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Today's VHDL tooling: commercial leads, FOSS trails

Vendor IDEs

• Bundled with the toolchain

• Tight integra,on with simula,on, 

synthesis, place-and-route

• Editor features as an 

a5erthought

Commercial Tools

• Best-in-class editor experience

• Standards-compliance baked in

• Licensing models, renewal 

contracts

Free Open Source So!ware 

(FOSS)

• Weaker than commercial 

alterna,ves

• Run anywhere, for anyone, 

forever

• Editor of choice

2

 Takeaway: the landscape is dominated by commercial solu�ons; FOSS trails behind



28.05.26   ·   3rd FPGA Developers' Forum  ·  CERN

Why HDL tooling scales poorly

Niche audience

• Few hundred thousand engineers worldwide

• Language tooling low priority for vendors

Hard to analyze

• Old, closed source languages

• Ambiguous syntax, sharp edges  parsing and analysis genuinely di:cult

Special HDL seman)cs

• Concepts without so5ware equivalents (e.g., signals vs. variables, concurrency, simula,on – implementa,on mismatch)

• HDL tooling generally less researched

 Takeaway: every tooling project pays a high implementa�on cost
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Without a shared protocol: every editor reimplements every language

N Editors M Languages

VS Code

vim

Emacs

Agents

C

Python

VHDL

Rust
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 Takeaway: each editor must implement tooling for each language

N × M integra)ons
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Language Server Protocol (LSP) collapses the grid: N + M integra)ons

N Editors M Languages

VS Code

vim

Emacs

Agents

C

Python

VHDL

Rust
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Language

Server

Protocol

Language

Server

Language

Server

Language

Server

Language

Server

 Takeaway: one language server per language; every LSP-capable editor gets it for free
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VHDL-LS: a Rust-based, FOSS language server for VHDL

At a glance

Started 2018, by Olof Kraigher

Language Rust

Protocol LSP – any LSP-capable editor

License MPL-2.0, open source

Repository github.com/VHDL-LS/rust_hdl

Known plug-and-play editor integra)ons

• VS Code –  own plugin, also VHDL by HGB and TerosHDL

• neovim –  via Meson

• Emacs

• Zed
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Feature 1: Diagnos)cs as you type

Instantaneous feedback: errors surface as you type

Features

1) Diagnos)cs as you type

2) Go-to deBni,on

3) Find references

4) Hover informa,on

5) Unused detec,on

6) Comple,on

7) Rename
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Feature 2: Go-to de7ni)on

Jump from any iden�#er to where it was declared
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Feature 3: Find references

Inspect every place a symbol is used across the project
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Feature 4: Hover informa)on

Show type, declara�on, and documenta�on on hover
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Feature 5: Unused detec)on

Signals, constants, and variables that are never wri&en to or read
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Feature 6: Comple)on

Context-aware sugges�ons for iden�#ers, ports, and library items
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Feature 7: Rename

Safe project-wide rename of a symbol
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Where VHDL-LS sits in the broader landscape

28

Frontend
Editor / UI

Integra)on
Glue layer

Backend
Analysis engine

VS Code, neovim, Emacs, …

IDE shells
Teros HDL, VHDL by HGB

VHDL-LS ghdl-ls

Custom editor

Vivado, Quartus, Libero

Proprietary analysis

VS Code / Sigasi Studio

Sigasi
single-vendor stack

Proprietary analysis

LSP glue
Editor plugins, scripts 

Open-Source Vendor Commercial
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Architecture: works well today, but hits a wall for downstream tools

vhdl_ls

LSP glue: I/O, rou,ng

vhdl_lang

Tokenize, parse, analyze

no LSP knowledge

Works well

Incremental analysis

Only re-parse what has changed

 

Automa)c ordering

No manual Ble-order speciBca,on

 

Error-tolerant parsing

Builds an AST from broken/half-typed code 

to enable targeted diagnos,cs and 

comple,on

Hits a wall

No public API

• Internals serve the language server only.

• FormaIers, linters, refactoring tools, 

testbench generators must start from 

scratch

 

Incomplete code is hard to represent

• Limited AST representa,on for incorrect 

code

• Hurts comple,ons, hovering, 

refactoring, etc.
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VHDL Syntax: a VHDL parsing library as a shared founda)on

Lossless

• AST that can represent everything: whitespaces, 

comments, incorrect code

• Roundtrip code  AST  code always succeeds

Public API

• Designed for downstream tools as leading principle

• Goal: a stable and usable API

FormaDer

Linter Generator

30

Analyzer

Language Server

VHDL

Syntax
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In prac)ce: wri)ng a testbench generator

INPUT

entity adder is
  generic (W : positive := 8);
  port (
    a, b : in  std_logic_vector(W-1 downto 0);
    sum  : out std_logic_vector(W-1 downto 0)
  );
end entity adder;

GENERATED

entity tb_adder is end;
architecture arch of tb_adder is
begin
  uut: entity work.adder
    generic map (W => W)
    port map (a => a, b => b, sum => sum);
end architecture arch;
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Note: actual code is ~150 lines, example 

only; several missing features for real usage
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Status: parses real-world VHDL, but not yet release-ready

Done

• ~1.5 years in development

• ~200K lines of real-world VHDL parsed and re-emiIed 

(the "Example Project")

• Most of the 1,426 unit tests migrated from VHDL-LS to 

VHDL Syntax

• Several examples available in the repo

S)ll to be done

• Error-tolerant parsing

• Frequent bugs and hangs to track down

• Hardening the public API

• Ini,al release
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Two ways to plug in: use it, or shape it

Use it

Install one of the exis,ng extensions:

• VS Code

• (neo)vim

• Emacs

• Zed

• …

Get involved:

• Issues and pull requests

• Edge-case bug reports

• Especially welcome: downstream tool authors

33

Shape it
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Takeaways

1
VHDL has a real, free, open-source language server

VHDL-LS – Rust, MPL-2.0, works in any LSP-capable editor

2
The next-genera)on VHDL Syntax library is in ac)ve development

Lossless, public parser API – the missing founda,on for downstream FOSS tools

3
Help wanted: contributors, testers, edge-case bug reports

Especially valuable: downstream tool authors who want to build on the parser

Repository  github.com/VHDL-LS/rust_hdl

Matrix   #VHDL-LS

Contact        lukasscheller@icloud.com
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