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Parallel architectures are everywhere
il
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Laptop, phone, common PCs,

@ |

..., embedded components, ...
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..., PC « gamer », computing servers,
supercomputers.
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And become more and more heterogeneous

* Accelerators : GPU, FPGA,
* Heterogeneous CPUs

Unified memory architectures

* Nvidia Grace Hopper, AMD APU MI
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Apple M1 processor embeds :

4 general-purpose HP cores
4 low consumption cores
1 GPU with 8 pipelines

1 Neural Engine with 16 cores
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M1 processor



Why high performance parallel computing ?
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 Handling large problems (scientific simulation, big data)
- Gain in precision (simulation, video games, learning, etc.)
- Perform more tests (cryptanalysis)
- Make faster decisions than others (finance)

High-performance simulation has become
* The third pivot of science:
— experimentation / mathematical modeling / simulation

* A must-have for major industrial groups:
— Simulation of physical/chemical phenomena

— Digital mock-up for design and manufacturing

The democratization of high-performance simulation
is one of the keys to our industrial future.
4 nd

Institut Mines-Télécom




£ TOP 500
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Canada 10 (2.00%%)

so Italy 12 (2.40%)
United Kingdom 15 (3.00%)

France 23 (4.60%%)

Japan 32 (6.40%a)

=0 Germany 36 (7.20%)
Others 96 (19.2055)
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Frontier (Oak Ridge, USA) #1
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~40 000 GPU + 8 730 112 AMD cores — 1,68 exaflops (1,68 1018 flops)
22,7 MW (= 2 TGV Duplex)

d s d .
https://www.olcf.ornl.gov/frontier/



https://www.olcf.ornl.gov/frontier/

Aurora (Argonne DOE) #2
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Hewlett packard
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9,264,128 CPU —» 1,06 exaflops - 25 MW (> 2 TGV Duplex)



CEA-HE(CEA, France) #17 in France#1l
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Y 389,232 Grace-Hopper CPU-GPU - 112.56 petaflops - 1,207GW



Weather Modeling
uziti An example of numerical simulation
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Objective : compute humidity, pressure, temperature and wind speed

relatively to x,y,z and t.
Solving a dynamic system formally impossible

Deterministic numerical simulation :

* Space discretization
— lllustration : 1 point represents 2km3

by 20 km of atmosphere => 5.10° points

* Model initialization
— Satellite and other data sensor

— Interpolation of missing values required
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Weather Modeling
ugft An example of numerical simulation
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 Model running
— Time discretization
 Ex: compute by step of 60sec

 Solving a system of equations for each mesh

— calculate the next state of a mesh as a
function of its neighborhood, solar gain
and the earth's rotation

— lllustrative cost : 100 FLOP/point

d nd
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Weather Modeling

SudParis

szt An example of humerical simulation
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* 1 step requires 5.10! flop
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Computing power needed :
e Realtime-1stepin60s :5.10'/60 = 8,33 Giga flop/s
e Forecast-7 daysin 1h: 5101 *7j*24h*60m /3600 = 1400 Gflop/s

d nd . .
e o Climnatology - 50 years in 1 day : 1 060 000 Gflop/s = 1,06 Pflop/s
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Hardware of a boosted PC
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Nvidia A100
128 SM
9,2 Tflops
(10k€)

INTEL® XEON®
PLATINUM 9282
56 cores

2,4 TFlops

High speed
interconnect
200 Gb/s



Performances of a boosted PC
o
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Nvidia A100
128 SM
9,2 Tflops
(10k€)

INTEL® XEON®
PLATINUM 9282
56 cores

2,4 TFlops

ol oz

High speed
interconnect
200 Gb/s

2 GPU + 2 CPUs = 17,6 Tera flop/s
A4 nd
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Forecast compute time
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Nvidia A100
128 SM
9,2 Tflops
(1OkE)

INTEL® XEON®
PLATINUM 9282
56 cores

2,4 TFlops

ol oz

2 GPU + 2 CPU = 17,6 Tera flop/s !—Iigh speed
7 days weather forecast interconnect
VMY > 5101 *7j*24h* 60m = 5 040 Teraflop 200 Gb/s

computes in 4 min 45



Forecast compute time
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= 5 040 Teraflop
in 45

Nvidia A100
128 SM
9,2 Tflops
(1OkE)

INTEL® XEON®
PLATINUM 9282
56 cores

2,4 TFlops

High speed
interconnect
200 Gb/s



Utopian peak performance
mEAT
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* Really hard to reach peak performance, even in easy cases
— Matrix multiplication with Intel MKL et CudaBLAS librairies

— E5-2680 v3 - 2.5 MHZ
— Kepler 40 (1430 GF/s -> 2013)
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Utopian peak performance
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« Complex matrix computation
Factorisation de Cholesky

20CPUs+4GPUs
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~90% of the theoritical perf
80% of the peak performance




Amdahl Law
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Speedup = Sequential computation time / Parallel computation time

* S, the sequential part of the program
1 -5, the parallelizable part of the program

* P, number of processors

Potentiel parallel version makespan = (S+ (1-S)/P) * sequential makespan

Speedup expected on a P-core machine bounded by

Speedup = 1/ (S+ (1-S)/P) < 1/S

i.e
« If 1% of the application is sequential, no hope to reach an 100 time faster computation»




Amdahl Law
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128
256
512
1024
2048
4096
8192
16384
32768
65536
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