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Accounts

Users: nct010XX
Password: f.23s.nct.0XX

XX =[01-60]




Extrae features

(

(

(

(

(

(

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

Platforms
— Intel, Cray, BlueGene, MIC, ARM, Android, Fujitsu Spark...

Performance Counters
— Using PAPI interface

Link to source code
— Callstack at MPI routines
— OpenMP outlined routines
— Selected user functions (Dyninst)

Periodic sampling

User events (Extrae API)
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Extrae overheads

Event 150-200 ns 197 ns
Event + PAPI 750 ns —1us 5.5 US
Event + callstack (1 level) 600 ns 1 us

Event + callstack (6 levels) 2 US 3.3 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 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 the job submission script

2. (Optional) Tune the Extrae XML configuration file
— Examples distributed with Extrae at SEXTRAE_HOME/share/example

3. Run it!

(€ For further reference check the Extrae User Guide:
— Also distributed with Extrae at SEXTRAE_HOME/share/doc

— http://www.bsc.es/computer-sciences/performance-tools/documentation
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Log in to Minotauro

@ your laptop

> ssh @mtl .bsc.es

({ The following directory in your home folder contains all the examples:

@ mtl.bsc.es

> 1ls -1 SHOME/tools-material

. apps/
.. extrae/
slides/

traces / Here you have a copy of this slides.
You can copy them to your laptop
or open remotely with:
> evince SHOME/tools-
material/slides/Extrae_and_Paraver_Hands_On.pdf
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Step 1: Adapt the job script to load Extrae (LD _PRELOAD)

@ mtl.bsc.es

> vi $HOME/tools-material/extrae/job 27p openmpi.sh

job_27p _openmpi.sh

#!/bin/bash

# @ initialdir =.

# @ output = lulesh2_27p_%j_openmpi.out

# @ error=  lulesh2_27p_% |j_openmpi.err
# @ total tasks =27

# @ cpus_per_task =1

# @ tasks_per_node =12

# @ wall_clock_limit = 00:10:00

# @ node_usage = not_shared

# @ reservation = nct_64_215

module unload bullxmpi
module load  openmpi /1.8.1

export OMP_NUM_THREADS=1

mpirun  —np 27 -- bind -to socket -- map- by socket
..lapps/lulesh2.0 - openmpi
-i 10 -p -s65
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Step 1: Adapt the job script to load Extrae (LD _PRELOAD)

@ mtl.bsc.es

> vi $HOME/tools-material/extrae/job 27p openmpi.sh

job_27p _openmpi.sh

#!/bin/bash

# @ initialdir =.

# @ output = lulesh2_27p_%j_openmpi.out

# @ error=  lulesh2_27p_% j_openmpi.err
# @ total_tasks =27

# @ cpus_per_task =1

# @ tasks_per_node =12

# @ wall_clock_limit =00:10:00

# @ node_usage = not_shared

# @ reservation = nct_64_215

module unload bullxmpi
module load  openmpi /1.8.1

export OMP_NUM_THREADS=1
export TRACE NAME=lulesh2 27p openmpi.prv

mpirun —-np 27 -- bind -to socket -- map- by socket
./trace.sh ../apps/lulesh2.0 - openmpi
-i 10 -p -s65
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Step 1: Adapt the job script to load Extrae (LD _PRELOAD)

@ mtl.bsc.es

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

job_27p _openmpi.sh

#!/bin/bash
# @ initialdir =.
# @ output = lulesh2_27p_%j_openmpi.out

# @ total_tasks =27

# @ cpus_per_task =1

# @ tasks_per_node =12

# @ wall_clock_limit =00:10:00
# @ node_usage = not_shared

# @ reservation = nct_64_215

module unload bullxmpi
module load  openmpi /1.8.1
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# @ error=  lulesh2_27p_% j_openmpi.err

$*
export OMP_NUM_THREADS£1
export TRACE NAME=lyfesh2 27p openmpi.prv
mpirun d -to socket -- map- by socket

trace.sh

#!/bin/bash

# Configure Extrae
export EXTRAE CONFIG_FILE=./extrae.xml

# Load the tracing library (choose C/Fortran)
export LD PRELOAD=${EXTRAE HOME}/lib/libmpitrace.so
#export LD_PRELOAD=${EXTRAE_HOMEIlib/libmpitracef.so

# Run the program

- openmpi

Pick tracing library
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Step 1: Which tracing library?

(€ Choose depending on the application type

libsegtrace

libmpitrace[f]* \Y

libomptrace V

libpttrace V
libcudatrace V
libompitrace[f] V Vv

libptmpitrace[f] \Y \Y
libcudampitrace[f] * V V

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

(€ Submit your job

@ mtl.bsc.es

> cd $SHOME/tools-material/extrae

> mnsubmit job 27p openmpi.sh

( Easy!J
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Step 2: Extrae XML configuration

@ mtl.bsc.es

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

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

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

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

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

</callers>

<counters enabled="yes" /> Trace MPI calls + HW counters

<sampling enabled ="y e 4-'5%/sampling>

Trace call-stack events @

MPI calls
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Step 2: Extrae XML configuration (Il)

@ mtl.bsc.es

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

<counters enabled ="yes">

<set enabled ="yes" domain="all " changeat -time="500000us">
PAPI_TOT_INS, PAPI_TOT_CYC, PAPI_L1 DCM, PAPI_L3_TCM,
PAPI_BR_CN, PAPI_VEC _SP, PAPI_VEC_DP

</set>

<set enabled ="yes" domain="all " changeat -time="500000us">
PAPI_TOT_INS, PAPI_TOT_CYC, PAPI_BR_UCN, PAPI_BR_MSP,
PAPI_SR_INS, PAPI_LD_INS

</ set>

<set enabled ="yes" domain="all " changeat -time="500000us">

</set>
<set enabled ="yes" domain="all " changeat -time="500000us">

</set>
</ cpu>
<network enabled ="no" />
<resource -usage enabled ="no" />
<memory- usage enabled ="no" />
</ counters >

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

Select which HW

counters are
measured
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Step 2: Extrae XML configuration (l1)

@ mtl.bsc.es

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

<buffer enabled="yes">
<size enabled="yes">500000</size> Trace buffer size

<circular enabled="no" />
</buffer>

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

<merge enabled="yes"
synchronization="default" Enable sampling
tree -fan -out=" 16
max- memory="512"
joint - states ="yes"
keep - mpits ="yes"
sort - addresses ="yes" Merge intermediate

overwrite ="y e s “ files into Paraver
trace

$TRACE_NAMES$

</merge >
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All done! Check your resulting trace

(€ Once finished (check with “mnq”) you will have the trace (3 files):
@ mtl.bsc.es

> 1s -1 SHOME/tools-material/extrae
lulesh2 27p openmpi.pcf

lulesh2 27p openmpi.prv
lulesh2 27p openmpi.row

(€ Any trouble? Traces already generated here:
@ mtl.bsc.es

> 1ls SHOME/tools-material/traces

(€ Now let’s look into it!

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

16



Installing Paraver

(€ Download the Paraver binaries to your laptop

@ your laptop

@mtl.bsc.es:tools-packages/

®

Linux 64 bits wxparaver-4.6.1-1linux-x86 64.tar.gz

Linux 32 bits wxparaver-4.6.1-1linux-x86 32.tar.gz

Mac wxparaver-4.6.1-mac.zip

Windows wxparaver-4.6.1-win.zip
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Installing Paraver (I1)

(€ Uncompress the package into your home directory
@ your laptop

> tar xvfz -C S$HOME

> 1ln -s SHOME/ $HOME /paraver

(€ Download Paraver tutorials and uncompress into the Paraver directory

@ your laptop

> scp @mtl.bsc.es:tools-packages/paraver-tutorials.tar.gz $HOME

> tar xvfz $HOME/paraver-tutorials.tar.gz -C $HOME/paraver
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Check that everything works

(€ Start Paraver

> $HOME/paraver/bin/wxparaver &

@ your laptop

(€ Check that tutorials are available

@ S @ Pparaver
File Help

: Tutorials...p & 4@

;Nindo About...

All Traces

Click on Help A Tutorials

® Tutorials
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Index

1. Introduction to Analysis with Paraver - MPI

2. Introduction to the Use of Dimemas

3. Introduction to Paraver and Dimemas methodology

4. Analysis with Paraver & Dimemas - Methodology

5. HydroC Tutorial

6. Paraver frace preparation

=EIEE]

(€ Trouble installing locally? Remote open from Minotauro

> ssh @mtl.bsc.es
> module load bsctools
> wxXparaver &

@ mtl.bsc.es
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First steps of analysis

(C Copy the trace to your laptop (if using Paraver locally) @ your laptop

@mtl.bsc.es:tools-material/extrae/lulesh2 27p openmpi.* $HOME

(€ Load the trace with Paraver

Click on File A Load Trace A Browse to:
SHOME/lulesh2_27p_openmpi.prv

-~

Paraver
File Help

Previous Traces v o Tutorials

: Barcelona
Supercomputing
i Center
(( FOI IOW TUtO rl al #3 Centra Nacional de Supercomputacion
— Introduction to Paraver and Dimemas methodology Index
— 1. Introduction to Analysis with Paraver - MPI
Paraver

File Help 2. Introduction to the Use of Dimemas
Tutorials... w5 r 3. Introduction to Paraver and Dimemas methodology
winds About... 4. Analysis with Paraver & Dimemas - Methodology
All Traces - 5. HydroC Tutorial

6. Paraver trace preparation

Click on Help A Tutorials =] =] =
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Measure the parallel efficiency

(€ Click on “mpi_stats.cfg”
— Check the Average for the column labeled “Outside MPI”

To measure the parallel efficiency load the configuration file
cfas/mpi/moi stats.cfg This configuration pops up a table with
%time of every thread spengs in every MPI call. Look at the global |

outside mpi column. Entry Average
represents the application parallel efficiency, entry Avg/Max

Commanication £Miiency I any of those vayues are lower 1 AR X
communication efficiency. If any of those values are lower tha bz prEile L eate Sln SREITEET

recommended to look at the corresponding metric in detail. C |@ B 20 O & |H|| H|H| | %
control window to identify the phases and iterations of the co ——
THREAD 1.17.1 9

« To measure the computation time distribution load the THREAD 1.18.1
configuration file cfgs/general /2dh usefulduration.cfd TyHREAD 1.15.1
configuration pops up a histogram of the duration for the com
regions. The computation regions are delimited by the exit frc THREAD 1.20.1
call and the entry to the next call. If the histogram does not s THREAD 1.21.1 9
vertical lines, it indicates the computation time may be not biy4READ 1.22.1
Open the control window to look at the time distribution and '
correlate both views.

THREAD 1.23.1

THREAD 1.24.1
« To measure the computational load (instructions) distri THREAD 1.25.1
THREAD 1.26.1
= THREAD 1.27.1
Toktal 2.320.02 % 414 % 0.96 % 8.46 %
Average 85.93 % 0.15% 0.04 % 0.31%
Maximum X 0.37% 0.07 % 0.57 %
Minimum 75.12% 0.03 % 0.02 % 0.03 %
StDev 5.75% 0.07 % 0.01 % 0.14 %
Avg/Max 0.87 0.4 0.49 0.55
|
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Measure the computation time distribution

(€ Click on “2dh_usefulduration.cfg”

« To measure the parallel efficiency load the configuration file
cfogs/mpi/mpi stats.cfa This configuration pops up a table with
%time of 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 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 §le cfgs/general /2dh usefulduration.cfq This
configuration Bops up a histogram of the duration for the comput
regions. The
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 the computational load (instructions) distribution

Close

i
1
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o 2DH useful duration correlated with @ lulesh2_27p_openmpi.prv
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Measure the computation time distribution

(

Click on “2dh_usefulduration.cfg” € B

o 2DH useful duration correlated with @ lulesh2_27p_openmpi.prv

iﬂ&& L.

&
S =
o=l

« To measure the parallel efficiency load the configuration file | |
cfogs/mpi/mpi stats.cfa This configuration pops up a table with ]
%time of 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 I = |

recommended to look at the corresponding metric in detail. Open the
control window to identify the phases and iterations of the code. THREAD 1.2.1 [376 ¥, 128.58,
& 2DH useful duration correlated with @ lulesh2_27p_openmpi.prv

e E B @ [Q@ [miu/En

=Uus

« To measure the computation time distribution load the
configuration §le cfgs/general /2dh usefulduration.cfq This
configuration Bops up a histogram of the duration for the comput
regions. The
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.

Processes that

fall in sockets

with 5 tasks
(SLOW)

¢ To measure the computational load (instructions) distribution

= Close

Processes that
fall in sockets
with 4 tasks
(FAST)

D 1.27.1 [278,596.33..2?8,?46.09} =0us
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Thank you!
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