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(LAPP School computing example

Gray Scott reaction (a chemistry game of life)
(for CNRS 2023 Computing School)
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(LAPP School computing example

Gray Scott reaction (a chemistry game of life)
(for CNRS 2023 Computing School)

u+2v — 3V
v — P
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< LAPP School computing example

Laboratoire &’Annecy de Physique des Particules

Gray Scott reaction (a chemistry game of life)
(for CNRS 2023 Computing School)

u+2v — 3V

Computing : vV — P
% = ruvzu—uvz—i—ﬁx(l—u)
% = er2v+uv2—(f,—k,)><v

u and v are concentration of product U and V

ry and r, diffusion rate of U and V

k. (Kill Rate), conversion rate from V to P

f, (Feed Rate), speed of process which feed U and kills V and P

V2u and V2v are différence of space concentration between
current cell and its neighbours
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< LAPP School computing example

Laboratoire &’Annecy de Physique des Particules

Gray Scott reaction (a chemistry game of life)
(for CNRS 2023 Computing School)

u+2v — 3V

Computing : vV — P
% = ruvzu—uvz—i—ﬁx(l—u)
% = er2v+uv2—(f,—k,) X v
u and v are concentration of product U and V Easy to understand
ry and r, diffusion rate of U and V Not so easy for the compiler
k. (Kill Rate), conversion rate from V to P Possibility of high speed up

f, (Feed Rate), speed of process which feed U and kills V and P

V2u and V2v are différence of space concentration between
current cell and its neighbours

Pierre Aubert, Use NVidia HPC SDK on MUST L J o ‘




( L APP Computation exercices

ratoire d'Annecy de Physiaue des Particules

Compute 1000 x 34 = 34000 images 1920 x 1080 float, store 1000 in HDF5 file (8.3 GB).
Evaluate full computation with time

Use any tool for unit performance tests

Converter from HDF5 to png is provided

Any optimisation trick can be shared (for example a really efficient auto-vectorized implementation)

Pierre Aubert, Use NVidia HPC SDK on MUST



< LAPP Computation exercices

Laboratoire &’Annecy de Physique des Particules

Compute 1000 x 34 = 34000 images 1920 x 1080 float, store 1000 in HDF5 file (8.3 GB).
Evaluate full computation with time

Use any tool for unit performance tests

Converter from HDF5 to png is provided

Any optimisation trick can be shared (for example a really efficient auto-vectorized implementation)

For C++420 lecture https://lappweb.in2p3.fr/~paubert/PERFORMANCE_WITH_STENCIL/index.html
2h 43min 30s : -03 single-thread
59min 21s : naive intrinsics single-thread, AVX2
9min 49s : intrinsics per block single-thread, AVX2
6min 41s : intrinsics per block (AVX2, 8 threads)
For Cuda Quadro M2200 (1024 cores, 4 GB Mem) :
4min 48s : implementation with temporary)

6min 48s : implementation without temporary)

Pierre Aubert, Use NVidia HPC SDK on MUST L J o ‘



https://lappweb.in2p3.fr/~paubert/PERFORMANCE_WITH_STENCIL/index.html

< LAPP Computation exercices

Laboratoire &’Annecy de Physique des Particules

Compute 1000 x 34 = 34000 images 1920 x 1080 float, store 1000 in HDF5 file (8.3 GB).
Evaluate full computation with time

Use any tool for unit performance tests

Converter from HDF5 to png is provided

Any optimisation trick can be shared (for example a really efficient auto-vectorized implementation)

For C++420 lecture https://lappweb.in2p3.fr/~paubert/PERFORMANCE_WITH_STENCIL/index.html

2h 43min 30s : -03 single-thread To get same results as C++20 lecture :
59min 21s : naive intrinsics single-thread, AVX2 diffusion rate : r, = 0.1 and r, = 0.05
9min 49s : intrinsics per block single-thread, AVX2 Kill Rate : k. = 0.054
6min 41s : intrinsics per block (AVX2, 8 threads) Feed Rate : f, = 0.014

For Cuda Quadro M2200 (1024 cores, 4 GB Mem) : dt =1 11 1
4min 48s : implementation with temporary) v = A |
6min 48s : implementation without temporary) 111

Pierre Aubert, Use NVidia HPC SDK on MUST L J o ‘
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-LAPP GPU MUST

ratoire d'Annecy de Physiaue des Particules

\ \ K80 | P6000 [ T4 [ V100 | A100 | 3G.20GB |
TFlops (float) 8.73 (boost) | 12.6 8.1 14 19.5 9.75
Memory (GB) 11.441 (24) 24 15 16 40 20
Nb Cuda Cores | 2496 (4992) | 3840 | 2560 | 5120 | 6912 2688

Clock rate (GHz) 0.824 1.645 | 1.590 | 1.380 | 1.410 1.410
Generation 3.7 6.1 7.5 7.0 8.0 8.0
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Computation 1/080 x 34 = 34000 images

Result with 100 tests per GPU
With temporary Without temporary

Elapsed time [s]

v100 k80 p6000  3g.20gb  al00 v100

k80 p6e000  3g.20gb  al00
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C-LAPP Detail computation 1000 x 34 = 34000 images

Laboratoire &’Annecy de Physique des Particules

Started : A100 3G.20GB Z—

real no temporary real no temporary
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Computation /50 x 68000 = 340 000 images

Result with 100 tests per GPU
With temporary Without temporary

Elapsed time [s]

T ko L

p6000 3g.20gb a100 v100 p6000 3g.20gb a100 v100

Pierre Aubert, Use NVidia HPC SDK on MUST



C-LAPP Detail computation /5 x 68000 = 340000 images

Laboratoire &’Annecy de Physique des Particules

Started : _ 5

real no temporary
16,/02,/202

e
user

real no temporary real no temporary
Sys notemporary Sys o temporary

user no temporary user no temporary

AL DO s AL LA
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Computation /50 x 680 000 = 3400000 images

Result with 100 tests per GPU
Wlth temporary Wlthout temporary
real mm—

7h34m|n?yi! = 7h34m|nSyS —
user [T

user

Elapsed time [s]

= -
t4  v100 p6000 k80 3g.20gb v100 p6000 k80 3g.20gb

Aubert, Use NVidia HPC SDK on MUST



C-LAPP Detail computation /5 x 680000 = 3400000 images

Laboratoire &’Annecy de Physique des Particules

Started

real no temporary
Sys no temporary Sys no temporary
user no temporary user no temporary

real no temporary real no temporary
Sys o temporary Sys notemporary
user no temporary user no temporary

o test
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(LAPP Graphana perf A100 for 3400000 images

Laboratoire &’Annecy de Physique des Particules.

Consommation

Urilisation GPU Unilisation Mémoire Unilisation totale Mémoire FB
250w i . 15% 500 B
rﬂvwﬂw-v«-v T
125%
200w oy 400m8
10%
150w 0% 00M8 |
7.50%
wowW a0% 200 ME
5
sow 0% 2 50% 100 MB
o — ome
02ABOBOD 02190000 02/200000 02/1B0DOD (2700000 02200000 02ABOBOD 02190000 027200000 027180000 02190000 02200000
== Carte 1 (NVIDIA A100-PCIE-40GB)

= Garte 1 (NVIDIA £100-PCIE40GE)

Utilisation GPU par process Utilisation Mémoire par process

100%

100%
75 75
0% 0%
2% 2%
o= o=
02180000 190000 027200000 0218 00:00 190000 02/2000:00
= Carte 1: gray_scott_gpu_ (PID 21227) == Gorte 1 : gray_scatt_gpu_ (PID 21227)
Carte 1: gray_scott_gpu_(PID 25318) Carte 1 : gray_scott_gpu_ (PID 25318)
Garte 1 gray_scott_gpu_ (PID 25833) Garte 1 - gray_scort_gpu_ (PID 25633)
== Carte 1: gray_scott_gpu_(PID 20955) == Carte1: ps (FID 19411) == Carte1:grey_scort gpu_(PID20955) == Cane1:pa (PID 19411)
Carte 1:time (PIDS759) ~ Totelcane 0~ Total carte 1 Garte 1 : time (PID 5759) Total carte 0 Total carte 1
Total cante 2 Total carte 2

Pierre Aubert, Use NVidia HPC SDK on MUST

= Garte 1 (NVIDIA £100-PCIE40GE)

Urilisation Mémoire FB par process.

a0 mB
200 MB

ome

02180000

027200000
= Carte 1

190000

gray_scott_gpu_ (PID 21227)
‘Carte 1: gray_scout_gpu_ (PID 25318)
‘Garte 1 : gray_scort_gpu_ (PID 25833)

== Carte 1: gray_scott_gpu_(PID29955) =

== Garte 1+ time (PID 5759)
Total carte 2

Carte 1: pe (FID 19411)
Total carte 1

Total carte 0
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CLAPP Graphana perf V100 for 3400000 images

Laboratoire &’Annecy de Physique des Particules.

Consommation Utilisation GPU Utilisation Mémoaire Utilisation totale Mémoire FB
35%
RE T i G RS 2.0 [ r——— 250G
30%
125W '{Iw' 80% 5% 268
100w '
60% || 20% 1.50GB.
i\
L r ’ 15%
a0 168
50w 10%
sw | e = DOOENE e —
ow =l [, — amB !
02/1800:00 02/19.00:00 02/1800:00 02/19.00:00 02/18.00:00 02/19.00:00 02/1800:00 02/19.00:00

== Garte 0 (Tesla ¥100-PCIE-16GE)

= Carte 0 {Tesla V100-PCIE-16GE)

= Carte 0 (Tesla V10C-PCIE-16GE) = Carte 0 (Tesla V10C-PCIE-16GE)

Utilisation GPU par process Utilisation Mémoire par process Utilisation Mémoire FB par process
100% r oy 100%
75% 75% S
50% 50%
168
5% 2 |
0% % oMB
02/180000  02/181200  02/190000  02/191200 02/180000 02187200  02/190000  02/1912:00 02/180000  02/181200 020190000  02/1912:00
== Carte 0): gray_scott_gpu_(PID 94681) == Care0:-(PID-) == Carte 0 :gray_scot_gpu_(PID 100246) == Carte 0 gray_scott_gpu_ (PID 94681)
= Carte 0 : gray_scott_gpu_ (PID 97982) == Carte 0: gray_scoti_gpu_ (PID 100326) = Carte 0 gray_scott_gpu_(PID 97982)
== Carte 0 : gray_scoti_gpu_ (PID 99246) == Carte 0 : gray_scott_gpu_ (PID 103972) == Carte 0 : gray_scoti_gpu_ (PID 99246)
= Carte 0 : gray_scott_gpu_(PID 99538) == Garte 0: gray_scott_gpu_ (PID 104867) = Carte0: gray_scott_gpu_(PID 99538)
== Carte0: python3 (PID 174949) == Total carte 0 == Carte 0: gray_scott_gpu_ (PID 108724) == Carte0: python3 (PID 174949) == Total carte 0
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(LAPP Graphana perf P6000 for 3400000 images

Laboratoire &’Annecy de Physique des Particules

Consommation

Utilisation GPU Unilisation Mémoire Utilisation totale Mémoi
150w A
et 100% e ———— 21 — —
125w
80% | (1]
| o
00w |
| o
a8
75w ‘ | o
0%
oW
— 208
25w Il 1)
J 3 | L,
ow o o
02116 0218 02120 02118 02118

! La
02/16 0218 02/20
== Carte 0 (Quadro P6000) :

02715 02/18 02/20
== Carte 0 (Quadro P5000)

== Carte 0 (Quadro P6000) faye

== Carte 0 (Quadro P600C)

Utilisation GPU par process Utilisation Mémoire par process

Unilisation Mémoire FB par process

100% 100%
sce
7% 5%
ac8
0% 0%
2% 2% 2
23 o= L ame
02120 02/20
Tota! carte 0 = Total carte 0 == Total carte 0
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C-UAPP  Perf VS nb threads for 340000 images

Laboratoire &’Annecy de Physique des Particules.

100000 1x10°8
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-UAPP  Nvidia HPC SDK introduction
NVIDIA HPC SDK

Available at developer.nvidia.com/hpc-sdk, on NGC, via Spack, and in the Cloud

Programming Co Core Math Communication
mpilers L] Debugger
Models Libraries Libraries Libraries
HPCX
Standard C++ & Fortran nvee nve libcus+ CUBLAS CUTENSOR Nsight cuda-gdb
MPI
ucx SHMEM
OpenACC & OpenMP nvess Thrust CUSPARSE | | CUSOLVER SR || Lol Systems Host
NVSHMEM
Compute Device
CUDA nvfortran cus CUFFT CuRAND —

Develop for the NVIDIA Platform: GPU, CPU and Interconnect
Libraries | Accelerated C++ and Fortran | Directives | CUDA

7-8 Releases Per Year | Freely Available
Pierre Aubert, Use NVidia HPC SDK on MUST L J . ‘




- CAPP GPU MUST and HPC SDK

Use directly C4++17 to use GPU with NVC++ :
Only for compute capabilities > 6.0
Can specify only one compute capability at compilation time
Only for C4++17 (working with G++-9 or newer)
Parallelism only with TBB 2018 or newer (not on CentOS 7)

Pierre Aubert, Use NVidia HPC SDK on MUST




(LAPP Hadamard Product with nvc++ (std::par cc60)

jsique des Particules

Full elapsed time [s] Elapsed time per element [ns]

=
I}
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T
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E
g
°

i
100000
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jsique des Particules

(LAPP Hadamard Product nvc++ (std::par_unseq cc optimal)

Full elapsed time [s] Elapsed time per element [ns]

0.0100000 F
0.0010000 F

0.0001000

=
I}
=
o}
T
o}
<3
o
E
g
°

0.0000100

0.0000010 ! ! ! ! i ! !
10000 100000 1x108 1x107 1x108 100000 1x106
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CLAPP Graphana V100 for Hadamard nvc++

T TG T

Consommation Utilisation GPU Utilisation Mémoire Utilisation totale Mémoire FB
180w 100% —t— 100% e
15 GB |
125 W |
80% 80%
100 W
60% 60% 10GB
75w ‘|
40% | 40%
sow b 5GB
2BW I | 20% 20%
ow 0% 0% y oMe -
10:00 12:00 14:00 10:00 12:00 14:.00 10:00 12:00 14:.00 10:00 12:00 14:00
== Carte 0 (Tesla V100-PCIE-16GB) == Carte 0 (Tesla V100-PCIE-16GB) == Carte 0 (Tesla V100-PCIE-16GB) == Carte 0 (Tesla V100-PCIE-16GB)

Utilisation GPU par process Utilisation Mémoire par process Utilisation Mémoire FB par process

100%

100%
300 MB
75% 75%
200 MB
50% 50%
25% 25% itk
0% 0% . s oMB
10:00 12:00 14:00 10:00 12:00 14:00 10:00 12:00 14:00
t == Carte 0 : test_hadamard_n (PID 162171) == Carte 0 : test_hadamard_n (PID 162171)
== Carte 0 :test_hadamard_n (PID 167486) == Carte 0 :test_ hadamard_n (PID 167486)
== Carte 0 : test_hadamard_n (PID 167530) -

Carte 0 : test_hadamard_n (PID 167530)
Total carte 0 == Carte 0 : test_hadamard_n (PID 193718) == Carte 0:

test_hadamard_n (PID 193718)
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(LAPP Graphana perf T4

Laboratoire &’Annecy de Physique des Particules

Consommation Utilisation GPU

100% Em—
60 W 80%
60%
40 W |
40%
20W 20%
SIS 0%
oW 02/26 00:00
02726 00:00 == Carte 0 (Tesla T4) == Carte 1 (Tesla T4)
== Carte 0 (Tesla T4) == Carte 1 (Tesla T4) == Carte 2 (Tesla T4) == Carte 3 (Tesla T4)

== Carte 2 (Tesla T4) == Carte 3 (Tesla T4) Totale

0%

Utilisation Mémoire

02/26 00:00

== Carte 0 (Tesla T4) == Carte 1 (Tesla T4)

== Carte 2 (Tesla T4) == Carte 3 (Tesla T4)

Pierre Aubert, Use NVidia HPC SDK on MUST

colf



< LAPP Conclusion

Good performances on GPU
With nvcc (CUDA)
With nvc++

HPC SDK installed on MUST
Compiler nvc++ powerful and easy to use

No explicit linking
No GPU Targeting (or with CUDA_VISIBLE_DEVICE)

Warning about industrial software

Will to drive for update
Old GPU become obsolete :

nvc++ : compute capabilities > 6 (no K80)
nvcc : compute capabilities > 3.5
Need to save binaries to ensure long usability of GPU

Pierre Aubert, Use NVidia HPC SDK on MUST




