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One Word on C++

gdb (lldb)

e To make best use of debuggers in C++, you need the debug
symbols (links from machine code to source code)

e Debug symbols are included in a special compilation/build
— GCC/Clang compilers use the —g flag

— Dynamic linking to pre-built debug libraries

e All experiments have the capability, but it takes extra space
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Print Statement Debugging

e Example in test.cpp

#include <iostream>

int b = 0; // This will cause a division by zero error later

std::cout << "Before calculation." << std::endl; // Debug print

// Simulate some calculation
c = a / b; // Potential error point

// Debug print to check result
std::cout << "After calculation. Result: " << ¢ << std::endl;

// Another section of code

for (int 1 = 0; 1 <= 5; ++1i) {

std::cout << "Loop iteration: " << 1 << std::endl; // Debug print for loop progress
}

return 0;

}
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Example of lidb

e Compile: g++ -g test.cpp
e Run:./a.out
e Runlldb a.out

breakpoint set —--file test.cpp —--1line 4
Breakpoint 1: where = a.out main + 16 at test.cpp:4:9, address = 0x00000001000004f8
run
Process 99742 launched: '/Users/nielsenj/Desktop/comphep-debugging/cpp/a.out' (armé4)
Process 99742 stopped
* thread #1, queue = 'com.apple.main-thread', stop reason = breakpoint 1.1
frame #0: 0x00000001000004f8 a.out main at test.cpp:4:9

1 #include <iostream>
2
3 int main() {
-> 4 int a = 10;
5 int b = @; // This will cause a division by zero error later
6 dintNc:
7
Target 0: (a.out) stopped.
next
Process 99742 stopped
* thread #1, queue = 'com.apple.main-thread', stop reason = step over
frame #0: 0x0000000100000500 a.out main at test.cpp:5:9
2
3 int main() {
4 int a = 10;
-> 5 int b = @; // This will cause a division by zero error later
6 anitNes
i
8

std::cout << "Before calculation.
Target 0: (a.out) stopped.
print a
(int) 10
print c
(int) -109740008

=<vsitd::iendl;//ADebluglprint
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VS Code

eoe « > £ search 8- D0
i ~N 1
RUN AND DEBUG - Cotestepp X Y ¥ T O 0 v M -
“ VARIABLES Users > nielsenj > Desktop > comphep-debugging > cpp > € test.cpp > @ main()
Vv Locals 1 #include <iostream>
a=10 2
ool 3 + int main() {
- 4 int a = 10; |
¢ = -109740008 ® 5 int b = @; // This will cause a division by zero error later
> Registers 6 int ¢;
7
> 8 std::cout << "Before calculation." << std::endl; // Debug print
9
10 // Simulate some calculation
e 11 c =a / b; // Potential error point
12
13 std::cout << "After calculation. Result: " << ¢ << std::endl; // Debug print to check result
14
15 // Another section of code
16 v for (int i = 9; i <= 5; ++i) {
«~ WATCH 17 std::cout << "Loop iteration: " << i << std::endl; // Debug print for loop progress
18 +
19
20 return 0;
21}
22
v CALL STACK Paused on step
CSE test.cop (&l PROBLEMS ~ OUTPUT  DEBUG CONSOLE ~ TERMINAL  PORTS ge+buildactivefile v 4+~ [ @ - ~ X
start known S > 0

Executing task: C/C++: g++ build active file

Starting build...
/usr/bin/g++ —fdiagnostics-color=always -g /Users/nielsenj/Desktop/comphep-debugging/cpp/test.cpp -0 /Users/nielsenj/Desktop/comphep-debugging/cpp/test

Build finished successfully.
Terminal will be reused by tasks, press any key to close it.

“ BREAKPOINTS

® [test.cpp ~/Desktop/comph... (5

® @test.cpp ~/Desktop/comp... 11:4

{}C++ 8 Mac 0

Launchpad ®O0AO0 &> Ln 8, Col 1 Spaces: 4
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Focus on Python

pdb

e Python debugger is a powerful standard tool
— https://docs.python.org/3/library/pdb.html

e But Python runtime errors are also very informative
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Common Python Error Codes

e SyntaxError: invalid syntax
— Misplaced parenthesis etc.

e |ndentationError: unexpected indent

e NameError: name “variable” is not defined

e AttributeError: “module” object has no attribute “attribute_name”
e FileNotFoundError

e |ndexError: list index out of range

e |ImportError: No module named “module_name”

e TypeError (operation applied to object of wrong type)
— unsupported operand or “object is not callable”

e ValuekError (right kind of argument but bad value)

— ValuekError: could not convert string to float: 'non-numeric’
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Bad Python

e Follow along with the bad Python code
— https://github.com/JasonNielsen/comphep-debugging
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pdb Examples

e Option 1: run with -m pdb flag
e Option 2: breakpoint where you want to start your debugging

10
0

a
b
print("Before calculation")
breakpoint ()

c=a/b
print("After calculation")

for i in range(5):

breakpoint/()
print("Loop iteration", i)
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Option 1: -m pdb

(base)'nielsenj@macbook:~/Desktop/comphep—debugging/python$ python -m pdb test_pdb.py

> /Users/nielsenj/Desktop/comphep-debugging/python/test_pdb.py(1)<module>()
-> a = 10
(Pdb) help

Documented commands (type help <topic>):

EOF C d h list q rv undisplay
a cl debug help 1l quit S unt

alias clear disable ignore longlist r source until
args commands display interact n restart step up

b condition down j next return tbreak w

break cont enable jump p retval u whatis

bt continue exit 1 pp run unalias where

Miscellaneous help topics:

exec pdb

(Pdb) next

> /Users/nielsenj/Desktop/comphep-debugging/python/test_pdb.py(2)<module>()
-> b =20

(Pdb) n

> /Users/nielsenj/Desktop/comphep-debugging/python/test_pdb.py(4)<module>()
-> print("Before calculation")

(Pdb) print(a)

10

(Pdb) p b

0

(Pdb) p ¢

*x*k NameError: name 'c' is not defined

(Pdb) |
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Option 2: breakpoint()

> /Users/nielsenj/Desktop/comphep-debugging/python/test_pdb.py(10)<module>()
-> breakpoint()

(Pdb) p i

()

(Pdb) n

> /Users/nielsenj/Desktop/comphep-debugging/python/test_pdb.py(11)<module>()
-> print("Loop iteration", i)

(Pdb) n

Loop iteration 0

> /Users/nielsenj/Desktop/comphep-debugging/python/test_pdb.py(9)<module>()
-> for i in range(5):

(Pdb) n

> /Users/nielsenj/Desktop/comphep-debugging/python/test_pdb.py(10)<module>()
-> breakpoint()

(Pdb) n

> /Users/nielsenj/Desktop/comphep-debugging/python/test_pdb.py(11)<module>()
-> print("Loop iteration", i)

(Pdb) p i

1

(Pdb) n

Loop iteration 1

> /Users/nielsenj/Desktop/comphep-debugging/python/test_pdb.py(9)<module>()
-> for i in range(5):

(Pdb) |
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Option 3: vscode

o
e e ‘ Select debugger I s M B8 O
@ test_pdb.py U X Python Debugger Botym -
Users > nielsenj > Desktop > comphep-debugging > python > ¢ More Node.js options...
1 a=10 More Python Debugger options... x —

b=28 More CMake Debugger options...
Install an extension for Python...

print(“Before calculation”) Generate Debug Configuration with GitHub Copilot

2

3

4

5 breakpoint()

6 #c=a/b

7 print("After calculation")
8

9

for i in range(5):

10 breakpoint ()
11 print("Loop iteration", i)
12

% main* <& Fs° Launchpad ® 0 A0 @ Ln1,Col1 Spaces:4 UTF-8 LF {3 Python & A SelectInterpreter [
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eove « > R search

@ test_pdb.py U @

Users > nielsenj > Desktop > comphep-debugging > python > @ test_pdb.py > ..
1 a =10
b=2

print("Before calculation")
breakpoint()

#c=a/b

print("After ca'l.cu'l.ation”)[

N U AR WwN

PROBLEMS QUTPUT DEBUG CONSOLE TERMINAL PORTS GITLENS
/Users/nielsenj/mambaforge/bin/python

The default interactive shell is now zsh.

To update your account to use zsh, please run “chsh -s /bin/zsh™.

For more details, please visit https://support.apple.com/kb/HT208050.
(base) nielsenj@macbook:~$ /Users/nielsenj/mambaforge/bin/python
Python 3.10.12 | packaged by conda-forge | (main, Jun 23 2023, 22:39:40) [Clang 15.0.7 ] on darwin
Type "help", "copyright", "credits" or "license" for more information.
s>> a = 10

>>> b =0

>>> print("Before calculation")

Before calculation

>>> breakpoint()

——Return—

> <stdin>(1)<module>()->None

(Pdb)

aunchpad ® 0 A0
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pdb workflow demo

e pdb debugger commands
— https://docs.python.org/3/library/pdb.html#tdebugger-commands

e condition
o |ist

e step

e next

°*p

e whatis

e run/restart
e continue

e until
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Debugging in Jupyter

eoe ]+ (<

).

]

g

e JasonNielsen/comphep-debugging

File Edit View Run Kernel Git

FAVORITES

FILE BROWSER

Y
B/ .- /nielsenj/ CompHEP | Yr
Name - Modified
8 demo_vscode yesterday
® (W] test_pdb2.ipynb next yr.
[ test.ipynb yesterday
@ test.py yesterday
Simple 0 1 & 5% Announcement

jupyter.nersc.gov/user/nielsenj/perimutter-login-node-t

7 test_pdb2.ipynb
B+ X0 O

1 def add(x, y):
return x + vy

1 print(sum)

NERSC Python | Idle Mem: 231.64 MB Mode: Command

: test_pdb2.ipynb - JupyterLab

© 0O +
TEST_PDB2.IPYNB
k)
~ VARIABLES Locals v E] =
x: 2
y: 3

~CALLS.. » m 7 ¥ T o

2

add ipykernel_1844179/3368703970.py|

<module> ipykernel_1844179/31419639

~ BREAKPOINTS A @

@ ..rnel_1844179/3368703970.py 2

~ B ITMP/IPYKERNEL_1844179/3368703970.P

1 def add(x, y):

o2 return x + y

» KERNEL SOURCES Q C

@ Ln1, Col9 test_pdb2.ipynb 0 Q
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