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1. Introduction to COMET

Managing code variability in HPC applications

RRRRRRRRR
EEEEEEEEEEE

High-level code

Low-level code
stencil
FFT

OpenMP  CUDA

MPI

za—

07/11/2024



EX

R onLque  [(ance\ Hosmne
FRANCAISE
Liberté

Faalité
Fraternité

1. Introduction to COMET

Managing code variability in HPC applications

High-level code

features to be

updated \_}

Low-level code

e stencil
e FFT
StarPU
new OpenMP  CUDA
runtime

—> MPI

07/11/2024



EXN PROGRAMME
REPUBLIQUE FRANCE \ DE RECHERCHE
FRANGAISE NOMERIQUE
Liberté. POUI ASCALE
Faalité

Fraternité

1. Introduction to COMET

Managing code variability in HPC applications

—

g

features to be
updated

High-level code

o

StarPU

new
runtime

Low-level code

e stencil

e FFT

OpenMP  CUDA
L MPI

new application

High-level code

Low-level code
e stencil
e FFT

OpenMP  CUDA

StarPU MPI

07/11/2024




EXN PROGRAMME
REPUBLIQUE FRANCE \ DE RECHERCHE
FRANGAISE NOMERIQUE
Liberté. POUI ASCALE
Faalité

Fraternité

1. Introduction to COMET

Managing code variability in HPC applications

—

g

features to be
updated

High-level code

o

StarPU

new
runtime

Low-level code

e stencil

e FFT

OpenMP  CUDA
L MPI

.\

features to be
updated

—

High-level code

=

L —7 -

new features

new application

Low-level code

e stencil

e FFT
OpenMP  CUDA
StarPU MPI

07/11/2024




EX

R onLque  [(ance\ Hosmne
FRANCAISE
Liberté

1. Introduction to COMET

Component-based programming model

jovide
B

use

. "

Components

@

za—

07/11/2024



EX

R onLque  [(ance\ Hosmne
FRANCAISE
Liberté

1. Introduction to COMET

Component-based programming model

provide

-/
p

use

-1
']
=

Components

@

EEEE

Assembly

_

za—

07/11/2024



EX )
R onLque  [(ance\ Hosmne )
FRANCAISE UMERQUE

Liberté POUR X £

Egalité
Fraternité

1. Introduction to COMET

Component-based programming model
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1. Introduction to COMET

L2C and COMET

@

COMET

L2C
Ports : Use + Provide

Ports: Corba + MPI

Abstract C++ classes to define services
Annotated C++ classes to define components
XML assembly description file

Ports: Data + Partitioned Data
Task graph-based executive scheduling support
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COMET composition units
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1. Introduction to COMET

COMET composition units

X
Component SampleCompo
provide ProvideFunc pF
use UseFunc uF P F uf
indata Array2D iD
Y outdata Array2D oD
attribute  Integer attr oD attr
@ Component description
p4
Example of dataflow Metatask SampleMt bSizeX
use UseFunc uF
indata BlockArray2D dA uF
outdata  BlockArray2D dB SampleMt
attribute Integer bSizeX
attribute  Integer bSizeY 4
relation Align 5p-stencil dB bSizeY

Metatask description
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1. Introduction to COMET

COMET composition units

X
Component SampleCompo
provide ProvideFunc pF
use UseFunc uF P 13 uf
indata Array2D iD
Y outdata Array2D oD
attribute  Integer attr oD attr
@ Component description
p4
Example of dataflow Metatask SampleMt bSizeX
use UseFunc uF
dA indata BlockArray2D dA uF
B dB outdata  BlockArray2D dB SampleMt
- . . attribute Integer bSizeX
attribute  Integer bSizeY :
. 4 relation Align Bp-stencil dB bSizeY
\ Metatask description

dB(i,j) + dA(i-1j), dA(i+1,j), dA(ij), dA(i,j-1), dA(ij+1)
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COMET assembly and a possible generated task graph
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1. Introduction to COMET

Implementing the COMET model
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2. Handling Dynamic Data-Parallel Dataflows with COMET

CIGRA : COMET Instruction GRAph

datasize : 512 datasize : 512
M, P, | blocksize: 64 P [blocksize: 64
. permo | part0 permo | part0
: datasize : 512  propagation | qatagize : 512
M, P,| blocksize: 32 P, [blocksize: 32
perml | partl permO | partl
a. runtime barrier b. comet barrier c. comet repart

OB OO OO A
@) & @ @@,@‘Q

-

Oppartitioning @ task submission ) barrier
@ unpartitioning QO repartitioning
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Reverse topological sorting to a CIGRA

Opar‘fifioning
O task submission
‘unpar‘ﬂﬂoning

O repartitioning
Obarrier

© data acquisition
QO data release
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Experimental results on Grid’5000 on the roazhon4 node

. s addMt ep3Mt Il halley unpartitionl stencil2Mt
DataSIZe . 81 92X8192 E eplMt E epdMt halley_unpartition2 I halley repartitionin

. E ep2Mt I halley_partition stencillMt halley_repartitionOut
Blocksizes :

1024x256

EP1, EP2, ST1, ST2 @ @
1024x128

EP3, EP4, Add

Runtime : mpc-openmp a e

Time in ms

The bench a. runtime barrier
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Experimental results on Grid’5000 on the roazhon4 node

. s addMt ep3Mt Il halley unpartitionl stencil2Mt
DataSIZe . 81 92X8192 E eplMt E epdMt halley_unpartition2 I halley repartitionin

. E ep2Mt I halley_partition stencillMt halley_repartitionOut
Blocksizes :

1024x256

EP1, EP2, ST1, ST2 @ @ =
1024x128 ;

EP3, EP4, Add

Runtime : mpc-openmp a e
* Time in ms ® "
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Experimental results on Grid’5000 on the roazhon4 node

Datasize : 8192x8192

Blocksizes :
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1024x128 @ @
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Kinds of dynamic data connection with COMET

M,
P,
MO MO MO
PO{ 2 P, By
Pl P1 Pl
A\
M, M, M,

(@) (b) (c)

—>“>Dynamic data connection —> Static data connection
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Flat code generation strategy

#pragma omp parallel

{
#pragma omp single
{
A.submit();
#pragma omp taskwait

C Update C size
C.submit();
E.submit();
O

}
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Flat code generation strategy

#pragma omp parallel e fpragrna omp parallel

{ -
#pragma omp single ?pr‘agma omp single
{ .
A_.submit(); A _submit(); .
#pragma omp taskwait #pragma omp taskwait
Update C size C D Update C size

C C.submit(); C.submit();
C)

E.submit(); E .subm!f()f
} B.submit();

} h 4 h 4 #pragma omp taskwait
Update D size
E F D.submit();
F.submit();
G.submit();
}
}
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Nested code generation strategy

o e #pragma omp parallel
{
#pragma omp single
{
#pragma omp task o(A)

A.submit();
#pragma omp taskwait
Update C size

#pragma omp task io(C) i(A)
C.submit();
#pragma omp taskwait

#pragma omp task io(E) i(C)
E.submit();
#pragma omp taskwait

#pragma omp task o(B)

B.submit();
#pragma omp taskwait
Update B size

}
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Weak-nested code generation strategy

o e #pragma omp parallel
{

#pragma omp single

#pragma omp task o(A) weak
A.submit();
#pragma omp taskwait

Update C size
#pragma omp task io(C) i(A) weak

C.submit();

#pragma omp task io(E) i(C) weak
E.submit();

#pragma omp task o(B) weak
B.submit();
#pragma omp taskwait

e Update B size
}
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Experimental results on Grid’5000 on the roazhon4 node

Datasize : 8192x8192
Blocksizes :
1024x128

EP1, EP2, ST1, ST2,
Add
128x128

TR1, TR2
Op. bet. meta. : repart

Runtime : llvm-ompss2

56

The bench

B addMt genlMt Il stencillMt transplMt
E eplMt E gen2Mt stencil2Mt transp2Mt
E ep2Mt B halley_repartitionOut
50 150 200 250
Time in ms
a. flat
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Experimental results on Grid’5000 on the roazhon4 node

B addMt genlMt Il stencillMt transplMt
E eplMt E gen2Mt stencil2Mt transp2Mt
E ep2Mt B halley_repartitionOut

Datasize : 8192x8192
Blocksizes :
1024x128

EP1, EP2, ST1, ST2,
Add

128x128

TR1, TR2
Op. bet. meta. : repart B W
Runtime : llvm-ompss2 The bench b. nested

07/11/2024 30



EX

Reique  ((rrance\ mosm
FRANCAISE 1

Lt -/

sl

2. Handling Dynamic Data-Parallel Dataflows with COMET

Experimental results on Grid’5000 on the roazhon4 node

Datasize : 8192x8192
Blocksizes :
1024x128

EP1, EP2, ST1, ST2,
Add
128x128

TR1, TR2
Op. bet. meta. : repart

Runtime : llvm-ompss2

The bench

B addMt genlMt Il stencillMt transplMt
E eplMt E gen2Mt stencil2Mt transp2Mt
E ep2Mt B halley_repartitionOut
e == == =
Time in ms

c. weak-nested
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Experimental results on Grid’5000 on the roazhon4 node
Datasize : 8192x8192

Blocksizes : @ @ @ @
1024x1024, 1024x512, 1024x256, 1024x128 @ @
Runtimes :
llvm-openmp, mpc-openmp, llvm-ompss2 @ @ e @
Op. bet. meta. : repart

EP2 Stencil (ST2)  Transpose (TR2) macrobench 1 (mB1) macrobench 2 (mB2)
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2. Handling Dynamic Data-Parallel Dataflows with COMET

Experimental results on Grid’5000 on the roazhon4 node

EP2

Observations :

* In microbenchs, flat is better than
nested and weak-nested whatever
the runtime.

* In mB1 and mB2, weak-nested is
better than flat and nested on the
llvm-ompss2 runtime.

* In mB1 and mB2, nested is than
flat and nested on llvm-ompss2
runtime.

* There are some anomalies...

1lvm-openmp 1llvm-ompss2

mpc-openmp

case 1
time in ms

case 1

time in ms

case 1
time in ms

50.25
37.70
25.10
12.60

0.00

34.82
26.10
17.40
8.70
0.00

37.62
28.20
18.80
9.40
0.00

ST?

mBl

mB2

135.2 152.4 357.0
101.4 114.3 267.7
67.6 76.2 178.5
33.8 38.1 89.2

210 99 26 o7 0.0 0.0 0.0
55.6 136.4 368.5
41.7 102.3 276.3
27.8 68.2 184.2
13.9 34.1 92.1
200 99 28 o7 0.0 0.0 0.0
63.2 236 141.9 308.3
47.4 177 106.4 231.3
31.6 118 70.9 154.2
15.8 59 354 77.1
0

210 29 28 27

210 29 28
B nested

27
I flat

210 29 28 27

210 29 28 27

weak-nested
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Experimental results on Grid’5000 on the roazhon4 node

Observations :

* In microbenchs, flat is better than
nested and weak-nested whatever
the runtime.

* In mB1 and mB2, weak-nested is
better than flat and nested on the
llvm-ompss2 runtime.

* In mB1 and mB2, nested is than
flat and nested on llvm-ompss2
runtime.

* There are some anomalies...

1lvm-openmp 1llvm-ompss2

mpc-openmp

case 1
time in ms

case 1

time in ms

case 1
time in ms

50.25
37.70
25.10
12.60

0.00

34.82
26.10
17.40
8.70
0.00

37.62
28.20
18.80
9.40
0.00

EP2

135.2
101.4
67.6
33.8

ST?

2. Handling Dynamic Data-Parallel Dataflows with COMET

152.4
114.3
76.2
38.1

Anomalies

mBl

mB2

357.0
267.7
178.5

89.2

210 29 28 7 0.0 210 29 28 210 99 28 o7 0.0 0.0
55.6 215.9 136.4 368.5
41.7 161.9 102.3 276.3
27.8 107.9 68.2 184.2
13.9 54.0 341 92.1

200 99 28 o7 0.0 0.0 0.0 0.0
63.2 236 141.9 308.3
47.4 177 106.4 231.3
31.6 118 70.9 154.2
15.8 59 354 771

210 99 98 o7 . 210 29 o7 210 29 28 o7 . 210 29 28 o7

B nested N flat I weak-nested
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3. Conclusion
Wrap-up :
+ COMET is a component-based programming model designed for creating HPC applications through
fine-grained, dataflow-like compositions.

+ We have extended it to manage applications designed by dynamic data-parallel dataflows.

+ Experiments on several benchmarks show that the execution times of our different code generation
approaches depend on the runtime used.

+ OpenMP needs to be upgraded to incorporate the concept of weak dependencies.
What’s next ?

+ Understand and correct any anomalies observed.
« We have done a micro-aevol version with COMET but the performance is not good. We need to do
something about that.

« We have started integrating StarPU to COMET. We are working on the management of partitioned
data between both.
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