The JAviator: Time-Portable
Programming in Java and C

Christoph Kirsch
Universitat Salzburg




viator.cs.uni-salzburg.at”

® Silviu Craciunas™ (Control Systems)



http://javiator.cs.uni-salzburg.at/
http://javiator.cs.uni-salzburg.at/

The JAviator

javiator.cs.uni-salzburg.at



Quad-Rotor Helicopter







¥
H
ﬂ__
g
£
3
o
L




Gumstix

600MHz XScale, 128MB RAM,WLAN, Atmega uController



Shutdown » Ground Station GPS Satellites

868-

MHz
Sender Control
Terminal

WLAN Joystick
Router

WLAN Module

GPS Module

Gumstix

Laser
Sensor

CLOW' ¢ Inertial RS232
Sl Sensor

Regulator ; .
Primary Robostix Secondary Robostix
High- 12C

Current
Relais PWM

PWM PWM
| @@ @ 6
-
Lithium- Laser/Camera Positioning Servos
Polymer

Battery
Altitude Sonars Obstacle Sonars

© C. Kirsch 2008




/¥4 JAviator Control Terminal

— <4 Yaw Limit

Yaw

¢

=
J
L}

! Ty

-
N
o

— <4 23 Yaw Trim

Altltude

— < Altitude Limit

. Kirsch 2008

Joystick Mode

180

200 290 300
\\\mml\l Wiiigyy il

Port Settings

Direct Connection

@
o

—h
o
o

g, Tl WA

Reset Needles

Left

353

Howver

Offsets

Signals

Connect to Heli

Right

1

352

o
=
J

.‘,_\-.,...\'llllm‘./ ,

-
[}
(=4

Key Assistance

Roll Limit =— <

P Roll

' deg
. ’/ /) 40

180

Raoll Trim Q0 — <4

_ 0 20 Pitch
) .I.‘ll'l\'l‘ll4I'II'I‘I|"|‘.I, ‘ de

Pitch Trim 0 =— <

About Terminal Pitch Limit =— <=




W JAviator3aD - O %X W javiator3D

JAvator3D - Unversity of Salzburg JAvator3D - University of Salzburg







Flight Control




Yaw Control




Free Flight




[AIAA GNC 2008]




[AIAA GNC 2008]




Fun Stuff




Time-Portable Programming

Exotasks Tiptoe




Qutline

. Time-Portable Programming




Process Action
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Execution and Response
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Time

® The temporal behavior of a process action is
characterized by its execution time and its
response time




Time

® The temporal behavior of a process action is
characterized by its execution time and its
response time
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Time

® The temporal behavior of a process action is
characterized by its execution time and its
response time

K The executlon t|me |s the tlme |t takes to
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Time-Portable Programming




Time-Portable Programming

® Time-portable programming specifies and
implements upper AND lower bounds on

response times of process actions




Time-Portable Programming

® Time-portable programming specifies and
implements upper AND lower bounds on
response times of process actions

® A program is time-portable if the rccponce
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Time-Portable Programming

® Time-portable programming specifies and
implements upper AND lower bounds on
response times of process actions

o A program is time- portable if the response
 of Its process actions are maintained
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Correctness

|. The execution time of a process action is
determined by the process action and the
executing processor.
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Correctness

|. The execution time of a process action is
determined by the process action and the
executing processor.

» Worst-case execution time
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Time-Portable Programming

Giotto

[EMSOFT 2001, Proceedings of the |IEEE 2003]
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Qutline

. Time-Portable Programming




Exotask Team®

® |.Auerbach, D.F. Bacon,V.T. Rajan (IBM Research)

® Daniel lercan (TU Timisoara, Romania)




Exotasks

® Alternative to Java threads

® Single-threaded code: validated Java subset

° Isolated in space prlvate heaps |nd|V|duaI GC
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Eclipse Plugin
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Performance Histogram

[TECS 2008]
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Qutline

. Time-Portable Programming




tiptoe.cs.uni-salzburg.at”

® Silviu Craciunas* (Programming Model)

® Hannes Payer* (Memory Management)
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Example Process

loop {
int number of frames = determine rate();

allocate memory (number of frames);
read from network (number of frames);




Example Process

ames = determine rate();

allocate memory (number of frames);
read from network (number of frames);




Tiptoe Programming Model

»

® Process actions are characterized by their
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[USENIX 2008]

® malloc(n) takes O(1)

® free(n) takes O(l) (or O(n) if compacting)




Response-Time Function

—= desired memory allocation performance
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Throughput & Latency

fe(l frame) = 8ms but only [25fps




Execution-Time Function

—= desired concurrent performance = actual isolated performance
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Scheduled Response Time

—= desired concurrent performance = actual isolated performance
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Vw. fs(w) < fr(w) ?
and

Vw. (W) - & < fi(w) ?




Scheduling and Admission




Scheduling and Admission

® Process scheduling:

® How do we efficiently schedule
processes on the level of individual
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Scheduling and Admission

® Process scheduling:

® How do we efficiently schedule
processes on the level of individual




Just use EDF or not!?

action arrives action completes




Virtual Periodic Resource

limit: A
period:
utilization: A / 11




Tiptoe Process Model




Tiptoe Process Model

® Fach Tiptoe process declares a finite set of




Tiptoe Process Model

® Fach Tiptoe process declares a finite set of
virtual periodic resources
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4 frames) = 20ms
= 200ps; T = 2ms

A
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time(ms)

16

number of frames
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4 frames) = 20ms
= 200ps; T = 2ms
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The smaller the 11

the smaller the £ may be,
that is, the higher the
“degree of time portability”




Scheduling Algorithm

® maintains a queue of ready processes ordered
by deadline and a queue of blocked processes
ordered by release times
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Time and Space

array matrix

ordered-insert O(log(t)) O(log(t))
select-first O(log(t)) O(log(t))
release O(log(t) + n - log(t))

array
time O(log(t) + n - log(?))
space Ot + n)

n: number of processes t: number of time instants
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Scheduler Overhead

== bitmap_array_max |
== |iSt_max
== matrix_max

== bitmap_array_stddev |
== |ist_stddev
== matrix_stddev

== pitmap_array_avg
- list_avg '

== matrix_avg

Average itter
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Execution Time Histograms
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Process Release Dominates
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Memory Overhead

memory usage 750 Processes

100KB F _
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Current/Future Work

® Concurrent memory management







