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“Theorem”

° The time and space a
software process needs to execute is
determined by the process, not the system
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“Corollary”

° The time a software process
takes to allocate and free a memory object
is determined by the size of the object.
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State of the Art

® Traditional real-time process model:

® A set of periodic tasks with deadlines
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Compositionality

® System of tasks with deadlines:

® Existing tasks still meet deadlines even
when adding/removing tasks
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Tiptoe Process Model

® Tiptoe processes invoke process actions
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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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Tiptoe Programming Model

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

® [he is the time it takes to
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Compositionality

® System of Tiptoe processes:




Response-Time Function

—= desired memory allocation performance
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Compositional Response!

—= desired memory allocation performance
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Execution-Time Function

~= desired concurrent performance ~— actual isolated performance
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Utilization Function:




With

fr(w) =4 *w (in ms)
~w =04 *w (in ms)
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Scheduled Response Time

~= desired concurrent performance ~— actual isolated performance
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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;
period:
utilization: [/ 11




Tiptoe Process Model

® Fach Tiptoe process declares a finite set of
virtual periodic resources
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Release, Dispatch, Suspend

action arrives action completes
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Scheduling Strategies

® release action upon arrival at the beginning of
next period (release strategy)

® dispatch released actions in EDF order using
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VweEp.
fe(w) + (TT-A) * ([ fe(w) /A ] -




Tiptoe Compositionality




Logical Response Time
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With /. / 71 = ¢, we know that
Vwelp. fs(w) < fr(w) + 11







Utilization Function:




For example, with
fr(w) =4*w+ 4 (in ms)
=04 *w+ 0.2 (in ms)
e have again
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Intrinisic Delay

A time(ms)

Cy — 10%
dR = 4 ms
dg = 200us

fe(w) = 0.4w + 0.2

I | =
16 20 24
number of frames




With /. / 11 = ¢, we know that
VwelUp. fs(w) < fa(w)




Scheduling Algorithm

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

SRS L B SR e T "“?.‘»‘. ' Tk i 4:'7;\ o .'\'."-.'i N M w.' & ol
7 Yo g 005 o -,_?,-_ ,- PR e . | s, ""\>~ L ~ s s i ¥ ‘ FEIS D G
23 < ;.v.-{,_.f-, \f:."- "-‘ b ot i ‘ S Sl ot i (AT ‘___ el ‘: __‘. bk ', N ’,_,-.‘x.‘ e Stk ‘;.‘\‘.1.‘ e Rt s Ko T & ‘,f\'.g.’»:_)'}"‘: 3

‘. q, > .‘ 'oﬁ fu




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

© C.Kirsch 2008



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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List Array Matrix
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Process Release Dominates
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Memory Overhead

memory usage

100KB -

S5KB

matrix X

matrix-tree X
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Release Strategies

- |ate_strategy_idle |
== early_strategy_idle
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Current/Future Work

® Concurrent memory management







