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3 types de plateformes pour embedded

Arduino

Low-level, ‘bit-banging’ microcontroller
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Field Programmable
Gate Arrays
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Fast, parallel, customizable logic
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Ras-pi with FPGA Hat
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Représentation d’'un FPGA

Unprogrammed
configuration memory

clock
enable

Unconfigured
logic circuit

Credit: ‘Bebop to the Boolean Boogie: An Unconventional Guide to Electronics'

‘Programmed’
configuration memory

clock
enable. &
X

‘Configured’
logic circuit
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Zynq : Intégration Microprocessors, Microcontrollers and Programmable Logic

Systems-on-Chip integration

Zynq Programmable Platform integrate
* Arm microprocessors
* Programmable logic (FPGA)
* High-speed, programmable 10
» As many ‘soft’ microcontrollers as needed
» Fast connections between components
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Comparaison of plateformes

Raspberry Pl

Arm Application
Microprocessor

Real-time
Microcontroller

Integrated
Programmable Logic

Linux

CPython Ecosystem

* Multiple soft microcontrollers in programmable logic

** More limited MicroPython and CircuitPython options are available
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Applications

Typical Application Areas

> Hardware-accelerated algorithms

> Precision robotics

> Real-time, high-resolution video processing

> State-of-the-art instrumentation

> Unique, highly-differentiated designs in research and spin-offs

> Teaching: logic design, computer architecture, digital signal
processing, control, projects
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Collaboration

(el2)

Hardware

/ Data Scientists
O

Embedded software
Engineers

Engineers \_/

New users can be Python programmers, Data
Scientists and domain experts of all kinds

PYNQ™

A Pythonic Framework that gives Python developers
access to the benefits of programmable platforms

AND

A Pythonic methodology for hardware designers to:
* make them more productive
* make their designs accessible to more people

Présentation de la carte Zynq
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Python

Top Programming Languages 2023

Click a button to see a differently weighted ranking

Benefits of Python in Embedded/Edge Apps
— - Millions of developers
ool Top Programming Languages, * On't'arget d_evelopment
L IEEE Spectrum, July’18 ¥ Rapld lteration cycles
= o N « Huge ecosystem and community
1. Python ® s * Interoperability with C/C++
— 2 cor L. » Agile hardware & software codesign
- \2:€ -8 * Portable code
o —u 4., First time that Python
coy [ irst time that Py
ses [ 5. C# was listed as an
e 6. PHP embedded language
vart [ ==
rust [ 7. R L
: :: = 8. JavaScript &0 =
scala [ 9. Go @ “x-
JJJJJJ | 10. Assembly E
rerl [
Visual Basic - https://spectrum.ieee.org/at-work/innovation/the-2018-top-programming-languages
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IPython (Interactive Python)

IPython (Interactive Python) est un interpréteur de commandes pour
I'informatique interactive dans plusieurs langages de programmation,
développé a l'origine pour le langage de programmation Python, qui
offre l'introspection, les médias riches, la syntaxe du shell, la complétion
par tabulation et I'historique. IPython fournit les fonctionnalités
suivantes :

Shells interactifs (terminaux et basés sur Qt).

Une interface de notebook basée sur un navigateur prenant en
charge le code, le texte, les expressions mathématiques, les tracés en
ligne et d'autres médias.

Prise en charge de la visualisation interactive des données et
utilisation de boites a outils GUI.

Des interpréetes flexibles et intégrables a intégrer dans vos propres
projets.

Outils pour parallel computing.

IPython Shell
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IPython Notebook to to Jupyter Notebook

Julia  Python R

N b

_—
jupyter
N

@

6. Draw detection boxes using Darknet

et - Default engine of data science,
T machine learning and Al

7 million notebooks on GitHub
Usage growing exponentially

7. Show the result

Taught to 100,000’s of college
I students every semester
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Jupyter Notebook to JupyterLab IDE

Code editor Terminal

7

7. Show the result A\

! {

Jupyter notebooks Visualization

F1o)

N

Next-generation Integrated
Development Environment

Browser-based GUI

Multiple re-sizable frames
in one browser window

Completely extensible
Jupyter Notebooks are

one of many plug-ins
in JupyterLab
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Architecture Jupyter’s client-server-kernel

ZeroMQ

KERNEL(s)

4 N

Kernel

CLIENT(s) SERVER
Browser
| m | Websockets (* jypyter )
| | Web |
/ L Servet J
Based on W3 standards
HTHML CEX JavaScript (' :
% E E Notebook
Files
(JSON)

»| Wrapper

Kernel [ Language ]

- J

Jupyter Architecture
* Open source

*  Modular

+ De-coupled

+ Extensible
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Pynq Architecture

PYNQ uses Jupyter's server architecture to
host a browser interface to an integrated
development environment (IDE) on Zynq

Jupyter notebooks,
browser-based interface

PYNQ runs JupyterLab on
/Zynq’s Arm microprocessors

JupyterLab
server

Hardware & C-drivers wrapped
IPython kernel ﬂ in Python (hybrid) packages

Ubuntu-based Circuit |
linix ircuit overlay
Arm Programmable

microprocessor logic

™ ¥ o

ZYN

Wraps FPGA Circuit & Drivers in Python Package

ann
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Vidéo présentant la carte

* Lien pour partir la carte la premiére fois : https://youtu.be/RiFbRf6gakK4?si=i4iXrlpsfkO4iEhY
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https://youtu.be/RiFbRf6gaK4?si=i4iXrlpsfk04iEhY

Pour flasher la carte SD

* Télécharger I'image dans : https://bit.ly/pyngz2 v3 0 1
* Brancher votre lecteur de carte SD (avec la carte a I'intérieur)
e Utiliser logiciel balenaEtcher ou Win32Disklmager pour télécharger I'image sur la carte.
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https://bit.ly/pynqz2_v3_0_1
https://etcher.balena.io/
https://win32diskimager.org/

Pour premier allumage :
configuration des cavaliers

Utiliser le cable USB a micro-usb Utiliser la carte SD

Boot
mode

setting

Power

supply
setting Set to “USB
© Copyright 2018 Xilinx
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Pour premier allumage : prépare et brancher la carte SD

. . Brancher la carte SD
Préparer la carte SD avec une image de base

s SD card

partially
inserted

| Micro SD
card slot g

Go to pyng.io for instructions on how to prepare a Micro SD card

Vous pouvez maintenant connecter la cable micro-usb dans u
prise USB pour allumer la carte

%3y POLYTECHNIQUE INF3500 : Conception et réalisation de systémes numériques
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Pour premier allumage : séquence de lumieres

Attention, le processus de Boot peut étre long.

Done LED
(Bitstream loaded)

Power L
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Connexion a Jupyter par http

Q L'IP statique par défaut de la Pynq est :
192.168.2.99 (port 9090)
s— |
jupyter ‘

e . — Jupyter Logou
Configurer la carte réseau de l'ordinate Sur un navigateur WEB

Files Runnin g Clusters
comme Surt > For board connected to computer Select items to perform actions on them. N —
' Obtain an IP address automatically . X i
>>
S e b iFirhiean http://192.168.2.99:9090 K
H mg= O Examples
Ao .63 « 4 > Password: xilinx
Subnet mask: 255 .255.255. 0 0 slides
& Welcome to Pynqg.ipynb
Default gateway: ‘ ’ :
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Transfert fichiers par http

Répertoire
Files Running Clusters Nbextensions C r-é e po u r
Select items to perform actions on them. Upload || New || & m ett re d es

[Jo - Name < | Last Modified File size
[J [ base ilya2ans Scrlpts par
[J 3 commeon I
[J O geyr_uplogd ilya2ans exe m p e
[ [ getting_started ilya2ans
O [ logictools ilya2ans
[ [ pyng_peripherals ilya2ans
0 & Welcome to Pyng ipynb Actif il y a 2 ans 1.9 kB
Files Running Cluskers MNbextensions
Select items to perform actions on Yhem. Upload | New~ || &

[J0 - Wmi gcyr upload Name & | Last Modified File size

0 |temp.txt Annuler
[ il'y a quelgques secondes

La liste des notebooks est vide.

rooti@pyng: /home /xili upyter notebooks/gocyr uploadf ls
temp.txt
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Transfert de fichiers par SAMBA

» |[Réseau » pyng * xilink » jupyter_notebooks
Y
, - . " Ifom Muodifié le Type
lﬂi&] Windows Security l—a—J
7 - Apynb_checkpoints 2022-10-21 19:31 Dossier
(€] /9’:"m v | 43 || Search pyng L g . . pyni_ P

- Enter Network Password e e .
) base 2022-10-22 0741 Dossier

Organize v Search active directory ~ » Ss v 1 @ Enter your password to connect to: pynq e .
common 2022-10-22 0741 Dossier

{ Favorites ki A A A e e .
e ilinx cyr_upload 2022-10-21 20:32 Dossier

|

‘ ‘ xilinx

G|

- . < —— . - Ao B
- Libraries | | getting_started 2022-10-21 19:32 Dossier
¢| Documents st . - PR .

Domain: XLNX logictools 2022-10-21 19:35 Dossier

¥

@' Music = {7} Remember my credentials - TN T AT :
& Pictures pyng_peripherals 2022-10-22 0743 Dossier
EVideos | 1\"'|" . I A0 T P S
elcome to Pyng.ipynb 2022-10-21 19:31 Fichier
’Inmnasmamcmd yna-py

1% Computer — J

P ®9 The system detected a possible attempt to compromise

M Network security. Please ensure that you can contact the server that
1% pynq = authenticated you.

s L 1 item

. [ OK ] { Cancel

root@pyng: /home/xilinx/jupyter notebooks/gcyr uploadf ls -1
total 12
—rw—r——r—— root . 3 Oct

[
[
M

[=a]

compteur gray.py
eth0 bk

led flash.py
temp.txt

oy

—EW—r——Ir—— root

00:

—rw—r——r—— root

(=]
(=]

S5 L FE Ry L
o]

=]
=]
o

b

—ErwW—Xr——r—— root

: 3 POLYTECHNIQUE INF3500 : Conception et réalisation de systémes numériques
4. MONTREAL Présentation de la carte Zynq




Ouverture d’'un Terminal : par http

Avec un cable Ethernet

Upload | New | o ~ Jjupyter Logout

root@pyng: /§

Mame : .
Python 3 (ipykernel)

Text File
Folder

Terminal

ilya2ans

Actif ilya 2 ans 1.5kBE
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Ouverture d’un Terminal : par Putty

Avec le cable micro-usb a USB

I Entrées et sorties audio
= Files d'attente 3 l'impression :
™ Fournisseur d'impression W5D
i Gestionnaires de connecteurs USE
= Imprimantes
i Interfaces Homme-machine
= Lecteurs de disque
i Microprogramme
3 Moniteurs
3 Ordinateur
-iz Périphérique d'acquisition d'images
7 Périphériques de sécurité
B Périphériques logiciels
i3 Périphériques systéme
5 Ports (COM et LPT)
& USE Serial Port (COM4)
[ Processeurs
[!a Souris et autres périphériques de pointage

MONTREAL

ﬁ PuTTY Configuration

Categary:

= Teminal
- Keyboard
- Bell
- Features
= Window
- Appearance
- Behaviour
- Translation
+- Selection
‘.. Colours
=1 Connection

.. Data

About Help

Basic options for your PUTTY session

Specify the destination you want to connect to

Serial line Speed
[comy | 115200
Caonnection type:

()55H (@ Seral (C)Cther: | Telmet

Load, save or delete a stored session

Saved Sessions

Default Settings Load

Save

Delete

Close window on exit:
() Mways (O)Never (@ Only on clean exit

EF COM4 - PuTTY
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Pour changer le nom d’hote

>hostname.sh new_hostname
>shutdown —r now

tha —_ O X
Home X root@pynq: /home/xilinx X
C 00 | D pynq < I~ O 5
J U pyter Logout

root?gynq:/home/xilinx# which pynq hostname.sh
/usr/local/bin/pyng_hostname.s

root pyng:/home/xillnx# pynq_hostname.sh new_hostname
The board needs a restart to update hostname

Please manually reboot board:

sudo shutdown -r now

root@pynq: /home/xilinx# shutdown -r nowj]
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Pour voir les configurations IP

Ef* COM4 - PuTTY — O >
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