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'Three Big Trends

Explosion of Data

40 Years of Microprocessor Trend Data
1 >90% unstructured o | | P . | —

. . : ; H ; and ransistors
>Video & image content Y . - e saa (thousands)
>Needs higher throughput & real-time computin L asdmas

J gnp P J 108 | A .Aﬁ.‘.‘.« ..... | veeeeseeesseeennssanes | Single-Thread
5 = | dadA =t S Performance
b 2GBTS | (SpeaNTx 1)
2 Dawn Of AI 10° _AAA;‘.G. ‘IE .... I ...... § “.‘ ........... A Frequency (MHz)
| | ° . | ‘
> . . . : el - Typical Power
Adoption across all industries TS I I 3:;__:___,_ _____ BT i e

. . . . . : : v 4 ;

>Injecting new intelligence into apps o A - =" ,,'.f! 33: vy s,:;ii Number of
. AT = >>>>>>>>>>>>>>>>>>>>>>>>>> ................ ¢ ‘*’ ................... 1 Logical Cores
>From endpoints to edge to cloud A g AR A B 9
(U )P ) A R : . . . -
10 ‘ 2 0 * OOEO “MWQO E
! I i i
Computing After Moore’s law 1970 1980 1990 2000 2010 2020
3 >Heterogeneous computing with accelerators

>Breadth of apps require different architectures
>Speed of innovation outpacing silicon cycles
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' Diverse and Evolving Applications Needs
}Consumer

— Business

® Other Consumer Apps (18% CAGR)
» Search (16% CAGR)
600 ®Social Networking{26%-CAGR)
* Video Streaming (24% CAGR)
500 ®ERP and Other Business Apps (19% CAGR)
Ohine ® Database/ Analytics./1oT (21% CAGR)

400 = Collaboration (14% CAGR)
Installed Compute (17% LA(:R) o
Workloads
and
Compute ——
Instances
in Millions 100

2016 2017 2018 2019 2020 2021
Source: Cisco Global Cloud'Index,2016+-2021.

> Top 50 hottest applications only ~60% of data centre compute cycles
>> No killer applications

> Large number of diverse and evolving workloads - Adaptable Acceleration AN
> Compute (Database, Analytics, Al, Video ...), Storage, Networking, Security, etc.

> Al infusion into traditional workloads driving additional need for adaptable accel
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Mountains of

Unstructured Data
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One Architecture
Can’t Do It Alone

This is the Era of
Heterogeneous Compute
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' Hennessy & Patterson:
A New Golden Age for Computer Architecture

> Hardware/Software Co-Design for High-Level and Domain-Specific Languages

> Enhancing Security
> Free and Open Architectures and Open-Source Implementations

> Agile Chip Development

trve

Summary

* There is a data tsunami in science

* Machine learning offers promise to science problems,
but high standards of interpretability

* Computing performance will always be needed in
science (and elsewhere)

* It’s a golden age for computer architectures

* A platinum age for programming systems research

* And at least a bronze age for algorithms

!
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'201 7 Electronics Resurgence Initiative

> Software Defined Hardware (SDH)

> Domain-specific System on Chip (DSSoC)

> Intelligent Design of Electronic Assets (IDEA)
> Posh Open Source Hardware (POSH)

> Three Dimensional Monolithic System-on-a-Chip (3DSoC)

> Foundations Required for Novel Compute (FRANC)
F BEM. 50 DPAUTENIRIERGUNIX, BkR. 2RELREL (GPS) FEBIETDARPA
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https://baike.baidu.com/item/UNIX/219943
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HOtC hl 30 Yea s Hot Chips: A Symposium on High Performance Chips
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' Transformation Through Innovation

First
MPSoC & RFSoC

First 3D FPGA
& HW/SW
Programmable SoC

Virtex-2 Pro
. First 5 " EXLNXe '
Virtex FPGA VIRTEX: I |
World,S XC2vP4o™ RO

FF1152CGl

First FPGA P

ET XILINX
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' Driving Adaptive Computing with Versal
The World’s First Adaptive Compute Acceleration Platform

Scalar Processing Engines

Intelligent Engines
SW Programmable, HW Adaptable

@ Adaptable Hardware Engines
G

¢

<—= Breakout Integration of Advanced
m==p Protocol Engines
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' Harnessing the Flexibility of Programmable Hardware
with Design Tools

“ SDx”

Environments

Enables Full Programmability
for Software Developers
> CPU and GPU-like development environments

|_| | x' > Automated acceleration in programmable logic

Editions
15X Productivity for
Hardware Developers

' > Graphical plug-and-play IP Integration
; > High Level Synthesis in C, C++, and System C
State-of-the-Art Tools for
Traditional Hardware Design N

> Optimizes for performance, low power, and density
> Advanced flows in-system updates and remote debug

Increasing Productivity
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Enabling Innovation
Open Source Pyng Framework
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' Setting the Course for the Next 5 Years

Goal: 5X Potential Users in 5 Years

For Highest Growth
Megatrends

Software Defined >250,000 SW Engineers

ALL Programmable 1000s of SoC Teams with
SW and HW Engineers

Programmable

>50,000 HW Engineers
Logic

P ERB L W W & © Copyright 2019 Xilinx £ XILINX



'The Goal is Proliferation

Modern projects have many, more software engineers

|

Domain Experts,
Software engineers How can we let them experience Xilinx advantages?

How do we get them to use Xilinx devices?

We must speak to them in their ‘language’

. : - They do not use CAD tools
(& PYNQ

Emb. software [{1“ :
Engineers

Is a framework for creating platforms that
software engineers can use to experience
the benefits of Xilinx silicon

Hardware
Engineers

PYNQ enables rapid development for FPGA designers and embedded s/w engineers also
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prpIicationsN

'PYNQT Python Productivity for Zynq
o ' he d
pﬂton J@r Targeting the data center

[@ R ;? artificial intelligence,

smatplotlib Domain machine learning,
- / Experts data science

(" Software ) :
3 & [ New users are not hardware designers,

ARM. or embedded systems designers

POWERED

SDSoC” I”"\ Embedded software
\__ / ) ) Engineers
\
(" Hardware ) PYN Q
= VIVADO! a Enable more people to program Xilinx
T 1Y . .
@ - Hardware processing platforms, more productively
\_ %ﬁj J Engineers
) ﬁm%ué?s%mrﬁ%% R = © Copyright 2019 Xilinx i: XILINX



' Productivity Languages & Hardware Overlays

Zynqg / Zynq UltraScale+

Users: Embedded
Applications
Apps Programmers: i Programmers
Programmers(embedded): Python
Device driver writers: i C/C++

Kernel developers: Overlays

Small group of experts create APSoC overlays and C API/drivers

Many more users build applications in C/Python

== = ) T e . .
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' Python is increasingly the Language of Choice

Growth of major programming languages
TO p P r‘og ra m m I n g La n gu a ge S, Based on Stack Overflow question views in World Bank high-income countries
IEEE Spectrum, July’18 P P
p ) y . ( To date g J:zzscrlpt
Language Rank Types Spectrum Ranking %
1. Python @ e ‘é
2. C++ m=f g —
3. C = g .
4. Java S0d £
> o @U~  ®8 | python is listed as an = _ ,‘ e
8. PHP & 85.4 g
. a =aam embedded language 5 .
6. Javasoript @ [0 w20 for the first time
9. Go A=) 76.7
10. Assembly 8 745 0
https://spectrum.ieee.org/at-work/innovation/the-2018-top-programming-languages 2012 2014 . 2016 2018
ime

https://stackoverflow.blog/2017/09/06/incredible-growth-python/

Python is the fastest growing language: driven by data science, Al, ML and academia
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'Jupyter Notebooks to JupyterLab IDE

Code editor

Vi

2017 ACM

Software System Award

Terminal

Files

Commands | Running

Cell Tools

Tabs

File Edit View Run Kemel Tabs Settings Help
 tiny-yolo-image X
B+ X O B » = C Code v Python 3

onv7_out_swapped
onv7_out_swapped

np. swapaxes (conv7_out_reshaped,
conv7_out_swapped[np.newaxis, :

<
<

conv8_output = utils.conv_layer(conv7_out_swapped,conv8_weights_correct,b=con
convB_out = conve_output.ctypes.data_as(ctypes.POINTER(ctypes.c_float))

end = datetime.now()
micros = int((end
print("Last 1
print (micros,

1000000)
microsecond

'a"))

.total_seconds() *
Lo ook

on toof

icros)

file=open("timestamp.txt',

er S implementation took 67019 microseconds

6. Draw detection boxes using Darknet

The image postprocessing (drawing the bounding boxes) is performed in darknet using
python bindings.

Uib. forward_region_layer_pointer_nolayer (net_darknet,conve_out)
c_float(e.3)
c_float(e.5)

c_char_p("/home/x yter_notebooks/qnn/detection”
file_name_probs = c_char_p("/home/xilinx/jupyter_notebooks/qnn/probabil
ile_names_voc = c_char_p("/opt, data/voc. names" . encode ()
darknet_path = c_char_p("/opt/darknet/".encode())
1ib.draw_detection_python(net_darknet, file_name, tresh, tresh_hier,file_name

encod

arkne

").read().splitlines()

name, probability = line.split(": ")
detections. append((probability, name))
for det in sorted(detections, key=lambda tup: tup[0], reverse=True):
tprobabili -format (det[1], det[6]))

print("class: {}

class: car probability: &
class: dog probability
class: bicycle probability

7. Show the result

The classified image is shown in the notebook. The bounding boxes are drawn on top of the
original image, showing the detected objects and their position.

res = Image.open(file_name_out.value.decode() + ".pn,
res

e}

B exceptionspy X

self.init = True
def inference(self, img, out):
Load input image into acce

ator memor:

not self.init:
raise T0Error("Hardware need to be initialized before inference:")

ffi.FFI()
ffi.cast('char =", ffi.from_buffer(ing))

Ffi.cast('char =', ffi.from_buffer(out))

self.lib.singleInference(img_p, img.nbytes, out_p, out.nbytes);

def de

accelerator(self):

De-allocate accelerator memory. """

if self.init:
self.lib.deinitAccelerator ()
self.init = False

def get_accel_buffer(self, channels, dim):

raise I0Error("Hardware need to be initialized for buffer prepara
return np.zeros((dim,dim,channels), dtype=np.uintg)
def prepare_buffer (self, buffer):
if not self.ini
raise T0Error("Hardware need to be initialized for buffer prepara

ACTIVATION_BITS = s

-network_json['parameters']['ACTIVATION_BITS']

if (ACTIVATION_BITS > 8):
raise T0Error("prepare buffer 8

algorithn cannot handle more than 8 activation b

buffer =
din

buffer.astype (np.uints)
buffer.shape[1]

7 fsm_generatori X
B + X O [ » m C Code v Python 3
Step 6: Run and display waveform

The run() method will execute all the samples, show_wave form() method is used to display the waveforms

fsm_generator. run()
fsm_generator . show_waveform()

reset

direction

o2 L L

bit1

bitd

Verify the trace output against the expectdll Gray code count sequence

State FsMfJutput bits: bit2, bit1, bitd
0 000
st 001

B root@pyng: /hc X

30 pynq

Jupyter ... Julia, Python, R

REVISION
xilin

arduino
rduino_grove_Ledbar . ipynb
cd18.ipynb

analog. ipynb

arduino,

E efault engine of data science

ayback. ipynb

L— audio
asyncio_buttol
board_btns_leds

|: >

microblaze_c_libraries.ipynb
microblaze_programming.ipynb
mi

oblaze_python_libraries

ipynb
ipynb

ipynb

Taught to 1,000+ Berkeley
students every semester

A Output View X

2+ million notebooks
on GitHub

Next-gen browser IDE

Jupyter notebooks

XILI

NX lloT SEMINAR

BT ) B MRS &

© Copyright 2019 Xilinx

Includes Jupyter Notebooks

Visualization
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'JupyterLab runs on Zynq and Zynq UltraScale+

File Edit View Run Kemel Tabs Settings Help

g || B tiny-yolo-image X B exceptionspy X B root@pyng: /he X
Tle + X O M » m C Coe v Python3 O Self.init = True o i ilinx 4096 Feb 14
ConvT_out_swapped = np.swapaxes(conv7_out_reshaped; §, 1) 7 exp 1 5 ‘i e s . 1 Feb 14
@ conv7_out_swapped = conv7_out_swapped[np.newaxis, i,z € def inference(self, img, out): 5 Feb 14 .profile
. " Load dnput image fnto accelerator memory. "M Feb 16 17:36 pynq
3 conva_output = utils.conv_layer (convT_out_swapped, conva_weights_correct,b=con .
= conv8_out = conv8_output.ctypes.data_as(ctypes.POINTER(ctypes.c_float)) 1 if not self.in L ~ W—rmr cilinx x Feb 16 17:36 REVISION .
111 raise IOError("Hardware need to be initialized before inference!") Feb 14 20:47 xilinx.sh
g micros = int((end - start).total_seconds() * 1600000) e T e o 506 e e ilinx/jupyter_notebooks# tree
£ print("Last layer SW implementation took {} microseconds".format(micros)) o img_p = ffi.cast('char e i-from_buffer(ing))
£ print(micros, file=open('timestamp.txt', 'a')) o outp = Ffi.cast(lchar =', ffi.fron buffer(ove))
‘ ’ 17 self.lib.singleInference(img_p, img.nbytes, out_p, out.nbytes); arduino_analog. ipynb
Last layer SW implementation took 67619 microseconds 1 arduinc ve_ledbar.ipynb
2 def deinit_accelerator(self): arduino_lcd18. ipynb
= . . 124 """ pe-allocate accelerator memory. """
3 6. Draw detection boxes using Darknet 2
v 122 if self.init:
23 self.lib.deinitAccelerator()
B The image postprocessing (drawing the bounding boxes) is performed in darknet using o celf.init = False
3 python bindings. udio_playback. ipynb
- 124 def get_accel_buffer(self, channels, dim):
, TF not seif.init ; :
In [8]: lib.forward_region_layer_pointer_nolayer (net_darknet,conv8_out) . e N ~ . - t: syncio_buttons.ipynb
tresh = c_float(s.3) 1 raise IOError("Hardware need to be initialized for buffer preparation:") board_btns._Leds..ipynb
tresh_hier c_float(0.5) N s N -
file_name_out = c_char_p("/home/xilinx/jupyter_notebooks/qnn/detection".encod o return np.zeros((dim,dim,channels), dtype=np.uints) E microblaze_c_libraries.ipynb
file_name_probs c,char,;?v(. '/home /x1linx/jupyter_notebooks/qnn/probabilities . def prepare_buffer (self, buffer): eroblane Zythnn pitd P pynb

file_names_voc = c_char_p("/opt/darknet/data/voc.names" .encode ())

darknet_path = c_char_p("/opt/darknet/".encode()) N
ib.draw_detection_python(net_darknet, file_name, tresh, tresh_hier,file_name

if not self.init:
a raise T0Error("Hardware need to be initialized for buffer preparation:")

#Print probabilities 3 ACTIVATION_BITS = self.network_json['parameters']['ACTIVATION_BITS'] 7 Output View X

file_content = open(file_name_probs.value,"r").read().splitlines() ! . =
detections = [ if (ACTIVATION_ BITS > 8):

o T T (e G raise IOError("prepare buffer algorithm cannot handle more than & activation bits:")
name, probability = line.split(": ")
detections.append((probability, name))

Processing Syste™

buffer.astype (np.uints)
buffer.shape(1]

for det in sorted(detections, key=lambda tup: tup[@], reverse= :
print("class: {}\tprobabi .format(det[1], det[e])) -, ner »
. , sm_generator.i Quad-Core
K D > = Code v vi
class: car probability: B + X 00 c Python3 O ™ -AE3
class: dog probability = Conte
class: bicycle robability .
vee e ? Step 6: Run and display waveform
The run() method will execute all the samples, show_wave form() method is used to display the waveforms
7. Show the result 0 p R 0 play Dpual-Core
The classified image is shown in the notebook. The bounding boxes are drawn on top of the In [8]: fsm_generator.run( l\Rm /5
original image, showing the detected objects and their position. LIRS L AT Cortex
N RS
res = Image.open(file_name_out.value.decode() + ".png") Jideo G
reset
direction

Pro

aC |
Aransceves

bito | L T L T L T L

Verify the trace output against the expected Gray code count sequence

State FSM output bits: bit2, bitl, bit0

50 000

s1 001

Performant on Zynqg 32-bit ARM A9 at 650 MHz, 512MB DRAM, no GPU

FERB T X M Wit & : -
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'PYNQT Python productivity for Zynq

Jupyter notebooks/lab,
browser-based interface

Jupyter web

™~

server

IPython kernel

PYNQ enables Jupyter

/ on Zynq and ZU+

Hardware drivers wrapped
ﬂ in Python libraries

Ubuntu-based
Linux

Overlays/designs

PS: ARM A53s

PL: ZU+ Fabric

Optimized for developer productivity

> All the Linux libraries and drivers you expect

> Pre-built SD image

> Ubuntu/Debian ecosystem & community

>>110,000,000 Google hits
© Copyright 2019 Xilinx

& XILINX



'PYNQT is a Framework

/Applications\ 4 - )
AR Jupyter/ L[-U PYNQ notebooks }

pithon W IPython Apps

N matplotlib numpy | e scikit-learn opencv

Jupyter - /
 ~ J ‘ N
/ N\ L[-[_[ PYNQ libs
4 Software h Python ke ]-APlS

. XLNK

Overlay A

- PL H GPIO H InterruptH MMIO Hlibsds.so V }PYNQ

\_ ~ [ Linux kernel ]- Drivers
xdevcfg sysgpio H uio H devmem H xInk
(" Hardware \ N axi_intc ™
P \/|\/ADO’ U User designs . } .
@Q FPGA - [-U PYNQ overlays Bitstreams
XS [-U PYNQ IPs
)

\_
P ERBELLYHERGT S © Copyright 2019 Xilin & XILINX.



'PYNQ’S Ubuntu-based Linux

4 )
PYNQ uses Ubuntu’s: KPYNQ bundles : A
« Root file system (RFS) * Development tools
« Package manager (apt-get) * Cross-compilers
\- Repositories Y % Latest Python packages )
4 4 ) ]
Package Ubur_1tu/ Dev Python
Manager/ Debian
Repository Packages Tools Packages
\ y . PYNQ’s
Ubuntu Root File System Ubuntu-based Linux
Kernel, Bootloader
( . . ) .
PYNQ uses the PetalLinux build flow and board support package: \
* Access to all Xilinx kernel patches
*  Works with any Xilinx supported board
» Configured with additional drivers for PS-PL interfaces Y
P FR BT EE G R © Copyright 2019 Xilin $ XILINX



' Ubuntu-based Linux versus embedded Linux

Ubuntu-based Linux 3 Optimized for developer productivity

> All the Linux libraries and drivers you expect
> Pre-built SD card image

> Ubuntu/Debian ecosystem & community

>>145,000,000 Google hits

Embedded Linux » Optimized for deployment efficiency
)g\
3 orders of magnitude difference > Commonly delivered in flash memory on b\c\)\ard

a_-p
\> PetalLinux ecosystem:
>> 143,000 Google hits

2 X B ) T & ) .
) z R &L H BN = © Copyright 2019 Xilinx £ XILINX

> Selective Linux libraries and drivers




' PYNQ provides Linux drivers for PS-PL i/fs ...

Processor System

Programmable Logic

wrapped in Python libraries

L Drivers

L Bitstreams

| Linux W @ © @ © w
\ [ xdevcfg ]—[ sysgpio ]—[ uio ]-[ devmem ]—[ xInk ]—“
s ll axi_intc ,' ~ 7
[ User designs ]
FPGA [ PYNQ overlays ]
]

>

BEIAET
XILINX lloT SEM

A 4 BX MR T =
INAR

----- > Bitstream
ARM @
A9 <> GPIO )
1t <—1— |Interrupts @
L2 Cache
# /<—-> M_GPO )
<> M_GP1 g
—1> sePo User Logic
AXI Switch <> S_GP1
Network > S _HPO ]_®
<«—1> S _HP1
{ \<——> S_HP2
DRAM <«<—r> S_HP3
Controller
DRAM

© Copyright 2019 Xilinx

& XILINX



'Loading a design into Zynq using PYNQ

Processor System

Programmable Logic

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

ARM
A9

¢

L2 Cache

:

AXI| Switch
Network

:

DRAM
Controller

s

N

[ dma

]

Python

N~ [ pL H erio Yinterrupt { Mmio } libsds.so

[ Linux © O, © © ©

{ xdevcfg ]—[ sysgpio ]—[ uio ]-[ devmem ]—[ xInk ]—‘

~

r { axi_intc |

FPGA [ User designs ]

[ PYNQ overlays ]

FRXRBT W YEKMNMNITS
XILINX 10T SEMINAR

~

J

- Libraries

- Drivers

L Bitstreams

PYNQ automatically configures many design parameters

based on data parsed from hybrid library

© Copyright 2019 Xilinx
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) reotures Business Explore  Marketplace  Pricing

QNN-MO-PYNQ

NN-MO-PYN dorefanet-imagenet-samples.ipynb

3. Open image to be classified

Signin - Sign up

nx / IoT-SPYN

ToT-SPYN / notebooks / spyn.ipynb

SPYN - Il phase AC motor control

Objectives

Step 1: Download the EDDP bitstream

lavs b

Pull requests Issues  Marketplace ~ Explore

o[

unsar | 6| YFok | 4

Findfile | Copy path

This wpocory s
O Features Business Explore Marketplace  Pricing signin - Sign up O

Xilinx / PYNQ-DL

© Coce

EZ

Join GitHub today

- | PYNQ-DL/ notebooks / resize.ipynb

o [B] ] row | Bame | )
nthe
Hardware
A simpliied block diagram is shown below
PS ARM DRAM
t AXI_HP_0
AXI_GP_0
- AXI Interconnect

Resize IP

24-bit 32-bit

DMA

Software-style packaging & distribution of designs

Pull roquests s Marketplace  Brplore s +-N-

OpenCV Overlay: Filter2D and Dilate

AN

7

Program overlay

ANY MEDIA v MACHINE

- 5™ = .

Download a design from GitHub with a single Python command:

pip install git+https://github.com/Xilinx/pyngDL.git

)%i%li&%ﬁ?&lﬂﬁﬁﬁ%

XILINX lloT SEMINAR

© Copyright 2019 Xilinx
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' Next steps: scaling acrosslplatforms and domains

7 ISMML )

° o
python ipyter
S’

& matplotlib

" lloT vision
0 -
(A3 jupyter

OpenCV °

python’

\_ J

4 Software )

OWERE

ARMa

g ; y.

/ Zynq \
y

s VVADO

Package
A

L

4 Software )

4

\_

%Eﬂéﬂﬁﬁﬂ‘/\

J

4 ZynqU+ )
VIVADO’

Ultra96

© Copyright 2019 Xilinx
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' How Numpy interacts with Programmable Logic?

In [7]:

'NumPy

Array, Matrix

import numpy as np
import pynq

def get pyqbff(hp dyp)
""" Simple fun all PYNQ's memory allocator with numpy attributes
turn pynq.Xlnk().cma_array(shape, dtype)

Virtual memory

PYNQ"

Physical memory

Contiguous Array
> in DDR Memory
Shared Object

%Hﬂéﬂﬁﬂﬂ‘/\

© Copyright 2019 Xilinx

- -~

Hard Real Time
Offload CPU and OS
! Dedicated “Accelerator”
| VIVADO!
:Physical memory PL
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' BIG DATA tools for BIG DATA devices

>

BIG

DATA device

RFSoC
opportunities

MathWorks
Jupyterlab

4
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BIG DATA IDE

-
Jupyter
N

JupyterLab

AR

« State-of-the-art BIG DATA analysis

« State-of-the-art BIG DATA interactive visualization
* Opportunities: ML and SDR \
* Cognitive radio, etc Univers'tvof
| Strathclyde
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' RF_QPSK Demo

X Jupyteriab x o+
< C @ Notsecure | 192.168.2.99:9090/lab
T File Edit View Run Kemel Tabs Settings Help
+ B + c L
™ B Launcher
# > risoc_apsk B + X
£ Name - Last Modified
+
0 img 32 minutes ago

SoC_QPSK_Loopbackipynb 32 minutes ago

ﬁxlp\J_J.L

XILINX IloT SEMINAR

X | [ RFSoC_QPSK. Loopbackipyr ®
B O » ® C Markdownv

We can stream new samples into this plot. either using a rolling buffer or keeping all samples. (See help(plot.add_data) )

Streaner - dna_tiner.OnsTiner (plot.add_data, ol.qpsk_tx.get_symbols, 0.05)
ipu.HBox (streaner. get_widget())

For the pulse shaped signal, look at the frequency domain too. The FFT is accelerated in the PL.
5-4000

iq_plot = sdr_plots.IQTimePlot(ol.qpsk_tx.get_many_shaped_time(N=10), fs, w=800)

iq_dt = dma_timer.DmaTimer(iq_plot.add_data, ol.qpsk_tx.get_shaped_time, 0. -05)

fa_plot = sdr_plots.HiFreqPlot(ol.qpsk_tx.get_shaped_fft.
fa_dt = dma_timer.DmaTimer(fa_plot.add_frame, ol.qpsk_tx

avg_n=4, w=800)
aped_fft, 0.3)

tabl = ipu.Tab([ipw.VBox([fa_plo
ipw.VBox([iq_plo

pur HBox:

D)
(), ipw.HBox(iq_dt.get_widget())])

tabl.set_title(d, 'Frequency dom
tabl.set_title(1, 'Time domain')
tabl

Inspecting the receive path
The receive side is nearly the inverse of the transmit path (there’s just some extra work for properly synchronising)

\gain, there are taps off from a few places in the signal pa(h

FUER DY B W =

ARM PS

Programmabile Logic

AXHite
RF Data
. Converter
Confi Transmit Side IP (RF-DAC)
onfig. A o
Uupyter) = S?frpn?; | transmit filter || interpolation N Claa=" v
e p| (pulse shaping) | filter chain interp | OP ==
‘ I cable to
. fe! receiver
g e signals to
e inspect
$
E )
a
ol N D
@" \
AXH-MM () AXEstream
DMA
Visualisation i e .
(Jupyter) | DMA |¢mmmrs ™ \
L ) /
B AXH-MM ( DMA‘ AXI-stream
)
Python3 @
ARM PS Programmable Logic
AXi-lite
/
RF Data
/ Converter
Config. Receive Side IP (RF-ADC)
Axidie| ™ — e -
(Jupyter) ™[ QPsK receiver “— matched 4 decimation A \ L. .
(timing & freq. matche filter chain, decim 00 ‘- -
«— filtering |q— : N
synch.) coarse synch. AXi- | from
stream | .
’/ = . N transmitter

Visualisation

‘/

signals to

inspect

(Jupyter)

AXi4-MM ( ) AXl-stream
DMA
AXi4-MM

( \ AXi-stream

DMA
)
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' Edge-to-cloud co-design

Common JupyterLab tooling at edge and cloud

AWS Greengrass
Core device

Device performs inference
locally to take action quickly

Device data

Results from /

¢ inference processing .

:  Transfer trained

AWS
ML model Greengrass service

-

Amazon Bring your
SageMaker own model

e ———t

Trained ML models

Transfer ML models to
Greengrass devices

Build and train
ML models in the cloud

Edge-to-cloud co-design trade-offs:

)%ﬁ%lﬂ%ﬁ%lﬂﬁﬂﬁ%

XILINX IloT SEMINAR

Maximize on-chip processing

Minimize edge-to-cloud data exchange

Exploit scalability of cloud processing

Aggregate intelligence between and across multiple edge nodes
Co-optimize the above for best system performance

© Copyright 2019 Xilinx

PYNQ enables ML experts
and radio engineers
to focus on their ‘value-add’
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'Connect other Python Libraries -

2 N
pandas Mhind | == i
— python

Quick Prototyping -
e g@
Statistical machine Learning
M/\J\/ ™
th 1h 1h
—_—
data analysis }
g
| i
SLeT | o SDSoC.
Embedded Acceleration c e ETAEBAE:
o0 £
“ y
o000 (©)
:::ROS.org £ VIVARO" —_overtavs
robots
2.0
0o - = AN
s B PY 6 RTL Acceleration e .R?L: e
Drscrote event sunurston ror prenon discrete event simulation « W

T X HE ) i £ . .
) LINX T S%,“,\%LLR% BAOM O R © Copyright 2019 Xilinx i: X||_|NX



'AWS + Xilinx - SageMaker ML Framework target
Xilinx @ Edge & Cloud

Framework integrates field
data to training set.

Customer Data

Cloud
= Inference
. Cloud Storage Model
Design xXNN Deployment Cloud FPGA N
Caffe or Inference ;gfve‘}fgr;:c; b

TensorFlow Model -
User sees common Model Training
design framework & Edge FPGA

integrated workflow. Scalable Cloud Inference

Compute ﬁ (ZU+ target)

User selects target(s) for
particular deployment.
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is bridging hardware and software

Software S Open Source s e U Hardware

All
programmable
hardware

1001011100111111...

Pre-optimized
hw overlays
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' Efficient porting PYNQ to any Zyng-based platform

e Target-specific PYNQ
components

9 PYNQ Software Core
(board independent)

o PetalLinux build
tools/BSP

ALIN

TR BT Y BN IT S

)aT_INX lloT SEMINAR

Board-specific porting
Common interfaces available for re-use

Pre-built images available
Expected to take less than 1 day to port

Available for any Xilinx-supported board;
Instructions for building for custom boards available

o =
- V3 Technoiogy. Lid

© Copyright 2019 Xilinx & XILINX.



Actions

~~ XILINX.

AN
XN

S XK
SN
SR
SN
S ICACL KON
SRR XKD
S XCRELK XKL
S CRCAC XKL
XXX KKK KKK AKX




'Open source HLS book

Parallel Programming for FPGAS is an open-source book

Parallel Programming for FPGAs aimed at teaching hardware and software developers how
The HLS Book

to efficiently program FPGAs using high-level synthesis

) %IN?HoT Sé%/l /ST O © Copyright 2019 Xilinx i: X"_INX



' CECA@PKU FPGA Accelerator

. T ITNITSEH EHISTEGEHSS , RIHREE T U1 7824 i A EAM TG ER) |
PYNQ & HLS | REILACECAFFPGAIIERRRIT  pimsmp— mansmssis 15, BARREIAR BN FRATEURADITEAZIT 141,06 | HSHEAREREFNESAREES
Pooterko XilinxRAE : SEEAR , BARNOIETOREEEHENRNE. B8 S27KKT :
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1.CEZRI . AEERCESIBE.
QUTBNAREIIIIR : 58 (HENERSKRIT)  FAREHREST
BRIRIHAXIEMIESB L RIEMRVEERIIAR | WK, BRI TS

St BOMTRT P ERNERIZEMNERE , MEX LFBHLS TRIRITFPGAREAIN
2. RFEMOR)SLIERRRIFRA(CESRAE) , FERA— BN IBRERT. Sk , EAHLSIRITFPGANESEN—RIITHRENT :

0, EERRERGETIRNreportilanalyze TESHTERMITEME 1. 0BHRRENREL , BIREETEREE , DI EESERAE ;
RN BREERRIEN FER : 2. SCINNNER BARRYEREAR A |, ST E AT LAFHT. K UERERD | FOB e TRIBEAZEE ;
FESEREATE , FAE R EERESRESNABEREEIE *XE(W) m)\%?ﬂi(ln) m:’:l 3.J‘Eﬁ{ﬁﬁg§$@ ’ ?Jl]pragma%fi)i{-EH LSIE-¢T§%E*ZT’\§&*@ ’ JJ:ISHE—;-?—}I%{%EEESZEH’\J

HREIhEEt ESRABEBARE—E
A FBBHSHERE  SEACFHBRGRRGTERIRNDSP, FHERIFMBRAM)ERAL
DOERERAIMERE.

MBS ERINEERIRTLRSEIL (BT VerilogaVHDL), FFk#
LpragmafI B RIETIERBRRGE TEEMAIEAHRIRAIZED.
BRGETEHTFPGARMTFRINIRE | RiZEF ARHESAIRIAA
2. Bal, BRERGEHNBEHERETC/C++/0OpenCLAy , FILAXSTS
ARk FIABSBERGE TETUKEEIFRFIEE |, SHEFA
HEE,

30X FEF T
E7eR 7 LERIBRANIZAE , KRAUH—SFIFLEFPGAIIERRYIRLT |, X—&B
DEAMEFARF A3EI4BRIRSEXEXIRETIEA. ZRRNNFS., BRERGEEX

I A L AN/ i N LS e AV —Ln il He ———

mn

% = @ ‘ 4 o _ N
z R &L H BN = © Copyright 2019 Xilinx £ XILINX



'Open source MPSOC book

The book covers the architecture of the device, the design tools and
E I & | methods, conventional hardware/software co-design approach, and the
X Ol'ln % | newer software-defined methodology, as well as hardware and

Z MP B | software development, multiprocessing, safety, security and platform
ynq 0 = | management, system booting, PYNQ and machine learning applications

with PYNQ and
Machme Learning Appllcatlons 2

J ¥
/ 4
4 .

& XILINX. irathelyde

Glasgow

NS [EE mpsocbook
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'Curriculums All in One (Pynqg- Z2)

Computer Architecture

Dlgltal Log|c Image and Video
hi .
Networks Machine Learning | 'OC€sSINg

Speech Recognition s—..'q;;?%‘_'}'fju_g}_'g- FEC Coding

Hardware Software

. e Co-Design
Encryption =
CAD Tools
Dynam.ically
Reconfigurable High Performance
Systems .
Computing
NetWOl’klng Configurable
: Computing
Digital Signal 5
Processing Embedded Systems RObOtICS

ldeal for Teaching and Research
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4

Adaptable.
Intelligent.
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