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Extrae features

= Platforms —
= Intel, Cray, BlueGene, Intel MIC, ARM, Android, Fujitsu Sparc...

= Parallel programming model
= MPI, OpenMP, pthreads, OmpSs, CUDA, OpenCL, Java, Python...

No need
» Performance Counters
= Using PAPI interface to

recompile

= Callstack at MPI routines / relink!
= OpenMP outlined routines
= Selected user functions

» Link to source code

» Periodic sampling

= User events (Extrae API)
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Extrae overheads

Stampede2 (KNL) | Stampede2 (SKX)

Event 150 - 200 ns 110 ns
Event + PAPI 750 - 1000 ns 6.3 us 1000 ns
Event + callstack (1 level) 600 ns 8.7 us

Event + callstack (6 levels) 1.9 us 20 us
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How does Extrae work?

= Symbol substitution through LD_PRELOAD

= Specific libraries for each combination of runtimes
= MPI Recommended
= OpenMP

= OpenMP+MPI

» Dynamic instrumentation

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

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

1. Adapt your job submission script

2. Configure what to trace

= XML configuration file
= Example configurations at $EXTRAE_HOME/share/example

3. Run it!

» For further reference check the Extrae User Guide:
= https://tools.bsc.es/doc/html/extrae/index.html

= Also distributed with Extrae at $EXTRAE_HOME/share/doc
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https://tools.bsc.es/sites/default/files/documentation/html/extrae-3.5.2/index.html
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Login to Stampede2 and copy the examples

laptop> ssh -Y <USER>@stampede2.tacc.xsede.org
stampede2> cp -r ~tg856590/tools-material $WORK

stampede2> 1ls $WORK/tools-material
. apps/
. Clustering/
. extrae/

. Slides/ Here you have a copy of this slides
. traces/

BSCTOOLS HANDS-ON
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Step 1: Adapt the job script to load Extrae with LD_PRELOAD

stampede2> vi $WORK/tools-material/extrae/run_64p _knl.sh

#!/bin/bash
#SBATCH -J lulesh-knl
#SBATCH -0 lulesh-knl.%j.out

#SBATCH -e lulesh-knl.%j.err
#SBATCH -N 2 :

#SBATCH -n 64
#SBATCH -t 00:05:00
#SBATCH -p normal

module load papi

export TRACE_NAME=lulesh_64p_knl.prv

ibrun ./trace_knl.sh ../apps/lulesh2.0 -i 10 -s 65 -p _J
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Step 1: Adapt the job script to load Extrae with LD_PRELOAD

stampede2> vi $WORK/tools-material/extrae/trace_knl.sh

Select
“what to trace”

#!/bin/bash

export EXTRAE_HOME=
export EXTRAE_CONFIG_FILE=./extrae_knl.xml

export LD _PRELOAD=${EXTRAE_HOME}/lib/libmpitrace.so
#export LD_PRELOAD=${EXTRAE_HOME}/lib/libmpitracef.so

@ Select your

type of application

BSCTOOLS HANDS-ON
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Step 1: Which tracing library?

= Choose depending on the application type

m-m- OpenMP | pthread | CUDA _

libseqtrace

libmpitrace[f]" v

libomptrace v

libpttrace v

libcudatrace v
libompitrace[f] * v v

libptmpitrace[f] * v v
libcudampitrace[f] * v v

* include suffix “f"” for Fortran apps

P —
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Step 3: Run it!

= Submit your job

stampede2> cd $WORK/tools-material/extrae

stampede2> sbatch run_64p _knl.sh

= Once finished the trace will be in the same folder: lulesh_64p_knl.{pcf,prv,row} (3 files)
= Check the status of your job with: squeue —u $USER

= Any issue?
= Already generated at $WORK/tools-material/traces
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Step 2: Extrae XML configuration

stampede2> vi $WORK/tools-material/extrae/extrae_knl.xml

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

Trace 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" /> Trace the call-stack
</pthread> (Where in my code?)

<callers enabled="yes">
<mpi enabled="yes">1-3</mpi>
<sampling enabled="no">1-5</sampling>
</callers>
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Step 2: Extrae XML configuration (II)
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<counters enabled="yes">
<Cpu enabled="yes" starting-set-distribution="1">
<set enabled="yes" changeat-time="500000us" domain="all®“>
PAPI_TOT_INS, PAPI_TOT_CYC, PAPI_L1 _DCM, PAPI_BR_INS
</set>
<set enabled="yes" changeat-time="500000us" domain="all">
PAPI_TOT_INS, PAPI_TOT_CYC, PAPI_BR_MSP, PAPI_LD_INS
</set>
<set .. /set>
</cpu>
<network enabled="no" />
<resource-usage enabled="no" />
<memory-usage enabled="no" />
</counters>

Select which
HW counters

are measured
(How’s the machine doing?)

BSCTOOLS HANDS-ON
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Step 2: Extrae XML configuration (III)

<buffer enabled="yes">
<size enabled="yes">5000000</size>
<circular enabled="no" /> Trace buffer size
</buffer> (Flush/memory trade-off)

<sampling enabled="no" type="default" period="50m" variability="1@m" />

<merge enabled=“yes"

synchronization="default" Enable sampling
tree-fan-out="16" (Want more details?)

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

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

> $TRACE_NAME$ Paraver trace
</merge>
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Installing Paraver
&
First analysis steps
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Install Paraver in your laptop

= Download from http://tools.bsc.es/downloads

Pick your version

= Also available @Stampede?2
= ~tg856590/tools-packages

» Downloads

Downloads

CORE TOOLS

EXTRAE PARAVER DIMEMAS

Instrumentation framewaork to generate execution Expressive powerful and flexible trace visualizer for High-abstracted network simulator for message
gees of the most used parallel runtimes post-mortem trace analysis passini g programs

Version 4.6 3«1 56 MB
ORDLEELH

-

Cet DIMEMAS S~

Version 5.2.12 « 1.09 MB
k= £ £2 £

mmg WXparaver-4.8.1-win.zip

or wxparaver-4.8.1-mac.zip

= Wwxparaver-4.8.1-Linux_i686.tar.gz (32-bits)

» wxparaver-4.8.1-Linux_x86_64.tar.gz (64-bits)

laptop> scp @stampede2.tacc.xsede.org:~tg856590/tools-packages/ $HOME
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Install Paraver (1I)

= Download tutorials: @ o e omenss o s o Ommoss  Pusntons

» Documentation = Paraver tutorials >
Introduction to Paraver and Dimemas

methodology T e ke e oo e el of e HepTcore pton ot Porar

P Paraver introduction (MP Start here to familiarice with §

Extrae 3.6.1 is out! Slides and hands-on

Getting your first trace

Home » Documentation » Paraver tutorials

teps within the tool. To install them, download and
ere is a list of avalilable tutorials

nd the first steps of a

performance analysis

[ Dimemas introduction The b

loocking at the

ct on your exploration (no traces included).

ows some examples of the analysis that can be done using the provided

—
= Also available @Stampede?2 .
= ~tg856590/tools-packages —_—

laptop> scp @stampede2.tacc.xsede.org:~tg856590/tools-packages/3.* $HOME

FOOTER (INSERT > HEADER AND FOOTER) 17



Install tutorial

= Uncompress both packages
= Move the tutorial folder (3.Introduction*) inside “paraver” /tutorials” folder

laptop> tar xf

laptop> mv wxparaver-4.8.1-1linux-x86_64 paraver
laptop> mkdir paraver/tutorials

laptop> tar xf

laptop> mv 3.Introduction* paraver/tutorials

laptop> 1ls -1 paraver/tutorials

drwxrwxr-x .. 3.Introduction to Paraver and Dimemas methodology

LS ? Right click on wxparaver.app - Show Package Contents - Contents - Resources

FOOTER (INSERT > HEADER AND FOOTER)
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Check that everything works

.

% Tutorials

= Start Paraver

laptop> $HOME/paraver/bin/wxparaver & « EE‘EE;::P"*‘"Q

Centra Nacional de Supercomputacion

Index

u ChECk that tUtOI‘Ials are avallable 1. Introduction to Analysis with Paraver - MPI

2. HydroC Tutorial

Paraver
File Help 3. Introduction to the Use of Dimemas

Tutorials... 4. Analysis with Paraver & Dimemas - Methodology

;Nind{: About...
5. Introduction to Paraver and Dimemas methodology

All Traces

Click on Help = Tutorials

Close

= Remotely available in Stampede2

laptop> ssh -Y @stampede2.tacc.xsede.org

stampede2> ~tg856590/tools/paraver/bin/wxparaver &
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First steps of analysis

= Copy the trace to your laptop ( All 3 files: *.prv, *.pcf, *.row )

laptop> scp @stampede2.tacc.xsede.org:$WORK/tools-material/extrae/lulesh_64p knl.* ./

M A

"\ Paraver
» Load the trace = rel Click on File = Load Trace = Browse to the *.prv file

_LoadTrace..  CurlsO

Previous Traces

@ @ Tutorials

Index

Barcelona
(oo B
. enter
. FO I I OW Tu to rI a I # 3 e Rt Spermompaee
» Introduction to File Help _
Paraver and Dimemas Tutorials... N :

Winde About...
meth0d0|ogy All Traces

1. Introduction to Analysis with Paraver - MPI

2. Introduction to the Use of Dimemas
-

3. Introduction to Paraver and Dimemas methodology I

4. Analysis with Paraver & Dimemas - Methodology

5. HydroC Tutorial

CI iCk on Hel p 9 Tuto ria Is 6. Paraver trace preparation

& = =
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Measure the parallel efficiency

" Click on the "mpi_stats.cfg”

E B e Q & L) | ) £

Outside MPI | MPI_Isend | MPI_Irecv | MPI_Wait MPI_Waitall | MPI_Barrier MPI_Reduce | MPI_Allreduce A

THREAD 1.55.1

To measure the parallel efficiency load the configuration file THREAD 1.56.1
cfgs/mpi/mpi stats.cfag This configuration pops up a table with THREAD 1.57.1
%time of every thread spends in every MPI call. Look at the global | THREAD 1.58.1
outside mpi column. Entry Average =

represents the application parallel efficiency, entry Avg/Max THREAD 1.58.1

represents the global load balance and entry Maximum represents the THREAD 1.60.1

communication efficiency. If any of those values are lower than 85% is

recommended to look at the corresponding metric in detail. Open the THREAD 1.61.1

control window to identify the phases and iterations of the code. THREAD 1.62.1
THREAD 1.63.1

To measure the computation time distribution load the
configuration file cfgs/general /2dh usefulduration.cfg This THREAD 1.64.1
configuration pops up a histogram of the duration for the computation

regions. The computation regions are delimited by the exit from an MPI

w
~
~
~
=
*

call and the entry to the next call. If the histogram does not show Total 5,880.98 % 9.88 % 6.28%| 12.00% 50.71 % 3.69% 36.41%

vertical lines, it indicates the computation time may be not balanced. Average 91.89 % 0.15 % 0.10 % 0.19 % 0.79 % 0.06 % 0.57 % 5.90 %

Open the control window to look at the time distribution and visually

correlate both views. Maximum 98.51% 0.36% 0.18 % 0.55% 2.62% 0.11% 1.09 % 10.04 %
Minimum 85.83 % 0.06 % 0.04 % 0.04 % 0.15% 0.00 % 0.00 % 0.01%

+« To measure the computational load (instructions) distribution StDev 2.80 % 0.07 % 0.04 % 0.10 % 0.52 % 0.04 % 0.28 % 2.44%

Close Avg/Max 0.93 0.43 0.56 0.34 0.30 0.53 0.52 0.59

|<=|




Measure the parallel efficiency
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= Click on the "mpi_stats.cfg”

MPI call @ lulesh_64p_knl.prv

THREAD

THREAD

THREAD

THREAD

THREAD

BSCTOOLS HANDS-ON

Click on
“Open Control Window”

&

THREAD 1.55.1 88.28 %
THREAD 1.56.1 94.12°¢

THREAD 1.57.1 94.58°¢
THREAD 1.58.1 94.43 ¢
THREAD 1.59.1 92.21°¢
THREAD 1.60.1 93.39¢
THREAD 1.61.1 89.98
THREAD 1.62.1 89.56°¢
THREAD 1.63.1 90.27 ¢
THREAD 1.64.1 87.89°¢

!

=

k3

!!

F | £

k3

=

I

| Iy

Outside MPI | MPI_Isend  MPI_Ilrecv | MPI_Wait  MPI_Waitall | MPI_Barrier MPI_Reduce | MPI_Allreduce

0.18 %
0.12 %
0.12 %
0.17 %
0.17 %
0.13 %
0.09 %
0.13 %
0.13 %
0.10 %

£.88 %
D.15%
D.36%
.06 %
.07 %
0.43

0.09 %
0.06 %
0.07 %
0.09 %
0.09 %
0.07 %
0.05 %
0.06 %
0.06 %
0.04 %

6.28 %
0.10%
0.18 %
0.04 %
0.04 %

0.56

0.12 %
0.07 %
0.08 %
0.12 %
0.11 %
0.08 %
0.08 %
0.07 %
0.07 %
0.04 %

12.00%
0.19%
0.55%
0.04 %
0.10%

0.34

MPI call profile @ lulesh_64p_knl.prv

&

0.58 %
1.49 %
0.74 %
0.57 %
0.99 %
0.74 %
1.08 %
0.62 %
1.01 %
1.48 %

50.71%
0.79%
2.62%
0.15%
0.52%

0.30

0.03 %
0.03 %
0.03 %
0.02 %
0.03 %
0.03 %
0.03 %
0.03 %
0.03 %
0.03 %

3.69 %
0.06 %
0.11%
0.00%
0.04 %

0.53

0.88 %
0.22 %
0.24%
0.26 %
0.44 %
0.36 %
0.67 %
0.75%
0.65 %
0.85%

36.41 %
0.57 %
1.09 %
0.00 %
0.28 %

0.52

9.42 %
3.46 %
3.73%
3.91%
5.55%
4.80 %
7.60 %
B8.36%
7.37T%
9.16 %

377.74 %
5.90 %
10.04 %
0.01%
2.44%
0.59,

3
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Measure the parallel efficiency

= Click on the "mpi_stats.cfg”

MPI call profile @ lulesh_64p_knl.prv
w10 % E

I

e B 3 ]

Outside MPI | MPI_Isend  MPI_Ilrecv | MPI_Wait  MPI_Waitall | MPI_Barrier MPI_Reduce | MPI_Allreduce

o s _ese_ge = THREAD 1.55.1 CEREE] 0.18% 0.09%  0.12% 0.58% 0.03% 0.88% 2.42%
Zoom to Sk'p |n|t|allzat|0n/ THReAD 1.56.1 [EERER]  012%  006%  0.07% 1.49 % 0.03% 0.22% 3.46%

. . . THREAD 1.57.1 0.12%  007%  0.08% 0.74% 0.03% 0.24% 3.73%
finalization phases THREAD 1.58.1 43 0.17%  0.09%  0.12% 0.57% 0.02% 0.26% 3.91%
(d &d ) THREAD 1.59.1 0.17%  009%  0.11% 0.99 % 0.03% 0.44% 5.55%
rag rop THREAD 1.60.1 0.13%  007%  0.08% 0.74% 0.03% 0.36% 4.80%

THREAD 1.61.1 TRl  009%  005%  0.08% 1.08% 0.03% 0.67% 7.60 %

THREAD 1.62.1 TR  013%  006%  0.07% 0.62% 0.03% 0.75% 8.36%

THREAD 1.63.1 IRIE] 013% 006%  0.07% 1.01% 0.03% 0.65% 7.37%

THREAD 1.64.1 ECE]  010%  0.04%  0.04% 1.48 % 0.03% 0.85% 9.16%

£.88 % 6.28 % 12.00% 50.71% 3.69 % 36.41 % 377.74 %
D.15% 0.10% 0.19% 0.79% 0.06 % 0.57 % 5.90 %
D.36% 0.18 % 0.55% 2.62% 0.11% 1.09 % 10.04 %
THREAD 1.17. .06 % 0.04 % 0.04 % 0.15% 0.00% 0.00 % 0.01%
.07 % 0.04 % 0.10% 0.52% 0.04 % 0.28 % 2.44%

0.43 0.56 0.34 0.30 0.53 0.52 0.59,
THREAD 1.49. | | v

MPI call @ lulesh_64p_knl.prv
THREAD 1.1.1

THREAD 1.

THREAD

13,344,735 us
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Measure the parallel efficiency
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= Click on the "mpi_stats.cfg”

MPI call
THREAD

THREAD
THREAD
THREAD

THREAD

BSCTOOLS HANDS-ON

2. Right click 2>
Paste = Time

@ Lulesh_64p knl.prv

e B

THREAD 1.55.1
READ 1.56.1

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

-

MPI call profile @ lulesh_64p_knl.prv

W H N E

88.28 % 0.18 % 0.09 %
0.12 % 0.06 %
0.12 % 0.07 %

7 % 0.09 %

0.07 %
89.98 % 0.05 %
89.56°¢ 0.06 %
90.27 ¢ 0.06 %
87.89°¢ 0.04 %

6.28 %
p.15 % 0.10%
.36 % 0.18 %
0.04 %
.07 % 0.04 %

0.12 %
0.07 %
0.08 %
0.12 %
0.11 %
0.08 %
0.08 %
0.07 %
0.07 %
0.04 %

12.00%
0.19%
0.55%
0.04 %
0.10%
0.34

0.58 %
1.49 %
0.74 %
0.57 %
0.99 %
0.74 %
1.08 %
0.62 %
1.01 %
1.48 %

50.71%
0.79%
2.62%
0.15%
0.52%

0.30

0.03 %
0.03 %
0.03 %
0.02 %
0.03 %
0.03 %
0.03 %
0.03 %
0.03 %
0.03 %

3.69 %
0.06 %
0.11%
0.00%
0.04 %
0.53

0.88 %
0.22 %
0.24%
0.26 %
0.44 %
0.36 %
0.67 %
0.75%
0.65 %
0.85%

36.41 %
0.57 %
1.09 %
0.00 %
0.28 %

0.52

Outside MPI | MPI_Isend  MPI_Ilrecv | MPI_Wait  MPI_Waitall | MPI_Barrier MPI_Reduce | MPI_Allreduce

9.42 %
3.46 %
3.73%
3.91%
5.55%
4.80 %
7.60 %
B8.36%
7.37T%
9.16 %

377.74 %
5.90 %
10.04 %
0.01%
2.44%
0.59,

3
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Measure the parallel efficiency

" Click on the "mpi_stats.cfg”

€ B 2 O 2 (WM %D %

Outside MPI | MPI_Isend | MPI_lrecv | MPI_Wait | MPI_Waitall MPI_Allreduce  MPI_Comm_rank

THREAD 1.55.1
THREAD 1.56.1
THREAD 1.57.1
THREAD 1.58.1
THREAD 1.55.1
THREAD 1.60.1
THREAD 1.61.1
THREAD 1.62.1

11 THREAD 1.63.1
Parallel efficiency THREAD 1631
(89% computing) .
il B 5,698.23 % 12.04 % 7.73% 15.76 % 70.74% 591.10 % 4.41%
Averaye 89.03 % 0.19% 0.12 % 0.25% 1.11% 9.24 % 0.07 %
11 Maxioo s 98.36 % 0.33% 0.23% 0.76 % 3.72% 15.70 % 0.08 %
Com m EffICIency 80.66 % 0.07 % 0.04 % 0.05% 0.21% 0.02 % 0.06 %
(<2% communicating) 3.94% 0.07%  0.05% 0.14% 0.72% 3.82% 0.01%
Avg 0.91 l 0.57 0.53 0.32 0.30 0.59 0.81
. [ ] . . [ J L] -
00 ~
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Computation time and work distribution

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

2DH useful duration correlated with @ lulesh_64p_knl.prv
e B S-S NCRR

Tutoerials (on login3) =
. . = r
The first gquestion 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 i
would be the first checks on the proposed methodology.
+ To the i load the configuration file

cfgs/mpi/mpi stats.cfg This configuration pops up a table with %time that

every thread spends in every MPI call. Look at the global statistics at the bottom of the
outside mpi column. Entry Average represents the application parallel efficiency, entry
Avg/Max represents the global load balance and entry Maximum represents the
communication efficiency. If any of those values are lower than 85% is recommended
10 ook at the corresponding metric in detall. Open the control window to identify the
phases and iterations of the code. ]

e

To measure the computation time distribution Ioj
cfgs/general/2dh useful ration.c T
histogram of the duration for the computation regiol

the configuration file
configuration pops up a
. The computation regions are

o 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

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.

= j ﬂ Close

BSCTOOLS HANDS-ON

views. l.
[ ]
| |
+ To the i load (inst i distribution load the -
configuration file cfgs/papi /2dh us nstruc = . cfg This configuration
pops up a histogram of the instructions for the computation regions. The computation i

-

4

THREAD 1.21.1 [19,087.17..38,164.85) =0 us

26
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Computation time and work distribution

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

2DH useful duration correlated with @ lulesh_64p_knl.prv

Tutoerials (on login3)

The first gquestion 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 the i load the configuration file

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

10 ook at the corresponding metric in detall. Open the control window to identify the
phases and iterations of the code.

To measure the computation time distribution lofd the configuration file
cfgs/general /2dh useful ration.c i configuration pops up a
histogram of the duration for the computation regiorll. The computation regions are

o 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.
" . L . | |
+ To the P load (inst distribution load the
configuration file cfgs/papi /2dh us nstruc = . cfg This configuration
pops up a histogram of the instructions for the computation regions. The computation i

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.

+ To measure the serial regions performance look at the IPC timeline loaded with II
cfgs/general/2dr uration.cfg. What it's a reasonable IPC would

=l =l = oo | \

THREAD 1.21.1 [19,087.17..38,164.85) =0 us
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Computation time and work distribution

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

Tutoerials (on login3)

The first gquestion 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 e the i load the configuration file
cfgs/mpi/mpi stats.cfg This configuration pops up a table with %time that
every thread spends in every MPI call. Look at the global statistics at the bottom of the
outside mpi column. Entry Average represents the application parallel efficiency, entry
Avg/Max represents the global load balance and entry Maximum represents the
communication efficiency. If any of those values are lower than 85% is recommended
10 ook at the corresponding metric in detall. Open the control window to identify the
phases and iterations of the code.

To measure the computation time distribution lofd the configuration file
cfgs/general /2dh usefulduration.cfg Tl configuration pops up a
histogram of the duration for the computation regiorll. The computation regions are
o 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.

Useful Duration 20Zcom range [3.37676e+06,3.81555e+86] @ lulesh 64p knl.prv
THREAD 1.1.1

THREAD

THREAD

THREAD

BSCTOOLS HANDS-ON

15,349,735 us

Control Window’

1. Click on
“Open Filtered

4

2. Then select

this area
(by drag-and-dropping)

,087.17..38,164.85) =0us
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Computation time and work distribution

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

€ D V@ | ow

Tutoerials (on login3)

The first gquestion 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 the i load the configuration file

cfgs/mpi/mpi stats.cfg This configuration pops up a table with %time that
every thread spends in every MPI call. Look at the global statistics at the bottom of the I 1
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
10 ook at the corresponding metric in detall. Open the control window to identify the
phases and iterations of the code. ]

To measure the computation time distribution lofd the configuration file l. II i
cfgs/general /2dh useful ration.c i configuration pops up a

histogram of the duration for the computation regiorll. The computation regions are
o 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 I

views. l.

+ To the load (inst i distribution load the

Z to ski
configuration file cfgs/papi /2dh us nstruc = . cfg This configuration
pops up a histogram of the instructions for the computation regions. The computation
regions are delimited by the exit from an MPI call and the entry to the next call. If the * a rge u rs ro m

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 I.
correlate both views. ll

the initialization
(by drag-and-dropping)

+ To measure the serial regions performance look at the IPC timeline loaded with
cfgs/general/2dr uration.cfg. What it's a reasonable IPC would

=l =l = oo |

"
THREAD 1.21.1 [19,087.17..38,164.85) =0 us

e
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Computation time and work distribution

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

€ D - I

Tutoerials (on login3)

=
= 1 [N ]
The first gquestion to answer when analyzing a parallel code is "how efficient does it run?". | ) II
The efficiency of a parallel program can be defined based on two aspects: the parallelization 1 1
[ ]

efficiency and the efficiency obtained in the execution of the serial regions. These two metrics
would be the first checks on the proposed methodology. 1
[ |

+ To the i load the configuration file
cfgs/mpi/mpi stats.cfg This configuration pops up a table with %time that h [ | [ |
every thread spends in every MPI call. Look at the global statistics at the bottom of the 1 (] 1
outside mpi column. Entry Average represents the application parallel efficiency, entry I
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 ] 1
10 ook at the corresponding metric in detall. Open the control window to identify the l.
phases and iterations of the code. ll

To measure the computation time distribution lofd the configuration file
ral/2dh useful ration.c i configuration pops up a 1

regions are delimited by the exit from an MPI call and the entry to the next call. If the -l. 1 1
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. ¥

¢ f -
=| <] =] Close ! ;.l |.l 3

THREAD 1.35.1 [156,109.78..158,801.17) =0 us

cfgs/gen [ |
histogram of the duration for the computation regiorll. The computation regions are i n
o the next call. If the nistogram L | .I 1
does not show vertical lines, it indicates the computation time may be not balanced. [ | || 1
Open the control window to look at the time distribution and visually correlate both .| []
views. '] | m
| | U |
+ To the P i load (inst i distribution load the [ |
configuration file cfgs/papi /2dh us nstruc = . cfg This configuration ! L] [
pops up a histogram of the instructions for the computation regions. The computation | | | 1
[ ]
A e | [
[ ] I
[ | 1
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Computation time and work distribution

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

I B LR

Tutoerials (on login3)

The first gquestion 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 the i load the configuration file
cfgs/mpi/mpi stats.cfg This configuration pops up a table with %time that
every thread spends in every MPI call. Look at the global statistics at the bottom of the
outside mpi column. Entry Average represents the application parallel efficiency, entry
Avg/Max represents the global load balance and entry Maximum represents the
communication efficiency. If any of those values are lower than 85% is recommended
10 ook at the corresponding metric in detall. Open the control window to identify the
phases and iterations of the code.

To measure the computation time distribution lofd the configuration file
cfgs/general /2dh useful ration.c i configuration pops up a
histogram of the duration for the computation regiorll. The computation regions are
o 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 the load (inst i distribution load the
configuration file cfgs/papi /2dh us nstruc = . cfg This configuration
pops up a histogram of the instructions for the computation regions. The computation
regions are delimited by the exit from an MPI call and the entry to the next call. If the
histogram doesn't show vertical lines, it indicates the distribution of the instructions
may be not balanced. Open the control window to look at the time distribution and
correlate both views.

+ To measure the serial regions performance look at the IPC timeline loaded with
cfgs/general/2dr uration.cfg. What it's a reasonable IPC would

2| = =] cose | Performance

THREAD 1.35.1 [156,109.78..158,801.17) =0 imbalance
(zig-zags)
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Computation time and work distribution

2DH useful duration correlated with @ lulesh_64p_knl.prv

IE B - T
w =L | A , ,
ol f 2dh useful instructions @ lulesh_64p_knl.prv
l: l 1 U h -l"
. 1 '
3" '
| Y - 1 L 1 !
'I_.' ' \ ’ ';. ' s q q |.'
1 ''m ' ! I ll !
0.0 0 - lII
| i ] l|' [ ] '. N

:_. ".-l. l -;l. } ll [ [ lIIl
(

i o ] ]
- ' L] |
i U N I Il
|
THREAD 1.35.1 [156,109.78..158,801.17) =0us p ! 1
e e e e L e g e 1
delimited by the exit from an MPI call and the entry to the next call. If the histogram L] X :l
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 1 [ ]
views. 1 1
[ ]
+ To th P i load (instr i distribution load he [ |
configuration il cfgs/papi/2dh useful instructions.cfg Tills configuration l.
pops up a histggram of the instructions for the computation regions. Tl computation 1 [ |
regions are ¢ t call. If the [ | 1
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 [ | 1
correlate both views. ] 1
[ ]
+ To measure the serial regions performance look at the IPC timeline loaded with 'l
cfgs/general/2dh_usefulduration.cfg. What it's a reasonable IPC would ﬂ [ | J
== E] e i
| lI
A

THREAD 1.20.1 [393,650,744.88..397,794,425.48) =0 us

» Click on “"2dh_useful_instructions.cfg” (3rd link) = Shows amount of work
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Computation time and work distribution

2DH useful duration correlated with @ lulesh_64p_knl.prv

E B LR (M) H o
m T
oo T
n - -
ol f 2dh useful instructions @ lulesh_64p_knl.prv
]
ok -
y oo m = " ‘
. | |
g ]
L]
et 1
| ]
"
|
-
Y ]
| 0 ' ]
| L
| "
L LI .
"y
) ]
ll-l
l o
"y
il
dar't
THREAD 1.35.1 [156,109.78..158,801.17) =0us
e e e e L e g e
delimited by the exit from an MPI call and the entry to the next call. If the histogram
does not show vertical lines, it indicates the computation time may be not balanced.
Open the control window to look at the time distribution and visually correlate both
views.
+ To th P load (ins distribution load he
configuration il cfgs/papi/2dh useful instructions.cfg Tills configuration
pops up a histggram of the instructions for the computation regions. Tl computation

regions are t 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.

+ To measure the serial regions performance look at the IPC timeline loaded with

Work
cfgs/general/2dh usefulduration.cfg. What it's a reasonable IPC would = .
=l = =] = imbalance
(zig-zag)

20.1 [393,650,744.88..397,794,425.48) =0 us

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

BSCTOOLS HANDS-ON 33



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Computation time and work distribution

2DH useful duration correlated with @ lulesh_64p_knl.prv

E B LR (M) H o

et = | A
! i 2dh useful instructions @ lulesh_64p_knl.prv

'l-'l - rh | II 0 . ]

} T 1 n ' :

|: ll'l - ] " [ ] '. ' N

{ o . e E -ilg ll [ [ 1 II.
#

PP
-
- =
-
Lo
-
-

Lo

)
ll'l
l oot . .
il . [ |
dar't . 0 A
THREAD 1.35.1 [156,109.78..158,801.17) =0us p ! f 1
e e e e L e g e 1
delimited by the exit from an MPI call and the entry to the next call. If the histogram L] X Op :l
does not show vertical lines, it indicates the computation time may be not balanced. [ | ol
Open the control window to look at the time distribution and visually correlate both 1 [ ]
views. 1 1
[ ]
+ To th P i load (instr i distribution load he D [ |
configuration il cfgs/papi/2dh useful instructions.cfg Tills configuration
pops up a histggram of the instructions for the computation regions. Tl computation
regions are ¢ t 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.

+ To measure the serial regions performance look at the IPC timeline loaded with
cfgs/general/2dh_usefulduration.cfg. What it's a reasonable IPC would ﬂ

=l =l = oo |

5.48) =0us

» Click on “"2dh_useful_instructions.cfg” (3rd link) = Shows amount of work
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Where does this happen?

= Go from the table to the timeline

2dh useful instructions @ lulesh_64p_knl.prv

1. Click on
“Open Filtered
Control Window”

2. Select this area
(by drag-and-dropping)

THREAD 1.20.1 [393,650,744.88..397,794,425.48) =0 us
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Where does this happen?

= Go from the table to the timeline

useful instructions 20Zoom range [1.78179e+88,2.52766e+08) @ lulesh 64p knl.prv
THREAD 1.3.1

THREAD 1.14.1
THREAD 1.22.1
THREAD 1.33.1
THREAD 1.51.1

THREAB 1.84.3 —

Right click = Fit
Semantic Scale =
Fit Both

FOOTER (INSERT > HEADER AND FOOTER) 36
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Where does this happen?

= Go from the table to the timeline

useful instructions 20Zoom range [1.78179e+08,2.52766e+08) 3
THREAD 1.3.1

THREAD 1.14.1
THREAD 1.22.1
THREAD 1.33.1
THREAD 1.51.1

THREAB 1.84.31 —

Zoom into

1 of the iterations
(by drag-and-dropping)
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Where does this happen?

. m &m at the same time = Imbalance

useful instructions 20Zoom range [1.7817%e+08,2.52766e+08) @ lulesh 64p knl.prv
THREAD 1.3.

THREAD 1.

THREAD 1.22
THREAD 1.33.
THREAD 1.51.

THREAR 1:.84.

THREAD 1.1.
THREAD 1.17.
THREAD 1.33.

THREAD

Hidden values
(click to show)
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Where does this happen?

. m &m at the same time = Imbalance

» Hints &> Callers - Caller function

FOOTER (INSERT > HEADER AND FOOTER)

useful instructions 20Zoom range [1.7817%e+08,2.52766e+08) @ lulesh 64p knl.prv
THREAD 1.3.1

THREAD 1.14.1

THREAD 1.22.1

THREAD 1.33.1 e Right CIiCk 9

THREAD 1.51.1

THREAD 1.63.1 = .- Copy

Right click 2>
MPI caller @ lulesh 64p knl.prv R . N . - . Paste 9 Time

THREAD 1.1.1
THREAD 1.17.1
THREAD 1.33.1

THREAD 1.49.1

THREAD 1.64.1 = -
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Where does this happen?

. m &m at the same time = Imbalance

useful instructions 20Zoom range [1.7817%e+08,2.52766e+08) @ lulesh 64p knl.prv
THREAD 1.3.1

THREAD 1.
THREAD 1.3232

THREAD 1.33.

THREAD 1.51.

THREAR 1:.84.

MPI caller @ lulesh_&4p knl.prv
THREAD

THREAD

THREAD 1.33.

THREAD

THREAMN

CommSend | CommMonoQ Timelncrement

FOOTER (INSERT > HEADER AND FOOTER)
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Save CFG’s (2 methods)

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

useful instructions 2DZoom range [1.7817%e+88,2.52766e+088) @ lulesh_64p_knl.prv
THREAD 1.3.1

THREAD 1.14.

THREAD 1.22.

1
1
THREAD 1.33.1
1

THREAD 1.51.

THREAB 1.83.1 —

FOOTER (INSERT > HEADER AND FOOTER)

Right click on
timeline

Copy

Clone

Undo Zoom

Fit Time Scale

Fit Semantic Scale
Fit Objects

Select Objecks...
View

Paink As
Drawmode

Pixel Size

Object Labels
Object Axis

Run

Synchronize

Info Panel

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

useful instructions 2DZoom range [1.7817%e+88,2.52766e+088) @ lulesh_64p_knl.prv
THREAD 1.3.1

THREAD
THREAD
THREAD
THREAD

THREAB

(-] Paraver

File Hints Help
Load Trace...

1. Main Paraver

Previous Traces
Unload Traces...

window

Load Configuration...
Previous Configurations

Load Session...
save Session...

Preferences...

Quit

Fles & Window Properties
o=
i spark
& spark-1.6.0-bin-hadoop2.6
[ Telegram
[ tracking
[ wxparaver
> W62
> [ cfgs
v [ latest
> [ bin
v

4 v vy

i cfgs

Paraver files

FOOTER (INSERT > HEADER AND FOOTER)

+5 2.95878e-

B.75794e

@ @ 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_uanm
Useful.c1.c1 @ lulesh_8p_uam.prv.¢

ructions.c1.c2 @ lulesh_8p_uan
ful.c1.c2 @ lulesh_8p uam.prv.(

tall Unset all

Description

| Save whole CFG in basic mode

- Timeline options

s [ Relative begin time

2dh usefulinstructions @ lulesh_8p B Relative end time

| Compute semantic scale

Histogram options
@® Alltrace

Allwindow

& Compute gradient limits

Set all Unsetall

Cancel Save
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CFG’s distribution

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Paraver comes with many more included CFG's

-

= Paraver
File Hints Help
Load Trace... Cerl+0O
Previous Traces v
Unload Traces...

Load Configuration...

il
Load Session... Cerl+L
Save Session... Chrl+S
Preferences...
Quit Cerl+Q

Files & Window Properties

| G

i tracking
¥ [ wxparaver
b e 4.6.2
[ 3 ™ cfgs|
¥ [ latest
* | bin
¥ | cfgs
» |& burst_mode
* | clustering
* | counters PAPI

Paraver files

FOOTER (INSERT > HEADER AND FOOTER)

/home/gllort/Apps/wxparaver/latest/cfgs/General/views/useful_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/mpi/analysis/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/clusteriD_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

43



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Hints: a good place to start!

= Paraver suggests CFG’s based on the information present in the trace

@ S @ paraver

File Hints Help
¢ = d  MPIprofile

ik  callers v Point 2 point connectivity pattern
Mpl4  HWC ’ Histogram of durations per MPI call
Wingg  flush o
1
lulesh_8p_2node_uam_localdir.prv =

Files & Window Properties

g

> [ tracking
¥ [ wxparaver
> 4.6.2

L —

¥ [ latest
* [ bin
¥ | cfgs
* [ burst_mode
* [ clustering
* [& counters PAPI

Paraver files =

44
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Cluster-based analysis

i
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Use clustering analysis

= Run clustering

laptop> ssh -Y <USER>@stampede2.tacc.xsede.org
stampede2> cd $WORK/tools-material/clustering

stampede2> ~tg856590/tools/clustering/bin/BurstClustering
-d cluster.xml
i ../extrae/lulesh_64p knl.prv
lulesh_64p knl clustered.prv

= If you didn’t get your own trace, use as input (-i) a prepared one from:

stampede2> 1s $WORK/tools-material/traces/lulesh _64p knl.prv

BSCTOOLS HANDS-ON 46
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Cluster-based analysis

= Check the resulting scatter plot

stampede2> gnuplot lulesh_64p_knl clustered.IPC.PAPI_TOT_INS.gnuplot

Gnuplot (window id : 0)

= Identify main computing trends BHZ @ » @aaa 272

Cluster Analysis Results of trace 'luleshg4pnl.prv'
DBSCAN (Eps=0.02, MinPoints=4)

8x108 T T T | T i
= Work (Y) vs. Speed (X) | 1 qulose #
Cluster 2
2 6x108 _ Cluster3 O
o Cluster4 m
=2 | _ Cluster 5 O
= Look at the clusters shape g a0 x Cluster 5 ®
. . . . . w 4x108 | - Cluster 7
= Variability in both axes indicate g :ms S Cluster 3
- - T 3x - o
potential imbalances § o | 2 @ Cluster 10
- (o}
1x108 |- = Variable speed
"] > | 1
0.2 1 1.2 1.4

-0.0165492, 4.63600e+08
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Correlating scatter plot and time distribution

= Copy the clustered trace to your laptop and look at it

laptop> scp <USER>@stampede2.tacc.xsede.org:$WORK/tools-material/clustering/lulesh_64p_knl clustered.* .

laptop> $HOME/paraver/bin/wxparaver lulesh_64p_knl clustered.prv

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

Gnuplot (window id : 0)

R # @ @ a 2 ?

[ = =
Cluster ID @ lulesh_64p_knl_clustered.prv

i Ll T — e AN (Epem.02. Minpointeay ™ T
behaviors
il over time

5 (1st iteration slower)

Noise
Cluster 1
Cluster 2
Cluster 3
Cluster 4
. Cluster 5
Cluster 6
. Cluster 7
Cluster 8
o Cluster 9
Cluster 10
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Correlating scatter plot and time distribution

= Copy the clustered trace to your laptop and look at it
laptop> scp <USER>@stampede2.tacc.xsede.org:$WORK/tools-material/clustering/lulesh_64p_knl clustered.

laptop> $HOME/paraver/bin/wxparaver lulesh_64p_knl clustered.prv

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

Gnuplot (window id : 0)

R # @ @ a 2 ?

=
Cluster ID @ lulesh_64p_knl_clustered.prv
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