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' Xilinx Research Mission

Drive technology innovation to increase growth and value of Xilinx

» Enable New Users
» Open New Markets
» Create New Value

» Win Mindshare of Innovators
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' Research : Pathfinding & Differentiation
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'Xilinx University Program Mission

Empower academic teaching, research, and

entrepreneurship with Xilinx technologies

38 UNIVERSITY OF
@¥ CAMBRIDGE

DRICE [

> Provide support for teaching, training professors,

workshops, hackathons
% Berkeley
. Stratyt;fclyde TRl S RVERE T UNIVERSITY OF CALIFORNIA
> Give students access to our latest technology Glasgow OF BRITISH COLUMRIA T
: - ETH:zurich
> Enable new business and technical opportunities | ) rencomnone (6 PHE ;7 HANLAI:
through research partnerships NE = I e s
A
I
L onwversmry oF UNIVERSITY
7VIRGINIA

& TORONTO
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y

Our Corporate Mission

Building the Adaptable %
Intelligent World
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'Our Strategy

Focus on

Data
Center

Opportunity

Accelerate
Core
Markets

Growth
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'Adaptive Computing

160 GB/s of
Memory B/W per Core

Processing 6
System .
Transceivers
S - <
Application E veron E vecron PCle
Processor E 2
Mugl;zore cCix
— TB/s of Bandwidth
PL-to- Vector Cores
Real-Time } ( )
B —— Programmable Logic Array Memory |/F
Multi-core
R5
= o
=l B2 e
DSP URAM

Custom Memory
Hierarchy

Adaptive Compute Acceleration Platform (ACAP
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' Data Center

Devices

Production Boards
Compute, Networking, Storage

© Copyright 2018 Xilinx

FPGA as a Service (FaaS)

i Alibaba Cloud
amazon

webservices

00
Baiw &?‘ Tencent Cloud

HUAWEI
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'Enabling Software Developers

Open Frameworks

Accelerated
Libraries

Development

Environment

Development
Boards

“+ TensorFlow

Machine

H
learning HEVC

SDAccel”

Environment

‘gatk V) %3 FFMPEG

atabase 3,
Datab GO

analytics OpenGV

' SDSoC™

Environment
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'Discussion Topics

> PYNQ : Python Productivity on Zyng

> FINN : Software framework for reduced precision Neural
Networks

> Programming SmartNIC using the P4 language and NetFPGA

> RapidWright : A framework for fast and efficient implementation
of modular design

> Engaging with Xilinx University Program
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XDF &
Python Productivity for Zyng

Presented By

Patrick Lysaght
Senior Director
1st Oct 2018
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> More productivity

> Enabling technologies
> Open source

> PYNQ

A
PYNQ*
> Next steps

> Research opportunities

PYNQ™ XILINX.



'PYNQt Python Productivity on Zyng

Kl-\pplications\

a - [ New users are not always hardware designers,
PaaPn Jl:\wtjf or embedded systems designers
K matplotlib Domain Experts
\_ J Software Engineers
(" Software ) M[ ’ .j
i A ) b -
> PYNQ.
: ‘ \ Embedded software
/ ) Engineers Enable more people to program Xilinx

processing platforms, more productively

4 Hardware )

AND
P VIVADO!
- / Hardware Offers more rapid development for h/w designers
L / Engineers and embedded s/w engineers
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'Python IS Increasingly the language of choice

Top Programming Languages, Standard Python comes with comprehensive
IEEE Spectrum, July’18 libraries but also has a huge external ecosystem
Language Rank Types Spectrum Ranking
1. Python @ s 152,480 projects | 1,079,748 releases 1,477,547 files 263,910 users
2. C++ m™=f :
3. C wj=f
4. Java @ D m 4 t h ™ The Python Package Index (PyPl) is a repository of software for the Python
. . rogramming language.
it ®C%  ®8 | Python is listed as an PY paQaQ PR |
6. PHP @ 85.4 (l iades PyPI ht.?lps yc?u find and install software developed and shared by the Python community. Learn
;I embedded Ianguage about installing packages.
T 833 1 1 Package authors use PyPI to distribute their software. Learn how to package your Python code
T s for the first time for PyP.
9. Go & o 76.7
10. Assembly W 745

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
© Copyright 2018 Xilinx 8 X”_INX



'Jupyter Notebooks to JupyterLab IDE
Software System Award

Code editor Terminal

Jupyter ... Julia, Python, R

Default engine of data science

6. Draw detection boxes using Darknet

2+ million GitHub notebooks

Taught to 1,000+ Berkeley
students every semester

Step 6: Run and display waveform
7. Show the result T ethod w

Next-gen browser IDE

Includes Jupyter Notebooks
Jupyter notebooks Visualization

© Copyright 2018 Xilinx 8 XI I_INX



'PYNQT_ Python productivity for Zynq

Jupyter notebooks, PYNQ enables JupyterLab
browser-based interface / on Zyng and ZU+
| Jupyter web
| server Hardware C-drivers wrapped
IPython kernel ﬂ in Python packages
/A =\ WA Ubuntu-based .
Linux Overlays/designs
Most competitive, open and
advanced GUI ARM A53s ZU+ Fabric
]
o css s Runs natively on

MEE L

ARM processors
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'PYNQ’s Ubuntu-based Linux

\_

Ubuntu Root File System

Kernel, Bootloader

__—

\_

=

Access to all Xilinx kernel patches
Works with any Xilinx supported board

Configured with additional drivers, eg for PS-PL interfaces

-
PYNQ uses the PetaLinux build flow and board support package:

J

© Copyright 2018 Xilinx

4 )
PYNQ uses Ubuntu’s: (PYNQ bundles : )
* Root file system (RFS) » Development tools
« Package manager (apt-get) » Cross-compilers
* Repositories ) \- Latest Python packages )
4 4 A ]
Package Ubuntu/ Dev Python
Manager/ Debian
: Tools Packages
Repository Packages ,
\ y PYNQ’s

Ubuntu-based Linux
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'PYNQ provides Linux drivers for PS-PL interfaces ...

Zyng wrapped in Python libraries

Processor System Programmable Logic
----4> Bitstream (1)
ARM
A9 <«—> GPIO @
t <—— |Interrupts @
L2 Cache
t /4—-» M_GPO @ — D - N — .
<«—> M_GP1 : . 1 . .
‘_: STGPO T User Logic \ Linux [L_j . ]_[U - ]_[U - HLEJ HU - Drivers
AX| Switch —t> S GP1 | xdevcfg sysgpio uio evmem xInk ]—' ]
Network YRR
<«—+> S HPO } axi_intc 7
<«—+f> S_HP1 ® 4 | | axi_intc j ~N
$ \4—-» S_HP2 [ Userdesigns | Bitstreams
<> S HP3 - L
DRAM e FPGA [ PYNQoverlays |
Controller 9 )
’ -
v
DRAM
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'PYNQT is a Framework

/Applications\ 4 “ N ] ]
1. 70\ Jupyter/ L[-[_[ PYNQ notebooks I
pgthon .= IPython Apps
T~ matplotlib numpy | e scikit-learn opencv
Jupyter - J .
\_ S’ ) s \ ~ -
L[-u PYNQ packages
(" Software ) Python dma L APIs
Overlay ALNK -
Sl - PL H GPIO H Interrupt H MMIO H libsds.so V | I PYN Q
KSDSOC." :
) [ Linux kernel L Dri
xdevcfg sysgpio H uio H devmem H xInk Drivers
(" Hardware ) [ ——( axiintc N |
P \/|\/ADO' U User designs \
ma FPGA [_U \ [—U PYNQ overlays - Bitstreams
T E PYNQ IP
=335 JEAN Qs J. _
o LX)
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'Software-style packaging & distribution of designs

Enabled by new hybrid packages

(@) Gy co

- Xilinx / WoT-SPYN OUmahs 10 tumwe & Yim 4 1 Xilinx / PYNQ-ComputerVision @ e+
Xilinx / QNN-MO-PYNQ Owuch 8 ksue 25 Yrek 9 £ Xilinx / PYNQ-DL Oumer 10 ksw | 3| Yrow | 6 iy
e © Code 0 o 0 0 — © @
©Code ssues 7 ° o Cove | Olssues 0 Pull requests @ Projects 0 Insights
Wancr maser= | TIOT-SPYN / notebocks / spyn.pynb Rndtie | Copypon A
Branch master > QNN-MO-PYNQ / nof Find fle  Copy path i L - . . v filter2d_and.ddste.ipyrd st
355 Gottachall some small nctabodk changes fred <ok to s wers coowolikon i feb21 : Join GitHub today JOcA8 i Movect vertaps ot Goparats hroctory Yom i pye etk

GitHiub is home to over 28 million developers working together to host
and review code, manage projects, and build software fogether,

253 k8 o B Raw  Blame Histoy O / o=}
3. Open image to be classified SPYN - Il phase AC motor control Branch master = | PYNQ-DL / notebocks / resize.ipynb Findifie | Copy path o 5
P g OpenCV Overlay: Filter2D and Dilate
Pick the random image from the imagenel-test folder (image + Cormect class) and apply preprocessing transformation before B ~ R
Inference. i saeesazon Mari2 A22005K ILSIBes e KNGS Sf IRINGS yOu C8N 33 AEN sccEersted coenCy cores Sult 83 FYNG overay The Svensy COTSSS
2 contintors T W e e
In [4): ing folder = *./imagenet-sample: -
* Zemus oM

der, randon. choice(0s.14stdir(1ng_folder)))

g P
img_file = 05.path. join(ing_f

ing, img class - classifier.losd_image(ing file) recuteble File 28 lines (435 siec)  S10 ke & [B] | row | mame [ oy | @ # P
im « Image.open(img_f Oh]octlvn 1 Run haasre 8
if ass in synsets.keys() 4 Zesup Wi
(synsets[img_class]) - =
. S aaeadis . N £ Run hagasce sozeersies freD - Sl azmen
E oo - Resizing an image
English foxhound + Brooumats Contt This reference design iusirates how o run & kernel for resizing an image on the FPGA HOTIEFOWS PR Makias Bie CmPUC K aach e
. s s
4 . o Cachaed Data Hardware Program overlay
- N 2 = - o g A simplified block diagram is shown below: 2187 803 1083 e £y i) - g
SPCUC D 158362 £ 13 MISONIG e HOMI POUtOUSDUS. ThS 18 necessary g Aoy ensure corec
Step 1: Download the E0DP bitstream 1Yy Cut wli oe en! 63 I Ature relesses. For now. piesse ooy IS DIOCK 83 5 NN LSRG 1t N 70 OWn CeSpnS.
10 [1): | from pynq taport overl in [2]: | from pyws.11b.video inport
N from pynq import WiI PS ARM DRAM from pyeq_Conputervision Laport BurvrONiON
inport numpy a5 19 s = SOy y s chag
" - Bt o RIS S O | e e i Ve

lnport pyeq_computervision.overlays. competer_vision.xe2siltereoilate a5 avi

AXI_GP_0
e AX| Interconnect
2 it 32-bit
datawidih_converterAXIS 0 PROGRAMMABLE

ANY MACHINE

Resize IP

ANY MEDIA
32-bit » »

24-bit .
datawlth_convester_AXIS =

Download a design from GitHub with a single Python command:

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

© Copyright 2018 Xilinx 8 XI I_INX




'Load the downloaded resizer design into Zyng

Zynq from pyng import Overlay
resizer = Overlay(‘./resizer.bit’)
Processor System Programmable Logic )
4 A
""" i D ( dma ]
‘ ARM s Python - Libraries
] — PL GPIO H Interrupt { MmIO H libsds.so ' |
{
L2 Cache ; p -
—1 Linux &) 2 : () : (&) (5) - Drivers
1t / i . [ xdevcfg ]—[ sysgpio ]—[ uio ]—[ devmem ]—[ xInk ]—’
T [ axi_intc i
AXI SW|tCh — i Tesize sccel (re-Producti /_ [ ] ;J _\
Network I | User designs _
FPGA [ PYNQ overlays ] - Bitstreams
{ B — N J |
DRAM g
Controller - e s
~ PYNQ automatically configures many design parameters
DRAM based on data parsed from hybrid package
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'Notebook Examples

In [4]:

In [5]:

In [6]:

In [7]:

In [8]:

In [9]:

Display the image to be resized

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

i~ | Software only re-sizing

Original image size

original_image.size

old_width, old_height
£3x{} pixels.”.format(old_width,

print("Image s x{}

old_height))

Image size: 64@x36@ pixels.
Resizing

Setting image resize dimensions

resize_factor = 2

new_width, new_height = int(old_width/resize_factor), int(old_height/resize_factor)

Using resize() method from the PIL library

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

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

Display resized image

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

Resized image size

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

Resized imsge size: 320x180 pixels.

© Copyright

In [10]:

In [11]:

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

in_buffer[@:691200] = input_array # in buffer size = 640*368*3 (height x width x

L depth)
buf_image = Image.fromarray(in_buffer)

display(buf_image)
print("Image size: {}x{}

pixels.".format(old_width, cld_height))

erated re-sizing

Image size: 64ex26@ 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
PS ARM Local Physical | DRAM
Memory  Memory
axicpo | T aaweo
AXI Interconnect AXI Interconnect
3
PL i
Resize IP DMA
datawidth_converter_AXIS

to them

before we stream i

using MMIO interface

ions d

resizer.write(exie, old_hei
resizer.write(exis, o i
resizer.write(ex2e, new_height) # ex.

r.write(ox28, new_width) # ex2
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()

result = Image.fromarray(out_buffer)
display(result
print("Resized in Hardware(PL): 1s.".format(new_width, new_height))

Resized in Hardware(PL): 32ex180 pixels.

& XILINX




'Activity Snapshots

\ DESIG
r. AUTOMATION

FROM CHIPS 10 SYSTEMS ~ LEARN mon.mm YONOIWI

2018 DAC System Design Contest
on Low Power Object Detection

DAC Contest —

61 registered teams
N
B "y ‘
L
L]
PYNQ-Z1 Zyng 7020 Performance
Team Name loU Power (mW) FPS s
TGIIF 0.623798 4200 11.9553 1.267469397
SystemsETHZ ~ 0.491926 2450 25.9678 1.179449366
iSmart2 0.5733 2590 7.3488 1.163665782
Nvidia TX2 Pascal Performance
Team Name loU Power (mW) FPS 15
ICT-CAS 0.6975 12577 24,55 1.373729
DeepZ 0.6911 13271 25.30 1.359707
SDU-legend 0.6847 10308 23.64 1.358105

© Copyright 2018 Xilinx
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Xilinx ISM, Trenz electronics
Industrial motor contro!
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NTNU, University Sydney, Xilinx
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SPynq
NTUA
Lgache Spark on PYNQ

PYNG™
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ZipML-PYNQ
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Hardw

PYNQ bot
IT Tallaght
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= accelerated compreszion

QNN LTS
5 Xilinx labs U
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GZIP on PYNQ

FIR filter example
CU Boulder
Example of integrating = FIR filter

CNN on PYNQ

VectorBon
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e processing

o P
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'Next steps: scaling across Platforms and Domains
|

 1IsSMML ) ([ lloTvision Y ( SDR )
python pyter o%gv pryter s AT | .
PSRN, i python S SciPy /oo
¥ matplotlib ‘P k-
\_ J \_ J \_ ~ )

4 Software N 4 Software ) 4 Software )

& L& SDAccel”™
ARM lllllll

‘ \ SDS0C”
L )\

 zyna ) 4 ZynqU+ N " RFSoC )

w VIVADO' VIVADO! \\z

@@ 471
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'New PYNQ-Z2 Board available now

 New PYNQ reference platform

* New stereo audio with on-board codec
 New Raspberry Pi connector

« QOpen source design

« Manufactured by TUL in Taiwan

 Distributed by Newark & Newegg

 Academic discounts & donations

available

$119 to everyone in US

© Copyright 2018 Xilinx 8 XI I_INX



'New Research Opportunities: RFSoC and JupyterLab

° [ )
RFSoC e

JupyterLab [upyter
[l processing syster creo .v
I
- T PR ‘ I
M /)M\\_ )
« State-of-the-art BIG DATA analysis
« State-of-the-art BIG DATA interactive visualization @
o University of
* Opportunities: ML and SDR Strathclyde

« Cognitive & agile radios
© Copyright 2018 Xilinx 8 X”_INX



'Edge-to-cloud SDR with Machine Learning

AWS Greengrass
Core device

10340 i
00313010300 :
o110 10 i Results from /

- d i inference processing
= - A3 Ca >
=2 aQ‘ ML fpodel i @

i Transfer trained

AWS
i ML model Greengrass service

N

Inner control loop/s

De]ice performs inference

locally to take action quickly Greengrass devices

Transfer ML models to

Trained ML models

Build and train
ML models in the cloud

Outer control loop

Inner loop/s:

* Real-time control

* Localized ML

« Local communication between
nodes

Outer loop:

* Heavy duty ML

« Aggregated across edge nodes
* Longer timescale ML

‘No future SDR will be complete without machine learning’

© Copyright 2018 Xilinx
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' Edge-to-cloud Co-design Opportunities

Common JupyterLab tools at edge and cloud

AWIS Greengrass
Core device

D $830134%00
Gigia100 -
511010
SotigioNo Results from /
""""'@J { inference processing
2 = .
Be . .. @
T‘./ - o \\
| W‘ . Teoumslis ot AWS
“\\\ ~ i .,é MErodel Greengrass service
: "
Prediction

Trained ML models

Device performs inference
locally to take action quickly

Transfer ML models to
Greengrass devices

Build and train
ML models in the cloud

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

Maximize on-chip processing
Minimize edge-to-cloud data exchange
Exploit scalability of cloud processing

PYNQ enables ML experts
and radio engineers
to focus on their ‘value-add’

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

© Copyright 2018 Xilinx
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pyng.lo

pyng.readthedocs.org

PYNQ

qithub.com/Xilinx/PYNQO

®

ML tyl.com.tw/ProductsPYNO-Z2.html

r .
«7 byng.io/support

© Copyright 2018 Xilinx 8 XI I_INX


http://www.facebook.com/XilinxInc
http://www.twitter.com/XilinxInc
http://www.youtube.com/XilinxInc
http://plus.google.com/+Xilinx
http://www.tul.com.tw/ProductsPYNQ-Z2.html

What is PYNQ?

PYNQ is an open-source project from Xilinx® that makes it
easy to design embedded systems with Xilinx Zyng® Systems
on Chips (SoCs).

Using the Python language and libraries, designers can exploit
the benefits of programmable logic and microprocessors in
Zynq to build more capable and exciting embedded systems.
PYNQ users can now create high performance embedded
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?

of their Zynq design.

Home Get Started Boards Community Source Code Support

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

« Software developers who want to take advantage of the capabilities of
without having to use ASIC-style design tools to design hardware.
« System architects who want an easy software interface and framewor

« Hardware designers who want their designs to be used by the widest p|

G-

# Python productivity for Zynq
(Pynq)

Search docs

Getting Started

Applications
e, Jupyter Notebooks

Python Environment

PYNQ Overlays

Software

W o

Hardware
+

PYNQ Libraries

Overlay Design Methodology
PYNQ SD Card

pynq Package

Verification

Frequently Asked Questions (FAQs)
Glossary

Useful Links

Appendix

Change Log

20

Stop hoping
your users wil
report bugs

A\ SENTRY

Cut resolution time for Python errors from 5
hours to 5 minutes with Sentry.

Docs » PYNQ Introduction © Edit on GitHub

PYNQ Introduction

Xilinx® makes Zynq® and Zynq Ultrascale+™ devices, a class of programmable System on Chip
(SoC) which integrates a multi-core processor (Dual-core ARM® Cortex®-A9 or Quad-core ARM®
Cortex®-A53) and a Field Programmable Gate Array (FPGA) into a single integrated circuit. FPGA,
or programmable logic, and microprocessors are complementary technologies for embedded
systems. Each meets distinct requirements for embedded systems that the other cannot perform as
well.

Project Goals

The main goal of PYNQ, Python Productivity for Zyng, is to make it easier for designers of
embedded systems to exploit the unique benefits of Xilinx devices in their applications. Specifically,
PYNQ enables architects, engineers and programmers who design embedded systems to use Zyng
devices, without having to use ASIC-style design tools to design programmable logic circuits.

PYNQ achieves this goal in three ways:

+ Programmable logic circuits are presented as hardware libraries called overlays. These overlays
are analogous to software libraries. A software engineer can select the overlay that best
matches their application. The overlay can be accessed through an application programming
interface (API). Creating a new overlay still requires engineers with expertise in designing
programmable logic circuits. The key difference however, is the build once, re-use many times
paradigm. Overlays, like software libraries, are designed to be configurable and re-used as often
as possible in many different applications.

© Copyright 2018 Xilinx
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Apps . Jupytertab () Xilinw/PYNQ-DL: Xi [ PYNQ - Python prc Master

Gmail Images

Desktop = ~ i [




XDF i
Machine Learning: FINN

Presented By

Kees Vissers
Fellow
October 1, 2018

XILINX.



Increasing Range of Applications use Machine Learning

© Copyright 2018 Xilinx 8 XI I_INX



Popular Neural Networks

ResNet50, VGG, AlexNet, | T e
InceptionV3 Faster R-CNN, - . { Mask-R-CNN,
Yol09000, YoloV2 ( = SSD
\

" DeepSpeech2

Seq2Seq,
Transformer

I wvinico,
Y| DeepQ, A3C

© Copyright 2018 Xilinx 8 XI I_INX




'The use of Frameworks for inference on FPGAS

Datasets
(e.g. Imagenet)

Neural Networksg
(Algorithms)

(e.g. Resnet50)

Neural Networks
Inference

iImplementation on FPGA
with Reduced Precision

Caffe

PYTHRCH

Neural Networks

Training

p l.\.

Tensor

theano

Training for Reduced Precision

© Copyright 2018 Xilinx
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'Architectures for Deep Learning

-

DPU: Deep Learning Processing Unit )

Vector-based SIMD processors

(Tensor Cores, Reduced Precision,...)

becoming increasingly customized for Deep Learning

© Copyright 2018 Xilinx

Soft DPUs Hard DPUs
CPUs GPUs (FPGA) (ASIC)
HEREN HEEE : EEEEE
i =] ﬁaﬂl\i —EEEE_ AMD —>HEEE ?:rzZ:;p QE%%%E'_
IR | NVIDIA HEEE YONN EEEEE
Intel IR | Qualcomm [ [ ] ENEEE

ARM Marvin, TPU, Cerebras,
Graphcore, Groq, Nervana,
Wave Computing, Eyeriss,
Movidius, Kalray

& XILINX



'Range of architectural solutions for Inference on FPGA

XDNN
Deephi DPU

Systolic array processor architecture

—)

¥
wma
duuu
.

Optimal resource use
Compiler + processor
IP is labor intensive

Dataflow
Direct synthesis
of the Neural Network

FINN, HLS based research solution

Intermediate variations

generic template architecture

] |
m ] -

=T

Memory subsystem

000
000

Different Systolic architectures
e.g. Deephi for CNN
and RNN, LSTM

© Copyright 2018 Xilinx

¥

Scalable for devices
Flexible for bit-precisions

On-chip memory limits
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' DPU Specialization

Xilinx DPU Xilinx FINN
XDNN (Cloud/CNN) https://github.com/Xilinx/FINN
Aristotle (Edge/CNN) https://qgithub.com/Xilinx/BNN-PYNQ

Descartes (Edge/Cloud LSTM)

] https://github.com/xilinX/LSTM-PYNQ
Spectrum of Options
https://github.com/Xilinx/ml-suite Using Pyng see

http://deephi.com http://pyna.io/ml

Focus on direct
Implementation ‘
With reduced

Precision

Open Source

© Copyright 2018 Xilinx 8 XI I_INX


https://github.com/Xilinx/FINN
https://github.com/Xilinx/BNN-PYNQ
https://github.com/xilinx/LSTM-PYNQ
http://pynq.io/ml
http://deephi.com/

' FINN: Reduced Precision and retraining

TRAINING

Input

}ﬁﬁ/ﬁ

Error

labels

“dog"

Reduce Precision

INFERENCE

100.00
90.00
80.00
70.00
60.00
50.00

Error (%)

40.00
30.00
20.00
10.00

0.00

ResNet-50L ImageNet Top5 Error vs Hardware Cost
@3b/5b

1;

[ ----» Retraining ]

1.00

10.00 100.00 1000.00
Hardware Cost (LUT + 100*DSP)

oFloat o Direct Quantization o Retrained

Notation: 3b/5b: 3 bit weights/ 5 bit activation
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~INN: Design Space Exploration

IMAGENET CLASSIFICATION TOP5% VS COMPUTE COST F(LUT,DSP)

¢ 1b weights A 2b weights x5bit weights @ 8bit weights X FP weights ®minifloat + ResNet-50 -Syq

30.00
*
25.00
Resnetl18
8b/8b
Compute Cost 286
20.00 % Error 10.68%
S
@ X
&
r 15.00
L
A
X X
00 < “ X
A

Resnet50 X X

. 0 X
2b/8h Pareto-optimal soluﬂM
5.0 Compute Cost 127

Error 9.86%

0.00

COMPUTE COST (LUTS + 100*DSPS)

1.0 10.0 100.0 1000.0 10000.0 100000.0 1000000.0 10000000.0 100000000.0 1000000000.0

© Copyright 2018 Xilinx
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'FINN Concepts dataflow implementation of Neural

Networks

caffe theano (O PyTorch

~

/- Each layer custom
/ parameters

* Number of Bits
« Scaling factor

\ * Folding factor )

Graph in
Framework \
Design
: FINN synthesizer BNN topology
targets & parameters
synthesizable C++
network description
FINN
hardware Vivado HLx
library
! bitfile /
\
. _ . FINN
runtime > platform with FPGA — e T

© Copyright 2018 Xilinx 8 XI I_INX



' Heterogeneous Streaming Architecture

13 H ﬁﬂ OUTPUT

image

> One hardware layer per BNN layer, parameters built into bitstream,

> Design for balanced throughput
>> Allocate compute resources according to FPS and network requirements

> Streaming: Maximize throughput, minimize latency
>> Qverlapping computation and communication, batch size = 1, sliding windows between the layers

© Copyright 2018 Xilinx 8 XI I_INX



'FINN: for binarized neural networks, training in Caffe

Streamline
Network Topology
and Scale
Hardware
Performance
Model

Generate and
Synthesize
Hardware bit file

Ingest Neural
Deploy to target

Platform

Network Topology
and Weights

Vivado™ HLS RN
C affe Target Platform PYN Q

gt DeSCrlptOr Flle ‘ 6. Detailed Classification Information

templatel
layer {

P e = _—— I In addition to highest ranked class, it is possible to get the rank of every class usi
ony e
" 1 . { " J4 cony Cl Jt' on parameters example, take another couple of images of a car, an airplane, and a bird and place thy
name: "conv bn_inp oo Ele .
" ﬂan’IE" B “}(LNX H FHI'INQ‘Z:I."_. uns1gr ed int Conv IkEI'I'IEl:'-'TI, In [6]: from IPython.display import display
s MEA . " : = R S -
t_'!- pe: 3lra| ¥ I::'n W ClLthn l .._t n E" . “'F a.. uns1gr ed int IFMChannels K} im = Image.open(’/home/xilinx/jupyter_notebooks/bnn/car.png’)
. . Ype pEa ) ] . im.thumbnail((64, 64), Image.ANTIALIAS)
bottom: “"data gt_inp ~ unsigned int IFMDim, display(im)
"'FPEQLJEFIC},-‘" ' EGEJ car_class = classifier.classify details(im)
tl:lj . 1" I:I:I-I"'.."l o l . . . i} un Sigl' ad _'_I___ OFMChannels . print("Car classes: {@}".format(car_class))
|}a rt H KE?I@EEC lgﬂr'ﬂﬁ 'j. a . . . . . im = Image.open(’/home/xilinx/jupyter_notebooks/bnn/airplane.jpg’)
param I o J4 o uns 1gred int D‘.-":'ll'“'l, im.thumbnail((64, 64), Image.ANTIALIAS)
. |p‘I n PESDUFCESH ' { display(im)
. - . unsigned int Stride air_class = classifier.classify details(im)
_r"_ITu_‘t: ZB .@499 l " " _ = - - 4 print("Airplane classes: {@}".format(air_class))
LLIT : 33'282’ i I (" /home/xilinx/jupyt: tebooks/bnn/bird.jpg’)
R . im = Image.open(’/home/xilinx/jupyter_notebooks/bnn/bird.jpg
dE"EEI_'y_'Tlth HE bni " ", 20 . i im.thumbnail((64, 64), Image.ANTIALIAS)
DSP™: 220, ff matrix-vector unit parameters display(im)
i3 bird_class = classifier.classify details(im)
4 n ER-‘[\H" " 4 E' U Si oned - nt SIL1Dl‘idt'1 N print("Bird classes: {@}".format(bird_class))
" = == == : .
I = e I . x
convolution param { qti "URAM": @ unsigned int PECount, ﬁ
. Inference took 1682.88 microseconds
num_output: &4 l unzigned int WMemCount, Classification rate: 624.22 images per second
} = Car classes: [256 379 165 160 163 244 249 244 267 268]
pad: @ in2 . unsigned int TMemCount,
L
bn2
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'BNN- PYNQ: reduced precision networks + training

theano » ") » ‘l

Theano and Network Network

» PYNQ

Bitstream Runtime for
generation PYNQ platforms

BinaryNet description in

*Training Scripts
available for
network
examples

*How-to set-up
the training

environment

*Support for
arbitrary
precision on
Theano

parameters
exporting

*Python scripts
to export
weights and
generate
thresholds @

target precision
*Loaded at run-
time

VHLS (C++)
*Relying on a
validated HLS
library
*Including all
most common
layers

*Examples
available for
multiple
networks and
multiple
precisions

© Copyright 2018 Xilinx

* Scripts
targeting
multiple
supported

platforms
(PYNQ-Z1,
PYNQ-Z2,
Ultra96)

*Stack of SW,

wrapped in a
python class
easy to use in
jupyter
environment

& XILINX



'LSTI\/I — PYNQ: environment for LSTM with training

O PyTorch

Pytorch-ocr

«Small training
library for OCR
with Pytorch
using a LSTM-
based network

«Can be
extended to

different OCR
datasets

*Export of a
trained
gquantized
network’s
description and
weights

Pytorch-
guantization

*Support for
training of
quantized
LSTMs and FC
at arbitrary
multi-bit
precision

*Low-level export
API of quantized
layers

Vivado™ HLS

Network
description in
VHLS (C++)

*HLS library for
BILSTM
acceleration

*Takes in
network’s file

generated by
Pytorch

© Copyright 2018 Xilinx

Bitstream
generation

* Scripts
targeting PYNQ-
Z2

*Baked in per-
network weights

and config

» PYNQ

Runtime for
PYNQ platforms

«Stack of SW,
wrapped in a
python class
easy to use in
jupyter
environment

& XILINX



'Repositories

> https://github.com/Xilinx/FINN
> https://github.com/Xilinx/BNN-PYNQ
> https://github.com/Xilinx/LSTM-PYNQ

> https://qithub.com/Xilinx/pytorch-quantization

> https://github.com/Xilinx/pytorch-ocr
> https://github.com/Xilinx/ONN-MO-PYNQO

> http://Iwww.pynq.io

> http://Iwww.pynq.io/ml

> https://github.com/Xilinx/ml-suite

> http://lwww.ultra96.orq

> http://deephi.com

© Copyright 2018 Xilinx 8 XI I_INX


https://github.com/Xilinx/FINN
https://github.com/xilinx/LSTM-PYNQ
https://github.com/Xilinx/pytorch-quantization
https://github.com/Xilinx/pytorch-ocr
https://github.com/Xilinx/QNN-MO-PYNQ
http://www.pynq.io/
http://www.pynq.io/ml
https://github.com/Xilinx/ml-suite
http://www.ultra96.org/
http://deephi.com/

Publications

> FPL’18: FINN-L: Library Extensions and Design Trade-off Analysis for Variable Precision LSTM Networks on FPGAs

> FPL’18: BISMO: A Scalable Bit-Serial Matrix Multiplication Overlay for Reconfigurable Computing

> FPL’18: Customizing Low- Precision Deep Neural Networks For FPGAS

> ACM TRETS, Special Issue on Deep Learning: FINN-R: An End-to-End Deep- Learning Framework for Fast Exploration
of Quantized Neural Networks

> ARC’18: Accuracy to Throughput Trade-Offs for Reduced Precision Neural Networks on Reconfigurable Logic

> CVPR’18: SYQ: Learning Symmetric Quantization For Efficient Deep Neural Networks

> DATE’18:Inference of quantized neural networks on heterogeneous all-programmable devices

> ICONIP’17: Compressing Low Precision Deep Neural Networks Using Sparsity-Induced Reqularization in Ternary
Networks

> |CCD’17: Scaling Neural Network Performance through Customized Hardware Architectures on Reconfigurable Logic

> PARMA-DITAM’17: Scaling Binarized Neural Networks on Reconfigurable Logic

> FPGA’M7: FINN: A Framework for Fast, Scalable Binarized Neural Network Inference

> H2RC’16: A C++ Library for Rapid Exploration of Binary Neural Networks on Reconfigurable Logic

© Copyright 2018 Xilinx 8 XI I_INX


https://arxiv.org/pdf/1807.04093.pdf
https://arxiv.org/pdf/1806.08862.pdf
http://kalman.mee.tcd.ie/fpl2018/content/pdfs/FPL2018-43iDzVTplcpussvbfIaaHz/XZmyRhWvHACdwHRVTCTVB/6jfImwD836ibhOELmms0Ut.pdf
https://arxiv.org/abs/1809.04570
https://arxiv.org/pdf/1807.10577.pdf
https://arxiv.org/abs/1807.00301
https://ieeexplore.ieee.org/abstract/document/8342121/
https://arxiv.org/abs/1709.06262
https://ieeexplore.ieee.org/abstract/document/8119246/
https://arxiv.org/abs/1701.03400
https://arxiv.org/abs/1612.07119
https://h2rc.cse.sc.edu/2016/papers/paper_25.pdf

KDF o=
Conversation with Xilinx Research Labs
P4 and NetFPGA

Presented By

Gordon Brebner
Distinguished Engineer
1 October 2018
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'Open source programmable networking on FPGA

g SNetFPGA

P4 programming language for packet processing NetFPGA platform for line-rate packet processing

!
P1-NetFPGA

Automated workflow for running P4 on NetFPGA
WK DF o © Copyright 2018 Xilinx & XILINX.




N

Benefits of Programmable Networking (... or FPGA in fact)

Control and Customization. Make switch or SmartNIC behave exactly as you want

Reliability. Reduce risk by removing unused features

~

J

Efficiency. Reduce energy consumption and expand scale by doing only what you need

Add new features on your schedule

|

Telemetry. Be able to see inside the network

J

Exclusivity and Differentiation. Add secret sauce to vendor offerings

~

)

© Copyright 2018 Xilinx
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y o4

Programming Protocol-independent Packet Processors

> Language first appeared in paper published in July 2014

> Three goals:
>> Reconfigurability in the field — reprogramming of networking equipment
>> Protocol independence — not tied to any specific networking protocols
>> Target independence — not tied to any specific networking hardware

> P4 consortium (P4.org) set up in 2015 — now an open source Linux Foundation project
>> Xilinx was a founding member of P4.org
>> Now has >100 members

> P4 has emerged as the de facto standard language for packet processing

© Copyright 2018 Xilinx 8 XI I_INX



'P4 language elements

Parsers

Controls

EXxpressions

Data Types

State Machines,

bit-field extraction

Match-Action Tables,
control flow statements

Basic operations
and operators

Bit-strings, headers,
structures, arrays

Architecture

Extern Libraries

Programmable blocks
and their interfaces

Support for specialized
components

- AddaEE

Packet processing pipeline

- AR

© Copyright 2018 Xilinx
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' P4 “Hello World” (networking style) example

#include <core.p4>
#include <XilinxSwitch.p4>
struct user _meta t {}
struct headers {}

parser MyParser(packet_in packet, out headers hdr,
inout user_meta_ t meta,
inout std meta t std meta) {
state start { transition accept; }

}

control MyPipe(inout headers hdr, inout user_meta_t meta,
in std meta t std meta) {
action set_egress port(bit<9> port) {

std_meta.egress_port = port;
1

table forward {
key = { std meta.ingress port: exact; }
actions = {
set_egress_port;
NoAction;

}
size = 1024;
default_action = NoAction();

}
apply { ftorward.apply(),

© Copyright 2018 Xilinx

control MyDeparser(packet out packet, in headers hdr) {
apply { }
}

XilinxSwitch( MyParser(), MyPipe(), MyDeparser() ) main;

Key Action Name Action
Data
1 set_egress_port 2
2 set_egress_port 1

& XILINX



' P4 ecosystem

User-developed

Data plane: P4

Application Application and
Control plane: C, Python, etc.

Application Application

Community-developed Vendor-supplied

=¥ P4 Core Library Architecture Extern P4
Language Definition Libraries Compiler

L A

© Copyright 2018 Xilinx 8 XI I_INX



'Programming and operating a P4 platform

————————————————————

Control Plane

: _ 0
P4 Program * P4 Compiler Add/remove Extern Packet-infout | C
: table entries control 5
Yl ! “cPUport — | =
P4 Architecture | @ || Target-specific < Extern .
Model con:;li?]t;rstlon Loa(:j Tables objects Data Plane
Platform
Vendor supplied
© Copyright 2018 Xilinx 8 X”_INX



'Xilinx P4-SDNet product (www.xilinx.com/sdnet)

X|I|nX LabS prOtOtype (May 2017) 0% sdnet example.p4
* First-ever P4-2016 compiler

Xilinx P4 Compiler

« 100G line rate
Production version (Dec 2018):
* 50% less latency and resources

example.sv
A 4
! VIVADO
Verification Environment HLx Editions

v Y v \ \
. . example.bit
Top level Verilog Verilog System Verilog || High level C++ Run time P
wrapper components testbench testbench drivers ;

Example target: Xilinx P4-Smart NIC card
© Copyright 2018 Xilinx 8 X”_INX




'P4-SDNet research community today:
60 institutions in 22 countries

Bosnia: 1 Poland: 1 Spain: 3

0l AE France: 2 Romania: 1 | Sweden: 1
,,{z- Germany: 4 | Russia: 1 | Switzerland: 2
= Ireland: 1 Serbia: 1 UK: 4

< Cane_lda: 2 Italy: 3 China: 7
- USA: 13 _ g India: 1
North 7Z- Israel: 1
America Japan: 1
L L . Atlantic South Korea: 2
- Pacific P, Ocean Taiwan: 5
: . _5:1 . .
RS South aiTer EE ~
L America

Brazil: 3

{ o

Southern
Ocean '_’_______M,__,:w_v,- Arrtar‘nlinar_‘_"—\_
© Copyright 2018 Xilinx 8 XI I_INX




'NetFPGA (= Networked FPGA) @ﬁEtFPEH

> Line-rate, flexible, open networking platform for teaching and research
> Community began with Stanford and Xilinx Labs, now anchored at Cambridge

> NetFPGA systems deployed at over 150 institutions in over 40 countries

Four elements:

> Community: NetFPGA.org

NetFPGA-SUME

> Low-cost board family 4x10G ports

> Tools and reference designs

> Contributed projects

© Copyright 2018 Xilinx 8 XI I_INX



' NetFPGA SUME reference switch design

> 4x10G Ethernet switch, with CPU slow path as 5t port

> Five-stage pipeline:
>> |nput ports
>> |nput arbitration
>> Forwarding decision and packet modification
>> QOutput queuing
>> QOutput ports

> Standard module interfaces

> Modules can be customized or substituted

© Copyright 2018 Xilinx

-

10GE
RxQ

—

10GE
RxQ

—

10GE
RxQ

Input Arbiter

==

10GE
RxQ DMA

A 4

Output Port
Lookup

Output Queues

HHHE

DMA

& XILINX



' P4->NetFPGA workflow overview P1-NetFPGR

P4 Program

NetFPGA SUME reference switch design

10GE 10GE 10GE 10GE
l RxQ RxQ RxQ RxQ Cok

Xilinx P4-SDNet ' Input Arbiter
]

. . 5 Output Port

Drop-in substitute : Lookup

| | |

[ [

= = SR
Parser Match- Deparser Output Queues
action

L =

pipeline
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' P4->NetFPGA workflow steps

iterate

implement

Write P4 program

Write additional externs (if required)

Write python test packet script

Compile to Verilog / Generate API & CLI tools
Run simulations to test/debug

Build bitstream

Check implementation reports

Test on the hardware

© Copyright 2018 Xilinx

All of the user
effort goes here —
not on the FPGA

detalil
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'P49NetFPGA community

> 150 active members from academia and industry around the world, and growing

> Members of the community highly encouraged to contribute in ways such as:
>> New P4 projects
>> Extra extern functions
>> Performance analysis tools
>> Verification tools

> Used for research, and for teaching networking concepts on real hardware
>> No hardware design experience needed

> Some current projects
>> Distributed congestion control
>> [n-band Network Telemetry
>> |n-network compression; In-network key-value cache
>> Network-accelerated sorting; Network-accelerated consensus

> Getting started:
>> Public documentation: https://github.com/NetFPGA/P4-NetFPGA-public/wiki

© Copyright 2018 Xilinx 8 XI I_INX



https://github.com/NetFPGA/P4-NetFPGA-public/wiki

'Research directions

> Language: Extend coverage of P4
>> Programmable Traffic Management (MIT + NYU + Stanford + Xilinx Labs + P4.org)
>> Programmable Target Architectures (Cornell + Stanford + Xilinx Labs)

> Infrastructure: Open source hardware reference platform for P4
>> Complement existing software reference platform
>> Cover NIC-style architectures as well as switch-style architectures

> Applications
>> Programmable networking offload and acceleration
>> Congestion control, in-band network telemetry
>> |n-network computing
>> ... your ideas here

© Copyright 2018 Xilinx 8 XI I_INX



\ XILINX
DEVELOPER
FORUM

Modular pre-implemented methodology

Presented By

Alireza Kaviani, Ph.D.

Distinguished Engineer,

Xilinx Research Labs

Oct 1, 2018 = maker or builder
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'RapidWright value proposition
RapidWright

N DN
270N o
[ FPGAS + \
e _ /,
§ ( . Pre '\\,
< - Implemented %
= \. _ blocks .
O N \ J<—=7
LL == ~ //
% ~
o SDx

IMPLEMENTATION COMPILE TIME
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'Focus on emerging applications

»

-

Latency-flexible
Connectivity

b e

| o

>

g PEO,3 PE1,3 PE2,3 PE3‘3
MEM
0 f i i t
g PE0,2 PE1,2 PE2,2 PE3‘2
\ t t t t
g PEO,l PE]_,]_ PE2,1 PE3,1
MEM
1 | | | |
g PEO,O PEl,O PE2,0 PE3,O

-

> Module-based approach to implementation
>> Lock-in performance with reusable modules

>> Fewer inter-block timing closure issues

© Copyright 2018 Xilinx

> Advantages
>> >10X reduction in compile time
>> Near-spec performance

>> Predictable timing closure

Designs with
Replication

& XILINX



. Rapid accelerator assembly

Data Flow

Parser
+

RAPID |
WRIGHT | |

PCle + MIG

. v
.‘ : ‘
IR 1 = !
PRy =5 .
HEE
HEHI O F :
EHE -
2L EISIEEEIE E it =X
v v
.‘ ! ‘
{ '
SR
H N R = *
HEH L —=E d =
HE
RE -
31 EIEISEIISSTE | it ERM=E |
SEHIG = !
H R == : =
HEHHH HH =5 :
HE
E
HEHHH P == EXI
. v
F ;
.‘ ! ‘
|

s R, | vvnot | A
[} 10-30X
]  Acceterator Fmax| ~700MHz | ~450MHz
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'RapidWright overview

> Enables targeted solutions

>> Reuse & relocate pre-implemented synth_design
modules

> Just-in-time implementations
>> Create shells & overlays

Checkpoint
Reader
-

Domain Specific
“Shell creator”

opt_design

place_design

or

> Companion framework for Vivado

>> Communicates through Design phys_opt_design
CheckPoints! (DCPs)

>> Fast, light-weight, open source
>> Java, Python coding

“JIT assembler”
or

Checkpoint
Writer

RAPID
WRIGHT.

route_design

phys_opt_design
> Power user ecosystem
>> Academic algorithm validation

>> Rapid prototyping of CAD concepts

VIVADO'

1. DCP tai tlist + P&R inf traint
© Copyright 2018 Xilinx comamns netist s o T eonstams 8 X”_INX



A Modular pre-implemented methodology

DOMAIN DESIGN TASKS

1. Design selection attributes:
« Modular
e Latency tolerant
» Prefers replication

Match Design Structure to
lanni | | | | Architecture Patterns
2. Placement planning (netlist + constraints)

IMPLEMENTATION TOOL TASKS l

3. P&R modules cached: [N s RapidWright

« Relocatable ™\ Vivado M ’ (Block Assembly,

.+ Reusable OOC =  Bjock
« Timing predictable " Flow “Cache” l R
B~
4. Run implementation

© Copyright 2018 Xilinx
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'Building relocatable domain-specific shells S

Shell /
900 — overlay
800 / spec
[
700 _[ The QoR *
600 o-— Opportunity RAPID
ié:fWF\’IGHT
N 500
I =
= 400
300 ——| ogic & DSP
200 ——BRAM
100
0 ¢ Qut of the box Fmax
Series 7 (28ns) UltraScale (20ns) UltraScale+ (16nm)
> Fact ‘
>> Advances in silicon have created QoR opportunity
: g
> Community role VIVADO
>> Domain-specific shell design or overlays ‘
> RapidWright value proposition /;E("ﬁ/’g;_\’
>> Achieve near-spec performance

© Copyright 2018 Xilinx ' 8 XI I_INX



'RapidWright pre-implemented module flow

Fully Placed,

Partially Routed
Implementation

VIVADO!

Final
Impl.

TH Rout
)y oesion

I 1
|
il e | | |

I ] ‘H\‘ 3"‘

ETTEEEEEE || 8

Wl RETRE || 11iE ]

1l | JH‘ i ‘5;

I IETRRE |l |:

I il el || (8

Block Block
Assembler
Placer

Block | RAPID
Cache WRIGHT.
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'Design performance results

Design Target Baseline RapidWright! | Gain
Device | (initial design) Flow

Seismic KU040 270MHz 390MHz 41%
FMA KU115 270MHz 417MHz 54%
GEMM KU115 391MHz 462MHz 16%
ML overlay ZU9EG 368MHz 541MHz 50%

Speed Grade: -2
Utilization table

Seismic 93% 5%

FMA (HPC design) 25% 50% 97% 6%
GEMM 19% 20% 87%

ML overlay 46% 29% 42% 96%

1: RapidWright: Enabling Custom Crafted Implementations for FPGAs, FCCM 2018
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'Fully Connected Network (FCN) accelerator

> Fully Connected Network Accelerator (FCN)
> GEMM + RelLU (activation function)
>> BRAM and DSP Utilization higher than 80%
>> Goal: fit four compute kernels on F1

> Regular Host Interconnect

>> 2 compute Kernels (@ 200 MHz) fit
— Three kernels does not route, due to overhead of data movement

> LinkBlaze! Host Interconnect
>> Three kernels (@ 200 MHz) fully placed & routed

1. LinkBlaze: Efficient global data movement for FPGAs., Reconfig 2017

© Copyright 2018 Xilinx 8 XI I_INX



'Fully Connected Network (FCN) accelerator

> Fully Connected Network Accelerator (FCN)
> GEMM + RelLU (activation function)
>> BRAM and DSP Utilization higher than 80%
>> Goal: fit four compute kernels on F1

> Regular Host Interconnect
>> 2 compute Kernels (@ 200 MHZz) fit

— Three kernels does not route, due to
overhead of data movement

> LinkBlaze! Host Interconnect
>> Three kernels (@ 200 MHz) fully placed & routed
>> 4x Kernels with relocatable modular design will fit

Enabling 33% More Compute

1: LinkBlaze: Efficient global data movement for FPGAs., Reconfig 2017

© Copyright 2018 Xilinx 8 XI I_INX



' Pre-implemented data movement shell

O m p ute I 1 d g e oy i
kernels | .

> Goals

>> Minimize overhead of compute (and overlays)
>> Prove shell assembly model

> Build-to-order LinkBlaze shell

>> 512 hit, bi-directional

>> RapidWright Pre-implemented modules

516MHz

620MHz (+20%)

© Copyright 2018 Xilinx

ompute :-:;: o it S

.. B |
::-::j|:|"-|-"1|:| w10 B2y _ ENl

kernels
T oogei ok SR
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Open Source Community E
Call for Action
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' Proposed domain-specific tool flows

Tools and
Frameworks

Developers
Driving Design

\ Data scientists, \ High abstraction
application Domain-specific

/ architects // language
Academic and \ Domain-specific

industrial * data flow graph
/ community (LLVM) compiler
\ Xilinx and \ ?rﬁgl)g%tgnp’:;ed-
open source D,
s community / operators and
L S L functions

© Copyright 2018 Xilinx

Application in
Domain 2

<

Application

in Domain 3

Front-end
Compiler

EEEEEEEERED

PG | )
Backend > \/[\/ADO

compiler v

| [

X/ILIN.
DEVICE
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'Domain tool flow example

LLVM Compute Unit

LLVM Parser

Master Dependency Tracker

OO0 — 1

HH=HH : =

[O=LTD D " v
L - J "

Event Queue

Mem Mem
Read

a Write Compute

T L Betier 320

i

| To gem5 Memory Interface |

Register

Front-end Compiler

> Fact
>> Emerging domains such as surveillance or vision have high replication

> Community role
>> |dentify and extract operators and functions in the domain

> RapidWright value proposition
>> Assemble relocatable pre-implemented domain operators }g\
>> Deliver the best inference/watt e

© Copyright 2018 Xilinx

RAPID
WRIGHT.

Back-end compiler

¥

EI//CE
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'Beyond a pre-implemented
methodology

> RapidWright probe router enables higher productivity
>> 21X more debug turns per day
>> Highest level of routing preservation possible

>> Future innovation:
— iteration with extra probe inputs
— Automatic insertion of pipeline flops to manage timing

LA Cells
— Probe Routes

Vivado RapidWright
modify _debug_probes | ProbeRouter

1 3 O m I n S 6 . 3 m I n S 2 1 X A Frver PEPTITIEREL i T

RapidWright Probes Rerouted
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'Vision: Pre-implemented modules

VIVADO!  + I3HVED

Vivado-optimized OOC
Solutions

Algorithmic Engines
(SAT Solvers, ILP,...)

Parameterizable
Circuit Generators

.}’é}RAPID
WRIGHT.

COMPLEXITY / DIFFICULTY

PROBLEM SIZE

www.rapidwright.io
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What we do

Empower academic teaching, research, and
entrepreneurship with Xilinx technologies
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'Who we are

> Global university engagement
>> Americas/RoW, EMEA, APAC

> Americas/RoW and world-wide contacts

Dr. Parimal Patel Naveen Purushotham Hugo A. Andrade Patrick Lysaght
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'How we can help

Access to tool and IP licenses, academic boards and chips

> Vivado > Zynq

> HLS > MPSoC, RFSoC

> SDx: SDSoC, SDaccel > Ultrascale+
> Research enablement > Conferences > Design Contests
> Teaching Material > Workshops > Hackathon
> Reference designs > Summer Schools > Startup program
> Technical Support > Cloud access

© Copyright 2018 Xilinx 8 XI I_INX



'New Zyng Ultrascale+ MPSoC book with ML

i 1685 3

v .“:,‘ ! ‘-‘""i'-.

= S h

Exploring
Zynge MPSoC

A Multi-Processor System-on-Chip
Featuring ARM® Applications & Real-Time

Processors and FPGA Programmable Logic
2 7 — Coming in 2019

NOOT ONAZT FrAL

5

| >
‘ & XILINX. Strathclyde

Glasgow
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'New 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

http://kastner.ucsd.edu/hlsbook/
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'Global engagement and collaboration

III | ”\N | I\l:l AMC: AutoML for Model Compression and Acceleration XDF

JiLin** Yihui He?* Zhijian Liu* Hanrui Wang! Li-JiaLi? Song Han!

1 Massachusetts Institute of Technology 2 Xi'an Jiaotong University Google (* equal contributions)

AMC Details

Hardware, Al and Neural-nets

Democratizing Customizable Computing via Automated Accelerator Generation DDPG Agent
. . . [ * DDPG Agent for continuous action space (0-1
Yuze Chl1, Jason Cong”, Jie Wang*, Pen We|1 and COdy Hao YU1'2 A D F * Input stgate embedding of each Iav'::r an(d oLtput sparse
University of California Los Angeles’, Falcon Computing Solutions? Layer t+1 ratio
. . ’ 1 Compression Methods
Abstract PolySA: Polyhedral-Based Systolic Array AutoAccel: Automated Accelerator fﬁ“y"” = Fine.grained Pruning for model size compression
S . . . . . d . y i i i
High-performance & ease-of-programming: we want both Auto-Compllatlon Generation W/ CPP Microarchitecture || SEE R S I e I R
* Designing high-performance accelerators demands a great - N, .
deal of programming effort C/C+ Example code of MM [ICCAD 18] Composable, Parallel, Pipeline (CPP) ..., [DAC 18] La3y'rje[l1 SeaFLCh Pmto?ls e s . e
+ Transforming software programs directly into FPGA circuits e Front-End wprages SA Microarchitecture ’ L esource-l ons ralne n‘{mpresspn (o] (eac a es|lre
> $ / A 4 olyhedra for G 40 1 80 W ) «  Optimized off-chip communication e — compression ratio while getting highest possible
becomes feasible via HLS, but the QoR is horrible without o (m“’ b «  Explicit data caching Ryt S performance.
heavy reconstruction of the software code L T e RIS ITEY oo ATINT 5000315 « Parallel & pipeline loop scheduling = fe Ehannel Pruning +  Accuracy-Guaranteed Compression to fully preserve the
esen i Pl = o B o )
From C to high-quality HLS-C: dealing with large design space [—A,—&,—,;LnT“ [ Optimizer ] pa— Scratchbadd Recrganzation original accuracy while maintain smallest possible model
* Alarge number of pragmas in many legal insertion points Optimization J / —— | Archi - Rerr=-Error SEES
* Complex performance-resource trade-offs w}w __// el S S—— ) = ]|| Reduce design space g both accuracy and Speedup Mobile-Net on ImageNet
* Long evaluation time (tens of minutes per design points) Systolic Array ‘ = ) | Enable analytical model —
Automated accelerator generation: automatically producing . g A 1, (5 E32||| = 3 Ag:?:::;'x:::'"adeo" /
a high-performance design in a reasonable amount of time aceEn Ly V' — oo [C;’ @4 - ! | Facilitate fast DSE H w L
* Using machine learning to decrease the number of design i ‘ $ & T T | Code f i v fl? "
points that need to be evaluated HLS C OpenCL 4 7 [:j p,om_mar{.mon‘h to i v } .
* Using microarchitecture templates to confine the design 13 Bt ol it Polyhedral ::“: —_— = = fiachine tipe : » =
choices, and, more importantly, enable analytical-model- | § Design IP Polyhedral R representation D, p dc fFA h d =
i i ros an ons o roacnes — e
based fast design space exploration SODA: Stencil with Opt|m|zed Dataflow Arch. pp (a) Accuracy va. MACs (b) Accuracy v.s. Inference time

~

. . e Learning-based approach R f
. - + Optimized datafl h. ererences
AutoDSE: Learning-Based Design 28 vusiemn per.f:rv::l::nd T 7 | PR | )'-;;;;;7 *  Not being constrained to a specific microarchitecture et e
H . e et mpe . i i i . Y., Lin, 1., Liu, Z., , H., Li, L. . S, 5 L
Space EXploratlon Framework modeling 3 o — Demanding a great deal of time to achieve the optimal e, in iy, ang, i and Han

AutoML for Model Compression and Acceleration on Mobile

Automatic transformation from solution due to time-consuming design point evaluation

Devices. In Proceedings of the European Conference on

SODA DSL all the way to bitstreams a
vesson vee e [ | e Y Microautchitectur.e base.d appro?ch o Computer Vision (ECCV) (pp. 784-800).
. { Design Space % TR .0 — * Coming up with a high-quality design in much shorter
Identification 9’ pactbion 2 output float: (0. 0} = (in(@ 1)+ time if the input program fits into the microarch well =
ot 1 ) in(-1,0) ¢ in{0, 0) +in (10} + B .
Lspace ) =5/ ] ol0, 1)+ 021 [ICCAD 18] * May not work well for all kinds of compute domains < | l I V E RSI I !
-------------------------------------- h unroll factor: 3 \ /
7 — el P
O oy o Y i References 0 9 IRGIN
| Y Alesion N ind -1,0) + inf0, 0) +inf1,0) + o b
Optimat ——— : Learning Algorithm N (Muri-Armed N info, 1) * 0.2¢ [ Congetal, Automated Accelerator Generation and Optimization with Compos-
C Keme! 1 . 6 .a‘,"“y © output Boat: out(0 .0) = (w0 1) ¢ 3 = able, Parallel and Pipeline Architecture, DAC "18 \ -~ ~$
{ Design — . f::,,.’,;','.'(;"f,"" Nompit e Yu etal, S2FA: An Accelerator Automation Framework for Heterogeneous Comp- b Y
i y # 50D rupports multiple arrays 3 mput o e uting in Datacenters, DAC '18
[DAC ‘18] B OpenTuner # butter float: 10 ,1) = in{0.0) + tmpl0 2) ~ vE Chi et al, SODA: Stendil with Optimized Dataflow Architecture, ICCAD 18
L H ) Cong et al, PolySA: Polyhedral-Based Systolic Array Auto-Compilation, ICCAD '18
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Key Initiatives
« FPGA-based accelerators in the cloud
 PYNQ: Python productivity for Zyng

aws PYNQ®

N/
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'Promote & support AWS EC2 F1 in academic community

> An AWS EC2 compute instance with Xilinx FPGAs which can be programmed to
create custom hardware accelerated applications

> F1 instances are easy to program and come with everything needed to develop,
simulate, debug, and compile hardware accelerators

> Can be registered as an Amazon FPGA Image (AFIl) and marketed

dWS$S
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' Latest technology training at top conferences

FPGA18, Monterey,
|

Expanded conference categories covered
> FPGA
> Computer Architecture and HPC

> Applications
© Copyright 2018 Xilinx 8 XI I_INX



'Promote & support AWS EC2 F1 based courses

> UC Berkeley, Prof. Krste Asanovic¢
>> Computer Architecture & Engineering

>> “An important part is lab assignments using real microprocessor designs implemented in
Chisel, running as simulators and FPGA emulators in the Amazon cloud as F1 instances.”

> Cornell, Prof. Zhiru Zhang
>> High-level Digital Design Automation

> UCLA, Prof. Jason Cong

1863
%%\ POLITECNICO
'@"q’ﬂ MILANO 1863

>> Customizable .Co.mputlng for Blg! Applications e
>> Parallel and Distributed Computing FPGA-ACCELERATED CLOUD
\_ APPLICATIONS WITH SDACCEL Rthtroduction
Marco D. Santambrogio ° to the AWS EC2 F1 instances

> Coursera, Politecnico di Milano, Prof. Marco Domenico Santambrogio
>> FPGA-accelerated Cloud Applications with SDaccel

© Copyright 2018 Xilinx 8 XI I_INX



Let’s chat further about:

* Opportunities in teaching, research and
entrepreneurship using AWS EC2 F1

 How to get AWS credit vouchers
* Hand-on training

© Copyright 2018 Xilinx
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'Updated 2018.x workshop material now on PYNQ boards

Advanced Embedded System Design on Zynq using Vivado

This workshop provides professor the necessary skills to develop complex embedded

Course systems using Vivado design suite; understand and utilize advanced development techniques
Description of embedded systems design for architecting a complex system in the Zynq® System on a
Chip (SoC).
Level Intermediate
Duration 2 Days
Who . ) . . )
should Professors who are familiar with embedded system design using Vivado and want to
attend? explore advanced design techniques using Xilinx SoC in Zyng.
* Digital logic and FPGA design experience
Pre- * Experience with Vivado software
requisites ¢ Experience with Embedded System design

e Have attended XUP Embedded System Design workshop or has an equivalent experience

Skills Gained

After completing this workshaop, you will be able to:

* Assemble an advanced embedded system

* Explore various features of Zynqg Soc for hardware-software co-design
* Design and integrate peripherals using interrupts

* Analyze system performance

s Utilize hardware debugging technique

* Design a bootable system ready for deployment in field

Course Qverview

© Copyright 2018 Xilinx

Quick Links

* Waorkshops Schedule

* Vivado Design Suite

* Vivado-Based Workshops
* |SE Design Suite

* [SE-Based Workshops

© More

2018x Workshop Material (-]

Common to PYNQ-Z1 and PYNQ-Z2

* |Labdocs (PDF)
* Lab Source File
* Labdocs and Presentation (docx and ppt*

PYNQ-Z1
* README

* Board Files (required to do the labs)
* Labsolution*

PYNQ-Z2

* README
* Board Files (required to do the labs)
* Labsolution*

& XILINX



Promote and support PYNQ haokathons
' ‘ /2‘ 30 hours 4 45'participants

\\t ) ,/:’l-/
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ReprodumbIeHacklng W|th Jupyter‘ Notebooks
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l.-l +
Reaching XUP :H#E-'-
www.XIlinX.com/xup _
-|-.|l-.
Ii.rl'ln" ak
EI 3 I.|:| -|. ..:.l:l I
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