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Time-Portable Programming

Exotasks Tiptoe
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. Time-Portable Programming
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Execution and Response
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® The temporal behavior of a process action is
characterized by its execution time and its
response time
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® 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

® |f the response times of the process actions
of a program are maintained across different
hardware platforms (execution) and software
‘workloads (concurrency), we say that the
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Time-Portable Programming

® |f the response times of the process actions
of a program are maintained across different
hardware platforms (execution) and software
workloads (concurrency) we say that the
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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 executlon tlme (WCET) analy5|s ‘
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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)
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Exotasks

® Alternative to Java threads
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® Alternative to Java threads

® Single-threaded code: validated Java subset
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® Alternative to Java threads

® Single-threaded code: validated Java subset
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Exotasks

® Alternative to Java threads

® Single-threaded code: validated Java subset

° Isolated in space prlvate heaps |nd|V|duaI GC. ,
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Exotasks

® Alternative to Java threads

® Single-threaded code: validated Java subset

° Isolated in space prlvate heaps |nd|V|duaI GC
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Visual Syntax

—

Period=20ms
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g
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4AP NavigationData ‘
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DisplayActuator
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Multi-Mode Programming
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Eclipse Plugin
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L Semantics

O unused communicator instance @ read/written communicator instance

fromJAviator O

fromGround o

toJaviator @
licState @

A

ReadFromGround

ReadFromdJAviator

Controller

WriteToJAviator

ComputeState

WriteToGround

4 1:6 20

low-level control and communication with the JAviator -

Communication with the ground statioh
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Performance Histogram

[TECS 2008]
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tiptoe.cs.uni-salzburg.at”

® Silviu Craciunas* (Programming Model)

® Hannes Payer* (Memory Management)
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Example

® Consider a process that reads a video
stream from a network connection,
compresses it, and stores it on disk, all in
L eal t e e
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Example

® Consider a process that reads a video
stream from a network connection,
compresses it, and stores it on disk, all in
real time
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Pseudo Code

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

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

ames = determine rate();

allocate memory (number of frames);
read from network (number of frames);
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® malloc(n) takes O(1)

® free(n) takes O(l) (or O(n) if compacting)
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Tiptoe Programming Model

® Process actions are characterized by their
execution time and response time in terms
of their workload parameters
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® Process actions are characterized by their
execution time and response time in terms
of their workload parameters
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Tiptoe Programming Model

® Process actions are characterized by their
execution time and response time in terms
of their workload parameters

® [he execution time is the time it takes to
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Response-Time Function

—= desired memory allocation performance
100

fr(w)

80
d

mes In ms
o
o

ti

~
i



Execution-Time Function

—= desired concurrent performance = actual isolated performance
100

fr(w)




Utilization Function:




Throughput
[r(] frame) = 4ms (250fps)




Scheduled Response Time

—= desired concurrent performance = actual isolated performance
100

fr(w)
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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
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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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Refined Example

A time(ms)

Cy — 10%
dR = 4 ms
dg = 200us

fe(w) =0.4w + 0.2

I | =
16 20 24
number of frames




Here, we have again
fu(w) = 10% (for w>0)

(1 frame) = 8ms but only [25fps




4 frames) = 20ms
= 200ps; T = 2ms

A
20

time(ms)

16

number of frames
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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

1000000 1000000
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List Array Matrix
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Process Release Dominates

1000000
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Releases per Instant
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Memory Overhead

memory usage 750 Processes

100KB F _

SKB ¢
matrix X
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Current/Future Work

® Concurrent memory management







