






























Open source tools in education

Miodrag Bolic

Professor

School of Electrical Engineering and Computer Science

University of Ottawa

mbolic@uottawa.ca



Open source in education

• Reasons for using open source in education

– Improving the teaching method

• provide students experimentation resources that help them to understand abstract concepts of science and engineering.

– Reducing costs

– Promoting students’ engagement

– Fostering students’ creativity

• students can move from simple technology users to the more active role of makers.

• Open source in education

– Software

– Hardware

– Simulators

– Operating systems

– Instruction Set Architectures (it is estimated that more than 500 universities will teach RISC-V courses by next year)



RISC-V in Computer System Design Course 

• 3rd year undergraduate in computer engineering in 2018

• Tools: Bluespec

• Labs

– RISC-V Multi-Cycle and Two-Stage Pipeline

– RISC-V 6-stage Pipeline and Branch Prediction

– RISC-V with Caches

• Material: MIT course Complex Digital Systems by Prof Arvind

• Experience

– Assistance from MIT was amazing

– However, there was no appropriate support for students

• Need

– Training for graduate students in developing applications for RISC-V as well as in 

developing new architectures and testing them in FPGAs

– These students will then be able to transfer they knowledge to undergraduate students



Open-source resources in my other courses

• Simulators 

– Parallel processing architectures course – 4th year undergraduate

– Multi2sim

• Support for CPU and GPU architectures

• Students simulated multi core CPU and GPU and ran code on the simulated 
platforms

• No support

• Open Source Hardware Project

– Parallella multi-processing board

• Students developed software accelerators but did not really utilize the open 

hardware

• Limited software, problems with debugging, ….

• Open source software

– Machine learning graduate course

• Python and Jupyter notebook for teaching

• Open-source software approach – everything is on Github
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Doing Now

• The same…

– embedded bioinformatics

• …but with ASICs

• Open-source

– want this beside RISC-V

– rapid prototyping with open source hardware 

description

• Chisel

• PyMTL

CMC OSD Forum Sep ‘19

RISC-V ASIC

data

result
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What’s Needed From Community?

• I/O is a big deal

– targeting real-time apps

– FPGA currently

• 0.8 GB/s (full duplex)

• easy for PCIe 2.0

– FPGA planned

• 3.5 GB/s

• not as easy for PCIe 2.0

• RIFFA to 3.0 & Ultrascale+

– PCIe 4 & 5?

• FPGA SoCs

– ARM w/i OS & AXI stream

• tight accelerator integration

• ASICs

– how to integrate ASICs with RISC-V?

• many IP blocks

– I/O for accelerated RISC-V?

• board design for + GB/s ?

• northbridge

– Linux on RISC-V ASIC?

• getting complex systems up and running

– HLS for ASICs?

• Catapult, Stratus

CMC OSD Forum Sep ‘19















Past: Open Source FPGA CAD for Research

• VPR / VTR: Open source 
CAD flow for FPGAs

– Research new 
architecture ideas

– Research new CAD 
algorithms

– Successfully 
commercialized: became 
P & R engine of Quartus
and Intel’s FPGA arch. 
Exploration tool

Verilog Circuits

Timing, Area and Power Estimation

Elaboration

Synthesis & Tech Map

FPGA
Architecture

ODIN II

ABC

Packing

Placement

Routing

VPR 



Present: Open Program and Generate Hardware

• Research still big focus

• Completing the stack

– Multiple FPGA start-ups & 

Darpa POSH projects using 

as production CAD tools

– Symbiflow/Google: 

programming commercial 

Lattice & Xilinx devices

– Custom FPGA layout & 

bitstream generators 

Image source: Grady 

& Anderson



Future: Open Research & Production Flow?

• Ideal:  open compiler for FPGAs (gcc-like)

• Barriers

– Closed commercial bitstreams
• Need to reverse engineer à slow, hard

• Smaller vendors à open bitstream to gain mindshare?

– Architects / reviewers to keep tool healthy
• Complex tools à need architects & code reviewers

• Always busy / graduating / in short supply

• Can industry or research consortium fund?

• Community building & mentoring?

– Forking
• Grad student: fastest way to a paper is fork code & change

• Hobbyist: more fun & immediate results via recode everything

• But redundant work, slower progress!

• How to incentivize / organize work going back to trunk?










