Waves2Weather — ECS Workshop

Z2, Scientific Programmers at Your Service

LMU — Meteorological Institute Munich

Regression:
"when you fix one bug, you
introduce several newer bugs."

Jan 21, 2019
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Developing scientific code
» write function
» print result and check for correctness

» check use cases, edge cases, invalid input
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Developing scientific code
» write function
» print result and check for correctness

» check use cases, edge cases, invalid input

adding tests to it ...
» record output and form automated tests

» check for physical constraints (i.e. analytic solutions,
symmetries, conservation properties)

> if you find a bug, make a test out of it
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Runtime Assertions (defensive programming)
» check status of input
» check intermediate values
» immediate exit simplifies debugging

» always return status and check it! — traceback

v

Testing buzzword bingo

» unit tests — single function

integration tests — combination of parts
regression tests — behaviour stays the same
full system tests — test full model

test driven development

VVvYyVvyy

automated testing & continuous integration
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Running tests automatically, Continous Integration

s A

feature branch

< J
I et (@ ming ) Pipeine #191431 tiggered 2 days agoby & risswab
@ Projectovvew update gitlab Cl for aocc
B R ( )
. run tests
ea _ J
Build Test ( )
: @ S push to gitlab
o) fs)
@ o < J
© s @ o
® s @ s
®© c ® c - N

gitlab Cl

e 7 test multiple environments
o ® S < J

merge request
code review
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How to work with large codebases?

» doxygen — generates
automated
documentation

m_optprop module
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How to work with large codebases?

» doxygen — generates
automated
documentation

P various compilers with
warnings (gcc, icc, nag,
aocc)

P learn to use
debuggers (e.g. gdb,
ipdb)

ning: unused
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How to work with large codebases?

Bug Summary

Bug Type Quantity Display?

All Bugs 1291 Lol

API > doxygen — generates
Argument with ‘nonnull’ attribute passed null 15 v a Utom ated

Dead store .

Dead assgnment e v documentation

Deac increment CEC » various compilers with

fogie exror warnings (gcc, icc, nag,

Assigned value is garbage or undefined 3

v
Dangerous variable-length array (VLA) declaration 4 R aocc)
Dereference of null peinter 138 v > |earn to use
Division by zero 1 v debuggers (eg gdb,
Garbage return value 1 v |pd b)
Resultof operation is garbage or undefined 8 Lol )
Uninitialized argument value 20 L > Statlc COde analyzers
Memory error (eg Clang Scan—build)
Memory leak 700 R
Use of zero allocated 16 v
Use-after-iree 3
Unix APT

Allocator sizeof operand mismatch a0 v 5 / 6



How to work with large codebases?

» doxygen — generates
automated
documentation

P various compilers with
warnings (gcc, icc, nag,
aocc)

P learn to use
debuggers (e.g. gdb,
ipdb)

> static code analyzers
(e.g. clang scan-build)
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How to work with large codebases?

879
880
881
883
834
885

891
893
895

1242

2866
2867
2868
2869

2870
2871
2873
2874
2876
2877
2878

2884

2887

yy_current_state = yy nxt[yy_baselyy_current_state] + yy cl;
++yy_cp;
} while (yy base[yy current state] != 975);
yy_find action:
yy act = yy accept[yy current state];
if (yy_act == @) { /* have to back up */

R T ———

® « Taking false branch — |
YY_DO_BEFORE_ACTION;

do_action: /* This label is used only to access EOF actions. */
Switch (yy act) { /* beginning of action switch */

0) « Controljumps o ‘case 2" at line1238 — |

Input.wl.wl _step = yytext2double(yytext, 2, 2);
i cating yyexzaousi - |

double yytextzdnuhle(char' yytext, int which token, int max_token) {
double dnunber =
char  token[] ;
char * p = NULL, *§ = NULL:

12 '<'iniialized 10 2 null polnter value — |

int  count
char* tmpstring = NULL;

tmpstring = (char#)calloc(strien(yytext) + 1, sizeof(char));:
strcpy(tmpstring, yytext);

P = strtok(tmpstring, token);

count = 1;

while ((p = strtok(NULL, token)) '= NULL) {

18« Assuing thecondiion sl |

i Loop condition s false. Execution continues on line 2684 —

if ((count != which token) & (count > max_token))
@ - Taking fatse branch — |
dnumber = atof(s);

160« Null pointer passed as an argument 10 a ‘nonnull’ parameter

doxygen — generates
automated
documentation
various compilers with
warnings (gcc, icc, nag,
aocc)

learn to use
debuggers (e.g. gdb,
ipdb)

static code analyzers
(e.g. clang scan-build)
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How to work with large codebases?

> doxygen — generates
automated
documentation

» various compilers with
warnings (gcc, icc, nag,
aocc)

> learn to use
debuggers (e.g. gdb,
ipdb)

P static code analyzers
(e.g. clang scan-build)

» adress sanitizers and
Valgrind

5/6



How to work with large codebases?

» doxygen — generates
automated
documentation

P various compilers with
warnings (gcc, icc, nag,
aocc)

» learn to use

R e debuggers (e.g. gdb,
C——— [67.3% 149177301 3 )
ComEoomE mr ipdb)

static code analyzers
(e.g. clang scan-build)

76.4% 310/ 406 81.8 %

82.5 % 542 /657 87.5%

[ 728%|  126/173] 75.0 % g
e I — » adress sanitizers and
Valgrind
> gcov
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How to work with large codebases?

Datei Bearbeiten Ansicht Suchen Terminal Hilfe

’ doddis=0:

. isp=0;

- t 1spo=0;

v nt isAmbralsFile=0;

v if ( sample >spher1:al.3D )y {

x *sza = .0 - sza_spher;

x #phig = 90 o - phiB_spher;
¥

/% define dimensions of scatter pri
. atmos-=nscab5 = MCS5C_MODE_NORMAL+1;
- if (sample-=delta_scaling!=-1)
® atmos->nscals = MCSC_MODE_DELTA_SCALE+1;

/% define dime s of scatter p L
. atmos-=nscaRIS = MCRIS_MODE_NORMAL+1:
#1f HAVE_LIDAR
(sample->LLE_RIS_MAS || sample->RIS_MS)
¥ atmos-=nscaRIS = MCRIS_MODE_MAS+1:

j#ifdef NEWRISQIDD

atmos->nscaRlS++;
#endif
Fendif

/* define dimensions of scatter pro
. tmos-snscaVIs = HCVIS _MODE_! NDRMAL+1

: HAVE_LIDAR

- if (sample->LLE_VIS_QIDD)

x atmos->nscaVIs = MCVIS_MODE_QIDD+1;
#endif

/* Rayleigh depclarisation */
s atmos->rayleigh_depol = rayleigh_depol;

. status = setup_profileslD {(n_caoth,
dt_s, om_s, gl s, g2_s, f_s, ds_s,
re_s,
zprof, nlyr,

sample,
atmos,
alis);
s if (status!=0)
x return err_out {“Error %d returned by setup_profileslD(

s if (lguiet)

. R

iles concerning diffe

iles cencerning diffe

files concerning diffe

doxygen — generates
automated
documentation

various compilers with
warnings (gcc, icc, nag,
aocc)

learn to use

debuggers (e.g. gdb,
ipdb)

static code analyzers
(e.g. clang scan-build)
adress sanitizers and
Valgrind

gcov
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« Best Practices for Scientific Computing »
Wilson G et al. (2014) doi.org/10.1371/journal.pbio.1001745

P> Let the computer do the work.
o Make the computer repeat tasks.
e Save recent commands in a file for re-use.
e Use a build tool to automate workflows.
(remember climate model setup)
> Make incremental changes.
e Work in small steps with frequent feedback and course
correction.
e Use a version control system.

e Put everything that has been created manually in version
control. (W2W data managment)
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« Best Practices for Scientific Computing »
Wilson G et al. (2014) doi.org/10.1371/journal.pbio.1001745

» Plan for mistakes.

e Add assertions to programs to check their operation.
o Use an off-the-shelf unit testing library. (e.g. nosetest)
e Turn bugs into test cases.
Use a symbolic debugger.
» Collaborate.
o Use pre-merge code reviews.
o Use pair programming when bringing someone new up to
speed and when tackling particularly tricky problems.
o Use an issue tracking tool. (gitlab merge requests and CI)
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