Debugging with TotalView

TOTALVIEW

TECHNOLOGIES
A Rogue Wave Software Company

Tim Cramer
12.03.2018

IT Center der RWTH Aachen University



What is TotalView? ‘ RWNTH

A comprehensive debugging solution for demanding " I' I'
parallel and multi-core applications

TOTALVIEW
Wide compiler & platform support Integrated Memory Debugging
C, C++, Fortran 77 & 90, UPC Reverse Debugging available
Linux, OS X, Unix ReplayEngine
Windows frontend (client) Supports a Variety of Usage Models
powerful and easy GUI
Handles concurrency visualization
multi-threaded debugging CLI for scripting
parallel debugging Long distance remote debugging
MPI, PVM, others Unattended batch debugging /

remote and client/server debugging GUI-free debugging with TVScript
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Before you start RWTH

Lean back and relax
Check your environment

- increase ulimits (ulimit -a)
-s Stack size (crucial for Fortran and OpenMP?!)
-t CPUtime
-v  Address space and others

-c  Core file size (crucial for debugging on core files)

Remove all objects and intermediate files

Rebuild with debugging info ON (-g)
optimization OFF (-O0)
Problem still here? Use a debugger!
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TotalView in the RWTH Environment RWTH

Initialize the environment and startup:

= S module load totalview

- S totalview

or load a binary directly (here called a.out):

- $ totalview a.out -a <options of a.out>

Main modes:

—> Start a new process
—> Attach to a running process

- Load a core file (Post-Mortem)
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Process Window

RWTH

b d -0 X
File Edit View Group Process Thread Action Point Debug Tools  Hindow Help |
= 2 o 5 5 —
el 1N AR R A B € Toolbar
Go Halt Kill Restart |[Hext Step Out BFun To|Prew UnShep Caller BackTo Liwe |
=== === === Process 1 (2407731 a,out (At Breakpoint 13
L Trresd £ caéaizasaiiscas cat Ereskpoint 15 | < Process and Thread Status
Stack Trace ' S
Fac | machs . FP=7FffFFFEfbb2o | % || Function "machs": il
Feo  bep_ppoes_1, FP=7ffFffffhbocd widerhiol § 10 {Oxo000gy
main, FP=7ffFffffobfo maxiter: 200000000 {0r01312d00 _I
__libc_start_main, FP=7FfFFfFFfhchd maxiteri {Bad addre=zs: ﬂu?ffﬁjﬂﬂg[pﬂﬂl}
_start, FF=Ffffffffhcco Local wariablesi
ff 15?0155159 {0x/H6ebhd )
Stack T P war: TrSange a?lncagablezt(zstack Frame Pane
tack Trace Pane it 41 {Ox000000293
v; Registers= for the framei
Function machs in bsp_FPCES_1,F90 =] H'I
16 . INTEGEE, INTEMTCIHY i widerhol, maxiter i G Qi 3431 3 Al
17 INTEGERE %t i, Jj T g 34523 shll 2, Erax
12| REAL .ALLOCATAELE,, DIMEMSIOMC Y 13 war G Qid 3433 4 —
13 ALLOCATECwar(maxitera) Qai34Ed 3
==y var = 3,14 Source Pane 04034851
21| 10 i = 1, widerhal 04034561 negl Hrax
22 WRITE (w33 "————————— ", i, maxiter [r 00403 4ET ¢ Fi
= [[E | =
fction Foints ] Frocesses ] Threads ] B=] [E+] =] O]
a1 kbsp_PPCES_1,f20d#20 machs+0xl7a Fal
Tabbed Pane
L il
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Root Window and Console RWTH

v =P X
ReplayEngine uses the UndoDBE Reverse Execution Engine
Copyright 2005-2003 Undo Limited
Reading sumbols for process 1, executing "a,out”
Library fruthfsfrzsclustershone/pke24850/zzz_Vortrag_TV/srcda,out, with 2 asectsas T = —_— 5
Happing 20941 bytez of ELF ztring data from 'Aruthfz/rz/clusterhomespk224850/ 2] v -0 X
[ndexing 144 bytes of DWARF '.debug_frame' symbols from 'Aruthfsrzdclusterdhome . . .
Indexing 39462 bytes of DWARF '.eh_frame' symbols from 'Aruthfefrz/clusterdhomes File Edit  View Tools  Hindow Help

Skimming 509 bytes of IWARF ',debug_info' symbols from 'Aruthfs rz/clusterdhomes]

Library /1ibG471ibm,s0,6, with 2 asects, was lirked at 0x30=9200000, and initial| = 10 Rank: oSt SESERS lesERihion
Mapping 15664 bytes of ELF string data from '/libGd/libm,=0.6'. .. done =B <local s.out 1 active the
Indexing 12660 bytes of DWARF '.eh_frame' symbols from 'AlibE4/1ibm.zo,B', .. done ; i ' el e
Library /1ibE4/1ibc.so,B, with 2 asects, was linked at Ox30e3600000, and initial g P <local x> in machs

Mapping 93003 bytes of ELF string data from '/libB4/libc,=0,6',, .done
Indexing 130172 bytes of IWARF ',eh_frame' symbolz from '/libG4./1ibc,so,B', .,  don|
Library /libB4/libgcc_s,s0,1, with 2 asects, was linked at O0x30ef200000, and ini
Happing 1602 bytes of ELF string data from '/libB4s/libgoc_s.s0,1',..done
Indexing 2932 bytes of DWARF '.eh_frame' symbols from 'AlibEdslibgeoc_s,zo.1'. . .d
Library #libB4/libdl.=0,2, with 2 asects, was linked at Ox30e8e00000, and initia
Mapping 1585 bytes of ELF string data from 'AlibB4/1ibdl,=0,2',, ,done

Indexing %96 bytes of IWARF ',eh_frame' aymbols from 'SlibB4/1ibdl,=0,2',, .done |3
Library AlibB4/1d-1inux-x86-64,20,2, with 2 azects. waz linked at Ox30=8B00000,
Happing 5224 bytes of ELF string data from '/libG4s1d-linuxe-x86-64,50.2",, .done —— -
Erdexing 5312 bytes of DWARF '.eh_frame' symbols from '/libE4/1d-1inux-x86-64.30,2", . .done

Status Info

°E = Error

*W = Watchpoint T = Stopped
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New GUI

RWTH

The “classical” GUI looks a bit ugly / outdated

—> TotalView is still a modern / powerful parallel debugger (MPI + OpenMP)

- New GUI is available (although it crashed during my tests)

- Might be worse a try

Change to

new Ul at O
start up
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What's New in TotalView? (on login18-2.hpc.itc.rwth-aachen.de)

What's New in TotalView

New TotalView User Interface
TotalView's new modem interface now includes support for Bamier Points. & Sez Sreafpoint confext menu item has been added fo the

synte-highlighted he new user inferface now provides better CUDA support with the addition of a GPU navigation tool bar.

¢ Learn more about the new Total View UL
* Ty outthe new Ul

CUDA 9.2 and CUDA 10.0 Support

Official support for CUDA 9.2 and CUDA 10.0 a5 well as CUDA 8.0 and 9.0-9.2.

Improved Multi-GPU Debugging
Our d t feam has been with customers viilizing architectures with mulfi- G PU enabled compute nodes o improve the
capabilifies, reliability and performance of debuaging on advanced multi- G PU capable applicafions.

Cray ARM64 Support
Support has been added for the Cray A RME4 architecture.

More Great Improvements!
Bug fines, performance improvements, and more...

_| Do not show until next update

-

| [Confie..]



New GUI RWTH

a.out - Process 1, No current thread - TotalView for HPC 2018 (on login18-2.hpc.itc.rwth-aachen.de)
File Edit Group Process Thread Action Points B Debug Wi Help

i Group (Control) | | | = a i ReplayEngine

Pro s & Threads X StartPage X | Help ¥ | mainc X
o@ o [T = soriE Debugger works
ir e <stdio.h>
Description #P #T ¥  Members . .
aout (S3) 1 1 pl 2 galn{znt aroc; ~* aroy) { Slmllar, but
N ark a2 . = 6 MPI_Init(NULL, NULL); oo s more
onexisten p: I k
world_size;

10 MPI_Comm_size(MPI_COMM_WORLD, &world_size); mOdern

world_rank;
14 MPI_Comm_rank(MPI_COMM_WORLD, &world_rank);

processor_name [MPI_MAX_PROCESSOR_NAME];
name_len;
19 MPI_Get_pro

sor_name(processor_name, &name_len);

o

printf(

t '
processor_name, world_rank, world_size);

27 MPI_Finalize();
28 }

[
[0 ] ot e

Select process or thread attributes to group by Name Type Value
= L]
Action Points % ‘ Command Line * | Logger * | Replay Bookmarks Data View %
1DV Type Stop Location Line I E]'_]
v 1 | EETE Process | ../main.c#22 main.c (line 22) PR Tpe | Thiead D

[Add New Expression]

Process: a.out (1) No current thread




Parallel Debugging with TotalView RWTH

Parallel Debugging might be very hard
— Try to debug a serial version of the program first!
— Typical multithreading errors may not be found (e.g., race conditions)
—> Some errors only occur
—>with optimized code (uninitialized variables?)
—>with many processes
—outside of debug sessions (different timing)

Nevertheless, TV is better than no TV
—> Stack frames for every process / thread in one GUI
— Switching between processes / threads (even for accelerators like GPGPUS)
—> Variable inspection (and visualization) across all processes / threads
— Deadlock detection
- Visualization of the MPI message queue
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Break- and Watchpoints ‘ RWTH

Breakpoints
.. dorEnwiromentType) 0> »::mainLoop, I iter: 0x00000002 (2)
. ... cutlonEnviromentType) 0> >::solve, 1 maxiter: 0x0000c350 (50000)
T+ . FE=Tfffffffafdl . Dx000002da (730
~ Interrupt execution when 5 D s e ] e vowbnl @7 |
Function lis_cg in lis_salver_cg.c =] =
. . . Y
reaching a specific code line (133 for( itersl; itercmsmiter; dteces)
{ el
171 FAIE-BEN  aE
172 1 = 1i 1 ;
o ) . Ei’;fésolvézg‘éii"éif’r,z); :
—> Conditional Breakpoints possible prance += Bioweine() - banes:
176 F* tho = <r.zy *4 £

—> Set by clicking in the source pane

- Temporary disabling is possible

Watchpoints
- Interrupt when a change occurs to a specific memory location
—> Conditional watchpoints possible

(e.g. only stop if the sign of the value changes or specified threshold reached)
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Demo: Parallel Debugging with MPI RWTH

Live Demo OpenMP Debugging
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Debugging OpenMP Programs

Set the number of threads

Startup Parameters - pi.exe (on loginl8-2.hpc.itc.rwth-aachen.de)

Debugging Dptinns] ﬁrguments] Standard IID] Para[lel]

Command-line arguments:

RWTH

I

Environment variables (NAME=VALUE):

[ I

[ OMP_NUM_THREADS=4

L=

[

|~ Show Startup Parameters when TotalView starts

Changes take effect at process startup.

OK | Cancel |

Help |
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Debugging OpenMP Programs

RWTH

For debugging parallel regions: Set a breakpoint within that scope

Function CalcPi in pi.c
&0  doubkle fi(doukle a)

6l |
return (4.0 / (1.0 + a%*a));
63}
64
650
£6  double CalcPii{int n)
67 1
E8 congt double f£H = 1.0 / (double) n;
69 double f3um = 0.0;
70 double f¥;
71 int i;
= #pragma omp parallel for reduction(+:f3um] private (fX)
Figms LT = 0 e B g e =

f¥ = fH * ((doubleli + 0.5]1;

I
return fH * f£Sum;
T
-
Action Points] Th[eads] _| P+ le_l T"‘|r
T [.../pi.c#75] pi.c#75 L CalcPi 72 par loop0 2 3+0x2f5

Debugging with TotalView
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First thread
reaching this
point will
cause the
break




Debugging OpenMP Programs RWTH

To make all thr

ead wait here: Use a barrier

Function L_CalcPi_72__par_loop0_2_3in pi.c S
60  double fi{doubkle a) A
61l 1
return (4.0 / (1.0 + a*a));
63 %}
64
65
66  double CalcPiiint n)
67 9
68 const double fH = 1.0 / (double) n;
69 double fSum = 0.0;
T0 double fHH;
T1 int 1i;
T2 #pragma omp parallel for reductioni+:fSum) private (fX)
T3 for (1 =0; 1 < n; 1 += 1)

return fH * fSum;
791
£
- ' -
Action Points Th[eads] BZ] BE|| B=] | T+|J_
1 [.../pi.c#75] pi.c#75 L CalcPi 72 par loopO 2 3+0x2f5 S

Debugging with TotalView
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Debugging OpenMP Programs

RWTH

Switch between the thread with T- / T+

Function CalcPi in pi.c ==
&0  doubkle fi(doukle a) =
6l |
return (4.0 / (1.0 + a%*a));
63}
64
650
£6  double CalcPii{int n)
67 1
E8 congt double f£H = 1.0 / (double) n;
69 double f3um = 0.0;
70 double f¥;
71 inet Al
= ¥pragma omp parallel for reduction(+:fSum) private (£X)
73 for (1= 0 d = oy @ 4= 1)
74 1
f¥ = fH * (idoubleli + 0.5);
Th f3um += f£(fH);
7T
return fH * f£Sum;
T30}
£
-l I
Action Points] Th[eads] P-|P+| P
T [.../pi.c#75] pi.c#75 L CalcPi 72 par loop0 2 3+0x2f5 J
A

Debugging with TotalView
Tim Cramer | IT Center der RWTH Aachen University



Debugging OpenMP Programs ‘ RWTH

After switching with T- / T+ the stack trace of current thread is shown

ada 088] pi.exe (At Breakpoint 1)

Thread 1 (J44443537 1584) (Stopped) (MMM

Stack Trace Stack Frame

L CalcPi 72 par loop0 2 3, FP=Tffcl3||Function "L CalcPi 72 par loop0 2 3": j
__kmp invoke microtask, FP=Tffclc9le No parameters.

__kmp invoke task func, FP=Tffclc9le¢ |||Local variables:

tv ]  kmp fork call, FP=Tffclc91ed£0 n: 0x08£0d180 (150000000)

__kmpc_fork call FE=Tffclc91leall fH: 6.66666666666667e—-09

CalcPi, FP=Tffclc9leb6 fSum: 0

main, FE=Tffclc9lebdl £ 2.34406836675184e-310 <dencrmalizeds>
__libc =ztart main, FP= Tffclc9lec90 . alng 0x0Q00000000 (0) i

(156033)5 pi.exe (At Breakpoint 1)
Thread 3 (§7444480546816) (At Breakpoint 1)

Stack Trace Stack Frame
Cc 1 L CalcPi 72 par loop0 2 3, FP=2b2643|[Function "L CalcPi 72 par loopl 2 3": j
__kmp_invoke microtask, FP=2b268768¢ Ho parameters.
tv ]  kmp invoke task func, FP=2b268768( ||| Local variables:
t+ | kmp launch thread, FP=2bZ6E768ccocl n: 0x08£0d180 (150000000)
e | namesgpace::  kmp launch worker, ! fH: 6.666666666666672-09
gtart thread, FP=2b268768d0kL0 f3um: 0
__clone, FP=2b268768d40b3 f®: 2.3440683663471e-310 <denormalized:>
= e 0x047868c0 (75000000) 7
Function L_CalcPi_72__par_loop0_2_3in pi.c Ell=
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Debugging OpenMP Programs RWTH

Dive into a variable (e.g., 1)

—> Private variable are stored on different addresses (one for each thread)

i-L CalcPi 72 par loop0 2 3 - 1.1 (on loginl8-2.hpc.itc.rwth-aachen.de) ~ ~ x
File Edit View Tools Window ﬂelp‘

Xpression: | Addre

Type: |int
Value i8] |
0x00000000 (0)
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Debugging OpenMP Programs RWTH

Dive into a variable (e.g., 1)

—> Private variable are stored on different addresses (one for each thread)

i-L CalcPi 72 par loop0 2 3 - 1.3 (on loginl8-2.hpc.itc.rwth-aachen.de) ~ ~ x
File Edit View Tools Window ﬂelp‘

Apression. I
| Type: |int
Value |
0x047868c0 (75000000)
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Debugging OpenMP Programs

—> Can be visualized

i - L_CalcPi_72__par loop0_2 3 - 1.1 (on logi
File Edit View Tools Window

» ~ x

Help |

RWTH

Run To|Re

@ 4 9
cord GoBack Pr

b

Live Save

ey UnStep Caller BackTo

I B HE [ BE [ KM Process 1(156088): pi.exe (At Breakpoin
Expression: Iii e liMultiple Thread 1 (47444435371584) (Stopped
Sl Filter: Function "L_CalcPi_ 72  par loop0_2 3":
Type: I int No parameters.
— Local variables:
Thread |Value E| T
Laminate of :i (on loginl8-2.hpc.itc.rwth-aachen.de) vl (Al (x
1.1 (4744443537 1584) 0x00000000 (0) ; ;
1.2 (47444476344192) 0x023c3460 (37500000) E
1.3 (47444480546816) 0x047868c0 (75000000) || |
1.4 (474444847 49440) 0x06b49d20 (112500000) 1.50e+08"
=)
1.00e+08"
o R——
72 #pragma omp parallel for reduction(
73 for T =0; i <n; 1 += 1)
(I { .
= £fX = fH * ((double)i + 0.5); K
76 feum += £(£fH);
T
; return fH * f£Sum; e
o | Threads| %% 000 1.00 200 300
ction Points | Threads . g ! .
— = X Axis
1 [.../pi.c#75] pi.c#75 L_CalcPi_72 |
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Debugging OpenMP Programs RWTH

Shared variables have the same address and value for all threads

n - L CalcPi_72__par_loop0 2 3 - 1.1 (on loginl8-2.hpc.itc.rwth-aachen.de) ~ ~ x

File Edit View Tools Window Help
J|l1_1 = g | B | €€ 3 M
Expression: | n Address: | 0x7ffc1c91eab8

Slice: Filter:

Type: | int
Thread
1.1 (47444435371584) 0x08f0d180 (150000000)
1.2 (47444476344192) 0x08f0d180 (150000000)
1.3 (47444480546816) 0x08f0d180 (150000000)
1.4 (474444847 49440) 0x08f0d180 (150000000)
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MPI and TotalView RWTH

Two startup methods for MPI jobs

- New launch: $ totalview mpi-a.out
- Set parameters in GUI
- Easy and intuitive
- No detaching or re-attaching possible
-~ Not available on all platforms
- Classic lauch: $ mpiexec -tv -np 4 mpi-a.out
- Arguments depend on MPI vendor

—> Attach / Attach to subset / Detache / Reattache possible
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Demo: Parallel Debugging with MPI RWTH

Live Demo MPI Debugging
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L3: MPI Debugging ‘ RWTH

- Terminal __ O x T
File Edit View Group Process Thread Action Point Debug Tools Window Help
- > 8 , i 5 9 ' 4@ “d : | it Bl
Group (Control) ‘|Go Halt Kill Restart| Next Step Out Run To|GoBack Prev UnStep Caller BackTo Live
winTitle

No current thread =
Stack Trace T

Startup Parameters - fix_me.exe (on cluster.rz.RWTH-Aachen.DE)

Debugging Options| Arguments| Standard IfO] Para[lel]

Please Note: If your parallel settings were entered as arguments, do not enter them here.
Use the Arguments tab to modify them.

Parallel system: Open MPI <

Tasks: -} Nodes: 0 c

Additional starter arguments:

|

| Show Startup Parameters when TotalView starts

£ J—
Action Po Changes take effect at process startup.

OK | Cancel| Help |
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L3: MPI Debugging RWTH

Be patient

m TotalView Working (on cluster.rz.RWTH-Aachen.DE)

. Waiting for parallel job to spawn 4 tasks

0%

‘ Cancel |
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L3: MPI Debugging RWTH

Rank 0: fix_me.exe.0 (Running)

O T hreead 1 ¢ 140037624768256) fix_me.exe (Running) [I00O0O0Ommnm

Stack Trace Stack Frame
‘| Thread must be stopped for frame display.

7] TotalView 8.9.2-2 (on cluster.rz.RWTH-Aachen.DE) -0 X

File Edit View Tools Window Help

= ID/ Rank | Host | Status Description
=1 0134.61.220.74 R fix_me.exe.0 (3 active threads) -
=3 3134.61.220.74 R fix_me.exe.3 (3 active threads) -
NTe 4 1134.61.220.74 R fix_me.exe.1 (3 active threads)

&5 2134.61.220.74 R fix_me.exe.2 (3 active threads)

25 Debugging with TotalView
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L3: MPI Debugging

Press the “HALT” button

fix_me.exe.0 (on cluster.rz.RWTH-Aachen.DE)

RWTH

File Edit View Group Process Thread Action Point Debug Tools Window Help
GropContro) AZ ME B [ 5 9 5 & [ 4 5 & a5
P Go Halt Kill Restart Next Step Out Bun To|GoBack Prev UnStep Caller BackTo Live
Rank 0: fix_me.exe.0 (Stopped)
Thread 1 (140037624768256): fix_me.exe (Stopped)
Stack Trace i Stack Frame
opal progress, FP=7fff5%ead5d0 [ j
ompl request defszult wait all, FP=7fff|||Registers for the frame:
ompi coll tuned sendrecv actual, FP=7f
.d barrier intra recursivedoubling, $rax: 0x945e0430 (2489189424)
.0ll tuned barrier intra dec fixed S$rdx: 0x00015a05 (88581)
FPMFTI Barrier, 5 Srcx: 0x00000000 (O)
main, FP= 7fff59ead850 $rbx: 0x00000003 (3)
~ libec start main, FP=7fff592ad210 %rsi: 0Ox00000000 ()
_start, FP=7fff592ad?20 $rdi: 0x00000002 (2)
7 Frhn: Ox7fff509aad750 (140734701950800) ¥
Function PMPI_Barrier in libmpi.so.1 ==
0x7£5d0db2£60a: 0x00 a
0x7f5d0db2£f60h: Oxdec movl Srlz,%rdi
0x7f5d0db2f60c: 0x89
0x7£5d0db2fe0d: 0xe?
0x7f5d0db2fe0e: 0x33 =xorl %eax,%eax
0x7f5d0db2fe0f: 0xc0
= 0x7£5d0db2£610: 0x4l call *376 (%rlz) ~
Ox7f5d0db2f611: Oxff
0x7f5d0db2felz: 0x94
0x7£5d0db2£f613: 0xz4
0x7f5d0db2f614: 0x78
0x7£5d0db2£f615: 0x01
0x7£5d0db2f616: 0x00

N=rTFEANATFET 7

[AREIANA]

Action Points Prgcesses] Th[eads]

Debugging with TotalView
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L3: MPI Debugging

Rank 0 is waiting in barrier

o

fix_me.exe.0 (on cluster.rz.RWTH-Aachen.DE)

File Edit View Group Process Thread Action Point Debug Tools Window

RWTH

Help

L F

Group (Control) 4G4 Halt Kill Restart

§ 9 3§ @
Next Step Out Run To

z 9 5

@ .
GoBack Prev UnStep Ca

Rank 0: fix_me.exe.0 (Stopped)

Thread 1 (140037624768256): fix_me.exe (Stopped)

Ao

iler BackTo Live

Stack Trace

Stack Frame

LU dI T Ier 1rbrd Tecul S IVeEdounLIIIng,
..0ll tuned barrier intra dec_ fixed,

Ly

Function "main":

=

‘ - arge: 0x00000001 (1)
T 5ead5 argv: 0x7£fff5%9ead938 -> 0x7fff592afl57 —> "fi:
~ libc start main, FP=7fff5%ead?1l0 Loiaionglables: 0x00000004 (4)
_start, FrP=7fff5%eadsz0 vi m}?,qyﬂ,: AenNNANNANA F03 i
Function main in fix_me.c Ell=
35 MPI Sendi{&data, count, MPI INT, i, tag, MPI COMM WORLD) ; A
36 }
37 }
38 else {
39 MPI_Recv(&data, count, MPI_INT, 0, tag2, MPI_COMM WORLD, &status);
40 }
41
= MPI_Earrier (MPI_COMM_ WORLD) ;
43
44 /* Check the data everywhere. */
45
46 if {(myrank != 0){
47 for (1 = 0; 1 < count; i++}){
48 if (datali] '= 3%9) {
49 good_data = 0;
50 }
51
c 2 if (rnmAd Aata == Ny

=~

Action Points Prgcesses] Th[eads]

PP TI T

|- E—

Debugging with TotalView
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L3: MPI Debugging

Rank 1 still waits for data

m fix_me.exe.1 (on cluster.rz.RWTH-Aachen.DE)

File Edit View Group Process Thread Action Point Debug Tools Window

RWTH

Help

|[?)li. [ 3y 9 § @ i & 1

Group (Control)

2 M

4
Go Halt Kill Restart|Next Step Out Run To|GoBack Prev UnStep Caller BackTo Live
Rank 1: fix_me.exe.1 (Stopped) 22

T hread 1 (1 40237:3854266888): fix_me.exe (Stopopedt) <Stop Sicanal> 1IN A MMM

Stack Trace Stack Frame
mca_pml obl recw, FP=7££f987£87b0 || Function "main": =
PMPI Recv, FP= 7fff987f8800 argc: 0x00000001 (L)
main, argv: Ox7££f£f987£89f8 -> 0Ox7fffos7£fal157 -> "fi:
_ libc start main, FP= 7fff987f89d0 Local wvariables:
_start, FP=7fff987£89%c0 nprocs: 0x00000004 (4)
A mrrr A e . N—-NNNNNNNA1 {1 J{
Function main in fix_me.c EllE

30 } else s

31 datali] = 1i; /* dnitialize all cther data buffers from 0 to count */

32

33 if (myrank == 0) {

34 for (1 = 1; i < nprocs; i++) |

35 MPI Send{&data, count, MPI INT, i, tag, MPI_ COMM WORLD) ;

36 }

37 }

38 clse |

= MPI Recv(&data, count, MPI INT, 0, tag2, MPI COMM WORLD, &status);

40 }

41

4z MPI Barrier (MPI_COMM WORLD) ;

43

44 /* Check the data everywhere. */

45

45 if (myrank != 0){

47 frar (1 = N+ 1 « rconvint - 1443 ! 7
=] I
Action Points Prgcesses] Th[eads] P-| P+ T-| T+

i
i
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L3: MPI Debugging ‘ RWTH

Message Queue Graph

r
E Message Queue Graph - 3.1 [fix_me.exe] (on cluster.rz.RWTH-Aache _ O X

- Rank 1, 2, 3 are waiting Update

for data on tag 99

Close | Help |
A1

El
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Debugging of Large MPI Jobs

Limitations

— Each MPI process consumes a TotalView license token

- RWTH has only 50 licenses

- Try to debug a small example

RWTH

Debugging of subset of the whole job

W

—> Attaching to subset possible

“File”->“Preferences”->"Parallel”
“When a job goes parallel” menu set:
[x]on “Ask what to do”

(instead of “Attach to all”)

Choose a subset of processors in

“Group” -> “Attach Subset”
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Select processes to attach toi
Attach Host Camni
linuxncodz , rzo
linuxncooz , rzl
linuxhoooz k22
linuxhcooz , rz3
linuxnoooz , rzd

linuxnoodZ rzh

o R W MNP S

linuxnoio2 rzé

100 000K K

Attach All
Filters

Communicator: wi i

Rank

£128 showi

Pr-ogr
Ahomespk224850/SWHAmp 1 Fas
ShomeApk2242850/SWHAmp L Fas
Shomedplk224 250/ 5WHAmp L Fas
Shiomed/pk224850/5 WA mpifas
Shomedplk224 250/ 5WHAmp L Fas
Ahomespk224850/SWHAmp 1 Fas
ShomeApk2242850/SWHAmp L Fas

Detach

Array of Ranl



RWTH

Message Queue Graph

“Tools” = “Message Queue Graph” Green: Pending Sends
Blue: Pending Receives

Hangs & Deadlocks
Red: Unexpected Messages

Pending Messages

. . v - X
Communication Patterns gptions | Update | Close | Help |
A

Find deadlocks:
“Options” =, Cycle Detection”

Filter ] Layout ] Cyczle Detection ] Save AS...

d Detect Cycles

Hext Cycle I

Reset Cycle Search I

A Show Options At Graph Open

| Fpply | Hide | Help |

-l
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The End RWTH

Thank you for your attention!

“
QUESTIONS
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