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Getting a trace with Extrae
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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 need to
» Using PAPI interface recompile

, link!
Link to source code or relin

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

Periodic sampling

User events (Extrae API)

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021) 2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

How does Extrae work?

= Symbol substitution through LD_PRELOAD

= Specific libraries for each combination of runtimes
MPI m 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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Extrae on IVYMUC (I)

» Log into IVYMUC:
ssh -Y <USER>@1xloginl@.lrz.de

= Extrae is available via modules...

module use /lrz/sys/courses/vihps/modulefiles
module load extrae/3.8.3

= .. as are the other BSCTOOLS:

module load wxparaver

module load clustering
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Getting your first trace

» Provided folder bsctools in /1rz/sys/courses/vihps/material contains:
» Application compiled for the Intel and GNU toolchains (1ulesh2.0-intel, lulesh2.0-gnu)
= Jobscripts to execute and trace (job-intel.sh, job-gnu.sh, trace.sh)
» Configuration of the tracing tool (extrae.xml)
» Already generated tracefiles (traces/*. {pcf, prv, row})
» (Clustering analysis configuration file (cluster.xml)

= Copy this folder to your and you are ready to follow this hands-on tutorial

cp -R /1lrz/sys/courses/vihps/material/bsctools $HOME
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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. Run it!

» For further reference check the Extrae User Guide:

» https://tools.bsc.es/doc/html/extrae
= Also distributed with Extrae at SEXTRAE HOME/share/doc
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Step 1: Adapt the job script to load Extrae

= Example of a standard jobscript (without tracing)

1/usr/bin/env bash

#SBATCH ——job—name=lulesh2.@—intel_27p-
#SBATCH --output=%x.%j.out

#SBATCH --error=%x.%j.err
#SBATCH --clusters=ivymuc p— Request resources
#SBATCH --nodes=2

#SBATCH --ntasks=27
#SBATCH --get-user-env
#SBATCH --time=00:10:00

module load slurm_setup

1

mpirun ../bin/lulesh2.@-intel -i 10 -s 65 -p | Run the program
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Step 1: Adapt the job script to load Extrae

= Jobscript modified to load Extrae (extrae/job-intel.sh)

1/usr/bin/env bash

#SBATCH --job-name=lulesh2.0-intel 27p
#SBATCH --output=%x.%j.out

#SBATCH --error=%x.%j.err

#SBATCH --clusters=ivymuc

#SBATCH --nodes=2

#SBATCH --ntasks=27

#SBATCH --get-user-env

#SBATCH --time=00:10:00

module load slurm_setup

1
lulesh2.0-intel 27p.prv

../bin/lulesh2.0-intel -i 10 -s 65 -p

Run with Extrae
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Step 1: Adapt the job script to load Extrae

» Tracing launcher helper script (extrae/trace.sh)

1/usr/bin/env bash #!/usr/bin/env bash
#SBATCH --job-name=lulesh2.0-intel 27p module use /lrz/sys/courses/vihps/modulefiles
#SBATCH --output=%x.%j.out module load extrae

#SBATCH --error=%x.%j.err
#SBATCH --clusters=ivymuc
#SBATCH --nodes=2

#SBATCH --ntasks=27
#SBATCH --get-user-env
#SBATCH --time=00:10:00

EXTRAE CONFIG FILE=./extrae.xml What to trace?
# For C apps
LD PRELOAD=${EXTRAE_HOME}/1lib/libmpitrace.so
# For Fortran apps
#texport LD PRELOAD=${EXTRAE_HOME}/lib/libmpitracef.soO

module load slurm_setup ## Run the desired program Choose a tracing

*
4 library depending on
2.0-intel 27p.prv the app type (see next
slide)

OMP_NUM_THREADS=1
TRACE_NAME=1u

mpirun ../bin/lulesh2.0-intel -i 10 -s 65 -p
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Step 1: Which tracing library?

= Choose depending on the application type

mm:lm

libseqgtrace

libmpitrace[f]! v

libomptrace v

libpttrace v
libcudatrace v
libompitrace[f] 1 v v

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

1 add suffix “'f” in Fortran codes

P —
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Step 2: Extrae XML configuration

<mpi enabled="yes">
<counters enabled="yes" /> Instrument the MPI calls

</mpi> (What’s 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

(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 (II)

<counters enabled="yes"> <buffer enabled="yes">
<cpu enabled="yes" starting-set-distribution="1"> <size enabled="yes">5000000</size>
<circular enabled="no" /> Extrae buffer size
</buffer> (Flush/memory trade-off)
</cpu> <sampling enabled="no" type="default" period="56m"
<network enabled="no" /> variability="1em" />
<resource-usage enabled="no" />
<memory-usage enabled="no" /> <merge enabled="yes" Additional sampling
</counters> Select which synchronization=%gefault” (Want more details?)

HW counters tree-fan-out="16"
are measured max-memory="512"
(How’s the machine doing?) joint-states="yes"

keep-mpits="yes™"
PP y Automatic

post-processing
to generate the

sort-addresses="yes"
overwrite="yes">
$TRACE_NAME$
</merge>

papi_best set \

Paraver trace

omnipresent <list-of-counters> \

<list-of-counters>

T ————— —
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Step 3: Run it!

= Submit your job as usual

ivymuc$ sbatch --reservation=hhpsls21 workshop job-intel.sh

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

ivymuc$ 1s -1

lulesh2.0-intel 27p.pcf
lulesh2.0-intel 27p.prv
lulesh2.0-intel 27p.row

= Any trouble? There’s a trace already generated under the “traces” folder

= Now let’s look into it!
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Analysing a trace with Extrae
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First steps of analysis

= Copy the trace to your computer

= | oad the trace with Paraver

Paraver

File Help
Click on File - Load Trace Tm%
- Browse to “lulesh2.0-intel_27p.prv” e

Previous Traces
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First steps of analysis

» Follow Tutorial #3
= Introduction to Paraver and Dimemas methodology

@ G Tutorials
Barcelona
Supercompuiing
O p Center
araver Centra Nacional de Supercomputacion
File Help Index

Tutorials...ged
Winde About...

All Traces =

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

Click on Help - Tutorials 6. Paraver trace preparation

EjE)E]

O O ——
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Measure the parallel efficiency

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Click on “"mpi_stats.cfg”

= Check the Average for the column labelled "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.

s Ae AT thaspanatialbaffisiancy load the configuration file
cfgs mnpi- npi_stats ofgThs configuration pops up a table with %time that
avanithread cnande in avarny MITT call. Look at the global statistics atthe 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 file
cigs/general2db_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 ime 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 load the
configuration file cfgs<papi-2dh useful instructions. cfgThis
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 correlate both views.

a Tn measiure the serial reninns nerfarmanrce lnnk at the 1B fimeline lnaded

2l |

Close

%

b Default

- |2

=] MPI call profile @ lulesh2.0-intel-27p.prv

E B & W H A

THREAD 1.15.1
THREAD 1.16.1
THREAD 1.17.1
THREAD 1.18.1

THREAD 1.19.1

THREAD 1.20.1

THREAD 1.21.1

THREAD 1.22.1

THREAD 1.23.1

THREAD 1.24.1

THREAD 1.25.1

THREAD 1.26.1

THREAD 1.27.1

Parallel efficiency (Avg)

- -
Minimum

Comm efficiency (Max)

StDev

Load balance (Avg/Max)

Outside MPI| MPI_Isend MPI_Irecv MPI_Wait MPI_Waitall MPI_Barrier MPI_Reduce

19.35%
0.72 %
1.20%
0.09 %
027 %

0.60

234 %
0.09 %
0.18 %
0.04 %
0.03%

0.48

4745 %
1.76 %
4.02%
021%
1.19%

0.44

1.69%
0.06 %
0.35%
0.01%
0.07 %

0.18

1.15%
0.04 %
0.10 %
0.01 %
0.02 %

041

13.08 %
0.48 %
1.38%
0.00 %
0.39%

0.35
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Focus on the iterative part

MPI call @ lulesh2.0-intel-27p.prv

THREAD
THREAD

THREAD
THREAD

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021)

Click on
Open Control Window

MPI call profile @ lulesh2.0-intel-27p.prv
IE B ® Q@& MW Hm%Yw Iy w Default ~ 2
Outside MPI| MPI_Isend MPI_Irecv MPl_Wait MPI_Waitall MPI_Barrier MPI_Reduce

THREAD 1.15.1 90.65 % 093 % 012 % 0.35% 0.14 % 0.05 % 0.15 %
THREAD 1.16.1 92.19 % 0.84 % 0.08 % 037 % 012 % 0.03 % 0.00 %
THREAD 1.17.1 91.62 % 0.89 % 0.11% 043 % 0.19% 0.06 % 0.03 %
THREAD 1.18.1 89.04 % 0.72 % 0.08 % 1.28% 0.07 % 0.03 % 0.23 %
THREAD 1.19.1 9220 % 0.88 % 0.05 % 021% 0.10 % 0.03 % 0.03 %

THREAD 1.20.1 88.59 % 0.88 % 0.07 % 047 % 0.10 % 0.03 % 0.37 %
THREAD 1.21.1 86.85 % 0.81% 0.05 % 1.56 % 0.08 % 0.03 % 0.43 %

THREAD 1.22.1 (TXPE] 082% 007% 055% 0.09 % 0.03 % 0.42 %
THReAD 1.23.1[JEEEIRY 101% 010% 284% 0.35% 0.10 % 0.00 %
THREAD 1.24.1 (LREE] 080% 007% 396% 0.01 % 0.03 % 0.31%
THREAD 1.25.1 CIRFE] 053% 005% 368% 0.01 % 0.03 % 0.16 %
THREAD 1.26.1 (IXEE] 036% 006% 4.02% 0.01 % 0.03 % 0.32 %
THREAD 1.27.1 (PRl 046% 004% 327% 0.01 % 0.03 % 0.44 %
Total 241452% 1935% 234% 47.45% 1.69 % 1.15 % 13.08 %
Average 89.43%  072% 009% 176% 0.06 % 0.04 % 0.48 %
Maximum 98.21%  1.20% 0.18% 4.02% 0.35% 0.10 % 1.38 %
Minimum 8246%  0.09% 004% 021% 0.01 % 0.01% 0.00 %
StDev 378%  027% 003% 119% 0.07 % 0.02 % 0.39 %
Avg/Max 0.91 0.60 0.48 0.44 0.18 0.41 0.35
2021-06-15
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Focus on the iterative part

MPI call @ lulesh2.0-intel-27p.prv

THREAD

THREAD

THREAD MPI call profile @ lulesh2.0-gnu-27p.prv

THREAD 1.27.: - ] E B33 O @ mlulem®w % n Default -2

Outside MPI| MPI_Isend MPI_Irecv MPl_Wait MPI_Waitall MPI_Barrier MPI_Reduce

THREAD 1.15.1 90.65 % 0.93 % 0.12 % 0.35% 0.14 % 0.05 % 0.15%
THREAD 1.16.1 92.19 % 0.84 % 0.08 % 0.37 % 0.12 % 0.03 % 0.00 %
THREAD 1.17.1 91.62 % 0.89 % 0.11 % 0.43 % 0.19 % 0.06 % 0.03 %
THREAD 1.18.1 89.04 % 0.72 % 0.08 % 1.28 % 0.07 % 0.03 % 023 %
THREAD 1.19.1 92.20 % 0.88 % 0.05 % 021 % 0.10 % 0.03 % 0.03 %

THREAD 1.20.1 88.59 % 0.88 % 0.07 % 047 % 0.10 % 0.03 % 0.37 %
THREAD 1.21.1 86.85 % 0.81% 0.05 % 1.56 % 0.08 % 0.03 % 0.43 %

THREAD 1.22.1 (TXPE] 082% 007% 055% 0.09 % 0.03 % 0.42 %

. THReAD 1.23.1[JEEEIRY 101% 010% 284% 0.35% 0.10 % 0.00 %

Drag & drop on this area THREAD 1.24.1 (LREE] 080% 007% 396% 0.01% 0.03 % 0.31%
to zoom on the iterative region THREAD 1.25.1 CIRFE] 053% 005% 368% 0.01 % 0.03 % 0.16 %
THREAD 1.26.1 (IXEE] 036% 006% 4.02% 0.01 % 0.03 % 0.32 %

THREAD 1.27.1 (PRl 046% 004% 327% 0.01 % 0.03 % 0.44 %

Total 241452% 1935% 234% 47.45% 1.69 % 1.15 % 13.08 %

Average 89.43%  072% 009% 176% 0.06 % 0.04 % 0.48 %

Maximum 98.21%  1.20% 0.18% 4.02% 0.35% 0.10 % 1.38 %

Minimum 8246%  0.09% 004% 021% 0.01 % 0.01% 0.00 %

StDev 378%  027% 003% 119% 0.07 % 0.02 % 0.39 %

Avg/Max 0.91 0.60 0.48 0.44 0.18 0.41 0.35
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Recalculate efficiency of iterative region

MPI call @ lulesh2.0-intel-27p.prv

THREAD
THREAD
THREAD 1.27.: _ e ava B @ Q@& [miulemnzy v Default -z

Outside MPI| MPI_Isend MPI_Irecv MPl_Wait MPI_Waitall MPI_Barrier MPI_Reduce

THREAD 1.15.1 90.65 % 0.93 % 012 % 0.35% 0.14 % 0.05 % 0.15 %

THREAD 1.16.1 92.19 % 0.84 % 0.08 % 0.37% 0.12 % 0.03 % 0.00 %

THREAD 1.17.1 91.62 % 0.89 % 0.11 % 0.43 % 0.19% 0.06 % 0.03 %

THREAD 1.18.1 89.04 % 0.72 % 0.08 % 1.28 % 0.07 % 0.03 % 0.23 %

THREAD 1.19.1 92.20 % 0.88 % 0.05 % 021% 0.10 % 0.03 % 0.03 %

THREAD 1.20.1 88.59 % 0.88 % 0.07 % 0.47 % 0.10 % 0.03 % 0.37 %

Right click 9 THREAD 1.21.1 86.85 % 0.81% 0.05 % 1.56 % 0.08 % 0.03 % 0.43 %

THREAD 1.22.1 88.02 % 0.82 % 0.07 % 0.55% 0.09% 0.03 % 0.42 %

Copy THReAD 1.23.1 [ EEEIR 101% 010% 284% 035% 0.10 % 0.00 %

THREAD 1.24.1 85.73 % 0.80 % 0.07 % 3.96 % 0.01 % 0.03 % 0.31 %

THREAD 1.25.1 87.79 % 0.53 % 0.05 % 3.68% 0.01 % 0.03 % 0.16 %

THREAD 1.26.1 86.03 % 0.36 % 0.06 % 4.02 % 0.01 % 0.03 % 0.32 %

THREAD 1.27.1 85.52 % 0.46 % 0.04 % 327 % 0.01 % 0.03 % 0.44 %

Total 2,41452 % 19.35% 234% 47.45% 1.69 % 1.15% 13.08 %

Average 89.43 % 0.72 % 0.09 % 1.76 % 0.06 % 0.04 % 0.48 %

Maximum 98.21 % 1.20% 0.18 % 4.02 % 0.35% 0.10 % 1.38%

Minimum 82.46 % 0.09 % 0.04 % 021 % 0.01% 0.01 % 0.00 %

StDev 3.78 % 027 % 0.03 % 1.19% 0.07 % 0.02 % 0.39 %

Avg/Max 0.91 0.60 0.48 0.44 0.18 0.41 0.35
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Recalculate efficiency of iterative region

MPI call @ lulesh2.0-intel-27p.prv

THREAD
THREAD 1.
THREAD 1.19.: MPI call profile @ lulesh2.0-intel-27p.prv
THREAD 1.27.. . e @@ Q@ W mw s % w Default - @
Outside MPI| MPL_Isend MPI_Irecv MPI_Wait| MPI_Waitall MPI_Allreduce MPI_Comn
THREAD 1.15.1 87.9
THREAD 1.16.1 SEMENIERR  020%  010%  029% 011%  918%
THREAD 1.17.1 ECRERA 029%  015%  040% 012% . 968%
THREAD 1.18.1 JE | 025% 010% 121%  008%  1275%
THREAD 1.10.1 JEENNERA  013%  007%  009%  009% = 940%
THREAD 1.20.1 JMNEZEERA  021%  010% 037%  009%  1433%
Right click > THREAD 1.21.1 JESNCPECRY  020%  007%  194%  008%[ 1543%
L 84.00 ©038%  009%  1515%
Paste 2 Time THREAD 1.23.1 86.4 . 352%  046%  9.05%
THREAD 1.24.1 SERRCRURY  028%  009%  482%  002%[  1364%
THREAD 1.25.1 SEMCEETRA  021%  006%  438%  002%  1146%
THREAD 1.26.1 EMCIWART]  026%  008% 428%  002%  1381%
THREAD 1.27.1 ENEERA 021% 0.05%|13.40% 002 % INISST%
Total 2,328.06 % 6.03 % 306% 4986 % 183 % 309.06 %
Average 86.22 % 0.22% 011% 1.85% 0.07 % 11.45%
Maximum 98.82 % 0.40 % 024 % 482 % 0.46 % 2017 %
Minimum 76.18 % 0.11% 0.05 % 0.09 % 0.02 % 0.03 %
StDev 541 % 0.06 % 0.04 % 151 % 0.09 % 4.52 %
Avg/Max 0.87 0.56 0.47 0.38 0.15 0.57
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Efficiency of iterative region

= 3 numbers to quickly describe the efficiency

of your code
= Parallel efficiency 2 % of time my program is

computing (100% is perfect)

= Comm efficiency > At least 1 process can finish Fow A8 EHEnEE * -\ OcEub g ®

a” Commun|cat|ons |n 100 _ Max|mum 0/0 Of the HREAD 1.15.1 0ut5i::le-MPI MPIL_Isend MPI_Irecv MPI_Wait MPI_Waitall MPI_Allreduce MPI_Comn
program's time (100% is perfect) THREAD 117 1 W

» Load balance - Ratio of slow/fast processes (1 THREAD 1 15- N
is perfectly balanced) THREAD 1.20.1 |G

= Any value below 85% (0.85)? THREAD 1.22.1 [T

THREAD 1.23.1 86
THREAD 1.24.1 81.0

THREAD 1.25.1 83.80
THREAD 1.26.1
THREAD 1.27.1

= Pay attention there

Parallel efficiency (Avg)
: 6.03%  3.06% 49.86% 1.83% 309.06 %
: 022% 011% 1.85% 0.07 % 11.45 %
Comm eff|C|ency (Max) olrran, 040%  0.24% 4.82% 0.46 % 20.17 %
Minimum 011% 005% 0.09% 0.02% 0.03 %
StDev 541%  006%  004% 151% 0.09 % 452 %

0Add DAld e (AVE d 0.87 0.56 0.47 0.38 0.15 0.57
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Computation time distribution

= Click on “2dh_usefulduration.cfg” (2nd link) > Shows time computing

2DH useful duration correlated with @ lulesh2.0-intel-27p.prv

=l ) ; n - N
The first question to answer when analyzing a parallel code is "how efficient does it e B 3 O moH oW Do e Default - 2
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.
« To measure the parallel efficiency load the configuration file
cfgs mnpi- npi_stats cofg This configuration pops up a table with %time that
every thread spends in every MPI call. Look at the global statistics atthe 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 I
control window to identify the phases and iterations of the code.

Initializations
(we’re not interested
in this part)

Sutiemload the configuration file

Toounm T T e

nias_aaneml_Zdh_uaafuldummeiaThl configuration pops up a [T ] I a
hictooram of the duration for the_comnutation raa bns. The computation regions I —
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 ime 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 load the "] |
configuration file cfgs<papi-2dh useful instructions. cfgThis
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 r

distribution of the instructions may be not balanced. Open the control window to

look at the time distribution and correlate both views. I I
a Tn measiure the serial reninns nerfarmance lnnk at the TP timeline Inaded LI I

=] = dose |

THREAD 1.7.1 [1,460,077.26..1,467,414.33] =0 us

T —
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Focus on the iterative part

= Click on “2dh_usefulduration.cfg” (2nd link) > Shows time computing

2DH useful duration correlated with @ lulesh2.0-intel-27p.prv

e B ®» O & mH=mw 2 % b Default ~ 2

Drag & drop on this area !

to skip the initializations

| THREAD L./.1 11,460,077.26..1,467.414.33] =0 us
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Computation time distribution

= Click on “2dh_usefulduration.cfg” (2nd link) > Shows time computing

e B O W H MY I % w Default ~ | 2

i IIIIII III ﬁr il i I

THREAD 1.7.1 [227,450.30..227,450.30] =0 us

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021) I _




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Computation load distribution

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

The first question to answer when analyzing a parallel code is "how efficient does it & BB Q& W H o Z % b Default - =
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.

« To measure the parallel efficiency load the configuration file
cfgs mnpi- npi_stats cofg This configuration pops up a table with %time that
every thread spends in every MPI call. Look at the global statistics atthe 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 file
cigs/general2db_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 ime may be

not balanced. Open the control window to look at the time distribution and visually Work r PerfeCt Work
correlate both views. distribution in other

r " R imbalance

* To measure thgssomputationalloodsfinotructionajedictributionsiqad the

configuration fill cfgs<papi-2dh useful instructions . cfgThs (zig-zag = some parts Of the
configuration pGakif-ldisisssam-nbibadasimiciontionha-camauision regions. rogram
The computation regions are delimited by the exit from an MPI call and the entry processes do more prog
to the next call. If the histogram doesn't show vertical lines, it indicates the A R
distribution of the instructions may be not balanced. Open the control window to Work tan OtherS) (Stralght Ilne)

look at the time distribution and correlate both views.

a Tn measiure the serial reninns nerfarmanrce lnnk at the 1B fimeline lnaded LI

=] = dose |

|4
d

|
THREAD 1.7.1 [560,294,756.35..564,571,807.52) =0 us
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Computation load distribution

= Comparing the two histograms -> Similar shapes -> Work distribution determines time computing

2DH useful duration correlated with @ lulesh2.0-intel-27p.prv

€ B 3@ O @ W oH WY I % b Default - 2

2dh useful instructions @ lulesh2.0-intel-27p.prv

iy
- e D Q@& m Wk omaz % n Default ~ | 2
] '
| 7 —
|I 1 |
P 1 ’
|
| 15 |
= g
| |
- 1] . I
H 1
|

|
]
y |
] II K . ; |
I| ] (A~ |
|I r ~ |

THREAD 1.7.1 [227,450.30..227,450.30] =0 us

Work

imbalance = Slow/fast

processes
(zig-zag)

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021)

THREAD 1.7.1 [560,294,756.35..564,571,807.52) =0 us
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

= Go from the table to the timeline

2dh useful instructions @ lulesh2.0-intel-27p.prv

1. Click on e @ W H Homw Z % b Default ~ 2
. T
“Open Filtered Control I I
Window” I
I
|

THREAD 1.7.1 [560,294,756.35..564,571,807.52) =0 us

O O ——
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

= Go from the table to the timeline

Useful instructions 2DZoom range @ lulesh2.0-intel-27p.prv

THREAD 1.1.1 2dh useful instructions @ lulesh2.0-intel-27p.prv

2| 4 ¥ omx £ % w Default
THREAD 1.

THREAD 1.:

TREAD 1.2 875,773 us 5,487,474 us

Clicking here always rescales.
Same as...
Right click 2>
Fit Semantic Scale = Fit Both

|l |
THREAD 1.7.1 [560,294,756.35..564,571,807.52) =0 us

T ———————T
40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021)
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Where does this happen?

. m & at the same time? - Imbalance

Useful instructions 2DZoom range @ lulesh2.0-intel-27p.prv

THREAD 1.1.1
THREAD 1.10.1

THREAD 1.19.1

THREAD 1. 5,487,474 us

Zoom into

1 of the iterations
(by drag-and-dropping)

T ————— —
40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021) 2021-06-15



Where does this happen?

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

at the same time? 2> Imbalance

- B =

THREAD 1.1.1

Useful instructions 2DZoom range @ lulesh2.0-intel-27p.prv

THREAD 1.10.1

THREAD 1.19.1
THREAD 1.27.1 7

3,452,607 us 3,752,956 us

= Hints > Call stack references - Caller function

MPI caller @ lulesh2.0-intel-27p.prv
THREAD 1.1.1 I NI P ST
] I I| I 1

THREAD 1.18.1

THREAD 1.19.1
THREAD 1.27.1

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021)

2,929,103 us

1. Right click = Copy

2. Right click 2>
Paste = Time

2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

. m & at the same time? > Imbalance

Useful instructions 2DZoom range @ lulesh2.0-intel-27p.prv

THREAD 1.1.1
THREAD 1.10.1

THREAD 1.19.1

1 97 -
THREAD 1.27.1 3,452,607 us 3,732,936 us

= Hints > Call stack references - Caller function

MPI caller @ lulesh2.0-intel-27p.prv [ ] End

THREAD 1.1.1 L ] ! O CommRecv

" ® CommSend
: ® CommSBN
THREAD 1.19.1 o EfommSyncPasUeL

oo v & CommMonoQ
L1 } -21- - — - — — —~ - L

THREAD 1 13,452,607 us EWEPRCECNTEY B TimeIncrement

THREAD 1.10.1

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021) 2021-06-15



Save CFG’'s (method 1)

VIRTYUALANSTITYTE - HIGH

PRODUCTIVITY SUPERCOMPUTING

Useful instructions 2DZoom range @ lulesh2.0-intel-27p.prv

THREAD 1.1.1

THREAD 1.10.1
THREAD 1.19.1
THREAD 1.27.1 7

3,452,607 us

Right click on
timeline

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021)

Copy

Clone

Undo Zoom

Fit Time Scale

Fit Semantic Scale
Fit Objects

Select Objects...
View

Paint As
Drawmode

Pixel Size

Object Labels
Object Axis

Run

Synchronize

-

Info Panel

Image...

Image Legend...

Texk...

2021-06-15



Save CFG’'s (method 2)

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Useful instructions 2DZoom range @ lulesh2.0-intel-27p.prv

THREAD 1.1.1
THREAD 1.10.1

THREAD 1.19.1

A 9 ?1 -
THREAD 1.27.1 "

1. Main Paraver

window

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021)

Paraver
File Hints Help

Load Trace... ctrl+o
Previous Traces

Unload Traces...

Load Configuration...

Previous Configurations

Load Session... cerisL
Save Session... Ctrl+S 2.95878e:

Preferences... 8.75794e

Quit Cerl+Q

Fles & Window Properties
| B
i spark
[ spark-1.6.0-bin-hadoop2.6
i Telegram
i tracking
& wxparaver
v lmss62
> [Eicfgs
v [ latest
> [ bin
v

4v v

& cfgs

Paraver files

Save configuration

lulesh_8p_uam.prv.gz

Timelines
usefulinstructions @ lulesh_8p_ua
Instructions.c1 @ lulesh_8p_uam.p
Useful.c1 @ lulesh_8p_uam.prv.gz

& usefulinstructions 2DZoom range
Instructions.c1.c1 @ lulesh_8p_uam
Useful.c1.c1 @ lulesh_8p_uam.prv.¢

tructions.c1.c2 @ lulesh_8p_uan
1.c2 @ lulesh_Bp_uam.prv.c

Setall Unsetall

Description

Histograms
2dh useful instructions @ lulesh_8p

Setall Unset all

Timeline options

[ Relative begin time
[& Relative end time

| Compute semantic scale

Histogram options

® Alltrace

) Allwindow

& Compute gradient limits

| Save whole CFG in basic mode

Cancel Save

2021-06-15




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

CFG’s distribution

= Paraver comes with many included CFG’s = Apply any CFG to any trace!

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

* [ clustering

* & counters PAPI
Paraver files =

Paraver configuration file (*.cfg) =

Cancel || Open

T A A A A  — _—
40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021) 2021-06-15



CFG’s distribution

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Paraver comes with many included CFG’s = Apply any CFG to any trace!

@S @ Paraver

File Hints Help

Load Trace... Zerl+0

Previous Traces b

Unload Traces...

Load Configuration...

e
Load Session... Zerl+L
Save Session... Ztrl+S
Preferences...
Quit “trl+Q

Files & Window Properties

| A

> [ tracking

¥ | wxparaver
[ 3

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

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021)

/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

2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Hints: a good place to start!

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

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= MPIcall

e =| MPI call profile

I T L i P 4 A73nna.

Files & Window Properties

156

Properties Mode Basic
Metric % Time
Automatic Redraw Force Redraw

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021) 2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Do it on your code!

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

= There are more examples of tracing scripts for different programming models under
SEXTRAE HOME/share/examples

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

» The usual suspects:
= Parallel Efficiency is low? Load balance issues?
= Imbalances in the durations of computations?
= Are these caused by work imbalance?

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021) 2021-06-15
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Cluster-based analysis

i
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Use clustering analysis

= Run clustering

ivymuc> cd $HOME/bsctools/clustering

ivymuc> module load clustering

ivymuc> BurstClustering -d cluster.xml \
-i ../extrae/lulesh2.0-intel_27p.prv \
-0 lulesh2.0-intel 27p clustered.prv

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

ivymuc> 1s $HOME/bsctools/traces/lulesh2.0-intel 27p.prv

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021) 2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Cluster-based analysis

= Check the resulting scatter plot

laptop> gnuplot lulesh2.0-intel 27p clustered.IPC.PAPI_TOT_INS.gnuplot

» Identify main computing trends

Cluster Analysis Results of trace 'lulesh2.0-intel;7p.prv'
DBSCAN (Eps=0.05, MinPoints=4)

= Work (Y) vs. Speed (X)

SSSSS5S5S555%
CONOTUAWNRD

= Look at the clusters shape
= Variability in both axes indicate
potential imbalances

Instructions Completed

Variable work

. . . . .
(J.av.z 1.4 1.6 1.8 2 2.2

Variable speed

40TH VI-HPS TUNING WORKSHOP (LRZ, GERMANY, JUNE 2021) 2021-06-15




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Correlating scatter plot and time distribution

= Open the clustered trace with Paraver and look at it

laptop> $HOME/paraver/bin/wxparaver /lulesh2.0-intel 27p clustered.prv

= Display the distribution of clusters over time
= File > Load configuration - $HOME/paraver/cfgs/clustering/clusterID window.cfg

Cluster id @ lulesh2.0-gnu-27p_clustered.prv

THREAD 1.1.°

THREAD 1. AP B

THREAD 1. - 1TF N E
L 97

THREAD

Cluster Analysis Results of trace 'lulesh2.0-intel7p.prv'
DBSCAN (Eps=0.05, MinPoints=4)

Noise +

Variable work / T e

Cluster 2
Cluster 3

speed I 1 Cluster 4

N Cluster 5
+ r B Cluster6 o
Cluster 7
= Cluster 8
Cluster 9
Simultaneously Cuser
H Cluster 11
@ d Iffe re nt X Cluster 12

om0

5,929,104,875 ns

Cluster id @ lulesh2.0-gnu-27p_clustered.prv
—_— - processes

THREAD 1.1.]

Imbalances _ - N

THREAD |

THREAD |
THREAD

3,452,607,200 ns

L
14 1.6 18 2 2.2
IPC
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BSC Tools
Hands-On

Lau Mercadal

(tools@bsc.es)
Barcelona Supercomputing Center
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