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Today's VHDL tooling: commercial leads, FOSS trails

Vendor IDEs Commercial Tools Free Open Source Software
(FOSS)
° Bundled with the toolchain ° Best-in-class editor experience ° Weaker than commercial
° Tight integration with simulation, ° Standards-compliance baked in alternatives
synthesis, place-and-route R Licensing models, renewal Eun anywhere, for anyone,
° Editor features as an contracts orever
afterthought ° Editor of choice
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= Takeaway: the landscape is dominated by commercial solutions; FOSS trails behind

28.05.26 - 3 FPGA Developers' Forum - CERN



Why HDL tooling scales poorly

Niche audience

* Few hundred thousand engineers worldwide
* Language tooling low priority for vendors

Special HDL semantics

* Concepts without software equivalents (e.g., signals vs. variables, concurrency, simulation - implementation mismatch)
* HDL tooling generally less researched

Hard to analyze

* 0ld, closed source languages
* Ambiguous syntax, sharp edges = parsing and analysis genuinely difficult

- Takeaway: every tooling project pays a high implementation cost
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Without a shared protocol: every editor reimplements every language

N Editors M Languages
VS Code C
vim Python

N x M integrations

Emacs VHDL

Agents Rust

- Takeaway: each editor must implement tooling for each language
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Language Server Protocol (LSP) collapses the grid: N + M integrations

N Editors M Languages
VS Code SIS C
Server
. Language
vim S guag Python
Language erver
Server
Protocol !
Emacs anguage VHDL
Server
Agents SIS Rust
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 ¥ Fork @& Starred @28 Known plug-and-play editor integrations

Started 2018, by Olof Kraigher ° VS Code - own plugin, also VHDL by HGB and TerosHDL
° neovim - via Meson

L

anguage Rust o s

g Zed

Protocol LSP - any LSP-capable editor

License MPL-2.0, open source

Repository github.com/VHDL-LS/rust hdl
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Feature 1: Diagnostics as you type
Instantaneous feedback: errors surface as you type

Features

example_project

neorv32_fifovhd 2, M X

1) Diagnostics as you type

neorv32 > rtl > core > neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl'
67 architecture neorv32_fifo_rtl of neorv32_fifo is
206
—- synchronous read ——
fifo_read_sync:
if (FIFO_RSYNC = true) generate
fifo_read: process(clk_i)
begin
if rising_edge(clk_i) then
if (FIFO_DEPTH = 1) then
rdata <= fifo.buf;
else

N

Go-to definition

wW

Find references

N
= & & & & 8

Hover information

Unused detection

Ul

rdata <= fifo.data(to_integer(unsigned(fifo.r_pnt(fifo.r_pnt'left-1 downto 0))));
end if;
end if; .
end process fifo_read; 6 Completion
end generate; —— /fifo_read_sync
[ 7 Rename

end neorv32_fifo_rtl;
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Feature 1: Diagnostics as you type
Instantaneous feedback: errors surface as you type

Features

example_project

neorv32_fifovhd 3, M @

1) Diagnostics as you type

neorv32 > rtl > core > neorv32_fifo.vhd > { } architecture 'neorv32_fifo_rtl'
67 architecture neorv32_fifo_rtl of neorv32_fifo is

206

207 —- synchronous read ——

208 | fifo_read_sync:

209 | if (FIFO_RSYNC = true) generate

N

Go-to definition

wW

Find references

210 fifo_read: process(clk_i) )

211 begin

212 if rising_edge(clk_i) then ) H -

213 if (FIFO_DEPTH = 1) then 4 Hover information

214 rdata <= fifo.buf;

215 else .

216 rdata <= fifo.data(to_integer(unsigned(fifo.r_pnt(fifo.r_pnt'left-1 downto 0)))); 5) Unused deteCt—lon

217 end if;

218 end if; 6) C .
ompletion

219 endiprocg No declaration of 'rddata' vhdl ls(unresolved) p

220 end generat

221 View Problem (XF8)  Quick Fix... (8.) % Fix (381)

222 | rdata_o <= rddata 7) Rename

223
224 end neorv32_fifo_rtl;
225
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Feature 1: Diagnostics as you type
Instantaneous feedback: errors surface as you type

Features

example_project

neorv32_fifovhd 1, M @

1) Diagnostics as you type

neorv32 > rtl > core > neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl'
67 architecture neorv32_fifo_rtl of neorv32_fifo is
206
—- synchronous read ——
fifo_read_sync:
if (FIFO_RSYNC = true) generate
fifo_read: process(clk_i)
begin
if rising_edge(clk_i) then
if (FIFO_DEPTH = 1) then
rdata <= fifo.buf;
else
rdata <= fifo.data(to_integer(unsigned(fifo.r_pnt(fifo.r_pnt'left-1 downto 0))));
end if;
end if;
end process fifo_read;
end generate; —— /fifo_read_sync

N

Go-to definition

wW

Find references

N
= & & & & 8

Hover information

Unused detection

N O

Completion

~N

Rename

rdata_o <= rdata;

end neorv32_fifo_rtl;
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Feature 1: Diagnostics as you type

Instantaneous feedback: errors surface as you type

example_project

neorv32_fifovhd 1, M X

neorv32 > rtl > core > neorv32_fifo.vhd > { } architecture 'neorv32_fifo_rtl'

67
206
207
208
209
210
211
212
213
214
215
216
217
218

28.05.26

architecture neorv32_fifo_rtl of neorv32_fifo is

-— synchronous read ——
fifo_read_sync:
if (FIFO_RSYNC = true) generate
fifo_read: process(clk_i)
begin
if rising_edge(clk_i) then
if (FIFO_DEPTH = 1) then
rdata <= fifo.buf;
else

end if;
end if;
end process fifo_read;
end generate; —- /fifo_read_sync

rdata_o <= rdata;

end neorv32_fifo_rtl;

3" FPGA Developers' Forum - CERN

rdata <= fifo.data(to_integer(unsigned(fifo.r_pnt(fifo.r_pnt'left-1 downto 0))));

Features

1) Diagnostics as you type

N

Go-to definition

wW

Find references

N
= & & & & 8

Hover information

Ul

Unused detection

&)

Completion

~N

Rename
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Feature 1: Diagnostics as you type

Instantaneous feedback: errors surface as you type

Features

example_project

neorv32_fifovhd 2, M @

neorv32 > rtl > core > neorv32_fifo.vhd > { } architecture 'neorv32_fifo_rtl' 1) DiagnOSﬁCS as YOU type

67 architecture neorv32_fifo_rtl of neorv32_fifo is
Go-to definition

206
207 -— synchronous read ——

208 | fifo_read_sync:

209 if (FIFO_RSYNC = true) generate

w N

Find references

210 fifo_read: process(clk_i) )
211 begin
212 if rising_edge(clk_i) then . .
213 if (FIFO_DEPTH = 1) then 4) Hover information
214 rdata <= fifo.buf;
215 else q
216 rdata <= fifo.data(to_integer(unsigned(fifo.r_pnt(fifo.r_pnt'left-1 downto 0)))); 5) Unused deteChon
217 end if;
218 end if; Q
I 6) Completion
end generat(; . ger literal does not match type 'STD_ULOGIC' vhdl ls(type_mismatch)
rdata_o <= | View Problem (XF8) Quick Fix... (38.) % Fix (3]) 7) Rename

avail_o <= Q;l

end neorv32_fifo_rtl;
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Feature 1: Diagnostics as you type
Instantaneous feedback: errors surface as you type

Features

example_project

neorv32_fifovhd 1, M @

neorv32 > rtl > core > neorv32_fifo.vhd > { } architecture 'neorv32_fifo_rtl' 1) DiagnOSﬁCS as YOU type

Go-to definition

67 architecture neorv32_fifo_rtl of neorv32_fifo is
206
207 -— synchronous read ——

208 | fifo_read_sync:

209 if (FIFO_RSYNC = true) generate

w N

Find references

210 fifo_read: process(clk_i) )
211 begin
212 if rising_edge(clk_i) then . .
213 i (FIFO_DEPTH = 1) then 4)  Hover information
214 rdata <= fifo.buf;
215 else .
216 rdata <= fifo.data(to_integer(unsigned(fifo.r_pnt(fifo.r_pnt'left-1 downto 0)))); 5) Unused deteChon
217 end if;
218 end if; .
PR LN —— 6) Completion
end generate; —— /fifo_read_sync
rdata_o <= rdata; 7) Rena me

avail_o <= '0';

end neorv32_fifo_rtl;
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Feature 1: Diagnostics as you type

Instantaneous feedback: errors surface as you type

example_project

neorv32_fifovhd 1, M X

28.05.26

neorv32 > rtl > core > neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl'

67
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

223 |

224
225
226

architecture neorv32_fifo_rtl of neorv32_fifo is
fifo_read_sync:
if (FIFO_RSYNC = true) generate
fifo_read: process(clk_i)
begin
if rising_edge(clk_i) then
if (FIFO_DEPTH = 1) then
rdata <= fifo.buf;
else
rdata <= fifo.data(to_integer(unsigned(fifo.r_pnt(fifo.r_pnt'left-1 downto 0))));
end if;
end if;
end process fifo_read;
end generate; —— /fifo_read_sync

rdata_o <= rdata;
avail o <= '0;|

end neorv32_fifo_rtl;
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N

Go-to definition

wW

Find references

N
= & & & & 8

Hover information

Unused detection

N O

Completion

~N

Rename
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Feature 1: Diagnostics as you type

Instantaneous feedback: errors surface as you type

example_project

neorv32_fifovhd 2, M @

neorv32 > rtl > core > neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl'

67 architecture neorv32_fifo_rtl of neorv32_fifo is

208 | fifo_read_sync:
209 if (FIFO_RSYNC = true) generate

210 fifo_read: process(clk_i)

211 begin

212 if rising_edge(clk_i) then

213 if (FIFO_DEPTH = 1) then

214 rdata <= fifo.buf;

215 else

216 rdata <= fifo.data(to_integer(unsigned(fifo.r_pnt(fifo.r_pnt'left-1 downto 0))));
217 end if;

218 end if:

219 interface signal 'wdata_i' of mode in may not be the target of an assignment vhdl

220 Ls(mismatched_kinds)

221

222

223 View Problem (XF8) Quick Fix... (3.) % Fix (38I)

224 | wdpta i <= "0010";|

225

226 end neorv32_fifo_rtl;

227

port wdata_i : in std_ulogic_vector(FIFO_WIDTH - 1 downto 0);
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Features

1) Diagnostics as you type

N

Go-to definition

wW

Find references

N
= & & & & 8

Hover information

Unused detection

N O

Completion

~N

Rename
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Feature 2: Go-to definition

Jump from any identifier to where it was declared

28.05.26

example_project

neorv32_fifovhd 1, M X

neorv32 > rtl > core > neorv32_fifo.vhd > ...

67
178
187

architecture neorv32_fifo_rtl of neorv32_fifo is
fifo_buffer:
end process fifo_write;
fifo.data <= (others => (others => '0')); —— unused
end generate; —- /fifo_buffer

-- FIFO Memory - Read

-~ "asynchronous" read —-
fifo_read_async:
if (FIFO_RSYNC = false) generate
fifo_read: process(fifo)
begin
if (FIFO_DEPTH = 1) then
rdata <= fifo.p*-
else data : fifo_data_t
rdata <= fifc.g(toiintager(unslgnodlfifo.rkpnt(fifo.ripnt'left—l downto 0))));
end if;
end process fifo_read;
end generate; —— /fifo_read_async

—- synchronous read —

fifo_read_sync:

if (FIFO_RSYNC = true) generate
fifo_read: process(clk_i)

begin
if rising_edge(clk_i) then
peoTu
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1) Diagnostics as you type
2)  Go-to definition

3) Find references

Hover information

Unused detection

N O

Completion

Rename
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Feature 2: Go-to definition

Jump from any identifier to where it was declared

example_project (&

neorv32_fifovhd 1, M X

neorv32 > rtl > core > neorv32_fifo.vhd > { } architecture 'neorv32_fifo_rtl' > &% record type 'fifo_t' > & record element 'data’

65 end neorv3Z_tifo;
66
67 architecture neorv32_fifo_rtl of neorv32_fifo is

- FIFQ —
type fifo_data_t is array (@ to FIFO_DEPTH-1) of std_ulogic_vector(FIFO_WIDTH-1 downto 0);
type fifo_t is record
we : std_ulogic; -- write enable
re : std_ulogic; -- read enable
w_pnt : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0); —- write pointer
r_pnt : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0); —- read pointer
pata : fifo_data_t; — fifo memory
buf : std_ulogic_vector(FIFO_WIDTH-1 downto 0); —- if single-entry FIFO
match : std_ulogic;
empty : std_ulogic;
full : std_ulogic;
free : std_ulogic;
avail : std_ulogic;
end record;
signal fifo : fifo_t;

— misc —
signal rdata : std_ulogic_vector(FIFO_WIDTH-1 downto @);
signal level _diff : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0);

begin

—- Sanity Checks
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Feature 3: Find references

Inspect every place a symbol is used across the project

example_project (@ 2

neorv32_fifovhd 1, M X

neorv32 > rtl > core > neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl' > g'a record type 'fifo_t' > @ record element 'empty"

65 end neorv32_fifo;

7 architecture neorv32_fifo_rtl of neorv32_fifo is

-- FIFO —

type fifo_data_t is array (@ to FIFO_DEPTH-1) of std_ulogic_vector(FIFO_WIDTH-1 downto 0);
type fifo_t is record

we
re

data
buf

full
free

: std_ulogic; —— write enable
: std_ulogic; — read enable
w_pnt :
r_pnt :
: fifo_data_t; —— fifo memory

: std_ulogic_vector(FIFO_WIDTH-1 downto @); —— if single-entry FIFO
match :
empty :
: std_ulogic;
: std_ulogic;
avail :

std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0); —— write pointer
std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0); —- read pointer

std_ulogic;
std_ulogic;

std_ulogic;

end record;
signal fifo : fifo_t;

— misc —

signal rdata : std_ulogic_vector(FIFO_WIDTH-1 downto 0);
signal level diff : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0);

begin

-— Sanity Checks
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N
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neorv32 > rtl > core >
67 architecture neorv32_fifo_rtl of neorv32_fifo is

Feature 3: Find references

neorv32_fifovhd 1, M X

type fifo_t is record

data : fifo_data_t; -— fifo memory
buf : std_ulogic_vector(FIFO_WIDTH-1 downto 0); —— if single-entry FIFO

match : std_ulogic;
empty : std_ulogic;
-

Inspect every place a symbol is used across the project

ct v

neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl' > g'a record type 'fifo_t' > @ record element 'empty"

neorv32_fifo.vhd ~/rust_hdl/example_project/neorv32/rti/core - References (4)

67 architecture neorv32_fifo_rtl of neorv32_fifo is

chu yenciate; 7oncen_taryge
check_small:
if (FIFO_DEPTH <= 1) generate

fifo.match <= '1' when (fifo.r_pnt(@) = fifo.w_pnt(0)) else '0';

fifo.full <= not fifo.match;
fifo.empty <= fifo.match;
end generate; —— /check_small

fifo.free <= not fifo.full;
fifo.avail <= not fifo.empty;

free_o <= fifo.free;
avail_o <= fifo.avail;

fifo_half_level_simple:
if (FIFO_DEPTH = 1) generate
half_o <= fifo.full;

end generate; — /fifo_half_level simple

empty : std_ulogic;
fifo.empty <= '1' when (fifo.r_pnt(fifo.r_pnt'left) = fifo.w_pnt(fifo.w
fifo.empty <= fifo.match;

ridt fifo.empty;

full : std_ulogic;
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Feature 4: Hover information
Show type, declaration, and documentation on hover

Features

example_project

neorv32_fifovhd 1, M X

1) Diagnostics as you type

neorv32 > rtl > core > neorv32_fifo.vhd > { } architecture 'neorv32_fifo_rtl' > { } generate 'check_large'
67 architecture neorv32_fifo_rtl of neorv32_fifo is

125 end process fifo_pointers; ) _ S~ gna

108 if (rstn_i = '0') then 2 GO to deﬁnltlon

119 if (clear_i = '1') then
122 T1TO.Tr_pnt <= STA_UL0g1C_Vector(unsigned(Tito.r_pnt) + 1); 3)

123 end if;
124 end if;
125 end process fifo_pointers; 4)

Find references

Hover information

—-— FIFO Status .
= 5) Unused detection
check_large:
if (FIFO_DEPTH > 1) generate .
fifo.match <= '1' when (fifo.r_pnt(fifo.r_pnt'left-1 downto @) = fifo.w_pnt(fifo.w_pnt'left-1 downto 0)) else '0'; 6) Complehon
fifo.full <= '1' when (fifo.r_pnt(fifo.r_pnt'left) /= fifo.w_pnt(fifo.w_pnt'left)) and (fifo.match = '1') else '0';
fifo.empty <= '1' when (fifo.r_pnt(fifo.r_pnt'left) = fifo.w_pnt(fifo.w_pnt'left)) and (fifo.match = '1') else '0';
end generate; —- /check_large 7) Rena me
check_small:
if (FIFO_DEPTH <= 1) generate
fifo.match <= '1' when (fifo.r_pnt(0) = fifo.w_pnt(0)) else
fifo.full <= not fifo.match;
fifo.empty <= fifo.match;
end generate; —- /check_small

fifo.free <= not fifo.full;
fifo.avail <= not fifo.empty;
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Feature 4: Hover information

Show type, declaration, and documentation on hover

example_project

neorv32_fifovhd 1, M X

neorv32 > rtl > core >

67 architecture neorv32_fifo_rtl of neorv32_fifo is

125
108

119
122

123
124
125
126

end process fifo_pointers;
if (rstn_i = '@') then

if (clear_i = '1') then
T1TO.r_pnt <= STA_UL0g1C_Vector(unsigned(Tito.r_pnt) + 1);

end if;
end if;
end process fifo_pointers;

—-— FIFO Status

neorv32_fifo.vhd > { } architecture 'neorv32_fifo_rtl' > { } generate 'check_large'

check_large:
if (FIFO_DEPTH > 1) generate

w_pnt :

std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0)

fifo.match <= '1' when (fifo.r_pnt(fifo.r_pnt'left-1 downto @) = fifo.wLpnt(fifo.w_pnt'left-1 downto @)) else '0';
fifo.full <= '1' when (fifo.r_pnt(fifo.r_pnt'left) /= fifo.w_pnt(fifo.w_pnt'left)) and (fifo.match = '1') else '0';
fifo.empty <= '1' when (fifo.r_pnt(fifo.r_pnt'left) = fifo.w_pnt(fifo.w_pnt'left)) and (fifo.match = '1') else '0';

end generate; —- /check_large

check_small:

if (FIFO_DEPTH <= 1) generate
fifo.match <= '1' when (fifo.r_pnt(@) = fifo.w_pnt(0)) else
fifo.full <= not fifo.match;
fifo.empty <= fifo.match;

end generate; —- /check_small

fifo.free <= not fifo.full;
fifo.avail <= not fifo.empty;
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Feature 5: Unused detection

Signals, constants, and variables that are never written to or read

neorv32_fifo.vhd

neorv32 > rtl > core
67 architecture
type fifo_:

re
w_pnt :
r_pnt
data
buf
match :
empty :
full
free
avail :

end record

signal fif

-=— misc --—
signal rda
signal lev

begin

—- Sanity

example_project

2,M @

o neorv32_fifo.vhd > { } architecture 'neorv32_fifo_rtl'
neorv32_fifo_rtl of neorv32_fifo is
t is record

tu_utugic; WILte cnau e

: std_ulogic; — read enable

std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0); —— write pointer

: std_ulogic_vector(index_size_f(FIFO_DEPTH) downto @); -- read pointer
: fifo_data_t; —— fifo memory
: std_ulogic_vector(FIFO_WIDTH-1 downto @); —— if single-entry FIFO

std_ulogic;
std_ulogic;

: std_ulogic;
: std_ulogic;

std_ulogic;

0 : fifo_t;

ta : std_ulogic_vector(FIFO_WIDTH-1 downto 0);
el diff : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0);

Checks

assert not
assert not

—— Access

(FIFO_DEPTH = 0) report "NEORV32 CONFIG ERROR: FIFO depth has to be > 0." severity error;

(is_power_of_two_f(FIFO_DEPTH) = false) report "NEORV32 CONFIG ERROR: FIFO depth has to be a power of two." severity errorj

Control
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Feature 5: Unused detection

Signals, constants, and variables that are never written to or read

example_project

neorv32_fifovhd 3, M @

neorv32 > rtl > core > neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl' > § signal 'debug_counter*
67 architecture neorv32_fifo_rtl of neorv32_fifo is
type fifo_t is record

u_utugcs WiLce enau e
re : std_ulogic; — read enable
w_pnt : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0); —- write pointer
r_pnt : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto @); —- read pointer
data : fifo_data_t; —— fifo memory
buf : std_ulogic_vector(FIFO_WIDTH-1 downto @); —— if single-entry FIFO
match : std_ulogic;
empty : std_ulogic;
full : std_ulogic;
free : std_ulogic;
avail : std_ulogic;

end record;

signal fifo : fifo_t;

— misc —
signal rdata : std_ulogic_vector(FIFO_WIDTH-1 downto 0);
signal level_diff : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0);

signal debug_counter : std_ulogic_vector(15 downto 0);
begin|

—- Sanity Checks

assert not (FIFO_DEPTH = @) report "NEORV32 CONFIG ERROR: FIFO depth has to be > 0."
assert not (is_power_of_two_f(FIFO_DEPTH) = false) report "NEORV32 CONFIG ERROR: FIFO depth has to be a power of two." severity errorj
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Feature 5: Unused detection

Signals, constants, and variables that are never written to or read

example_project

neorv32_fifovhd 2, M @

neorv32 > rtl > core > neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl'
67 architecture neorv32_fifo_rtl of neorv32_fifo is
type fifo_t is record
we TS Cu—utugIcy wirte enau e
re : std_ulogic; —— read enable
w_pnt : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0); —- write pointer
r_pnt : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto @); —- read pointer
data : fifo_data_t; —— fifo memory
buf : std_ulogic_vector(FIFO_WIDTH-1 downto @); —— if single-entry FIFO
match : std_ulogic;
empty : std_ulogic;
full : std_ulogic;
free : std_ulogic;
avail : std_ulogic;
end record;
signal fifo : fifo_t;

— misc —
signal rdata : std_ulogic_vector(FIFO_WIDTH-1 downto 0);
signal level_diff : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0);

signal debug_counter : std_ulogic_vector(15 downto 0);
begin

debug_counter <= fifo.w_pnt;

—- Sanity Checks

assert not (FIFO_DEPTH = @) report "NEORV32 CONFIG ERROR: FIFO depth has to be > @." severity error;
assert not (is_power_of_two_f(FIFO_DEPTH) = false) report "NEORV32 CONFIG ERROR: FIFO depth has to be a power of two." severity error
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Feature 6: Completion
Context-aware suggestions for identifiers, ports, and library items

Features

& example_project (7 2 ¢ 0B 0

neorv32_fifovhd 2, M neorv32_cpu_controlvhd 6, M X % @

Diagnostics as you type

neorv32 > rtl > core > neorv32_cpu_control.vhd > { } architecture 'neorv32_cpu_control_rtl' > { } generate 'prefetch_buffer' > @ loop parameter 'i*
133 architecture neorv32_cpu_control_rtl of neorv32_cpu_control is

Go-to definition

—— Instruction Prefetch Buffer (FIFO)

W N -

Find references

prefetch_buffer:
for i in @ to 1 generate —— low half-word and high half-word (+status)

Hover information

end generate;

N
& s & B e

Unused detection

Ul

—— Instruction Issue (decompress 16-bit instructions and assemble a 32-bit instruction word)

6) Completion

- Issue Engine FSM (required only if C extension is enabled)

issue_engine_enabled: 7) Rena me

if (CPU_EXTENSION_RISCV_C = true) generate

issue_engine_fsm_sync: process(clk_i)
begin
if rising_edge(clk_i) then
if (fetch_engine.restart = '1') then
issue_engine.align <= execute_engine.pc(1); —- branch to unaligned address?
elsif (execute_engine.state = DISPATCH) then
issue_engine.align <= (issue_engine.align and (not issue_engine.align_clr)) or issue_engine.align_set; —— "RS" flip-flop
end if;
end if;
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Feature

Context-aware suggestions for identifiers, ports, and library items

neorv32_fifo.vhd 2, M

neorv32 > rtl > core >

6: Completion

<« example_project

neorv32_cpu_control.vhd 9+, M X

133 architecture neorv32_cpu_control_rtl of neorv32_cpu_control is

&

Instruction Prefetch Buffer (FIFO)

prefetch_buffer:
for i in @ to 1 generate —— low half-word and high half-word (+status)
prefetch_buffer_inst: entity work.neorv32_fifo

)

)

generic map|(
FIFO_DEPTH => CPU_IPB_ENTRIES,
FIFO_WIDTH => FIFO_WIDTH,
FIFO_RSYNC => FIFO_RSYNC,
FIFO_SAFE => FIFO_SAFE,
FIFO_GATE => FIFQ_GATE
port map(
clk_i => clk i,
rstn_i => rstn_i,
clear_i => clear_i,
half_o => half_o,
wdata_i => wdata_i,
we_i => we i,
free_o => free o,
re_i => geui,
rdata_o => rdata o,
avail_o => avail o

end generate;

28.05.26

3" FPGA Developers' Forum - CERN

¢

OB 0

neorv32_cpu_control.vhd > { } architecture 'neorv32_cpu_control_rtl' > { } generate 'prefetch_buffer' > @ loop parameter 'i'

Features

Diagnostics as you type

Go-to definition

g s &8 e

Find references

N

Hover information

Unused detection

Ul

6) Completion

7) Rename
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Feature 7: Rename

Safe project-wide rename of a symbol

example_project

neorv32_fifovhd 1, M X

neorv32 > rtl > core > neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl' > o' record type 'fifo_t'

42 entity neorv32_fifo is

64
65
66
67

90
Q

)i

end neorv32_fifo;

architecture

— FIFO —

type fifo_data_t is array (0 to FIFO_DEPTH-1) of std_ulogic_vector(FIFO_WIDTH-1 downto @);

type fifo_
we
re
w_pnt :
r_pnt :
data
buf
match :
empty :
full
free
avail
end record
signal fif

— misc —
signal rda

neorv32_fifo_rtl of neorv32_fifo is

t is record

: std_ulogic; —— write enable
: std_ulogic; —— read enable

std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0); —- write pointer
std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0); —- read pointer

: fifo_data_t; —— fifo memory
: std_ulogic_vector(FIFO_WIDTH-1 downto @); —— if single-entry FIFO

std_ulogic;
std_ulogic;

: std_ulogic;
: std_ulogic;
: std_ulogic;

o : fifo_t;

ta : std_ulogic_vector(FIFO_WIDTH-1 downto 0);

signal level_diff : std_ulogic_vector(index_size_f(FIFO_DEPTH) downto 0);

begin
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Feature 7: Rename

Safe project-wide rename of a symbol

example_project T

neorv32_fifovhd 1, M @

neorv32 > rtl > core >

neorv32_fifo.vhd > {} architecture 'neorv32_fifo_rtl' > o' record type 'fifo_t' > @ record element 'write_pointer"

67 architecture neorv32_fifo_rtl of neorv32_fifo is

106
108

123
124
125
126
127
128
129
130
vl

fifo_pointers: process(rstn_i, clk_i)
if (rstn_i = '0') then

11 \CLEai_t = 1 uien
end if;
end if;
end process fifo_pointers;

—— FIFO Status

check_large:
if (FIFO_DEPTH > 1) generate

fifo.match <= '1' when (fifo.r_pnt(fifo.
fifo.full <= '1' when (fifo.r_pnt(fifo.
fifo.empty <= '1' when (fifo.r_pnt(fifo.

end generate; —- /check_large‘
check_small:
if (FIFO_DEPTH <= 1) generate

fifo.match <= '1' when (fifo.r_pnt(0)

fifo.full <= not fifo.match;
fifo.empty <= fifo.match;
end generate; -- /check_small

fifo.free <= not fifo.full;
fifo.avail <= not fifo.empty;

free_o <= fifo.free;
avail_o <= fifo.avail;

r_pnt'left-1 downto 0) = fifo.write_pointer(fifo.write_pointer'left-1 downto 0)) else '0';
r_pnt'left) /= fifo.write_pointer(fifo.write_pointer'left)) and (fifo.match = '1') else '@'}
r_pnt'left) = fifo.write_pointer(fifo.write_pointer'left)) and (fifo.match = '1') else '@:;

fifo.write_pointer(0)) else '0';
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Where VHDL-LS sits in the broader landscape

Frontend
Editor / Ul

Integration
Glue layer

Backend

Analysis engine

28.05.26 -

Open-Source Vendor
[ VS Code, neovim, Emacs, ... } Custom editor
v v
IDE shells LSP glue Vivado, Quartus, Libero

Teros HDL, VHDL by HGB

l VHDL-LS J

3 FPGA Developers' Forum - CERN

Editor plugins, scripts

A\ 4

[ ghdl-Is } Proprietary analysis

Commercial

VS Code / Sigasi Studio

Sigasi

single-vendor stack

Proprietary analysis
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Architecture: works well today, but hits a wall for downstream tools

vhdl 1s

LSP glue: I/0, routing

vhdl_lang

Tokenize, parse, analyze

no LSP knowledge

28.05.26 - 3 FPGA Developers' Forum - CERN

Works well

Incremental analysis

Only re-parse what has changed

Automatic ordering

No manual file-order specification

Error-tolerant parsing

Builds an AST from broken/half-typed code
to enable targeted diagnostics and
completion

Hits a wall

No public API
* Internals serve the language server only.

* Formatters, linters, refactoring tools,
testbench generators must start from
scratch

Incomplete code is hard to represent

* Limited AST representation for incorrect
code

* Hurts completions, hovering,
refactoring, etc.
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VHDL Syntax: a VHDL parsing library as a shared foundation

Lossless Public API

e AST that can represent everything: whitespaces, * Designed for downstream tools as leading principle

comments, incorrect code * Goal: a stable and usable API

* Roundtrip code = AST = code always succeeds

Language Server

Linter Generator

N

Formatter Analyzer

28.05.26 - 3 FPGA Developers' Forum - CERN
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In practice: writing a testbench generator

let (design, _) = parser::parse(vhdl);

for entity in design.walk().filter_map(extract_entity_declaration) {
let name = extract_entity name(&entity);
let generics = extract_generics(&entity);
let ports = extract_ports(&entity);

println!("{}", build_testbench(&name, &generics, &ports));

Note: actual code is ~150 lines, example 9 [=]

only; several missing features for real usage N

28.05.26 - 3" FPGA Developers' Forum - CERN

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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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-emitted
(the "Example Project")

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

° Several examples available in the repo

28.05.26 - 3 FPGA Developers' Forum - CERN

Still to be done

Error-tolerant parsing
Frequent bugs and hangs to track down
Hardening the public API

Initial release

32



Two ways to plug in: use it, or shape it

-
1”' Use it

Install one of the existing extensions:

28.05.26 -

VS Code
(neo)vim
Emacs
Zed

3 FPGA Developers' Forum - CERN

& Shape it

Get involved:

Issues and pull requests
Edge-case bug reports

Especially welcome: downstream tool authors

33



Takeaways

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

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

The next-generation VHDL Syntax library is in active development

Lossless, public parser APl - the missing foundation for downstream FOSS tools

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

28.05.26 - 3 FPGA Developers' Forum - CERN
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