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ROGUE WAVE

SOFTWARE
Wide compiler & platform
support

C, C++, Fortran 77 & 90,
UPC

Unix, Linux, OS X
Handles Concurrency
Multi-threaded Debugging
Parallel Debugging

MPI, PVM, Others

Remote and Client/Server
Debugging

Integrated Memory
Debugging

Reverse Debugging
ReplayEngine

Supports a Variety of Usage
Models

Powerful and Easy GUI
Visualization

CLI for Scripting

Long Distance Remote

Debugging

Unattended Batch
ebugging

P Wave Software, Inc.

What is TotalView?

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

® @ ® /home/demouser/training-lab-programs/combined

File Edit View Group Process Thread Action Point Debug Tools Window

Help

DD B | 5935 ¢ | 44

Group (Control) "
Go Halt Kill Restart|Mext Step Out RFun To

i

1 13

GoBack Prev UnStep Caller BEackTo Live

i Process 1 (2057): combined (At Breakpoint 4)

Stack Trace B

Thread 1 (2057) (At Breakpoint 4) [T

Stack Frame

ircle::area FP=l|4||Function "Circle::area; /]
ircle::Cirele, FE=t this; 0xbf8ffhal -» {class Circle) =
[t+ ArTays, FE=}| ||[Block "Sb1":
ain, ) FE=L result: 0
libeo start main, FE:
Registers for the frame:
#
Function Circle::area in combined.cxx (= | [ =1)

420 m_radius = radius; 3

4201 myarea = 2 * PI * m_radius * m_radius;

422 m_area = area()};

423

424}

425

426 // Your basic e¢ircle area function

427

428 double Circle::areal) |

429 double result;

=) result = PI * m_radius * m_radius; // Our old friend, pi r squared...

431  return result; |

432}

433

434 f// R Simple 3-D figure - class exercise: Do a cone figure in the same

435 // fashion. - I forget how to calculate the surface area of a cone ;-)

436 class Cylinder : public Circle |

437 public:

438  Cylinder{char *name, double radius, double height);

A5349 Mrlinderfdankhle radine Arithle haiaht) - i
=l 1
fction F’Dints] F’r‘gcesses] Thieads] B BE] 1= T+I

compined.cxx Cirele::areat+0z06 3
comblned.cxx Cyl;nder::~CXllnder60§86...

combined. cxx Cylinder:: Cylinder+iz

combined.cxx j%g Cylinder::Cylinder+8xg%

combined. exx Cylinder:: Cylinder+lzx

combined. cxx Cylinder:;Cylinder+0xz7a

compined.cux arrays+§x3 i

combined.cxx arrays+lx =
el d A vk ? A b Aderatenal1i0e1A i




Supported Compilers and Architectures

Platform Support
* Linux x86, x86-64, ia64, Power
« Mac Intel
« Solaris Sparc and AMD64
« AIX
« Cray XT, XE, XK
 IBM BGL, BGP
« Cell
« Languages / Compilers
« C/C++, Fortran, UPC, Assembly
« Many Commercial & Open Source Compilers
« Parallel Environments

« MPI

« MPICH1& 2, Open MPI, Intel MPI, SGI MPT & Propack, SLURM,
poe, MPT, Quadrics, MVAPICH1 & 2, Bullx MPI, & many others )

- UPC

e Wave Software, Inc.
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Starting TotalView

—~
ROGUE IVE  Start New Process

0OFTW

Lrr New Program E]
%f:} Prngram] P.rguments] Standard IfO] Parallel]
= P [al il |
Program: _*"l Browse... |
Start a new
process On host  flocal) /| Add Host.. |

I Enahle ReplayEngine

Attach to Record all program state while running. Roll back your program to any point in the past
process
= _l Enable memory debugging
_ Track dynamic memory allocations. Catch common errors, leaks, and show reports.

- Halt on memory errors

Open a I Enahle CUDA& memory checking
core file Detect global memory addressing violations and misaligned global memory accesses,

O | Cancell Help |

b \WWave Software, Inc.



Starting TotalView

~

ROGUE ! REE Start New Process — Select a recent process

0OFTW

rrr New Program [E]
%E:B Prngram] P.rguments] Standard IfD] Parallel]
= I lal o 1
Frogram: [|] s Browse... |
start a new /h fohnhihreadedssimple_threaded/simpl
e ~ /homefjohnhihreaded/simple_threaded/simple
i On host Mhomesjobnhiviews/complesicomplex_xform —I.-'l.dd Host.

Mhomesjohnhiviews/comples/complexted

@ fhamedjobnhiviews/complexicomples

_i Enable Rej fhamedjohnhfiewsisimplezisimple_x<form

attach to Record gl ‘Memeqohnhiviewssimples/simpletvd
process fhomedjohnhd/viewsfsimplezdsimple
- Enahle melfhomesjohnhiviewsiesamples/cppyiew_example_1
_ Track dynz /homedjohnh/viewsssimplessimpletyd
Sds Mhomesjobinhiviews/simplessimple_xform
s’ ‘homedohnhiviewsssimpledsimple
Open a I Enahle CUD& memory checking
core file Detect global memory addressing violations and misaligned global memory accesses,

] | Cancell Help |

b \WWave Software, Inc.
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process

Open a
core file

Start a new [y

Starting TotalView

EE Start New Process — Arguments tab

New Program

Erl:ugram] Standard IfD] F'aral_lel]

Command-ling arguments:

Environment variables (NaME=YALUE):

ML L

b

el

Ok |

Cancel |

Help |

b \WWave Software, Inc.
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Starting TotalView

/>
ROGUEWAVE  Start New Process — Command-line Args

0OFTWAR

|I- New Program x|

%Ei::;) Prngram] .ﬁ.rguments] Standard IfO] Parallel]
o ! il E .

Command-line arguments:

startanew | eg word
process

(&
AMACh 10 | Enyironment variables (NAME=YALUE):
process —

Open a
care file

=L _L-

I

Tl

].8 | Cancell Help |

11
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Starting TotalView

~

ROGUE EE Start New Process — set environment variables

0OFTWAR

|m New Program

%E\f‘:} Prngram] .ﬁ.rguments] Standard IfD] Parallel]
o ! e el .

Command-line arguments:

startanew |y wond
process )

&

ARACh 10| Enyironment variables (NAME=YALUE):

S I

process = A
EXE_HOME_DIR=/homedjohnhimyapp]
I_'L:_-,JS
Open a
core file
Y

018 | Cancell Help |

12
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Starting TotalView

&,y
ROGUE ‘ REE Start New Process — Standard 1/O redirection

0FTW

10 New Program |

%j?:} Prngram] .ﬁ.rguments] Standard 110 Parallel]
= ! S El .

Start & few - Standard Input

process Read from file: Browse... |

@ - Standard Qutput
Write to file: Browse... |  Append
Attach to

process I Standard Error

e Sale as output

A 4 Yirite 1o file: Browse.. | i Append

Open a
care file

()4 | Cancell Help |

b \WWave Software, Inc. 13



Starting TotalView

~

ROGUE

0

f

I

‘ REE Attach to Process

W

b \WWave Software, Inc.

|m New Program x|
"":f‘ Prngram] .ﬁ.rguments] standard IfD] Parallel]
- i il 2 =
Program: | /ust/bin/dbus-launch _"rl Browse.. |
atart a new
process On host:  (local) /| add Host.. |
FID: | 3295 -l Enable ReplayEngine
attach to select processes to attach to: select All | Refrash |
process —
Frogram Host Local Fath State FID FFID |."h
! YEBEoxClient 100215 Guestadditions-4.1.8/hind 3 3240 1|
'-.'.{:.-\.55 dhus-launch 100215 fusribind 3 1
Open a dbus-daeman 10.0.215 fhind 3 3296 1
core file goonfd-2 100215 Austilibesecy 3 Ja302 1 ri
Filter by program or path: Clear |
8]4 | Cancel | Help |



Starting TotalView

—
0GUEWAVE  Open a Core File

§

e New Program E]
é"i:} Prugram] .ﬂ.rguments] Standard Ifr:l] Parallel]
- Z bl = )
Frogram: | /homedohnhithreadedssimple_threaded/simple _fl Browse.. |
atart a new
process On host (local) /| add Host.. |

Care file: | caore Browse... |

attach to
process

Cpen a
core file

8]:4 | Cancell Help |

15
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ROGUE WAVE

SOFTWARE

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.

16
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REMOTE DISPLAY
DEBUGGING

17



P Wave Software, Inc.

Remote Display Client

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

Consists of two components

» Client — runs on local machine
« Server —runs on any system supported by TotalView
and “invisibly” manages the secure connection between
host and client
Remote Display Client is available for:
» Linux x86, x86-64
* Windows XP, Vista, 7

 Mac OS X
18



P Wave Software, Inc.

Remote Display Client

Free to install on as many clients as needed

No license required to run the client

* Only the server running TotalView requires licenses.
Must be version 8.6 or later of TotalView or version 2.4
or later of MemoryScape.

Presents alocal window that displays
TotalView or MemoryScape running on the
remote machine

Requires SSH and X Windows on Server

19



Remote Display Client

« User must provide information necessary to
connect to remote host

e Connection info can be saved for reuse

* Information required includes:
» User name, public key file, other ssh information
» Directory where TotalView/MemoryScape is located
« Path and name of executable to be debugged

 If using indirect connection with host jump, each host

 Host name
» Access type (User name, public key, other ssh information)
« Access value

 Client also allows for batch submission via
PBS Pro or LoadLeveler

20

P Wave Software, Inc.



Remote Display Client

- ' l ' TotalView

TECHNOLOGIES

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

H X % ) Remote Host: User Name ]: Advanced Options

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

Access By Access Value Commands

& ||
1 l UserNamel
m |

2 I User Namel
3. Enter settings for the debug session on the Remote Host :

TotalView { MemoryScape

Path to TotalView on Remote Host:  totalview

Arguments for TotalView:

Your Executable (path & name):
Arguments for Your Executable:
Submit Job to Batch Queueing System: [Not Applicable

[@ Launch Debug Session]

No session running

P Wave Software, Inc.



Session Profile Management

Connection information can be saved as a
profile, including all host jumping information

Multiple profiles can be generated
Profiles can be exported and shared

Generated profiles can be imported for use by
other users

22
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Ul NAVIGATION AND
PROCESS CONTROL

23



State of all processes
being debugged

e Process and Thread
status

« Instant navigation access

Sort and aggregate by

status

P Wave Software, Inc.

Root Window

Interface Concepts

] TotalView 8.9.2-1
File  Edit  ‘iew Tools Window
=| ID/| Rank | Host | Status | Diest
& 1 0127.001 simplempi.0 (13
-- K] 4 127.0.01 simplempid (12
-- 4 d127.0.01 simplempi.3 (26
= B g127.001 simplempi.§ (9
0] d127.00.1 T in __clane
- 02 g127.001 in runme
0. g 1Z7.001 T in runme
- 0. g127.0.01 T in runme
30 g127.001 T in runme
- 0.6 g127.001 T in __clone
2T g127.001 in runme
R g127.001 T in __clone
.. 2.9 d127.001 T in __clone
- G ¢ 127.0.01 simplempi.2 (12
- 7 2 127.001 simplempi.s (24

AStatus Info

T = stopped

*E = Error

W = Watchpoint
*R = Running

*M = Mixed

*H = Held

24



TotalView Root Window

Host name
ROGUE WAVE Hierarchical/ R R
E LrEer Toggle File Edit View Yools Window Help |
=| ID/| Rank | % Hast Status | Diescription =
& 1 0127.0.01 simplempi.d (19 active threads)
-- 3 4127.0.01 simplempid (12 active threads)
-- 4 3127.0.01 simplempl.d (26 active threads)
=8 d127.0.0.1 simplempi.G (3 active threads)
- 2.1 d1e7.0.0:1 T in __clone
Rank # - 0.2 g 127.0.01 in runme
(if MPI program) 5.3 8127001 T in runme
Frdh — T 127.0.0.1 T in runme
- 3.0 §127.0.01 T in runme
- 0.6 d1e7.0.0:1 T in __clone
/2'5.? g 127.0.01 in runme
TotalView /0 A G 127.0.01 T in __clone =
7
.. 0.9 d1&7.001 T in __clone
Thread ID # = B 2 127.0.01 Ngplempi2 (12 active threads)
Fl- T 5 127.0.01 simpdspia (24 active threads)
/ﬁi"l =] [~ B b | 1 ESTERTY AT, (eaarh BECACE HIFTCNE | ERTENeRe Ll '_f
Expand - Collapse VA AN
Toggle Process Action Point
Status ID number

Dive to refocus

 Divein new window to get a second process window 25

b \WWave Software, Inc.



Process Window Overview

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

File Edit Wiew Group Process Thread Action Point Debug Tools Window

DAUB B[593¢ €9 3 1

Group (Control)

{ Process 1 (2057): combined [At Breakpoint 4}

Go Halt Kill Restart|Mext Step Out Run To|GoBack Prev UnStep Caller BaﬁkTD Live

Toolbar

M

Thread 4 (2057) (At Breakpoint 43 [I0OOROUORERR

detailed

le thread
process

point of
for the

and other
rocesses

Stack Trace Pane jm=

€ Process,

b \WWave Software, Inc.

Stack Trace ] Stack Frame
[ Dircle::grea FP=k|A||Function "Circle::area! /|
tr fircle:iCirele, FP=f this; Uihfsffbaﬂ -» (clasg Circle) -
L BITAYS, EEZ£ Block iEbl”: .
ain, = result: ——
" libe start main, FP = StaCk Frame Pane
Registers for the frame:
Function Circle::area in combined.cxx ]
420 m_radius = radius; A
421 myarea = 2 * PT * m_radius * m_radius;
420 m_area = areal();
423
424}
425
426 // Your basic circle area function
427
428 double Circle::areal) |
429 deuble result;
@ result = PT * m radius * m radius; // Our old friend, pi r squared... e — Source Pane
431 return result; |
432 )
433
434 // A Simple 3-D figqure - class exercise: Do a cone figure in the same
435 /7 fashion. - I forget how to calculate the surface area of a cone ;-}
436 class Cylinder : public Circle |
437 public:
438  Cylinder(char *name, double radius, double height);
439 Cylinderidanhle radinag  derthle hedaht): i
o I
Action Puintsl Prgcesses] Threads] B B ] T+|
; compined, cxz Gircle::areat+0z06 A
compined, oxz fylindsr: i Xllnder %86
combined. cxz Cylinder::Cy 1nder+ b4
combined. cxx ﬂgg Cylinder:: Cyllnder+8x86
comg;neg.cxx gyilnger Cy%lngeriax7
compined. czz inde inder+0zia
combined, cxx gg% a%rayﬁé 3 ¥ —— Tabbed Al’ea
combined.czx ¢b arrapstbzdl/ ¥

26



Stack Trace and Stack Frame Panes

atack Trace - otack Frame
C++| wait = while, FP=hTefeddd |5 |Function "wait a while": A
C++]| need_to_walt, FP=hTefe350 microseconds: 0x00000014 {20} -J
random_wector, FP=bTefe388 1
cunme, FP=hTefe3hi Registers|for the frame:
4 start _thread, FP=hTefedal
4 4 eax| Oxb7efeldad (-1209015388)

Fecx| 0x00000000 (0}

Fedx| 0x09a9523c (162091580)
Febx| 0x00913f£f4 (9519092)
Zesp| Oxb7efedd0 (-1209015483)
Zebp| Oxb7efed4d8 (-1209015480)

._I'Ir T mm Mar MW £ A L
Language Name Frame Pointer Local Variables Register Values
A A A
* Click to refocus » Click to modify
source pane * Dive for variable window
27

b \WWave Software, Inc.



Source Code Pane

ROGUEWAVE  View as Source - or Assembly - or Both!

Function wait_a_while in simple.c

8 #include <mpi.h> AT I Ox08048bb6: popl kehp

9 #endif //ADD MPI gt Oex0B042R07T:  leal -4 (%ecx), Zesp
10 (08048053 :

11 woid wait_a_while(size_ (ecla042hhs:

12 3t Ox08048kbha: ret

13 woid need_to_wailt() Ox080480kb:  nop

14 4 18 walt a while{unsigned int): pushl %ehp
15 wait a while(); gt 0x08048bbd:  movwl %esp, Zebp
16} Ox08048kke :

17 i Ox080480bf: subl 58, zesp

18 woid wait_a while(size Ox08048hcl:

13 4 Ox08048kcl:

=) usleep microseconds) =) Ox080480ck: mowl B (%ebp), Zeax
21 % Ox08048hc3:

22 (20804 8hcd :

23 woild random wector (std 2t Ox058048kc5: movl Zeam, (%esp)
24 (0804 8hch:

25 size_t count = (size 0x08045hcT:

“h if {count ¢ 1000 cound it 0x080480bcE: call OB04880c
27 O0x08048hcT:

for{size t i=0; iccm 0x08048hca:

2a. Ox08048hch:

30 vec. push back (rand | / Ox08048bce

T,

I R

P Wave Software, Inc.



Tabbed Pane

Action Points F'rn:u:esses] Threads] P-| P+| T-| T+|-I_
5 31mple n:#lE need_to walt+EI:~':EIE Jl'_l'
Action Pmnts]w Threads] P-| P+ T-| T+
3
action Paints Prncesses]m P-| P+| T-| T+|
1.1 (3085245136 in main -
1.2 i 3083525008) T in _ kernel wsyscall J
1.3 (30043370400 T in _ kernel wsyscall
1.4 (2993347184 T in _ kernel wsyscall
1.5 (2983357328 T in _ kernel wsyscall
1.6 (29T28eT4TAY T in _ kernel wsyscall
1.7 (29623TTEl6) T in _ kernel wsyscall
1 H (OB RATTANY T 1 lernal wretrsrall £

Action Points Tab Processes Tab Threads Tab:

all currently defined  all current all current

action points processes threads, ID’s,
Status

29
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Process Status

A i simplempl.8
File Edit View Group Process Thread Action Point Debug Tools  ‘Window ﬂelp|

APHB R 5933
T W & R E -:i Rank 8: simplempi.8 (&t Breakpoint 33

Group {Control)

G0 Halt il Restart| Mest Step Oyt Bun (o GoBack Prev nsten Caller Backlio | Ve

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllll Thread 1 (3D85228752): simplempi (At Breakpoint 3) TiiniAnA ARG
Process/Thread R [ o o ) |
status is available at “start, FP=bfca7060 Blgggv o 0xbfc97abd - Oxbfcdddaf -
. Dx00Bafffd (9109492)
a glance, in both the L°§:l}k‘fa“ables Dx000D0005 (5,
nnodes - 0x0000000a (10)
Process and Root r’;mthThdd E%EE{E gg?ggggg;)
WI ndOWS Function main ‘ifn sim;}he_.;qgm e MMLHM"Z{ E'{_
(13 std: vector<pthread t: threads; Al
 threads. reserve (mumThreads) ;
[ TotalView 8.9.2-1 ENEAL -« comthireads <« thresds.® cc std, endl,
File  Edit  View Tools  Window Help |
_| ID/ | Rank Host Status | Description |Imid*(*) {void*))rurme, NULL);
- 4 9127001 B simplempi.3 (26 active threads)
-- Gl a 127001 B simplempi.o (26 active threads) J
-- a g 127001 B simplempi.6 (26 active threads)
- 7 5127001 B simplempi.6 (26 active threads)
E| & J127.0.0.1 B simplempi.¥ (26 active threads
Y 127.0.01 B3 i tmain I ]
T127.001 T in __kernel_vsyscall 1S !
P . T127.0.01 T in __kernel_vsyscall F'_|3|L|l|‘F
. T127.001 T in __kernel_vsyscall F | S
30~

b \WWave Software, Inc.



File | Edit Wiew

~

ﬂew Program...

Group  Process

Crl+H ﬁ

ME WAVE Search Path..  Ctrl+D .
0FTWARE Signals. I

Freferences... -
Open Source... il
Edit Source Ctrl+Zhift+E
Save Pane.. Cirl+3
Rescan Libraries
Close Relatives  Ctrl+Shift+'W
Close Cirl+ W
Exit Ctrl+Q

b \WWave Software, Inc.

Search Paths

Irr

Search Path: Searching Rules

=

Prngrams] Suurces] Objects] E}{ECLITP-.EILE_F'.&.TH]

Search for source files in the following order

H{COMPILATION_DIRECTORY}
HEXECUTABLE_PATH}
${EXECUTAELE_DIRECTORY]
$links(${EXECUTABLE_DIRECTORY])

HTOTALVIEW_SRC)

-

=l

Insert... Defaults |

rAare | Less |

] | Cancel |

Help |

31
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Preferences

Irr

Preferences

0

Parallel ] Fonts ] Fotmatting ] Fointer Dive ] ReplayEngine
gptiuns] Action Points ] Launch Strings] Bulk Launch ] Dynamic Libraries
I Enable command line editing
I Force window positions (disables window manager placement modes)

7 Enahle tooltips

I Ignore SIGIMNT signal (Ctrl+C) delivered to TotalView

T Open process window on error signal

T Save preferences file automatically

7 Show System Thread 1D

7 Stop control group on errar signal

T Wiew simplified STL containers (and user-defined transfarmations)
T Ct+imw

T Warn ahout C++ exceptions during single step operations

7 Show Startup Parameters when TotalView starts

Takh width: | & ‘} Toolbar style: lcons above text "'|

ik | Canu::ell Help |

32



Finding Functions, Variables,

and Source Files
o

Marme: Marme:
wail ki threadq k)
Freferred scope: Freferred scope:
I ##homedjohnhdhreaded/simple_threadec I ##/homesjohnhithreadeddsimple_threadec
Eiewl Group  Process  Threa
[ e “* Function / File - Variable + Function / File “* Variable
| -
+ Dive In Mews Window
i Undive QK | Cancel | Help | 8].8 | Canhcel | Help |
| Redive
._EESEt Clri+R o] Ambiguous Function x|
; LDDkup Eun':mn"' f Mot found, closest 35 matches:
Lookup Wariahle.. Y AP |- Win:: Waitfvoid) const
MPL:Request: Wait(hPl: Status &)
Source As - MPL:Request:Waitfvoid)
heed_to_wait(void)
sl - wait_a_while{unsigned int)
r Display Managers PP Opcinit{vaid ("{const void®,vaid®,int,const MPI:Datatype &), bool)
— FAP L Intercomm:Splitfint,inf) const

MAP L Intracomm:Split{int,int) const
P Camm: Abort{int I
FPI:Datatype:Commit(void)

MF:Intracomm:accepticonst char,const kMMPL:Infoé&,int) const
MPL:Comm:Send_init(const void®,int,const MPL:Datatyped int,int) const
FAPL:Comm::Recy_init(void®,int,const MPI:Datatype & int,inf) const
FPL:Comm:Bsend_init(const woid®,int,const MPL:Datatype& int,inf) const

P Comm:Ssend_initiconst void®,int,const MPI:Datatype &, int,inf) const
FMPIL:Comm:Rsend_init{const waoid®,int,const MP1:Datatype & intinf) const
FAPL:Win:Geticonst void™,int,const MPL:Datatyped int,int,int,const MPL:Datatype &)

= I ot
I Show full path names

Ok | Cancell Help | 33
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Stepping Commands

4> W 4

G0 Halt K.l

Restart

5

M et

I

atep Out

Bumn 1o

Based on
PC location

b \WWave Software, Inc.

Function subl in stepr.c

ENE

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

int nain

ik j. ko1 =05

J = subl{i); = = sul3{j);
¥

int subl{int =)
i

2
3
4
5
&
7
8
a
10 printf ({"The wvalue of k is 3dwr”,
11
12
1]
14

k) ;

7 - =aabhiilh,
return (H++);

171

13

10 dint oubZ{int ) Step
200 4

21 v - oy o+ 10; --egf——

Run To

23] 1f:?laturn (107 ; —-q
i

EE int suh3{int =)
LT |
28 return (2*2);




Stepping Commands

PIHE W 59 35 @«
Go Halt Kill Restart| Mext Step Out Run To
- ==== Frocess 1 (3240): simple (&t Ereakpoint )

Thread 2 (3065917072) (At Breakpaint 2)
ack Trace o
FP=h7ef53h3 |.A
FP=hTef5dad

Group (Control)

raup (Share)

S Group (Workers)
Group (Lockstep)
Frocess 1

Frocess (Warkers)
Frocess (Lockstep)
Thread 1.2

FYOroUp

Stack Frame

Function "runme" :
Mo parameters.
Local variables:
Ve fclass std: :vector<int, st
Registers for the frame:

¥eax: Oxb7efhdb3d (-1209052237)

P Wave Software, Irwc:

Group | Frocess  Thread & Process | Thread  Action Point Thread | Action Foint - Deb
Go Shifts G | Go g | Go [
Hailt Shift+H , Hait h | Hailt
et Shift+M © MNext n  Mext
Step Shift+5 | atep 5 Step
Qut shift+0 | Qut 0 Cut
Run T Shift+R . RunTo r ' RunTo
Mext Instruction Shift+ Mext Instruction b Mext Instruction
=tep Instruction Shift+] atep Instruction i atep Instruction
Huol 4 Hold W et PC [
Release Haold Threads 4 Hold
Aftach Subset... Release Threads Continuation Signal...
Detach Create
Custom Groups... Detach
Restart startup Parameters...  Ctrl+A
kil Cirl+2 35



Using Set PC to resume execution at an
arbitrary point

I simplempi.0 E]@E]
File Edit “iew Group Process Thread Action Point Debug Tools  Window Help
= » = - o . ”
Group {Contral) |[> ii . ib 5 ‘g Q ? ::§ % A4
- Go Halt Kill Restart| Mext Step Out Run To | GoEack Preyv UnStep Caller ElackTo Live
([ e e t t e I e EmmmU————————— Rank 0: simplempi.0 (At Breakpoints 2,41
C n (TN Trreas 1 @0as453552): simplempr (at Breakpaint 4) (I
Stack Trace ] Stack Frame
main, FP=bfead528 |4 ||Function "main": iy
_ libc_start_main, FP=hfead59d argc 0x00000002 (2} J
_start, FP=hfeadbal DxbfeadScd -> Oxbfeaedac -
Block "$b2"-
r e a - e 0xD08afff4 (9109492)
Local wariables:
rank: 0x00000000 (0}
nnodes: 0x0000000a {10)
nthreads: 0x080563c9 (134570953)
tm: 0x4f%ac318 (1335542552)
- e e e s runThreads 0x0000000a (10}
[ ) Question oo . Fol e md ...M;.m,,,m.-m,_il_
ple.c =
— Do you really want to set the PC to main+0=173% Al

<< rumThreads << " threads." << std::endl;
tl IS F C es N |

PO a0 T I Ea e e e W INT =, Wonh,—Tvord® (*) (vold*) ) runme, WULL) ;
threads. push_back{newThread) ;
'

for{int i=0; i<numThreads; ++1i)

i
pthredd_join(threads[i], NULL);
¥

#ifdef ADD MPT
MPI_Barrier (MPI_COMM_WORLD) ;
MPI_Finalize();

#endif //ADD_MPI

return 0; A
= =]
Action Points] Prgcesses] Th[eads] P-| P+| T-| T+|
=5 2 simple. c#38 rurnme+0x07 Y

1 simple. c#67 main+Oxcd
4 simple. c#78 main+Oxlfa. ..

36
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ACTION POINTS
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Action Points

E Action Pnintlgebug Tools  Windc
. |

WAR ‘ Set Breakpoint

et Barrier
At Location.. Cirl+B
- Create Watchpoint...

Breakpoints

Enahle
Disable

Delete Bar“er POII’]'[S

Properties..

4 Huppress All Ctrl+Shift+D
Delete All

Load &ll... Conditional
e Breakpoints

Save A5

Action F'I:uints] F'rgn:esses] Th[eads]

mue+ 0207
Dive i+ e B
n+0dxlea. . .

Evaluation Points

Enakle
Disable

Delete Watchpoints

38
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Setting Breakpoints

Setting action points

EXpenar « Single-click line number

1031 woid fork wrapper (1
1032 {

1033  pthread t ny ptid © De€leting action points
1034 pthread_t new_tid;

1035  pthread_attr_t att  Single-click action point line
1036 int whoops;

1037 int local fork cou i i : .
1038  thread ptids[0T o Disabling action points

1040  if (!fork late) ° Single'CIiCk In Action Points Tab Pane

forker {fork_cou .

Optional contextual menu access for all
1043 local fork count = .
1044 - functions

1045  printf ("Pid %d: ¢ _ _

_ .. * Action Points Tab
1047 printf {"root ptic . . .
1048, ;oevtd = 0; - Lists all action points

049 #if ldefined (_ Lyn
cp20:  praread attr init - Dive on an action point to focus it in
source pane

[y
L)
=
0o

[}

—
L)
=
(=
([ ]

Action Points] Prg_cesses] Thi
=5 * Action point properties

Dive 2o D!
5o roct 10!
T Enable el * In Context menu

pissble  [™*1¥ « Saving all action points

Delete « Action Point > Save All
Properties... ===

39
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Setting Breakpoints

E
'« Breakpoint->At
Location... Bk focatlon:
- Specify function f%;gt"iiikgfl';te"”
name or line # « All methods in class
. Specify class name v All gittual functions and overrides
and break on all Named:h
methods in class, | OK | Cancel | Help
optionally with
virtuals and
overrides

40
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Setting Breakpoints

4 Breakpoint «, Barrier , Evaluate ID: 11

—hen Hit, Stop—
v Group

4 Process

v Thread

Location: /homefehinkelfSourcefcombined.cxx#505 Addresses...[

I Enable action point Processes.., [

J7 Plant in share group

OK | Delete | Cancel| Help |

b \WWave Software, Inc.

Breakpoint
type

What to stop
Set conditions
Enable/disable

In 1 process or
share group

41



ROGUE WAVE

SOFTWARE

Evaluation Breakpoint.

Test Fixes on the Fly!

Test small source code
patches

Call functions |

WView  Grou

Set variables g ot e |
Test conditions

Stack T

main,

_ libe_start_mair

C/C++ or Fortran

Can’t use C++
constructors

+ Breakpoint -~ Barier > Evaluate  ID: 1

Expression:

Farfi=Oji<test_len;i++) {
silly_stats(&test[i].&min,&max);
tot += test[i;
printf("item %d:%f range %7 - 961 sum %Bhn",
i.test[il,min, max, tot);

}
goto 17;
v 8 + Fortran v &
Location:  bad.c#12 Addresses... |

#include <stdio.

Use program variables

woid silly stat:

7 Enahle action paint

[~ Plant in share group

if (*xedmast) {41
if (*xoFming { 41

iotal B33,700012 mean 63,370001

b \WWave Software, Inc.

[Fa]f== e TS [P NPV S

i k. Delete Cancel Help

int main(int arc
float test[10]={ 991,420,558 3,390,777, UL BE L, 5E. 5, 00 UL BT D )

printf("item %d %f 2f =f 2fn", i, test[i],min, mas, tot);

'
printf ("N %d min %f max %fntotal %f mean %f\n", test_len, min, max, tot, t

10 int i, test_len=10;
11 float min=100.0, max=0.0, tot=0.0;
= for(i=0Ji<=test len;i++){
13 s1lly stats(&test[1], Smas, &ming ;
14| tot+=test[i]:
15
16
item 0393,093398 range 99,099338 - 99.0993998 =sum 99,039393 ﬂ return 0;
item 1342,000000 range 42,000000 - 93,099398 =sum 141, 100006 19 3
item 2358,299393 range 42,000000 - 33,0933398 sum 133,400003
item 3323,000000 range 39,000000 - 33,0933398 sum 238,400003
item 4177,699997 range 39,000000 - 99,093398 =sum 316, 100006 ~
item 5178000000 range 39,000000 - 53,093398 sum 394, 100006
item E:92,099998 range 39,000000 - 93,099398 =sum 486, 200012
item 7:58,500000 range 39,000000 - 93,099398 =sum 544, 700012
item 8:58,000000 range 39,000000 - 93,093398 =sum B0OZ, 700012
item 3391,000000 range 39,000000 - 33,0933398 sum 633,700012
W10 min 33,000000 max 39,039332

4




Setting Breakpoints
With C++ Templates

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

Function main in template.cxx -
#include <iostream> _ ) W max=char={char,char+0x12 :
“ Breakpoint < Barrier - Evaluate  ID:1
template<class type > I max<int=(int,int)+0x6
type max(type dl, type d2){ When Hit, Stop
return d1 » d2 7 d1 : d2; ¥ max<douhle=(double,double)+0xle
3 4 Group

I max<char const*=(char const®,char const)+0 |

int main{int argc, char** argv){ ~ Process
std: :cout << max('a','z') << "\a";
std: cout << max(465,12) << "\n"; ~ Thread
std: cout << max(.99,1.1) << "n";
std::cout << max("first", "second") <<
return 0;

)
—
JRPY PR PR ) =1
e L 0D S WD 00 - i s Lo 6D

Location:  template.cxo#5 Addresses.. | | I -

All Mone |
¥ Plant in share group
oK Cancel
ok | peete | cancel | Hep | _l 4|

Boxes with solid lines around line numbers indicate code that exists at

7 Enable action point

more than one location.

43
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Watchpoints

 Watchpoints are set ona Action Point ->

specific memory region Create

- Watchpoint...
« Execution is stopped

when that memory

Enter expression for watchpoint:

changes el

0] | Cancel |

=E============E Process 1 (3953): filterapp (&t Watchpoint §) E=E=EE=EEEEEE==E

WA rvea  G559) et Vtehpoint ) <Waiohplt - NN AN

Stack Trace Stack Frame
_int malloc, FE=bfd5alhi ."i. A|
mallac, FP=hfd5aZd8 Registers for the frame: J
corrupt_data, FP=hfd5a308
main, FP=hfd5a3f8d %ear: 0x00000049 (73)
__lihec_start main, FP=hfdba408 Zecx: 0x00020£28 (134952)
_start, FP=hfd5ad10 %edzx: O0x00000000 {0}

%Zebx: 0x008afffd (9109492}
%fesp: OxbfdSalfl (-1076518416)
%ebp: 0Oxbfd5aZb8 (-1076518216)
%Zes1: 0x0807c090 (134725776)
tedi: 0x0807c0d8 (134720848)

S . OaeCOOOAAT2 40N L 44
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Watchpoints

m Watchpoint Properties

“* Unconditional -~ Conditional ID: <hgesis

‘e Can create from a
variable window o
using Tools -> i
Watchpoint

(111 0X086c9090 - /home/johnh/training/programs/filt| — (0] x |

— When Hit, Stop—

“* Group

Address: | 0<0807c090  Length in Bytes: | 4

File Edit Miew Tools | Window Help ‘
1.1 = Create Watchpoint.., = | K€ & 3 7 Enahle watchpoint
Expression: | 0<086 Add to Expression List 5c9090 7 Plant in share group Processes. |
Type: inf: &dd to Elock Properties
— —| | (p1E]
Value Wisualize |
000000000 (0} Yisualize Distribution
- Ok | Delete Cancel | Help |

atatistics =

attach Subset (Array of Ranks)..

array Yiewer

45
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Watchpoints

F o
ROGUE WAVE

OFTWAR :
« Can create from 10 0= Gne ) malloog se -
= 1 * ma nr =1FEe *
i Dive ze + ¢

rl g h t_C I I C k O n ﬂ? A Co Add to Expression List Dops
ljf%rl ! Across Processes )

" " = Across Threads
variable in T

117
1145 /7 E1 9et Barrier

Source pane 5 /)2 creste watchpom P ™

Set Breakpoint

121 1=1
100 Enakle
123 £ Cu Disable =nt on
124 free Delet
--..I E[ETE

Action F'I:uints] Properties

46
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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)

e Wave Software, Inc. 47



LAB 1: THE BASICS

Wave Software, Inc.
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DATA MONITORING AND
VISUALIZATION
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Diving on Variables

You can use Diving to:
.. get more information
.. open a variable in a Variable Window.
.. chase pointers in complex data structures
.. refocus the Process window Source Pane

You can Dive on:

... variable names to open a variable window

... function names to open the source in the Process Window.
... processes and threads in the Root Window.

How do | dive?

*Double-click the left mouse button on selection

*Single-click the middle mouse button on selection.

Select Dive from context menu opened with the right mouse button

50
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g Stack Frame

- al - main - L.1

Window Help |

SEAE IS XES

| Address: | 0x08afa530

|

Type |Value 147

Diving on a Common

0=03af3540 -= 0
O=05afa748 -= Ox=00000081
0=<00000080 (128)

i Ox00000000 (0} Y
Elock "shlv:
size:
Lngﬂuﬁgéiables; File Edit View Tools
al:
I ies (11 B i
1. N f
: Expression: | *fal
int pp: ~ =R I {
loop: Type: | class myClassa
runforever: -
rimmReARmmes - Field |
float_p flaat ™
= int_p int
Ll size int

al - main - 1.1

Wave Software, Inc.

BlOCk in the StaCk File Edit Miew Tools  Window Help |
1 ~ SEAE TSRS
Frame Pane > Expression: | “({a1)->float_p) Address: | 0x05afg540
Slice: | [ Filter: |
Type: [ floatf1 28]
Field value i
0] 0 j
[1] 1
[¢] Z
[] 3
o] 4
[5] 5
(] £
7] 7
[l i £
o1



=|

hello

]
[= 1o

File  Edit “iew Group Process Thread  Action Point Tools

Wincow

Help

Group (Control)

4> B

Go Halt kil

W s

<3

Restart Mext  Step

Frocess 1 (6343): hello (Stopped)

Stack Trace

]

Out

Rur Ta

Stack Frame

Thread 1 (Stopped) <Trace Trap= | KRR

mair,

_ lihe start main, FP=hfffelcd

FP=hfffeldl

A

Function "main":
ALge:

Type: | gstring ~

|
= argv — main - 1.1 |55l the frame:
File Edit ‘iew Tools Window Help (lbooooo19 ¢25)
T 0000000 (0}
a1 =] More | Less(( [« |« | » | HrEuuuuuuu (0)
Expression: | “(argv) Address: | Oxbfifezid 015cddd (1075170772

hifffe280

. FFF~DD0

0x00000001 {1}

Oxbfffe2f4 - Oxh

(-107374937
£ A e

multiple dives.

Wave Software, Inc.

Qhaffffafr

-= "hella"

Walue |

Default.

NEE

ja—

In a Process Window: retrace the path that has been explored with

In a Variable Window: replace contents with the previous contents.

You can also remove changes in the variable window with Edit > Reset




The Variable Window

File  Edit
1.1 More | Less|| [ [~ | I~ |

Wiew  Tools  Window

—_—

Expression: b Address: | 0x050435a0

alice: | [] Filter:

Type: | double[100]

Fie ConntMgr: tconnflgr - staticlinue - 1.1

[0] File Edit “iew Tools  Window Help
1] JK - HE | B | K€% 3
[<] Expression: | Conntgr:conntgr  Address: | 0x05049775
[4] Type: | int
] Walue i

[3] 0
x00000002 (2)
[E]
Editing Variables
Window contents are updated » Click once on the value
automatically « Cursor switches into edit more

Changed values are highlighted

Esc key cancels editing

“Last Value” column is available Enter key commits a change
» Editing values changes the memory of the

program



Expression List Window

simplempi.0 - 1.1

File Edit  Wiew ‘Window Help

a1 x Al
Expression Yalue im|

rank, O=00000000 {0

nnodes 000000002 (10)

numThreads 0<0000000a (10}

trn Oxdf3aci1d (1535542552)

tmdnumThreads 0<07fae0df (133554255

tnf3600/24/365.25 42.3189596167009

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

. Reorder, delete, add Updated automatically

. Sort the expressions . Expression-based

. Edit expressions in place . Simple values/expressions

. Dive to get more info . View just the values you want to monitor
54
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Viewing Arrays

= | AN_ARRAY - ten_by tenilpha - 1.1 a [
File Edit View Tools Window Help
K = More| Less|| [ | | ] 1] Data Arrays
Expression: | AN_ARRAY Address: | 0=1400011c0
alice: | (0,0 Filter:
Type: | real(10,10,10)
Field | Value |29
(1,1.1 0
(21,1 -0.506366
{3,1,1 -0.573297
(@11 _M 9997E5R
(3,1,1]
6.1.1 File Edit Miew Tools ‘Window Help
CAN) 1.1 = Mure|Less||[f’|f"||‘“~|H|
(8,1.1) Expression: | d1_array Address: | O=bfffekbin
| & Slice: | [] Filter:
(10,1.7] Type: | class di1[3]
Field | Type Value
=- [0] class di (Class)
& base class hase (Virtual public base class
- h_w int 0=00000000 {0y
- il _w int 000000000 (0)
- Name $string * Dx08045ad3 -= "hase"
Structure Ar‘rays - hase? class base? {irtual public base class

b \Wave Software, Inc.

. b2

- bli_v2
... ame

1y

int
int
Fstring ©
int

0X00000000 (0)
0x00000000 (0)
0x0E045ade - = "hase”
0x00000000 (0)
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Array Viewer

Variable Window select Tools -> Array Viewer

View 2 dimensions of data

« Can be an arbitrary slice through a higher dimensional data cube

e Can be strided

Array Viewer: *((al)-=float_p)[i1[]j 1]

FEile Help

Expression:|*({a1)->float_p) Type: |float[d][18]

kodify array slice:
Dimension Start Index End Index | Stride |

R [l ] 0 7 1 Updme\ﬁewl

Column [[]] | 0 15 1

p—
—

Format:  Automatic _l"l Slice: [0:7:1][0:15:1]

51:0 [1 J2 [3 |4 |5 |e [7 |8 |9 J1o |11 J12 [13 |14 [15 |
[i]:0 o, 1 2 3 4 5 & 7 8 8 10 11 12 13 14 15
1 16) 17 18] 19) 20| 21| 22[ 23] 24| 25| 26| 27| 28 23 30 31
2 3z 33 34] 35) 36) 37 38 39 40/ 41 42| 43| 44 45 4g) 47
3 48| 49| so| 51| se| 53| s4f s5| se| 57| o) 9| e0) 61 ez 63
4 64 €5 66 67 &8 &9 70/ 71 72/ 73| 74| 75| TE 77 78 719
5
5
T

g0 81 82 83| 84 85| 86 4g¥| 88 89 90 91| 92 93] 94 9%
96| 97| 93 99 100) 101 102 103 104| 105 106 107| 108/ 109 1100 111
112| 113 114] 115| 118 117 1158 119 120| 121 122| 123 124) 125| 128| 127

b \Wave Software, Inc.



Slicing Arrays

File Edit Miew Tools  Window
2.1 Moare | Less || [

address: | 0=08097dcO
Filter:

Expression:

YWalle

P Wave Software, Inc.

Lo R R o R . 7

] =] ]

-

e e e e e e s T ]

= W 0 -] o — o 0 -] &

N '\"—_-.-_I L e
[

i

-

Slice notation is

216 (U=000000:8)
294 (00000071 26)
A64 (O=000007180)
456 (0=000007 eh)
GO0 (0=00000258)
202 (I=000000fc)
a43 (0=00000157)
445 (0=000007 c0y
aB 7 (0=000002357)
00 {O=000002 k85

[start:end:stride]

57



Filtering Arrays

] ]
4|ieee_ar‘r‘ay - /nfainetappl/uzerhome/barryk/testasarraysilpha - 3‘| 2 | _

File Edit Miew Tools Window Help
3.1 =] SEAEFIEXEY
Expression: | ieee_array Soclah

slice: | (1) < Filter: | .eq. $inf >

Type: | $real_4(8)

Fiald |value ] File Edit Miew Tools Window Help ‘
m INF 1.1 =] FIEIEE
@ ) -INF ) Expression: | int2_array__ Address: | Dxbifddas.
—|ieee_array - /nfs/netappliuser/home/barryk/tests/arraysAlpha - 3, < | 1 §|iCE: 8] Fllt@e = ZID and. fvalue < 10 >
File Edit Miew Tools Window Help Type: | word(100) Mnre|
i=| =] i : 1
a1 K SEIETIEXEY Field Value |
Expression: | ieee_array Ad
Slice: | () Filter: | .eq. $denarm 2z (0=0016)
| Type: | freal_d06) 24 (0x00718)
Field [walue | 26 (0x0012)
5 1.4013e-45 <denormalizeds 26 (0x001c)
(B -1.4013e-45 <denormalized= 30 (0=001€)
]
. 2 (Ox00z0)
File Edit Miew Tools Window Help | 34 (00022
3 ] EEIEEFIE XY 36 (0xD024)
Expression: | ieee_array Address: | 0x1405214a0 ag (DXDDZE)
Slice: | Filter:
Slice: 0 er 40 (0x0028)
Type: [ greal_a(s] |
Field Value o
——
[} INF
) -INF
(3 MaNG
4 MaMs
&) 1.4013e-45 <denormalized=
(6) -1.4013e-45 =denarmalized=
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Visualizing Arrays

Visualize array data using Tools > Visualize from the
Variable Window

Large arrays can be sliced down to a reasonable size
first

*Visualize is a standalone program

-Data can be piped out to other visualization tools

*Visualize allows to spin,
zoom, etc.

Data is not updated with
Variable Window; You
must revisualize
$visualize() is a directive
in the expression system,
and can be used in
evaluation point
expressions.

59
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Dive in All

’\/\

File Edit View Tools WHindow Help
1.1 = = | EXEY
. Expression: | =(array? Aodress: | Ox09292050
Slice: | [:] Filter:
Type: | struct compourd_t.[207]
Field | Tupe [¥alus
= [0] struct compound_t {Struct} E

Dive in All will display
an element in an array
of structures as if

it were a simple array.

¥ = |bhazic_t Filse Edit Miew Tools Hindow Help
a int. 0%00000000 (0) | L.1 < T | T | K€ o
int Q00000000 (03 Expression:  arrayl:]1f«.b Addres=s: | O=09292050 [S¢
float 0 Slice: [:] ilter:
Y File Edit WMiew Tools Hindow Jupe: | int[20]
"2 11 =Ei :Ei | E Fi=ld [valle
- [o] 00000000 {0
[2] | Expression: | ={array! Address: | Ox092% [1] O=O000000Z (27
[3] Slices | [:] Filter: [=21 000000004 {3
= v = [Z] Q00000005 {53
[4] Tupe: | struct compourgd_t[Z20] XONOEONOS (5
EE% Field | T [value OO000000s (10
=] N QOO0 123
strl_.mt compounc_t LStruct) P
hasic_t Q0000010 (162
int [2] D QOO00012 183
i olaaeen (107 Q0000 1d (207
Dive [11] OxOIOOO001E (223
- [11] S : . [12] 0300000018 (243
Dive in Mew Window e 0P292E [1Z] Qw0000 1ls (260
— Dive in All 0 [14] 00000001 (282
- [1] _ _ (Struct) [15] Ox0000001e {303
= Fe~ Add to EFFESSJ.DH List = o [16] CheOOO0O020 (30
) [1=2] D QOO0002d 3565
Change Field F2 [12] OxO000002E (353

b \WWave Software, Inc.
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Looking at Variables across Processes

« TotalView allows you to
look at the value of a

variable in all MPI

File Edit View Tools Window Help |
processes K ] More] Less [~ |~ [I~] ™|
Expression: | source Address: | Multiple
«  Right Click on the S T
Type: | int
: Process | Value |
Varlable mismatchAlpha.0 0x00000001 (1)
S | tth V V mismatchAlpha.l 0x00000000 (0)
. elec e view > View mismatchAlpha.2 0x0000000¢ (12)
mismatchAIEha,a 0x0000000c (12)
Across
« TotalView creates an array
indexed by process
. You can filter and visualize
« Use for viewing distributed
arrays as well.
61
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Typecasting Variables

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

Type Casts Read from Right to Left

 Int[10]* Pointer to an array of 10 int
 Int*[10] Array of 10 pointers to int

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

« 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.

62
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Typecasting a Dynamic Array

| array - diveinall - 1.1 =]
File Edit View Tools Window
E 25 | PR | KL
Expression: | array Address:| Oxbfaeb940 W
Sli Filter:
Type: | struct oompound_t[QOE N
Field | Type Value
struct compound_t (Struct)
struct basic_t (Struct)
struct basic_t* Ox0804abdb - (struct bag
float S
struct compound_t (Struct)
struct basic_t (Struct)
struct basic_t* 0x080490dd - (struct bas
float 3.99868e-34

P Wave Software, Inc.



C++ Class Hierarchies

& ble Window sh lass h h d
Variable Window shows class hierarchy using indentation
SRW!EWARV

EE _-i d2 — main — 1.1 |4i_|
File Edit Miew Tools  Window Help
N = More|Less|| [ |~ [ I~ ] ]
Expression: | dZ Address: | Oxbffd4c0

Twpe: | class derivedZ
Field Type | Walue “I
= derivedi class derivedl (Fuhblic base class)
= hasel class basel (virtual public base class
basel_w int D=00000009 {97
L name Fistring © 0=053045508 — = "hasel”
- derived] _wv int 0=00000037 (1)
- Rame Fstring © 0=0504580e —= "derived”
=- baszel class basel (virtual public base class
- hasel_w int O=00000009 {97
- name Fstring © 0=053045505 - = "hasel”
- deriveds_v int 0=000002d3 (72T B
| i name Estring © 0x0504565817 — = "deriveddd |

Example. <«  derived2 inherits from basel and derivedl

« derivedl inherits from basel
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
64
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Fortran 90 Modules

Tools > Fortran Modules

— |

File Edit

WMigw  Grou

Fortran Modnles

= |

File

Edit  Wiew Window

Fortran Modules - 1 "modules”
Modules from process 1 "modules"*

DATAMOD

testmod,

Tmairn,

__libc start mair

File Edit Wiew Tools  Wincow

Help

Ti.1 =

EIEIE

Expression: | DATAMOD Address:

Type:

MHaone

Murel

Variahles | Type

| Walue

REAL*G(4)
INTEGER*4

IMNTEGER"4

(REAL*G(47)
& (0x00000008)
0 (0»00000000)

1 module datamod
2 integer wl
3 integer w2
4 real*d, dimensioni(d)
5 end module datamod
f
T program testmod
a
a use datamod
10
11 vl =8
=D w2 = 38

13
14 de i1=1,4

™ Tl () =
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STLView transforms templates into readable and
understandable information

—STLView supports std::vector, std::list, std::map, std::string

—See doc for which STL implementations are supported

File Edit View Tools  Window ﬂe|p| File Edit Wiew Tools Window ﬂe|p|

i1 2l More] Less|| = | | 1~ ] i1 -~ more] Less || [ |~ | I~ ]
Expression: | » Address: | Oxbfffdbal Expression: |« Address:  Oxbfffelald

alice: | [ Filter: Type: | class vector<float,allocator<floats =
actual Type: | float]3)

Field | Type | Yalue

Type: | class vector<float,allocator<float= =
Field Yalug

@- _Wector_base class _Wector_base<floa(Private base class)
=3 _Wector_alloc_basclass _Wector_alloc_bas (Fublic base class)
13 float * 008052368 -= 1.3
s 4 _finish pat ” 0x08052374 -= 0
31 0x08052375 - 9.860909e-




| d
[~] 11 - main - 1.1 1]
Flle Edit Wiew Tools Window Halp |
11 ] EEEEETIIXEY
Exprassion: 1 Address; | 0x11ff4dd

Type: | class list<int, std:allocator<ints> =

Fleld | Type |value in]
¢ _RWbuffer_size list<int, std-allocator<int> 0x0000000000000100 (25
& _RWhuffer_|ist

class _RWrw_basis<std:|l(Class)

&- allocator , class allocator<int> fBase class ,

= _Rwdata | | 11 - main - 1,1 [ 2]
- RWlee_ lls'| Flle  Edit Wiew Tools  Window Help |
o _RiWinest_as - :
. RWiast  femm 4 EEIETIEXEY]
. RWnode || CoRression:| |1 Address: | 0x11M4d8
.. _RWiength Type: | class list<int std:allocator<int> =

Field |value in]
0x00000003 (3)

—l.
000000002 (2)
000000001 (1)
—
_j % = main = 1.1 BE
File Edit View Tools Window Help
11 4 SEIE IR XEY

Expression: | x Address: | 0x1 11376
Type: | class vectorefloat, stdallocator=floats =

Field | Type |walue ik
~ _RWhuffer_size vector<float,std:allocator 0x00000000000001 00 (25

_RWstart vectorsfloat, std:allocator 01400800 == 1.3
L. _RWiinish vectaorsfloat std:allocator 0x14006f0c -= 0
B _RWend_
o alocal Eile Edit View Tools Window Help
e _RWdST= — — — == —=
I A EEIETIEXEY]

Expression: | x Adltirass: | 0x117370
Slice: | (] Filter:
Actual Type: | $oat[3]

Type: | class vector<foat std: allocator<Noats »

—— Fleld |'value i
[0] 1.3
] 2.2
[2] 31

Untransformed
list

Transformed
list

Untransformed

vector

Transformed
vector

STLView transforms
templates into
readable and
understandable
Information
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LAB 2: VIEWING, EXAMING,WATCHING AND
EDITING DATA

Wave Software, Inc.
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DEBUGGING FOR
PARALLEL APPLICATIONS
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TotalView Startup with MPI

i\.\' | .
n the Parallel tab, select:
ROGUE

S LW A KkE III New Program x|

%E‘-P(_;B Emgram] ﬂrguments] Standard IIO] F'aral_lel]

Fleaze Mote: If your parallel seftings were entered as arguments, do not enter them here.
Start a new  Use the Arguments tab to modify them.
process

Farallel system:  Open MPI |
A

@ Tasgks: G , Modes: E—}

Additional starter arguments:

Cpen a
care file

)4 | Canu:ell Help |

SUM MPICTT

Intel MPI J
SiCorex

BlueGene F

MPI preference, number of tasks, and number of nodes.
... then add any additional starter arguments

70
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TotalView Startup with MPI: old school

IBM totalview poe -a myprog -procs 4 -rmpool 0
E QUADR|CS totalview srun -a -n 16 -p pdebug myprog
E .
Intel Linux
under SLURM
MVAPICH totalview srun -a -n 16 -p pdebug myprog
Opteron Linux
under SLURM
SGI 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 MPl | 7 10 mvPEeg

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

71
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Architecture for Cluster Debugging

« Single Front End (TotalView) E

» debug engine ] -

« Debugger Agents (tvdsvr)

 Low overhead, 1 per node Compute Nodes
« Traces multiple rank processes ;{:/
- TotalView communicates -
directly with tvdsvrs o
« Not using MPI
« Protocol optimization Interface Node

Provides Robust, Scalable and efficient operation with Minimal
Program Impact

12
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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 (Cantral)

Group (Share)
Group (Workers)

Prooess 1
Process (YWorkers)
Process {Lockstep)
Thread 1.1

G0

53 3

Mext Step Ot

Halt Delete Restart

Fum T ‘

b \WWave Software, Inc.

Groups

«Control Group
—All the processes created or attached together

«Share Group

—All the processes that share the same image
*Workers Group

—All the threads that are not recognized as
manager or service threads

*Lockstep Group
—All threads at the same PC

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

*User Defined Group
—Process group defined in Custom Groups dialog
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 Quick view of

program state

Each call stack is a
path

Functions are nodes

Calls are edges
« Labled with the MPI rank

Construct process
groups

e Look for outliers

m Call Graph - simplempi:Control Group

Group (Control)

!

p—

BE=

7 Auto-Arrange

Y
[_clane | [_start |
{0-3)
__libc_start_main | [ runme ¥ (8)
¥ (09
[ main | [ _L_lock_3218 |
(6)
__II_lock_wait_private |
¥ (8)
|__kemel_vsyscall |
¥
~d =]
Upiddate | SAVE A5 | Close | Help

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

Wave Software, Inc.
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Parallel Preferences

rer Preferences [E]

Cptions ] Action F'Dints] Launch Strings] Bulk Launl::h] Dynamic Libraries
Parallel ] Fonts ] Formatting ] Fointer Dive ] ReplayEngine

[T Enable use of dbfork

—'When a job goes parallel or calls exec)
~ otop the group

~ Fun the group

A fsk what to da

—'When a job goes parallel
“+ attach to all

+ attach to none

&gk what to do

Ok | Cann:ell Help |
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Subset Attach

~

Connecting to a subset of a job reduces
tokens and overhead

« Can change this during a run
. Groups ->Subset Attach

Attach Subset - mpiexec.hydra x|
Select processes to attach to: (20 showing, 0 filtered, 20 total)
Attach | Host | Comm | Rank | Fragram Y
= lacalhastlocalio ] hindibguantum-aptz
4 localhostlocalol 1 hindlibguantum-opt2
4 localhostlocalc2 2 hindlibguantum-opt2
= localhostlocalcd | hinfibguantum-opt2
= localhostlocalid 4 hindibguantum-opt2
iy localhostlocaled 3 hindibguantum-opt2
iy localhostlocalef 6 hindibguantum-opt2
[ localhostlocalo? 7 hindibguantum-opt2
i lacalhastlocalid g hindibguantum- aptz £
Attach All I Detach All |
—Filters
I Communicatar. /& _"| I Array of Ranks:
I Talking to Rank: _"| I List of Ranks: I
hMessage Type: W Send W Receive W Unexpected Apply Filters
-1 Halt control graup
oK. | Cancel | Help |

77
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« Information visible
whenever MPI rank
processes are halted

« Provides information from
the MPI layer

Unexpected messages
Pending Sends
Pending Receives

« Use this info to debug
Deadlock situations
Load balancing

« May need to be
enabled in the MPI library

« --enable-debug

b \Wave Software, Inc.

View MP| Message Queues

Flle Edt View  Window Hely
o Message ofete - 1.1 springs —
NPT COMM WORLD collective A
Conm_s1z ]
Conm_rank [
Pending recelves
0 |
Status Pending
Source 1 (springs. 1) A
Tag 3 (I=00000003)
User Buffer (0809028 -» Cx00000000 (0)
Buffer Length 100 {0x00000084)
Unexpected nessages
0]
Status Pending
Source 2 {springs.2) /
y P
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Message Queue Graph

« Hangs &

Deadlocks

* Pending

Messages

 Receives
« Sends
« Unexpected

* |Inspect
e |ndividual
entries
« Patterns
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Message Queue Graph

Ciptions | Update | Close | Help |
Message Queue I

Debugging
« Filtering

 Tags

 MPI Communicators
« Cycle detection

» Find deadlocks

Layout ] Cycle Detection ] Filter ] Save As..

| 7 Detect Cycles |

Mext Cycle |
Reset Cycle Search |

ey | e | D 80
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LAB 3: EXAMINING AND CONTROLLING A
PARALLEL APPLICATION

Wave Software, Inc.
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MEMORY DEBUGGING
WITH MEMORYSCAPE
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What is a Memory Bug?

A Memory Bug is a mistake in the
management of heap memory

 Failure to check for error conditions
« Leaking: Failure to free memory
« Dangling references: Failure to clear pointers

« Memory Corruption
« Writing to memory not allocated

« Overrunning array bounds

83
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Why Are Memory Bugs Hard to Find?

-
Rﬁ E What is a Memory Bug?

0FTW

® Memory problems can lurk
® For a given scale or platform or problem, they may not be fatal
® Libraries could be source of problem

® The fallout can occur at any subsequent memory access through
a pointer

® The mistake is rarely fatal in and of itself
® The mistake and fallout can be widely separated

® Potentially 'racy'
® Memory allocation pattern non-local

® Even the fallout is not always fatal. It can result in data corruption
which may or may not result in a subsequent crash

® May be caused by or cause of a 'classic' bug

84
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The Agent and Interposition

Process

User Code and Libraries

TotalView

Malloc API

e Wave Software, Inc.



The Agent and Interposition

Process

User Code and Libraries

Heap Interposition

Allocation Deallocation

TotalView local Agent (HIA) Table

Malioc API

e Wave Software, Inc.
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TotalView HIA Technology

Advantages of TotalView HIA Technology

« Use it with your existing builds
* No Source Code or Binary Instrumentation
« Programs run nearly full speed
« Low performance overhead
 Low memory overhead
« Efficient memory usage
« Support wide range of platforms and compilers
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Memory Debugger Features

« Automatically detect allocation problems
 View the heap

« Leak detection

« Block painting

« Memory Hoarding

« Dangling pointer detection

« Deallocation/reallocation notification

« Memory Corruption Detection - Guard Blocks
« Memory Comparisons between processes

e Collaboration features

88
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Enabling Memory Debugging
Memory Event Notification

Kl API usage error Incorrect AFI or API 1nstance used 1n operation

Flallocation failed Error: An allocation call falled or the address returned is NULL which generally m...
Fl Double allocation Error: Allocator returned a block already in use: heap may be corrupted

Bl Double free Error: Program attempted to free an already freed block

Bl Free interior pointer Error: Program attempted to free a block incorrectly, wila an address 1n the middle...
Bl Free notification A block for which notification was requested is being freed

Kl Free unknown block Error: Program attempted to free an address not in the heap

F Guard corruption error Bounds error: The guard area around a block has been overwrltten

Bl Invalid aligned allocation reguest  Erraor: Program supplied an inwalid alignment argument to the heap manager

Bl Mizaligned allocation Error: Allocator returned a misaligned block: heap may be corrupted

Fl Realloc notification A block for which notification was reqguested 1s being reallocated

Fl Realloc unknown block Error: Program attempted to reallocate an address not in the heap

Kl Fed Zone overrun error Bounds error: Attempting to access memory beyond the end of an allocated block

Kl Fed Zone overrun on deallocated blockBounds error: Attempting to access memory hbeyond the end of a deallocated block

Kl Fed Zone underrun error Bounds error: Attempting to access memory before the start of an allocated block

Fl Red Zone underrun on dellocated blockBounds error; Attempting to access memory hefore the start of a deallocated hlock

Kl Fed Zone use-after-free error Access error: Attempting to access a block after 1t has been deallocated

Bl Termination notification The target 1s terminating, memory analysis can be performed

e Wave Software, Inc.



Memory Event Details Window

ROGUE WAVE

SOFTWARE

+ 0x09492388 - 0x0949=b32 & 1

10 |Function  Line # Source Information |

100

free 184 malloc_wrappers_dlopen.c
mailn 287 maln.cxx
__libc_start_mair libc.so0.6

_start filterapp-mpl

malloc 166malloc_wrappers_dlopen.c
main ZETmaln.cxx
__libc_start_malr libc.so.6

filterapp-mpl

Shomesdemouser/tv-sro/main. cxx

A4 Bhow that the deallocation stack i1s available now

S5 Mow release the memory the second time - 1llegal
#ifdef USEMPI
if( rank == )

malloc( le ;
printf ( "malloced %4d (%#6x) bytes at %p.n", leng

S4 Breakpolnt here
£ Show allocated annotation

e Wave Software, Inc.



Heap Graphical View

D & ® MemoryScape 3.2.3-0

___—#

Memory Reports : es Memory Debugoing Options Tips

:
' Summary | Leak Detectlon - | Heap Status - | Memory Usage - | Corrupted Memory | Memory Comparisons

$0

May 11, 201z Heap Status Graphical Report

Save Data rOptions

Export Memory Dats| | @l Detect Leaks Bl Relative to Baseline Bl Enable Filtering m 'n ﬂ

Heap Status Reports
Source Report
Backtrace Eeport

Frocess 1: filterapp-mpil.l

|
[
|Ox0949d058 - 0x094dZc00 (Z14.91KB)

Other Reports Cates
Leak Detection Reg

ME'mDT“g Usage RE'F:IDT' | S | S S W] SN S S [N S S ] S S S S S S SS—( SSS— S——
EDT‘T"L[F:ItE'd ME'mDT"g = e 1

EDmpaT“EMEMDT“gUSE Il Il Il Il I Il D BE D B IS S S S S S N —

Other Tasks e =4
Manage Filters E—
Heap Information IBacktrace!SDuPce |ME'mDT"g Content |
- Overall Totals —————— |- Selected Block L Related Blocks
Heap FStart Address 0x0594940938 Backtrace ID 3
. H-OAllocated 21.55KE —End Address 0x0949d0bb H-OAllocated
Process Selection i
M-ODezllocated L29.83KE FSize 36 M-ECorrupted Guard Block
- H-OHoarded 0 —Type Allocated H-DODezllocated
PERELICH el 'FlltE M-DlLeaked Unknown . —Filtered Mo M-EGuard Blocks
WORLD M-ERed Zones 0 —EBacktrace ID 3 M-OHoarded
[?:'F? terapp-m —Allocator C H-DlLeaked
A Filterapp-m) L Owner C M-FRed Zones
[ Filterapp-m
[ Filterapp-m
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Leak Detection

88O MemoryScape 3.2.3-0

Leak Detection

L NN . —————

n - - o
EpOrts ory Debugeing Options Tips

« Based on Conservative
Garbage Collection

summary | Leak Detectlon » | Heap 15 Memar g v | Corrupted Memory | Memary Comparisons

May 11, 2017 Heap Status Graphical Report

Save Data [dotiens « Can be performed at any point
Export Memory Datz| | B Detect Leaks M Relative to Baseline M Enable Filtering m In n . . P yPp
In runtime

Heap Status Report: Y -
Source Repart Process 1: filterapp-mpl.l - .
Backtrace Report + Helps localize leaks in
Other Reports Catey 0x09490058 - 0x094d2c00 (Z14.91KB) t|me
Leak Detection Reg
ME‘mDT‘H Usage RE'F]Dr | B —] . S | B B B [ e e e s (1 H
Corrupted Memory R r - ¥ ¥ 0 O o Mul'“ple Reports
EDmpaT‘E‘ME‘mDT‘QUSE Il BN BN B BN BN BN BN BN BN BN BN D D B D D

' | | | ‘

Other Tasks e ——— » Backtrace Report

Manage Filters

Heap Information IBacktra:e/SDur‘ce |Memm‘g Content |

- Overall Totals ————— |- Selected Block L Related Blocks ————— * Source Code Structure
Heap LStart Address 0x09492930 ||| [Backtrace 1D 125 « Graphically Memory
Process Salection pDAllocated 14.53KB —Er.wd Address 0x0949259b pDALllocated LO Cati on
ﬁ B-0Deallocated 129.83KE FSize 12 B-ECorrupted Guard Block
- p-DHoarded 0 +Type Leaked p-DLeaked
Farallel Job filte| o p oaaq 67.02kB ||| | FFiltered No ||| [e-mDeallocated
MFI—L‘”"'”"1—['"‘“"';""[" B-ERed Zones 0 FBacktrace ID 125 B-BGuard Blocks
[EP_llterapp—m\ Lallacatar C p-DHoarded
A filterapp-n L Owner C B-ERed Zones
[ filterapp-m
[ Filterapp-m)
N —
PR T T | f— —
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Dangling Pointer Detection

~i addr - main - 1.1 |ai4
File Edit Miew Tools ‘indow Help
1.1 B REIEE
Expression: | addr Sddress: | O=bfffd1#4
Type: | int * Details... |
Value =
0<050496d0 (Dangling) -= 0=x00000000 (0 | |

File Edit Miews Tools ‘Window

Help |

[ =]

IR

Expression: | misaddr Address: | Dxbfifd110
Type: | int *
Yalue

Details... |

=

0=080436e4 (Dangling Interior) - = 0x00000000 (0%
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Memory Corruption Report

r/ File  Edit ew Actions Tools 'Window  Help

R%UE“ Frocess Set [J Configuration | Leak Detection | Heap Status | Memary Usage | Memory Compare
Process

[ filterapp ¢ File; fitterapp-2529 mdkbg

Preceding Block Corrupted Block Fallowing Block

| onozzbo0z0 - G4 bytes - Ouozzboasf| | |Ox022bO0S0 64 bvtes  Om022boOct| | On022b0100- 64 bytes - On022bO1 3|

Backtrace/Source I Memory Content

Backirace [ Source
ISS1| .
Process | Function Line # | Source Information Irisgitemphvecast_demo_fies/memoryimain cxox
;-3 _
m m mllo 166 malloc_wrappers_diopen.c 72 | i Use 8 byte pre and post guard size.
— Generate Wiew - e
; 126 main e 74 =
=3 Corrupted Guard Blocks _Ilbc_start_mam libc 50
7o | i Allocate some arrays.
o _start filterapp
J Enahle Filtering Ig gl = {imt Yy malloc] izeofi int
77 | w1 = dint ¥y malloc size * sizeofi int 3 A
I P
‘ Generate Wiew | .
lJh|:|meﬁ:hrisgftempJ'webcast_demn_ﬁles!rnemnrys‘rnajn.cxx l

94
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Memory Comparisons

2 ©@® MemoryScape 3.2.3-0

- "“Diff"” live
processes

ry | Leak Detection - | Heap

May 11, 2012Memory Comparison Report

Save View Options rData Source —————— ~Process Comparisons
save Report... # Allocations ¢ Leaks || Szssion 1: [filterapp-mpi.0
Export Memory Dats Deallocat i Hoard

hd Compare processes ¥ Jeallocations ¢ roar Session 2: IFilterapp—mpi.i
Other Reports Catey| | ¢ Red Zones
Heap Status Report

aCross Clustel' Memory Usage Repor

Corrupted Memory F
Compare Memaory Uss

. Filterapp-mpi.0fFilterap. .. 59 . 36KE 69.17KB
° CO m p are W I t h Iﬁ-{'ilterapp—mpi B9.36KE 194 69.17KB 149
pmyClassB.oxx 66 .01KE 0 66,01KB 131
b aS el i n e BrmyClassh.oxx 2.00KB 0 2,00KB 4
M-new_allocator.h 1024 0 1024 1
B-main.cxx 192 0 192 7
m-stl_algobase.h 162 194 -32 2

« See changes between
point A and point B

Process Selection

. Process
. Compare wWith saved [faraiel b il

th-MPI_COMM_WORLD

Ffilterapp-m

S eS S I O n A filterapp-m
P71 L e | [ ]

P rilterapp-n

* Provides memory |
usage change from I

Ilv

Session 1 Source | Session 2 Source |

A P
last run | B
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Memory Usage Statistics

'/\ File Edit Miew Actions Tools Window Help

R%UE WAVE FIOE3ES SE! [J Configuration | Leak Detection | Heap Status | bemory Usage IMerr 1
Process —_—
LE —Cpti Controls
- Farallel Job nbody_tree_ ptions an
Ul 1P|_COMM_WORLD W Tedt M Heap [ Total VM |\ o (+|  iBar (stackea) /|
L nbody_tree_cr B Data | Stack M Stack VM - . —
—  nbody_tree_cn 1~
—  hbody_free_cr ”3-
—  hbody_tree_cr 14-
—  hbody_free_cr 12-
—  hbody_tree_cr .
104
—  hbody_free_cr| 1
— nhndw tree cn ol MB B__
k= ch
—Generate View —————— 4
o Chart View v 21
o4
_I Enable Fitering S 2 68 4 1 7 5 3 0
o Process (rank)
| Generate View | . - =
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Memory Reports

o Multi P le Re ports T T i e
ROGUEWAVE . Memory Statistics N e

SOFTWARE

 Interactive Graphical
Display

« Source Code Display

« Backtrace Display

« Allow the user to

* Monitor Program
Memory Usage

 Discover Allocation
Layout

« Look for Inefficient
Allocation

« Look for Memory
Leaks

97

e Wave Software, Inc.



MEMORY DEBUGGING: MEMORYSCAPE

*Preview: Debugging Memory with MemoryScape

e Startup

Integrated and Bundled with TotalView

Typically started from the TotalView gui

* Multi-threaded and multi-process programs

Setup from TotalView or stand alone.

The multi-process and multi-threaded GUI interface is very similar to TotalView.

«Automation Support
*Block painting
Memory Corruption Detection - Guard Blocks

‘Memory Hoarding

98
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Memory Debugging: MemoryScape

Multi-Process and Multl-Thread

ROGUE WAVE

SOFTWARE

« Memory debug many processes at the same time
« MPI

« Client-Server
¢ FOI’k-EXGC 1122 pr al Handling

May 41, 2012 Hanage Processes and Files
You can control your processes or unload files using these controls.
Other Tasks

« Compare LT —
two runs

Remote

Select processes from the list below and use these controls to change their execution state.

Parallel Job filterapp-m...

[ I A S —

P filterapp-mpi.0 Breakpoint 127.0.1.1 Z874@127.
A filterapp-mpi.1 1 Free unknown block0Z:25:06 Breakpoint 127.0.1.1 Z873R1Z7.

a I i Cati O n S BTt anannomni 7 7 Rrasknnint 177 04 1 2a77a477 [
I~
PP ] ] ] | s
- ¢ 3
M u t | I —t h read ed Memory Debugging Files and Core Files

Select files from the list below and press Unload to remove the file from this session.

e Wave Software, Inc.



Memory Debugging: MemoryScape

Script Mode - MemScript

« Automation Support

« MemoryScape lets users run tests and check
programs for memory leaks without having to be in
front of the program

« Simple command line program called MemScript

« Doesn'’t start up the GUI

« Can be run from within a script or test harness
 The user defines

« What configuration options are active

« What thing to look for

« Actions MemoryScape should take for each type of

event that may occur
100
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Memory Debugging: MemoryScape

Memory Deb ng Optilons

May 11, 2012 |Memory Debugging Options

Related Tasks Customlize your options below or press Basic Options for predefined settings. Basic Dptianslj

Load Memory Optior N
Save Memory Optior —| Enable memory debugging

Other Tasks

Add Frogram
Manage Frocesses
Export Memory Dats

+ _| Halt execution on memory event or error

+ _| Guard allocated memory

+ _| Paint memaory

| |
| |
|+ _| Use Red Zones to find memory access violations |
| |
| |

+ _| Hoard deallocated memory

Process Selection

FProcess

FParallel Job fil
g MFI_COMM_WORLO
PFilterapp-

Yellow buttons I mean:

A Filterapp-
P rilterapp- ] *multiple processes are selected B
= I~ * the settings can wvary among selected processes

T — ®* you can modify the settings for all these processes by pressing the yellow buttons _

Menu Selections:

Block painting, Guard block and Hoarding
101
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Memory Debugging: MemoryScape

~
ROGUE WAV

SOFTWARE

Red Zones instant array bounds detection for Linux

« Red Zones provides:

« Immediate detection of memory overruns.

« Detection of access violations both before and after the bounds of
allocated memory.

« Detection of deallocated memory accesses.

e Red Zones events

« MemoryScape will stop your programs execution and raise an event
alerting you to the illegal access. You will be able to see exactly where
your code over stepped the bounds.
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Memory Debugging: MemoryScape

Red Zones instant array bounds detection for Linux

 Red Zones allocation size range controls

« The optional use of Red zones will increase the memory
consumption of your program.

« Controls are provided to allow the full management of Red Zone
usage. These controls allow:

 Restriction of red zones to allocations in several user defined size
ranges

« Easily turning red zones on and off at any time during your
programs execution.
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Memory Debugging: MemoryScape

Red Zones instant array bounds detection for Linux

 Red Zones support in the CLI

« The Command Line Interface also provides support for
RedZones

e Scripting support of new commands and command
gualifiers
« TVScript
« MemScript

104
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Memory Debugging: MemoryScape

s~ Configuring Guard Blocks
ROGUE WAVE

OFTW Guard allocated memory
When selected, the Memory Debugger writes guard blocks before

and after a memory block that your program allocates

I- I Guard allocated nenory

Pre-Guard Size: IB hytes i’

Pattern: |[ORveiririzd Wl

Fost-Guard Size: IB bytes i’

Pattern: |OXG95EEaaa0 W

Maximum Guard Size: |0| bytes ﬂ

Pre-Guard and Post-Guard Size:

Sets the size in bytes of the block that the Memory Debugger places
iImmediately before and after the memory block that your program
allocates

Pattern:
Indicates the pattern that the Memory Debugger writes into guard blocks.
The default values are Ox77777777 and 0x99999999

105
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Memory Corruption Detection (Guard Blocks)

IEGuard Blocks

an

Pre-Guard 3Size:

Guard Blocks

|a hytes

OX7FTTTITT

IS hytes

0y

Pattern:

L

Post- Guard Size:

0y

Pattern:  0x39995339 j| d
] <
&,
Maximum Guard Size: |0 bytes i’ =
| -
I"\_\_-
g
J
<l
\"_J.
b
T~
J
e

Configuration | Leak Detection | Heap Status IMemnry Usage | kMemory Compare |

Preceding Block Carrupted Block

|Fnllnwing Elock

] | oHOE04a02E 171 bites  OMOGO0420d2 | OHOG0400eE 52 bites — DHOG042107 |
Backirace [ Source 5
Process | Function I Line # I Source Informs | | fhomesharrykiredshia_events.c
|i|_1 T
malloc 143 malloc_wrappe || 102 hireak;
main | 106 lhia_vents.c JTES
_libe_start_main libc.s0.6 104 | case notify_guard_corrupti|_|
_start hia_events 105
Iﬁ 53 = (char “imalloc { 0xalk
107 (|
] = =

b \WWave Software, Inc.
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Memory Debugging: MemoryScape

F %

ROGUE WAVE |
OFTWARE Improved Memory Hoarding support

The use of memory hoarding in MemoryScape increases the risk of running out

of available memory. MemoryScape now has the capability to manage this

condition and alert you when you are at risk.

« Hoard Low Memory Controls

« Automatically release hoarded memory when available memory gets low,
allowing your program to run longer

« Hoard Low Memory events

« MemoryScape can stop execution as notification that the hoard droppped
below a particular threshold. This provides an indication that the program is
getting close to running out of memory.

« Hoard Low Memory scripting and CLI support

« TVScript
« MemScript

107
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Memory Debugging: MemoryScape

Improved Memory Hoarding support

« Hoard Low Memory supportin the CLI
« Hoard Low Memory scripting support
« TVScript
« MemScript

108
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LAB 4, 5, 6: MEMORY LABS
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Using scripts for unattended debugging

BATCH DEBUGGING

110
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e Wave Software, Inc.

tvscript and memscript

A straightforward language for unattended
and/or batch debugging with TotalView and/or
MemoryScape

Usable whenever jobs need to be submitted
or batched

Can be used for automation

A more powerful version of printf, no
recompilation necessary between runs

Schedule automated debug runs with cron
jobs

Expand its capabilities using TCL
111
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All of the following information is provided by
default for each print

* Processid
 Thread id
« Rank

« Timestamp

» Event/Action description

A single output file is written containing all of
the information regardless of the number of
processes/threads being debugged
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Sample Output

f © Simple interface to create an action point
E

-Create_actionpoint "#85=>print foreign_addr”

« Sample output with all information

I Process:

I ./TVscript_demo (Debugger Process ID: 5, System ID: 2457@127.0.1.1)
I Thread:

I Debugger ID: 5.1, System ID: 3077191888

I Rank:

0]

I Time Stamp:

I 05-14-2012 17:11:24

I Triggered from event:

I actionpoint

I Results:

I err_detail = {

! intervals = 0x0000000a (10)

I almost_pi = 3.1424259850011

I delta =0.000833243988525023
b}
|

|
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~
ROGUE WAVE ° General

0OFTWAR
- any_event

« Source code debugging events
« actionpoint
e error
« Memory events (just a few, all are listed in
Chapter 4 of TotalView Reference Guide)
* any_memory_event
» free_not_allocated
e guard_corruption

* rz_overrun, rz_underrun, rz_use_after free

114
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Source code

« display_backtrace [-level num] [numlevels] [options]

« print [-slice {exp}] {variable | exp}
Memory

« check guard_blocks

« list_allocations

 list_leaks

 save html heap status_source view

« save_memory_debugging_file

* save text heap status source_view

115



Command syntax

General syntax

 tvscript [options] [filename] —a [program_args]

MPI| Options

 -mpi starter starter comes from Parallel tab dropdown
» -starter_args “args for starter program”

 -nodes

* -Np or —procs or —tasks
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Command syntax

ROGUEWAVE © A\ction options
0O FTWARE
* -create_actionpoint “src_expr[=>actionl[,action2] ...]"
« Repeat on command line for each actionpoint

« -event_action “event_action_list”

e eventl=actionl,event2=action2 or eventl=>actionl,action2

« Can repeat on command line for multiple actions

* General options
» -display_specifiers “display_specifiers_list”
* -maxruntime “hh:mm:ss”
» -script_file scriptFile
» -script_log_filename logFilename
e -script_summary_log_filename summaryLogFilename
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Command syntax

Memory debugging options
 -memory_debugging (must use for debugging memory)
« -mem_detect_leaks

« -mem_detect _use after free

 -mem_guard_blocks

« -mem_hoard _freed _memory

« -mem_hoard_low_memory_threshold nnnn

« -mem_paint_all

« -mem_paint_on_alloc

« -mem_paint_on_dealloc
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Command syntax

~
RoGUEWAVE © Memory debugging red zone options

0O FTWAR
« -mem_red_zone_overruns

* -mem_red_zones_size ranges min:max[,min:max]...

« Ranges can be
* min:max
* min;
* MmaX
 fixed

« -mem_red zones_underruns
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Instead of putting everything on the command
line, you can also write and use script files

Script files can also include TCL

Logging functions
 tvscript_log msg — logs msg to the log file

 tvscript_slog msg — logs msg to the summary log file

Property functions
* tvscript_get process property process id property

» tvscript_get thread property thread_id property

120
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f © Action point and event functions
A E

 tvscript_create_ actionpoint source loc_expr

 [[##image#]filename#]line_number

» function_name

» class class_name

« virtual class:signature
 tvscript_add_actionpoint_handler id handler
» tvscript_add event handler event handler

» Passes an array to handler, event will either be error or
actionpoint

e Other information relevant to event
« Handlers are written in TCL

121

Wave Software, Inc.



LAB 7: BATCH MODE DEBUGGING WITH
TVSCRIPT
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SSSSSSSS

REVERSE DEBUGGING
WITH REPLAYENGINE
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What is ReplayEngine?

Provides record for deterministic replay
Records program changes as they happen

Captures input
* Function calls

 Network and file 1/0

Captures non-determinism
» Forces single threaded execution

 Records context switches

Allows stepping back in execution, like a DVR for your
programs

Use breakpoints and watchpoints
Support for MPI on Ethernet, Infiniband, Cray XE Gemini

Support for Pthreads, and OpenMP
124



ReplayEngine Support

~
RoGUEWAVE © Replay on Demand: enable it when you want it

0OFTWAR

« Supported on Linux for x86 and x86_64

e Cluster interconnects

* IP (any interconnect): MPICH, MPICH2, OpenMPI, Intel
MPI, SGI MPT, Cray XT-MPT, MVAPICH, MVAPICH2

 Mellanox Infiniband

* IB verb: MVAPICH, MVAPICHZ2, OpenMPI,
Intel MPI
* Qlogic Infiniband
* PSM: MVAPICH, MVAPICHZ2, OpenMPI,
Intel MPI
125
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ReplayEngine

/“\'
ROGUEWAVE ° Editing during record mode

0FTW

 Allows modification of variables during record

mode (eval breakpoints, click/edit of variable
values)

« Modifications are recorded along with the rest
of the execution

* Not allowed to change values when in
playback mode

« Don't attempt to step into recorded edits, but
correct values show up on either side

e Wave Software, Inc. 126
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ReplayEngine

An Intuitive User Interface

Step forward
over functions

Step forward
into functions

Advance forward out
of current
Function, after the call

Advance forward to
selected line

Wi

Live

3 Step backward over
Prev functions

1 Step backward into
UnStep functions

3 Advance backward out of
Caller current Function, to before

the call

A Advance backward to

BackTo selected line

Advance forward to
“live” session
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ReplayEngine

Replay not running

Enable Replay “On Demand”

File Edit Miew Grouwe Process Thresd Action Point Debug T

Group (Control? v [> ii [! ib 5 t';:" 3

Go Halt Kill Restart |Hext Step Out. Fum

MW~ Thread_ L {30?4890-’480}* Fllterapp moi (At Breakpoint

No Active Buttons!

Replay running

File Edit Wiew Growe Process Thread Action Point  Debug Tools  Window He 1

Growe tControll _{I [> ii ib 5 ‘@i Q ‘ ﬁj ;5 _3 iﬁ
Go Halt Kill Restart |Hext Step Out Eun To (Fecord GoBack Prew UnStep Caller Back®

..................................... Rank 3: filterapp-mpi.2 (At Breakpoint 17 [M] [R] :eereiieeriieiiiioiiiiiiiiioiii
W Thread 1 {30?4890480}* filterapp-mpei (AL Breakpnmt 1} <Replay Ehglhe has been enabled> |

Active Buttons

1587
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ReplayEngine
Consider the following very difficult program scenario:

A crash occurs that destroys the stack backtrace, giving no
information leading up to the problem

ReplayEngine can be used to work backwards from the
crash, and even to observe the stack recreate itself,
providing the critical information on where and how the
problem began.

The ReplayEngine provides the ability to review any part of
the program execution... to see all variables and function
calls, from the beginning of the run to the current time
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T

/home/ubuntu/demos/ReplayEngine demo

File Edit View Group Process Thread Action Point Debug Tools Window

Group (Contron /I b ii i' ‘ $ ‘O_’ 9 @? «’ _% :3 f
— Go Halt Kill Restart| Next Step Out Run To| Prev UnStep Caller £
== = Process 1(9179): ReplayEngine_demo (Stopped)
AL T trez 1 (178) (Stopped) <Trace Trap> [l
Stack Trace A Stack Frame
funcB, FP=bfeaebc8 ||| Function "funcB": A
funch, FP=bfeacbed b: 0x00000006 (6) _J
funcB, FP=bfeae778 Block "S$bhb1l":
funch, FP=bfeaec798 a: 0x00000008 (8)
main, FP=bfeae7c8 Jix Oxbfeaebdd (-107
__libe_start_main, FP=bfeae828 v {(int [20])
_start, FP=bfeaed30 p: Oxbfeaebbc -> 0Ox
b ||| Registers for the frame:
i £
Function funcB in ReplayEngine_demo.cxx = _u"_

45 int: *p; Al

46

47 a=b+2;

43 p=&c;

49

50 if{ c¢<MAXDEPTH )

= M c=funchic);

52

53 for {(i=arraylength-1; i>0; i--){

54 v[i]=*p; J

55 }

56 ‘
=4 i~
Action Points] Prgcesses] Th[eads] P-| P+ T-] T+
1 ReplayvEngine demo.cxx#57... funcB+0Oxde...
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3 ome demos/Repla gine demo

File Edit View Group Process Thread Action Point Debug Tools Window

Group {Control) LID b i ‘ $i33 ¢ 9 3|3

Go Halt Kill Restart| Next Step Out Bun To| Prev|UnStep] Caller £

Process 1 (9179): ReplayEngine_demo (Stopped) ==

S T hreac 1 (8 179) (Stopped) <Trace Trap> [l
Stack Trace A Stack Frame
funcB, FP=bfeaebc8 ||| Function "funcB": A
funch, FP=bfeacbed b: 0x00000006 (6) _J
funcB, FP=bfeae778 Block "S$bhb1l":
funch, FP=bfeaec798 a: Oxb7eb14f8 (-120
main, FP=bfeae7c8 Jix Oxbfeaebdd (-107
__libe_start_main, FP=bfeae828 v {(int [20])
_start, FP=bfeaed30 p: Oxbfeae720 -> 0x
||| Registers for the frame:
i £
Function funcB in ReplayEngine_demo.cxx = u"_

41 int funcB{int b){ Al

42 Jot-de

43 9 o oW

44 int v [MAXDEPTH];

45 int *p;

46

=D c=b+2;

43 p=&c;

43 _|

50 if{ c<MAXDEPTH )

51 p c=funch{c);

52 - ‘. - L. 4 - £
= i~
Action Points] Prgcesses] Th[eads] P-| P+ T-] T+
1 ReplayvEngine demo.cxx#57... funcB+0Oxde...
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i /home/ubuntu/demos/ReplayEngine demo

File Edit View Group Process Thread Action Point Debug Tools Window

Group (Control) /| % ne » ‘ 59383 « 9 a 3
Go|Halt Kill Restart| Next Step Out Bun To| Prev UnStep Caller Back’

== Process 1 (9179): ReplayEngine_demo (Error)

NAAAAARARAARAAAAIAAAAIGI0 Thread 1 (9179} (Error) <Segmentat|0n violation= |||

Stack Trace Stack Frame
PC: 000014, FP=bfeaedcl A
Registers for the frame: J
%ecax: Oxbfeaebb58 (-107512
%2ecx: Oxbfeae854 (-107512
%edx: 0x00000001 (1)
%2ebx: Oxb7el7ff4 (-120995
Zesp: Oxbfeaedf( (-107512
%ebp: Oxbfeaeb68 (-107512
¥ %esi: Oxb7ff5cel (- 1208004i
Unknown | ]
0x0000000e: 299 A
0x0000000¢F: 7?7 por
0x00000010: 7?7
0x00000011: 7?7
0x00000012: 7?7
0x00000013: 7?7
= » 0x00000014: PR
0x00000015: 7?7
0x00000016: 7Y
0x00000017: 7?7
0x00000018: 7?7
0%00000015: 722 ,
=4
Action Points] Prgcesses] Th[eads] P-| P+ T-] T+
1 ReplayvEngine demo.cxx#57... funcB+0Oxde...
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Er ome demos/Repla gine demo _nx
File Edit View Group Process Thread Action Point Debug Tools Window Help

Group (Control) /| PUE B ‘ 54938 « |9 % 1 “
Go Halt Kill Restart| Next Step Out Run To| Prev|UnSv¥ep| Caller £ i
S = Process 1 (9179): ReplayEngine_demo (Stopped) =
NNNNNARAAAAAIAAAAAIII - Thread 1 (9179) (Stopped) <Replay operation succeeded:
Stack Trace A Stack Frame
[c++ ] funcB, FP=000014 |5 || Function "funcB": A
b: <Bad address: Ox'J
Registers for the frame:
Zeax: 0x00000014 (20)
%2ecx: Oxbfeae854 (-107512
Zedx: 0x00000001 (1)
%ebx: Oxb7el7ff4 (-120995
¥ %2esp: Oxbfeaedbc (-107512Ji
Function funcB in ReplayEngine_demo.cxx |
52 Al
53 for (i=arraylength-1; i>0; i--){
54 v[i]l="p;
55 }
56
return c¢;
=  }
59
60 int badstuff(){
61 arraylength=5*MAXDEPTH;
62 return 0; J
1 £
=
Action Points] Prgcesses] Th[eads] P-| P+ T-] T+
1 ReplayvEngine demo.cxx#57... funcB+0Oxde...
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i /home/ubuntu/demos/ReplayEngine demo

File Edit View Group Process Thread Action Point Debug Tools Window

—[o[X]
Help

Group (Control) L|[> i i ‘ $9 3 &

Go Halt Kill Restart| Next Step Out Run To

9 1 3

Prev UnStep Caller|BackTolLive

Process 1 (9179): ReplayEngine_demo (Stopped)

(ML T hread 1 (8179) (Stopped)

operation succeeded:

<Replay

oL

Stack Trace A Stack Frame
funcB, FP=bfeaedb8 ||| Function "funcB": A
funch, FP=bfeaecdd8 b: 0x00000012 (18) _J
funcB, FP=bfeaeb£8 Block "S$bl'":
funch, FP=bfeaech388 a: 0x00000014 (20)
funcB, FP=bfeaebtl8 Jix 0x00000000 (0)
funca, FP=bfeaect38 v {(int [20])
funcB, FP=bfeaebc8 p: Oxbfeaedac -> 0Ox
funcl, FP=bfeacbted
funcE, FP=bfeae778 Registers for the frame:
c++ | funch, FP=bfeae798 |/ __,i
Function funcB in ReplayEngine_demo.cxx |

44 int v [MAXDEPTH]; =

45 int *p;

46

47 c=b+2;

43 p=&c;

49
= if{ c<MBXDEPTH )

51 c=funch{c);

52

53 for (i=arraylength-1; i>0; i--}{

gé } v[i]=*p;

PR

Action Points] Prgcesses] Th[eads]

ElriTis:

1 ReplayEngine_demo.cxx#57...

funcB+0xde. ..
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LAB 8: REVERSE DEBUGGING WITH REPLAY
ENGINE
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New Capabilities in TotalView 8.10

CUDA 4.1

Reverse Debugging
& Replay on Demand

& C++View and ReplayEngine interop 33 int Funca(int =) 4
. . . 34 1I‘Lt L;
Visual Dive Indicator =D B bdayz
36 b=fUMEE (b ;
- a7 return b;
Cray-specific enhancements 3}

39
@ Improved Cray Compiler Edition Support 4t

& ReplayEngine on Cray XE
& CUDA support on Cray XK
& Early Access Preview for OpenACC on the Cray with CCE 8 compiler

TVScript Scalability Improvements

32 user bugs fixed

b Wave Software, Inc. Copyright ©
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SUPPORT AND
QUESTIONS
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TotalView Customer Support

Va9

« Emall:
RW!EW A REE ] ]

e Use our web site for documentation, demos,
FAQs and to contact support
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ROGUE WAVE

SOFTWARE

b \Wave Software, Inc.

l i Rogue Wave Software u... RS ‘

TotalView Customer Support

http://www.roguewave.com

Developing parallel, data-intensive
applications is hard.

EXPLORE OUR PRODUCTS

We make it easier.

WHO WE ARE

Rogue Wave Software is the largest independent
provider of cross-platform software development
tools and embedded components far the next
generation of HPC/High Performance Computing
applications.

NEWS

BREAKING NEWS

Rogue Wave Software Announces Availability
of TotalView Software within SGI Development

Login | Register | Evaluate | ContactUs -

HOME PRODUCTS SERVEES REOURE SUPPORT COMPANY

Contact Support

File a Support Request
YWhether it's for multi-core machines, clusters, ari
when you need to make the move to high perform
HFC experts at Rogue YWave will help you get ther
components that are tailor-made for parallel envir

Requesta
Download/Upgrade

User Forums
Find performance and logic flaws in parallel
- ! i I part Knowledge Base

&4 Increase performance through memory and

. o Product Documentation
&4 Sophisticated data analysis with math and s

IN THE PRESS

SD Times

Mutlticore is catching up atfast
Developers are finding ways to overcome

o listdi s ductivity b Suite chalienges in mult-threaded systems

ur goal is to increase developer productivity by Rogue Wave Chief Scientist Dr. Erik H t6h |

S % = Read the Press Release >> gue YWave Chief Scientist, Dr. Erik Hagersten is

ab?tractlng avay qug ofthe complexity of interviewed in an article ahout development tools

huilding these applications. for multicore processing.

We provide: Read the Article >>
° I Rogue YWave Software Announces Availability of
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TotalView Customer Support

ROGUE WAVE

SOFTWARE

HOME PRODUCTS SERVEE REOURCE SUPPORT COMPARY

Contact Support

*Programs & Policies

Ifwou are a current custorner and require Technical Support or License Administration for the products » Contact Support
vou have already purchased, please contact us hased on the product of interest;
*File a Support Request

# For Technical Support
‘ P »Request a DownleadUpgrade

* For License Administration A
ser Forums

* For Product Update or Download Requests
*Knowledge Base

»Product Documentation

For Technical Support

TotalView Family of Products

>Evaluate

Worldiwicle, except Japan »Redquest a Demo

Engineers are available frarm 8:00 Ahd to 5:00 PM Eastern Time, Monday-Friday
1J5: 800-856-3766

Telephone: S08-652-7700 »Contact Us
FAX: 508-B52-7701

Email: tvsupport@roguewave.com

Submit 2 Web Support Incident at: File a Support Request

»*Request For Quote (RFQ)

IMSL Numerical Libraries

Worldwidle, except Japarn
Engineers are available from 8:00 A to 5:00 PM Central Time, Monday-Friday
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ROGUE WAVE

SOFTWARE

P Wave Software, Inc.

TotalView Documentation

SERVIEES COMPANY

HOME RBOURE SUPPORT

PRODUCTS

' OVERVIEN
TotalView

>*Features

>What's New

Dynamic source code and memory debugging for (, (++ HOUKCE
and Fortran applications »*Brochures and Datasheets

Totalview is a GUI-hased source code defect analysis toal that gives yvou unprecedented control aver >White Papers and Publications

processes and thread execution and visibility into program state and variables. »Videos
It allows you to debug one or many processes andiar threads with complete
control over program execution, from basic debugging operations like stepping
through code to sophisticated technigues that are becoming more
commanplace in the high performance computing woarld, You can reproduce
and trouhleshoot difficult prablems that can accur in concurrent programes that
take advantage of threads, OpenhdP, MPI, or computational acceleratars.

» Case Studies
»License Options

TECHHICAL MRIRMATION

> Supported Platforms

Totalview provides analtical displays of the state of vour running program for
efficient debugging of mermory errors and leaks and diagnosis of subtle
prablems like deadlocks and race conditions. Totalview warks with C, C++ and
Fartran applications written far Linux {including the Blue Gene platforms), UM and Mac 05 X platforms.
To learn more ahout TotalView, see the Features page, ortake a look at the introductory video, Getting
Started with TotalView.

Request a free evaluation copy of TotalView ta try it for yourselfl

» Evaluate
» Request a Demo

* Request For Guote (RFQ)

141



TotalView Documentation

TotalView Family

- TotalView® w4 MemoryScape

w4 ReplayEngine

ThreadSpotter

a4 Version 2010.4: Manual

Legacy .h++ Products

Analytice.h++, DBTools.ht+, LAPACK b+,
tdath.h++, Money.h++, Sofbware Parts Manager,
Standard C++ Library, Threads.h++, Tools.h++,

Tools.h++ Professional

P Wave Software, Inc.

HOKE

PRODUCTS

IMSL Numerical Libraries

w4 CLibrary wa Fortran Library

k4 Java®Library &4 -NET Library

w4 PyIMSL Studio

PV-WAVE Family

lka PVWAVE 4 TSWAVE

ks Jwave™

i)
Source Pro (++

wa Version 111 g Version 11.0

w4 Version 10.1

SERVEE

COMPANY

REOURCE

SUPPORT

Stingray

wa Version 10 w4 Version 2006

HydraExpress

e Version 4.6.0 gy Version 4.3.0

w4 Version 3.5.0

HostAccess

w4 Version 740 gy Version 7.30
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