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FPGA pour le calcul : Xilinx PYNQ-Z2

Références :

[1] http://www.pynq.io/board.html

[2] https://www.tul.com.tw/images/PYNQ-Z2_PA_v2_pp_20201209_STD.pdf

[3] http://www.aiotlab.org/teaching/fpga/PYNQ%20Introduction.pdf

[4] https://www.youtube.com/watch?v=RiFbRf6gaK4

     et

     https://www.mouser.fr/new/dfrobot/dfrobot-pynqz2-dev-board/#Video-4

[5] https://www.mouser.fr/ProductDetail/DFRobot/DFR0600?qs=17u8i%2FzlE8%252BCAK0pRwKt0g%3D%3D

                                        133.68 EUR (mars 2022) ⇒ 223.67 EUR (mars 2024)

[6] https://github.com/Xilinx/PYNQ

[7] https://github.com/Xilinx/PYNQ_Workshop?tab=readme-ov-file

02.04.2024

https://indico.in2p3.fr/event/32783/
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PYNQ-Z2 SoC (System on Chip = ARM A9 + FPGA)
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Carte microSD + http://www.pynq.io/board.html  pour image Linux
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Bureau 6121a
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Connexion avec un navigateur via le IP de la carte (serveur Jupyter)

(accès possible aussi en tant que dispositif partagé vie Samba)
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Ouvrir un terminal (en mode root)

OS = Ubuntu-like (20.04)
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https://www.xilinx.com/products/design-tools/vitis/vitis-hls.html

Synthèse de haut niveau (HLS, High Level Synthesis) avec Vitis HLS
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Vitis HLS 2022.1 sur clralicepc08
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Un projet de multiplication de deux nombres
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Le fichier source C++
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Après Vitis HLS ⇒ Vivado 2022.1 on clralicepc08
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Le projet crée avec Vitis HLS
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La génération du bitstream four le FPGA



16

Copier les fichiers résultant de la synthèse Vivado sur la carte PYNQ-Z2

design_1.bit, design_1.hwh, design_1.tcl (via le "Upload" du serveur Jupyter)
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Addition et multiplication : écriture / lecture des registres
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Addition et multiplication : avec création d’un pilote (driver)

Overlay = un autre nom pour la bibliothèque hardware
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// ==============================================================
// Vitis HLS - High-Level Synthesis from C, C++ and OpenCL v2022.1 (64-bit)
// Tool Version Limit: 2022.04
// Copyright 1986-2022 Xilinx, Inc. All Rights Reserved.
// ==============================================================
// control
// 0x00 : reserved
// 0x04 : reserved
// 0x08 : reserved
// 0x0c : reserved
// 0x10 : Data signal of a
//        bit 31~0 - a[31:0] (Read/Write)
// 0x14 : reserved
// 0x18 : Data signal of b
//        bit 31~0 - b[31:0] (Read/Write)
// 0x1c : reserved
// 0x20 : Data signal of c
//        bit 31~0 - c[31:0] (Read)
// 0x24 : Control signal of c
//        bit 0  - c_ap_vld (Read/COR)
//        others - reserved
// 0x30 : Data signal of m
//        bit 31~0 - m[31:0] (Read)
// 0x34 : Control signal of m
//        bit 0  - m_ap_vld (Read/COR)
//        others - reserved
// (SC = Self Clear, COR = Clear on Read, TOW = Toggle on Write, COH = Clear on Handshake)

#define XADDMUL_CONTROL_ADDR_A_DATA 0x10
#define XADDMUL_CONTROL_BITS_A_DATA 32
#define XADDMUL_CONTROL_ADDR_B_DATA 0x18
#define XADDMUL_CONTROL_BITS_B_DATA 32
#define XADDMUL_CONTROL_ADDR_C_DATA 0x20
#define XADDMUL_CONTROL_BITS_C_DATA 32
#define XADDMUL_CONTROL_ADDR_C_CTRL 0x24
#define XADDMUL_CONTROL_ADDR_M_DATA 0x30
#define XADDMUL_CONTROL_BITS_M_DATA 32
#define XADDMUL_CONTROL_ADDR_M_CTRL 0x34   

La synthèse Vitis HLS :
xaddmul_hw.h                ⇒

(addition et multiplication
sur 32 bits)

addmul.cpp 

⇒
void addmul(
int a, 
int b, 
int& c, 
int& m){ ...
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High Level Synthesis for Machine Learning, https://fastmachinelearning.org/hls4ml/
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Publications HLS4ML

Fast inference of deep neural networks in FPGAs for particle physics

Duarte et al. (FNAL, MIT, CERN, ...)

https://arxiv.org/abs/1804.06913.pdf

Fast convolutional neural networks on FPGAs with HLS4ML

Aarrestad et al.

https://arxiv.org/abs/2101.05108.pdf

Real-time semantic segmentation on FPGAs for autonomous vehicles with HLS4ML

Ghielmetti et al.

https://arxiv.org/abs/2205.07690.pdf

Compressing deep neural networks on FPGAs to binary and ternary precision with HLS4ML

Di Guglielmo et al.

https://arxiv.org/abs/2003.06308.pdf   
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https://indico.cern.ch/event/1389765/
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https://indico.cern.ch/event/1389765/
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https://indico.cern.ch/event/1389765/
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Journées R&T 20212)
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Journées R&T 2021
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Journées R&T 2021
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Accélérateur Labo Charactéristiques Software

DE1-SoC, Cyclone V SE LPC ARM Cortex-A9 Altera SDK
~400 € 85k LE (OpenCL)

FPGA:
5CSEMA5F31(C6N)

Cyclone V GT LPC 228,000 LUT Intel SDK
~ 1100 € (clralicepc08) 458,000 FF (OpenCL)

FPGA: 1,229 DRAM
5CGTFD9E5F35(C7N) 300 DSP

301,000 LE

MUSTANG-F100-A10 LPC 1,150,000 LE Intel SDK
~ 1650 € (clralicepc11) (OpenCL)

FPGA: Arria 10 1150 GX Intel OpenVINO 
(ML)
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Accélérateur Labo Charactéristiques Software

Xilinx Alveo U280 LLR 1,203,870 LUT Vitis AI
~ 6800 € (ACP) 2,472,213 FF

FPGA: XCU280 1,816 BRAM
9,020 DSP

Xilinx PYNQ-Z2 LPC ARM Cortex-A9 Vitis HLS
~ 140 € 79,800 LUT

ZYNQ-7000 SoC 106,400 FF
FPGA: 
XC7Z020-1CLG400C
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Annexes
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■ Fast Machine Learning at the Edge for HEP Experiments, https://indico.cern.ch/event/1389765/

CIFAR-10 dataset, https://www.cs.toronto.edu/~kriz/cifar.html

ToyADMOS dataset, https://arxiv.org/abs/1908.03299

GAP9_EVK processor, https://greenwaves-technologies.com/gap9_processor/

Nucleo L4R5ZI board (STM32 microcontroller), https://www.st.com/en/evaluation-tools/nucleo-l4r5zi.html

Annexe A
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Un problème de calcul : la multiplication des matrices

La complexité de calcul

Faster Matrix Multiplication via Asymmetric Hashing

Ran Duan, Hongxun Wu, Renfei Zhou, https://arxiv.org/abs/2210.10173

Annexe B
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Évolution de ω dans                  de 1969 à aujourd’hui

Merrill Sherman/Quanta Magazine https://www.quantamagazine.org/new-breakthrough-brings-matrix-multiplication-closer-to-ideal-20240307/
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