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* Hour 1 — Basic Topics (1-2 pm)

* Lecture 30 minutes

* Lab 30 minutes
* Hour 2 — Intermediate Topics (2-2:30, 3-3:30)
» Lecture 30 minutes

* Lab 30 minutes

* Hour 3 — Advanced Topics (3:30-4:30)

* Lecture and Demo
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Basic Topics

Introduction
Startup

Ul Navigation and Process
Control

Action Points

Data Monitoring and
Visualization

Lab 30 minutes
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INTRODUCTION

Intermediate Topics

Intermediate Debugging for
Parallel Applications

Asynchronous Thread Control
Lab 30 minutes

Advanced Topics

* Reverse Debugging with
ReplayEngine

« Comparative Debugging

« CUDA/OpenACC Debugging

« Xeon Phi Debugging

» Support and Documentation
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What is TotalView?

’\/\
A comprehensive debugging solution for demanding

ROGUE WAVE

SOTTWARE parallel and multi-core applications

Wide compiler & platform ©0©0 /home/demouser/training-lab-programs/combined
support File Edit View Group Process Thread Action Point Debug Tools Window

teln

+ C,C#+, Fortran 77 & 90, UPC | srau ccoreroy 4> Ml B B | 5 9 § &
6o Halt Kill |Next Step Out Run 7o)

* Unix, Linux, OS X

Frocess 4 (2057): conbined (At Breakpoint 41

4 9 3 3 M
GoBack Prev UnStep Caller SeckTc L

NI Thread ¢+ (2057) (&t Breakpoint 4) [N

* Long Distance Remote = .
combined. cxx

Handles Concurrency m Stack Frane o
=tS [Funetion "Circle:iareals ~ B
«  Multi-threaded Debugging ggg% slég‘ﬁshsw; OB > (elass Cirele)
* Parallel Debugging Bl lReqisters for the frame:
* MPI, PVM, Others Function Circle::area in canbined S,
4 B
* Remote and Client/Server Z
Debugging 4
Integrated Memory Debugging 4
. . 4
ReplayEngine reverse debugging 4
Supports a Variety of Usage B
Models e
434 // A Simple 3-D_figure - class exercise: Do a cone figure in the same
« Powerful and Easy GUI 435 // fashion. - I forgst how to ca. te the surface area of a come ;-)
| o 2 _?nl;]ss Cylinder : public Circle (
* Visualization 435 "“Cylinder (char *name, double radius, double height);
.. 439 U1 naer lann1e padine Anchle hasabei: ‘
¢ CLlI for Scripting )
Action Points | Pracesses| Threads | EEE

Debugging Smpincd e
+ Unattended Batch Debugging
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Supported Compilers and Architectures

¢ Platform Support
ROGUEWAVE . | i\ux g6, x86-64, ia64, Power

SOFTWARE

¢ Mac Intel
¢ Solaris Sparc and AMD64
« AIX

¢ Cray XT, XE, XK, XC, CS-3000AC

« IBM BGIL, BG/P, BG/Q
e Languages / Compilers

e C/C++, Fortran, UPC, Assembly

¢ Many Commercial & Open Source Compilers
e Parallel Environments

< MPI

¢ MPICH1& 2, Open MPI, Intel MPI, SGI MPT & Propack, SLURM,
poe, MPT, Quadrics, MVAPICH1 & 2, Bullx MPI, & many othersj

« UPC
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Starting TotalView

ROGUE WAVE

SOFTWARE

Start New Process

[ New Program [x]

,‘":4‘ Erngram] Arguments] Standard lfO] Paral_\el]
Program: | il Browse... |
Start a new
process Onhost. (local) /| Add Host.. |
m I Enable ReplayEngine
Attach to Record all program state while running. Roll back your program to any point in the past.
process

I Enable memory debugging
Track dynamic memory allocations. Catch common errors, leaks, and show reports.

- Halt on memary error

Open a I Enable CUDA memory checking
core file Detect global memory addressing violations and misaligned global memory accesses.

OK Cancel Help

1"
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SOFTWARE

STARTUP

Wave Software, Inc. 1 O
Starting TotalView
Start New Process — Select a recent process
[m New Program B

process

Attach to
process

Open a
core file

Erogram] ﬁrguments] Standard I/O] Faral_\el]

Program: ||T Browse... |
On host: Add Host.

| ple_t p
fhomefjohnhiviews/complex/complex_xform

| p! p

fhomedjohnhiviews/complex/complex

fhome/johnh/views/simple2/simple_xform

fhomedjohnhiviews/simple2/simpletvd

fhome/johnh/views/simple2/simple

I Enable mel il i Pl ppview_example_1

Track dynz /home/johnh/views/simple/simpletvd

fhomesjohnhiviews/simple/simple_xform
fhomesjohnh/views/simple/simple

-1 Enable Ret
Record all

I Enable CUDA memory checking
Detect global memory addressing violations and misaligned global memory accesses.

OK

Cancel

Help
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Starting TotalView

ROGUEWAVE  Start New Process — Enable ReplayEngine

LE R |

e
%

Start a new
process

Attach to
process

Open a
core file

OK

New Program

Erogram] ﬁrguments] Standard I/O] Paval_\el]

Program: | i ple_t p —Il

Browse... l

On host (local) x|

Add Host... |

J7 Enable ReplayEngine
Record all program state while running. Roll back your program to any point in the past.

I Enable memory debuggin:
Track dynamic memory allocations. Catch common errors, leaks, and show reports.

1 Halt on memory error

I Enable CUDA memory checking
Detect global memory addressing violations and misaligned global memory accesses.

Cancel

Help
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LE R |

s
DR

Start a new
process

W
Attach to
process

Open a
core file

o

Starting TotalView

ROGUEWAVE  Start New Process — CUDA memory checking

New Program

Emgram] ﬂrgumants] Standard I/O] Pava\_lel]

Program: |

/
I ple_| P! -

13

x|

Browse... I

On host:  (local) K|

Add Host... |

7 Enable ReplayEngine
Record all program state while running. Roll back your program to any point in the past

¥ Enable memory debuggin
Track dynamic memory allocations. Catch common errors, leaks, and show reports.

J7 Halt on memory errors

J7 Enable CUDA memory checking
Detect global memory addressing violations and misaligned global memory accesses.

Cancel

Help
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ROGUEWAVE  Start New Process — Memory Debugging

LE R |

s
S

Start a new
process

(&
Aftach to
process

Open a
core file

Starting TotalView

Eragram] ﬁrguments] Standard I/O] Paraﬂel]

4|
X p i

Program: | i P

Browse.. |

On host: (local) 5|

Add Host... |

J7 Enable ReplayEngine
Record all program state while running. Roll back your program to any point in the past.

J7 Enable memory debugging
Track dynamic memory allocations. Catch common errors, leaks, and show reports.

J7 Halt on memory errors

_{ Enable CUDA memory checking
Detect global memory addressing violations and misaligned global memory accesses.

OK

Cancel

Help
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Starting TotalView

ROGUEWAVE  Start New Process — Arguments tab

LE R |

s
DR

Start a new
process

W
Attach to
process

Open a
core file

0K

14

New Program x|
Emgram] Arguments I Standard I/O] Pava\_lel]
Command-line arguments:
1 A
Environment variables (NAME=YALUE):
A

Cancel

Help

b Wave Software, Inc.
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Starting TotalView

ROGUEWAVE  Start New Process — Command-line Args

LE R |

i

Start a new
process

QR
Attach to
process

Open a
core file

New Program x|

Brogram] ﬂrguments] Standard IIO] ParaUel]

Command-line arguments:

Hello World. S

Environment variables (NAME=VALUE):
T i

OK

Cancel Help

b Wave Software, Inc.

LE R |

Start a new
process

(&
Aftach to
process

Open a
core file

ROGUE"V{A\!IE[ Start New Process — Standard I/O redirection

17

Starting TotalView

Program ] Arguments ] Parallel ]

| Standard Input

Read from fle:

EV["‘ e,
Browse.. | i Append

| Standard Output

Write to file |
| Standard Error

ame as output

Write to file Browse... |  Append

OK

Cancel Help

b Wave Software, Inc.
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Starting TotalView

ROGUE"V{A\!IE[ Start New Process — set environment variables

LE R |

process

(&
Aftach to
process

Open a
core file

New Program

Eragram] ﬁrguments] Standard I/O] Paraﬂel]

Command-line arguments:
Hello World. A

Environment variables (NAME=VALUE);

EXE_HOME_DIR=/homesjohnh/myapd -

OK

Cancel Help

Attach to
process

Open a
core file

P Wave Software, Inc. 1 8
Starting TotalView
ROGUEWAVE ~ Attach to Process
New Program x|
:‘}; grugram] Argument ] Standard w:w] Pa :«m]
il Program: | fust/bin/dbus-launch Ll Browse... |
process On host.  (local) /| Add Host.. |

PID: | 3295

Select processes to attach to:

I Enable ReplayEngine

Select All Refresh

Program | Host Local Path | state | PD | PPD |[§

VBoxClient 100215 Guestadditions-4.1.8/bin/ s 3240 1|
ch 5 3 1
dbus-daemon 10.0.215 in: s 3296 1
geonfd-2 10.0.215 fusrilibexec/ S 3302 1

£

Clear

Filter by program or path: \

Cancel Help

b Wave Software, Inc.
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P o0
ROGUE

SOFTWAR

i
S

(®)

Start a new
process

New Program x|

Starting TotalView

§ Attach to Process — Enable Replay Engine

Erogram] Argument: ] Standard 110 ] Paralle ]

Program: | fust/bin/dbus-launch L| Browse... |

On host (local) /| Add Host.. |

L)
Attach to
process

Open a
care file

PID: | 3235

J7 Enable ﬂeplayEnngI
Select All Refresh

Select processes to attach to:

Program | Host Local Path | state | PD | PPD |[§
VBoxClient 10.0.215 Guestadditions-4.1.8/bin/ s 3240 1|
dbus-launch 10.0.2.15 fusrihind s 3295 1
dbus-daemon 100215 fhind S 3296 1
gconfd-2 100215 fustilibexecs S 3302 1

£

Clear

Filter by program or path; ‘

OK

Cancel Help

b Wave Software, Inc.
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Via Command Line

Normal
totalview [ tv_args ] prog_name [-a prog_args ]

Attach to running program
totalview [ tv_args ] prog_name —pid PID# [-a prog_args ]

Attach to remote process
totalview [ tv_args ] prog_name —remote name [-a prog_args ]

Attach to a core file
totalview [ tv_args ] prog_name corefile_name [ —a prog_args ]

Wave Software, Inc.
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P 20
ROGUE

[

Starting TotalView

E Open a Core File

Wave Software, Inc.

New Program [x]
éi(i\} Erogram] Argument ] Standard I/O ] Paralle! ]

i ol Program: | i imple_threaded/simpl ll Browse... |
process On host (local) | add Host.. |
@ Core file: ‘ core Browse...
Attach to
process

G
Open a
care file
OK Cancel Help
b Wave Software, Inc. 22
E
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Interface Concepts

Root Window

ROGUE WAVE

SOFTWARE

File Edit View Tools Window » Status Info
State Of a" processes =| D/ | Rank | Host | Status | Dest
H 1 0127.0.01 B simplempi.0 (19 ° =
belng debugged 3 4127.0.01 B simplempi4 (12 T Stopped
4 B simplempi.3 (26 _ .
e Process and Thread 3 5 Sinplemol 8 (5 B = Breakpoint
T in __clone
status §127.001  BZh in runme eE = Error
§127.001 T in runme
> Instant navigation access sl e *W = Watchpoint
§127.001 T in __clone i
e Sort and aggregate by 8127001 Bzhinunme *R = Running
tat g127.001 T in __clone
status §127.001 T in __clone Y H
6 2127001 B simplempi.2 (12 *M = Mixed
7 5127.0.01 B simplempi.5 (24
- cimrnny o 1o e eH = Held

25
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Process Window Overview

000 /home/demouser/training-lab-programs/combined

ROGUE WAVE File Edit View Group Process Thread fotion Point Debug Tools Windou Help
vop o) P E B S F ¢ 493 3 Y Toolbar
SOFTWARE Go Halt Kill Restart Next Step Qut R o GoBack Prev UnStep Caller BackTo Live

Process 1 (2057): conbined (At Breakpoint 4
AN Thread 4 (2057) (At Breakpoint 4) [NNNMMANINANNANAENMUNENANI
Stack Trace Stack Frane

Function "Circle::areals
15 hapge ObfEEma > (class Circle)
result’

Stack Trace Pane o Stack Frame Pane

Ul|Registers for the frame:

Function Circle: :area in conbined.c: Zir

1
= lLL

370 _radius = radius;

421 njarea = 2 * PI * n_radius * n_radius;
422 m_area = area();

23

detailed |33,

425
€ ProCess, | i26// tour basic circle ares tunction
428 double Circle::area() {

le thread | 425 dowis result
€ result = PI * m_radius * m_radius; // Our old friend, pi r squared... - Source Pane

return result; [
process b
434// B Simple 3-D figure - class exercise: Do a cone figure in the same

435/ fashion. - I forget how to calculate the surface area of & cone ;-}
436class Cylinder : public Circle {
37 publ

: 437 publ.
pomt of 438 Cylinder(cher *name, double radius, double height);
439 Colindaridadhle radine douhle heisht).
for the

and other

7

]
fction Points| Processes | Threads | EEELE)
g Glingst I
g G
§ g

Lindert(id
Tinder+lx
1inder+0zla

rocesses

2
L

Tabbed Area

||

27
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TotalView Root Window

ROGUE WAVE |

AUULE YeRrL Hierarchical/ » — Ll
Linear Toggle || F'® Eft view Yoos yindow ﬁelp_‘
=| 1D/ | Rank | & Host | Status | Description |
0127.001 B simplempi.0 (19 active threads)
4127.001 B simplempi4 (12 active threads)
3127.0.0.1 simplempi.3 (26 active threads)
b B A in _clone
Rank # .52 8127001  Bzh in runme
(if MPI program) - 53 81270001 T in runme
o §127.001 T in runme
- 5.5 §127.001 T in runme
- §127.001 T in __clone
7'5 7 §127.001 BZh in runme
TotalView - 5.8 §127.0.01 T in __clone =
5.9 §127.0.01 T in __clone
Thread ID # @6 2127001 e \qplempi.2 (12 active threads)
- 7 5127.0.0., B simpwsypi.5 (24 active threads)
2 c1n7ngh n il n NG £21 Ankisin Savmnday
Expand - Collapse|
Toggle Process Action Point
Status ID number

» Dive to refocus
Dive in new window to get a second process window g

b Wave Software, Inc.

Stack Trace and Stack Frame Panes

ROGUE WAVE

SOFTWARE

Stack Trace A Stack Frame
wait_a_while, FP=b7efe348 |. | |Function "wait_a while": A
need_to_wait, FP=h7efe358 microseconds: 0x00000014 {20) J
random_vector, FP=h7efel88
C++] runme, FP=h7efelb8 Registers|for the frame:
start_thread, FP=h7efedad

%eax| Oxb7efe3ad (-1209015388)

%ecx| 0x00000000 (0)

%edx| 0x09a9523c (162091580)

%ebx| 0x00913ff4 (9519092)

%esp| Oxb7efe340 (-1209015488)

%ebp| Oxb7efe348 (-1209015480)
iny

# ot /
A
Language ‘ ‘ Name ‘ ‘ Frame Pointer ‘ ‘ Local Variables ‘ ‘ Register Values
1 t
« Click to refocus « Click to modify
source pane « Dive for variable window

28
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OFTWARE

Source Code Pane

View as Source - or Assembly - or Both!

ElE|

Function wait_a_while in simple.c
8 #include <mpi.h> A 0x08048hb6:  popl %ebp
9 gendif //ADD MPI 0x08048bh7: leal -4 (%ecx), kesp
10 - 0x08048hh8:
11 void wait_a_while(size_ 0x08048hb9:
12 0x08048hba: ret
13 void need_to_wait() 0x08048bbh: nop
14 ¢ 18 walt_a_while(unsigned int): pushl %ebp
15 wait_a_vhile(); 0x08048bbd:  movl %esp, kehp
16} 0x08048hbe :
17 i 0x08048hbf:  subl $8, gesp
18 void wait_a_while(size_ 0x08048hc0:
19 ¢ 0x08048hcl:
usleep (nicroseconds) . [ 0x08048bc2: movl 8{%ebp), ¥eax
21y 0x08048hc3:
22 0x08048hcd :
23 void random_vector (std i 0x08048bc5: movl %eax, (%esp)
24 ¢ 0x08048hch :
25 size_t count = (size, 0x08048hc7:
26 if(count < 100) couni 0x08048hc8:  call 0x804880c
7 0x08048hc:
for (size_t i=0; i<co 0x08048hca.:
9 0x08048hch:
30 vec. push back (rand | / 0x08048bcc:
o JE— - ~

b Wave Software, Inc.

Process Status

File Edit View Group Process Thread Action Point Debug Tools Window

x

sy (P IE B 533 & 4

ank 8: simplempi. (At Breakpoint 3)

085228752): simplempi

(4t Break

Process/Thread = 7950 3 [Fancrion n T
is available at U s ot e L
status is available a St oeestoed | ||| sro: 5 i
| . b th th L i N . 0x008afff4 (9109492)
a g anceY In O e Di:nkvan - 0x00000008 (ﬂ)
Process and Root hresis &:3322329 2270983
s Thread: ﬂ :ﬁzﬂglﬂ 522:;5‘76551)
. nunThreads »
Windows 2l _Sa
Function main in simple.c B
[ 66 std::vector<pthread_t> threads; 1
| threads. reserve (munThreads) ;
TotalView 8.9.2-1 EIEUEE - << ronthreads < ¢ threads.® << std::endl;
File Edit View Tools Window Help ‘
=| D/ | Rank | Host | Sstatus | Description [[3 roiae ) (woige)) vunme, vy,
4 9127.0.01 B simplempi.9 (26 active threads)
5 5127.0.01 B simplempi.5 (26 active threads)
B §127.0.01 B simplempi.8 (26 active threads)
7 6127.001 B simplempi.6 (26 active threads)
simplempi.7 (26 active threads’
in main =
7 127001 T in __kernel_ysyscall ="
7127.001 T in __kernel_vsyscall P Mﬂﬂ
7127.001 T in __kernel_vsyscall £ ﬂ S
24 4
ol

b Wave Software, Inc.

Tabbed Pane

ROGUE WAVE

OFTWARE

Action F'ointsl Prgcesses] Thleads]

PIP T[T

5 simple.c#l5 need_to_wait+0x06 ’A‘
Action Points] Th[eads] (B3| E3]| S| i

[o[ri[z s 4][5][6]7 [8]9]

5]

Action Points] Prgcesses“Threadsl

R

1.1 (3085245136) 3 in main

1.2 (3083525008) T in _ kernel vsyscall
1.3 (3004337040) T in _ kernel vsyscall
1.4 (2993847184) T in _ kernel vsyscall
1.5 (2983357328) T in __kernel vsyscall
1.6 (2972867472) T in _ kernel vsyscall
1.7 (2962377616) T in _ kernel vsyscall
18 (9QG18ATTAN T in  kernel wavarall

X
|

Action Points Tab

Processes Tab Threads Tab:

all current
processes

all currently defined

action points ID’s, Status

b Wave Software, Inc.

Search Paths

' File | Edit View Group Procest [mn Search Path: Searching Rules [x]
New Prograr.. Ctrl+N
mE m E Search Path.. Ctrl+D Prugrams] Suurces] Obje:ts] EXECLITABLE_PATH]
0OFT WARE Signals. Search for source files in the following order
Preferences... ${COMPILATION_DIRECTORY} a
Open Source. ${EXECUTABLE_PATH}
op UICe... ${EXECUTABLE_DIRECTORY}
Edit Source Ctrl+Shift+E $links(${EXECUTABLE_DIRECTORY})
Save Pane... Ctrl+5 STOTALVIEW_SRC)
Rescan Libraries
Close Relatives  Ctrl+Shift+W
Close Clrl+W
Exit Ctrl+Q

Insert... Defaults
More Le

oK cancel |

Help

b Wave Software, Inc.

all current threads,
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ROGUE WAVE

OFTWARE

Error
Stop
Resend
Ignore

b Wave Software, Inc.

Managing Signals
File > Signals

Actions to take when signals recsived:
Efor + Stop # Resend  lgnore  SIGHUP 1 Hangup S
& Eror 4 Stop & Resend < lgnore  SIGINT 2 interrupt (rubouy
« Eror  Stop 4 Ressnd + lgnore  SIGQUIT 3 Quit (ASCIlFS)

4 Enmor & Stop < Resend < lgnare  SIGILL 4 llegal instruction (not reset when caught)
[Reserved by TotalView] SiGTRAP 5 Trace trap (not reset when caught)

& Eror < Stop  Resend < lgnore  SIGABRT 5 abor process

4 Emor + Stop + Resend + lgnore  SIGBUS 7 us emor

4 Ewor & Stop & Ressnd < lgnore  SIGFPE & Floating point exception

 Eror  Stop 4 Resend  lgnore  SIGKILL S Kill cannot be caught or ignored)

& Eror < Stop  Resend < lgnore  SIGUSR1 10 User defined signal 1

4 Emor + Stop <+ Resend + lgnore  SIGSEGY 11 Segmentation violation

& Emor & Stop 4 Resend < Ignore  SIGUSR2 12 User defined signal 2

4 Enor + Stop + Resend « lgnore  SIGPIPE 13 Write on a pipe with no one to read it

& Emor < Stop 4 Resend < lgnore  SIGALRM 14 Alam clock

4 Emor + Stop <+ Resend + lgnore  SIGTERM 15 Software termination signal from kil

& Emor & Stop 4 Resend < lgnore  SIGSTKFLT 16 Stack Faut

 Ermor « Stop 4 Resend + Ignore  SIGCHLD 17 Child status change

& Emor < Stop 4 Resend < lgnore  SIGCONT 16 Stopped process has been continued
[Reserved by TotalView] siGsToP 19 Stop (cannot be caught or ignored)

& Eror 4 Stop < Resend < lgnore  SIGTSTP 20 User stop requested from tty

+ Eror 4 Stop + Ressnd + lgnore  SIGTTIN 21 Background tty read attempted

& Emor 4 Stop < Resend < Ignore  SIGTTOU 22 Background ty write attempted

< Efor + Stop 4 Resend  lgnore  SIGURG 23 Urgent condition on 10 channel

4 Enor & Stop < Resend < lgnore  SIGXCPU 24 Excesded CPU time limit

4 Emor « Stop + Resend  lgnare  SIGXFSZ 25 Excesded fle size limit .

Defaults Cancel Help

Stop the process and flag as error
Stop the process

Pass the signal to the target and do nothing: use with signal handlers

Discard the signal

Stepping Commands

33

Group {(Control)

4> 1

Sl 3

Based on
PC location

b Wave Software, Inc.

Go  Halt Kill Restart Next| Step Out Run To
Function sub1 in stef.c El
2 iat sub2(int); A
3 iant sub3(int);
4
S iat nain ()
6
7 intj, ko i=0;
8
9 o= osubl(i); & o= sub3(j);
10 printf ("The value of k is zd\r", k);
out u,
12
13 iat subl(int x)
14 {
x - subliZ)
Next 16 retura (x++);
17
18
10 iat oub2(int y) Step Run To
20 |
oy -y e 10,
22 NAnd
23[ Teturn (y#10); —~uf
24
25
26 iat sub3(int z) =
7o
28 return (z*z); i
= )
-_|

35

Name

and Source Files

Name:

Finding Functions, Variables,

ROGUE WAVE [t

‘ I || threadd

i

OFTWARE

Preferred scope:

Preferred scope:

w | Group  Process  Threa

Dive

I

“ Function / File - Variable

il imple_threadec

| ##/home/johnh/threaded/simple_threadec

~ Function / File 4 Variable

Yindow

Dive In New §
Undive

Redive

OK | Cancel |

Help | oKk |

cancel | Help |

eset Ctrl+R

Lookup Function.. f

Lookup Variable... v
Source As -
Assembler -~

 Display Managers

b Wave Software, Inc.

Ambliguous Function

Not found, closest 35 matches:

MPI:Request:Wait(MPI:Statuss)
MPI:Regquest:Wait(void)
need_to_wait(void)
wait_a_while(unsigned int)

MPI:Intercomm:Split(int,inf) const

MPL:Intracomm::Split(intint) const

MPI:Comm:Abort(int)

MPL:Datatype::Commit{void)

MPL:Intracomm:Accept(const char® const MPL:Infod,int) const
MPI:Comm:Send_init(const void®,int,const MPI:Datatyped. int,inf)
MPI:Conim:Recv_init(vaid* int,const MPI:Datatyped, int,int) const

MPL-Op:Init(void (*)(const void void®,int,const MPI:Datatype&),bool)

MPI:Comm:Bsend_init(const void®,int,const MP1:Datatypes.,int,int) const
MPI:Comm:Ssend_initiconst void®,int,const MP:Datatypes. int,inf) const
MPI:Corim:Rsend_init(const void®,int,const MP1:Datatypes. int,inf) const
MPL:Win:Get(const void®,int,const MP1:Datatypea. int, int,int,const MPI:Datatype)

Y

const

=

] =

I Show full path names

OK Cancel

Stepping Commands

Help
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Group (Control)

ROGUE WAVE

OFTWARE

Group (Share)
* Group (Workers)
Group (Lockstep)
Process 1
Process (Workers)
Process (Lockstep)
Thread 1.2
mygroup

Go Halt Kill Restart| Next Step Out Run To

Process 1 (3240): simple (At (s 2)
Thread 2 (3085317072) (At point 2)

ack Trace

Stack Frame

Group | Process Thread A

H]

FP=b7e£5358 | % |[Function "rumme"
FP=h7e£54a8 No_parameters.
Local variables:

L

vec: (class std::vector<int, st

Registers for the frame

%eax: 0xb7ef53b3 (-

1209052237)

zecx: 0x00000002 (2)

cess | Thread Action Painf

read | Action Point Deb

Go Shift+G , Go g | Go

Halt ShifteH Halt h | Halt

Next ShifteN Next n Next

Step Shift+S Step. s Step

out shift+O Out 0 ., Out

Run To Shift+R . RunTo r ' RunTo

Next Instruction Shift+X Next Instruction x Next Instruction
Step Instruction  Shift+l Step Instruction i Step Instruction

Hold

h Subset
Detach
Custom Groups...

< Hold w
Hold Threads
Release Threads

Detach

Restart
Kil

Ctrl+Z

P Wave Software, Irc.—————————————————————

Startup Parameters...  Ctrl+&

“ Hold

Continuation Signal
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SOFTWARE

» Select the line
* Thread->Set PC

* Click Yes to set
the PC

b Wave Software, Inc.

ROGUE WAVE

SOFTWARE

Wave Software, Inc.

point

Using Set PC to resume execution at an
arbitra

W simplempl.0
Flle Edit View Group Process Thiead ActonPoint Debug Tools

indow

oy (DB B SIS @ <
Go_Halt Kl pestat

Rank 0 simplempL0 (Al Breakpoints 2,4)

Stack Trace

@

Thread 1 (3085433552): simplamp (At Erakpoint 4)

Stack Frame.

e
Block "sp2”
Local varizbles
cank.
rnodes
athreads

.
aunTheeads:

—

0x00000002 (2)
adSc - GxbEeacdac -

0x008af£4 (9109452)
0x00000000 (03

< munThreads <

* threads. " < std: endl;

Thireads push, back (nevThread)
)

B for(int i=0; icunThroads; ++)
| ptsedjoin(eizests 31, AL
#igdet A00 @1
1T Baccier (1 _0ONN_VORLD) ;
T Finelize )
sendi //amD AP

return 0;

L L)

T

agton o Preesses] ]

7 sinple.c#3  rumer0x0T
1 simple c#6] nain+0xcq
4 sinple c#78 einsOxl6e

ACTION POINTS
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ROGUE WAVE

Debug Menu

* Replay Engine

* MemoryScape

* CUDA Memcheck

More on these features later

Action Points

Action Point | Debug  Tools  Windc

Set Breakpoint

SOFTWARE ‘

Set Barrier
At Location... Ctrl+B
Create Watchpoint..
Enable
Disable
Delete
Properties.

4 Suppress All
Delete All

Ctrl+Shift+D

Load All...
Save All
Save As...

b Wave Software, Inc.

Action Pnints] Prg:esses] Thleads]

sin
Enable

Disable
Delete

EWAVE © Menu Items for extra features gy wniow

* Enable ReplayEngine

Previous Alt+Shift+N
Unstep Alt+Shift+S
Caller Alt+Shift+O
Back To Alt+Shift+R
Go Back Alt+Shift+G
Live Alt+ShiftsL
Previous Instruction Alt+Shift+X
Unstep Instruction Alt+Shift+|
¥ Enable Memory Debugging  Crl+Shift+M
* Stop on Memary Errors
Open MemoryScape Alt+Shift+M
Heap Baseline -

Memary Block Properties
Memory Event Details

< Enahle CUDA Memcheck

38

Breakpoints

Barrier Points

Conditional
Breakpoints

Evaluation Points

Watchpoints

40



Setting Breakpoints Setting Breakpoints

Setting action points
Functior . . .
TOT (o Fexkewropast € * Single-click line number

1033 pthread_t my ptid ° Deleting action points

1034 pthread_t new_tid; . . . . .
1035 pthread attr t att » Single-click action point line
1036 int whoops;

* Breakpoint->At
Location - w At Location:

17 iﬂgeiﬁfﬁ;gg?ﬁT':T + Disabling action points U
. . . . . . . a pre: oINt on

A e esncLats) « Single-click in Action Points Tab Pane + Specify function A% el
SESETEEES | ptional contextual menu access for all FLnetion er e
1043 local_fork_count = P . name or line # + All methods in class
1044 functions L
1045 rintf ("Pid 2d: § . . . i i i
foae. T _ "« Action Points Tab o ~ All virtual functions and overrides
1047 printf ("root_ptic peCI y Class hame
1o wi factied 1w  ° Lists all action points d break I Named:|] |
2iegi, prreadactriinit + Dive on an action point to focus it in and break on a

source pane methods in class, oK | cancel Help |

>

 © Action point properties

optionally with
* In Context menu

. Enable
pisable  [7*1¥ « Saving all action points

virtuals and

Delete . . .
_ + Action Point > Save All overrides
Zm——=  Propeties.. ===
b Wave Software, Inc. 41 b Wave Software, Inc. 42
Setting Breakpoints Conditional Breakpoint
~ /home/ehinkel/Source/combined EEIEX:
E File Edit View Group Process Thread Action Point Debug Tools Window Help
E PHB P 5933 « 9 3 38 8 M
. . . . _ w It Kill Restart|Next Step Out Run To|Pre
. Process 2 (14218): combined (Stopped
4 Brezkpoint + Barfler + Evaluate ID: 11 + Breakpoint ilSHNHNNIT 1=  (1210) (Soppeo) <Trece o JNRMNMIA
; arrays, FP=b£e46708 [ Function "arrays': At
Wemhlseion t v on Point Properties X i "
% SloUd ype + Breakpoint ~, Barrier 4 Evaluate  ID: 11 {gtzuct ishapel
N Exgresson jeEust St ines
+ Thread * What to stop it (my_ptd - $1d) { $sop: )] L LI
A
- Set conditions
e
« Enable/disable )
£ + 3*step);
Location: /home/ehinkel/Source/combined.cxx#505  Addresses... | 4 C++  C Fortran +/ As: ler EHE Rl oIV = 4
Enable acton pol 5 » PP Tl
7 Enable action point ] n process or Location: /home/ehinkel/Source/combined.cxx#505 — Addresses... \
3]
¥ Plant in share group J7 Enable action point
= s h a re ro u J7 Plant in share group N
OK I Delete Cancel Help | g p 24
OK [ Delete Cancel Help. [ il
£
b Wave Software, Inc. 43 b Wave Software, Inc. 44



Evaluation Breakpoint...
Test Fixes on the Fly!

Test small source code

RWJE VIAVE patches

OFTWARE
e Call functions

e Set variables
* Test conditions |

v Breakpoint - Bamier 4 Evaluate  ID: 1
et fmm

smy b i, A
i

Flle Edit View GmuF—

e | T |
e C/C++ or Fortran i
e Can’tuse C++ —

constructors i

. e || FER s B
* Use program variables Fip——
5 if (*x<tmin) { *1f
+ ReplayEngine records 0 Lo ] pvme | comn | _ton |
y ]g HEB“FESI%?&]: T8 470,50 7. 00,77 7, 10,001 S0 6. SR 0,000 )
changes but won' t step i s
for a) t_len;is+)
through them o
oo ————— R R
T T i eI
range 42,000000 - 93 093998 sum 195 400003
0 range 39,000000 - 99,033338 sum 238,400003 T T i
range 33,000000 - 93,093338 sum 316,100006 4

range 33000000 - 33,039338 sum 3341100006
598 sun 436,200012
sun 544.700012

8 sum B02.700012
sun 693700012

ra
fotal 652.700012 nean 63,3700

b Wave Software, Inc. 45

Watchpoints

ROGUE WAVE ,
ROGUE WAVE Watchpoints are set ... point ->

on a specific memory Create

region Watchpoint..

(I create watchpoint X |

Enter expression for watchpoint:
P[]

OK Cancel
Process 1 (3953): filterapp (At Watchpoint 8)

read 1 (3953) (At Watchpulnl 8) <watchpoint Trap>_ ||

» Execution is stopped
when that memory

changes

Stack Trace Stack Frame
_int_malloc, FP=bEd5azh A A
malloc, FP=b£d5a2d8 Registers for the frame J
corrupt_data, FP=b£d5a308
7] nain, FP=b£d5a308 zeax: 0x00000049 (73
_ libe_start_main, FP=b£d52408 tecx: 0x00020£28 (134952)
Tstart; FP=b£d5ad10 2edx: 0x00000000 (0)

%ebx: 0x008afffd (9109492)

%esp: Oxbfd5alfl (-1076518416)

%ebp: Oxbfd5aZb8 (-1076518216)

%esi: 0x0807c090 (134725776)

1 e R Rnass (131725048) Lla7

b Wave Software, Inc.

Setting Breakpoints
With C++ Templates

ROGUE WAVE

OFTWARE

TotalView understands C++ templates and gives you a choice ...

Function main in template.cx< N |
# >
é include <iostream 4 Bresknolnt + Baner  Evalusie  1D:1 maxs<char=(char,char)+0x12
3 template<class type > maxsint=(int,inf)+0x6
4 type max(type di, type \:12)( When Hit, Stop—
return dl > d2 7 dl : d2 N max<doublex(double,double)+«0x1e
6 3 Group
7 max<char const*>(char const*,char const)+0
8 int main(int arge, char** aqu)( + Process

9 std::cout << max << "\
10 td.cout < max(4es, 12) <« "\
11 std::cout << max(.99,1.1) <<
12 std::cout << max(*first®, sscond® ) «
return 0;

+ Thread

Location:  template.cxo#S Addresses... ~ -

All None

I~ Enable action point

I” Plant in share group

ok | peete | cancel | hHep | OK Cancel

Boxes with solid lines around line numbers indicate code that exists at
more than one location.
46
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Watchpoints

ROGUE WAVE

OFTWARE “ Unconditional - Conditional  ID: <new>

 Can create from a T

“ Group

variable window

~ Process

~ Thread

using Tools ->
Watchpoint
’“E“e o !‘ew_m!s D ograma/tin(-)(e)(x) Address: [ 0:0807c090 | LengthinBytes:[4 |

11 Create Watchpoint - | 1€ € J7 Enable watchpoint
Expression: | 0x0aén  Add to Expression List c3090 I Plantin share group
Type: [inf Add to Block Properties 1 I T
Value Bzl
0x00000000 (0)

sualize Distribution
ok || oekete Cancel Help

yset (Array o

48
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right-click on
variable in
Source pane

LAB 1: THE BASICS

Wave Software, Inc.

Watchpoints

I
0

111 Y7
1

116 )

118 /B
119 /7 cl
1200 // al
121] i=1

123 P
124]  free

Dive

Add to Expression List
Across Processes
Across Threads

Set Breakpoint

Set Barrier

Create Watchpoint
Enable

Disable

Delete

107 p0 = (int *) malloc( size * s
El P fint £ mallani aize * ¢

ize * ¢

Oop¢

t Gua)
n.

ent on

=0

Action Points ]

Properties

49
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Watchpoints

Watchpoints are set on a memory region, not
a variable

Watch the variable scope and disable
watchpoints when a variable is out of scope
Can be conditional, just like other action
points

+ Use $newval and $oldval in your evaluation to find
unexpected changes in value (such as a loop value
changing by more than 1)

50

DATA MONITORING AND
VISUALIZATION

52



Diving on Variables

] Stack Frame

T
. Block "$bl":
You can use Diving to: size: al - main - 1.1
ROGUE WAVE t inf ti Lo§ﬁ°vamb1es; File  Edit View Tools Window Help ‘
£ ... get more information : al K B EEIETIIXEY
. open a variable in a Variable Window. pg spression: | “a1] J Adorsss: [ 00829550
. . loop: Type: | class myClassA
. chase pointers in complex data structures runonever Field | Type |value ia]
. refocus the Process window Source Pane | osp foat” 00829540 > 0
nt_p int* 0x08af3748 -> 0x0000008(
Y D i size int 000000080 (128)
‘ou can Dive on:
. . . Diving on a Common j . i
... variable names to open a variable window g £ - il - ot
. . . Block in the Stack File Edit View Tools Window Help |
... function names to open the source in the Process Window. JiE 2 B Ft [K<>HN
. . Frame Pane > Expression: | *((at)- Address:
... processes and threads in the Root Window. e 1”((31) doel p) o
fype: | foat1 28] i |
) Field Value
How do | dive? o] ‘u -\‘
[
*Double-click the left mouse button on selection {12} 12
+Single-click the middle mouse button on selection. o :
Select Dive from context menu opened with the right mouse button {2} :
m 7
181 f £
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The Variable Window

=[ hello [=]o

Flo E0 Vew Gow Piocess Tvead AcionPom Toos Window o V & ) £ ¥ R P |

Group (Contro) B 4 5 93 3| ¢4 File Edit View Tools Window Help
E Go Halt  Kill  Restart Next Step Out Run To v o [
i 0 IHE 4 More| Less|[ [ | | [ 1]

_ Stack Trace ] Stack Frame Expression: | b Address: [ 0x080495a0
e stact_amin, ;‘;:.‘s?ﬁé:éﬂﬁr L " o ] Slice: | ] Filter:
Oxbfffe2fd -> (xh - =

Type: | double[100]

the frame
s
File Edit View Tools Window Hel) 0000019 (25)
— Muﬁ“me%sssssss ® = e -
Expression:| “(argy) Aduress: | Oxbiezfd fuiscaas (1075170772 [0] File Edit View Tools Window Help
Type: [ gstring * eeeon00 i ingovm - = = ~
T sting - 1 T =] EEIEFTIEXEY
2] Expression: | ConnMgr:connMgr  Address: | 0x08043775
13] Type: | int
F;l Value o
. . ) 0x00000002 (2)
In a Process Window: retrace the path that has been explored with 8]
multiple dives. Editing Variables
In a Variable Window: replace contents with the previous contents. Window contents are updated * Clickonce on the value
automatically + Cursor switches into edit more
You can also remove changes in the variable window with Edit > Reset Changed values are highlighted . Esc key cancels editing
DU “Last Value” column is available » Enter key commits a change

+ Editing values changes the memory of the
program

55
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ROGUE WAVE

OFTWARE

File  Edit

Expression List Window

simplempi.O - 1.1

View  Window

Help

[ k7]

’

4

Expression Value
rank (0)
nnodes (10)
numThreads (10 |
tm 0x4f32c318 (1335542552)
tm/numThreads 0x07f5e04f (133554255)
tm/3600/24/365.25 42.3189596167009

b Wave Software, Inc.

Reorder, delete, add
Sort the expressions

Dive to get more info

Edit expressions in place

Add to the expression list using contextual menu with right-click on a
variable, or by typing an expression directly in the window

Updated automatically
Expression-based
Simple values/expressions

View just the values you want to monitor

Array Viewer

&y
RoGUEWavee Variable Window select Tools ->
Array Viewer

57

V|ew 2 dimensions of data

Array Viewer: *((al)->float_p)[ i I[ J 1

Eile

Expression{*((a1)->float_p)

Modify array slice:

Type: |foatfs][16]

Dimension Start Index EndIndex | Stride |
o [I[1] : 0 ’ 1| | e
Column |[j] v 0 15 1
Format: Automatic ¢ Slice: [0:7:1][0:15:1]

b Wave Software, Inc.

[31:0

2

3
19,

21
37
53
69
85
101,
117

6

[t 2 [3 |4 [s [6 [7 _[& [s
B 78

23 24
39 40
55| 56
7172
87 88
103| 104
119 120

[10 [11 [12 [13 [14 [15 [
112 1

V o
ROGUE WAVE

OFTWARE

Viewing Arrays

b Wave Software, Inc.

e AN_ARRAY — ten_by_tenAlpha — 1.1 =10
ROG“E VIAVE File Edit View Tools Window Help
OFTWARE b ot s i P Data Arrays
Expression:| AN_ARRAY Adnress:\ 0x1400011c0
Slice: | ¢,.,) Filter: |
Type: | real(10,10,10)
Field | Value 9
1,0 [
@1 -0.506366
AR} -0.873297
@11 _naaazss
Gy JH T Sleweyewem-ta (|
[CARD] File Edit View Tools Window Help |
71,0 I ] More | Less [[ = | = [ [ 1~1]
@1n Expression: | d1_array Address: | 0xbifieb30
|| &1y slice: | [] Filter:
(10,1,1) o
Type: | class d1[3]
Field | Type. | Value A
o[ class d1 (Class)
- hase class base (Virtual public base class|
by int 0x00000000 ()
- bh_y int 0x00000000 (0)
L. name gstring * 0x08048309 -> "base"
Structure Arrays basez class hase2 (Virtual public base class|
Lobz_y int 0x00000000 ()
-~ bb_v2 int 0x00000000 ()
L. name gstring * 0x08048ade -> "hase2"
v int 0x00000000 () 7]

58
Slicing Arrays
File Edit View Tools Window Help |
2.1 5| More| Less|[[ [~ [~ [ =[]
Expression: Address: | 0x08097dc0
Slice: | (B: 10,6: 1@ Filter: |
Field | Value Iz
(6,8) 216 (0x0000004d8)
(7.8) 294 (0x00000126)
(8.6) 384 (0x00000180)
(3.8) 486 (0x000001e6)
(10,8) 600 (0x00000258)
(6,7) 252 (0x000000fc)
7.7 343 (0x00000157)
(8,7) 448 (0x000001¢0)
8.7 567 (0x00000237)
{10,7) 700 (0x000002bc) 7
Slice notation is [start:end:stride]
60
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Filtering Arrays Visualizing Arrays

=Jisse.array - EEa ||
> L U b W o |

XN T PE[KCHN
R

) g T

! File View Window |

*Visualize array data using Tools > Visualize from the

d B — T W—
Type: [ $r231_46) i i
Fila [vae ] File Edt View Tools Window Variable Window
[0) nF i1 =] ] Large arrays can be sliced down to a reasonable size
@ -INF Expression: | int2_array__ Address: | G :
= icee_arvay = /nfnetapp/user/hone/oarrik/tasts/arrausilpha = 5] p‘ Slice: | ) Filtegualue > o and. pvalue < 1000 first
Flo £t view Toos Window o Type: [vora(109 Thore o
R — «Visualize is a standalone program
Field | Value {11
Expresion ese_ary A . e
Stee ) l<TET 9 22 (00016) J *Data can be piped out to other visualization tools
1 Type: [sreal 4(6) a7 24 (0x0018)
j - Field |value [ 18) 26 (0x0012) . . .
® T40T36-45 <denomaizess (19 28 (0:001c) «Visualize allows to spin,
o " 15045 <ienemat @0 30 @ante)
[ eee_sroy — s/netape0use e oy esta/aroggiiphe =31 @ a2 (0:0020) | zoom, etc.
File Edit View Tools Window I &) 34 (0%0022) . : ;
] == [Fe <] e 25 002ty Data is not updated with
Expresion ees_amay Adarmss: 0ataz14a0 @ 38 (@x0028) . . .
- Fiter, 5 0 (0zey . Variable Window; You
L, Fiold [V ] must revisualize
o INF . . . .
@ e as Y *$visualize() is a directive
@ NaNG
@ NaNs . .
® 14013845 <denamaized> in the expression system,
® -1.4013e-45 <denormalized> Vs a0 44 \ and can be used in
\; evaluation point
\

expressions.

300 w0
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Dive in All

Looking at Variables across Processes

Dive in All will display

File Edit View Tools Window Help an element in an array

ROGUE WAVE

1.1 £ : i i
[ | J=E [P [KCO N of structures as if ot A .
Expression: | *(array) Address: | 0x09292020 i ) ¢ TotalView allows you to
Stice: (] Filter: it were a simple array. look at the value of a
Type: | struct compourkl_t[20] vaiu
Field T VYal i i L sowee-wam-1a [
| ) e variable in all MPI =l
struct compound_t {Struct ) File Edit View Tools Window Help
File Edit View Tools Hindow Help = —
rocesses K] | More| Less|[ [~ [~ | I~ 1]
gxgggggggg :g; (1.1 ) [BPE [K<€> 3 P Expression: | source Address: | Multiple
int X Expressio k<.b_ ) Address: | 009292020 [Sk . . Slice: Fiter:
Float 0 O — ¢ Right Click on the Type: [
File Edit View Tools MWindow int (2017 N
s Ec ¥ ls Wi . Process | Value |
(1.1 H| ¢ [1 T3 Iz:;:zoockm iu| variable mismatchalpha.0 0x00000001 (1)
Expression: | *(array) Address: | 0x092¢ [1] 0x00000002 (23 . . flsalchAlpha 1 0x00000000 (0)
Slieas([:1 Filters| =21 0x00000004 (4} . Select the View > View mismatchAlpha.2 0x0000000¢ (12)
= = =1 000000006 (6 mismatchAlpha3 0x0000000c (12)
Tupe: | struct compourd_t[20] [a] 000000008 (8> A
Field | Type |Value [5] 0x0000000a (10} Cross
&-[0] struct compound_t (Struct] g2 giggggggg: :ﬁ; .
basic_t strugf 107 00000016 (165 * TotalView creates an array
int 0x0g#00C [2] 000000012 (18> ;
[10] 0x00000014 (20} indexed by process
Dive Enter 3 [11] 000000016 (22>
o : . [12] 000000018 (24> i i .
ik {5 (L B OO 1) 0x0000001a (26) *  You can filter and visualize
[14] 0x0000001c (28>
T o Lict (Struct: [15] 00000001 (30>
xpression Lis Lo o 0x00000020 (32 . i i i i
e oot 0x00000020 (32) Use for viewing distributed
0x00000024 (36>
Chenge Field F2 0x00000026 (383 arrays as well.

b Wave Software, Inc.
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Typecasting Variables

Edit the type of a variable
e View data as type...
e Often used with pointers

Type Casts Read from Right to Left

. int[10]*
. int*[10]

Pointer to an array of 10 int
Array of 10 pointers to int

« Cast float * to float [100]* to see a dynamic array’ s values

e Cast to built-in types like $string to view a variable as a null-terminated
string

« Cast to $void for no type interpretation or for displaying regions of
memory

The Bottom Line
Give TotalView a starting memory address and you can tell TotalView how
to interpret your memory from that starting location.
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C++ Class Hierarchies

’\/\
Variable Window shows class hierarchy using indentation

ROGUEWAVE

SOFTWARE

d2 — main — 1.1 IAi_nl
File Edit View Tools Window Heip |
] =] More| Less|[ [ | = | =[]
Expression: dz Address: 0xbfffiddcO
Type: | class derived2

Field | Type | Value =Y

- derivedl class derived1 (Public base class)

= class basel (Virtual public base class
int 0x00000008 (9)
$string * 0x08048808 -> "hasel”
int 0x00000051 (81)
Fstring * 0x0804880e > "derived]

class basel (Virtual public base class|
int 0x00000009 (3)

i ke name $string * 0x08048808 -= "basel”
- derivedz_v int 0x000002d89 (729)
e name $string * 0x08048817 - > "derivedd

Example: ¢ derived2 inherits from base1 and derived1
e derived1 inherits from base1
Note:
«  Virtual public base classes appear each time they are referenced

* The vtable entry here is part of the C++ implementation but can provide useful
information
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Typecasting a Dynamic Array

array - diveinall - 1.1

Group (Control) ] H
[

Stack T
testnod,

nain,
_ libe_stact_mair

module datanod

File Edit View Tools Window Help ‘

(1.4 ] 55 [ B | K< >

Expression: | array Address:| Oxbfaeh940

Slice: | [] Filter: |
Type: | struct oompound_t[20}: N
Field \ Type \Value m|
struct compound_t (Struct) =
struct basic_t {Struct) J
struct basic_t * 0x0804abd6 - (struct bas
float 5
struct compound_t {Struct)
struct basic_t {Struct)
struct basic_t* 0x080490dd -> (struct bas
float 3.99868e-34
mmn nrﬁ : (e oty
p Wave Software, Inc. 66
Fortran 90 Modules
Tools > Fortran Modules
4. ” n |~i Fortran Modules
E File Edit View Grou
3

integer vl
integer v2
reals, dimension(4)
end module datamod

program testmod
use datamod

vl =18
w2 = 32

el
il oo

.do i=1,4

b Wave Software, Inc.

’"1"('1?..,: 2+i /

File Edit View Tools Window Help |
I = [l |
Expression:| DATAMOD Address:| None
Type: | More
‘ariables | Type | Value |
al REAL*8(4) (REAL"8(4))
vt INTEGER™4 8 (0X00000008)
(] INTEGER™4 0 (8x00000000)




STLView transforms templates into readable and
understandable information

ROGUE WAVE

SOFTWARE

—STLView supports std::vector, std::list, std::map, std::string
—See doc for which STL implementations are supported

) S — 1] ) " B—( |
File Edit View Tools Window Help File Edit View Tools Window Help ‘
Kl | More| Less|[ [ [ =[] 1 4] More| Less|[ [ = [ =[]
Expression: | x Address: | Oxbffidhal Expression: | x Address: | Oxbffie1ad

Slice: | [] Filter: Type: | class vector<float allocator<float> >

Actual ?pe: float[3) Field | Type | Value |
Type: | class vectorfoat,allocator<floats > & _Vestor lsase

class _Vector_base<floa (Private base class)

Field | Value ©- _Vector_alloc_basclass _Vector_alloc_bas (Public base class)
13 start float *
22 -
31 _M_end_of_sto float * 0x08052375 - > 9.50909e-

ROGUE WAVE

SOFTWARE

LAB 2: VIEWING, EXAMING,WATCHING AND
EDITING DATA

Wave Software, Inc. 71

| 11 - main - 1.1

i
Flle Edit View Tools Window Help |

11 EEEE X ILXE)
Expression: 11 Address; 0x11114d8
Type: | class list<int,std: allocator<int> >
Field Type |Value

]

i

_RWbuffer_size listeint st allocator<int> 0x0000000000000100
& _RWbuffer_list class _RWrv_basis<sta i (Class)
& allocator class allocator<int> _ (Base class)
_Rwdata 11 - main - 1.1
RWiree_lis'| Flle Edit View Tools Window.

@5

=]
Help |

RWnext_as =
RiWlast EE— J[ ¥

RWnode
Rwlengih Typo: [ class lsteint std: alocatoreint> >

jon: 11 Address: | 0x11M405

AEXEY]

Fisld Value

o

0 0x00000003 (3)
1 0x00000002 (2)
2 0x00000001 (1)

X = main - 1.1
Tools  Window

[
Help \

Expression: Address: | 0x1 1376
Type: | class vector<fioat sto-allocator<oat> >

EEIETILXEY ]

Fleld | Type. |Value

i

_RWhufler_size  vector<float,ste.

_Rwstart vector<float,std-allocator 0x1400800 -> 1.3

_RWfinish vector<float std-allocator 0x140080¢ > 0
& _Rwend |

©-alocal Fiip  Edit View Tools Window

@5

Help

vl o TN

Sice: | [] Filter
Actual Type: | #fioal[3)

Type: [ class vector<fioat std:allocator<foat> >
e Field |Value

Expression Address: | 011378

HLEXEY]

10 13
n 22
@ 31

ROGUE WAVE

SOFTWARE
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Untransformed
list

Transformed
list

Untransformed

vector

Transformed
vector

DEBUGGING FOR
PARALLEL APPLICATIONS

STLView transforms
templates into
readable and
understandable
information
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TotalView Startup with MPI

t New Program x|
R Program | Arguments | Standard 1/0 | Parallel
Gy e pmare| swsavo] s
Please Note: If your parallel setings were entered as arguments, do not enter them here.
Startanew  Use the Arguments tab to modify them.

PIOESS parallel system: Open MPI |
@ Tasks: [} —/\ Nodes: -/\
tach 1o | Alonsl staer arguments
process

5
Open a
core file

oK Cancel Help

SUN MPI CT7
Intel MPI
SiCortex
BlueGene

J

MPI preference, number of tasks, and nhumber of nodes.
... then add any additional starter arguments
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Architecture for Cluster Debugging

Single Front End (TotalView)
« GUI —
e debug engine [

e Debugger Agents (tvdsvr)

¢ Low overhead, 1 per node Compute Nodes
¢ Traces multiple rank processes

¢ TotalView communicates
directly with tvdsvrs

¢ Not using MPI
¢ Protocol optimization Interface Node

I

Provides Robust, Scalable and efficient operation with Minimal
Program Impact
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TotalView Startup with MPI

IBM totalview poe -a myprog -procs 4 -rmpool 0
QUADRICS totalview srun -a -n 16 -p pdebug myprog
Intel Linux
under SLURM

MVAPICH totalview srun -a -n 16 -p pdebug myprog
Opteron Linux

under SLURM
SaGl totalview mpirun -a myprog -np 16
Sun totalview mprun -a myprog -np 16
MPICH mpirun -np 16 -tv myprog
MPICH2 Totalview python —a ‘which mpiexec’ —tvsu
Intel MP | ~"P 16 mYPros

The order of arguments and executables is important,
and differs between platforms.
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Process Control Concepts

Each process window is always focused on a specific
process.

Process focus can be easily switched

¢ P+/P-, Dive in Root window and Process tab

Processes can be ‘held’ - they will not run till unheld.
* Process > Hold

Breakpoints can be set to stop the process or the
group

Breakpoint and command scope can be simply
controlled
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Basic Process Control

Group (Contral) ¥

Group (Control)
Group (Share)
Group (Workers)

Process 1
Process (Workers)
Process (Lockstep)
Thread 1.1

b Wave Software, Inc.

PHE »

Go Halt Delete Restart | Next Step Out

59 3

@

Run To

Groups
*Control Group

*Share Group

*Workers Group

manager or service threads

*Lockstep Group
—All threads at the same PC

*User Defined Group

Parallel Back Trace

—All the processes created or attached together

—All the processes that share the same image

—All the threads that are not recognized as

*Process, Process (Workers), Process (Lockstep)
—All process members as above

—Process group defined in Custom Groups dialog

77

[ TotalView Parallel Process View. x!
E | = showssckrace
£ Processes | Location | PC I Host | Rank | D | Status |
= e
1 __Cclone 0x0082c098 127.0.0.1 6 4.11 - 2919971728 Stopped
1 __Cclone 0x0082c098 127.0.0.1 6 4.9 - 2940951440 Stopped
10 _start 0x08051111 ..
B-10 __libc_start_main 0x00770e9c ...
810 main 0x080513a0 ..
main#78 0x080513a0 127.0.0.1 0 1.1 - 3085433552  Breakpoint
main#78 0x080513al 12 1 7.1 - 3084974800 Breakpoint
main#78 0x080513al 12 2 11.1 - 3085429456 Breakpoint
main#78 0x080513al 12 3 3.1 - 3084786384 Breakpoint
main#78 0x080513al 12 4 6.1 - 3084823248 Breakpoint
main#78 0x080513al 12 5 5.1 - 3085503184 Breakpoint
main#78 0x080513a0 12 6 4.1 - 3084798672  Breakpoint
main#78 0x080513a0 12 7 10.1 - 3085167312 Breakpoint
main#78 0x080513a0 127.0.0. 8 8.1 - 3084970704  Breakpoint
main#78 0x080513a0 127.0.0.1 9 9.1 - 3084982992  Breakpoint
87 start_thread 0x00902852 ...
1 _L_lock_3218 0x00303814 .
w1 —_II_lock_wait_private 0x00909743 ...
L _ kemel_vsyscall 0xb7fled02 127.00.1 6 4.8 - 2951441296 Stopped
86 runme 0x080514d1 ..
runme#38 0x080514d1 127.0.0.1 0 1.10 - 2931096464 Breakpoint
runme#38 0x080514d1 127.0.0.1 0 1.11 - 2920606608 Stopped ]
Update Close Help
b Wave Software, Inc. 79

Quick view of
program state

e Each call stack is a
path
¢ Functions are nodes

e Calls are edges
¢ Labled with the MPI rank

¢ Construct process
groups

Look for outliers

Wave Software, Inc.

[I0 call Graph -

Group (Control)

simplempi:Control Group = |8 |x|

i J7 Auto-Arrange

(0-9)

__libc_start_main

__IIl_lock_wait_private

i

start_thread

b, 2-9)

_[_lock_3218

(6)
__kemnel_vsyscall

~d.

Update |

Save As. I

Close | Help |

Dive on a node in the call graph to create a Call Graph group.
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User Defined Groups

Group > Custom Groups, [HI i syt tutu o o

to create a process
group of some other
specification

Group Membership
shown in Processes Tab

User defined groups

appear in the “Go” drop-
down menu

b Wave Software, Inc.

Custon groups:

Membership of selected group:

80



Pref
rererences Subset Attach

&y
£l Preferences [E‘,

Options ] Action Poims] Launch Strings] Bulk Launch] Dynanmic Libraries

« Connecting to a subset of a job reduces
tokens and overhead

» Can change this during a run
* Groups->Subset Attach

Parallel | Fonts | Fomating | PointerDive | ReplayEngine

7 Enable use of dbfark

—When a job goes parallel or calls exec()
~ Stop the group

~ Run the group

4 ask what to do

Attach Subset - mplexec.hydra

—When a job goes parallel

Select processes to atach 1 (20 showing, 0 ited, 20 ota)
4 attach to all Attach | Host Comm_ | Rank Progran
®  locahostiocald 0 Sinfibquantun-opt2
+ Attach to none ®  localhostiocald 1 binfibquanium-opt2
®  locahostiocal2 2 binfibguanium-opt2
+ Ask what to do @ localhostiocal3 3 2
= 4
= 5
= 6
®  locahostiocal? 7
®  locahostiocald o - 7
Atach Al | Dstach Al |
i Communicat tor. = /| 1 Amay of Ranks:
_i Talking to Rank: 1| 1 Listof Ranks
Message Type: I Send BT Receive W Unexpected Apply Fiters
i Halt contol group
OK Cancel Help
oK cancel Help

P Wave Software, Inc. 81 p Wave Software, Inc. 82

View MPI Message Queues Message Queue Graph

; =]

H S Options Update Close Help
Information visible Fle Bl Vi Vi e ‘e Hangs & .
whenever MPI rank L i Deadlock
processes are halted . Message State- 1.1 “prings " = eadlocks

« Provides information from | TLUMLVAD llective ! * Pending
Comn_size 4
the MPI layer tom k. ) Messages
« Unexpected messages Ta?qu TeceivEs * Receives
* Pending Sends ;
. 9 . Status Perding « Sends
» Pending Receives gource % ﬁapﬁaggané)a) £
. ] X » Unexpected
* Use this info to debug er uffer  r0BOSHDEH -> (oI0000000 (1) P
« Deadlock situations Buffer Length 100 (x00000064) * Inspect
* Load balancing Unexpected nessages * Individual
* May need to be Status Pending entries [
enabled in the MPI library St ) (gris 1) | « Patterns
+ --enable-debug il [ = .
83 84
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Message Queue Graph

Opions_| Update | Close Help
Message Queue %

Debugging
¢ Filtering

e Tags

e MPI Communicators
¢ Cycle detection

* Find deadlocks

Lot | cyoeoseten | muer | swens |
s

b Wave Software, Inc.

LAB 3: EXAMINING AND CONTROLLING A
PARALLEL APPLICATION

87
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¢ Reduce N

large N

¢ Focus Effort

processes

b Wave Software, Inc.

ADVANCED

Wave Software, Inc.

Strategies for Large Jobs

¢ Problem: Each process added requires overhead

¢ Technique: subset attach mechanism

« Technique: Use TotalView's process control features to
¢ Avoid single stepping

¢ Focus on one or a small set of processes

« Strategy: Reduce the number of processes TotalView is attached to

¢ Simply reducing N is best, however data or algorithm may require

* Problem: Some debugger operations are much more intensive than
others, and when multiplied by N this could be significant

« Strategy: Reduce the interaction between the debugger and the

86

ASYNCHRONOUS CONTROL
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Why Asynchronous Control

t * Parallel codes are very difficult to debug

* Breaking down the problem to smaller pieces
helps narrow down issues

» Stepping individual processes, threads, or
groups can help narrow down a problem

89
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By default, TotalView defines the following groups:
» Control Group: everything
» Share Group: all processes and their threads with same

image

» Workers Group: all threads in all control group processes
» Lockstep Group: all threads at the same breakpoint
» Process: current process with debugger focus
» Process Workers: all threads in the process

» Process Lockstep: all threads at the same breakpoint in one
process

* Thread: current thread with focus
* Only the Workers group can be modified by the user

* CLI, use dworker 0 to remove from the workers group or
dworker 1 to add

91
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TotalView Asynchronous Control Features

* Built in control groups
* User-defined control groups

« Action points can target threads, processes

or groups

+ Typical debugging commands can target

groups or individual processes and threads
(Next, Step, etc.)
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Customizing Groups

* Only the Workers group can be modified by
the user

* CLI, use dworker 0 to remove from the workers group or

dworker 1 to add

* Create a Custom Group from the Group menu
Group | Process Thread A

Go ShifteG
Halt Shift+H
Next Shift+N
Step Shift+S

Out Shift+O
Run To Shift+R
Next Instruction  Shift+X
Step Instruction  Shift+l

Detach
Custom Groups...
Restart

Kill Ctrl+Z 92




Creating a Custom Group

&y
ROGUEWAVE © Enter the group name

SOFTWAR

» Select processes to be members of the group

+ Add... button to create more groups

Ll Custom Groups - cppview_example_l:Control Group \z\
Custom groups: Membership of selected group:
I Y

Mk Custom Groups - cp\z\

Enter new group name:

1

Add... OK Cancel
oK Help

L wave sotvare, . 93

Custom Groups in CLI

std: :vector<pthread_t> threads;
threads. reserve (numThreads) ;

TotalView Command Line Input =il

|d1,<> dfocus t1,1 dworker 0
1,<> dgroups -1 *

+ {control 1}

+ {workers}

+ {share 1}

1. 11

TotalView Command Line Input

dl1,<> dset -new mythreads {1,2 1,3 1,20}
1,2 1,3 1,20

d1,<> dgroups -new t -g mygroup $mythreads
mygroup

d1,<> dgroups -1

mygroup: {thread 1,2 1,3 1,20}
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Custom Groups in the CLI

P In the CLI, use the dgroups command to
£ create & modify groups
dgroups —new f|p [-g groupname] [id_list]
dgroups —add [-g groupname] [id_list]
dgroups —remove [—g groupname] [id_list]
dgroups —intersect [-g groupname id_list]
dgroups —delete [-g groupname]
t or p — can also use thread or process, is it a thread or process
group
groupname is your name for the new group
id_list is a TCL list of ids to add to the new group
* You can also use dworker to add/remove
threads from the process workers group
dfocus t1.1 dworker 0

L wave Sotvare, . 94

Custom Groups in CLI

TotalView Command Line Input
d1,<> dgroups -new t

4

d1,<> dset -new newthreads {1.5 1,6 1,24}
1.5 1,6 1,24

d1,<> dgroups -add -g 4 $newthreads

4

d1,<> dgroups -add -g 4 1.7
4

TotalView Command Line Input

d1,<> dgroups -1
mygroup: {thread 1,2 1,3 1,20}
d1,<> dgroups -1 4

43 {thread 1,2 1,5 1,6 1,7 1,24}
d1,<> dgroups -1 *

1: {control 1}

2: {workers 1,21,31,41,51,61,71,81,91,10 1,11 1,12 1,13 1,14 1,15 1,16 1
,17 1,18 1,19 1,20 1,21 1,22 1,23 1,24 1,25 1,2

3: {share 1}

mygroups {thread 1,2 1,3 1,20}

4: {thread 1.2 1,5 1,6 1.7 1,24}
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Custom Groups in CLI

TotalView Command Line Input

dl1,<> dgroups -i -g 4 $newthreads

d1,<> dgroups -1 4

4: {thread 1,5 1,6 1,24}

d1,<> dgroups -remove -g 4 1,6

d1,<> dgroups -1 4

4: {thread 1,5 1,24}

d1,<> dgroups -delete -g 4

d1,<> dgroups -1 *

13 {control 1}

2: {workers 1,21,31,41,51,61,71,81,91,10 1,11 1,12 1,13 1,14 1,15 1,16 1
L7 1,18 1,19 1,20 1,21 1,22 1,23 1,24 1,25 1,26}
3: {share 1}

mygroup: {thread 1,2 1,3 1,20}
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Breakpoints

» Control what is stopped and finer control over
when it is stopped by using eval option and
writing test code

e Code can be C, C++, FORTRAN 77, Fortran 9x, or
assembler

» Can use TotalView-specific values and commands like
$tid, $pid, $stop
» Use —lang and —e flags to dbreak in CLI

L wave sotvare, . 99

Breakpoints

P Control where they are planted, defaults to
¢ the Share Group
* Uses the SHARE_ACTION_POINT variable, true plants
in the Share Group, false plants in the focus process
only
» Control what is stopped by hitting the
breakpoint, the group, the process, or just the
thread

» Uses the STOP_ALL variable set to: group, process, or
thread

» Use the —g, -p, or —t flag to dbreak in the CLI to override

L wave Sotvare, . 98

Breakpoints in Ul

] Action Point Properties |

4 Breakpoint - Barrier - Evaluate  ID: 3

When Hit, Stop

+ Group

“ Process

~ Thread

Location: /homefjohnhithreaded/simple/simple.c#27 Addresses...

7 Enable action point

7 Plant in share group

OK Delete Cancel Help

b Wave Software, Inc. 100



Eval Breakpoints in Ul

Action Point Properties x|

E + Breakpoint - Barier 4 Evaluate ID: 4
E = 2 A

Expression:

if ($tid == 7)
$stop;

if ($tid == 8)
$holdthreadstopall;

$count 15

[ |

4 C++ + C « Forran «  Assembler

Location:  /homefjohnhithreaded/simple/simple.c#10 Addresses...

J7 Enable action point

7 Plant in share group

OK | Delete Cancel Help
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Barriers

P>
ROGUE

SOFTWAR

E © Control what is stopped when the barrier is
E satisfied, the group or the process

+ Uses the BARRIER_STOP_WHEN_DONE variable set
to: group, process, or none (same as process for a
process barrier)

» Use —stop_when_done flag in CLI to override default

b Wavo Software, Inc. 103

Barriers

N
ROGUEWAVE © Control where they are planted, defaults to

SOFTWAR

the Share Group
» Uses the SHARE_ACTION_POINT variable, true plants
in the Share Group, false plants in the focus process
only
+ Control what is stopped by hitting the
breakpoint, the group, the process, or just the
thread

* Uses the BARRIER_STOP_ALL variable set to: group,
process, or none

» Use —stop_when_hit flag in CLI to override default

b Wavo Software, Inc. 102

Barriers Satisfaction Group in Ul

\m Action Point Properties x|
E[ + Breakpoint 4 Barrier ., Evaluate  ID:2
When Hit, Stop When Done, Stop
~ Group 4 Group
~ Process ~ Process
“ Thread + Thread

Satisfaction group:

Location:  /homefjohnhithreaded/simplessimple.c#25 Addresses...

J7 Enable action point

J7 Plant in share group

ok | Delete Cancel Help
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Barriers — Satisfaction Group

P Satisfaction Group determines how many
¢ times barrier needs to be reached before it is
satisfied and can release all threads that have
reached it.
* In the UI, you can select from Control group, Process,
or Workers

» If you have created custom groups, they should also
appear in the drop down list in the Ul

» CLI uses the intersection of the current focus and the
share group to determine the satisfaction group

+ BE SURE YOUR ENTIRE SATISFACTION GROUP
CAN REACH THE BARRIER OR YOU CAN BE
DEADLOCKED

» Barriers can also create deadlocks if a thread held by
the barrier is holding a lock or another thread is
dependent on a held thread’s output, etc.
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Asynchronous Controls

P Once things are stopped, now what?

* « CLI commands operate on the current focus,
so you can step, next, go, etc. based on your
focus of a group, process, or thread

* Ul has separate menus for Group, Process,

and Thread control
Group [ Process Thread A Process | Thread  Action Point Thread [f Action|Point 7 Deb

Go ShiftsG ,__Go 9 | G
That  shiH | . Halt h | Ha
Next ShifteN i Next n | G
gtep Shit+S | step s Step
out Shift+O ¢ out 0 i Out
;m To Shift+R . RunTo Y ' Run To
" Next Instruction  ShifteX | Next Instruction . Next Instruction
Ste;l Instruction  Shift+l Step Instruction i | Sopleneimn |
|  Hold W Set PC o
Hold Threads Hod
Release Threads Continuation Signal...

ubset

Create

" Detach

Detach
Custom Groups

Startup Parameters... Cirl+A

Restart
b Wave Software, Inc. Kill Ctrl+Z 107

Barriers — Select Satisfaction Group Ul

m Action Point Properties [x]
E[ + Breakpoint “ Barier . Evaluate  1D:2
When Hit, Stop ‘When Done, Stop
+ Group 4 Group
~ Process ~ Process
4 Thread . Control
- Share
Satisfaction group: Workers _I_I
mygroup

Location: /home/johnh/threaded/simple/simple.c#25 Addresses...

J7 Enable action point

7 Plant in share group

OK I Delete Cancel Help
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Asynchronous Controls

» Ul also has a drop down list control to control
what the buttons will affect

533 ¢ 4«
Kill Restart| Next Step Out Run To| GoBack Pre

Process 1 (3240): simple (At Breakpoint 2)
Thread 2 (3085917072) (At Breakpoint 2)

° Group (Workers)

a Lockst ack Trace
roup (Lockstep) FP=b7ef53b8 |. | |Function "runme":
Process 1 FP=b7ef54al No parameters.
Process (Workers) Local variables:
vec: (class std::vector<int, stc
Process (Lockstep)
Thread 1.2 Registers for the frame:

mygroup %eax: 0xb7ef53b3 (-1209052237)

tecx: 0x00000002 (2)
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o Rank 2: simplempi.2 (At Breakpoint 3) [Held] ===
ROGlIE WAVE Thread 2 (3083473352): simpletmpi (At Breakpoint 3)

OFTWARE
Process | Thread Action Point

ROGlIEWAVE * Group, Process, Thread can all be held

OFTWARE

* Anything that is held won’t run or step again

e Go g

until it is unheld Hat b

« Hold status is indicated in dstatus, in the L n
. Step s

Process Window, and also under the toolbar out o
in the Ul Run To r
Next Instruction X

* Hold status also applies to anything that is
held at a barrier prior to the satisfaction group

Step Instruction i

” Hold w
Hold Threads
Release Threads

completing the barrier

Startup Parameters... Ctrl+4
Wave Software, Inc. 109 anup & 110
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TJotalview Command Line Input

91.<> dstatus
EWAVE 2 (34580127.0.0.1)  Hixed [simplempi.0]

OFTWARE Al (3458/30848683040127..0.0.1)  Running PC=0xb7f7d402
12 (3458/3083148176@127.0.0.1) h Breakpoint PC=0x08051483, [/home/johnh/t
hreaded/simple/simple.c#28]
o (3458/30039602080127.0.0.1)
hreaded/simple/simple.c#28]
1.4 (3453/2993470352@127 0.0.1)
hreaded/simple/simple.c#28]
il (3458/2982950496@127.0.0.1)
hreaded/simple/simple.,c#28]
3 (3459@127,0.0,1)  Mixed [simplempi.1]

VE © When something is held, you must “un-hold”
RE .

Breakpoint PC=0x08051483, [/home/johnh/t It
Breakpoint PC=0x08051483, [/homesjohnh/t
Breakpoint PC=0x08051483, [/home/johnh/t

E

+ Set focus to the held thread/process, then
release the hold

3.1 (3459/3085261520@127.0.0.1)  Running PC=0xb7fdd402

3.2 (3459/3083541392@127.0.0.1) h Breakpoint PC=0x08051483, [/home/johnh/t
hreaded/simple/simple.c#28]

3.3 (3459/3004353424@127 0.0.1)
hreaded/simple/sim 3]

3.4 (3459/2993353558@12? 0.0.1)
hreaded/simple/simple,c#

d (3459/29933?3712@127 0.0.1)

hreaded/simple/simple.c#28]
4

Breakpoint PC=0x08051489, [/home/johnh/t
Breakpoint PC=0x08051483, [/home/johnh/t
Breakpoint PC=0x08051489, [/home/johnh/t

D=

(3460@127.0,0.1)  Mixed [simplempi.3]
41 (3460/3084405456@127.0.0.1)  Running PC=0xb7f0c402
.2 (3450/3032535329@127 0.0.1) h Breakpoint PC=0x08051483, [/home/johnh/t
hreaded/s)mple/slmple c#
4.3 (3450/3003497350@127 0.0.1) h Breakpoint PC=0x08051483, [/home/johnh/t
hreaded/simple/sim 28]
4.4 (34 50/2993007504@127 0.0.1) h Breakpoint PC=0x08051483, [/home/johnh/t
hreaded/simple/simple., c#2
4.5 (3450/2932517543@127 0.0.1) h
hroaded/sinple/sinple. ck2s
(3461@127,0,0,1) H Breakpoint [simplempi.2]
5.1 (3461/3085200080@127.0.0.1)  Stopped PC=0xb7fce402
5 (3451/3083479952@:27.0.0.1) Breakpoint PC=0x08051461, [/home/johnh/t
hreaded/simple/simple,c#
(3451/3004291384@127.0.0.1) Breakpoint PC=0x08051461, [/home/johnh/t
hreaded/simple/simple.,c#26
l 5.4 (3461/2993802128@127.0.0.1)  Breakpoint PC=0x08051461, [/home/johnh/t

Breakpoint PC=0x08051483, [/home/johnh/t

hreaded/simple/simple.c#26

J (3461/29833122720127.0.0.1)  Breakpoint PC=0x08051461, [/home/johnh/t
hreaded/simple/simple .c#26
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Holds - releasing

Trmrrrren Rank 2: simplempi.2 (Mixed) Trmmmoooen
Thread 2 (3083473352): simplempi (At Breakpoint 5) [h]

Thread | Action Point  Det

Go
Halt
Next
Step
Qut
Run To

Next Instruction

Step Instruction
Set PC p
~ Hold

Continuation Signal...
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ReplayEngine

Reverse Debugging: Radically simplify your debugging

— Captures and Deterministically Replays Execution
Not just logging or “checkpoint and restart”
— Eliminate the Restart Cycle and Hard-to-Reproduce Bugs

— Step Back and Forward by Function, Line, or Instruction 38
42 int funcB{int
Specifications 43 int c¢;
P 44 int i;
45 int v[MAXDEPT
— Afeature included in TotalView on Linux x86 and x86-64 46 int *p;
= No recompilation or instrumentation 15 < fg +2;
< Explore data and state in the past just like in a p=ac;
live process, including C++View transformations 49 wif (c<MAXDEPTH
A . . 50 c=funchic);
— Replay on Demand: enable it when you want it [ 51 for (i=arrayl
— Supports MPI on Ethernet, Infiniband, Cray XE Gemini 52 v[i]=*p;
— Supports Pthreads, and OpenMP o —
File Edit View Group Process Thread ActionPoint Debug Tools Window Help ||

Group {Control) ] [> ii ib 5) "’j 3 q& J *g | g* | 5 §§ |
Go Halt Kill Restart| Next Step Out Run To|Record GoBack Prev UnStep Caller BackTo Live
SOFTWARE

115 All Rights Reserved 116

Copyright © 2013 Rogue Wave Software |
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ReplayEngine modes

Record Mode

Captures Input
* Function calls
* Network and file 10
Captures Non-Determinism
* Forces single thread execution at a
time
* Records context switches
Stores “images” of memory contents
throughout runtime
Can be used with the TotalView Memory
Debugger.

Can be activated during the middle of
the run

Copyright © 2013 Rogue Wave Software |

LAB 9: ASYNCHRONOUS CONTROL
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Replay Mode

All Rights Reserved

Provides you with the ability to review
any part of the program execution (see
all variables) from the beginning of the
run to the current time

Like a “rewind” button on a DVR

Use breakpoints, watchpoints, and some
conditional breakpoints when running
forward or backwards in replay mode
Searches for relevant events behind the
scenes but provides a streamlined “step
backwards” experience

Provides Determinism within a
debugging session



Next

Step

£

Out

Run Tol

Go

17

-
Step forward over functions Priv Step backward over functions
Step forward into functions 3 Step backward into functions
UnStep
Advance forward out of current | Advance backward out of current
Function, after the call Caller| Function, to before the call
Advance forward to selected line g Advance backward to selected line
BackTo
Run forward G gok Run backward
] —= -~ -~
e Advance forward to “live” session R?qu M’E R?qu M’E
|  Copyright © 2013 Roguelree—doftware | All Rights Reserved 18 | Copyright©2013 Rogue Wave Software |  All Rights Reserved
Comparative Debugging Comparative Debugging with TotalView
» Two options
— Separate TV sessions, one for A and the other for B
— Single TotalView session attached to both A and B
+ Separate sessions
— On different architectures
— Separate batch submissions
— Drive as two separate parallel jobs
— Some tricks for comparing data which we will discuss later
XRQGUE WAVE XRQGUE WAVE

119

Demo

ReplayEngine controls

Replay Engine — The right way to debug
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Debugging two programs in one session of TotalView

» TotalView handles Multiple Program Multiple Data
— TotalView does not assume that all the parts of a parallel job are identical
— Part of the same control group if they are launched from the same
mpiexec
» TotalView can also launch a second process or parallel job while
attached to the first one
— These two are part of separate control groups
— They can be placed in the same control group after the fact though
— Once in the same control group you can issue single commands that
apply to both processes or sets of processes.
* This can be augmented by using ReplayEngine in both jobs ..
— Follow difference back to root causes

| Copyright © 2013 Rogue Wave Software |  All Rights Reserved

Case Study: Physical Simulation

+ Semi-Automated Parallel Program Debugging
Jeff Keasler
LLNL

Alejandro Hernandez
UC Santa Barbara, LLNL Intern

The following materials are adapted from a BOF talk at SC11 and are used
with the authors permission

| Copyright © 2013 Rogue Wave Software |  All Rights Reserved
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Techniques for comparative debugging with TotalView

» Use background color setting to distinguish the two debug

sessions

— Requires two instances of the debugger

* Use the ability to save breakpoints to share a breakpoint set

between the two instances

— TotalView will try to be smart about restoring breakpoints ... it can deal
with small code changes such as line number offsets due to adding lines

to functions earlier in the program.

 Consider using scripted commands for any complex operations

|  Copyright © 2013 Rogue Wave Software |  All Rights Reserved

Debugging of Large-Scale OO Programs is

Increasingly Challenging

Rich OO design patterns are

already here

Debugging through an object

hierarchy has proven to be difficult

= Object inheritance

= Objects composed of other objects

Most debuggers display objects as

a collection of atomic types

= Often displays irrelevant data to the
code developer

Need a more automated way to

isolate bugs in rich object

environments

2l

| 93 [FPE[KCN

Expression: | *(mol_integrator.c Address:| 0x0150b8e0

Type: | class SAMRAI:algs:MethodOfLinesIntegrator-

Field |value i

- d_bdry_sched_advance (Class)

- d_objects 0x01540768 -> (class SAMRAL:

- d_counter 0x01540d00 -> (class SAMRAL:|

- d_elements 0x00000003 (3)
d_fill_after_regrid (Class)

©- PointerBase (Public base class)
&- ConstPointerBase (Public base class)
L $utable 0x00c8d320 -> 0x000000000057,
- d_object 0x0150bb70 -> (class SAMRAL:)
d_counter 0x0150bbf0 -> (class SAMRAL:t
- d_fill_before_tagging (Class)
- PointerBase (Public base class)
&- ConstPointerBase (Public base class)

L. $utable 0x00c8d920 -> 0x000000000057|
- d_object 0x0150bc10 -> (class SAMRAL
&~
ROGUE WAVE'

A1

J

SOFTWARE
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Some Common Debugging Issues in Science

e epe C++View Interf Provides Custom Debugging S rt
Codes are Difficult to Address lew Interface Provides Lustom Lebugging Suppo

= Need a way to debug halo-layer issues. » TV_display_type(const class X *obj)

= Need an efficient way to compare two versions of the same code — A user defined function that can be overloaded for each specific class/
struct/union type of interest.

— InTV, diving into an object of type class X invokes the associated
TV_display_type() function, if present.
— Unrestricted use of C++ within these functions.

= Algorithm changes (New algorithms, updates, etc.)
= Compiler porting (new flags/version, icpc, g++, etc.)
= Platform porting (x86 cluster, BG/P, etc.)

+ TV_add_row(char *name, char *type, void *ptrToType)

— This function is called from within a TV_display_type() function to display
a row of data in Totalview’s data display window. Example:
TV_add_row(“count”, “int”, &obj->count) ;
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Debugging Large-Scale OO Programs Can

Advanced Example — NaN/Infletc. . v pe
P Be Simplified

[ problem - main - 2.1 (on alastorl)
File Edit View Tools Window &
[z ] : % & . .
Expression: | *((({{class View)*(problem) DomainWorld)->domain0)-=elems) | Address: | 0x044¢1 ed0 % ooc%’e,? o @@6:20"" —:ﬁ\&&z = Semi-Automated Data
e [cant 5 v ‘ - — dosblo 15} \l%?%% qﬁ/ doutle 2(15] Comparison Debugging:
- del double6350] (Array) Server = Compare two different
e double(5350] (Array) Solo:(1.x) .
[ oo - P Pair.(1.2) | 71, versions of the same code
- elmu double(8350] (anay) Data Stored:| o8 e, to search for data
- elmu_stat $string “subNormal" (1,Y) 707776’50' .
eps double[6350] (Array) (1,2) \‘77.__ differences
i eps_stat $string subNormal - Data compared Wlthln the
program
This example shows how fields containing bogus values Semi-Automated Data Comparison Debugging " g;’:lg;:;:mt':if::r:tm"
can be flagged in the output. Here, whenever bad values TotalView debugger
are detected, an extra line of output is created descrlblng
the nature of the numerical errors. &
!‘9‘?‘!&"!‘!’? ROGUE WAVE
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Differences Displayed as Integrated Part of Debugger

000 X| srun<ale3d>.0 000 X| srun<ale3d>.0
Fie Edi View Group Pracess Triead ActonPait Debug Taols Window Fie Edi View Group Pracess Tniead ActonPant Debug Taols Window
Help Help
wopco OB B[S 5 @ 4 5 3 ooy OB B[S 5 @ 4 5 3
G T T e e oL G € [ Go Hell KIl Hestar|New Step Oul AunTo|Gosicl. F’vz\l Urstep
run<eled6=0 (A Breakpoinl 7) S Rank 0 snun<aleat0 (Al Breakpoint2) S
| s mumamugnwg |||||||||||||| MMM Trea 1 6125003800y s @t reapo 2, NN
rame Sk Tace” i Stack Frame
wain, e TEEEEEE R0 X [Forcrsen o =TEceeeEedasD [1 [runotion main”
Tlibc startnein,  FR=TEEEcidbe0 age 500000005 (6) l)hc start_nein yp “TEteEtEtabiD age 0x00000006 (6)
o e e iasi000 -» (d o6 probiem - main - 2.1
Hie Dutstasian -
B s Fle Edt View Tools window Help
o hiesiesonaine. U000
eEnptyrilenonsin: 0x03900]
]| esteoips e ) Expression: | arablen) DamainWorld domaind elems ~ AQUeSS: | 0x04104370
Funclon mai n Ao o I e
) buciTine (problem) ; B et Tinetheck, Field I Type [Value il
= ono e — =z ~name Setring elems”
[—— _ ingea] (aray)
gton Points | Processe: £e Edt View Tools Window Help Jon Polnts | PrOcessesy, eiemsToElems class CSRVarSizeRelation  (Struct)
T 163 cchTE 5 FE[K<> TR0 scF T smerof aems et o
Expression: | (class View &)(class Aleddy  AGdIess: | (x0414370 - elemsToNotes infi3z4]e] (aray)
Type: | constclass View - arealy doublef324] (aray)
Field ] Type [vale bulkmod double[324] (aray)
T~ elemsToFaces ints24]6) (aray) cvieut double[324] (aay)
clemsTaNodes  in324]] (o) - delenergy doublef324] (Bay)
arealg double(aze] (array) - delth doublefpz4) (aray)
bulknod double[324] (8r1ay) detz doubief324] (aray)
evteut daubefsze) (aray) rel_debug inta24) (aray)
dolonergy doubla[324] (aray) - deltzh doubief324) (aray)
celih douslefaze] () - rel_debug in324) (amay)
deltz double(az] (array) delv double(324] (amay)
delizh doutle(324] (8r1ay) rel_debug
e
delv double(3z] (array) e double doublef324] (Bray)
e ) | rel_debug infaca] - rel_debug int324] (aray)
i - eim double3z4] ()
Leps douhipes] @) rel_debug infaza] (aray)
- esave dounle(324] (8r1ay) . o -y
. SOFTWARE
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...and Visualize Computed Differences between code

Versions

xq\? Left-db . LComeMiE® ) Right-db

131
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The Next Step is To Visualize Field Data...

Diving on a Field will display the field
with respect to a submesh context

130
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Semi-Automated Data-Comparison Debugging
Provides an Additional Tool for Finding Bugs

= Time saver

= Comparison of a collection of data, possibly very large, is done quickly for
the user

= Easily integrated into pre-existing programs
= Does not interfere with pre-existing code

= |mplemented once and used through the entire development
cycle of the application

132
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CUDA/OpenACC Debugging TotalView for CUDA

Fio 00 ow Gowp Frovers Tvesd Acton Fonl Doty Toos Wieaow Hep «  Characteristics
- Some of the slides here are marked with ~ WIHEAR oo — Full visibility of both Linux threads and
— These contain content developed by Sandra Wienke and are used with = sPI:J ‘::v'r(;::ﬁ::sh,erarch_cal
permission. o - mi,zorf erare
"B e — Supports Unified Virtual Addressing
— i o and GPUDirect

% ’ i i iow ToukWiow o |

— Thread and Block Coordinates
85 // Nateix miltiplicacion kool callod by wateiil__LJ — Device thread control

e R — L

5 g mok cov g cobme T e i — Handles CUDA function inlining and

Adess: 000000010

[ eamor < Brsa
Je et s e e T ] CUDA stacks
R e onk o cab i caucoose 60
: sl conets foogoa” om0 — Support for C++ and inline PTX
% i
i R ) — Reports memory access errors
105 7] Ttisly coch poak of swb-natrices togeth
104 /7 ond seounulate the veorlts T — Handles CUDA exceptions
cton Pt | Processes | Thieas|  Phwl[o 130 11 [ 1% ilﬂlLlLﬁ . .
T @ T ST i — Multi-Device Support
1.-1 (L) A1,0) T fulKernel
— Can be used with MPI
V& ' &
RO W RO W
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Starting TotalView . .
g TotalView CUDA Debugging Model
E— we
Flo 4 View Goup Frovess Thead Acten ot Dabug Tous Window o
Group (Contral)__ 1]
@TEMP@CUDA®@ 1x_cuda_matmul.e4374cfd (1.-1) has loaded a CUDA GPU image.
Stop s0 you can set breakpoints? ¥
@TEMP@CUDA®@ tx_cuda_matmul.e4974cfd
1 Don't ask this question again. LH"IUX-XSS_EA CUDA process (1)
e - Linux process address space CUDA thread (1.-1)
Device address space GPU
When a new kernel is loaded you get the : i
: . . youg Linux thread (1.1) GPU focus thread :n'a/g_e‘
option of setting breakpoints .
executable
] and shared CUDAthread (1 -2)
= Linus thread (1.1) libraries
cton poits | Processes | Thesads | s Device address space GPU
image
| GPU focus thread =
* You can debug the CUDA host code using the normal
TotalView commands and procedures V 29 &
ROGLE W RO W
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CUDA Debugging

B Debugger thread IDs in Linux CUDA process

- Host thread: positive no.  Pgfion Points | Processes | [Threads]

L1 (H0ESTOET62400) Tt Deffedsiodiae)
> CUDA thread: negative no, _*5* (0002000 F1in saxpy_paralle

B GPU thread navigation

- Logical coordinates: blocks (3 dimensions), threads (3 dimensions)

Group (Control) 7/ > i’ SIS ® 4 9 2 1 2 M

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

Logical | Block: |8 ./0 3./0 4Thread:s [12 5.|0 3~ £

Process 1 (25749): saxpy_cuda (At Breakpoint 1)
- Physical coordinates: device, SM, warp, core/lane
Group (Control?} / D ' " Q "j g ? % Wig fi‘ g ? §§

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

Physical | Device: |0 48M:|1  “HWarp: |8 4 Llane: 12 < P

Process 1 (257d49): saxpy_cuda (At Breakpoint 1)

Il
Il
Il

- Only valid selections are permitted

&
RWTHAACHEN .
UNIVERSITY  ROGUEWAVE
137 | Copyright © 2013 Rogue Wave Software |  All Rights Reserved
CUDA Debugging
B Displaying CUDA device ene EsC e
H Fhevice Type 2F100
properties B
5-SM 2/1
. Valid Warps 0000000000000001
- “Tools” - “CUDA Devices” warp 00745 Black (0,0,0)
4Lane 00/32 Thread (0,0,0)
[ 0000000019aa94c8
H %lane 01/32 Thread (1,0,0)
2 Helps mapping between LpC 0000000019aa94ci8 }\
%lane 02/32 Thread (2,0,0) .
| ical & physical LpC 00000000192a94F0 Different PC
ogic physica wLane 03/32 Thread (3,0,0) within warp
00000000192a94F0
: wLane 04/32 Thread (4,0,0)
coordinates LpC 00000000192a94F0 > Diverging
wLane 05/32 Thread (5,0,0) thread
00000000192a94F0 reads
B PCs across SMs, warps,
00000000192a94F0
lanes wLane 07/32 Thread (7,0,0)
LPC 0000000019aa94F0
> GPU th d di 5 Lane 05/32 Thread (8,0,0)
PC 0000000019aa94F0
threa |vergence " wlane 09/32 Thread (9,0,0)
LPC 0000000019aa94F0
Lvalid/Active/Divergent000003FF, 000003c, 0000R
-sM Tupe sm_20
[-stts 14
Luarps 48
nDevice 1/3
Device Type 26200
Lanes 32
SM Type sm_13 i

ROWTHOESEEY  Rocue wave
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CUDA Debugging

B Warp: group of 32 threads

> Share one PC Problem: Diverging threads

if (threadIdx.x > 2)

- Advance synchronously {...} else {...}

H Single Stepping
- Advances all GPU hardware threads within same warp

- Stepping over a __syncthreads() call advances all threads within

block
B Advancing more than just one warp

- “Run To” a selected line number in the source pane

- Set a breakpoint and “Continue” the process

the

B Halt
- Stops all the host and device threads RWTHAACHEN
UNIVERSITY  ROGUE WAVE
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GPU Memory Hierarchy
Grid
» Hierarchical memory
. Local (thread) Block (0, 0) Block (1, 0)
" Regts . j - |
* Register
- Shared (block) I B B .
* Global (GPU) .
+ Global Thread (0, 0)  Thread (1, 0) ‘Thrsad(o,o) Thread (1, 0)
« Constant
» Texture
+ System (host)
Host
| T
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TotalView Type Storage Qualifiers

@parameter Address is an offset within parameter storage.
@local Address is an offset within local storage.

@shared Address is an offset within shared storage.
@constant Address is an offset within constant storage.
@global Address is an offset within global storage.

@register Address is a PTX register name.

141
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CUDA Segmentation Faults

+ TotalView displays segmentation faults as expected
* Must enable CUDA memory checking

% Brogra | Arguments | Standard 0 | Paralel |

Program: [ T | _erowse.. |

On host:  (local) f| | Add Host.. |

Ry
Attach to | 1 Enable ReplayEngine
process Record all program state while running. Roll back your program to any point in the past.

1 Enable memory debugging
Track dynamic memory allocations. Catch common errors, leaks, and show reports.
o
Open a
core file

Start a new
process

I~ Helt o mermory errors

I Enable CUDA memory checking
Detect global memory addressing violations and misaligned global memory accesses.

oK Cancel Help

143
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CUDA Variables

+ Storage qualifiers appear in the data type

File Edit View Window Help

h I A]g

| Type | Value Address
Bsfrowj[col] o float 812 00000068
row @register int 000000000 (0) %r31
col @register int 0x00000000 (0) %133
Bs{1)[0] [foat 832 000000070
Bs{rowe1][1] [noat 833 0x00000074
Tows1 |@register int |0x00000001 (1) (None)
A @parameter const Matrix (Matrix const @parameter) 0x00000010
Asub |@local Mateix O\ datrie Binean
“(Asub.elements) ©glova | MEICENEC N LT Help bre0
T 1-1 = EEIERIEXEY]
Expression: Bsub Address: 000000120
Type: | @local Matrix
Field | Type |Value i
- width int 0x00000002 (2)
-~ height int 0x00000002 (2)
stride int 0x00000014 (20)
- elements float @global * 0x00111310 -> 4
&
ROGUE WhvE
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g TGS eTveT

CUDA Built-in Runtime Variables

* Supported built-in runtime variables are:
» struct dim3_16 threadldx;
+ struct dim2_16 blockldx;
+ struct dim3_16 blockDim;
» struct dim2_16 gridDim;
 int warpSize;

144
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TotalView for OpenACC

Flle Edi View Group Prol

Threas Acton Point Debug Tools Window Heip

OpenACC

DIRECTIVES FOR ACCELERATORS

70/0 of 16/48/32
593080320 (0x0000000200300C
8593480704 (0x0000000200361¢
8594128896 (0x0000000200400C

1 (0x00000001)
FOER*4(

00) eglobal)
(DNTEGER*4 (100000) aglobal)
(DNTEGER*4 (100000) aglobal)

=« Step host & device
* View variables

» Set breakpoints

» Compatibility with Cray

CCE 8 OpenACC now
§ * Investigating PGl and
M”-’ﬁ CAPS support

CUDA Debugging - Tips

B Check + use available hardware features
- printf statements are possible within kernels (since Fermi)
- Use double precision floating point operations (since GT200)

- Enable ECC and check whether single or double bit errors occurred

using nvidia-smi -gq (since Fermi)

B Check final numerical results on host

- While porting, it is recommended to compare all computed GPU results

with host results
1. Compute check sums of GPU and host array values
2. If not sufficient, compare arrays element-wise
- See TotalView’s comparative debugging approach (Lab 3), e.g. stg%ﬂ

. RWTHAACHEN
view UNIVERSITY — ROROGUE WAVE
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CUDA Debugging - Tips

B Check CUDA APIcalls
- All CUDA API routines return error code (cudaError_t)
- Or cudaGetLastError () returns last error from a CUDA runtime call
- cudaGetErrorString (cudaError_t) returns corresponding message
1. Write a macro to check CUDA API return codes or use SafeCall and
CheckError macros from cutil.h (NVIDIA GPU Computing SDK)
2. Use TotalView to examine the return code
- Evaluate the CUDA API call in the expression list
- If needed, dive on the error value and typecast it to an cudakError_t
type
- You can also surround the API call by cudaGetErrorstring() in the

expression field and typecast it to char [xx] * .
RWTHAACHEN )
UNIVERSITY  ROGUE WAVE
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CUDA Debugging - Tips

B Check intermediate results
- If results are directly stored in global memory: dive on result array
- If results are stored in on-chip memory (e.g. registers) 2> tedious
debugging
- TotalView: View of variables across CUDA threads not possible yet

1.Create additional array on host for intermediate results with size
#ithreads * #results * sizeof (result)
Use array on GPU: each thread stores its result at unique index
Transfer array back to host and examine the results

2.If having a limited number of thread blocks: create additional array in
shared memory within kernel function: __shared  myarray[size]
Use defines to exchange access to on-chip variable with array access
Examine results by diving on array and switching between blocks

- Use filter, array statistics, freeze, duplicate, last values and watclﬁh‘ts
(see Lab 2) FONTRERSRY  Rocue Wave
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Xeon Phi Spectrum of Execution Models

: CPU-Centric Intel® Xeon Phi-Centric | §

on Processor Intef 1 Phi

Offload Symmetric Many-Core Hosted

General purpose
serial and Codes with Highly-parallel

parallel balanced needs codes

computing

Codes with
highly- parallel
phases

Main( )
Foo()
MPI_*()

Many-core

i{\ ductive Programming Model ross the Spectrum

ROGUE WAVE" 150
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Xeon Phi Port of TotalView Remote Debugging of Applications on Xeon Phi
Pile Edit Viev Group Process Thread Action Point Debug Tools Uindow sl | File Edit View Oroup Process Thread Action Point Debug Tools Vindow Help |
coup_(Control - - & . ‘?‘
B : “‘!“‘u"“igm“‘mi W%’ R Key to Success: e | 4 AR “ UM u’
munml\\mv\|H|muummuls\:;::\;:::: Thread 2 mgggmmm,, e R Working c|Ose|y with Intel Process 1 (77303;&::311 m;emmzm o )
mete07, rmmn “compute07 " ;. Stack Trace Stack Frame
e e ST oo o Development Team " e T R -
Btr0ft loadbescriptorrorlsed ¥t {50, Y. ux:; Sariobles: 0000010 (16> lda: 0x1cB226c0 (476194496)
2 s o B st sl o Justrun as
RS o @%ﬂjﬁiz oma— Vi e i e || "‘j o, U (o totalview —r hostN-micM <program>
HR e I . et e AL guagzad 72
= o :<j; p[»y] Key Features' Registers for the frane:
g — Full visibility of both host and s e 4, + Attach to running application
A coprocessor threads :ggéggggj;;:::m‘“
99 Chio. — .
o ‘ — Full support of MPI programs - “:mcmnmlmw_ﬂfﬂmdmf-m:w =ii*  « See thread private data
i . . TSI gr s shroats)
12 it s st . s — Symmetric debugging of . o8 matn el feat e remig it nadi HliFendy
S — ‘ h:ftlefzgzneogs applications with = e o e « Investigate individual threads
i ouli] = arrayi(s) Eile Edit View Tools Window Help ofrloaded code o <.m:= ;‘k g ot
(B} ! Rank. Host Status Description Remote debugglng Of Xeon Phl E ; setd omc T a[k ® lda + i1 * bj * b + K]z
<local> R /opt/intel/composerxe/Sample - - 3 . A I h X Ph
— W Gois B dmaes : o ) nalyze core crashes on Xeon Phi
s oo s e B B native applications .
e — locals B "
e et ninpmeewss  — Asynchronous thread control on ot seintint s o ez .
e 102.168.1 1) in sen_vait both Xeon and Xeon Phi ation Points | Prgsesses | Thzsads] ElEl
2.2 192.168.1.1(56 in compute07 1 (140269718562624) T L
2.3 19216611 in _poll 1.2 (lansemizests) | in pebmead.cond. inedueit
2.4 192.168.1. 1(R in pthread_cond_wait L ; Qdozeocasionace) 1 in
P il e P
. i ?o (licaeseeronaoony T in wat .
ROGLE Ve B - ROGUE Ve
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Debugging MPI Applications

Seleot pracesses ta attach
act

ach |

(20 showing, 0 Filtered, 20 total)
Progran P

I3

ko
Host | com | ek |

File Edit Viev Oroup Process Thread Action Point Debug Tools Window = 192.168.1.100 0 o Fenp/ e basic_mpi
- = - ® im0 1 h Jenp/tx pasic_npi
srow conceony > BEE B [ 59 § @ 3 | 5 wieiw s s oo
Go Halt Kill Restart|Next Step Out Run To|Record GoBack Prev Unst = 192.168.1,100 3 3 fenp fex_basic_mpi
Farkk 0 x_basic_api>. 0 (At Breskpoint 2) ® im0 4 i Jenp/ex basic_upi
Thread 1 (140313820813056) : &x basic mpi (At Breakpoint 2) [ ~®  192.168.1.100 B B Jep /e basic_mpi.
SR Stack Prame || ® 1210010 6 ‘ Jeap e s npi
i FP=7Fr0s854560 [ [Funct ion *nain*: @ el 7 7 Joap/ox basio upi
Libc_start_main, FP=7fFF0e864c20 9 0%00000001 (1) & 192,168, 1100 8 L] Sep /e basic mpi
Ttarts FPo7erroesgacso | ||| arev: ON7FFF0B64cE | Detsct AL |
Block "sbl": i = De
outfile: 0%00000000
Local varisbles: A gommicator: sl f] :Acray of Renks:
i 0100000000 (O oy o w11 Firt o E—
vorl: onddonooun ¢ Sersae T5e0 5ol P aeboe P Bl sy viters
| e F Halt control group -
Funotion msin in tx_basio npi.c
61
85 nessage = getenv("MESSAGE") 7 geteny('MESSAGE™) : *": ‘ Ut Bl
0

8 MPLInit(eargc,sangy):
88 MPIComn_size(HPI_COMH_WORLD, enumprocs) :
it

89 MPT_Conn_rank (HPT_COMM_WORLD enuid):
%0
911 4F (hgid == 0)
%2 €
Exl char* autfile = NULL:
% cutFile = geteny( TN OUTFILE"):
%

if (outfile)
57 out = Fopen(outfile, "w'):
%8
% iF Clout)

out = stdout:

rankO(nunprocs . out):

else
rankn(ayic);

« Start multi-host multi
card MPI job

.« Attach to subset of

processes on MIC

coprocessor

=]

» Set breakpoints

» Debug “as usual” MPI

1563

Copyright © 2013 Rogue Wave Software

All Rights Reserved

Multi-host, Multi-card Phi-native MPI Debugging
in TotalView 8.12
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Conditions:

1. Each card has its own IP
address and is accessible from
front host node, running
TotalView.

2a. TotalView is installed in global
area and is accessible from
each card in allocation, so that
you can start tvd mic-server on

each mic-card from the partition
OR

2b. You can copy tvdsvr using

mic_native_server_launch_string

Debugging Applications with Offloaded Code

Xeon side = Xeon Phi side
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ocoup_conceoy 1 2> I [ x 4 B D 593 @ 3 1 3
nain, FP=7FFFES3F3220 2 . o *loadDescr iptor7of f loadE jPPV50_tS0_t .
- Libe_start_nain. FP=7FFFES3F3ee0 5 1 Pipe: ction.  FP=7f1fa7ad7ac0 | f||Registers for the frane:
d w el
Function serpLe08 in saapleGl8 o gl =TS

(100
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70 This sawp1é”dnorits
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One debugging session for Xeon Phi-accelerated code
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Multi-host, Multi-card MPI Debugging
in TotalView 8.12

Single server launch (default)

+ totalview -args mpiexec -np 240 -hosts host1-mic0,host1-mic1,host2-mic0,host2-mic1 ./

tx_basic_mpi

+  set env TVDSVRLAUNCHCOMMAND=<your ssh command to card> (ssh,micssh)

«  Set TV::server_launch_string preference

MIC Native Launch

+ totalview -mmic -args mpiexec -np 240 -hosts host1-mic0,host1-mic1,host2-mic0,host2-

mic1 ./tx_basic_mp
+ Set: dset TV::mic_native_server_launch_string {
ssh -n %R "/bin/rm -f /tmp/tvdsvrmain%K";

scp %Bltvdsvrmain%K %R:/tmp/tvdsvrmain_mic;
ssh -n %R -n "/tmpl/tvdsvrmain%K -callback %L -set_pw %P -verbosity %V %F* /I3 }

1. Removes your previous tvdsvrmain_mic

n
112

2. Copies it from the installation directory to the /tmp/ directory on the coprocessor

3. Starts the server on the Xeon Phi coprocessor.

All Rights Reserved
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TotalView Customer Support

ROGUE WY

A

E © Email:
* Use our web site for documentation, demos,
FAQs and to contact support
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TotalView Customer Support

http://Iwww.roqguewave.com
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Contact Support
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H L & HPC experts at Rogue Wave will help you get ther ownioadipgrade
applications is hard. Ui R LR

& Find performance and logic flaws in paralel

Knowledge Base

i Increase performance throu

EXPLORE OUR PRODUCTS

We make it easier.

Product Documentation

"
i Sophisticated data analysis with math and s
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Rogue Wave Software is the largest independent v
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of Totalview Software within SGI Developrment b
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Ifyou are a current custamer and require Technical Support or License Administration for the products.
you have already purchased, please contactus based on the product ofinferest

« For Technical Support
« For License Administration

« For Product Update or Download Requests

For Technical Support
TotalView Family of Products

Workswice, except Japan
Engineers are available from 8:00 AM to 5:00 PM Eastern Time, Monday-Friday
Us: 800-855-3766
Telephone: 508-652-7700
FAX 508-652-7701
Emall tvsupport@roguewave.com
Submit @ Web Support Incident at File a Support Request

IMSL Numerical Libraries

Woridwide, except Japan

Encineers are available from &:00 AM to 5:00 PM Central Time. Mongar-Friday
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TotalView Documentation
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>Features.

. c]
TotalView

Dynamic source code and memory debugging for C, C++ e
and Fortran applications

>Brochures and Datasheets
Totalview is a GUFbased source code defect analysis tool that gives you unprecedented control over pRerereEzbna Rubica ns

processes and thread execution and visibiliy into program state and variables. >Videos

Itallows you to debug one or many processes andor threads with complete
control over program execution, from basic debugging operations like stepping
through code to sophisticated techniques that are becoming more
commonplace in the high performance computing world. You can reproduce
and troubleshoot s that can occur in concurrent programs that
take advantage of threads, OpenhP, MPI, or computational accelerators.

> Case Studies.

>License Options

TECHIE AL NFORHATN

> Supported Platforms.

Totalview provides analytcal displays of the state of your tunning prograrm for h .

efficient debugging of mermory errors and leaks and diagnosis of subtle -

prablems like deadiocks and race conditions. TotalView works with C, C++ and

Fortran applications writien for Linux (including the Blue Gene platiorms), UNIX and Mac OS X platiorms.
Toleam more about TotalView, see the Features page, or take a look at the introguctory video, Getting
Started with TotalView.

Request afree evaluation copy of TotalViewto try it for yourself

> Evaluate
>Request aDemo

>Request For Quote (RFO)
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