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Extrae features
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A Platforms
A Intel, Cray, BlueGene , MIC, ARM, Android, Fujitsu

A Parallel programming models

A MPI, OpenMP, pthreads , OmpSs, CUDA, OpenCL,
A Performance Counters

A Using PAPI interface

A Link to source code

A Callstack at MPI routines
A OpenMP outlined routines
A Selected user functions ( Dyninst )

A Periodic sampling

AUser events ( Extrae API)
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How does Extrae work?

A Symbol substitution through LD_PRELOAD

A Specific libraries for each combination of runtimes
A MPI
A OpenMP
A OpenMP+MPI
A CUDA+MPI
A é

A Dynamic instrumentation

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

A Alternatives
A Static link (i.e., PMPI, Extrae API)
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Extrae on MareNostrum5 (1)

A Log into MareNostrum5 ACC:

laptop$ ssh 2Y <USER@aloginl.bsc.es

AExtrae is available via modul esé

aloginl$ module avail extrae

Aé as are the other BSCTOOLS:

aloginl$ module avail paraver
aloginl$ module avail clustering_ suite

aloginl$ module avail dimemas
aloginl$ module avail basicanalysis
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Getting your first trace

A Provided folder bsctools in / gpfs /scratch/nct_362 contains:
A Application compiled for MPI1 and MPI+OpenMP (lulesh2.0_mpi, lulesh2.0_mpi+openmp )
A Jobscripts to execute and trace ( job 64p.slurm ,job8p +8t.slurm , trace.sh )
A Configuration of the tracing tool ( extrae.xml )
A Already generated tracefiles ( traces/*.{pcf,prv,row} )
A Copy this folder to your and you are ready to follow this hands -on tutorial

cp ZR / gpfs /scratch /nct 362/ bsctools $HOME
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Getting an MPI trace with Extrae




Using Extrae in 3 steps
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1. Adapt your job submission scripts

2. Configure what to trace

A XML configuration file
A Example configurationsat ~ $EXTRAE_HOME/share/example

3. Run it!

A For further reference check the Extrae User Guide

A https://tools.bsc.es/doc/html/extrae
A Also distributed with Extrae at $EXTRAE_HOME/share/doc
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Step 1: Adapt the job script to load Extrae

VARTUYAL INSTFITUTE A *HIGH PRODUCTIVITY SUPERCOMPUTING

A Example of a standard jobscript (without tracing)

Vs

job64p.slurm }

I/ usr/bin/ env bash

#SBATCH- job - name=lulesh2.0_64p
#SBATCH- output=%2x.%].out
#SBATCH- error=%x.% j.err
#SBATCH- ntasks =64

#SBATCH- time=00:10:00
#SBATCH- gos=acc_debug
#SBATCH- exclusive

ml gcc/11.4.0
m openmp4.1.5 -gcc

srun ./lulesh2.0_mpi -i 10 -s65 -p

Request
resources

Load modules

Run program
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VI-HPS

Step 1: Adapt the job script to load Extrae

A Jobscript modified to load Extrae and helper script (  extrae /MPI/{job64p.slurm,trace.sh} )

( job64p.slurm }

trace.sh }

I/ usr/bin/ env bash

#SBATCH- job - name=Ilulesh2.0_64p
#SBATCH- output=%2x.%j.out
#SBATCH- error=%x.% j.err
#SBATCH- ntasks =64

#SBATCH- time=00:10:00

#SBATCH- gos=acc_debug

#SBATCH- exclusive Access to
#SBATCH- constraint - perfparanoid Hardware
ml gcc/11.4.0 Counters

MI openmpi/4.1.5 -gcc
TRACE_NAMlesh2.0_64p.prv Trace name

srun ./trace.sh Jlulesh2.0_mpi -i 10 -s 65 -p

Run with

Extrae

#!/ usr /bin/ env bash

module load extrae

EXTRAE_CONFIG_FILHZ-extrae.xml What to trace
# For C apps

LD PRELOABEXTRAE_HOM#ib/libmpitrace.so
# For Fortran apps
#export LD_PRELOAD=${EXTRAE_HOME}/lib/li

## Run the desired program

&+ Choose a tracing

library depending on
the app type (see

\

next slide)
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Step 1: Which tracing library?

A Choose depending on the application type
A Navigate to $EXTRAE_HOME/lib for all the combinations

-

libseqtrace

liompitrace[f] * \Y

libomptrace V

libpttrace V
libcudatrace \
libompitrace [f] 1 \Y \Y

libptmpitrace[f] * V V
libcudampitrace [f] ! V V

ladd s uf f i xin Foftran codes
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Step 2: Extrae XML configuration

extrae.xmil W

<mpi enabled ="yes">
<counters enabled ="yes" /> Instrument the MPI calls
</ mpi> (What is the program doing ?)

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

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

Instrument the call-stack

<callers enabled ="yes">
<mpi enabled="yes">1 - 3</mpi>
<sampling enabled="no">1 - 5</sampling>
</callers >

(Where in my code ?)
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Step 2: Extrae XML configuration (1)

extrae.xml W extrae.xml W
<counters enabled ="yes"> <buffer enabled="yes"> B .
<cpu enabled ="yes" starting -set -distribution  ="1"> <size enabled="yes">5000000</size>
<set enabled ="yes" domain="all " changeat-time” 2 dzy , <circular enabled="no" /> (Flush/memory
PAPI_TOT_INS,PAPI_TOT_CYC,PAPI_L1_DCM,PAPI_L2_DCM </buffer> trade -off)
PAPI_L3_TCM,PAPI_BR_INS,PAPI_BR_MSP,RESOURCE_STALLS:SB
</Set> . 1 —n n =n n H —n n
</ cpu> Select which HWC are measured Va;;g{l?g'j‘goenq.‘? ?led no™ type="default” period="50m
<network  enabled ="no" /> (How is the machine doing ?)
A Additional samplin
<resource -usage enabled ="no" /> <merge enabled ="yes" Want d tp'l 3
<memory usage enabled ="no" /> synchronization="default" (Want more details?)
</ counters > tree -fan - out="16"

max memory="512"
joint - states="yes"
keep- mpits ="yes"

papi_best set \ sort - addresses="yes"
overwrite="yes">
omnipresent <list -of - counters > \ $TRACE_NAMES Automatic post  -processing
</merge> to generate the tracefile

<list -of-counters >
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Step 3: Run it!

A Submit your job as usual

aloginl$ sbatch ZA nct 362 -- reservation =POP3Tools job64p.slurm

AOnce finished qquehedd k ywiut twid | have the trace (3 files)

alogin 1$ Is #A

lulesh 2. 0_64p. pcf
lulesh 2. 0 _64p. prv
lulesh 2. 0 _64p. row

AAnyt roubl e? Thereds a trace al rtecedp fehedeated under t h

ANow | etds |l ook into it!
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Paraver Installation
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Install Paraver in your laptop

A Download a binary for your OS
A https://tools.bsc.es/downloads

B wxparaver -4.12.0 -win.zip

o

wxparaver -4.12.0 -mac.zip

‘ wxparaver -4.12.0 -Linux_x86_64.tar.gz
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Home » Downloads

Downloads

mar
CMTRAE

Instrumeniiian framewaork to generate execution
traces of the most usi!narallel runtimes.

‘

Version 3.4.1+2.24 MB

=0
=

_I_

CLUSTERING
Automatically expose the main performance trends in

applications’ computation structure.

set CLUSTERING -

Version 2.6.6+«2 MB

_I_

SPECTRAL
Signal processing techniques to select representative

regions from Paraver traces.

Set SPECTRAL -

Version 3.4.0+0.21 MB

_I_

Research » Documentation » Downloads Publications

CORE TOOLS

PARAVER DIMEMAS
Expressive powerful and flexible trace visualizer for High-abstracted network simulator for message-
post-mortem trace analysis. passing programs.

sel PARAVER N et DIMEMAS N

. = - Version 5.2.12+ 1.09 MB
-
b=l SR @ &2 £) £ b= 6 £ £

PERFORMANCE ANALYTICS

TRACKING FOLDING
Analyze how the behavior of a parallel application Combined instrumentation and sampling for

evolves through different scenarios. instantaneous metric evolution with low overhead.

Set TRACKING h Set FOLDING h

Version 2.6.5+ 1.9 MB Version 1.0.2 + 11.06 MB

=6 e EHO&
+ +

BASIC ANALYSIS
Framewark for automatic extraction of fundamental

factors for Paraver traces.

Set BASIC ANALYSIS h

Version 0.2« 10.89 MB
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Install Paraver

A
AUncompress downloaded package e Help
ARename the folder:

Window browser

A wxparaver -4.12.0 -* A paraver

A Start Paraver :
A Linux: Run the command :

paraver / bin / wxparaver

A Windows: Double -click on paraver /wxparaver.exe Fies & Window Properties
A MAC: Double click on paraver /wxparaver.app

¢ 120
7 bin

7 cigs
"7 include
7 libe4

VOV Vv
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Install Paraver

A Download tutorials

Eareoisna

Supercamputing

canter

et e e Supesca

Paraver No tutorials found!?

Install using the download dialog

Help

You can automatically download and install any of the available tuterials by clicking the "Download and
Install” button

Help Contents...

Help A Tutorlals Tutorials...

Tutorials download

[ - Manual installation Select tutorials to download and install
Tutorials window U —
1. Open the Preferences Windor: Paraver introduction (MPI)

2. Seleck Glabal tab. Dimemas introduction
3.nthe , change the

] p o pS = u p 4. Save your new settings by clicking the Ok button in the Preferences Windaw. + Introduction to Paraver and Dimemas methodology

5. &fter that, we will automatically refresh the tutorials list. Methodol
6.1 nething happens, come back here and press the Jndex button (the first one at the bottom-left) to ethodology

rebuild the tutorials list. Tutorial on HydroC analysis (MPI, Dimemas, CUDA)
Trace preparation

Just chack in the desired tutarials and pracs the OK™ button

A” Traces w If the buttan Index dozsn't seem ta work (you're still reading this helpl), please verify that

« Every tutorial is uncompressed.

« Every tutonial s inside itz own subdiractory.

.7 (or tutorials] are copi inte the root directory that you have selected before
ti.e fhor i 1 i etc)

« Every tutorial has a main index.hitml i e: /home/myuserfmytutorialsftut1/findex hitml |

If you still get this help after checking these steps again, please contact us ot paraver@hsc.es

Latest tutorials

Find them b3
« Assingle targz package (127 MBI
* Assingle zip package (127 MB}

2] = Close:

Download and install tutorials

AFollow these tutorials by clicking on the hyperlinks and reading the explanations . When you click on
a link, multiple views will open.
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Install Paraver tutorials (alternative method)

‘ Home Paraver » Dimemas » Extrae Research » Documentation » Downloads Publications

A Download tutorials archive P ———————
A httDS://tOOIS- bSC-eS/Daraver - tUtoriaIS Home » Documentation » Paraver tutorials

These seven tutorials can be opened with wxParaver versions newer than 4.3.0, and you'll be able to follow the steps within the tool. To install them, download

paraver = tUt0r|a|S = 20 15052 6 tar . g Z and untar the package and follow the instructions of the Help/Tutorial option on the Paraver main window. Following there is a list of available tutorials:

ymmands and the first steps of a
B Paraver introduction (MP

earn how to configure and run the Dimemas simulator and to start

Dimemas introduction

esults

vell-known
cluded)

N throug
tploration (no trac

This tutorial presi
rules, their diagnosi

This tutol ne examples of the analysis that can be done using the provided

configura

o oo o

Tutorial on Hy nalysis of the MPI application Hydro and further

(MPI, Dimema

at this tutorial to select a representative region for a large trace that cannot be

O

Trace preparatior

ed into memory.

rds communications, use this

f you identif

o

alignment tutorial

tutorial to learn he

If you prefer you can download all of them togheter in a single package:

tar.gz format (127 Mb) zip format (127 Mb)

All tutorials
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Install Paraver tutorials (alternative method)

AUncompress downloaded package

ARename the folders:
A paraver -tutorials -20150526 A tutorials

A Start Paraver :
A Linux: Run the command :

paraver / bin / wxparaver

A Windows: Double -click on paraver /wxparaver.exe
A MAC: Double click on paraver /wxparaver.app

AOpen File A Preferences

48TH VI -HPS TUNING WORKSHOP (BARCELONA, 9 -13 FEBRUARY 2026)

File A Preferences

——

Paraver - X
File Help
Load Trace...
Previous Traces L4
-
Load Session...
Previous Sessions LS
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Save Session...
Preferences...

Quit

Files & Window Properties

1

@ libxml2
@ memkind
& mpich
@ MRNet
@ openmpi
@ papi

| Paraver]

Paraver Files -

4 v w w w w w

2026 -02-9..13
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Install Paraver tutorials (alternative method)

ASetup the fiTutorials root 6 pointing to your folder
Global Timeline Histogram Color Workspaces F]tutorials 0

Trace
Fill State gaps with IDLE State

View full path in trace selector

Maximum loadable trace size (MB) | 500 - +

Default directories

Traces J/home/gllort Browse

CFGs /home/gllort/Apps/Paraver/4.8.2-devel2/cfgs Browse

Filters XML [home/gllort/Apps/Paraver/4.8.2/share/filters-config Browse C I |Ck an d na.Vi gate tO
Tutorials root /home/gllort/apps/Paraver/4.8.2-devel2/tutorials Browse the uncom pre ssed
mpdie Thome/glort - tutorials folder
Behaviour

Allow only one running instance
Automatically save sessionevery 1 — 4 minutes
Sshow dialog for crashed auto-saved sessions on startup

show help contents on a browser

Cancel OK
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Analysing an MPI trace with Paraver
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First steps of analysis

A Copy the trace to your computer

scp <USER@aloginl.bsc.es:~/ Dbsctools /extrae/MPIl/lulesh2.0_64p.*

A Load the trace with Paraver

=) Paraver

Help

File A Load Trace A navigate to F
ﬁl UI eSh2 0—64p V_P_r;.rious“l'races K

2026 -02-9..13

48TH VI -HPS TUNING WORKSHOP (BARCELONA, 9 -13 FEBRUARY 2026)



VARTUYAL INSTFITUTE A *HIGH PRODUCTIVITY SUPERCOMPUTING

First steps of analysis

A Follow Tutorial #3
A Introduction to Paraver and Dimemas methodology

@ G Tutorials
Barcelona
Supercompuiing
F = Center
araver Centra Nacional de Supercomputacion
File Help Index

Tutorials... . o
1. Introduction to Analysis with Paraver - MPI

Winda About...
2. Introduction to the Use of Dimemas

All Traces -

3. Introduction to Paraver and Dimemas methodology

4. Analysis with Paraver & Dimemas - Methodology

5. HydroC Tutorial

6. Paraver trace preparation

EjE)E]

I ——
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Measure the parallel efficiency
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ACl i ck on
A Check the Average

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.

_ st

Ampi
for the

efficiency load the configuration file

cfgs/mpi/mpi_stats.cfg This configuration pops up a table with %time that every
Shesadapondad yIPI call. Look at the global statistics at the bottom of the
outside mpi column. Entry Average represents the application parallel efficiency,
entry Avg/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.

e To measure the computation time distribution load the configuration file
cfgs/general/2dh usefulduration.cfg This configuration pops up a histogram of the
duration for the computation regions. The computation regions are delimited by the
exit from an MPI call and the entry to 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.

e To measure the computational load (instructions) distribution load the
configuration file cfgs/papi/2dh useful instructions.cfg This configuration pops up a
histogram of the instructions for the computation regions. The computation regions
are delimited by the exit from an MPI call and the entry to the next 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

£

iil
1

ats.cfgbo
u nowoitside MBle 101

c ol

Parallelefficiency(Avg
Commefficiency(Max)

Load balanceAvgMax)

ed n

MPI call profile @ lulesh2.0_64mpi.prv

& B 0 Q = W H ¥ 0 % Z h Default w

- -

lt/E - ¥

Outside MPI MPI Isend MPIIrecv MPI_ Wait MPI Waitall MPI_Barrier MPI_Reduce MPI Allredu
THREAD 1.57.1 IRAERIES

THREAD 1.58.1
THREAD 1.59.1
THREAD 1.60.1
THREAD 1.61.1
THREAD 1.62.1
THREAD 1.63.1
THREAD 1.64.1

v
N
-
E

Num. Cells 64 64 64 64 64 64
Total 5,340.71 % 213% 93.09% 346.67 % 2.94% 60.69 % 545.1:
0.08 % 0.03% 1.45% 5.42% 0.05% 0.95% 8.5
0.14 % 0.06 % 7.06% 12.26 % 0.28 % 1.92% 17.1
Minimum 0.03 % 0.01% 0.11% 0.62 % 0.00 % 0.00 % 0.7
StDev 0.03 % 0.01 % 1.29% 3.46% 0.06% 0.44% 3.7!
0.59 0.58 0.21 0.44 0.16 0.49 0
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Focus on the iterative part

MPI call @ lulesh2.0 64mpi.prv

Drag and drop to zoom on
the iterative region

Right click A Copy

Right click A
Paste A Time

Open Control Window

MPI call profile @ lulesh2.0_64mpi.prv

B 3 Q & W H M W % I % A Defak v 2

Outside MPI MPI Isend MPI Irecv MPI Wait MPI Waitall MPI_Allreduce MPI_Comm_rank
lHKtAD'l-fll.'l _
THREAD 1.58.1 O 23%
THREAD 1.59.1 6%
THREAD 1.60.1 S 18y
THREAD 1.61.1

THREAD 1.63.1
THREAD 1.64.1
Num. Cells 64 64 64 64 64 64 64
Total 521657%  4.94%  211% 103.59%  38420%  687.26% 1.33%
Average 81.51%  0.08%  003% 1.62%  600% 10.74% 0.02%
Maximum 9477%  0.13%  0.06%  7.63%  1382% 21.65% 0.02%
Minimum 64.69%  0.03%  001% 012%  0.77% 0.90% 0.02%
stDev 820%  003% 001% 132%  3.80% 4.63% 0.00 %

Avg/Max 0.86 0.58 0.58 0.21 0.43 0.50 0.86
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Efficiency of iterative region
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A 3 numbers to quickly describe the efficiency of
your code

A Parallel efficiency A % of time my program is computing

(100% is perfect)

A Comm efficiency A At least 1 process can finish all
communications in 100
time (100% is perfect)

A Load balance A Ratio of slow/fast processes (1 is
perfectly balanced)

A Any value below 85% (0.85)?
A Pay attention there

Parallelefficiency(Avg

Commefficiency(Max)

Load balanceAvgMax)

- Maximum % of the program's

MPI call profile @ lulesh2.0_64mpi.prv

€ B @ Q = B H H I % I % A Defaut «

v

1

Outside MPI MPI Isend MPI Irecv MPI Wait MPI Waitall MPI_Allreduce MPI_Comm _rank

ITHREAD 1.57.1
THREAD 1.58.1

THREAD 1.59.1
THREAD 1.60.1
THREAD 1.61.1

THREAD 1.63.1
THREAD 1.64.1

\
°
e

Num. Cells 64 64 64
Total 5,216.57 % 4.94% 211 %
Averag 0.08%  0.03%

: 0.13%  0.06%
Minimum 64.69 % 0.03% 0.01%
StDev 8.20% 0.03% 0.01%
0.58 0.58

B
B

64

103.59 % 384.20%
1.62% 6.00 %
7.63% 13.82%
0.12% 0.77%

e oo o =
o O o o o Ww
w O N PR W
o R X R R R
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Computation time distribution

ACl i ck on n2dh_usef ul durAaShows rtimecbngootingl 2nd | i nk)

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.

2DH useful duration Duration lulesh2.0_64mpi.prv
_ imbalances
I B :b Q

e To measure the parallel efficiency 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 Avg/Max represents the global load balance and entry Maximum represents the

communication efficiency. If any of those values are lower than 85% is recommended R | g ht CI |Ck A
to look at the corresponding metric in detail. Open the control window to identify the .
phases and iterations of the code. PaSte A T| me - .

distribution load the configuration file F rom p revious
is configuration pops up a histogram of the . .
anss!'he computation regions are delimited by the tl m el ine
exit from an MPI call and the entry to 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.

Bottom block,

-
. . =l 24p, faster than
e To measure the computational load (instructions) distribution load the -,
configuration file cfgs/papi/2dh useful instructions.cfg This configuration pops up a i to p b I OCk 40p .
histogram of the instructions for the computation regions. The computation regions L :

Zig-zag C Some
processes take longer
than the others.
Work imbalance?

are delimited by the exit from an MPI call and the entry to the next 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

g

Socket
imbalance?

i
.-I.|:I_-

i

1..144,772.95)




VARTUYAL INSTFITUTE A *HIGH PRODUCTIVITY SUPERCOMPUTING

Check process mapping

. : j 0b64p - bal.slurm W
AHints A Resources A Process Mapping —
A MareNostrum5 ACC topology - srun Jtrace.sh  Jflulesh2.0_mpi  -i 10 -s65 -p
< . + srun ./trace.sh -- Cpu-
A 2 sockets with 2 NUMA nodes each bind=map_cpu:0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,20,21,22
A 2" NUMA node on each socket A half -empty 23,24,25,26,27,28,29,30,31,32,33,34,35,40,41,42,43,44,45 4
« : 6,47,48,49,50,51,52,53,54,55,60,61,62,63,64,65,66,67,68,69,
A Runtime down by ~0.4s (~15%) 70,71,72,73,7475  Jirace.sh  Jlulesh2.0 -mpi -i 10 -s65 -p
process mapping photo @ lulesh2.0 64mpi.prv proce apping photo @ e 0 64mp pu-bind16 a.p
Socket 2 - e B 3 L @ W OH MmN I
Efficiency
Running | Running
Num. Cells 64 I Num. Cells 64
Total  5,215.42% 111 Total  5,577.76 %
Average 81.49 % [ 1! Average 87.15 %
Maximum 94.77 % Ll I Maximum 95.64 %
Minimum 64.65 % li | Minimum 80.91 %
1 StDev 8.21 % T StDev 3.13%
Avg/Max 0.86 I ||| Avg/max 0.91
value 33 i .
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Computation load distribution

ACl i ck on n2dh_useful I nstA Showsiamoustofevdrig 6 ( 3r d | 1 nk)

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.

2dh useful instructions @ lulesh2.0_64mpi.prv

e B 3D - B H B X Z % A v

e To measure the parallel efficiency load the configuration file [ 4
cfgs/mpi/mpi_stats.cfg This configuration pops up a table with %time that every ‘o
thread spends in every MPI call. Look at the global statistics at the bottom of the r
outside mpi column. Entry Average represents the application parallel efficiency, h
entry Avg/Max represents the global load balance and entry Maximum represents the
communication efficiency. If any of those values are lower than 85% is recommended

Straight line C

to look at the corresponding metric in detail. Open the control window to identify the
phases and iterations of the code.

To measure the computation time distribution load the configuration file
cfgs/general/2dh usefulduration.cfg This configuration pops up a histogram of the
duration for the computation regions. The computation regions are delimited by the
exit from an MPI call and the entry to 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 measure theoomputationalioad natruationa) stribution load the
configuration filf] cfgs/papi/2dh useful instructions.cfg [his configuration pops up a
histogram of th¢metrestionsiontiesempetetionregiers. The computation regions
are delimited by the exit from an MPI call and the entry to the next 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

Right click A
Paste A Time

From previous V,:'
timeline 2

:_r Perfect work distribution

[

r

THREAD 1.40.1 [1,648,373,331.48..1,666,290,417.53) =0 us

I ——
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Computation load distribution

A Comparing the two histograms A Similar shapes A Work distribution determines time computing
2DH useful duration correlated with @ lulesh2.0_64mpi.prv
€ B 3 O & W H B WM K I % bk v 2dh useful instructions @ lulesh2.0_64mpi.prv
i 3 L ' € B 3 O & W OH ¥ W X I % M v
1IDa
||
X
I |
| | 5=
-
I )
A
1%
i [
o
Effect y
ec Work imbalance Cause )
caused by )
different .
amount of work THREAD 1.40.1 [1,648,373,331.48..1,666,290,417.53) =0 us

T —
48TH VI -HPS TUNING WORKSHOP (BARCELONA, 9 -13 FEBRUARY 2026) 2026 -02-9..13



VARTUYAL INSTFITUTE A *HIGH PRODUCTIVITY SUPERCOMPUTING

Where does this happen?

A Go from the table to the timeline Open Filtered

Control Window
useful instructions 2DZoom range [1.43338e+08,5.73348e+08) @ Lu :>n

THREAD 1.1.1 2¢ useful instructions @ lulesh2.0_64mpi.prv
THREAD

THREAD

THREAD

THREAD

Clicking here always
recomputes the scale.
Same as:

Right click A

Fit semantic scale A
Fit both Drag & drop to select

imbalanced area

THREAD 1.40.71 [1,648,373,331.48..1,666,290,417.53) =0 us

O I ————
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Where does this happen?

A BIO & . the same time? A Imbalance

useful instructions 2DZoom range [1.43338e+08,5.73348e+08) @ lulesh:
THREAD

THREAD

Drag & drop to zoom
into 1 iteration

THREAD
THREAD

THREAD

M End
useful instructions 2DZoom range [1.43338e+08,5.73348e+08) @ lulesh: [ main
[ commRecy [CommRecv{Demain&, imt, imt, int, int, int, bool, bool)]

B CommSend [CommSend{Domain&, int, int, double& (Domain::**)({int), int, int, int, bool, bool)]
THREAD 1.17. B CommSBN [CommSBN(Domain&, int, doublef (Domain::**){int))]

THREAD 1.33. B CommSyncPosVel [CommSyncPosVel{Domain)]

THREAD 1.45. — O CommMonod [CommMonod{Domaind) ]

THREAD

THREAD

1,576,616 us . . caller @ lulesh2.0_64mpi.prv
Right click A Copy .

& Paste Time

EAD 1.1.1
READ

AHints A Call stack references A Caller function

AD

D
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Save CFGOs (met hod 1)

Copy Ctrl+C
Clone
useful instructions 2DZoom range [1.43338e+08 i
Undo Zoom Ctrl+U
THREAD
THREAD 1.17. Fit Time Scale
THRE&D 1.33. Fit Semantic Scale )
THREAD 1.49. Fit Objects
Select Objects...

THREAD 1 - .
1,876, 618 u=

Right click A
Save A Configuration
Object Axis ’
Run b

Synchronize

Image...
Image Legend...
Text...

Info Panel

O I ————
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Save CFGOs (met hod 2)

=) Save configuration

useful instructions 2DZoom range [1.43338e+08,5.73348e+08) @ lulesh:

lulesh_8p_uam.prv.gz = Timeline options
THREAD B8 Relative begin t
Timelines Histograms EH SRl W E e
THREAD
" usefulinstructions @ lulesh_8p_ua 2dh useful instructions @ lulesh_8p & Relative end time
THREAD Instructions.c1 @ lulesh_8p_uam.p
E AR f Useful.c1 @lulesh_8p_uam.prv.gz | Compute semantic scale
THREAD 1. ' B & usefulinstructions 2DZoom range
THREAD 1.64. Instructions.c1.c1 @ lulesh_8p_uan Histogram options

1
1,575,618 us= 1,459, 595 us

Useful.c1.c1 @ lulesh_8p_uam.prv.¢ @® All trace

El
Paraver _ R
Instructions.c1.c2 @ lulesh_8p_uanm Allwindow

. Load Trace.. cerl+o Useful.c1.c2 @ lulesh_Bp_uam.prv.¢
F I | e Previous Traces ,

Unload Traces...
Load Configuration... I Setall

Save Configuration

Load Session... Crist Description
Save Session... Ctrl+s 2.95878e;
Select what
Quit cerl+Q

to save

Unset all & Compute gradient limits

S Windo Prperies
=z

[ spark

i spark-1.6.0-bin-hadoop2.6

& Telegram | Save whole CFG in basic mode Cancel

i tracking

4v v

& wxparaver

v lmss62

> [icfgs

v [ latest
> [ bin

¥ [Ecfgs

Paraver files
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CFGO6s distribution

AParaver comes with ma gyApplyramnyCEGlteathy traéde!Go s

File Hints Help

Load Trace... #| 2| home | @i gllort | Apps | wxparaver | latest || cFgs| General
Previous Traces b
Unload Traces... Location:
Places Name 4 | Size Modified
Previous Configurations ' = Q, search i burst_mode 18/07/16
@ Recently Used [l clustering 18/07/16
Load Session... & gllort [l counters_PAPI 18/07/16
Save Session... @ Desktop & CUDA 18/07/16
Preferences... 1 File System i Folding 18/07/16
Quit . Windows sl | |
iE Documents il Java 18/07/16
@ Music & mpi 18/07/16
@ Pictures & OmpSs 18/07/16
@ Videos [l OpencL 18/07/16
i Downloads & OpenMP 18/07/16
[l OtF 18/07/16
Files & Window Properties = pthread 18}"07}"16
| B & sampling+Ffolding 18/07/16
' Uac;ing & scripts 18/07/16
* [ wxparaver |l software_counters 18/07/16
> @462 [l spectral 18/07/16
g -
¥ | latest
[ bin
¥ | cfgs

* [ burst_mode Paraver configuration file (*.cfg) =

* [ clustering
* & counters PAPI

Cancel || Open
Paraver files =

T A A A A  — _—
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comes Wi

)

APar aver

= @ Paraver
File Hints Help

Load Trace...

Previous Traces b

Unload Traces...

Load Configuration...

_
Load Session... Cerl+L
Save Session... Ctrl+S
Preferences...
Quit Crl+Q

Files & Window Properties

| A

> [ tracking
¥ | wxparaver

¥ | latest
> | bin
¥ |&cfgs
> | burst_mode
> [ clustering
> & counters PAPI
Paraver files

48TH VI -HPS TUNING WORKSHOP (BARCELONA, 9 -13 FEBRUARY 2026)

t h ma & yApplyramy ICEGIte athy tr@de!G 6 s

/home/gllort/Apps/wxparaver/latest/cfgs/General/viewsfuseful_duration.cfg
[/home/gllort/Apps/wxparaver/4.6.2/cfgs/counters_PAPI/performance/2dh_cycles_per_us.cfg
/home/gllort/Apps/wxparaver/4.6.2/cfgs/mpifanalysis/mpi_stats.cfg
/home/gllort/Apps/wxparaver/latest-tutorials/3.Introduction_to_Paraver_and_Dimemas_methodology/cfgs/papi/2dh_useful_instructions.cfg
/home/gllort/Apps/wxparaver/latest/cfgs/counters_PAPI/performance/cycles_per_us.cfg
/home/gllort/Apps/wxparaver/4.6.2/cfgs/clustering/2dp_clusters.cfg
/home/gllort/Apps/wxparaver/latest-tutorials/3.Introduction_to_Paraver_and_Dimemas_methodology/cfgs/general/2dh_usefulduration.cfg
/home/gllort/Apps/wxparaver/4.6.2/cfgs/counters_PAPI/performance/2dh_usefulduration.cfg
/home/gllort/Apps/wxparaver/4.6.2/cfgs/counters_PAPI/performance/2dh_useful_instructions.cfg
/home/gllort/Apps/wxparaver/4.6.2/cfgs/General/sanity_checks/flushing.cfg
/home/gllort/Apps/wxparaver/4.6.2/cfgs/counters_PAPI/performance/IPC.cfg
[/home/gllort/Apps/wxparaver/latest/cfgs/General/views/executing_cpu.cfg
/home/gllort/Apps/wxparaver/4.6.2/cfgs/clustering/3dh_duration_cid.cfg
/home/gllort/Apps/wxparaver/latest/cfgs/clustering/clusterlD_window.cfg
/home/gllort/Apps/wxparaver/latest-tutorials/3.Introduction_to_Paraver_and_Dimemas_methodology/cfgs/mpi/mpi_stats.cfg
/home/gllort/Apps/wxparaver/latest/cfgs/General/views/user_functions.cfg

/home/gllort/Apps/wxparaver/cfgs/memory_location.cfg

[/home/gllort/Apps/wxparaver/cfgs/store_samples.cfg

/home/gllort/Apps/wxparaver/cfgs/load_samples.cfg

/home/gllort/Apps/wxparaver/cfgs/memkind_partition.cfg

2026 -02-9..13



VARTUYAL INSTFITUTE A1 *HIGH PRODUCTIVITY SUPERCOMPUTING

Hints: a good place to start!

AParaver suggests CFG6s based on the contents of the tr

Paraver - &
File Hints Help
{ o Useful ’
Wong  MPI ’ MPI calls
use|  PAPIcounters ’ MPIsize
: Call stack references 4 MPI profile
Windo/
lul Resources 4 Point 2 point connectivity paktern
ules
Flush 4 Histogram of durations per MPI call

T EMrrcanprorne Histogram of message sizes per call
P—& usefulinstructions r
—|= 2dh useful instructions
»+—£3 usefulinstructions

—I|=| 2dh useful instructions

—I= MPI call

e =| MPI call profile

I T L i P 4 A73nna.

Files & Window Properties

156

Properties Mode Basic
Metric % Time
Automatic Redraw Force Redraw
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Do it on your code!

A Follow guidelines from slides 7 -16 to your own code to get a trace

A There are more examples of tracing scripts for different programming models under
$SEXTRAE_HOME/share/examples

A Follow guidelines from slides 17 -34 to conduct an initial analysis

A The usual suspects:
A Parallel Efficiency is low? Load balance issues?
A Imbalances in the durations of computations?
A Are these caused by work imbalance?
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Getting a hybrid MPI+OMP trace with Extrae
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Step 1: Adapt the job script to load Extrae

A Jobscript modified to use the MPI+OPENMP binary  (extrae /MPI+OMP/job8p+8t.slurm )

( job8p+8t.slurm }

I/ usr/bin/ env bash

#SBATCH- job - name=lulesh2.0_8p+8t
#SBATCH- output=%2x.%].out
#SBATCH- error=%x.% j.err
#SBATCH- ntasks =64

#SBATCH- time=00:10:00 Access to
#SBATCH- gos=acc_debug Hardware
#SBATCH- exclusive C t
#SBATCH- constraint - perfparanoid OUNtEnS

OMP_NUM_THREAD Sl @l oITol\V/| R {aT(ETo

TRACE_NAMulesh2.0_8p+8t.prv

srun ./trace.sh Jlulesh2.0_mpi+openmp  -i 10 -s 65 -p

Run with

Extrae
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Step 1: Adapt the job script to load Extrae

A Changes inlauncher and configuration file ( extrae /MPI+OMP/{trace.sh,extrae.xml} )

job8p+8t.slurm } trace.sh W

I/ usr/bin/ env bash #!/ usr /bin/ env bash

#SBATCH- job - name=lulesh2.0_8p+8t module load extrae

#SBATCH- output=%2x.%].out

#SBATCH- error=%x.% j.err EXTRAE CONFIG FILH=extrae.xml

#SBATCH- ntasks =64 # For MPI+OPENMP apps

#SBATCH- time=00:10:00 - export LD_PRELOAD=${EXTRAE_HOMHE/libmpitrace.so

#SBATCH- gos=acc_debug + export LD_PRELOAD=${EXTRAE_HOMHi}/libompitrace.so

#SBATCH- exclusive

#SBATCH- constraint - perfparanoid ## Run the desired program Tracing Iibrary for

$~k

OMP_NUM_THREADS=8 —_ MPI + OpenMP
TRACE_NAMulesh2.0_8p+8t.prv extrae.xml W

srun Jtrace.sh  ./lulesh2.0_mpi+openmp  -i 10 -s 65 -p - <openmpenabled” 21 1 2,

AP YeY Enables OpenMP instrumentation
<locks enabled ="no" />

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







