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What you will learn

How to compute the POP metrics for HPC application codes using the
POP tools Score-P, Scalasca, and Cube

1. How to make measurements with Score-P and Scalasca
to be able to compute the POP metrics

2. How to compute and view POP metrics with Cube




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, Scalasca, and Cube installed Requires
* Make sure “b1n” subdirectories of tool installation prefixes are in $PATH BORNE|EHEN 225 '

e CubeVde °®

* Familiarity with how to use Score-P, Scalasca, and Cube




Recap: Performance Analysis Workflow

1. Instrumentation 2. Measurement 3. Analysis
__Optimized measurement__________
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Application : Summary
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Recap: POP Metrics

https://pop-coe.eu/further-information/learning-material

* Original (POP1) Metrics
 Article explaining the POP Standard Metrics for Parallel Performance Analysis
* Presentation summarizing the POP Standard Metrics for Parallel Performance Analysis

* New (POP2) Hybrid Metrics
B - Introduction explaining the POP2 Standard Metrics for Performance Analysis of Hybrid
Parallel Applications
e Cheat sheet for Additive Hybrid Metrics
e Cheat sheet for Multiplicative Hybrid Metrics
* In-depth explanation of the Additive Hybrid Metrics
B - Webinar Identifying Performance Bottlenecks in Hybrid MPI + OpenMP Software

27 May 2021


https://pop-coe.eu/node/69
https://pop-coe.eu/sites/default/files/pop_files/metrics.pdf
https://pop-coe.eu/further-information/learning-material/pop-standard-hybrid-metrics-for-parallel-performance-analysis
https://pop-coe.eu/sites/default/files/pop_files/pop_hybrid_metrics_additive_handout_v2.pdf
https://pop-coe.eu/sites/default/files/pop_files/pop_hybrid_metrics_multiplicative_handout_v2.pdf
https://pop-coe.eu/sites/default/files/pop_files/pop_hybrid_metrics_additive_explained.pdf
https://pop-coe.eu/blog/19th-pop-webinar-identifying-performance-bottlenecks-in-hybrid-mpi-openmp-software

POP Metrics + Scalasca

009

1. Instrument application and setup measurement parameters (e.g. filtering)

« scorep <comp+1link+cmds>
 scan <exec+cmd> ..

« scan -P pop <exec+cmd>

4. Merge profile and trace measurement

5. Post-process measurement

6. Analyze POP metrics with Cube Advisor
 square <measurement+archive>

27 May 2021

- 2. For parallel efficiency: perform trace measurement and analysis

Requires
e Scalasca V2.6
e Cube V4.6

3. For computational scaling: perform profile measurement with suitable HW counters




Measurement Demo

Same example as in
* Measurement of simple Jacobi solver online training module

. . . ) “Using POP Tools: Score-P
* Solves Poisson equation on rectangular grid assuming ~nd Scalasca”
 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: POP preset measurement

USE-Leap-15-1

zam310:~/jacobi/hybrid/C [1]|RIEURRZ T IR D il T A L5 Notes

path:>/ont/local /Scalasca-2.6/share/scalasca/nresets/non.nreset<

C=A=N: RUN: @ REPETITION: 0 Archive=./scorep_jacobi_2x2_preset_pop_c2/scorep_jacobi_2x2_c1l ¢ ‘P pOp

=N: RUN: Scalasca tracing run |

=N: Scalasca 2.6 trace collection and analysis selects

= ./scorep_jacobi_2x2_preset_pop_c2/scorep_jacobi_2x2_cl experiment archive .

=N: Tue May 25 16:35:02 2021: Collect start POP metrics
t/local/easybuild-4.1.1/software/OpenMPI/3.1.4-GCC-system-2.31/bin/mpiexec -np 2 ./jacobi

ob:. 2 MPI-3.1#1 process(es) with 2 OpenMP-201511 thread(s)/process measurement

n'U 0NN

A
A
A
A

c_.‘\-.LnLnl.nLnLn

=1

matrix size: 2000x2000

alpha: 0.800000 ;
relax: 1.000000 Automatically

tolerance: 0.000000
iterations: 100 exeCUtes
Number of iterations : 100 necessary

Residual : 5.955111e-10 trace and
Solution Error : 0.000266183315

Elapsed Time : 3.1198u04 profile
MFlops : 1663.420090

S=C=A=N: Tue May 25 16:35:06 2021: Collect done (status=0) Us measurements
S=C=A=N: Tue May 25 16:35:06 2021: Analyze start

[/opt/local/easybuild-4.1.1/software/OpenMPI/3.1.U4-GCC-system-2.31/bin/mpiexec -np 2 /opt/local/Scalasca-2.6/bin/scout.hy

b ./scorep_jacobi_2x2_preset_pop_c2/scorep_jacobi_2x2_cl/traces.otf2

SCOUT  (Scalasca 2.6)

Copyright (c) 1998-2021 Forschungszentrum Juelich GmbH

Copyright (c) 2014-2021 RWTH Aachen University

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

Analyzing experiment archive ./scorep_jacobi_2x2_preset_pop_c2/scorep_jacobi_2x2_cl/traces.otf2
Opening experiment archive ... done (0.000s).

Reading definition data ... done (0.001s).
Reading event trace data ... done (0.004s).




Demo: POP preset measurement

Max. memory usage : 0.000MB Notes

Total processing time : 0.119s ¢ Square
S=C=A=N: Tue May 25 16:35:07 2021: Analyze done (status=0) 1s .
Warning: 0.172MB of analyzed trace data retained in ./scorep_jacobi_2x2_preset_pop_c2/scorep_jacobi_2x2_cl/traces! recognlzes
S=C=A=N: ./scorep_jacobi_2x2_preset_pop_c2/scorep_jacobi_2x2_cl complete. .
POP metrics

: RUN: 1 REPETITION: © Archive=./scorep_jacobi_2x2_preset_pop_c2/scorep_jacobi_2x2_c2
RUN: Profiling run with PAPI counters measurement
Scalasca 2.6 runtime summarization
./scorep_jacobi_2x2_preset_pop_c2/scorep_jacobi_2x2_c2 experiment archive
Tue May 25 16:35:07 2021: Collect start

/opt/local/easybulld 4.1.1/sottware/OpenMPI/3.1.4-GCC-system—-2.31/bin/mpiexec —np 2 ./jacobi Merges the tWO
Jacobi 2 MPI-3.1#1 process(es) with 2 OpenMP-201511 thread(s)/process measurements

matrix size: 2000x2000 f r
alpha: 0.800000 before

relax: 1.000000 - i
tolerance: 0.000000 pOSt processing

iterations: 100
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Number of iterations : 100

Residual : 5.955111e-10

Solution Error : 0.0002664183315

Elapsed Time : 3.0536247

MFlops : 1699.490183
S=C=A=N: Tue May 25 16 35:10 2021: Collect done (status=0) 3s
S=C=A=N: ./scorep_jacobi_2x2_preset_pop_c2/scorep_jacobi_2x2_c2 complete.
zam310:~/jacobi/hybrid/C [2]IETslEY Tt A-o(s ) a=] s I - 1ot ] s RS @20 o) R =E-1 ) ol o10] ¢ B o’

INFO: Merging aggregated runtime summary and trace analysis reports.

INFO: Post- proce551ng comblned summary and trace analy515 report [5cout+prof11e cubex).
JUPL! LULI:LLIJLUJ.\:‘I"_." Uf UJ.II! SLuULEp~sLulL'e o f'_'lLUJ.t'P Jd.LUI.)J. L.KL PL\:"_‘H:'L pup_ LL! ':ILUULTPJ.UTJ.LE LUUEK - .f’bLUL'EP_J‘d.LUiJJ‘._ZKz_P
reset_pop_c2/scorep.score

INFO: Score report written to ./scorep_jacobi_2x2_preset_pop_c2/scorep.score

zam310:~/jacobi/hybrid/C [3]




Analysis Demo

e TealLeaf Reference V1.0 Y

 HPC mini-app developed by the UK Mini-App Consortium

* Solves the linear 2D heat conduction equation on a spatially decomposed
regular grid using a 5 point stencil with implicit solvers

* https://github.com/UK-MAC/Tealeaf ref/archive/v1.0.tar.gz

* Measurements performed on Jusuf cluster @ JSC
* Run configuration
* 32 MPI ranks with 8 OpenMP threads each Same example as in

o online training module
* Distributed across 2 compute nodes (16 ranks per node) | A6 e ol o)1

e Test problem “5”: 4000 x 4000 cells, CG solver

10



https://github.com/UK-MAC/TeaLeaf_ref/archive/v1.0.tar.gz

POP Metrics + Cube Advisor 009

. r— .
"™ CubeGUI-4.6.0: sq rep_tea_leaf_16p32x8_multi-run_c2\trace+su Se I eCt PO P Se I eCt Reg I 0 n - Fi n d Adviso r O n
FC bl metric set of Interest
MAG POP Hybrid Assessment (Additive) . Runtime threshold =g TR G e n e ra I Ta b
Nerer— ~ | | Absolute ™ . Advisor . Source =
. Metric tree . Call tree Flat tree §
v O 0.00 Time (sec) v 0.02 tea_|eaf.in5t Recalculate automatic direct calculation =
> 2460.67 Execution v ® 0.00 tea_leaf =
O 0.00 Overhead > 73.59 tea_init_comms POP Hybrid Assessment ( Additive ) : tea_leaf_module::tea_leaf 3
> O 1325.66 Idle threads > ® (.57 'Somp parallel ghtea_leaf.f90:45 Parallel Efficiency 0.61 I cood ) ET
3.64e8 Visits (occ) > 5.21 initialise =)
> @ 288 MPI synchronizations (occ) v ® 0.00 diffuse + Process Efficiency ! [ Good 0
> O 0 MPI pair-wise one-sided synchronizations {occ) 0.00 timer ++ Computation Load Salance 0.78 ] Good (7} @‘/
» 6.26e6 MPI communications (occ) b4 0.06 set_fiel o _ 080 _ i
> O 0 MPI file operations (occ) N 0.03 timesfep + + Communication Efficiency _ Very good e
> ® 6£.01e10 MPI bytes transferred (bytes) v ++ + Serialisation Efficiency “ ' (7]
> @ 1484.10 Delay costs (sec) 1.00 timer - 0.98 -
. . . . . + + + Transfer Efficiency _ Ve od e
» @ 6.21 MPI point-to-point wait states (propagating vs. terminal) (sec » @ 540.69 update_halo
> 6.21 MPI point-to-point wait states (direct vs. indirect) (sec) > 3.96 tea_leaf_kernel_init_cg_fortran + Thread Efficiency 04 _ rery good | ()
> 14.86 Critical path (sec) > 58.70 tea_allsum +++ Amdahl Efficiency 0.96 _ ery good D)
> 3804.82 Performance impact (sec) > 0.93 tea_leaf_kernel_cheby copy u
> 95.68 Computational imbalance (sec) » 3 779.35 tea_leaf_kernel_solve_cq_fortran_calc_w ++ + OpenMP Region Efficiency %9 _ rery good ()
0 0.00 Minimum Inclusive Time (sec) > O 645.25 tea_leaf_kernel_solve_cg_fortran_calc_ur Resource stall cycles |
18.88 Maximum Inclusive Time (sec) > 347.08 tea_leaf_kernel_solve_cg_fortran_calc_p hos
O 0io_bytes_read (bytes) > ® 2.07 tea leaf kernel finalise e Value (7]
O 0io_bytes_written (bytes) ’ 0.30 field_summary Instructions (only computation) - -##12 Value e
6.08e12 PAPI_TOT_INS (#) > ® (0,02 tea_allgather o 733,75
6.59¢12 PAPI_TOT CYC (#) > @ 0.01 tea_finalize Computation time vae @)
Candidates
Callpath Issue
< >
0.00 2460.67 (64.09%) 3786.33| [0.00 1.82 (0.07%) 2460.67
27 May 2021 11
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Where to get help 009

Support Email

Score-P support@score-p.org

Scalasca, Cube scalasca@fz-juelich.de
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mailto:scalasca@fz-juelich.de

O 0 0 Performance Optimisation and Productivity

A Centre of Excellence in HPC

Contact:

https://www.pop-coe.eu  Bidir
I pop@bsc.es % '
£ @POP HPC

o youtube.com/POPHPC

=l )

EETLRI AR

[EEAE

This project has received funding from the European Union‘s Horizon 2020 research and innovation programme under grant agreement No 676553 and 824080.



