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Introduction EAU

Performance is important in High-Performance Computing (HPC)

® Saves Money and Energy
© Better scientifc results (higher accuracy, more complex scenarios)

Challenges

* Performance need to be evaluated regulary
® Can be tedious with huge parameter space (architecutres, input parameter, .. .)

® Automatic and systematic performance evaluation on different HPC architectures with continuous
integration tools

® Easy accessible Visualization for Developers/Users
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Example Application: WALBERLA' EAU

* HPC C++ Framework for computational
fluid dynamics

® Lattice Boltzmann Method

® Coupling to other methods:

© Particle Dynamics
© Phase fields
o Free-Surface Flows

Figure: Upstream migrating dunes.

M. Bauer et al. “walLBerla: A Block-Structured High-Performance Framework for Multiphysics Simulations”.

10.1016/j.camwa.2020.01.007.
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https://doi.org/10.1016/j.camwa.2020.01.007

Overview EAU
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WALBERLA Repository EAU

& GitLab

Source Code
Repository

T

® Open source since 2015

® Collaboration (issues, merge requests, ...)
® Cl Pipeline for functional testing

® i10git.cs.fau.de/walberla/walberla
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i10git.cs.fau.de/walberla/walberla

GitLab Cx Service at NHR@FAU? EAU

& GitLab
Custom Git-
Lab Runner

T

® Continous integration on the GitLab instances at NHR@FAU
® Submits jobs to the Testcluster
— Proxy repository at NHR@FAU GitLab instance

© Code for generating pipelines
© Code for parsing/uploading results

2N. Team. Continuous Integration / GitLab Cx. https://doc .nhr . fau.de/sdt/ci/
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=AU

Excerpt of the available compute nodes in the Testcluster at NHR@FAU @
Hosthame CPU #Cores Accelerators
casclakesp2 Dual Intel Xeon "Cascade Lake" Gold 6248 CPU 2x 20 cores
euryale Dual Intel Xeon "Broadwell" CPU E5-2620 v4 2x 8 cores  AMD RX 6900 XT
genoa? Dual AMD EPYC 9354 "Genoa" CPU 2x 32 cores  \ioie 1o
icx36 Dual Intel Xeon "lce Lake" Platinum 8360Y CPU 2x 36 cores
Nvidia Geforce RTX 2070 SUPER
" " Nvidia Geforce RTX 2080 SUPER
medusa Dual Intel Xeon "Cascade Lake" Gold 6246 CPU 2x 12 cores Nvidia Quadro RTX 5000
Nvidia Quadro RTX 6000
naplesl Dual AMD EPYC 7451 "Naples" CPU 2x 24 cores
romel Single AMD EPYC 7452 "Rome" CPU 1x 32 cores
skylakesp2 Intel Xeon "Skylake" Gold 6148 CPU 2x 20 cores
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 https://doc.nhr.fau.de/clusters/testcluster/

InfluxDB? EAU

® Database for time series
* Every data point has a timestamp

'

{ Data storage

@ influxdb

3InfluxDB. https://wuw.influxdata.com/
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Grafana® EAU

® Open source oberservabilty platform
® Panels and dashboards that can be viewed in the browser
' ® Queries data from database

[ Visualization }

G

Grafana

*Grafana. https://grafana.com/grafana/
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How is the Pipeline triggered? EAU

walBerla walBerla

pretest test deploy benchmark

@ clang_16_hybrid_dbg_sp @ clang13_hybrid_dbg i @ conda-py36-linux @ benchmark_clang

@ gce 13 _hybrid @ clang_16_hybrid il @ conda-py36-win @ benchmark_gcc8
@ clang_16_hybrid_dbg @ conda-py37-linux @ benchmark_inte

@ clang_16_mpionly_dbg @ conda-py37-win

(3\ clana 16 serial dbo

wlone

[F] README & GNU GPLv3 [F] CHANGELOG [F] CONTRIBUTING [£) cIycD configuration
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How is the Pipeline triggered?

=AU

continuous_benchmark_trigger:
stage: benchmark
image: curlimages/curl
tags:
- docker

Triggers Pipeline at Proxy Repository:

@ Passed removed the interactive from the job scripts
& 08:17:53 #B645571 ¥ master == 3435%a4a

B 2 weeks ago trigger token

@ Passed removed the interactive from the job scripts
@ 05:15:32 #645521 ¥ master -o 36359ada

B 2 weeks ago trigger token

& Blocked removed the interactive from the job scripts
#645520 ¥ master -o 3435%ada

when: manual

Exectue automatically
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Dynamic Child Pipelines | EAU

generate_child_pipeline execute_child_pipeline Downstream

@ generate_child_pipeline = @ execute_child_pipeline —~ @ execute_child_pi... e EE TS
} ) H#G545572 4
Trigger job Child @ generate_casclakesp2_pipeline —
@ generate_euryale_pipeline o
& generate_genoa2_pipeline -
& generate_hasepl_pipeline —
for HOST in $(sinfo) -
@ generate_naplesi_pipeline o
& generate_optanel_pipeline o
& generate_romel_pipeline —
& ogenerate_skylakesp2_pipeline —
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Dynamic Child Pipelines I EAU

Downstream
@ execute_genoa2_. build benchmark final
#645918 <
Child @ build_genoa2 = @ benchmark_genoa2_unifermgridcpu = @ upload_pipeline_stats <

e
L=

Generated dynamically

& benchmark_genoa2_uniformgridgpu:gpu0

@ benchmark_genoa2_uniformgridgpu:gpul

@& exec ute_hasepl_...

#645731 ® Pull source code

Child

® Compiling

& exec ute_naplesl_...

#645729
Child
@ execute_skylake... build benchmark final
#645575 ¢
Child @ build_skylakesp2 o @ benchmark_skylakesp2_uniformgridcpu o @ upload_pipeline_stats Z

@ oxec ute_euryale_...
#645574 3

Child
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Benchmark Submissison EAU

Custom Git-
Lab Runner

Submit Benchmarks

| — 0 |
{ Testcluster } —m
=1
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=AU

Runing likwid-perfctr -g MEM_DP -0 likwid_UniformGridCPU_d3q27_pull_w-mrt_16_MEM_DP.jso
n Likwid-mpirun -n 72 =scratch/walberla_ci/build/apps/benchmarks/UniformGridCPU/Uniform

GridCPU_d3qg27_pull_w-mrt /seratch/walberla_ci/build/apps/benchmarks/UniformGridCPU/simu
lation_setup/benchmark_configs.py

[ BJLINFO L;n nﬁElg_ELhI_a_-hl ht()l f f {{““ , saving result to cpu_
benchmark.sqlite3 sing Likwid/Nvidia Nsig ompute 1or pro iing

1 [ B][INFO | (0.800 sec) Running single Node benchmarks
1 [ O][INFO ] (0.000 sec)
1 [ B][INFO (0.PB5 sec) Scenario:
1 [ O] {'DomainSetup': {'blocks': (6, 6, 2),
15 ——job—name "$1Cl _JUB NAMET"
16 ${JOB_SCRIPT FILE})
17 - cat ${Cl JOB NAME}.o${job_id}.log
5 LIKWID.
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https://doi.org/10.5281/ZENODO.7432487

Data Upload EAU

| — o |
{ Testcluster —m
| — 0 |

Store Results

{ Data storage

@ influxdb’
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Data Upload to InfluxDB® EAU

A single data point

1 {’measurement’: ’UniformGridCPU’,

> ’time’: 1707867380,

s ’fields’: {’AVX DP [MFLOP/s] STAT Sum’: 53624.704,

4 >Clock [MHz] STAT Avg’: 2724.334,

5 ’DP [MFLOP/s] STAT Sum’: 53628.097,

6 ’Energy [J] STAT Sum’: 3802.983,

7 ’Memory bandwidth [MBytes/s] STAT Sum’: 3225.023,
8 'mlupsPerProcess’: 23.08989552374622 },

s ’tags’: {’blocks _0’: 8,

10 ’build machine’: ’optanel’,
11 ’collisionSetup’: ’srt’,
12 ’mpl_num_processes’: 128,
13 ’stencil’: ’d3q27°,
14 ’streamingPattern’: ’pull’,
15 ’walberla version’: ’2b47f2a7a23bab5a4045710e942433e923ebf ’}
16
}

®InfluxDB. https://www.influxdata.com/
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Visalization EAU

{ Visualization }

G

Grafana
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=AU

Visualization with Grafana’
Overview Dashboard

host | All v benchmark | All »

CPU Benchmarks GPU Benchmarks

Free Surface LBM - Gravity Wave e Uniform Grid GPU e
walberla walberla
Uniform Grid CPU & Uniform Grid GPU GPU Profiling &
walberla walberla
UniformGridCPU - Relative Performance e
walberla
~ Build Times
Build Times
build_casclakesp?2 build_euryale build_genoal build_genoa2 build_hasep1 build_icx32

560 mins 346 mins 399 mins 61 2 mins 721 mins 720 mins

"Grafana. https://grafana.com/grafana/
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Visualization with Grafana® EAU
Benchmark Dashboard

= Home > Dashboards > walberla > Uniform Grid CPU o ® Lastl4days v Q & 5m~ ~
host = All ~ project_id  walberla/walberla v branch | master ~ collisionSetup | Enter variable value mpi_num_processes  All v streamingPattern = All v
[ F R
timeStepStrategy  All ~ stencil ~ All ~ blocks_0 | All v blocks1  All v bloc | | central-overrelax <0 All~ cellsPerBlock1 | 8 + 128 +~ cellsPerBlock_2 | All v
[ | cm
periodic 0 = All ~ periodic.1 = All v~ periodic_2 = All ~ commits | @D
| | cumulant

v host: casclakesp2 || cumulant-overrelax

[ | entropic
Runtime (RDTSC) [s] STAT Max milupsPerProcess @ DP [MFLOP/s] STAT Sum
[ mrt
15 s
*— o) :: —
o 15 [ mrt-overrelax o T
. 100 GFLOPS B
10s 10 [ | r-cm
5 [ rk
r—.;'. o
5s *— —— 50 GFLOPS s —3 |
- - - - [ | r-w-mrt N h N
02/20 02/22 02/24 02/26 02/28 03/01 03/03 02/20 02/22 02/24 A insk 3/03 02/20 02/23 02/26 02/29 03/03
smagorins
== UniformGridCPU.Runtime (RDTSC) [s] STAT Max { timeStepStrategy: == UniformGridCPU.mlupsP. 9 Y project_id: == UniformGridCPU.DP [MFLOP/s] STAT Sum { cellsPerBlock_2: 128, blo
== UniformGridCPU.Runtime (RDTSC) [s] STAT Max { blocks_2: 2, cellsP == UniformGridCPU.mlupsP: |3 srt collisionSe == UniformGridCPU.DP [MFLOP/s] STAT Sum { blocks_1: 10, cellsPerBloc
== UniformGridCPU.Runtime (RDTSC) [s] STAT Max { blocks_1: 10, cellsF == UniformGridCPU.mlupsP: |3 trt :lisPerBlock == UniformGridCPU.DP [MFLOP/s] STAT Sum { collisionSetup: srt, block
[ w-mrt

8Grafana. https://grafana.com/grafana/
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u u ] | E
Visualization with Grafana® FAU
Select branch Select collison operator Set time range

Q

= Home > Dashboards > walberla > Uniform Grid CPU o ® Last 14 days ~ o

host = All ~ project_id  walberla/walberla v branch = master v collisionSetup | Enter variable value mpi_num_processes | All v streamingPattern = All v
timeStepStrategy  All v stencil  All v blocks_0 | All ¥ blocks_1  All v bloc I:I central-overrelax 0 Allv cellsPerBlock_1 | 8 + 128 v cellsPerBlock_2 | All v
[1cm
periodic 0 = All v periodic1 = All v periodic_2  All v commits | @D .
|| cumulant
v host: casclakesp?2 [ | cumulant-overrelax
[ | entropic
Runtime (RDTSC) [s] STAT Max mlupsPerProcess M « DP [MFLOP/s] STAT Sum
i [ mrt -
s S —"— &— _ —_
o 15 [ mrt-overrelax «— & ®
- 100 GFLOPS ®
10s 10 [ | r-em
5 [ r-k
5s *— ———@ ® 1 50 GFLOPS s - 4 |
- - - a || r-w-mrt . . -
02/20 02/22 02/24 02/26 02/28 03/01 03/03 02/20 02/22 02/24 M insk 3/03 02/20 02/23 02/26 02/28 03/03
== UniformGridCPU.Runtime (RDTSC) [s] STAT Max { timeStepStrategy: == UniformGridCPU.mlupsP smagorinsky project_id: == UniformGridCPU.DP [MFLOP/s] STAT Sum { cellsPerBlock_2: 128, blo
== UniformGridCPU.Runtime (RDTSC) [s] STAT Max { blocks_2: 2, cellsP == UniformGridCPU.mlupsP |B’ srt collisionSe == UniformGridCPU.DP [MFLOP/s] STAT Sum { blocks_1: 10, cellsPerBloc
== UniformGridCPU.Runtime (RDTSC) [s] STAT Max { blocks_1: 10, cellsF == UniformGridCPU.mlupsP: |§ trt :lisPerBlock == UniformGridCPU.DP [MFLOP/s] STAT Sum { collisionSetup: srt, block
[ w-mrt

YGrafana. https://grafana.com/grafana/
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Visualization with Grafana'®
Roofline Analysis

host ‘ icx36 v cellsPerBlock_0 ‘ 128 ~ collisionSetup | All ~ project_id | walberla/walberla ~

vicx36

Relative Performance

collisionSetup MLUPSperProcess P P [ P_max
cm 6.06 436 0.795
entropic 5.91 425 0.775
k 6.03 434 0.791
r-cm 6.05 436 0.794
r-k 6.05 436 0.794
r-w-mrt 6.05 435 0.793
smagorinsky 6.03 434 0.791
srt 6.05 436 0.794
trt 6.04 435 0.792
w-mrt 6.04 435 0.792

'0Grafana. https://grafana.com/grafana/. [Accessed 15-02-2024].

branch ‘ master v

=AU

Bandwidths measured with 1ikwid-bench

BandwidthBenchmark ‘ Enter variable value ‘

bw_clcopy
bw_clload
Bandwidth bw_copy
bw_copy_avx
Time host bw_copy_avx512 W([MByte/s] P_max[MLUPS]
2023-12-06 04:57:23 icx36 bw_copy_mem 237089 549
bw_copy_mem_avx
bw_copy_mem_avx512
bw_copy_mem_sse
bw_copy_sse
Relative Performance bw_load
100% bw_load_avx
bw_load_avx512
0% 79.5% 77.5% 79.1% bw_load_mem 791% 79.4% 79.2% 79.2%
60% bw_load_sse
bw_stream
40%
20%
0%
06\ -QPQ\G * ‘,o{(\ t‘- < & a\(\a‘}:\ f=<\' & “,@{\
& < &
&

== P/ P_max
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Conclusion and Outlook EAU

® Conclusion:
© Continuous benchmarking pipeline that automatically tests different architectures
© Interactive visalization with Grafana

® Future improvements:
© Integrate new benchmarks
© Integrate new hardware architecutres (APUs, ...)
© Multi-node setups (automate scaling runs)
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Questions? Remarks? EAU

; E, . . R .
Overview FAU Visualization with Grafana® FAU
Benchmark Dashboard

& GitLab

= Home > Dashboards > waiberla » Uniform Grid CPU o8 O Lastiagays + Q@ T sm- A
Source Code Custom Git- | L e e e s [ iy | pe—
Repository Lab Runner . -~ S -
Commit Gode Changes . e (1] o [0 ] o (1] s (0] o @ s o (1] e (3210 ] | s -
Submit Benchmarks puioscd Miv | puiose) Miv | pwede2 Alv  commts @D
,,,,,,,,,,,,,,,,,,,,,,,,,
:".l velop ] Funtime (RDTSC) 8] STAT Max matoces g oobuosmsTATSI
| ==

aaaaaa

OO0
; =
L

=]
Collection of utility scripts
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https://arxiv.org/abs/2403.01579
https://arxiv.org/abs/2403.01579
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