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. Time-Portable Programming
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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: Bare-Metal VM

® OS vs.VM = Processes vs. Processors

® Tiptoe is aVM, will be a kernel-based hypervisor

® [iptoe virtualizes embedded processors, byte
code mterpreters in real time
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tiptoe.cs.uni-salzburg.at”

® Silviu Craciunas* (Programming Model)

® Hannes Payer* (Memory Management)
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Variable-Bandwidth Servers

[submitted]

® Tiptoe uses variable-bandwidth servers (VBS)

® VBS generalize constant-bandwidth servers (CBS)

® A CBS executes a process for A units of time
every | units of time

5 g by L oS iy e Sy ¥ Dita . ) ' L8 gl el S T AP A f P o R
9 . e > AT e T s s a s e R S e i VO S A e £s o oA B - S fiihes ) . N
P e ¥ I3 » o R lA y L5 P LA Boms
: Foi s SRR s S G e Rad Stk
T s Tt DLl S S
- £ [ s

S0 55 oS NI by S e il Bl 2o AT oy )
'S o - P p T 52 X My (i R e g LR = e
AR i & ‘,‘;.‘. ».;“.',,,; BN G AR o 3 RSP P '

M s N T

R NCE S TSR TN P e
: ¥ WAL wJast
. ok s BT A g RN e ’i




Result: Programmable
Jemporal Isolation

® A process executing on a VBS can switch (from
one process action to the next) to any virtual
periodic resource with a CPU utilization A/
less or equal to the VBS’ utilization bound

® [heorem:

p The response times of any given process
action of any given process can vary at most

by ,if the sum of the utilization bounds of
all VBS in the system is less or equal to 100%
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The smaller the 11

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




Admission and Scheduling

® Process admission:

® How do we efficiently test schedulability
of newly arriving processes




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
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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







