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Extrae features

Platforms ~
* Intel, Cray, BlueGene, MIC, ARM, Android, Fujitsu Sparc ...

Parallel programming models
* MPI, OpenMP, pthreads, OmpSs, CUDA, OpenCL, Java, Python ...

* Performance Counters No tneed
0
* Using PAPI interface N ccompile

Link to source code or relink!

* Callstack at MPI routines

* OpenMP outlined routines

* Selected user functions (Dyninst)

Periodic sampling

User events (Extrae API)
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How does Extrae work?

* Symbol substitution through LD_PRELOAD

* Specific libraries for each combination of runtimes
° MPI s Recommended
* OpenMP
* OpenMP+MPI

* Dynamic instrumentation
* Based on Dyninst (developed by U.Wisconsin / U.Maryland)

* Instrumentation in memory
* Binary rewriting

* Alternatives
 Static link (i.e., PMPI, Extrae API)
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Using Extrae in 3 steps

1. Adapt your job submission scripts

2. Configure what to trace
* XML configuration file
* Example configurations at SEXTRAE_HOME/share/example

3. Runit!

* For further reference check the Extrae User Guide:
e https://tools.bsc.es/doc/html/extrae
e Also distributed with Extrae at $EXTRAE_HOME/share/doc
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https://tools.bsc.es/doc/%5Bhtml

Log in to MareNostrum4

ssh -Y <USER>@mnl.bsc.es

* The following directory contains all the examples:

cp -R /home/nct00/nctOOOO3/tools—-material
SHOME
1s -1 SHOME/tools—-material

b n/ Here you have a copy of this slides.
clustering/ Copy them to your laptop

extrae/ or open remotely with:

slides/
traces/ On.pdf

> evince slides/Extrae-Paraver-Hands-




Step 1: Adapt the job script to load Extrae

vi $HOME/tools—-material/extrae/job_27p.sh

#!/usr/bin/env bash

#SBATCH --job-name=1lulesh2.0_1i_27p
#SBATCH --output=lulesh2.0_1i_27p.out
#SBATCH --error=1lulesh2.0_1i_27p.err

#SBATCH —--ntasks=27

#SBATCH --cpus-per-task=1 - Request resources
#SBATCH --time=00:10:00

#SBATCH —--exclusive

#SBATCH --reservation=Training2l

—

1

srun --cpu-bind=cores ../bin/lulesh2.0_1 -i 10 -s } Run the program
65 -p
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Step 1: Adapt the job script to load Extrae

vi $HOME/tools—-material/extrae/job_27p.sh

#!/usr/bin/env bash

#SBATCH --job-name=1lulesh2.0_1i_27p
#SBATCH --output=lulesh2.0_1i_27p.out
#SBATCH --error=1lulesh2.0_1i_27p.err
#SBATCH --ntasks=27

#SBATCH —--cpus-per-task=1

#SBATCH --time=00:10:00

#SBATCH --exclusive

#SBATCH --reservation=Training2l

Run with Extrae

srun --cpu-bind=cores ../bin/lulesh2.0_1i
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Step 1: Adapt the job script to load Extrae

vi $SHOME/tools—-material/extrae/trace.sh

#!/usr/bin/env bash

#SBATCH --job-name=1lulesh2.0_1i_27p #1/usr/bin/env bash
#SBATCH --output=lulesh2.0_1i_27p.out
#SBATCH --error=1lulesh2.0_1i_27p.err
#SBATCH --ntasks=27

#SBATCH —--cpus-per-task=1
#SBATCH --time=00:10:00

#SBATCH --exclusive

#SBATCH --reservation=Training2l

Load Extrae

module load gcc/7.2.0 EXTRAE/3.8.3
lulesh2.0_27p.prv

What to trace?

extrae.xm

# Configure Extrae

# Load the tracing library (choose C/Fortran)

SEXTRAE_HOME/l1ib/libmpitrace.so

srun --cpu-bind=cores /bin/lulesh2.

#export . .
LD_PRELOAD=$EXTRAE_HOME /1| LT o] o]l (et 1alely!

# Run the program
S*
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Step 1: Which tracing library?

* Choose depending on the application type

U e e oo e

libseqgtrace

libmpitrace[f]! X

libomptrace X

libpttrace X
libcudatrace X
libompitrace[f] ! X X

libptmpitrace[f] ! X X
libcudampitrace[f]* X X

tinclude suffix “f” in Fortran codes
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Step 3: Run it!

* Submit your job

cd SHOME/tools—-material/extrae

sbatch job_27p.sh

* Easy!

10



Step 2: Extrae XML configuration

vi $SHOME/tools—-material/extrae/extrae.xml

<mpi enabled="yes">

<counters enabled="yes" /> ¢
<Jmpi> Trace the MPI calls

(What's the program doing?)

<openmp enabled="no">

<locks enabled="no" />

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

<locks enabled="no" />

<counters enabled="yes" /> Trace the call-stack
</pthread> (Where in my code?)
<callers enabled="yes">

<mpi enabled="yes">1-3</mpi>

<sampling enabled="no">1-5</sampling>
</callers>
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Step 2: Extrae XML configuration (ll)

vi $SHOME/tools—-material/extrae/extrae.xml

<counters enabled="yes">
<cpu enabled="yes" starting-set-distribution="1">

</cpu> .
<network enabled="no" /> Select which
<resource-usage enabled="no" /> HW counters
<memory-usage enabled="no" />
are measured
</counters>

(How'’s the machine doing?)
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Step 2: Extrae XML configuration (llI)

vi S$HOME/tools—-material/extrae/

<buffer enabled="yes">

<size enabled="yes">500000</size> T buff .
<circular enabled="no" /> race buirer size

</buffer> (Flush/memory trade-off)

<sampling enabled="no" type="default" period="50m" variability="16m" />

<merge enabled="yes"

synchronization®™default" .
tree-fan-out="16" Enable sampling

max-memory="512" (Want more details?)

joint-states="yes" .
keep-mpits="yes" Automatic

sort-addresses="yes" post-processing
overwrite="yes"> to generate the

</merge> Paraver trace
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All done! Check your resulting trace

* Once finished (check with “squeue”) you will have the trace (3 files):

1s -1 SHOME/tools—-material/extrae
lulesh2.0_1_27p.pcf

lulesh2.0_i_27p.prv
lulesh2.0_i_27p.row

* Any trouble? Traces already generated here:

1s SHOME/tools—-material/traces

* Now let’s look into it !
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Install Paraver

* Download from https://tools.bsc.es/downloads

.= wxparaver-4.9.2-win.zip

s
@F wxparaver-4.9.2-mac.zip

HIEE oL Va1 s Wwxparaver-4.9.2-Linux_i686.tar.gz (32-bits)

» wxparaver-4.9.2-Linux_x86_64.tar.gz (64-bits)

scp <USER>@mnl.bsc.es:tools-packages/<PKG>

* Also available @MN4
* $HOME/tools-packages
s W = o H EHO A
-+ -+ -+

Get TRACKING

SPECTRAL BASIC ANALYSIS
Signal processing techniques to select representative Framework for automatic extraction of fundamenta
regions from Paraver traces. factors for Paraver traces

Version 3.4.0+«031 MB Version 0.2 « 10.89 MB
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https://tools.bsc.es/downloads

Install Paraver (ll)

laptop$ tar xf wxparaver-4.9.2-1linux-x86_64.tar.gz

laptop$ mv wxparaver-4.9.2-1inux-x86_64 paraver

* Start Paraver

laptop$ paraver/bin/wxparaver

* Trouble installing locally? Remote open from MareNostrum4

mn$ module load paraver

mn$ wxparaver




Install Paraver tutorials ()

* Download tutorials:

Paraver

Tutorials window

File Help
: Tutorials... N i |

out...

will pop-up

Click on Help X

Tutorials

Tutorials dow

Select tutorials to download and install:

‘araver introduction (MP1)

Dimemas introduction
~ Introduction to Paraver and Dimems
~ Methodology
_ Tutorial on HydroC analysis (MPI, Dir
Trace preparation

Cancel oK

Follow 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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No tutorials found!?

Install using the download dialog

‘fou can automatically download and install any of the available tutorials by clicking the “Download and
Install” button.

Just check in the desired tutariale and press the “0K" button,
Manual installation

Pleaza check that a root directory to tutorials is properly defined:
1, Open the Preferences Window.
2. Select Global tab
3. In the Default directories box, change the Titorals roat directary.
4. Save your new settings by clicking the Ok button in the Preferences Window.
5. After that, we will automatically refresh the tuterials list.

6. If nothing happens, come back here and press the Index buttan (the first one at the bottom-left) Lo
rebuild the tutorials list.

If the button Index doesn't seem to work (you're still reading this help!), please verify that:
» Every tutorial iz uncompressed.
« Every tutorial is inside its own subdirectory.
a These subdirectories (or tuterials) are copiedilinked into the root directory that you have selected before

li.a: ome/myuserimytutorials'tutl/, /home/myuserfmytutorals/ftut2/, ekcl.
= Every tutorial has a main index.html [i.e: /home/myuser/mytutorials/tutl/index.htmi ).
If you still get this help after checking these steps again, please contact us at paraver@bsc.es.
Latest tutorials

Find them available at https:/ftools bsc esiparaver-tutorials
« Assingle targz package [127 MB|.
+ Assingle zip packege (127 MB).

Close




Install Paraver tutorials - alternative

" Download tutorials archive

methods(ll)

" https://tools.bsc.es/paraver-tutorials

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

news@tools:~ > paraver 4.7.2 availll

Home » Documentation » Paraver tutorials

These seven tutarials 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
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:

Start here to familiarice with Paraver basic commands and the first steps of a
performance analysis

ar

Paraver introduction (MPI)

The basic steps to learn how to configure and run the Dimemas simulator and to start
looking at the results

ar

Dimemas introduction

ntroduction to Paraver and This tutorial presents different ways to analyze a MPI application through well-known
Dimemas methodology rules, their diagnosis and how they impact on your exploration (no traces included).

o

This tutorial shows some examples of the analysis that can be done using the provided
configuration files.

ar

Methodology

Tutorial on HydroC analysis One example of performance analysis of the MPI application Hydro and further
(MPI, Dimemas, CUDA) simulations with Dimemas.

o

Look at this tutorial to select a representative region for a large trace that cannot be
loaded into memory.

O

Trace preparation

If you identify some unexpected unnalignement or backwards communications, use this
tutorial to learn how to correct shifts between processors

o0

Trace alignment tutorial

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

paraver-tutorials-20150526.tar.gz
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https://tools.bsc.es/paraver-tutorials

Install Paraver tutorials - alternative
methods(lll)

® Start Paraver:
®" Linux: Run the command:

paraver/bin/wxparaver

Preferences =

* Windows: Double-click on
paraver/wxparaver.exe

" MAC: Double click on
paraver/wxparaver.app

" Open File —» Preferences
Setup the “Tutorials root” pointing to
your folder “tutorials”

Click Browse and

select your folder
“tutorials”
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Global Timelir

Trace
Fill State gaps with IDLE State

View full pathin trace selector

Maximum loadable trace size (MB) = 500

Default directories

Traces fhome/gllort

CFGs fhome/gllort/apps/Paraver/4.8.2-devel2/cfgs

Filters XML [home/gllort/Apps/Paraver/4.8.2/shareffilters-config
Tutorials root [home/gllort/Apps/Paraver/4.8.2-devel2/tutorials
Tmp dir fhome/gllort
Behaviour

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

Show help contents on a browser

Cancel

Browse

Browse

Browse

Browse

Browse

OK
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First steps of analysis

* Copy the trace to your laptop

scp <USER>@mnl.bsc.es: \

tools—-material/extrae/lulesh2.0_1i_27p.* S$SHOME

* Load the trace with Paraver

Click on File = Load Trace

— Browse to
“lulesh2.0_i_27p.prv”

Previous Traces

20



First steps of analysis

* Follow Tutorial #3

* Introduction to Paraver and Dimemas methodology

Paraver

File Hints Help

oo Help Contents...

Tutorials...

Tutorials
Barcelona
Supercompuling
Center
Centra Nacional de Supercomputacion
Index

1. Intreduction te Analysis with Paraver - MPI

Click on Help — Tutorials
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5. HydroC Tutorial

6. Paraver trace preparation

L] wnp Close
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Measure the parallel efficiency

* Click on “mpi_stats.cfg”
* Check the Average for the column labeled “Outside MPI”

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.

MPI call profile @ lulesh2.®

i 27p-bind.prv

+ To measure the parallel efficiency load the configuration file
cfgs/mpi/mpi_stats.cfg This chnfiguration pops up a table with % 1€ B 3B Q& (M H B Im*% I %
every thread spends in everyfMPI call. Look at the global statisti] . ..eeee e ceswas
mn. Entry Average represents the
parallel efficiency, entry Avg/Max represents the global load balj
entry Maximum represents the communication efficiency. If any [THREAD 1.19.1
values are lower than 85% is recommended to look at the correg
metric in detail. Open the control window to identify the phases [HUHELD Lozl
of the code. THREAD 1.21.1

THREAD 1.22.1

THREAD 1.18.1

* To measure the computation time distribution load the con
cfgs/general/2dh_usefulduration.cfg This configuration pops up J THREAD 1.23.1
the duration for the computation regions. The computation regio| THREAD 1.24.1
delimited by the exit from an MPI call and the entry to the next
histogram does not show vertical lines, it indicates the computa THREAD 1.25.1
may be not balanced. Open the control window to look at the tin| THREAD 1.26.1

distribution and visually correlate both views.
THREAD 1.27.1

+ To measure the computational load (instructions) distribu
configuration file cfas/papi/2dh_useful i“““““"”s'.c:n :ehéfoiz“ﬁ Total 2,422.86 % 2.36 % 1.94%  4.69% 19.45 % 0.40 % 4.039
an MPI call 89.74 % 0.09 % 0.07 % 0.17 % 0.72 % 0.01 % 0.15 9
» > - - - - ' Maximu 99.01 % 0.17 % 0.15 % 0.44 % 1.56 % 0.02 % 1.03 9

. Open the ct
iews. . um 83.74 % 0.04 % 0.04 % 0.06 % 0.18 % 0.00 % 0.00 9
StDev 3.97 % 0.02 % 0.03 % 0.10 % 0.42 % 0.00 % 0.319
0 - - Avg/Ma 0.91 l 0.51 0.48 0.39 0.46 0.69 0.1

OdU DdAadlcd C
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* Click on “2dh_usefulduration.cfg” (2nd link) ¥ Shows time computing

Computation time distribution

2

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 pr

a Tnmeasiura the cerial reninns narfarmanca lnnk at the

To measure the parallel efficiency load the configuratig
cfgs-npi- npi_stats. cfg This configuration pops up a
every thread spends in every MPI call. Look at the global 4
the outside mpi column. Entry Average represents the ap
efficiency, entry Avg/Max represents the global load balar|
represents the communication efficiency. If any of those v
85% is recommended to look atthe corresponding metri
control window to identify the phases and iterations of the

h|5togram does not show vertlcal lines, itindicates the co
not balanced. Open the control window to look at the time|
correlate both views.

To measure the computational load (instructions) dis
configuration file cfgs-papi-2dh useful instructic
configuration pops up a histogram of the instructions for t
The computation regions are delimited by the exit from an|
to the next call. If the histogram doesn't show vertical line
distribution of the instructions may be not balanced. Open
look at the time distribution and correlate both views.

e B 3@ L & W H

o I

b

THREAD 1.3.1 [4,601.01..5,521.06) = 0 us
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Computation load distribution

* Click on “2dh_useful_instructions.cfg” (3rd link) ¥ Shows amount of work

€ B 3 L& W A N D %

ent does it
1 1 L 1L e Speqﬁ: the
e seria
- |]I - 31
W1 T | A
T 1 |
1 l:l It | I
T | - L ,
—a G B &p \-%'Pa B 1ol 2 %
! 'qll ml A
T 1]
1 = s
L T | N |
- T - F‘;[ ]
I | |
N} mm| |
1T 1 |
T mul N
1 i - Sl
I | - T
THREAD 1.3.1 [4,601.01..5,521.06) us HI
histogram of the duratio for the computation regions. The| ]
are delimited by the exit(som an MPI call and the entry to N
histogram does not sho lines, itindicates the con (11
not balanced. Open the coltrGl vindow to look at the time ]
correlate both views. 11
" Good work
» To measure th il
configuration fil 1| . . °
configuraton p e h distribution
The computation regions are an| [
to the next call. If the histogram {oesn't show vertical lineq [[TF =3 Q Q
distribution of the instructions majibe not balanced. Open /25 (Stralght Ilne)
look at the time distribution and cdirelate both vie ] |
[l ]
a T meacura th |I
[N
£| il > III | I
(N
[11

imbalance

(zig-zag)
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|THREAD 1.3.1 [257,874,652.18..262,033,903.79) = 0 us
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2dh
IE

Where does this happen?

Go from the table to the timeline

useful instructions @ lulesh2.0 i 27p-bind.prv

B o Ol v o owmix oz

— — Click on

“Open Filtered

Control Window”

Right click

— Fit Semantic Scale

Select this area — Fit both

(by drag-and-dropping)
-

THREAD 1.1.1

THREAD 1amprha= ik :

THREAD 1.1%

THREAD 1.27

......
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@:

Where does this happen?

. m & m at the same time? [l Imbalance

useful instructions 20Zoom range [1.62212e+08,3.90071e+08) @ lulesh2.0 1 27p-bind.prv
THREAD 1.1.1

THREAD 1.10.1

THREAD 1.19.1

Zoom into
1 of the iterations

(by drag-and-dropping)

useful instructions 2DZoom range [1.6:.712e+08,3.30971e+08) @ lulesh2.0 1 27p-bind.prv
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Where does this happen?

* Hints = Call stack references = Caller function

useful instructions 2D0Zoom range [1.62212e+08,3.90971e+088) @ lulesh2.0 1 27p-bind.prv
THREAD 1.1.1

THREAD 1.1@.1
THREAD 1.19.1

THREAD 1.27.1

Right click
— Paste = Time

MPI caller @ lulesh2.0 1 27p-bind.prv
THREAD 1.1.1 : '
THREAD 1.5.1

THREAD 1.9.1

THREAD 1.13.1

THREAD 1.17

THREA

CommRecv CommSend Timelncrement

Barcelona

Supercomputing

Center 2
Conlrg Naciona! o8 Supacamoulacion 7




Save CFG’s (2 methods)

useful instructions 2DZoom range [1.62212e+08,3.90971e+88) @ lulesh2.0 i 27p-bind.prv

THREAD 111 § Copy CTRL+C
Paste
Clone

Undo Zoom CTRL+U
iedo £oom CTRL+R
Fit Time Scale

Right CIiCk on Fit Semantic Scale

dimeli Fit Objects
meline Select Objects...

View
Paint As
Crawmode

Pixel Size
Object Labels
Object Axis

b . . . .

Run

Synchronize

IF|

ol L

Timing CTRL+T
Info Panel

Barcelona
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Configuration...
Image...

Image Legend...
Text...
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Save CFG’s (2 methods)

Load Trace...

Previous Traces » 1. Main Pa raver

Unload Traces... [ —

o
Load Configuration... WlndOW

Previous Configurations
figuration...

Load Session... CTRL+I = e

Save Session... CTRL+5 EliE TR

Preferences... th Ilulesh2.ﬂ_2?p.pw j — Timeline options

i
" ) L

Quit Timelines Histograms ¥ Relative begin time
I 2db useful instiuctions useful instructions @ lulesh2.0,+ MPI call profile @ lulesh2.0_27p.prv | I# Relative end time
[ £ Instructions.cl @ lulesh2.0_27¢ 2DH useful duration correlated witl

= &8 MPI caller 2dh useful instructions @ lulesh2.0 r Compute semantic scale

Useful.cl @ lulesh2.0_27p.prv
u i I ['arng
Instructions.cl.cl @ lulesh2.0_
Useful.clcl @ lulesh2.0_27p.pr
MPI caller @ lulesh2.0_27p prv & Alltrace

Last MPI caller @ lulesh2.0_27f  All window

2. Select Set all Unset all Set all Unset all | [¥ Compute gradient limits

Description

— Histogram options

1 |

=

| -

[ Save whole CFGin basic mode Save Cancel |
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CFG’s distribution

* Paraver comes with many more included CFG'’s

File Hints Help

Load Trace...
Previous Traces »
Unload Traces...
Load Configuration... ] r_ o— [ ==
Previous Configurations » - Look in: I cfags - | @l | | = ":::l
Save Configuration... J . 9 ﬂ E el
Load Session... CTRL+I H H
e Seesion, CTRL+S burst_mode J ava sampling+folding
P — clustering mpi SCripts
- ith
Quit counters_PAPI OmpS5s software_counters
----- i =] 2dh useful instructions r_ r_
I £3 useful instructions 2DZoom range [1.60154e+0( CLIDA DpE'rI CL EpE":tral
- £8 MPI caller .
folding [ openmp
‘ | ] General pthread
Files & Window Properties
Ed1ib -]
t libbsctools .
share File name: TI Dpen
sre
t DTeIegra_m J . ) - - -
i uncrustify Files of type: Paraver configuration file (*.cfg) ""'I Cancel
P, B huret_moda

Lelle

Paraver files

Barcelona
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Hints: a good place to start!

* Paraver suggests CFG’s based on the contents of the trace

File Hints Help

= Useful »
PAPI counters 4 MPI size
Use
call stack references 4 MPI profile
Windo
Flush 4 Point 2 point connectivity pattern

lulesiic.u_crpupnv
e Histogram of durations per MPI call

Histogram of message sizes per call

Files & Window Properties

= B

Automatic Redraw Force Redraw

Bareelona
Supemnmpuﬂng

@
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Cluster-based analysis (I)

* Run the clustering tool on the trace you generated

module load clustering_suite

cd SHOME/tools—-material/clustering

BurstClustering \
-d cluster.xml \
-1 ../extrae/lulesh2.0_1_27p.prv \
-0 lulesh2.0_1_27p_clustered.prv

* If you didn’t get your own trace, use a prepared one from:

1s
$HOME /tools—-material/traces/lulesh2.0_1i_27p.prv




Cluster-based analysis (ll)

Check the clustering scatter plot
gnuplot \

lulesh2.0_1i_27p_clustered.IPC.PAPI_TOT_INS.gnuplo
t

|dentify main computing trends

Cluster Analysis Results of trace "lulesh2.07p.prv'
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1 .
C Cluster 16

1 1 1 1
1.2 1.4 16 18 2 2.2 2.4 2.6 2.8
IPC

indicate potential imbalances

Barcelona

Supercomputing

Center

Cenlry Maciornal o Suparcampulacicn



Cluster-based analysis (1)

* Check the clustered trace
* Copy the trace to your laptop

scp <USER>@mnl.bsc.es: \

tools—-material/clustering/*.{pcf,prv,row} $SHOME

* Load with Paraver

paraver/bin/wxparaver \
$HOME /lulesh2.0_1_27p_clustered.prv

* File ¥ Load configuration MW paraver/cfgs/clustering/cluster|D_window.cfg
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Cluster-based analysis (1)

* Correlate scatter plots & timelines to detect imbalances

terID @ lulesh2.0 i 27p clustered.prv
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Cluster Analysis Results of trace 'lulesh2.0;7p.prv'
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