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® What debugging means?
® Debugging Tools in the RES
® Allinea DDT as alternative

® |ntroduction to TotalView (RogueWave Software)
v What is TotalView
v" Compiling Your Program
v’ Starting totalview
v’ TotalView's Basic Look and Feel
v’ Basic usage: Action points, groups, navigating the code...
v’ Built-in variables and statements
v' Expression Evaluation and Code Fragments
v Memory Debugging
v Remote Display
v Some notes on CLI

® Hands on
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Debugging 1.0: is a methodical process of finding and reducing the
number of bugs.

Originally It literally meant the process to eliminate “bugs” ... like this:
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Debugging 2.0: Is the process to confirm all the things that you believe are
true .... because there is, at least one, that is not

Things that you believe:

® This variable has been set before entering the loop
® This variable is only written by master process
® | am sending the right data type in all MPI communications
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Serial Debugging:

® Printf()
® gdb and its frontends (DDD)
® Others ...

Parallel Debugging:

Both serial and parallel debuggers are useful.

Serial debuggers, like gdb, are what most programmers are used to, but parallel
debuggers can attach to all the individual processes in an MPI job simultaneously,

treating the MPI application as a single entity.

Linux Power TotalView 8.7.0-7

TOTALVIEW El | iNea ddl

TECHMOLOGIES X N _
the distributed debugging tool

(c) Allinea Software 2002-2009

Version: 2.4.1
Build: Suse 10 ppc64
Build Date: Mar 20 2009
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.‘T hello.c 3
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‘& Project Files

=& Source Tree
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- 1 Header Files

=4 Source Files
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DDT (Distributed Debugging Tool) from the Allinea Corporation

® Parallel debugger which provides many of the same basic features as Totalview, as well as some new
elements.

® Totalview has a much larger feature set than DDT:
® with debugging capability for more than one executable at a time
® machine level language support
® Tcl command line options
® other advanced components ...

But..

These sometimes are not the primary reasons why scientists need a parallel debugger.

Why? ... Because ...

Most scientists need a simple and user friendly way to set breakpoints, step through code and halt execution
while they examine variable values and code logic across different processors.

BSC-CNS Parallel computing seminar — Parallel Debugging -Santander 5 nov, 2010 7 @ Barcelona
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Some Features:

® DDT has an more intuitive user interface, especially for beginners
® Different ways of navigating through the processes

® None of both interfaces are suitable to debug apps with hundreds of processors (might
become cumbersome)

® Both allow to dive into distributed multidimensionals arrays, subarrays, slices.

® And many more ...

http://www.allinea.com/index.php?page=48

http:/lIwww.totalviewtech.com/support/documentation.htmi
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What is TotalView?

® TotalView is a sophisticated software debugger product of RogueWave Software
® Used for debugging and analyzing both serial and parallel programs.
— Multi-threaded Debugging
— Parallel Debugging: MPI, PVM, Others
® Especially designed for use with complex, multi-process and/or multi-threaded applications.
® Wide compiler & platform support
— C, C++, Fortran 77 & 90, UPC
— Unix, Linux, OS X
® Reverse debugging (Replay Engine)
® | ong distance remote debugging

® Unattended Batch Debugging

® TVD along with DDT are the most popular HPC debuggers to date.
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Compiling your program
Always compile with -g and -O0
- OO0 is important because with some optimizations, even when they not
modify the code semantics, the source code may not reflect what is really

happening.

- In the IBM compilers, some optimizations levels might alter the code
semantics. That's why it is important to use -qgstrict when using -O3

- TVD can debug code compiled without -g but assembler will be shown
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Starting Totalview

TVD must be sent through the batch system

=> Connect to MareNostrum using -X option:
ssh -X

=> Jump to a node above login4 (from login5 to login8)
ssh -Y login6

= Sumbit the batch script: 24 @ ob ame = simple2
mnsubmit run.sh 3 G cutout = i

5# @ error = mpi_%j.err

6 # @ total_tasks =4

7 # @ cpus_per_task =4

8 # @ wall_clock_limit = 01:10:00
9# @ mining_level =0

10# @ x11 =1

11

12

13 /gpfs/apps/TOTALVIEW /totalview -mpi SLURM -np 4 ./simple -a “Prueba de TVD”
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Starting Totalview

.T MNew Program

Slart & newr
[ITOCESS

Aftach to
process

Erngram] Argurme ntsl Standard IID] F'ara[lell

| &tandard Input

The New Program Screen lets you:

Erugram] ﬁrguments] Standard IIG'I F’ara]_lel]

Start a New Process %}a

ctartmnew [ EFEIE] Sy stEm | Mone

pm.tesg Tasks: Iu— ‘;
Attach to an Existin g Process @ Additlanal starter arguments:

Atlach 1o I
process

Open a Core File o

Cpen a
cona fila

‘ ok | Cancal |

Fead from |'|!e-|

_I Standard Qutput

Browsa.,

Writa fo file: |

W Standard Emor

- Hame as output
& Write o flle:

Browse.. | ] Append

|

Birotkge. . i 1 Append

Cancel |

Help
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TotalView's Basic Look and Feel

TVD contains two kinds of windows:

- Root Window (Control)

File Edit Miew Tools  Window

* States of processes =| mo/| mak | Host | staws » Status Info
* - 1 1] =local= B
Processes and thread & 5 nirepid.stnus.cT T = stopped
Status -- i intrepid.etnus.cT
. . - 7 intrepid.etnus.cT — i
* Instant navigation . 5 ntrepid etnus o T B = Breakpoint
- 49 intrepid.etnus.cT _
access. % 10 ntrepid etnus ¢ T *E = Error
- 11 intrepid.etnus.cT .
stateCode|  Descripon ||=> rspistnus T "W = Watchpoint
-—m —m_mYm__¥rY———————————————— | | = B )
B Stopped at a breakpoint 13T <ocal= B4 R = Running
- 14 Z <local= B
E Stopped because of an error h— & 15 5 docals B M = Mixed
H In a Hold state
K Thread is executing within the kernel *H = Held
M Mixed - some threads in a process are running and some not
R Running
T Thread is stopped
W

At a watchpoint

Supercomputing
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TotalView's Basic Look and Feel

TVD contains two kinds of windows:

fork_looFLinue

Flle Edt  wilew Group Pracess  Thread  Actian Folrt  Todls  Wincow

q> W@ B 359 5 @

Help

- Process Window:

Group [Cantrol]

Toolbar

aop Halt Kl Restart Stap gt Fun Ta
— e —— — - Pmcsss1{2ﬂﬂﬂ§} ﬁ:lrk_ll:u:llemﬁ{Eh:lppEld} === ==

AT AT T ezl 1 (2 0936) (Stop ped) <Stop S igrz |1 IMA0I00 08I0 0B ATLRLARILALL

Stack Traca Siack Frame

Provides detailed view of

Stack Frame Pane

One proceSS _ =elect, rr=hEFfFENa3 -_F Functiom "anore”
[E=+] wait = whils, FP=bEfEFEDRA arg D=0
[E=+1 ;nn}:.;u. I‘P:EE;FEDEE Block ’S]:!ZI.#S]:!E";: . 1
C++ ackar. = 14 Limeoot abiuch timeva
Stack Trace Pane farck_wrapper, FrP=bEffElhl Block "zhi":
[E=+] m=in, FP=hEfEELl=a s : OxD0m000Nn [0y
_ _libc_stert_mmin, FP=bEFEEE13 sobry_count (fesn) . Defifffdie
old tickat: OxfEEEEEEE (1)
ticket OxDODDO0RE (47
ph=: O=00001000 (L6386 k
L- e mtmmmm Fee Rla Femane
Function anore in frk_loop cxx= =]
B45 wait o whils (Stimecub)
bad addr = -3;
foo = {int *ibad_=addro;

hac = *foao;

*foa = har + 1

for

(533

Source Pane

=stcuck timevsl bimscouk;
walt & whils (&Cimsoub);
if [
print *Thread %1d woks up in Saoce () v,
1fF [u=e_mut)

(Long] [pthread_=e1£

{
iE [Tplazae shob op)

BEl

BEE #if definedi_ =lphe] £& IduEmud.(_[_

b5 3 princf ¢"Thread d oaimx = 3ld) ing for the Lockln"
B4 int{pthresd tl:]:uthread :anatlfl::lgr _ AequUEncE] .

T fmetbera = —nTE T

ol Pel Tl Tl

Action Pointa ] Pro Ces ses ] Thre ads ]

1l

Tabbed Area
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Basic usage

Controlling execution

Go Start/resume execution

Halt Stop execution

Kill Terminate the job

Mext Run to next source line or instruction. If the next lingfinstruction calls a function, the entire function will be executed and control will return to the next source line or instruction (the function
is "stepped over").

Step Run to next source line or instruction. If the next line/instruction calls a function, the function will be "stepped into". Execution will stop within the function.

Out Execute to the completion of a function. Returns to the instruction after the one which called the function. h

Run To Allows you to arbitrarily click on any source line and then run to that point

Next Similar to Next, but applies only to machine instructions

Instruction

Step Similar to Step, but applies only to machine instructions

Instruction

Hold/Release Hold ignores other commands to resume execution
Release allows other run commands to have effect

Restart Restarts a running program, or one that has stopped without exiting

Set PC Sets the Program Counter to a desired source line, machine instruction, or absolute address
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Basic usage

Controlling execution

Function subl in step.c ==

=

int subi(int) ;
int sub3(int) ;

int naln ()

i
b j, ko= 0

J o= =sublii); a o= sub3g);
printf ("The walue of k iz zdwe", k) ;

Based on Out

ant subl{aint =)

i
m - aukE2Y),

reburn (X++);
|

int aubZiint )

{
v - oy + 10; e
++

[ Eat&rn 10 ; -‘
i

PC location

Next

Step Run lo

D-:il—‘l—‘ﬂ,l—‘l—‘l—‘l—‘l—‘ | ‘ \
Lo B e (=] H= |3 [0 O MWD 0O =] 05 LN = L3 N3

-2 -2
[l

L
L5

J
=

AL
26 1nt sub3{int =)
o7 ¢

EE| return (2*2);
=) i

Supercomputing
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Basic usage

“Diving” : In TVD this concept is widely used to refer the way user navigates
through the application in a debugging session in order to:

® Obtain more information
® Refocus the process window

® Open variables
e .

You can “dive” by:
® Double-clicking the left mouse button
® Selecting “Dive” in the context menu

You can dive on:
® \/ariables names to open a variable window (viewing data)
® Function names to open the source
® Process and threads in the root window to open a process window
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INTA_ARRAY:

(inkeger+8(100))

INT2 ARRAY: (intege rﬁziagn)}
LOCAL, VAR ““i&mﬁn y window 1
. COMP1E_ARRAY E l-n*lsn::l.un
Basic usage s [t M, (conplents 10d))
Feqg isea - "W §
“ ] ] ” ] ]
Diving” example over a variable in =
the common block in the stack e L winstow 2
frame _—
Dive denorms integer(1000) (integer(1000))
i2ae_amay intace ntegear
- B, = L L I
1.1
HEnonms 1406271408
IrtegEn 100
(1) 0 (0=00000000)
(2} ] 0000000
()
wingow 3 )
(5)
(5) A
) leea_array O=1408214a0
(8) :
{Bj integer B
(10}
11 (1 0 [0x00000000)
{2) 0[O0 0000000
3 0 [0x00000000)
“) 0 (D0 0000000)
(=) 0 [Col OO0O0T
AL o (6) 0 [0=00000000)
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Basic usage

Viewing Data:

® Diving on a variable opens the Variable Window

® Contents are updated automatically

® Changed values are highlighted

® “|_ast value” column

® Clicking on the variable let the user to edit it:
® Editing values changes the memory of the program
® “Enter” to commit changes
® “Esc” to cancel changes

® Using the Expression List Window
® Variables can be added using right click on the variable
® Adding expression directly in the window
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File  Edit \Miew Tools Window Help ‘
. 1.1 g More | Less || [ |-
Basic usage — | It
Exprassion: b Address: 0x080435a0
. . dlice: [ Filter.
Viewing Data: Type:  doublel1 00
Fi E Conni
] File Edit Wiew Tools Window ﬂelp‘
1] IR = HE PR | €33
€] Expression: | ConnbAgr:connbdgr Address: | Ux=0804 3778
[4] Type: | int
4] Value E|
2] O0000000z2 (2)
(8]
[~ |
File Edit View Window Help |

1 v ﬂﬂ
E?m ression Yalue I

i 000000003 (3)
d1_array (class d1[3])

a1 _array[1].d1_v 0=<000000071 (1)
d1_arrayfi-1].d1_v 0x00000004 (4)

A ..-.h.‘ -.U‘vr‘r.h-hr‘\- ‘.I'-u\_._"""-rh‘ hﬁﬁ -‘-h-""\\_ N ,“"\.-"l-. 'h#l‘-‘ - .'.‘_._‘““‘_f ‘.-

=
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Basic usage

Viewing Data: Viewing arrays

For array data, TotalView provides several additional features:

=>Displaying array slices
=>Data filtering
=>»Data Sorting

=>Array statistics

Structure Arrays

Data Arrays

Help

= AN_AERAY - ten by tenAlpha - 1.1 RIS
File Edit Wiews Toolz ‘Window Help
1.1 o More | Leas || = | = | [~ | 1]
Esxpression: AMN_ARRAY Sddress: 0=<1400011cD
alice: (., Filter:
Type: | real(10,10,10j
Fizld | alue 1
(1.1.713 a
(2.1.7) -0 506 366
(41,11 -0.g73297
(4}1}1] —I 9499 75R
[5,1,1)
(6,1,1) File Eit  View Tools  Wincow
LT I =] Mare| Less || - |« | =] ]
1) Expracsion: | d1_array Address: Oxkffiehin
| =LY slice: | [{ Fitter:
(10.1.1) Tvpe: | class di1[3]

Field | Type Value

X

- [0 class i (Class)

o base class hase (virtual public base class
el it C=00000000 ()

-~ hb_w it C=00000000 {d)

— hama gstring © C=080452c3 - = "hase"

- hasa? clags basez (irtual public hase clas:
e BE W int Ce=00000000 {0}

S irrt C=00000000 ()

- nama sstring © C=0f045ace -= "hases”
- d1_w Irit 00000000 (0
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Basic usage

Viewing Data: Slicing arrays

Used to display subsections of an array.

Particularly useful if only a small section = |
of a large array is of interest. Flle lsele iz Togle bt Help

21 S More | Less || [~ |- [ I~ |
lower_bound:upper_bound:stride Expression, twe—a— Address: 0x0G057dcl

Sice: | (B:10,6:10 Filter:

Fortran Slice: (1:5, 3:8) e )
C/C++ Slice: [::12][1:20] Field | value

(B,68) 216 (0x000000d8)

(.6) 2894 (0x00000126)

(d,6) S04 (0=00000180)

(3.8) 486 (0=000001 ef)

(10,8) GO0 (0=00000258)

(6.7} 252 (0x000000fc)

(7,7) 343 (0x00000157)

(8.7) 448 (0000001 )

(3.7) SET (0x00000237)

(10,7) 700 (0x000002h¢)

Slice notation Is

[start:end:stride]
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Basic usage

Viewing Data: Filtering arrays

Arrays containing data types of character, integer
or floating point can be filtered to display only
desired data.

Filtering can be:
® By arithmetic comparison
® For IEEE values
® By a range of values
® \Vithin an expression

See the TotalView documentation for additional examples, syntax options and other important information.

Examples:

Fortran
Filter: .gt. 250
Filter: .eq. $nan
Filter: 7:512

C/C++
Filter: >= 100
Filter: 1= $inf

Filter: 128:<1024
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23

elona
Supercoi
Center
Centro Nacion:

Barc

en

rcomputing

al de Supercomputacion



Basic usage

] |
—'|lEhEIEl_-El"‘I'"\-EI!:| - /nfzdheteppl/user Shoma<barryb s testesarrauaflpha - 3, 0|
File Edit Aiew Tools  Windo Help

L3 = == | PR | M4
Exprecssion. | isse_array Address: | Ox1408E214=0

Tupe: | sireal_dih)

Field alue my
(1 IMF
L2 - INF

i 1
—'|iccc_nr~r‘-:|'=-| - dnfzfnetoeelduaer Shoned barruk A testsSarmassHlpha - 3+| i |_|

Viewing Data: Filtering arrays

File  Edit  Wiesd ToOOls Wi d o Halp
EX = EEREEEYE R
Exfrassion: ieoc array ACdress: 01408521420 |
Slice: ) Filk Edit  View Tools  Window
| Twpe:  greal (6 S ——— ]
[ Field |"1fElJUE| @ E=pression: | iniZ_array
(5] 1.40732-45 =denormalizec: Slice: |
[6] -1 40138-45 =denammalized = Twpe: | word100)
— ieme_arrad — Snfz/netapolyiserShonedbaroks/testsSarraqa=Flpha - 3 Field
Flle Edt  View Tools  Window EE (Al 0T )
g = 24 (00l 011 6
Type: | greal 46 SE (=0 D20)
Flald | alug H 0
e
(1 IMF A (] D74)
(2] “IMF G (0 02R)
[] Mar e 40 (0 028
4] MaM S
(3] 1.407532-45 <danormalized=
L] —14013e-49 <derdtmallzed:-
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Basic usage

Sorting Array Data

We - tvix1 -1.1
File Edit View Tools Window

AEE
Help

(0.1 |

55 [BF (KON

Expression: ¢

 Address: 0x00603638

S|

Fifter:

St :)
Type: REAL"8(62.7)

Field

(62.7) Clicking on the Value bar

(61.7) toggles the sort direction
(60,7)

(59.7)
(58.7)

Value inl|

#22000000000000e+04  Triangle icon
4.389000000000000e+04 shows sorl
4.326000000000000e+04 direction
4.263000000000000e+04

4. 200000000000000e+04
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Basic usage

Visualizing Array Data

File  Niew Window

From the variable window click on Tools — Visualize

¥ Axlz nor

-5

® | arge arrays can be sliced down to a reasonable size
first

® \/isualize allows to spin, zoom, etc ...

® Data is not updated. You must revisualize

® $visualize() is a directive and can be used in

gyaluation ponts
. I

i-:zlu 200 00 A0
X Az
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Basic usage

Viewing Data: Laminating arrays (view across processes)
Totalview allows you to look at the values of a variable in all MPI processes

® Righ Click on the variable
® Select the variable window — view across

You can Filter, visualize, explore distributed arrays....
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Basic usage

Viewing Data: Viewing STL
TVD transform templates into understandable information:
—STLView supports std::vector, std::list, std::map, std::string

File Edit View Toos Window File Edit View Tools  Windowy
1.1 - More | Less i1 - More | Less
Address: | O<bfife1 a0

Eﬁpressinn: " Sddress: | Ix=bffflbal Eﬁpreasinn:|ﬁ

alice:
Actual Type:

oz

[] Filtar:

flnat[3]

Type: | class vectorfloat, allocator=float> =

: I Class vector<noat,alocalor=noat= =

Fizld Type | Yalue

Fiald | Yalug

1.3
2.2
3.1

=- _Wector_base class _Vector_base<floa(Private hase class)
- _Veclor_alloc_basclass _Vector_alloc_bas (Public base class)
L M_start flnat * 0x08052368 -= 1.3
& n_finish  [fioat - 0x0E052374 -> 0
L. _M_end_of_stofloat 0=08052378 - 9.80909e-
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Basic usage

Call graph: Allows a quick view of the program state

I can Graph - simple:Control Group

‘ FunCtlonS are nOdeS File Edit View Group Frocess Thread Action Point Debug Tools Window Help Group (Control) p .ﬁutorrng
® Ca”S are edges Group (Control) _*‘|b e » | 59 35 @

Gao Halt Kill Restart|Next Step Qut Run To
pnnnnnnnnn Process 1 (18881@ 10.2.15.53): simple (At Breakpoint 4 EEEEEEEEEEET

Labels are MPI rank ML Thread 1 (4398046689104) (At Breakpoint 4]

Stack Trace Stack Frame [._libc_start_main | clone
pingpong, FE=fffffbac950 Function "pingpong":
main, FE=fffffbacall No parameters. (1.1,7.1,8.1.) Y (12,72,82.)
.generic_start_main, FP=fffffbacall Local wvariables: ' !
. libe start main, FP=fffffbaccdl myid: 0x00000££E
?E?Efocmo%gggg‘ég%( | .generic_start_main | start_thread
right: Oxffbac9cc
buffer: 0x0000000d Y (1L1,7.1,81.) (1:2,7.2,82.]
" bufferz: 0x10011588

Function pingpong in pingpong.h ElE
$define UNEB 1024

(1.1,7.1,8.1..) (12,72,82..)

pindpang

void pingpong()
{

int myvid, numprocs, left, right;
char* buffer;

char* bufferZ;

MPI_Request request;

MPI_Status status;

(12,7.2,82.)

my__ioct

MPT Comm_size (MPT_ COMM_WORLD, &numprocs);
MPI_Comm_rank (MPI_COMM_WOELD, &myid); (12,72,82.)
// reserve memory for buffers

buffer = (char*)malloc (UNEE*sizeof{char));
buffer? = {(char*)malloc (UEE*sizecf {char)];

J7 Ffi11 huffer data with rank

=
Action Points] Prgcesses] Th[eads] P[P+ T-| T
A

Bl

[

Update Save As.., | Close | Help
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Basic usage

MP| Messages queue and graph:
® Provides information from the MPI layer
— pending messages
— unexpected messages
® Messages can be filtered by tags, MPlI Communicators.

® Useful in deadlock situations and load balancing studies.

® May be to be enabled in the MPI Library
® __enable debug
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Basic usage

File Edit  Wiew  Mindow Help

= = g . Message State - 1.1 "springs.0*
MET_COMM_WORLD _collsctiwve
4

Comm_size
Comm_r ank I}
Pending receives
[0l
Status Pending
Sonrce 1 (springs. 1)
Tag 3 (0000000033
User Buffer 0x0809d028 -» Dx00000000 (0%

Euffer Length 100 (D=00000064)

Unexpected messages

(0]
Status Pending
Sonrce 2 (sprinos. 2]

=
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Basic usage File Edit View Group Process Thread Action Point Debug Tools Window Help

ErnupCuntrol] E’ll. . ﬁ ’g i * ﬂ i g )fg "

Go Halt Kill Restart Next Step Out Run To FPrev UnStep Caller Backlo Live

Rank 0: srun<Ex3mpi=.0 (At Breakpoint 2)
Thread 1 (46912531031056): EIﬂI'Ill:l (At Breakpoint 2)

Working with groups

Group (Share)

e Stack Trace r Stack Frame
Group (Lockstep) FR=TEEEEEEEdbeD |8 || Function "main”:
Rank 0 FP=TEFFEEEFdcal arge: Dx00000001 (1)
P FP=TEEFFEEFACh arqy: Dx7EEEEEffdecl -» OxTEE
rocess (Workers) anarvariahles:
rocss Lok B et
Thread 2.1 re: 0x00000000 {0}
deat.: Dx00000004 {4)
offset: 0x00027100 {160000)
i 0x00000004 {4)
L 3 0x00000005 (5)
| ¥ el M W £ 1%

Foom otifla o sz xlas I e cliTccMicex e 8 =

Group (Control) | Default. All processes and their threads.

Group (Share) All processes and their threads that are in the same share group as the POI {process-of-interest)
Group (Workers) |All threads that are executing user code

Group ( Lockstep) | All user threads that are stopped at the same PC

Rank 0 COnly the POT and its threads. In the above example, the POT happens to have an MPI rank of O

Process (Workers) | User threads in the POI

Process ( Lockstep)

User threads stopped at the same PC in the POI

Thread 2.1

Only the TOT (thread-of-interest). In the above example, the TOT happens to be 2.1
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Basic usage S0 To

Creating custom groups

Group — Custom Groups ...

Fi using €1 elements

Hiprintf{"rank = ZFi\tpi = Ff\n", rank,
=

figlaean (A0 -

1 csimple.c$#36 main+0xl7c ﬂ

Supercomputing
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Basic usage

Action Points

TotalView supports four different types of action points:

® Breakpoint - stops execution of the processes or threads that reach it. Note that breakpoints apply to the
entire process - if any thread executing a process reaches a breakpoint, TotalView will stop the entire process.

® Process Barrier Point - holds each process when it reaches the barrier point until all processes in the group
have reached the barrier point. Primarily for MP| programs.

® FEvaluation Point - causes a code fragment to execute when it is reached. Enables you to set "conditional
breakpoints" and perform conditional execution.

® Watchpoint - enables you to monitor a location in memory and either stop execution or evaluate an
expression when the value stored in memory is modified.
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Basic usage

Action Points: managing breakpoints

Function®: « Setting action points
1051 woid fork wrapper (1in

1032 » Single-click line number
1033 pthread £ my prid =

1034 pthread t new tid: - . -
1035 pthread_attr t attr DEIEtlng action p0|nt5

1036 int whoops;

1037 int local fork_coun » Single-click action point line
1038 thread ptids[0] =

D40 4F (1fork Tate Disabling action points

aleidilo et beate e + Single-click in Action Points Tab Pane

1043 local fork_count =

1048 printf {"Pid %d: Sp

Optional contextual menu access for all functions
Action Points Tab
1047 printf ("root ptid

1045 new_tid = 0, . ' I I
iy o Lists all action points

2y | Brhresdattiamit L. Dijve on an action point to focus it in source

pane

.
=
[N ]
=
L]

el
e e
i =
o Ol
- L ]

« Action point properties

Dive
Enabie B + In Context menu
Disable  [™*1¥3¢ « Saving all action points
Delet s 2
- « Action Point > Save All
F'rclpertiea... —
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Basic usage

Action Points: Setting

» Action Point Properties .t .‘!r 7 g ey

4 Breakpoint ~- Barrler - Evaluate  1D: 11

— 5L @ breakpaint on
~When Hit, Stop 4 Function or line

s Sroup + All methods in class

4@ Process ~ Al wvirtual functions and overrides

3 s Named:l]

‘ Ok Cancsl Help

Location: fhomefehinkel Sourcefcombined. coada0s  Addrosses..

" Enable action paint Frocesses..,

I Flant in share group

“ OR | EB|E1IE | Cancel | Help |

Supercomputing
Center
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When the contents of a watched variable change, TVD
stops the program

Basic usage

Watchpoints are set from the Variable Window: Tools —

Action Points: Watchpoint Watchpoint

I buffer2 - pingpong - 1.1

Oxfffffbaca19

({{unsigned char[m?ﬁlﬁ,bu
unsignéd char

OO0 [Ox00, or 0)

O fffffbaca19

Watchpoints are NOT set on a variable but on a
memory region as well
So, user must be aware of the scope of the variable
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Basic usage

Action Points: Evaluation and conditional breakpoints

It is a cool feature that allows:
® Testing small source code patching
® Call functions
® Set variables
® Test conditions
® Use program variables

Can't be used with Replay Engine

==

File

—

Ecit  ¥iew Grou

Group (Cortrol) Q !

w Breakpoint - Barrier ™ Evaluaie (D 1

Expression:

= EfDI"I:I-U_;i-dBSt_lEI'I;i-F-F:I[

silly_stateate sif], &min, & max);

Stack T tot «= testll

nain,

printfiitam %d: % range %0 - S sum Shn',
L,Lest]i],min, e, LoL);

__libc_=tart maix

]
goto 17

[ el P e I U S CRPR S S

=

Location:  badc#le Addresses... |
#include <=stdio. [ Enakle action point e pagan

woid silly atak:| [ Flant in share group
LE [*mz*mexid 1
LE [txc*min) | *r

b [l I Delete Cancel Help

int mainfint acc
float test[10]=4 99 1AW 0 B 240 0T T, T2 0 O L EE E, B U, 9L 1T
int 1, test_len=10;

float min=100 0. nax=0 0. tot=0 0

for [1=0ft<=test len;i++) |

s1llw stakbsi&boat[1], &max, Eman) ;

tot+=teat[i]:

printfiricen =d %F =f =f =0, i, test[Li]. nin, macs tot)

t
prantE "N 2d min &F nax £fntobs]l &F nesn &6, test_len, nin, max, tot. t
return 0;

b

™

—3“

5

| -
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Basic usage

Action Points:
Evaluation

And
conditional breakpoints

ok | Dalste |

Cancal |

Help |

w fhome/ehinkelfSourcefcombined CEEN [
File Edit View fGroup Process Thread Action Foint Debug Tools  Window Hedi
Graup (Cantrol) _—‘| b ll . " w5 3 i * 9 ﬁ 3 ?',' %g |
Go Halt Kill Restart) Wext Step Gut Run Ta| Prav UnStep Caller BadiTo | ive
: Process 2 ( 14218); combined (Stopped) &
_Thread 1 [14218) (Stopped) <Trace Trap>
Stack Trare - : Stack Frame
[ ] arrays, PFE=bfad8708 |2 || Functden "arrays": ﬁ
|+ Action Point Properties ‘ﬁ‘:—erg-
. Bregkpoint - Bamier & Evaluate D 11 E;E EEEE gﬁgﬂ:‘
T E {struct Cylinder
Eﬂm‘ssmn- fetruct Cylinder
. T OxQE04£120 > (=
IF (my_ptid == Siid) | Sstop; ]| —— Built-in statement : S =
I i [ i 1)
Built-in variable
i I"n.I'.I.” :
e
| t + §¥step!: y
* E++ L o EI'.'II'D"EIFI i 1 i!ii-"-‘]'_]ir---‘ palic S dSEs e = =
Location: fhomedahinkelSource/combinad cxxa#s0h  Addrasses.., | s [FE T--j"_
A
W Enable action polnt Frocesses..
™ Flant In =hars group [s
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Built-in variables and statements

Built-in Variable Description

$clid Returns the cluster ID.

$duid Returns the TotalView-assigned Debugger Unique ID (DUID).

$newval Returns the value just assigned to a watched memory location

(watchpoints only).

$nid Returns the node ID.

$oldval Returns the value that existed in a watched memory location before
a new value modified it (watchpoints only).

$pid Returns the process ID.

$processduid Returns the DUID of the process.

$systid Returns the system-assigned thread ID. When referenced from a
process, generates an error.

$tid Returns the TotalView-assigned thread ID. When referenced from a

process, generates an error.
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Built-in variables and statements
TotalView provides a set of built-in statements that you can use when writing code fragments. The statements are available in all languages, and are shown in the table below.

Scount expression Sets a process-level countdown breakpoint.

Scountprocess expression | When any thread in a process executes this statement for the number of times specified by expression, the process stops. The other processes in the program group
continue to execute.

Scountall expression Sets a program-group-level countdown breakpoint. All processes in the program group stop when any process in the group executes this statement for the number of
times specified by expression.

Scountthread expression Sets a thread-level countdown breakpoint. When any thread in a process executes this statement for the number of times specified by expression 1 , it stops. The
other threads in the process continue to execute. If the target system does not support asynchronous stop, this executes as a Scountprocess.

Shold Holds the current process. If all other processes in the group are already held in breakpoint state at this eval point, then all will be released. If other processes in the
Sholdprocess group are running, they continue to run.

Sholdstopall Exactly like $hold, except any processes in the group which are running are stopped. Note that the other processes in the group are not automatically held by this call
Sholdprocessstopall — they are just stopped.

Sholdthread Freezes the current thread leaving other threads running.

Sholdthreadstop Exactly like Sholdthread except it stops the process. The other processes in the group are left running.

Sholdthreadstopprocess

Sholdthreadstopall Exactly like Sholdthreadstop except it stops the entire group.

Sstop Sets a process-level breakpoint. The process that executes this statement stops, but other processes in the program group continue to execute.

Sstopprocess

Sstopall Sets a program-group-level breakpoint. All processes in the program group stop when any thread or process in the group executes this statement.

Sstopthread Sets a thread-level breakpoint. The thread that executes this statement stops, but all other threads in the process continue to execute. If the target system does not

support asynchronous stop, this executes as a Sstopprocess.

Svisualize(expression| slice]) | Visualizes the data specified by expression and modified by the optional slice. Expression and slice must be written in the syntax of the code fragment's language.
The expression can be any valid expression that yields a data-set (after modification by slice) that can be visualized. The slice is a quoted string containing a slice
expression. For more information on how to use Svisualize in an expression, see "Visualizing Data in Expressions” in the TotalView User Guide.
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Expression Evaluation and Code Fragments

Code fragments interact with your program, and are evaluated within its runtime context.

They can therefore be used for a variety of purposes, such as:

Setting conditional breakpoints

Program patching - branching around code and/or adding new code
Effecting conditional execution

Displaying program data

Modifying program data

TotalView enables you to enter "code fragments" during a debugging session.
Code fragments can include a mixture of:
® C, Fortran or Assembler language code

® TotalView built-in variables ($tid, $pid, $systid ... )
® TotalView built-in statements ($stop, $hold, $stopall ...)
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Memory Debugging

Beginning with TotalView version 8.7, the memory debugging functions of TotalView are packaged as a separate,
but integrated, client called MemoryScape.
Prior to 8.7, the memory functionality was launched from an integrated Memory Debugging Window.

Key features include:

Memory usage reports

Leak detection

Heap status

Corrupted memory detection
Dangling pointers

MemoryScape would require a separate tutorial
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Memory Debugging

MemoryScape can be launched as a standalone application or from within TotalView
—> It is important to click on the checkbox “Enabling Memory Debugging”
when TVD is started.

X ./simple F

FEnEnle MEmOr eaugging 'Wl_rmrll

Group (Contral)

.generic start main, FP=fffffefaccl
Tahker =F+=v+ mzawm Fo—-FFFFFaf=Fan
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Memory Debugging

T MemoryScape 3.0.0-7

summary | Leak Detection -

Process Selection

Farallel Job Ex3mpl (FP1)
é:- MPI_COMM_WORLD

II- ap Status -

Memnry Usage Chart Report

~ Dptions

E Text W Hesp ¥ Total Wi
W Data M Stack W Stack VM

Conirols

El |E*Bar (Mormal) i

#-Process 2: srun=Ex3mpl=0
- Process 3: srun<Ex3mpiz=.1
- Process 4: srun=Ex3mpi=.2

Process (rank)

B0.18MB
60.18ME
601 8ME
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Memory

Debugging

- Wy e

kdemory Debugging Options

Memory Debugging Options

Custamize your options below or press Sasic defions for predefined settings.

I Enable memory debugging

- [ Halt execution on memory event or error
Use the Advanced button to control actions for individual events. -
- ¥ Guard allocated memory
) |
._
E

Pre-Guard Size: IW=
Pattern: .

Post-Guard Size: W=
Pattern: | |

Maximum Guard Size: [0 bytes A

+ Wl Use Red Zones to find memory access violations

Process Selection ‘

- |l Paint memory
Parallel Job simple (MP[)

Pl COMM_WORLD Bl Paint allocations Pattarh:
® simple 1l Paint deallocations Pattern:
A gimple -1 about
Ay simple -1 Ahout
A4 simple -1 &hout

=1 =
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Memory Debugging

€Wy

kemary Reports

Summary | Leak Detection - | Heap Status

Movember 3, 2010

Save Data

Save Report.
Export Memory Data...

Leak Detection Reports
Backtrace Report

Other Reports Cateqgories
Heap Status Reports
kemary Usage Repors
Corrupted kemary Report
Compare kemory Usage

Other
hanage Filters

Process Selection

Parallel Job simple (MPI)

W WORLD --

i,simple -1 &bout
=1 [~

- | hdemory e - | Corrupted kemory | kMemory Compa

Leak Detection Source Report

—Options
Bl Relative to Baseline Bl Enable Filtering

-

F-Frocess 1: simple 4.32KB 3
pingpong.h ___ ZnokB z

' libc start main libc.s0.6 |

1
libmyriexpress.so 2.32KB 3
BF-Frocess 3: simple 4.32KB 3
pingpnng.h 2.00KB 2
Bl libmyriexpress.so 2.32KB 3
B Process 4: simple 4.32KB 3
pingpnng.h 2.00KB 2
libmyriexpress.so 2.32KB 3 ¥
T I =4
._
Backtrace . Source
-—-—_ | fgpfsfhomeshscd9/hscda7 04/EX AMPLES/ debug_test/pingpong.h
-5 MPI_Status status; /
— malloc 166 malloc_wrappers_dlopen.c
B ﬂlgigpﬂng EE E::gr;gg.h FPI_Comm_size(hPI_COMM_WORLD, &numprocs);
L generic_start_main libc =06 MP1_Comm_rank(MPI_COMM_WORLD, &myid); I_
— _ libc_start_main lihc.so.6
95 i reserve memary for buffers
— malloc 166 malloc_wrappers_dlopen.c huffer = (charimalloc(UMKEB sizeoficharn);
_I pingpong.h bufferz = {char*)malloc(UNKB"sizeofichar));
— main 56 simple.c
— generic_start_main libc.s0.6 S EN b rBioe oo vsibt ol ¥
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Remote Display

This feature is not currently available in MareNostrum but it is worth to mention it here

TotalView Remote Display lets you start and then view TotalView as it exe- cutes
on another system.

For example, debugging in MS Windows from home in a PC which is outside a firewall
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One interesting TotalView feature is the CLI (Command Line Interpreter)

* The TotalView Command Line Interpreter (CLI) provides a command line debugger
interface

* CLI commands can be integrated into user-written Tcl programs/scripts for
"automated" debugging (Advanced)

CLlI is useful when:
* a program takes several days to execute

* the program must be run under a batch scheduling system or network
conditions that inhibit GUI interaction.

* network traffic between the executing program and the person debugging is
not permitted or limits the use of the GUI.

For details see the TotalView documentation located at
www.totalviewtech.com
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Thanks for your attention

060

RED ESPANOLA DE
SUPERCOMPUTACION
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