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Overview
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Open Source at Xilinx

PYNQ

FINN

RapidWright
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Open Source at Xilinx
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PYNQ: Python productivity for Zynq 
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PYNQ  Python Productivity on Zynq

Hardware
Engineers

Embedded software
Engineers

New users will not all be hardware designers,

or embedded systems designers
Domain Experts

Software Engineers

Enables more people to program Xilinx

processing platforms, more productively

AND

Offers more rapid development for hw 

designers and embedded sw engineers
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is an open source framework
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Jupyter Notebooks: reproducible science
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“Google Docs of data science”

2017 ACM 

Software System Award

https://nbviewer.jupyter.org/github/parente/nbestimate/blob/master/estimate.ipynb

Exponential adoption:

> 4 million notebooks

on GitHub

Used by IBM, AWS, Microsoft, Bloomberg, Netflix, 

plus thousands of other companies …
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Jupyter notebooks Visualization

TerminalCode editor

Jupyter Notebooks to JupyterLab IDE

Next-gen browser IDE

Includes Jupyter Notebooks

Completely open source

Based on web standard

Fully extensible
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Python productivity for Zynq
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Jupyter notebooks,
browser-based interface

PYNQ enables JupyterLab
on Zynq and ZU+, RFSoC and now Alveo 

Ubuntu-based 
Linux

IPython kernel

Processor

Overlays/designs

Programmable 
Logic

Hardware C-drivers wrapped
in  Python packages

PYNQ runs natively on

processor

Jupyter web 
server

RFSoCUltraSCALE+
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Quantized tiny-yolo

Software-style Packaging & Distribution of Overlays
Enabled by new hybrid packages

Video resizer accelerator OpenCV acceleratorIIoT Motor Control
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Download the design from GitHub with a single Python command:

pip install git+https://github.com/Xilinx/pynq-helloworld.git
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‘Resizer’ Notebooks
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Software only resizer

Hardware-accelerated resizer
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Zynq device

Load the downloaded resizer design into Zynq
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1

2

3

4

5

PYNQ’s self-aware overlays

• Overlay bitstream and its metadata are 

loaded

• Creates a Python dictionary of the metadata

• IP, memory-map, registers, drivers …

• IPs without Linux drivers are automatically 

assigned MMIO drivers & Python APIs

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

>> 13

PYNQ runs on Alveo Accelerators

in the Data Center
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PYNQ Overlay Developer Run-time
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Linux

Overlay/Design 
Middleware

x86

JupyterLab: Browser IDE
Including Notebooks

Any application

IPython kernel

Jupyter Lab
web server

Any 
Accelerator

PYNQ APIs

XRT

Design.

xclbin
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Visualization of Instrumented Accelerators (RFSoC) 
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FINN
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The FINN Project
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A framework for DNN co-design on Xilinx FPGAs

 Focus on QNNs and per-network tailored HW architecture

End-to end design flow 

 Go all the way from training framework to hardware

 Demos on PYNQ platforms

Revamped from ground-up for open source

 To enable innovation throughout a growing community

 Transparent and customizable

QNN training in PyTorch

Brevitas

Frontend, Transformation, 

Dataflow Backend

FINN Compiler

Deployment with

https://xilinx.github.io/finn

https://xilinx.github.io/finn
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End-to-end flow to lower 

adoption barrier

The FINN Project: Mission

18

Codesign

Support hardware 

architecture exploration 

around dataflow execution

Support customizing 

the algorithms with 

precision, layer types, 

topologies

Open source from the 

ground-up to 

encourage community 

contributions

Transparency and 

flexibility through open 

source (if not supported, 

add your own!)

Flexibility

on 

Algorithms

Flexibility

on 

Architectures



© Copyright 2020 Xilinx

The FINN Project: Components of the Stack
From Framework to FPGA
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QNN training in PyTorch

Brevitas

Transformation, Verification, 

Dataflow Backend

FINN Compiler

Deployment with 

Customization 

of Algorithm

Customization 

of Hardware 

Architecture

Brevitas -> FINN export

ONNX
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Brevitas: 
A PyTorch library for quantization-aware training
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Precision

Preset or

learned

Scaling Factors

Granularities, 

strategies and 

constraints

Target Tensors

Weights, 

activations,

accumulators

Loss Function

to take HW 

implementation 

cost into account

add quantization

resize layers

change hyperparameters

retrain

FP32 INT

https://github.com/Xilinx/brevitas

https://github.com/Xilinx/brevitas
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An Overview of the FINN Compiler
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Code Generator

Import

FINN HLS Library

Synthesizable 

description

Hardware Cost Model

Vivado

Synthesis, PAR

Software Library

Host Run-time FPGA Platform

ONNX

Streamlining

Hardware Mapping

Resource Allocation
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Planned FINN Demos
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MobileNet-v1, ResNet-50 

on ImageNet

1Ks of frames per second

CNV, LFC variants 

on MNIST and CIFAR-10

10Ks to Ms of frames per second
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Planned Features for the FINN Compiler
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Distributed (Multi-FPGA) Dataflow

Decoupled Access-Execute Engines

IPI Flow for Fast + Flexible Synthesis

Pure Python runtime using PYNQ

memory compute

Scale-out performance

Faster time-to-results

Easier integration with other accelerators, interfaces

Go beyond QNNs that fit on-chip 

Enable more optimizations for both memory and compute

Easier to use and to understand

Easier to mix with other Python ML projects
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The FINN Project: Open Source
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Enable the community to train, customize and deploy their own QNNs

Some components and demonstrators already open-source

New clean-slate version in progress, open development on GitHub

 Join our growing community!

https://xilinx.github.io/finn

https://xilinx.github.io/finn
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Enabling Domain-
specific Backend 
Productivity for 
FPGAs
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Domain Specific Era Needs Domain Specific Backends

CIRCUITS IN SECONDS

Application Domains

A B

Vivado must generalize solutions RapidWright can specialize

Exploit domain-specific traits 

for:

 Higher performance

 Faster compile time

 Timing closure predictability
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Xilinx and 
open source 
community

Academic and 
industrial 

community

Domain-specific 

data flow graph 

(LLVM) compiler

Application in 

Domain 2

Application 

in Domain 3

Proposed Domain-specific Tool Flows

Application 

in Domain 1

Developers 

Driving Design

Data scientists, 
application 
architects

Back-end 

compiler

Front-end 

Compiler

Design 

Entry

High abstraction 

Domain-specific 

language

Relocate pre-

implemented 

operators and 

functions

Tools and 

Frameworks
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RapidWright Overview

Companion framework for Vivado

 Fast, light-weight, open source

 Communicates through Design 
CheckPoints1

 Java code, Python scripting

Enables targeted solutions

 Reuse & relocate pre-implemented 
modules

 Just-in-time implementations

 Create shells & overlays

Power user ecosystem

 Academic algorithm validation

 Rapid prototyping of CAD concepts 

.DCP

.DCP

.DCP

.DCP

.DCP

.DCP

synth_design

opt_design

place_design

phys_opt_design

route_design

phys_opt_design

Checkpoint 

Reader

Checkpoint 

Writer

Domain Specific

“Shell creator”

or

“JIT assembler”

or

…

1DCP = netlist + P&R data + constraints
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4 Ways to Design in RapidWright

Well-defined circuits in seconds

Parameterizable library of generators

FROM SCRATCH GENERATORS

+

×

-

FROM VIVADO SHELLS & OVERLAYS

BUILD ROUTED CIRCUITS REUSE P&R CIRCUITS

˃ Reuse/relocate P&R circuits from Vivado

˃ Combine P&R circuits together
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RapidRoute – Domain-specific Fast Router

Timing-aware router for Xilinx FPGAs

 Competitive timing closure (+/- 0.05ns)

5-8X faster runtime than Vivado

Targets replicated structures (NoCs)

Open Source:
 https://git.uwaterloo.ca/watcag-public/RapidRoute

References

• Leo Liu and Nachiket Kapre, FPL’19, Timing-aware routing in the RapidWright framework

• Leo Liu, Jay Weng and Nachiket Kapre, FCCM’19, RapidRoute: Fast Assembly of 

Communication Structures for FPGA Overlays

Routing Runtime
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Distributed Memory FPGA Debug
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References

• Robert Hale & Brad Hutchings, 

• FPL’19, Pre-allocating Resources for Distributed Memory based FPGA Debug

• FPT’18, Distributed-memory Based FPGA Debug: Design Timing Impact

• FPL’18, Enabling Low Impact, Rapid Debug for Highly Utilized FPGA Designs

No Block RAM needed

16-256 bit trace depth

Exploring post P&R and pre-

allocating
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Projects Using RapidWright
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HDL

Design 
Library

LGraph LGraph

Verilog

Pyrope

*CHISEL*

Pass 
(transformation)

LEF/DEF

BLIF

Liberty

Yosys ABC

RapidWright

DCE Bitwidth

Pyrope …

…

Synthesis

Compiler

….

LGraph: “A hardware 

LLVM compiler”

PU 1

Output

Input

Stream 

Ctrl

PU 2

Output

PU …

Output

PU 1

Input

PU 2

Input

PU …

Input
DDR

Programmable 

Logic

PU 1

PU 2

PU 

...

Output

Stream 

Ctrl

StreamRTL: Productivity 

Language for Streaming 

on FPGAs 
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RapidWright Resources: www.rapidwright.io
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Summary
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Xilinx CTO open-source research projects

 PYNQ: www.pynq.io

 FINN: xilinx.github.io/finn

 RapidWright: www.rapidwright.io

Open to contributions, collaborations …

Contact me: cathal.mccabe@xilinx.com 

cathalmccabe

www.linkedin.com/in/cathal-mccabe-24a03318

http://www.pynq.io/
https://xilinx.github.io/finn
http://www.rapidwright.io/
http://www.linkedin.com/in/cathal-mccabe-24a03318


© Copyright 2020 Xilinx

Thank You


