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Motivations

Main issues with current mapping algorithms

Mostly do not consider temporal conditions, causing
an increase in the application’s response time

Mostly do not consider execution variability,
requiring pessimistic analysis techniques
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Contributions

Reduce the contention by using distributed queues

A set of different heuristics for efficient task-to-thread
mapping

Simulation-based analysis of the heuristics with/without
runtime overhead

LLVM-based implementation and evaluation
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Background

Source Code

pragma omp parallel num_threads (m)

ffpragma omp single

{
code@9;
#pragma omp task
{
codel®;
#pragma omp task
{
code20;
}
#pragma omp taskwait;
codell;
}
code@l;
}

Directed Acyclic Graph
(DAG)
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Allocation

Proposed Mapping Method

AQ, AQ, AQ, Allocation phase Dispatching phase
O Pick each task-part from
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The allocation heuristics to select threads

.[ Minimum Number of Task-Parts

N

.[ Next Thread

A

.[ Most Recent Idle Time

.[ Minimum Total Execution Time

A

.[ Maximum Total Response Time

A

(Total Multi-Criteria Decision based on
 MNTP, MRIT and MTET

A

Proposed Mapping Method

The dispatching heuristics to select task-parts
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Minimum Execution Time

N

A

Maximum Response Time

Y B

A

Multi-Criteria Decision based on
- MET and MRT
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Simulation Results
(System Model)
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Control flow
TSP (task creation)

—» Data dependencies between sibling tasks (i.e., synchronization)
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Simulation Results
(Including Overhead)
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WES
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Simulation Results

(Without Including Overhead) !
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s Performance of MTET-MET compared to the others with 8 threads
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K\) Simulation Results /
(Discussion)
\ (

® - N
® High efficiency of the new method

¢ Improving state-of-the-art online mapping mechanisms

€ 4

Without Equivalent or better performance of the new mapping

“ Validating its use in off-line mapping scenarios
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Implementation Results
(Implementation of the Heuristics)
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K\} Implementation Results O/
\JX] (Applications) {

O Heat diffusion simulator implemented with Gauss-Seidel
method, showing a Stencil computation

II* Number of tasks: 640
Number of data dependencies: 2128

SparseLU matrix decomposition, showing an irregular form
of parallel tree and retracting to one final task

SparseLU
Number of tasks: 1496

Number of data dependencies: 3960
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Implementation Results
(Setup)

NVIDIA Jetson AGX Xavier

\

© Number of threads: 4, 8
© Binding OS threads to cores: Spread, Close

Linux based on the highest real-time priority (SCHED FIFO)
class

© Remove outliers

beis

@ Execute the applications in rruns, and 7 iterations on each run}
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Implementation Results
(Heat Application — Experiments) (

.
QThe algorithms are scalable.
4
. . . \
The heuristics works more efficient
I than Dynamic in most of the case. y

<
MTET-MET works slightly better
than MNTP-MET with 4 threads. >

o
H DN D D O & & MNTP-MET works slightly better
& & &£ F .
RS &@% O {éﬁo <<§® than MTET-MET with 8 threads.
4
& &N D
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Implementation Results
(SparseLU Application — Experiments)
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4

The performance of the heuristics i1s
higher than Dynamic with 4 threads.

Dynamic works slightly better with 8 )

4

the algorithms are scalable.
o
threads.
MTET-MET works better than |
) ) A

MNTP-MET, except in ‘8 spread’.

4

1ts weakness on overhead.

The efficiency of MTET overcomes

4
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The integration of tied Evaluation of the new The consideration of
and untied tasks in the method using real- heterogeneous
same application world use cases systems
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Thanks for your attention!
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Performance of MTET-MET compared to the others with 4 and 8 threads
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(Simulation Results — Including Overhead)
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Appendix

(Simulation Results — Including Overhead)

Effect of the number of tasks on the difference between
response time for tied and untied tasks in SM3 with 8 threads
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(Simulation Results — Without Including Overhead)

Performance of MTET-MET compared to the others with 4 and 8 threads

WES

11.41%
11.79%
31.87%
28.18%
32.11%
29.65%

24.17%

LNSNL

1.41%
2.42%
4.75%
3.35%
4.89%
4.98%

3.63%

i /iv



Appendix
(Simulation Results — Without Including Overhead) ((

Effect of the number of tasks on the difference between

Evaluation
running time for tied and untied tasks in SM1 with 4 threads
N
BFS <@-WFS <@-LNSNL -&-MTET-MET The running time for tied tasks, except
1 G LNSNL, is mostly higher than untied
0.5 tasks.
O o« y

-
05 100 200 300 H0-500 600 700 800 900 OO The difference between tied and untied
G cases in WFS is higher than the other

s \methods. P
2 4 . . , n
The difference 1s very considerable in
23 G most cases as the number of tasks
3 .
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