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INTRODUCTION

.

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

d Compilers and Architectures

What is TotalView?

i A comprehensive debugging solution for demanding

Rgﬁfl!iwmyg parallel and multi-core applications

Wide compiler & platform
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Unix, Linux, OS X

Stk Frame
Handles Concurrency EEé"‘ P mia > (elass Girele)
Multi-threaded Debugging b ?J ——
Parallel Debugging Functaan Circle; in corbined.cux ]
MPI, PVM, Others e e e, ’
Remote and Client/Server ' -
Debugging
Integrated Memory res function
Debugging {
_radius * n_sadius: // Our ald friend, pi © squared...

Reverse Debugging available
ReplayEngine

Supports a Variety of Usage
Models

;
Powerful and Easy GUI |5
. s, roumea]

- alass szereiss: Do

fiqura

figurs in the case
s afaa of a cons i-]

jguble heigit)

CLI for Scripting
Long Distance Remote
Debugging

+ Unattended Batch
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Starting TotalView

ROGUEWAVE Start New Process

SOFTWARE

New Program [x]

grngram] grgumams] Standard vo] F’araUel]

Pragran: | _erowse. |
Start a new

process Onhost:  (local) | mgd Host. |

Aftach to
process

| Enable ReplayEngine
Recard all program stat while running. Roll back your program to any paint in the past

I Enable memory debugging
Track dynamic memory allocations. Caich comman erors, leaks, and show reports

1 Halt on memory errors

I Enzble CUDA memory checking

Open a
care flle Detect global memory addressing violations and misaligned global memory accesses.

Cancel Help

Starting TotalView

ROGUEWAVE  Start New Process — Enable ReplayEngine

OFTWARE

firr] New Program L]
s Erngram] grgumams] Standard vo] Para\jel]
Program: | home/johnhAtreaded/simple_threaded/simple | Browse. |
Start & new
pracess On host: (local) | mdd Host.. |

W
Aftach to
process

I~ Enaltle ReplayEngine
Recard all program state while running. Roll back your program to any point in the past

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

1 Halt on memory erors

Open a

I Enable CUDA memary checking
care flle

Detect global memory addressing violations and misaligned glabal memary accesses

oK Cancel Help

1"
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Starting TotalView

ROGUEWAVE  Start New Process — Select a recent process

SOFTWARE

New Program [x)

gmgvam] ﬁvgumsnm] Standard \/o] Fava\jz\]

program: (|T | rowse. |
Sratdey fhi ijohnhithreadeds le_threaded;s Il
eors omedonnhireaded/simple_nreaded/simple

L OnNOSt o medjohnhiviews/car pledcatmplex_sforti st |

shomesohnhyviews/complexicomplextie

/hored ohnhviews/complexcomples

shomesohnhyviews/simplez/simple_xtorn

/hotmed ohnhyviews/sit ple 2/simpletvd
mesohnhyvievs/simpleZ/simple

1 Enable mei fhomesohnhsviews/examples/cppyiew_example_1
Track dyne fhomesjohnhrviews/simple/simpletyd

Jhomesohnhsviess/sim plessimple_xform

Aftach to
process

_1 Enable Rej
Record all

1 Enable CUDA memary checking

Open a
core fie Detect global memory addressing violations and misaligned global memory accesses

Cancel Help

Starting TotalView

ROGUEWAVE  Start New Process — Memory Debugging

OFTWARE

New Program.

gmgram] ﬁvgumenls] Standard uo] F‘aval\e\]

Program: [ mome/johnhithreaded/simple_threadedssimple | _erowse. |
Start a new

process Onhost  (local) /| Add Host... |

W
J¥ Enable ReplayEngine

Attach to Record 3l program state while running. Roll back your program to any point in the past
process

J7 Enable memary debugging
Thack dynamic memary allocations. Catoh carimon erors, leaks, and show reports

J¥ Halt on memory errors

Open a 1 Enable CUDA memory checking
core file Detect global memory auuvessmg violations and misaligned global memory accesses.

<13 Cancel Help

b wave Software, Inc.




Starting TotalView

ROGUEWAVE  Start New Process — CUDA memory checking

SOFTWARE

gmgvam] ﬁvgumenls] Standard \/o] Fava\_\E\]

Frogram: [ nomerohnnthreaded/simple_threadessimple | _erowse. |

Start a new
process onhost  (local /| AddHost.. |

w I Enable ReplayEngine

Attach to Record all pragram state while running. Rall back your pragram ta any point in the past.
process

J Enable memory debuggin

ging
Track dynamic memary allocations. Catch carmon erors, leaks, and show reports

J¥ Halt on memory errars

Open a J7 Enable CUDA memory checkin
core file Detect global memary addressing violations and misaligned global memory accesses.

[eI3 Cancel Help
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Starting TotalView

ROGUEWAVE  Start New Process — Command-line Args

New Program x|

gmgram] Argumems] Standard vo] F‘ara\_\el]

Commanc-line arguments

startanew [LOCETT I
process
Altach to ironment variables (NAME=YALUE)
process

Opena
core file

oK Cancel Help

15
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ROGUEWAVE  Start New Process — Arguments tab

SOFTWARE

[
b

Start a newr
process

Attach to
process

Opena
care file

New Program

Starting TotalView

gmgram] Standard vo] F‘ara\_\el]

Commanc-ine arguments

Environment variables (NAME=YALUE)

OK

Cancel Help

SOFTWARE

2
o)

e

Start a new
process

RN
Atiach to
process

Open a
core file

ROGUEWAVE  Start New Process — set environment variables

Starting TotalView

New Program X

gmgram] ﬁvgumenls] Standard uo] F‘aval\e\]

Command-line arguments

Hello world K

Enviranment variahles (NAME=VALUE)

EXE_HOME_DIR=/home/jahnh/myapd -

oK

Cancel Help

b wave Software, Inc.




Starting TotalView

ROGUEWAVE  Start New Process — Standard 1/O redirection

SOFTWARE

New Program x|

gmgvam] évgumems] [Standard 1] Para\]e\]

1 Standard Input

[ S

(&

Start a new

RIOCES Fiead from file: Browse

@ 1 Standard Qutput
wite 1o fie: Browse.. | i Append
Attach to

process i Standard Eror

~ Same as oulput

4 Write 10 file: | Browse.. | 4 Append

Open a
core file

oK Cancel Help
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Starting TotalView

ROGUEWAVE  Attach to Process — Enable Replay Engine

SOFTWAR

&3 F’vngvam] Avgumsnls] Standard \/0] FavaHE\]
= Pr Ar st !l
Program: [ Austibindchus-launch | _erowss.. |
Start a new
process onhost  (local | _addHost. |

PID: | 3295 " Enable ReplayEngine
Attachto  Select processes fo atiach to Select Al Refresh

process

Frogram | Host Local Path | state | PD | PPD ¥
‘YBoxClient 100215 Guestadditons-4 1.6/bind 8 3240 1

dhus-launch 100215 ‘usribind S 3235 1

Opena | Ubus-daemon 100215 i S 3236 1
corsiile | geonfd-2 100215 fuswlinesecs 8 3302 1

Filter by program or path: | Clear
oK Cancel Help

T— 19

Starting TotalView

ROGUEWAVE  Attach to Process

SOFTWARE

s Evagvam] ergunents | Standard 10| Paratel |
o
Program: [ fust/binvdbus-launch | Browse. |
Starta new!
process Onhost (localy | Add Host.. |

PID: | 3295 1 Enable ReplayEngine
Select processes to attash to Select All Refiesh

Attach to
process

Program | Host Local Path sats | PD | PPD ¥

VBoxClient 100215 GuestAdditions-41.8/bin/ s 1=
b il
Opena |  tbus-daemon 100215 ) 1
corefile |  goonfd-2 100215 Jusiliberecs 8 1

Filter by program or path: | Clear
oK. Cancel Help

Starting TotalView

ROGUEWAVE  Open a Core File

SOFTWARE

() New Program [x]

2 s

F’rngram] Argumsmsl Standard vo] F’araHEI]
S g = E ,

Prograim: | /home/johnhithreadedrsimple_threadedsimple | Browee. |

Start a newr
process

Attach to
process

on host(local) | mdd Host. |

Core flle: | core Browse.

Opena
care file

oK Cancel Help

20
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ROGUE

W

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 ]

Ul NAVIGATION AND
PROCESS CONTROL

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

21
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Interface Concepts TotalView Root Window

Root Window )
Hierarchical/ TotalView 8.9.2-1
Linear Toggle File Edit View Yools Window
= D/ Rank. Host Status Description Y
| 1o/ ] " I ! i
1 0127.001 simplempi.0 (19 active threads)
e A a 4127.001 simplempid (12 active threads)
- State of all processes _;l‘E‘D/’ “ R;:(w ‘ DD’:DS"W \Dwsmus ‘ T Status Info 4 31z7001 simplempi 3 (26 active threads)
i 1 0127001 simplempl.0 (13 T = stopped H
being debugged 3 4127001 simplempid (12 PP Rank # &1 T —
4 3127001 simplempi.3 (26 . 52 szzont in runme
- Process and Thread g 5127001 50 * (if MPI program) 53 s127.001 T in runme
5.1 8127001 T in_clone ——fd—— 35127001 T in runme
status 52 8127001 in nme *E = Error 55 arzzont T in runme
58 §127001 T in runme ;'56 glzro0l T in __clane
o In ntn Vi | n 54 8127001 T in unme = H 57 g127.001 in runtne
stant navigation access .55 6127001 T in mnme W Watchpomt TotalView 548 a1zronl T in_clons
56 8127.0.0.1 T in _clone N 58 G1z27.001 T in__clone
- Sortand aggregate by 57 8127.00.1 in runme R = Runnlng Thread ID # [ z127.001 plempi 2 (12 active threads)
{58 8127001 T in _clone 7 s127.00 5 (24 active thread:
status isg 6127001 T in _clone M = Mixed i P 4 TE..J‘,EM ?wafis} 7
3 2127001 simplempl.2 (12 Expand - Collapse|
Z sl *H = Held Toggle Process Action Point
Status ID number
» Dive to refocus
S 23 2 ..Dive in new window to get a second process window 24
ave Sofware, Inc b wave Sottware, inc




Process Window Overview

808 homeitemouse rssing-at-progransicombined
File Zoic bies Group Frocess Thress dction foint Deug Teols bindou

idis 41
et st

Stack Trace and Stack Frame Panes

Stack Trace Stack Frame
g 7] wait_a_while, FP=b7efe34B || |[Function 'wait_s_while" iy
7| need_to_vait, efelss microsecondsT ~ Dx00000014 (20
Stack Trace Pane = Stack Frame Pane| % random,_vector, efedts =0 J
] runne, F] efeihd Registers|for the frame
- start, thread, FP=bTefedal
=0 teawx| Oxb7efedad (-1209015388)
ecx| 0x00000000 (0}
; seds| 0x0929523c (162091580}
detailed xebn| 0x0D9L3EEL (
zesp| DxbTefedd0 (-1209015488)
wehp| Oxb7efedds (-1209015480)
£ e £ 4
ss * aradius; [ Tur old friend, 31 £ sgaaed - Source Pane
E
q Language ’ Name ‘ ’ Frame Pointer ‘ ’ Local Variables ’ Register Values

« Click to refocus

« Click to modify
source pane

« Dive for variable window

{ Tabbed Area

25

Source Code Pane

b Wave Software, Inc.
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Tabbed Pane

View as Source - or Assembly - or Both!
FAunctinn wait_;_:/;é::;;hsﬁwmplec - - = H‘_\ Pe| Pa| T-| T+
#include <mpi.ho iz pop febp le. c#15 q_t £+ 006 X
#endif //ADD MPT DX0B048BLT: leal -4 (3ecx), tesp Sinple c#20 wattoa BholesDE 0
Dx0B046kbE
void vait_s_vhile(size, Dx08048bha Action Pornts | [Prazesses]] Threaos | Pof Pe| T T
(x08048bba: ret 0o [ 7z |3 a5 & x
void need_to_wait() : (x0804Bbbh . nop |
{ 16 wait _a_vhile(unsigned int): pushl  %shp ~gton Pt ] Pracesses | [Tz DA
: 0:18048bbd 1 %esp, keb o o e
wadt_a_phile(); : Uiggmghhe bl oop. Eehn 11 (3085245136) 3 in medn
0x08048hbE . subl $8, %esp = 1z baaamoam = in_kernel vsyscall
void wait_a vhile(size 0x08048bc0 1.4 (2003847184) T n
0x08048hcl 1.5 (2083357328) T in _kernel veyscall
usleep (wicrassconds) 0x0B046bc2: movl  B(kebp),&eax Le (galzmerin) T in “kernel veyasall
Dx0B046hc3 e foac1anTIEN ™ i arnelveparadl
:018048bcd
void random_vector (std gxgggiggcg novl sean, (¥esp)
Il C . .
size_t count - (size] D804 8k T Action Points Tab Processes Tab Threads Tab:
if(count < 100) cound 08048hc8: call  0xB04880c :
Dx0E048h<0 all currently defined  all current all current
for (size_t i=; itcol Dx0B046hea. " int th ds 1D’
:018048bch
weo. push back (rand | / 0x08048hee . action points processes reads, S,
i = || =, Status
27 28




Process/Thread =
status is available at Fhact FEbEcETiel
a glance, in both the

Process and Root

Windows

File Edit View Tools Window

Process Status

o simplempl.8 —ox
Flo Edl View Group Pacess Theas Acton Pael Delug Tools Weaw v

s PHE D533 &

A4 Eruakpain 3) -
plempl (51 Brésipda

ain, FR-BECOTHEN |1 [Furction “main” B
Libc_start_sain, FE-bECETI g 000000001 (1) |
o OrkfcTTa, - b EcTBaE -

OSatefe (3109492)

Ganmoonina (10
Uhieseics (LMS70963)
UniECes (LT 7600)
0013 ()

TotalView 8.9.2-1 Edll - < momcescs <ot thresds ® < ata il

b wave software, Inc.

=| D/ | Rank | Host | Staws | Description |3 rode (4 trosae)) unmn, snnzy

4 a127.001 B simplempi.3 (26 active threads)

5 5127001 B simplempi 5 (26 active threads) J

6 6127001 B simplempi & (26 active threads)

7 6127001 B simplempi 6 (26 active threads)

3 7127001 B simplempi.7 (26 active threads; J

B in main .
712001 T in __kemel_vsyscall -
7127001 T in __kemel_vsyscall BB T T
7127001 T in__kemel_vsyscall /0 ‘
29"

Search Path Variable You Can Set

Search Paths

SOURCE_SEARCH_PATH
OBJECT_SEARCH_PATH
SHARED_LIBRARY_SEARCH_PATH
EXECUTABLE_SEARCH_PATH
Each is a colon-separated list of paths

Search Mappings — applied to paths before searching

SOURCE_SEARCH_MAPPINGS
OBJECT_SEARCH_MAPPINGS
SHARED_LIBRARY_SEARCH_MAPPINGS
EXECUTABLE_SEARCH_MAPPINGS

Each is a colon-separated list of RE=replacement mappings

« +regular_expression+=+replacement+:+re+=+repl+
31

Search Paths

ﬁ File | Edit Yiew Group Procese [m Search Path: Searching Rules x
Mew Program.. ClrlsN
RUGUE MVE Search Path CHrisD ngvams] Snuv:es] omeds] EXECUTAELE,F‘ATH]
SOFTWARE Sgnas Search for source files in the following order
Preferences. 5{COMPILATION_DIRECTORY} 2
Topmsowmee | S{EXECUTABLE_PATH)
Open Source. ${EXECUTABLE_DIRECTORY}
Edit Source CHl+ShifteE $links(§{EXECUTABLE_DIRECTORY))
S Pee cnes | STOTALVIEW_SRC)
Rescan Libraries
Close Relatives  ClrlShiftew
Close Chilsw
Exit Ctleq
= I
Insert Defaults
[ ] [ e |
oK cancel | Help |

b Wave Software, Inc.
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Search Paths

» Search Path Variables TotalView Sets (Read-

ly)
COMPILATION_DIRECTORY_COMPONENT
COMPILATION_WORKING_DIRECTORY
COMPILATION_DIRECTORY
EXECUTABLE_DIRECTORY_COMPONENT
EXECUTABLE_WORKING_DIRECTORY
EXECUTABLE_DIRECTORY

u can use these in setting *PATH variables

for search

32




Search Paths

TotalView Built-in Functions
« $tree(/dir/to/search1:/dir/to/search2)

» Searches each colon-separated directory
and all subdirectories. The $tree directive
cannot be first or last in the Source search
path, but you may have multiple $tree
entries

+ $link (/dir/to/search1:/dir/to/search2)

» Searches symbolic links in each colon-
separated directory. Fails if file is not a
symbolic link and in the exact directory

33

Preferences

[ Preferences [x]

Parallel | Fonts | Fomating | PointerDive | ReplayEngine
Options | ction Points | Launch Strings | Eulk Launch | Dynanic Linraries
_I Enable cammand line editing
_i Farce window positions (disablss window manager placement mades)

I Enable tooltips

i Ignare SIGINT signal (CIreC) delivered to Total¥iew

I Open pracess window on errar signal

I Save preferences fils automatically

I Show System Thread D

I Stop cantral group on error signal

I View simplifisd STL containers (and user-defined transformations)
I CesView

7 Wam about C++ exceptions during single step operations

I Show Startup Parameters when TotalView starts

Tab width: |8 Toolar style: Icons above text |

oK.

Cancel Help

35

Error Stop the process and flag as error
Stop Stop the process
Resend

Ignore Discard the signal

b Wave Software, Inc.

Detsuts Cancet

Managing Signals
File > Signals

iy

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

3

MNare:

Finding Functions, Variables,
and Source Files

ERT R |

Matie:

Lookup

WAVE

[t 2]

threadd

SOFTWARE

Preferred scope:

Preferred scope:

| _threadec

iew | Group Process Threa
Dive “ Function / File + Variable

\

~ Function ¢ File 4 Variahle

_threaiec

Dive In New Window
Undive oK |

Cancel | Help |

ok |

cancel |

Help |

Redive

Reset i+
—_— o

Lookup Function T

Lookup Yariable v

Source As -

ssembler -

isplay Managers

Amibiguous Function

MOt N0, CI08EE1 35 MALChS

inf)
MP1Op.Inif{void (‘)(const woid" void” Int const MP1Datatypas) ool
MPIIntarcome: Spinting const
MPILIntracorses SpIRQALInY const
MP1Cosim:Abann

o

MPL Wi Get{£ons] Yoig" int,const MPL Datalypes, In int i, conat WP Datalype)

=)
1 Snow full pei names

ox

Cancel

Help

36




Stepping Commands

Group (Contral) = [> II ib 5 ‘g § @w

Go Halt Kill Restart Mext| Step  Out Run Ta

Function subT in stef.c [l

int subZ{int); £
it sub3(int) ;

iat nain
bk b=

jo=osubl(i); o= sub3(j)

i 300r;
printf (*The value of k is ', X);
)

Basedon ., %
PC |0C-atI0n 5} ?nb subl{int =)

= - ab2if),
Next 16 return (nesd;

17

18

10 iat oubZ{int y) Step
0. ¢

2y -y e 10, el

20 e

23] etura (107,
21"

Run To

o5
% int sub3{int z) -
27

«
28 return (z’z);

37
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Using Set PC to resume execution at an
arbitrary point

I = S
AT e Vi T et s

[ Eii! B iase

Halt i Seiten Wt S5 04 i To

» Select the line B e e e B
+ Thread->Set PC |

* Click Yes to set Fmmmmr—mm— /
the PC o

) i) nm, ALY

Qg Tous wne ey

i) (1
P
ettty (1)

Eacqine 5.9, SeaMresss, i1}
e Juindhc el WL

39
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Stepping Commands

Group (Contral) <

> b
KT

Thread 2 (3085917072) (At Breaky it 2

" Group tWorkers) read 2 (3085817072) (Al Breakpoint 2)

G Lockstep) ack Trace Stack Frame

roup P EP=b7e£53b8 || ||[Function 'runme” K
Process 1 FP=h7efE4a8 Wo parameters J
Process (Workers) Local wariables
{class std::vector<int, sk

Process (Lackstep)

Thread 1.2 Registers for the frame

mygroup spax: Oxb7ef53b3 (-1209052237)

aecx: 0x00000002 (2)

Group | Process Thread & Process | Thread  Action Poinf Thread | Action Point  Deb
Go Shift+G , Go g | Go

Halt ShifteH Halt h | Halt

Next Shiftehl Mext n | Nexd

Slep Shift+S Step 3 I ostep

out shif+O : out 0 . out

Run To shiftsR . RunTo ' ' RunTo

Next Instruction  SnieX Mexd Instruction % Next Instruction

Step Instruction  Shifiel Step Instruction i Step Instruction

Hold “ Hold w SetPC P
Release Hold Threadls

Attach Subset, Release Threads Cantinuation Signal.
Detach i Create

Custom Groups " Detach

Restart Startup Parameters.. Ctiles

K Cirl+Z 38

Debug Menu

bug | Tools  Window

* Menu Items for extra featurese_I

» Enable ReplayEngine

* Replay Engine Frevis aresnien
Unstep Alt+Shifte5
Caller Alt+Shift-0
Back Ta Alt+ShitR
Go Back Alt+ShiftsG
Live At ShifteL
Previous Instruction Alt+ShifteX
Unstep Instruction AltsShifts!

¥ Enable Memory Debugging  Cirls Shiftrh
» top on Memary Errars
. MemoryScape Open MemoryScape AlteShiteh
Heap Baseline -
Memory Blosk Propetties
Memory Event Dietalls

- CUDA Memcheck P —

* More on these features later

40
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Examining Your Programs

Program Browser

Program Brawser
Libraries in process '1 "simplempi. 0"

/ome /johunh/threaded/sinple_threaded/sinplenpd
@oyscall Libraryd-32

Alib/libpthread. so. 0
Tools | Window Help ‘I #ust/Lib/opermpi/1. d-gee/lib/Libmpi_cxx. s0.0
Jusr/Lib/operapi /1. 4-goc/Lib/Libmpi s
Evaluate ClrieE #usc/Lib/opermpi/1.4-goc/lib/Libopen-rte. 30,0
Exprossion List j\iir;ﬁ;ﬁpz?ﬁgsa 4-gee/ib/Libopen-pal. so.0

Program Browser /Lib/Libnsl so.1

FLik/Libutil. se.1
Fortran Modules fopt/threadspotter/lib,/Libstdore. 50,6
= ALib/Libn. 5.6
Call Graph fopt/threadspotter/1ib/libgec_s. s0.1
FLib/libs s0.6
Parallel Backirace View b ld-Lings, 0.2

fuse/Tib/opermpi /1. A-gee/Lib /opermpi /nea_paffinity linwe so

Debugger Loaded Libraries

Event Log L
Thread Objects
Message Queue

Dynamic Liraries for simplempl.0:

Message Queue Graph
CUDA Devices

Creatz Checkpoirt..
Restart Checkpoint

P Tasks
Global Anays

Comand Line CHrl+Shift+C Load.. | Uniosd
Help

41
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Examining Where Your Programs Are

Parallel back trace

TotalView Parallel Process View x|
I Show Backrace T
Processes || Location [pe [Host [Rank_ 1D | status
1 _clone 0x0082c098127.001 6 4112919971728 Stopped
1 _cione 0x0082c098127.001 6 492940951440 Stopped
10 statt k08051111
®-10 __libc_start_main  0x00770e9¢
B10 main 0x08051320
main#78 0x08051320127.001 0 11 - 3085433552 Breakpoint
main#78 0208051320 127.001 1 7.1 - 3084974800 Breakpoint
main#78 0x08051320127.001 2 11.1- 3085429456 Breakpoint
main#78 0x08051320127.001 3 3.1 - 3084766384 Breakpoint
main#7e 0208051320 127.0.01 4 6.1 - 3084623240 Breakpoint
main#78 0208051320 127.001  § 5.1 - 3085503184 Breakpoint
main#78 0x08051320127.001 6 41 - 3084798672 Breakpoint
main#78 0x08051320127.001 7 10.1 - 3085167312 Breakpoint
main#78 0208051320 127.001  § 6.1 - 3084970704 Breakpoint
main#78 0208051320 127.001 9 9.1 - 3084982992  Breakpoint
a7 start_thread k0302852
1 _L_lock 3218 0x003036 1
i _llock_wait_private 0x00909743
L __kemel_vsyscall  0xb7fled02 127.0.01 6 4.8- 2951441296 Stopped
w86 runme 0x0805 1401
runmes 36 0208051441 127.001 0 1.10- 2931096464 Breakpoint
runme#38 008051441 127.001 0 1.11 - 2920606608 Stopped 1
Updiate Ciose Help

43
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Examining Where Your Programs Are

Il call Graph - simplempi:Control Group

Group (Control) | I Auto-Arrange
i

_Kemel_vsyscal

=) T
Update Save &s. Close Help

42

Viewing TotalView Informational Messages

Event Log
Thread 3.8 hit breakpoint 2 at line 3 in "runmegvoid)"
Thread 10.1 hit breakpoint 4 at line 78 in *main”
Thread 111 hit breakpoint 4 at line 78 in *main®
Thread 610 has appeared
Thread 6.6 hit breakpaint 2 at line 38 In "runmeguaid)
Thread 9.9 hit breakpoint 2 at line 36 in *runme{uoid)
)

Thread 6.8 hit breakpoint 2 at line 36 in "runmegvaid
Thread 6.3 hit breakpoint 2 at line 3 in "runmetvoid
Thread 8.1 has appeared

Thread 910 hit breakpoint 2 at line 38 in "runme(void)”
Thread 611 has appeared

Thread 610 hit hreakpoint 2 at line 38 in "runme(vaic)”
Thread 9.1 hit breakpoint 4 at line 76 in “mai
Thread 6.1 hit breakpoint 4 at line 76 in "main”

Loaded MPI support library Just/lib/openmpift 4-gec/libéopenmpidibompi_dbg_msgc. | 7
e | =
Ho Vamings

Wamings [0 [System 0| Detats

warninge| | cioea a4
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Setting Up Your Windows

» Update current or all windows

Erw

* Momentarily pauses execution (if running) to determine
current state and update

* Duplicate a window

* Memorize current or all windows
* Remembers window positions and sizes for future use
» Only works if Preference Force Window Position is

selected T :

- Update Ctrl+U 1
« Focus on Root window T
; Duplicate
Memorize
Menorize Al

Roat CHrl+ShitsR

45
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Action Points

Action Paint | Debug  Tools  Windc
Set Breakpoint

Set Barrier
| AtLocation B

SOFTWARE

Breakpoints

Create Watchpoint

i Enable

* Disable
Delete Barrier Points
Properties.

4 Suppress Al Cirl+Shift+ D

Delete All
Load Al

save 4l Breakpoints

Save As

Conditional

Action Pmma] Pvgtsaasa] Tngans]

Evaluation Points

sin
Enable

Disable

Delete Watchpoints

47
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ACTION POINTS

— 46
Setting Breakpoints
« Setting action points
S D + Single-click line number
1031 woid fork_wrapper (i 9
1035 ptread_t appria * Deleting action points
1034 pthread_t new_tid: . . . S
1035 pthread attr_t att + Single-click action point line
1036 int vhoops;
1037 int local_fork cou o i i 1 i
L A e i Disabling action points
00 i¢ (fork 1ates + Single-click in Action Points Tab Pane
E forker {fork_cou .
1042 » Optional contextual menu access for all
1043 local_fark_count = .
1044 functions
1045  printf (*Pid xd: & . .
1045 « Action Points Tab

1047 printf (“root ptic
1048 new tid = 0;

1049 #if !defined (_Lyro
1050 pthread_attr_imit

« Lists all action points

+ Dive on an action point to focus it in
source pane

« Action point properties
* In Context menu

Enable
Disatle "+ Saving all action points
Delet . .

Slete « Action Point > Save All

E=== Froperties F

b Wave Software, Inc.

48
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ﬁ
ROGUE WVE
. "' e Breakpoint->At

Location...

» Specify function
name or line #

» Specify class name
and break on all
methods in class,
optionally with
virtuals and
overrides

b Wave software, inc.

Setting Breakpoints

Sﬁ a breakpoint on
4 Function or line

~ All methods in class

~ Allvirtual functions and overrides

Named [[

OK | Cancel

Help |

49

Conditional Breakpoint

~ fhome/ehinkelfSource/combined

i 9

g oomey B

Stack Tracs

Fle Edit View Group Frocess Thread Action Foint Debug Tools Window Help

0 Halt Kil Restart Naxt Step Gut Run To| Prev UnStep Cak
..... Fracess 2 (14213): combined [Stapped)

* 2

« Breakpoint  Barer 4 Evauate |D: 11

Expression;

[Stopped) W
MMONSMNMLY Trreact 1 {14218) [Stopped) <Traca Trap> |10
d Stack Frame

=7 arzaye: FE=b£ad8708 [ | Functi.

it (my_ptia == 1) | $stop; |

4 Cot o C o Fortan

37step)

2=
Location: fhomelehinkelSourcs/combined.co505 _ Addresses Pof P To| T4
i
I Enaple action point
I Flant in share group s
24
oK Dekete Cancal | Help |

E Wave Software, inc.

51

Setting Breakpoints

1. Breakpoint

4 Breakpoint - Barrier .- Evaliate ID: 11

‘When Hit, Stop

~ Group type

4 Process

+ Thrsad * What to stop

» Set conditions
- Enable/disable

Location: /ho ource/combined co@ 505 .

I Enatle acton point * In 1 process or

J¥ Plant in share group
share group

Delete Canesl | Help |

50

Evaluation Breakpoint...
Test Fixes on the Fly!

j + Test small source code

patches
+ Call functions
« Set variables
» Test conditions
« C/C++ or Fortran
e Can’t use C++
constructors i s
+ Use program variables : STy
* ReplayEngine records
changes but won'’t step i
through them i

- 90.000990 cun 50 i T
: . i 5

v Bemgom o by S Eves 001
Egmason

[

b wave Software, Inc.
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Setting Breakpoints
With C++ Templates

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

Funcion main in tempiate ==l |
1 #include <iostream> - - ’ - - cechar{Char, char)s
H # Breakpoint + Barler  Evaluate  ID:1 MNCENAI{Char, Enar) 012
3 templatecclass type > W maseint{intinf)+ 05
4 type max(type di.type d2)( ‘When W, Stop
cetuen dl > 42741 . d2 M maxedouble>{double double)slxle
6 ) * Group
H W mascchar const™>(char const’,char const)+0!
B int main(int arge. + argu) (  Pracess
9 ard::cout << maxi ne;
10 std icot c< mam(465.12) + Theead
11 atd: :cout n n* 1
12 std cout ¢< max(*first” "second") << |
13 cetun
11
Location:  templale coaS [aaresses = ——
¥ Enable actin paint Fncees A None
. T Piant in share group i

oK Delete cancal Heip _Ic'"“'

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

more than one location.

53
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Watchpoints

firr] Watchpoint Properties x|

# Uncanditional - Conditional  1D: <news

e Can create from a

When Hit, Stop

“ Group

variable window
using Tools ->
Watchpoint

~ Process

~ Thread

(" %
)
Fle Eon View Tools | Window Help Address: | 0x0807c030 | Lengih in Bytes: [ 4
11 Create Watchpaint. A XEY] I Enable waichpoint
Expression: [ Gxaag: Add to Expression List <5090 (1 Tt €0 G e
L : [ el
Valug. m

00000000 (0)

” oK || Delete Cancel Help |

55
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Watchpoints

Watchpoints are set  Action Point ->

. Create
on a specific memory Watchpoint
region _ _

° Execution is stopped Enter expression for watchpoint:
when that memory

Threar 1 (3953) (At Watchpoint 6) <watchpoint Trap>
Stack Trace Fi Stack Frame

= FR=bEdbazo8 | X
nallee, FP=hfdba2d8 Registers for the frame J
corcupt_data, FP-bEd5a308
ain, FP-hfd5a39s o 0x00000049 (73)
__libe_start_nain, FP=bfd5ad08 zecx: Ox00020£28 (134952)
_start, FP=bfdSad10 edx: 0x00000000 (0)

ehx: 0x008afff4 (9109492)

Zesp £d5: -1076518416)

%ebp: UabidSaZb8 {-1076518216)

tso1. 0x08076090 (134725776}

sedic Ox0B07c0dB (134725848)

4 S0 nvannanana dries /154

Watchpoints

p0 = (int *) malloc( size * ¢
P fin Tned
Dive ze * ¢

J/ to Add to Expression List | 0ops

right-click on
variable in EI

118 4/ B SetBarier

Source pane B Y oo p7 O

Actass Processes
Across Threads

Set Breakpoint

] 1=t
= Enable
1231 /7 G Disable nt on

134 free
=

agtion Puints | _Propetiies

Delete

56
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Watchpoints

* Watchpoints are set on a memory region, not
a variable

Erw

* 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)

57

b Wave Software, Inc.

DATA MONITORING AND
VISUALIZATION

59

Wave Software, Inc.

LAB 1: THE BASICS

58

Wave Software, Inc.

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

60

15



Stack Frame
0x00000000

i
Block "$hi"
size

Wave Software, Inc.

Local earisnies: Fle EAI View Tools Window Hep |
[73 [ =] EEIETILXEY]]
A‘iir?Eyvessmn | I | Address: | 0x08am530
loop Type: | class myClassa
runforever
FrrREAT AR Field | Type |value m|
foat_p float * 008219540 -> 0
int_p int* 0x08213748 -> 0<0000008C
size int 0x00000080 (126)
Diving on a Common m al - main - 1.1 5%
Block in the Stack File Edit View Tools Window Help |
] SR I IEXEY]
Frame Pane b Expression: | *(al)-=foat_p) ddress: | x0BafI540
slice: [ ] Filter: |
Type: Iﬂnat[lzﬂi |
Field |Vvalue o
[} 0 H
n 1
2 z
] 3
] 4
5] 5
6] B
U] 7
1) # 4
61

The Variable Window

ol T % S—|

Window contents are updated
automatically

Changed values are highlighted
“Last Value” column is available

Editing Variables

Click once on the value
Cursor switches into edit more
Esc key cancels editing

Enter key commits a change

Editing values changes the memory of the

program

File  Edit View Tools Window Help |
[ | More [ Less|[ [~ [ [ =[]
Expression: | b Address: | 006043520
Slice: | [] Filter: |
Type: | double[100]
[} File Edit View Tools Window Help
[1 JiE = EEIETIET RS
2] Expression: | ConnMgrconngr  Address: | 0x08043778
[3] Type: | int
[2] Yalue EJ
[ 000000002 (2)
18]

hells

Flle Eét View Growp Frocess

‘Stack Trace

s 1 (8545): helo (Stopped)
i 1 (Stoppec <Trace Trap:-

Toread Action Point Tooks  Window

F Stack Frams

Fila Ect Vew Tooks Window

ace
50 aain, FR=bENEea8 [ [ Function aein®
libo_stact asin,  EBsbEFFedet ‘ o:qe nooanont b ||
Helj

the frame

iK
Expregsan | (arge)
Type: [45irng

multiple dives.

Wave Software, Inc.

vaie
I_

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
Default.

62

simplempl.0 - 1,1

Expression List Window

File Edit Wiew Window Help
il 7] /=]
Expression Value 1]
rank 000000000 (0}
nnoges 000000002 {10}
nutiThreads 000000002 {10)
tm Ox4f3acd18 (1335542552)
tminumThreads 0x07f5e04f (133554255)
1mi3600/24/365.25 42.3169596167009

Reorder, delete, add .
Sort the expressions .
Edit expressions in place .
Dive to get more info .

b Wave Software, Inc.

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

64
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Viewing Arrays

[ AN_ASEAY - ten by teaklpha - 1.1
Edil View Tools Window

Type: [ 12a(10.10,10)

More
Address:| 014000
Filter:

Field Value
[(RE)] 0
@) -0.506366
[GAR)] -0.873297
@)
G1.1)
(©1.1) File Edi View Tools Winuow Help |
ARI E E Wore [ Less [~ | 1~ /4]
©1.0 Expression. o1 _array Address | 0oMend0
@10 slice: || Filler
(LEARY; Type: | class a1[3]
Field | Type | Value
& class ¢ {Class)
| & nase class base (¥irtual public base class
by int 0<00000000 {0}
- bb_v int 0x00000000 (0}
| bname $string * 0X0B04G30 - > “base"
Structure Arrays | & basez class base2 (Wirtual public base class|
B int 000000000 (0)
| bz int 0<00000000 (0)
1. name $aing 0x0B04Bade - > hasez”
a1_v int 0<00000000 {0) vl

b Wave software, inc.

Data Arrays

65

Slicing Arrays

File Edit VWiew Tools Window Help ‘
more] Less|[ [ [ [~ 1]
Addrass: | 0x05097de0
Filter:
| Walue iy
(5.6) 216 (0x000000d8)
(7.6 254 (Dx00000126)
(8.6) 384 (0x00000180)
(3.6 486 (0x000001&6)
(10,6) 800 (0x00000258)
8.7 252 (0x0000007c)
.7 343 (0x00000157)
8.7 448 ((<000001c0)
(8.7 567 (0x00000237)
(10,7} 700 (0x0000025c) 4

Slice notation is

[start:end:stride]

67

Array Viewer

e Variable Window select Tools ->

Array Viewer

* View 2 dimensions of data

-float_p)[ 11()]

Enle Help

Expression (110t p) Type: [tostenel
Wodity amay slice:
Dimensian Startindex | End Index | Siride

Row i o
Column_[[}] 1 [] 15

Fomal _Automatic Stice: 0710151

Gl [+ [ 5 [a [s [& [7 [o [ [50 [ e [ [ s ]
2 ‘3 4 5 6 7 8 9 10 11 12 13 14 15

o1
16 17 18 19 o0 21 22 23 24| 25/ 26 27 o8l 28 30 3
32| 33 34 38 36| 37 38 30 40 41 42 43 44 45 46 47
48| 49 S0 51 52 53 54 Gh 6 57 68 G0 60 61 62 63
64| 65| 66 67 68 68 0 71| ve[ 73 M 7s| e 77 7@ 719
60 81 82 63 @1 85 85 87 68 89 00 o1 o2 93 94 95
56| 87 93 99 100 101 102 103 104| 105] 106 107 108| 108 110 111
112 113 124 118] 118 117 138 119] 120[ 121] 122 123 1p4] 125 126 127

1i1:0

b Wave Software, Inc.
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Filtering Arrays

e |
N

-]

I el - LIALTEY
= —
o i—— T —

v sy Pdaruss | w1405 1000
S o e

] T S ——

i [vaus fal Fllb Edi View Tools Miniow e
" Il i [ e
" Expression | nl2_aay e
e e e < Siee: Fite o - 3 oni_fvae < 100D
_ o Type: [ wersgion) Fore
- [P8 [K<>H =
L i prien D> [E} 22 @00t
Type [y i 3 )y
Fis Vo -

Van 2
r

T il

b wave Software, Inc.
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Visualizing Arrays

first

«Visualize array data using Tools > Visualize from the
Variable Window
«Large arrays can be sliced down to a reasonable size

«Visualize is a standalone program
*Data can be piped out to other visualization tools

b wave software, Inc.

*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.

69
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TotalView allows you to
look at the value of a

variable in all MPI
processes

Right Click on the
variable

Select the View > View
Across

TotalView creates an array
indexed by process

You can filter and visualize

Use for viewing distributed
arrays as well.

Looking at Variables across Processes

K] |

File Edn View Tools Window Halp

More | Less [ = [~ [~ 1]

Expression. source
Slice:
Type: [int

Address. Ml pla
Filter

Process

mismatchAlpha.0
mismatcnAlpha.1
mismatchAlpha 2
mismatchalpha.d

(00000001 (1)
00800000 ()
0000000c {12)
WO0AD0AE (12)

71

File Edit Yiew Tools

Dive in All

Hindau telp

[L.1 |

[F& [K€>

Expressiont | *{array)

Adelress : | 0x09292020

Slice: [:]

Filter:

Tupe: | struct conpourd_t[20]

[Value i |

Type

struct compound_t {Struct )

float 3
File Edit View

3]
File Edit

Dive in All will display

an element in an array
of structures as if

it were a simple array.

View Tools  Hindow

telp

0 000 ) || 1.1

[T |

€ € 3 3

Teals Hindow

0x00000000 €0) | Expressions | arraal 1] (<. Fddress: | 0x050520a0 (55
0 diees ([ ] dlter:
N

Tupe: [inctz0 1

z 1.1 =

T

Expressiont | (array>

(X33
Rcdresst | 0:092¢ [1]

b Wave Software, Inc.

Slice:|[:] Filter: Ef%
Tupe: [ struct_compound_t[20] 4]
Field | Tupe. [value | [5])
[o] struct compounc_t Struct g

x basic_t

a int

i :EE Dive Enter 0 t
Y Dive in New Hindou 0092522 U;]
— Dive in ALl o [14]
1] o | tstruct! [15)
£ fdd to Expression List o Y o)
Creats Hatchpoint [17]
| [18]
Change Field Fz [13]

B Fiold &

Ox00000026 (30)

70

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]*
«  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

string

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

memory

b Wave Software, Inc.

The Bottom Line

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

Give TotalView a starting memory address and you can tell TotalView how
to interpret your memory from that starting location.

72
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Typecasting a Dynamic Array

File Edit Wiew Tools Window Help

1.1 E |&’ﬁ=‘%€§$§

Expression: | array Address: OQ aeh940

Filter:|
Type: | struct compound_t[20f N
Field | Type [value o

struct compound_t (Struct) &
struct basic_t (Struct) J
struct basic_t* 0x0804abd6 - (struct bag
float 5
struct compound_t (Struct)
struct basic_t {Struct)
struct basic_t* 0x080490dd - (struct bag
float 39986834
ot et

b wave software, Inc.

s

Fortran 90 Modules
Tools > Fortran Modules

T ==
=] (B Fortran Modules =
File Edit Yiew Grou
== =" =" =" | File Edt View Widow
Fortran Modules — 1 “modules”
/
_aroup (Cortroy £ E Nodulss from process 11 Mmodulss™
DATAMOD
Stack T
Eestuod, -I
=in, File Edit View Tools Window Help |
__1ibo_start_mair| Kl g PN
Expression:| DATAMOD Address: | None
Type: More
Variables | Type | value |
at REAL"8(4) (REAL"8(4))
4l INTEGER"4 6 (0x00000008)
iy v INTEGER"4 0 (0x00000000)
1 module datanod |
2 integer wl
3 integer v2
4 resl'8, dimension(4)
5 end nodule datemod
6
7 progran testmod
8
9 use datancd
o vi-s
=D w2 = 32
13
14 do i-1,4 a l I
L ~143) = 2% / . / il

C++ Class Hierarchies

Variable Window shows class hierarchy using indentation

P
Rocu

i a2 — main - 1.1 |

E
E

AY File  Edit  View Tools Window Help
e ‘ More | Less|[ [~ | = [~ [ -1
Expression; | a2 Address; | oRpTaACO
Type: [ class denvedz
Field Type | Value =
o derived class deriver (Public hase class)
[ & basel class basel VIRUal public base class
Basel_v int 000000008 (5)
| name wtring * 0%08045808 -> "hase1"
| e derivedi_v int 000000051 (813
| b name gstring 0=0B048808 - = "derived|
class basel (Virual public hase class|
] int 0=00000005 (3)
| petring * 0<08048008 - > "base1”
o derivedz_v int 000000209 (725)
I L name string 0508048017 - > “elerivedif 4

Example: «  derived2 inherits from base1 and derived1
+  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
74
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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

Pl |

File Edt View Tools Window Hel File Edt View Tools Winsow Help
i = wore] Less[[~ |~ [~ 1] il | Moee| Less [ [~ |~ [~ ]
Ergression: Address: | Deiioal Erpression: Address. rbfietal
Slice: [ Filter: Type: | class vectorefoat allocatorefioat> >
b2tz 17w [T Field | Type | Value |
YRec] class vectoecioal allocatorcioat> > & _Vactor_base class _Vector_base<foz Private base class)
Field Walue & _Vector_alloc_basclass _Vector_alloc_bas [Public base class)
o 13 Mstad  fioat - 3
Ul 22
1] a1 0x08052378 -> 9.50903e-

19



SOFTWARE

e O View Toon Wedoe s
| - IEIETEY]
e I
i
oo o100 28
& vt
5
o |
4 HEIICTEY.]
o | 11420
o e e ehscaireri »
i vaun L]
O 00000003 9
E— 1 000000
000000001 1
FErTESEY

o B view Teck Wesow o
' d EENE IIITEY ]
e

Help
SRR TILTEY ]

STLView transforms

untranstormed
st

Transformed
st

untranstormed

Madonn 01 1m078

Transtormed
vactor

templates into
readable and
understandable
information

7

Wave

DEBUGGING FOR
PARALLEL APPLICATIONS

Wave Software, Inc.

79

Wave Software, Inc

LAB 2: VIEWING, EXAMING,WATCHING AND
EDITING DATA

78

Wae

SOFTWARE

start & new
procass

w
Attach 1o
process

Open &
core file

ok

TotalView

Startup with MPI

TVT Launch

In the Parallel tab, select:

New Program

progrs | argens | santart v0] P

Flease Nate: I your paralle] SEMIngs Were entered 25 SrguUMents, Ao not Enter et here.

Usa tha Arguments fab fo modify fhem
Parsliel system:  Opan MP!

Tasks [

Asdional stater arguments

SUN MPI CT7
ntal M|
SiCores
BlueGene

cancel

e

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

80

b wave Software, Inc.
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TotalView Startup with MPI Architecture for Cluster Debugging

IBM totalview poe -a myprog -procs 4 -rmpool 0 i

QUADRlCS totalview srun -a -n 16 -p pdebug myprog E
Erw . SOFTWARE
Intel Linux
under SLURM + Single Front End (TotalView)
MVAPICH totalview srun -a -n 16 -p pdebug myprog
Opteron Linux < Gul
under SLURM « debug engine
SGI totalview mpirun -a myprog -np 16
Sun totalview mprun -a myprog -np 16 + Debugger Agents (tvdsvr)
MPICH mpirun -np 16 -tv myprog « Low overhead, 1 per node Compute Nodes
MPICH2 Tﬁgaiziiﬁp‘;g;““ “e twhich mpiexec’ -tveu « Traces multiple rank processe:
Intel MPI

directly with tvdsvrs
« Not using MPI
« Protocol optimization Interface Node

+ TotalView communicates -
C
L]

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

Provides Robust, Scalable and efficient operation with Minimal
Program Impact

81 82
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Process Control Concepts Basic Process Control

—

Group (Contral) ¥

Group (Control)

Group (Share)
Group (Workers) Groups

«Control Group
—All the processes created or attached together

CE B 59 5 e

Each process window is always focused on a specific ;
Go Halt Delete Restart | Next Step Out | Run To

process.

Process focus can be easily switched

* P+/P-, Dive in Root window and Process tab Process (Workers)
Process (Lockstep)

. . *Share G
Processes can be ‘held’ - they will not run till unheld. Thread 1.1 are sroup

—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

« Process > Hold

Breakpoints can be set to stop the process or the
group

Breakpoint and command scope can be simply
controlled
*User Defined Group

—Process group defined in Custom Groups dialog

83 84
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Parallel Back Trace

TotalView Parallel Process View =)
'mi‘i 17 Show Backirace
. . Call Grapl implempi:Control Group =1ES
. Processes . |Location PC Host Rank |10 Status A
Qu":k view Of Group (Cantral) = I Auto-Arrange |_ | | | I | e |
% 1 __clone 0x0082c096 127.0.0.1 6 411 - 2919971728 Stopped
1 __clone 0x0082c098 127.0.0.1 6 4.9 - 2940951440  Stopped
program state 1o
B0 __libc_start_main 0X0077089c
« Each call stack is a 010 main 0x080513a0
main#7g 0x080513a0 127.0.0.1 o 1.1 - 3085433552  Breakpoint
th main¥7d 0x080513a0 127.0.0.1 1 7.1 - 3084974800 Breakpoint
pa main#78 0%080513a0 127.0.0.1 2 11.1 - 3085429456 Breakpoint
main#7d 0x080513a0 127.0.0.1 3 3.1 - 3084786384 Breakpoint
+« Functions are nodes main#78 0x080513a0127.00.1 4 6.1- 3084823248  Breakpoint
main#78 0x080513a0 127.0.0.1 5 5.1 - 3085503184 Breakpoint
main¥7d 0x080513a0 127.0.0.1 6 4.1 - 3084796672  Breakpoint
e Calls are edges main#78 0%080513a0127.00.1 7 10.1 - 3085167312 Breakpoint
main#7d 0x080513a0 127.0.0.1 8 8.1 - 3084970704 Breakpoint
. Lab|ed th ‘he MP| rank main#78 0%080513a0 127.0.0.1 9 9.1 - 3084982992  Breakpoint
g7 start_thread 0x00302852
1 _L_lock_3z18 00080381
» Construct process o1 M look_wail_private 0:00909743
__kemel_vsyscal  0xb7fled0Z 127.0.0.1 6 4.3 - 2951441296 Stopped
groups 86 runme 0x080514d1 )
| I: runme#38 0x080514d1 127.0.0.1 0 1.10 - 2931036464 Breakpoint
. runme:#38 0x080514d1127.0.0.1 0 1.11 - 2920606608 Stopped
* Look for lier . ! 4
00 o OUt ers Update Save As. Close Help
. . Close Help
Dive on a node in the call graph to create a Call Graph group.
——— 85 P—— 86
. Preferences
User Defined Groups
[T} Preferences x|
Group > Custom Groups, s s Options ] Action Pmms] Launch smngs] Bulk Laum:h] Dynamic Libraries
2 Custon oo - fork Joglimcbntrol Brop | 3 = =
’ Parallel Fonts Fomatting ] Pointer Dive ] ReplayEngine
to create a process Custom roge: Menberi o selectad oy
17 Enable use of dbfork
group of some other o (—When a job goes paraliel ar calls execy)
specification & EpiBgp
~ Run the group
Group Membership 4 Askwhatto do
A —When a job goes p
shown in Processes Tab e 4 Attach to all
User defined groups v Aitach to none
R + sk what to do
appear in the “Go” drop- o= |
down menu
oK Cancel Help
— 87 88

22



Subset Attach

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

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

Attach Subset - mplexechydrn

g W " Aol Edaes

89
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Message Queue Graph

Deadlocks
+ Pending
Messages
* Receives
+ Sends
* Unexpected
* Inspect

 Individual
entries

- Patterns

91
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View MPI Message Queues

90
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whanever MP! rank B 60 o o i
processes are halted . Message State- 11 "sprnge " =
Provides information from m-mm-mn-°°ue°m4 d
the MPI layer [l
b etk 0

Unexpected messages IIEI]deq TECELVES

Pending Sends Statng Bending

Pending Recei Souree 1 (springs. 1) u

ending Recelves Iy 3 000y

Use this info to debug User Baffer COAOSEA8 - D0000000 (0)

Deadlock situations Buffer Length 100 (C00000064)

Load balancing Unexpectzd nessages
Maybrl'le:(_:i t?hbeMPI lib . Stats Pending
enabled in the iorary Surce 7 (springs.]) 1l

« --enable-debug o |

Message Queue Graph

Optians Update Clase Help
Message Queue a

Debugging
Filtering

* Tags

+ MPI Communicators
« Cycle detection

« Find deadlocks

pn | comomem | emr | smes
e
—

b wave Software, Inc.
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Strategies for Large Jobs

Hj EWAVE + Reduce N
SO FTWARE « Problem: Each process added requires overhead
Strategy: Reduce the number of processes TotalView is attached to

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

Technique: subset attach mechanism
« Focus Effort

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
processes

Technique: Use TotalView's process control features to
« Avoid single stepping
« Focus on one or a small set of processes

93
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REMOTE DISPLAY
DEBUGGING

95

Wave Software, Inc.

LAB 3: EXAMINING AND CONTROLLING A
PARALLEL APPLICATION

94

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
96
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Remote Display Client

* Free to install on as many clients as needed

Erw

* 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 a local window that displays
TotalView or MemoryScape running on the
remote machine

* Requires SSH and X Windows on Server

97
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Remote Display Client

* User must provide information necessary to
connect to remote host

» 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

99

SOFTWARE

ROGUEWAVE ° On Windows,

Remote Display Client

there is a setup wizard

—!gg]

__;’n'ui; smote Display Client Sets

BRE Tamawview

Welcome to the Remote Display
Client Setup Wizard

This wizard wil guide you through the mnstatation of the
Remote Display Client

ks recarmended that you clase af other sppleations
before starting Setup. This wil make & possile to update
vele vank system fies without having to rebot your
computer,

Click Next to continue.

Cvet> ] [Ccoxa

b Wave Software, Inc.
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TECHNOLOGIES

H X & 2 Remote Host:
Host
it
1
3
2

Totalview | MemoryScape

Remote Display Client

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

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

3. Enter settings for the debug session on the Remote Host:

AccessBy Access Value Commands =

(I

1
User Name | -

Your Executsble (path &name).

Path to TotalView on Remote Host:
Arguments for TotalView:

Arguments for Your Executable:

totalvien

Submit Job to Batch Queueing System: [Not Applicable -

No session running

> Launch Debug Session

b Wave Software, Inc.

100
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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

101
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CUDA DEBUGGING

103

Remote Display Client uses SSH

Remote Display Server allows only RFB
(Remote Frame Buffer) connections

No incoming access to the server is allowed
Server can only connect back to the client
viewer via SSH

Only one viewer connection allowed per
server

No password information is saved, user is
prompted every time

102

TotalView for CUDA

» Characteristics

E « Full visibility of both Linux

SOFTWARE threads and GPU device threads

* Fully represent the hierarchical
memory

PHEBER i1 5| 4

G2 Hat KU A Nod SRR Out

* Detailed device status display

« Supports Unified Virtual
Addressing and GPUDirect

~ « Thread and Block Coordinates

« Device thread control

+ Handles both inlined functions
and CUDA callstack

* Reports memory access errors
« Full Multi-Device Support
« Can be used with MPI

104
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TotalView for CUDA

* Supports:
« CUDA3.2
- CUDA4.0
+ CUDA 4.1
« Linux x86-64

« NVIDIA Tesla or Fermi hardware

2
ROGUE

SOFT

« Support for no copy pinned memory

* CUDA device assertions

device

« Multiple CUDA contexts from same process on same

« CUDA on Cray, early access* support of OpenACC

105

GPU Memory Hierarchy

ROGUEWAVE _ ora
' "'t Hijerarchical
memory

* Local (thread)

Block (0, 0)

* Register
» Shared (block)
» Global (GPU)
* Global
« Constant ‘""" —
* Texture

» System (host) ‘

—

- Local Il B B .

Thread {0, 0) Thread (1,0) Thread (0,0) Thread (1, 0)

Block (1, 0)

E Wave Software, Inc.

NVIDIA GPU Architecture

« Acts as an accelerator to a host processor

» Distinct architecture

* Many more cores than SMP

« Multiple streaming multiprocessors

b Wave Software, Inc.

 Distinct processor architecture from the CPU

« Potentially tens of thousands of thread contexts

* Used in conjunction with conventional CPUs

« Or, perhaps the host processor acts to support GPU

106

TotalView Type Storage Qualifiers

* @parameter Address
SN RE « Offset in parameter storage
* @local Address

« Offset in local storage
* @shared Address

» Offset in shared storage
* @constant Address

» Offset in constant storage
* @global Address

« Offset in global storage
* @register Address

* PTXregister name

b Wave Software, Inc.
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CUDA Variables

RoGUEWME © Storage qualifiers appear in the data type

SOFTWARE

File Edt View Window Help

[ 4 i
Exprassion Type Valu Adross D

Bsfovifcal y, float 612 00000068

row @register int 00000000 (0) %31

col @register int (00000000 (0) %r33

Bspl] foan 3 00000070

Bsfrow1][1] = 533 0010000074

owel |@register it 00000001 (1) (None)

A @paramater const Matrx (Matte const @parameter) 10000010

Asub Blocsl Matrx (Matix Dlocal) 0000000

“(hsubelenents) | @glotal float 20 00110160

File Edi View Tools Window Hel
11 | S PE[KEPH
Exprassion Biub Rdess 000000120
Type:| dinca et
Field Tipe Valug ol
i it 000000002 (2)
-~ heght il 000002 12)
stive il Q0000014 20)
= elemants Hoat dglobal OO >4

b Wave Software, Inc.

CUDA Programming Challenges

Coordinating CPU code and device code
Understanding what is going in each kernel
Exceptions

Understanding memory usage

Understanding performance characteristics

1M1

* Function-like kernels are written for

calculations to be performed on the GPU
+ Data parallel style, one kernel per unit of work
» Presents hierarchical organization for thread
contexts
« 2D or 3D grid of blocks
» 3D block of thread
+ Exposes memory hierarchy explicitly to the
user

* Includes routines for managing device
memory and data movement using streams
110
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Debugging CUDA in TotalView

* When a new kernel is loaded, you get the
option of setting breakpoints

* Once breakpoints are set, you can turn off the

dialog and say no

@TEMP@CUDA® t<_cuda_matmul.e4374cfd (1.-1) has loaded a CUDA GPU image.
Stop so you can set breakpoints?

@TEMP@CUDA®D t<_cuda_matmul e4374cfd

I Don't ask this question again

Yes Mo

112
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Debugging CUDA in TotalView

CUDA threads are considered part of the
initiating process

Erw

+ CUDA threads are given a negative TotalView
thread id to distinguish them

* Normal TotalView controls work on CUDA
code

* Underneath Toolbar is a GPU focus thread
selector for changing block and thread

m\lui IR ey - weip |

indices L2

[Botioa | |— 58

e lck ey and a1 s Eéiiiﬁmii

thread 737a1824) 1 1 3

of the CUDA

b Wave Software, Inc.

GPU Device Status

= Cescription

Display of Poovice T s Example of divergent
PCs across Lou 2 GPU threads
Gatid Wargs Q0239009000001
SMS, Warps rp 00748 Black (0,0,0)
P WA P 1 ,
and Lanes Cer unnonnnmaaawus} Different PC for two
L ane 0137 Thres (1,000 -
. 5 oooa000: 8atads
Updates as roups of lanes
ou step . aoeenoiselanro
«  Shows what 5 ooooan0n: 3ata4r0
hardware is o e Cooananbidasateo
i b Lone 0937 Thread (5,000 State of lanes inside
in use Crr anoonane datadra
Lare 0532 Thread (6,0,0)
© Helps you o abaa0n0 3043470 warp
map [ T SOeSantrdasseo
=
Lane 05037 Thread (80,00
between L ooooanon: 3ataaro
Jogical and Lo 0522 Thread (5,001
" 0060900018204
|-SM Type
. =
rdin Liiarns
coordinates ueres w©
Enev;cs Tupe gLE0D
b
= Type on 13 ]
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Control of Threads and Warps

Warps advance synchronously
* They share a PC

Single step operation advances all GPU
threads in the same warp

Stepping over a __syncthreads() call will
advance all relevant threads
To advance more than one warp

« Continue, possibly after setting a new breakpoint

« Select a line and “Run To”

114

CUDA Segmentation Faults

» TotalView displays segmentation faults as
expected

* Must enable CUDA memory checking

erogran | drmumerts | standars v | Parasel|
Frogran: [ ] B |

PO Gumst jorw) o msamast |

atachio | i Enable RepleyEngne
e ECaro A Qragrai state WhilE Ui, RS BECK your pIaQTam o &ny pointin he past.

_ Enalle mamry debugging ¥:
Track oynamic mamary lwuclﬁml (Catch common errars, 183ks, and show reports.

o
Gpena 8 on ey emors
<SO89 | - Erabie CUDA memory checking
Dielact glbal mémory Adavssing vialshons and misaligna gloal mesary sccesses.
ok | Cancel ]

116
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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;

Erw W

* int warpSize;

MEMORY REPORTING
WITH MEMORYSCAPE

117
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Why Are Memory Bugs Hard to Find?

What is a Memory Bug?

» A Memory Bug is a mistake in the What is a Memory Bug?

management of heap memory

® 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

« Failure to check for error conditions

« Leaking: Failure to free memory

« Dangling references: Failure to clear pointers
* Memory Corruption

« Writing to memory not allocated ® 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

« Overrunning array bounds

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

119 120
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The Agent and Interposition

Process

User Code and Libraries

TotalView

Malloc API

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

123

TotalView

The Agent and Interposition

Process

User Code and Libraries

Heap Interposition

Allocation Deallocation

Table Agent (HIA) Table

Malivc API

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

Collaboration features

124
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Enabling Memory Debugging Memory Event Details Window

Memory Event Notification

+ 0x03430aEE - 0x0343eb32 @ 4

B 1 usage errar Incorrect, AFI ar AP instance used in operation
B #llccation failed Error: A allocation call failed or the address returned is HULL uhich generally m...
B Double allocation Error: Rllocatar returred a block already in use: heap may be corrupted
B Double Free Error: Frogran sttempted to fres an already freed block
B Free interior pointer Error: Progran attempted to frem a block incorrectly, via an address in the niddle... =r
f black for which motification was requested is being freed [ 1ibe staet_maid
Error: Progran attempted to Free an agdress not in the heap
8 Guard carruption error Bounds error: The guard ares around a block has been overuritten
Bl Invalic aligned allocation request Error: Progran supplied an invalid alignnent argunent to the heap nanager
B Misaligned allocation Error: Rllocator returred a wisaligned block: heap may be corrupted
B Realloc notification @ black for which rotification was requested is being reallocated
1 Reallac wnknoun block Ervar: Progrun attespted o resllocate an scdress not in the hess TR T T T
averrun enror Bounds erron: Attenpticg to access nenory beyond the end of an allocated block
averrun on deallocated black to sccess nenary beyond the end of 3 deallocated block
underrun erran o
underrun on dellozatsd black
use-after-fres error
B Terninstion notification The target is

Filterapp-npi

PR/ Qe B LY-5 T/ BN

PRANSf ( ‘malloced ddd {¥38e) bytes

7 Braskpoint hors
/7 Srou allocated annotation

Heap Graphical View Leak Detection

Leak Detection

« Based on Conservative
Garbage Collection

May 11, Heap Status Graphical Report
Save Data Options Hay 14, 2017}
Export Kenary B Detect Lesks M Relative to Baseline M Enaoie Filtering | NN | NNNSRSSSRN I I | B L5 tptions

Export Memory DRt | B Detect Lesks | Relative to Base!

o [ r—— -
et Process 1: filterapnoi i

Heap Stotus Graphical Report

« Can be performed at any point
in runtime

Backtrace Report | | Smree Brpart
Othen Reports Cate [oxomaseoss — oxosaazeno (214 31k8) Eackirace Feport + Helps localize leaks in
Leak Detection Ref] Jokhar Roperta Gatey 10203430059 - 0:038200 (214.948) time
m?ﬁ: V:;'ﬁ;l::u i Leak Detection Re
Fercry Usage F :
Compare Hemary wm.u:':...:i" « Multiple Reports
Corgare Ferary s
Other Tasks L
Manage Filters = Jouner Tashs e —— « Backtrace Report
Heap Tnformation |Backtrace/Source | Menory Content | Hanage Filters +
Owerall Tatals L Selected Block 4 Related &locks Heap Infamation | BacksraceSource | Harary Cont
Treral Tatals | Selected Block | Felated Blocks + Source Code Structure
Heap Start Acdress 0209490088 ||| [Backtrace 10 3 .
o o DAllocated  B1.55KB End Address 0%0949d06k DAllocated Heap - FStart fddress 009490990 || Backtrace 10 125 « Graphically Memory
Dbeal located 129.55K8 Size E Otorrupted Guard Block Dollocated  14.63E ||| | Hend Address sty || (oo ocsed Location
- mHosrded 0 Tups “llocated mDeallocsted Stz EbCarrusted Guard lod
BB ENHE DLesked Urknawn Filtered ra @Guard Blacks T et §DLesied
BRed Zones 0 Backtrace 10 3 DHoarded pFiltared Yo ||| | g-mbeallocated
# #iLterapp-m el = IR i Lesckerace 25 || mbuars slozes
& Filterapp-m Quner c SRed Zones w2 ] Fallceater © | |sotarae
B Filteragp-m L fLiterapp-n Louar C || |BmRed zanes
I #ilterapp-m| T
¥ Filterappony
- _______J
———
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Dangling Pointer Detection

=| addr - rain - 1.1 T=10]
File Edit View Tools Window Hep |
11 = EEEE
Expression: | adr Address: | 0xbTd 1
Type: | int - Details
Valug =
0x05043840 (Dangling) —> 000000000 (0) | |

e - S—

File Edit View Tools Window Help |
I | R ST

Expression: | misaddr Address: | Ombiltd10
Type: | int * Details._|
Value ]

0x080435e4 (Dangling Interior) > 0x00000000 (0)

129

baseline

session
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“Diff” live
processes

« Compare processes
across cluster

Compare with

« See changes between
point A and point B

« Provides memory
usage change from
last run

Memory Comparisons

Memory Corruption Report

f Fle Edt View fetions Tools Window Hep

Frovess Set 1

SOFT W | LFoesT

3 fiterapp (Fle: fiterapp-2629 by

Configuration | Lesk Detestion | Heap Status | Memory Usage | Memory Compare |

Preceding Block

Compted Block | Folloving Biock |

| ovoz2bo020 64byks onoz2bonsf] | [owoazboose shbyles ~owozebooct] |onezaboton s byks — ouszeborsf|
I |

Backtrate

Backiraceiource IMemnvy Content |

| _sowrce

Frosess | Funotion

[Line # | Souce information__| | risatevpiveneast_cemo_fessmemaryain o

Sm— = 3

malioc

- Generate View
main

start
| Enable Fitering “g -

comupt_data | 78]
| Cormupted Guard Blocks I __libe_start_main lbe 306

168 maloe._yrappers_depen.s 17 Use § byte pre anc post guard size.
siee=18;
126 main.cxx

tespe il sore irays

t 22 sizect

(int *mallogt size” szeafCint ) hil

Generate view | (1)

_teno_ in

Memory

Usage Statistics

ﬁ Eile  Edit View aActions Tools Window Help |

ROG.IE E F‘lrm:esssaT e
E

SOFTWALR Process :

| Leak Detection | Heap Status | Memory Usage IMerr

(R S

op
|
L}

nbody_tree_cr

nbody_tree_cr
nbody_tree_cr
nbody_tree_cr
nbody_free_cr
nbody_free_cn
nbody_free_cn

nhady_trae_cn kil MB
=
te View
\ad Chart View Y

I Enable Fitering Y

Control
Tedt M Heap | Total VM
|- ‘
Data |7 Stack M Stack VM J_l i Bei] Clecko R
18
16-
14-
12

1 7
Process (rank)

| Generate view | [ K

b Wave Software, Inc.

132

33



Memory Reports

R ¢ Multiple Reports
EWAVE . P "

Memory Statistics
* 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

MEMORY DEBUGGING
WITH MEMORYSCAPE

Wave Software, Inc.

135

Memory Reports

134
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MEMORY DEBUGGING: MEMORYSCAPE

*Preview: Debugging Memory with MemoryScape
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

136
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Memory Debugging: MemoryScape

F an Multi-Process and Multi-Thread
ROGUE WAVE

SOFTWARE

* Memory debug many processes at the same time
« MPI
« Client-Server
« Fork-Exec
« Compare

two runs

* Remote
applications

* Mutli-threaded
applications

137
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Memory Debugging: MemoryScape

Laad Memary Optiar]
Bave Memory Optior]

Other Tamks
fdd Progran

Nanage Processes
Expart Menory Datsl

Paraliel Job fil

Yellow buttons mean

*multiple processes are selected
+ the settings can vary anorg selected processes

“uou can nodifu the settings for all these processes bu pressing the uellou buttons

Menu Selections:

Block painting, Guard block and Hoarding

139
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Memory Debugging: MemoryScape

P

RW‘!EHA}'EE 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

138
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Memory Debugging: MemoryScape

ﬁ Red Zones instant array bounds detection for Linux
ROGUE v r‘EE

SOFTW

* 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.
* 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.

b o sotuare nc 140
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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.

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.

141

« Controls are provided to allow the full management of Red Zone

Memory Debugging: MemoryScape

Configuring Guard Blocks
WavE

SOFTWARE Guard allocated memory

When selected, the Memory Debugger writes guard blocks before
and after a memory block that your program allocates

| = M Guard allocated menory

Pre-Guard Size: [8 butes =
Pattern: [SRRANEY B

Fost-Guard Size: [ butes
Pattern: [GROgadGEEaNY [0

Maxinun Guard Size: [0l butes

Pre-Guard and Post-Guard Size:
Sets the size in bytes of the block that the Memory Debugger places
immediately 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 0x77777777 and 0x99999999
143
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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

« Scripting support of new commands and command

qualifiers
»  TVScript
*  MemScript

142
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Memory Corruption Detection (Guard Blocks)

F
S| connguration | Leak Detection | Heap Status | Memory usage | Memory Compare |

p-t
T
i | Preceding Black Corrupted Block | Following Block |
i3 [ R S ——r
: 1
Gl !

i
Spux
5
b
B Guard Blocks
BRI conrs acks

Pro-cund Sim [Ty

Pattem | GRTTTTITT

Post-cuaa Six [F s

{
S
F

Backirace | Source

Parter 99959
Process | Function |Line # | Source Infarme || Jhamerbarryk/iredrhia_events.c
1

Muinun Guara Size: [T oy

malloc 149 malloc_wrappe break;
man 106 a_vents <
__libc_start_main libc.s0.6

_start hia_events

case notify_guard_cormupti

33 = (char *

107
R ¥ = R—1 =

144
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Memory Debugging: MemoryScape

2
RoGu

FTWA nEt malloc zones Support on Mac OS X

Mac OS X provides a mechanism for multiple pools of memory called
malloc zones. MemoryScape now tracks both the allocator and
owner of all heap allocations. These properties can be displayed
and used for filtering.

« Display allocator and owner information

« filter vs allocator and owner

145
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Memory Debugging: MemoryScape

Improved Memory Hoarding support

* Hoard Low Memory support in the CLI
« Hoard Low Memory scripting support
* TVScript
* MemScript

147
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Memory Debugging: MemoryScape

P
ROGUE

SOFTWAR

EE 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

146
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LAB 4, 5, 6: MEMORY LABS

148
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Using scripts for unattended debugging

BATCH DEBUGGING

149

Wi © All of the following information is provided by

» A single output file is written containing all of

default for each print
* Process id

* Thread id

* Rank

« Timestamp

« Event/Action description

the information regardless of the number of
processes/threads being debugged

151

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

b Wave Software, Inc.
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SOFTWARE

WAvE

Sample Output

Simple interface to create an action point

-create_actionpoint "#85=>print foreign_addr”

» Sample output with all information

! Print
!

! Process:

[TVscript_demo (Debugger Process ID: 5, System ID: 2457@127.0.1.1)
! Thread:

! Debugger ID: 5.1, System ID: 3077191888
! Rank:

'o

1 Time Stamp:

! 05-14-201217:11:24

1 Triggered from event:

! actionpoint

! Results:

err_detail = {
intervals = 0x0000000a (10)
almost_pi = 3.1424259850011
delta = 0.000833243988525023
}

b Wave Software, Inc.
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* General
* any_event
» Source code debugging events
 actionpoint
« error
* Memory events (just a few, all are listed in
Chapter 4 of TotalView Reference Guide)
* any_memory_event
« free_not_allocated
« guard_corruption

* rz_overrun, rz_underrun, rz_use_after_free

153

Wave Software, Inc.

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

155

+ 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

154
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Command syntax

» Action options
« -create_actionpoint “src_expr[=>action1[,action2] ...]”
* Repeat on command line for each actionpoint
« -event_action “event_action_list”
« event1=action1,event2=action2 or event1=>action1,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
« -script_summary_log_filename summaryLogFilename
156
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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

157

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

159

Command syntax

* Memory debugging red zone options
* -mem_red_zone_overruns
* -mem_red_zones_size_ranges min:max[,min:max]...
* Ranges can be
* min:max
¢ min:
max
« fixed

* -mem_red_zones_underruns

158
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» Action point and event functions
« 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

+ Other information relevant to event
* Handlers are written in TCL

160
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LAB 7: BATCH MODE DEBUGGING WITH
TVSCRIPT

—— 161

What is ReplayEngine?

F * Provides record for deterministic replay
it yg * Records program changes as they happen
Captures input
« Function calls
* Network and file I/O
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

b wae sotware, n. 163

REVERSE DEBUGGING
WITH REPLAYENGINE

WoveSovare 162

ReplayEngine Support

£ © Replay on Demand: enable it when you want it

SOFTWARE

Supported on Linux for x86 and x86_64

Cluster interconnects

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

* Mellanox Infiniband
* IB verb: MVAPICH, MVAPICH2, OpenMPI,
Intel MPI
» Qlogic Infiniband
* PSM: MVAPICH, MVAPICH2, OpenMPI,
Intel MPI

P— 164
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ReplayEngine

Editing during record mode

2
ROGUE

E

Ll » 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
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ReplayEngine

Replay not running

Enable Replay “On Demand’

File Edit View Group Process Thread Action Foint Debuz Toe

trow ey > B B 59 3

Go_Halt Kill Restart |next Step Out Run

Record Gock Prey Uns

No Active Buttons!

Replay running

File Edit View Group Process Thresd Action Point Debug Tools Window Hele

trap ooy 1o > B B 593« 49 31 3 °

Halt Kill Restart |Mext Step Dut Fun To E:Drd GoBac)
Rark 3: Filterapp-npi.3 (At Breakpoint 1) [M] [R] ©
RN Thread 1" (30748904803 : filterape-msi (At Breakpoint 1) (Replaw Engine has been enabledy NI

Active Buttons
1

E Wave Software, inc.

ReplayEngine

An Intuitive User Interface

Step forward - | Step backward over

over functions Prev functions

Step forward Step backward into
into functions UnStep functions

Advance forward out Advance backward out of

of cur.rem current Function, to before
Function, after the call the call
Advance forward to o) Advance backward to
selected line BackTo selected line

(7] Advance forward to

e “live” session

166
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

168
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Fhome ubuntudemos Aeplayt ngine_domo

File Edit View Group Process Thread Action Point Debug Tools Window Help
- M
sapcory PNEA D338 + (9 3 8
Go Hal* Kl Restart| Next Step Out F’ro Unrap Calkr

5 1(3179): ReplayEngine_dam

= ) L
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FP=hfeaebod |-

'axboooaaoe (6)
0x00000008 (8)

mu: _start_main, -

Oxbfeastbe > Ox

||| Begisters for the frame:

Funetion funcé in ReplayEngine_demo e

7 4]
46
37
%
35
50 L£{ cHMAXDERTH }
= » cAlc): |
52
3 for {isaczaylength-1;
wli)=*p;
55 1 i
56 1
5 =
Agtion Points | Processes | Threads o] ] T T+
1 ReplayEngine_demo.cxz#57... funcB+Ozde...

le Edit View

Group Pracess

Thread Action Point
483+ 9 4 B3 2 M
Halt Kil Restart Mext Step Out Frew UnStep Caler

E Process 1 [9179): ReplayEngine_demo (Eror] B
IIIIIJ\\\\IIIIIIII\\HIIIIIIIHHIIIIIII\HII TMH“ ! \“WQ) (Error) mantation viotaton:> \\IIIIIIE\\\\HIIIIIIIIIIIEHHIIIIIIIHH[IIIﬁ

Dl

FPebieseded |3

Registers £

0xb7f5ced
Urknawn

4 cao:oola
0x00000013

n Points | Processes | Threads | Pl Pl T T

1 ReplayEngins_demo.czz#57... ZfuncBiOzde...

Flle Edit View Group Process Thread Action Point Debug Tools Window
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5 1(3178): ReplayEnging_demo (Stopped EEEE
IE\H\IIIIIII\H\mIIIII\\\\WIIIIM\\\\IIII\WIIIII T | 12179 (8kepe0) <T MTHF» H\\IIIIIIII\HHIIIIII\HHI\H\WIIIIIMHIIIIIIIJN
Function “’Jn

b1

Group (Control)

000000006 (6)

Oxb7eb14F8 (-120|
nxbfnnwsdﬂ (=107,

20
OxhEean?20 —> 0x|

Eloc

E=bfsze
FP=b f2ae830

Registers for the frame:

Function funce in ReplayEngine_demo cax
nt funcB{int b} { ]
ine o
int
ine v[namrﬂ'rm
int

1f( c<HAXDEPTH }
e=tun tH]

ctian Paints | Processes | Threads
[uﬂ T ReplayEngina_demo.cxxF57. ..

File Edi

Group (Ce

s 1(9179) Ruua)Eng\nu demo (Stopped)

ﬁ\\\\IIIIIII\HMIIIIIHHLIIIIIW\ T" ad '(°"“)C-*"’ ’IWRF*PHY DR Fd-‘“' IIIIIII\\\HIWIIIII{HHIIIIIIIJ“
ack Trace

CE=7 funck, FE=000014 [ |[Fus

L :m.t:l
Bad address: Ox

Registers for the frame:

tean: 0x00000014 (20)
fecx feaed54 (-107512
tadz: Dx00000001 {1}
tebu: Oxb7el7ff4 (-120995|
¥ fesp: Oxbfeaedbe (-107512
Funetion funce in ReplayEngine_demd cx
oz 13
] for (i=srraylength-1; 130; i--)( |
=*pi
b
o Tt e |
52 |
60 int badstuff{)
[ arraylength=5*MAXDEETH;
[-¥3 return 0;
&3 ]
Action Points | Processes | Thrsads | B P T T
1 ReplayEngine_demo.cxx#5?. .. ncB+0xde. . . B
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Fhome ubuntudemos Aeplayt ngine_domo

File Edit View Group Process Thread Action Point Debug Tools Window
«
comiconrey AP MIEA B (B0 + 9 8
reup (CONUreh Go H Restart|Next Step Out Run To, Prev Ui
B775]: RepEyEngihe_dams (St

MM UR T e 1 (8179 (Stopped) <Feplay operation su
Stack Trace ]

1|
Registers for the

Caller |BackTy

e Bx00000012 (18) |

0x00000014 (20)
0x00000000 {0)

v {int
Bt OxbE

1| 2dM

20] ]
eacdae > Ox

Erame:
Foobfens38 |4
Function funcB in ReplayEngine_demo oo B
a1 int w(NAXDEETH] ; 3
a5 int *p;
18
7 a=pi2;
a5 p=tc;
i3
= L£{ c<HAXDEETH }
51 e=funch(c) ;
—3 for (i=arraylength-1r 130: i--}1
54 wii]="p:
2 } )
Action Foints | Fracesses | Thieads Eef | | e

T ReplayEngine_demo.czatbl... funcB+0nde...

173

ADVANCED

ASYNCHRONOUS CONTROL

Wave Software, Inc.

175

LAB 8: REVERSE DEBUGGING WITH REPLAY
ENGINE

174
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Why Asynchronous Control

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

176
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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.)

177
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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 ShiflsH
Next ShiflsN
Step Shif+s
out ShiftrO

Run To ShifteR
Nest Instruction — Shifte
Step Instruction  Shiftel
Hold
Release
Attach Subset..
Detach
Custarn Groups
Restart

Kill Citvz 179

» 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

Wave Software, Inc. faiN| 2 1 04, £ th L
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Creating a Custom Group

* Enter the group name

» Select processes to be members of the group

* Add... button to create more groups

LU Custom Groups - cppview_example_l:Control Group E] ;
Custom groups: Membership of selected graup:
PR — 3
Il Custom Groups - r.p@
Enter news group name
4
Add, QK Cancel
Ok Help
180




Custom Groups in the CLI

£ In the CLI, use the dgroups command to
P create & modify groups
dgroups —new t|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

181

Custom Groups in CLI

TotalView Command Line Input

dl,<> dgroups -new t
4

d1,<> dset —new newthreads {1,5 1,6 1,24}
1.6 1,6 1,24
dl,<> dgroups —add -g 4 fnewthreads

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

TotalView Command Line Input

dl,<> dgroups -1
nugroups {thread 1,2 1,3 1,20}

L1408 46 1,714,849 1,10 1,41 1,424,123 1,14 1,15 1,46 1
L7 1,18 1,15 1.20 1.21 1.2 7 1.24 1.25 1,26}

3t {share 1}
nuygroup: {thread 1.2 1,3 1,2
4: {thread 1,2 1,5 1,6 1,7 1,
183
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Custom Groups in CLI

std::vector<pthread_t» threads;
threads. reserve (mmThreads) ;

TotalView Command Line Input

dl,<» dfocus t1,1 dworker O
dl.<» doroups -1 *

1: {contral 1%
2+ Jworkers)}
3: {share 1}

TotalView Command Line Input E]@ET

dl,<» dzet -new mythreads {1,2 1.3 1,20}
1.2 1.3 1.20

dl,<> dgroups -new t -g mygroup $mythreads
mygraup

dl,<> dgroups -1

mygroup: fthread 1,2 1,3 1,20F

182
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Custom Groups in CLI

TotalView Command Line Input

dl,<> dgroups -1 —g 4 $newthreads

dl,<> dgroups -1 4

41 {thread 1,5 1,6 1,24}

dl,<> dgroups -remove -g 4 1.6

dl,<> dgroups -1 4

4: {thread 1,5 1,24}

di,<> dgroups -delete —g 4

dl,<> dgroups -1 *

1: {control 1%

2: fworkers 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 1,10 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}

mygroupt {thread 1,2 1,32 1,20}

184
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Erw

Breakpoints

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

185

E Wave Software, inc.

Breakpoints in Ul

m Action Point Properties x|
4 Breakpoint - Barrier - Evaluate ID: 3

When Hit, Stop

~ Group
4 Process

+ Thread

Location:  /homedjohnh/threaded/simple/simple.c#27 Addresses... |

J7 Enable action point Processes. .

J7 Plant in share group

QK | Delete Can:e\l Help |

187

Breakpoints

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

* 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

186

Eval Breakpoints in Ul

o

ROGUE E ~ Breakpoint - Barrier 4+ Evaluate  1D: 4
SOFTWARE = - -

Action Point Pro|

Expression:

if ($tid == 7)
$istop;
If (3tie == )
$holdthreadstopall;
$oount 15

I |

& C++ o C o Forfran - Assembler

Location:  homedjohnh/hreaded/simple/simple.c# 10 Addresses.. |

J7 Enable action point Processes,

J7 Plant in share group

ok | Delete cancel | Help |

P 188

47



Barriers

« 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

Erw

» 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

189
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Barriers Satisfaction Group in Ul

m Action Point Properties El

\VE + Breakpaint 4 Barier - Evaluate  ID: 2
SOFTWARE

‘Wwhen Hit, Stop When Done, Stop
~ Group A Group

~ Process + Pracess

“ Thread + Thread

Location:  /homedohnhAhreadecdssimple/simple.c#25  Addresses... |

[T Enahle action paint Processes.

7 Plant in share graup

0K | Delete Cancel | Help |

191
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Barriers

ROGUE WAVE ° Control what is stopped when the barrier is
' 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

190
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Barriers — Satisfaction Group

» Satisfaction Group determines how many
ROGUEWAVE ~ . Y
scriwate  times barrier needs to be reached before it is
satisfied and can release all threads that have
reached it.
« Inthe Ul, 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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2
ROGUE

SOFTWAR

Barriers — Select Satisfaction Group Ul

-
L11] Action Point Properties @

~ Breakpoint - Barrier - Evaluate ID: 2

When Hit, Stop When Done, Stop
+ Group “ Group
+ Procass ~ Process
“ Thread . Contral
= Share
Satisfaction group: Workers [
mygroup

Location:  /home/johnhdhreaded/simple/simple.c#25 Addresses I

Processes... |

7 Enable action point

7 Plant in share group

Ok | Delete Canze\l Help |

b Wave software, inc.
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Asynchronous Controls

* Ul also has a drop down list control to control

what the buttons will affect

Group (Control)

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

PHEB W S35+ 4 5 & 1

Process 1 (3240): simple (At Breakpoirt 2
Thread 2 (3065317072) (At Breakpaint 2)

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

> o

ack Trace Stack Frame

]

FP=b7ef53b8 |5 ||Function "runme":

FP=hTef5dad No parameters
Local varizbles:

Registers for the frame:

kzeax: Oxb7ef53b3 (-1209052237)
tecx. 100000002 (2)

b Wave Software, Inc.

veo (class std: wector<int, st

i
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Asynchronous Controls

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 & Process | Thread  Action Point _Trread | action Feint Des

Go Shit+G I [l |_Go
That s | , Halt h | Hat
et Shifn | e " Nt
;En ShiftS | siep s Step
out Shifo - oout ® . out
Run To ShiteR ._BunTo .  FnTe
[ e oS | Nex Insiruction x ezt Instruction
step Instruction  Shift+l Siefp WU EEET i _ Stepinstuction |
Thew | ~ Hold P )
Reloass Hold Threads = Hor
Yy Release Threads Continuation Signal
Detach Create
Custom Groups  Deteen |
Restart Startup Parameters.. CticA
P Gz 194

Group, Process, Thread can all be held
Anything that is held won’t run or step again
until it is unheld

Hold status is indicated in dstatus, in the
Process Window, and also under the toolbar
in the Ul

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

196
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OFTWARE
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ﬁ oo Rank 2: simplempi.2 (At Breakpaint 3) [Held] ===

Thread  (3083473952): sinplempi (At Breakpoint 3

Process | Thread Action Point

G g

Halt h

Next n

Step 3

Out ]

Run Ta r

ext Instruction x

Step Instruction i
~ Hold W

Hold Threads

Release Threads

Create

Detach

Startup Parameters Crl+ A

197

When something is held, you must “un-hold”

it

Set focus to the held thread/process, then

release the hold

199

TotalView Command Line In

g1.<> dstatu:
1 (24508127,0,0,1)
1.1 (3458/3084888304@12? o o 1)

[simplempi.0]
Rurning PC=0xb7f7d402

SOFTWARE

1.2 {3458/30831458176R127.0,0.1) h Breakpoint PC=0x08051483, [/homesiohnh/t
hreadedrsinples/sinple, c#28
1.3 (3558/3005950208@127 0.0.1) h Breakpoint FPC=0x08051483, [Shomes johnh/t
hreaded/sinplessimple 2]
1.4 (3458/2993470352@127 0,0.1) h Breakpoint PC=0x02051429, [/homesichnh/t
hreadedd/sinple/sinple
1.5 (3458/2382980495@127 0,0.1) h Breakpoint PC=0x08051483, [/homesiohnh/t
hreaded/s)mple/s)mple cHZE
F459R127.0,0,1) Mixed [=implempi.l]
3 1 (3459,/3085261520@127,0,0,1) Rurning PC=0xb7fdd402
(3459/3083541392@127 0,0.1) h Breakpoint PC=0x02051429, [/homesichnh/t
hreaded/sxmple/ Ple 2]
(3453/3004353424@127 0,0.1) h Breakpoint PC=0x08051489, [/homesjohnh/t
hreaded/s)mple/
(SdEEI/ZEIEISSESEES@lZ? 0,0.1) h Breakpoint PC=0x08051489, [<homesjohnhs/t
hreaded/s)mple/ ple
(3559/2983373712@127 0,0,1) h Breakpoint PC=0x08051483, [Jhomer johnh/t
Hreaded/slNPle/slmple.c* 1
{34B0R127, O 1) [simplempi.3]
4.1 (3450/3084405455@127 0 0 1) Running PC=0xb7fOcdn2
. {34B0/F082685328E127,0,0.1) h Breakpoint PC=0x08051489, [<homesjohnhst
hreaded/sinplessimple.c#28
=1 (3550/3003497350@127 0,0,1) h Breakpoint PC=0x08051483, [Jhomer johnh/t
hreaded/sxmple/ simple
4.4 (3480/295300?504@127 0,0.1) h Breakpoint PC=0x08051489, [/homesjohnh/t
hreadedssimplessinple.c#28
4.5 (3460/258251 FE48E127,0,0.1) h Breakpoint PC=0x08051489, [<homesjohnhst
hreaded/s)mple/s)mple cazal
(Z461@127,0,0,1) H Breakpoint [simplempi,2]
5.1 (3451/3085200080@127 0,0,1) Stopped PC=0xb7fced0l
5.2 (3481/3083473552@127 0,01} Breakpoint PC=0x08051461, [/homesjohnh/t
hreadedssimple/sii c#26]
(3d51/3004231334@127 0,0.1) Breakpoint PC=0x08051461, [<homesjohnhs/t
hreaded/s)mple/
(3551/2995802128@127 0,0.1) Breakpoint PC=0x08051461, [Shomes johnh/t
hreaded/s;mple/ cH#26]
(3451/2983312272@127 0,0,1) Breakpoint PC=0x02051461, [/heomesichnh/t
hreaded/s)mple/s)mple;c* 6]
W S, s 198
T Rank 2: sinplempl.2 (Miked) oo
EWAVE Thread 2 (3083473352): simplempi (&t Breakpaint 5) [h]
Thread | Action Paint  Dek
Go
Halt
Met
atep
Cut
Run To
MNext Instruction
Step Instruction
SetPC o
" Hald
Continuation Signal...
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LAB 9: ASYNCHRONOUS CONTROL
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Why Type Transformations?

Debugger shows only what is in the
immediate class, including unexpanded base
classes

Dive into base classes, but have to do it for
each object
Types aren’t always obvious

» Abstract base class pointers may be common, would
like to automate downcasting

Sometimes class data is unimportant to
debugging and only serves to clutter the
screen

Internal data storage may be abstracted or
difficult to interpret in its raw form

203

TYPE TRANSFORMATIONS

202
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TotalView Type Transformations

Allow programmers to write their own
functions to interpret the data

Display base class members as if they are
members of the derived class

Choose not to display some data members

Interpret data at runtime to display it in a
more readable fashion

Functions can be written in TCL using TTF or
in C++ using C++ Views

204
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TotalView TTF

- e ]
Fle El Vew Toos Window wen | IN SHOME/ tvdrc:
L1 = EEIE I EY]
Exgrassion.| o Adiress: G0
Type | ciass <1 2TV TTF::RTF::build_struct_transform {
ETH] e Ll Tl name {Aclass|struct x1$}
© e shruct sbare (Public tiase clase)
priame por Gafmes - womsnin)|  members {
perest st oma - me #2
ssnm::'lu -v;m MA 01780" {pmonth {month}}
it 00300006 (5) .
it SO0R0001 (Z0) {pName { xbase upcast{*pName }}}
's" , f‘:?:“gf“ ‘UZ"““ { pStreet { xbase upcast{* pStreet}}}
rokd * T >
-9 ol * DamIg >0 {pVoid1 {"$string *" castv }}
{pVoid2 {*{"classx2*" castq}}}
= infa = main - 1.1 - .
Fie EdN Wiew Tools Winsow vep ||}
It 1| A [ PE [KEPN .
e 1t s osmira Meta Language:
Type [class »1
Fiea Tpe [vaiie | {member}
~ pmorin " TXA0000006 (5) .
pHiane $atring “Jonn smin" expr]
- ptreet ssrng 24 Prive Pamuy, Sute { pr}
pedt se1ng * XD - "Jara Ssitn
b proe etz st {expr . Expr}
w int Q00000054 {100
5 int 0ND00eE (200) {expr -> expr}
{datatype case expr}

{baseclass upcast expr} 205
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How do | implement the display function?
#include tv_data_display.h from $TOTALVIEW/include

Make calls to display data using:
int TV_ttf_add_row( const char *field_name, const char
*type_name, const void *address);

Call once for each piece of data to be displayed

Wave Software, Inc

Implement the display function for any type

you want to use
int ::TV_ttf display_ type(const display_type_t *object);
or as a static member of the class
class display_ type t {
/7.
static int TV_ttf display_type(const display_ type t *object);
}

Precedence for the functions
1. Class-qualified static function matching the type
2. Global function at file scope matching the type

3. Global function matching the type

/>~
ROGUE WAVE *

SOFTWAR

Wave Software, Inc.

Be sure to check return value for calls to add
row
It returns one of these values:
« TV_ttf_ec_ok: Success

« TV_ttf_ec_not_active: TV_add_row was called outside of a
valid calling context

TV_ttf_ec_invalid_characters: The field or type name
contains invalid characters, such as newline or tab
TV_ttf_ec_buffer_exhausted: TV_add_row has been called
too many times, filling up the buffer. Generated types cannot
be unlimited in length. For arrays, consider returning array
type with a dynamic length, rather than iterating over all of
its members. For non-arrays, the display will need to be
truncated.
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After displaying your chosen data in your chosen
fashion, return the appropriate code:
« TV_{tf_format_ok: successful, show what was sent by this function

« TV_ttf_format_ok_elide: ok, but elide type, used to keep display
smaller

« TV_ttf_format_failed: failure on known type
« TV_ttf_format_raw: display the data in TotalView's default fashion
« TV_ttf_format_never: same as raw, but don't ever call this function
again
When building, link to tv_data_display.o
» Source file tv_data_display.cis in $TOTALVIEW/src
« Optionally build it into its own library

::TV::TTF: :RTF: :build_struct_transform {

name {“class|struct Circle$}

members {

{ centerX { pos . importantValueX } }
{ centerY { pos . importantValueY } }

{ radius { r } }

211

C++ Views
Example 1 header

struct Point { int importantValueX;
int importantValueY;

float meaninglessInternal;};

struct Circle{ Point pos; //poorly named center

int r; //poorly named radius};

struct Square{ Point pos; //poorly named bottom
left position
int w; //poorly named width};

struct Rectangle : public Square { int h; //poorly
named height};

b Wave Software, Inc.

TTF Example continued

::TV::TTF: :RTF: :build_struct_transform {
name {“class|struct Square$}
members {
{ centerX { pos . importantValueX } }
{ centerY { pos . importantValueY } }
{ sideLength { w } }

212
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TTF Example continued

:TV::TTF: :RTF: :build_struct_transform {
name {“class|struct Rectangle$}
members {

{ centerX { Square upcast { pos
importantvValueX } } }

{ centerY { Square upcast { pos
importantValueY } } }

{ width { Square upcast { w } } }
{ height { h } }

213
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C++ Views
Example 1 Transform ...

int TV_ttf display type(const Square* s){

WAVE int retVal = TV_ttf add row("centerX", "int",
§
A & (s->pos.importantValueX)) ;

if (TV_ttf_ec_ok == retval)
retvVal = TV ttf add row("centerY", "int",

& (s->pos. import_antv_alue_Y) )

if (TV_ttf ec_ok == retval)
retVal = TV_ttf_add row("side length", "int",

&(s->w));

if (TV_ttf_ec_ok == retval)
return TV_ttf format ok _elide;

return TV_ttf format failed;

b Wave Software, Inc.

C++ Views
Example 1 Transform ...

ﬁ #include <tv_data display.h>

ROGUE WAVE int TV_ttf_display_ type (const Circle* c) {
SOFTWARE

int retval = TV_ttf add row("centerX“, "int",
& (c->pos.importantValueX)) ;

if (TV_ttf_ec_ok == retval)

retval = TV_ttf add row("centerY", "int",
& (c->pos.importantValueY)) ;

if (TV_ttf ec_ok == retval)
retvVal = TV_ttf_add row("radius", int", &(c-

>r));

if (TV_ttf_ec_ok == retval)
return TV_ttf format ok;

return TV_ttf format_failed;

b Wave Software, Inc.

C++ Views
Example 1 Transform continued

int TV_ttf display_type (const Rectangle* r){

int retval = TV_ttf_ add row("centerX", "int", &(r-
>pos.importantValueX)) ;
if (TV_ttf_ec_ok == retVal)

retval = TV_ttf add row("center¥Y", "int", &(r-
>pos.importantValueY)) ;
if (TV_ttf_ec_ok == retVal)

retvVal = TV_ttf add row("width", "int", &(r->w));
if (TV_ttf_ec ok == retVal)

retvVal = TV_ttf add row("height", "int", &(r-
>h)); T
if (TV_ttf_ec ok == retVal)

return TV_ttf format ok;

return TV_ttf format_ failed;
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C++ Views
Example 2 Header

struct Point {
int importantValueX;
int importantValueY;
float meaninglessInternal;

Y

b Wave Software, Inc.

C++ Views
le 2 Header continued

class Circle : public Shape {
private:
int r; //poorly named radius
public:
Circle() : Shape(), r(0) { }
Circle(int radius) : Shape(), r(radius) { }
Circle (Point center, int radius)
Shape (center), r(radius) { }
friend int TV_ttf display type(const Circle* c);
}i

C++ Views
Example 2 Header Continued

class Shape {
public:
Point getPosition() const;
void getPosition(const Point& pos) { pos_ = pos; }
private:
Point pos_;
protected:
bool isClosed ;

Shape (Point position, int isClosed = true) : pos_(position),
isClosed_(isClosed) { }

Shape () : isClosed (true){
pos_.importantValueX = 0;
pos_.importantValueY = 0;

}

friend int TV_ttf display shape(const Shape* s, const char*,
const char¥) ;

b wove sotvard, e

C++ Views
Example 2 Header continued
class Square : public Shape {

E WAVE protected:
SOFTWARE

int w; //poorly named width
public:
Square() : Shape(), w(0) { }
Square (int width) : Shape(), w(width) { }

Square (Point lowerLeft, int width)
Shape (lowerLeft) , w(width) { }

friend int TV_ttf display type(const Square* s);
}i

b Wave Software, Inc.
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C++ Views
Example 2 header continued.

2

ROGUEMVE class Rectangle : public Square {
SOFTWARE private:

int h; //poorly named height
public:

Rectangle() : Square(), h(0) { }

Rectangle(int width, int height) :
Square (width) , h(height) {}

Rectangle (Point lowerLeft, int width, int
height)

: Square (lowerLeft, width), h(height) { }

friend int TV_ttf display type(const Rectangle*

s);

7
b Wave Software, Inc.

C++ Views

Example 2 Transform
int TV_ttf display_type(const Square* s){
int retvVal = TV_ttf display_ shape((const Shape*)s,

"lowerLeftX", "lowerLeftY");
if (TV_ttf ec_ok == retvVal) retval =
TV_ttf add row("side length", "int", &(s->w));

if (TV_ttf_ec_ok == retVal) return TV_ttf format ok;
return TV_ttf format failed;

}

int TV_ttf display_type(const Rectangle* r){

int retvVal = TV_ttf display_ shape((const Shape*)r,

"lowerLeftX", "lowerLeftY");
if (TV_ttf format ok == retVal) retval =
TV_ttf add_row("width", "int", &(r->w));

if (TV_ttf_format ok == retVal) retvVal =

TV_ttf add_row("height", "int", &(r->h));

if (TV_ttf_ec_ok == retVal) return TV_ttf format ok;
return TV_ttf format failed;

b Wave Softwalp, Inc

C++ Views
Example 2 Transform

F int TV_ttf_display_shape(const Shape* s, const char*
xName, const char* yName) {

int retval = TV_ttf add row(xName, "int", &(s-

SOFTWARE

>pos_.importantValueX)) ;
if (TV_ttf _ec ok == retVal) retvVal =
TV_ttf add row(yName, "int", &(s-
>pos_.importantValueY)) ;
return retval;

}

int TV_ttf_display_type(const Circle* c){
int retval = TV_ttf display shape((const Shape*)c,

"centerX", "centerY");
if (TV_ttf ec_ok == retVal) retval =
TV_ttf_ add_row("radius", "int", &(c->r));

if (TV_ttf ec_ok == retVal) return TV_ttf format_ok;

return W_ttf_fomat_failed;

Wave Software, Inc

C++ Views
Example “Complex” header
class Shape {
E // See previous definition
SOFTWARE

protected:

// Also see previous definition, only new item is

here

friend int TV_ttf display_shape (const Shape* s,
const char*, const char¥*);

}i

Wave Software, Inc.
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C++ Views
Example “Complex” header cont’d

class FreeFormShape : public Shape {
private:
std: :vector<Point> ptArray ;
public:
FreeFormShape () : Shape() { }

FreeFormShape (const std::vector<Point>& points,
bool closedShape)

Shape (points[0] , closedShape),
ptArray (points) { }
virtual ~FreeFormShape() {}
friend int TV_ttf display_type(const
FreeFormShape* c);

}i

b Wave Software, Inc.

C++ Views
le “Complex” Transform

#include "complex.h"

SOFTWARE 4include <tv_data display.h>

#include <typeinfo>

int TV_ttf display shape(const Shape* s, const
char* xName, const char* yName) {
int retvVal = TV_ttf add row(xName, "int", &(s-
>pos_.importantValueX)) ;
if (TV_ttf_ec ok == retVal) retval =
TV_ttf_ add_row(yName, "int", &(s-
>pos_.importantValueY)) ;

return retVal;

b Wave Software, Inc.

C++ Views
Example “Complex’” header cont’d

class Circle : public Shape {
private:
int r; //poorly named radius
public:
Circle() : Shape(), r(0) { }
Circle(int radius) : Shape(), r(radius) { }

Circle (Point center, int radius)
Shape (center) , r(radius) { }

virtual ~Circle() {}
friend int TV_ttf display circle(const Circle*
c); o -
friend int TV_ttf display type(const Circle* c);
}i
// Square and Rectangle are unchanged

b Wave Software, Inc.

C++ Views
Example “Complex” Transform

int TV_ttf display circle(const Circle* c){

int retVal = TV_ttf display shape((const

Shape*)c, "centerX", "centerY");
if (TV_ttf ec_ok == retVal) retval =
TV_ttf_add_row("radius", "int", &(c->r));

return retval;

}

int TV_ttf display_ type (const Circle* c) {
int retval = TV_ttf display circle(c);
if (TV_ttf_ec_ok == retVal) return
TV_ttf_ format ok;

return TV_ttf format failed;

b Wave Software, Inc.
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C++ Views

Example “Complex” Transform continued

int TV_ttf display type (const Square* s) {
int retval = TV_ttf_ display_shape ((const
Shape*)s, "lowerLeftX", "lowerLeftY");
if (TV_ttf_ec_ok == retVal) retvVal =
TV_ttf_add_row("side length", "int", &(s->w));
if (TV_ttf_ec_ok == retVal) return
TV_ttf_format ok;

return TV_ttf format failed;

b Wave Software, Inc.

C++ Views
lex” Transform continued
int TV_ttf display type (const FreeFormShape* f) {
int retval = TV _ttf add row("closedShape",
"bool", & (f—>is_clos_ed_)_) ;

char type[32];

sprintf (type, "Point[%1d]", (long) f£f-
>ptArray .size());

if(TV ttf format ok == retVal) retval =

TV tt_f ad_d row(‘;)oints", type, &(f-
>p;Arr;y_.;ront 0)):

if (TV_ttf_format ok == retVal) return
TV_ttf_format ok;

return TV_ttf format failed;

’”~~>
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C++ Views
Example “Complex” Transform continued
int TV_ttf display type (const Rectangle* r){ int

retVal = TV_ttf display shape((const Shape*)r,
"lowerLeftX", "lowerLeftY");

if (TV_ttf_ format ok == retVal) retval =
TV_ttf_ add_row("width", "int", &(r->w));
if (TV_ttf format_ok == retVal) retval =
TV_ttf_ add_row("height", "int", &(r->h));

if (TV_ttf _ec ok == retVal) return
TV_ttf format ok;

return TV_ttf_ format failed;

b Wave Software, Inc.

WAVE
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C++ Views

Example “Complex” Transform continued
int TV_ttf display type (const Shape* s) {

char buf[64];

snprintf (buf, 64, "Shape");

int retval = TV_ttf ec ok;

if( typeid(*s) == typeid(Circle) ) {
snprintf (buf, 64, "Circle");
retVal = TV ttf display circle((const

Circle*)s); T -

}

if( typeid(*s) == typeid(Square) ) {
snprintf (buf, 64, "Square");
retval = TV_ttf add row("type", "Square", s);

b Wave Software, Inc.
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C++ Views

Example “Complex” Transform continued
int TV_ttf display type (const Shape* s){

C++ Views

Example “Complex” Transform continued
int TV_ttf display type (const Shape* s){

2
ROGUE

VIR BE if( typeid(*s) == typeid(Rectangle) ) { v if (TV_ttf_ec_ok == retval) retval =
snprintf (buf, 64, "Rectangle"); TV_ttf add row(buf, TV_ttf type ascii_string,
"type") ;
retval = TV_ttf add row("type", "Rectangle",
if (TV_ttf ec ok == retVal) return

s);
. TV ttf format ok;
if (TV_ttf_ec_ok == retval) - - -
. return TV ttf format ok;
return TV_ttf format ok_elide; - - -

}

if( typeid(*s) == typeid(FreeFormShape) ) {
snprintf (buf, 64, "FreeFormShape");
retvVal = TV_ttf display type((const

FreeFormShape*)s) ;

}

b Wave Software, Inc. b Wave Software, Inc.

C++ Views - caveats

The data pointer passed to add row must remain in

scope beyond the display function
Don’t do any data allocation in display function
Objects passed in may not be valid objects, be careful

* Break point during constructor or destructor, only
partially valid

» Dangling pointer

» Break before a constructor

SUPPORT AND
QUESTIONS

Beware of threading issues

* Locks may already be acquired

+ Shared data may change if not locked

* Not all threads are guaranteed to always be stopped
236
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TotalView Customer Support

Use our web site for documentation, demos,
FAQs and to contact support
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TotalView Customer Support

[P ——
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ROGUE WavE

Contact Support o

For Technical Support

TotalView Family of Products

IMSL Humerical Libraries
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TotalView Customer Support

http://www.roguewave.com
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ROGUE WAVE

SOFTWARE
- B T

Developing parallel, data-intensive
applications is hard.

WHO WE ARE NEWS INTHE PRESS

~ Sies

TotalView Documentation

TotalView

Dynamic source code and memory debugging for C, (++
and Fortran applications
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TotalView Documentation

0 e e
PY-WAVE Family

Source Pro” [++

Stingray

HydraExpress

HostAccess
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QUESTIONS?
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