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Verilog is a Terrible Language (for building or verifying hardware)

Code examples on this slide are Copyright 2018, Schuyler Eldridge, Apache 2.0: https://github.com/seldridge/verilog 

1. “Language Power”
a. No Polymorphism
b. No functional prog.
c. No standard library

2. Behavioral Inference
a. Flip-flops
b. FPGA Block RAMS
c. Finite-state Machines

3. Not a Single Source of Truth
a. Clock/reset tree
b. Floorplan
c. UPF (power)
d. Debug

https://github.com/seldridge/verilog
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Every language/effort is reacting to some issue with hardware:

• Industry has a cornucopia of Verilog/VHDL generators
• Verilog/VHDL are too low-level or not “powerful”
• Verilog/VHDL are the wrong abstraction
• Verilog/VHDL is hard to transform
• Verilog/VHDL doesn’t capture all the information I need
• Verilog/VHDL simulation is a pain

These efforts all replicate similar approaches of “generators” 
(Figure 1) or “compilers” (Figure 2) and wind up re-solving the 
same problems:

• “Good” Verilog generation
• Compiler passes: CSE, DCE, Constant Propagation
• Fast, performant compiler infrastructure

Pre-Cambrian Hardware Design: Everybody is Trying to Solve the Same Problems!

Figure 1: A Verilog Generator

Figure 2: A Verilog Compiler-like Generator
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A Cambrian Explosion of Hardware Design/Verification
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What is MLIR?

• “Multi-level IR”
• Part of the LLVM project
• Infrastructure for building new compilers
• Suitable for building new IRs
• Can handle multiple IRs at once
• Written in C++ 
• Extremely performant

MLIR (Multi-level IR) is Best-in-class Compiler Infrastructure

https://mlir.llvm.org/

https://mlir.llvm.org/
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CIRCT is Hardware Compiler Infrastructure

What is CIRCT (pronounced “circuit”)?

• An LLVM incubator project
• Compiler infrastructure for generating Verilog
• A collection of hardware dialects

– FIRRTL Dialect
– SystemVerilog Dialect
– RTL Dialects

• Combinational
• Sequential
• Hardware

– Timing Insensitive Dialects
• Elastic Silicon Interconnect (ESI)
• Handshake

• Eventually, a target for MLIR/LLVM
• A collection of tools for compiling circuits

– e.g., firtool is a drop in replacement for firrtl

https://circt.llvm.org https://github.com/llvm/circt

https://circt.llvm.org/
https://github.com/llvm/circt
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Example: Chisel to Verilog through MLIR
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Chisel to FIRRTL IR 

Chisel Elaboration produces FIRRTL IR
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FIRRTL IR to FIRRTL Dialect

circt-translate -import-firrtl
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FIRRTL Dialect to HW/Comb/SV Dialects

firtool -lower-to-hw
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HW/Comb/SV Dialects to Verilog

circt-opt -export-verilog
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Early Results: An Order of Magnitude Faster FIRRTL Compiler
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Come help us build next generation hardware infrastructure!

• (Or consider using CIRCT if we’ve already done some work for you!)
• CIRCT is an open source project.

– We welcome contributors!
– (We welcome your bug reports, too!)
– CIRCT may be useful infrastructure for your product, project, or research

• More information can be found on:
– GitHub:

• github.com/llvm/circt

– CIRCT Forums:
• llvm.discourse.group/c/projects-that-want-to-become-official-llvm-projects/circt/40

– Discord Server: 
• https://discord.gg/xS7Z362

– We have open developer meetings on Wednesdays at 1100 PT
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