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About GHDL

e GHDL compiles the VHDL source code into a Windows exe file. According to our
tests, the whole translation-simulation cycle is as fast as in the professional
simulators. The latter, however, requires us to know its development
environment (quite different) as well as the creation of the project. It specifies
the bugs in VHDL more precisely, but one must know how to use it.

e GHDL quickly runs even from the command terminal of Visual Studio Code.

e The entire installation of GHDL with GTKWave requires approximately 2.7 GB,
slightly less than ModelSim or Questa, and was created for Linux. It does not
use the Windows registry or its system folders and can be cleanly uninstalled.

e GHDL fully supports the 1987, 1993, and 2002 versions of the IEEE 1076 VHDL
standards and the main features of its 2008 revision.

e GHDL runs on Linux, Windows, and Apple OS X. It is an open-source project
with active contributors, see https://github.com/ghdl/. You can freely download
a binary distribution for your OS or try to compile GHDL on your machine.

e Linux installation of GHDL is straightforward but more complicated in Windows
because it requires adding MINGW, Minimalist GNU for Windows.

e Beware! Native Windows versions also exist, but they are all obsolete. The
authors no longer generate such distributions.

e The GHDL project now supports only MSYS2, Minimal System, i.e., MinGW
component (Minimalist GNU for Windows) as the established Software
Distribution and Building Platforms for Windows.

e We must start by installing MSYS2.
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Installing MSYS2

Go to the official project's WEB site and download the actual installer. All images
from the document are screenshots of msys2-x86 64-20240113.exe version from Jan
13,2024. Run the installer and confirm the security warning:

Open File - Security Warning X

The publisher could not be verified. Are you sure that you want to run this
software?

|1"| Name: .\UsersScllo\Downloadsimsys2-x86_64-20240113.exe
Publisher:  Unknown Publisher
Type: Application

From: ‘\\aspace.msad.fel.cvut.cz\UsersSt - \Downloads\ms...
Run Cancel

Always ask before opening this file

I --.l This file does not have a valid digital signature that verifies its
G/ publisher, You should enly run software from publishers you trust.
B How can | decide what software to run?

Click [Next] on MSYS2 Setup
the introductory dialog.

Welcome

Welcome

Welcome to the MSYS2 Setup.
Installation Folder
Start Menu shortcuts

Installing

Finished

Qut
Enter your desired installation Folder. It must have a short ASCII-only path to an
SSD or HD with NTFS volume. The default is C:\msys64\

Installation Folder

Welcome

Flease specify the directory where M3YS2 wil
I lation Folder be installed,

|C: imaysad| | Browse...

Start Menu shortcuts
Its path cannot contain accents, diacritic marks, spaces, symlinks pointing to another

file or directory, and associated subst to virtual drives. The network drives, and FAT
volumes are also not supported.

Choose a menu shortcut on the Start Menu shortcuts
fO”OW|ng screen and run the elcome Select the Start Menu in which you would like
. . } . . to create the program's shortcuts. You can
|nsta”at|on by [Next] . Installation Folder also enter a name to create a new directory.
Start Menu shortcuts |MSYSZ|
Installing Accessibility A
Accessories
Finished Administrative Tools
Maintenance
Startup
System Tools v



https://www.msys2.org/
https://github.com/msys2/msys2-installer/releases/download/2024-07-27/msys2-x86_64-20240727.exe

The installation

Nelcome
Installation Folder
Start Menu shortcuts
Installing

Finished

will report all its actions

Installing MSYS2

|

Installing component MSYS2

Hide Details

And finally, it finishes.

Welcome

Installation Folder

Start Menu shortcuts

*.J.profile’ -> ' fhome fsusta/. profile’

‘CH\WINDOWS \system32\drivers'etcthosts' -» fetc/hosts'
'C\WINDOWS \system32\driversietc\protocol’ - 'fetc/protocols'
'Cr\WINDOWS \system32\drivers'etc\services' -> 'Jetc/services'
‘C:\WINDOWS\system32\drivers\etcinetworks' -> *fetc/networks’
==2 Generating pacman master key. This may take some time.
==3 Updating trust database. ..

== Appending keys from msys2.gpg...

",/ .bash_profile' -> ' /fhome sustaf.bash_profile’ -

=== Locally signing trusted keys in keyring. .. v

Install Cancel

Finished

Creating Maintenance Tool

Installation finished!
All compaonents installed.

Hide Details

*.{.bash_profile’ - > 'fhome/susta/.bash_profile' -
*.f.profile’ - ' fhome susta/. profile'

‘C:\WINDOWS\system32\drivers\etcthosts' - "fetc/hosts'

T \WINDOWS \system32\drivers\eteiprotocol' -> 'fetc/protocols'
'C\WINDOWS \system32\driversetciservices' -> 'fetc/services'
'C:\WINDOWS \system32\drivers\etcinetworks' -> 'fetc/netwarks'
==> Generating pacman master key. This may take some time.
== Updsting trust database. ..

== Appending keys from msys2.qpg...

==> Locally signing trusted keys in keyring... hd

Cancel

If the UCRT64 terminal window appears, you can close it. We do not need it.

MES

Installing GHDL

With MSYS2, we can install GHDL. Open a MSYS2 MSYS console from the
Windows Start menu.

MSYS2
.

M MSYS2 CLANG64

M MSYS2 CLANGARM64

M MSYS2 MINGW32

MSYS2 MINGW64

.

g MSYS2 MSYS
M

- O X

To install the 64-bit version of GHDL, we use the following command :

pacman -S mingw64/mingw-w64-x86 64-ghdl-11lvm

Copy it into MSYS2 MSYS command console:

lpacman -5 mingwsd /mingw-wed-x86_64-ghdl-1Twvm

Ctrl+Ins

Shift+Ins




The Pacman (Packet Manager) finds necessary changes. Confirm them by entering Y.

2 - - O

mi ngwed /mi ngw-
dependencie
conflicti

G4 —gmp
mi ngw—y

pC T W) X 4-mpfr
4 -window 1 i
npthrea
-zlib W-wE zstd
-ghd1-11Tvm

85.18 MiB
1.51 MiB

ge integrity
e fil




Finally, it reports done.

88.2 MiB 10.6 MiB

Installing GtkWave Utility

We also need GTKWave to see the signals generated by the GHDL simulation. Copy
the following line to the MSYS2 window and start the command:

pacman -S mingw64/mingw-w64-x86_64-gtkwave

otal C 0 F.d 64 M1EB
otal Installed ; 3 MiB

:: Proceed with installation?

GtkWave installation also reports all its actions:

:: Proceed with installatior
:: Retrieving packages...
i G 4-Tibr

Finally, it terminates. We can close the MSYS command line window.




Environment Setup

We add the location of GHDL to the end of PATH, which is more robust. In batch
command shell files, we can temporarily move it to the front of PATH at any time.

We press the Windows keyboard Key and start writing the word environment. After
its first three letters, Windows should offer the choice:

Edit the system environment

&)
variables

-

Control panel

We select it and choose [Environment Variables...] in the System Properties window.

Systern Properties X
Computer Name ~ Hardware Advanced  System Protection Remote
You must be logged on as an Administrator to make most of these changes.
Performance
Visual effects, processor scheduling, memory usage and virtual memory
Settings...
User Profiles
Desktop settings related to your sign-n
Seftings...
Start-up and Recovery
System stat-up, system failure and debugging information
Settings...
Environment Variables ...
0K Cancel HApply
Then, we edit the Path in the System variables.
Environment Variables x

User variables for susta

Variable Value 2
Path CihUsers\susta\AppData\Local\Microsoft\ WindowsApps; C\Users\s...
Q5Y5_ROOTDIR ChintelFPGA_lite\20. 1 quartushsope_builder\bin

QUARTUS_ROOTDIR

Systemn variables

Cihaltera\13.0spT\quartus

Edit... Delete

0s

Path

PATHEXT
PROCESSOR_ARCHITECTURE
PROCESSOR IDEMTIFIER

Windows_NT

C:\Program Files\Microsoft\jdk-11.0.16.101-hotspot\bin; C:\Progra...
COM;.EXE;.BAT,.CMD;. VB5; VBE; J5; JSE WSF;. W5H; . MSC

AMDE4

Intel6d Familv & Model 58 Steopina 9. Genuinelntel hd

Delete

Mew...




We found out the location of our ghdl.exe. If we did not change the defaults, it is:
| > ThisPC > SYSTEM(C:) > msys64 > mingw6d > bin |

s

Mame Date modified
e gettext.exe

[%] gettext.ch
| | gettextize
(8= ghdl.exe
(55| ghdl1-lvm.exe
[z ghwdump.exe
[ gif2rgb.exe
We append it to the end of the Path:

]

Edit environment variable X
Brat i WA = Mew
] I LL ] F
=l R Felit
e TIE = i = (| (1= [ s
® . » e pEs B Mowve Down

Chalterah13.0spThquartusi binBd\ cygwin'bin
Chalterah13.0sp 1 quartusbin.cygwin'bin
C:AMATLAB\R2023b'\runtime\win64 Edit text...
CAMATLABNR2023bbin

ChProgram Files\Microsoft VS Codelbin
Chnsysedmingwbdibin

Using GHDL

We also have Quartus installed, which uses MinGW but a different version than GHDL,
which is nothing new in the installation hell of the computer world where it is not wise
to mix versions. Because of this, we have added mingw64 to the end of PATH!

For the same reason, we cannot simply run ghdl.exe stand-alone or utilize a makefile,
but we must embed it into the Windows shell script, in which we can temporarily
move the path to GHDL utilities to the top.

Suppose we placed all necessary files into C:\SPS\GHDL_MHL2\

<2 GHDL_MHLZ - Altap Salamander 4.0 (x64)
v 4 » ThisPC » SYSTEM (C) » 5SP5S » GHDL_MHL2 : : : ; ;
Left Files Edit Commands Plugins Options Right Help

~ -

W GHDL MHL2 - Mame B € - @ | & B RETw| :
- o mf ml wm! ml el 20 E e o
simulation simulation i, - [CASPS\GHDL MHL2 = 1506BO i = |C:ASPS\GHDL MHL2\simulation
w IEF R _'5 MorzeMHL2.vhd e e
n o vEEm =i _-5 testbench_morsevhd LI morse.gtkw
B MorseMHL2.vhd Elrunmorse.bat

@ testbench_morsevhd =l runwave.bat

Morse beacon needs only MorseMHL2.vhd and testbench_morse.vhd for GHDL. The
testbench_morse was explained in the lectures.



In the simulation subfolder, we have 2 batch files. The first is runmorse.bat, which
contains the following Windows shell commands:

@ECHO OFF

rem We specify the following sets as temporary
SETLOCAL

rem Testbench filename is without extension
set TBNAME=testbench_morse

rem Files used by the testbench have extensions and relative paths
set FILES=../MorseMHL2.vhd

rem Simulation running time, us=microsecond
set SIMTIME=1us

rem Our name of simulation temporary results
set SIMNAME=MySim

rem Temporary moving mingw64 to top of PATH

set PATH=C:\msys64\mingw64\bin\ ;%PATH%

rem Compile for VHDL-2008

set GHDL_FLAGS=-fsynopsys --std=08

rem We use %SIMNAME%.vcd as the flag of succesful compilation
if exist %SIMNAME%.vcd del %SIMNAME%.vcd

rem Analyse -a create object files, -e create exe, -r run exe
@ECHO ON

ghdl.exe -a %GHDL_FLAGS% %FILES% ../%TBNAME%.vhd

@IF ERRORLEVEL 1 GOTO BAT-END

ghdl.exe -e %GHDL_FLAGS% %TBNAMEZ%

@IF ERRORLEVEL 1 GOTO BAT-END

ghdl.exe -r %GHDL_FLAGS% %TBNAME% --vcd=%SIMNAME%.vcd --stop-time=%SIMTIME%
:BAT-END

Its commands:

ECHO OFF — do not print lines, ON printing all lines that do not begin by @

SETLOCAL - it starts the localization of environment variables that will be valid until
the end of the batch file or a matching ENDLOCAL command is reached.

rem - the next text is comment till the end of the line.

set TBNAME - the entity of testbench, just name, no extension or path

set FILES= - file(s) referenced in testbench separated by spaces
set SIMTIME - running time, here, 1 microsecond
set SIMNAME.. — any free name for temporary files

set PATH - the temporary move mingw64 path to the top.
set GHDL_FLAGS - switching on VHDL 2008 support.



ghdl.exe -a

It analyzes VHDL files in the upper directory. Notice their compilation order!
The FILES must precede testbench file.

IF ERRORLEVEL 1 GOTO BAT-END - go to end if the previous command exits on an error.
ghdl.exe -e creates the simulation in testbench_morse.exe file.
ghdl.exe -r runs the executable and creates morse.vcd.

Note: If we want to simulate another VHDL file, change set commands.

Running runmorse.bat from Visual Studio Code terminal:
C:\SPS\GHDL_MHL2\simulation> .\runmorse.bat
C:\SPS\GHDL_MHL2\simulation>ghdl.exe -a -fsynopsys --std=08 ../MorseMHL2.vhd ../testbench_morse.vhd
C:\SPS\GHDL_MHL2\simulation>ghdl.exe -e -fsynopsys --std=08 testbench_morse

C:\SPS\GHDL_MHL2\simulation>ghdl.exe -r -fsynopsys --std=08 testbench_morse --vcd=MySim.vcd --wave=MySim.ghw --
stop-time=1us

\testbench_morse.exe:info: simulation stopped by --stop-time @1us
PS C:\SPS\GHDL_MHL2\simulation>

After successful compilation, we run runwave.bat
C:\SPS\GHDL_MHL2\simulation> .\runwave.bat

It contains the following commands. Note: SIMNAM must agree with runmorse
@ECHO OFF
rem We specify the following sets as temporary
SETLOCAL
set SIMNAME=MySim
rem Temporary moving mingw64 to top
set PATH=C:\msys64\mingw64\bin\;%PATH%
IF exist /%SIMNAME%.vcd (
rem Run gtkwave and continue batch commands
start gtkwave ./%SIMNAME%.vcd
) ELSE (
echo There's nothing to view. First, the compilation must exit successfully.

)

The shell command "start" opens a separate Command Prompt window, in which it

runs gtkwave.exe. The runwave.bat shell continues and is closed.

B GTKWave - /MySir

File Edit Search 1 1N GtkWave, we first press Zoom Fit to see the simulated time
interval and adjust the zoom with the mouse wheel.

% & oajr

=l 55T




By double-clicking on the signal list, we first add desired waves, and by right-clicking
on them, we can change their colors or listed data formats.

Bl GTKWave - /MySim.ved

File Edit Search Time Markers View
Daaqalks e
=l 55T Signals
= testbench_morse MIFTHIES
: x[5:8]1=1
......... |mh|2 yBE):l
yo1=0
yle =0
y1l1=0
y=0
stop =~
Type Signals
reg a
reg b
reg ¢
reg d
reg e
reg f

reg
reg
reg
reg

reg

Help

& From 0 sec Toi1us E‘E IMa

Waves

2 a1 B4 @5 q

e
e —

Data Format 4 -
Color Format 4 Normal
Insert Analog Height Extension L=t
Orange
Insert Blank Yellow
Insert Comment T
Alias Highlighted Trace Blue
Remove Highlighted Aliases Indigo
Cut Violet
Copy Cycle
Paste
Delete
Open Scope

Trace Properties

The gtkwave program loads .vcd (.vcd=Value Change Dump) result of ghdl.exe.

If we create a new *.vcd by subsequent runmorse.bat, we only reload *.vcd from
GTKWave: File->Reload Waveform

Bl GTKWave - /MySim.ved
File Edit Search Time
Open New Window

Open New Tab
Reload Waveform
Export

Close

Print Tn File

Markers  View Help

Gisll | | &> Fromy 0 sec
Ctrl+T §
Shifts Cirl+R | Waves
»
iz
Chrl+W 1 ﬂ
CirleP B [

We can reload next time if we store the simulation to keep signals and their settings.
The command "Read Save File" loads the saved signals and their waves, and then we
reload them to refresh data. The colors and formats remain.

Bl GTwave - /MySim.ved
File Edit Search Time Markers View
Open New Window Ctrl+N |
Open New Tab Cerl+T |
Reload Waveform Shift+Ctrl+R
Export L
Close Cerl+W |
Print To File Cirl+P |
Grab To File |
|
Read Save File Crl+0 |
Write Save File Qrl+S |
Write Save File As Shift+Ctrl+5

Bl GTKWave - /MySim.ved

File Edit Search Time Markers View Help H GTKWave - ./MySim.ved

Open New Window Cerl+N | . . R

P & From0s File Edit Search Time Markers View Help
Open New Tab Qrl+T m

b Waves
Reload Waveform Shift+Ctrl+R OpEI"I MNew Window Crl+MN L l::) From] 0 sec
Export r :
Tomm e Open New Tab Ctrl+T |

. i Waves
: Reload Waveform Shift+ Ctrl+R

Print To File Ctrl+P |
Grab To File Export 4 B
Read Save File Crl+0 Close Cirl+W ] ﬂ
Write Save File Ctrl+5
Write Save File As Shift=Ctrl+5 Print To File Crri+P D L
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The batch scripts can be also executed from Visual Studio Code terminal, which has a
lot of extensions for VHDL coding. The following pictures were created with the aid of
the 2024-02-03 release of the extension:

VHDL for Professionals .72
@ VIDE-Software D 14,520 % d ¥ ¥k (15)
Sophisticated VHDL-2008 language support for professional engineers
% SetColorTheme  Disable [v  Uninstall [v ¢33

This extension is enabled globally.

First, from Visual Studio Code, open the folder W) file Edit Selection View Go Run Termi

with simulated files. In the MHL2 example case, it N NewTextFile Ctrl+N

is: C:\SPS\GHDL_MHL2 folder. New Flle.. Gl Al Windows N
New Window Ctrl+Shift+M
New Window with Profile »
Open File... Ctrl+O

Open Folder... Ctri+K Ctri+O

Minan Winrkenara frnm Fila

After opening the folder, create a new command line terminal:

] File Edit Selection View Go Run Terminal Help

EXPLORER . b Mew Terminal Ctrl+Shift+

] . chiftis
~+ GHDL_MHL2 Split Terminal Cirl+5hift+5

The command window starts in the folder C:\SPS\GHDL_MHL?2.

First, we must change its default path to the simulation subdirectory, where we
intentionally placed runmorse.bat and runwave.bat. Hence, the intermediate GHDL
compilation files also remain here and do not mess up the main folder.

Then, we execute the batch files:

®) rile Edit Selection View Go Run Terminal Help = ) GHDL_MHL2
l-_[\' EXPLORER MorseMHL2.vhd @
~ GHDL_MHL2 MorseMHL2.vhd > 6 behavioral (MorseMHL2)
> simulation 1 library ieee; use ieee,std logic 1164.all;
MorsehMHL2.vhd 2 entity MorseMHL2 is
’.ES(SEHEF_H]D[SE.V']C 3 por—\t
4 (X : in std_logic_vector(5 downto 0);
5 STOP, Y @ out std_logic);
6 end entity;
7
VVDU_T;'C;WHLZ o g architecture behavioral of MorseMHL2 is
@ x =td logic B 9 signal a, b, ¢, d, e, f : std_logic;
B STOP: std._logic out port 18 signal vee, yei, Y1, Y11 : std logic;
3 v: std_logic out port PROBLEMS ~ OUTPUT  DEBUG CONSOLE  TERMINAL  PORTS

~ (@ behavioral (MorseMHL2)...
PS C:A\SPSA\GHDL_MHL2» cd .\simulation\

=] PS C:\SPS\GHDL_MHL2> cd .\simulation\
signal PS C:\SPS\GHDL_MHL2\simulation» .\runmorse.bat
# c std_logic signal
2 d std logic signal PS C:\SPS\GHDL_MHL2> cd .\simulatiom\

PS C:\SPS\GHDL_MHL2\simulation> .\runmorse.bat
PS C:\SPS\GHDL_MHL2> cd .\simulationl
PS Ci\SPSAGHDL_MHL2> cd .\simulation\
PS5 C:\SPS\GHDL_MHL2\simulation> .\runmorse.bat

# e:std_logic signal

logic si
td_logic signal

# ¥01:std_logic signa

B - ! logi C:\SPS\GHDL_MHL2simulation»ghdl.exe -a -fsynopsys --std=83 ../MorselMHL2.vhd .. /testbench_morse.vhd
% Y10: std_logic signal
# ¥11:std_logic signa PS Ci\SPSAGHDL_MHL2> cd .\simulation\

PS5 C:\SPS\GHDL_MHL2\simulation> .\runmorse.bat

C:\SPS\GHDL_MHL2\simulation»ghdl.exe -a -fsynopsys --std=88 ../MorselHL2.vhd ../testbench_morse.vhd
PS C:\SPS\GHDL_MHLZ» cd .\simulationl

PS Ci\SPSAGHDL_MHL2> cd .\simulation\

PS C:ASPS\GHDL_MHL2\simulation» .\runmorse.bat

C:\SPS\GHDL_MHL2\simulation»ghdl.exe -a -fsynopsys --std=88 ../MorselHL2.vhd ../testbench_morse.vhd
C:\SPS\GHDL_MHL2\simulation>ghdl.exe -e -fsynopsys --std=88 testbench morse
C:\SPS\GHDL_MHL2\simulation>ghdl.exe -r -fsynopsys --std=88 testbench morse --wvcd=MySim.vcd --stop-time=lus
.\testbench morse.exe:info: simulation stopped by --stop-time @lus

PS C:\SPS\GﬁDL_'—IHLZ\simulatiDm \runwave. bat
PS C:\SPS\GHDL MHLZ\simulation> |1
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Notes:

% The command line windows accept '/' or '\' characters as folder separators.

% By default, Windows PowerShell does not load files from the current location in all
cases. It keeps Linux customs.
We must add ./ or .\ in front of all filenames in our current directory.

< Pressing the [TAB] autocompletes the command. If more than one option is
available, we can hit [TAB] again to display the following possible choices or
continue typing until only one matching choice is left.

In the example above, we wrote down only:

cd./ after TAB, it was autocompleted to cd .\simulation\
Jr pressing TAB autocompleted to .\runmorse.bat
Jr two TABs autocompleted to .\runwave.bat

Professional simulators such as ModelSim or Questa offer more possibilities, but their
environments differ from programming tools, so they need effort to learn and more
steps to run simulations.

GHDL simulates as fast as professional simulators and is much easier to run. Using
GHDL, we can debug more advanced tasks, such as a circuit that will economically
create an LCD control panel background image, which will be the following credit
project in our Logic Systems and Processors course.

ut [The image source Corel 9 ClipArts]

~~e~ The End v
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