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What you will learn

How to instrument HPC application codes and
make measurements using the POP tools Score-P and Scalasca

1. Do base run of HPC application first
2. Instrument HPC application with Score-P
3. Perform profile measurement
A. Optimize measurement configuration for filtering and tracing

4. Perform trace measurement and analyze it with Scalasca




Prerequisites

* Access to HPC cluster or Linux workstation/laptop
* Including development software (Compiler, MPI library)

* Access to the source code of the application to analyze

* POP tools Score-P and Scalasca installed
« Make sure “b1n” subdirectories of tool installation prefixes are in $PATH




Performance Analysis Workflow

1. Instrumentation 2. Measurement 3. Analysis
._Optimized measurement__________
I configuration (e.g. filter) ;
Application : Summary p
source files - > profile < P.ro e
| 7 » manipulation
v
Instrumented l
application Trace analysis
profile -
v Measurement 4 B J
Instrumenter library T
compiler / linker
Hardware Parallel
counter library trace analysis Profile
: T A browser
Instrumented > Local
executable < trace files
7 >
= 4




Performance Analysis Workflow

1. Instrumentation 2. Measurement 3. Analysis
_Optimized measurement__________
I configuration (e.g. filter) ;
Application : Summary
source files - >  CcuBEs profile > CUBE
i 4 > tools
[ : v
Instrumented [ ] l
application Trace analysis
+ CUBE4 profile CUBE4 J
Score-P 4 Profile
Score-P library T
instrumenter
PAPI Scalasca
library trace analysis CUBE
: T 4 browser

v

Instrumented
executable

VVY

Local OTF2
trace files




Performance Analysis Workflow
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Demo

* Measurement of simple Jacobi solver
* Solves Poisson equation on rectangular grid assuming
* Uniform discretization in each direction
* Dirichlect boundary conditions

e Available in multiple variants
e C, C++ or Fortran source code
 MPI, OpenMP, or hybrid (MPI+OpenMP)




Demo: Base Run of Application

A openSUSE-Leap-15-1

zam310:~/jacobi/hybrid/C [1]IEVEeE Tk Aol ol = W YRS T3] 3] Notes
mpicc —fopenmp —-c jacobi.c ° :
mpicc —-fopenmp -c main.c Complle
mpicc —fopenmp -0 jacobi jacobi.o main.o -lm |i ion
zam310:~/jacobi/hybrid/C [2]RSGLEaaNe 2 VMR o) applicatio
zam310:~/jacobi/hybrid/C [3 ] sFC>TYouEg ] A Y] Execute
Jacobi 2 MPI-3.1#1 process(es) with 2 OpenMP-201511 thread(s)/process

application
matrix size: 2000x2000

alpha: ©.800000 with 2 threads

relax: 1.000000
tolerance: 0.000000 on 2 processes

iterations: 100

Number of iterations : 100 Write down
Residual : 5.955111e-10

Solution Error . 0.000266U83315 execution time

Elapsed Time : 3.2385783

MFlops . 1602.433142 for later
310:~/jacobi/hybrid/C [4 .

zam /jacobi/hybrid/C [4] | Comparlson




Demo: Instrument + Profile

A openSUSE-Leap-15-1

zam310:~/jacobi/hybrid/C [4]EEVCRSEGEY Notes

rm —f jacobi jacobi.o main.o e M k

FEVEN RV Bt E WAL s s VAR | export PATH=/opt/local/ScoreP-6.0/bin:/opt/local/Scalasca—-2.5/bin:/opt/local/Cube-4.5/bi daKe sure
n:${PATH}

zam310:~/jacobi/hybrid/C [6]IEICIeeERETL =T I 1ok Kol o = W. (SRR T Y T} tOOIS are
scorep mpicc —fopenmp -c jacobi.c in SPATH
scorep mpicc —fopenmp —-c main.c

scorep mpicc —fopenmp -o jacobi jacobi.o main.o -lm Instrument:
zam310:~/jacobi/hybrid/C [7] R0 SE=> It R Y01 5

S=C=A=N: Scalasca 2.5 runtime summarization prepend scorep
S=C=A=N: ./scorep_jacobi_2x2_sum experiment archive

S=C=A=N: Mon May 25 16:28:55 2020: Collect start Measure
/opt/local/easybuild-4.1.1/software/OpenMPI/3.1.4-GCC-system—2.31/bin/mpiexec —np 2 ./jacobi file:
Jacobi 2 MPI-3.1#1 process(es) with 2 OpenMP-201511 thread(s)/process protiie:

matrix size: 2000x2000 prepend SCan

alpha: 0.800000
relax: 1.000000

tolerance: ©0.000000 Compare
iterations: 100 .
execution
Number of iterations : 100

Residual . 5.955111e-10 time to check
Solution Error : 0.000266183315

Elapsed Time . 3.3544007 overhead
MFlops : 1547.1603541

S=C=A=N: Mon May 25 16:28:59 2020: Collect done (status=0) Us

S=C=A=N: ./scorep_jacobi_2x2_sum complete.

zam310:~/jacobi/hybrid/C [8I




Demo: Optimize Measurement Configuration (Score)

A openSUSE-Leap-15-1

zam310:~/jacobi/hybrid/C [8] IV ET LI - B - Telo ] = ML IR V4 Notes

INFO: Post-processing runtime summarization report (profile.cubex)... . O timi
/opt/local/ScoreP-6.0/bin/scorep-score -r ./scorep_jacobi_2x2_sum/profile.cubex > ./scorep_jacobi_2%2_sum/scorep.scor ptimize

e

INFO: Score report written to ./scorep_jacobi_2x2_sum/scorep.score measurement
r L EN Y AT L S WAl s PARN| head -25 ./scorep_jacobi_2x2_sum/scorep.score Config: Scoring
Estimated aggregate size of event trace: 179kB W|th

Estimated requirements for largest trace buffer (max_buf): 90kB

Estimated memory requirements (SCOREP_TOTAL_MEMORY): 7MB square -S

(hint: When tracing set SCOREP_TOTAL_MEMORY=7MB to avoid intermediate flushes
or reduce requirements using USR regions filters.) AISO doeS

flt type max_buf[B] visits time[s] time[%] time/visit[us] region pOSt‘prOCESS|ng

ALL 91,341 3,846 13.40 100. 30488.63 ALL
oMP 61,078 2,812 12.76 95. u536.u48 OMP .
MPI 27,440 812  0.55 u. .27 MPI Potential
COM 2,756 212 .08 .31 COM

SCOREP U1 2 .00 .35 SCOREP need for
USR 26 2 .00 .05 USR . .

filtering

Qo0 PRPND

oMP 17,400 ueo
oMP 17,400 ueo
MPI 8,900 200
MPI 8,900 200
MPI 6,800 200
oMP 5,200 ueoe
oMP 5,200 ueoe
oMP 5,200 ueoe
oMP 5,200 ueo
oMP 5,200 4eo

zam310:~/jacobi/hybrid/C [10]H

.00
.00
.00
.00
.33
.96
.09
.22
.31
.00

.09 !$omp parallel @jacobi.c:61
.55 !$omp parallel @jacobi.c:148 9 S€E user

.43 MPI_Irecv .
_ |
.51 MPI_Isend guides

.23 MPI_Allreduce Set SCOREP_

.23 !$omp implicit barrier @jacobi.c:79
.62 !$omp for @jacobi.c:148 TOTAL
.58 !$omp implicit barrier @jacobi.c:155 .

.84 !$omp for @jacobi.c:6u MEMORY

.73 '$omp implicit barrier @jacobi.c:80

[
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Demo: Trace + Analyze

A openSUSE-Leap-15-1

zam310:~/jacobi/hybrid/C [10] K3 aam el ur Ry \M 10N L) Notes
zam310:~/jacobi/hybrid/C [11 ] ilEeii dill | EA-> Gl i1 P N A -Tels] 51
S=C=A=N: Scalasca 2.5 trace collection and analysis ¢ Measure
S=C=A=N: ./scorep_jacobi_2x2_trace experiment archive trace:
S=C=A=N: Mon May 25 16:32:12 2020: Collect start ’
/opt/local/easybuild-4.1.1/software/OpenMPI/3.1.4-GCC-system-2.31/bin/mpiexec —np 2 ./jacobi prepend scan
Jacobi 2 MPI-3.1#1 process(es) with 2 OpenMP-201511 thread(s)/process
. J— .
matrix size: 2000x2000 q

alpha: 0.800000 profile off
relax: 1.000000
tolerance: 0.000000 —t:

iterations: 100
trace on

Number of iterations : 100

Residual : 5.955111e-10

Solution Error : 0.000266U483315

Elapsed Time : 3.2049717 After trace
MFlops : 1619.235889 measurement,
S=C=A=N: Mon May 25 16:32:17 2020: Collect done (status=0) 5s

S=C=A=N: Mon May 25 16:32:17 2020: Analyze start Scalasca
/opt/local/easybuild-4.1.1/software/OpenMPI/3.1.4-GCC-system—2.31/bin/mpiexec —np 2 /opt/local/Scalasca-2.5/bin/scout

.hyb ./scorep_jacobi_2x2_trace/traces.otf2 trace analyzer
ScouT (Scalasca 2.5)

Copyright (c) 1998-2019 Forschungszentrum Juelich GmbH runs

Copyright (c) 2009-2014 German Research School for Simulation Sciences GmbH automatlcally

Analyzing experiment archive ./scorep_jacobi_2x2_trace/traces.otf2

Opening experiment archive ... done (0.000s).
Reading definition data ... done (0.001s).
Reading event trace data ... done (0.015s).
Preprocessing ... done (0.001s).
Analyzing trace data ... done (0.026s).




Further Useful Information

Extended and more detailed example based on
NAS Parallel Benchmark (NPB) BT

e Scalasca documentation
e A full workflow example

e Score-P documentation
 Performance Analysis Workflow Using Score-P

* Slides from 33" VI-HPS Tuning Workshop
* Score-P instrumentation & measurement toolset
» Score-P analysis scoring & measurement filtering
e Score-P specialized instrumentation and measurement (Advanced)
* Scalasca automated trace analysis
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https://www.nas.nasa.gov/publications/npb.html
https://apps.fz-juelich.de/scalasca/releases/scalasca/2.5/docs/manual/start_workflow.html
http://scorepci.pages.jsc.fz-juelich.de/scorep-pipelines/docs/scorep-6.0/html/workflow.html
https://www.vi-hps.org/training/tws/tw33.html
https://www.vi-hps.org/cms/upload/material/tw33/Score-P_basic.pdf
https://www.vi-hps.org/cms/upload/material/tw33/Score-P_filtering.pdf
https://www.vi-hps.org/cms/upload/material/tw33/Score-P_special.pdf
https://www.vi-hps.org/cms/upload/material/tw33/Scalasca.pdf

Where to get help 009

Support Email

Score-P support@score-p.org

Scalasca, Cube scalasca@fz-juelich.de
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