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Hardware Software Co-design of Domain Specific Systems on Chip

Basic problem: Al Engineering for rapidly developing heterogeneous systems on a single

programmable device
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SoC co-design flow to produce Hardware Description Language (HDL)

* Implementationin 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

« HDLs
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https://www.esp.cs.columbia.edu/
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Accelerator flow with MLIR based soda-opt i
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System on Chip Security Considerations
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32-bit RISC-V processor from scratch ... .README.MO

« A complete 32-bit RISC-V (RV32l) processor written in Verilog O

2/0 : Add clock divider to stow blinky

2[1 : Knight rider, reset toggles direction

3/0 : Blinky reads patterns from ROM

3/1: Two blinking modes selected by RESET

4/0 : Add instruction decoder

411 : Initialize memory with different RISC-V Instruction

5/0 : Add register file and state machine

6/0 : Add ALU

7/0 : Use Verilog assembler for instructions

8/0 : Add jumps JAL, JALR

8/1 : Add instructions before the loop

9/0 : Handle branch instructions

9/1 : Knight rider blinky with two inner loops in opposite directions
10/0: Add LUI and AUIPC instruction handling

11/0 : Add memory and processor as separate modules

12/0 : CPU optimizations. <1340 LUTS to -840 LUTs.

13/0 : Add subroutines without load/store instructions, following RISC-V ABI.
13/1 : Knight rider blinky with one subroutine |/r and one 1/l

14/0 : subroutines using RISC-V ABI

 Tested with simulation and on an ICEstick FPGA

« Basic integer operations — no floating point or multiplier

e Based onthe 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 1411 : add multiplication subroutine and test in software and hardware
15/0 : implement load instructions
° Compute Mande|erI set from assemb|y program in 15/1 : try other load instructions, make a tinsel
16/0 : add store instructions. Loads take some time before blinky.
memory 17/0 : memory mapped device. Use ./terminal.sh to see UART. ctrl-a-q to quit

18/0 : computing the mandelbrot set

19/0 : simulate with verilator. compare: make simulate to make run-verilate
20/0 : Using the gnu toolchain to compile programs, Read firmware.,

21/0 : Use the gnu toolchain to compile C programs.

22/0 : More than 6kB of memory using SPI FLASH. NB: simulate and verilate tz
program : runs the program _/terminal : view output THIS IS NOT WORKING, T
e 23/0 : running program from SPI flash, first steps

2 « 24/0 : running program from SPI flash, better linker script
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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

