Performance Optimisation
and Productivity

Introduction

The Performance Optimisation and Productivity Centre of Excellence in HPC (POP)
is funded by the European Commission to provide free of charge performance
assessments to uncover inefficiencies and their causes in HPC parallel applications.

From its start in October 2015, POP has analysed over 200 application codes, in-
cluding several on HPC computer systems at JSC using a variety of languages and
parallelization paradigms for CPUs and GPUs. As well as highlights on this poster,
assessments have included JURASSIC, NEST, ParFlow, pySDC & TerrSysMP.

Methods & Tools

Open-source performance measurement and analysis tools based on runtime
summarisation and event tracing developed by members of the POP consortium
are used along with other available tools: in particular

scalasca O3 using CUBE and Score-P with Vampir.

POP uses a defined methodology to fully understand issues affecting performance
of parallel applications by calculating the following metrics:

* Global Scaling Efficiency - Overall performance

— Parallel Efficiency - Efficiency of parallelisation strategy

+ Load Balance Efficiency - Effectiveness of work distribution
+ Communication Efficiency

- Serialisation Efficiency - Dependencies between processes
- Transfer Efficiency - Effect of data transfer

— Computation Scaling - Scaling of computational load

+ Instructions Scaling - Increase in computational work
+ JPC Scaling - How computational resources are used

Highlight: Nekbone

Proxy mini-app for Nek5000 incompressible CFD code conjugate gradient solver
in Fortran+C using MPI and OpenMP on JUQUEEN Blue Gene/Q. Excellent weak
scaling, however, synchronization of OpenMP threads and MPI neighbour ranks
impact performance at all scales.

Racks % 1 2 1 8 16 28
Processor distribution | 8x8x8 | 16x8x8 | 16x16x8 [16x16x16|32x16x16|32x32x16|32x32x28
Processes | 512 1024 2048 4096 8192 16384 | 28672
Threads | 32768 131072 | 262144 | 524288 | 1048576 | 1835008

Global efficiency

Parallel efficiency

- Load balance efficiency

- - Communication efficiency
- - Serialization efficiency

- - - Transfer efficiency
Computation efficiency 1.00
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- Instructions scaling 1.00
- IPC scaling 1.00

HPC Tunathon (25-29 May 2020)

Five-day workshop at JSC dedicated to assisting qualified teams of application
developers with scaling and optimising their codes on CPUs and GPUs of JUWELS
in preparation for future exascale systems. Prior POP assessment of efficiency and
scalability highly recommended.
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http://www.fz-juelich.de/ias/jsc/2020/HPC-tuna
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Michael Knobloch, Marc Schliitter, Brian Wylie & Ilya Zhukov

Highlight: Arbor

Neural network simulator developed by JSC SimLab Neuroscience and CSCS in
C++ using std::thread (orphan Pthreads) with MPI and CUDA. Initial assessment
on JUWELS compute nodes, follow-up in progress with quad-GPU nodes.

v
W File Edit Chart Filter Window Help IEIHI Vampir Colors
. R — ne= = [y ®) 78.35|8255
SrvRALEROTERLSE B4V . . . Ll e
Timeline Function Summary (1) User Instrumentation
78.75 s 79.50s 80.25s 81.00s 81755 [ All Processes, Accumulated Exclusive Time per Function
) = ) CcuUDA Management
e et HSEHISHS BRSNS S |
Master thread0 —ﬁ.‘-:_r-.@.-...r-.. “HHHHQMQHMFQHBI s ket Al arbrgpusk.ouble, int> [1.71% @ cCuDAKemels
8"’2“"{2“53553 1.. BRI et cuMemcpyDtoD_v2 [2.19%
3::;“:2 :E?ggg gg LEEE IR 1A cuLaunchKernel [5.06%]
rphan threa H
Orghan thread 6:0 ret .
Orphan thread 7:0 LI i MPI_Allgather [6.49%]
Orphan thread 8:0 | 1 [} m
Orphan thread 9:0 1 111
Orphan thread 10:0 inm
rphan threa o ]
SRS ARBRSAARRA A AR R RAANATAP sHARRRRATARRS
i R R e G P A R s i R AR A R g m R B
~ MPI Rank 2 i
Master thread:2 t i i A i i i I il S =Tl
Masier threads? | BRI BIFFFFIITITIIIG SO EUSPOCUNTII ETSIIEEFT
Orphan thread 2:2 I 'IZZ.'.".ZI'IZZZ'!Z'.'.Z!IZ.'liiii.'.ZZ'Z.‘ZZ.ZZ'.'IZ".Z.Z.'lifi.'Z"Z'.Z
T n threa 2
orohan da3 SRR I RLIRHL IR BRI LSRR 1R Is BRI IRLIBE L IR EIE USER [76.61%]
orbpan 933 IR IR EL I IR IR T ERRLE N R R EIR THIRIE
orbhan G853 I IR R BRI TR RN BRI IR
Orphan d7:2 m G rrg M TGEEEE thE T R N IR iR L
orphan dg:2 I Earn HEnm o ran 1 gl .y
Orphan thread 9:2 L1 I: 1
g: 1:2%:{:23 %?% .y ', File Display Plugins Help
,MEF“F?:JE:JI:Z i Restore Setting ~ Save Settings
Master thread:3 —
gr n%wreag %g u Ej o |0wn root percent - | |Abso|ute > | |Peer percent - | @
T n threa H — B
g: gng::gig a B metric tree | BB call tree | Flatview 2 [ljenga Fert | [l statistics | B sunburst |1|: g
Srphan thread 2:2 isem | O 0.00 Time E + O 0.00 region=advance_integrate ~ =
Orphan thread 7:3 i1 | - O 0.00 Execution » [ 0.00 region=advance_integrate =
Orphan thread 10:3 4 91.85 Computation + [ 0.00 region=advance_integrate ?
Orphan thread 9.3 ~ 4.56 MPI » 0 0.00 regicn=advance_integrate; B
R M&FI\)AIQT:B + W 0.00 POSIX threads + [1 0.00 region=advance_integrate, =
» MPI RQR 5 - 1.83 CUDA 1 0.00 region=advance_samplede
» MPIRank & 0.48 Initialization and Finalizatior [ 0.00 region=advance_spikes
» MPI Rank 7 . - .
» MPI Rank 8 0.06 Memory management [ 0.00 region=communication_ex
b MEl Rank 3 [ 0.00 Synchronization ] 0.00 region=communication_ex
» MPI Rank 11 1.17 Kernel launches - [ 0.00 region=communication_ex
MPl Rank 12 0.05 Overhead 0.00 MPI_Comm _size
K mg: Ran %‘; 100.00 Visits M 79.41 MPI Allgather
> MPI Rank 16 100.00 Bytes transferred 0.00 MPI_Comm_rank
b MEl Rank 17 [0 0.00 MPI file operations I~ 0.02 MPI Allgathery|
MPI Rank 19 [J 0.00 Computational imbalance ] 0.00 region=communication_spi
. inimum Inclusive Time .00 region=communication_wg
b el Rank 20 0 0.00 Mini Inclusive Ti 0 0.00 regi ication_
» MPI Rank 22 100.00 Maximum Inclusive Time » [ 0.00 cudaSetDevice
ME) Rank 22 O 0.00 ALLOCATION_SIZE » O 0.00 cudaLaunchKernel
:mgl Rgg %é [J 0.00 DEALLOCATION SIZE » [ 0.00 cudaMemcpy
» MPI Rank 27 [J 0.00 bytes leaked 1 0.00 arb::gpu::fill_kernel<unsigned long
MRl RanE 35 .00 maximum_heap memory allocate .00 arb::gpu::kernels::scatter<double,
MPI Rank 28 [J 0.00 i h llocated 1 0.00 arb k | tter<doubl
» MPI Rark 30 1 0.00 arb::gpu::kernel::add scalar<douk
3 M) Rank 31 1 0.00 arb::gpu::kernel::reset crossed im
[ 0.00 arb::(anonymous namespace)::nrn

0 0.00 arb::gpu::multiply in place

[0 0.00 arb::gpu::kernels::mark_until_after

=/ | O 0.00 arb::(anonymous namespace)::del -
4 »

||t;gp . 1q009| |0.00 79.77 (21.59%) 369.54|

Vampir event trace visualisation & CUBE profile of Arbor on JUWELS GPU nodes

Serial post-processing step after MPI collective communication shows insufficient
overlap with computation on other threads.

Highlight: SOMA

Soft matter simulator developed by Universitdat Gottingen in C (and CUDA) using
MPI and OpenMP. Initial assessment on JUWELS compute nodes.
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Vampir event trace visualisation of SOMA on 64 nodes of JUWELS

Parallel efficiency only 0.34 due to large chunks of OpenMP parallel computation
with significant internal load imbalance (0.46), followed by MPI global
synchronization (0.85) for serialized writing of intermediate analytics results.
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