Debugging

http://www.gnu.org/s/gdb/

compiler yes yes yes -g -traceback

nemiver no yes no http://projects.gnome.org/nemiver/
eclipse yes no no http://www.eclipse.org

DDT yes yes yes http://www.allinea.com/ddt
Totalview yes yes yes http://www.roguewave.com

* A debugger can help find bugs in :

> Fortran, C, C++, ...

> Serial, MPI, OpenMP, MP1/OpenMP.
A debugger can be executed :

> either as a graphical user interface,
> Or from a command-line interface
> http://www.open-mpi.org/faq/?category=debugging
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Breakpoints

Set
Breakpoint
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eoe

File Edit “iew Group Process Thread Action Point Debug  Tools  Window Hel

N aprun<debug>.0

Group (Caonirol)

Go Halt Kill Restart| Mext Step Cut Eun T|:||F're» Un3tep Cal

a1 JEEEEICEI

Rank 0: aprun=debug=0 (Stopped)

¥

Thread 1 {10268): debugy (Stopped) <Stop Signal=
Stack Trace o Stack Frame

__read_nocancel, FE=TEff££EERddD | A |
_pmii_daemon_barrisr, FP=Tfffffffhell Registers for ths frame: J
_pmi_preinit, FP=TEffffffhel0

_ libc_csu_init, FE=TLLfLLLEChes0 Frax: OXILFLLfffffffffe0d (-51Z)

_ libc_start_main, FP=Tffffffcclin Zrdx: 0x0000000c (123

_start, FEP=TEfffffffc110 zrox: OxEEfffffEfrefeeff (-1

Zrhee: 0x00000000 {0}
zrsi: O0xTEffffffhdel (140737488:
zrdi: 0x00000006 (6}
zrhp: O0x7Lffffffhe0D ({140737488:
] zrsp: OxTLEfffffhddl (140737488:
£ 2B . Mk o fofndFACCd F 'I'ﬂ‘J.dl'_lL
Function main in debug.c B
2 #include <math.h: A
3 #include <stdio. he
4
5 woid main{int args, chac* acgw[])
B
T double sdata[55];
a double rdata[55];
9 int p, 1, count myid., n;
10 MPI_Status status;
11
12 J* Starts MPI processes ... %/
12
14 MPI_Tnit{&arge. &argw): £+ starts MPT +7
15 MPI_Comm_rank (MPI_COMM WORLD, Smyid); /* get current process id */
16 MPI_Comm_size (MPI_COMM WORLD, &p); £* get number of processes */
17
if (myid == 1) {
19 fFor(i=0;1<50;++1) { sdata[i]=(double)i; }
20 H
21 if imyid == 0 {
22 MPI_Send{sdata, 50, MPT_DOUDLE, 1, 123, MPI_GOMM WORLD) ;
23 1 else {
24 MPI Recv(rdata, G5, MPI_DOUELE, 0, MPT_&NY T, Fi

-l

Actioh Points ] Threads ]
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Action points

File Edit View Group Process Thread Action Point Dehug Toals  Window Help

Graup (Coniral) _-"| [> Ei . ED 5’ E\j 9 {f @g % ~§ f @@
o Halt Kill Restart| Mext Step Cut Bun To| Frev UnStep Caller BackTo Live

Rank 0: aprun<debug=0 (Stopped)
Thread 1 (10268): debuy (Stopped) <5top Signal=

Stack Trace Stack Frame
__read nocancel, FR=TEffEfEFhdd0 |5 A |
_pmil_daemorn_harrisr, FP=TEEfffffhe0l Registers for the frame: J Enter
_pmi preinit, Fp=TEffffffhell
_ libc cou_indt, FP-TEEEE££ERLD Hross: Dxfffffffffffffc00 {-512)
_ lihc_start main, FP=TEffffffcl00 %rdx: 0x0000000c (12) .
_start, FER=TEfffffcclln e MxfFEFFFEEEEEEEEEE (-1 onIng
& O s Action Point Properties g
37488: g
+ Brogkpaint - Bawier < Evaliats  1D:7 Condltlon
S et Exprassion: ;;333;
I (i==27 | fstap w-.-,.i_ll_
E l = P = Function mai & el
Va uatlon Olnt 9  int p, 1, count myid, n; A
10 MPI_Status status;
11
12 /* Starts MPI processes ... */
\ 13
N 14 MPI_Initi&argo, Sorgw).
. 15 MPI_Comm_rank (MPI_GOMM WORLD, s e
) 16 MPI Comm_size (MPI COMM WORLD, v Err TE v B sl
" 17 i
K\\- 18 if (yid == 1) { Locafion: /users/stiTestaidebug (419 Addresses
—— for{i=0;1<50;++1) { sdata[i]={ I Enzble action paint Froceszes . |
SE if (nyid == I~ Plant In share graup
2a MPI Send{sdata, 50, MPL DOUBLE,
23 }oelse ok | Delata Cancel | Hulp |
24 MPI Recw(rdata, 55, MPI DOUELE, r
25 MPT_COMM_WORLD, Sstatimm
26 MPI_Get counti&status, MPI_DOUBLE, &count) ;
27 do_work(rdata, count];
28 1
29 MBI Finalize(); f* let MPT finish wp ... */ i
a0}
3l do worki{double *rdata, int count) i
= I~
Action F'Uints] Prgcesses] Th[eads] P-| P+ T- T+|
| T debug c#1d  mein+0xG8 H
ANGD 10/2011 _)
ETH CSCS 3@ 3
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Examining data

enon
File Edit View

Group Process Thread Action Point Debug  Tools  Window

N aprun<debug>.1
Help

Group {Controly

J>HNB® 53 3® " 1 4 °

Go Halt Kill Restart Mext Step Out Run To Frev UnStep Caller Back]

Rank 1: aprun=dehug=.1 (At Breakpoint 1)

_ Thread 1 (37386): debug (At Breakpoint 1)

)
31 do_work{double *rdata, int count)

Stack Trace | Stack Frame
[T ] main, FP=TEEfEfffbeS0 |4 |Function "main": A |
__libe_start_main,  FP=TEffffffcl00 arge: 0x00000001 (1) |
_start, FE=TEEfffffc110 arqv: 0x7fff£f£fc128 -
Local wvarizbles:
sdata; {double [55])
rdata: {double[55])
p: 0x00000004 (4)
1 0x00000032 (50)
count: 0x00000032 (50)
my1d: 0x00000001 (1)
- n: 0x00000000 {0}
= == ! }_ R N LT FUMTIT Chdmbaa -l"
Function main in debug.c =
15 MPI_Comm_rarnk (MPI_COMM_WORLD, Smyid); /* get current process id */ £
l? MPI Comm_size (MPI_COMM WORLD, &p); /* get number of processes */
1
13 if (myid == 1) {
é?} for (i=0;1¢50;++1) { sdata[i!\:.fdnuble)i; ¥
i
21 if (myid == 0) | ﬁ
22 MPI_Send(sdata, 50, MPI_DOUELE, 1, 123, MPT_COMM_WORLD) ;
23 } else {
24 MPI_Recv(rdata, 55, MPT_DOUBLE, 0, MPI_ANY TAG, |
ac MPI_COMM WORLD, &status);
26 MPI_Get count(&status, MPI_DOUELE, &count) ;
do_work{rdata, count).
28 }
29 MPI Finalize(); /* let MPI finish wp ... */
30

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

32: §
33 printf ("This function performs computations with cdata’n™);
4 )
¥
| |-
Action Pninis] Prgcesses] Th[eadsl P-| P+] 1-| ;lJ
1 debug. c#27 main+0x10a A

Dive in
And
Visualize

ANGD 10/2011

8non6

Flle  Edit

View ol

% sdata - main - 3.1
Wndow

Help

EX

1

1 EEEE

KLE¥E

EHJVE'SS":IH:
slice:

Tirpe:

siiala
[

Addrese: | DEFMoC a0
Fiiar.

double[55]

Field

| Value

e

(o]
01l
(]
3]
[14]

y

S - I -

—

L
k|

10
11
12
13
14

-

800

x| debug:sdatal0; 54]

File  Window

¥ Aniz

&0

490

216

coc

[

X Axlz
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Viewing data across processes
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'6 a e % aprun<debug>.0 1
File Edit “iew Group FProcess Thread Action Foint Debug  Tools  Window Help
F Er : ko # Dl
Group (Control) _'",I D Ei ED 4 t"-’ -{ § % § §§§I
Go Halt Kill Restart|Mext Step Out Run Ta| Frg ann %/ myid - main - 2.1
i Rank 0: aprunzdebug=.0 {4t Breakpoint 2) |
Thread 1 (3197): debug (4t Breakpont 7) | —'° B0 YIew Tools window __ Dep
Stack Trace - 1 4 = | | € >
mair, FR=TEEFEE££C1D |2 || Punction "meind Expression: | myid Address: | OxFifheds
lihe_start _main, FP=TLEfEfEfcdB0 Argo: Slice: Filter-
Tstart, FP=TEffEfEEc400 argv: el ler:
Local warishle Twpe:  int
sdata: P —
rdata: Process |1Ialue f
b aptun<debugs N 00000000 (1)
CUUI&EZ aprun=debug=.1 (00000001 (1) Lls 2k
| aprun=debugs 2 (x0000000Z (2) Lo A
= in Al
. — 4 ctobeo. apun=debug=3 (00000003 (3)
Function main in debug.c I Expand Al Cirl++
B | Cuollapse All Chix-
T double sdata[ts]; Il
a8 dovhle rdata[SS] H Inciye 21
| int p, 1, count, myid, n; -
10  MPI_Statns status; RECIvE
11 Recive ol A
13 /% Starts MPI processes ... *f — yE— R—
14  MPI Init( farqy /* starts MBI */ Lock AtdmEss
15  MPI Comm ran.El{Iﬂ_'PI EIIIMIE[ WORLD, Zmwid); /* get current process id */ Show fcrose F None Ctrl+0
ﬁ MPI_Gomn_size (PT_CIMRLVORLE, &), /* get mmbar of proceazes */ Compilation Scope -| # Processes Ctil+Shift+L
15 (uyia ol bl Threads  Chil+L
149 for[i= [I_‘:&EI:I +41) { =sdatali]=(deubleli: « Padding = *
20 e " Biezk ALNEnlins
21 if (mﬁri'j' == 0} { _‘_‘_\“-'."‘—-— 'Ix-lr" '_IIrIIII:'
PP MPI Send{sdsta, 50 MPI_DOUELE.1, 123 MPI_COMHM WORLD) ; T - 1 -
23 ¢ else { — et
24 ¥PI Fecwirdata, 55, MPI_DOUELE, 0, HPI_ANWY Tad, - —
25 MPI_COMM WORLD, &statms); ““«.‘_‘_h
26 MPI Bet count(&status, MBI DOUELE, Sc[:u:nmtj e
a7 do vork{rdata, count) ; —
28 b 4 N
~d 1.~
Action Puints] F'rgn:esses] Th[eads} P-| Pe| T- T+|

N7
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Memory usage

8eeo % aprun<debugx>.0
g
File Edt ‘iew Group Process Thread Action Foint Debug  Tools  ‘Window Help
Group (Contral) _-"',l D EE ib 3 "‘J'—’ { : 3 o i
Go Halt Kil Restart|Neg[© 00 3| Memory Debugging
C Rark aprun<debug Eile Edil Wiw fclions Jook  Window  Help
Thread 1 (3191): de Frucess Se1 _ Conmgarsion | Leak Detectinn | Heap Status | Memory Usage | Memony Compars |
Stack Trace ME Qpting Canlnak
main FP-7EEEEEEFCIAN | | i W oen M Heap T TonlvM .| Fie 0
) - i LA
_ libc starc main,  FP=TEELEfffodB0  spancieios @ | I
start, FP=TEEFEEEECAO0 o
IF zprunetetug= 2 2
i aprundebuy=3 3
i+ apeun (31370
FmErss 1 aprnetaug> 0
. = Teit 12ORIGKE  (313%)
Funcion main in =Da|a: WLZZHE  (L1E)
B Heap 204 ME (31.92%)
1 { double sdata[s5]; ESM 12EkE 003%)
; Sfack VT FMKE  (124%)
d fﬁtbée ot ‘nyid, n; Oreei 1™ 23sme @
10 MPI_Status status; h |
11
12 /* Starts MPI processes ... */ |
13 i
14 MPI Imit{&argc, &argw);
15 MPI Comm_rank (MPI_COMM WORLD, Smyl
16  MPI_Comm_size (MPI_COMM WORLD, &p);
17 | EO— =
=3 if (myid == 1) { ]
ég for(i=0;1¢E0:+41) { sdakali]=(dod coieae view (=] K‘ __‘J/ -
21 I{f (myid == 0 achanview | [ercess Stack WM [T 11t d o~
g% ) Iﬁggs?nd(sdatajﬂ,hIP[_DDUBLE, 114 erneng )| (3 g e I TR X Yy R e ' T
Process 4; aprunecebug=2 1207 16E 08 22KB 12 (4ndB 1250KA 4z00ke Eﬁ.SUM‘h‘
SE EI—RBCV(;:IS?‘EEE?& ﬁéﬂnggiégﬁ? e D ! Process 5 aprerstul=d TZ0TTEKE  SSIEERRE e 12506 az00ka Zr30ME
25 MNPI_Get_court(gstatus, WPT_DOUBLI, — \—4
27 do_work{rdoto, cownk); AT/ |
28} Te—
-l Iz .
,
Action Pnints] Prgcesses} Th[eads] P-| P+| T- T+| b
D dehng o#1E naineled \
View Memory Usage
At Breakpoint

10/2011
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Memory leaks

eoo X aprun=debug>.0

File Edit “iew Group Process Thread  Action Point Debug  Tools  Window

Help

Group (Control) _",l [> ene

% Memory Debugging

G0 Flle Efn View Achons Tools  Winbow  Help
Procass 3o | L Caonfgurstion | Lesk Detection | Heap Stalus | Memory Usage | Memory Canpare |
Frocass Rai
Stack Tr T CGED
Patallel Job de g (WP gl = .
e L (e [7 Dater! Leaks | Relative o Baseling jJ Leaked Block.  * ﬂ ﬂ ﬂ
—be_start_hain, Wi < run-deoug-0 0 [Ox00B=cE0 - D0BCEAT) 1 07 67FE A
_start, BF sprun=detug=1 1 = ity il ! =
BF spnnsdetug=2 2
Ii apmncdebug>d 3
e aprun (113707 — - P r——— e Tr—————— =i —

B
7 double sdata[E5]; E =
8 dowble rdata[E5]; Hesp Inormation | Backirase/Sourca | Mamory Cortert | |
13 ;-]:E% cha]ﬁlllscglélaﬂéﬁs e rall Totals - Selected Blick (- Rtz Tlocks
11 - I rCategary | Byles | count | & PrapeHy Valua | Caleg 1y | Bgtes | count |
12 /* Starts MPI pra Heap
13 [ #llocated Z0EME 55
14 MPI_Init(S=mcqe, & CIFIteret 0 1]
15 MPI Comm_rank (MPT
1ol MPI Comm_size (MEI B (A Guard Blacks larz 1o
17 ] ] EFost-guard i i

== if (myid == 1) { EPTe-gUa RN 73R a5
19 for[i=0;1i<50;++1 ] I - [ Laakad i 1 :
20 } ] TR =T — 16 1
21 if (myid == 0} { : CiFilleres
o MPI Send{sdaoba,§ —Oenews View [ B Corupted Guard Hlacks D n -
Si i I?[]P?ER{ (cdat = Graphical Yiew ! BFoslk-guard 0 n

_Recwirdata, - EFre-guard ] o
£g MPT_paf | | Enale s g - DDeallncated 155KE Ad
26 I{PI_Get_(count(& OF Meren 0 0
27 do_work{rdata, - Brillers 1556K8 N \
- Fenarate View . B0 -
g 1 | J \‘
A N
Action Points] Prgcgssesl Tl I

2 debug. c#lf nadineOmdd

View Memory Leaks
At Breakpoint
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Getting started (1)

program who
#ifdef _MPI
use mpi
#endif
rank -1,nb_procs 1,code 1,thread 1,threads 1
namelen 1, coreid 1
( 2) :: processor_name "
. 1 running_on
#ifdef _MPI
MPI_INIT (code)
MPI_COMM _SIZE ( MPI_COMM _WORLD ,nb_procs,code)
MPI_COMM_RAMK ( MPI_COMM WORLD ,rank,code)
MPI_Get processor _name( processor_name, namelen, code )
#endif
coreid running onf)
(+,'"(al7,i4,a2,id4, a5,i4,a2,i4,1x, a2, ,i4) ")
"helle in 298 rnk=",
rank,”™ /",nb_procs,
* thd=",thread,” /" ,threads,
processor_name,
coreid
#ifdef _MPI
MPI_FINALIZE (code)
#endif
end program who

mpif9@ -D MPI -fopenmp -g mpiomp.F90 -L/softs/affinity -laff -o f

nl:/home/piccinali/trunk/debug/intro/f90 $ | sbhatch.sh
USAGE

argl=exe

arg2=mppwidth

arg3=mppnppn

arg4=mppdepth

args=exeargs

argb=prempiexec

arg7=postmpiexec

nl:/home/piccinali/trunk/debug/intro/T90 $

+ export OMP_NUM THREADS=3
+ OMP_NUM THREADS=3
+ /Jusr/bin/time -p /softs/openmpi-1.4.3/bin/mpiexec -bind-to-core -n 2 -npernode 2 -x OMP_NUM THREADS -hostfile /softs/openmpi-1.4.3/h ./f

export OMP_NUM_THREADS=3 ; ~/sbatch.sh ./f 2 2 3 "" "" -bhind-to-core

ETH

nl:/home/piccinali/trunk/debug/intro/T90
hello in 98 rnk= 1/ 2 thd= 0/
hello in 98 rnk= 1/ 2 thd= 2/
hello in 90 rnk= 1/ 2 thd= 1/
hello in 90 rnk= o/ 2 thd= 0/
hello in 98 rnk= 0/ 2 thd= 2/
hello in 98 rnk= 0/ 2 thd= 1/
real 0.04

%
3
3
3
3
3
3

cat o_f.0006.2.2.3.-bind-to-core
nl
nl
nl
nl
nl
nl

2 0 O
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Getting started (2)

nl:/home/piccinali/trunk/debug/intro/f9e ¢ —more o f.0006.2.2.3.-bind-to-none o f.0006.2.2.3.-bind-to-core o f.0006.2.2.3.-bind-to-socket
of0006 2 2 3 “bind-to-none nl:/home/piccinali/trunk/debug/intro/f30 § [more o f.0006.2.1.3.-hind-to-none o .0006.2.1.3. -bind-to-core o f.0006.2.1.3.-hind-to-socket
hello in f90 rnk= 1/ 2 thd= 8/ 3nl 11 01 006.2.1, 3. and-to-nore
hello in fo mke 17 3 the 2, am 11 ello in 99 9/ 1the 0/ 30l I
hello in 90 rnk= 1/ 2 thd= 1/ 3nl 11 hello in 199 mk=~ 8/ 2 thd= 2/ 3l 11
hello in f90 rnk= ©® / 2 thd= 2/ 3nl 11 hello in 98 rak= 8/ 2thd= 1/ 3nl 1l
hello in f90 rnk= © / 2 thd= 1/ 3 nl 11 hello in f99 k= 1/ 2thd= @/ 3n2 11
real 1.06 hello in f99 k= 1/ 2thd= 2/ 3n2 11
user 0.06 helloin f9%9 k= 1/ 2thd= 1/ 3n2 1l
5YS 0.04 real 0.36
Tiiiiiiiiiiia iser 0.04
o f.0006.2.2.3.-bind-to-core §y5 0.03
hello in 90 rnk= 1/ 2thd= ©/ 3nl 1 0_f.006.2.1.3. -bind-to-core
hello in 90 rnk= 1/ 2 thd= 2/ 3 nl 1 [EEEEEEE R
hello in f90 rnk= 1,/ 2thd= 1,/ 3n1 1 hello in f99 rak= 0/ 2thd= 6/ 3nl @
hello in f90 rnk= © / 2thd= ©/ 3nl @ hello in f90 k= 0/ 21thd= 2/ 3nl 0
hello in f90 rmk= © / 2 thd= 2/ 3nl @ hello in f9 rok= 6/ 2thd= 1/ 3nl @
hello in f90 rmk= © / 2thd= 1/ 3n1 o0 hello in f98 rnk= 1/ 2thd= 6/ 3n2 @
real 0.04 helloin f99 k= 1/ 2thd= 2/ 3n2 @
user 0.02 hello in f98 k= 1/ 2thd&= 1/ 3n2 @
sys 0.02 real 0.35
Trrrrrrrraran user 0.62
o T.0006.2.2.3.-bind-to-socket 55 0.04
hello in f90 rmk= ®©® / 2 thd= 2/ 3 nl 5 0 f.0008.2.1.3.-bind-to-s0cket
hello in 90 rnk= e/ 2 thd= 1/ 3 nl 5 i
hello in 90 rnk= o/ 2 thd= o/ 3 nl 5 helloin f9 rmk= 8/ 2thd= 0/ 3nl 5
hello in f90 rnk= 1/ 2 thd= 2/ 3 nl 5 hello in 99 rnk= @8/ 2thd= 2/ 3nl 5
hello in f90 rnk= 1/ 2 thd= o/ 3 nl 5 helloin f99 k= 8/ 2thd&= 1/ 3nl 3
hello in 90 rnk= 1/ 2 thd= 1/ 3 nl 5 helloin f99 k= 1/ 2thd= 0/ 3n2 3
real 0.05 hello in f99 k= 1/ 2thd= 2/ 3n2 5
user 0.03 helloin f90 k= 1/ 2thd= 1/ 3nm2 5
sys 0.05 real 0.39

user .05
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Demo : GDB
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Frequently used GDB commands

General Commands Breakpoint commands
_ : : , b[reak] [<where>] : sets breakpoints. <where>
- help [name] : Show information can be a function name, a line number or a hex
about GDB command address
. Tun [<args>] - runs selected . El\évaalich <expr> : sets a watchpoint, which will
program with arguments <args> . Wwhen <expr> is written to [or read]
. attach <pid> : attach gdb to a . info break[points] : prints out a listing of all
running process breakpoints

: ) . . dlelete] [<xnums>] : deletes breakpoints
« Kill : kills the process being

debugged
« Quit : quits the gdb program

Commands for looking around

Stepping and Continuing . list [<where>] : prints out source code at <where>
R c[ontinue] - continue execution ., backtrace [<n>] : prints a backtrace <n> levels
(after a stop) deep | |
. info [<what>] : prints out info on <what>
- s[tep] : step one line, entering . p[rint] [<expr>] : prints out <expr>
called functions . d[isplay] : prints value of expression each time the

program stops,

. n[ext] : step one line, without
entering functions

Pow

GNU

Swiss National Supercomputing Centre
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Demo : gdb (mpi only)

nl:/home/piccinali/trunk/

debug/intro/f90 §

mpif98 -D_MPI -g mpiomp.F90 -L/softs/affinity -laff -o f

Ifsnftsfbpenhpi-l.4.3!hinfmpiexec -bind-to-core -n 2 -npernode 1 -x DISPLAY -huﬁt*ilelfsuftsfbpenmpi-l.d.th xterm -rv -e gdb ./f

Copyright (C) 2010 Free Software Foundation, Inc,
License GPLw3+: GHU GPL wersion 3 or later <httpic/fanu,orgs]icensessopl.html
Thiz iz free software: you are free to change and redistribute it,

There iz MO WARRAMTY, to the extent permitted by law,

Type “show copying

and "show warranty" for details,

Thiz GIE was configured as “"xBE_B4-1inux—gnu”.
For bug reporting instructions, please see:
<httpi/fwww, gnu, orglsof tware/gdbbugs, |

Reading sumbols from Ahomedpiccinalistrunksdebugsintro/FI047F, . done,

{odb) break 28

Insert breakpoinig

Breakpoint 1 at 0x400e0a: file mpiomp,F30, line 28,

(gdb} run

Start execution

Starting program: Shomedpiccinal iftrunkddebugsintrosfI0/f

[Thread debugging wsing libthread_db enabled]
[Mew Thread Ox7FFFFFOFZETO0 (LWP 101667 ]
[Mew Thread OxFFFFFOZ1S700 (LWP 101677]

Breakpoint 1, who ) at mpiomp,F30:28
28 coreid

(gdb) print rank

$1 =

\/iew.data
4Cross processes

Copyright (C) 2010 Free Software Foundation, Inc,

License GPLw3+: GHU GPL wersion 3 or later <http:sfonu.orgslicenzesdopl, html
Thiz iz free software: you are free to change and redistribute it,

There i= NO WARRANTY, to the extent permitted by law,
and “"show warranty" for details,

Thiz GDE was configured as "xB6_B4-linux-—gnu",

For bug reporting instructions. pleaze see:
<httpsdfww, ghu, orgd sof tware/gdb bugs=, L .

Reading =ymbols from Shomedpiccinalisftrunksdebugdintro/ 305, , done,
{odb) bresk 28

Breakpoint 1 at Oxd400eda: file mpiomp,F30, line 28.

(gdb) run

Starting program: Shomespiccinal idtrunk/debugsintros/FI0SF

[Thread debugging using libthread_db enabled]

[Mew Thread OxFFFFFOFZZ700 (LWP 32165)]

[Mew Thread OxFFFFFO324700 (LWP 3216611

Type "show copying”

Breakpoint 1, who () at mpiomp,F30:28
28 coreid

(gdb) print rank

1 =1

(gdb) print nb_procs

32 = 2

fadb)
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who

mpi

rank ,Nb_procs

namelen , Ccoreid
{ )]

MPI
MPI
MPI
MPI

INIT (code)

coreid
(

running on()

,Nb_procs,
,thread,
processor_name,
coreid

rank,

, code

I processor_name
running_on

coMM_SIZE ( MPI_COMM_ WORLD
COMM_ RANK ( MPI COMM WORLD
Get_ processor_name( processor_name,

,threads,

, thread , threads

,Nb_procs, code)
, rank, code)

namelen, code )
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Demo : gdb (openmp only)

DU |

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

nl:/home/piccinali/trunk/debug/intro/f90 § |gfortran -fopenmp -g mpiomp.F90 -L/softs/affinity -laff -o f

nl:/home/piccinali/trunk/debug/intro/foe % export OMP_NUM_THREADS=2 ; gdb ./f
GNU gdb (Ubuntu/sLinaro 7.2-lubuntull) 7.2

Copyright (C) 20818 Free Software Foundatiom, Inc.

License GPLw3+: GMU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law. Type "show copying"

and "show warranty" for details.

This GDB was configured as "x86 64-linux-gnu".

For bug reporting instructions, please see:

program who
#ifdef _MPI

<http:// www.gnu.org/software/gdb/bugs/=. .. use mpi

Reading symbols from /fhome/piccinali/trunk/debug/intro/foa/f... done. #endif

(gdb] break 26 5 use omp_Llib

Breakpoint 1 at @x4@0ac4: file mpiomp.F98, Lline 26. :: rank -1,nb_proc:
(gdb) run :E nagil?q iac:;
Starting program: /home/piccinali/trunk/debug/intro/fo6e/f . t:prunnﬁ

[Thread debugging using Llibthread db enabled]

[Mew Thread ex7ffff6co94700 (LWP 10501)] #ifdef MPI
call MPI_INIT (code)

call MPI_COMM _SIZE { MPI_CI

Breakpoint 1, MAIN .omp Tn.® (.omp data i=0x0) at mpiomp.F98:26 call MPI_COMM_RANK { MPI_Ci

26 ] thd=",thread," f",threads, & it call MPI_Get processor_name

(gdb) print thread

£1 = 8 $omp parallel private(thread)

(gdb) info thread TS Ak X K g o
2 Thread ex7ffffec24700 (LwWP 18501) 111 lock wait () at ../nptl/sysdeps/unix/sysy ) coreid — running onf)

* 1 Thread ex7ffff7fe5780 (LWP 10498) MAIN .omp fn.@ (.omp data i=0x®) at mpiomp.F98 (*, (al7,i4,a2,i4,a5,

(gdb) thread 2 ok g b aroes

[Switching to thread 2 (Thread ex7ffffec347ee (LWP 1le5@1))]#0 111 lock wait ()} at .  thd=",thread,” /'

136 .Anptl/sysdeps/unix/sysv/Linux/x86 64/Lowlevellock.S: No such file or directo procegsor_ﬂame:

(adb) 12 ../nptl/sysdeps/unix/sysv/linux/x86 64/lowlevellock.S e

g con

Continuing. P

hEL¥U i? 98 rnk= -1/ -1 thd= e/ 2 11 e “call MPI_FIMALIZE (code)

[Switching to Thread @x7ffff6c94708 (LWP 18581)] #endif

end program who

Breakpoint 1, MAIN .omp fn.® (.omp data i=0x0) at mpiomp.F98:26 5
26 " thd=",thread," /",threads, &
(gdb) print thread

32 =1

{gdb) cont

Continuing.

hello in f98 k= -1 / -1 thd= 1/ 2 11
[Thread ex7ffffecad47e00 (LWP 18581) exited]

Program exited normally.
(gdb) q

I NNy I V=V 1 1] CSCS : b 13
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Demo : Nemiver
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Demo : nemiver (mpi only

nl:/home/piccinali/trunk/debug/intro/foe $ | mpif90 -D MPI -g mpiomp.F90 -L/softs/affinity -laff -o f

nl:/home/piccinali/trunk/debug/intro/f90 % xhost
access control enabled, only authorized clients can connect

INET:n4.local
INET:n3.local nl:/home/piccinali/trunk/debug/intro/f90 $ | echo $DISPLAY

INET:nl.local nl:1
INET:n2.local

fsbftsfnpenmpi-ll4.3fhinfmpiexec -n 2 -npernode 1 -x DISPLAY -hostfile /softs/openmpi-1.4.3/h nemiver ./f

ome/piccinaliftrunk/debug/introff30/f", pld=14337) - Nemiver

f (path="/home/piccinali/trunk/debug/intro/f30/f", pid=466) - Nemiver

Fle Edt Wiew Debug Help File Edt View Debug Help
& &
& @ 0T v 8 &
Continue  Next Sl Step Out  Restart Stop Cortinue  Mext Step  StepOut Restart Stop
rpiarnp.F 90 x | mmipicrmp.F30 x |
- o rs
18 . :l 13 lgomp parallel private(thread) j
19 Igomp parallel private(thread) 1 13 thread = omp_get_thread_nun( )
20 13 thread = omp_get_thread_num( | 21 3 threads = omp_get_num_threads()
2 1§ threads = omp_get_num_threads() 22 coreid = rumning_oni)
2 coreid = running on() _ _ , bx] write (* (17,14 32, 14,35, 14, 32,14, 1x, 22, i4) ") &
23 write [* '(317 14 a2 14, a5 14 a2 14 1x,a2 14)') & 24 "hello in 90 rrk=", &
24 "hello in 30 rmk=", & 25 rank, " /" nb_procs, &
25 rank, " /" nb_procs, & 26 " theE" thread, " /" threads, &
26 "othee" thread, " /" threads, & 27 processor_name, &
27 processor_name, & 280 coreid
3o coreld 25 Igomp end parallel
29 Igomp end parallel 30
an j k1l j
Line: 28, Celurn: 1 Line: 28, Colurmn: 1

Thread |0 Frame | Fumction Argurnents Variable |\|I'a|ue Thread D Frame | Functien Arguments Location Binary Wariable |\||'a|ue

3 7 Local Variables 3 . |~ Local Variables

] 1 main {arge = 1, argv = 0x 7R fel4e 'fhomelpiccinalitrunkidebug/intre/ 507 | code 0 2 1 main 1] mpiormp.F30:3  0x0000000000400s5 code 0

2 _libe_start_main (main = 0x400f6c <main>, arge = 1, ubp_av = Ox7ffffffdel8, int = <value coreid 11 2 _libe_start_main (] 0x00007f{5f20eff  /liofxBE_&4-linux- coreid 11

3 _start 0 namelen 2 3 _start 0 0x0000000000400ce3 namelen 2
nb_procs 2 . | nb_procs 2
processer_name 'nl' * processor_name n2'
rank 0 1 : rank 1
thread 1 thread -1
threads 1 threads -1
Function Argumerts Funiction Argurnents

L=

[ [v] (S | A |

Target Terminal Contextl Hreakpnint;l Registers | Memnryl

5D 10/2(|*I [+ 4] | 4 | j1

Target Terminal Contextl Hreaknint;l Register;l Memnryl

2 ™~
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Demo : Eclipse
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Demo : eclipse (openmp only

File Edit Refactor Navigate Search Project Run Window Help

Ic-@B @ é o3 0-9-Q | ®c o 8- 8- % o 9

ﬁl?&Debug EgFortran $5Parallel ... [EC/C++ 22 Parallel ...

Gt @ oW e DD e R B Y = O

< [&] hello-omp-f

ug [Fortran Local Application] —
- &2 gdb/mi (9/21/11 3:28 PM) (Suspended)
= 3 Thread [1] (Suspended: Breakpoint hit.)

5 MAIN__.omp_fn.0() hello-omp-f.f90:17 0x000000000040091¢c
4 helloompf() hello-omp-f.f290:14 0x00000000004009dd

3 main() hello-omp-f.f30:10 0x00000000004009dd

2 _ libc_start_main() libc-start.c:226 0x00007ffffeebbeff

1 _start() 0x0000000000400839

b o Thread [2] (Suspended)

b o Thread [3] (Suspended)

4 adb (9/21/11 3:28 PM) =1

== Variables 2 - % Breakpoints} e Registers) =i Modules} =g

o D& % %[5 e~

Name Value

##! .omp_data_i <mi_cmd_var_create: ur:
©9- thread 0

wo| @a0@Enm |

o] | IO

[ I*]

[F] hello-omp-f.fa0 &2

m — T ———
T

8
9 program helloompf
10 |!$ use omp_lib

11 implicit nene

12 integer:: thread=-1, threads=-1
13

14 |!somp parallel private(thread)

15 thread = omp get thread num()

threads = omp_get num_ threads()
write (*,'(i4,al13,i4)') thread," hello in f90", threads

16
P2l7
18 |!Somp end parallel

e

ETH

Eidgendssische Technische Hochschule Ziirich
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19

20 |! print *, "Hello MPI World"
21 end program

22

[«

[+

B

I3 @ ® | i 3 Y T 0| w-Variables 2 . % Breakpoints} it Registers}!‘tMu

v [¢] hello-omp-f Debug [Fortran Local Application]
v & gdb/mi (9/21/11 3:28 PM) (Suspended)

= o Thread [1] (Suspended: Breakpoint hit.)

= 5 MAIN_.omp fn.0() hello-omp-f.f30:17 0x000000000040091c

J»

Name |Va|ue

g .omp_data i <mi_cmd var create: ur
- thread 0

3 Debug c W b o oW

T3 & | ® Y T 0O)|w-Variables 2 . % Breakpnints} it Registers}!’t

= [i] hello-omp-f Debug [Fortran Local Application]
= & gdb/mi (9/21/11 3:28 PM) (Suspended)
b o Thread [1] (Suspended: Breakpoint hit.)
< o Thread [2] (Suspended)

=5 MAIN_.omp fn.0() hello-omp-£.f90:17 0x000000000040091c

=]

Name |Va|ue

¢ .omp_data i <mi_cmd var create: ur
(- thread 1

17




Demo : DDT

(thanks for the demo license)
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Demo : ddt (impi/omp

fénfts,’npenmpi-l.4.3,’hih,’mpiexec -debug -n 2 -npernode 1 -x DISPLAY -x ﬂHP_HI.IH_THiiEAIJ;.-‘- -hostfile /softs/openmpi-1.4.3/h ./f

Session Control Search View Help

ﬁﬂiﬁﬂi M L LD Mok
JJCurrentGroup:lAII j Focus on current: ¢ Group * Process (" Thread ||7 Step Threads Together

s threads: @@@

Proj... I Fortran ... || f mpiomp.Fo0 [ I |Current Stack & X
Project Files 8 x 1 program who 1| stack Arguments
= 2 gifdef MPI "
Search =Y 3 ) “use mpi
Project Files 4 #endif 5 =
@ source Tee N e ' ' =
@ Header Files 7 integer :: rank=-1,nb procs=-1,code=-1,thread=-1,threads=-1 SinenHiwelz] il
[=-=8 Source Files 8 integer :: namelen=-1, coreid=-1 Variable Name |V‘rl|ue |
9 character(len=2) :: processor_name="" - processor_name ' '
T ompi_debugger: }? integer, external :: running on namelen 1
12 #ifdef WPI -code 0
13 call MPI INIT (code)
14 call MPI COMM SIZE ( MPI COMM WORLD ,nb _procs,code)
15 call MPI_COMM RANK ( MPI_COMM WORLD .rank code)
© 16 call MPT Get processor_name( processor_name, namelen, code )
17 wendif
18
19 'inmp parallel private(thread) =
20 thread = omp get thread num() [ype: none selected
21 ls threads = omp_get_num_threads() Locals & x
22 coreid = runnlng on() =
23 write (*,'(al7,14,a2,14,a5,14,a2,14,1x,a2,14)") & variable Name [ value |
24 "hello in 96 rnk=",& -code 0
25 rank," /",nb_procs,& coreid -1
56 " thd=",thread,"&j",threads. & -namelen Bl
7 processor_name,
28 coreid nb_procs 2
29 1$omp end parallel “processor_name
30 rank 1
31 -thread -1
o 32 gifdef MPI -threads 1
34 #endif a
35
36 end program who
KT K| | _>|J [Type: none selected
Input/Cutput | Breakpoints (Process 1) I Watchpoints (Process 1) | Tracepoints (Process 1) I Stacks (Process 1)| Evalu aa
Input/Output & X || Expre n |Value |
Output For Rank: | All 32
mpirun: hello in f90 rmk= © / 2thd= 2/ 3nl 11
mpirun: hello in f90 rmk= @/ 2thd= ©/ 2nl 11
mpirun: hello in f90 rmk= @/ 2thd= 1/ 3nl 11
Note: DDT can enly send input to the mpirun process with this MPI
Type here ('Enter' to send): | More -

ANGD 10/2011
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Demo : Totalview
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Launching Totalview (1)

paluls salloc -N2
zalloct Granted job allocation 2960

paluli export OMP_NUM_THRERDS=2 ;
Linux =86_64 TotalView §,3.0-1
Copgr ight.
Copyr ight
Copyr ight
Copyright
Copyright

1999-2007 by Etnus, LLC.

1999 by Etrnus, Inc.

1996-1995 by Dolphin Interconnect Solutions, Inc,
1989-1996 by BEN Inc,

TotalView Technologies ReplayEngine

Copyright 2010 TotalView Technologies

ReplayEngine uses the UndoDE Reverse Execution Engine
Copyright 2005-2010 Undo Limited

Reading suynbols for process 1, esecuting "sprun”

Library fusr/bin/aprun, with 2 azects, was linked at Ox00400
1 OxFFO00000S000000

Mapping 25131 bytes of ELF string data from
Indexing 26800 bytes of DUARF

Yfusrfbind aprun
'debug frame' symbols from '

2007-2010 by TotalView Technologies, LLC, ALL RIGHTS RESERVED.

totalview aprun —-a -n2 -N1 24 exe

File Edit Miew Tools Window Help
=| ID/| Rank | Host |Status| Description
----- 1 <local> - aprun {0 active threads}

File Edit View Group FProcess Thread Action Folnt Debog Tools Window

Help

il

Group (Control)

i

Go Halt Kill Restart

5 3

NMext Step Out Run To

0 | 2 2

Process 1 (0):

aprun (Exited or Newer Created)

i Mo current thread

GoBack Frewv UnStep Caller Backlo Live

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Swiss National Supercomputing Centre

9,

&

Indexing 28044 bytes of DWARF ',eh_frame' symbols from ' fusr Stack Trace i Stack Frame
Skimming 181212 bytes of DWARF ',debug_info' synbols from ',[He current thread A |[Ho current thresd i
Library @zyscall_libraryg@-g4, with 1 asects, was linked at o
ially loaded at OxfFOO0000S003E00
INFO: Using previously cached local copy of library "@syscal
Mapping 82 bytez of ELF string data from 'Gsyscall librargd-
Indexing 192 bytes of DUARF '.eh _frame' symbols from 'Gsyscs
Library flibed/libdl,=0.2, with 2 azects, was linked at Ol
d at OxfFO00000200% 100 i jl
Mapping 459 butes of ELF string data from 'flibed/likbdl,so,l Function main in aprun.c ERS
II"ICIEH]I.I"IE B20 thES of DWARF I+E|"I_'|:\r"EII'|'IEI ngbuls from I‘.-"_.|._'i.l::IEl£ Parallel program has not yet been started, A
Library flibed/libpthread,so,0, with 2 asects, was linked ai
loaded at OufFOO0R00S00a0500
Mapping 14508 bytes of ELF string data from '/lib6d/libpthre
Indexing 12804 buytes of DWARF ',eh_frame' sumbols from 'FLik
Library flibed/libc,=0,6, with 2 ssects, was linked at Om00(
Hat Qxffgggggogﬂgbaaog FLF string dats f Fm Root Lists process and thread
apping ytes o string data from i ibc, =0, : : -
Indexing 126700 bytes of DUARF '.eh_frame' symbols from 'FL: il niforz e
Library /1ibA4/1d-1inus-+86-64 20,2, with 2 asects, was link Process Displays stack trace, stack
ally loaded at OufFOOO000I007 200 .
Mapping 350 butes of ELF string data from '/1ib64/1d-linus- WAL fr?m‘t” ;“;ﬂ So‘ér.ce DT
Indexing BO72 butes of DUARF '.eh_frame' symbols from '/lik selected thread In a process
one Process Displays process groups for
group multiprocess programs |
= window e
AEE1Emn P‘ji”tsl PPQCE'SSE'S] Thﬁeads] Variable Displays address, data type, and —IEILI—ITJ'
window value of local variable, register,
or global variable
[ |
|
i
ANGD 10/2011
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Launching Totalview

File Edit Wiew Group FProcess

Thread pAction FPoint Debuz Tools Window

Group (Controll

> 8 @

Go Halt K111 FRestart

HE> 5 <3 3

He=t Step Out Rum To

L Thread 1 (1405e9984752912) (Runming)

Frocess 1 (15100) : aprun (Runnin

Stack Trace

Stack Frame

Thread i= running _"n Thread must be stopped for frame display. A |
2 ) |
Unknown =~ I~
Thread i= running A |
_— .
Question (on palu1l)
Frocess aprun 1= a3 parallel job.
Do you want to stop the Job now?
Tes Ho
7
-1 1=
Bction PDintS] Phgpessesl Thzeads] F—| P+] 7] T+]
A
A

ETH
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Inserting Breakpoints

File Edit Miew Group Process Thread Action Foint Debuz Tools Window Help

Group (Control) _il[Eb iii H!! ii’ 5? ‘%’ gi qii ' }%§ E% - f?
Go Halt Kill Restart|Mext Steg Out Fun To|GoEBack Frew UnsStep Caller BEacklo Live
Eank 0: aprun<exe>.0 (At Breakpoint 1)

R AR R RS SR 0D Thresdd 4 (5644) @ exe (At Breakpoint 1)

Stack Trace = Stack Frame
MAIM__ .omp_fn.0. = [|Function "MAIM__ .omp_frh.0": A
affinity. Local variables: J
0] main- nids: "
__libc_start_main- coreid: 0 SO0
_=tart . threadid: 0 OO0
Regi=zters for the frame:
Hrax: OwO0000002 (2}
Hrcher Ond0894b20 (8997664)
— Hrow: Oud0dc)2Fe (49813743
f T P e e d Tl R R R Fi Jf—
Function MAIMN__ .omp_+n.0 i —"°7% =22 : : ==lce—l
1a inteser :: coreid File Edit Wiew Tools Window Help
19 integer :: rc=0. rank=0. nuntaszk=0. corespercn=2d — . =
20 integer:: threadid=0. nthreads=0 El ID/ | Rank | Host | Status | Descriptlon
21
22 #ifdef _MPI 1 <localx R aprun (1 active threads?
23 call MPI_IMIT ¢ o : . .
=r call HPI_CDMM_E?!NK { MPI_COMM_HORLD,. rank. tc @ EI 2 0 A ig0o003 S3PRTLIN LENE R +|:| {3 active threads?:
25 call MPI_COMM_SIZE ¢ MPI_COMM_WORLD. rumtask. ro 2 o 24 0 nid0000z in MAaIM amp_fr,0
26 0 #endif s _TH.
o7 2.2 0 rid00003 T in __ioctl
280 l#omp parallel privateithreadid.coreid.nid? . .
290 1+ threadid = omp_get_thread_num 2.3 0 nid0o003 T in MAIM__ ,omp_fr.,0
300 1 rthreads = omp_get_num_thread=1{2 =9 . .
21001 COrEspErCH = Omp_set_rian_procs () = 3 1 ridOooog apruniexer,.l {3 active threads:
22011 MART = OMP_GET_MAX_THREADS { » 3.1 ; ;
23011 IMPAR = OMP_IM_PARALLEL { — 1 nic00004 in MAIN__.omp_fn.0
2411 D¥HAMIC = OMP_GET_DY¥HAMIC K X .. 1 nich d in __ioctl
2011 HESTED = OMP_GET_HESTED{ » . .
e - 3.3 1 nidQoood T in MAIN__,omp_fn,0
== call print_rnodeatt inityinid?
3801 call print_coreaffinity{coreid?
29 coreid = running_onil J
d0 - | barrier £
= 1=
Action PDiﬁtS] PPE;ESSES] Thgeadsl P—| P+]| T—| T+Fr_
2.1 (G114 1 it MAIM__ ,omp_fn,0 A
2.2 (BeE9r T i __ioctl
2.3 (BER0y T it MAIM__ ,omp_fn,0
£
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Viewing data across processes and threads

File Edit Miew Group Frocess Thread Action Foint Debug Tools Window

Help

Group (Control)

oHD

~

=

5 § @ 9 4 4 3

Go Halt Kill Restart

Mext Step Out Run To|GoEack Pﬁeu Unétep Eaiier BabéTD Liwve

Rank O: aprundexe’.0 (At Breakpolnt 2] i

Thread 1 (5732): exe (At Breakpoint 25 |00

Stack Trace | Stack Frame

20
21
32
33
24
33
26
37
28|
39
40
41
42
43

call print_nodeaffinityinid?
call print_coreaffinityicoreid:
coreid = running_ond)

affinity, 4 ||Function "affinity": Al
main, Mo arguments, i
__libc_start_main. Local wariakles:
_start, coreid: 0 {0 00000000 )
nidsz "
nthreads: 2 {0R00000002 )
nuntask 2 (0x00000002)
rank : 0 (0x00000000) : : : :
el 0 (0400000000} File Edit View Tools Window Help
threadid: 0 {0 00000000 ) — — — — — —
= [|Modules: = = 3 :
/ 6.1 | 53 [ FE K< H
Function affinity in affZ.Fo90 i
s nthreads = ompget_mun_threads () Expression: | rank Address:  0x007h1e94
Il COTESpErch = omp_get_numn_procs( ) - . - .
I MAHT = OMP_GET_MAM_THREADS () Slice: Filter:
Il IMPARE = OMP_IM_PARALLEL ¢ . .
I DYNAMIC = OMP_GET_DYNAMIC(: Type:  integer(kind=4)
Il MESTED = OMP_GET_MESTEDC: =
Process

|¥alue

1 {0=000000071 )

| barrier
orint %, & aprund<exer, 1
"rank:",r\‘_:r\l-e A amt Ak .
" chid=".t [Dive | ||
44 " threadic — e - E
[ 45 ! =", to Expression List . - . -
46 Isomp end ;::lea.’ F File Edit View Tools Window Help ‘
47 #ifdef _MPI Across Processes = -
gg “endtiall MPIFI aoross Threads IE'-j- — == ‘54'} ﬁ; ?@ ‘@ % %&
Print 80! Set Breakpoint Expression: |threadid Address: Ox007b1eSc
52 end program - Sat Barrier . . . .
= _ Slice: Filter:
- - Create Watchpoint = - =
Action F'Dlnts] Pros——— P- Type: integer(kind=4)
n = =
Disshle Thread |"."alue |
Delete B,1 (B7320 0 e Q0000000
Froperties .2 (5778 0§ Q0000 3
]|
ANGD 1072071
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Restarting and exiting Totalview

The TotalVWiew Debugger Serwver has died
paluls export OFP_HUM_THREADS=Z ; totalview aprun -a -n2 -H1 -dZ4 exe

Linu= =86_Ad TotalView 8,5,0-1

Copyright 2007-2010 by TotalView Techrologies, LLC, ALL RIGHTS RESERVED,

Copyright 1899-2007 by Etnus, LLC.

Copuright 1999 by Etrus, Inc.

Copyright 1895-1998 by Dolphin Interconnect Solutions, Inc,

Copyright 1823-1996 by BEN Inc,

TotalView Technologies ReplagyEngine

Copuright 2010 TotalVWiew Techhnologies

FeplayEnzine uses the UndoDE Reverse Execution Engine

Copyright 2005-2010 Undo Limited

Reading symbaols for process 1, executing "aprun"

Library fusrfbinfaprun, with 2 asects, was linked at 0=00400000, and initially loaded at Ouf FOOO0O0S00C000

Mapping 25131 butes of ELF string data from 'Susrbindsprun' ., . done

Indexing 262800 bytes of DWARF '.debug_frame' symbols from 'Susesbindaprun', ., done

Indexing 28044 bytes of DWARF '.eh_frame' symbols from 'fuse/bindaprun' ., done

Skimming 181212 bytes of DWARF ' ,debug_info' symbols from 'Suseshindaprun' . . done

Likrary Gzyscall librargd-54, with 1 asects, wasz linked at O«ffFfffFFfF700000, and initislly loaded at 0=
INFO: Using previously cached local copy of library "@syscall librarg@-64"

Mapping 82 buytes of ELF string data from '@syscall_library@-64 ', ., . done

Indexing 192 bytes of DUARRF '.eh_frame' symbols from 'Gsyscall_librarg@-64 ', . .done

Library flibed/1ikbdl . =0.2, with 2 asects, was linked at 000000000, and initially loaded st OxfFO00000300

Mapping 459 hytes of ELF string data from 'flibed4/1ibdl,.=so,2', . .done

Indexing 620 bytes of DUARF '.eh_frame' symbols from 'flibedfslibdl,=o,2'. . .done

Library /flibfe4/libpthread.=so0.0, with 2 asects, was linked at O«O0000000, and initially loaded at OuffO000

Mapping 14508 butes of ELF string data from 'Jlibed/slibpthread.so,0', ., .done

Indexing 12804 bytes of DWARF '.eb_frame' symbols from '/ libe4/libpthread.so,0' ., . .done

Library flibR4/slibc,=o0,6, with 2 asects, was linked at Q=O00000000, and initially loaded st O=FFO00000S000

Mapping 21676 bytes of ELF string data from 'SlibbR4/libc.so.6'. . .done

Indexing 126700 hytes of DWARF '.eh_frame' symbaols from 'Slibedlibc.so.6' ., . .done

Library flikbG4ds ld-linu<-=86-8d,=0.2, with 2 asects, was linked at 0=00000000, and initially loaded at Owef

Mapping 380 hytes of ELF string data from 'Slibc4/1d-linus-=86-64 ,=0,2', ., .done

Indexing BO7Z bytes of DUARF '.eh_frame' sumbols from 'Alibed/1d-1linus-=86-64,.=50.2' ., ., . done

Library Alikfd/1libnss_files,=0.2, with 2 azect=s, was linked at O=00000000, and initially loaded at OxfFO0

Mapping 2007 bytes of ELF =tring data from 'flibedslibnss_files.,=zo,2'. . .done

Indexing 3260 bytes of DWARF ',eh_frame' symbols from 'flibed/libnss files,so,2'. . .done

Launching TotalView Debugger Servers with command:

svrlaunch Jopt/toolworks/totalview.8.8.0a8/linus-=86-04 /hin/tvdsyrmain  '-verbosity info ' 172.26.0.31
INFO: Using previously cached local copy of library "/dslfvar/spoolfalps/, 108253 axe”

Library fd=l/varfspoolfalps/ 1082535 /exe, with 2 asects, was linked at 0=00400000, and initially loaded at

Mapping 132443 bytes of ELF string data from 'fdsl/var/spoolfalps/108253/exe’ . | .done

Indexing 79272 bytes of DWARF '.debug_frame' symbols fraom 'fdslfvar/spool/falps/1082535 exe ' . . .done
Indexing 115132 hytes of DWARF '.sh_frame' symbols from 'fdslivar/spoolfalps 1058253 exe ', ., cdone

Skimming 1R46259 bytes of DWARF ',debug info' symbols from 'Ad=1 vardspool/alps/ 10825835 exe ', , done

Reading symbols for process 2, executing ", fexe"

Reading symbols for process 3, executing . fexe"

0 2

Application 108251 resources: utime “Os, stime 0= I

rank= £ chic=nid0O003 threadid= [V 2 core= 0
rank= 0/ 2 cnid=nid0o0o3 threadid= 1/ 2 core= 1
rank= 1/ 2 cnid=Enid0o0od threadid= [V 2 core= 0
rank= 1/ 2 cnid=nid00004 threadid= 1/ 2 core= 1
dorne
dorne

Application 108253 resources: utime ™0s, stime ™0=
palul: exit

exit

zalloc: Relinguishing Jjokb allocation 2960

=zalloc: Job allocation 2960 has been rewvoked,
palul: B
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Exemple 1 : Laplace

nl:/home/piccinali/trunk/debug/laplace $ | make
mpif9® -03 -g -c Laplace mpi.F9e

mpif9® -03 -g -o f Laplace mpi.o

GNU fortran executable ready

nl:/home/piccinali/trunk/debug/laplace $ | /home/piccinali/sbatch.sh ./f 12 12 1 "1920 1920 18 1.8d-5" "" -bind-to-core
core file size (blocks, -c) unlimited
data seg size (kbytes, -d) unlimited
scheduling priority (-e) 28

file size (blocks, -f) unlimited
pending signals (-1) 16382

max locked memory (kbytes, -1) unlimited
max memory size (kbytes, -m) unlimited
open files (-n) 10824

pipe size (512 bytes, -p) 8

POSIX message queues (bytes, -g) 819200
real-time priority (-r) @

stack size (kbytes, -s) unlimited
cpu time (seconds, -t) unlimited
max USer processes {-u) unlimited
virtual memory (kbytes, -v) unlimited
file locks (-x) unlimited

+ export OMP_NUM THREADS=1
+ OMP_NUM_THREAD5=1
+ fusr/bin/time -p /softs/openmpi-1.4.3/bin/mpiexec -bind-to-core -n 12 -npernode 12 -x OMP NUM THREADS -hostfile /softs/openmpi-1.4.3/h ./f 1920 1920 10 1.0d-5

nl:/home/piccinali/trunk/debug/laplace $§ | tail o _f.8912.12.12.1.1920-1920-200-1.0d-5--bind-to-core
[n1:21918] [ 4] /lib/x86 64-linux-gnu/libc.so.6( 1libc start main+0xff) [@x2bl31le@cffeff]

[m1:21918] [ 5] ./f() [©0x481429]

[n1:21918] *** End of error message ***

Command exited with non-zero status 139
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Exemple 1 : Laplace (core file)

nl:/home/piccinali/trunk/debug/laplace $ | file core
core: ELF 64-bit LSB core file x86-64, version 1 (SYSV), SVR4-style, from './f 1920 1920 10 1.0d-5'

nl:/home/piccinali/trunk/debug/laplace $ gdb f core

Core was generated by "./f 1920 1920 10 1.0d-5'.

Program terminated with signal 11, Segmentation fault.

#0 1init solver (dxx=Cannot access memory at address Oxfe7fb0

) at Laplace mpi.F90:377

377 ve(i,j) = 2.0d0 * eps(i,j) * eps(i+l,j ) / ( (eps(i,]j) + eps(i+l,j) ) * dxx**2)

DDT - Open Core Files

Executable: |fhume,fpiccinaliftrunkfdebugflaplace,"f

Core files: fhome/fpiccinaliftrunk/debug/laplace/core

Recompiler avec -fbacktrace

ETH CSCS \:‘0‘

Eidgenossische Technische Hochschule Ziirich Swiss National Supercomputing Centre
-

Swiss Federal Institute of Technology Zurich Pa ra I I el P rog ra m m | n g SCh OOI 08/20 1 1




Exemple 1 : Laplace (DDT debugger)

f’snfts.-"npenmi:li-l.4.3fhin;’mpiexec -debug -bind-to-core -n 12 -npernode 12 -hostfile /softs/openmpi-1.4.3/h ./f 1920 1920 16 1.8d-5

1 0 Wed Sep 2120:53 @ piccinal

[o[o B8 REELEREIEE A~ D~

|| current Group:|all ~|Focus on current: & Group " Process ¢ Thread |I” Step Threads Together

Al (o 1 T

Create Group

Proj... | Fortran ... | F Laplace mpi. FQU@ | Current Stack 5 x
Project Files g X Integer, INTENT(IN) :: imin,imax,jmin,jmax || stack Arguments
Search € Real(rp), INTENT(IN) :: dxx, dyy #1 laplace () at /home/piccinalijtrunk/debug/laplace/Laplace_mpi.F90:212 (at 0x0000000000402
Real(rp), INTENT(OUT) :: omega , 1
& Project Files Real(rp), INTENT(OUT) :: omegal
L. Source Tree 6 Real(rp), INTENT(IN), Dimension(:,:) :: eps 1] | |
5 Real(rp), INTENT(INOUT), Dimension(:,:) :: ve, vn, vs, vw, vC, Sou
+ [ Header Files - e g x
i ) i Integer :: i,j
o | e, Fooumncsnmmmrt
: 5 Resolution de 1'equation de Laplace - & Processes 0-11:
+ & ompi_debugger: 65 !-----------ooeeee e
3 Process stopped in init_solver
3 choix de la methode de resolution (Laplace_mpi.F90:377) with signal SIGSEGV
3 omega = 1 : Gauss-Seidel (Segmentation fault).
369 | l<omega<2 : Sur-relaxation Reason/Origin: the kernel
371 milega = 1.5de “Your program will probably be terminated if you
371 omegal = 1.6d® - omega continue.
372 You can use the stack controls to see what the
373 ! Definition des coefficients de 1'equation de Laplace process was doing at the time.
g—g cas gg Iifj min, jmax X ¥ Always show this window for signals
376 do i = imin, imax B .
377 ve(i,i) = 2.6d0 * eps(i,1) * eps(i+1,] ) 7 ( (eps(i,1) + eps(i+1, i) ] * dorr=2] 1 b contine || pouse |  ax
378 vn(i,j) = 2.0d® * eps(i,j) * eps(i ,j+1) / ( (eps(i,j) + eps(i,j+1) ) * dyy**2) B =
379 vs(i,j) = 2.0d0 * eps(i,j) * eps(i .j—n 7 (lepsii]) + epsii)-1) ) = dyyr2) e I =
380 vw(i,j) = 2.0d® * eps(i,j) * eps(i-1 )/ ( (eps(i,]) + eps{i-1,j) ) * dxx**2) - dxx 0.00052083333333333333
381 ve(i,j) = omega / ( vw(i,j) + vn(i,] l +vs(i,j) + ve(1,7) ) -dyy 0.00052083333333333333
- dEUU(I.J] = 0.0d0 - eps <value optimized out>
endﬁg 0 Ve <value optimized out>
2 <value optimized out>
end subroutine init solver VS <value optimized out>
of . o L ) VW <not allocated>
gf:;. subroutine solver(omegal, V,V old, sou,ve,vw,vn,vs,vc, imin,imax,jmin,jmax, j) e <not allocated>
335 implicit none 50U <not allocated>
391 Integer, Parameter :: rp = Kind (1.0d0) -imin 1
392 Real(rp), INTENT(INOUT), Dimension(imin-1:imax+1,jmin-1:jmax+1l) :: V - imax 480 | |
393 Real(rp), INTENT(IN), Dimension(imin-1:imax+1,jmin-1:jmax+1) :: V_old - jmin 1
394 Real(rp), INTENT(IN) :: omegal - jmax 640
395 Real(rp), INTENT(IN), Dimension(imin:imax,jmin:jmax) :: sou, ve, vw, vn, Vs, VC
396 Integer, INTENT(IN) :: imin,imax,j,jmin,jmax -omega 15
397 Integer :: i, istat -emegal -0.5
398 -eps.0 <unknown bounds>
399 do i = imin, imax f i 1 |
A 3 | K1 | *|  [ype: none selected
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Exemple 1 : Laplace (solution)

Dans la subroutine init_solver, les dimensions des tableaux doivent etre declarees :
Real(rp), INTENT(IN), Dimension(imin-1:imax+1,jmin-1:jmax+1) :: eps
Real(rp), INTENT(INOUT), Dimension(imin:imax,jmin:;jmax) :: ve
Real(rp), INTENT(INOUT), Dimension(imin:imax,jmin:jmax) :: vn|
Real(rp), INTENT(INOUT), Dimension(imin:imax,jmin:jmax) :: vs
Real(rp), INTENT(INOUT), Dimension(imin:imax,jmin:jmax) :: vw|
Real(rp), INTENT(INOUT), Dimension(imin:imax,jmin:jmax) :: v|

Real(rp), INTENT(INOUT), Dimension(imin:imax,jmin:jmax) :: sou|

Au lieu de :
Real(rp), INTENT(INOUT), Dimension(:,:) :: ve, vn, vs, vw, vc, sou|
Real(rp), INTENT(IN), Dimension(:,:) :: eps
ETH CSCS .
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Exemple 2 : loopy (openmp)

nl:/home/piccinali/trunk/debug/datarace $ | make
gfortran -fopenmp -c loopy.F90

gfortran -fopenmp -o f loopy.o

GNU fortran executable ready

Executez le programme :

> export OMP_NUM_THREADS=1 ; ./f

Notez les valeurs de sum1 et sum2

Executez avec un nombre de threads > 1 et comparez les resultats.

Utilisez un debugger pour examiner les threads.
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Exemple 2 : loopy (solution)

nl:/home/piccinali/trunk/debug/datarace $ = export OMP_NUM_THREADS=1 ; ./f
threadid= 0/ 1
suml= -28
1 -4 -9 -16
sum2= -12
1 . -4 -8

nl:/home/piccinali/trunk/debug/datarace $ export OMP_NUM_THREADS=2 ; ./f
threadid= 1/ 2
threadid= 0/ 2
suml= -28
1 -4 -9 -16
sumz2= -5
1 -1 -4 -1

nl:/home/piccinali/trunk/debug/datarace $  export OMP_NUM_THREADS=6 ; ./f
threadid= 5/ 6
threadid= 4/ 6
threadid= 0/ 6
threadid= 2/ 6
threadid= 1/ 6
threadid= 3/ 6

suml= -28
1 -4 -9 -16
sum2= -5
1 i | -4 =1
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Exemple 2 : loopy (solution)

Les résultats de la boucle 2 dépendent de la facon dont elle est parallélisée ou non.

Vous devriez avoir remarqué des résultats différents en fonction du nombre de threads,
ce qui est typique des data race. La boucle2 n'est pas parallélisable a cause de la
dépendance entre les données.

Il n'y a pas vraiment de solution, a moins de restructurer la boucle ou d'utiliser la clause
reduction pour faire la somme. La plupart du temps, les resultats ne sont pas
reproductibles, ce qui rend le debuggage encore plus difficile.

http://en.wikipedia.org/wiki/OpenMP
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Exemple 3 : attach to gdb (mpi)

i /bin/bash 106x23 F /bin/bash 74x23
:~/trunk/debug/intro/attach » t shatch.sh ./f 221 *| Tasks: 177 total, 1 running, 176 sleeping, @ stopped, © zombie -
nl:/home/piccinali/trunk/debug/intro/attach 5 | shatch.sh ./f 221 Cpuls): 0.0%us, 0.1%sy, 0.0%ni, 99.9%id, 0.0%a, 0.0%hi, 0.0%1, 0.
+ export OMP_NUM THREADS=1 Mem: 49554172k total, 21549604k used, 28004568k free, 444824k buffers
+ OMP_NUM_THREADS=1 Swap: 50319356k total, 0k used, 50319356k free, 18599728k cached
+ Jusr/bin/time -p /softs/openmpi-1.4.3/bin/mpiexec -n 2 -npernode 2 -x OMP_NUM THREADS -hostfile /softs/o
penmpi-1.4.3/h ./f PID USER PR NI VIRT RES SHR 5 %CPU %MEM  TIME+ COMMAND
20269 piccinal 20 0 19352 1380 976 R 1 0.0 0:00.02 top -u piccin
19322 piccinal 20 0 107m 2416 1280 5 0 0.0 0:00.03 sshd: piccina
19333 piccinal 20 0 107m 2420 1284 5 0 0.0 0:00.05 sshd: piccina
19334 piccinal 20 0@ 1087m 2424 12885 0 0.0 0:00.03 sshd: piccina
19335 piccinal 20 0 27380 9.9m 17125 @ 0.0 0:00.41 -bash
19338 piccinal 20 0 27364 9.8m 1764 5 0 0.0 0:00.39 -bash
19343 piccinal 20 0 27364 9.8m 1764 5 0 0.0 0:00.40 -bash
20241 piccinal 20 0 11108 1692 1224 S @ 0.0 0:00.00 /bin/bash /ho
20247 piccinal 20 0 11104 1684 1224 S 0 0.0 0:00.00 /bin/bash /ho
20259 piccinal 20 0 3988 324 2525 O 0.0 0:00.00 /usr/bin/time
20260 piccinal 20 0 53488 2356 1708 5 0 0.0 0:00.01 /softs/openmp
20261 piccinal 20 0 1B2m 5984 26325 0 0.0 0:00.02 ./f
20262 piccinal 20 0 1B3m 5992 26465 0 0.0 0:00.02 ./f
I,I :~/trunk/debug/intro/attach > top -u $USER
[ /bin/bash 161x25
:~/trunk/debug/intro/attach > mpif9@ -g -D MPI mpiomp.F90 -L/softs/affinity/ -laff -o f -
i~/trunk/debug/intro/attach = 1s
mpiomp.F9¢ readme.jg
i~/trunk/debug/intro/attach > qdb --pid=20262 ./f
GNU gdb (Ubuntu/Linaro 7.2-1lubuntull) 7.2
Copyright (C) 2010 Free Software Foundation, Inc.
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Exemple 3 : attach to gdb (mpi)

32
$1
$2

(gdb) print rank

=1

(gdb) print nb procs

= 2

{gdb) g
A debugging session is active.

(gdb) break mpiomp.F98:32

Breakpoint 1 at @x4e8f94: file mpiomp.F98, line 32.
(gdb) cont
Continuing.

Breakpoint 1, who () at mpiomp.F98:32

rank," /",nb _procs,&

Inferior 1 [process 20262] will be detached.

ETH

Quit anyway? (y or n) y
Detaching from program: fhome/piccinali/trunk/debug/intro/sattach/f, process 28262
:~/trunk/debug/intro/attach =

Eidgenossische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Parallel Programming School 08/2011

B /binfbash 106x10 B /bin/bash
= :~/trunk/debug/intro/attach > touch go
:~/trunk/debug/intro/attach >
+ exit @
:~/trunk/debug/intro/attach >

B /bin/bash 160x37

(gdb) bt

#0 Ox00002b05c72135ad in nanosleep () at ../sysdeps/unix/syscall-template.S:82

#1 0Ox00002b05c721343c in _ sleep (seconds=0) at ../sysdeps/unix/sysv/linux/sleep.c:138

#2 Ox0000000000480T2c in who () at mpiomp.F9@:27

#3 Ox00000000004810c9 in main (argc=1l, argv=Ex7fff539cf4lce "./f") at mpiomp.F90:3

#4 0Ox00002b05c7184eff in  libc start main (main=0x481890 <main=, argc=1, ubp av=0x7TTf59cT2ad8, init=<value optimized out=, fini=<
rtld fini=<value optimized out=, stack end=8x7fff59cf2acg&) at libc-start.c:226

#5 ©x0000000008400d99 in start ()

CSCS 0.
Swiss National Supercomputing Centre RN



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34

