit V2on; await immediate HL2; emit V2off
1;
await [LL1 or LL2]
end loop
\\ghen Stop 4////

end module
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Future

* Introduction of OO-concepts
- With an EE point of view
- UML-RT, ROOM

- UML models

- Use cases (functional view)
- Dynamic modeling (statecharts, scenarios)
- Objects and Classes (static structure)
- Collaboration
- Deployment
» Components and Architecture
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