VIRTUAL INSTITUTE - HIGH PRODUCTIVITY SUPERCOMPUTING

Installing Paraver & first steps

German Llort

(tools@bsc.es)
Barcelona Supercomputing Center

i
§
|
®
|

Technische S UNIVERSITE DE
ﬂ“m Universitat ! Universitat Stuttgart VERSAILLES
Minchen 2 ST-QUENTIN-EN-YVELINES

] La Liverm TECHNISCHE - _ﬁm
J JU LlCﬂ M Na‘a'o!eng‘lzeLabom oor;e @ g;&vssnnssnmr 0 UNIVERSITY OF OREGON

%




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Install Paraver in your laptop

Extrae Research » Documentation » Downloads

= Download a binary for your OS
» https://tools.bsc.es/downloads Home » Downloads

CORE TOOLS

5.4.2+0.89 MB

EXTRAE PARAVER DIMEMAS
framework to 1 f Expressive powerful and flexible trace visualizer for High-abstracted network simulator for message-
traces of the most used parallel runtimes. post-mortem trace analysis. passing programs.
B wxparaver-4.10.0-win.zip S~ 7| PARAVER v omEMAs v

version 383 TN A

) =0 EOoEAL0E EOBAAA
o + + +

PRI AR TG 2

CLUSTERING TRACKING FOLDING

Automatically expose the main performance trends in Analyze how the behavior of a parallel application Combined instrumentation and sampling for

WX p a ra Ve r_ 4 . 1 0 . O - Li n u X_i 6 8 6 . ta r. g Z ( 3 2 b i t) applications’ computation structure. evolves through different scenarios. instantaneous metric evolution with low overhead.

wxparaver-4.10.0-Linux_x86_64.tar.gz (64bit) R

9771 MB

SO AL =08 =08

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

g

T ————— —
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Install Paraver in your laptop

= Start Paraver: =P——

. - S
| LI n uX : Workspaces
None
Window browser
All Traces

tar xf wxparaver-4.10.0-Linux_x86_64.tar.bz2

wxparaver-4.10.0-Linux_x86_64/bin/wxparaver

» Windows: Unzip & double-click on wxparaver-4.10.0-win/wxparaver.bat

= MAC: Unzip & double-click on wxparaver.app

Files & Window Properties

= Any issue? Remotely from JUWELS (ssh -Y):

v |
cd /p/project/training2123/tools/paraver/4.10.0 o
./bin/wxparaver  News

+ F1Nextcloud
Pictures
Private

» [1Projects
Diihlir

Paraver files
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Install Paraver tutorials (Automatic download)

= Download tutorial #3 - Introduction to Paraver and Dimemas methodology

utorials down

orials

Barcelona

Select tutorials to download and install:

@ Paraver introduction (MPI)

No tutorials found!? Dimemas introduction

e ) ) 1 Supercomputmg
Paraver Install using the download dialog Introduction to Paraver and Dimems Center
You can automatically download and install any of the available tuterials by clicking the “Download and Methodology

File

Install" button,

Help Tutorial on HydroC analysis (MPI, Dit Centra Macional de Supercomputacion

Just check in the desired tutorials and press the "OK" buttan

i Tutorials... f& & Manual installation Trace preparation d
o Fleasa check thas irectory to tutorial 1y defined
wind, About... e chch a3 oot drectony ol sl oo Index
2. Select Giobal tab
Al Traces = 3.1n the Default directories box, change the Tutarials raat directary Cancel 0K
3 5 e ot e uperaseny e e ot 1. Introduction to Analysis with Paraver - MPI

6.IF nothing happens, come back here and press the Index buttan (the first one at thedd.com-left) to
rebuild the tutorials list

A f the button index doasn't seem to work (you're still reading this heip!), pleasagfiify that 1 1
= utton ngex doesntseem o i 2. Introduction to the Use of Dimemas
= Every tutorial is inside its own subdirectory.

« These subdirecteries for tutorials) are copied/linked into thagfut directory that you have selected before
ti.e _rialsitut?), etcl.

« Every i e s et e b (e TrommaimmytotorsirtotLindex htr | 3. Introduction to Paraver and Dimemas methodology

If you stil get this help after checking these steps afiin, please contact us at paraver@bsc.es.

Latest tutorials 4. Analysis with Paraver & Dimemas - Methodology

Find them available ot hitps: Mool sdfiesioaraver tutorials
« Asszingle targz packa
o assingle zZip packand 127 MB)

5. HydroC Tutorial

= s Close.

6. Paraver trace preparation

| = -
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Install Paraver tutorials (Manual install)

= Download tutorials archive
= https://tools.bsc.es/paraver-tutorials @ e o o e v o

news@tools:~ > paraver 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:

er ba:

commands and the first steps of a

5 Paraver introduction (MP
how to configure and run the Dimemas simulator and to start

2 pimemas introductior

ntroduction to

Dimemas metl

can be done using the provided

s of the MPI application Hydro and further

a representative region for a large trace that cannot be
Trace preparatior
. . d unne ards communications, use this
[} ace alignment tutorial

shifts

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

paraver-tutorials-20150526.tar.gz gz format (127 M) 2 format (127 W)
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Install Paraver tutorials (Manual install)

= Uncompress downloaded package

Paraver - X

File Help
Load Trace...

u Rename the fOIder: Previous Traces 4
» paraver-tutorials-20150526 - tutorials

= Open File > Preferences S ;
Save Session...

references...

Zuit

Files & Window Properties

B libxml2
@ memkind
@ mpich
B MRNet
@ openmpi
@ papi
\l_Paraver|

Paraver files v

v v v v w ¥
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Install Paraver tutorials (Manual method)

Global

Trace
Fill State gaps with IDLE State
View Full pathintrace selector

Maximum loadable trace size (MB) | 500 - <+
Default directories >
Traces J/home/gllort Browse
CFGs Jhome/gllort/apps/Paraver/4.8.2-devel2/cfgs Browse @ & Tutorials
" » . f
Filters XML J/home/gllort/apps/Paraver/4.8.2/share/filters-config Browse Barcelona
Supercomputing
Tutorials root /home/fgllort/apps/Paraver/4.8.2-devel2/tutorials Browse i Center

Centra Macional de Supercomputacion
T
Tmp dir J/home/gllort Browse ; Paraver
File Help Index

Behaviour Tutorials... % & & _ o
1. Introduction to Analysis with Paraver - MPI
[ Allow only one running instance Windo About...
All Traces = 2. Introduction to the Use of Dimemas
Automatically save sessionevery 1 — <+ minutes . .
y y 3. Introduction to Paraver and Dimemas methodology
Show dialog For crashed auto-saved sessions on startup 4. Analysis with Paraver & Dimemas - Methodology

5. HydroC Tutorial

Show help contents on a browser

6. Paraver trace preparation

Cancel OK

ElE|E|
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Install CUDA workspace

= Download from JUWELS & copy inside your Paraver folder:

scp <USER>@juwels-booster.fz-juelich.de:/p/project/training2123/work/llortl/bsc-hands-
on/ws/CUDA.ws .

scp <USER>@juwels-booster.fz-juelich.de:/p/project/training2123/work/llortl/bsc-hands-
on/cfgs/*.cfg <..>/wxparaver-4.10-0-Linux_x86_64/cfgs/CUDA

“m wxparaver-4.10.0-win/cfgs/CUDA
"‘wxparaver.app/Contents/Resources/cfgs/CUDA
= File > ' :
Preferences - et e :

Workspaces »>
Import workspaces -
Browse to "CUDA.ws”

nnnnnnnnnnnnnnnnnnnn

» @ libxml2
» @ memkind
» @ mpich
» @ MRNet
» @ openmpi
» @ papi

=

aaaaaaa files - Cancel
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

First steps of analysis

= Download sample trace from JUWELS (3 files, pcf, prv, row):

scp <USER>@juwels-booster.fz-juelich.de:/p/project/training2123/work/llortl/bsc-

hands-on/traces/lulesh2.0 _booster 27p.* .

= Load the trace in Paraver:

@ ® @ Pparaver

File Help
Previous Traces 4 @ A Tutorials
Barcelona
Supercomputing
Center
Ceaniro Nacional de Supercomputacion
H n
= Follow Tutorial #3: Index
o S5 paraver 1. Introduction 1o Analysis with Paraver - MPI
File Help 2. Introduction to the Use of Dimemas
Tutorials... Ry 3. Introduction to Paraver and Dimemas methodology
i About... —
| 4. Analysis with Paraver & Dimemas - Methodology
All Traces
5. HydroC Tutorial
6. Paraver trace preparation

S
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Measure the parallel efficiency

= Click on "mpi_stats.cfg”
= Check the Average for the column labelled "Outside MPI”

-

MPI call profile @ lulesh2.0_booster_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 e B | < B H [ m |_ £ % b Default |v|z
parallelization efficiency and the efficiency obtained in the execution of the serial sl A [ [ | i
regions. These two metrics would be the first checks on the proposed methodology. Outside MPI| MPI_Isend| MPI_Irecv MPI_Wait| MPI Waitall| MPI_Barrier| MPI_Reduce |~
S IR thaspanatialbaffisiancy load the configuration file THREAD 1.15.1 64.8
Qﬂ:r.s_mm_mnl_sLaLs__QfﬂTh s configuration pops up a table with %time that THREAD 1.16.1 8
avanithread cnande in avarny MITT call. Look at the global statistics atthe bottom of THREAD 1.17.1

the outside mpi column. EntryAverage represents the application parallel
efficiency, entry Avg/Max represents the global load balance and entry Maximum

THREAD 1.18.1

represents the communication efficiency. If any of those values are lower than THREAD 1.19.1
85% is recommended to look at the corresponding metric in detail. Open the THREAD 1.20.1 g
control window to identify the phases and iterations of the code. THREAD 1.21.1 3
« To measure the computation time distribution load the configuration file THREAD 1.22.1 81.8
cigs/general2db_usefulduration cfg This configuration pops up a THREAD 1.23.1 8
histogrgm_ of the duratiqn for the computation regions. The computation regions THREAD 1.24.1 g 8
are delimited by the exit from an MPI call and the entry to the next call. If the e
histogram does not show vertical lines, it indicates the computation ime may be THREAD 1.25.1 8- -8
not balanced. Open the control window to look at the time distribution and visually THREAD 1.26.1 8
correlate both views. THREAD 1.27.1 g
L4
e To measure the computational load (instructions) distribution load the Paraliel € = AVE
configuration file cfgs-papi 2dh_useful_instructions cfg This 1 2,334.46 % 3.39 % 3.06% 31.36% 125.25 % 8.43 % 2.89 %
configuration pops up a histogram of the instructions for the computation regions. Avera 86.46 % 0.13 % 0.11 % 1.16 % 4.64 % 0.31 % 0.11 %
The computation region_s are delimited by the exitfrom_an MPI ca_II and the entry o - - : ; 0.24 % 0.23 % 5.00 % 9.70 % 1.02 % 0.98 %
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 Minimum : 0.06 % 0.06 % 0.09 % 1.24 % 0.00 % 0.00 %
look at the time distribution and correlate both views. StDev 4.22 % 0.04 % 0.04 % 1.42 % 2.63% 0.19 % 0.25 %
nad balance (Avg > .ﬂ 000 051 0.49 023 0.48 0.31 0.11 -
a Tn measiure the serial reninns nerfarmance lnnk at the TP timeline Inaded O Il | _’I_

=] = Close 4




Focus on the iterative part

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

MPI call @ lulesh2.0-intel-27p.prv
THREAD 1.1.1

II
k
THREAD 1.106.1
THREAD 1.19.1

THREAD 1.27.1

Click on
“Open Control Window”

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY)

e B

& [m [l

% |h Default |v

Outside MPI MPI_lsend MPI_lrecv MPI_Wait MPI_Waitall MPI_Barrier MPI_Reduce =l

THReAD 1.15.1 [JEERIE] 017%/ 015% 097 % 6.63 % 0.28 % 0.06 %
THReAD 1.16.1 [JEEEEE]  012%/ 010% 117% 6.45 % 0.44 % 0.00 %
THReAD 1.17.1 [EFRIEA  017%/ 016% 077% 1.50 % 0.12 % 0.27 %
THReAD 1.18.1 [EEEEE]  012%/ 011% 012% 1.95 % 034 % 0.00 %
THReAD 1.19.1 [JEFREX] 008%| 007% 009 % 1.81 % 0.01 % 0.00 %
THReAD 1.20.1 [JEFEFE  012%/ 010% 021% 7.21% 032 % 0.00 %
THReAD 1.21.1 [JENTEA  009%| 007% 320% 353% 038 % 0.98 %
THReAD 1.22.1 IR 013%/ 010% 056% 7.10 % 0.00 % 0.00 %
THReAD 1.23.1 [JEEEEEA  018%| 014% 398% 271% 032 % 0.00 %
THReAD 1.24.1 [JEERTEEA]  014%| 009% 355% 3.34% 0.35 % 0.00 %
THReAD 1.25.1 [JEFEEEA]  011%| 007% 4.01% 5.07 % 0.36 % 0.01 %
THReAD 1.26.1 [JEFREEA  015%| 009% 030% 9.63 % 012 % 0.01 %
THReAD 127.1 [ IEXEEA  011%| 006% 021% 9.70 % 0.40 % 0.00 %
Total 2,33446%  339% 3.06% 31.36% 12525% 8.43% 2.89 %
Average 86.46%  0.13% 011% 1.16% 4.64 % 0.31% 0.11%
Maximum 95.83%  024% 023% 5.00% 9.70 % 1.02 % 0.98 %
Minimum 80.60%  0.06%  0.06% 0.09% 124 % 0.00 % 0.00 %
StDev 422%  0.04% 004% 142% 2.63% 0.19 % 0.25 %

Avg/Max 0.90 0.51 0.49 0.23 0.48 0.31 0.11/

il o

2022-02-10




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Focus on the iterative part

MPI call @ lulesh2.0-intel-27p.prv
THREAD 1.1.1

THREAD 1.106.1

THREAD 1.19.1 : S
THREAD 1.27.1 e emam 0@ [mfa] m[a z % v Defaurt v|:

Outside MPI MPI_lsend MPI_lrecv MPI_Wait MPI_Waitall MPI_Barrier MPI_Reduce =l

THREAD 1.15.1 84.80 % 0.17 % 0.15 % 0.97 % 6.63 % 0.28 % 0.06 %
THREAD 1.16.1 85.33 % 0.12 % 0.10 % 1.17 % 6.45 % 0.44 % 0.00 %
THREAD 1.17.1 91.74 % 0.17 % 0.16 % 0.77 % 1.50 % 0.12 % 0.27 %
THREAD 1.18.1 89.33 % 0.12 % 0.11 % 0.12 % 1.95 % 0.34 % 0.00 %
THREAD 1.19.1 92.12 % 0.08 % 0.07 % 0.09 % 1.81 % 0.01 % 0.00 %
THREAD 1.20.1 82.52 0.12 % 0.10 % 0.21 % 7.21% 0.32 % 0.00 %
THREAD 1.21.1 80.60 % 0.09 % 0.07 % 3.20 % 3.53% 0.38 % 0.98 %

THREAD 1.22.1 81.81 9 0.13% 0.10 % 0.56 % 7.10 % 0.00 % 0.00 %

H THREAD 1.23.1 89.49 % 0.18 % 0.14 % 3.98 % 271 % 0.32 % 0.00 %

Drag & drop on thls area THREAD 1.24.1 86.98 % 0.14 % 0.09 % 3.55% 3.34 % 0.35 % 0.00 %

H H H THREAD 1.25.1 81.88 9 0.11% 0.07 % 4.01 % 5.07 % 0.36 % 0.01 %

to L O the lteratlve reglon THREAD 1.26.1 81.47 % 0.15 % 0.09 % 0.30 % 9.63 % 0.12 % 0.01 %

@ =
(=} (=] (=]
ES ES kS

THREAD 1.27.1 80.67 % 0.11 % 0.06 % 0.21 % 9.70 % 0.40 % 0.00 %

Total 2,334.46 % 3.39% 3.06% 31.36% 125.25 % 8.43 % 2.89 %

Average 86.46 % 0.13% 0.11 % 1.16 % 4.64 % 0.31% 0.11 %

Maximum 95.83 % 0.24 % 0.23% 5.09 % 9.70 % 1.02 % 0.98 %

Minimum 80.60 % 0.06 % 0.06 % 0.09 % 1.24 % 0.00 % 0.00 %

StDev 4.22 % 0.04 % 0.04 % 1.42 % 2.63% 0.19 % 0.25 %
Avg/Max 0.90 0.51 0.49 0.23 0.48 0.31 0.11 =

« | 0|
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Recalculate efficiency of iterative region

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

THREAD 1.1.1 i I
THREAD 1.106.1 L
THF{EAD’ 1.1';.1 1 : ] ] ] p a Do e @ o 0 boo D.P
THREAD 1.27.1 __—— — e — e o & [mfnre mfa £ % x Defau vz
I I Outside MPI MPI_lsend MPI_lrecv MPI_Wait MPI_Waitall MPI_Barrier MPI_Reduce =l
THREAD 1.15.1 84.80 % 0.17 % 0.15 % 0.97 % 6.63 % 0.28 % 0.06 %

THREAD 1.16.1 85.33 % 0.12 % 0.10 % 1.17 % 6.45 % 0.44 % 0.00 %
THREAD 1.17.1 91.74 % 0.17 % 0.16 % 0.77 % 1.50 % 0.12 % 0.27 %
THREAD 1.18.1 89.33 % 0.12 % 0.11 % 0.12 % 1.95 % 0.34 % 0.00 %

THReAD 1.19.1 [JECREEY] 008% 007%  0.09% 1.81% 0.01% 0.00 %

THREAD 1.20.1 D 012% 010% 021% 721% 032 % 0.00 %

Right click -> THreaD 1211 [IEERA 009%  007% 3.20% 353 % 038 % 0.98 %
THreaD 1.22.1 [DRIE] 013% 010% 0.56% 7.10% 0.00 % 0.00 %

Copy THreaD 1.23.1 [IEXEE] 018% 014% 3.98% 271% 032% 0.00 %

THREAD 1.24.1 86.98 % 0.14 % 0.09 % 355 % 3.34 % 0.35 % 0.00 %
THREAD 1.25.1 81.88 9 0.11% 0.07 % 4.01 % 5.07 % 0.36 % 0.01 %
THREAD 1.26.1 81.47 % 0.15 % 0.09 % 0.30 % 9.63 % 0.12 % 0.01 %
THREAD 1.27.1 80.67 % 0.11 % 0.06 % 0.21 % 9.70 % 0.40 % 0.00 %

@ i
R R X

Total 2,334.46 % 3.39% 3.06% 31.36% 125.25 % 8.43 % 2.89 %

Average 86.46 % 0.13% 0.11 % 1.16 % 4.64 % 0.31% 0.11 %

Maximum 95.83 % 0.24 % 0.23% 5.09 % 9.70 % 1.02 % 0.98 %

Minimum 80.60 % 0.06 % 0.06 % 0.09 % 1.24 % 0.00 % 0.00 %

StDev 4.22 % 0.04 % 0.04 % 1.42 % 2.63% 0.19 % 0.25 %
Avg/Max 0.90 0.51 0.49 0.23 0.48 0.31 0.11 =

« | 0|
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Recalculate efficiency of iterative region

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

THREAD

THREAD

THREAD
THREAD

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) _

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

2,185,619 us

Right click 2>

P all pro e @ e
e B | o [mln(e |||Ez % b Default [v|2

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

Paste = Time

THREAD 1.23.1
THREAD 1.24.1
THREAD 1.25.1
THREAD 1.26.1
THREAD 1.27.1

Total

Average

Maximum

StDev

Avg/Max

[=]
£
(3
[
o o
o
2
2
2
z
n
o
3
2
2
z
8
(5]
<
=
z
s
)
-
2
T
s
)
[ d
2
2
T
P
o
o
£
[2]
o
2
z
0
o
g
=

2,267.30 % 3.46 % 3.48% 36.07 % 115.68 % 271.06 %
83.97 % 0.13% 0.13% 1.34 % 4.28 % 10.04 %
96.25 % 0.26 % 0.27 % 5.83 % 10.21 % 15.85 %
76.78 % 0.07 % 0.07 % 0.10 % 0.61 % 0.03 %

5.30 % 0.04 % 0.05 % 1.59 % 2.86 % 3.94 %
0.87 0.50 0.47 0.23 0.42 0.63

[«

1=

L]




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 (higher is better)

= Comm efficiency > % of computing time of the LLIREY | | L] BRI
process that communicates less (higher is better) S E—

» Load balance - Ratio of slow/fast processes (1 is THREAD 1.10-1
perfectly balanced) THREAD 1.18.1

= Any value below 85% (0.85)? Pay attention! SR —

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

» A
1 2,267.30 % 346%  348% 36.07% 115.68% 271.06 %
Avera 83.97 % 013% 013% 1.34% 4.28 % 10.04 %
Comm efficiency (Max) i ; 0.26 % 027% 583% 10.21 % 15.85 %
Minimum 76.78 007% 007% 0.10% 0.61 % 0.03 %
StDev 5.30 % 0.04% 005% 1.59% 2.86 % 3.94 %
Load balance (Avg/Max) :—n-yu-’l 0.87 0.50 0.47 0.23 0.42 0.63I _|E
A »




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Computation time distribution

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

. '
| I@IDRBI:&BIIH"II‘%XI/ELDefauIt v|2

duratio orrelated a e 0_booste P.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.

Right click = Paste = Time
(Focus on iterative region)

Tomeoowretveoompeistontimedicibetiomload the configuration file
cigs/general2db_usefulduration cfg Thi configuration pops up a
histagrmam.atihs-dumtianfanthacamnpuiatiansegins. 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 LI

=] = dose | T

=)

EAD 1.27.1 [178,262.22..179,612.69) =0 us
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Focus on the iterative part

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

D e duratio orrelated a e 0_booste

& B B Fg m[n e mfx = % (v pefault |v|

Zoom on this area

(drag-and-drop)

[ .

|THREAD 1.27.1 [122,892.98..124,243.44) =0 us
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Computation time distribution

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

duratio orrelated a e 0_booste

. .
e B I F& |||H s w[x 2 % b Default |v|2

Duration imbalance

(zigzag = some processes are
taking more time than others)

THREAD 1.27.1 [13,334.25..13,750.94) =0 us
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Computation load distribution

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= 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
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 thessomputetionabloadsinouctionajediotnibutionsigad the
configuration fil| cfgs<papi-2dh useful instructions. cfgThs
conﬁguration P ki hictnaram of Hho inchruchane for Hha FnMr\llF' :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
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 |

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY)

1. Right click >
Paste 2 Time

2. Drag & drop

2dh useful instructions @ lulesh2.0_booster_27p.prv

€ B |T»2$ || H s M[% Z %M Default |v|e

;

to zoom on this area

AD 1.16.1 [2,264,405,385.41..2,275,784,302.45] =0 us
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Computation load distribution

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

2dh useful instructions @ lulesh2.0_booster_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
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 thessomputetionabloadsinouctionajediotnibutionsigad the
configuration fil| cfgs<papi-2dh useful instructions. cfgThs
conﬁguration P ki hictnaram of Hho inchruchane for Hha rnmlmd—- :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
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

-

||

e Do [ & |l M v m[x = % (b Default |v|e

Work I

imbalance I

(zigzag = some —

processes do more

work than others)

Perfect work
distribution in other
parts of the
program
(straight line)

THREAD 1.17.1 [390,297,749.38..393,085,584.05) =0 us

=] = dose |

I ——
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Computation load distribution

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

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

2DH useful duration correlated with @ lulesh2.0_booster_27p.prv

e e [T@ [Wfn s mfx = % v Defaur |v|z

o = —

THREAD 1.27.1 [13,334.25..13,750.94) =0 us

Work

imbalance =
Slow/fast processes

ee®

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY)

€ B |T»2v, |l Mos m[# = % |h Default | v

Z

THREAD 1.17.1 [390,297,749.38..393,085,584.05) =0 us

2022-02-10




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Computation load distribution

= Correlate the two histograms > Different shapes

2DH useful duration correlated with @ lulesh2.0_booster_27p.prv

e e [T@ [Wfn s mfx = % v Defaur |v|z
a < 0 a e 0_boo e D.p

I I I 1 ] € B FQ |IH“ m[% £ % |n Default |~

Z

===} =

e

THREAD 1.27.1 [13,334.25..13,750.94) =0 us ¢

|

<

-

EN
olm
o]
Y

A
K

0,297,749.38..393,085,584.05) =0 us
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

= Go from the table to the timeline

1- CIiCk (0] ] Ic B 2 (W [H WA £ % |k Default V‘@
“Open Filtered —1
Control Window”

2. Select this area , !
(drag-and-drop)

THREAD 1.17.1 [390,297,749.38..39. 025 524 NE) =0 e
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Where does this happen?

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Go from the table to the timeline

Useful instructions 2DZoom range @ lulesh2.0_booster_27p.prv

THREAD 1.1.1
THREAD 1.

THREAD 1.
TFHEAD 1.27

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

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY)

Il H # M[*¥ £ %% k Default

2dh useful instructions @ lulesh2.0_booster_27p.prv

|
I
I
2,185,619 us I
I
I
I
|
I
I
I
I
|
|
|

|

I

|
I
I
I
THREAD 1.17.1 [390,297,749.38..39. ,N2K A NR) =N e
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

. m & at the same time? - Imbalance paid later in MPI comms

Useful instructions 2DZoom range @ lulesh2.0_booster_27p.prv
THREAD 1.1.1

THREAD 1.10.1

THREAD 1.19.1
THREAD 1.27.1

2,185,619 us

Zoom into

1 of the iterations
(drag-and-drop)
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

. m & at the same time? - Imbalance paid later in MPI comms

Useful instructions 2DZoom range @ lulesh2.0_booster_27p.prv
THREAD 1.1.1

THREAD 1.16.1 1. Right click 2 Copy

THREAD 1.19.1
THREAD 1.27.1

1,284,777 us

THREAD 1
THREAD 1
THREAD 1.9.
THREAD 1.13.

1

1

}:

2. Right click 2>
Paste 2 Time

THREAD
THREAD

HIREAB

E;
£
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Where does this happen?

. m & at the same time? - Imbalance paid later in MPI comms

Useful instructions 2DZoom range @ lulesh2.0_booster_27p.prv
THREAD 1.1.1

THREAD 1.10.1

THREAD 1.19.1
THREAD 1.27.1

1,284,777 us

MPI caller @ lulesh2.0_booster_27p.prv

THREAD 1.1. M End

THREAD 1. B main

THREAD 1.9. O CommRecv

THREAD 1.13. O commSend

THREAD 1. B CommSEN

%EE;E i‘ | B CommSyncPosVel
EAD 1.2 O CommMonoQ

1,284,777 us
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Save CFG’'s (method 1)

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Useful instructions 2DZoom range @ lulesh2.0_booster_27p.prv

THREAD 1.1.1

THREAD 1.

THREAD 1.
THREAD 1.27

1,284,777 us

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY)

Right click on
timeline

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

P

Info Panel

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

2022-02-10



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Save CFG’'s (method 2)

Save configuration

Useful instructions 2DZoom range @ lulesh2.0_booster_27p.prv

THREAD 1.1.1
THREAD 1.10.

THREAD 1.19.
THREAD 1.27.

1. Main Paraver

window

Paraver

File Help

Load Trace...
Previous Traces

Unload Traces...

Load Configuration...
Previous Configurations

Load Session...
Save Session...

Ctrl+S 2.95878e:

Preferences... 8.75794e

Quit cer+Q

Fles & Window Properties
=1
[ 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

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY)

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.¢

Setall Unsetall

Description

Histograms
2dh useful instructions @ lulesh_8p

Setall Unset all

["] save whole CFG in basic mode

Timeline options

[ Relative begin time
[& Relative end time
[] Compute semantic scale

Histogram options
® Alltrace

) Allwindow

& Compute gradient limits

Cancel Save




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

CFG’s distribution

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

&S @ Paraver @ & Load Configuration
File Hints Help
Load Trace... #| || home || | gllort | Apps || wxparaver | latest || cFgs| General
Previous Traces 13
Unload Traces... Location:
Places MName « 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... £ File system il Folding 18/07/16
Quit £l windows sl | |
¥ Documents i 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
sl OLF 18/07/16
Files & Window Properties = pthread 18}"07}"16
& & sampling+Folding 18/07/16
» [ tracking i scripts 18/07/16
¥ [ wxparaver Il software_counters 18/07/16
> 4.6.2 [l spectral 18/07/16
g L
¥ | latest
> | bin
¥ [ cfgs

> [ burst_mode
> [ clustering
* & counters PAPI

Paraver configuration file (*.cfg)

Cancel || Open

Paraver files =

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2022-02-10



CFG’s distribution

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

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

@™ F Paraver

File Hints Help

Load Trace... “krl+C

Previous Traces 1

Unload Traces...

Load Configuration...

il
Load Session... Zerl+L
Save Session... “trl+S
Preferences...
Quit _trl+Q

Files & Window Properties

| G
[ tracking
¥ [ wxparaver

. 4.6.2

'-m
¥ [ latest
& bin
¥ [ cfgs
& burst_moede
s clustering
i counters PAPI

Paraver files

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY)

/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/performancef/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/fuser 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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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Hints: a good place to start!

= Suggested CFG’s based on the contents of the trace

Paraver - X
File Hints Help
i o Useful ’
Wong  MPI » MPI calls
use|  PAPIcounters ’ MPIsize
: Callstack references 4 MPI profile
Windao!
Resources 4 Point 2 point connectivity pattern
lules
Flush 4 Histogram of durations per MPI call

— I MrIcauprorie Histogram of message sizes per call
P—8& usefulinstructions I

—I|=| 2dh useful instructions

P—& usefulinstructions

—|= 2dh useful instructions

—I= MPIcall

am=| MPI call profile

I T Lt S —— Fa A7=3nn..

Files & Window Properties

(5%

Properties Mode Basic
Metric % Time
Automatic Redraw Force Redraw
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Extrae features

Platforms
= Intel, Cray, BlueGene, MIC, ARM, Android, Fujitsu Sparc, RISC-V ...

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

Periodic sampling

User events (Extrae API)

T ————— —
41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

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 Dyninst (developed by U.Wisconsin / U.Maryland)
= Instrumentation in memory
= Binary rewriting

= Compiler instrumentation (-finstrument-functions)

= Static link (PMPI, Extrae API)

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15



BSC-Tools on JUWELS-BOOSTER

= Log into JUWELS-BOOSTER:

ssh -Y <USER>@juwels-booster.fz-juelich.de

= Extrae is available under:

1ls /p/project/training2123/tools/extrae/3.8.3 psmpi5.4.9-1

= .. and Paraver under:

1ls /p/project/training2123/tools/paraver/4.10.0

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Getting your first trace

» Provided folder /p/project/training2123/work/llortl/bsc-hands-on contains:
= Sample application compiled with NVHPC + ParaStationMPI toolchain (tea leaf)
= Jobscripts to execute and trace (run.sbatch, trace.sh)
= Configuration of the tracing tool (extrae.xml)
» Already generated tracefiles (traces/*. {pcf, prv, row})

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

cp -r /p/project/training2123/work/llortl/bsc-hands-on /p/project/training2123/work/$USER

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15



< XNARTYALANSTITYUTE -~ HIGH-PRODUCTIVITY SUPERCOMPUTING

Using Extrae in 3 steps

1. Adapt your job submission script

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

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Step 1: Adapt the job script to load Extrae

= Example of a standard jobscript (without tracing)

#!/bin/bash

#SBATCH --job-name=Tealeaf
#SBATCH --partition=develbooster

#SBATCH --nodes=2
#SBATCH --gres=gpu:4 e Request resources
#SBATCH --ntasks-per-node=4

#SBATCH --time=00:05:00
#SBATCH --account=training2123

module load NVHPC ParaStationMPI

srun ./tea_leaf ]— Run the program

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Step 1: Adapt the job script to load Extrae

= Jobscript modified to load Extrae

cat /p/project/training2123/work/$USER/bsc-hands-on/

#!/bin/bash

#SBATCH --job-name=Tealeaf
#SBATCH --partition=develbooster
#SBATCH --nodes=2

#SBATCH --gres=gpu:4

#SBATCH --ntasks-per-node=4
#SBATCH --time=00:05:00

#SBATCH --account=training2123

module load NVHPC ParaStationMPI

tealeaf 8p_4gpu _maxité6.prv

srun @ ./tea_leaf

Run with Extrae

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Step 1: Adapt the job script to load Extrae

= Tracing launcher helper script

cat /p/project/training2123/work/$USER/bsc-hands-on/

#!/bin/bash #!/bin/bash

#SBATCH --job-name=Tealeaf ,f)' /p/project/training2123/tools/extrae/3.8.3 psmpi5.4.9-1

#SBATCH --partition=develbooster

#SBATCH --nodes=2 ./extrae.xml
#SBATCH --gres=gpu:4

#SBATCH --ntasks-per-node=4

#SBATCH --time=00:05:00 1

#SBATCH --account=training2123

module load NVHPC ParaStati ${EXTRAE_HOME}/1ib/libcudampitrace.so

eaf_8p_4gpu_maxit6.prv # Run the program
$>|<

srun ./tea leaf

Choose tracing library

depending on the app
type (see next slide)

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15



< XNARTYALANSTITYUTE -~ HIGH-PRODUCTIVITY SUPERCOMPUTING

Step 1: Which tracing library?

= Choose depending on the application type

mm:lnm

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” if code is Fortran and default lib misses MPI activity

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Step 2: Extrae XML configuration

cat /p/project/training2123/work/$USER/bsc-hands-on/

<mpi enabled="yes">

<counters enabled="yes" />
</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> Also instrument

CUDA calls
<«

<cuda enabled="yes">

<callers enabled="yes">

<€ Instrument the call-stack
<mpi enabled="yes">1-3</mpi> (Where in my code?)

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

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY) 2021-06-15



VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Step 2: Extrae XML configuration (II)

cat /p/project/training2123/work/$USER/bsc-hands-on/

<counters enabled="yes">

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

<set enabled="yes" domain="all" changeat-time=“0">
PAPI_TOT_INS,PAPI_TOT CYC

</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?)

<buffer enabled="yes">
<size enabled="yes">5000000</size>

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

Extrae buffer size
(Flush/memory trade-off)

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

<merge enabled="yes"
synchronization™ldefault"
tree-fan-out="16"
max-memory="512"
joint-states="yes"
keep-mpits="yes"
sort-addresses="yes"
overwrite="yes">

$TRACE_NAME$
</merge>

Additional sampling
(Want more details?)

Automatic
post-processing

to generate the Paraver
trace
(Very handy!)

R T A ———
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Step 3: Run it!

= Submit your job as usual

juwels> cd /p/project/training2123/work/$USER/bsc-hands-on/extrae

juwels> sbatch run.sbatch

= Once finished (check with “squeue -u SUSER”) you will have the trace in the same folder (3 files):

juwels> 1s
.. tealeaf_8p _4gpu _maxit6.pcf tealeaf 8p 4gpu maxit6.prv tealeaf 8p 4gpu maxit6.row

= Any trouble? There’s a trace already generated under folder “"bsc-hands-on/traces”

= Now let’s look into it!

laptop> scp <USER>@juwels-booster.fz-juelich.de:/p/project/training2123/

work/$USER/bsc-hands-on/extrae/tealeaf*.{pcf,prv,row} .
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Thank you!

German Llort

(tools@bsc.es)
Barcelona Supercomputing Center
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Cheatsheet: 3 main views of Paraver (I)

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Timeline

MPI call @ lulesh2.0_27p.prv

THREAD
THREAD

THREAD

THREAD 1
1,414,561 ws

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

THREAD 1.1.1

THREAD 1.1@8.1

Processes (and threads)

THREAD 1.19.1

THREAD 1.27.1 =

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

Code color
(e.g. 1 color for
each MPI call)

Gradient color
(e.g. from low
#instructions to
high
#instructions)

41ST VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY)

B Outside MPI
B MPI_Isend

B MPI Irecw

B MPI_wait

@ MPI_Waitall
B MPI Barrier
B MPI Reduce

B MPI_Allreduce
B MPI_Comm_rank
B MPI Finalize
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VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Cheatsheet: 3 main views of Paraver (II)

= Table (Profile)

t#

e B sE Q= B A2 s I | = | Default -

Outside MPI [MPI_lsend | MPI_irecv LTSN MPI_Barrier | MPI_Reduce

The table can - THREAD 1.2.1
display a T
variety of ] | mmeaores

statistics (e.g. | thmeapien

THREAD 1.9.1

% of time, # THREAD 1101
of calls, etc.) THREAD 1.12.1
with gradient

THREAD 1.13.1
THREAD 1.14.1
THREAD 1.15.1

coloring THREAD 1.16.1
showing from DinEsrr
low values to THiE e

high values ] |Tirean 1224

THREAD 1.23.1
THREAD 1.24.1
THREAD 1.25.1
THREAD 1.26.1
THREAD 1.27.1

FF | & F S| S & F|F | FF F FF S| F | F|& & & & F|&Fc

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 %

-y & s m 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 %

Avg/Max 0.94 0.50 0.49 0.52 0.38 0.72 0.11




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Cheatsheet: 3 main views of Paraver (III)

» Histogram

Displays continuous metrics (e.g. instructions
executed, duration of computations, bytes
sent/received, etc. )

Gradient color represents low to high values of
selected statistic (time %, # instances, etc.)

General tip: straight lines are good (all
processes show same behavior), while
variabilities usually indicate imbalances
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2dh useful instructions @ lulesh2.0_27p.prv

E B =P L& W H OEom % b Default ~ 2

THREAD 1.27.1 [560,356,050.94..564,838,890.73) =0 us

Computations with low Computations with high
count of instructions count of instructions
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