.G.GWDG

Gesellschaft fiir wissenschaftliche
Datenverarbeitung mbH Géttingen

OpenFOAM Debugging

Patrick Hohn (patrick.hoehn@uni-goettingen.de)

02/08/2023


mailto:patrick.hoehn@uni-goettingen.de

Agenda

B Motivation

B Requirements
B Tools

>
>
>
| 4
>

>

basic debugging using information written to the terminal
DebugSwitches in controlDict

terminal based debugging using gdb and gdbOF

memory checking using valgrind

GUI based debugging using Visual Studio Code

GUI based debugging using Qtcreator

B Further Reading and References

Patrick Hohn (patrick.hoehn@uni-goettingen.de)

2/42


mailto:patrick.hoehn@uni-goettingen.de

Motivation

B Code not working as intented
B Unterstanding of running code
B Fixing of runtime error

B difficult to study compiled code
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OpenFOAM

I Imperial College London l—)l FOAM |

l l ! Other forks and flavours
|
1

Main forks and flavours

)
1

E— |
Foam-Extend 0penFOAM| |0penFOAM +| i

1

|

Community

| iconCFD | | RapidCFD ‘

Wikki Ltd

\—b{ Foam-Extend 3.2 l [ OpenFOAM v3.0 }1—){ OpenFOAM v3.0+

OpenCFD Ltd
ESI

Clients additions Clients

Own developments l Renumbermgl additions
(T I i ‘ OpenFOAM v4.0 | ‘ OpenFOAM 1606+ ‘ Trademark owners
| Legend!
| i
| |
1| Forks and flavours ! l l
| i
1 i
! 1 www.extend-project.de ‘ | www.openfoam.org | [ www.openfoam.com
1 i
1 i
! ! www. cfd-online.com /Forums/openfoam
! Web sites ; www.openfoamwiki.net © sl iguers 2016
U J

Source: https://olaflow.github.io/blog/what-is-what-and-who-is-who-in-the-openfoam-environment/
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Requirements - OpenFOAM base installation Ubuntu 20.04 LTS

Install base packages

sudo apt-get update

sudo apt-get install git-core build-essential binutils-dev \
cmake flex zliblg-dev libncurses5-dev curl bison \
libxt-dev rpm mercurial graphviz python python-dev \
gcc-7 g++-7 paraview gdb

clone foam-extend repository

mkdir ~/foam

cd ~/foam

git clone http://git.code.sf.net/p/foam-extend/foam-extend-4.1 \
foam-extend-4.1
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Requirements - OpenFOAM base installation Ubuntu 20.04 LTS

Modify settings

cd ~/foam/foam-extend-4.1

echo "export WM_CC=’'gcc-7'" >> etc/prefs.sh

echo "export WM_CXX='g++-7'" >> etc/prefs.sh

source etc/bashrc

sed -i -e ’'s=rpmbuild --define=rpmbuild --define \
"_build_id_links none" --define=' \
ThirdParty/tools/makeThirdPartyFunctionsForRPM

sed -i -e ’"s/gcc/\$(WM_CC)/’' wmake/rules/linux64Gcc/c

sed -i -e ’'s/g++/\$(WM_CXX)/' wmake/rules/linux64Gcc/c++

Patrick Hohn (patrick.hoehn@uni-goettingen.de) 6/42


mailto:patrick.hoehn@uni-goettingen.de

Requirements - OpenFOAM base installation Ubuntu 20.04 LTS

Define aliases

echo "alias fed4l='source \
\$HOME/foam/foam-extend-4.1/etc/bashrc’" >> ~/.bashrc
echo "alias fe4l_debug='source \
\$HOME/ foam/foam-extend-4.1/etc/bashrc \
WM_COMPILE_OPTION=Debug’" >> ~/.bashrc

Compile foam-extend

cd ~/foam/foam-extend-4.1

source ~/foam/foam-extend-4.1/etc/bashrc
./Allwmake. firstInstall
WM_COMPILE_OPTION=Debug ./Allwmake

-

N

w

F
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Requirements - Tools

Using package management system

sudo apt-get install valgrind qtcreator
snap install code --classic

-

N

Manual installation - gdbOF

source $HOME/foam/foam-extend-4.1/etc/bashrc \
WM_COMPILE_OPTION=Debug

cd ~/foam/
git clone https://gitlab.com/flowcrunchpublic/gdbof.git gdbOF
cd gdbOF

./installgdbOF.sh
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Tools - basic debugging by text messages to terminal

Info<< "\nStarting time loop\n" << endl;

-

s{while (runTime.loop())

sl {
5 Info<< "Time = " << runTime.timeName() << nl << endl;
6
71}
Downsides:

B no control of code during execution
B requires modification of code and recompilation
B cleaning of code required after successful debugging
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Tools - DebugSwitches

B 0 means no debug information

B different debug levels available (1,2,3...)

B no recompilation of coded needed unlike Info statements

B list and activate debugSwitches of solver (OpenFOAM foundation and ESI)

pisoFoam -listRegisteredSwitches
pisoFoam -debug-switch <name=val>

-

N

B list and activate debugSwitches of solver (foam-extend)

pisoFoam -dumpControlSwitches
pisoFoam -DebugSwitches <keyl=vall,key2=val2, ...>

-

N
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Hands-on - debugSwitches

CONOOU D WN -

PERER P
NoOoUAWNRO

fe41_debug

cd $FOAM_TUTORIALS/basic/scalarTransportFoam/pitzDaily/

blockMesh

scalarTransportFoam —DebugSwitches volScalarField=1,volVectorField=2

# Output without DebugSwitches:
Time = 0.05

BiCGStab: Solving for T, Initial residual = 1, Final residual = 0, No Iterations 1

# Output with DebugSwitches:
Time = 0.05

GeometricField<Type, PatchField, GeoMesh>::GeometricBoundaryField::updateCoeffs()
GeometricField<Type, PatchField, GeoMesh>::GeometricBoundaryField::updateCoeffs()
GeometricField<Type, PatchField, GeoMesh>::GeometricBoundaryField:: updateCoeffs()
GeometricField<Type, PatchField, GeoMesh>::GeometricBoundaryField:: GeometricBoundaryField(const
— GeometricBoundaryField<Type, PatchField, BoundaryMesh>&)
GeometricField<Type, PatchField, GeoMesh>::GeometricField : constructing as copy resetting 10 params
I0object: volScalarField T_0 "/home/hoehn7/foam/foam—extend—4.1/tutorials/basic/scalarTransportFoam/swirlTest/0.05"

BiCGStab: Solving for T, Initial residual = 1, Final residual = 0, No Iterations 1
GeometricField<Type, PatchField, GeoMesh>::GeometricBoundaryField::evaluate()
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Tools - gdb

B study code run-time behaviour

B examining variables at run-time

B changing program at run-time

B BUT: more disc space required and slower execution time

B for own solver or library modification of Make/options needed:

1|EXE_INC = -00 -fdefault-inline -ggdb -DFULLDEBUG
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Tools - gdbOF and valgrind

gdbOF

B simplification of commands from pure GDB usage by additionally
implemented additional macros

B easier inspection of data structures of OF at run-time
B dumping of data at run-time
B currently unmaintained and buggy

valgrind

B Open-Source framework for memory debugging, memory leak detection
and profiling
B no profiling demonstrated as part of this talk
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Tools - Visual Studio Code

multiplatform (Windows, macOS, Linux) IDE (Integrated Development
Environment) Visual Studio Code

open source variant without telemetry VSCodium
supported languages: C, C#, C++, JavaScript, Julia, Perl, Rust, ....
syntax highlighting, auto completion, revision management

graphical debugging
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Tools - Qtcreator

multiplatform (Windows, macOS, Linux) IDE (Integrated Development
Environment)

based on and integrated in multiplatform Qt framework
supported languages: C++, Java, Markdown, JavaScript, Python, QML, ...

syntax highlighting, auto completion, revision management

graphical debugging
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Hands-on - Pitzdaily

scalarTransportFoam:
4V (uT)—~V - (VDT) =S
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Hands-on - gdb

fed4l_debug

cd $FOAM_TUTORIALS/basic/scalarTransportFoam/pitzDaily/
blockMesh

gdb scalarTransportFoam

-

N

w

FS

command meaning

[hlelp list all classes of commands

help class one-line description for commands in class
help command description of command

[1ist shows ten lines after previous listing

list main shows first ten lines around function

list 30,50 shows defined line range

list createTime.H:1,20 | shows first twenty lines of createTime.H
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Hands-on - gdb 2

command meaning
[rlun start your program with current argument list
run arglist start your program with arglist
[clontinue resumes execution of program

until next breakpoint
ctrl-x ctrl-a starting of Text User Inferface (TUI) Mode
tui enable starting of Text User Inferface (TUI) Mode
ctri-l redraw TUI window
[bJack[t]race | print trace of all frames in stack
backtrace n print trace of n frames in stack
frame n select frame number n
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Hands-on - gdb 3

command

meaning

[blreak (file:)line
break (file:)line if var==value

set breakpoint at line (in file)
conditional breakpoint at line (in file)
if var equal value

clear clear all breakpoints
whatis expr show datatype of expression
ptype expr show more details on datatype compared

to whatis

watchpoint expr

set a watchpoint for expression expr

[sltep
step n

run next line, stepping into function calls
run n lines, stepping into function calls
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Hands-on - gdb 4

command meaning

[n]ext run next line, stepping over function calls
next n run n lines, stepping over function calls
info break show defined breakpoints

info watch show defined watch points

finish run until stack frame returns

[plrint *T_.v_@nvalues
p *T_.v_@(begin,end)

print first n values of T_ variable
print values from begin to end of T_ variable

call Foam::min(1,2)

call min function from inside OpenFOAM

[qluit

quit gdb
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Hands-on - Valgrind

fe41l_debug

cd $FOAM_TUTORIALS/basic/scalarTransportFoam/pitzDaily/

blockMesh

valgrind --leak-check=full --show-leak-kinds=all \
--track-origins=yes --log-file="memcheck.txt" \
myScalarTransportFoam

fe41l_debug

cd $WM_PROJECT_USER_DIR/applications/

tar xzvf my.tar.gz

cd myScalarTransportFoam/
{vi|nano|emacs|gedit} # editor of your choice
wmake
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Hands-on - Visual Studio Code - General instructions

B run 'fe41l_debug’ in shell
B run '‘blockMesh" in same terminal
B run ‘code .’ from same shell
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Hands-on - Visual Studio Code - tasks.json

1 ¢

2 "version": "2.0.0",

3 "tasks": [

4 {

5 "type": "shell",

6 "label": "wmake-build",
7 "command" : "wmake" ,
8 "problemMatcher": [],
9 "group": {

10 "kind": "build",
11 "isDefault": true
12 }

13 }

14 1

15 3
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Hands-on - Visual Studio Code - launch.json

{

I

"version":

"0.2.0",

"configurations": [

{

"name": "OFDebug",

"type": "cppdbg",

"request": "launch",

"program": "${env:FOAM_APPBIN}/myScalarTransportFoam",
“args": [,

"stopAtEntry": false,

"cwd": "${env:FOAM_TUTORIALS}/basic/scalarTransportFoam/pitzDaily /",
"environment": [],

"externalConsole": false,

"MIMode" : "gdb",

"miDebuggerPath": "/usr/bin/gdb",

"setupCommands" : [

{
"description": "Enable pretty—printing for gdb",
"text": "—enable—pretty—printing", Description:
"ignoreFailures": true 8: Location of executable program
} 9: Arguments to pass to the programm

] 10: Should program stop at the beginning of the main function?

11: Path to case folder

12: Environment variables to add to the environment of the program
14: What debugger should Visual Studio Code connect to?

15: Path of debugger. Don’t know? Use which gdb in another terminal
16-22: Array of commands to execute in order to setup GDB

23: Task to be performed before debugging

"preLaunchTask": "wmake—build"
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Hands-on - Visual Studio Code - Steps

After first start after installation click "Install" to add c++ specific modules
£ % - Visual Studio Co
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Hands-on - Visual Studio Code - Steps

Fie Edic_Selection
New Terminal
SpltTerminal
fun
Run Build Task
Run Active il

Run Selected Text

Configure

onfigure Default Buld T

e (simple.loop;
Info<< "Time = " << runTine.timeName() << nl << endl;
scalarField® T_testptr = new scalarField(T.size(), ):

<< *T_testptr << endl;
te T_testptr

sigFpe : Enabling floating point exception trapping (FOM
allowsystent Disallowing user-supplied s

Create tine
Create mesh for tine = 0

S e {hoehn7edel1-patrick myScalarTransportfoan]s [
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Hands-on - Visual Studio Code - Steps

calarTransportFoam -Visual
Fie Edit Selection View Go Run Terminal Help
o orous [B] orpebug v | @

[ ———
- vaRIRBLES U 2

simpleControl simple(mesh):

Info<< "\ncaleulaty
e (simple.loop;

Info< "Time = " << runTine. tineNane:
 cALLSTACK

scalarField® T_testptr = new scalarField
nf _testptr << endl;
Testptr

Enabling floating point exception

on trapping
tenOperations : Disallowing user-su

pplied s

BREAKPOINTS Create mesh for tine = 0
Al G+ Exceptions

e {hoehn7edel1-patrick myScalarTransportfoan]s [
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Hands-on - Visual Studio Code -

éohtinue
step-over
" step.into
vamable
wew

inpleControl simple(mesh);

e (simple.loop;

baCREES Ee e o «
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Hands-on - QtCreator - General instructions

run 'fe4l _debug’ in shell
run 'blockMesh" in same terminal
run ‘find $FOAM_SRC -type d -iname "InInclude"’ in same shell

run 'qtcreator .” from same shelll

changing of files possible by double click on filename
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Hands-on - QtCreator - Steps

B3| - |gcreator
Fle Edit_View Buld_Debug analyze Tools Window _Help

\& Welcome to Ot Creator

=}
Createproect. | sessions wanage. | projcts
0 defouk st sessons — —
Openproject. || - e roject = Qi remtar E5
-, Choose atemplte: AlTemplaes

New to Qt? Projects
Appication <> make, Chike, Qbs, Meson, or Autotools.
Get Started opliation (21 qmake, CMake, Qbs, Mk Autotools

Appiication (@t for Pythor) This allows you t use Q¢ Creator a5 3 code

St cicone o

° iy
oter e Pt independent
== et oag Mercuril Cone
s | =

CVS s checkou
Toort
Waretisce

Import Bxisting Project

< choose. || Scance

[ G 1 ot 1 Onine Community ]| blogs 1 Vs uide 1

Uttour Thstour salectHelp> UrTour Take i Tour | [Do Notshowgain | X
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Hands-on - QtCreator - Steps

QC |2 Import Existing Project — Qt Creator

Project Name and Location

> Location
Files
summary Project name: |myScaIa rTransportFoam |
Location: FonsfmyScaIarTransportFoam | | Browse... |
Next > | | Cancel
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Hands-on - QtCreator - Steps

make sure that the filter includes "*.C" and "*.H" because Linux is case-sensitive

- o x

Q€ B Import Existing Project — Q Creator

File Selection

Location
> Files. ‘select files matching: |8 *.cc; *.cpp; *.cp; *.00 *.cr+; *.H; *h; = hpp; *.he; |
St
HIME yide files matching:  f.obj; = * fles; *.config; *creator; *.user*; *.ncludes; * autosave |
Apply Fiters |
~@m| -4 D
r [ B Make
createFields.H
yScalarTransportFoam.C
[[] = myScalarTransportFoam.dep
"] = testGoeHPCoffee.cflags
7] = testGoeHPCoffee.cxxflags
| <Back || nea> || cancel
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Hands-on - QtCreator - Steps

6 ) myscalarTransportFoam C @ testGoeHPCoffee - Gt Creator

Fie Edit_View Buid Debug Analyze Tools Window _Help

mainin, char 0 nt

testGosHPCofecincludes
i

createFelds 38+ int madn(int arge, char sargy))
myScalrTransportFoam @ o
myscalarTransportfoamdep. 201 r dnelude mactfoatCrse

42 ¢ dnclude rerestetine.n
Bt nclude mereatenesh

| a5 sinplecontrol simple(nesh) ;

47t include neresterielos.

s Tnfoc< mncaleulating scalar transport\n® << endl;

S+ dnclude "Courantho k'

@ s« | uhite (simptetoop)
51 ¢
s Infoc "Tine = % << runTime. tineName() << nl << endl;

& 11 Aocated meory does not get freed
@ ScalarFields T_testptr = new scalarField(T.5ize0), 0);
@ Info ¢ +T_testoer << endl;

Ildelete T_testotrs // solution

1/ oynamic atlocsted array
77 seatar +p = new scalar(s](5,4,3,2,1

71 detete (6] b 1/ solution for dynamically sllocated array
Open Document

myscalarTransporiFoamc

22:51: Running steps for project testGosPCoffes...

minal 6 QML Debus
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Hands-on - QtCreator - Steps

paste output from find command in file

oy _sasyze Toos windou vl

,,,,,,,,,,,,
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Manage k.

Active Project

Build Settings

e buid coniguraton: [Vorgsbe

testGosPCoffee

Import Bisting Buid.

Build & Run

@ pesktop

b
Project Settings

edior
Code sile

Dependendies
Enironment.

Clang Tools
Testing

Remove

Rename.

Hands-on - QtCreator - Steps

Clore

Build directory:

Tooltipin target slector
Build Steps
Custom Process step: wmake

Command: [smake

e |

[r—

(A i tep-
Clean steps
No Cleansteps
(Ada Ceamstep-
Build Environment
Clear system envronment

Use system Environment

Custom Output Parsers
Parse standard output during buid

“There are no custom parsers active
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Hands-on - QtCreator - Steps

([ ] testGoeHPCoffee - Ot Creator

=5
Fie_gdt_View Buid_Debug_pnaiyze Toos Mindow_tiep
Manage ks | | Runsettings
Deployment
Active Project N [
Method -] aa Remove | [ Rename
estGoehPCofiee - T o
| Nooeplyses
import isting i
(rsdDepioysip
Build & Run
Run
@ pesktop
£ auid fun configuration: Custom Brecutable || g Rename...| [ cloe.

Project settings. Executable: || Bromse... |
. command e sgures: B
cotesye [Cromse.. | 3]
Dependencies e
oepencende [ —
cangd
Quick s environment
Clng Toos
Tsting Use System Environment Detis +

Showin Appcaton Outputwhen runring
Custom Output Parsers
Therear no custom parsers acive Detis -
Debugger settings
Comgie oupu i - = =
ppication Qupux._4 Compie Ouput 5 Terminl 6 QML DebuggerConsole 9 TestResuts & =
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Hands-on - QtCreator - Steps

0 [B) myscalarTransportFoam C @ testGoeHPCoffee - 0t Creator

L sinple(mesh) ;

bteiclds b

Gen
Reutaving scatar transportin® << endl;
un Generator panto.ne
» Ron CuieR £-loop())

Run Without Deployment e

< runine. tinenane() << Al << endl;
(Open Buid and Run Kt selector.

P memory does not get freed

tastptr = new seslarField(T. 1220, O
@ Info <c +T_cestper << enct
& delece Tiestotrs // solution
e 1/ bynamic sllocated array
o 17 seatar +p = new sealar(s](5,4,3,2,1)
& delete (3] p; 1/ solution for dymmically allocated array
Open Documents & 17 Uninitiatized varisbles

myScalarTransportFosmC

Starup Project

Debugger Perspectives Breakpoint Preset
perspectve | Debugged Application lbebuggee  Function Fie e Address. Condition __ignore Threads.
Debugger Pres. « nsportFoamC 40 @l

« nsportFoamC 32 @

« nsportFoamC 54 @
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Hands-on - QtCreator - Steps

Start and Break on Main

Set or Remove Sreakpoint
Enableor Disable Breskgoint

Start Debugging of Sartup Project__F5_rbot

open Documents

myScalarTransportFosmC

Autach to Running Application.
Attach to Unstarted Appiicatin.
St and Debug EXCemal ADRIGAION... |+ + 5+ 4 5 x 2k ko ukx k]
Load CoreFile.
Attach to Running Debug Server.
Fio Attach 10 QML Port.
letude rerasteTine.
A ———
Implacontral sinplenesh);
)
cubrs [l eresteFiclds e
ffocc "\ncateutating scalar cransportin® << endl;
5 e include “courantho e
S5 v | wile (simple.loop())
57
s Inface "Tine = % << runTine. tineNams() << ol << ndl;
s
@ 1/ Alocated menory does not get freed
a Scalarfialds T_testptr = new sealarFleld(T. 542200, @);
@ Info << +T_testoer << endl;
& delete T_testotr; [/ solution
e 1/ bynamic sllocated array
o 17 seatar +p = new sealar(s](5,4,3,2,1)
& delete (3] p; 1/ solution for dymmically allocated array
@ 17 Uninitiatized varisbles
w 11 seaar volume:
n scalar volume(o}; // solution
72 I/ Info << volume << end,

Starup Project

Debugger Perspectives Breakpoint Preset
perspectve | Debugged Application lbebuggee  Function Fie e Address. Condition __ignore Threads.
Debugger Pres. « nsportFoamC 40 @l

« nsportFoamC 32 @

« nsportFoamC 54 @
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Hands-on - QtCreator - Steps

step
debugger into

Debugger # | GDB for "Custom Executable” N NEEE=RCNE! 5] | Threads: = #1 myScalarTranspo ~ + | Stopped at breakpoint 2 in thread 1

step step
over out
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Thank you for your attention
Questions?
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