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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Install Paraver in your laptop

Extrae Research » Documentation » Downloads Publications

= Download a binary for your OS

= https://tools.bsc.es/downloads -
DIMEMAS

EXTRAE PARAVER
Insuomentation framework to generate execution Expressive powerful and flexible trace visualizer for High-abstracted network simulator for message-

traces of the mist used parallel runtimes.

‘ Cet PARAVER - Cet DIMEMAS -
- Py Version 5.2.12 - 1.09 MB

L wxparaver-4.8.2-win.zip .
EHO AR RO O 8 5 EHEe 868
i —+

+ +
PERFORMANCE ANALYTICS
FOLDING

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

Automatically expose the main performance trends in
evolves through different scenarios.

applications’ computation structure.
Get CLUSTERING - Get TRACKING h Get FOLDING h

Version 2.6.5+ 1.9 MB Version 1.0.2 + 11.06 MB

Version 2.6.6+«2 MB
= 6 £ = 6 £ = O £

SPECTRAL BASIC ANALYSIS
Signal processing techniques to select representative Framework for automatic extraction of fundamental

post-mortem trace analysis. passing programs.

.
wxparaver-4.8.2-mac.zip

instantaneous metric evolution with low overhead.

wxparaver-4.8.2-Linux_i686.tar.gz (32bit)
wxparaver-4.8.2-Linux_x86_64.tar.gz (64bit)

regions from Paraver traces. factors for Paraver traces.

Get BASIC ANALYSIS h

Version 0.2« 10.89 MB

+ +

Get SPECTRAL -

Version 3.4.0+0.21 MB

15/09/2020
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Install Paraver tutorials

» Download tutorials archive
- https : //too I S. bSC . eS/Da rave r_tuto rla |S @ Home  Paraver»  Dimemas»  Extrae  Research»  pocumentation »  Downloads  Publications

news@tools:~ > Pparaver 4.7.2 availll

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
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
Paraver introduction (MP1) .

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

a

Dimemas introduction

Introduction 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).

)

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

Methodology
: o configuration files.

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

o o 0O

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

Trace preparation .
Ace prepars loaded into memaory.

If you identify some unexpected unnalignement or backwards communications, use this

)

Trace alignment tutorial i i
tutorial to learn how to correct shifts between processors.

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

- -

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



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

Install Paraver (III)

Paraver

File Help
Load Trace...
Previous Traces b

= Uncompress downloaded packages

= Rename the folders:

» wxparaver-4.8.2-* - paraver
» paraver-tutorials-20150526 - tutorials

= Start Paraver locally:
» Linux: Run the command:

paraver/bin/wxparaver

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

= Any issue? Start Paraver in HAWK:

module load bsc_tools

wxparaver &

= Open File > Preferences

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020)

Load Session...
Previous Sessions b
Save Session...

Preferences...
Quik

Files & Window Properties

ad

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

[ paraver|

Paraver files -

4 . . - - - -

15/09/2020
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Install Paraver (IV)

T = Setup the “Tutorials root” pointing to your folder
el “tutorials”

Trace
Fill State gaps with IDLE State

View full pathintrace selector

Maximum loadable trace size (MB) = 500 — | +

Default directories

Traces /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
Tutorials root fhome/gllort/apps/Paraver/4.8.2-devel2 tutorials Browse
Tmp dir fhomejfgllort Browse
Behaviour

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

Show help contents on a browser

Cancel 0K

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Install Paraver (IV)

= Check tutorials are properly installed

@ @ Tutorials

— Barcelona
@S @ Paraver Supercomputing
e Center
Flle HEIP Centra Nacional de Supercompiitacion

Tutorials... n & 4

Index

.Windr About...

AllTraces = 1. Introduction to Analysis with Paraver - MPI

2. Infroduction to the Use of Dimemas

3. Introduction to Paraver and Dimemas methodology

4. Analysis with Paraver & Dimemas - Methodology

5. HydroC Tutorial

6. Paraver trace preparation

Zl =] =] _ Close |

= Follow these tutorials by clicking on the hyperlinks and reading the explanations. When you click on
a link, one or more views will open.

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Brief introduction to Paraver
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

3 main views of Paraver (I)

= Timeline
B Outside MPI

MPI call @ lulesh2.0_27p.prv B MPI_Isend
B MPI Irecw

THREAD 1.1. d I B MPI Wait
Code color @ MPI_Waitall

THREAD 1. (e.g. 1 color for B MPI Barrier
each MPI call) B MPI Reduce
B MPI_Allreduce
THREAD 1.27.1 — — — P — B MPI_Comm_rank
B MPI Finalize

THREAD

useful instructions 2DZoom range [1.47399e+08,4.25349e+08) @ luleshz....

Gradient color
(e.g. from low
THREAD 1.1@.1 #instructions to
high
#instructions)

THREAD 1.1.1

Processes (and threads)

THREAD 1.19.1

THREAD 1.27.1 =

< 171,537,717 259,058, 886 346,580,055 >

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

3 main views of Paraver (II)

= Table (Profile)

MPI call profile @ lulesh2.0_27p.prv

e B sE Q= B A2 s I | = | Defaulkt - | 2

Outside MPI MPI_lrecv LTSN MPI_Barrier | MPI_Reduce

THREAD 1.1.1
THREAD 1.2.1
THREAD 1.3.1
THREAD 1.4.1
THREAD 1.5.1
THREAD 1.6.1
THREAD 1.7.1
THREAD 1.8.1
THREAD 1.9.1
THREAD 1.10.1
THREAD 1.11.1
THREAD 1.12.1
THREAD 1.13.1
THREAD 1.14.1
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

The table can
display a variety
of statistics
(e.g. % of time,
# of calls, etc.)
with gradient
coloring
showing from
low values to
high values

Total 2,514.62 % 2.44 % 1.99 % 5.69 % 20.63 % 0.60 % 2.72 %
Average 93.13 % 0.09 % 0.07 % 0.21 % 0.76 % 0.02 % 0.10 %
Maximum 99.04 % 0.18 % 0.15 % 0.41 % 2.02 % 0.03 % 0.90 %

o/ < ' a Minimum 88.08 % 0.05 % 0.04 % 0.10 % 0.19 % 0.00 % 0.00 %
StDev 2.79 % 0.032 % 0.02 % 0.09 % 0.51 % 0.01 % 0.24 %
0.49 0.52 0.38 0.72 0.11

AvgfMax 0.94 0.50




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

3 main views of Paraver (III)

2dh useful instructions @ lulesh2.0_27p.prv

» Histogram
IE B o L = N H HEOm A I, I Default ~ | 2
Displays continuous metrics (e.g. 'y , — 1 -
instructions executed, duration of I
computations, bytes sent/received, etc. ) —
I -
I o
1 | T
Gradient color represents if the selected i § -
statistic (% of time, # of calls, etc.) - |
for each behavior is high or low B
I : -
1 1
I III
General tip: straight lines are good |I' g :
(all processes show same behavior), I I
while variabilities usually indicate THREAD 1.27.1 [560,356,050.94..564,838,890.73) =0 us
imbalances
Data on the left = Program Data on the right =& Program
records low values of the metric records high values of the metric

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Histogram: position, metric and statistic ... wait, what!?

0: 1M || 1M ]| 5M 1M [ 1M || 5M

-

0-1M | 1-2M | 2-3M | 3-4M | 4-5M
N\ /

0: ™(28%) (72%)

T ————— —
35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Histogram: position, color, metric and statistic ... wait, what!?

0: 1M || 1M ]| 5M 1M |[ 1M || 5M

(2)

T ————— —
35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Histogram: position, color, metric and statistic ... wait, what!?

0:L 1M |[ 1M || 5M L iM || 1M || 5M |
1:l 1M |[ 1M || 5M L iM || 1M || 5M |
2:L 1M [ 1M || 5M 1M [ 1M || 5M |
3:L1M |[ 1M || 5M 1M |[ 1M || 5M |

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Histogram: position, color, metric and statistic ... wait, what!?

0: 1M || 1M ]| 5M 1M |[ 1M || 5M |
1:{ 1M |[ 1M ]| 5M 1M [ 1M || 5M |
2 2M || 2M || 2M || 2M | 2M | 2M || 2M |
3:L 1M || 1M || 5M 1M || 1M || 5M |

0: (2)

1: (2)

2: (7) (2)

3: (2)

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



First steps with Paraver

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Follow tutorial number...

= 1 - Explains basic navigation with the tool
= 3 - Basic analysis methodology (first 4 bullets, Clustering and Dimemas part not covered today!)
= 5 - Analysis methodology applied to a real application

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020)

Barcelona

Supercomputing

Center

Centra Macional de Supercomputacion

@

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 trace preparation

| = -

15/09/2020
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Getting a trace with Extrae
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

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 to source code nor relink!

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

= Periodic sampling

= User events (Extrae API)

T ————— —
35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Extrae Overheads

Recording 1 Event 150 - 200ns
1 Event + PAPI hardware counters 750 - 1000ns
1 Event + Callstack (1 level) 1us

1 Event + Callstack (6 levels) 24S

33RD VI-HPS TUNING WORKSHOP (JSC, DE, 24-28 JUNE 2019)
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How does Extrae work?

= Symbol substitution through LD_PRELOAD
= Specific libraries for each combination of runtimes

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)

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Extrae on HAWK

» Log-in to HAWK:

ssh -Y <USER>@hawk.hww.hlrs.de

= Extrae is available via modules for 2 MPI versions... choose yours!
= Cray MPT (default)

module load mpt
module load extrae

= OpenMPI

module load openmpi

module load extrae

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Getting your first trace

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

cp -r /lustre/cray/ws9/2/ws/hpcjgrac-tw35/BSC/tools-material S$SHOME

» Provided folder tools-material in /lustre/cray/ws9/2/ws/hpcjgrac-tw35/BSC contains:
= Test application compiled for OpenMPI (1ulesh2.0 openmpi)
= Jobscripts to execute and trace (job.pbs, trace.sh)
= Configuration of the tracing tool (extrae.xml)
» Already generated tracefiles (traces/*. {pcf, prv, row})
= (Clustering analysis configuration file (cluster.xml)
= A copy of this slides

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Using Extrae in 3 steps

1. Adapt your job submission scripts

2. Configure what to trace
= XML configuration file
= More 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

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Step 1: Adapt the job script to load Extrae

= Example of a standard jobscript (without tracing)

1/bin/sh

#PBS -1 walltime=00:10:00
#PBS -1 select=1:node_type=rome:mpiprocs=27
#PBS -j oe

Request resources

# Change to directory the job was submitted from
$PBS_0O_WORKDIR

# Load required modules

# Run on 27 processes
mpirun -np 27 ../apps/lulesh2.0_openmpi -i 10 -s 65 —p]— Run the program

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Step 1: Adapt the job script to load Extrae

= Jobscript modified to load Extrae (extrae/job.pbs)

1/bin/sh

#PBS -1 walltime=00:10:00
#PBS -1 select=1:node_type=rome:mpiprocs=27
#PBS -j oe

# Change to directory the job was submitted from
$PBS_0O_WORKDIR

# Load required modules

Specify name of output trace (optional)
export TRACE_NAME=1lulesh2.0_openmpi_27p.prv

# Run on 27 processa

mpirun -np 27 @ ./apps/lulesh2.0 openmpi

-i 10 -s 65 -p

Run with Extrae

O O ——
35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Step 1: Adapt the job script to load Extrae

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

1/bin/sh #!/bin/sh

#PBS -1 walltime=00:10:00 # Extrae configuration file What to trace?
#PBS -1 select=1:node_type=rome:mpiprocs=27 EXTRAE CONFIG FILE=./extrae.xml

#PBS -j oe

# Select tracing library (depends on runtime & lang)
# Change to directory the job was submitted from
$PBS_O_WORKDIR # For MPI/C apps
LD PRELOAD=${EXTRAE_HOME}/1lib/libmpitrace.so
# For MPI/Fortran apps

#texport LD PRELOAD=${EXTRAE_HOME}/lib/libmpitracef.so

# Load required modules

export TRACE_NAME=lulesh2.0 opesfipi_ 27p.prv

Choose a tracing
library depending on

# Run the application
$>I<
./apps/lulesh2.0_openmpi the app type (see next
slide)

# Run on 27 processs

mpirun -np 27 @

-i 10 -s 65 -p




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

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 —

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Step 2: Extrae XML configuration — most relevant settings

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

Instrument the MPI calls

(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

<callers enabled="yes"> (Where in my code?)

<«

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

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

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) I _
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Step 2: Extrae XML configuration — most relevant settings (II)

<buffer enabled="yes">

<counters enabled="yes"> <size enabled="yes">5000000</size> .
<cpu enabled="yes" starting-set-distribution="“1"> <circular enabled="no" /> Extrae buffer size
. . (Flush/memory trade-off)
<set enabled="yes" domain="all" changeat-time=“5s"> </buffer>
PAPI_TOT_INS,PAPI_TOT CYC,PAPI_L1_DCM,PAPI L2 DCM
</set> <sampling enabled="no" type="default" period="50m“ variability="16m"/>
<set enabled="yes" domain="all" changeat-time=“5s">
PAPI_TOT_INS,PAPI_TOT CYC,PAPI_FP_OPS <merge enabled=“yes" Additional sampling
</set> synchronization="qe (Want more details?)
</cpu> tree-fan-out="16"
<network enabled="no"/> Select which max-memory="512"
<resource-usage enabled="no"/> HW counters joint-states="yes"
<memory-usage enabled="no"/> T ol keep-mpits="yes" Automatic
</counters> (How’s the machine doing?) sort-addresses="yes" post-processing
overwrite="yes"> to generate the
$TRACE_NAME$ Paraver trace
</merge>

papi_best_set < Make groups of compatible counters (Extrae)

papi_avail & List of available counters (PAPI)
35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) I _
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Step 3: Run it!

= Submit your job as usual

gsub -q R_tw job.pbs

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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All done! Check your resulting trace

= Once finished (check with “"gstat -u $SUSER”) you will have the trace (3 files):

hawk$ 1s -1

lulesh2.0 openmpi 27p.pcf
lulesh2.0 openmpi 27p.prv
lulesh2.0 openmpi 27p.row

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

= Now let’s look into it!

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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Analysing a trace with Paraver
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

First steps of analysis

= Copy the trace to your computer (scp, WinSCP, etc.)

scp <USER>@hawk.hww.hlrs.de:tools-material/extrae/*.{prv,pcf,row} .

= Load the trace with Paraver

=) Paraver

Click on File = Load Trace > Help

Browse to
“lulesh2.0_openmpi_27p.prv”

Previous Traces

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020
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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 ——
35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



Measure the parallel efficiency

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Click on "mpi_stats.cfg”
= Check the Average for the column “"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 E B
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.

[ ncy load the configuration file
Qiusémniimni_sLaLs__Qng configuration pops up a table with %time that
call. Look at the global statistics at the bottom of

the outside mp| 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.

B Q2 m

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

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.

Total 2,454.20 %

90.90 %
97.91 %

To measure the computat|ona| load (|n5truct|on5) d|5tr|but|on |
o Hle s onatload (ins L  Parallel efficiency (Avg)

configuration pops up a h|5togram of the instructions for the computauern e —

The computation regions are delimited by the exit from an MPI call a
Comm eff|C|ency (Max)

to the next call. If the histogram doesn't show vertical lines, it indicate
distribution of the instructions may be not balanced. Open the control
look at the time distribution and correlate both views.

a Tn measiure the serial reninns nerfarmanra lnnk at the 1B timelin

2l |

Load balance (Avg/Max)

MPI call profile @ lulesh

openmpi_27p.prv

7.19% 6.20%  15.50% 52.66 % 0.79 % 2.44%
0.27 % 0.23% 0.57 % 1.95% 0.03 % 0.09 %
0.54 % 0.48 % 2.94% 4.02% 0.06 % 0.78 %
0.13% 0.11% 0.10% 0.22% 0.00 % 0.00 %
0.09% 0.08 % 0.65 % 1.21% 0.01 % 0.20%

0.49 0.48 0.20 0.45 0.51 0.12




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Focus on the iterative part

MPI call @ lulesh2.0 openmpi 27p.prv
THREAD

THREAD

THREAD MPI call profile @ lulesh2.0_openmpi_27p.prv o X

THREAD

e @ e L

H #¢ Il " £ % bk Default ~ | 2

HREAD 1.17.1 038%  030% 024% 0.22% 0.01% 034%

THREAD 1.18.1 027%  020%  0.15% 0.92% 0.01% 0.00%

THREAD 1.19.1 YEE]  0.18%  0.14%  0.13% 0.80% 0.05% 0.00%

THREAD 1.20.1 TXCE]  028%  020% 0.18% 4.02% 0.04% 0.00%

THREAD 1.21.1 0.19%  0.13%  2.41% 1.18% 0.06% 0.78%

Click on tHReAD 1.22.1 [IEEE] 028% 0.19% @ 062% 2.85% 0.03 % 0.00 %
THREAD 1.23.1 042%  029%  0.43% 2.82% 0.03% 0.00%

“O pen Control THREAD 1.24.1 TSR] 030%  0.18% 0.99% 3.40% 0.03% 0.00%
THREAD 1.25.1 Y] 020%  0.12%  0.63% 0.70% 0.03% 0.00%

Window” THREAD 1.26.1 032%  017% 0.13% 0.66% 0.01% 0.00%
THREAD 1.27.1 REE]  021%  0.11%  0.10% 1.42% 0.04% 0.00%

Total 2,45420%  7.19%  6.20% 15.50%  52.66% 0.79% 2.44%

Average 90.90%  027%  023%  0.57% 1.95% 0.03% 0.09 %

Maximum 97.91%  0.54%  0.48%  2.94% 4.02% 0.06 % 0.78%

Minimum 8598%  0.13%  0.11% 0.10% 0.22% 0.00% 0.00%

StDev 3.16%  0.09%  0.08%  0.65% 121% 0.01% 0.20%

Avg/Max 0.93 0.49 0.48 0.20 0.49 0.51 0.12
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Focus on the iterative part

MPI call @ lulesh2.0 openmpi 27p.prv
THREAD

THREAD

THREAD MPI call profile @ lulesh2.0_openmpi_27p.prv o X

THREAD

e B B L 2 M| H | B IN ™ EZ Y% bk Default - 2

THREAD 1.17.1 038%  030% 024% 0.22% 0.01% 034%

THREAD 1.18.1 FIELE]  027%  0.20%  0.15% 0.92% 0.01% 0.00%

THREAD 1.19.1 YEE]  0.18%  0.14%  0.13% 0.80% 0.05% 0.00%

THREAD 1.20.1 TXCE]  028%  020% 0.18% 4.02% 0.04% 0.00%

THREAD 1.21.1 0.19%  0.13%  2.41% 1.18% 0.06% 0.78%

THREAD 1.22.1 028%  0.19%  0.62% 2.85% 0.03 % 0.00 %

THREAD 1.23.1 042%  029%  0.43% 2.82% 0.03% 0.00%

Drag & drop on this area THREAD 1.24.1 TSR] 030%  0.18% 0.99% 3.40% 0.03% 0.00%

THREAD 1.25.1 Y] 020%  0.12%  0.63% 0.70% 0.03% 0.00%
to zoom on the iterative THREAD 1.26.1 EYREE]  032%  0.17%  0.13% 0.66 % 0.01% 0.00%
THREAD 1.27.1 REE]  021%  0.11%  0.10% 1.42 % 0.04% 0.00%

.

region Total 2,45420%  7.19%  6.20% 15.50%  52.66% 0.79% 2.44%

Average 90.90%  027%  023%  0.57% 1.95% 0.03% 0.09 %

Maximum 97.91%  0.54%  0.48%  2.94% 4.02% 0.06 % 0.78%

Minimum 8598%  0.13%  0.11% 0.10% 0.22% 0.00% 0.00%

StDev 3.16%  0.09%  0.08%  0.65% 121% 0.01% 0.20%

Avg/Max 0.93 0.49 0.48 0.20 0.49 0.51 0.12
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Recalculate efficiency of iterative region

MPI call @ lulesh2.8_openmpi_27p.prv
THREAD

THREAD

THREAD
MPI call profile @ lulesh2.0_openmpi_27p.prv o X

THREAD

E B B L, & M H B I ™ I % A Default ~ 2
THREAD 1.17.1 FEIE]  038%  030% 024% 0.22% 0.01% 0.34%
THREAD 1.18.1 027%  020%  0.15% 0.92% 0.01% 0.00%
THREAD 1.19.1 O] 018%  014%  0.13% 0.80% 0.05% 0.00%
THREAD 1.20.1 PXEE]  o028%  020% 0.18% 4.02% 0.04% 0.00%
THREAD 1.21.1 L] 019%  0.13%  241% 1.18% 0.06% 0.78%
THREAD 1.22.1 0.28%  0.19%  0.62% 2.85% 0.03% 0.00 %

o L

nght CI |Ck 9 THREAD 1.23.1 93.78 % 0.42%  029%  043% 2.82% 0.03% 0.00%
THREAD 1.24.1 EXIE]  030%  0.18% 099% 3.40% 0.03% 0.00%
Co PY THREAD 1.25.1 L] 020%  0.12% 0.63% 0.70% 0.03% 0.00%
THREAD 1.26.1 YREE]  032%  0417%  0.13% 0.66 % 0.01% 0.00%
THREAD 1.27.1 IREE]  021%  011%  0.10% 1.42% 0.04% 0.00%
Total 2,45420% ~ 7.19%  6.20% 15.50% 52.66 % 0.79% 2.44%
Average 90.90%  0.27%  023%  057% 1.95% 0.03% 0.09%
Maximum 97.91%  0.54%  048%  2.94% 4.02% 0.06 % 0.78%
Minimum 85.98%  0.13%  0.11% 0.10% 0.22% 0.00% 0.00%
StDev 3.16%  0.09%  0.08%  0.65% 1.21% 0.01% 0.20%
Avg/Max 0.93 0.49 0.48 0.20 0.49 0.51 0.12

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Recalculate efficiency of iterative region

MPI call @ lulesh2.8_openmpi_27p.prv
THREAD

THREAD

THREAD
MPI call profile @ lulesh2.0_openmpi_27p.prv o X

THREAD _
e B 3B L B H % Il % Z % kb Defaut ~ 2

THREAD 1.17.1 93.37 9 038%  030% 0.24% 0.22% 0.01% 034%
THREAD 1.18.1 91.20% 027%  020% 0.15% 0.92% 0.01% 0.00%
THREAD 1.19.1 92.87 9 0.18%  0.14%  0.13% 0.80% 0.05% 0.00%
THREAD 1.20.1 028%  020%  0.18% 4.02% 0.04% 0.00%
THREAD 1.21.1 0.19%  0.13%  2.41% 1.18% 0.06% 0.78%

THREAD 1.22.1 86.42 % 0.28 % 0.19% 0.62 % 2.85% 0.03% 0.00 %

Right CIiCk 9 TEAD 1.23.1 93 78,9 oM2%  0.29%  0.43% 2.82% 0.03% 0.00 %

AD 1.24.1 0.30% 0.18 % 0.99 % 3.40% 0.03% 0.00 %

Paste 9 Time THREAD 1.25.1 Y] 020%  0.12%  0.63% 0.70% 0.03% 0.00%
THREAD 1.26.1 032%  017% 0.13% 0.66% 0.01% 0.00%

THREAD 1.27.1 REE]  021%  0.11%  0.10% 1.42% 0.04% 0.00%

Total 2,45420%  7.19%  6.20% 15.50%  52.66% 0.79% 2.44%

Average 90.90%  027%  023%  0.57% 1.95% 0.03% 0.09 %

Maximum 97.91%  0.54%  0.48%  2.94% 4.02% 0.06 % 0.78%

Minimum 8598%  0.13%  0.11% 0.10% 0.22% 0.00% 0.00%

StDev 3.16%  0.09%  0.08%  0.65% 121% 0.01% 0.20%

Avg/Max 0.93 0.49 0.48 0.20 0.49 0.51 0.12
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

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

MPI call profile @ lulesh2.0_openmpi_27p.prv

e B 32 G & W H M W % I % kDefalt -~ 2

THREAD 1.17.1
THREAD 1.18.1

all communications in 100 - Maximum % of the THREAD 1.19.1
program's time (100% is perfect) o
» Load balance > Ratio of slow/fast processes (1 THREAD 1.22.1
is perfectly balanced) i 2t
THREAD 1.24.1
= Any Value beIOW 850/0 (0-85)? THREAD 1.25.1
= Pay attention there THREAD 1.26.1
THREAD 1.27.1

- Total 2,355.04 % 9.64 % 8.43% 21.58% 72.49 % 228.18% 464

Parallel efficiency (Avg) AVETage 0.36 % 031%  0.80% 2.68 % 8.45 % 0.17

- 0.73% 0.66%  4.04% 5.54 % 14.37 % 0.19

Comm efficiency (Max) v 0.18%  0.14%  0.12% 0.31% 0.03 % 0.16

0.13% 0.12 % 0.89% 1.66 % 3.68% 0.01_

0.49 0.47 0.20 0.48 0.59 0

Load balance (Avg/Max)




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Computation time distribution

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

2DH useful duration correlated with @ lulesh2.® openmpi_27p.prv

-

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 | 2

parallelization efficiency and the efficiency obtained in the execution of the serial I I
regions. These two metrics would be the first checks on the proposed methodology. I 2 ||

|

« To measure the parallel efficiency load the configuration file ‘ I
cfgs npi-mpi_stats cofg This configuration pops up a table with %time that I I
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 I I —
efficiency, entry Avg/Max represents the global load balance and entry Maximum I I
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 I R
control window to identify the phases and iterations of the code.

P T

oo el siwiseisemgload the configuration file I
nias_aaneml_Zdh_uaafnldummeiuThl configuration pops up a I

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.

hictooram of the durotion for the computation reoinns The computatlon reg|0n5 I I
are delimited by the exit from an MPI call and the entry to the next call. If the

To measure the computational load (instructions) distribution load the I I
configuration file cfgs<papi-2dh useful instructions. cfgThis I I —
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 I

to the next call. If the histogram doesn't show vertical lines, it indicates the I I
distribution of the instructions may be not balanced. Open the control window to l l q
look at the time distribution and correlate both views. I

. =

R o = | !
a Tn measiure the serial reninns nerfarmanrce lnnk at the 1B fimeline lnaded _I

_El_:'l _>| Close | |

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



Focus on the iterative part

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

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

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020)

15/09/2020



Computation time distribution

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

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020)

2DH useful duration correlated with @ lulesh2.® openmpi_27p.prv

h=pl

Soal

._r“‘.'

»

15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Perfect work
distribution in
other parts of

the program
(straight line)

Computation load distribution

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

-

dh useful instructions @ lulesh2.® openmpi 27p.prv

P

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.

« 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
correlate both views.

* To measure th pbadi osdeinoisustionajstiotmibabtionsigad the
configuration filfl cfgs-papi-2dh useful instructions. cfgT
configuration p i i i ion 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

L3
Work imbalance
distribution of the instructions may be not balanced. Open the control window to a3 —
look at the time distribution and correlate both views. (ZIg'zag - the more tO the I

a Tn measiure the serial reninns nerfarmanrce lnnk at the 1B fimeline lnaded LI right’ the more Work a
ENEE= _ oo | process does)

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020)




Computation load distribution

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

2DH useful duration correlated with @ lulesh2.® _openmpi_27p.prv

4| NN

DURATION

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020)

=
i
E

2dh useful instructions @ lulesh2.® openmpi_27p.prv

INSTRUCTIONS

.

15/09/2020



Computation load distribution

= Comparing two histograms - Not similar shapes > Balanced workload executes at variable speed

2DH useful duration correlated with @ lulesh2.® _openmpi_27p.prv

2dh useful instructions @ lulesh2.® openmpi_27p.prv

INSTRUCTIONS

DURATION

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020)

1 |
|
|
|
| |
|
: 1
1 |
| |
|
|
|
| |
|
| |
] |
|
| |
1 |
|
1
|
| |
|
15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

= Go from the table to the timeline

2dh useful instructions @ lulesh2.0_op INSTRUCTIONS
E B 30 ‘il WM H ¥ I N Z % Wk Default ~ 2
0
. I
JDE nreo II |I
I I
! I
o U ofo i :
| I
|
| |
|
1
I
|
|
|
| |
I I
|
1€ . = C [ | ]
|
I
grag-ana-arogp II
1 I

THREAD 1.9.1 [282,564,759.04..285,281,719.30) =0us

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020 -



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

= Go from the table to the timeline

2dh useful instructions @ lulesh2.0_openmpi_27p.prv

useful instructions 20Zcom range [2.089207e+08,4.64601e+08) @ lulesh2.0_openmpi_27p.prv
THREAD 1.1.1

THREAD 1.18.1

THREAD 1.19.1

{READ 1.27.1

| B us
.

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

(do this when colors are too similar)

THREAD 1.9.1 [282,564,759.04..285,281,719.30) =0us

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

. m & at the same time? > Imbalance

useful instructions 20Zoom range [2.09207e+08,4.70035e4088) @ lulesh2.® openmpi_27p.prv
THREAD 1.1.1

THREAD 1.18.1

THREAD 1.19.1

THREAD 1.27.1 -
d us

< 217,620,757 336,312,504 443,004,431 >

2,561,817 us

Zoom into

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

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

. m & at the same time? > Imbalance

useful instructions 2DZoom range [2.09207e+08,4.70035e+08) @ lulesh2.0_openmpi_27p.prv
THREAD 1.1.1

1. Right click 2>
Copy

THREAD 1.18.1 I

THREAD 1.19.1 N

THREAD 1.27.1 )

215,693 us

THREAD
THREAD

2. Right click 2>
Paste = Time

.=
- =" maE

e e By e = B B e,

I e e ol e O B e

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

. m & at the same time? > Imbalance

useful instructions 2DZoom range [2.09207e+08,4.70035e+08) @ lulesh2.0_openmpi_27p.prv
THREAD 1.1.1

THREAD 1.168.1

THREAD 1.19.1

THREAD 1.27.

User code with
imbalanced workload
between CommMonoQ &

TimeIncrement

MPI caller @ luleshZ.® openmpi 27p.prv

THREAD

M End (you can hover the mouse to see the

[ commRecy legend over the colors)
[ CommSend
O CommMenod
[ TimeIncrement

THREAD

o P

THREAD
THREAD
THREAD
THREAD

THREAD
THREAD

-ttt

=]
]

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Save CFG’'s (method 1)

Copy
useful instructions 2DZoom range [2.09207e+08,4.70035e+08) @ lulesh2.0_openmpi_27p.prv Clone
THREAD 1.1.1 undo Zoom

THREAD 1.18.1
Fit Time Scale

THREAD 1.10.1 Fit Semantic Scale ]

THREAD 1.27.1 — Fit Objects
- Select Objects...

View J

Paint As .

H H Drawmode .

Right click on e

Pixel Size J

timeline Object Labels .

Object Axis r

Run 3

Synchronize

4

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

Info Panel

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



Save CFG’'s (method 2)

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

useful instructions 2DZoom range [2.09207e+08,4.70035e+08) @ lulesh2.0_openmpi_27p.prv
THREAD 1.1.1

THREAD 1.168.1

THREAD 1.19.1

THREAD 1.27.1 )

Paraver
File Hints Help

Load Trace... ctrl+o
Previous Traces

Unload Traces...

Load Configuration...

Previous Configurations

(] Load Session... Ctrl+L
. Flle ave s 2ssarse

Preferences... 8.75794e

Quit Cerl+Q

Configuration

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

lulesh_8p_uam.prv.gz

Timelines
useful instructions @ 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.c

ructions.c1.c2 @ lulesh_8p_uam
1.c2 @ lulesh_8p_uam.prv.c

Setall Unset all

Description

Histograms

2dh usefulinstructions @ lulesh_8p

Setall Unset all

| save whole CFG in basic mode

Save configuration

Timeline options

& Relative begin time
& Relative end time
| Compute semantic scale

Histogram options
@ Alltrace

O Allwindow

[ Compute gradient limits

Cancel Save

35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020)
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

CFG’s distribution

= Paraver comes with many included CFG’s: File = Load Configuration = 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  — _—
35TH VI-HPS TUNING WORKSHOP (HLRS, 14-18 SEPTEMBER 2020) 15/09/2020



CFG’s distribution

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Recently opened CFG’'s are always at hand: File = Previous Configurations

@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
F | 4.6.2
¥ | latest
* | bin
¥ |&cfgs
> | burst_mode
> [ clustering
> & counters PAPI

Paraver files
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/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
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Hints: a good place to start!
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= 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 . puenpp—— o R L L T P W

Files & Window Properties

156

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

= Follow guidelines from slides 7-15 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 17-35 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?
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Cluster-based analysis
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Use clustering analysis

= Run clustering

hawk> cd $HOME/tools-material/clustering

hawk> cat ./run_clustering.sh Have a look, it’s just a wrapper for the tool BurstClustering

hawk> ./run_clustering.sh

= If you didn’t get your own trace, you can edit run clustering.sh and change the input trace to use
a prepared one from:

-i ../traces/lulesh2.0 _openmpi_ 27p.prv

T ————— —
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Cluster-based analysis

= Check the resulting scatter plot

hawk> gnuplot lulesh2.0 openmpi_27p clustered.IPC.PAPI_TOT_INS.gnuplot

» Identify main computing trends - y—— Speed
Cluster Ana y5|5
5.5x10% Noise +
sx10 |- Gt 2
= Work (Y) vs. Speed (X) Gard o
T G e
E 4x108 - % 7 g:ﬂiﬁ:ﬁg
%_ Cluster 9
= Look at the clusters shape = { G
. .r- . . . 2 Q Cluster 12
= Variability in both axes indicate g sxwoep o | Gusterss o
- - g {U juster
potential imbalances B 25x00| = S e -
2x108 | > 4
1.5x108 |- N
1x 108 L L L L 1 O 1
1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8
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Correlating scatter plot and time distribution

= Copy the clustered trace to your laptop and open it with Paraver:

laptop> $HOME/paraver/bin/wxparaver

/lulesh2.0 openmpi_27p clustered.prv

= Display the distribution of clusters over time

= File > Load configuration - $HOME/paraver/cfgs/clustering/clusterID window.cfg

Cluster ID @ lulesh2.® openmpi_27p clustered.prv
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Variable work /
speed
+
Simultaneously

@ different

processes

Imbalances

Gnuplot window 0 - o0 ®

H-Q @ O &
~rCH A @ /

Cluster Analysis Results of trace 'lulesh2.0,penmpi, 7p.prv'

DBSCAN (Eps=0.025, MinPoints=10)

5.5x108

5x10° |-
2.5x108 |-
= 4x10° | ©
5
E 3.5x10° |-
e}
a
S 3x108 [
g
E 28
2 2.5x108 L
2x108 ‘g..
1.5x108 [ ++
+
1x108 1 L omm
12 14 16 18 2 22 24 26

3.27612, 4.70261e+08
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BSC Tools
Hands-On

German Llort, Judit Giménez

(tools@bsc.es)
Barcelona Supercomputing Center
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