Time-Portable Programming
the JAviator in Tiptoe OS

Christoph Kirsch
Universitat Salzburg




The JAviator

javiator.cs.uni-salzburg.at



viator.cs.uni-salzburg.at”

® Silviu Craciunas™ (Control Systems)
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Quad-Rotor Helicopter
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Gumstix

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




Time-Portable Programming

Giotto

[EMSOFT 2001, Proceedings of the |IEEE 2003]
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tiptoe.cs.uni-salzburg.at”

® Silviu Craciunas* (Programming Model)

® Hannes Payer* (Memory Management)
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Response-Time Function

—= desired memory allocation performance
100

fr(w)

d

Imes In mS
o
o

A‘-kt
i




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 Algorithm

® maintains a queue of ready processes ordered
by deadline and a queue of blocked processes
ordered by release times
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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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Memory Overhead

memory usage 750 Processes

100KB F _

SKB ¢
matrix X
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“Compact-Fit”
[USENIX 2008]

® malloc(n) takes O(1)

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




The Problem
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Partition Memory into Pages




Partition Pages into Blocks




Size-Classes

N

Size-Class for
2 < Objects =< 64
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Invariant: Size-Class Compact




“Compact-Fit”
(Bounded Compaction)

just move ‘last’ object
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Instructions




Partial Compaction
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Current/Future Work

® Concurrent memory management







