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“People who are really serious about software
- should make their own hardware.”

L TR
bagbes )
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Python for Embedded/Edge Systems @Hm P Gooo(‘

PyCon China 2020 | PYTHON REFREXR 2020

Top Programming Languages,
IEEE Spectrum, July’18

Language Rank Types
1. Python & UE

. C++ mmE -
e nos Millions of developers

First time that Python On_.ta I.’get development

was listed as an Rapid iteration cycles

_ embedded language Huge ecosystem and community

. R Interoperability with C/C++

. JavaScript Agile hardware & software codesign

. Go Portable code
10. Assembly &

Benefits of Python in Embedded/Edge Apps

https://spectrum.ieee.org/at-work/innovation/the-2018-top-programming-languages

Python is the fastest growing language: driven by data science, Al, ML and academia
.., & 2020




Assumptions @«m For Goooll

PyCon China 2020 | PYTHON AR XS 2020

 Everybody knows some Python and Linux

- Have heard about Raspberry Pi and Arduino

- May be familiar with Jupyter notebooks and JupyterLab
« Are interested in exploiting cool hardware

 Keen to learn more awesome things
that you can do with Python!

g 2620



« Motivation: Platform Evolution

« Opportunity: Zyng Programmable Platforms
* Inspiration: Python and Jupyter

* PYNQ Framework

« Cases study: PYNQ in Action
» Next steps

© Copyright 2020 Xilinx



Platform Evolution @tbon For Good

PyCon China 2020 | PYTHON REFREXR 2020

Raspberry PI ";Lﬂipf. | Arduino

Desktop Linux on Arm Microprocessors Low-level, ‘bit-banging’ microcontroller

EE FPGA | ‘o il Field Programmable

LY FPGAs ]

T o Gate Arrays

Fast, parallel, customizable logic

g 2620




Example of a Raspberry Pi and FPGA Hat @tﬁm For Gooo(‘

PyCon China 2020 | PYTHON REFREXR 2020

http://linuxgizmos.com/beaglebone-raspberry-pi-gain-fpga-expansion-boards/

., /22650



http://linuxgizmos.com/beaglebone-raspberry-pi-gain-fpga-expansion-boards/

Field Programmable Gate Arrays (FPGAs) @-&bofx Ef Goool‘

PyCon China 2020 | PYTHON REFREXR 2020

Unprogrammed ‘Programmed’
configuration memory configuration memory

Unconfigured ‘Configured’
logic circuit logic circuit

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

PyCon China

2020




Zynq: Integrating Microprocessors, Microcontroflers
and Programmable Logic % 5" Good

PyCon China 2020 | PYTHON REFX¥ A% 2020

Systems-on-Chip integration

/Zynqg Programmable Platform integrate

Arm microprocessors

Programmable logic (FPGA)

High-speed, programmable |O

As many ‘soft’ microcontrollers as needed
Fast connections between components

g 2620



ZYNQ and ZYNQ UltraSCALE* Prcson or Good|

PyCon China 2020 | PYTHON REFX¥ A% 2020

Best-in-class, All Programmable SoCs

ZYNQ 7000 ZYNQ UltraSCALE*

Processing System

Static Memory Controller Dynamic Memory Controller Programmabls _ = ; e = e v Hi
Quad-SPI, NAND, NOR DOR3, DDR2, LPDDR2 3 App on Pr it G C Unit L OUR igh
Logic: — . - Speed

System Gates, R
DSP, RAM Quad ARM Cortex™-AS3 ARM Mali™- 400 MP MRUL, Display Port

Floating Point Unit ECC Support USB 3.0

32KB 3248 Memo Geomelry 2 Pixel
I-Cache D-Cache Managen?em | Processor | Processors SATA3.0

with Parity with ECC Unit

Memory Management Unit : PCle Gen2
SCU | GIC | CCUSMMU | IMB L2 Cache/ECC ;
: 64KB L2 Cache PS-GIR

- e

U LA

¢ b Configuration Gigabit Ethernet
Point Unit AESD: y CAN

Vector Floating
Memory Protection Authentification ) 12¢
Unit and Secure Boot DMA, Timers, UART
WDT, Resets,
128KB TCM . ; Clocking USB 2.0
with ECC | withECC | with ECC TrustZone System and Debug b
‘ 81 Moapwent Quad SPINOR
Voltage/Temp NAND
Monitor SD/eMMC

2x
UART
GPI0
2xSDI0

Multi Standards V0s (3.3V & High Speed 1.8V)

. with DMA .
2xUSB
ith DMA

Dual ARM Cortex™-R5

Muiti Standards 1/0s (3.3V & High Speed 1.8V) Multi Gigabit Transceivers

Programmable Logic
Storage and Signal Processing High Speed Connectivity Video Codec
Block RAM General Purpose 10

GTH 100G EMAC

FPGAs and tightly-integrated CPUs enable entirely new opportunities
% 2020

>> 10




ZYNQ-7000

Processing System

Static Memory Controller
Quad-SP1, NAND, NOR

Dynamic Memory Controller Progl’ammabb
DDR3, DDR2, LPDDR2 .
LOQIC:

System Gates,
DSP, RAM

Multi Gigabit Transceivers
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Platform Comparison Summary @-&hOn For Gooo(‘

PyCon China 2020 | PYTHON REFRN X% 2020

Raspberry Pl Arduino

Arm Application

. YES NO
Microprocessor

Real-time

. NO
Microcontroller

Integrated

Programmable Logic NO NO

Linux YES NO

CPython Ecosystem YES NO*x*

* Multiple soft microcontrollers in programmable logic

** More limited MicroPython and CircuitPython options are available

g 2620




Zyng in Embedded/Edge Applications @ebon For Goool‘

PyCon China 2020 | PYTHON RINFREXR 2020

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
processmg, control, projects
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PYNQ' ython for Embedded and Edge Applica@n&z 75/- Goodd

PyiRIS SElemhighity

Data Scientists

: dded softwa
=/ | Engineetpbedded software
Engineers

Hardware
Engineers

Hardware
Engineers

PyCon China 2020 | PYTHON REFREN AR 2020 |

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

g 2620




What is PYNQ? /JOn Ef Goodl ‘

nChina2020 | PYTHON :EFRE AR 2020

t is not a product

t is an open-source framework which enables improving
oroductivity on Xilinx ZYNQ-based design and verification by
using other appropriate open-source resources

« GitHub for repository

« JupyterLab and Jupyter Notebooks for data and code entry, execution of
code, and viewing output

« Readthedocs for documentation
« Linux as underlying OS
 Python as a coding language

« Of course, it uses Xilinx FPGAs — ZYNQ and non-ZYNQ

g 2620



Python Productivity for Zynq @'&bofz Ef @oooll

Jupyter notebooks,
browser-based interface

Jupyter web
server

IPython kernel

PyCon China 2020 | PYTHON REFX¥ A% 2020

PYNQ enables JupyterLab

/ on Zynq and ZU+

Hardware C-drivers wrapped
ﬂ in Python packages

Ubuntu-based
Linux

Overlays/designs

Most competitive, open
and advanced GUI ARM A9 / A53

HTML CSX JavaScript

EE

PyCon China

2020




N[OMlis a Framework

Jupyter

o~

4 Software )

(" Hardware )
o VIVADO!

i

Applications

Hardware

\ )
Jupyter/ h
IPython ('[{ PYNQ notebooks ]
(matplotlib] ( NumPy ) (scikit—learn] -——- )

~ N )
Python .
[‘(.[ PYNQ libraries ] ( dma )

\-[ PL M cPi0 M Interrupt { MMIO ]—[nbcma.so)/

Linux Kernel

mgjr?:g?er sysgpio]—( uio Hdevmem)—( xInk
( ovi intr )
{ axi_intc | \

Al
N )

hY
user designs ] PYNQ overlays )

E[_[ PYNQ IP; ‘ ] Yy

@Hm For Good ‘

PyCon China 2020 | PYTHON RINFREXR 2020

Drivers

Bitstreams

g

PyCon China

2020




PYNQ-enabled boards Mo ZYNQ

PyCon China 2020 UltraSCALE-I_

> Python productivity for Zyng > Downloadable SD card image
>> OQpen source >> Zynq 7000

>> Build image for other Zynq - PYNQ-Z1 (Digilent)
boards - PYNQ-Z2 (TUL)
> Zynq Ultrascale+

— ZCU104 (Xilinx)

ZYNQ™

UltraSCALE+

PYNOQ-71 S PYNO-Z2 7CU104

PyCon China

2020




PYNQ-enabled non-zynq board: Alveo @#600 For Goool‘

BN (N 7F 2 8 K & 2020

Alveo Getting Started Guide

* PYNQ runs on Alveo Accelen [ e oo

ol = pyng.Overlay("intro.xclbin™)
vadd s

 High-level APIs for hardware P —
« Simplify design installation e

in2 ¥
out 3

Help Sponsor Login Register

Filter by classifier 12 projects for "pyng" Orderby | Relevance

Framework
pyng 2.5.3 Jun 25,2020
Topic (PY)thon productivity for zy(NQ)

Development Status

# sei

License pyng-alveo-examples 1.0 Feb 21,2020
Introductory Examples for using PYNQ with Alveo

¥ XILINX [ inl Y

Uso &, ALVEO. in2 §

Programming Language

Operating System resnet50-pynq 1.1 Apr 15,2020

Quantized dataflow implementation of ResNet50 on Alveo

# cal
vadd

Environment

Intended Audience

fivepoint-pynq 1.0 Feb 27,2020
5-point Relative Pose Problem for PYNQ

# gef
out. 3

In*rrrrrrre—

Natural Language

O 0 0 0 OO O 0 0 O

Typing

pyng-compute-labs 0.2.2 May 30, 2020
Package for the PYNQ Compute Acceleration Labs

pip install]

pyng-fccm-2020 0.2.0 May 11, 2020

o Package for the PYNQ Labs at FCCM 2020
Once that is g R

pyng-helloworld 2.5.2 Mar 9, 2020

pyng get-nol . .
PYNQ example design supporting edge and PCIE boards

pyng-dpu 1.1.2 Jun 19,2020
PYNQ DPU Overlay using Vitis Al




IIJupyter Notebooks to JupyterLab IDE

PyCon China WFRE AR 2020

FARETR | Next-generation Integrated
A o i Development Environment

Browser-based GUI

e _ Multiple re-sizable frames
showtherestt | in one browser window

Completely extensible

Jupyter Notebooks are
one of many plug-ins

Jupyter notebooks Visualization in JupyterlLab

o 22020




Embedded Configuration Portals ...

B start

B HP Laserset 400 MaOige X | - o X

nlnlnlnm=

555 =
§§5§§ H

’%i&‘

IEr ER
88 3
l;éﬁyi
3
1

We are familiar with embedded servers hosting
browser interfaces for product configuration

@-&/wn E/- GOOO‘

PyCon China 7020 | oYTuU~y shiRF RN AR 2020
JCTCUUCTCU | J

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

PyCon China




PYNQ" raps FPGA Circuit & Drivers in Python@ﬁka& Goool|

PyCon China 2020 | PYTHON REFRE AR 2020

PYNQ runs JupyterLab on
—— Zyng’s Arm microprocessors

JupyterlLab
server

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

Ubuntu-based

Linux Circuit overlay

Jupyter nOtEboc.)kS' Arm Programmable
browser-based interface microprocessor logic

ZYNG

g 2620



ENeEDemo Set-up @t/wn For Good ‘

PyCon China 2020 | PYTHON REFX¥ A% 2020

PYNQ-Z2 Development Board

Zyng Programmable Platform

g 2620



¥ New Tab

Apps — Jupytertab () Xiling/PYNQ-DL: Xi [ PYNQ - Python pro Master

Gmail Images

Deskiop " i o W e




Installing Software and Hardware with PlP@&bOn For Goodl

PyCon China 2020 | PYTHON REFREXR 2020

Signin o Signup () restures Business Explore  Marketplace  Pricing Signin - Sign up
© Ureesich +

HoT-SPYN @ Unwar+ | 10 ‘
Owach 5 ks 25 Yrok 9 & Xilinx / PYNQ- Ouwsn | 10| s 2

QNN-MO-PYNQ
filter2d and didat

. spyn.ipynb P the | Copy pam
Findfie | Copypoth
. n GitHub today
Gitttub s
and

master = QNN-MO-PYNQ / notebooks / dorefanet-imagenet-samples.ipynb

8j6rm Gottschall ol

© B Row Bome  Hatory
sranch masees = | PYNQ-DL / o Fratie |

3. Open image to be classified
npurusho updar re

Pick the random image from the imagen age + correct class) and apply preprocessing transformation before

Resizing an image

This reference cesign s how torun a nimage on the FPGA

Hardware

A simplfied block diagram is shown beio

AXI_HP_0

AX|_GP_D
LGP AXI Interconnect

PROGRAMMABLE
ANY MACHINE

ANY MEDIA
B

Resize IP
.

Download a design from GitHub with a single Python command:

pip install git+https://github.com/Xilinx/pyng-helloworld.git

g 2620
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Load the resizer Hybrid Package @-&/JOII For Gooo(‘

PyCon China 2020 | PYTHON REFREXR 2020

from pynq import Overlay
resizer = Overlay(‘'./resizer.bit’)

Processor System Programmable Logic

Arm
Cores

g 2620




age Resizer

Display the image to be resized

input_image = Image.fromarray(input_array)
display(input_image)

Original image size
old_width, old_height = original_image.size
Image size: 64@x360 pixels.

Resizing

Setting image resize dimensions

resize_factor = 2
n
Using resize() method from the PIL library

Pick one nearest pixel from the input image. Ignore all other input pixels.

Display resized image

output_array = np.array(resized_image)
result = Image.fromarray(output_array)
display(result)

Resized image size

width, height = resized_image.size

Resized imsge size: 320x180 pixels.

print("Image s x{} pixels.”.format(old_width, old_height))

ith, new_height = int(old width/resize_factor), int(old_height/resize_factor)
We map multiple input pixels to a single output pixels to downscale the image

The Python Imaging Library provides different resampling filters. We use the default: NEAREST

resized_image = original_image.resize((nen_width, new_height))

print("Resized image : {3x{} pixels.".format(width, height))

I | Software only resizing

Display the image in buffer
Note : The input_array has to be copied into the contiguous memory array(deep copy).

In [10]: | in_buffer[@:69120@] = input_array # in buffer size = 640*360*3 (height x width x depth)
buf_i ge.fromarray(in_buffer)

El’ Gooo(‘

PYTHON RRF RN X @ 2020

: {3x{} pixels.".format(old_width, old_height))

Image size: 64ex36@ pixels.

Run the Resizer IP

Now we will push the data from input buffer through the pipeline to the cutput buffer.
Providing scalar inputs and running the kernel

Python Shared
ARM Local Physical | DRAM

Memory  Memory

AXI_GP_0 I tAXI HP_O

AXI Interconnect AXI Interconnect

Resize IP

In [11]: e '.) i d DY using W ream i ta to
s data l
@, old_hei

def run_kernel():
dma. sendchannel.transfer(in_buffer)
dma. recvchannel. transfer (out_buffer)
resizer.write(oxee,oxs1) # start
dma.sendchannel.wait()
dma.recvchannel.wait()

run_kernel()
t = Image.fromarray(out_buffer)

result)
sized in Hardware(PL): {}x{} pixels.".format(new_width, new_height))

g 2620

Resized in Hardware(PL): 32ex18e pixels.



Case Study - Industrial Controls lloT @{'/IOII For Gooo(‘

PyCon China 2020 | PYTHON REFREXR 2020

Zyng 7000 w/ AWS FreeRTOS

Targets limited resource devices
Often bridge physical & digital domains

Zyng US+ w/ Linux & Greengrass

Targets more capable embedded devices

Brings together control action & local :
analytics

Motor
Analytics
Video ML

Capture
Motor Control
Video
Surveillance
(ML)

:
|

! B

FPGA

Zynq Ultrascale+
(Ultra96 Board)

:

Unit
Controller

Sensor
Processing
Sensor
Interfaces
Actuator
Interface

> FPGA

—> Zynqg 7000
(MicroZed Board)

Intelligent
7e Intelligent

g 2620
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PyCon China 2020 | PYTHON REFREXR 2020

FELR|PYNQ-DPUEERTRIATEREFEBRLGE

PYNQFTIRTX

XILINX

EEXilinx, AWSiEESpline Al BEHE T HEXS LS 2R EFERINSEigt. HPA
30,0005k Az B {f0s005kCcoOVID-19BE RIS FEF>EE , NMZ T HEENSFNE
B ZllEHEEREREaFZEEF DR, TERAFOHEE TFREANLERRINET
. ¥ FHEEMS, #2SEHESHE, SGRRBXTHES.

g1t FAAmazon SageMakeriBTI[&h , HEAAWS loT GreengrassM ZEFE R0 4, TEihH:
fUF AVITIS ALHITEE , EFPYNQBIEIRMPYNQ-DPUTILL IR AT IS F S50F . MMM
T RS, sHhilEMTEAREH.

£FPYNQ-DPURILIE T (IPU-PYNOS FE T M ! !

ZFAWS loT Greengrassa] L& 4 FF CIE ' EZCI0 PEERR B -LlGr eengras= f »

LAT, [ AT covID- 1989555 7 BRT-PCREGICAT B3 S EEHER . ERT-PCRE
—#*ﬁ&%ﬁﬁﬁﬁ BELEIFEiHs. RT_PCRETHRESEMERBMEE, 2B Y
iy . TERXIREALERE), MFEIRBH R, NHRELRE (fﬁJizDCT?EI?mﬂX%T*i) B 5
fncoviD-10BdEE B Al .

FHEETVitis-Al. ZCU104%iFFEF1AWS-10T GreenGrass, H dVitis-AIFFCoOVID-
19REFIER MRS . E0NEF, BEREIRAHDPUTETH.eIfXX#; ZCUT1045EF
858 AE T X-RayE B HICOVID-19 CNNTELR ez F{EAWS-10T GreenGrassf)il &5t H/i%

» FEALCOVID-1981AERITET R .

B ZFEFVitis-AIFEF B AUbuntu T4, BiY{FEAUbuntu16.04, BEEFHRSIIMRERT

CNNEFEFHEENE, RERZTEE
? PyCon China
% 2020
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ps7_0_axi_periph

Canal 0 rst_ps7_0_100M
Canal 1
Canal 2 slowest_sync_clk mb_reset gas_nn

Canal 3 ext_reset_in bus_struct_reset{0:0) t—— ARESETN "=n

Canal 4 aux_reset_in peripheral_reset(0:0] *-}—=— SO00_ACLK l—&l MOO_AXI + 4 s_axi_AXiLiteS

Canal 5 mb_debug_sys_rst interconnect_aresetn{0:0] — SO00_ARESETN NN ap_clk |: :I
Canal 6 dem_locked peripheral_: - |—=— MO00_ACLK ) ap_rst_n '
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Normalized sensor readings

T
=]
N

Normalized concentration

T
=]
-

Canal 8
Canal 9
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Canal 12

Processor System Reset

processing_system7_0

DDR +
FIXED_IO +

AXI Interconnect

Gas_nn (Pre-Production)

{O DDR

{D FIXED_IO

USBIND_O +

Canal 13 M_AXLGPOACLK  ZYNQ M_AXI_GPO + i
Canal 14 FoLK L

T
o
o

FCLK_CLKO
7250 7500 Canal 15 FCLK_RESETO_N
Time (s)

ZYNQ7 Processing System
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PYNQERS - https://github.com/Xilinx/PYNQ @H’O F# e 0‘|

PyCon China 2020 | PYTHON REFRE AR 2020

pynqg - PYNQ packages B
+ Python APl modules

O Xilinx / PYNQ @ Watch~ | 104 ¥ Star

boards - fx=FTHISE o |om® franems G B Qe e

Python Productivity for ZYNQ http://fwww.pyng.io/

» Vivado T#&, bitstreams

.
[ Pet I I n l I X B S P S D 1636 commits ¥ 8 branches (10 packages 12 releases 22 41 contributors gz BSD-3-Clause

O I Branch: master = | | Mew pull request Create new file | Upload files | Find file Clone or download ~
verlays :

L. yunqu small improvement to sdbuild flow (#992) v Latest commit 9c2e@ed 2 days ago

—
L l 155 U I l Ote b O O kS Bl .github/ISSUE_TEMPLATE Update issue templates (#881) 6 months ago
/ \ [ boards . . t . . . )

revert back spi.c to fix spi read issue (#933) 5 months ago

° B docs small improvement to sdbuild flow (#932) 2 days ago

. S d b u I | d _— PY N Q*g*g*ﬁ ; :I1¢ I pyng docs update for 2.5 (#954) 5 months ago
il sdbuild small improvement to sdbuild flow (#992) 2 days ago

I d f. I [E) .gitattributes Initial SD build refactor 2 years ago

Py n q re a te m eta I e S [E] .gitignore ignoring thumbs.db 4 years ago

[E] .gitmodules Add the embeddedsw repo as a submodule 2 years ago

.
M a kefl I e, to g e n e ra te [E] CONTRIBUTING.md update contribution guidelines (#807) 12 menths ago

[E) Jenkinsfile Refactor Jenkinsfile to use shared library (#915) 5 months ago

SD card image, boot files, sysroot, Petalir -«

[E] MANIFEST.in Enable Ubuntu 18.04 host support (#374) last month

.
S C r I p t S [E] README.md Update README.md and changelog for v2.5 (#959) 4 months ago

[E] THIRD_PARTY_LIC First Pass of XRT support for PYNQ (#913) 5 months ago

[E build.sh remove hdf as requirement (#936) 5 months ago

« pandas. Jupyter. python packages, etc

) setup.py add libaudio to zyngmp devices (#946) 5 months ago

g 2620



https://github.com/Xilinx/PYNQ

Python overlay API @kﬁOﬂ Bor Good

PyCon China 2020 | PYTHON REFRE AR 2020

» PYNQ Overlay class supports basic averlav fiinctionalitv

. from pyng import Overlay
° ReCIUII‘es TCl/HW_I overlay = Overlay ("pyngtutorial.bit")

» Allows download, and overlay discove = -
¢ ASSig nS defaUIt C rivers tO IP class Overlay(pyng.pl.Bitstream)

| Default documentation for overlay pyngtutorial.bit.

° Read() and Write() access to IP address Sp' I attributes are available on this overlay:

| 1P Blocks

| axi_dma_from pl to ps : pynq.lib.dma.DMA

| axi_dma_from ps to pl : pynq.lib.dma.DMA

| btns_gpio : pyng.lib.axigpio.AxiGPIO
| mb_bram ctrl 1 : pyng.overlay.DefaultIP

| mb_bram ctrl 2 : pyng.overlay.DefaultIP

| rgbleds gpio : pyng.lib.axigpio.AxiGPIO
| swsleds gpio : pyng.lib.axigpio.AxiGPIO
| system_interrupts : pyng.overlay.DefaultIP

overlay.rgbleds gpio.write (0, 3)
overlay.swsleds gpio.read ()

g 2620




ZYNQ PLSPSECEH Phcson Bor Good|

PyCon China 2020 | PYTHON REFREN AR 2020

> AXI General Purpose ports
>> 2X Master (32-bit)
>> 2X Slave (32-bit)

> AXI High Performance

>> 4x Slave (64-bit)
- 1K FIFOs

> ACP
>> 1x Slave (64-bit)
>> Cache access

> GPIO (EMIO)
>> Wires (64)

g 2620



@-&/wn E/- GOOO‘

PyCon China 2020 | PYTHON REFREN AR 2020

Overlay IP

> AXI (Lite) Slave IP

>> General Purpose ports
Zynq PS Overlay IP >> Typically lower performance IP

ACP Ports -> AXI HP/ACP

>> Typically higher performance P
Zynq PS Overlay IP

> AXI Stream
HP/ S AXI4 Stream(s) )
m >> HP/ACP ports for data path
>> GP slave for control

Overlay IP > GPIO

“ >> Control type data
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> MMIO (pyng.mmio)
>> Memory Mapped Input Output

>> Register based memory mapped
transactions

> XInk (pyng.xInk)

>> Memory allocation (used in DMA or
for AXI Master peripheral)

> DMA (pynq.lib.dma)

>> Direct Memory Access

>> Offload memory transfers from main
CPU

> GPIO (pyng.gpio)
>> Read/Write GPIO wires

Branch: image v2.3
Wb
B notebooks
M overlays
I tests
El _init_.py
Bl gpio.py
E interrupt.py
E mmio.py
E overlay.py
=] plpy
| pmbus.py
| pspy
[E] uio.py
E xInk.py

PYNQ / pynq /
Add missing impor
rename usb_wifi foi
Changes to discove
V2.0 pytests (#409)
refactor uio from in
Fixed EMIO GPIO o
refactor uio from in
Avoid unaligned ca
allow overlay to use
fix pl.py to handle »
Add first pass at PN
only check ARCH o
refactor uio from in

fix staticmethod (#¢

enon Tor Goodl |
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| Branch: image_v2.3 | PYNQ / pyng / lib /

W _pynq

B arduino
M logictools
| pmod

B pyngmicroblaze
i rpi

I tests

i video

[E _init__py
[E audio.py
[E) axigpio.py
[E button.py

[E dmapy

Update DF

remaove py

update lac

remove Co

Make ipytl

add bsp fc

V2.0 pytes

Add missir

rename us

Ui autom

Fixing a pe

Initial Rest

remove py

&
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PYNQiIZ - MMIO3E

> Import MMIO

> Define memory mapped region
>> BASE_ADDRESS: starting location

>> ARRAY_SIZE: length of accessible memory
(optional, default 4 bytes)

> Read and Write 32-bit values

>> ADDRESS_OFFSET: Offset from
BASE_ADDRESS, should be multiples of 4

>> Need to ensure the memory can be
read/written

@-&bOn For Good ‘

PyCon China 2020 | PYTHON REFREXR 2020

from pynq import MMIO

BASE ADDRESS = 0x40000000
ARRAY SIZE = 1024

mmio = MMIO (BASE ADDRESS, ARRAY SIZE)

data = 0x12345678
ADDRESS OFFSET = 0x10

mmio.write (ADDRESS OFFSET, data)
result = mmio.read (ADDRESS OFFSET)

print (hex (result))
> 0x12345678
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> Memory managed by Linux
>> Virtual

> Memory must be allocated before PL Master can access it
>> PL needs the physical address of a memory buffer

> XInk can allocate (contiguous) memory buffers (using NumPYy)
>> Maps virtual and physical addresses
>> Contiguous memory is more efficient/allows simpler DMA logic
>> Array can be specified as NumPy data type, and size/shape

> Once buffer is allocated a DMA can be used to transfer data between PS/PL

> DMA class uses XInk for memory allocation
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> Import Xink

> Allocate contiguous buffer
>> cma_array()
>> Returns Linux virtual address

> Get Physical Address

>> .physical address

>> Can be used by PL to access DDR

(Linux) memory

> Read/write buffer

@-&/wn E/- GOOO‘

PyCon China 2020 | PYTHON REFREXR 2020

MEMORY SIZE = 10

from pynq import Xlnk
import numpy as np
xlnk = Xlnk()

input buffer = xlnk.cma array (shape=(10,),
dtype=np.float32)

phy addr = input buffer.physical address

for 1 in range(10):
input buffer[i] = 1

print (input buffer)
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> AXI Lite control interface (AXI GP port)
> Memory mapped interface (AXI interface, HP/ACP ports)
> AXI Stream interface (AXI stream accelerator)

> Transfer between streams and memory mapped locations
>> Paths from PL to DRAM and DRAM to PL
>> Memory Mapped to Stream (MM2S)/Stream to Memory Mapped (S2MM)

axi_dma From MM to stream

Control interface »
| - M_AXI_MM2Sdb |
i : From Stream to MM
I

= M_AXI_S2MMcp f:i
= hS_AXIS_S2MM =

From Stream to MM m M_AXIS_MM2Seb &=
_ L mm2s_prmry_reset_out_n

-m_axf_mmzs_aclk B ey reset out_n From MM to Stream
= m_axi_s2mm_aclk

) mm2s_introut
axi_resetn
<1 s2mm_introut

AXI Direct Memory Access
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> Direct memory access
>> Transfer data between memories directly
- PS-PL
>> Bypasses CPU
— Doesn’t waste CPU cycles on data transfer
> Speed up memory transfers with burst transactions

> Xilinx AXI Direct Memory Access IP block supported in PYNQ
>> Read and Write Paths from PL to DDR and DDR to PL
>> Memory Mapped to Stream
>> Stream to Memory Mapped

> Needs to stream to/from an allocated memory buffer
>> PYNQ DMA class inherits from xIlnk for memory allocation
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Create DMA instances

> Setup DMAs
from pyng.lib import DMA

> AI Iocate memory burfers dma ps2pl description = overlay.ip dict['axi dma from ps to pl']

dma_PSZPl = DM.’;(chna_psZpl_description]

> Start DMA transactions dma_pl2ps_description = overlay.ip_dict['axi_dma from pl to ps']

dma plZps = DMA(dma plZ2ps description)

DMA from DDR to Device

processing_system? _0_axi_periph
dma ps2pl.sendchannel.transfer (cma_array send)

DMA from Device to DDR

dma plZps.recvchannel.transfer(cma array recv)

AXI Interconnect

axi_mem_irtercon ;
axi_dma_from_ps to_pl — B pracessing_syster?_(
M_AXI_MM2S |1 . ..,.:m_.ml:lzl:lm_mqp i | s rpu_Firo_cRL m&:: | oo
S ALLITE M_AXIS M2Se {5 ais_data_fifo o —D

| FIXED_TO |—| ; FIXED_IO
i = - AX] Intercennect i | -
A ot Me ACCRES : i awi_mmem _interean_1
AXT Direct Mamary ACCess = ; axi_dma_from_pl_ta_ps =
= o - #mMDEDm-M% ZYNG7 Processing System
Zldks AXIS SIMM  sdmm_prmiry_resst_out LAY £ CEsSIng Syste
AXI Interccnnect

AXI4-Stream Data FIFO

AXI Direct Memary Access
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> Up to 64 GPIO wires from PS from pynq import GPIO

>> Tri-state GPIO.get gpio pin(0)

. = GPIO.get gpio pin(1l)
> Accessed from Linux

_ GPIO(btn gpio, 'in')
> Setup GPIO instance B GPIO(led gpio, 'out')
> Map to GPIO pin _btn.read()

>> Translated pin numbers to Linux GPIO number _led.write ()
>> get_gpio_pin()
> Read/Write

> Most appropriate for simple control
>> Set, reset, start, done ...
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@ PYNQ - Python productivity for - X = 4

Read the Docs

& C {0 @ Notsecure | pyngio

N\t

Home Get Started Boards Community Source Code Support

What is PYNQ?

PYNQ is an open-source project from Xilinx® that makes it
easier to use Xilinx platforms.

Using the Python language and libraries, designers can exploit
the benefits of programmable logic and microprocessors to
build more capable and exciting electronic systems.

PYNQ can be used with Zynq, Zyng UltraScale+, Zynq

RFSoC, Alveo accelerator boards and AWS-F1 to create high
performance applications with:

parallel hardware execution

high frame-rate video processing
hardware accelerated algorithms
real-time signal processing

high bandwidth 10

low latency control

Who is PYNQ for?

PYNQ"

Applications -
BN | | e N
e )

R ) oy )

Gy
o Ty L

 Drivers

+ Basteams

PYNQ is intended to be used by a wide range of designers and developers including:

Software developers who want to take advantage of the capabilities of Xilinx platforms without having to use

ASIC-style design tools to design hardware.

System architects who want an easy software interface and framework for rapid prototyping and development

of their Zyng, Alveo and AWS-F1 design.

Hardware designers who want their designs to be used by the widest possible audience.

Key technologies

Jupyter Notebook is a browser based interactive computing environment. Jupyter

@ python

notebook documents can be created that include live code, interactive widgets, plots,

explanatory text, equations, images and video.

= Jupyter

EE] PYNQ Introduction —Pythonpr X =+

&« C {} & pyngreadthedocsiofen/v2.5.1/

# Python productivity for Zynq
(Pynq)

Getting Started

@ PYNQ - This forum s for questic. X+

& C {} & discusspyngio

PYNQ™

Loest U 5) T

Category

Announcements
A place for sharing announcements about PYNQ.

Support

Post questions related to software framework
hardware/boards and overlays.

Community corner

Place to interact with fellow PYNQ developers. Share
your projects, infroduce yourself to the community, and
discuss things that you are interested in with PYNQ

Learn

This is the place to share and curate tutorials, workshop
material, guides, books, videos and more that might help
others leam about PYNQ

@ staff

Private category for staff discussions. Topics are only
visible to admins and moderators

&Lounge

A category exclusive to members with trust level 3 and
higher.

Topics

4+ New Topic

EVitis Al + P
B Support

m Support

Tweaking Base Overlay
bit Color Depth Gray Scale Image
B Support

Help with Z2 start-up
m Support

Converting
his:.stream=ap_axiu<64,1,1 1=> fo
his:Mat<>

m Support

= PWM on PYNQ_Z2 to a motor
B Support

Quick Porting of PYNQ using Pre-built
Images
N Learn

Makefile options

Docs

» PYNQ Introduction © Edit on GitHub

PYNQ Introduction

Xilinx
progr.

® makes Zynq® and Zynq Ultrascale+™ devices, a class of

ammable System on Chip (SoC) which integrates a multi-core

ssor (Dual-core ARM® Cortex®-A% or Quad-core ARM® Cortex®-
nd a Field Programmable Gate Array (FPGA) into a single integrated
. FPGA, or programmable logic, and microprocessors are

lementary technologies for embedded systems. Each meets distinct
ements for embedded systems that the other cannot perform as well.

ject Goals

ain goal of PYNQ, Python Productivity for Zyngq, is to make it easier
signers of embedded systems to exploit the unique benefits of Xilinx
s in their applications. Specifically, PYNQ enables architects,

gers and programmers who design embedded systems to use Zyng
s, without having to use ASIC-style design tools to design

ammable logic circuits.

achieves this goal in three ways:

pgrammable logic circuits are presented as hardware libraries called
grlays. These overlays are analogous to software libraries. A software
gineer can select the overlay that best matches their application. The
erlay can be accessed through an application programming interface
PI). Creating a new overlay still requires engineers with expertise in
signing programmable logic circuits. The key difference however, is

g build once, re-use many times paradigm. Overlays, like software
raries, are designed to be configurable and re-used as often as

v.github.com/xil o d board can be easily programmed in Jupyter Notebook using Python.
s - Q4 1 ek Ll o I h, .

g 2620




More Information on Supported Boards at pyn@emn EI- Gooo(|

PyCon China 2020 | PYTHON REFXN¥ AR 2020

How do | get started with PYNQ?

ey
';‘::;% 3 PYNQ™

I B | Introductory tutorial
% '% (_‘j "
o B %%%llial

Check the PYNQ Getting Find out about Read the PYNQ Try the PYNQ
Started guide supported boards documentation tutorial

Get involved

The full source code for the PYNQ project is available the PYNQ GitHub.
If you would like to get involved or contact the PYNQ team, you can post a message on the PYNQ support forum.
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Home Get Started PYNQ-Z1 Board

Community Projects

Tutorials and other resources

Example Notebooks

Community] Source Code Support

Tutorials and other resources

P\ PYNQ Tutorial

workshop

PYNQ~*

Introductory tutorial

P\ Video: Control custom
IP using GPIO

PYN
hos' VIVADO?

Quick Start

Introduction

HLS filter example PYNQ HLS tutorial
(FPGA Developer) (Dustin Richmond)

LEDs blink when ¢
boot sequence
comnlete
>

PYNQ-MLS Tuterial
>
@

Dauthe Rickescet

Video: Add existing IP
to a PYNQ overlay

X
T
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Accelerate FIR function
(FPGA Developer)

books contain live
smc

d as webpages, or




PYNQ Community

www.pyng.ilo/community.html

PYNQ respeaker
Xilinx University Program,
China

CC-Cam a PYNQ diffuser
camera
Southeast University, China

pr—

L5
oy =8

=~
"

Robot ARM

—_—
EINSEY £
(Bl $]4

PYNQ Controlled
NeoPixel LED Cube
Adam Taylor

PYNQ CV OV5640 PYNQ Sense Hat SNN simulator on PYNQ
Xili»nx University Program, Xilinx University Program, cluster
China China Jiangnan University, China

-apture

OV5640

Open Source RFSoC PYNQ S-Curve motion Ultra96 Facial Recognition
Spectrum Analyzer controller Deadbolt Using PYNQ
University of Strathclyde CalPolyPonoma Julian Bartolone

Mzhan Bastani, Nolan Chang, Atsushi

Domyo, Dzniel Kizito

PYNQ™ i

|I Strathclyde
L
\

Gaussian Naive Bayes N-Particle Gravity PYNQ RFSoC

NTUA Simulation on Ultra96 University Strathclyde
SGiorgas Tearios Rajeev Patwari, Nathalie Chan QPSK demo on ZCU111

King Choy
j iversity of
Strathclyde

Gaussian .
Naive | s [esmeme vy
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« The use of Python in embedded and edge systems is growing

« Programmable platf s ch as Zy nqE extend existing mlcroprocessor
microcontrollerand F pabllltle o enable moreTinnovative and
powerful designs

« PYNQ gpens up programmable platforms to Python programmers in a
Pythonic way

. PYN%enhances the productivity of hardware de5|]9ners and makes it

ossible for them to share their'programable plat

rm designs with the
muc larger Python community

« We invite you to explore the PYNQ framework and welcome contributions
to the open source PYNQ community
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THANK YOU




