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Debugging

When you run a piece of code and:
e get an error/crash/exception
e encounter an unexpected result

e Wwant to know what the code is doing

Do you:

e Add a bunch of print/cout/printf statements and try to track
down the issue?

e Run the code in a debugger?

If you said "print statements", you have some learning to do!
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Aside: program flow and memory

Heap:

e all global variables,
dynamic memory

Stack:

e All functions currently
being executed and their
local variables

e Single function's data is
stored in a "Stack Frame",

e Frames are stacked on top
of each other to represent
hierarchy (bottom of stack
=outermost)

caveat: python's memory management and stack is
at a higher level of abstraction than this, but
conceptually is the same

\

ex
example = new Example();
ex.f();
Il
add (2) ; = | val [2
return count += v
< : J
- .
mult(3); call | mit
this |
val |3
return count *¥=v
return -«
<
System.out.println(ex.count);
\

diagram from: http://faculty.ycp.edu/~dhovemey/spring2007/cs201/info/exceptionsFilelC
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http://faculty.ycp.edu/~dhovemey/spring2007/cs201/info/exceptionsFileIO.html

What is a debugger?

A debugger:

e runs or attaches to a running piece of code or a program that has just
crashed or had an exception

e allows you to view the value of any variable
e allows you to move through the execution of the code and inspect data!
> go to next line
» step into function
> go up or down one level of function calls (the "call stack’)
» watch a variable for change

> keep running until a condition occurs

The basic use/concepts of debuggers is independent of language (a C++
debugger works the same as a python debugger)



Two levels of debugging interface

v.zuvvvuTs, V.JTTIUUVY, V.LIVUVELUJIT, V.IUIUUIVUT, V.rgevocor g,

[ 0.86932713, ©.74726936, ©.77972359, 0.88279606, 0.76825295,

0.39924089, 0.26050213, 0.82032474, 0.18800458, 0.4321186111),
pdb 'adc_sums’: array([ 0.80428043, 0.8199334 , 0.16511381, 0.93497246, 0.81474172,

0.32322294, 0.51430672, 0.24404024, ©.95566716, ©.52979194,
0.656204 , 0.13846386, 0.38674983, 0.80887851, ©.21542999,

Text_mOde debu ers- 0.17744908, ©0.19187673, 0.7651854 , 0.66272061, ©.97808223,
m 0.09301636, 0.85309485, 0.38484974, 0.96316492, 0.75049923,

0.16777729, ©0.75347307, 0.00606986, 0.36143674, ©.67134474,

0.32212175, 0.29453887, 0.02970078, ©.95121449, ©.63413519,

0.49721334, ©0.72331239, 0.22943813, 0.61962722, ©.83813364,

0.55013944, 0.18937513, 0.85568434, 0.55420725, ©.08771667,

o g C C++ p py On 0.55564573, 0.8569015 , 0.24182574, ©.35381984, ©.001417771),
) 'num_samples': 10}
(Pdb) bt
/Users/kosack/anaconda/lib/python3.6/bdb.py(431)run()

. u u u -> exec(cmd, globals, locals)
e simple command-line interface, with text |[EEs
) /Users/kosack/Projects/CTA/Working/ctapipe/ctapipe/io/tests/test_hdf5.py(77)<module>()
-> test_write_container("test.h5")

> /Users/kosack/Projects/CTA/Working/ctapipe/ctapipe/io/tests/test_hdf5.py(23)test_write_container()
COI I II I Ian S -> rotel.metal'test_attribute’'] = 3.14159

(Pdb) 4=

® g OOd .I:O r q u iC k d e b u g g i n g q’i - DD: I;uhlic!soume!programming!d(id—3.2!ddd!cxxtest..c <0 X
d d d File Edit View Program Commands Status Source Data Help |
GNU ;9 B a8 o 208 L Qs #® 2

o Tist—>sel
0| ﬁ[ Lookup Find« Break Watch  Print Disp: Plot Hide Folate Set UHdisp

1| - = |
. 14 Ty )| walue = 85 '/> || wvalue = 86 q :
GUI Debuggel"s: h.llsf) Ty B IR =t self = 0x804df90| =
15 X .. .| _next = 0x804df30 next = 0x804dfafllr
“next : ‘

e often integrated with nice interactive

list—>next new List(a_global + start+); #HEL X

. }1sg—>nexg—>nexg . - ?gthist(a_globd + start++); —
1st—>next—>next—>nex = 115C;
development environments (IDEs) o s i S

' - : : P delete 14stlCList ") 0xa04dra0) e | st
e Allow point-and-click inspection of code |, =&&is™ e

Until | ﬁg}

. %4 DDD Tip of the Day #5 X |

and variables i ]

4 list % If you made a mistake, try Edit—Undo. This will undo the most ﬂl
3

recent debugger command and redisplay the previous program state.
il

o

e Examples:

void ref

- " gare L Close | Prev Tip | Next Tip |
> ddd [Data Display Debugger] (c/c++) -

) PyCharmIS debugg@r <python> (gdb% Et;]raph display *({1ist—>next—>next—>self) dependent on 4

(gdb
A list= (List *) 0x804df80

hEehE




File Edit View Program Commands Status Source

Data

Help

0:|de@

-,

Gd @ @ 2T A G S0 B X

hd

AlenaVensd
Lookup Finds> Break Watch Print Display Plot Hide  Holate  Set Undisp

Run| Interrupt| Step| Stepi| Next| Nexti| Until| Finish| Cont| Kill| Up| Down| Undo| Redo| Edit] Make

[3: device_namel::::::[a: dev |:::iiii | name = 0x278b0 “fd1"|[;:: || name = 0x10¢6S “biosdisk" BRREEES
. " wo |l AR | B (-1 = 0x11860 o mm o m o id =10 e
I982?92.0..?:'{“...IIIIIIf.[]%??qo.o.ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ total_sectors = 2880 momm o oom iterate = 0xfa30 <grub_biosdisk_iterate>| - :-:: "
CoLliiiiiiiiiiiiiiiiiiiigiciiiiiiiiiiiiny| has_partitions =0 dev - _f| open = Oxfadi <grub_biosdisk_open> |l =000
SESEEEE RS SIS | L =1 ool clese = O0xfoSF <grub_biosdisk_close> fl .-
A S o gkl partition = 0x0 oo read = 0xfeS3 <grub_biosdisk_read> -
.................. disk = ox27adol™ - - - - - || read_hook = write = 0xff19 <grub_biosdisk_write>
ceiieenceeaaeeaaadl net = 0%0 - ..... | data = 0x27880 m o mm o oom hext = 0x0 L
Backtrace f_‘
grub_printf ("%-12s", "DIR"); #7 0x0009776e in grub_command_execute ( A9
. " W es . .o 1#6  0x00098a15 in grub_script_execute ()
grub_printf ("%s%sin®, filename, dir ? “/"\ Jue qonopgasfo in grub_script_execute_cm
) #4 0x0009890e in grub_script_execute_cm |
return 0; #3 0x000985f0 in grub_script_execute_cm
; #2 0x00098847 in grub_script_execute_cm
. . . . #1  0x0009322f in grub_cmd_1s () at 1s.c
device_name = grub_file_get_device_name (dirng arub 15 135t files () at 1s.c:145 =
dev = grub_device_open (device_name); o S —
P it (1 dev) I~ I -
goto fail;
fs = grub_fs_probe (dev); Up Down Close Help 2
path = grub_strchr (dirname, 'J'); : ,
if (! path)
path = dirname;
else
path++;
if (! path && ! device_name) N
i
{gdb) graph display *dev dependent on 4
{gdb) graph display *(dev—>disk) dependent on S
{gdb) graph display *(dev—>disk—>dev) dependent on 6
{gdb) graph display *(dev—>disk—>data) dependent on &
{gdb) iiAttempt to dereference a generic pointer.
Disabling display 8 to avoid infinite recursion.
{gdb) graph undisplay 8
{gdb)

A Display 4: dev {enabled, scope grub_Ts_Tist_files, address 0x67¢cc4)

Tt k]




Debugging python code

There are many ways to enter the
text-mode debugger PDB:

common PDB commands
(and the same for gdb!):

DEBUGGING AFTER AN EXCEPTION e u(p), dlown) (move in the stack)

(my most common use case)
e bt (backtrace) == where

e 1) run a python program in ipython | |
e cont(inue) running program

e 2) it crashes with an exception

e 3) type %debug to enter PDB
and jump to where the exception
occurred!

e n(ext) [next line]

e s(tep) into next operation (e.g. into
functions)

_ e | andll (list + longlist) of code at point
e (alternately run "ipython —pdb

<SCFIptpy>") e ( (C]UIt debugglng)

e any python expression

S — =

- DEMO -



Debugging python code

Use Case 2: no exception occurred, but you want to see what is
happening inside a function

e Brute-force: place this line where you want to halt the program
and start debugging:

import pdb; pdb.set_trace()

e More work, but more flexible: run the script inside the debugger:

python -m pdb myscript.py

» the script will not run, but rather start at the first statement and
then wait for you to type commands

» USse next, step, cont to step through program

» set a breakpoint! (break <linenumber>) and continue to it

- DEMO -



GUI Debugging

This is all nice and good, but it gets tedious for more than
simple debugging...

Open the "executable" part of the

script and click the "debug" icon in the
top-right corner

Solution: use a GUI debugger!

. : VCS V(S : .
) B gesthasy | D WK W S B O Q
der.py mctab = reader.read('/RO/MC', mc)
r@tabl = reader.read('/R0/tel_001', rotell) # test_hdf5.py ~=s5 Structure EIE TR - 2| gp
r@tab2 = reader.read('/R0/tel_002", ro0tel2) : : d
Yy - a: R - mu
¥ T =& 7T = b
_ # read all 3 tables in sync columns - - g
. . for ii in range(3): a test_hdf5.py 3
CIICk n print("MC:", next(mctab)) f temp_h5_fi|e(tmpdir_factory) —
/ . print("t0:", next(r@tabl).adc_sums) . . .
margin to set print("t1:", next(rotab2).adc _sums) I test_write_container(temp_h5_file) &7 -
b K , t print("-------ccccemmmmmnneeeeeaa- ") f test_read_container{temp_h5_file) ';.;
a oreaxKkpoin .
p test_read_whole_table(temp_h5_file): f teSt-read-WhOIe-tabIe(temp-hs-flle) E
mc = MCEventContainer() -
] reader = SimpleHDF5TableReader(str(temp_h5_file))
y
asets.py for cont in reader.read('/RO/MC', mc):
histogram.py print(cont)
1_2_fits.py
lg.py > if __name__ = "'_main__":
import logging
logging.basicConfig(level=1logging.DEBUG)
ISS.pY

m.py test_write_container("test.h5")
' - - 2 - - n

PR .- -——m a2 - ‘£ e e L.



GUI debugging

test.h5 r@tabl = reader.read('/RO/tel_001', roOtell)
a test_eventfilereader.py r@tab2 = reader.read('/R0/tel_002', rotel2)
» test_files.py
» test_hdf5.py # read all 3 tables 1in sync

for ii in range(3):
print("MC:", next(mctab))
print("t0:", next(r@tabl).adc_sums)
print("t1:", next(r0@tab2).adc_sums)

= test_hessio.py
~ test_serializer.py
= #containers.py#

A _init__.py S 1 1 ")

3 array.py values also appear
& containers.py def test_read_whole_table(temp_h5_file): temp_hS5_ file: "test.h5’ i i |

& eventfilereader.py rlght n the COde

a files.py mc = MCEventContainer() mc: {‘alt': 0.0,\n 'az': 0.0,\n ‘core_ x': 0.0,\n

a hdftableio.py
2 hessio.py o reader = SimpleHDF5TableReader(str(temp_h5_file)) (OI’ on mouse-
# serializer.py for cont in reader.read('/RO/MC', mc): Over)
& sources.py Dl'if‘t( cont)
4 toymodel.py currently at
a zfits.py J if __name__ = "'_main__": . .
plotting this line
reco import logging
tests logging.basicConfig(level=1logging.DEBUG)
tools . ‘ \
utils test_write_container("test.h5") L
test_read_container("test.h5")
tests. ) test_read_whole_table("test.h5")
A __init__.py
Debug:  test_hdfS ri‘. test_hdf5 [ EC-E |
(& Debugger [E] Console +* k= ¥ N M A ¥
.3 %) Frames +* == Variables
E Main... + & = mc = {MCEventContainer} {"alt": 0.0,\n 'az": 0.0,\n ‘core_x": 0.0,\n ‘core_y": 0.0,\n ‘energy': 0.0,\n 'h_first_int': 0.0,\n ‘tel: {}}

W test_read_whole_tab temp_h5_file = {str} 'test.hS'
- & <module>, test_hdf5
- & execfile, _pydev_exec
@ &l run, pydevd.py:1015

oo | & <module>, pydevd.p\

You can see all variables in the current
stack frame in this box

Move up and down
stack or lines

&
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test.h5
=~ test_eventfilereader.py
» test_files.py
» test_hdf5.py
=~ test_hessio.py
~ test_serializer.py
= #containers.py#
& __init__.py
& array.py
& containers.py
& eventfilereader.py
= files.py
» hdftableio.py
& hessio.py
=~ serializer.py
& sources.py
» toymodel.py
a zfits.py
plotting
reco
tests
tools
utils
tests
& __init__.py

rétabl
rotab2

readel
readel

# read all 3 t:i
for i1 1in range
print("MC:'
print("to:'
print("t1:'
print("----

def test_read_whole

mc = MCEventCor

o EEETTITEESTIT

for cont 1in re:
print(cont;

> if __name__ = "_n
import logging
logging.basicCc

test_write_cont
test_read_cont:
test_read_whole

Debug: ¢ testhdfS «_test hdfS | W¥HT & 000

Ca Debugger [E] Console +* b= | &

P [E Frames +* == Variables
5 Main... | | 4

M M

A ¥ i

alt = {float} 0.0
v = attributes = {dict} {"energy': Monte-Carlo Energy [TeV], 'ali... View
_len__={int} 7
v = 'alt' (4608341976) = {Item} Monte-carlo altitude [deg]
default = {float} 0.0
description = {str} 'Monte-carlo altitude'
= unit = {Unit) deg
‘az' (4415856064) = {Item} Monte-Carlo azimuth [deg]
‘core_x' (4442303656) = {Item)} MC core position [m]
‘core_y' (4442303768) = {ltem} MC core position [m]
‘energy' (4442303544) = {ltem} Monte-Carlo Energy [TeV]
'h_first_int' (4608895856) = {ltem} Height of first interaction
> = 'tel' (4415607728) = {Item)} map of tel_id to MCCameraEventCol
az = {float} 0.0
core_x = {float} 0.0
energy = {float} 0.0
Wl h first int = {flnat) 0.0

&, » = mc = {MCEventContainer} {'alt": 0.0,\n 'az": 0.0,\n ‘core_x": 0.0,\n ‘core_y": 0.0,\n ‘energy": 0.0,\n 'h_first_int": 0.0,\n 'tel": {}}
temp_h5_file = {str} 'test.h5'

also appear
' the code!

mouse-

i test_read_whole_tab
. & <module>, test_hdf5
o B execfile, _pydev_exec
@ & run, pydevd.py:1015

mo & <module>, pydevd.py

- stack or lines

Move up and down

You can see all variables in the current
stack frame in this box
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GUI debugging
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GUI debugging

test.h5
=~ test_eventfilereader.py
= test_files.py
‘» test_hdf5.py
» test_hessio.py

rOtabl
rOtab2

reader.read('/R0/tel_001', rotell)
reader.read('/R0/tel_002', roOtel2)

# read all 3 tables in sync
for ii in range(3):

» test_serializer.py print("MC:®, next(mctab))
- print("t0:", next(rOtabl).adc_sums)
- #cforwtamers.py# print("t1:", next(r0tab2).adc_sums)
A _init__.py DT ANT (M mmm e e m e mmmmmm e ")
& array.py

& containers.py
& eventfilereader.py

def test_read_whole_table(temp_h5_file): temp h5 file:

a files.py mc = MCEventContainer() mc: {'alt': 0.0,\n ‘az': 0
=~ hdftableio.py . - ]
2 hessio.py o reader = SimpleHDF5TableReader(str(temp_h5_file))

=~ serializer.py
& sources.py

for cont in reader.read('/RO/MC', mc):
print(cont)

a toymodel.py Cl
a zfits.py P if _name__ = '_main__":
» [ plotting th
» [mreco import logging
» Putests logging.basicConfig(level=logging.DEBUG)
» [mtools . .
e test_write_container("test.h5")
v [ utils . n n
Pe test_read_container("test.h5") )
M tests. _ test_read_whole_table("test.h5")
& _init__.py

Debug: © testhdfs  testhdfs
(= Debugger [E] Console +* b= z ¥ M

A ¥

P [E Frames +* == Variables

5 Main... B |
. test_read_whole_tabl

....... & <module>, test_hdf5

3 -b b = mc = {MCEventContainer} {"alt': 0.0,\n 'az': 0.0,\n ‘core_x": 0.0,\n 'core_y": 0.0,\n ‘el
temp_h5_file = {str} 'test.h5'

H
B execfile, _pydev_exec
@ & run, pydevd.py:1015

o | & <module>, pydevd.py

You can see
stack frame i

Move up and down
stack or lines

&

Data View

#€ rotel.adc_samples x

use the "data view#

+| to see values of

large arrays or

3 4
t?)f 0.60060 0.595¢

rOtel.adc_samples

Format:

%.5f

B

E
B
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