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Hardware Software Co-design of Domain Specific Systems on Chip

Basic problem: AI Engineering for rapidly developing heterogeneous systems on a single 
programmable device

Images: DARPA 
Domain Specific 
System on Chip
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SoC co-design flow to produce Hardware Description Language (HDL)

• Implementation in Field Programmable Gate Arrays

• Application Specific Integrated Circuit Design
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Embedded Scalable Platforms – Columbia University

• Open source SoC design flow

• Accelerator synthesis

• Python frameworks

• System-C

• Chisel

• HDL’s

• CPU cores

• 64 bit RISC-V

• 32 bit RISC-V

• 32 bit Sparc

• Software

• Bare metal

• Linux on CPU’s

https://www.esp.cs.columbia.edu/


© 2023 Carnegie Mellon University
6

ADVANCED
COMPUTING
LAB

[DISTRIBUTION STATEMENT A] This material has been approved for 

public release and unlimited distribution.  Please see Copyright notice for 

non-US Government use and distribution.

Accelerator flow with MLIR based soda-opt

• MLIR – multi-level intermediate 
representation

• Compiler infrastructure enabling 
multiple layers of abstraction 
reduction

• Tensors => buffers => vectors

• Multiple synthesis backends

• Bambu

• CIRCT

• PyTorch => HDL

https://mlir.llvm.org/
https://gitlab.pnnl.gov/sodalite/soda-opt
https://github.com/ferrandi/PandA-bambu
https://circt.llvm.org/
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System on Chip Security Considerations

• SoCs

• IoT

• Cyber-physical systems

• Embedded systems

• Hardware

• 3rd party synthesis tools, open source 

and proprietary

• 3rd party IPs

• Software

• Bare metal

• Linux
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32-bit RISC-V processor from scratch
• A complete 32-bit RISC-V (RV32I) processor written in Verilog

• Tested with simulation and on an iCEstick FPGA

• Basic integer operations – no floating point or multiplier

• Based on the FROM BLINKER TO RISCV tutorial from 

Bruno Levy

• Try it out for yourself (links are to code.sei.cmu.edu)

• Clone and build the docker environment

• Clone the RISC-V repository

• Follow the steps on branches step1/0 – step24/0

• Demo

• Compute Mandelbrot set from assembly program in 

memory

• Ray tracing cross compiled with gcc from C source

README.md

https://riscv.org/wp-content/uploads/2017/05/riscv-spec-v2.2.pdf
https://www.latticesemi.com/icestick
https://github.com/BrunoLevy/learn-fpga/tree/master/FemtoRV/TUTORIALS/FROM_BLINKER_TO_RISCV
https://members.loria.fr/BLevy/
https://code.sei.cmu.edu/bitbucket/dashboard
https://code.sei.cmu.edu/bitbucket/projects/ACL/repos/learn-fpga-docker/browse
https://code.sei.cmu.edu/bitbucket/users/jgwohlbier/repos/riscv/browse
https://code.sei.cmu.edu/bitbucket/users/jgwohlbier/repos/riscv/browse?at=refs/heads/step1/0
https://code.sei.cmu.edu/bitbucket/users/jgwohlbier/repos/riscv/browse?at=refs/heads/step24/0
https://en.wikipedia.org/wiki/Mandelbrot_set

