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Giotto

Giotto isatime-triggered and platform independent
programming language + compiler + runtime library

Giotto aims at hard real-time control applicationson
distributed platforms (safety-critical applications)

Giotto provides an abstract programming model for
embedded control system devel opment

Giotto runtime library for VxWorks model of computation
In Ptolemy |l (Edward Lee, UC Berkeley)
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Abstract Syntax of a Task

Input ports »‘ Output ports
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Two Tasks
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Decomposition: Giotto Modes

Some Motivations:

e Multi-modal control

e Fault tolerance

e Events

* Resource sharing

e Uncertain environments



Modes

* A mode iIs aparameterized set of tasks

e A Giotto program consists of a set of modes
and mode switches

e A Giotto system isin asingle mode at the
same time
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Concrete Syntax

mode m () period 10 ms

{
taskfreq 1 doint x =P () ;

taskfreq2do inty =0Q (x,vy) ;



A Mode Switch
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L

Predicate




Abstract Syntax of a Mode Switch

e

Freguency sms

Predicate



Abstract Syntax of a Mode Switch

Connection

e

Freguency sms

Predicate



Period
10ms



Connection

|
"\

Period
10ms




Mode M’

Connection



Mode M’

Connection K /




Mode M’

[ ‘ P>
Connection K




Mode M’

[ 4 ‘ o 5

Connection K




Mode M’

[ 4 ‘ o 5

Connection K




[ 4 ‘ o 5

Connection K




[ 4 ‘ o 5

Connection K

Period
10ms



Concrete Syntax

start m () {
mode m () period 10 ms entryfreq 1 {
taskfreq 1 do int x =P () ;
taskfreg2dointy =0Q (x,vy) ;

exitfreq 2 if y = 5thenm’ (vy) ;

¥

mode m’ (int z ) period 10 ms entryfreq 2 {
taskfreg 1 doint x =P () ;
taskfreg4 dointu=R (x,2) ;
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Decomposition: Giotto Modes
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Compilation

The Giotto Compiler:

e Automatic code generation

e Stepwise program refinement with
annotated Giotto for distributed
platforms



The Giotto Compiler

Giotto Program
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Giotto Executable
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The Giotto Runtime Library
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The Giotto Runtime Library

Scheduling & Communication «— — Giotto Runtime Library

 Task, Connection Mapping
» Task Scheduling Scheme
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 Timer Service T
» Scheduling Service Distributed Platform
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The Giotto Runtime Library

« Avallable on VxWorks and x86 targets

o Current Experimental Robots:
— credit card size x86 single board computer running VxWorks
— wireless Ethernet
— Lego motors, sensors

o Next Experimental Platform:
— unmanned Y amaha helicopters
— PC 104 single board computer running VxWorks
— wireless Ethernet, GPS, inertial navigation sensor, ...
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Demo

e (Giotto on Lego Mindstorms:
Concurrent distributed execution

e (Giotto on Lego Mindstorms and x86 bots
running VxWorks:

Heterogeneous platforms
e Giotto in Ptolemy:
Design and ssmulation of Giotto programs



Behavior of a Bot

Someone else’ s sensor pushed

: - Someone else’'s
M shed Evading finished
Y Sensor pu vading fini ing finish

My sensor pushed



Demo

e (Giotto on Lego Mindstorms:
Concurrent distributed execution

Christoph Meyer Kirsch



Heterogeneous Platforms

. Lego Mindstorms: Lego Firmware,
Hitachi Microcontroller, Infrared Link

. X86 bots. VxWorks, x86 single board
computer, Wireless Ethernet

. Infrared — Wireless Ethernet Bridge:
L aptop



Demo

e (Giotto on Lego Mindstorms and x86 bots
running VxWorks:

Heterogeneous platforms

Dmitry Derevyanko
Benjamin Horowitz
Christoph Meyer Kirsch
Win Williams



Ptolemy Simulation

Ptolemy is a software package supporting
design and simulation of concurrent, real-
time, embedded systems.

Giotto defines a modd of computation

1. Ptolemy ssmulates bot example
2. Lego Mindstorms display ssmulation



Demo

e Giotto in Ptolemy:
Design and ssimulation of Giotto programs

Christoph Meyer Kirsch
Edward A. Lee
Xlaojun Liu
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