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3 application use-cases
— Online ads selection system
— Data extraction from images
— Complex Event Processing Engine

Need High Computing Performance
— Software Parallelization =2 openMP 4.0
— Parallel processing (multi-cores) 2 Kalray MPPA-256
— Optimized hardware configuration

Need for guaranteed performance (not safety-critical)
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\---» Timing objectives
'--» Performance requirements
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Ourapproach

Worst input data sets
+

Worst resource availability

Worst execution conditions
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Ourapproach

Worst input data sets
+

Best resource availability

- Understand the importance of the impact of the
shared resources
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New approach

Not one but two WCET estimates

Isolation mode
@ Contention mode

/7) CISTER - Research Center in . 6/29/2017 A CISTER Template
o Real-Time & Embedded Computing Systems



Isolationimode

task

task l task I task
‘ 4
task task 4

TIME

/7) CISTER - Research Center in
o Real-Time & Embedded Computing Systems



Isolationimod: WCET

1ISO

f_l_l

TIME

CISTER - Research Center in
o Real-Time & Embedded Computing Systems




Contention'mo( WCET
CONT

Big difference between
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Veryeasy toluse!

#include "timing.h"
TIMING_ANALYSIS_INIT();
#pragma omp parallel

{

#pragma omp parallel

{

#pragma omp master

{

#pragma omp master

{

TIMING_BEGIN_OF_OMP_MASTER();
(Some initialization code)
#pragma omp task

{Some code for the task}
#pragma omp task

{Some code for the task}
(Some more code)
TIMING_END_OF_OMP_MASTER();

(Some initialization code)
#pragma omp task

{Some code for the task}
#pragma omp task

{Some code for the task}
(Some more code)

}
}
TIMING_END_OF_OMP_PARALLEL();

}
TIMING_ANALYSIS_END();
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The'schedulability’analysisiflow
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Dynamicischeduling

for (int i=0; i<3; i++) {
for (int j=0; j<3; j++) {
if (i==0 && j==0) { // Task T1
#pragma omp task depend (inout:m[i] [j])
compute_block(i, J);
} else if (i == 0) { // Task T2
#pragma omp task depend(in:m[i][j-1], inout:m[i][J])
compute_block (i, J);
} else if (j == 0) { // Task T3
#pragma omp task depend(in:m[i-1][j], inout:m[i][j])
compute_block(i, J);
} else { // Task T4
#pragma omp task depend (in:m[i-1][j],m[i][j-1],
m[i-1][3-1], inout:m[i][]])

compute_block (i, j);

Compiler (BSC)

0100010
1100101
1100110

Nothing we
can do...

Annotate the graph with the
WCET in CONTENTION
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Staticischeduling

for (int i=0; i<3; i++) {
for (int j=0; j<3; j++) {
if (i==0 && j==0) { // Task T1
#pragma omp task depend (inout:m[i] [j])
compute_block(i, J);
} else if (i == 0) { // Task T2
#pragma omp task depend(in:m[i][j-1], inout:m[i][J])
compute_block (i, J);
} else if (j == 0) { // Task T3
#pragma omp task depend(in:m[i-1][j], inout:m[i][j])
compute_block(i, J);
} else { // Task T4
#pragma omp task depend (in:m[i-1][j],m[i][j-1],
m[i-1][3-1], inout:m[i][]])

compute_block (i, j);

Compiler (BSC)
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1100101
1100110

Annotate the graph with the
WCET in CONTENTION
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Staticischeduling

for (int i=0; i<3; i++) {
for (int j=0; j<3; j++) {
if (i==0 && j==0) { // Task T1
#pragma omp task depend (inout:m[i] [j])
compute_block(i, J);
} else if (i == 0) { // Task T2
#pragma omp task depend(in:m[i][j-1], inout:m[i][J])
compute_block (i, J);
} else if (j == 0) { // Task T3
#pragma omp task depend(in:m[i-1][j], inout:m[i][j])
compute_block(i, J);
} else { // Task T4
#pragma omp task depend (in:m[i-1][j],m[i][j-1],
m[i-1][3-1], inout:m[i][]])

compute_block (i, j);

WCET-CONT

Map

Compiler (BSC)
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Annotate the graph with the
WCET in CONTENTION

—>~) CISTER- Researck‘,..“_. 16-02-2017 P-SOCRATES (Grant agreement n°
O—> Real-Time & Embedded Computing Systems 611016)




Staticischeduling
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Staticischeduling
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Static'scheduling success!
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 Two sets of results:
— On the MPPA Andey
— One the MPPA Bostan
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MPBRPAYANdeY,

PLATFORM SETTINGS High-perf

Activate the D-cache Yes No
Invalidate the D-cache before running each task No -
D-cache: Stall on access No Yes
Activate the I-cache Yes No
Invalidate the I-cache before running each task No -
Memory mapping Interleaved  Sequential
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ESAtapplication:lisolationivsiContention

Isolation

Max = 3.071 M

Contention

Max = 527 M Max = 27.925 M
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MPPATBostan

 We couldn’t reproduce the same
experiments

* Use of printf() for generating interference

- Disastrous results: slow down of up to
1000x
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MPPATBostan

 The 3 application use-cases have been
tested

* Overall, results seemed to confirm that static
mapping and scheduling leads to less
performance at runtime but more accurate
analysis (the blame is on the schedulability
analysis)

- Over-estimation of carry-in and carry-out
- New results on the way (RTSS?)
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Investigate statistical approaches (Already fully

compatible with DiagXTrem)

or
5435 ms /Qtionarity

/-\ Apply the EVT

5678 ms Stationarity of the extreme
4876 ms Independence

3874 ms Independence of the extreme
7624 ms
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Openiresearchiproblems
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Newischeduling'problems

e Tasks have two WCET estimates:

— One estimate when they execute on one core
and all the other cores are kept idle

— One estimate when they execute concurrently
with other tasks
* Adding scheduling restrictions at runtime
may increase the observed response time
but decrease its estimates, hence offering
better guarantees.
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Newischeduling'problems
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ReducepessimismofifWCET-CONT

Reduce the pessimism of the CONTENTION mode
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Signature

reproducer




ReducepessimismofifWCET-CONT

Reduce the pessimism of the CONTENTION mode
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Use the signature instead of the >< to simulate the
environment post-integration
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Intrusivenessiofithe code

The code used for timing the application cannot
simply be removed (change the memory layout and
thus the cache behavior)

— Option 1: Just leave it there

— Option 2: Replace the code with “NOP”
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