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Logical Execution Time (LET)
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Logical Execution Time (LET)

Programmmg as if there is enough CPU time
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Logical Execution Time (LET)

. Programming as if there is enough CPU time

. Compiler checks if there is enough CPU time
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Logical Execution Time (LET)

Programming as if there is enough CPU time

If not, program is not ¢me-safe:
compiler error or runtime exception
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LET Programming
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Single CPU, EDF Scheduler
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Two CPUs, TDMA Network
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Tool Chain

(rotto
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Tool Chain

“(GGiotto: A Time-

Triggered Language
for Embedded

Programming”
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[Proc. IEEE, 2003}

[EMSOFT, 2001}




Tool Chain

“Time-Safety Checking for
Embedded Programs” LEMSOFT, 2002}

Runtime System.
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Tool Chain

“From Control Models
to Real-Time Code”

[IEEE CSM, 2003l

Runtime System.
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Tool Chain

A Giotto-Based Hehgopter [EMSOFT, 2002]
Control System

Runtime System.
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“The Embedded Machine:

Predictable, Portable [PLDI, 2002}
Real-Time Code” Embedded Machine
POSIX Threads
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E Code
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Schedule-Carrying Schedule-Carrying
Code Code
E+S Machine E+S Machine

POSIX Threads RT Ethernet.

[EMSOFT, 2003} [VEE, 20051 [LCTES, 20051
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The HTL Project

htl.cs.uni-salzburg.at

e (50al:

= cnable compositional real-time programming of
distributed control systems

e Solution:

m HTL programs are extensible in two
dimensions without changing their timing
behavior: new program modules can be added
and individual program tasks can be refined

© C. Kirsch 2006
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Collaboration

e UC Berkeley (A. Ghosal, PhD student with A.

Sangiovanni-Vincentelli)

o Politehnica Univ. of Timisoara (D. Iercan, PhD
student)

e EPFL (T. Henzinger)

e Univ. of Salzburg (Myself: looking for students)
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Timed Variables
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Timed Variables
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Sequential Composition

1ooHz
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Task Refinement

Abstract Task A
# ----- * Jermination

Release = — . Termination

Concrete Task Refining A
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gt Compositional Real-Time
“sw> Programming in HTL

Submitted to LCTES 2006

If there is a time-safe execution trace of an.

(abstract) HT'L program A, then there is a
time-safe execution trace for any (concrete)
HTL program that refines A.
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The JAviator Project

javiator.cs.uni-salzburg.at

e (5oal:

= ecnable high-performance real-time code,
e.g., flight control software, to be written

entirely in Java
e Challenge:

wm cnable submillisecond, predictable real-time
behavior while maintaining as much original
Java semantics as possible

© C. Kirsch 2006


http://javiator.cs.uni-salzburg.at
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Collaboration
see also [EMSOFT 2005}

e IBM (2 staff researchers, J.Auerbach, D.Bacon):

= design and implementation of high-
performance real-time garbage collection
(Metronome)

e Our team (3 PhD, 3 Masters students):

= design and implementation of a LET-based
concurrency model that extends Java’s
notion of “write-once-run-anywhere” to the
temporal domain

© C. Kirsch 2006
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The hardware design
including all blueprints
will be made available at:

javiator.cs.uni-salzburg.at

© C. Kirsch 2006

Rotor Bearings DDLF-1060

Rainer Trummer

Stainless-Steel Alloy

University of Salzburg

i cale | Millimeters | 1:1

Computer Science

JAviator Quadrotor

(c) 2006 Rainer Trummer

01/07/2006

All Liability Claims Excluded

mm/dd/2006

GPL Version 3, (month) 2006
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http://javiator.cs.uni-salzburg.at
http://javiator.cs.uni-salzburg.at

Drawing

Rotor Blade CCW

Material

Carbon-Fiber 1.0 mm

Units | Scale

Milimeters [ 1:1

D

ummer

ersity of Salzburg

Computer Science

Project

JAviator Quadrotor

Copyright

(c) 2006 Rainer Trummer

Created

12/28/2005

Disclaimer

Al Liability Claims Excluded

Released

mm/dd/2006

License

GPL Version 3, (month) 2006
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Weight..less

gear transmission ratio: 6:1
max. rotor speed: 1850 rpm

© C. Kiréch 2006

Drawing

Rotor Axle

Engineer

Rainer Trummer

Material

Titan Alloy TiAI6V4

Company

University of Salzburg

Units | Scale

Millimeters [ 1:1

Department

Computer Science

Project

JAviator Quadrotor

Copyright

(c) 2006 Rainer Trummer

Created

01/07/2006

Disclaimer

All Liability Claims Excluded

Released

mm/dd/2006

License

GPL Version 3, (month) 2006
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Brushless Motors

© Modellbau-69Hase, 2006

Power: 100W
Weight: 26g
Thrust: 600g

© C. Kirsch 2006



3 Gyros, 3 Accelerometers,
and 3 Magnetometers

Microstrain 3DM-G X1

Dynamic orientation: gyros

Static orientation: accs, mags
Fusion: onboard programmable filter
[/O: RS-232, RS§-485, analog output

© C. Kirsch 2006



10 Ultrasonic Sensors

Devantech SRF10 Sonar Ranger
Frequency: 40K Hz

Range: 3cm-6m

I/O: I2C Bus

...but what about lasers?

© C. Kirsch 2006



gumstix connex

Board: Gumstix
CPU: XScale g0ooMHz

RAM: 64MB
Flash: 16 MB

Network: Bluetooth
OS: Linux 2.6

© C. Kirsch 2006



Board: Robostix
Bus: 12C

I/0O: 6 PWM,
8 A/D, T R L
e GPIO, e Y
> UART (A tmega) = l' B | %

backside
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Concurrency Model:
Exotasks

® exotasks are individually garbage-collected
software tasks that communicate by message

passing through so-called pods

» cach exotask has its own private heap and fully
preemptable garbage collector

o exotasks may allocate memory and mutate
their pointer structures

e exotasks may neither observe global mutable
state nor their mutable state may be observed

© C. Kirsch 2006



Implementation:

%> Real-Time GC + E Code

e exotasks will be compiled into E code (the
timing part) and dynamically scheduled and
garbage collected (the functional part)

e exotasks with LETs may also be compiled into
G code (schedule-carrying code extended by
garbage-collecting instructions {M. Harringer,

MSc Thesis, University of Salzburg, 2005}

© C. Kirsch 2006



Thank you



