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Debugging Parallel Programs

* Usual problems
— Memory access issues
— Special cases not accounted for in the code
— Wrong arguments to functions
 New set of problems
— Work distribution and partitioning
— Arguments to parallel function calls

— Racing conditions (shared memory / OMP)
— Deadlocks (MPI)
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The failure of printf/write

e Usually buffered by system
— May not appear on screen/file even after executed
— |If called from all tasks they create too much data

 When un-buffered (or flushed)

— Not ordered (because of delays between tasks)
— Code must be “instrumented” manually

 May change code behavior (introduces delays)
* Time Consuming

* |naccurate
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Parallel Debuggers

* Parallel applications themselves

* Overhead is of concern for large-scale runs

* Frontend + distributed agents attached to each task

* In DDT agents are instances of a modified GDB serial debugger

Frontend

Debugger Engine
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About DDT

Allinea Distributed Debugger Tool www.allinea.com

Multiplatform
e Supports all MPI distributions
e Capable of debugging large scale OMP/MPI

 Comprehensive
— Memory checking
— MPI message tracking

e Useful Graphical User Interface
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setting up a debug session

CONFIGURATION
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Using DDT

 Compile your code using the standard debug flags:
% mpicc -g -00 ./srcFile.c
% mpif90 -g -00 ./srcFile.f90

e Load the DDT module:

% module load ddt
% module 1list

e Start up DDT:
% ddt ./a.out
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Configuration: Welcome Screen

 Three ways of starting a

e O X DDT - Welcome

Welcome to DDT debug Session
L - — Run and debug
[ Run and Debug a Progra ]J
-;.L Atach to  Running Progran] — Attach to a running
a ,,,,,,,,, ‘ e [_emacosrs ] program
Gancel ____} — Open core dump file
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Configuration: Job Submission

eoo0 X DDT - Run (queue submission mode)
Application: /share/home/01157/carlos/debug_examples/parallel/a.out @
Arguments: |

Run Without MP| Support

Options: mvapich 1 MPI, use queue  Change...

Queue Submission Parameters: Queue=development, Wall Clock Limit=0:30:00, Project="  Change...

Number of processes 16 3| Number of threads (QpenMP only): 1 3

Advanced ==

Submit J Cancel
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e 06O

‘System
ubmissi

Configuration: Options

System Settings

MPI Implementation:

Dehugger:

Default groups file:

Aftach hosts file:

X DDT - Options

myapich 1

« -= Automatic =- (recommen

ded)

OK

J

4

4

oo

Cancel

Choose the correct
version of MPI

— mvapich 1

— mvapich 2

— openMPI

Leave Debugger on
the Automatic
setting

TACC
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Configuration: Queue Parameters

X! Queue Submission Parameters * Choose the queue
seu —— * Set the Wall Clock Limit
Wall Clock Limit: 0:10:00 (H:MM:SS)
Project: 20100706HPC

* Set your project code - for this
training class use 20100706HPC

OK J Cancel
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Configuration: Memory Checks

e 0C X DDT - Run (queue submission mode)

 QOpenthe
Application: /share/home/01157/carlos/debug_examples/parallel/a.out @
Arguments: | Adva nCEd ta b.

Run Without MPI Support

Options: mvapich 1 MPI, use queue  Change...

Queue Submission Parameters: Queue=development, Wall Clock Limit=0:30:00, Project=  Change...

. bl
Number of processes 16 3] Number of threads (QpenhP only): 1 3 E n a e M e m O ry
<< AgvancedJ Debugging
Blugins: g plugins found. To install a plugin, copy its "xml" file into the ddt/plugins directary. The documentation contains more information about writing and installing
plugins. (bottom IEﬁ
MPIRun Arguments: v C h e C k bOX)

Extra environment variables:
(for MPI script and application)

Pause when the program reaches exit or _exit

O h
v Pause when the program reaches abort or has a fatal MP| error pe n t e

Input file: gJ Memory Debug
v Enable Memory Debugging  Settings... .
Settings

Submit Cancel J
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Configuration: Memory Options

e 0cC X Memory Debugging Options

v [Ereload the memory debugging Iibrary:] Language: C/Fortran, no threads ~

Note: Preloading only works for programs linked against shared libraries. If your program is statically linked, you
must relink it against the dmalloc library manually.

* Change the Heap Debugging

Heap Debugging

_) None (fewest tests, picks up invalid pointers passed to memary functions) (o) pﬁo N fro m the d efa u It
_) Runtime (fast, basic tests including fence-post checking, null handling) .
@ Low (adds minimal heap checking, overwriting of allocated/freed space) Runtime to Low

_ Medium (adds full heap checking, always relocates block on realloc)
) High (adds checking for arguments to common functions)

 custon * Even the option None provides

Heap Overflow/Underflow Detection

Add guard pages to detect out of bounds heap access SO m e m e m 0 ry C h EC ki n g
o * Leave Heap and Advanced
e e unchecked unless you really

know that you need them...

oK J Cancel
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Memory Checks and Running Time

* The higher the level of memory checking the
longer the execution time

* Runtime overhead is NOT LINEAR with the
level of memory checking

e Often a low level of memory checking is
sufficient to debug non-pathological issues
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Job Queuing

Add any necessary arguments to the program. Click the Submit button.
A new window will open:

e 0O X/ DDT - Job Submitted

Your debugging job has been submitted to the queue. DDT will continue automatically once the job has been started.

You may cancel the job by closing DDT or clicking on the button below. H H .
AT TS The job is submitted to the
specified queue.

JOBID JOBNAME  [SERNAME ETATE CORE HDST RUEUE REMAINING STARTTIME

0 active jobs :  ( of 38B2 hosts ( 0,00 ¥)
NALTING JOBS

JOBID  JOBNAME  USERNAME  STATE CORE HDST QUEIR WOLIMIT  QUEUBIIME A . :

n automatically refreshin
694068  DDIJOB carlos Waiting 18 1 developeent  00:20:00 Fri Mar 13 03:31:23 y g
WALTING JOBS WLTH JOB DEPENDENCIES--- JO b status window a ppears.
JOBID  JOBNAME  USERNAWE  STATE CORE HDST QUEIR WCLIMIT  QUEUBIIME

[NSCHEDULED JOBS
JOBID JOBNAME  [SERNAME ETATE CORE HDST RUEUE WCLIMIT ~ QUEUETIME

The debug session will begin
Total jobs: 1 Active Jobs: { Naiting Joba: 1 Dep/Unsched Joba: 0 When the JOb Sta rtS.
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DDT: The debug session

X!/ Allinea Distributed Debugging Tool v2.3.1

Session Control Search View Help

[[»[w]E &, & B e ELES

E]

| Current Group: All

~ Focus on current: @ Group ) Process () Thread [ _| Step Threads Together

4—— Process controls

Project Navigator

Project Files | Fortran Modules |
Project Files

+ESource Tree

+-EJHeader Files

+-E3Source Files

Pro
win

ect navigation
dow

] 0]

<! stdout | Stderr | Stdin ("All" group) |

deadlock_mem.c x

=

-

15dnt 1, i, proc, nprocs;
z Int M[Z][]

2z MPl Status MPI STGT[MPI STATUS_SIZE];

MAK = 2500, TAG1 = 1, TAG2 = 2;
4 mt snd huffer[nmx] reu_bufferNMAK] ;

2 Ini
"T(]

is nprocs -
0 to (nprocs-1) */

nge

MPl Init i i )
MPI_Comm_rank(MPI_COMM_WORLD, &proc);

;or%'lt ; 13NMM(1 i+ { .
oy Code window

15

d_buffer[i] = 2*(i + 1);

Process groups

| window

Local Variables
Locals | CurrentLine(s) | Stack |

| Variable Name | Value |
“-nprocs 4210165

Variable window

buffer(i] = 0;

Right click on a line

Type: none selected

X! Expression |Value |

Breakpoints | Watches | Stacks |

to set a breakpoint.

16 Bain (deadlock_mem.c:30)|

Stack view a

nd output window

Evaluation window

Most operations
available as

buttons in the
process controls

bar

TACC
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focus, breakpoints and watches

PROCESS CONTROL
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Stack Wi

e 06 X! Allinea Distributed Debugging Tool v2.3.1

indow

Session Control Search View Help

DEE R T

ﬂcurrem Group: Call Focus on current: @ Group _ Process () Thread @ | Step Threads Together

Lo ][ [2][s][4]is i[s ][7 (e J[s J[ro][r1][12][13] (4] [15]

[ (e ] (7 1 [e ] [e ] (o] (xv] [12] [1a] [14] [15]

deadlock mem.c x
g pr\ntf( "\np: xa - (%d,%d)",proc,snd_buffer[0],snd_buffer[NMax-11);

Project Files ]\ Fortran Modules I
EgProject Files

+ El50urce Tree

+-EJHeader Files

+-E3Source Files

0Cs-1

np
pr‘1ntf("\nP xd = (%d,%d)",proc,snd_buffer[0],snd_buffer[NMax-11) ;

2 /* Exchange data */
s for( i =1; 1 < nprocs-1; i++){

S& * from processor i into processor 0 using blocking comms.
So df( proc == 0){

N MPI_Recu(rcu_buffer, NMAX, MPI_INT, 7, TAGZ, MPI_COMM_WORLD, MPI_STAT);

* from processor 0 into processor i using blocking comms.
if( proc ==1i)

MPI_Recu(rcu_buffer, NMAX, MPI_INT, O, TAG1, MPI_COMM_WORLD, MPI_STAT);

al ) ol =

5 /% send information from processor O to processor i and collect 1nfnr‘mat1on N

* send information from processor i to processor 0 and collect 1nfnrmat1an *

<! Stdout |Stder | Stdin ("All" group) | Breakpoints | Watches | Stacks l *1 Expression |Value

Local variables
for the currently
selected line and
stack
information is
visible here

[« als I\ Current Line(s) | Stack ]

Stack Arguments
#7 main (argc=1, argy=

#5 MPID_SendDatatype () from fopt/apps/
#4 MPID_SendContig {) from foptfapps/pg
#3 MPID_DeviceCheck {) from fopt/apps/f
#2 viutil_spinandwaitcq () from foptfapps/
#1 MPID_SMP_Check_incoming ) from /c
| |#0 smpi_net_lookup () from fopt/apps/pgi7

- &l

0 e: none selected

Procs | Function
1 0 I=imain (deadlock_mem.c:73)
1 1} WPMPI_Barrier
1 [J=main (deadlock_mem.c:58)
L — #PMPI_Send
14 [ 1=main (deadlock_mem.c:65)

14 o 63 PMPI_Send
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Parallel Stack View

[X| Allinea Distributed Debugging Tool v2.3.1

Session Control Search View Help

» Shows position

N R e T

||Current Group: Al

~ Focus on current: ® Group _J Process () Thread [ | Step Threads Together‘

of each thread /

Project Files | Fortran Modules |

Al 1) I

EglProject Files

+-E4Source Tree
é-ﬁHeader Files
+ S Source Files

orke [ 1(e (7 (e ] (e ] (o] [ar] [12] (18] [14] [15]

deadlock_mem.c x
a7 printe(

(e ][z J[e ][ Jro](rtJ[12][13][14] 1]

neixd - (%d,%d) " ,proc,snd_buffer[0],snd_buffer[NMax-11);
4z if( proc == nprocs-1
a9 printf("\nPixd - (%d,%d)",proc,snd_buffer[0],snd_buffer[NMAx-11);

Sz /% Exchange data */
=z for( i =1; i < nprocs—1; i++){

process in the
code.

=]

Local Variahles
Locals | Curentline(s) = Stack |

| Stack Arguments

#7 main {argc=1, argv=0x7fffc6d7fads) at.
#6 PMPI_Send om /optfapps/pgi?_2/m
#5 MPID_SendDatatype () from fopt/apps/

* Hover over any

55 /* Send information from processor 0 to processor i and collect information * #4 MPID_SendContig () from /opt/apps/pg :
SE * fr rOCe: r inte rocessor s 0cK 5. - - .
romrséoizsgt;{1 into processor 0 using blocking comms / #3 MPID_DeviceCheck () from /optiapps/k fu nCtIon to See a

S f(

3 MPI_Recu(rcu_bu
;¥

63 * from processor 0 into processor i using blocking comms.
£4  9f( proc == 1 ){

& MPI_Recu(rcu_buffer, NMAX, MPI_INT, O, TAG1, MPI_COMM_WORLD, MPI_STAT);
¥

#2 viutil_spinandwaitcq () from foptfapps/
#1 MPID_SMP_Check_incoming ) from /c
41 1#0 smpi_net_lookup () from foptfapps/pgi7,

er, NMAX, MPI_INT, 1, TAG2, MPI_COMM_WORLD, MPI_STAT);

list of processes
at that position.

ar
‘ = J 0]
J —] —'J 4 _)] Type: none selected
%! Stdouf Stdin ("AII" group) ]Brep ts giches | Stacks | B Expression | Value
“' ocs | Function
1 [ J=imain (deadlock_mem.c:73)
1 PMPI_Barrier
1 [I-main (deadlock_mem.c:58)
1 PMPI_Send T
14 [ I=imain {deadlock_mem.c:65)
EPMPI_Send
B
=
3
(=] @
2 ks
b =
8 B
& fit}
DDT

TACC
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Creating Process Groups

e Ctr-Click to select
e Control->Create Group

aXaXa) X
Session Control Search View Help

DR AR EE]

HCurrent Group: User Defir v/ Focus on current: @ Group s Process O Thr

[off 1 J[2][s][4llsfle]f7]ls

[1] (6] [s
ol A IMe 1Me 1T4al

Create group 2
Copy this group

Create group from: »

Copy this group, excluding processes in: »

Delete group

User Defined 1

Project Naviga

Project Files

Project Fie N L S

+8Source Tr Change colour W **argy)
+ 8 Header Fi
. Save groups... .
+&Source Fi group o T251:
Load groups... ’
v Detailed View 2
SuiTE _COMM_WORLD, ¢
Automatic 3 1415;
7 TOFCT = U5 1 <235 i+
” 18 ®o=x + dx;
q Farfi = N+ 4 ¢ 25 443§

‘000 X! Allinea Distributed Debugging *

Session Control Search View Help

[HnEE RS EEETE

HCurrent Group: All ~ Focus on current: @ Group  Process ) Thread { _J Step Threads Toge

Jump to code

REMBVE Processes

AR Creategrop |
Copy this group

Create group from:

Copy this group, excluding processe

- (ol 1 ofsfisfisfeletaflalubilily

[Delete gronp
[Femanme arelp
Change colour

Project Navigator Xl| mat_mpi.c x

Project Files | Fortran Modules | | #include <stdio.h>

* Group is created from
selection with default name

* Right-Click the group to edit
properties

TACC
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Changing Focus

e Control->Focus

i SeleCt Session Control Search View Help
T Current Group ’

— Grou P odld  Focus On Current d v Group U Thre
' stepHtieadsillogetier Process
— Process Al _]| 8

= Play/Continue F9
— Thread

Pause o e
. . e | | Add Breakpoint... s [7][s][e
e Or direct selection button

1L Step Into F5
= Qtan Muar E2 _

806 .

Session Control Search View Help * Process control window
SERERI IR E:
Current Group: All ~ Focus on current: ) Group e Process C h a nges tO reﬂ ECt

(A1) CIMEIEIEIEIEL selection
Process 0's threads (M @

Project Navigator £3
Project Files | Fortran Modules

mat_rmpid

#include <stdio.h>
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Inserting Breakpoints

aXaXa)
Session| Control Search View Help
B < CurentGroup » !
o s on o » s s Double-click i
Sl e B O LR ouble-click on any fine
. 8 lerr = —Comm_s12e | » laxpe
#= Play/Continue F9 59 printf("Process %4d of %4d\n", myid, maxpep
Root Pause F10 o
al 1 master = 0;
workehiil Add Breakpoint... — matsi’zve" T » 1 1 I
& Sepirto i O /. breckpoint for Al [ ¢ ng ht-click on any line
= Step Over F8 63 cpoint fc
P Step Out 6 * Run to here 58)?& Teast 2 pro
[ ¢ Run To Line... ] Close
= [ Down Stack Frame Ctr+D 1 Split view H
2 S ° t -> P t
Projact {/ Up Stack Frame Ctri+U 73 Open file in editor khen dispatches On ro rea OI n
Bottom Stack Frame Ctr+B 7 :
B | en . ELaTizga. B o)
LESoL Align Stack Frames With Current  Ctrl+A 2
i , S 1 e b i e e ] ]
Datatiibreakpolty [ eew ¢ g foup) | Breakpoints | Watches | Stacks | b rea pOIn ICON
58 ierr = MOT Comm iz T

Project Navigator [ mamao - [T

Project Files tran
) | For Modules | 57 ierr = MPI_Corrm_rankE MPI_COMM_WORLD, &myid ;: :]
F i i 58 ierr = MPI_Comm_size{ MPI_COMM_WORLD, &maxpe J;
PrOJect Files 59 printf{"Process %4d of %4d\n", myid, maxpe '
+8Source Tree 80
i H 5 master = 0;
¢ @ Header Files © 7 _matsize = SIZE_OF_WATAIR:

+8 Source Files

64 £ Must have at least one master and one slave for this algorithm to work!

65 if (maxpe=1) —l
printf("Error! You must use at least 2 processors!in");
cleanup(a,b,c,buffer,answer);

R Do KWEEFE

//Y master initializes and then dispatches
74 /41 initialize a and b
5 initialize(a, b, matsize);
6 numsent = 0;

d ] D q EP LIt cond b be el atlor eacace y 5

Stdout | Stderr | Stdin ("All" group) | Breakpoints | Watches | Stacks |
Processes | Threads |File Line |Function | Condition |Full path

matmult.c /scratch/01157/carlos/profiling_2010/matmult.c
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Conditional Breakpoints

o Right-C“Ck on any e o0 X DDT - Edit Breakpoint
] ] Location
brea prInt in the e|Line|  FEile: carlos/profiing_2010/mat_mpi.c &)
breakpoint window Line Number: 25
. . - Eunction
°
Edit Breakpoint aonles To
° Write Condition in Process Group: User Defined 1 ~
appropriate language | . " :
pp p g g Thread:
‘ mon: dx < 0.0 7
Language: Auto  ~
T — — Ok | Cancel

THE UNIVERSITY OF TEXAS AT AUSTIN
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Conditional Breakpoints

* Change will be reflected in breakpoint window

¥

3
j printf{"al0][4] = %fn",al0] (4]
QQT

29 ) return 0;
20

‘l ] _’J ‘l ]
Stdout = Stderr = Stdin ("User Defined 1" group) =~ Breakpoints | Watches = Stacks

Processes Threads | File Line |Function | Condition |Full path

M User Defined 1 |all _mpi. /scratch/01 157/ carlos/profiling_2010/mat_mpi.c
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* Right-Click
Window

e Right-Click
Evaluation

o5 £ printf{"af0] [4] =

Inserting Watches

T OVUILG 11TT

+ - EHeader Files
+8 Source Files

in Watch

2|

J

0]

1nt main{int argc, char **argv)

int i, j, proc, nproc;
float dx, x, y, a[25][25];

11 MPI_Init( &aric. &ariv IH
MPI_Comm_size( MPI_COMM_WORLD, &nproc J;
1 dx = 2%3.1415/25.0;

® = —=3.1415; y = -3.1415;
for(i = 0; i < 25; i+){

R =%+ dx;
for(3 = 0; 3 < 25; 40§
y =y + dx;
alil1 T3] = sin(x)*cos(y);

on Local/ =

| Stdout | Stderr | Stdin ("All' group) | Breakpoints | Watches | Stacks |

Process

IExpression IStack frame |

Windows

TULL U, 1 N L, LB A
¥ =% + dx;
fol’(J U J <25 jH4

+ dx;
a[1] [J] = s1n(x}*cos(y),

tput

fin",al0] [4] s
e

dJ ] Bl

MPI_Finalize();

Stdout = Stderr  Stdin ("User Defing

| Breakpoints | Watches | Stacks

]Process |E><pression |Staok frame |

Local Variables
Locals = Current Line(s) |Stad< |

»

Variable Name |Va|ue I

Add To Evaluations

)’
Add To Watches

0/ dx #0 main

Edit Type...
Copy Value
= View Array (MDA)

[ View Across Processes (CPC)
View Across Threads (CTC)
Check Pointer Is Valid
L]LJ Type:  View Pointer Details I

Eind Yariable In Files
1

Exp

TACC
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Watch Point Activation

0 6C X\ Distributed Debugging Tool

\i) Process 0:

Program stopped at watchpoint "dx" in main ( mat_mpi.c:16).
v Always show this window for watchpoints

B~ Continue | [Il Pause ||

 When a watch point is triggered DDT will pause
execution and issue a warning

* This gives you the opportunity to analyze the current
execution state and the values of your variables
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multidimensional array viewer, memory stats, parallel message queue

VIEWING AND EDITING DATA
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Viewing and Editing Variables

Local variables appear
in the variable window

Drag & drop variables
from Variable window
to Evaluation window

Right-click the variable
name in the Evaluation
window and select
“Edit Value” or “Edit
Type”

View as vector to see
dynamically allocated
values

)| Locals \(

\ariable
—
- arge
d){
| - Nproc
— -~ proc
%

-y

] |Type: char

Exprese

Add Expression...

Edit Expression...

Edit Value...

Edit Type...

Copy Yalue

Add To Watches

View Array (MDA)

View Across Processes (CPC)
View Across Threads (CTC) —
View As Vector (C/C++ only)
Reference

Dereference

Check Pointer |s Yalid

View Pointer Details

Eind Variable In Files
Evaluate With Wizard
Delete

Delete All

Load Evaluations...

Wave Evaluations... —

TACC
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Data Values Across Processes

* V|eW—>CrOSS—ProceSS Session Control Search View Help
. B[] 3 = P[] DefaulLayout
CO m pa rison Current Group: User Del v Focus Controls "0Cess
. . v Process Groups e
* View variable values ¢ — 5L 7

Root

1 Process Qutput
across all processes in a - utp
Workers v Local Variables Z‘ E
rou . v Evaluate Expressions
g p Hitor [Dtsiintoe! o v Project Navigator EI E
Registers
Multi-Dimensional Array Viewer
e View->Cross-Thread Raw Command —
; ; Process Details
. Project Files | Fortran i/ argy J;
CO m p arison &3 Project Files Message Queues E:Egmkm
. . %-ﬁSource Tree Current Memory Usage !
* View variable values - SHeader Files Overall Memory Stats T

' S s
across all threads in a SRS, o, 5.

Cross-Thread Comparison

Process B
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Data Values Across Processes (2)

00 C X DDT - Cross-Process Comparison View . e o X DDT - Cross-Process Comparison View
Compare across: Va I ue COI I I pa rlson Compare across:
® Processes in current group {User Defined 1, 8 procs) ® Processes in current group (User Defined 1, 8 procs)
_ Threads in current process (Process 0, with 1 thread) _ Threads in current process (Process 0, with 1 thread)
Expression: dx| Compare an Expression: d| Compare ancel
Array mode - evaluate for i, from Sito < inclusive Array mode - evaluate for i, from © S to i < inclusive
T v Align stack frames Limit comparison tg ey st ) v Align stack frames
Compare Compare  Statistick = Visualize
4
Process(es) Value parison of a single value
0,2,4,6,8 10,12, 14 0.251320004 A
0.35

enon X DDT - Cross-Process Comparison View

Compare across:
® Processes in current group (User Defined 1, 8 procs)

Comparison of
a single value
o
i~
&

_ Threads in current process (Process 0, with 1 thread)

Expression:  dx| Compare zance

T Array mode - evaluate for i, from g to | 1 g inclusive
029152 Visual comparison
025132
0

3.08149e-33
025132

o Close
Limit g T

s v Align stack frames

sualize

Statistical Info -

Mean 0.25132

Close |

TAGCC TEXAS ADVANCED COMPUTING CENTER



Array data access

"o o

X!/ Allinea Distributed Debugging T

Session Control Search View Help

B {13 = F[} DefautLayout

JJCurrent Group: All v Focus Controls

v Process Groups
hiresds

v Process Output

v Local Variables

v Evaluate Expressions
v Project Navigator
Registers

Multi-Dimensional Array Viewer
Raw Command
Process Details
Message Queues

Current Memory Usage
Overall Memory Stats
Cross-Process Comparison
Cross-Thread Comparison

Project Navigator

Project Files | Fortran I
Froject Files

+&Source Tree
+8Header Files
+8Source Files

a8 MPI_ANY_SOURCE, MPI_ANY_TAG, MPI_COMN
89 sender = status{MPI_SOURCE)

‘ocess L Thread [ _J Steg

=1
ltsize_ .
= afi,j)

NDCbuffer, matsize, MPI_DOU
OMM_WORLD, ierr)
umsent+1

ize

TACC
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Multi-Dimensional Array Viewer

0
Array Expression: a[$i][$]]

Range of §i

From: 0 =
To: 0 =
Display: Rows v

Aggregate Function: Sum

Eilter: = ~

Data Table

X! DDT - Multi-Dimensional Array Viewer

v

ange of §j Auto-update

From: 0O

Evaluate J

j

W

To: 0

4

Display: Rows

One of these for each dimension

Close |

TACC
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Data Visualization

| 0606 |X| DDT - Visualization
Eile View Viewpoint

[v = Process 0

o 1\ S - Change by selecting
LA L ALL P task in process
' * H=E control window
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Analyzing Memory Usage

Current Memory Usage Overall Memory Stats
"o 0O OO0

Session Control Search View Help Session Control Search View Help A

B {13 = PN DefaultLayout 5 [B[0 {13 = B[} DefaultLayout
HCurrent Group: All v Focus Controls HCurrent Group: All v Focus Controls ic
Al v Process Groups Al v Process Groups I
hiresds iirezds =
Root v Process Qutput Root v Process Qutput I
Workers v Local Variables Workers v Local Variables E
v Evaluate Expressions v Evaluate Expressions u

v Project Navigator
Registers

F Project Navigator
Registers

Multi-Dimensional Array Viewer
Raw Command
Process Details

Multi-Dimensional Array Viewer
Raw Command
Process Details

Project Navigator

Project Files | Fortran i

Project Navigator

Project Files | Fortran Iy

N [~ [ = [T 8

Project Files Message Queues & Project Files Message QueLes
+E Source Tree - +8 Source Tree Current Memory Usage
+E Header F_iles Overall Memory Stats fo +<3 Header Files Overall Memory Stats "
FRMEOUICS HiISS Cross-Process Comparison fo -8 Sourcs Files Cross-Process Comparison 2
Cross]iT'hread Comparison - Cross-Thread Comparison ia
int 1, 1; | MOT O oomen o3 anf MOT
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Current memory Usage

Go to View -> Current Memory Usage

e 0N X Memory Usage for "All" group (10:51:34)
Restricttothetop 16 5 processes
. .
raptical view |GTEENIER Process 0 is using much
Totl Across Processes (in Bytes) Current Usage Across Processes (in Bytes) t h t h
__ s2sp00000— more memory than tne
egen ]
00 B Processo E
W Process 1 T t h
Process 2 200,000,000 —| — O e rs .
Process 3 ]
W Process 4 T
Process 5 ]
B Process6 175,000,000 ]
B Process? i
Process & — . .
Process 9 ]
s 0 || 150000000 This looks like a men 1ory
rocess E
Process 12 4
Process 13 ]
Process 14 125,000,000 — e a .
Process 15 - qend
7 main fdeadlock mem3.c:921
- . - 2nd lara tibwtes)
Allocation Details 100,000,000 —| 3rd laraest set ibutest
b 4th laraest set ibvtes)
] sth laraest set ibwtes)
- other allocations rbvtes)
75,000,000 —|
50,000,000 —|
25,000,000
T T T T T T T T T T T T TTTT
q(‘. q\ Qﬁf Q’v: Q‘ Q‘: Q?: q’\ Q":: QQ “_\\! Q\\ ((\", “:\“. V>h “_\‘.
Refresh Close
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Overall Memory Stats (Size)

Go to View -> Overall Memory Stats
e 6 C X| Memory Statistics for "All" group (16:43:56)

Graph View| Table View

Restrict to the top 16 <] processes

Total Bytes  Total Calls  Current

Total bytes allocateds/freed
120,000,000 —

100,000,000 —
50,000,000

60,000,000

Legend
total allocated bvtes
total freed hvtes

40,000,000

20,000,000

Refresh Close |
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Overall Memory Stats (Calls

0 0C

Total Bytes

00—
650 —
600 —
550+
500
450 .
400+
350
300+
250+
200
150+
100 .

504

Total Calls

Graph View| | Table View

Restrict to the top 16 < processes

Current

X Memory Statistics for "All" group (16:43:56)

Total number of memory allocation/deallocation calls

Legend
allocation calls
deallocation calls

FO

Refresh

F.1

F2

F3

F4

F.5

Close
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Segmentation Faults

e o O X Distributed Debugging Tool

& Process 0:

Program stopped in main (deadlock_mem2.c:87) with signal SIGSEGY.
Reason/Origin: address not mapped to object
Your program will probably be terminated if you continue.
You can use the stack controls to see what the process was doing at the time.

v Always show this window for sighals

B Continue | ([T Pause |

* DDT tells you the exact line in the code where the problem occurs.

 DDT tells you the precise reason that caused the problem.
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Message Queues

Go to View -> Message Queues

806C

Show queues in tahle

oy o)

X! DDT - Message Queues

Select queues to show
v Receive

v Unexpected

Select communicator

MPI_COMM_WORLD

MPI_COMM_WORLD_coll
MPI_COMM_SELF
MPI_COMM_SELF _collec
--unnamed--

e O

Ranks
) Show local ranks

@ Show global ranks

Update

Click on bottom left for
additional information
(message sizes, etc...)

Pending messages in the
“Unexpected” queue are
indicative of MPI problems
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HANDS-ON
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Setup

Login to Ranger or Lonestar:
- ssh -X username@ranger. tacc.utexas.edu
— ssh -X username@lonestar. tacc.utexas.edu

N [X] xclock

Make sure you can export graphics to your laptop screen: j’- )
— xclock :

If you do not see a clock, contact an instructor

If you are in Ranger swap the PGl and Intel compilers:
— module swap pgi intel

Untar the lab files:
— cd
— tar xvf ~train00/ddt petascale.tar

Change directories and Is to see the files:

— cd ddt_petascale
- 1s
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Hands-On Code

* Using the same examples you already studied with TotalView

* You should find C and F90 versions of a single code, with indicative
names:

— cell_seq.c, cell_seq.f90
* Baseline code

— cell_mpi_bug.c, cell_mpi_bug.f90
* MPI code to be debugged

— cell_omp_bug.c, cell_omp_bug.f90
* OpenMP code to be debugged

* Both the MPI and OMP codes contain bugs that you must find with
DDT and fix.
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Instructions

 Compile the three given codes with the -g -0O0 flags:
— icc -g -00 cell_seqg.c -0 seq
— mpicc -g -00 cell _mpi_bug.c -o mpi
— 1icc -g -00 -openmp cell _omp _bug.c -o omp

 Load the ddt module
— module load ddt

* Run the sequential code using DDT and write down the answer.

 Run the MPIl and OMP codes using DDT and try to find and correct
all errors, until you obtain an output identical to that of the
sequential run.
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