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Extrae features

= Parallel programming model
= MPI, OpenMP, pthreads, OmpSs, CUDA, OpenCL, Java, Python, etc.

» Platforms: Intel, Cray, BlueGene, Fujitsu Sparc, Intel MIC, ARM, Android

» Performance Counters
= Using PAPI and PMAPI interfaces

= Link to source code No need to
= Callstack at MPI routines
= OpenMP outlined routines and their containers
= Selected user functions

» Periodic samples i
» User events (Extrae API)

recompile / relink!
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Extrae overheads

Event 150-200 ns 140 ns
Event + PAPI /50 ns - 1 us 816 ns
Event + callstack (1 level) 600 ns 719 ns
Event + callstack (6 levels) 1.9 us 1.8 us
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How does Extrae work?

= Symbol substitution through LD_PRELOAD

= Specific libraries for each combination of runtimes
= MPI
= OpenMP
= OpenMP+MPI

Recommended

» Dynamic instrumentation

= Based on Dynlnst (developed by U.Wisconsin/U.Maryland)
= Instrumentation in memory
= Binary rewriting

= Static link (i.e., PMPI, Extrae API)
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How to use Extrae?

1. Adapt the job submission script

2. [Optional] Tune the Extrae XML configuration file
= Examples distributed with Extrae at $EXTRAE_HOME/share/example

3. Run with instrumentation

» For further reference check the Extrae User Guide:
= Also distributed with Extrae at $EXTRAE_HOME/share/doc

http://www.bsc.es/computer-sciences/performance-tools/documentation
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Login to INTI and copy the examples

> ssh —-X <USER>@inti.ocre.cea.fr
> module load datadir/formation
> cp —r SFORMATION HOME/BSC Tools/tools-material $SCRATCHDIR

> 1ls $SCRATCHDIR/tools-material
. apps/
. clustering/
.. extrae/
. traces/
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Adapt the job script to load Extrae with LD_PRELOAD

> vi $SCRATCHDIR/tools-material/extrae/job.mpi

#!/bin/bash

#MSUB -r job.mpi
#MSUB -n 27

#MSUB -T 600
#MSUB -o job %I.o
#MSUB —-e job %I.e
#MSUB —g haswell

set —x
cd ${BRIDGE_MSUB_PWD}

ccc_mprun —n 27
../apps/lulesh/lulesh2.0 -1 10 -p -s 65

BSCTOOLS HANDS-ON 8



VIRTYUALAINSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Adapt the job script to load Extrae with LD_PRELOAD

> vi SSCRATCHDIR/tools-material/extrae/trace.sh

#!/bin/bash #!/bin/bash
#MSUB -r job.mpi
#MSUB -n 27 export EXTRAE HOME=<installation-path>

#MSUB -T 600
#MSUB -o job %I.o
#MSUB —-e job %I.e
#MSUB —g haswell

export EXTRAE_CONFIG_FILE=./extrae.xml

#export LD PRELOAD=SEXTRAE HOME/lfib/libmpitracef.so
export LD_PRELOAD=$EXTRAE_HOME/lib libmpitrace.so

#Fortran

#C

set —x
cd ${BRIDGE_MSUB_PWD}

ccc_mprun -n 27 \./trace.sh

../apps/lulesh/lutesh?2.0 <1 10 -p -s 65

Select tracing
library
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LD_PRELOAD library selection

= Choose depending on the application type

libseqtrace

libmpitrace[f]! v

libomptrace v

libpttrace v

libcudatrace v
libompitrace[f] ! v v

libptmpitrace[f] 1 v v
libcudampitrace[f] 1 v v

1 include suffix “f” in Fortran codes
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Run with instrumentation

= Submit job
ubmit your jo o int

> cd $SCRATCHDIR/tools-material/extrae

> ccc_msub job.mpi -E “--reservation=vihps”

= Once finished the trace will be in the same folder: lulesh2.0.{pcf,prv,row} (3 files)

= Any issue?
» Already generated at $SCRATCHDIR/tools-material/traces
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Extrae XML configuration: extrae.xml

> vi SSCRATCHDIR/tools-material/extrae/extrae.xml

<mpi enabled="yes">
<counters enabled="yes" />
</mpi>

Trace MPI calls & measure HW counters

<openmp enabled="yes">
<locks enabled="no" />
<counters enabled="yes" />
</openmp>

<pthread enabled="no">
<locks enabled="no" />
<counters enabled="yes" />
</pthread>

Add call-stack events at MPI calls

<callers enabled="yes">
<mpi enabled="yes">1-3</mpi>
<sampling enabled="no">1-5</sampling>
</callers>
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Extrae XML configuration: extrae_config.xml (II)

<counters enabled="yes">
<cpu enabled="yes" starting-set-distribution="cyclic">
<set enabled="yes" changeat-time="500000us" domain="all™“>

PAPI TOT INS, PAPI TOT CYC, PAPI L2 DCM, PAPI L3 TCM Define which HW

</set> counters are
<set enabled="yes" changeat-time="500000us" domain="all"> measured
PAPI TOT INS,PAPI TOT CYC,RESOURCE STALLS
</set>
<set .. /set>
</cpu>

<network enabled="no" />
<resource-usage enabled="no" />

<memory-usage enabled="no" />
</counters>
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Extrae XML configuration: extrae_config.xml (III)

<buffer enabled="yes">
<size enabled="yes">5000000</size> Trace buffer size

<circular enabled="no" />

</buffer>

<sampling enabled="no" type="default" period="50m" variability="10m" />

<merge enabled="“yes"

synchronization="default"

tree-fan-out="16" Merge intermediate

max-memory="512"

files into Paraver

joint-states="yes"
keep-mpits="yes" trace

sort—-addresses="yes"

overwrite="yes"“

/>
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Installing Paraver
&
First analysis steps
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Install Paraver in your laptop

= Download from http://tools.bsc.es

= Also available @inti
= $FORMATION_HOME/BSC_Tools/pkgs

Pick your version

Paraver »

paravex I

Home » Downloads

EXTRAE

Instrumentation framewaork to generate execution
traces of the most used parallel runtimes.

set EXTRAE N

Version 3.4.1+ 2.24 MB

= O
=

CLUSTERING

Automatically expose the main performance trends in

applications’ computation structure.

set CLUSTERING -

Version 2.6.6 2 MB
o] 2 £

SPECTRAL

Signal processing techniques to select representative

regions from Paraver traces.

set SPECTRAL -

Version 3.4.0+0.31 MB
= £) £2
o £ £

Downloads
CORE TOOLS

Research » Documentation » Downloads Publications.

DIMEMAS

High-abstracted network simulator for message-

PARAVER

Expressive powerful and flexible trace visualizer for
post-mortem trace analysis. passing programs.

et PARAVER N

Version 4.6.3 + 1.56 MB

EHOHEOLD A
_I_

PERFORMANCE ANALYTICS

et DIMEMAS S

Wersion 5.2.12+1.09 MB
EHAeLA

Combined instrumentation and sampling for
instantaneous metric evolution with low overhead.

TRACKING

Analyze how the behavior of a parallel application

evalves through different scenarios.

Set FOLDING -

Version 1.0.2 + 11.06 MB
= O £

Set TRACKING h

Version 2.6.5+ 1.9 MB

BASIC ANALYSIS

Framework for automatic extraction of fundamental

factors for Paraver traces.

et BASIC ANALYSIS -

Version 0.2 « 10.89 MB

_I_
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Install Paraver in your laptop (II)

= Uncompress into your home directory @ your laptop

> tar xvfz wxparaver-4.6.4.rcl-linux-x86 64.tar.gz —-C $HOME
> cd S$SHOME
> 1ln -s wxparaver-4.6.4.rcl-linux-x86 64 paraver

= Download Paraver tutorials and uncompress into the Paraver directory

= From website: https://tools.bsc.es/sites/default/files/documentation/paraver-tutorials-20150526.tar.gz
* From @inti: $FORMATION_HOME/BSC_Tools/pkgs/paraver-tutorials-20150526.tar.gz

@ your laptop

> tar xvfz paraver-tutorials-20150526.tar.gz -C SHOME/paraver
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Launch Paraver

@ your laptop

> $HOME/paraver/bin/wxparaver & OO Tutorials
Barcelona
Supercomputing
. . Center
u ChECk that tutO ria IS are ava ||a ble Centra Nacional de Supercomputacion
Index
™S E Paraver i is wi
1. Introduction to Analysis with Paraver - MPI
File Help
3 i " 2. HydroC Tutorial
: Tutorials... k' g
Winda About... " 3. Introduction to the Use of Dimemas
All Traces = 4, Analysis with Paraver & Dimemas - Methodology

5. Introduction to Paraver and Dimemas methodology

Click on Help = Tutorials

Close
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Launch Paraver (II)

= Any issues installing in your laptop? Also available @ INTI
@ inti

> cd $FORMATION HOME/BSC Tools/tools/wxparaver-4.6.4/bin

> ./wxparaver S$SCRATCHDIR/tools-material/extrae/lulesh2.0.prv &

FOOTER (INSERT > HEADER AND FOOTER) 19
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First steps of analysis

= Copy the trace to your desktop ( All 3 files: *.prv, *.pcf, *.row )

Paraver

» Load the trace

Help

Click on File = Load Trace = Browse to the *.prv file

Previous Traces

» Follow Tutorial #3 ©© Tutoriais
= Introduction to Paraver and Dimemas methodology @ Barcelona
Supercompuling
Center
) Paraver Centra Macional de Supercomputacion
File Help Index
: Tutorials... ; e 1. Introduction to Analysis with Paraver - MPI

Windo About... 2. Introduction to the Use of Dimemas
= = = = -

All Traces

3. Introduction to Paraver and Dimemas methodology I

4. Analysis with Paraver & Dimemas - Methodology

5. HydroC Tutorial

CIiCk on HEIp 9 Tutorialb 6. Paraver trace preparation

22| = =
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Measure the parallel efficiency

= Click on the "mpi_stats.cfg”
an L& B OH %

IFREAL 1.1 7.1 m AEATIE TR AT AT E N T R VAT TR Lo e LERE L TR EV T AFAVE LSRR

L
Right click 9 THREAD 1.181 00409% 002848% 004200%  3.12701%  11.86811% 0.03905 %
LJ LJ
Zoom to Skl p | THREAD 1.19:1 0.03386% 0.01765% 0.42803 % 1.72799 % 818468 % 0.03658 %
L]
. . . Paste 9 Time READ 1. 003537% 002561% 004375%  203771%  13.74017% 0.03395 %
fl na I 1zatio THREAD 1.2% 2.19¢ 003450% 002037% 017755%  268076%  1484850% 004137 %
d d THREAD 1. e N244%  002299% 025047%  1.99734%  13.23803% 0.03285 %
( rag & rop) THREAD 1.23. 92 7 0228 % 0.02802% 0.24167 % 1.87949 % 477484 % 0.03193 %
- oloiemusm ieiv) . o simmEIE sl=iz . [ THREAD 1. 004516% 0.02164% 032301 % 2.40468 % 750198 % 0.03488 %
control window to identify the phases and iterations of the code. THREAD 1. 003131% 0.01298% 0.15766 % 5.20562%_ 0.02177 %
« To measure the computation time distribution load the THREAD 1. 004540% 0.01738% 1.25720% 1!.32{!15‘36_ 0.02666 %
configuration file cfgs/general /2dh usefulduration.cfqg This THREAD 1. 0.03062% 0.01284% 1.27560 % 7.43120 % 17.46210 % 0.02806 %
configuration pops up a histogram of the duration for the computation

regions. The computation regions are delimited by the exit from an MPI
o o o o o 9
MPI call @ lulesh2.8.prv 3% 074351%| 6.83846% 6156862 % 24255434 % 0.90399 %
o, o, o, o, o, o,
THREAD 1.1.1 0% 0027534% 0.25328% 228032 % 898349 % 0.03348 %
6% 006063 % 1.27560% 9.20562 % 1746210 % 0.04518 %
THREAD 1.18.1 4% 0.01284% 0.02456 % 0.21449 % 0.00665 % 0.02177 %
0.01005 % | 031848 % 227693 % 437967 % 0.00511 %

BN THREAD 1.19.1

051446 0.74099

LVOU vValaglive S Right CIiCk 9

THREAD 1.27.1 a

Copy = Time
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Measure the computation

7 2DH useful duration correlated with @ Lulesh2.®.prw

» Click on “2dh_usefulduration.cfg” i

=

The first question to answer when analyzing a parallel code is "how efficient does it run?".
The efficiency of a parallel program can be defined based on two aspects: the parallelization
efficiency and the efficiency obtained in the execution of the serial regions. These two metrics
would be the first checks on the proposed methodology .

1
] Tutorials (on login3) ‘
[ |

+ TO the p i load the configuration file
cfgs/mpi/mpi stats.cfg This configuration pops up a table with %time that
every thread spends in every MPI call. Look at the global statistics at the bottom of the
outside mpi column. Entry Average represents the application parallel efficiency. entry
Awvg/Max represents the global load balance and entry Maximum represents the
communication efficiency. If any of those values are lower than 85% is recommended
to look at the corresponding metric in detail. Open the control window to identify the
phases and iterations of the code.

iTD the com putati time distribution lofid the configuration file

cfgs/general /2dh usefulduration.cfg Tl configuration pops up a
histogram of the duration for the computation regiorfl. The computation regions are

o the next call. If the histogram

does not show vertical lines, it indicates the computation time may be not balanced.
Open the control window to look at the time distribution and visually correlate both
views.

+ TO th| P i load (i distribution load ghe
configuration fil cfos/papi/2dh us instructions. Ti@s configuration
pops up a histglgram of the instructions for the computation regions. THE computation
regions are c et call. If the
histogram doesn't show vertical lines, it indicates the distribution of the instructions
may be not balanced. Open the control window to look at the time distribution and
correlate both views.

+ To measure the serial regions performance ook at the IPC timeline loaded with
lduration.cfg. What it's a reasonable IPC would ﬂ

cfgs/general/2dr

=E= oo | Perfect work
distribution

= ..and “2dh_useful_instructions.cfg”
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Cluster-based analysis
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Use clustering analysis

= Run clustering @ int
INTI

> cd $SCRATCHDIR/tools-material/clustering

> ./clusterize.sh ../extrae/lulesh2.0.prv

= L ook at the results
@ inti

> gnuplot lulesh2.0 clustered.IPC.PAPI TOT INS.gnuplot
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Cluster-based analysis

= Check the resulting scatter plot

> gnuplot lulesh2.0 clustered.IPC.PAPI TOT INS.gnuplot

Cluster Analysis Results of trace lulesh2.0.prv’'
DBSCAN (Eps=0.03, MinPoints=5)
8
ox10 MNoise
Cluster 1
Cluster 2
a | I .
810 Cluster3 0O
Cluster4 W
a | | Cluster5 ©
. . 710 Clusters @
Identify main ot
al ] Cluster 8
= 6x10 Cluster 9
computing trends - e
2 8 | Cluster1n &
§ 510 Cluster 12
'th t t k @ Cluster 13
with respect to wor | Geerre o
E m Cluster 15+
& performance : " - s »
e ) | Cluster17
X e - Cluster18 O
= = Cluster19 W
2%10% | | Cluster20 ©
Cluster21 @
Cluster 22
1x10% | -, . H .
0 e -4' - - 1 1 1 1 1 1 1
0.2 0.4 0.6 0.8 1 12 14 1.6 18 2 22 24
IPC
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Correlating scatter plot and time distribution

= Copy the clustered trace to your laptop and look at it

@ your laptop

> SHOME/paraver/bin/wxparaver <path-to>/lulesh2.0 clustered.prv

» File 2 Load configuration - $HOME/paraver/cfgs/clustering/clusterID_window.cfg

Cluster Analysis Results of trace 'lulesh2.0.prv
DBSCAN (Eps=0.03, MinPoints=5)

+
Simultaneously @

éi ; Variable work /
%l : performance

Cluster ID @ luleshZ.®.clustered.prv different processes

i - = y I
! Imbalances
i : ' %10 Eem Hi

o = E..E 0 0!4- .+'@ 1 1 L 1 1 1 L

=1

2,989,122 us us 0.2 08 1 12 14 16 18 2z 22

24

oise
Cluster 1

| Cluster2

Cluster 3
Cluster 4

| Cluster5

Cluster 6
Cluster 7

| Cluster8

Cluster 9
Cluster 10

Cluster 12
Cluster 13

| Cluster 14

Cluster 15
Cluster 16

| Cluster 17

Cluster 18
Cluster 19

| Cluster 20

Cluster 21
Cluster 22

| =

[ Jol

| Cluster11 <

[ Jol ok 3
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