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Setup

Login to Ranger:
- ssh -X username(@ranger.tacc.utexas.edu

Make sure you can export graphics to your laptop screen:
— xclock

If you do not see a clock, contact an instructor

N Oy ‘,\. xclock

A

Untar the lab files:
— cd
— tar xvf ~train00/dbg prof 2010.tar

Change directories and Is to see the files:
— cd dbg prof 2010
— 1s
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Overview

labs you should REALLY do optional labs
 DDT Lab * mpiP Lab
 |IPM Lab  Tau Lab

* PerfExpert Lab
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DEBUGGING LAB
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Finding a deadlock with DDT

In this example we will use DDT to debug a code that deadlocks.

Compile the deadlock example:

% cd debug
% mpicc —g —OO0 ./deadlock.c

Load the DDT module:
% module load ddt

Start up DDT:
% ddt ./a.out
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Configure DDT: Welcome

When you see the welcome screen below click the button that says “Run and

Debug a Program”.

860 » DDT - Welcome

Welcome to DOT

What would you like to do?

d d tl [ Bun and Debuy a Frogram |]

atftach to a Bunning F'rngram]

dpen a Core File ]

allines

Cancel ]
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Configure DDT: Job Submision

8eon % DDT - Run (queue submission mode)
application: /sharefhome/01157/carlos/debuy_examples/parallel/a.out EJ
Arguments: |

Run Without MPI Suppaort

Options: myapich 1 MPI, use gueue | Change...

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

Mumber of processes 16 g Mumber of threads (DpentdP only): 1 =

&
Advanced ==

aubmit J Cancel j

Don’t click submit yet! We need to configure:

* General Options

* Queue Submission Parameters Click on Options -> Change
* Processor and thread number

* Advanced Options
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Configure DDT: Options

System Zetfings

MPI Implementation:

Debugger:

Default groups file:

Attach hosts file:

X DDT - Options

myapich 1

< -= Automatic =- (recommended)

(=30

Choose the correct
version of MPI

— mvapich 1

— mvapich 2

— openMPI

Leave the default
MPI (mvapich 1)

Leave Debugger on
the Automatic
setting

TACG

THE UNIVERSITY OF TEXAS AT AUSTIN

TEXAS ADVANCED COMPUTING CENTER



Configure DDT: Queue Parameters

868 X| Queue Submission Parameters * Choose the “development”
queue
GIleLe: development
wall Clock Limit.  0:10:00 * Set the Wall Clock Limit to 10

minutes (H:MM:SS)

Froject: 20100408HPC

* Set your project code - for this
training class use 20100408HPC

* (lick OK and double check that
you have selected 16 CPUs / 1
thread in the main Job
Submission window.

] J Cancel
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Configure DDT: Memory Checks

eeon X' DDT - Run (queue submission mode)
* Openthe
Application: /shareshomes0115%/ carlos/debuy_examples/parallelfa.out EJ

Arguments: | Ad Va n CEd ta b .

Run ¥Without MPI Support

Options: myapich 1 MPI, use gueus  Change...
Clueue Submission Parameters: Queue=development, ¥all Clock Limit=0:30:00, Project=  Change...

MNumber of processes 16 g MNumhber of threads (CpentP only): 1 g * E na b I e M e m o ry
<= Advanced Debugging

Blugins: g plugins found. To install a plugin, copy its “=ml" file into the ddt'pluging directory. The documentation contains more information about writing and installing b I f
plugins. ( OttOI ' I e t

MPIRUn Arguments: - C h eCk bOX)

Extra environment variahles:
(far MPI script and application)

Pause when the program reaches exit or _exit

- O h
v Pause when the program reaches ahort or has a fatal MPI error pe n t e

Input ie: = Memory Debug
+ Ehahle Memory Debuggin Settings... .
ST G Settings

Submit J Cancel J
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Configure DDT: Memory Options

860 [X| Memory Debugging Options
v |Ereluad the memary debugging Iibrary:| Language: C/Forran, no threads -

Mote: Preloading only waorks for programs linked against shared libraries. If your program is statically linked, you
must relink it against the dmallac library manually.

e Change the Heap Debugging

Heap Debugging

) Mone ffewest tests, picks up invalid pointars passed to memory functions) (0] ption fro m th e d Efa u It
.+ Buntime (fast, basic tests including fence-past checking, null handling) .
®) Low {adds minimal heap checking, overstriting of allocated/freed space) Ru ntl me tO LOW

4 Medium {adds full heap checking, always relocates block on realloc)

.+ High {adds checking far arguments to common functions)

b Custom: |check-fence free-protect,free-blank,alloc-blank ° Eve n th e O ptIO n N o n e p rOV| d es
Heap OverflowUnderfiow Detection .

Add guard pages to detect out of bounds heap access SO m e m e m O ry C h eC kl ng
Guard pages: 1 =

Add guard pages: | After

P— * Leave Heap and Advanced
Specify heap-check interval: 100 g unchecked

oK J Cancel
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DDT: Job Queuing

Add any necessary arguments to the program (none for the example)
Click the Submit button. A new window will open:

een |X! DDT - Job Submitted

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

YYou may cancel the job by closing DOT or clicking on the button below. The jOb |S su bm Itted to the
ACTINE JOBS
specified queue.

JOEID JOENARE  UEERNAME ETATE CORE HDET RUE(R REMAINING ETARITIME

0 active jobs ¢ ( of 3882 hosts € 0,00 ¥)

WAITING JOBS
JOBID  JOBNAME  USERNAME STATR CORE HDST GQUECE WCLIMIT  GUEURTIME An automatica | Iy refre shin g
B340BE  DDTJOR narloa Feiting 18 1 developoent  00z20:00 Fri Mar 13 (9:21:223 ) .
WAITING JOBS NITH JOB [RPENDENCIRS--- JO b status window a ppears.
JOBID  JOBNAME  UBERNAME STATE CORE HDST QUEDE WCLIMIT  GUEURTIME
[NSCHEDULED JOB§==n=mmmmmmmmmmmmm———
JOBID  JOBNAME  USERNAME STATR CORE HDST GQUECE WCLIMIT  GUEURTIME Th e d e bU g ses sion wi ” be gl n
Iotal jobs: 1 Active Jobez 0 Weiting Jobe: 1 Dep#linached Jobs: 0 when the jOb starts

y
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DDT: The debug sessi

[SXe)G] [X| Allinea Distributed Debugging Tool v2.3.1

Session Control Segrch Miew Help

[HEEREEEEPE

”Current Group: All ~ Focus on current. @ Group i Process L Thread { _| Step Threads Together|

ey

N 3 3 EA KN N D 6

All

---@--E-HEHE-

deadluck mem.c _J

Locals | Current Ling(s) |Sla|:k |

Fraject Files | Fortran Modules |
E@Project Files

+ ES0urce Tree

+- 5 Header Files

+ &4 Source Files

12 nt i, §, proc, nprocs;
20 dnt ML2][4];

21 double tmpu H

22 MPI_STatus MPI_STATIMPI_STATUS_SIZE];

=% comst Ant NMAX = 2500, TAC1 = 1, TAC2 = Z;
=4 int snd_buffer(Nmaxl, rcu_buffer[HMAx];

25

‘Wariahle Name IVaIue I
Lnprocs 4210165

28 / Initjalize MFI communication
27 ® Total humber of processors is nprocs
% * Processor ranks range from 0 to (nprocs-1) .f

10N

<+—— Process controls

Process groups
window

Pro

2
29 MPI_Initl&arge, &argul;
31 MF T CDmlrerni!MPI _COMM_WORLD, &pru:!;

Variable win

ect navigation

s for 1= 0) 1 ¢ WMAK-1) 0L

dow

33/ Initialize data */
Code window

35
H 28 A0 proc ==
WI n OW a7 snd, huffer[ﬂ =1+
3 r
59 elsef
40 snd_buffer[i] = 2*(i + 1);

rcu_buffer[i] = a;

Type: none selected

Stack view and output window Evaluation window
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DDT: Program Hangs

eee [X| Allinea Distributed Debugging Tool v2.3.1
Ses ontral Search Miew Help
-y
[ YA O ITH
JJCu nt Group: Al ~ |Focus on current. @ Group ) Process () Thread [ _| Step Threads Tngether‘

I I ] The output we

] expect does not
[ Ile (s[4 ]l= 10 (7 )18 L= 1[re][11][12] [1a] [14] 5]
. appear in the
Project Files | Fortran Madules | 1 o _ Locals | Curentline(s) | Stack |
# Example program that purposefully deadlocks MPI communication by using
EgProject Files

.
#  blocking communication statements in the wrong order. From an original
: = m * example by Tohn Cazes @ Thoo, |\"’E“r‘r"w’|e Name I\"alue I ou WI n OW.
+ ource Tree -

2
3
4
s N
4 EHeader Files g : Campile using: mpicc -g —00 -0 deadlock deadlock.c
]
E]
10

deadlock_mem.c x|

-
—

B £ Source Files ®owl.0 - 200870312 - carlos@tacc. utexas. edu
s

11 incTnde <stdio, h> .
12 dFincInde <stdlib. h>

e No active
14

15 At mainCint argc, char argu[])
16 4

1; & Local variables =/ Comm u nication

19 it i, i, proc, nprocs;
=0 int MLZ1[4];

21 double “tmpyec;
22 MPI_Status MPI_STAT[MPI_STATUS_SIZE]; e Wee n p rOCS .
25 const ink WMAX = 2500, TAGT = 1, TAGZ = 2;

24 int snd_bufferNMax], rcu_buffer[Nmax]; L]
2

< ] D] . [»] ||Type: none selected

X0 Stout |Stderr | Stdin ("All" graup) | Breakpoints | Walches | Stacks |

Currently Displaying: Al -

Process 15: P15 - (2,00
Process 0: P:0 - (1,0)

Stop execution
to analyze the
program status
(top left).
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DDT: Stacks

806 [X| Allinea Distributed Debugging Tool v2.3.1
Session Contral Search Yiew Help

|08 3 KO8 2l

JJCurrent Graup: All Focus on current: @ Group ) Process b Thread | | Step Threads Together

Roat

o w0 | ON the

Stack Arguments b

' ottom left
#4 MPID_SendContig () from fopt/appsipg

#? main (argc 1 argv KRB Facds) at
_ window select
#3 MPID_DeviceCheck () from Joptfapps/y
#2 viutil_spinandwaitcy () from foptiapps/p
#1 MPID_SME_Check_incaming () from /o the StaCkS

#0 smpi_net_lookup ) from foptfapps/pgi?
View.

Project Files T pPINTECUPIE - (%d L) proc, shd_buffer[o] ,snd_buffer[Mmax-11);
a2 AF( proc == nprocs-1

| roject Files 49 pr'wntf("\nP #d - (xd yad) " proc, snd_buffer[0],snd_buffer[HMax-11);
50
S1Source Tree o
SHeader Files 52 /¢ Exchange data */
=5 Eil 53 fort i =1; 1 < nprocs-1;
ource Files

J+ad

to
#5 MPID, SendDatatype () fram foptfapps/

55 A% Send information from processor O to processor i and collect 1nfar‘mat1an #
56 ¢ from processor i into processor O using blocking comms.
57

MPI_RECULFCU_] Br, NMAX, MPI_INT, 1, TACZ, MPI_COMM_WORLD, MPI_STAT))

H

52 A send information from processor i to processor 0 and collect dinformation *
53 * from processer O into processor i using blocking comms. *f
if{ proc == i

3 MPI_RecyCrcy_buffer, NMAX, MPI_INT, O, TAG1, MPI_COMM_WORLD, MPI_STAT);
¥

4 ] b

Type: none selected

All processors
seem to be
stuck on a
MPI_Send().

—_—
Suoul | Stder | Stin (AI" guoup) | Breskaoints | Watches | Stacks |

Frocs | Function

1 C_Izmain (deadlock_mem.c:73)
1 1t ®PMPI_Barrier

1 C_Izmain (deadiock_mem.c:58)
1 BPMPI_Send

14 [ 1=main (deadlock_mem.c65)
14

Expression
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DDT: Message Queues

Go to View -> Message Queues

eaneo [X| DDT - Message Queues
e There are uncompleted Send
gl + Receive '
) fe 0 S messages everywhere!
o ° Select communicatar
weomworocal | YOU Can double-check that all
© o communications are in the
o ) 0 — “Unexpected queue” (select
Tnsk:owlucal ranks On tOp right)
° ° ®) Show global ranks
o o This is characteristic of a
o o deadlock.
(<)
o e w= I Find the source of the

deadlock in the code.
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PARALLEL SCALABILITY LAB
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Parallel Scalability: IPM

* In this example you will use IPM to evaluate the scalability of a matrix
multiplication code.

e Load the IPM module:
— module load ipm
— module list

* Compile the matmult.c or matmult.f90 source with the -g flag:
— mpicc -g./matmult.c
— mpif90 -g./matmult.fo0

* Open the Sun Grid Engine script ipm_job.sge and make sure the following
lines appear before the ibrun command is invoked:

— export LD_PRELOAD=$TACC_IPM_LIB/libipm.so
— export IPM_REPORT=full
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Parallel Scalability: IPM

* Submit the job through the SGE queue system:
— gsub ./ipm_job.sge

* When the job is done IPM will generate an xml file with

a name like:
— username.1298314568.32191.0

 Have a look at the basic text report by typing:
— Ipm_parse username.1298314568.32191.0

* You can also read the full text report:
— ipm_parse -full username.1298314568.32191.0
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Parallel Scalability: IPM

* Try transforming the output file to HTML:
— Ipm_parse -html username.1298314568.32191.0

* A new directory containing an index.html file will be
created. You can copy this directory to your laptop
and view the contents with any web browser.

* Inyour laptop, open the index.html file and

explore the different performance data provided
by IPM.
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Parallel Scalability: mpiP

In this example you will use mpiP to evaluate the scalability of a
matrix multiplication code.

Load the mpiP module:
— module load mpiP
— module list

Compile the matmult.c or matmult.f90 source with the flags
required to link in the mpiP library:

— mpicc -g -L$TACC_MPIP_LIB -ImpiP -lIbfd -liberty ./matmult.c
— mpif90 -g -LSTACC_MPIP_LIB -ImpiP -Ibfd -liberty ./matmult.f90

Set the environmental variables that control mpiP data collection
behavior:

— setenv MPIP ‘-t 10 -k 2°
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Parallel Scalability: mpiP

e Submit the job through the SGE queue system:
— qgsub ./parallel job.sge

* The initial submission using 2 processing cores only (-pe 2way 16). Check execution
and MPI times in the .mpiP file created.

* Change the submission script to use 4 cores (-pe 4way 16), 8 and 16, and build a
table with the execution times.

* Does the execution time decrease linearly with the number of cores? Why?

SIZE 2 cores 4 cores 8 cores 16 cores

1000 x 1000

2000 x 2000
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PROFILING LAB
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Profiling with Tau: Compilation

Load the papi and tau modules:
— module load papi
— module load tau

Set the TAU_MAKEFILE environmental variable

— setenv TAU_MAKEFILE $TACC_TAU_LIB/Makefile.tau-
multiplecounters-mpi-papi-pdt-pgi

If you have changed to the Intel compiler use instead:

— setenv TAU_MAKEFILE $TACC_TAU_LIB/Makefile.tau-icpc-
multiplecounters-mpi-papi-pdt

Compile the matrix multiplication example using the Tau compiler
wrappers:

— tau_cc.sh matmult.c
— tau f90.sh matmult.f90
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Profiling with Tau: Job Script

 Open tau_job.sge and make sure the following lines - which define the
hardware counters to measure- appear before the ibrun invocation:

— export COUNTER1=GET_TIME_OF DAY
— export COUNTER2=PAPI_FP_OPS
— export COUNTER3=PAPI_L1 DCM

e Submit the job through the batch queue system:
— gsub tau_job.sge

*  When the job completes execution you should have three new directories:
— MULTI__GET TIME_OF DAY
— MULTI__PAPI_FP_OPS
— MULTI __PAPI L1 DCM
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Profiling with Tau: Analysis

 Analize the results:
— paraprof

* Get used to the interface
— Unstack the bars to get a clearer view

— Open a window with the function names corresponding to each
color

* Generate a derived metric that gives you the floating point
operation to L1 data cache miss ratio

* Remember that you can copy these directories and analyze
them in your own laptop as well
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