Using Open|SpeedShop

Introduction

This document will guide you through the process of using Open|SpeedShop on HPC Wales.

What is Open|SpeedShop?

Open|SpeedShop (OSS) is a profiling tool built on top of a number of open-source
applications (such as PAPI and Vampirtrace) that can be used to gather performance data
about serial and parallel codes.

Further details on accessing HPC Wales systems can be found in the User Guide and help
can be obtained through the Support Desk:

B E-malil support@hpcwales.co.uk
B Telephone 08452 572 207
B Support Website https://hpcwprod.service-now.com/
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Preliminaries

OSS collects performance data from your code as it executes and to be able to store this
data it needs a location visible to all ranks in the executing job. To do this, you need to
create a directory in /home/user.name called oss and within this directory create the
subdirectory raw. You will then need to set the appropriate environment variable to tell OSS
to use it:

[user.name@cf-1og-001 ~]$ export OPENSS RAWDATA DIR=/home/user.name/oss/raw

You might like to put this definition in your .myenv file to ensure that it is loaded
automatically each time you log on.

Gathering Performance Data With OSS

Before starting OSS you must ensure that you have loaded the necessary modules:

[user.name@cf-1og-001 ~]$ module load mpi compiler openss/2.0.2
You do not need to recompile your code to collect data with OSS.

You can collect a variety of different types of performance data from your code with OSS by
using the various experiments that it offers. The following table lists the basic types of
experiment on offer; see the OSS User Guide for the full list:

Name Default Data Collected

usertime CPU time for each function call (including and excluding child functions) based
on sampling the call-stack 35 times per second.
CPU time for each function call (including and excluding child functions) based

pesamp on sampling the program counter 100 times per second.

mpi,mpit, Wall clock time spent in MPI functions, aggregated across all functions with the

mpiotf same name across all ranks.

io. iot Wall clock time spent in the 10 system calls read, write, writev, open,

’ close, dup, pipe and creat
fpe List of encountered floating point exceptions.

The hardware counter (hwc, hwesamp and hwet ime) experiments are not currently available on
HPC Wales.

You invoke OSS from within a job submission script using the syntax:
openss -f <executable> <experiment>

where <executable> is the command you would normally use to execute your code
(including mpirun where appropriate) and <experiment> is the name of one of the
experiments from the table above.

Page 2 of 7 Ref: HPCW-AG-14-003

L]
Ewrop & Chymru: - = Z
‘ Buddsoddi yn eich dyfodol i * . \7‘( Jfg
Cronfa Datblygu Rhanbarthol Ewrop _/J
* ERDF * 2\

Europe & Wales: * 4
Investing in your future
* 5 K

hpcwales.co.uk

Llywodraeth Cymru
Welsh Government




Gathering Performance Data With OSS

For example, to conduct a profiling experiment on an MPI-based executable named source
across 24 cores you would use the following job submission script:

#!/bin/bash --login
#BSUB -0 source.o%J
#BSUB -x

#BSUB -n 24

#BSUB -W 00:30

module purge
module load mpi compiler openss/2.0.2

openss -f "mpirun -n 24 ./source" mpi

OSS will display a summary of the collected data at the end of your job's output. For
example, for the submission script above we might see:

Maximum MPI Minimum MPI Average Number Function (defining location)
Call Call Time (ms) of
Time (ms) Time (ms) Calls
1516.185000 1500.532000 1509.050333 12 PMPI Init (libmonitor.so.0.0.0:
pmpi.c,103)
214.636000 0.004000 0.032580 188556 MPI Allreduce (libmpi.so.4.0)
190.989000 0.000001 0.007885 94296 MPI Waitall (libmpi.so.4.0)
68.810000 68.742000 68.776833 12 PMPI Finalize
(libmonitor.so0.0.0.0: pmpi.c,232)
0.197000 0.000001 0.000439 180987 MPI Irecv (libmpi.so.4.0)
0.135000 0.014000 0.111583 24 MPI Barrier (libmpi.so.4.0)
0.127000 0.001000 0.017893 84 MPI Reduce (libmpi.so.4.0)
0.011000 0.000001 0.000461 180987 MPI Send (libmpi.so.4.0)

Multiplying the average call duration by the number of calls (and ignoring the calls to
PMPI Init and PMPI Finalize) we can see that the MPI call that the code spends the longest
total time in is MPI_Allreduce.
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Viewing Collected Data With OSS's GUI

Much more profiling information about your code can be accessed via OSS's GUI once
execution is complete. In order to use the GUI you need to ensure that you have X11
forwarding over ssh enabled. To do this, create a file named config in your . ssh directory
and put the following text in it (replacing user . name with your HPC Wales username):

host ??-log-72727
User user.name
ProxyCommand ssh user.name@login.hpcwales.co.uk nc %$h %$p 2> /dev/null

You then log into an HPC Wales login node with:
[localhost ~]$ ssh -X cf-1log-001

Note that you will need to enter your HPC Wales password twice. You can now launch the
OSS GUI from the command line:

[user.name@cf-1og-001 ~]$ openss

A start screen will appear that offers you a number of options:

Open|Speedshap (on vhn13)

File Tools Help

Intro Wizard BOOx

to Open

Introduction Wisard page 1 of 2

Please select one of the following to begin ing your ion or your proviously saved data file
for performance issuea:
. GENERATE NEW PERFORMANCE DATA: I would like to load or attach to an appli and g per i ion on it.

A seriea of wizard panels will guide you through the process of creating a performance experiment and running it.

LDAD SAVED PERFORMANCE DATA: Iham a saved performance experiment data file that I would like to load and analyze.

" Open saved £il ‘have the prefix "openss’

COMPARE SAVED PERFORMANCE DATA: T have two saved performance experiment data files that I would like to load and eompare.
" Open|SpeedShop saved performance experiment filenames have the prefix “openss’

7 Verbose Wizard Mode < Back| »Next| > Finish

Command Panel WO x

openss>>

Select "LOAD SAVED PERFORMANCE DATA", click "Next" and then select the output file
from the file selection dialogue that appears. If you know which file you want to view, you
can skip the process of selecting it from the GUI and invoke OSS directly with:

[user.name@cf-1og-001 ~]$ openss -f <filename>

where <filename> will have the format <executable>-<experiment>.openss.

The GUI will then display the default view for the experiment type that the data was gathered
from. For example, opening data from an mpi experiment will give:
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Viewing Collected Data With OSS's GUI

Opan|speadShop (on vhn13)

Eile Tools Help |
Intro Wizard ¥ MPI[1) mO0x
Process Control
=Run M Cont #Pause BUpdate ® Torminate
Statusd Loaded saved data from file async-solye-mpi-mpich2-1.openss.
= Stats Panel (1] | ¥ ManageProcessesPanel [1] | wOogx
View/Diaplay Choice:

£ el @ & &P He [ R iV L on loe Showing Functions Report:

 Functions

Executables: asyne-solve Hosts:(2) en041 hpelocal .. Pids: 24 Ranks: 24 Threads: 2

‘Maximum MPI Call ’l.\] Minimum MPI Call 'l.‘iJ Average Time(ms) Number of Calls

Funetion {defining location)

B02.799696 574.003455 723.662200
95.140875 46.439360 75.359448
4.147601 0.001145 1.229521
0.387598 0.000571 0.038401
0.356035 0.006025 0.141882
0.351441
0.182395
0.014217

24
24
48
168
48
24
598
598

0.012234
0.000202
0.000178

0.234794
0.005667
0.001115

PMPLInit (libmonitor.50.0.0.0: pmpi.c,104)
PMPI Finalize (libmoniter.0.0.0.0: pmpi.c,238)
PMPI_Waitall {libmpi.so.4.1)

PMPI_Reduce (libmpi

MPI Barrier (libs
MPI_Allreduce (libmpi.
PMPI_Irecv (libmpi.a0.4.1)
MPI Send ilibmpi s0.4.1)

Command Panel

OO x

openss>

The coloured letters above the main data display allow you to access different views of the

collected data.

Button Name ‘ Description
. Show information about the displayed experiment, including
| Information
type, executable name and MPI ranks.
U Update Update the main display with newly-selected viewing options.
Clear Auxiliary Clear any selected time segments or specific
CL Information rank/process/thread/function views and restore original display
settings.
D Default Restore the default display.
C+ Call Path Full Stacks Show all call paths in the code, including duplicates.
Call Path Full Stacks Show all call paths in the code for a specific function, including
C+| Per Function duplicates.
HC Hot Call Path Show the 5 call paths in the code that took the longest time.
B Butterfly View Show the callers and callees of a specific function
Time Segment Display performance results taken from a subset of the total
T Selection time of the experiment.
Optional View Create a new view of the performance data with a selection of
ov Selection optional fields/columns.
For a multi-process experiment, show which ranks
LB Load Balance View experienced the maximum/minimum values (e.g. of time spent
in a function).
CA Compare and Analyse | g4 4 multi-process experiment, use cluster analysis to group
View together similarly-performing ranks.
Custom Comparison | compare user-specified performance metrics across threads,
cc View ranks or experiments.
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Viewing Collected Data With OSS's GUI

Other buttons may be displayed for different experiment types. If you place your mouse
pointer over them, a tool tip will appear that describes what they do.

Other types of experiment allow you to view data at the level of the individual source code
lines, rather than the function level displayed above. For example, opening the results of a
usertime experiment and selecting "Statements" from the "View/Display Choice" options to
the top right of the main display area will give this:

Opan|speadShop (on vhn13)

Eile Tosls Help
Tntro Wigard ¥ User Time [2] | w00 x
~ Process C:
= Run 1% Cont #| Pause B Update B Terminate

Status] Loaded saved data from file async-solve-usertime.opensa.

= Stats Panel (2] | ®ManageProcesseaPanel [2] | =00 x
= View/Display Choice

T L 8 ¥ He (B 7 ) # LB 6n 68 Showing Statsments Report.. + Funclions* Statements v Linked Objects

Exceutables: asyne-solve Hosts:(2) en042 hpelocal .. Pids: 24 Ranks: 24 Threads: 2

Exclusive CPU time in| Inclusive CPU time in | % of Total Exclusive Cl Statement Location (Line Number)
1457143 1.457143 835.815493 asyne-solve.exx(818)
[-0.685714 0.685714 16.901408 carmatrix hppi85)
~0.571428 0.571428 14.084507 esrmatrix.hppi86)
- 0.400000 0.400000 9.859166 atl_vector hi611)
[~0.2285871 0.228571 5.633803 async-solve.cxx(T74)
~0.114286 0.114286 2.816801 asyne-solve.exx(B33)
Fo.114286 0.114288 2816901 asyne-solve eodB28)
0.085714 0.085714 2112676 async-solve.cxx(817)
-0.085714 0.085714 2.112676 asyne-solve.exx(16)
0.085714 0.085714 2112676 asyne-solve eodB34)
r0.057143 0.057143 1.408451 asyne-solve exx(773)
F0.067143 0.057148 1.408451 asyne-solve exx(B30)
[~0.028571 0.028571 0.704226 async-solve.cxx(1009)
-0.028571 0.028571 0.704225 asyne-solve.exx(B31)
- 0.028571 0.028571 07042256 earmatrix hpp(83) H
Command Panel W0 x
openss>>

You can then double-click on one of the entries in the main display window to be taken to the
corresponding line in the source code:

Open|Speedshap (on vhn13)

File Tosls Help
Intro Wizard | ® User Time [2] | mOOx
=Run M Cont #Pause BUpdate ® Terminate

Status{Loaded saved data from file async-aolve-usertime.opensa

¥ Stata Panel [2] | = ManageProcessesPanel [2] & Source Panel [2] B0O0Ox
Exclusive { o (Y -5 ¢ cxx

807

808 fmultiply the matrix elements in otherin] with the

809 Jivector elements in remate, and store answer in result

810 otherlnl->multiply(remote, result)

s

sz |

513

814 [iJacobi sta)
0.028571
0.086714
0.085714
>>1.4571

818 /resulti] *= dingfik
820 )

821

822

828 lcheck local gence and propagate sy
824 Jasynchronously

|3

W OO x

Command Panel

openss>>

Here, we selected the top line on the default display, and in the resulting source code display
this line (818) is highlighted in red as it was the line on which the code spent the highest
proportion of time.
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Online Documentation

Both the full OSS user guide and a handy quick start guide are available online.
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http://www.openspeedshop.org/docs/users_guide/
http://www.openspeedshop.org/wp/wp-content/uploads/2011/10/OSSQuickStartGuideSC11.pdf

