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PYNQ™

> Python productivity for Zynq

An open-source framework for combining SW and HW libraries on Zynq
- Use SW libraries of Python language

- Exploit programmable logic and microprocessors using HW libraries

> Out of Box
Prebuilt SD card — Python, Jupyter, Ubuntu & Bitstreams
Python & Debian & Bitstream extensible

PYNQ marries data science software
and capabilities of zyng and
programmable hardware

PYNQ-Z1 — Eirst PYNQ supported board
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e
Jupyter Notebooks: browser-based development

... With rich, multi-media support

11111 1

Ty Al n «2| o Designed for
[vl: Noteboo spectrogram  Last saved: Mar 07 11:14 PM . .
« Interactive, exploratory computing

* Reproducible results

Simple spectral analysis

An illustration of the Discrete Fourier Transform

Xy _\\_“_'.—. ¥ k=0,...,N-1 b Ideal fOr
S B A o  Teaching and learning
e T i vae ot Rats ) | L PrOJeCtS and researCh

And we can easily view its speciral structure using matplotiib's builtin specgran routine:

In [2]: fig, (axi, ax2) = plt.subplots(1l, 2, figsize=(12, 4))

e  Provides
~ o : * Interactive design with Zynq
» application-oriented perspective

github.com/ipython/ipython/wiki/A-gallery-of-interesting-IPython-Notebooks

Where to find more notebooks

https://github.com/jupyter/jupyter/wiki/A-gallery-of-interesting-Jupyter-Notebooks
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e
Overlays aka hardware libraries — speC|aI bltstreams

3963 7367 = 0 eb32

MAILBOX_CMO_ADDR & @x@1 3039 2733 ’ 1 323a
Lbax_cn0_acor; 3900 6500 @ FEFF
ffff Ffff 6630

count i (eid & oot ren) 2> G 0631 ald®3 8031 41 9831 6109
_ft\co_v:=;a1. I tfof':\:“u- 4 0610 9330 el€ : P 8120
: 9 0020 0020 6 920 @ 0020
AR R Ty 0020 0020 0020 0C D20 @ 0020
return-1; c831 8108 8 i 0100
ff33 2100 05 41 34 0101

Sthids 6100 0032 8100 06 100 0032 c100

if (cmd & On@8)

i *) MAILBOX_ADOA; break;
uls *) MAILBOX_ADOR; b ki

Step 1: Step 2: e e v
Create an FPGA design for a class Export the bltstream and a C API
of related applications for programming the design

pisplay(){ 6Cc78 3963 7367 3232 3 00 rn300

d{0LED_Normal_Display_cmd);

b from time import sleep

from pyng import Overlay
0isplay(){ from pynq.iop import PMOD ADC, PMOD DAC
d{OLED_Inverse_Display_Cmd);

b ol = Overlay(“"base.bit")
ul tlownloadi)
i ing values from 0.6V to 2.6V with step 0.1V.

{ d.—u 1(1 ||I(i:|;||||("'l' 1 D« DAC (1 =~ 2): "))
SR ade_id = int{input(“Type in the PMOD ID of the ADC (1 ~ 2): "))

dac = PMOD_DAC(dac_id)
adc = PMOD_ADC (adc_id)

8,08,8);
g.a witch(A_GPID, A_GPIO, A_GPIO, for j in range(2):
A_GPIO, A_SDA, A_SCL, value = 0.1 * j
b _GPlo, D_&PI0, D_GPLIO, D GPIO, D_GPIO, dac.write(value)
D_GPI0, D_GPIO, D_GPIO, D_GPIO, sleep(0.5)
# ree adc.read(1,0,8)

Step 3: g e Step 4:
Wrap the C API to create a Python Import the bitstream and the Iibrary
library in your Python scripts and program

o read by DAC is: {:.af} volts mat(adc.read(1,0,8)[a]))
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A N
PYNQ Neural Network Application example

V — BNN on PYNQ X ‘ ‘ - _

192.168.2.99:9090/notebooks/BNN%200n%20PYNQ.ipynb -« u— Runs in Browser

: JUpytE‘f BNN on PYNQ (autosaved) P Logout

File Edit View Insert Cell Kemnel Widgets Help Mot Trusted ‘ Python 3 O

Binary Neural Network on Pynq

Note: All code is entered in browser window and run

Import the HW libraries for PL and Overlay

HW libraries for PL
In [ ]: from pyng import PL, Overlay /
Instantiate and download the classifier overlay _
Program Bitstream
In [ ]: classifier = Overlay("bnn.bit") /

classifier.download() #programs the Zyng FPGA
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PYNQ™

. Neural Network Application example

In [7]:

out[7]:

In [5]:

Import SW python libraries and open image to be classified

B it Ay Sl Import python SW libraries

im = Image.open( deer.png')
im

Launching BNN in hardware

class out=classifier.classify image(im)
print("Class number: {8}".format(class_out))
print("Class name: {@}".format(classifier.class_name(class_out)))

Inference took 22460.06 microseconds
Classification rate: 446.43 images per second

Class number: 4 -
Class name: Deer aammeell  ShoOw results and analysis
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e
Productivity level tools for Zyng

Python scripts & programs

|. C, C++ or SystemC W St
| ¥ F o B Interactive console Python Libraries
_ : Python-C
[; :| CPython Virtual Machine b)i/rt1dings
\
| or Verilo for IP
|__ ik *" . ] ’ Ubuntu core drivers
{ System IP Integration ‘ :_'_E_\f f'"" flt—- . .
IP drivers in C

l Post-bitstream-programmable overlay

S ‘
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Example PYNQ Project
FINN: Binary Neural Network Overlay on PYNQ

cat deer dog frog horse shi
)

—PHE-EEE

L [
FINN: A Framework for Fast, Scalable Binarized Neural n S m (=3 ﬁ r-' SVH N’
Network Inference m ﬁ ‘4 - m RO ad sign S
- / 5| oJ ’
. - =
Yaman Umuroglu't, Nicholas J. Fraser™, Giulio Gambardella®, Michaela Blott", = . 1 CI FAR-lO
Philip Leong*, Magnus Jahre', Kees Vissers’ . by ¥ &) |
“Xilinx Research Labs; 'Norwegian University of Science and Technology; ‘University of Sydney . < {1t - ‘

S ]

ABSTRACT

Image pre-processing
in Python

» Unprecedented image classification rates @ E'

» 1,000x speed-up over Raspberry Pi3

\ Binary Neural Network
J in FPGA & ARM CPU

E NTNU THE UNIVERSITY OF
Norwegian Universily of SYDNEY

Science and Technology

113 Cat”

https://github.com/Xilinx/BNN-PYNQ

Page 11

© Copyright 2017 Xilinx & XILINX » ALL PROGRAMMABLE.



e
“A high productivity tool for experienced FPGA

designers”

FPGA CPU News

Exploring Parallel Computer Architecture with FPGAs
GRVI PHALANX: FPGA ACCELERATOR FRAMEWORK HOPLITE: FPGA ROUTER AND NOC TOOLS

HOME ABOUT GRAY RESEARCH LLC

&ﬁ\mmm&"m&mmmmmammnmwﬂmmsﬁwaﬂ* mé&ﬁ%:hﬁ#ﬂ:}t&d
= ®i R 5 SR Apmantbe bt

http://fpga.org/2017/09/05/pynqg-as-a-high-productivity-platform-for-fpga-design-and-exploration

“Fellow FPGA designers, try Pynq. You'll like it.
Pyng makes exploring new FPGA ideas lightweight,

fresh, fast, easy, fun again..”

Jan Gray ... feedback on implementing 80 x 32-bit RISC cores on PYNQ-Z1
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PYNQ is completely open-source

Xilinx / PYNQ OUmach. 5t kUmar W Yrek 1n

T — "'iﬁjm-ﬂ. P
magme e Wew pullequeit r “ M -
g.. mjw g sth sl B ; : . = , E‘\W\?i\'g\ \:\‘:,ﬂ-:‘ :?z}\

- -
[ LR

o imge Home Get Started PYMNQ-Z1Board Community Source Code Support

o P . .
s - What is PYNQ? . -
PYNQ is an open-source project from Xilink® that makes it easy to design Y N O =

embedded systems with Xilinx Zyng® All Programmable Systems on Chips
(APSoCs).

Using the Python language and libraries, designers can exploit the benefits
of programmabdle kogic and microprocessors in Zyng to build more capable
and exciting embedded systems

PYNG wsers can now create high performance embedded applications with

Setting up your T "‘“__.a‘
PYNQ-Z1 w

= parallel hardware execution

= high frame-rate videa processing

» hardware accelerated algorithms
o = real-time signal processing
I u + high bandwidth 10
i = low latency control

The PYNQ-Z1 is the first Zyng board to suppart PYNG.

Who is PYNQ for?

Where to find more information

http://www.pyng.io
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PYNQ Team standing by...

Build something cool

O GitHub Contribute to Open Source

@ A
Contribute Reproducible Results
jupyter

e’

If not already a member, join the PYNQ support forum

http://www.pyng.io/support.ntml/
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DAC Contest reference design

DDR
N
gl
P PS side P ZYNQ
PL side
Batch size = 500 open and resize images inference

e Timer should start before opening the images and end after PS side
receives all detected coordinates.
e \Write to XML can be excluded from timer.
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Q&A
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