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Agenda

What is debugging and why TotalView? pdate _Close | _Help |

* Qverview of TotalView and TotalView’s new Ul

* Advanced C++ and Data debugging

* MPI and OpenMP parallel debugging
* Reverse debugging

* Memory debugging

* GPU debugging

* Python/C++ debugging

* Using TotalView on ANL

* TotalView resources and documentation

* Questions/Comments
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What is Debugging and
Why do you need TotalView?



What is Debugging?

* Debugging is the process of finding and
resolving defects or problems within a
computer program or a system.

* Algorithm correctness
* Data correctness

* Scaling/Porting correctness
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TotalView debugger enables you to do:

* Interactive debugging
 Live control of an executing program

* Remote debugging

e - * Debug a program running on another computer

|
@®!

* Post-mortem debugging (core files and reverse debugging)
* Debugging a program after it has crashed or exited

* Memory debugging

* Find memory management problems (leaks, corruption ...)
m * Comparing results between executions

e Batch debugging (tvscript, Cl environments)
* Unattended debugging




TotalView for HPC and for All

GtThreadExample - Process 1, Thread 1.3 (Breakpoint) - CodeDynamics 2015X - oX

Fle Edit Group Process Thread Debug Window Help

CEEDNETD ©
—

° Leading debug enVironment for H PC users m Start Page % | main.cpp % | _poll_nocancel ® | worker.cpp % | moc_worker.cpp ¥ W Lookup Ale or Function %
. OJNON©) == 1=0; 1<60; 1 ++
* Active development for 30+ years 300 88 /5 E e
. . es;::;::adEx 1 1 p;m = g_ﬁ; !gfﬂexé}zgii(! short Worker::qt_static_metacal
* Threads peCIfl c brea kp0| nts — . i 1 s 58 wtexlock(T; _ZN110MetaObjectBactivateEP700b..
(abort) {
° ContrOI indiViduaI thread execution 1 1 pLl ;2 } EEE\;E?()«“.\ rting worker process in Thread "ssthread|)-scurrent] _ZN70:“fe:dllsetpmﬂwENS_BF” :
Breakpoint 1 3 pl.35 start_threa
* View complex data types easily L1 1w | IR _done
14 ! ! e ;; qDeth.(LJai;[-[-!'} ?W[lll(w!\ ' :< delay:
* From MacBook to Top500 Supercomputers 51 1 s (Tier st eSot 060 1 el o, ST(qut) 1
. . . . enit valuezChanged(0String::nunber(i));
* Track memory leaks in running applications )
mutex. lock(];
* Supports C/C++ and Fortran on Linux/Unix/Mac Stp Reason ] I ame T e
Process b 91 qDebug( ) <<"Worker process finished in Thread "<e<threadi)-=currentThreadId Arguments
. . | Thread ID this Worker * const  0x014c!
* Su pport debuggl ng m IXed Python/C++ Process Held gg ; enit finished(): Block at Line 79
. | B abort bool <Bad a
* Integrated Reverse debugging
Action Points % | Command Line % | Logger ¥ Data View #
* Batch non-interactive debugging. > e sm | W e Nare e
v 2 E Thread worker.cpp 79 [Add New Expression]

Process: QtThreadExample (1) Thread: 1.3 - Breakpoint Frame: Worker :doWork Fle: fhome/bburns/Downloads/QtThreadExample/worker epp Line: 79

* Allowing YOU to have

* Predictable development schedules

* Less time spent debugging
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TotalView’s GUI



TotalView’s Classic Ul

File Edit View Group Process Thread Action Foint Debug Tools Window

 Original powerful design Growp (Conwoy (> BRI B | 5 @3 5 & 54

Go Halt Kill Restart| Next Step Out Run To| Frev UnStep (

* Better tested for high-scale MPI jobs - Stack Trace 4 Stack Frame
He current thread —'I-I Me current thread —‘hl
* Assembler support T TRV EW B 0? Bk
File Edit View Tools Window Help
. . =| I | Rark | Host | Status | Deseription |
* Better su pported for Remote DlSpIay Client -1 <local> Jsimple (0 active threads)
Funct
1l #include <stdic.h> e
° TO use. % $include "arrav.h"
g_ int main{int argec, cha
 Set UI preference 81 prramanens con
g char command_1
« Or command line argument 1o e foree > 1
stropy (com _ = .
totalVieW -0l1dUrI i% | | printfi"arg_Z=%s5\n", command_line_string);
£
= i
Action F“oints] F’rgcesses] Thgeads] IR e
dl

£
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TotalView’s New Ul (default

ReplayEngine_demo - o x

* Provides a modern, dockable interface  PHB B s95+[0 €98 3 2 hQ

Go Halt Kill Restart | Mext Step Out Fum To|Record GoBack Prew UnStep Caller BackTo Live Save
Process 1 (B0032): ReplauEngine_demo (At Breakpoint 13 [R]
Thread 1 (G0032) (At Breakpoint 1)

Stack Trace : Stack Frame

main, FP=7FFd18079000 [ ||Function "main": i
__libc_start_main, FP=7ffd18073bc) J -

° An a rc h Itectu re to g rOW ReplayEngine_ start, FP=7Ffd18073bcE | |||Reisters for the frame: o x

Frax: 0x0040070d (4196109)

« Easier to use, better workflows

File Edit Group Process Thread Action Points Bookmarks

Preferences - o x

* To use;

Options ] fiction Points ‘ Launch smngs] Bulk Launch] Dunawic Libraries

| Parallsl ] Fopnatting ] Pointer Tive ] Replaybngine | | 170
- Set UI refe re n Ce r es & Threads * Start Page * A —choose the type of User Interface for the next restart———— - Lookup File or Function %
#include <iostrean> S
@ @ @ | — — #include <{pthread.h> ~ Mew Interface - a modern, dockable style interface
O d | . t — Int FuncA(intds 4 Classic Interface - this traditionsl, dedicated uindou interface
_ A v int funcBlint )
r command line argumen r e ] R
RepayEnghe.. 1 1 ol ot arrauenst KSR TH: e
. _ = : Select by Fanily and size tart_main
totalview -newUI Woek. 1 1 p
int wain() Fanily: [Fixed | sizer [22 4|
: ! o |
=3 funcAlo): ~ Select by Full name
badstuff (1 s
Select process or thread attributes to group by: gi';‘g?ig) I e - e
Control Group } Classic Code and Data Font
| Share Group B ’7 Familyt |Lourier _"| Sizer [12 A
2 int Foncdlint a0 5
Hostname Preferances x
° NeW UI ga ps ¥| Process State ospay Display Settings
. Thread State searcn CUStomize user interface display settings. J Help T
PATH
. . o . ¥| Function User Interface Style
— Missing array slici ng a nd e P
TOOL BAR fe user interace with improved low to medium scale mul-process and muli-
o« qe . thread and debugging
striding, view across, data i
Traditional, dedicated window for very high-scale multi-proce: d debugging
. |. t. Action Points * | Command Line * | Logger * | Replay Bookn
I, 4 Type Stop Location rpe | Value

¥ 1 | IEIITE Group | ReplayEngine_den 25

— No very high-scale support

eplayEngine_demao (1) - Recording Thread: 1.1 - Breakpoint Frame: main ile: ...e/bburns sidemo_: yEngine_demao.crx Line: 25
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Intro & Starting Up



D TotalView Debugger

Start a Debugging Session @

SO FTNALEE

What would you like to debug?

A new program

A new parallel program

& running program (attach]

A core file

i) D) [id,) (D,

Help Manage Sessiunsl
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Start New Process — Arguments

# TotalView Session: demoMpi

= s B Program Session
£ gﬁgg"s Session Mame: [demolvipi jl =]

%5 EMVIROMHENT

Program Information

REQUIRED
File Mame: ||.l’homefdemousen’training-IabprogramsfdemGMpi £ Browse...l

Arguments: | Hellg World

Debug on Host

localhost (local) | Add Host..,

Press Start
Session to
start the
debugging

session. Help | Prewvious Next | |Pf.“

Cancell
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Start New Process — Enable ReplayEngine

@ TotalView Session: demoMpi

, PROGRA & Program Session

Rewverse Debugging

Sdep and aebug i reverse from any poivt Gurting execuion.

%% ENVIROHHENT Enable reverse debugging with ReplayEngine

Memaory Debugging

Dunarnically track mernory alocalions, calch Memory ervors and VIEW Temory anaiysis repards.

/ _| Enable memary debugging

1 Suppress memory error natifications

CUDA Debugging
Detect pobal rmerhory aoaressing Visialions ahd misaigned femory accesses for CLIDA based programs.
_| Enahble CUDA memory checking

FPress Start
Session to
start the
debugzing

session. Help | Previous Mext ||HJ.'-.?

Eancell
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Start New Process — Memory Debugging

RO & Program Session
DEBUG ;
a TR Fewverse Debugging
Slep and gebug i reverse frant any polnt Gy exectiion.
% EHVIROHHEHT W Enable reverse dehugging with ReplayEngine
kemaory Debugging

Dynamically frack memory allocalions, Calch Memory eors and wigw memory analvsis reports.
Enable memory debuggini}

| Suppress memory errar notifications

CUDA Debugging
Detect giohal Rernory aoaressing Wolalions ahd misalaned memory aocesses for CUDA based programs.
_| Enahle CUDA memaory checking

FPress Start
Session to
start the
debugzing

session. Help | Frewvious Mext |

Eancell
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CUDA memory checking

@ TotalView Session: demoMpi

- R & Program Session
DEBUG ;
A P TIONS Reverse Debugging
Step ard debug iy reverse from any pont aing execuiion.
%% EMYIROMHENT [T Enable reverse debugging with ReplayEngine
emory Debugging

Synarmcally frack memary allocalions, caIch MEmory eTors and WIEW memary analvsis repors.
T Enahle memory debugging

_| Suppress memory errar notifications

CLUDA Debugging
Hetect giobad ermory aamessig WolRiions and misalianed memary accesses for CLIDA based programs.

Enable CUDA memory checking

Press Start
Session to
start the
cebugging

session. Help | Previous

Eancell
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Set environment variables

@ TotalView Session: demoMpi

am FROGRAH A Program Session

Program Environment
Enter environment wvariables to add to your program's environ .

EXE_HOME_DIR=/home/demouserfprograms| &

Input Processing

Read standard input from file: Browse...l

Standard and Error Output Processing

4 Write to terminal

Enter the

S FERERTS ~ Yvrite all output to the same file

variahles that Outputfile:l Browse..| _| Append
the process
needs to run.

-~ Write standard andfor errar output to separate files

Standard 0utputfi|e:| Browse...l_l Append
Fress Start )
Socsion to Standard error file: | Browse..| _| Append

Eancell

start the
debugzing
session. Help | Frewvious MHext |‘ ]
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Standard |/O redirection

@ TotalView Session: demoMpi

2 s M Program Session
+ 4 gﬁﬂgﬂs Program Environment

Enter environment wvariables to add to your program’s environment:
“ ENYIRONHENT EXE_HOME_DIR=/home/demouser/programs|

Input Processing

Fead standard input from file: | Brows

Standard and Error Output Processing
- Write to terminal
Enter the
o

SR PR ~ ‘Write all output to the same file

variahles that Ompmﬂm:l
the process
needs to run.

~ ‘Write standard and/or error output to separate files
Standard output file: |

rowse...l_l Append

Standard error file: | Browse..| _| Append

Eancell

Press Start
Session to
start the
debugging

session. Help | Previousl
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Attach to Process

Start a Debugging Session @

What would you like to debug?

by last session: demadnd

A new program

A new parallel program

i, [,

A running program (attach)

A core file

N3

Help | ‘ [Manage Sessions|| Cancel
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Attach to Process

@ TotalView Debugger: Attach to running program(s)

il # Attach to running program(s)
£y gﬁggﬂs Session Mame: | Ll
Processes
Host: localhost (local) jl il User; (default) _fl il IQ’ i’“’l ﬂ
Program | state |PID | PPID i
- bonobo-activation-server EE 1784 1
- clock-applet 3 1804 1
- dbus-daemon EE
I dbus-launch 3

I~ gnome-keyring-daeman

et o Ea L Tt

REQUIRED
I | 1693 |
REQUIRED
|| fusrlibvlibgeontz-4igoonfd-2 jl Browse... |
start the
debugging

session. Help | Frewvious MHext

FPress Start
Sessilon to

Eancell
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Attach to Process — Enable Replay Engine

@ TotalView Session: gconfd-2

PR # Attach to running program(s)

DEBUG
OPTIONS

Reverse Debugging

Step ard debug v veverse Fromw atwy poind deing execuiion.

[T Enable reverse debugging with ReplayEngine

Attach Options

Place process(es) in control group: [default to a new group] f

FPress Start

Session to
start the
debugeing

sesslon. Help | Frewvious Mext
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Open a Core File

Start a Debugging Session m

What would you like to debug?

[ iy

2 by last session: alemadivinl
[T

M| Anew program

[ W

M| A new parallel program
-y

4 W

h— A running program (attach
[N

K A care file

Help | ‘ Ivanage Sessionsl Cancel
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Open a Core File

@ TotalView Debugger: Core File Session

& [tins & Core File Session
Session Name: | jl g
Core File
REQUIRED
File Mame: ||a’h0me.l’demousera’training-Ial}programsfcombined ! Browse...l

Program Information

REQUIRED
File Mame: ||core Browse...l
Debug on Haost
localhost (local) /| Add Host..|

Fress Start
Session to
start the
debugging

session. Help | Frevious Mext

Eancell

roguewave.com
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Process Control & Navigation



Interface Concepts

Root Window

File Edit WYiew 1 Help
. Share Group Procz | Threads | Members
 State of all processes being R — 1 1 1
. Z-<local> 1 1 Pl
debuggEd =-MRunning 1 1 pl
= “unknown address> 1 1 pl.1
E-<unknown address> 1 1 el,1
* Process and Thread status 1,1 1 1 pl.1
S-tx_basic_mpi (5d3 12 12 0-11
. . E-hazuell 12 12 0-11
* Instant navigation access & W Breakpoint 12 19 0-11
- main 12 12 0-11,1
- Sort and aggregate by pbpasicowierlol L ot
Cltx_basic_mpi.c#112 11 11 1-11,1
status 3,1 1 1 1.1
o)1 1 1 2.1
5,1 1 1 3.1
1 1 1 4,1
w71 1 1 5.1
8,1 1 1 6.1
g, 1 1 1 7.1
10,1 1 1 8.1
11,1 1 1 9,1
12,1 1 1 10,1
13,1 1 1 11,1
Conf igure i<|
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. ° . - .
P ro Ce SS \Nl n d O\N Ove er eW File Edit W¥iew Groww Process Thread Action Point  Debug  Tools  Hindow Help |
i ; a i o -
Group (Controll /| & II ! I’ 5 ‘:g Q " g i §
Go Halt Kill Restart |Mext Step Out Fun To|Record GoBack Prev UnStep Caller El I
Rank 0: mpiexec<tx_basic_mpir.0 (At Breakpoint 1) S Too bar
AR Trrea 1: tx_basic_mpi (Pt Breskpoint 1> MMHLHHLHHHLHTHHHHHHT
Stack Trace _.I Stack Frame
- ||Function "main": ay
__libc_start_nain, FRFFFFcBal arges 000000001 (1) [l
_start, FP TFFFfFffched arguy OxFFFFFFffcBel > Ox7FFfffffo
Block "$b1"s
Stack Trace Pane e outFile: 0x0000000
Local variables: St k F P
myids Qo000 (i)  — acC rame rane
RLMPFOGSS 00000000 {12)
world: 044000000 (11408508887
out Q0000000
hosthamey "WENAENETTNEETNET LT _{_
Function main in tx_basic_mpi.c [<] [E]
87|  message = getenw("MESSAGE") 7 getenwi"MESSAGE") 3 "": L
. . 88 if (*message == 'n' && *(message+l) == 'a’' && *(nessage+Z) == 'm' && *(message+3) == 'e')
Provides detailed state of 83
30 gethostname (hosthame,128) 1
a1 message = hosthames
H 32
one process, or a single 2
34/ MPI_Init(&argc,bargw):
thread Within a process 35/ MPI_Comm_size{WPI_COMM_WORLD.&nunprocs) s £* CWD: set BP_L_LIWE XZLIMEMOZ */
96/ MPI_Comm_rank (HPT_COMM_WORLD . &myid) s /% CWD: set BP_MASTER_1_LIME -1 */
& = Source Pane
38 if (myid == 0}
33
100 char* outfile = NULL:
= outfile = geterw("TH_OUTFILE"):
H H 102
A single point of control 108 if (authile)
104 out = Fopenloutfile, "w"):
105
for the process and other 08 4F Clout)
107 out = stdout:
108
related processes 109 ) ranki{numprocs, outl:
110
111 else
rankn{myid):
113
114 £
] =]
Act ion F'Dints] Thteadsl Pl P+| Px| 1] 1+ — Tabbed Area
=l 1 [.../tx_basic_mpi,c#l0l] tx_basic_mpi.c#l0l main+(xl4E A
2 [.../tx_basic_mpi,c#l12] tx_basic_mpi,c#11? main+Oxlaf
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Stepping Commands

Group (Contral)

4> W 4

@0 Halt kil Festart

5

M et

I

atep Out

Based on

PC location

Function subl in stepr.c

24
ac
26
)
28

23]

int subZ{int);
int sub3(int) ;

int nain
ink j, k, 1 =10;

Jo=osubl(i); n o= sul3(j);

printf {"The wvalue of k is zdwr", k)

i

int subl{int =)
i

7 - =2ubZiDy,
return (H++);
]

int oubZ{int ) Step
i
7 -y + 10, "‘—
+

Run To

K
return (w10} ; —-q

int suh3{int =)

return (2*2);

=




Action Points

File Edit View Group Process Thread Action Point  Tools  Window Help
Thread 1.1 _"r.I b II ii Set Barrier
Go  Halt Delete Rest =

Process 1 (10833): fork_|
Thread 1.1 (10833) (Stoy

Stack Trace gisabl; BreaprintS

&t Location...  Cirl+B

wait_a while, FP=hfffessd |3 oo A
snore, FP=bfffeaecd = (33 J
forker, FP=hfffebeal Properties
[Cr+] fork_wrapper, FP=hfffehdd = (10243
main, FP=bfffec08 | | < Suppress all  Cirl+Shift-D g (10)
_ libc_start_main, FP=hfffecdd Delete Al ttr_t)
- e (107445 o o
Lo Al La7eds (1 Barrier Points
Save All
J Save &5 'TI:C'i"T'I'CI"_IL
Function fork_wrapper in fork_loop.cexx = =
1031 woid fork wrapper (int fork count) A

1032

1035 * pthresd t ny_ptid - pthread_self 0 Conditional Breakpoints

1034 pthread_t new_tid;

1035 pthread_attr_t attr;

1036 int whoops;

1037 int local fork count;

1038 thread_ptids[0] = my_ptid;
1039

1040 if (lfork_late)

1?1:)2 forker (fork count); /* Hewer returns. */ Evaluation POintS

1043 local fork count = fork count > 0 7 fork_count @ 1;
%3:113 printf {"Pid %d: Spinning off a second thread to forkin", (int){getp
133? printf ("root_ptid = %1d, pid=%din", (long) (my_ptid), (int) (getpid() g
1048 new tid = 0;

T e (i Watchpoints

=] 1 El

g

bp. cro#BE3 walt o while+OxT1
p. croedbhY  wait a_while+0xf9
l (lihc. so0. 6 unloaded)

Disable

| —

Delete

=== Properties
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Conditional Breakpoint

v /home/ehinkel/Source/combined

File Edit View Group Process Thread Action Point Debug Tools Window

- 0O X
Help

Group (Control) LlD e » 59 3 « 9 3 |

s : Process 2 {14218): combined (Stopped) Z
Thread 1 (14218) (Stopped) <Trace Trap>

Go Halt Kill Restart|Next Step Out Run To|Prev UnStep Caller BackTo Live

5 M

~ Breakpoint ~ Barrier 4> Evaluate

Expression:

1D 11

Stack Trace : Stack Frame
arravs, FP=bfed8708 |~ Functio”arrays 17 j
| w Action Point Properties eters.

X

if (my_ptid == $tid) { $stop; }

{struct Shape)

{struct Circle)
{struct Cylinder
{struct Cylinder
0x0804£120 -> (g|;

_______ oL

Il\nll;

e

it + j*step);
.l

R P I S AT £

el el |

439++ v € ~Fortran ~, Assembler

Location: /homefehinkelfSource/combined.cxx#505  Addresses...

J7 Enable action point

Processes...

JT Plant in share group N

OK | Qelete| Cancell Help | .
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Evaluation Point — Test Fixes on the Fly!

1 - 1
_.| ] _I 1
File  Edit  Wiesw  Grou
E ~ Breakpoint - Barier “* Evaluate I0: 1
i
Group (Control) _| ] Expression:
Test small source code patches o .
for(i=0;i<test_len;i++) {
. silly_stats(&test]i], &min, &mamx);
° Call functions ET tot += test]i;
- printfititem %ed:%f range %1 - %1 sum %fn",
. [CE] main, i testiil mi bt
L] Set va r|ab|es _ lihe start mair ) 1,testi],min, max, tot);
.. goto 17;
Test conditions
. C/C++ or Fortran
~» Fortran
«  Some limitations:
Location:  had.c#12 Addresses.. |
’ . .
° Can’t use C++ constructors 1 #include <stdic,| I Enahle action point
2
3 woid silly state| 7 Plant in share group
4 if (*r*max) { *r
B 1if (*x<*mind { *r
Bl ) Ok Delete Cancel
= o
8 int main(int arc
item 0:99,099995 99.099598 - 99,099998 99,099998 2l: flont test[10]-{ ) ! o33 T B o0, 58 LB T
item U3dd, Fange - - + EUm + 1 1 = H
itewm 1:42.000000 range 42000000 - 33,093998 sum 141,100005 %E ?féat EEET]D-EHDIEQFD 0. toteD. 0,
item 2:58,299999 range 42,000000 - 99,099998 sum 199,400003 ) - it i
item 3:39,000000 range 39,000000 - 99,099998 sum 238,400009 for (i=0Jic=test len;i++}{
item 4:77,699997 range 39,000000 - 99,099998 sum 316100006 13 silly stats(&test[i], &max, Smin) ;
item 5178,000000 range 33,000000 - 99,093938 sum 354,100008 14 tot+=test[i];
item £92,099898 range 33,000000 - 99,033938 sum 486,200012 : " - 1 oms .
item 7:50.500000 range 39.000000 - 33.099995 sum 544,700012 %g Ermtf( item wd 3 &f RE 204t 1 testil.min max, tot)
Ltow 9131000000 range 39.000000 - 39099398 um B55.700012 L7 printf ("N #d nin 3f max 3Fintotal f mesn 3E%n”, test_len,min, nax, tot, t
N 10 win 39,000000 max 99,099998 18 return 0;
ﬁotal B93,700012 mean B9,370001 19 3%
\/ ¥
= I =
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Watchpoints

Watchpoints are set on a fixed memory region

4i,o‘nfs,‘netapp,o‘u&‘hume,'harrjd(,'tests/arrayslimx - MATN - | 4 iJ|
File Edit Vview Tools Window Help . _ )
K = [« ] Use Tools > Watchpoint from a Variable Window or
Expression: | comp_array_1__ Address: | Oxbfffdd00

Slice: | () Filter: From source pane with contextual menu

Type: | complex(100) Mare |

Variahles | Yalue =
N 2.07287270812988 J
G)] 1]
(3 2.07257270612988 When the contents of watched memory
(o) 4i,o‘nfsfnetapp,lu2p‘hune,'harryk,itestsfarraysl.itmx - MATN - | o i_||| . . .
S 2 HD B Yy T G = change, the watchpoint is triggered and
a3 L] 4 MEIRE] TotalView stops the program.
(1) Expression: | comp_array_1_ (%) Address: | Oxbfffdd40
{15 Type: | camplex
(18] — ” : . .
I 17 2 07257270612986 < EOnEenel 0E = WatChpOIntS are nOt Set on a Var|ab|e.

‘When Hit, Stop

You you need to be aware of the

“~ Group

variable scope.

+ Process

~ Thread

Watchpoints can be conditional or

unconditional

Uses Hardware Watchpoints with

various limitations based on

ﬂddress:l D<hifffelcl40 Length in Eytes:l il

: architecture
= Enahle watchpoint

7 Plant in share group

Ok Cancel Help
| | | |
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Advanced C++ and Data Debugging



Advanced C++ and Data Debugging

user defined literals

See This!

#include =functional>
#include <vector>
#include <iostream>
eval(std: :function=double(d Y= f,od le ® = 2.0){
5 return T(x);} M M
features including:
int main{){ *
I e lambe
Q auto glambdal = [](i a, float b) { return a < b; };
Two line lambda
auto glambdaz = [](i a, float && b) {
12 {(a < b)
return 1;
14 (b=a)
15 return -1;
16 return ©;
17 ;
18 bool b = glambdal(3, 3.14);
20 i = glambdaz(3, 3.14);
21 For i=@; i=18;i++)
22 b = glambdai(i, 3.314+i);
std::function= { ble)> fe = [1{ ®){
26 return 1;%;
auto f1 = [1{ ES T
28 return x;};
decltype(fa) fa[z] = {fe,f1, [1{ ble x){
]
Data View
Name Type | \Malue Iil
* ml cla... (class std:
Mt std:... (std:map=
. Data View
¥ _M_impl str...  (struct std:
b allocator cla... (class std: | Name Type | Value
¥ _M_key co.. sir. (struct std: * ml cla... (class std:map<int int,std::less<int> std: .allocator<std::pair<consti...
binary_... str. (struct std: o ut, [ EETE
W _M_header sir. (struct std: Key int (%00000001 (1)
M_color  en.. S red (0 Value int Ox00000001 (1)
- Ox0lidd2e v 1 ma... (Map_element)
Key int Ox00000002 (2)
Value int 000000004 (4)
v 2 ma... (Map_elemant)
Key int 000000003 (3)

* TotalView supports debugging the latest C++11/14

— lambdas, transformations for smart pointers,
auto types, R-Value references, range-based

loops, strongly-typed enums, initializer lists,

e TotalView transforms many of
the C++ and STL containers such
as:

 array, forward_list, tuple,
map, set, vector and
others.



Array Slicing, Striding and Filtering (classic Ul)

 Slicing —reduce display to a portion of the array

v-main- 1.1 - o X
* [lower_bound:upper_bound]
5:10] File Edit Miew Tools Window Help
' (1.1 4] HeE | BFE | €S 3
e Striding — Skip over elements Expression: | v Address; | 0x7FfcBI30e690
_ Slice: | [10:50:5][2:4] Filter: | »,20:<,500
* [ustride] Tupe: | double[256](256]
e [::5], [5:10:-1] Field Walue i
[15][2] 0, 23247257 74297ER
. Filteri [15][3] 0,232769381 465299
litering [151[4] (0, 23218487 0529245
- [20][2] 0, 307E70821809258
— Comparison: ==, I=, <, <=
Compariso SR [20][3] 0, 3079611 80055061
>, >= [20][4] 0, 308367633408848
[25][2] 0,300992147462118
— Range of values: [>] low- [251[3] 0,381274200613309
value : [<] high-value [251[4] 0, 301669226564081
[301[2] 0, 4519392641 04628
— |EEE values: Snan, Sinf, [301[3] 0,452261466383955
[301[4] 0, 45264248024 7587
Sdenorm
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Array Statistics

Array Statistics - 0 X
File Edit Window Help
AR AR RRERE AR ||||||||I-III|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
] ] o {at 0x7FFcB920e690) Tupe: double[256]1[256]
» Easily display a set of statistics for the olice: glgﬂfig Eé“ r2:-1]
ilter: »,20:<,
filtered portion of your array Counts "
fero Euunt: 0
Sumz 4,123250538583319
Mirnimumz 0,23247207 7429766
Maximum? 0, 45264248024 7087
Median: 0, 2446793904 304583
Mean: 0, 2436045115894 32
Standard Deviation:  0,0854E057351630E5E
First Quartile: 0,270427346249252
Third Quartile: 0, 41R829245334 304
Lower Adjacent: 0, 23247207 7429766
Upper Adjacent: 0, 45264248024 7507

MaM Count: ]
Infinity Count: 0
Denormal ized Count: O

Checksum: 2710

Update |

|
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Visualizing Array Data

v[0:255:4][0:255:4] - o x

File View Window

09923

0.4779

* Visualizer creates graphic images of your program’s

7 0.0004402 7

array data.

-0.499

v[127:127][0:255] - o x

-0.9984

* Visualize one or two dimensional arrays

File Window

* View data manually through the Window > Visualize

command on the Data Window

0500 1

* Visualize data programmatically using the Svisualize

Y Axiz 000 -

function

-0.500
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Dive in All

* Divein All

* Use Dive in All to easily see each member of a data structure from an array of structures

strucArray - main - 1.1 - o x

strucArray - main - 1.1 - o x
File Edit Wiew Tools Window Help
11 | EXSE TSN

File Edit

Yiew Tools

Window Help

Expression: |Strucﬂrray

Address: | 0x7FFFAbZE0EE0

1,1 il

EERETIN XY

Expression: |Strucﬂrrau[:].x

Address: | 0x7FFF4BZE0EED  [Spars

int
float

OxO000004 (4)
i

Slice: [[:] Filter: |
Tupe: | struct junk[20]
Field | Tupe |Malue
- [o] struct junk (Struct) Y
e int Q000000 () -J
g float 0
= {Array)
- [0] int BeeOO0OO00 {0
[1] int O OO00N00 {0
- [2] int O OO00N00 {0
..... (] int Ds00000000 {0}
2 [1] struct jurk {Struct)
Lea int 0000002 (2}
gm-x float 4
Bz irt[4] {Array)
Lo lo] int De0R000000. (0}
..... [11] int 0000001 (1)
..... [2] int 00000002 (2]
..... [z] int Dx00D00003 (3]
struct junk (Struct)

Rogue Wave by Perforce © 2019 Perforce Software, Inc.

Slices [ [:] Filter: |
Tupe: | float[20]
Field |¥alus
[0] 0 Y
[1] 4
[2] 8
[3] 12
[4] 16
[5] 20
[5] 24
[7] 28
[a] 32
[a] 36
[10] 40
[11] 44
[12] 48
[13] 52
[14] 56
[15] B0
[16] G4 B
[17] B
[1a] 72 d

roguewave.com




Looking at Variables Across Processes

TotalView allows you to look at the value of a Fle Edi View Tools Window Holp |
. . 1.1 ] More| Less|| [ |~ | ™| ]
variable in all MPI Processes Expression: | source Address: Multiple
. . . Slice: Filter:
*  Right Click on the variable m
*  Select the View > View Across Sl
. mismatchAlpha.0 000000001 (1)
° TotalView creates an array mismatchAlpha.1 0x00000000 (D)
. mismatchAlpha.2 0x0000000c (12)
indexed by process mismatchAlpha.3 0x0000000c {12)

. You can filter and visualize
. Use for viewing distributed arrays as well.
. You can also View Across Threads
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Multi-Thread and Multi-Process Parallel Debugging



In the Parallel Program Session select:

Select:
« MPI preference
 number of tasks
 number of nodes
 starter arguments

4B PARALLEL 3 .
o= DETAILS Eparallel Program Session
e Sezzion Mame: |
*+ Parallel System
m Mame 2 I[Select your parallel suystem]
Parallel Settings
Tasks:l
Nodes:l
Additional
Starter
Argument=:
A parallel
system must be
selected. Help

... then save all this in Session

Hext | Start Sessionl
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Stepping Commands
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A HNE M 593 ¢

@

Group (Contral)

Group (Cantral)
Group (Share)
Group (Workers)
Group (Lockstep)
Process 1

Process ("Workers)
Process (Lockstep)
Thread 1.2

My group

Thread 2 (3085917072) (At Breakpoint 2)

-

Go Halt Kill Restart| Mext Step Out Bun To| GoBack Prev Unstep Caller BackTo Live

E==== Process 1 (32400 simple (&t Breakpoint 2) EEEEEEEEEEEEE

ack Trace |

Stack Frame

FE=hTef53b8 |X||Function "rurme":
FP=hTefL4al No parameters.
Local warishles:

Registers for the frame:

VEC: (class std::wector<int, stc

Zeas: Oxb7efhdb3 (-1209052237)

Go

Thread | action Foint - Deb

Halt
et
Step
Ot
Run T

Mext Instruction

=tep Instruction

Set PC

4 Hald

Continuation Signal..

Group | FProcess Thread & Frocess | Thread  Action Point
Go Shifts G . Go g |
Halt Shift+H , Halt h |
Mt Shift+M o Mext n '
Step Shift+S | step 5
ot shift+C i Dut o i
Run To shift+R » Run To f
Mext Instruction  Shift+ Mext Instruction b
=tep Instruction Shift+| step [nstruction i
Hulc 4 Hold W
Release Hold Threads
attach Subset... Release Threads
Detach Create
Custom Groups... Detach
Restant startup Parameters...  Cirl+&
Eill Ctrl+2

roguewave.com




Message Queue Graph

*  Hangs &
Deadlocks

* Pending
Messages

* Receives
* Sends

* Unexpected

* Inspect
* |Individual
entries
 Patterns
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Find Deadlocks and Performance Sinks

Layout ] Cycle Detection ] Filter ] Save As..

| 7 Detect Cycles |

Options_| Update | RS

Reset Cycle Search |

- Filtering
— Choose messages to track

— Choose MPI Communicators

*  Cycle detection = v |

Options | Update | Close Help

< Sink
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Reverse Debugging



Reverse Debugging

MNext

Stép

Out

Run To

a0

Replay Engine — The right way to debug

pe=
Step forward over functions P’ Step backward over functions
reyv
Step forward into functions 5 Step backward into functions
UnStep
Advance forward out of current i Advance backward out of current

Function, after the call

Caller Function, to before the call

Advance forward to selected line @ Advance backward to selected line
BackTo
Run forward ‘ Run backward

P

Live

GoBack

Advance forward to “live” session
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ReplayEngine

* Captures execution history

* Records all external input to
program

* Records internal sources of non-
determinism

* Replays execution history

* Examine any part of the execution
history

* Step back as easily as forward
* Jump to points of interest
* An add-on product to TotalView
* Support for
* Linux/x86
* Linux x86- 64
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if 0 e de 0S/Repla gine de 0

- |3 X
File Edit View Group Process Thread Action Point Debug Tools Window Help
Group (Contro]) /I b " ! i' Q ‘93 9 Q@ .t’ g 3 i ’i
— Go Halt Kill Restart|Next Step Qut Run To|Prev[UnStep| Caller To Live
Process 1(9179): ReplayEngine_demo (Stopped) =
Thread 1 (9179) {Stopped) <Trace Trapz
Stack Trace i Stack Frame
[c++ ] funcB, FP=bfeaebc§ |A|| Function "funcB": S
funch, FP=bfeaecbel b: 0x00000006 (6) _]
funcB, FP=bfeae?78 Block "S$bl":
funch, FP=bfeae798 a: Oxb7eb14£f8 (-120
c++ | main, FP=bfeae7c8 i Oxbfeaebd8 (-107
_libe_start_main, FP=bfeaec828 v {int [20])
_start, FP=bfeae830 p: Oxbfeae720 -> 0Ox
Registers for the frame:
i £
Function funcB in ReplayEngine_demo.cxx Rl |
41 int funcB{int b){ Al
42 5 g o
43 3£ 4 s
44 int v[MBXDEPTH];
45 int *p;
46
= c=b+2;
43| p=&c;
49 J
50 if{ c<MBXDEPTH )
51| c=funchc);
52 s . . fd £
= i
Action Points] Prgcesses] Th[eads] P-| P4 T-| T4+
1 ReplayEngine_demo.cxx#57... funcB+0Ozxde...
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Memory Debugging



Memory Debugging

* TotalView’s memory debugging technology allows you to
* Easily find memory leaks and other memory errors
* Detect malloc/free new/delete APl misuse

* Dangling pointer detection

e Detect buffer overruns

~Cpticng

W Detect L=acs @ Aslatvets Baeebne: B Enzhlz Fibarng | E. - - ﬂ

* Paint memory blocks on allocation and deallocation n

= [T —y—
_aakad
——s 2o ]
= mzn 4 T
EEETUI T L L T ] L
Frid ditdreces =007 12T
e —————————————————————— T ] 1 - I 12

= |
~ Palit of allecation:
—ea Info radlzn | [[PRESTE RT| Filz TyClassE.Ce

_ Hod Ty CassE: il
Y 11 [ - FOO (o | S
o LrH 8]

 Memory debugging results can be easily shared as

* HTML reports or raw memory debugging files.

 Compare memory results between runs to verify

elimination of leaks = rerTa—— P
ﬁ':.'l.l'lllzluﬂ SuE; B :=l|.=..'u:|:=mle .N. EH] = bytas
. . FFosi g.ad Sk: [t ATTITITTT
e Supports parallel applications [ P g Tope MO
ki D&l nrzled ) ] Fre-pguad .x"ll'l:!'I!'r'-!'I-'I

* Low overhead and does not require recompilation or
instrumentation
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Strategies for Parallel Memory Debugging

* Run the application and see if memory events are detected

 View memory usage across the MPI job
*  Compare memory footprint of the processes

June 24, 2003 Memory Usage Chart Report |

* Are there any outliers? Are they expected? Save ata R Controls————————————
. . . R Ex<port Memour.y Data... ® Data 7 Staci B Stack Y ’VHI Iﬁ‘Elar (Stacked) i
* Gather heap information in all processes of the MPI job ermory Usage Feports
F'_rocess [REAard ]4:::::::: IIITyCTIIEIIIIIIIIIIC - -
* Select and examine individually S 2 o
. Other Reports Categories 0 o B -
* Look at the allocation pattern. Leat Detsction Reports
. Corrupted tMemory Report &
DOES |t make Sense? Compare Memory Usage B .
 Look for leaks 5
. . . 2]
* Compare with the 'diff' mechanism e E
. . = 2] 10 1" 12 13 14 15 o 1 2 3 4 5 [ 7 g
* Are there any major differences? Process (rank)
Are they expected? o g

22.860KB 28.00KB

--Process 10: randam.9 1989.25KB 109.16KB 1524.05KB
--Process 11:random.10  1383.25KB 109.16KB 2.21MB 3349KB 36.00KB
--Process 12: random.11 1989.25KB 109.16KB 3.58MB 47 74KB 52.DDKEI-

nnnnnnnnnnnnnnnnnnn

----- i random.1

----- i random 2 ..

E I il

L YO B Y PO I ST . Y- W) 1 P )

roguewave.com
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GPU Debugging



GPU debugging with TotalView

* NVIDIA CUDA support
— Multiple platforms : X86-64,PowerLE, ARM64
— Multiple cards: from Jetson to Turing
* Features and capabilities include
— Support for dynamic parallelism

— Support for MPI based clusters and multi-card configurations | - NAATD

let:

) 1A ets

— Flexible Display and Navigation on the CUDA device W' - e

MM s
1”“ :

e ]

- 9

* Logical (Grid, Block) tuples i N

* Physical (device, SM, Warp, Lane)

— CUDA device window reveals what is running where v -

B, & .
: _'IHI’II"; Y
! ol e )

) .

— Support for CUDA Core debugging
— Leverages CUDA memcheck

— Support for OpenACC
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GPU Debugging Model Improvements

e First in class Unified
Source debugging

* Improves and
streamlines debugging
CUDA applications

Fie Edt Group Process Thread Action Poims

Bookmarks

StartPage ¥ | tx_cuda_mamulcu % Cal Stack % | Lookup File or Function
= 5T BIoCkRoW SBT6CKIaN Y] -
= 52 blockCal”Z blockIdx.x; S =
Deseription YR T v 94 Matrizssub = Octsublatrix(c, blockRow, blockCol); " i
W Sreakpoint 1 \ _ZNBcudart lper L4 D vP)
MabiuKemel 1 1 [ i
MarhlulKernel
e e _ZNGcudan 13cudaApiMemopyEP P Kvm 14 udahlemapykind
1-1 5 1 col = threadIdx.x;
cudaiemepy
_poll_nocancel 1 1
@ el
e & 2 1 (intm=05; me (Awidth / BLOCK_SIZE); ++n) {
4 1 1 e
ezt Matrix Asub = GetsubNatrix(a, blockRow, m);
12 1 1 5 Matrix Bsub = GetsubNatrix(s, m, blockCol); ST
cUVDPAUCHKCT... 1 1 __shared__ float As[BLOCK_SIZE][BLOCK_SIZE];
Tshared_ float Bs[BLOCK SIZE][BLOCK SIZE] !
11 1 1 an
Type Value
As[row][col] = GetElement(asub, row, col);
Bs[row]l[col] = cetelement(Bsub, row, col);
- t aa Matrix (atrix)
Select process or thread aftributes to group by 11 A
Control Group d size size t 0X0000000000000010 (15)
121 e < BLOCK_SIZE; ++e)
/| Share Group f=2 As[row][e] * Bs[e][col]; 4B Matrix (Mlatrix)
Hostname dac Wrix (Meiri)
__syncthra -
dimBlock dim3 (dim3)
dmGrid gim3 (Gim3)
Action Poirts ¥ | & e * | Logger * | Feplay Bookmarks DaaView * | Data View <1>
7 Type Stop Location Line Function &
v, 1 ICEETE Process | ..matmulcu#l7Ll | .ulcu(ine 171) | main e Typg Thread D Value
v 2 | IEIITE  Process . mamulcu#107 | ulcu(ine 107) | MaMulKernel “(A glements) /6 11 (@generic floai{10]) \
IETITH  Frocess | . mamulcu#107 | ulou(ine 135) | MaiuKernel CRIEEES / dmd Lt (dm3) \

* Set breakpoints in CPU and GPU kernel

code before it is launched on the GPU

7

y

=

reftx_cuda_matmul cu

[Add Hew Expression]

Line: 78

0x00000002 (2)

0x00000002 (2)

0x00000001 (1)

Compare variables in CPU
and GPU code together



CUDA Debugging Demo



File Edit Group Process Thread Action Points Bookmarks Debug  Window Help

Start Page

Call Stack
What do you want to do today? Recent Sessions

Lookup File or Function

BB tx_cuda_matmul
PEa—_
-

Debug a Parallel ~ t_mpi_memdebug
Program

Debug a Program

. t_basic_mpi
et 3 .
L —— 1s
Attach To Process Load Core or

Replay Recording File

Tips and Tutorials
What's New

4 TotalView Video Series

Improve ments

€ is producing a series of videos to
ments

€ o efficiently use the features of
MextGen user interface that will make debugging IGKy. Ting TeLite e
eedback about the new user interface, req )
A@roguewave Chec
Point Support
he ahility to create Barrier Foints to synchronize threads and processes has been added
CXE— « St Breakpoint
Select process or thread arributes to group by:

You can now use the Set Breakpoint menu item on a selected source line number to c
Control Group

aie Help/Support
a breakpoint.
| Share Group

CUDA Debugging Improvementis
Enhar

Hostname Logical or P!

breakpoints for GPL

Support
w GPU navigation bar that allows easy navig

Find how to contact us atour Support Center
of the GPU, performance improvements when displaying https #isupport rogu ewave.com
vell as other stability imp ents.

between the

Community

Command Line Logger Replay Bookmarks

IO+ Type Stop Location Line

Function

Thread ID

[Adld New Expression]




Extending Debugging Capabilities:
How to Debug (Al) Mixed Python/C++ Code



Debugging multiple languages

* Debugging one language is difficult enough

* Especially with many threads/processes

* The language intersection is tougher

* Data comparison

e Glue code

* |ssues are:
* Type mismatches

* Extraneous stack frames

roguewave.com
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Python debugging with TotalView (New GUI only)

* What TotalView provides:
* Easy Python debugging session setup
* Fully integrated Python and C/C++ call stack

* "Glue” layers between the languages removed
* Easily examine and compare variables in Python and C++

* Utilize reverse debugging and memory debugging

* What TotalView does not provide (yet):

* Setting breakpoints and stepping within Python code
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Demo

#!/usr/bin/python

def callFact():
import tv_python_example as tp

b=2
result = callFact()
print result




Terminal 13 $ 1) 859AM I

o

Terminal

ubuntu:~/demo_2019/PythonExamples> /usr/toolworks/totalview.2019.0.4/bin/totalvi
ew -args python2.7-dbg test_python_types.py

ry

)
B
%
a
5




Python without special debugger support

File Edit Group Process Thread Action Points Bookmarks Debug Window Help
Start Page » | python.c » |Ix_|3ylhon_exam|:ne.c x Call Stack » | Lookup File or Function
fact
Description Members 3 de '
i d ED P iap_fact
python2.7-dbg (S3) pl B
fact( n) { .
B Greakpoint o1 if (n < @){ /* This should probably return an error, but this is simpler */ PyCFunction_Call
return 8;
tact pL1 «call_function
. . L] (n==g){
No viewi ng of Python " e PR
¥
{ fast_function
data and code u reu 1 7 reetn 4, O o
¥
16
PyEval_EvalFrameEx
1@ resi:;q;‘a:eﬁ; M @&  Pycval EvalCodeEx
20 1
PyEval_EvalCode
square_array(std: :vector= std::vector < > > myArray)
{ run_maod
24 ( ;oi<3; i)
25 ( J=0; j=2; j++) Run_FileExFl
26 myArray[1][j] = getSguare(myArray[1][3]1);
PyRun_SimpleFileExFlags
Select process or thread attributes to group by:
P group by 20 ( ize; i<3; i++)
[] contral Group 30 ( J=0; j=2; j++)
21 printf{" [ C 1 ¢ 1 3y myArray[i][31);
Share Group 32 3 Name Type Value
Arguments
n int 0x00000003 (3)
Action Points ¥ | Command Line x ‘ Logger * | Replay B x h
\
Thread 1.1 has appeared MName Type Value
Created process 1 (14759), named "python2.7-dbg"
Thread 1.1 has appeared [Add Mew Expression]
Thread 1.1 has exited
Thread 1.1 hit breakpoint 1 at line 6 in "fact(int)"
di. std
disabled
P p b g
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Showing C code with mixed data

Glue code filtered out

available for viewing

-+ data

Py data

File Edit Group Process Debug Window Help
[ & Threads * Start Page * | python.c * |lx_|Jle'|Un_exa|‘1|JE.c » | test_python_to_C.py * Call Stack ® | Lookup File or Function
@@ 0 | ==
C4+ fact
Description Members #include ple
T _wrap_fact
python2.7-dbg (53) pl _
fact( n) {
B Breakpoint p1 if (n < @){ /* This should probably return an error, but this is simpler */ getFact
7 return 8;
fact pl.l T <modules
a (n==2a) {
11 plil 10 return 1; __libc_start_main
T
i
_—
14 return n * fact{n-1); P "
* Python data and cod -
ython data and code ™ how hon ++
getsquare( n) {
19 return n * n;
Select process or thread attributes to group by: square_array(std: :vector< std::vector < = = myArray)
{
Control Group 24 { i 3 i++)
25 { 3=0; j<2; j++) Name Type Value
¥| Share Group 26 myArray[i][j] = getsguare(myarray[i][31);
Arguments.
20 ( 5= i44) n int 0x00000003 (3)
[ i=f: i< idd)
Action Points % | Command Line | Logger | Replay Bookmarks % h Data View
D Type Stop Location Line i MName Type Value
1 | ICITIYE | Process | tx_python_example.c 6 n int 0%00000003 (3)
Aa int 0x0000000000000003 (3)
ab int 0x000000000000000a (10)
[Add New Expression]
i

60 |
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Remote Display Debugging



Remote Display Client (RDC)

Offers users the ability to easily set up and operate a TotalView debug session that is running on another system

Consists of two components
* Client —runs on local machine

* Server —runs on any system supported by TotalView and “invisibly” manages the secure connection between

host and client

Free to install on as many clients as needed

Remote Display Client is available for:
* Linux x86, x86-64
* Windows

* MacOS X

roguewave.com
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Remote Display Client

-
= TotalView Remate Display Client | = (=] £ J

5 O F T W A R E

= RogueWave

Session Profiles: 1. Enter the Remote Host to run your debug session:

H X = & Remote Host: theta.alcf.anl.gov [ User NEITE]: piskun Advanced Options

Cray-kachina-aarch 2. As needed, enter hosts in access order to reach the Remote Host:
Lanl-Kodiak Host Access By Access Value Commands i
Lanl-badger ' L
Lanl-grizzly - 1 l User Nam-e]
Lanl-lightshow : r [ 3
mridial!? 2 I lser Nam‘ f TotalView RDC Advanced Options ‘E Eg_l
theta-anl 3. Enter settings for the debug session on the Remote Host :
theta-anl2 TotalView MemoryScape Commands: module load totalview
theta-anl3
Font Path:
Color Location:
! Path to TotalView on Remote Host:  totalview |
i 1| Window Manager:
Arguments for TotalView:
‘four Executable (path & name): A
Arguments for Your Executable:
Submit Job to Batch Queueing System: [Not Applicable -
[D Launch Debug Session

Mo session running

roguewave.com
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64 |

Remote Display Client (Argonne NL)

2 TotslView Remote Display Client

File Help

Session Profiles:

H X £

&

Cray-kachina-aarch
Lanl-Kodiak
Lanl-badger
Lanl-grizzly
Lanl-lightshow
nwvidiab

theta-anl

Mg session running

= RogueWave

$ O F T W A R E

1. Enter the Remote Host to run your debug session:

Remote Host:  theta.alcf.anl.gov| [ Lser Name]: piskun

2. As needed, enter hosts in access order to reach the Remote Host:

Advanced Dpﬁuns]

Host Access By Access Value Commands =
L} L
1 ‘ User Nam-e‘
2 | User Nam-e| -
3. Enter settings for the debug session on the Remote Host :
Path to TotalView on Remote Host:  fhome fpiskuntoolwaorks ftotalview. 2019, 1. 4/bin/totalview
Arguments for TotalView:
Your Executable {path & name):
Arguments for Your Executable:
Submit Job to Batch Queusing System: [Nut Applicable -

[D Launch Debug Session
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Summary

* Use of modern debugger saves you time.

* TotalView can help you because:
* It's (the only debugger you ever need)
* Allow you to debug accelerators (GPU) and CPU in
* Allow you to debug (C++/Python/Fortran)
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Using TotalView for Parallel Debugging on ANL



Starting a MPI job — method 1

For HPC we have two methods to start the debugger

The ‘classic’ method
* totalview —args mpiexec —-np 512 ./myMPIprog myargl myarg2
* This will start up TotalView on the parallel starter (mpiexec, srun, runjob, etc) and when you hit ‘Go’ the job will start up and
the processes will be automatically attached. At that point you will see your source and can set breakpoints.
* Some points to consider...
* You don’t see your source at first, since we're ‘debugging’ the mpi starter
* Some MPI’s don’t support the process acquistion method (most do, but might be stripped of symbols we need when packaging)
* In general more scalable than the next method...
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Starting a MPI job — method 2

The ‘indirect’” method

e Simply ‘totalview’ or ‘totalview myMPlprog’ and then you can choose a parallel system,
number of tasks, nodes, and arguments to the program.
X| TotalView for HPC: Parallel Program Session
& FanLEL £= Parallel Program Session
— EE?SSQM Session Name | _"l 5]
. . . . . . vy Parallel System
e With this method the program source is available immediately )
- Mame: | BlueGeneQ-Cobal !
* Less dependent on MPI starter symbols | | :
 May not be as scalable as some ‘indirect’ methods launch a ]
debug server per process Aol
Arguments:
When you are ready,
press Next to
continue. Help Previous MNext Start Session Cancel
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Using TotalView at Argonne

* TotalView available on Theta, Vesta, Mira, Cooley

* Installed at:
/soft/debuggers/totalview-2019-08-01/toolworks/totalview.2019T.2.7/bin/totalview

e module load totalview

* Download and install RDC from https://www.roguewave.com/products-services/features/remote-display-client

e Connect to Theta

e Get allocation first
+ OnTheta: qsub -A ATPESC2019 —n <N> —q debug-flat-quad —I
* Module load totalview

* totalview -args aprun—np <N> ....
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TotalView Resources & Documentation

* TotalView documentation:

* https://support.roguewave.com/documentation/tvdocs/en/current/

* User Guides: Debugging, Memory Debugging and Reverse Debugging

» Reference Guides: Using the CLI, Transformations, Running TotalView

* TotalView online HTML doc:

* http://docs.roguewave.com/totalview/current/html/index.html

* Other Resources (Blogs, videos, white papers, etc):

* https://www.roguewave.com/resources?tagid=18

* New Ul resources:

* Reference CodeDynamics Help
https://www.roguewave.com/help-support/documentation/codedynamics

* New Ul videos:

* https://www.roguewave.com/products-services/codedynamics/videos

* Python Debugging blog:
* http://blog.klocwork.com/dynamic-analysis/the-challenge-debugging-python-and-cc-applications/
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Questions/Comments

* Any guestions or comments?
* Don’t hesitate to reach out to me directly with any problems or suggestions!

* Email: nikolay.piskun@roguewave.com

* Thank you for your time today!
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