Apprentissage Automatique sur FPGA

FPGA = Field-Programmable Gate Array
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(a) Programmabie fabric and programmable GPIO banks (b) Add SRAM blocks, PLLs, and Clock Managers

e blocs logiques, Look—Up—TabIe;e,rese%

blocs mémoire, processeurs DSP, multiplicateurs,
horloges, entrées/sorties, USB, UART, 12C, CAN, ...
e programmables : Verilog, VHDL (conception bas

niveau), Quartus (Intel), Vivado (Xilinx)
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{c) Add DSP slices and SERDES blocks (d) Add hard processor core(s) and peripherals

System-on-Chip Development kit

80k LE, ARM 300k LE, PCle

Intel, accélérateur
1,150k LE

Xilinx, accélérateur




Convolutional Neural Network

ImageNet Classification with Deep
Convolutional Neural Networks
Alex Krizhevsky, llya Sutskever,
Geoffrey E. Hinton (2012)
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Layer (type) Output Shape Param #
conv2d (Conv2D) (None, 15, 15, 96) 34944
batch normalization (BatchNo (None, 15, 15, 96) 384

max pooling2d (MaxPooling2D) (None, 7, 7, 96) ¢]
conv2d 1 (Conv2D) (None, 7, 7, 256) 614656
batch normalization 1 (Batch (None, 7, 7, 256) 1024
max pooling2d 1 (MaxPooling2 (None, 3, 3, 256) 6]
conv2d 2 (Conv2D) (None, 3, 3, 384) 885120
batch normalization 2 (Batch (None, 3, 3, 384) 1536
conv2d 3 (Conv2D) (None, 3, 3, 384) 1327488
batch normalization 3 (Batch (None, 3, 3, 384) 1536
conv2d 4 (Conv2D) (None, 3, 3, 256) 884992
batch normalization 4 (Batch (None, 3, 3, 256) 1024
max pooling2d 2 (MaxPooling2 (None, 1, 1, 256) 6]
flatten (Flatten) (None, 256) 6]

dense (Dense) {(None, 4896) 1852672
dropout (Dropout) (None, 4096) [¢]
dense 1 (Dense) {(None, 4896) 16781312
dropout_1 (Dropout) (None, 4896) 6]
dense 2 (Dense) {(None, 18) 40970

Total params: 21,627,658
Trainable params: 21,624,906
Non-trainable params: 2,752



Example images of each class from Galaxy10 dataset
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Galaxy10 Dataset: Henry Leung/Jo Bovy 2018, Data Source: SDSS/Galaxy Zoo
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ML sur FPGA
Intel : Quartus + OpenVINO,

Workflow Target FPS (full-thread/1-thread) = Latency [ms]
* TensorFlow (2.6.0) CPU' 47/24 42/82
* entrainement + validation CPU? 168/131 24/31
e export du modele « figé » CPU? 85/88 46/45
 OpenVINO (2021.4.689) NCS2 95 42
e optimisation de modele TF2 FPGA 549 3.6
° t0p0|ogie du mOdéle 1 = Intel(R) Xeon(R) E5-1607 v2 @ 3.00GHz (pcl1, 4c)

. 2 = Intel(R) Core(TM) 17-8700 CPU @ 3.20GHz (pc08, 12c)
* mapping des couches NN

. 3 = Intel(R) Core(TM) 17-8650U CPU @ 1.90GHz (port06, 8c)
 valeurs des parametres

Quartus (18.1) + Board Support Package (BSP) spécifique FPGA

FPGA = Mustang-F100-A10

une image FPGA de base (.aocx) pour le CNN choisi

OpenVINO « Inference Engine »
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